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Introduction

Advanced BiCMOS Technology—ABTC

National Semiconductor has gone beyond conventional logic
with its new ABTC BICMOS family. Speeds on octal devices
are 20% faster than ABT logic (1.0 ns faster) combined with
value-added specifications and guaranteed live insertion pro-
tection.
ABTC offers higher performance for manufacturers of high-
end computing:
e Faster speed (3.6 ns max. on the ABT245C)
® Propagation delays specified with 1 to 8 multiple outputs
switching and 50 pF to 250 pF capacitive loads
o | ow static and dynamic power consumption
® Tight skew to squeeze even more out of the designer’s
timing budget
ABTC provides increased up-time for manufacturers of tele-
communications systems: '
e Guaranteed high impedance through the entire power-
up/power-down cycle
* ABTC eliminates bus disruption during live board inser-
tion
e Power up/down TRI-STATE® to prevent loading of the
bus during power down )
e Low noise VoLp < 0.8V (ABT244C)

In addition, ABTC proprietary circuitry provides faster disable:

times than enable times—an automatic way to avoid bus
contention. ABTC guarantees are specified in an easy-to-
read table. Given lower margin of performance error, a sys-
tem can be pushed to even higher levels by using ABTC’s
extended AC specifications.

Octal devices are available in 20- and 24-lead SOIC JEDEC,
20-lead SOIC EIAJ, and 20- and 24-lead fine-pitch SSOP
Type Il. The 16-bit devices are available in 48- and 56-lead
SSOP, which are pin compatible with Tl Widebus™ devices.

Integrated Bus Function (IBF)

National’s IBF products are an extension of today's logic
products targeted at areas where integration optimizes sys-
tem performance. National sees market opportunities for
these products in the areas of computing (from laptops
through parallel processing), local area networking, and tele-
communications.

The current offerings target two specific areas: bus-to-bus
communication and CPU to memory datapath communica-
tion. Bus-to-bus communication features include byte-swap-
ping to facilitate system design in areas such as big endian-
little endian. CPU to memory datapath communication solu-
tions include a synchronous datapath multiplexer targeted at
memory interleaving with additional potential applications in
parallel processing. The products have been developed on
various technologies within National including FACT Quiet
Series™ with the ‘additional feature of TTL |70, the recently
released ABTC 1.0p BiCMOS technology, and National's
FASTr™ technology.
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Introduction

BiCMOS Technology—BCT

National’s BCT provides a balanced solution be-
tween CMOS and Bipolar circuit features, offering
low noise, FAST-like speeds, high drive 64 mA out-
puts, and the low static power of CMOS. Based on

‘two well-known reliable processes, FAST® and

FACT™, BCT combines the favorable properties
and high quality from both families.

BCT allows designers to optimize system perform-
ance, providing the designer with the ideal speed/
power/noise solution for high performance bus and
clock distribution applications in personal/desktop
computers, PC LAN servers, PC peripherals, work-
stations, telecommunication switches/multiplexers,
fiber optic equipment, and automatic test equipment
(ATE).

There are currently 20 BCT products available in-
cluding buffers, drivers, and transceivers. National
BCT parts are pin and functionally compatible to TI's
SN74BCTxxx parts.

Product Status Definition
Alphanumeric Index

Section1 ABTC Description and Family

Characteristics ................. 11
Basic information on ABTC performance, design and
process: characteristics

Section2 ABTC Ratings, Specifications, and
Waveforms .................... 2-1

Contains common ratings and specifications for
ABTC devices as well as extended AC specifications
and waveforms. .

Section3 Quality and Reliability........... 341

Section4 ABTC Applications and Design
Considerations................. 4-1
Section5 ABTC Datasheets .............. 5-1
Section 6 Integrated Bus Function (IBF)
Family ........................ 6-1
Section 7 . BCT Description and Family

Characteristics................. 7-1

Basic information on BCT performance including
technologies. )

Section 8 BCT Ratings, Specifications, and

Waveforms .................... 8-1
Contains common ratings and specifications for BCT
devices as well as extended AC specifications,

waveforms, and test philosophies.

Section9 BCT Process Characteristics ....9-1

Brief overview of device process description and
characteristics.

Section 10 BCT Datasheets............... 10-1

Section 11 Ordering information and Package
Dimensions ................... 11-1




ﬂ National

Semiconductor

Definition of Terms

Product Status Definitions

Data Sheet Identification Product Status Definition
Advance Information Formative or This data sheet contains the design specifications for product
: i ik In Design development. Specifications may change in any manner without notice.
" Preliminary , k' First This data sheet contains preliminary data, and supplementary data will
1 g Production be published at a later date. National Semiconductor Corporation
reserves the right to make changes at any time without notice in order
to improve design and supply the best possible product.
No el Full This data sheet contains final specifications. National Semiconductor
Identification Production Corporation reserves the right to make changes at any time without
Noted . notice in order to improve design and supply the best possible product.
| »,Obéole)q ‘ Not In Production This data sheet contains specifications on a product that has been
: . discontinued by National Semiconductor Corporation. The data sheet

is printed for reference information only.

National Semiconductor Corporation reserves the right to make changes without further noticé to any products herein to
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.
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Technology and Family Characteristics

National has gone beyond conventional logic with its new
ABTC BiCMOS family. Speeds that are 20% faster than
ABT logic (1.0 ns faster) combine with value-added specifi-
cations and guaranteed live insertion protection.

ABTC for Computing

® ABTC offers higher performance for manufacturers of
high-end computing equipment

— Faster speed (3.6 ns max on the 74ABT245C)

— Propagation delays that are specified with 1 to 8 mui-
tiple outputs switching and 50 pF to 250 pF capaci-
tive load

— Low static and dynamic power consumption

— Tight skew to squeeze even more out of the design-
er's timing budget

ABTC for Telecom

e ABTC provides increased uptime for manufacturers of
telecommunication systems
. — Guaranteed live (hot) insertion
— Power up/down TRI-STATE® to prevent loading of
the bus during power down. This unique high imped-
ance guarantee provides a glitch-free bus interface
during the entire power-up and power-down cycle.
— Low power consumption
In addition, proprietary ABTC circuitry provides for faster
disable times than enable times—an automatic way to avoid
bus contention. ABTC guarantees are specified in an easy-
to-read table. Given lower margin of performance error, a
system can be pushed to even higher levels by using

ABTC's extended AC specifications. ABTC products are
socket compatible with ABT, so upgrades are easily accom-
plished. In the critical areas of 1/0 levels, thresholds and
edge rate specifications, ABTC is fully compatible with ABT.
ABTC can be dropped into more than 80% of ABT sockets
with no performance problems. Set-up and hold times on a
couple of sequential ABTC functions don't match those of
ABT, and actually improve upon the timing. However, pru-
dent double checking would eliminate potential problems.
ABTC recognizes the need for advanced packaging tech-
nology and offers both SOIC (JEDEC and EIAJ) and fine-
pitch SSOP Type-l for 20-lead and 24-lead devices.

16-BIT COMPATIBILITY

Until now, users had no alternate source on 16-bit ABT
products, e.g., one ABT manufacturer packages its 16-bit
products in SSOP while the other uses 44-lead PQFP. Na-
tional has tipped the scale by putting its 16-bit ABTC prod-
ucts in the more popular SSOP. While National's ABTC oc-
tal products are faster than the competition, other specifica-
tions are compatible, making ABTC a de facto alternate
source for competitive ABT products in SSOP.

Family Comparison Chart

Depending on system architecture and purpose, logic devic-

‘es are selected to optimize system performance. National

offers several logic families, and the comparison chart is
provided to assist you with your selection criteria. Speed,
power, noise, drive, etc. may weight differently in impor-
tance depending on whether the end system requires com-
puting speed, low standby power, low EMI to meet FCC
regulations or must meet any one of many bus standards.

soajisiiajorIey) Ajiwe pue ABojouysa]




Technology and Family Characteristics

Logic Family and ABTC Comparison

Criteria Significance ABT245C ACTQ245 | BCT245 | FCT245A FCT245 FR245
Guaranteed Faster system
Speed—tp H ns performance 3.6 10.5 7.0 46 7.5 3.9
Guaranteed Realistic system
MOS tp 4 ns performance (Note 2) 5.2 NG 9.0 NG NG NG
Static Power Lower quiescent
IceL (mA) supply current, less )
(Outputs Low) power consumption, 30mA 80 nA 70 mA 1.5 mA 1.5 mA 110 mA
and less cooling .
required
Guaranteed Lower system power
Dynamic Power consumption under 0.1 NS NS 0.40 0.40 NS
Iccp (MA/MHz) heavier loading (Note 3) (Note3) | (Note 3) (Note 3)
conditions
Guaranteed Less data disruption, 25 15
Noise VoLp especially when 3 . 08
(5V, 25°C) switching 8 outputs at 08 15 1.2 NS NS NS
atime (Note 1) (Note 1)
Dynamic Threshold | Less data disruption, NS NS
; 0.6 0.8
ViLo especially when 20 22 NS 1.8 —1.2 08 —1.2 NS
ViHp (5V, 25°C) connected to a bus ’ ’ 18 —22 1.8 + 2.2
20/24 Pin Package | Customers need SOIC/SSOP | SOIC/QSOP | SOIC | SOIC/QSOP | SOIC/QSOP | SOIC
16-Bit Devices viable alternate source SSOP SSOP SSOP
Capacitance Lower capacitance
1
on (‘(’;):) i 5 45 1.2 10 10 8/17
170 notwithstanding- 11 15 10.2 12 12 NS
frequency
loL/lon _ _ _ _ _ _
Output Drive (mA) 64/-32 24/-24 v 64/—15 64/—15 64/—15 64/—15
ESD (Note 4) Easier handling >2000V >4000V >4000V >4000V > 4000V >4000V

NG = Not Guaranteed; NA = Not Available; NS = Not Specified
Assumptions: Device is '245.
Note 1: Vop is measured on ‘244 function.

Note 2: Speéified with 8 outputs switching and no load.

Note 3: Iccp measured 1 bit toggling, OV to 5V, 50% duty cycle, outputs loaded with 50 pF, no resistor.
Note 4: Typical values for HBM ESD.
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ABTC Circuit and Design

Architecture

The basic circuitry for an ABTC non-inverting Buffer with
TRI-STATE control logic is shown in Figure 1. Robust bipo-
lar components form the dual rail ESD protection networks
for both input and output structures. The Q6 and D6 ESD
circuits provide protection to the Vg rail and have a high
enough breakdown voltage rating to remain high impedance
(Izz < 100 pA) during powered-down applications. The
Schottky transistors Q5, Q7 and Q8 provide protection to
the Ground rail and double functionally as highly conductive
undershoot clamps.

The TRI-STATE output structure is formed with Bipolar
components to produce high drive (lop = 64 mA;
loH = —32 mA) and high speed TTL compatible logic
swings. The pull-up stage utilizes cascaded emitter follow-
ers Q3 and Q4 to provide high source current drive for the
charging of capacitive loads. The no-load TTL compatible
VoH level is one forward-biased Vgg (Q3) drop and one
forward-biased Vgp Schottky diode (D4) drop below the
Ve rail yielding typical 3.8V Vpoy at 5V Vgg, 25°C and
10 pA source current. The ON source impedance of this
pull-up stage is typically less than 10} for source currents
between —5 mA to —40 mA at 25°C. This initial low imped-
ance turn-on characteristic allows the pull-up stage to easily
provide a Voy level of 2V minimum at Ioy source current of
—32 mA over the operating Voc and temperature ranges.
See Figure 6. At 25°C and source currents above —50 mA,
the pull-up stage becomes limited by voltage drop across
the Rlpg resistor and the effective source impedance be-
comes 25Q typically. Schottky diodes D3, D4 and D5 also
provide blocking to insure that the pull-up stage remains
high impedance during power down applications.

CMOS

*Open Drain

When the output is enabled by a logic low on the OE input
and a logic high is on the Data input, the base of Q3 is
driven to the Vg rail by the GMOS inverter in the data path.
The open drain CMOS NAND gate is logic high-open (non-
conducting) and allows the base of Q4 to be driven ON by
Q3. The CMOS NOR gate goes low turning Q1 OFF and
turning ON the CMOS AC/DC Miller Killer circuitry which
grounds the base of Q2, quickly turning it OFF. This circuitry
provides an active shunt for any charge coupled by the Mill-
er Effect of the Q2 collector-base capacitance during the
low to high output transition. Use of this active circuitry im-
proves output rise time and serves to reduce simultaneous
conduction of pull-up and pull-down stages during LH tran-
sitions. The AC/DC Miller Killer circuit is also active when
the output goes to TRI-STATE to prevent Q2 base injection
by the LH transitions of other outputs on a bus, therefore
dynamic bus loading will be capacitive only.

Power Down Miller Killer circuitry at the base of Q2 is inac-
tive when V¢ is applied. When Vg is powered down, the
Power Down Miller Killer circuitry provides an active shunt to
transient energy coupled to the Q2 base by its collector
base capacitance. This prevents momentary turn-on of Q2
during LH transitions in partial power down bus applications
and maintains the powered off output as only a Hi-Z light
capacitive load (Izz < 100 pA) to the bus.

Note that Q1 drives only the Q2 pull-down stage and does
not function as the Phase Splitter driver typical of TTL logic.
The pull-up stage is controlled by CMOS logic independent
of Q1. This feature allows the input threshold voltages for
the CMOS logic driving the pull-up stage to be set indepen-
dent of the logic driving the pull-down stage.

Vee

- N
] ]
1 ]
] [}
] ]
] 1
] 1
1 ]
1 ]
DS T ]
—{> ouTPUT
I:m
T r/l Q2 Q5
CMOS
/e | 1 guce
MK

TL/F/11558-1

FIGURE 1. Basic ABTC TRI-STATE Buffer Schematic
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Technology and Family Characteristics

ABTC Circuit and Design
Architecture (continued)

The transfer function for the non-inverting ABTC Buffer
shown in Figure 2 indicates that the data input switching
threshold for the puli-down stage is approximately 200 mV
lower than the pull-up stage. As the Data input is swept from
logic LOW to logic HIGH, the output switches from active
LOW to high impedance at an input threshold of about 1.3V

" at 25°C and a Vg of 5.0V. When the input reaches about

1.5V, the output switches from high impedance to HIGH.
This design feature serves to reduce simultaneous conduc-
tion of the stages during switching. Also, the 200 mV offset
in Data input switching thresholds acts like hysteresis and
causes the buffer to be very tolerant of slow data input edge
rates, i.e., edge rates slower than 10 ns/V can easily be
tolerated without output oscillation. The switching threshold
is proportional to Vcc as indicated in Figure 3 and is quite
stable as a function of temperature as indicated by Figure 4.

5.0
Ve = 5.0V
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FIGURE 2. Buffer Transfer Function
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FIGURE 4. Transfer Function vs Temperature
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With the output enabled by a LOW on the OE input, a LOW
on the Data input forces active LOWS on both the CMOS
inverter and the open drain CMOS NAND gate outputs,
which then simultaneously turn OFF Q3 and Q4. The CMOS
NOR gate output goes HIGH, turning the AC/DC Miller Killer
circuitry OFF and Q1 ON to drive Q2 ON. Q2 is designed to
easily sink 64 mA lg|, at Vo < 0.55V. During HL output
transitions, Schottky diode D1 assists the pull-down stage in
providing a low impedance discharge path for the output
load capacitance. As the stage turns on, part of the charge
on the output load passes through D1 and Q1 to momentari-
ly increase the base drive to Q2 and increase Q2’s current
sink capability. See output characteristics in Figure 5, lo|_ vs

VoL-

-
o
>

o |Vec = b0 voe // /
£ 350 A
% w0 1/ /
= 250 +85°C // /
—/1/
3 200
= C250¢ /
3 150
5 / /
£ 100 AN
3 /4 -40°C

50 /4

WA

0 0.4 0.8 1.2 1.6 2.0 2.4 2.8

OUTPUT LOW VOLTAGE, Vo, (V)
TL/F/11558-3
FIGURE 5. Output Low Characteristics
Vee = 5VDC




ABTC Circuit and Design
Architecture (continued)

Vee =5.0 VDG

/

A
7

- 1 | 1 1 1
20075 7.0 7.5 3.0 7.9 5.0
OUTPUT HIGH VOLTAGE, Voy

1
a
o

]
-3
o

OUTPUT HIGH CURRENT, Vo, (mA)

TL/F/11658-8
FIGURE 6. Output High Characteristics
’ Vee = 5VDC

When the output is disabled by a HIGH on the OE input, the
enable CMOS logic quickly overrides the Data path logic
and cuts off drive to whichever stage is ON. In the case of
an LZ transition, the CMOS NOR gats is driven LOW turning
OFF Q1 and turning ON the AC/DC Miller Killer circuitry to
insure Q2 is quickly turned off. In the case of a HZ transition,
the CMOS inverter goes hard LOW-to turn off Q3 and quick-
ly discharge the base of Q4 through Schottky diodes D7 and
D8. The effect of disable time (tp| 7z, tpHz) being typically
faster than enable time (tpzL, tpzn) inherently helps avoid
bus contention.

Since the CMOS Enable logic remains active to Vcc's well
below 2V, high impedance control can be maintained to
Ve voltages below the turn-on Vg thresholds of the Bipo-
lar output stage. This insures the capability for glitch free
power ON/OFF high impedance outputs with the provision
that the OE input is maintained logic HIGH at or greater than
the data sheet specified 2.0V minimum Vy during the Voo
power ramp. However, since the CMOS logic switching
threshold varies proportional to V¢, a practical worst case
OE logic high of 2.0V or 50% of V¢, will maintain the pow-
er ON/OFF TRI-STATE condition during the V¢ transition.
ABTC is designed to be tolerant of controlled live insertion
at the PCB level. Controlled means that the insertion or re-

moval methodology is accomplished in such a way that
power to the PCB is applied in a preferred sequence and
that control signals are provided to the PCB also in the pre-
ferred sequence such that output control is asserted to pre-
vent contention of outputs attached to a bus during the pow-
er up or down sequence.

Tolerant means that ABTC is designed and guaranteed to
behave in a predictable manner during controlled PCB live
insertion in systems requiring fault-tolerant or noninterrupta-
ble applications. Additionally, ABTC has features which fa-
cilitate design of systems which must utilize power partition-
ing for redundant circuitry or for powering saving of inactive
circuits. )

All ABTC input, output, and 170 pins are protected with ro-
bust Bipolar components with respect to both Voo and
Ground rails. This circuitry is designed to withstand
2000V (Human Body Model) and also to provide clamping
action for voltage undershoot while preserving low capaci-
tive loading of the pin. The clamping action by the under-
shoot clamp begins aggressively at voltages more negative
than —0.5V relative to Ground, but this clamp remains non-
conductive at voltages up to 7V. Relative to the V¢ rail, the
ESD circuitry begins clamping only at voltages greater than
5.5V above Vcg. These ESD circuits remain high imped-
ance and non-conductive for applied input or output volt-
ages between —0.4V to 5.5V with Vo = 0V to 5.5V.

ABTC CMOS input stages are Hi-Z with or without Voc ap-
plied. The Ij, I, and Igy; data sheet specification guaran-
tees high DC impedance for inputs with Voo applied. The
Vip specification guarantees Hi-Z inputs with Vg = 0V.

High impedance output and 1/0 pins are capable of main-
taining Hi-Z status with Vog = 0 and during the application
or removal of Vgc. The ABTC data sheet parameters Iozy
and lpzL guarantee < 50 pA output leakage for applied
Vour voltages of 2.7V or 0.5V at any V¢ between 5.5V
and OV with the output disabled and with the appropriate
logic input voltage maintained on the OE input pin. An addi-
tional 17z bus drainage specification guarantees < 100 pA
output leakage at Voyt = 5.5V with Voo = OV. Therefore,
ABTC outputs are guaranteed to remain glitch-free during
the power cycle and at power down Vcc = 0V. Refer to
Application Section for a more detailed discussion of live
insertion and powerup/down TRI-STATE capabilities of
ABTC.

1-7
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Technology and Family Characteristics

Threshold and Noise Margin

Figure 1 describes the input signal voltage levels for use
with ABTC products. The AC testing input levels follow in-
dustry convention which require 0.0V for a logic LOW and
3.0V level for a logic HIGH. DC input levels are typically
0.0V to Vy, and high input levels are typically Viy to Vgg.
DC testing uses a combination of threshold and hard levels
to assure datasheet guarantees. Input threshold levels are
usually guaranteed through Vo and Von tests.

High level noise immunity is the difference between Vou
and Viy and low level noise immunity is the difference be-
tween V) and Vo. Noise-free Vi or V)L levels should not
induce a switch on the appropriate output of an ABTC de-
vice. When testing in an automated environment, extreme
caution should be taken to ensure that input levels plus
noise do not go into the transition region.

Dynamic System Power Dissipation

One of several advantages to using BICMOS logic is its low
power when compared to bipolar technologies. As well, it
has reduced dynamic output power because of the reduced
output swing in comparison to CMOS devices. In the static
or quiescent high state, ABTC will consume power like a
pure CMOS device, and in the quiescent low state all power
goes to driving the bipolar output pull-down transistor.

AC

VOLTS

0.8

0.‘—'—__—__-- --
0

Total power consumption under AC conditions comes from
three sources; quiescent power, internal dynamic power,
and output dynamic power.

In other words: PtotraL = Ppa + Ppoint + Poout
Where:
ProtaL = Total Power Dissipation
Ppa = Quiescent Power Dissipation
PoinT = Internal Dynamic Power Dissipation
Ppour = Output Power Dissipation

" First the Quiescent power can be derived from the following
equation.

Ppq = [IC’\?L'NOOL‘VCC] + [cho'NQm'Vcc] +
[IC%'NQOH'VCC]
Where:
Pcq = Quiescent Power Dissipation
lccH = Quiescent Power Supply Current with All
Outputs High
lccL = Quiescent Power Supply Current with All
Outputs Low
Nqor = Number of Quiescent Outputs Low
Naon = Number of Quiescent Outputs High

Nain = Number of Quiescent Inputs High
N = Number of Active Outputs

Dlcc = Power Supply Current for Input wnth VIN
other than Vg

LOGIC (1) INPUT RANGE

TRANSITION
REGION

LOGIC (0) NOISE MARGIN

TL/F/11558-4

FIGURE 1




Dynamic System Power
Dissipation (Continued)

Secondly, an ABTC device will dissipate power internally by
charging and discharging internal capacitance. The follow-
ing equation takes into account the duty cycle of inputs and
outputs and current due to the internal switching of capaci-
tances.

PoinT = [(Dlcc*DH*NS)*Vpp] +

[ (I—C'%‘NS‘DL)‘VCC] + l(lcep*f*NS)*Vecl

Where:
Ppint = Internal Dynamic Power Dissipation
Vee = Power Supply Voltage
Dlcc = Power Supply Current for Input with V|y oth-
er than Vgc (For example, a typical TTL in-
put voltage is considered to be 3.4V)
Note: The farther away an input (V)y) is from threshold
(1.5V), the less power supply current the IC will
consume.
N = Number of Active Outputs
DH = Duty Cycle for Switching Inputs High
DL = Duty Cycle for Switching Outputs Low
lccL = Data book specification for power supply
current with all outputs low
lcco = Power consumption coefficient (mA/MHz)
for 1-bit toggling
f = Frequency of Outputs
- NS = Number of Outputs Switching

Finally, at high frequencies a significant amount of current is
consumed by a device to drive its output load. ABTC has an
advantage here because of its reduced output swing com-
pared to CMOS devices. For a simple case, if we assume
only capacitive components to the load, we can use the
following equation.

Pout = [CL*VS*f] * Vco

Where:
Ppout = Output Power Dissipation
CL = Load Capacitance
\'&} = Output Voltage Swing
f = Qutput Operating Frequency
Vee = Power Supply Voltage

Take for an examplé an ABT244C with all 8 outputs switch-
ing at 16 MHz. How much power would be consumed by the
IC in this case?

Assumptions:

1.Vgo = 5V .

2. The data and control inputs are being driven with OV and
3.4V voltages for logic levels.

3. Data input frequency = 16 MHz @ 50% duty cycle.

4,C_ = 50 pF

5. There are no DC loads on the outputs. i.e., outputs are
either unterminated or terminated with an AC shunt termi-
nation.

6. Since the output high voltage is produced by a Darlington
transistor pair, the output voltage swing will be assumed
to be Vgg — 1.6V or 5.0 — 1.6V = 3.4V. Therefore
VS = 3.4V with Voc = 5.0V. :

For quiescent current, all data inputs and outputs are

switching leaving only the 2 OE inputs static low.

[
[Cﬁ L‘NQOL’Vcc] + [Dicc*Nai*Vee] +

Ppa =

lecH

[—N"‘NQOH‘Vcc
=0+0+0=0

Internal Dynamic Current

|
PoinT = [ (Dige™NS*DH)*Vppl + [(£E*NS*DL) "Vl
+ [ (lcen**NS)*Vec] ‘
30e—3
Ppint = [(2.56—3*8*0.5)*5.0] + [(—-——8—‘8‘0.5)'5.01

+ [ (0.1*16*8)*5.0] ,
= [10.0e—~3*5] + [15.06—3*5.0] +
[12.86—3*5.0]
= 189 mW
Finally the Output Current
Pout = [CL* VS *f] * Vcc
Pout = [50.e—12*3.4V*16e6] * 5.0
= [2.726—3)*5
= 13.5 mW
ProtaL = Poa + Point + Poourt
=0+ 189 mW + 13.5 mW
ProTAL = 202.6 mW
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Technology and Family Charadteristics‘

ABTC Process Characteristics

PROCESS CHARACTERISTICS

National’s 1.0 BCT combines bipolar and CMOS transistors
in a single process to achieve high speed, high drive charac-
teristics while maintaining low tri-state power and the ability
to control noise.

National’s 1.0 BCT provides a suitable platforrﬁ for migra-
tion to higher performance levels with minor technology en-
hancements planned for the near future. In its present form,
the technology supports Interface, Digital, Bus and Telecom
products from National Semiconductor.

PROCESS FEATURES

* 18 masking layers using stepper lithography

* 100% ion implantation utilized for dopant placement

® Localized retrograde wells tailored for high performance

® Optimized recessed and field isolation sequence for
CMOS/bipolar

e NMOS LDD (Lightly Doped Drain), PMOS Halo
architecture

* 150A gate oxide

® Self aligned bipolar contact set utilizing minimum
geometries

® | ocalized retrograde sub-emitter collector
® Advanced planarization on all topographies

® PtSi Schottky diodes, all contacts use platinum for
resistance reduction

® Barrier metal of TiW
® Dual layer metal of Al-Si-Cu for long term reliability
® Metal pitch of 3.5 microns

PROCESS CROSS-SECTION

PROCESS FLOW

1.0 Buried Layer
20 P-Well -

3.0 N-Well

4.0 Isolation

50 Sink

6.0 Active

7.0  Active Strip
8.0 Poly

9.0 Base

10.0 . Bipolar Contact
11.0  Emitter

12.0 P+ Source/Drain
13.0° N+ Source/Drain

140 Contact

150 Metal1

16.0 Via

17.0 - Metal2

18.0  Passivation

PROCESS PARAMETERS

* Bipolar Performance 10 GHz Ft with gains greater than
100

® CMOS Performance: 0.5 um min Leff

® Platinum Schottky diodes for TTL

® Typical ESD Performance: >2000V, Human Body
Method )

*' Robust latch-up and punch-through protection with
retrograde wells

e Advanced interconnect supports superior temperature
cycle performance

1.0 BCT Cross Section

>/

_EHJ

—~

PASSIVATION v

P r,. /ey .a

FIELD
[+}.4 I—
EMIT, J
- BASE
ISOLATION
A N-WELL P-WELL
|
CHANNEL COLLECTOR CHANNEL
STOP sToP
- .
\ J \ J J
W v -~

BIPOLAR

TL/F/11558-5
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ABTC Ratings, Specifications and Waveforms

"

Definition of Terms

DC Characteristics

Currents: Positive current is defined as conventional cur-

rent flow into a device. Negative current is de-
fined as current flow out of a device. All current
limits are specified as absolute values.

Voltages: All voltages are referenced to the ground pin. All

Iavi

lsviT

Icex

lccH
lec
lccT

lccz

IiH

lon
loL

los

lozL

voltage limits are specified as absolute values.
Input HIGH Current (Breakdown Test). The current
flowing into an input when a specified Absolute
MAX HIGH voltage is applied to that input.
1/0 Pin HIGH Current (Breakdown Test). The cur-
rent flowing into a disabled (output is high imped-
ance) I/0 pin when a specified Absolute MAX HIGH
voltage is applied to that 170 pin.
Output HIGH Leakage Current. The current flowing
into a HIGH output due to the application of a speci-
fied HIGH voltage to that output.
The current flowing into the Vgg supply terminal
when the outputs are in the HIGH state.
The current flowing into the Vg supply terminal
when the outputs are in the LOW state.
Additional Icc due to TTL HIGH levels forced on
CMOS inputs.
The current flowing into the Vg supply terminal
when the outputs are disabled (high impedance).
Input LOW Current. The current flowing out of an
input when a specified LOW voltage is applied to
that input.
Input HIGH Current. The current flowing into an in-
put when a specified HIGH voltage is applied to that
input. .
Output HIGH Current. The current flowing out of an
output which is in the HIGH state.
Output LOW Current. The current flowing into an
output which is in the LOW state.
Output Short Circuit Current. The current flowing
out of an output in the HIGH state when that output
is shorted to ground (or other specified potential).
Output OFF current (LOW). The current flowing out
of a disabled TRI-STATE® output when a specified
LOW voltage is applied to that output.

lozH

Izz

Vee

Vco

Vip

VIH

ViHD

ViL

ViLo

VoH

VoHv

VoL

VoLp

VoLv

Output OFF current (HIGH). The current flowing
into a disabled TRI-STATE output when a specified
HIGH voltage is applied to that output.

Bus Drainage. The current flowing into an output or
170 pin.when a specified HIGH level is applied to
the output or 1/0 pin of a power-down device.
Supply Voltage. The range of power supply volt-
ages over which the device is guaranteed to oper-
ate. _
Input Clamp Diode Voltage. The voltage on an input
(—) when a specified current is pulled from that in-
put.

Input Breakdown Voltage. The voltage on an input
of a powered-down device when a specified current
is forced into that input.

Input HIGH Voltage. The minimum input voltage
that is recognized as a DC HIGH-level.

Dynamic Input HIGH Voltage. The minimum input
voltage that is recognized as a HIGH-level during a
Multiple Output Switching (MOS) operation.

Input LOW Voltage. The maximum input voltage
that is recognized as a DG LOW-level.

Dynamic Input LOW Voltage. The maximum input
voltage that is recognized as a LOW-level during
Multiple Output Switching (MOS) operation.

Output HIGH Voltage. The voltage at an output
conditioned HIGH with a specified output load and
Ve supply voltage.

Minimum (valley) voltage induced on a static HIGH
high output during switching of other outputs.
Output LOW Voltage. The voltage at an output con-
ditioned LOW with a specified output load and Vg
supply voltage.

Maximum (peak) voltage induced on a static LOW
output during switching of other outputs.

Minimum (valley) voltage induced on a static LOW
output during switching of other outputs.
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ABTC Ratings, Specifications and Waveforms

AC Characteristics

fi Maximum Transistor Operating Frequency—The fre-
quency at which the gain of the transistor has dropped by
three decibels.

fmax Toggle Frequency/Operating Frequency—The
maximum rate at which clock pulses may be applied to a
sequential circuit. Above this frequency the device may
cease to function.

tpLy Propagation Delay Time—The time between the
specified reference points, normally 1.5V on the input and
output voltage waveforms, with the output changing from
the defined LOW level to the defined HIGH level.

tpHL Propagation Delay Time—The time between the
specified reference points, normally 1.5V on the input and
output voltage waveforms, with the output changing from
the defined HIGH level to the defined LOW level.

ty Pulse Width-~The time between 1.5V amplitude points
of the leading and trailing edges of a pulse.

ty Hold Time—The interval immediately following the active
transition of the timing pulse (usually the clock pulse) or
following the transition of the control input to its latching
level, during which interval the data to be recognized must
be maintained at the input to ensure its continued recogni-
tion. A negative hold time indicates that the correct logic
level may be released prior to the active transition of the
timing pulse and still be recognized.

ts Setup Time—The interval immediately preceding the ac-
tive transition of the timing pulse (usually the clock pulse) or
preceding the transition of the control input to its latching
level, during which interval the data to be recognized must
be maintained at the input to ensure its recognition. A nega-
tive setup time indicates that the correct logic level may be
initiated sometime after the active transition of the timing
pulse and still be recognized.

tpHz Output Disable Time (of a TRI-STATE Output) from
HIGH Level—The time between the 1.5V level on the input
and a voltage 0.3V below the steady state output HIGH lev-
el with the TRI-STATE output changing from the defined
HIGH level to'a high impedance (OFF) state.

tpLz Output Disable Time (of a TRI-STATE Output) from
LOW Level—The time between the 1.5V level on the input
and a voltage 0.3V above the steady state output LOW level
with the TRI-STATE output changing from the defined LOW
level to a high impedance (OFF) state.

tpzy Output Enable Time (of a TRI-STATE Output) to a
HIGH Level—The time between the 1.5V levels of the input
and output voltage waveforms with the TRI-STATE output
changing from a high impedance (OFF) state to a HIGH
level.

tpzi Output Enable Time (of a TRI-STATE Output) to a
LOW Level—The time between the 1.5V levels of the input
and output voltage waveforms with the TRI-STATE output
changing from a high impedance (OFF) state to a LOW lev-
els.

trec Recovery Time—The time between the 1.5V level on
the trailing edge of an asynchronous input control pulse and
the same level on a synchronous input (clock) pulse such
that the device will respond to the synchronous input.

AC Loading and Waveforms

Figure 1 shows the AGC loading circuit used in characterizing
and specifying propagation delays of all ABTC devices, un-
less otherwise specified in the data sheet of a specific de-
vice. The value of the capacitive load (Cy) is variable and is
defined in the AC Electrical Characteristics.

The 5009 resistor to ground in Figure 1 is intended to slight-
ly load the output and limit the quiescent HIGH-state voltage
to about +3.5V. Also shown in Figure 1 is a second 500
resistor from the device output to a switch. For most mea-
surements this switch is open; it is closed for measuring a
device with open-collector outputs and for measuring one
set of the Enable/Disable parameters (LOW-to-OFF and
OFF-to-LOW) of a TRI-STATE output. With the switch
closed, the pair of 50002 resistors and the +7.0V supply
establishes a quiescent HIGH level of +3.5V, which corre-
lates with the HIGH level discussed in the preceding para-
graph. .

Figures 2a and 2b describe the input pulse requirements
necessary when testing ABTC circuits. Figures 3 and &
show waveforms for all propagation delay and pulse width
measurements while Figure 4 shows waveforms for
TRI-STATE enable and disable times. The waveforms
shown in Figure 6 describe setup, hold and recovery times.
These diagrams define all input and output measure points
used in testing ABTC devices.




AC Loading
+7V OPEN
Y70 oLz ALL OTHER
5000
5000

TL/F/11560-9
*Includes jig and probe capacitance
FIGURE 1. Standard AC Test Load

AC Waveforms
-
CLOCK OR
CONTROL Ym=1.5V
INPUT )(
teuL
Ym = 1.5V
DATA
out

TL/F/11560-11
FIGURE 3. Propagation Delay,

Pulse Width Waveforms
DATA =
" N ome v
touL toLn
Vm = 1.5V
DATA
out
Vm = 1.5V
oy ouL

TL/F/11560-13
FIGURE 5. Propagation Delay Waveforms
for Inverting and Non-Inverting Functions

AMP (V)
90% \ 90%
NEGATIVE
PULSE \( Y
10% 10%
ov
— Yy —+
— Y Y
I‘_ AMP (V)
90% 90%
POSITIVE
PULSE Y Y
. 10% 10%
— ov
I ty 1
Vy = 1.5V

TL/F/11560-10
FIGURE 2a. Test Input Signal Levels

"Amplitude | Rep. Rate tw tr ts

3.0v 1 MHz 500ns | 25ns | 25ns

FIGURE 2b. Test Input Signal Requirements

OUTPUT -

CONTROL Vm=1.5V
_‘_ v
DATA OH
ouT N I 0.3y
DATA 0.3V
ouT é-—

t VoL

TL/F/11560-12
FIGURE 4. TRI-STATE Output HIGH
and LOW Enable and Disable Times

)

DATA L
IN L) G

l LRs !h & _
(H) Vm=1.5V
— o

l Vm= 1.5V

3
Py

CLOCK OR
CONTROL ( Vm= 1.5V
INPUT
MR, CLR
X VYm=1.5V
PRE

TL/F/11560-14
FIGURE 6. Setup Time, Hold Time
and Recovery Time Waveforms
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ABTC Ratings, Specifications and Waveforms

Skew Definitions and Examples
Minimizing output skew is a key design criteria in today’s
high-speed clocking schemes, and National has incorporat-
ed skew specifications into the ABTC family of devices.
This section provides general definitions and examples of
skew.

CLOCK SKEW

Skew is the variation of propagation delay differencés be-
tween output clock signal(s). See Figure 8.

Example:

If signal appears at out #1in 3 ns and in 4 ns at output #5,
the skew is 1 ns.

Without skew specifications, a designer must approximate
timing uncertainties. Skew specifications have been created
to help clock designers define output propagation delay dif-
ferences within a given device, duty cycle and device-to-de-
vice delay differences. .

VDID
plig
7-Inlpu(s N 4500
> AAA
HP8180A L vy TEK 7854
WORD V -L 50 pF Oscilloscope
GENERATOR $ 500 Inputs
Voo l
(&_ 4500
. AAA
N
GND Probes are grounded as

GND is supplied via ¢
a copper plane

50 pF
close to DUT pins as possible.
\ Load capacitors are placed

as close to DUT as possible.
TL/F/11560-15

FIGURE 7. Simultaneous Switching Test Circuit

CLOCK
s ot _DRIVER g qutputs
e CLOCK_OUT
A
0 2 X :
—u 3 1 7 Al
1
4 L
10 1
CLOCK_IN —as 5 Y \ /
=r
-7 - -
SKEW
0 s DUE TO DELAY
UNCERTAINTY

TL/F/11560-16

- FIGURE 8. Clock Output Skew

SOURCES OF CLOCK SKEW

Total system clock skew includes intrinsic and extrinsic skew. Intrinsic skew is defined as the differences in delays between the
outputs of device(s). Extrinsic skew is defined as the differences in trace delays and loading conditions.

-

INTRINSIC SKEW

CLOCK
DRIVER

CLOCK_IN '
1
1
I
I
'

~

EXTRINSIC SKEW

CLOCK_OUT

SKEW DUE TO
DEVICE AND TRACE/LOAD DELAYS

10ADS

) TL/F/11560-17

FIGURE 9. Sources of Clock Skew

Example: 50 MHz Clock signal distribution on a PC Board.

50 MHz signals produces 20 ns clock cycles
Total system skew budget = 10% of clock cycle* = 2ns —>
If extrinsic skew = 1ns —>

Device skew (intrinsic skew) must be less than 1 ns! <«—
*Clock Design Aule of thumb.

2ns

—1ns

1ns
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Skew Definitions and Examples (continued)

CLOCK DUTY CYCLE
* Clock Duty Cycle is a measure of the amount of time a signal is High or Low in a given clock cycle.

h H TL/F/11560-18
Duty Cycle = t/T * 100%
FIGURE 10. Duty Cycle Calculation

Clock Signal

[em \ Example:
\ tov / ' tHigH and f_Low are each 50% of the clock cycle therefore

the clock signal has a Duty Cycle of 50/50%.

e
CLOCK CTCLE TL/F/11560-19 e Clock skew effects the Duty Cycle of a signal.

FIGURE 11. Clock Cycle

SWLI0JaABM pue suoneayioads ‘sbuijey 719y

Clock + Skew
-%- Example: 50 MHz clock distribution on a PC board.
TL/F/11560-20 Skew must be guaranteed less than 1 ns at 50 MHz to
FIGURE 12. Clock Skew achieve 55/45% Duty Cycle requirements of core silicon!
TABLE |
Syétem Skew | t t, ° Duty Cycle
Frequency HIGH LOwW y Cy
50 MHz Ons 10ns 10ns | 50/50% «— Ideal Duty Cycle (50/50%) occurs for zero skew.
50 MHz 2ns 12ns 8ns 60/40% ) )
50 MHz 1ns 11ns 9ns 55/45%
33 MHz 2ns 17 ns 15ns | 55/45% « Note that at lower frequencies, the skew budget is not as tight
and skew does not effect the Duty Cycle as severely as seen at
higher frequencies.

Definition of Parameters

tosLHs tosHL (Common Edge Skew)

tosHL and tos| H are parameters which describe the delay from one driver to another on the same chip. This specification is the
worst-case number of the delta between the fastest to the slowest path on the same chip. An example of where this parameter
is critical is the case of the cache controller and the CPU, where both units use the same transition of the clock. In order for the
CPU and the controller to be synchronized, tos| H/HL needs to be minimized.

Definition Example

tosHL tosLH (Output Skew for High-to-Low Transitions): cLock .
tosHL = [tPHLyAx — tPHLMiN] INPUT n

Output Skew for Low-to-High Transitions: , .
tosLH = ItPLHmax — tPLHMN] OUTPUT 1 L/ W
! !

Propagation delays are measured across the outputs of any ) 'T_H- "
given device. 1PN, ot L
OUTPUT 2 | \ l ! \
1
. i | Vo : :
O 1 1 0
i Py, t o1 P
| ) LI ] 1
1 1 r 1
' Clost ¢ tosu

. TL/F/11560~21
FIGURE 13. tosLn, tosHL
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ABTC Ratings, Specifications and Waveforms

Definition of Parameters (continued)

tps (Pin Skew or Transition Skew)

tps, describes opposite edge skews, i.e., the difference between the delay of the low-to-high transition and the high-to-low
transition on the same pin. This parameter is measured across all the outputs (drivers) on the same chip, the worst (largest
delta) number is the guaranteed specification. Ideally this number needs to be 0 ns. Effectively, 0 ns means that there is no
degradation of the input signal’s Duty Cycle.

Many of today's microprocessors require a minimum of a 45:55 percent Duty Cycle. System clock designers typically achieve
this in one of two ways. The first method is with an expensive crystal oscillator which meets the 45:55 percent Duty Cycle
requirement. An alternative approach is to use a less expensive crystal oscillator and implement a divide by two function. Some
microprocessors have addressed this by internally performing the divide by two.

Since Duty Cycle is defined as a percentage, the room for error becomes t:ghter as the system clock frequency increases. For
example in a 25 MHz system clock with a 45:55 percent Duty Cycle requirement, tpg cannot exceed a maximum of 4 ns (tp 4 of
18 ns and tpy of 22 ns) and still meet the Duty Cycle requirement. However for a 50 MHz system clock with a 45:55 percent
Duty Cycle requirement, tpg cannot exceed a maximum of 2 ns (tp; 4 of 9 ns and tpy of 11 ns) and still meet the Duty Cycle
requirement. This analysis assumes a perfect 50:50 percent Duty Cycle input signal.

Definition ) Example
tps (Pin Skew or Transition Skew):
clock input
tps = [tpHL-tPLHI 50% duty __/_\__/__
Both high-to-low and low-to-high propagation delays are cycle ! '
measured at each output pin across the given device. : '

output 1 | /' | \ QPHL1 (PLHI
I,
I

1 I
Faad -0

tPLH1 eu,

output 2 /‘—\‘PSZ tPl-lL2 ‘PLHZ
T
'<—>' <—>|
‘PLH; o,

TL/F/11560-22
FIGURE 14. tpg

Example: A 33 MHz, 50/50% duty cycle input signal would be degraded by 2.6% due to a tpg = 0.8 ns. (See Table and
lllustration below.)
Note: Output symmetry degradation also depends on input duty cycle.

TABLE Il. Duty Cycle Degradation of 33 MHz

Input Device Output
f P P % A DC
(MH2) | DCInput N Tin tps tout Tour bc Input to Output
(ns) (ns) (ns) (ns) (ns) Output
33 50%/50% 15.15/15.15 30.3 0.8 14.35/15.95 30.3 47.4%/52.6% 2.6%
45%/55% 13.6/16.6 30.3 1.5 12.1/18.1 30.3 39.9%/60.1% 5.1%

[/ / /A WORST CASE DEGRADATION,

50% '
HIGH LEVEL ': , TPS = 0.8nS.

1 47.4% MHIGH LEVEL
i t  (2.6% PULSE WIDTH DECREASE)
0 (]

I [}

! |

[/

33 MHz
i
] [

! ! L 52.6% LOW LEVEL

(2.6% PULSE WIDTH INCREASE)

50%
LOW LEVEL

FIGURE 15. Pulse Width Degradation
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Definition of Parameters (continued)

tost (Opposite Edge Skew)

tosT defines the difference between the fastest and the
slowest of both transitions within a given chip. Given a spe-
cific system with two components, one being positive-edge
triggered and one being negative-edge triggered, tosT helps
to calculate the required delay elements if synchronization
of the positive- and negative-clock edges is required.

pin 8

L‘—’L‘osrm

FIGURE 16. tosT

time, ns
TL/F/11560-24

Definition
tosT (Opposite Edge Skew):

tosT = [tpgm—tPenl

where ¢ is any edge transition (high-to-low or low-to-high)
measured between any two outputs (m or n) within any giv-
en device.

Example

'
'
HOUTPUT 1

oUTPUT 2
\ e, ™ tLh,

)
I |

e toLH, — 1
) |

1

TL/F/11560~25
FIGURE 17. tosT

tpy (Part Variation Skew)

tpy illustrates the distribution of propagation delays between
the outputs of any two devices.

Part-to-part skew, tpy, becomes a critical parameter as the
driving scheme becomes more complicated. This usually
applies to higher-end systems which go from single clock
drivers to distributed clock trees to increase fanout (shown
below). In a distributed clock tree, part-to-part skew be-
tween U2 and U3 must be minimized to optimize system
clock frequency. In the case of the clock tree, the total skew
becomes a function of tosyH/HL of U1 plus tpy of U2 and
us.

—

|II]—|I

TL/F/11560-26
FIGURE 18. Clock Distribution

Case 1: Single Clock Driver
Total Skew = Pin-to-Pin Skew U1

= tosLH or togHL of U1

A~
u2
- —
ut I
| .
— 0
I .
— A4
s

TL/F/11560-27
Definition
tpy (Part Variation Skew):
tpy = [tpguy ~ troxyl

where ¢ is any edge transition (high-to-low or low-to-high)
measured from the outputs of any two devices.

outputs
all devices
time, ns
‘Pvmox '
TL/F/11560-28
FIGURE 19. tpy
Case 2: Distributed Clock Tree s

v

Total Skew (U2, U3) = Pin-to-Pin Skew (U1) + Part-to-Part
Skew (U2, U3)

Example
1
I 1 DEVICE 1 ¢ = tpy
Ut ™ 1OUTPUT 1 Py, v 1,1
- — I 0
4 F —»_
1
- — | )
1 E |
— — 1 I
! :
|
. 1 DEVICE 2 !
. | OUTPUT 2
1 L.
A4 [l t =t
pd PLH
1w et 4 22
] — ! 2 ' t
— - ! ] 1
-] I "
- [ Coto

TL/F/11560-29
FIGURE 20. tpy
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ABTC Ratings, Specifications and Waveforms

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

Ceramic —55°Cto +175°C

Plastic —55°Cto +150°C
Ve Pin Potential to

Ground Pin —~0.5Vto +7.0V
Input Voltage (Note 2) —-0.5Vto +7.0V
Input Current (Note 2) —30 mA to +5.0 mA

Voltage Applied to Any Output
in the Disabled or
Power-off State
in the HIGH State

Current Applied to Output
in LOW State (Max)

—0.5V to 5.5V
—0.5Vto Veo

twice the rated Ig_ (MmA)

DC Latchup Source Current —500 mA
Over Voltage Latchup (1/0) 10V

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Recommended Operating

Conditions
Free Air Ambient Temperature
Military —55°Cto +125°C
Commercial —40°Cto +85°C
Supply Voltage
Military +4.5Vto +5.5V
Commercial +4.5Vto +5.5V
Minimum Input Edge Rate (AV/AY)
Data Input 50 mV/ns
Enable Input 20 mV/ns
Clock Input 100 mV/ns

DC Electrical CharacteristiCs (exceptas noted on device datasheet)

Symbol Parameter ABT245C Units| Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \'/ Recognized HIGH Signal
ViL Input LOW Voltage 0.8 "V Recognized LOW Signal
Vep Input Clamp Diode Voltage —-1.2 \'/ Min IN = —18mA
Vou Output HIGH | 54ABT/74ABT 2.5 \'/ Min loy = —3mA
Voltage 54ABT 20 v Min |loq = —12mA
74ABT 2.0 \' Min lo = —32mA
VoL Output LOW | 54ABT - 0.55 v Min loL = 48 mA
Voltage 74ABT - 0.55 loL = 64 mA
IiH Input»HIGH Current g pA Max x:: = 3;\:/
oVt Besakcionn g:gte(T;O) 100 | pA | Max [ Vin =58V
L Input LOW Current :: A Max x:: z ggx
kage T lp = 1.9pA
vio input Leskage Test 475 ’ v 0.0 ﬂ Other gins Grounded
I + lozn | Output Leakage Current 50 pA | 0 — 55V | Voyt = 2.7V; OE = 2.0V (/O Pins)
IiL + lozL | Output Leakage Current —50 | A [0 —55V|Voyr = 0.5V; OE = 2.0V (I/0 Pins)
los Qutput Short-Circuit Current —100 —275 | mA Max | Voyt = 0.0V
Icex Output High Leakage Current 50 BA Max Vout = Vee
Izz Bus Drainage Test . 100 pA 0.0 Vout = 5.5V, All Others GND
lccH Power Supply Current 50 pA Max All Outputs HIGH
lceL Power Supply Current 30 mA Max | All Outputs LOW
lccz Power Supply Current 50 pA Max Vout = HIGH Z
lcer Additional Outputs Enabled 2.5 mA V)= Vgc — 2.1V
lcc/Input Outputs TRI-STATE 25 mA Max Enable Input V| = Voo — 2.1V~
Outputs TRI-STATE 50 pA Datalnput V| = Vgg — 2.1V
' All Others at Vg or GND
OE = Vo Vout = HIGH Z
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Characterization and Extended
Test Specifications

Philosophy

During the National new product introduction process for
logic IC’s, a new ABTC IC design will undergo a rigorous
-characterization to baseline its performance. This data is
required ‘to correlate with simulation models, determine
product specifications, compare performance to other prod-
uct, provide a feedback mechanism to the fabrication pro-
cess, and for customer information. National’s Logic IC
characterizations are designed to get as much information
as possible about the product and potential customer apph-
cation performance.

National's logic IC characterization methodology uses past
knowledge of design performance, simulation, and process
parametrics to determine what electrical parameters to

characterize. Characterization samples are selected so that

they have key process parametrics (e.g., Drive, Beta, Vi,
Vip Lett, etc.) which have been shown to significantly affect
device electrical parameters. Data is acquired and process-
ed using statistical analysis software. Manufacturing test
limits are then set using the knowledge of variations due to
fabrication, package, tester, Vg, temperature, and condi-
tion. This allows product to be shipped on demand without
problems or delays.

The following are brief summaries of characterization tests
performed.

Test Summaries

AC Electrical Characteristics

Single Output Switching propagation delays
Testing includes measured propagation delays at 50 pF and
250 pF output load capacitances.

tPLH Active Propagation Delays
tPHL
tezH Enable Propagation Delays
tpzL
tpLz Disable Propagation Delays
tpHz
Also included are input timing parameters

ts Setup Time

tHy Hold Time

Multiple (Simultaneous) Output Switching Propagation
Delays )
These tests are used to ensure compliance to the
extended databook specifications and include active
propagation delays, disable and enable times at 50
pF and 250 pF output loads.

Multiple Output Switching Skew
Performance data from the Multiple Output Switch-
ing propagation delay testing is analyzed to obtain
information regarding output skew of an IC.

FMAX (synchronous logic)
FMAX determines the minimum frequency at which
the device is guaranteed to operate for a clocked IC.
This test is package and test environment sensitive.

Pulse Width (synchronous logic)
Pulse Width testing is used to define the minimum
pulse duration that a flip-flop or latch input will ac-
cept and still function properly. This test is package
and test environment sensitive.

F-Toggle (asynchronous logic)
F-Toggle is the minimum frequency at which the IC
is guaranteed to function under multiple outputs
switching condition with outputs operating in phase.
This test is package and test environment sensitive.

AC Dynamic (Noise)
Characteristics

Vorp, VoLv—Ground Bounce (Quiet Output Switching)
Measured parameters with 50 pF loading relate the
amount that a static conditioned output will change
in voltage under multiple outputs switching condition
with outputs operating in phase. They are heavily
influenced by the magnitude that Voo and Ground
move internal to the IC.

ViLp; ViHp—Dynamic Threshold
Dynamic threshold measures the shift of an IC’s in-
put threshold due to noise generated while under
multiple outputs switching condition with outputs op-
erating in phase. This test is package and test envi-
ronment sensitive. -

Input Edge Rate

This test is performed to determine what minimum
edge rate can be applied to an input and have the
corresponding output transition with no abnormali-
ties such as glitches or oscillations.

DC Electrical Characteristics

Automated Test Equipment (ATE) DC Tests
DC test data gathered show the performance of an
IC to statically applied voltages and currents. '
Functional Shmoo
The function shmoo shows the functlon operational
window of an IC at a wide range of Vgg's and tem-
peratures.
Power Up & Power Down Output Shmoo

Similar to the function shmoo, the power up and
power down output shmoo shows the DC operation
of an output durlng power up and power down con-
ditions.

Transfer Characteristic (Vin/VouT)
Input Traces (Vin/IIN)

Output Traces (VoL/loL, VoH/loH)
Power

Power-Up Icc Traces
Shows how the supply current reacts to various in-
put conditions during power up.

lcc vs VN Traces

Traces of Igc vs Viy show how the supply current
changes with input voltage.

2-11
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ABTC Ratings, Specifications and Waveforms

Power (Continued)

Iccp (Dynamic Icc)
Determines the amount of current an IC will con-
sume at frequency.

Capacitance
Input/Output Capacitance (Cin/CouT)

Reliability Tests

Latch-up
Testing determines if an IC is susceptible to latch-up

from over-current or over-voltage stresses per
. MIL-STD-883 JEDEC method 17.

HBM Electrostatic Discharge, Human Body Model
Per MIL-STD-883C method 3015.6.

Extended Specifications

With the introduction of the ABTC product family, National
has taken new steps in aiding the system designer with a
better method to predict device performance in his applica-
tion. National now offers system oriented performance
specifications so a designer can fee! confident in the way a
device will preform over a wider variety of switching condi-
tions. Performance specifications in the form of Extended
Specifications are provided with each product datasheet

In the past, most extended databook specifications depend-
ed on a representative product family function to provide the
guaranteed performance data for the rest of the family. The
drawback from this method of test and specmanship leaves
rather large process, tester and function guardbands in the
final maximum or minimum specifications. The test data for
National’s ABTC product family, taken during product devel-
opment on each function, provides the ABTC family with
device specific and guaranteed extended specifications that

can be passed directly to the system designers. National -

offers the extended specifications with the belief that cus-
tomers can reduce their incoming test requirements and in
essence reduce the cost and time for product design-in.

Additional guaranteed specifications provided by National
include: Single Qutput Switching (SOS) for 250 pF loads;
Multiple Output Switching (MOS) for 50 pF and 250 pF

loads; Skew; Quiet Output Switching (QOS) Vorp, VoLvs
VoHp, Vorv and Dynamic Threshold (DVTH), Vi, and
ViHD- _

Each of the guaranteed extended specifications involve
multiple output switching events, with exception to the SOS
specifications. During a multiple output switching event,
stray inductance and capacitance inhibit product perform-
ance. National has developed standardized hardware that
aligns with the industry for ABTC product evaluations. Some
of the features of the test fixturing include ground planes
and low inductive connections, critical in evaluating the
product and not the fixture. See Section 2.7 for more infor-
mation on test fixture hardware.

The extended specfication tests have very similiar if not
identical test setups. The results of the measurements from
each test depend on the application focus. The quantitative
analysis from the tests provides insight into product per-
formance. The parameters and typical results from each
test type can be easily explained in the sections that follow.
Sample plots are generated from National’'s ABT244C and
represent room temperature data at 5.0V Vge.

TABLE l11. Test Conditions for MOS, Skew, QOS, DVTH

Parameter Value
Input Edge Rate 25ns
Input Skew < 300 pS
Input Amplitude 0V to 3.0V
Input Frequency 1 MHz
Output Load 50 pF, 5009Q;
250 pF, 5009

MULTIPLE OUTPUT SWITCHING

Multiple output switching simulates a worst case switching
environment. With input edges deskewed to < 300 pS, the
device has to provide simultaneous switching current for the
output. The cumulative effect of environmental inductance
and capacitance impacts the output edge rate and ultimate-
ly impacts propagation delay and noise immunity perform-
ance.

The plots of Figures 21-26 demonstrate the ability of the
ABTC product family to minimize enviromental inductance
and capacitance effects as well as propagation delay degra-
dation from increased number of outputs switching.

VERTICAL = 1.0V/DIV
TIMEBASE = 2.0 ns/DIV

INPUT

IIlIIlIIIIIIIIIIIIIIITIIII

Illllllll

Ill'llllllTll'llllilllll

-

l|||JIlllIIIIIIIIII|I

III(IIII|||llll|ll|||lJJ_l|IIlLlLlIlIIIIJIIlII

TL/F/11560-30

FIGURE 21. Multiple Outputs Switching, LH, 1, 4, 8 Outputs
74ABT244C, Ve = 5.0V, Ta = 25°C
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Extended Specifications (continued)
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TL/F/11560-31

FIGURE 22. Multiple Output Switching, HL, 1, 4, 8 Outputs
74ABT244C, Voc = 5.0V, T = 25°C
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TL/F/11560-32

FIGURE 23. Single Output Switching, LH, 50 pF, 250 pF Capacitive Loading
74ABT244C, Vcc = 5.0V, Tp = 25°C
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Extended Specifications (continued)

|IIIIIIIIIIIIIllTl]]lIII'IIIIllllllllllllllllllll
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OUTPUT
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TIMEBASE = 2.0 ns/DIV
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FIGURE 24. Single Output Switching, HL, 50 pF, 250 pF Capacitive Loading
74ABT244C, Voc = 5.0V, Tp = 25°C

TL/F/11560-33
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FIGURE 25. Multiple Outputs Switching (8) LH, 50 pF, 250 pF Capacitive Loadlngb
74ABT244C, Vg 5.0V, T4 = 25°C

IL/E/11500-34
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FIGURE 26. Multiple Output Switching (8) HL, 50 pF, 250 pF Capacitive Loading
74ABT244C, Voe = 5.0V, Tp = 25°C
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Extended Specifications (continueq)

SKEW

Skew specifications provide a system designer with up front
critical timing information to speed design cycle time. Skew
measurements are derived from MOS propagation delay
data rather than SOS propagation delay data. The advan-
tage of MOS skew from a design engineer’s viewpoint, is
that MOS is a more realistic condition under which skew
becomes critical.
Three modes of skew testing are published for each device
in the ABTC product family. Each skew mode describes a
variance either within a pin (i.e. duty cycle), across to pins or
across parts (i.e. process) for a given device function.
Within-a-Pin Skew, tpg
Within-a-pin skew is designated by tpg (pin skew),
and describes each pin on a part and its ability to
maintain 50% duty cycle. Pin skew is a calculation
from the MOS propagation delays, tp; 4 and tpy, on
each pin.

Across-Pin Skew, tos

Across-pin skew is designated by tog (output skew),
and describes the MOS output edge difference
across all output pins on a part. Across-pin skew
can be broken down further into tog| 4, tosyL and
tosT. The (L n) indicates that output skew is mea-
sured across all outputs while switching low-to-high.
The (41) indicates output skew measured on the
high-to-low transition. The (1) infers that skew is
measured across the outputs independent of a low-
to- high or high-to-low edge or total output skew.
Total output skew is calculated from the MOS prop-
agation delays, tpi {4 and tpy, across all pins.

Across-Part Skew, tpy
Across-part skew is designated by tpy (part varia-
tion), and describes the MOS output edge difference
across all output pins on all parts in the population.
Across-part skew is calculated from the MOS propa-
gation delays, tp_ 4 and tpy(, across all pins and all

~ parts.

The plots in Figures 27-28 describe skew performance in a

50 pF, 5000 environment.

1
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TL/F/11560-36

FIGURE 27. Skew 8 Outputs Switching, LH
74ABT244C, Ve = 5.0V, Ta = 25°C
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TL/F/11560-37

FIGURE 28. Skew 8 Outputs Switching, HL
74ABT244C,Vgo = 5.0V, Ta = 25°C
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ABTC Ratings, Specifications and Waveforms

Extended Specifications (continued)

QUIET OUTPUT SWITCHING

Quiet output switching, (QOS), specifications provide the
system designer quantification of ABTC'’s effective control

~ of noise and performance to threshold specifications. The

QOS specification is a representation of the resultant shift
of an output voltage, either from a static high or low level on
a single bit, while the other bits switch simutaneously in
phase. The voltage shift from a quiet output is specified
through four parameters.

® VoLp and VgoLy describe the peak or valley of a voltage
shift for a quiet output low level.

® Vonp and Vgpy describe the peak or valley of a voltage
shift for a quiet output high level.

The concern for the system designer evolves from the pos-
siblity that the quiet output voltage shift could impact at-
tached circuitry. Vo p values on some product families peak
above threshold high and become recognized as a logic
HIGH. The period of time the voltage shift spends in the
opposite state is short, in the neighborhood of 10-100 pS,
and may not disrupt sequencial circuitry if it is level sensing.
If the attached circuitry needs a rising edge, such as a clock
input, the sequencial circuitry may take the inadvertent de-
flection and interpret it. National provides the QOS specifi-
cation to assist in noise margin planning.

_l LI I L l LU l LU | LR L) I LI rr LA I LRI I L I LI

[ QUIET ouTPUT

e e e e e e e e e e T _____YOH_P ________________ 3

N VERTICAL = 1.0V/DIV n

- TIMEBASE = 2.0 ns/DIV 1

[— OTHER OUTPUTS 0.0V ~

._l 11 1 I L 1 1 I L1t l L1 11 I 1) I 111 1 I 111 I Li 1.t l | I . | I L1l l_

TL/F/11560~-38
FIGURE 29. VoLp, VoLv

LH Transition
74ABT244C, Voo = 5.0V, Ta = 25°C

OTHER OUTPUTS
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VERTICAL = 1.0V/DIV
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TL/F/11560-39

FIGURE 30. VoLp, VoLv
HL Transition
74ABCT244C, Ve = 5.0V, Tp = 25°C




Extended Specifications (continued)

DYNAMIC THRESHOLD

Dynamic threshold data, (DVTH), like QOS data, provides
the system designer with noise performance criteria. DVTH
specifications quantify the magnitude of output voltage de-
flection that a logic high or low might experience under an
MOS switching condition. The voltage deflection is a result
of an apparent shift of an input’s threshold due to noise
generated from MOS switching on the internal die ground
and V¢ busses. The phenomenon occurs during any logic
state transition: LH, HL, ZL, etc. As a practice, National de-
termines the worse case transition for each product and
generates the specification based on that transition.
Dynamic threshold specifications are denoted by the no-
menclature, V) p and V|yp, where the “D" represents “Dy-
namic”. The definitions for each are as follows,

® V1p - The maximum LOW input level such that normal
switching/functional characteristics are observed on the
output

¢ Viyp - The minimum HIGH input level such that normal
switching/functional characteristics are observed on the
output

Dynamic threshold failures are bundled into five main failure

modes. The most predominant failure is an output deflection

in violation of an input threshold level. Others include propa- -

gation delay step out in excess of an MOS propagation de-

lay specification, state changes and oscillations. A detailed

definition of each failure can be described as follows,

1. On a low output, the LOW level will not rise above an
input threshold low level of 0.8V after the transition of the
output. Figures 31 and 32. Numbered output curve de-
flections are a result of 10 mV incremental changes on
the low input signal level.

OQUTPUT

TL/F/11560-40

FIGURE 31. V_p 7 Outputs Switching
Vee = 5.0V, Ty = 25°C

ouTPUT

TL/F/11560-41

FIGURE 32. V)_p 8 Outputs Switching
Vee = 5.0V, Tp = 25°C
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Extended Specifications (continued)

2. On a high output, the HIGH level will not drop below an input threshold high level of 2.0V after the transition of the output.
Figures 33 and 34. Numbered output curve deflections are a result of 10 mV incremental changes on the high input signal
level. ’

OUTPUT

INPUT

TL/F/11560-42
FIGURE 33. Viyp :
7 Outputs Switching
Vee = 5.0V, Ty = 25°C

TL/F/11560-43
FIGURE 34. Viup .
8 Outputs Switching
Vee = 5.0V, Ta = 25°C
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Extended Specifications (continued)

3. If the natural ringing, other than the initial bounce, of the
output violates an input threshold level, the starting volt-
age level is noted and monitored until a 100 mV ampli-
tute change towards threshold. If no amplitude change
occurs, then the next peak or valley on the output is
monitored for input threshold violation. Figure 35.

QUIET
Low
ouTPUT

4. The propagation delay is monitored and is determined a
failure when it exceeds the MOS propagation delay for
that transition.

5. Gross failures including oscillation and functional state
changes.

Wmmm. BOUNCE
A Y

GND

’
'
!y
' -
1 YN EXT
VoLv

IF THIS PEAK EXCEEDS

V. NATURALLY, THEN THE
VOLTAGE X IS NOTED AND
FAILURE AT Y, p/Vip IS

SUCH THAT X=X+ 0.1V

TL/F/11560-44

FIGURE 35
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ABTC Ratings, Specifications and Waveforms

Characterization Fixture

With the introduction of ABTC product family with system
level specifications that are guaranteed in a high perform-
ance AC enivronment, there is a necessity for a precise and
repeatable test environment. Keeping in mind the defacto
standards presented by Philips ABT fixture coupled with the
understanding that our customers would like to correlate
performance of like technologies, National reproduced an
electrical equivalent AC fixture to that of the Signetics board
documented in their Application Note 602.

To maximize correlation to National’s product characteriza-
tion one must match the environment in which the product
was evaluated and make sure that National’s implementa-
tion of load configuration, board, and DUT connection is
followed as shown below.

Unique device pinouts, (20-, 24-, 48-lead, etc.) are used to
obtain picosecond accuracy and repeatability. For this rea-
son NSC recommends values of lumped and distributed ca-
pacitance used on its AC fixtures to prevent large variations
in speed affected by transmission line capacitance.

Bare Board Front Layout Shown

oo+

TL/F/11560-1

FIGURE 36. 28-Pin SOIC TOP (Viewed from Top)




Characterization Fixture (continued)
) Bare Board Back Layout Shown

FIGURE 37. 28-Pin SOIC BOTTOM (Viewed from Top)

TL/F/11560~2

The blank AC fixture board can be used to implement the following input and output loads and terminations to provide the most

repeatable environment in which to test a device.

smb DUt
r2 1
smb . —— GND

FIGURE 38. Input

T_q-]—GND

TRISTATE V; buss

r3

but

cl

Lo

smb

FIGURE 39. Output (TRI-STATE/Open Collector)

r = 560
r2 = 4500

TL/F/11560-3

cl = 27 pF
r2 = 4500
3 = 5000

TL/F/11560-4

SWLI0JaABA\ pue suoneslyioads ‘sbuney 91y
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ABTC Ratings, Specifications and Waveforms

Characterization Fixture (continued)

DuT c1 = 27 pF
12 = 4500
2 ot 13 = 5000
smb I__ GND

TL/F/11560-5
FIGURE 40a. Output (2-State)

Note: TRI-STATE and V| busses are bypassed to ground with a 0.1 pF capacitor V|y/TRI-STATE Buss.

[«

switch

O Banana connector

c2 = 0.1 pF TL/F/11560-6

INPUT JACK == -emmmmmenn Q

MONITOR JACK --===mmmmmmemenaton s b

c1, CAP.
O r2, 4500 (BOTTOM) -

(O OROREN

TL/F/11560-7
FIGURE 41. Component Placement on PC Board

National’s AC fixture has the advantage of providing: Traces are spaced, and monitor lines are placed, on a differ-
— low inductance V¢ and GND connections ent plane than the signal lines to reduce cross talk.
— Ve and GND planes to minimize cross talk and en- Figure 42$hoyvsa,t:ross section of Iayfars .used |n‘the manu-
hance power supply by-passing ‘ facture of National's AC test board. Vias in the signal trace
are not used to ensure bandwidth. Ground connections are

— equal length 50() impedance signal and monitor lines to directly underneath the DUT to reduce the distance to the
eliminate skew ground plane. Sense resistors are located directly adjacent
— 50 input termination for ease of use " to the DUT to reduce reflections.

— 10:1 voltage reduction of the input and output signals to
provide ease of use with standard oscilloscope inputs

— TRI-STATE load is integrated onto the same AC fixture
and is connected via jumper to alleviate shunting effects
when it is not required
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Characterization Fixture continued)

For connection of the device to the board, a custom socket
firmly presses the device against the board traces without
any layers in between that add inductance or change their
resitivity over temperature. The socket provides a minimum
of contact resistance for the most accurate results. National
designed a custom surface mount socket that provides the
needed performance without damaging the device under
test. Because of its shape and appearance, we call it the
ferrari fixture.

In the characterization of National's product, we made ef-
forts to correlate performance with other manufacturers. If a
customer wishes to verify NSC results and requires an AC
fixture, we recommend using Signetics AN-602 to build one.
While the board that National uses is probably cost equiva-
lent to the Signetics board, the socket used is expensive. If
you wish to build a National fixture, please call the factory at
1-800-341-0392 and ask for applications. We can provide
you with the component and manufacturer list for a National
board along with a socket.

| T0P

[M1]

l FR4 DIELECTRIC

0.015£0.0015

|
|

| GND

[M2]

‘ FR4 DIELECTRIC

I 0.015+0.0015

| Vee

[M3]

0.09540.005 FR4 DIELECTRIC

ADJUST FOR OVERALL THICKNESS

|l vT

[M4]

l FR4 DIELECTRIC

0.015£0.0015

| GND

[M5]

| FR4 DIELECTRIC

]

0.015£0.0015

| BOT

[M6]

TL/F/11560-8

FIGURE 42. Layer Stacking Diagram
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Quality and Reliability

Introduction

"Product qualification is a disciplined, team activity which fo-
cuses on demonstrating, through the acquisition and analy-
sis of engineering data, that a device design, fab process, or
package design meets or exceeds minimum standards of
performance. In most cases, this involves running samples
of product through a series of tests which expose the sam-
ples to operating stresses far in excess of those which
would be encountered in even the most severe ‘“real life”
operating environment. These tests are called either accel-
erated stress tests or accelerated life tests. A properly de-
signed qualification test sequence exposes, within a matter
of days or weeks, those design, materials, or workmanship
defects which would lead to device failure in the customer’s
application after months or even years of operation.

In order to be considered a “‘world class” supplier of semi-
conductor devices, NSC designs and manufactures prod-
ucts which are capable of meeting the reliability expecta-
tions of its most demanding customers. While customer re-
quirements and expectations vary on the subject of reliabili-
ty requirements for devices, virtually all large users have
general procurement specifications which establish failure
rate goals or objectives for the suppliers of the components
used in their products. .

Failure rate goals for infant mortality and long-term-failure-
rate-in-service have been established for all NSC product
lines. These goals are published internally at the beginning
of each fiscal half-year (usually June and December). The
actual performance of the product against these goals is
measured monthly using life test data gathered from various
sources including the Fast Reaction and Long Term Audit
Program. Performance is reviewed every six (6) months by
Reliability and Product Group management and adjusted as
necessary to reflect customer expectations, competitive
data, and/or historical performance trends.

Given that product reliability is an overriding corporate ob-
jective, and that any deficiency in design, materials, proce-
dures, or workmanship, has a potential for adversely affect-
ing the reliability of the product, Manufacturing and Engi-
neering organizations within NSC, its subsidiaries, and its
sub-contractors, involved in introducing a new device, pro-
cess, or package, share a joint responsibility for demonstrat-
ing that the product does conform to NSC standards and to
the standards and expectations of NSC’s customers.

As a matter of policy, it is NSC’s goal to design and manu-
facture product that is 100% defect-free and capable of sur-
viving the qualification tests with zero failures. This policy is
not interpreted as a directive to abandon a qualification pro-
gram when failures occur or to delay new product r

ciencies that are the root causes of the failures and then to
engineer a solution to correct those deficiencies.

Results from the initial qualification for the ABTC family are
published in the BiCMOS LOGIC self qualification hand-
book. Additional stress testing is performed regularly as a
reliability monitor as part of the Fast Reaction Program and
Long Term Audit Program. The BiCMOS Logic self qualifica-
tion handbook contains the data typically requested by cus-
tomers as part of joint qualification programs in addition to
detailed explanations of all tests performed. The BiCMOS
Logic self qualification handbook may be obtained by con-

tacting Logic QA at 1-800-775-8100, x8208.

Quallification Requirements for

Logic Integrated Circuits

until perfection has been achieved. Rather, the policy is in-
tended to focus engineering resources on the identification
and elimination of the design, process, or workmanship defi-

Test Test Test/Stress Saslir;;;le
Method Conditions Each Lot
Operating Life | SOP-5-049-RA| 1000 Hours 77
Method 107 | @Tp = 125°C

High Tempera- |SOP-5-049-RA| 1000 Hours 45

ture Storage Method 103 | @150°C

Temperature SOP-5-049-RA| 1000 Cycles 77

Cycle Method 105 —65°Cto +150°C

Temperature SOP-5-049-RA| 1000 Cycles

Cycle with Method 105 —65°Cto +150°C 77

* |Preconditioning

Temperature- SOP-5-049-RA| 1000 Hours 77

Humidity-Bias Method 104 |85°C @ 85%RH

Temperature- Method 112 | Precondition

Humidity-Bias Method 104 |plus 100 hours 77

with Precon- 85°C to 85%RH

ditioning

Autoclave Method 101 500 hours 45
121°C @ 15 psig

Thermal Shock Method 106 | 100 Cycles 22
—65°Cto +150°C

Salt Atmosphere| Method 209 |25 Hours 35°C 22

Resistance to Method 207 |4 Solvents 3 Each

Solvents Solvent

Lead Integrity Method 205 (Condition as
Appropriate 22 Leads
to Package

Solderability Method 203 |8 Hour Steam 22

I 5 secs @260°C
Solder Heat Method 204 (12 secs 260°C 22

Ayqeiiay pue Apjenp




Quality and Reliability

Quality Information and Communi-
cation (QUIC) System

BACKGROUND

National’s Quality Assurance Systems Development group
(QASD) maintains a variety of data tracking systems such
as: Electronic Reliability Data Management (ERDM), Failure
Analysis (F/A), Burn-in Board Inventory, and a number of
others.

QUIC users will find a user friendly, menu-driven, real-time
system that gives them a simultaneous-user environment
with timely data inputs from sites around the world. QUIC is
programmed to recognize each individual user of the sys-
tem at the point of logging on to the mainframe, and pro-
vides an appropriate list of menu options consistent with the
user’s level of access requirements.

National grants access to QUIC by customers that provides
a sufficient level of security over the entire system, thus
precluding the possibility of accidental access (or even
damage) to various files.

HOW A CUSTOMER LINKS TO QUIC

1. Check to make sure you have the hardware components
listed below. (An attached printer is desirable but not im-
perative.) :

IBM/PC conmpatible computer With at least 128k memory.

Hayes compatible 1200 baud modem (or 2400, 4800 or
9600). ‘

Touch tone phone.

2. Request access to QUIC by contacting your National
sales representative or Customer Service Center at
1-800-272-9959, who will coordinate all activities neces-
sary to provide access for your company and arrange
training (usually handled over the telephone).

3. Identify the person who will be your company’s main con-
tact and user of the QUIC system. This person will as-
sume responsibility for the USERID assigned to your
company and will receive training on how to access and
use the QUIC system.

4. National will provide a USERID, password and account
number with appropriate menus and a communications
software package called EXECULINK, which allows the
customer’s PC to talk with NSC’s host computer and also
turns the PC into a virtual host terminal, with full-screen
editing capability and full use of program function (PF)
keys. EXECULINK also provides for file transferring be-
tween host and PC and spooling of print files to a PC-at-
tached printer.

ONGOING IMPROVEMENTS

As we receive feedback from the users of QUIC, we (QASD)
will continue to enhance the “User Friendliness” of the sys-
tem and add new features which, we hope, will help pro-
mote a true sense of teamwork between us and our custom-
ers.

Wafer Level Reliability (WLR)

BACKGROUND

The conventional methods of reliability screening, that of
short-term burn-in to eliminate infant mortalities and long-
term life tests at high temperature, will soon become im-
practical for many devices. The reasons for this are tighter
infant mortality ppm requirements, higher costs, and short-
ened lifetimes.

As device complexity increases, the testing sample size re-
quired to ensure infant mortality ppm levels in the 0-10 ppm
range will quickly deplete reliability test capacity. While
burn-in eliminates inferior devices, it can also substantially
shorten the lifetimes of “good” devices to an unacceptable
level, creating an expensive and somewhat risky procedure.
New technology advances which minimize geometry, have
moved our device lifetime distributions closer to our custom-
er’s expected system life. As device geometries shrink, re-
sulting in higher current densities, electric fields, and chip
temperatures, tighter fab process control and instant feed-
back become critical.

THE GOAL OF WAFER-LEVEL-RELIABILITY TESTING-
PROCESS RELIABILITY

Wafer-level-reliability testing represents a proactive, correla-
tion and contro! approach to ensuring device reliability. WLR
is not meant to replace classical reliability testing. Instead it
is used to supplement existing methods.

WLR testing is used to:

1. Identify shifts in On-Line Process Controls (fab moni-
tors) which affect product reliability.

2. Reduce process qualification cycle time.

3. Improve process qualification success rate.

4. Assess reliability trends of production processes.

5. Quantify the reliability impact of process modifications.

WLR provides faster feedback for fab process control. The
collection of WLR test data during and at the end of wafer
fab processing provide a reliability baseline for each of our
fab processes. Shifts in WLR test results, whether intention-

~ al (a process change or qualification) or unintentional (a pro-

cess control problem), signal an increase or decrease in
product reliability risk. WLR monitoring of production pro-
cesses using Statistical Quality Control (SQC) techniques
provides engineering with the information required to find
and fix process control problems faster, and to determine
the effectiveness of on-line process controls from a reliabili-
ty standpoint. In this way, WLR testing is used to link on-line
process controls to the traditional accelerated life testing
methods.

- NATIONAL’S WLR PROGRAM

National developed a corporate-wide WLR program which
continues to implement powerful, new test techniques. WLR
testing has been used effectively to help understand how
process variability affects product reliability. It is also used
to help build-in reliability at the design stage for new pro-
cess technologies such as that used by. ABTC, a 1.0 um
BiCMOS process.

WLR tests and test structures have been designed to in-
crease the likelihood and predict a rate of a reliability failure
mechanism occurrence. In addition, National has developed
a partnership with a leading parametric test system supplier.
Working together, a WLR test system was designed and
developed to meet the unique requirements of Wafer-Level-
Reliability testing. These systems are capable of testing to
the voltage, current, and temperature extremes required for
inducing the desired failure mechanisms in a short period of
time. Some examples of the reliability failure mechanisms
that are monitored using WLR techniques include:




Wafer Level Reliability (WLR) (continued)

Interlayer Dielectric Integrity

Unique high voltage testing (to 1500V) is used to test for .
dielectric particles, metal hillocks or contamination, and
poor dielectric stop coverage. Designed experiments
have been successful in correlating the high voltage
WLR test results to fab process monitors (such as depo-
sition temperature and etch selectivity), and to accelerat-
ed life test results (Op-life, Temp Cycle, and Thermal
Shock).

Metal Step Coverage
High current testing of large area metal serpentine struc-
tures is performed to detect restrictions in the conducting
stripe. Designed experiments have been successful in
correlating the high current WLR test results to fab pro-
cess monitors such as metal thickness, critical dimen-
sions, and via size.

Mobile lons
A 200°C hot chuck is used with custom-built high temper-
ature probe cards to accurately measure transistor
threshold voltage shifts for a variety of oxide layers. Oth-
er methods for detecting mobile ion contamination in-
clude the use of self-heated polysilicon gate test struc-
tures and Triangular Voltage Sweep (TVS) test tech-
niques.

Metal Stress Volids
High current resistance measurements are taken before
and after wafers are processed through a series of heat-
ing and cooling cycles. This heat treatment is designed
to mimic the high temperature processing incurred during
device assembly (such as a seal-dip furnace), and it has
been shown to accelerate metal void formation when the
stress of the overlying film is high enough. Significant
increases in the final resistance indicate the formation of
metal stress voids.

Gate Oxide Integrity:
JEDEC Jramp: VrRamp and Qpp test techniques are used
to monitor gate oxide quality. The WLR tester is also
used to perform very sensitive leakage current measure-
ments, using a specially designed picoammeter module,
which allows us to detect subtle differences in gate oxide
quality.

Passivation Integrity
A novel wafer-level-autoclave test technique has been
developed which allows us to quantify the level of protec-
tion the passivation film provides when the wafer is sub-
jected to a high temperature, high humidity environment.

Hot Electron Degradation )

Two wafer level tests are performed to indicate device
susceptibility to hot electron damage. First, the maximum
substrate current is measured to indicate the level of im-
pact ionization occurring at the drain edge. Second, gate
current measurements are taken to gauge the magnitude
of electron injection during device operation. Long-term
DC stressing of transistors at peak substrate current con-
ditions is also monitored.

Electromigration
A Standard Wafer Electromigration Accelerated Test
(SWEAT) technique is used to measure the sensitivity of
a metal line to electromigration failures. SWEAT is used
as a relative test of the reliability of a line.

Contact Electromigration
Risk of failures due to contact spiking and solid phase
epitaxial growth (SPEG) are monitored by forcing current
through specially designed test structures, and monitor-
ing increases in resistance and substrate leakage.

Electrostatic Discharge

Sensitivity (ESD)
National ABTC logic has designed special dual-rail ESD
protection circuitry to increase its level of ESD perform-
ance over non-protected inputs and outputs. This protec-

tion is standard on all ABTC designs and was first used in
National's FAST® family.

By design, this circuitry limits product vulnerability to both
positive and negative Human Body Model (HBM) ESD
and Electrical Overstress (EOS) voltages by protecting
inputs and outputs connected to Vg as well as ground.
Protection to ground is provided through the transistor
Q2 and diode D2, standard Schottky clamp. The path to
Ve is protected through the BVCEQ breakdown mecha-
nism of Q1. Diode D1 ensures isolation of the input or
output from Vg leakages.

The device design and layout ensures dependable turn-
on characteristics as well as robustness.

ESD protection was achieved with no appreciable affect
on speed or increase in capacitance.

ESD Protection Circuit

Vee

Q1

D1

INPUT O = = =

GND

INTERNAL
CIRCUITRY

Vee

Qi

- OUTPUT

GND
TL/F/11564-1
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Quality and Reliability

Electrostatic Discharge

Sensitivity (ESD) (continued)

ABTC logic ESD sensitivity is typically greater than 2000V,
using the MIL-STD-883C, test method 3015 for Human
Body Model (HBM) ESD.

HBM Test Circuit
m 10MQ R2 = 1soon
HIGH }-
VOLTAGE
POWER put
SUPPLY ‘°° PF T
|

TL/F/11564-2

Normal handling precautions should be observed as in the
case of any semiconductor.

Power Sensitivities for Minimum

Geometry Products

The demand for high performance process technology ca-
pable of sub 4 ns speeds, minimal noise and lower operat-
ing voltages drives the microelectronics industry towards
decreasing layout geometries. Advanced process technolo-
gy minimizes gate widths, gate oxide thickness and junction
depths to improve gate switching speeds. In contrast, the
decreased geometries reduce the ability of the devices built
on advanced processes to resist electrical overstresses. As
geometries decrease, emphasis shifts towards the reduc-
tion of environmentally induced electrical overstresses to
ensure system and component reliability.

Market trends continue to drive the need for smaller geome-
tries with reduced power supply voltages. Current 5.0V tech-
nologies are migrating towards 3.0V technologies while
3.0V technologies have shown a greater sensitivity to elec-
trical overstresses. Sensitivities to electrical overstresses
have been observed in as large as 1.0 um geometries.

Device damage from electrical overstresses vary and the
categories include, but are not limited to: Electrical-Over-
Siress (ECS) dus 10 excessive cuirent or Voitage eXposurs
and Electro-Static-Discharge (ESD) be it exposure by Hu-
man Body Model, Charged Device Model or Machine Mod-
el. Sources of electrically induced overstresses are difficult
to determine; however, investigation of failures from small
geometry devices may show that environmental hazards
such as unregulated and unconditioned power supplies in
the field exceed “Absolute Maximum Ratings” causing un-
recoverable device damage.

Advanced processes such as BICMOS include small dimen- -

sion current density limited geometries that are sensitive to
electrically induced overstresses. The combination of inter-
nal bipolar and CMOS gates provides current capabilities for
maximum device performance. In an unconditioned supply
environment, the bipolar section of a BICMOS circuit can
source excessive current through the CMOS section and
cause damage due to the CMOS circuit’s current density
limited geometries.

In an effort to resolve device sensitivities to electrical over-
stresses, designers and engineers can reference device da-
tabooks. Databook specifications include ‘‘Absolute Maxi-

. mum Ratings” and adherence to this specification is essen-

tial in ensuring component and system level reliability. -

1.A Ameraseksra A. Chatterjee, “An Investigation of BICMOS ESD Protec-
tion Circuit Ele ts and Applicati in jcron Technologies”,
EOS/ESD Symposium, p5B8.6.1.

Advanced BiCMOS and Latchup
Testing

Latchup in CMOS and bipolar circuits can vary in severity
from being a temporary condition of excessive ICC current
and functional failure, to total destruction requiring a new
unit. The latchup condition is usually caused by applying a
stimulus that is able to cause a regenerative condition in a
PNP-NPN structure. For a more detailed description of defi-
nitions and causes of latchup, see National Semiconductor
Application Note 600 (located in the “FACT Advanced
CMOS Logic Databook” Lit. # 400019).

National has characterized its ABTC logic for robustness
using the JEDEC 17 method and an IMCS 4600 Automated
Latchup Test System. The automated test equipment ap-
proach to latchup provides a repeatable test setup and ap-

" plication of test conditions, reduces the amount of time for

evaluation, and provides a more comprehensive set of vec-
tors and stimuli over a shorter period of time.

The JEDEC 17 method is a standard measurement proce-
dure for the characterization of CMOS integrated circuit
latchup susceptability/immunity, measured under static
conditions. The method allows for overcurrent/overvoltage
stressing of inputs and outputs to detect latchup.

In short the JEDEC 17 method follows a sequence of:

1. Apply power

2. Setup 1/0 conditions to place device in desured state

3. Apply trigger source for desired duration

4. Measure supply current

5. Remove power supply if ICC > test limit

6. Inspect for electrical damage

The time for each parameter as well as the temperature is
critical for correlation of latchup. National characterizes
latchup on the ABTC family at 125°C and with the critical
timing parameters on Table I. Close correlation can only be
accomplished by using the same trigger duration, Vcg, test
temperature, and magnitude of trigger stimulus.

TABLE |. Critical Timing Parameters

Symbol Parameter Time
Tw Trigger Duration 500 ps
tcooL Cool Down Time 10 ms




Advanced BiCMOS and Latchup

Testing (Continued)

For ABTC products, logic states are checked for a suscept-
ability to latchup with all outputs high, all outputs low and all
outputs in TRI-STATE®. If the device is a bi-directional de-
vice, then the logic states are tested in each direction. All
inputs and outputs are tested for each logic state and direc-
tion.

Because the ABTC family is designed for live insertion, a
Positive Voltage Trigger (PVT) and a Negative Current Trig-
ger (NIT) is applied to the inputs and outputs to check for
latchup.

Forcing a current in the positive direction overstresses the
inputs and outputs by causing a breakdown. Such break-
downs consume enough power in the breakdown area to
cause the junction permanent damage. PVT stresses the
inputs and outputs while keeping the input and output devic-
es out of any breakdown region.

Finally all inputs and outputs have clamp diodes, requiring a
negative current trigger as a stimulus for latchup. The clamp
diodes are designed to allow current flow into ground with-
out injecting carriers into the substrate that could cause a
parasitic PNP-NPN. Supply and stimulus values used by Na-
tional for latchup testing the ABTC family are in Table II.

7.0v

5.5V

Vee
ov

TRIGGER
SOURCE (V/1)

[OYT TN SRR

1

SEQUENCE

TABLE Il. Supply and Stimulus Values

Stimulus Parameter Vee Stimulus
PVT Positive Voltage
. +
Trigger 7.0V | Voo + 3V (10V)
NIT Nggatlve Current 7ov | —s00ma
Trigger

Verification of any unusual observations is performed with a
curve tracer manually. For example, when ABTC outputs
are brought below ground, the NMOS transistor feeding cur-
rent to the bipolar output will turn on and current from Voo
will come out of the output pull-down device. This condition
is unavoidable by design and is not latchup. Thus good
analysis of observations will tell one whether latchup has
occurred.

Due to the high trigger stresses, devices used for latchup
testing should be discarded and not used for design, pro-
duction, or other tests. Latchup testing is potentially de-
structive and may limit the life of a device.

teooL

N

O
{7 TN (RPIID

FIGURE 1
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ABTC Design
Considerations for Fault
Tolerant Backplanes

INTRODUCTION

National Semiconductor’s high speed Advanced BiCMOS
Technology, ABTC is a 1.0 um process product introduced
to provide a high speed fault tolerant solution for interface
needs. Some of the targeted interface environments include
computer servers, mainframes and central office switches.

Each of these interface environments suffer from glitching
or level degradation on their backplane or bus, generated
from either live insertion of a board or a power up and down
cycle used when performing maintenance on a system.
Board designers need to address live insertion and power
cycling requirements when designing. a fault tolerant sys-
tem. Definitions and applications of live insertion and power
cycling change based on the product that interfaces with a
backplane environment.

Discussion of a fault tolerant benefits from a review of defi-

nitions and solutions for fault tolerant interfacing and a re-

view of device specs and how they contribute to a fault
tolerant environment.

DEFINITION OF TERMS
— Live Insertion

Boards like those seen in a telephone company’s central
office switch are often removed and inserted while the
backplane remains active. Insertion and removal gener-
ates glitches and voltage level changes on the back-
plane. The level of isolation that a board mounted inter-
face device provides the backplane can be broken down
into three major groups.

.— 1st Level of Isolation is defined as the ability of the
interface devices to allow insertion of the board to
which it is mounted without having to power the sys-
tem down. Requirements include a method of sus-
pending the bus activity to prevent glitch or level cor-
ruption of bus data.

— 2nd Level of Isolation is defined as the ability of the

interface devices to allow insertion of the board with-

- out the need to power the system down or suspend
bus activity. Requirements include a method by
which the bus can check for, and correct, faults intro-
duced on the backplane during board insertion or a
method for providing proper biasing of the board in-
terface devices with a staggered pin arrangement on
the board-backplane connector. Precondition biasing
circuitry for the interface device may also provide the
required isolation.

— 3rd Level of Isolation is defined as the ability of the
interface devices to allow board insertion without any
limitations, restrictions or requirements of other cir-
cuits on the preservation of bus data.

The level of isolation that an interface device mounted

on a board provides for the backplane has a direct im-

pact on system uptime. Increasing levels of isolation al-

National Semiconductor
Application Note 881

R. Craig Klem
Application Engineer

low for increased serviceability without system interrup-
tion. Board isolation provided by an interface device
gives more freedom to the designer for focusing on pur-
pose built board functions, reducing board design com-
plexity and ultimately, board cost. ABTC products reward
the board designer and the board user these beneﬂts
with a 2nd Level isolation solution.

— Fault Tolerance

Fault tolerance in a backplane environment is the ability
of the bus to detect and/or correct errant signals from
any source including glitches, level changes, etc., gener-
ated from the insertion or extraction of a board into a
backplane. A system populated with ABTC products
minimizes the need for errant signal processing associ-
ated with the live insertion and extraction process when
biased correctly.

— Power Up/Down TRI-STATE®
When the devices that interface with the backplane pow-
er up or down, their connection to the bus will ideally
maintain a high impedance state. With respect to the
ABTC product family, the output enable circuitry has
control of the output state of the interface device during
power up and down so as to prevent intermittent low
impedance loading or glitch generation commonly asso-
ciated with conventional CMOS and Bipolar devices.

— Partial System Power Down

Partial system power down implies that a system com-
prised of a combination of hardware and firmware pro-
vides power switching control of a backplane slot to al-
low for insertion, or removal of a board. Partial system
power down facilitates system serviceability. Board-
mounted ABTC interface products enhance serviceabili-
ty for permitting backplane- slot power cycling while
maintaining high impedance, glitch free isolation with the
board and its backplane.

SOLUTIONS FOR FAULT TOLERANT INTERFACING

The achievement of a fault tolerant system solution with live
insertion capabilities begins with a review of some of the
bus protection solutions available. Options available to the
ABTC product family include:

— Staggered Pin Arrangement

For a PC edge connector arrangement, the solution in
Figure 1 can be adopted to provide proper biasing of the
output enable pin (QE) to ensure high impedance on the
backplane. It will satisfy both insert and removal require-
ments. While this configuration provides an ideal con-
nector, constraints often limit the number of different pin
lengths to two. By offsetting the OE pin, we want to en-
sure that it will either reach a high level of >2.0V, before
Vg is applied, or that OE will maintain a >50% Voo
level during the Vg ramp.

4-3
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— lIsolation Circuitry

Isolation circuitry provides another option for board and
backplane isolation. Again, this solution will provide the
necessary OE pin biasing to assure a level of 2.0V or to
assure OE maintains >50% of Vgg as Vgc powers up
or down for guaranteed high impedance interface to the
backplane.

The design of Circuit-1 below provides >50% of V¢ for
the OE pin throughout the Vo ramp then switches to a
voltage level of a logic high once the ACOO reaches its
turn-on Vce. After board insertion, the MAINT switch is
opened and the LOGIC pin becomes the OE control.
Live insertion or removal for this solution requires a tech-
nician to manually operate the maintenance switch
(MAINT) to ensure proper biasing of OE and board-
backplane isolation..

Circuit-1

Backplane

TL/F/11554-2

SPECIFICATIONS AND THEIR CONTRIBUTION TO
FAULT TOLERANT SYSTEMS

DC specifications and their characteristic input/output
curves help map out the loading effects' of an interface de-
vice on bus or backplane. The loading characteristics of typ-
ical ABTC input and output pins are shown in Figures 2-4.
National Semiconductor's ABT245C characteristic curves
are used for this demonstration.

— Powered Down Backplane Isolation

The power down leakage characteristics of a bus inter-
face device assist the interface board designer in under-
standing the effects of loading on his backplane. During
live insertion, the board is not powered up and the in-
stantaneous loading upon contact would look like the
curves of VID and 12Z in Figures 2 and 3. Typically, load-
ing leakages in the +200 pA range begin to affect the

Iip (amps)

Izz (amps)

Other pins
TL/F/11554-1

Von/VoL. levels in a backplane application. The VID and
1ZZ curves illustrate the loading effects on the back-
plane over a range of backplane voltages from 0.0V to
5.5V.
— VIiD
VID is a voltage that is measured on an input pin at a
current loading of 1.9 pA in a power off condition
such as when Vgg and the non-measurement pins
are at 0.0V.
The curve of VID vs IID in Figure 2 shows the current
leakage of a typical ABTC input pin. The ABTC inputs
limit loading leakage to <1.9 pA over an input volt-
age range from OV to 5.5V.

SE-5 o
" 4E-5 4
3E-5+
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e v - v N momow % 0w
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Vip (voits)
TL/F/11554-4
FIGURE 2
— 1ZZ

1ZZ is a current that is measured on an output pin
at a voltage of 5.5V during a power off condition
such as when V¢ and the non-measurement pins
are at 0.0V.

The curve of VZZ vs 1ZZ in Figure 3 shows the
current leakage of a typical ABTC input/output
(1/0) pin and how it loads a bus or backplane over
a range of bus voltages from 0.0V to 5.5V. I/0 pin
configurations exhibit combined current character-
istics from components of the input circuitry and
output circuitry. ABTC 1/O pins specify loading
leakage at 100 pA max. with a typical loading
leakage at 3 pA at room temperature.
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— Powered Up Backplane [solation

During power up operation, the output enable pin, OF,

controls backplane isolation. The I0ZH/IOZL parame-
ters provide the interface board designer with the leak-
age characteristics of the interface device during a tri-
stated condition.

— 10ZL/10ZH

IOZL is a parameter that quantifies the output leak-
age current while the part is powered up and the
output is conditioned low before it was tri-stated (dis-
abled). IOZH is the same as |OZL except that the
output was conditioned high before being tri-stated.

The IOZL/H curve in Figure 4 shows an 1/0 pin leak-
age characteristic during TRI-STATE operation over
a range of bus voltages from 0.0V to 5.5V. ABTC
devices specify 10ZH/L at a maximum of 50 pA
while typical leakage is in the vicinity of 12 nA at
room temperature.

— 10ZL/10ZH
5E-5
4E-5+
3E-5
2E-5 A
1E-5
0E+0
=1E-5

1oz (amps)

_—

T T T T 1
- n N n M g % o w0
- " - «

o

0.5 4

Voz (volts)

TL/F/11554-6
FIGURE 4

— Powering Cycling and Backplane Isolation

During the transition of a power up or power down cycle,
an interface device output might act erratically by glitch-
ing or seeking a voltage level that is disruptive to the
backplane. These transition characteristics degrade
fault tolerant systems and would increase system down
time.

The curves in Figures 5 and 6 demonstrate the capability
of the ABT245C to maintain isolation from an active bus
and provide a glitch free output while being powered up
and down. With the OE pin conditioned high, Voc was
cycled between 0.0V and 5.5V to monitor the output
voltage levels as they would appear on a bus. Bus loads
of 1 kQ pull-up and pull-down were used. The bus volt-
age level disruption is in the micro-volts range attesting

to the minimal impact ABTC interface products would

have on the backplane.
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FIGURE 6. Bus Low Effects
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SUMMARY

ABTG interface devices offer glitch free power cycling pro-
vided that the OE pin is held at the device specified V|
(2.0V) level. Ir ~ractice, OE will provide an output high im-
pedance condition if OE maintains a level of >50% of Vg
through the OV to 5.5V range. In fact, the OE pin circuitry
gains control once Vgg is 21.0V. Interface device output
characteristics for Vg levels before 1.0V are controlled
through the isolation circuitry discussed earlier.

ABTC designs and specifications recognize the need for
more fault tolerant interface devices. Live insertion guaran-
tees such as VID/IZZ, 10ZL/H and glitch free power cycling
all promote better system uptime, especially for telecom
switching environments. Together with extended AC specifi-
cations that reduce the need for complex performance eval-
uations, ABTC live insertion guarantees allow designers to
spend more time on total system performance features and
not worry about the logic.
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Avoiding Bus Contention

ABTC devices typically disable (to high impedance) faster
than they enable (to active state) and therefore offer an
inherent way to minimize bus contention. System designers
must be aware of the effects of bus interface device expo-
sure to contention. Some advice is offered in the following
discussion.

Ideally the system designer should insure that the disabling
signal to the active driver always precedes the enabling sig-
nal to the next driver to insure minimum contention; i.e.,
tseTup time disable-to-enable should be a positive number.
If the interface devices on the bus (as NSC ABTC devices
typically do by design) exhibit disable times (tpyz/tpL2)
quicker than enable times (tpzn/tpz1), then the tggTyp time
disable-to-enable can be reduced to zero or slightly nega-
tive and not cause significant contention.

The typical tsgTyp time is approximated from the typical
enable/disable time specs: tgeyp disable-to-enable =
tpLz — tpzH OF = tpyz — tpzL; whichever yields the most

positive number governs. Obviously if disable time is larger
than enable time then tgeTyp is a positive time. Worst case
tseTup is calculated from the min/max enable times:
tpLz (max) — tpzy (min) or tpyz (Max) — tpzy (min) and will
always yield a safer positive number.

Data taken on a '245 function in a bus contention test fixture
may be helpful to illustrate the effects of varying the tseTup
from a value which caused no contention to values which
caused significant contention in Figures 1-3.

No reliability data to calculate fit rates to support a degree of
contention resilience is offered at this time. Deliberate con-
tention is not recommended. For instance a designer should
be rightly concerned about the magnitude of current that
can flow when a 64 mA (min) bus interface sink (Io)) stage
contends with a —225 mA (max) source (log) stage for a
large overlap time period with multiple outputs switching.
Particularly true for the newer bus interface parts like ABTC
which have lgg specifications more negative than the
—225 mA max.

suofed)|ddy 919V
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Procedure: Adjust tsetyp by varying the delay of B pulse. Monitor contention current of OR-tied B outputs at node 1.
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At TseTup = +1ns, there is no contention current, merely normal capacitive charging during LH transition. Bus contention is measured with 8 outputs switching in

phase on both devices. This example used the 74F245PC, with the monitor on pin 18, Boyt:

FIGURE 2. Bus Contention Current
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Power Down Characteristics

Power-down characteristics provide the system designer's
with an understanding of the loading effects from a device
when the device power supply is at 0.0V. The device’s pow-
ered-down characteristics effect the system bus or back-
plane in a number of ways and can be characterized by its
input and output capacitance and current loading. The mea-
sured parameters that provide the designers with loading
information include; Cin/Cour, input/output capacitance;
1ZZ, tri-stateable output power-down current loading; VID,
input power-down current loading. .

A device’s input and output capacitance define the effectiv

bus and backplane loading through the charging and dis-
charging of the interface pins. ABTC devices have typical
capacitance values of 5 pF for input pins and 9 pF for output
pins, while 1/0 pins have a typical value of 11 pF. National
tests capacitance in accordance with the procedures out-

_ lined in the MIL-STD-883, method 3012

The power-down leakage characteristics of an ABTC device
provide the effects of current loading on a bus or backplane.
Typically, loading leakages in the +200 pA range begin to
effect the Von/VoL levels in a backplane application. The
VID and 1ZZ curves in Figures 4 and & illustrate the loading
effects on the backplane over a range of backplane volt-
ages from 0.0V to 5.5V while the power supply is kept at
0.0V.

— VID
VID is a voltage that is measured on an input pin at a
current loading of 1.9 pA in a power off condition such
as when Vgg and the non-measurement pins are at
0.0v.
The curve of VID vs IID in Figure 4 shows the current
leakage of a typical ABTC input pin. ABTC inputs typical-
ly limit loading leakage to <1.9 uA over an input voltage
range from OV to 5.5V at room temperature.

— 12z
I1ZZ is a current that is measured on an output pin at a
voltage of 5.5V during a power off condition such as
when Vg and the non-measurement pins are at 0.0V.

The curve of VZZ vs I1ZZ in Figure 5§ shows the current
leakage of a typical ABTC input/output (I/0) pin and how
it loads a bus or backplane over a range of bus voltages
from 0.0V to 5.5V. I/0 pin configurations exhibit com-
bined current characteristics from components of the in-
put circuitry and output circuitry. ABTC 1/0 pins specify
maximum loading leakage at 100 pA with a typical load-
ing leakage at 3 pA at room temperature.
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Models

National Semiconductor in conjunction with Quad Design, .

offers SPICE and TLC models for the system designer.
Each model provides information on parameters that speed
design-in activities. The description, use and availability of
the two types of models is outlined below.

SPICE

Description: The SPICE input files are valid representations
of the input, output, 1/0 and associated circuitry used on the
logic device modeled. The circuit and device models were
designed and verified using SPICE 2G6. National Semicon-
ductor makes no guarantee that identical results will be pro-
duced by other hardware/software combinations. Proper
execution of these models is not guaranteed if any changes
are made to its files.

File Name Conventions:
FFFDDDDS.TTT FFF — family code (ABT)
DDDD — device designation (245)
S — step revision of model file
TTT — valid temperature of file
with a preceding m
representing minus
Exceptions may be seen in file names such
as 16 bit devices.
Use: While SPICE simulation input files may be a useful and
beneficial tool to the system designer for the purpose of
modeling bus loading and DC drive characteristics, and due
to the complexities indigenous to the modeling of transient
phenomenon, National Semiconductor recommends that
simulated results be supported by laboratory characteriza-
tion prior to making final judgments regarding device tran-
sient performance.
The input files incorporate single bit models over cold, room
and hot die temperatures as well as package models.
Avalilability: If an ABTC product is orderable, the SPICE
models is available through the Applications Engineering
Group at National Semiconductor.
333 Western Avenue
South Portland, Maine 04106
Telephone: (800) 341-0392

TLC

Description: Transmission Line Calculator, (TLC) Models
provide the system designer with transmission line charac-
teristics such as signal quality. TLC predicts ringing, under-
shoot and overshoot, performs automated analysis of entire
PCB designs and offers accurate delay data for ABTC prod-
ucts. National provides AC, DC and capacitance character-
istics for the model which Quad Design compiles and makes
available for customers. The characteristics are generated
either empirically or from SPICE simulations. The AC char-
acteristics include output edge rate and the DC characteris-
tics include output drive capacity and input/output leakage
data.

Use: The TLC models are most often used for signal analy-
sis in PCB designs. TLC program features include predicta-
bility of ringing, non-incident switching, undershoot, over-
shoot, and time delay for networks of arbitrary topology and
construction. The program may also be used to evaluate
network loading and termination strategies. Additionally,
TLC provides users with critical clock and backplane signal
analysis tools as well as tools for viewing the effects of

. tristate bus contention,

Avallability: TLC models on orderable product may be ob-
tained by contacting:

Quad Design

1385 Del Norte Road

Camarillo, California 93010

Telephone: (805) 988-8250

FAX: (805) 988-8259
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54ABT/74ABT244C

Octal Buffer/Line Driver W|th TRI-STATE® Outputs

General Description

The 'ABT244C is an octal buffer and line driver with TRI-
STATE outputs designed to be employed as a memory and
address driver, clock driver, or bus-oriented transmitter/re-
ceiver.

Features

m Non-inverting buffers

m Output sink capability of 64 mA, source capability of
32 mA

m Guaranteed output skew

B Guaranteed multiple output switching specifications

m Output switching specified for both 50 pF and 250 pF
loads

m Guaranteed simultaneous switching, noise level and
dynamic threshold performance

m Guaranteed latchup protection

m High impedance glitch free bus loading during entire
power up and power down cycle

m Nondestructive hot insertion capability

a Disable time less than enable time to avoid bus
contention

Ordering Code: see section 11

Connection Diagrams

Pin Assignment
for DIP, SOIC and Flatpak

— N
0F 12 > %Vcc
lo = —<b OE,
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Pin Assignment
forLCC
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Truth Table
OEy | lo-3 | Oo-3 | OEp | l4—7 [ 047
H X 2 H X z
L H H L H H
L L L L L L
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Z = High Impedance
Pin Names Description
OE,, OE» Output Enable Input (Active Low)
lo-l7 Inputs
0p-07 Outputs
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244C

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availabllity and specifications.
Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

DC Latchup Source Current —500 mA
Over Voltage Latchup (1/0) 10V
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Ceramic ~55°Cto +175°C Recommended Operating
Plastic —55°Cto +150°C Conditions
Vg Pin Potential to . .

Ground Pin —0.5Vto +7.0V F’:z“':\a" Ambient Temperature _BE'C o +126°C
Input Voltage (Note 2) —0.5Vt0 +7.0V Commercial ' ZaC 1o 4850
Input Current (Note 2) —30mAto +5.0mA Supply Voltage
Voltage Applied to Any Output Military +4.5V to +5.5V

in the Disabled or Commercial +4.5Vto +5.5V
Power-Off State —0.8Vto 5.5V Minimum Input Edge Rate AV/At
in the HIGH State —0.5V1o Ve Datainput sy
Current Applied to Output Enable Input 20 mV/ns
in LOW State (Max) twice the rated Ig|_ (mA)
DC Electrical Characteristics
‘ ABT244C
Symbol Parameter — Units| Ve Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized HIGH Signal
Vi Input LOW Voltage 0.8 \ Recognized LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min Iin= —18mA
VoH Output HIGH Voltage 54ABT/74ABT| 2.5 \ Min loH = —3mA
54ABT| 2.0 v Min |log= —12mA
74ABT| 2.0 v Min  |loy = —32mA
VoL Output LOW Voltage 54ABT 0.55 v Min loL = 48 mA
74ABT| . 0.55 loL = 64 mA
1) Input HIGH Current 5 A M ViN =27V
ax
5 K ViN = Vcc
IBVI Input HIGH Current Breakdown Test 7 BA Max |[Vy =7.0V
I Input LOW Current -5 A Max ViN = 0.5V
-5 . VIN = 0.0V
Vip Input Leakage Test : p =19 pA
475 v 0.0 All Other Pins Grounded
lozn Output Leakage Current 50 pA |0 = 55V|Voyr = 2.7V; O, = 2.0V
lozL Output Leakage Current —50 | pA.|0—55V|Voyr = 0.5V; OF, = 2.0V
los QOutput Short-Circuit Current -100 —275| mA Max | Voyr = 0.0V
IcEx Output High Leakage Current 50 pA Max |Vout = Vcc
17z Bus Drainage Test 100 pA 0.0 Vout = 5.5V; All Others GND
lccH Power Supply Current 50 rA Max | All Outputs HIGH
lccL Power Supply Current 30 mA Max | All Qutputs LOW
lccz Power Supply Current OE, = Vce:
50 | A | Max | i Others at Vg or Ground
lcet Additional Icg/input  Outputs Enabled 25 mA Vi =Vcgc — 2.1V
Outputs TRI-STATE 25 mA Max Enable Input V| = Vgg — 2.1V
Outputs TRI-STATE 50 pA Data Input V| = Vgg — 2.1V
All Others at V¢ or Ground
lccp Dynamic Icc No Load mA/ Outputs Open
(Note 2) 0.1 MHz | Max OE,, = GND, (Note 1)
One Bit Toggling, 50% Duty Cycle

Note 1: For 8 bits toggling, Iccp < 0.8 mA/MHz.
Note 2: Guaranteed, but not tested.
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DC Electrical Characteristics (soic package)

Conditions
Symbol Parameter Min Typ Max Units | Vee CL = 50pF,

Ry, = 5000
VoLp Quiet Output Maximum Dynamic Vo[ 0.5 0.8 Y 5.0 Ta = 25°C (Note 1)
Vorv Quiet Output Minimum Dynamic Vo -1.3 —0.8 \ 5.0 Ta = 25°C (Note 1)
Vouv . | Minimum High Level Dynamic Output Voltage 2.7 3.1 \ 5.0 Ta = 25°C (Note 3)
ViHD Minimum High Level Dynamic Input Voltage 2.0 1.5 v 5.0 Ta = 25°C (Note 2)
ViLo Maximum Low Level Dynamic Input Voltage 1.1 0.8 v 5.0 Ta = 25°C (Note 2)

Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested.

Note 2: Max number of data inputs {n) switching. n — 1 inputs switching OV.to 3V. Input-under-test switching: 3V to threshold (V| p), 0V to threshold (V|up).
Guaranteed, but not tested.

Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics (soic and SSOP package): See Section 2

74ABT 54ABT 74ABT
: Ta = +25°C Ta = —55°Cto +125°C Ta = —40°C to +85°C Fig
Symbol Parameter Vee = +5V Vce = 4.5V-5.5V Ve = 4.5V-5.5V Units | >
CL = 50pF CL = 50pF Cp = 50 pF )
Min Typ Max Min Max Min Max
tpLH PropagationDelay | 1.0 25 3.6 1.0 3.6 ns 2.3.5
tPHL Data to Outputs 1.0 23 36 1.0 3.6 !
tpzH Output Enable 156 35 6.0 1.5 6.0 ns 2.4
tpzL Time 15 36 6.0 1.5 - 80 ;
tPHZ Output Disable 10 35 56 1.0 5.6 ns 2.4
tpLz Time 10 33 5.6 1.0 5.6
Extended AC Electrical Characteristics (soic package): see Section 2
74ABT . 74ABT 74ABT
~40°C to +85°C Ta = —40°C to +85°C Ta = —40°C to +85°C
Vee = 4.5V-5.5V Vce = 4.5V-5.5V Vg = 4.5V-5.5V Fig
Symbol Parameter CL = 50pF CL = 250 pF Cp = 250 pF Units No'
8 Outputs Switching 1 Output Switching 8 Outputs Switching '
(Note 4) (Note 5) (Note 6)
Min Typ Max - Min Max Min Max
foggle | Max Toggle Frequency 100 MHz
tpLH Propagation Delay 1.5 5.0 1.5 6.0 25 85 ns 235
tpHL Data to Qutputs 1.5 5.0 1.5 6.0 25 85 ’
tpzH Output Enable Time 1.5 6.5 25 7.5 25 10.0 ns 04
tpzL 1.5 6.5 25 7.5 25 12,0
tpHZ Output Disable Time 1.0 5.6 (Note 7) (Note 7) 1 ns 2.4
tpLz 1.0 5.6

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.).

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.) with 2‘50 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE delays are dominated by the RC network (50011, 250 pF) on the output and have been excluded from the datasheet.
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Skew (soiC package)

74ABT

74ABT

Ta = —40°Cto +85°C
Vec = 4.5V=5.5V

Ta = —40°Cto +85°C
Ve = 4.5V=-56.5V

Symbol Parameter CL = 50pF CL = 250 pF Units ':g

8 Outputs Switching 8 Outputs Switching :

(Note 3) (Note 4)
Max Max

tosHL Pin to Pin Skew . g
(Note 1) HL Transitions 08 18 ns 215
tosLH Pin to Pin Skew g
(Note 1) LH Transitions 08 18 ns 215
tps Duty Cycle -
(Note 5) LH-HL Skew 10 25 ns 216
tost Pin to Pin Skew g
(Note 1) LH/HL Transitions 10 25 ns 219
tpv Device to Device Skew
(Note 2) LH/HL Transitions 15 30 ns 222

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (togHL), LOW to HIGH (tospn), or any combination switching LOW to HIGH and/or HIGH to LOW

({tosT). The specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V¢c) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-

to-low, etc.)

Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors
in the standard AC load.

Note 5: This describes the difference between the delay of the Low-to-High and the High-to-Low transition on the same pin. It is measured across all the outputs

* (drivers) on the same chip, the worst (largest delta) number is the guaranteed spscification. This specification is guaranteed but not tested.

Capacitance
Conditions
Symbol Pa.rameter Typ Units Tp = 25°C
Cin Input Capacitance 5.0 pF Veo = OV
Cour (iNole 1) Cuiput Capacitance 8.0 pr Vg = 5.0V

Note 1: Coyr is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012.
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tpLH vs Temperature (Ta)
Cy = 50 pF, 1 Output Switching

6.00
5.00
4.00 MAX
3.00

TYP @ 4.5V
2.00

TYP @ 5.5V
1.00

MIN
0.00 - -
-55°C -40°C 25°C 85¢°C 125°C

TL/F/10992-11

tpLy vs Load Capacitance
1 Output Switching, Tp = 25°C

8.00
6.00 : .
"‘
”
wax e
- =

4.00 T |

L = TYP @ 4.5V 7

% TYP @ 5.5
2.00
[T MIN
0.00

50 pF 100 pF 150 pF 250 pF

TL/F/10992-13

tpLy vs Load Capacitance
8 Outputs Switching, Tp = 25°C

10.00
9.00

-
8.00 — i

-
7.00 A
6.00 Wem " e
. —=

5.00 p==" TP @ 4.5V ]

4.00 /‘——/
o — TYP @ 5.5V .

3.00 o

7

2.00 P ———
fe="=" MIN

1.00

0.00
50 pF 100 pF

150 pF 250 pF

TL/F/10992-15

tpHL vs Temperature (Ta)
Cr = 50 pF, 1 Qutput Switching

6.00
5.00
4.00 MAX
300 o

TYP @ 5.5V
2.00 e :
1.00

MIN
0.00
~55°C -40°C 25°C 85°C 125°C

tpHL vs Load Capacitance
1 Output Switching, Ty = 25°C

TL/F/10992-12

6.00

. MAX 1. /
-__—— /
4.00 -

/ TYP @ 5.5V
2,00
T " MIN
0.00
100 pF 150 pF

-50 pF

tpHL vs Load Capacitance
8 Outputs Switching, T4 = 25°C

250 pF
TL/F/10992-14

10.00
9.00
4
8.00 e’
- -
-
7.00 12
6.00 M=t
500 pm==""" N
. - —
/ Ol
4.00
TYP @ 5.5V
3.00
-]
2.00 e -
e v - -
1.00 MIN
0.00
50pF 100 pF 150 pF 250 pF

Dashed lines represent design characteristics; for specified guarantees refer to AC Characteristics Table.
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tpzL vs Temperature (Tp)

CL = 50 pF, 1 Output Switching
8.00
7.00

MAX
6.00
5.00
TYP @ 4.5V —
4,00
3.00 TYP @ 5.5V
2.00
1.00 MIN
0.00
-55°C -40°C 25°C 85°C 125°C

6.00
5.00
4.00
3.00
2.00
1.00

0.00

=55°C

8.00

7.00

-6.00

5.00

4.00

3.00

2,00

1.00

0.00

-40°C

TL/F/10892-17

tpzH Vs Temperature (Ta)
Cp = 50 pF, 1 Output Switching

TYP @ 4.5V

TYP @ 5.5V

MIN

-40°C 25°C 85°C 125°C

TL/F/10992-19

tpzH vs Temperature (Tp)
CL = 50 pF, 8 Outputs Switching

MAX

TYP @ 4.5V

TYP @ 5.5V

MIN

25°¢C 85°C

TL/F/10992-21

tpLz vs Temperature (Tp)
CL = 50 pF, 1 Output Switching
8.00
7.00
6.00 MAX
5.00
TYP @ 4.5V
4.00
3.00 TYP @ 5.5V
2.00
1.00
MIN
0.00
-559C -40°C 25°C 85°C 125°C
TL/F/10992-18
tpHz vs Temperature (Ta)
CL = 50 pF, 1 Output Switching
8.00
7.00
6.00 MAX
5.00
TYP @ 4.5V
4.00
3.00 TYP @ 5.5V
2.00
1.00
MIN
0.00
-550C -40°C 25°¢C 85°C 125°C
TL/F/10992-20
tpHz vs Temperature (Ta)
CL = 50 pF, 8 Outputs Switching
8.00
7.00
6.00 MAX
5.00
4.00 TYP @ 4.5V
3.00 TYP @ 5.5V
2.00
MIN
1.00
0.00
-40°C 25°C 85°C

TL/F/10992-22

Dashed lines represent design characteristics; for specified guarantees refer to AC Characteristics Table.
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&
tpzL vs Temperature (Ta) tprLz vs Temperature (Ta) N
CL = 50 pF, 8 Outputs Switching CL = 50 pF, 8 Outputs Switching o
8.00 8.00
7.00 MAX 7.00
6.00 6.00 MAX
VP @ 4.5V e e e e ot o e e e o e =
5.00 5.00
TYP @ 4.5V
4.00 TYP @ 5.5V 4.00 @
3.00 3.00 TYP @ 5.5V
2.00 2.00
MIN MIN
1.00 1.00
0.00 ' . 0.00
~40°C 25°C 85°C ~40°C 25°C 85°C
TL/F/10992-23 TL/F/10992-24
tpzL vs Load Capacitance ) tpzH vs Load Capacitance
8 Outputs Switching 8 Outputs Switching
Ta = 25°C Ta = 25°C
14.00 14.00
12.00 — 12.00
-
10.00 < 10.00 =
MAX 47 -
- -
8.00 L= ] 8.00 | — gg— ]
a==T | TIP@4SY — — —T;P—@: 5v /
- - .
6.00 ] e ]
/
"1 T1YP@5.5v : ]
4.00 4.00 =" 1yp @ 5.5V
- “ ———"]
2.00 ——— L = 2.00 e -
" : MIN " MIN
0.00 0.00
50 pF 100 pF 150pF 250 pF 50 pF 100 pF 150 pF 250 pF
TL/F/10992-25 TL/F/10992-26
tpLy and tpyy vs Number Icc vs Frequency,
Outputs Switching Vgc = 5.0V, - Average, Ta = 25°C,
Ta = 25°C,CL = 50 pF All Outputs Unloaded/Unterminated
6.00 100 -
5.00
MAX - - 80
-
- -
4.00 ———
L - Tou TYP. | 60 /,/
cc
3.00 = =
—— (i s
TPLH TYP. 40 N,
g
2.00 L~
L~
_—--__——-——“’" 20 // ]
1.00 -em T MIN //
0.00 0
10UTPUT 4 0UTPUT 8 OUTPUT 0 10 20 30 40 50 60 70 80 90 100
TL/F/10992-27 Frequency (MHz)
TL/F/10992-28
Dashed lines represent design characteristics; for specified guarantees refer to AC Characteristics Table.
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@National

Semiconductor

54ABT/74ABT245C

Octal Bidirectional Transceiver with TRI-STATE® Outputs

General Description

The ’ABT245C contains eight non-inverting bidirectional
buffers with TRI-STATE outputs and is intended for bus-ori-
ented applications. Current sinking capability is 64 mA on
both the A and B ports. The Transmit/Receive (T/R) input
determines the direction of data flow through the bidirec-
tional transceiver. Transmit (active HIGH) enables data from
A ports to B ports; Receive (active LOW) enables data from
B ports to A ports. The Output Enable input, when HIGH,
disables both A and B ports by placing them in a High Z
condition.

Features

W Bidirectional non-inverting buffers

m A and B output sink capability of 64 mA, source capa-
bility of 32 mA

B Guaranteed output skew

m Guaranteed multiple output switching specifications

a Output switching specified for both 50 pF and 250 pF
loads

B Guaranteed simultaneous switching, noise level and dy-
namic threshold performance

® Guaranteed latchup protection

m High impedance glitch-free bus loading during entire
power up and power down cycle

® Non-destructive hot insertion capability

m Disable time is less than enable time to avoid bus
contention

Ordering Code: see section 11

Logic Symbol

TL/F/10945-1

Connection Diagrams

Pin Assignment for DIP,
Flatpak and SOIC
-/
]-/ﬁ _1. ﬂ VCC

3 18

Al o
o— e

? 5 T

sy 15 2

A‘ — — 53
4

5= 5

1

AG — e 55
9 12

b N

TL/F/10945-5
Pin Assignment for LCC
Ag As Ay Az Ay
EBFEEQ
[]

04 5] e} (7] @)
By B3 By By By

TL/F/10945-3
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Pin Descriptions Truth Table
Pin Names Description Inputs Output
OE Output Enatle Input (Active LOW) OE T/R
T/R Transmit/Receive Input L L Bus B Data to Bus A
Ap-A7 Side A Inputs or TRI-STATE Outputs L H Bus A Data to Bus B
Bp-B7 Side B Inputs or TRI-STATE Outputs H X High Z State
' H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Logic Diagram
' A A A Ay Ay As Ag Ay
5 o . .
T/ﬁ —
B B By By 8 Bs 8 B

TL/F/10945-4
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

DC Latchup Source Current —500 mA

Over Voltage Latchup (1/0) 10V

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its usefut life impaired. Functional operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Seramic _S o Recommended Operating
V¢ Pin Potential to Conditions
Ground Pin —0.5Vto +7.0V Free Air Ambient Temperature
Input Voltage (Note 2) ~05V 1o +7.0V ey —_5200(;2:_:5:22
Input Current'(Note 2) —30mAto +5.0mA Supply Voltage
V"l:at%‘z g‘;’s";'glg;°of”¥ Output Miltary +45Vto +5.5V
Power-off State ~0.5V105.5V Commercial +4.5Vio +5.8V
in the HIGH State —0.5Vto Veg Minimum Input Edge Rate (AV/AY)
Current Applied to Output ’ g:taab:g'la:;ut gg mx;:z
in LOW State (Max) twice the rated g (MmA)
DC Electrical Characteristics
Symbol Parameter ABT245C Units Vee Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 \" Recognized HIGH Signal
ViL Input LOW Voltage 0.8 \" Recognized LOW Signal
Vep Input Clamp Diode Voltage -1.2 \% Min IIn = —18 mA (OE, T/R)
VoH Output HIGH | 54ABT/74ABT | - 2.5 \" Min loH = —3 mA (Ap, Bp)
Voltage 54ABT 20 v Min | loq = —12mA (An, Bp)
74ABT 2.0 \ Min loy = —32mA (Ap, Bn)
VoL Output LOW | 54ABT 0.55 v Min “loL = 48 mA (Ap, Bp)
Voltage 74ABT 0.55 loL = 64 mA (A, Br)
" Input HIGH Current 5 A May ViN = 2.7V (O, T/R)
5 o T V|N = Vg (O, T/R)
tevi imput FIGH Current 7 | wA | Max |vn=70V@©ET/R
T gr?atkl;:)(\;rz Er::rsl;e(rI];O) 100 | pA | Max | Vin =55V (An Bl
I Input LOW Current :: A Max x:: : g:gx E%: ]r';g;
| oo [BomsmErm,
Iiy + lozy | Output Leakage Current 50 pA | 0 =55V | Vour = 2.7V (A, Bp); OE = 2.0V
IiL + lozL | Output Leakage Current —-50 pA | 0— 5.5V | Voyr = 0.5V (A, Bp); OE = 2.0V
los Output Short-Circuit Current —100 —-275 mA Max Vout = 0.0V (Ap, Bp)
lcex Output High Leakage Current 50 nA Max Vout = Vec (An, Bn)
7z Bus Drainage Test 100 A 0.0 Xﬁlgt-h:r:é\r{l IgAn, Bn);
lccH Power Supply Current 50 pA Max All Outputs HIGH
leoL Power Supply Current 30 mA Max All Qutputs LOW
lccz Power Supply Current 50 HA Max OE = Ve, T/R = GND or Vg
: All Other GND or Vo




DC Electrical Characteristics (continued)

)74

ABT245C
Symbol Parameter Units | Vee Conditions
) Min Typ Max
lceT Additional Outputs Enabled 25 mA V| =Vcgc — 2.1V
Icc/Input Outputs TRI-STATE 25 mA | Max | OE, T/RV| = Vgc — 2.1V
Outputs TRI-STATE 50 pA Data Input V| = Vgg — 2.1V
All Others at Vcg or GND.
lcco Dynamic Icc No Load mA/ Outputs Open
(Note 2) 0.1 MHz | Max OE = GND, T/R = GND or V¢g
One Bit Toggling, 50% Duty Cycle (Note 1)

Note 1: For 8 bits toggling, Iccp < 0.8 mA/MHz,

Note 2: Guaranteed, but not tested.

DC Electrical Characteristics (soic package)

Conditions

Symbol Parameter Min Typ Max | Units | Vee CL = 50 pF, R, = 5000
VoLp Quiet Output Maximum Dynamic VoL 0.7 1.0 Vv 50 | Ta = 25°C (Note1)
VoLv Quiet Qutput Minimum Dynamic Vg -13 -1.0 \ 5.0 Ta = 25°C (Note 1)
Vonv Minimum High Level Dynamic Output Voltage 2.7 3.1 \ 50 | Ta =25°C (Note3)
ViHD Minimum High Level Dynamic Input Voltage 2.0 1.7 \ 5.0 Ta = 25°C (Note 2)
ViLp Maximum Low Level Dynamic Input Voltage 0.9 0.6 \ 5.0 | Ta = 25°C (Note 2)

Note 1: Max number of outputs defined as (n). n-1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested.

Note 2: Max number of data inputs (n) switching. n-1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (V|.p), OV to threshold {Vi1p).
Guaranteed, but not tested.

Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven 0V to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics (soic and SSOP package) : See Section 2 for Waveforms

74ABT 54ABT 74ABT
Ta = +25°C Ta = —55°Cto +125°C Tp = —40°C to +85°C Fig
Symbol Parameter Vee = +5V Vee = 4.5V-5.5V Vee = 4.5V-5.5V Units No.
CpL = 50pF CL = 50 pF C_ = 50pF ’
Min Typ Max Min Max Min Max
tpLH PropagationDelay | 1.0 2.1 3.6 1.0 3.6 ns 23,5
tPHL Data to Outputs 10 24 36 1.0 3.6 2-3,5
tpzhn Output Enable 156 32 6.0 1.5 6.0 ns 2.4
tpzL Time 1.5 37 6.0 1.5 6.0
tpHZz Output Disable 1.0 3.6 5.6 1.0 5.6 ns 2.4
tprz Time 1.0 33 56 1.0 5.6
Extended AC Electrical Characteristics (soic package): See Section 2 for Waveforms
74ABT 74ABT 74ABT
—40°C to +85°C Ta = —40°Cto +85°C | Tpo = —40°Cto +85°C
Vee = 4.5V-5.5V Vec = 4.5V-5.5V Vce = 4.5V-5.5V Fig
Symbol Parameter CL = 50 pF CL = 250 pF Cp = 250 pF Units No.
8 Outputs Switching 1 Output Switching 8 Outputs Switching :
(Note 4) (Note 5) (Note 6)
Min Typ Max Min Max Min Max
foggle | Max Toggle Frequency 100 MHz
tPLH Propagation Delay 1.5 5.0 1.5 6.0 2.5 8.5 ns 1235
tPHL Data to Outputs 1.5 5.0 1.5 6.0 2.5 8.5 !
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Extended AC Electrical Characteristics (SOIC package) : See Section 2 for Waveforms (Continued)

74ABT 74ABT 74ABT
—40°Cto +85°C Ta = —40°C to +85°C Ta = —40°Cto +85°C
Vee = 4.5V=-5.5V Vce = 4.5V-5.5V Ve = 4.5V-5.5V Fi
Symbol Parameter CL = 50 pF CL = 250pF CL = 250 pF Units Ng-
8 Outputs Switching 1 Output Switching 8 Outputs Switching )
(Note 4) (Note 5) (Note 6)
Min Typ Max Min Max Min Max
tpzH Output Enable Time | 1.5 6.5 25 7.5 25 9.5 ns | 2-4
tpzL 1.5 6.5 25 7.5 25 11.0
tpHz Output Disable Time | 1.0 6.5 .
trLz 1.0 56 {Note 7) (Note 7) ns | 2-4

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-

to-low, etc.).

Note 5: This specification is guaranteed but not tested. The fimits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in

the standard AC load. This specification pertains to single output switching only.

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described swm:hlng in phase (i.e., all low-to-high, high-
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE delays are dominated by the RC network (5009, 250 pF) on the output and have been excluded from the datasheet.

Skew (SOIC package)

74ABT 74ABT
Ta = —40°Cto +85°C Ta = —40°Cto +85°C
Vece = 4.5V-5.5V Vece = 4.5V-5.5V Fi
Symbol Parameter CL = 50 pF CL = 250 pF Units Ng'
8 Outputs Switching 8 Outputs Switching ’
(Note 3) (Note 4)
Max Max
tosHL Pin to Pin Skew )
(Note 1) HL Transitions 1.3 23 ns 2-15
tosLH Pin to Pin Skew )
-(Note 1) LH Transitions 1f0 18 ns 2-15
trg Duty Cycle
(Note 5) LH-HL Skew .20 35 ns 2-16
tosT . Pin to Pin Skew
(Note 1) LH/HL Transitions 20 35 ns 2-19
tpy Device to Device Skew
(Note 2) LH/HL Transitions 20 35 ns 222

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (togHL), LOW to HIGH (togin), or any combination switching LOW to HIGH and/or HIGH to LOW

(tosT). The specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V¢c) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-

to-low, etc.)

Note 4: These specifications guaranteed but not tested. The limits represen( propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors

in the standard AC load.

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the

outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.

~ Capacitance
) : Conditions
Symbol Parameter Typ Units Tp = 25°C
CIN - Input Capacitance 5.0 Vee = OV (OE, T/R)
Cyiso (Note 1) 170 Capacitance 11.0 Vce = 5.0V (A, Bp)

Note 1: Cy;o is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012.
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tpLH vs Temperature (Tp) . tpHL vs Temperature (Ta)

CL = 50 pF, 1 Output Switching CL = 50 pF, 1 Output Switching
6.00 6.00
5.00 5.00
4.00 MAX 4.00 MAX
3.00 3.00 TYP @ 4.5V

TYP @ 4.5V
2.00 2.00 TYP @ 5.5V
TYP @ 5.5V
1.00 1.00
MIN MIN
0.00 0.00
-55°C -40°C 25°C 85°C 125°C ~559C -40°C 25°¢C 85°C 125°C
TL/F/10945-14 ' TL/F/10845-15

tpLH vs Load Capacitance tpHL vs Load Capacitance

1 Output Switching, T = 25°C 1 Output Switching, Ta = 25°C
6.00 - 6.00 >

e ld
e Pig

5.00 > 5.00 >

MAX =T MAX :
—"'—' / =" ]
4.00 —== - 4.00 ——= /

P m’@} bo- TYP @ 4.5V

3.00 L 3.00 el
' —— | TP@ 5.5
TYP @ 5.5V
2.00 2.00
MIN JR— [
100 pmmmmm= == 77" 1,00 pmmemm=—p ===
0.00 0.00
50 pF 100 pF 150 pF - 250 pF 50 pF 100 pF 150 pF . 250 pF
TL/F/10945-16 TL/F/10945-17
tpLH vs Load Capacitance tpHL vs Load Capacitance
8 Outputs Switching, Tp = —40°C to +85°C 8 Outputs Switching, T4 = 25°C
10.00 - 10.00
9.00 9.00
- -
8.00 ,4' 8.00 e’
f’ ”‘
7.00 "™ e 7.00 WAX i /
- -
6.00 e ] 6.00 e = /
- - :
5.00 p== PO 4.5¢ // 5.00 =" VP @ 4.5V —br
4.00 // 4.00 ///
TYP @ 5.5V 1T
3.00 3.00 —
R S — e —— =
2.00 ——eee—r 2.00 e =
I MIN L - MIN
1.00 . 1.00
0.00 0.00
50 pF 100 pF 150 pF 250 pF 50 pF 100 pF 150 pF 250 pF
TL/F/10945-18 TL/F/10945-19

Dashed lines represent design characteristics; for specified guarantess, refer to AC Characteristics Table.

5-15



245C

8.00
7.00
6.00
5.00
4.00
3.00
2,00
1.00

0.00

-55°C

8.00

7.00

6.00

5.00

8.00

7.00

0.00

-55°C

tpzL vs Temperature (Tp)
CL = 50 pF, 1 Output Switching

MAX

TYP @ 4.5V

TYP @ 5.5V

MIN

-40°C 25°C 85°C 125°C

TL/F/10945-20

tpzL vs Temperature (Tp)
CL = 50 pF, 8 Outputs Switching

MAX

TYP @ 4.5V

TWP@S55V —

MIN

25°C 85°C

TL/F/10945-22

tpzy vs Temperature (Ta)
Cp = 50 pF, 1 Output Switching

MAX

TYP @ 4.5V

TYP @ 5.5V

MIN

-40°C 25°C 85°C 125°C

TL/F/10945-24

tpLz vs Temperature (Tp)
CL = 50 pF, 1 Output Switching
8.00
7.00
6.00 MAX
5.00
4.00 TYP @ 4.5V
3.00 = TYP @ 5.5V
2.00
1.00
MIN
0.00
-559C -40°C 25°C 85°C 125°C
TL/F/10945-21
tpLz vs Temperature (Tp)
CL = 50 pF, 8 Outputs Switching
8.00
7.00
6.00 MAX
5.00
£.00 TYP @ 4.5V
TYP @ 5.5V
3.00
2.00
MIN
1.00
0.00
-40°C 259C 85°C

8.00
7.00
6.00
5.00
4.00

3.00

TL/F/10945-23

tpHz vs Temperature (Ta)
CL = 50 pF, 1 Output Switching

MAX

TYP @ 4.5V

TYP @ 5.5V

MIN

25°C 85°C 125°C

TL/F/10945-25

-40°C

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Table.




tpzy vs Temperature (Tp)
CL = 50 pF, 8 Outputs Switching

6.00

MAX

5.00 TYP @ 4.5V

4.00

- TYP @ 5.5V
3.00

2.00

MIN

ki I P T

1.00

0.00
-40°C

25°C 85°C

TL/F/10945-26

tpzH vs Load Capacitance
8 Outputs Switching, Ty = 25°C

14.00

12.00

10.00

8.00

-
TYP@ﬂ’
[

TYP @ 5.5V

-

6.00

4.00

2.00

MIN

0.00
50 pF

100 pF 150 pF 250 pF

TL/F/10945-28

tpLH and tpy vs Number Outputs Switching
Vce = 5.0V, Tp = 25°C, C. = 50 pF

6.00
5.00
MAX -
- -
-
4.00 ==
=
P Toy TYP.
3.00 / et
D S
2.00
- - - —
1.00 pmmm==== = T Ty
0.00
10UTPUT 40UTPUT 80UTPUT

TL/F/10945-30

Dashed lines represent design ch ics; for specified g

tpHz vs Temperature (T,)
C.L = 50 pF, 8 Outputs Switching

8.00
7.00 MAX
6.00
5.00
TYP @ 4.5V
4.00
TYP @ 5.5V
3.00
2.00
MIN
1.00
0.00
-40°C 25°¢ 85°C
TL/F/10945-27
tpzL vs Load Capacitance
8 Outputs Switching, Ta = 25°C
14.00
12.00
- -
10.00 - ——
-
-
8.00 ‘Mi—)( -7 /
e TTTPR Ay L
-
6.00 [
"1 1YP@s5.5v
4.00
200 b———— ot e
MIN
0.00
50 pF 100 pF 150 pF 250 pF
TL/F/10945-29
Icc vs Frequency, Average, Ta = 25°C,
All Outputs Unloaded/Unterminated
100
80
60 e
lec Vi = 5.5V
(mA) v
40
L~ ~
20 /z/
0
0 10 20 30 40 50 60 70 80 90 100

Frequency (MHz)
. TL/F/10945-31

refer to AC Characteristics Table.
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373C

MNatiOnal

Semiconductor

54ABT/74ABT373C
Octal Transparent Latch wit

General Description

The 'ABT373C consists of ‘eight latches with TRI-STATE
outputs for bus organized system applications. The flip-flops
appear transparent to the data when Latch Enable (LE) is
HIGH. When LE is LOW, the data that meets the setup
times is latched. Data appears on the bus when the Output
Enable (OE) is LOW. When OE is HIGH the bus output is in
the high impedance state.

PRELIMINARY

h TRI-STATE® Outputs

Features

W TRI-STATE outputs for bus interfacing

W Output sink capability of 64 mA, source capability of
32 mA

® Guaranteed output skew

m Guaranteed multiple output switching specifications

m Output switching specified for both 50 pF and 250 pF
loads

| Guaranteed simultaneous switching, noise level and
dynamic threshold performance

m Guaranteed latchup protection

m High impedance glitch free bus loading during entire
power up and power down

m Nondestructive hot insertion capability

m Disable time less than enable time to avoid bus

contention.
Ordering Code: see Section 11
Connection Diagrams
Pin Assignment Pin Assignment
" for DIP, SOIC and Flatpak forLCC
_ N\ D; 0, 0, Oy Oy
OE—11 20— Voo E]1E[E 5] [4
0, =2 19} o0, a1 EEE NN
I E 18}~0, 03 1 210,
o, =4 17}=0g oND [ EI?P_
0, —15 16 |— 0, — [ o8
! 6 0, Vee
0,—16 15p=05 D, B 07
D, —17 1405
D;—18 13— D4 [ (5] 8] [ 8
0;—9 12f=—0, b5 05 G D5 Dy TL/F/11547-2
GND —1 10 t1f=LE
TL/F/11547-1

Pin Names Description

DO—D7 Data Inputs

LE Latch Enable Input (Actlve HIGH)

OE Output Enable Input (Active LOW)

0p-07 TRI-STATE Latch Outputs Preliminary Data

National Semiconductor reserves the right
to make changes at any time without notice.
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Truth Table

Functional Description
The 'ABT373C contains eight D-type latches with Inputs Output
TRI-STATE output buffers. When the Latch Enable (LE) in- —
putis HIGH, data on the D,, inputs enters the latches. In this LE OE Dn On
condition the latches are transparent, i.e., a latch output will H L H H
change state each time its D input changes. When LE is H L L L
LOW, the latches store the information that was present on X 0 h
the D inputs a setup time preceding the HIGH-to-LOW tran- L L n (no change)
sition of LE. The TRI-STATE buffers are controlled by the X H X z
Output Enable (OE) input. When OE is LOW, the buffers are H = HIGH Voltage Level
in the bi-state mode. When OE is HIGH the buffers are in L = LOW Voltage Level
the high impedance mode but this does not interfere with X = Immaterial
entering new data into the latches. Z = High Impedance State
Logic Diagram

Do b b, D3 04 05 D5 O

L D = [} W D 1 D L D = [ —D

o O o o o~ o o 0
G G

—Ol o

1 o
0O 0 )

O3 04 05

% %

TL/F/11547-3

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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373C

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C

Junction Temperature under Bias .
—55°Cto +175°C

DC Latchup Source Current —500 mA

Over Voltage Latchup (1/0) 10V

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functiona! operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Ceramic Recommended Operating
. — 0, + ° maw
Vi l:,laPsitrlwcPotential to ele T Conditions
cc : Free Air Ambient Temperature
Ground Pin —0.5Vto +7.0v Military —55°Cto +125°C
Input Voltage (Note 2) —0.5Vto +7.0v Commercial —40°C to +85°C
Input Current (Note 2) —30mAto +5.0mA Supply Voltage
Voltage Applied to Any Output Military +4.5Vto +5.5V
in the Disabled or Commercial +4.5Vto +5.5V
Power-Off State —0.5Vto +5.5V Minimum Input Edge Rate (AV/AY)
in the HIGH State —0.5Vto Ve Data Input 50 mV/ns
Current Applied to Output Enable Input 20 mV/ns
in LOW State (Max) twice the rated Iop (mA)
DC Electrical Characteristics
ABT373C :
Symbol Parameter Units| Vce Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 \ Recognized HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min Iin = —18mA
VoH Output HIGH Voltage 54ABT/74ABT| 25 lon= —3mA
. 54ABT| 20 \% Min |log= —12mA
74ABT| 2.0 loy = —32mA
VoL Output LOW Voltage ‘54ABT 0.55 v Min loL = 48 mA
i . 74ABT 0.55 loL = 64 mA
IH Input HIGH Current 5 ViN = 2.7V
A Max
5 H VN = Vce
Isvi Input HIGH Current Breakdown Test 7 nA Max [|V|N= 7.0V
L input LOW Current -5 VN = 0.5V
-5 KA Max ViN = 0.0V
Vip Input Leakage Test Ip =19 pA
475 v 0.0 All Other Pins Grounded
lozu Output Leakage Current 50 pA |0 —5.5V|Voyr = 2.7V; OE = 2.0V
lozL Output Leakage Current —50 [ mA |0 —5.5V|Voyr = 0.5V; OE = 2.0V
los Output Short-Circuit Current -100 -275| mA | Max |Vour = 0.0V
lcex Output High Leakage Current 50 HA Max | VouTt = Vec
Izz Bus Drainage Test 100 | pA 0.0 Vout = 5.5V; All Others GND
lccH Power Supply Current 50 nA Max | All Outputs HIGH
lecL Power Supply Current 30 mA Max | All Qutputs LOW
lccz Power Supply Current OE = Vco
50 | A | Max | A Others at Vg or GND
lect Additional Icc/Input Vi =V — 2.1V :
Outputs Enabled 25 | mA Enable Input V) = Vg — 2.1V
Outputs TRI-STATE 25 mA Max | Datalnput V| = Vgg — 2.1V
Outputs TRI-STATE 25 | mA All Others at Vg or GND
leco Dynamic Icc No Load mA/ Outputs Open
(Note 2) 0.1 MHz Max |OE = GND, (Note 1)
One Bit Toggling, 50% Duty Cycle

Note 1: For 8 bits toggling, lccp < 0.8 mA/MHz.
Note 2: Guaranteed, but not tested.

5-20




DC Electrical Characteristics (soic package)

91745

Symbol Parameter Min Typ Max Units Vee CL= ;o:'c:i' l:c:.n: 5000
VoLp Quiet Output Maximum Dynamic Vo 0.8 1.2 \ 5.0 Ta = 25°C (Note 1)
VoLv Quiet Output Minimum Dynamic VoL -1.2 —-0.8 \ 5.0 Ta = 25°C (Note 1)
Vouv Minimum High Level Dynamic Output Voltage 2.0 3.1 \ 5.0 Tp = 25°C (Note 3)
ViHD Minimum High Level Dynamic Input Voltage 2.0 0.8 \ 5.0 Ta = 25°C (Note 2)
ViLp Maximum Low Level Dynamic Input Voltage 1.2 0.7 v 5.0 Ta = 25°C (Note 2)

Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven 0V to 3V. One output at Low. Guaranteed, but not tested.

Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (Vi p}, OV to threshold (V|Hp).
Guaranteed, but not tested.

Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven 0V to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics: see section 2 for Waveforms (SOIC and SSOP package)

74ABTC 54ABTC 74ABTC
Ta = +25°C Ta = —55°Cto +125°C Ta = —40°Cto +85°C Fig
Symbol Parameter Vee = +5.0V Vee = 4.5V to 5.5V Vcec = 4.5Vto 5.5V Units No'
v Cy = 50 pF CL = 50 pF CL = 50pF '
Min Typ Max Min Max Min Max
tPLH Propagation Delay 1.5 1.5 4.0 g
tiL | DntoOp 15 15 4.0 ns | 23,5
tpLH Propagation Delay 1.5 1.5 4.5 g
torL LEto O, 15 1.5 45 ns | 235
tpzH Output Enable Time 1.5 1.5 6.5 .
tezL 15 15 6.5 ns |24
tpHZ Output Disable Time | 1.5 1.5 6.0 g
tpLz 1.5 1.5 6.0 ns 24
AC Operating Requirements: sce Section 2 for Waveforms
74ABTC 54ABTC 74ABTC
Ta = +25°C Ta = —55°Cto +125°C Ta = —40°C to +85°C Fig
Symbol|  Parameter Vee = +5.0V Vce = 4.5V to 5.5V Vee = 4.5Vto 5.5V Units No'
Ci = 50 pF Cy = 50 pF C = 50 pF )
Min Typ Max Min Max Min Max
floggle |Max Toggle 100 MHz
Frequency
ts(H) Setup Time, HIGH 2.5 ns | 2.6
ts(L) or LOWDpto LE 25
th(H) Hold Time, HIGH 1.5 ns |26
thiL) or LOWD,to LE 1.5
tw(H)  [Pulse Width, 3.0
LE HIGH 3.0 ns |23

5-21



373C

Extended AC Electrical Characteristics: see section 2 for Waveforms

(8OIC package) : »
74ABTC 74ABTC 74ABTC
Ta= —40ClO+85C | o ,ci0 gg | TA= "40°Clo +85°C
Vcc = 4.5V to 5.5V Ve = 4.5V t0 5.5V Vcc = 4.5Vto 5.5V Fi
Symbol Parameter CL = 50 pF c% _ 250 F. CL = 250 pF Units Ng'
PG 8 Outputs Switching L(Note 5)p 8 Outputs Switching )
(Note 4) (Note 6)
Min Max . Min Max Min - Max
teLH Propagation Delay 1.5 55 1.5 6.5 25 8.0 ns | 2.5
tpHL Dnto Op 1.5 55 1.5 6.5 25 8.0 ’
tpLH Propagation Delay 1.5 6.0 1.5 7.0 25 8.5 ns | 235
tPHL LEto Op 1.5 6.0 1.5 7.0 25 8.5 ’
tpzu Output Enable Time 15 6.5 25 75 25 10.0 ns | o4
tpzL 1.5 6.5 25 7.5 25 12.0
tPHz Output Disable Time 1.5 6.0 (Note 7) (Note 7) ns 2.4
tpzL 1.5 6.0

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,

HIGH-to-LOW, etc.).

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with'250 pF load capacitors in plce of the 50 pF load capacitors in
the standard AC load. This specificaiton pertains to single output switching only.

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE delay times are dominated by the RC network (5008}, 250 pF) on the output and has been excluded from the datasheet.

Skew (soIC package) (Note 3)

74ABTC 74ABTC
Ta = —40°Cto +85°C Ta = —40°C to +85°C
Vee = 4.5V-5.5V Vece = 4.5V=-5.5V
Symbol Parameter CL = 50 pF CL = 250 pF Units Fig.
8 Outputs Switching 8 Outputs Switching No.
(Note 3) (Note 4)
Max Max
togkr Pin to Pin Skew . .
" (Note 1) HL Transitions 1.8 23 ns 215
tosLH Pin to Pin Skew
(Note 1) LH Transitions 10 18 ns 215
tps Duty Cycle
(Note 5) LH-HL Skew 20 35 ns 216
tosT Pin to Pin Skew
(Note 1) LH/HL Transitions 20 35 ns 219
tpv Device to Device Skew
(Note 2) LH/HL Transitions 20 35 ns 2-22

. Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (togh1), LOW to HIGH (tosy ), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT). This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vgg) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,

HIGH-to-LOW, etc.). .

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in

the standard AC load.

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.
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Capacitance
Conditions
Symbol Parameter Typ | Units (Ta = 25°C)
CiN Input Capacitance 5 pF Vee = 0V
Cour (Note 1) | Output Capacitance 9 pF Vce = 5.0V

Note 1: Coyr is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012.

J¢ELe
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Semiconductor

@National

54ABT/74ABT374C

PRELIMINARY

Octal D-Type Flip-Flop with TRI-STATE® Outputs

General Description

The '"ABT374C is an octal D-type flip-flop featuring separate
D-type inputs for each flip-flop and TRI-STATE outputs for
bus-oriented applications. A buffered Clock (CP) and Output
Enable (OE) are common to all flip-flops.

Features

| Edge-triggered D-type inputs

m Buffered positive edge-triggered clock

m TRI-STATE outputs for bus-oriented applications

m Output sink capability of 64 mA, source capability of
32 mA

m Guaranteed output skew

m Guaranteed multiple output switching specifications

m Output switching specified for both 50 pF and 250 pF
loads

m Guaranteed simultaneous switching, noise level and
dynamic threshold performance

m Guaranteed latchup protection

m High impedance glitch free bus loading during entire
power up and power down cycle

u Non-destructive hot insertion capability

m Disable time less than enable time to avoid bus conten-
tion

Ordering Code: see Section 11
Connection Diagrams

Pin Assignment for DIP, Pin Assignment
SOIC and Flatpak forLCC
_ o D50, 0 O D
OE—{1 20—V BOEEE
0p— 2 19]=0,
Dp—{3 18}-p, 05 310
D, ~f4 17}, GND (219
d s =
cp [ [oE
0,—15 16]—0g 0,1 Ve
0,16 15f=05 0, @ [is0,
D, =47 14 =D
D;—18 13=0,
0;—9 12[—0, Ds G5 05 D Dy
GND=—f 10 11f=cP TL/F/11510-2
TL/F/11510-1
Pin Descriptions
Pin
Names Description
Do-D7 | Datalnputs
cP Clock Pulse Input (Active Rising Edge)
OE TRI-STATE Output Enable Input (Active LOW)
0o-07 | TRI-STATE Outputs

Preliminary Data
National Semiconductor reserves the right to make changes at any time without notice.
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Functional Description Function Table
The 'ABT374C consists of eight edge-triggered flip-flops Inputs Internal | Outputs Function
with individual D-type inputs and TRI-STATE true outputs. OE CP D Q o
The buffered clock and buffered Output Enable are com-
mon to all flip-flops. The eight flip-flops will store the state of H H L NC Zz Hold
their individual D inputs that meet the setup and hold time H H H NC 4 Hold
requirements on the LOﬂ-to-HIGH Clock (CP) transition. H _~ L L z Load
With the Output Enable (OE) LOW, the contents of the eight H _~ H H Z Load
flip-flops are available at the outputs. When OE is HIGH, the L L L L Data Available
outputs are in a high impedance state. Operation of the OE h
input does not affect the state of the flip-flops. L~ H H H Data Available
P p-iiops. L H L| NC NG | NoChange in Data
L H H NC NC No Change in Data
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Z = High Impedance
-/~ = LOW-to-HIGH Transition
NC = No Change
Logic Diagram
Do Dy D, 03 04 D5 Ds b7
S S S P S P S P S P S
CP D CP D cP D P D [ CP D [ CP D
Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q

% o 0, 05 0 05 % %
TL/F/11510-3
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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374C

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

DC Latchup Source Current ~500 mA
Over Voltage Latchup (170) 10V

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Ceramic —55°Cto +175°C Recommended Operating
Plasti —55° +150° aar
V al:irlncPotential to oo I Conditions
ce - Free Air Ambient Temperature
Ground Pin —0.5Vto +7.0V Military —55°Cto +125°C
Input Voltage (Note 2) " —0.5Vto +7.0V Commercial —40°C to +85°C
Input Current (Note 2) —30mAto +5.0mA Supply Voltage
Voltage Applied to Any Output Miitary +4.5Vto +5.5V
in the Disabled or Commercial +4.5Vto +5.5V
Power-Off State —0.5Vto 5.5V Minimum Input Edge Rate (AV/At)
in the HIGH State —0.5Vto Vce Data Input 50 mV/ns
Current Applied to Output Enable Input 20 mV/ns
in LOW State (Max) twice the rated lo. (mA) Clock Input 100mV/ns
DC Electrical Characteristics
’ ABT374C
Symbol Parameter Units| Vo Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 v Recognized HIGH Signal
ViL Input LOW Voltage 0.8 v Recognized LOW Signal
Veo Input Clamp Diode Voltage -12| V Min |y = —18mA
VoH Output HIGH Voltage 54ABT/74ABT| 2.5 v Min  |loy = —3mA
54ABT| 2.0 \% Min  |log = —12mA
T4ABT| 2.0 \'% "Min |loy= —32mA
VoL Output LOW Voltage 54ABT 0.55 v Min loL = 48 mA
74ABT 0.55 loL = 64 mA
IiH Input HIGH Current 5 A M ViN = 2.7V
5 | F & |Vin = Voo
Iov Input HIGH Current Breakdown Test 7 1A Max Vi = 7.0V
e Input LOW Current -5 ViN = 0.5V
—5 | BA | Max\y (- oov
Vip Input Leakage Test p =19 pA
475 v 0.0 All Other Pins Grounded
lozH Output Leakage Current 50 pA |0 — 5.5V|Voyur = 2.7V; OE = 2.0V
lozL  |Output Leakage Current —50 | pA |0 — 5.5V|Voyut = 0.5V; OE = 2.0V
los Output Short-Circuit Current —-100 —275| mA Max |Vout = 0.0V
lcex Output High Leakage Current 50 nA Max |Vour = Vce
Izz Bus Drainage Test 100 | pA 0.0 |Vout = 5.5V, All Others Vg or GND
lccH Power Supply Current 50 pA Max | All Outputs HIGH
lcoL Power Supply Current 30 mA Max | All Outputs LOW
lccz Power Supply Current 50 RA Max |OE = Vcc; All Others at Vg or GND
lcct Additional Igc/Input  Outputs Enabled 25 | mA V| = Vgc — 2.1V
Outputs TRI-STATE 25 | mA Max |Enable InputV| = Voo — 2.1V
Outputs TRI-STATE 25 | mA Data Input V| = Vg — 2.1V
All Others at Vgc or GND
lccp Dynamic Icc No Load mA/ Outputs Open
(Note 2) 0.1 MHz | Max OE = GND, (Note 1)
One Bit Toggling, 50% Duty Cycle

Note 1: For 8-bit toggling, Iccp < 0.8 mA/MHz.
Note 2: Guaranteed, but not tested.
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DC Electrical Characteristics (soic package)

obLe

Symbol Parameter Min Typ Max Units Vece CL= E_ﬁ)o:': l:tn: 5000
VoLp Quiet Output Maximum Dynamic Vo 0.8 1.2 \ 5.0 Ta = 25°C (Note 1)
VoLv Quiet Output Minimum Dynamic VgL -1.2 -0.8 Vv 5.0 Ta = 25°C (Note 1)
Vonv Minimum High Level Dynamic Output Voltage 2.0 3.1 \ 5.0 Ta = 25°C (Note 3)
VIHD Minimum High Level Dynamic Input Voltage 2.2 0.8 " 5.0 Ta = 25°C (Note 2)
ViLo Maximum Low Level Dynamic Input Voltage 1.2 0.8 " 5.0 Ta = 25°C (Note 2)

Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at Low. Guaranteed, but not tested.

Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (Vi_p), OV to threshold (Vinp).
Guaranteed, but not tested.

Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics: see Section 2 for Waveforms (SOIC and SSOP package)

74ABT S4ABT 74ABT
Ta = +25°C Ta = —55°Cto +125°C - Ta = —40°Cto +85°C
Vee = +5.0V Vecc = 4.5Vto 5.5V Vce = 4.5Vto 5.5V Fig.
Symbol Parameter Cy = 50 pF CL = 50 pF CL = 50pF Units No.
Min Typ Max Min Max Min Max
frmax Max Clock MHz
100
Frequency
tpLH Propagation Delay 1.5 1.5 4.0
topL CPto Op 15 15 40 ns | 23,5
tpzH Output Enable Time 1.5 1.5 6.5
tpzL 15 1.5 6.5 ns | 24
tpHz Output Disable Time | 1.5 1.5 6.0 ns 2.4
tpLz 1.5 1.5 6.0
AC Operating Requirements: see section 2 for Waveforms
74ABT 54ABT 74ABT
Ta = +25°C Ta = —55°Cto +125°C Ta = —40°C to +85°C A
Symbol Parameter Vee = +5.0V Vee = 4.5V10 5.5V Vce = 4.5Vt05.5V Units Ng'
Cp = 50 pF CL = 50 pF CL = 50 pF '
Min Max Min Max Min Max
ts(H) Setup Time, HIGH 25 25 ns | 2-6
ts(L) or LOW D, to CP 25 2.5
th(H) Hold Time, HIGH 1.5 1.5 ns | 2-6
thib) or LOW D, to CP 1.5 1.5
tw(H) [Pulse Width, CP 3.0 3.0 ns |23
tw(L) HIGH or LOW 3.0 3.0
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Extended AC Electrical Characteristics: see Section 2 for Waveforms (SOIC package)

74ABTC 74ABTC 74ABTC
Ta= —40Cto+85C [ _ _ . Ta = —40°C to +85°C
Vee = 4.5V 0 5.5V TQ, =42°:v':’°;°5§’,° Vee = 4.5V 10 5.5V f
Symbol Parameter " CL=50pF c% _ 250 F. CL = 250 pF Units Ng'
8 Outputs Switching L(Note 5)p 8 Outputs Switching :
(Note 4) (Note 6)
Min Max Min Max * Min Max
tpLH Progagation Delay 15 5.5 1.5 6.5 25 8.0 ns | 235
tpHL CP to O 15 5.5 1.5 6.5 2.5 8.0 '
tpzH Output Enable Time 1.5 6.5 25 7.5 25 10.0 ns 24
tpzL 15 6.5 25 7.5 25 12.0
::;f Output Disable Time 1: gg (Note 7) (Note 7) ns 04

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.).

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in plce of the 50 pF load capacitors in
the standard AC load. This specificaiton pertains to single output switching only.

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i..e., all LOW-to-HIGH,
HIGH-to-LOW, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE delay Time is dominated by the RC network (50012, 250 pF) on the output and has been excluded from the datashest.

Skew (soiC package) (Note 3)

74ABT 74ABT
Ta = —40°Cto +85°C TAa = —40°Cto +85°C_
Vee = 4.5V-5.5V Ve = 4.5V-5.5V
Symbol Parameter CL = 50pF . CL = 250 pF Units Fig.
8 Outputs Switching 8 Outputs Switching No.
(Note 3) (Note 4)
Max Max
tosHL Pin to Pin Skew
(Note 1) HL Transitions 13 238 ns 215
tosLH Pin to Pin Skew
(Note 1) LH Transitions 10 : 18 ns 215
tog Duty Cycle 5 ; .
(Note 5) LH-HL Skew 20 4. ns 218
 tosT Pin to Pin Skew
(Note 1) LH/HL Transitions 20 35 ns 219
tpv Device to Device Skew
(Note 2) "LH/HL Transitions 20 35 . ™ 222
Note 1: Skew is deﬁnea as the absolute value of the difference b the actual propagation delays for any two separate outputs of the same device. The

specification applies to any outputs switching HIGH to LOW (togpi), LOW to HIGH (tog ), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT)- This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vgc) from device to device. This specification is guaranteed but not tested.

Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.).

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. .

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.

Capacitance
Symbol Parameter Typ Units Conditions (Tp = 25°C)
Cin Input Capacitance 5.0 pF Vee = 0V
Cour (Note 1) Output Capacitance 9.0 pF Vec = 5.0V

Note 1: Coyr is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012.
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54ABT/74ABT541C : '
Octal Buffer/Line Driver with TRI-STATE® Outputs

inti W Guaranteed multiple output switching specifications
General D.escnptlon i . . m Output switching specified for both 50 pF and 250 pF
The 'ABT541C is an octal buffer and line driver with TRI-

loads
STATE outputs designed to be employed as a memory and . o .
address driver, clock driver, or bus-oriented transmitter/re- ® Guaranteed simultaneous switching, noise level and

ceiver. The 'ABT541C is similar to the 'ABT244C with  dynamic threshold performance
broadside pinout. W Guaranteed latchup protection

M High impedance glitch free bus loading during entire
Features power up and power down cycle
® Non-inverting buffers m Nondestructive hot insertion capability
m Output sink capability of 64 mA, source capability of . Fl‘ow-thro.ugh pinout for ease of pPC board.layout
32 mA m Disable time less than enable time to avoid bus conten-

m Guaranteed output skew tion

Ordering Code: see section 11

Connection Diagrams Truth Table
Pin Assignment Inputs Outputs
for DIP, SOIC and Flatpak OF, oF, ! ABT541C
— -/ 20
E =l m Voo L L H H
o = : = oF, H X X z
i _It»£I|:£ X H X z

L | N 0O
=4 JJL= B L L L L
Iy -l _]_t' L6 0, H = HIGH Voltage Level

6 _Lt,_j_ 15 v L = LOW Voltage Level
Iy = 1 [E — 03 X = Immaterial
I i b L4, . Z = High Impedance

)| |
ls = — 05 - :

9 _Lt.“]_ 12 Pin Names Description -
=11 B —— 05 ——

onp =Y 1 AR o, OE,, OE, Output Enable Input (Active Low)
lo-17 Inputs
TL/F/11501-1 0p-07 Outputs

Pin Assignment
forLCC
Is Is 1g 15 1
BOEGEE
i bd bd b b ]

TL/F/11501-2
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Absolute Maximum Ratings (ote 1)

H Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.
Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

DC Latchup Source Current
Over Voltage Latchup (1/0)

—500 mA
10V

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Ceramic —55°Cto +175°C Recommended Operatin
Plastic —55°Cto +150°C Conditions P g
Vce Pin Potential to
Ground Pin —0.5Vto +7.0V Freg /\ir Ambient Temperature § °'
Input Voltage (Note 2) —0.5Vto +7.0V hC/hIl’tary al “fiogct‘: ":: ggog
Input Current (Note 2) ~30mAto +5.0 mA Sup‘;:;"\'}i‘;f;ze °
V‘?"at%e ’B‘.’p"bel"f Any Output Military +4.5V 10 +5.5V
Power-Oft State. | 05V 1055V Commercial +4.5Vto +5.5V
in the HIGH State ~0.5V1oVeg M'B‘;:’,‘;"L‘;”‘ Edge Rate 5 éﬁ,\(fﬁg
Current Applied to Output Evabl eTnput 20 MV
in LOW State (Max) twice the rated I (mA)
DC Electrical Characteristics
ABT541C )
Symbol Parameter Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 Vv Recognized HIGH Signal
ViL Input LOW Voltage 0.8 \' Recognized LOW Signal
Veo Input Clamp Diode Voltage -1.2 \' Min In = —18mA
VoH Output HIGH Voltage 54ABT/74ABT| 25 v Min | lon = —3mA
: 54ABT| 2.0 v Min  |lon= —12mA
74ABT| 2.0 \ Min loH = —32mA
VoL Output LOW Voltage 54ABT 0.55 v Min loL = 48 mA
74ABT 0.55 loL = 64 mA
I1%} Input HIGH Current 5 ViN =27V
A Max
5 * ViN = Vee
Igvi Input HIGH Current . _
Breakdown Test 7 KA Max ViN = 7.0V
e Input LOW Current -5 uA Max VIN = 0.5V
-5 ! ViN = 0.0V
Vie input Leakage Test 475 v 0.0 Llﬁ ;tt:e? gnl:s Grounded
lozH Output Leakage Current 50 .| wA |0—55V|Vour = 2.7V;OF, = 2.0V
lozL Output Leakage Current -50 | pA [0—55V|Voyr = 0.5v; OF, = 2.0V
los Output Short-Circuit Current —100 —275 | mA Max | Voyt = 0.0V
lcex Output High Leakage Current 50 nA Max | Vout = Vce
Izz Bus Drainage Test 100 nA 0.0 Vout = 5.5V; All Others GND
lccH Power Supply Current 50 pA Max | All Outputs HIGH
lccL Power Supply Current 30 mA Max | All Outputs LOW
locz Power Supply Gurrent . 50 BA Max AollEgt:e\r/f gt Ve or Ground
lcct Additional Igg/Input gutputs $lg?bsl$’?\ - gg m{A\ " \é, =bIVCIC - .3.1V v a1y
utputs TRI- £ m, ax nable Input V| = Voo — 2.
Outputs TRI-STATE 50 | pA Data Input V| = Vgg — 2.1V;
All Others at Vgc or Ground
lcco Dynamic Igc No Load mA/ Outputs Open, OE, = GND,
(Note 2) 0.1 MHz Max One Bit Toggling (Note 1),
50% Duty Cycle

Note 1: For 8 bits toggling, Iccp < 0.8 mA/MHz.
Note 2: Guaranteed, but not tested.
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DC Electrical Characteristics (soic package)

Symbol Parameter Min Typ Max | Units | Vge CL= ;)o:': I:tn: 5000
VoLp Quiet Output Maximum Dynamic Vo 0.7 1.0 v 5.0 | Ta = 25°C(Note 1)
VoLv Quiet Output Minimum Dynamic Vo -13 —-08 \ 5.0 | Ta = 25°C(Note 1)
VoHv Minimum High Level Dynamic Output Voltage 2.7 3.1 \" 5.0 | Ta = 25°C(Note 3)
VIHD Minimum High Level Dynamic Input Voltage 2.0 1.4 v 50 | Ta = 25°C(Note2)
ViLo Maximum Low Level Dynamic Input Voltage 1.1 0.6 Vv 5.0 | Ta = 25°C(Note 2)

Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested.

Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (V| p), OV to threshold (Vinp).
Guaranteed, but not tested.

Note 3: Max number of outputs defined aé {n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics (soic and Ssop package) : See Section2 -

74ABT 54ABT 74ABT
Ta = +25°C TA = —55°Cto +125°C Ta = —40°C to +85°C Fi
Symbol Parameter Vece = +5V Vce = 4.5V-5.5V Vee = 4.5V-5.5V Units Ng-
CL = 50pF CL = 50pF CL = 50pF )
Min Typ Max Min Max Min Max
tpLH Propagation Delay 10 20 36 1.0 3.6 ns 2.3 5
tPHL Data to Outputs 1.0 24 36 1.0 3.6 '
tpzH OutputEnable Time | 1.5 3.1 6.0 1.5 6.0 ns 2.4
tpzL 1.5 37 6.0 1.5 6.0
tpHZ Output Disable Time | 1.0 35 5.6 1.0 5.6 ns 2.4
tprz 1.0 341 5.6 1.0 5.6
Extended AC Electrical Characteristics(soic package): See Section2
74ABT 74ABT 74ABT
—40°C to +85°C Ta = —40°C to +85°C Ta = —40°Cto +85°C
Ve = 4.5V-5.5V Voe = 4.5V-5.5V Vce = 4.5V=-5.5V Fi
Symbol Parameter CL = 50 pF CL = 250 pF CL = 250 pF Units Ng.
8 Outputs Switching 1 Output Switching 8 Outputs Switching )
(Note 4) (Note 5) (Note 6)
Min Typ Max Min Max Min Max
foggle | Max Toggle Frequency 100 MHz
tPLH Propagation Delay 1.5 5.0 1.5 6.0 25 85 ns | 235
tPHL Data to Outputs 1.5 5.0 1.5 6.0 25 85 !
tpzH Output Enable Time 1.5 6.5 2.5 7.5 25 95 ns 2.4
tpzL 1.5 6.5 2.5 7.5 25 105
tPHZ Output Disable Time 1.0 56 (Note 7) (Note 7) ns 2.4
trLz 1.0 5.8

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.).

Note 5: This specification is guaranteed but not tested. The limits represent propagation defay with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only. .

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phasae (i.e., all low-to-high, high-
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE delays are dominated by the RC network (50012, 250 pF) on the output and have been excluded from the datasheet.
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Skew (soiC package)

74ABT 74ABT
Ta = —40°Cto +85°C | Tpo = —40°Cto +85°C
Vec = 4.5V-5.5V Vege = 4.5V-5.5V Fig
Symbol Parameter CL = 50 pF CL = 250 pF Units N;
8 Outputs Switching 8 Outputs Switching ’
(Note 3) (Note 4)
Max Max

tosHL Pin to Pin Skew, HL Transitions 13 23 ns 515
(Note 1)
tostH Pin to Pin Skew, LH Transitions 1.0 18 ns 215
(Note 1)
tps Duty Cycle, LH/HL Skew 20 35 ns 2.16
(Note 5) X
tosT Pin to Pin Skew, LH/HL Transitions 20 a5 ns 219
(Note 1)
tpv Device to Device Skew, LH/HL Transitions 20 35 ns 292
(Note 2)

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tosH), LOW to HIGH (tosH), or any combination switching LOW to HIGH and/or HIGH to LOW

(tosT)- The specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V¢c) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-

to-low, etc.)

Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors

in the standard AC load.

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.

Capacitance,
" Conditions
Symbol Parameter Typ Units Tp = 25°C
CiN Input Capacitance 5.0 pF Vce = 0.0V
Cout Output Capacitance 9.0 pF Voo = 5.0V

Note 1: Coyr is measured at frequency of f = 1 MHz, per MIL-STD-883B, Method 3012.
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tpLH vs Temperature (Ta)
CL = 50 pF, 1 Output Switching

tpHL vs Temperature (Tp)
CL. = 50 pF, 1 Output Switching

6.00 6.00
5.00 5.00
4.00 MAX 4.00 MAX
3.00 3.00 WP @45V __
VP @ 4.5V |
TYP @ 5.5V
2,00 2.00
TYP @ 5.5V
1.00 1.00
MIN MIN
0.00 0.00
-550C -40°C 25°C 85°C 125°C -550C -40°C 25°C 85°C 1259C
TL/F/11501-11 TL/F/11501—1?
tpLH vs Load Capacitance tpHL vs Load Capacitance
1 Output Switching, Tp = 25°C 1 Output Switching, Tp = 25°C
8.00 8.00
6.00 6.00
- - - - - - - -
MAX o Max LT
-~ - /
4.00 - — 4.00 - = =

— TYP @ 4.5V /
//
%/

—
-
.

-
/ TYP @ 5.5V

TYP @ 5.5V
2.00 2.00
FT T MIN T MIN
0.00 0.00
50 pF 100 pF 150 pF 250 pF 50 pF 100 pF 150 pF 250 pF

TL/F/11501-13

tpLy vs Load Capacitance
8 Outputs Switching, T4 = 25°C

TL/F/11501-14

tpHL vs Load Capacitance
8 Outputs Switching, Tp = 25°C

10.00 10.00
9.00 9.00
p 4
8.00 e 8.00 e ”
f’ l’
7.00 >z 7.00 >
MAX _ =T MAX =T
6.00 - s 6.00 -
. £ . = M
’_—" ‘_—— _“(P@A.s
5.00 b= PG 45y '/// 5.00 p== /
oo | — — 4.00 / TYP @ 5.5V
3.00 "1 1YP @ 5.5V 3.00
2.00 — T —-_—— 2.00 e __——-—
P=—=" MIN === MIN
1.00 1.00
0.00 0.00
50 pF 100 pF 150 pF 250 pF 50 pF 100 pF 150 pF 250 pF

TL/F/11501-15

TL/F/11501-16

oS

refer to AC Charac Table.

Dashed lines represent design characteristics; for specified g
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8.00

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

-55°C

8.00
MAX

6.00 TYP @ 4.5V

4.00 TYP @ 5.5V

2.00
MIN

0.00

-559¢ -40°¢ 259C 85°C

8.00

7.00

5.00

4.00

3.00

1.00

0.00

-55°C

tpzL vs Temperature (Ta)
CL. = 50 pF, 1 Output Switching

MAX

TYP @ 4.5V

TYP @ 5.5V

MIN

-40°C 25°¢ 85°C
tpzL vs Temperature (Ta)
CL = 50 pF, 8 Outputs Switching

125°C
TL/F/11501-17

tpzH vs Temperature (Tp)
CL = 50 pF, 1 Output Switching

125°C
TL/F/11501-19

‘MAX

TYP @ 4.5V

TYP @ 5.5V

MIN

-40°C 25°¢C 85°¢C

125°C
TL/F/11501-21

tpLz vs Temperature (Tp)
€ = 50 pF, 1 Output Switching
8,00
7.00
6.00 MAX
5.00
4.00 TYP @ 4.5V
’ I
TYP @ 5.5V
3.00
2.00
1.00
MIN
0.00
-55°C -40°C 25°C 85°C 125°C
: TL/F/11501-18
tpLz vs Temperature (Ta)
Cy = 50 pF, 8 Outputs Switching
8.00
6.00 MAX
TYP @ 4.5V —
4.00
TYP @ 5.5V
2.00
MIN
0.00
-55°¢C -40°C 25°C 85°C 125°C
TL/F/11501~20
tpHz vs Temperature (Tp)
CL = 50 pF, 1 Output Switching
8.00
7.00
6.00 - MAX
5.00 -
i TYP @ 4.5V —
4.00
TYP @ 5.5V
3.00
2.00
1.00
MIN
0.00
~550C -40°C 25°C 85°C 125°¢C

Dashed lines represent design characteristics; for specified guarantees refer to AC Characteristics Table.

TL/F/11501-22

5-34




8.00

6.00

4.00

0.00
-5

tpzy vs Temperature (Ta)
CL = 50 pF, 8 Outputs Switching

MAX

TYP @ 4.5V

TYP @ 5.5V

MIN

25°C 125°C

TL/F/11501-23

5°C -40°C 85¢°C

tpzy vs Load Capacitance
8 Outputs Switching, Tp = 25°C

14.00
12.00
10.00 |-
-
-
8.00 — MAX o=
Lo o - = -
6.00 TYP @ 4.5V —7é
/
__—_—‘——/_
4.00 —=——==T"1yp @ 5.5V
2.00 ===
FeTT T MIN
0.00
50 pF 100 pF 150 pF 250 pF
TL/F/11501-25
tpLH and tpyy vs Number Outputs Switching
Vee = 5.0V, T4 = 25°C, C = 50 pF
6.00
5.00
MAX - -
- -
- -
4.00 —=—="
b=~ TPHL TYP.
3.00 —

—  —

TPLH TYP.
2.00
1,00 pmmem====="""" 1
0.00
10UTPUT 40UTPUT 80UTPUT

TL/F/11801-27

tpHz vs Temperature (Tp)
C, = 50 pF, 8 Outputs Switching

8.00
6.00 MAX
TYP @ 4.5V
4.00
TYP @ 5.5V
2.00
MIN
0.00
-55°C -40°C 25°C 85°C 125°C

TL/F/11501-24

tpzL vs Load Capacitance
8 Outputs Switching, Tp = 25°C

14,00
12.00
=
10.00 —
MAX L~
" -8 :— //
===~ Tre Al
6.00 —
/ TP @ 5.5V
4.00
2.00 —-—-l'——-—— -——_—-
[ MIN
0.00
50 pF 100 pF 150 pF © 250 pF
TL/F/11501-26
Icc vs Frequency,

100
80

60
'ec
(mA)
40

20

Average, Tp = 25°C,
All Outputs Unloaded/Unterminated

L~
iy = 5.5V |1
e
L~
/
L~
0 10 20 30 40‘ 50 60 70 80 90 100

Frequency (MHz)
TL/F/11501-28

Dashed lines represent design characteristics; for specified guarantees refer to AC Characteristics Table.
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54ABT/74ABT543C

Octal Latched Transceiver with TRI-STATE® Outputs

General Description

The 'ABT543C octal transceiver contains two sets of D-type
latches for temporary storage of data flowing in either direc-
tion. Separate Latch Enable and Output Enable inputs are
provided for each register to permit independent control of
inputting and outputting in either direction of data flow.

Features

m Back-to-back registers for storage

m Bidirectional data path :

W A and B outputs have current sourcing capability of
32 mA and current sinking capability of 64 mA

m Separate controls for data flow in each direction

m Guaranteed output skew

m Guaranteed multiple output switching specifications

® Output switching specified for both 50 pF and 250 pF
loads

® Guaranteed simultaneous switching noise level and
dynamic threshold performance

® Guaranteed latchup protection

m High impedance glitch free bus .loading during entire
power up and power down cycle

m Nondestructive hot insertion capability

Ordering Code: see section 11

Pin Descriptions

Pin Names Description
OEAB, OEBA Output Enable Inputs
TEAB, LEBA Latch Enable Inputs
CEAB, CEBA Chip Enable Inputs
Ao—-A7 Side A Inputs or

TRI-STATE Outputs
Bo-B7 Side B inputs or
TRI-STATE Outputs

Connection Diagrams

Pin Asslgnment for
DIP, SOIC and Flatpak

J— -/

LEBA=] 1 24=Vee
OEBA=~] 2 23}~CEBA
a—{3 22f—8y
a4 21}=8,
e B 20}=8,
Ay=6 19f=8;
A7 18f~8,
As=8 17f=85
A= 16}—B;
A= 10 15}=~8;
CERB={ 11 14[—1EA8
GND—] 12 13|—0EAB

TL/F/11508-1

Pin Assignment

for LCC
Ag A5 Ay NC Ag Ay A
ORBEDER
A 2 [E A
CEAB 3 [Z] OEBA
6ND @ [ TEeA
NC i3 [N
OEAB 8] B8 Voo
TEAs [@ &7 CEBa
8, @ 8 8y
8] (9 (24 22 B3l A S

B Bs By NC By By B
TL/F/11508-2
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Functional Description
The 'ABT543C contains two sets of D-type latches, with

Data I/0 Contro! Table

separate input and output controls for each. For data flow Inputs
from A to B, for example, the A to B Enable (CEAB) input Latch Status | Output Buffers
must be low in order to enter data from the A port or take CEAB LEAB OEAB .
data from the B port as indicated in the Data I/0 Contro! H X X Latched High Z
Table. With CEAB low, a low signal on (LEAB) input makes X H X Latched —_
the A to B latches transparent; a subsequent low to high L L X Transparent —
transition of the LEAB line puts the A latches in the storage X X H — High Z
mode and their outputs no longer change with the A inputs. L X L — Driving
With CEAB and OEAB both low, the B output buffers are -
active and reflect the data present on the output of the A . Hhigh Votage Level
latches. Control of data flow from B to A is similar, but using X e o eV
the CEBA, LEBA and OEBA. i
Logic Diagram
1 e 0 e e Y
1
1 DETAIL A 1
1 D QO T Bo
1 1
1 LE [
1 1
= :
A H 1
1 1
1 1
1 1
L L
Ay— — B
Ay— — B,
As= — B3
A= DETAIL Ax7 — B,
As—] — B85
Ag— f— B
A7 = — B
OEBA -
EAB
CEBA
CEAB
LEBA
LEAB

TL/F/11508-3

5-37

013 4




543C

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Gto +125°C
Junction Temperature under Bias

Current Applied to Output
in LOW State (Max)

DG Latchup Source Current
Over Vpltage Latchup (1/0)

twice the rated Ig| (mA)
—500 mA
10V

Recommended Operating

Ceramic —55°Cto +175°C iti
Plastic —55°Cto +150°C con,dltlo,ns
Ve Pin P ial ] Free Air Ambient Temperature
oo hin g‘.e""a to 05V 10 +7.0V Military —55°C o +125°C
round Pin —0.5Vio +7.0 Commercial 0°Cto +85°C -
Input Voltage (Note 2) —0.5Vto +7.0v Supply Voltage
Input Current (Note 2) —30mAto +5.0mA Military +4.5Vto +5.5V
Voltage Applied to Any Output Commercial +4.5Vto +5.5V
in the Disable or Power-Off State —0.5Vto +5.5V Minimum Input Edge Rate (AV/AY)
in the HIGH State —-0.5Vto Vcc Data Input 50 mV/ns
Note 1: Absolute maximum ratings are values beyond which the device may . Enable Input 20 mV/ns
be damaged or have its useful life impaired. Functional operation under Clock Input 100 mV/ns
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
. ABT543C
Symbol Parameter Units| Vcc Conditions
Min Typ Max
VIH Input HIGH Voltage 20 v Recognized HIGH Signal
ViL Input LOW Voltage 0.8 v Recognized LOW Signal
Veo Input Clamp Diode Voltage —12|( V Min  |ljy = —18 mA (Non |/0O Pins)
VoH Output HIGH Voltage 54ABT/74ABT| 2.5 loH = —3mA, (An, Bp)
54ABT 20 \ Min  [loq = —24 mA, (Ap, Bp)
74ABT 20 loq = —32mA, (An, Bn)
VoL Output LOW Voltage 54ABT 0.55 Vv Min loL = 48 mA, (An, Bp)
74ABT 0.55 loL = 64 mA, (An, Bp)
Vio Input Leakage Test lip = 1.9 pA, (Non-1/0 Pins)
478 v 0.0 Al Cthar !}’Ens roundsd
IH Input HIGH Current 5 pA Max |ViN = 2.7V or Vg (Non-1/0 Pins)
Igvi Input HIGH Current Breakdown Test 7 pA Max |Viy = 7.0V (Non-1/0 Pins)
Isvit Input HIGH Current ) ViN = 5.5V (Ap, Bp)
Breakdown Test (I/0) 100 | pA | Max -
i Input LOW Current -5 pA Max |Viny = 0.5V or OV (Non-I/0 Pins)
iy + lozH | Output Leakage Current Vout = 2.7V (An, Bn):
S0 | mA |OV-5.5V! 5E 3B or CEAB = 2v
L + lozL | Output Leakage Current _ _ Vout = 0.5V (Ap, Bn);
%0 | wA |OV-55V) oERE or CEAB = 2v
los Output Short-Circuit Current —100 —275 [ mA Max |Vourt = OV (An, Bp)
IcEX Output HIGH Leakage Current 50 pA Max |Vout = Vco (An Br)
Izz Bus Drainage Test 100 | pA | 0.0V |Voyr = 5.5V (An, Bp); All Others GND
lecH Power Supply Current 50 pA Max [ All Qutputs HIGH
lcoL Power Supply Current 30 mA Max | All OQutputs LOW
lccz Power Supply Current Outputs TRI-STATE
50 KA Max All Others at Vcg or GND

5-38




oevs

DC Electrical Characteristics (continued)

ABT543C
Symbol Parameter Units | Vee Conditions
Min Typ Max
lcct Additional Icc/Input ‘ V| = Vgc — 2.1V
25 mA | MaX | A1l Others at Vg or GND
lcco Dynamic Icc No Load Outputs Open, CEAB and OEAB = GND,
(Note 2) 0.18 | mA/MHz | Max | CEBA = Vg, One Bit Toggling,
: 50% Duty Cycle, (Note 1)
Note 1: For 8-bit toggling. Iccp < 1.4 mA/MHz.
Note 2: Guaranteed, but not tested. _
DC Electrical Characteristics (soic Package)
Conditions
Symbol Parameter Min Typ Max Units Vee CL = 50 pF,
RL = 5000
VoLp Quiet Output Maximum Dynamic VoL 0.7 1.0 \ 5.0 Ta = 25°C (Note 1)
VoLv Quiet Output Minimum Dynamic Vo -1.2 -0.8 \ 5.0 Ta = 25°C (Note 1)
Vony | Minimum High Level Dynamic Output Voltage 25 3.0 \" 5.0 Ta = 25° (Note 3)
ViHD Minimum High Level Dynamic Input Voltage 20 . 1.7 \' 5.0 Ta = 25°C (Note 2)
Vito Maximum Low Level Dynamic Input Voltage 0.7 0.9 \ 5.0 Ta = 25°C (Note 2)

Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven 0V to 3V. One output at LOW. Guaranteed, but not tested.

Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (Vy p), OV to threshold (Viyp).
Guaranteed, but not tested. )

Note 3: Max number of outputs defined as (n). n—1 data inputs are driven 0V to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics (SOIC and SSOP Packages): See Section 2 for Waveforms

74ABT 54ABT 74ABT
Ta = t25°C Ta = —55°Cto +125°C| Tp = —40°C to +85°C Fi
Symbol Parameter Vee = +5.0V Vcec = 4.5V-5.5V Vce = 4.5V-5.5V Units Ng.
CL = 50 pF CL = 50 pF CL = 50 pF )
Min Typ Max Min Max Min Max
tPLH Propagation Delay
. . .8 5 . -3,
toHL An 10 By or By to A 1.5 341 4 1.5 4.8 ns [2-3,5
tPLH Propagation Delay X
tPHL TEAB to By, [EBA to A, 1.5 3.4 5.3 1.5 5.3 ns |2-3,5
tpzy  |Enable Time ) :
tpzL OEBA or OEAB to AnOr By 1.5 3.6 5.8 1.5 5.8 ns | 2-4
tpHz Disable Time .
toy |CEBA or CEAB to Ay or B, 1.5 4.0 6.5 1.5 6.5 ns | 2-4
AC Operating Requirements (soic and SSOP Packages): See Section 2 for Waveforms
: 74ABT 54ABT 74ABT
Ta= +25C Ta = —55°Cto +125°C | Tp = —40°Cto +85°C Fi
Symbol Parameter Ve = +5.0V Vce = 4.5V-5.5V Vce = 4.5V-5.5V Units Ng.
CL = 50 pF C_ = 50 pF CL = 50 pF :
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 1.5 1.5 ns | 2-6
tg(L) An or B, to LEBA or LEAB 1.5 1.5
ty(H) Hold Time, HIGH or LOW 2.0 2.0 ns | 2.6
ty(l) |AnorB,to LEBA or LEAB 2.0 2.0
tw(l) | Pulse Width, LOW 3.0 3.0 ns |2-3
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Extended AC Electrical Characteristics (SOIC Packags): See Section 2

74ABT

74ABT

74ABT

Ta = —40°C to +85°C

Vce = 4.5V-5.5V

Ta = —40°Cto +85°C

Vec = 4.5V-5.5V

Ta = —40°Cto +85°C

Vee = 4.5V=-5.5V

Symbol Parameter CL = 50pF CL = 250 pF CL = 250 pF Units l;ig
: 8 Outputs Switching 1 Output Switching 8 Outputs Switching )
(Note 4) (Note 5) (Note 6)
Min Typ Max Min Max Min Max
foggle | Max Toggle Frequency 100 MHz
tPLH Progagation Delay 1.5 6.2 2.0 7.5 25 10.0 ns |2-3.5
teHL Apto BporBpto Ay 1.5 6.2 20 7.5 25 10.0 ’
tPLH Progagation Delay 1.5 6.5 2.0 8.0 2.5 10.5 ns |2.35
tPHL LEAB to By, LEBA to A, 1.5 6.5 2.0 8.0 25 10.5 !
tpz4 | Output Enable Time '
trzL OEBAor OEABto AqorBy| 1.5 7.5 2.0 8.5 25 11.0 ns | 2-4
CEBAorCEABtoAporB, | 1.5 7.5 2.0 8.5 25 11.0
tpHZ Output Disable Time .
tp.z |OEBAorOEABtoAnorB,| 1.5 8.5 :
CEBAOrCEABtoAnorBn | 1.5 8.5 (Note7) (Note?7) ns | 24

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.).
Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.
Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE delay times are dominated by the RC network (50092, 250 pF) on the output and has been excluded from the datasheet
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Skew (soic Package)

74ABT 74ABT
Ta = —40°Cto +85°C Ta = —40°Cto +85°C
Ve = 4.5V=5.5V Vee = 4.5V-5.5V Units Fig.
Symbol Parameter CL = 50 pF CL = 250 pF No.
8 Outputs Switching 8 Outputs Switching
(Note 3) (Note 4)
Max Max
tosHL Pin to Pin Skew g
(Note 1) | HL Transitions 10 20 ns | 215
tosLH Pin to Pin Skew i
(Note 1) | LH Transitions 13 20 ns |25
tps Duty Cycle g
(Note 5) | LH-HL Skew 20 40 ns | 216
tosT Pin to Pin Skew g
(Note 1) | LH/HL Transitions 20 40 ns | 219
tpv Device to Device Skew g
(Note 2) | LH/HL Transitions 25 45 : ns | 222

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tgsnHy), LOW to HIGH (togt 1), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT). This specification is guaranteed but not tested. :

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcg) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.). .
Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load.

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.

Capacitance
Symbol " Parameter Typ Units Conditions: Tp = 25°C
Cin Input Capacitance 5.0 pF Vee = 0V (non 1/0 pins)
Ciso (Note 1) Output Capacitance 11.0 pF Vee = 5.0V (Ap, Bp)

Note 1: Cj;o is measured at frequency, f = 1 MHz, PER MLT-STD-8838, METHOD 3012,
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% National PRELIMINARY

Semiconductor

54ABT/74ABT573C _
Octal D-Type Latch with TRI-STATE® Outputs

General Description m Output sink capability of 64 mA, source capability of

32 mA
The 'ABT573C is an octal latch with buffered common
® Guaranteed output skew
'(.%hiniﬁ:le (LE) and buffered common Quiput Enable @ Guaranteed multiple output switching specifications
) [ ] itchi ifi F 250 pF
This device is functionally identical to the "ABT373C but has Output switching specified for both 50 pF and P

different pinouts loads
P ’ m Guaranteed simultaneous switching, noise level and

dynamic threshold performance

m Guaranteed latchup protection

m High impedance glitch-free bus loading during entire
power up and power down

Features

B Inputs and outputs on opposite sides of package allow
easy interface with microprocessors

= Useful as input or output port for microprocessors m Nondestructive hot insertion capability

m Functionally identical to ABT373C i m Disable Time less than enable time to avoid bus
m TRI-STATE outputs for bus interfacing contention.

Ordering Code: sce section 11

Connection Diagrams

Pin Assignment Pin Assignment

for DIP, SOIC and Flatpak for LCC
_ - D5 D5 D 0; O,
OE—{1 20— Vee [Blajalajn]
Dy =2 19} 0, :
e 18}~0, : L Gl
0, 44 i 0 @0,
OF
— 16— .
Dy =5 03 o, @ Bl Ve
04—6 15—04 OSE 00
05 —17 14]—05
Dg—8 13105 4 [ (¥ (2 {8
D, —9 12p~0, O 04 05 0 & TL/F/11548-2
GND —1 10 11f=LE :
TL)F/1 1548-1
Pin Names Description
Do-D7 Data Inputs i
LE Latch Enable Input (Active HIGH) National S ':’ ellzﬂnatlry Data the right
oF TRI-STATE Output Enable Input to make changes at any time without notice
(Active LOW) v .
0p-07 TRI-STATE Latch Outputs
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Functional Description

The 'ABT573C contains eight D-type latches with

entering new data into the latches.

Logic Diagram

Function Table

TRI-STATE output buffers. When the Latch Enable (LE) in- Input Outputs
putis HIGH, data on the Dp, inputs enters the latches. In this puts Ld
condition the latches are transparent, i.e., a latch output will OE LE D (o}
change state each time its D input changes. When LE is H H H
LOW the latches store the information that was present on L
the D inputs a setup time preceding the HIGH-to-LOW tran- L H L L
sition of LE. The TRI-STATE buffers are controlled by the L L X Oo
Output Enal:‘e (OE) input. When OE is LOW, the buffers are H X X V4
in the bi-state mode. When OE is HIGH the buffers are in

H = HIGH Voltage Level
the high impedance mode but this does not interfere with = LOW VOT'LZ?L:,:

X = Immaterial

Op = Value stored from previous clock cycle

D D D, 03 Dy Ds D5 0
|— D = [ —D —-1D = [ — D — 0 —1D
=1 -1 - =1 -1 | -1 3
LE LE LE LE LE LE LE LE
B O 2 2
y
! ! | | o |
O o 0, 03 04 05 ) %

TL/F/11548-3

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, ESD Last Passing Voltage (Min), HBM © 1000V

ple?se con‘tact the National Semicondut:_tor Sales DC Latchup Source Current —500 mA

Office/Distributors for availability and spe::lfn':ations.o Over Voltage Latchup (170) 1oV

Storage Temperature —65°Cto +150°C Note 1: Absolute maximum ratings are values beyond which the device may

Ambient Temperature under Bias —55°Cto +125°C be damaged or have its useful life impaired. Functional operation under
. . these conditions is not implied.

Junction Temperature under Bias Note 2: Eith Hage limit it is suficient 1 tect input
Ceramic _55,0 to + 175°C lote 2: Either voltage limit or current limit is sufficient to protect inputs.
Plastic —55°Cto +150°C Recommended Operating

Ve Pin Potential to =3
Ground Pin —0.5Vto +7.0V SOI’:@SZI?“?T ¢

_ ree Air Ambient Temperature )

Input Voltage (Note 2) 0.5Vto +7.0V Military —55°Cto +125°C

Input Current (Note 2) —30mAto +5.0mA Commercial —40°Cto +85°C

Voltage Applied to Any Output Supply Voltage
in the Disabled or Military +4.5Vto +5.5V
Power-Off State —0.5Vto +5.5V Commercial +4.5Vto +5.5V
in the HIGH State —0.5VtoVee Minimum Input Edge Rate (AV/AY)

Current Applied to Output Data Input 50 mV/ns
in LOW State (Max) Twice the rated I (MA) Enable Input 20 mV/ns

DC Electrical Characteristics

ABT573C
Symbol Parameter - Units| Vee Conditions
Min Typ Max
Viq Input HIGH Voltage 2.0 - \ Recognized HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized LOW Signal
Vep Input Clamp Diode Voltage 12| V Min In= —18mA
VoH Output HIGH Voltage ' B4ABT/74ABT| 2.5 loy = —3mA
54ABT| 2.0 \ Min  [loy = —12mA
74ABT| 2.0 loH = —32mA
VoL Output LOW Voltage 54ABT 0.55 v Min loL = 48 mA
. 74ABT 0.55 © |loL=64mA
I Input HIGH Current 5 ViN =27V
A Max
5 K ViIN = Vce
IBv Input HIGH Current VinN = 7.0V
Breakdown Test 7 pA Max
IR Input LOW Current -5 VN = 0.5V
—5 | BA | Max 1y = ooV
Vip Input Leakage Test Ip=19pA
475 v 00 Ali Other Pins Grounded
lozn Output Leakage Current 50 pA |0 —5.5V|Voyr = 2.7V; OE = 2.0V
lozL Output Leakage Current —50 | pA |0 —5.5V|VouT = 0.5V; OE = 2.0V
los Output Short-Circuit Current —100 —2751 mA Max 'VOUT = 0.0V
lcex Output High Leakage Current 50 pA Max jVoutr = Vco
Izz Bus Drainage Test 100 | pA 0.0 Vour = 5.5V; All Others GND
lccH Power Supply Current 50 pA Max | All Outputs HIGH .
lcoL Power Supply Current 30 mA Max | All Outputs LOW
lecz Power Supply Current OE = Vgo
S0 | pA | Max | A Others at Vg or GND
lccT Additional Icc/Input  Outputs Enabled 2.5 mA V) = Vg — 2.1V
Outputs TRI-STATE 2.5 mA Max Enable Input V| = Voo — 2.1V
Outputs TRI-STATE 25 mA Data Input V| = Vgc — 2.1V
All Others at Vo or GND
lccp Dynamic Icc No Load mA/ Outputs Open
(Note 2) 0.1 MHz Max |OE = GND, (Note 1)
One Bit Toggling, 50% Duty Cycle

Note 1: For 8 bits toggling, Iccp < 0.8 mA/MHz.
Note 2: Guaranteed but not tested.
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DC Electrical Characteristics (soicpackage)

Symbol Parameter Min Typ Max | Units | Vgc cL= SCOO:; Igtn: 5000
VoLp Quiet Output Maximum Dynamic Vo 0.8 1.2 \ 50 | Ta = 25°C(Note 1)
VoLv Quiet Output Minimum Dynamic Vo -12 -08 Vv 50 | Ta = 25°C(Note 1)
Vouv Minimum High Level Dynamic Output Voltage 2.0 3.1 A 50 | Ta = 25°C(Note 3)
ViHD Minimum High Level Dynamic Input Voltage 2.2 0.8 Vv 50 | Ta = 25°C(Note 2)
ViLo Maximum Low Level Dynamic Input Voltage 1.2 0.8 Vv 50 | Ta = 25°C(Note 2)

Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested.

Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (V) p), OV to threshold (Viup).
Guaranteed, but not tested.

Note 3: Max number of outputs defined as {n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics: see Section 2 for Waveforms (SOIC and SSOP package)

74ABTC 54ABTC 74ABTC
Ta = +25°C Ta = —55°C to +125°C Ta = —40°C to +85°C Fig
Symbol Parameter Vee = +5.0V Ve = 4.5Vto 5.5V Vee = 4.5Vt 5.5V Units |
CL = 50 pF CL = 50 pF CL = S0pF ’
Min Typ Max Min Max Min Max
tPLH Propagation Delay 1.5 6.0 1.5 6.0 ns 2-3,5
tpHL Dnto O 1.5 6.5 1.5 6.5
tpLH Propagation Delay 1.5 6.0 15 6.0 ns 2.3 5
tPHL LE to Op 1.5 6.5 1.5 6.5 '
tpzH Output Enable Time | 1.5 6.5 1.5 6.5 ns 2.4
tpzL 1.5 6.5 1.5 6.5
tpHz Output Disable Time | 1.5 6.0 1.5 6.0 ns 2_4
tpLz Time 1.5 6.0 1.5 6.0
AC Operating Requirements: see section 2 for Waveforms
) 74ABTC 54ABTC- 74ABTC
Ta = +25°C Ta = —55°Cto +125°C Ta = —40°Cto +85°C Fig
Symbol Parameter Vee = +5.0V Vce = 4.5Vto 5.5V Vee = 4.5Vt0 5.5V Units No'
CL = 50pF CL = 50pF CL = 50 pF )
Min Typ Max Min Max Min Max
ftoggle Max Toggle Frequency 100 MHz
ts(H) Set Time, HIGH 25 ns | 2-6
ts(L) or LOW Dy to LE 25
th(H) Hold Time, HIGH 1.5 ns | 2-6
th(l) or LOWDjto LE 1.5
tw(H) Pulse Width, 3.0
LE HIGH 3.0 ns |[2-3
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Extended AC Electrical Characteristics: sce section 2 for Waveforms (SOIC package)

74ABTC 74ABTC 74ABTC
Ta = —40°C to +85°C o o Ta = —40°Cto +85°C
Ta = —40°C to +85°C

: Veg = 4.5V 10 5.5V N 4 :v ':o 5.5 Ve = 4.5V 1o 5.5V .
Symbol Parameter CL=50pF , c% ='250 F. CL = 250 pF Units Ng-

' 8 Outputs Switching '-(N to 5)" 8 Outputs Switching :

. (Note 4) (Note 6) -
. Min Max Min Max Min Max

tPLH Propagation Delay 1.5 75 1.5 8.0 25 9.0 ns |2-3.5
tHL  |DntoOp 1.5 7.5 1.5 8.0 25 9.0 ’
tpLH Propagation Delay 1.5 75 25 8.5 25 9.5 ns {2-3.5
tPHL LE to O, 1.5 7.5 25 .85 25 . 9.5 ’
tpzH Output Enable Time 1.5 8.0 25 10.0 25 11.0 ns | 2-4
tpzL 1.5 8.0 25 10.0 25 13.0
tpHz Output Disable Time 1.0 7.5 ‘ _
tpLy 1.0 75 (Note 7) (Note 7) ns | 2-4

Note 4: This specification is guaranteed but not tested. The limits apply to propagation detays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-t0-LOW, etc.).

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.) with 250 pF load capacitors in-place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE delay times are dominated by the RC network (500, 250 pF) on the output and has been excluded from the datasheet.

Skew (soIC package) (Note 3)

74ABTC 74ABTC
Ta = —40°C to +85°C Ta = —40°Cto +85°C
Ve = 4.5V to 5.5V Vee = 4.5V t0 5.5V Fi
Symbol Parameter C_ = 50 pF CL = 250 pF Units’ Ngl
8 Outputs Switching 8 Outputs Switching :
(Note 3) (Note 4)
Max Max
tOSHL Pin to Pin Skew _
(Note 1) HL Transitions 1'3 ' 23 ns 2-15
tosLH Pin to Pin Skew . B
(Note 1) LH Transitions 10 18 ns 218
tps Duty Cycle i _
(Note 5) LH-HL Skew 20 85 ns 2-16
tosT Pin to Pin Skew _
(Note1) | ° LH/HL Transitions 20 35 ns. 2-18
tpy Device to Device Skew
(Note 2) LH/HL Transitions 20 35 ns 2-22

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tggH), LOW to HIGH (tosiH), or any combination switching LOW to HIGH and/or HIGH to LOW

(tosT). This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.) )
Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. .
Note §: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across ali the
outputs (drivers) on the same chip, the worst {largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.
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Capacitance
Conditions
Symbol Parameter Typ | Units (Ta = 25°C)
CiNn Input Capacitance 5 pF | Voo =0V
Cour (Note 1) | Output Capacitance | 9 pF | Voo = 5.0V

Note 1: Coyr is measured at frequency f = 1 MHz per MIL-STD-8838B, Method 3012.
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m National PRELIMINARY

Semiconductor

54ABT/74ABT574C
Octal D-Type Flip-Flop with TRI-STATE® Outputs

General Description W Guaranteed output skew
The 'ABT574C is an octal flip-flop with a buffered common ™ Cuaranteed multiple output switching specifications
Clock (CP) and a buffered common Output Enable (OF). m Output switching specified for both 50 pF and 250 pF

The information presented to the D inputs is stored in the loads i o .
flip-flops on the LOW-to-HIGH Clock (CP) transition. m Guaranteed simultaneous switching, noise level and dy-
namic threshold performance

® Guaranteed latchup protection

m High impedance glitch free bus loading during entire
power up and power down cycle

m Non-destructive hot insertion capability

m Disable time less than enable time to avoid bus
contention

The device is functionally identical to the "ABT374C except
for the pinouts.

Features

m Inputs and outputs on opposite sides of package allow-
ing easy interface with microprocessors

m Useful as input or output port for microprocessors

m Functionally identical to 'ABT374C

B TRI-STATE outputs for bus-oriented applications

m Output sink capability of 64 mA, source capability of
32 mA

Ordering Code: see section 11
Connection Diagrams

Pin Assignment for DIP, Pin Assignment
SOIC and Flatpak forLCC
\\} : . D5 D5 Dy O3 D,
1 20=Vec BOEEEAE
Do 2 190y - 0
3 18}=0, by [8] {
! GND [0 1D,
16—0 ' cP Coe
3 0@ B9 Ve
15p=0, 0 3 0p

1310, [ (31 [8) [ 63
12}-o0, 05 04 03 0; G

GND=—1 10 11p=CP TL/F/11511-2

&
|
© o N O o
=
|
g

TL/F/11511-1

Pin Descriptions

Pin ;
Names Description
Do-D7 | Datalnputs
CP Clock Pulse Input (Active Rising Edge) -
OE TRI-STATE Output Enable Input (Active LOW)
09-07 | TRI-STATE Outputs
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Functional Description Function Table
The 'ABT574C consists of eight edge-triggered flip-flops Inputs Internal [ Outputs Function
with individual D-type inputs and TRI-STATE true outputs. OE CP D Q o
The buffered clock and buffered Output Enable are com-
mon to all flip-flops. The eight flip-flops will store the state of H HorL L[ NC Z Hold
their individual D inputs that meet the setup and hold times H HorL H NC 4 Hold
requirements on the LOW-to-HIGH Clock (CP) transition. H _~ L L 4 Load
With the Output Enable (OE) LOW, the contents of the eight H _~ H H Z Load
flip-flops are available at the outputs. When OE is HIGH, the L -~ L L L Data Available
outputs are in a high impedance state. Operation of the OE .
input does not affect the state of the flip-flops L - H H H Data Available
P : p-flops. L HorL L| NC NG | NoChangein Data
L HorL H NC NC No Change in Data
H = HIGH Voltage Level i
L = LOW Voltage Level
X = Iimmaterial

Z = High Impedance
-/~ = LOW-to-HIGH Transition
NC = No Change

Logic Diagram

4
) o0

olo—
-lo—¢
olo—¢
oj0—¢

c 0 D D D D [ c._ 0
g a Q Q Q Q [} [

. | | | | | | |
% o 0 05 04 % % %

TL/F/11511-3
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (ots 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°C to +150°C
Ambient Temperature under Bias —-55°Cto +125°C
Junction Temperature under Bias

DC Latchup Source Current
Over Voltage Latchup (I/0)

—500 mA
10V

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

. Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Ceramic ~55°Cto +175°C Recommended Operating
Plasti —55° +150° Y
V a:i:cPotential to Foto s Conditions
cc . Free Air Ambient Temperature
~ Ground Pin —0.5Vto +7.0V Military —55°C o +125°C
Input Voltage (Note 2) —0.5Vto +7.0V Commercial —40°C to +85°C
Input Current (Note 2) —30mAto +5.0mA Supply Voltage
Voltage Applied to Any Output Military +4.5Vto +5.5V
in the Disabled or Commercial +4.5Vto +5.5V
Power-Off State —0.5Vto 5.5V Minimum Input Edge Rate (AV/AY)
in the HIGH State —=0.5Vto Vee Data Input 50 mV/ns
Current Applied to Output Enable Input 20 mV/ns
in LOW State (Max) twice the rated I (mA) Clock Input 100 mV/ns
DC Electrical Characteristics
- ABT574C
Symbol Parameter Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 20 Vv Recognized HIGH Signal
ViL Input LOW Voltage 08 | V Recognized LOW Signal
Vep Input Clamp Diode Voltage —-1.2 " Min Iin= —18 mA
VoH Output HIGH Voltage S54ABT/74ABT| 25 \ Min lon = —3mA
.54ABT| 2.0 V. Min lon = —12mA
74ABT| 2.0 v Min  |loy = —32mA
VoL Output LOW Voltage . B4ABT 0.55 v Min loL = 48 mA
74ABT 0.55 loL = 64 mA
Ity Input HIGH Current 5 VIN = 2.7V
A Ma;
5 # * | Vin = Voo
Isvi Input HIGH Current Breakdown Test 7 pA Max | VN = 7.0V
iIL input LOW Current -5 ViN = 0.5V
-5 | BA | Max |yl ooV
Vip Input Leakage Test lp = 1.9 pA
475 V.| 90 | Allother Pins Grounded
lozH Output Leakage Current 50 pA |0 —55V|Voyr = 2.7V; OE = 2.0V
lozL Output Leakage Current "—50 | pA [0~ 5.5V | Voyr =0.5V;0E = 2.0V
los Output Short-Circuit Current -100 —275| mA Max | Vout = 0.0V
lcex Output High Leakage Current 50 pA Max | VouTt = Vco
Izz Bus Drainage Test 100 pA 0.0 Vout = 5.5V; All Other GND
lccH Power Supply Current 50 RA Max . | Alt Outputs HIGH
lcoL Power Supply Current 30 mA Max | All Outputs LOW
lcoz Power Supply Current 50 RA Max |OE = Vgo
All Others at Vg or GND
lcoT Additional Icc/Input  Outputs Enabled 25 mA Vi = Vgc — 2.1V
Outputs TRI-STATE 25 mA Max Enable Input V| = Vgg — 2.1V
Outputs TRI-STATE 25 mA Data Input V| = Vg — 2.1V
All Others at Voo or GND -
lcco Dynamic Igg No Load mas | Outputs Open, OE = GND,
(Note 2) 0.1 MHz Max One Bit Toggling (Note 1),
50% Duty Cycle

Note 1: For 8-bit toggling, lccp < 0.8 mA/MHz.
Note 2: Guaranteed, but not tested.
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DC Electrical Characteristics (soic package)

Symbol Parameter Min Typ Max Units Vece cL= 5(2)0:: igtni 5000
VoLp Quiet Output Maximum Dynamic Vor. 0.6 1.0 \ 5.0 Ta = 25°C (Note 1)
VoLv Quiet Output Minimum Dynamic Vo, -1.5 -1.0 \ 5.0 Ta = 25°C (Note 1)
VoHv Minimum High Level Dynamic Qutput Voltage 2.0 3.1 \ 5.0 Ta = 25°C (Note 3)
ViHD Minimum High Level Dynamic Input Voltage 2.2 0.8 \ 5.0 Ta = 25°C (Note 2)
ViLo Maximum Low Level Dynamic Input Voltage 1.2 0.8 v 5.0 Ta = 25°C (Note 2)

Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One cutput at Low. Guaranteed, but not tested.

Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (V) p), OV to threshold (Vinp).
Guaranteed, but not tested.

Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics: see Section 2 for waveforms (SOIC and SSOP Package)

74ABT 54ABT 74ABT
Ta = +25°C Ta = —55°Cto +125°C Ta = —40°Cto +85°C ‘Flg
Symbol Parameter Vee = +5.0V Ve = 45Vto 5.5V Vee = 4.5Vto 5.5V Units No.
CL = 50 pF CL = 50 pF Cp = 50 pF )
Min Typ Max Min Max Min Max
fmax Max Clock 100 MHz
Frequency
tPLH Propagation Delay 1.5 1.5 4.0
i | CP10Op, 15 15 40 ns | 23,5
tpzH Qutput Enable Time 1.5 1.5 6.5
tpzL - 15 1.5 6.5 ns | 24
tpHz Output Disable Time | 1.5 1.5 6.0
to 7 1.5 1.5 6.0 ns | 24
AC Operating Requirements: ses section 2 for Waveforms
74ABT 54ABT 74ABT
Ta = +25°C -Tp = —55°Cto +125°C Ta = —40°Cto +85°C : Fi
Symbol Parameter Vg = +5.0V Vcc = 4.5V to 5.5V Vec = 4.5Vto 5.5V Units Ng.
CL = 50 pF CL = 50 pF C_ = 50 pF )
Min Max . Min Max Min Max
ts(H) Setup Time, HIGH 25 ns |26
ts(L) or LOW Dy, to CP 2.5
th(H) Hold Time, HIGH 1.5 ns | 2.6
th(L) or LOW D, to CP 1.5
tw(H) Pulse Width, CP, 4 3.0 ns | 2.3
twil) HIGH or LOW ) : 3.0
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Extended AC Electrical Characteristics: see Section 2 for Waveforms

(SOIC package)
74ABTC 74ABTC 74ABTC
Ta = :40 Cto +85°C Ta = —40°Cto +85°C Ta = :40 C to +85°C
Ve = 4.5Vto 5.5V Ve = 4.5V 10 5.5V Vee = 4.5V10 5.5V A
Symbol Parameter CL = 50pF Rty CL = 250 pF Units Ng'
8 Outputs Switching L(Note 5)p 8 Outputs Switching )
(Note 4) : (Note 6)
Min Max Min Max Min Max
tPLH Progagation Delay 1.5 5.5 1.5 6.5 2.5 8.0 ns | 235
tPHL CPto Op 1.5 55 1.5 6.5 25 8.0 ’
tpzH Output Enable Time 15 6.5 2.5 7.5 25 10.0 ns 2.4
tpzL : 15 6.5 25 7.5 25 12.0
tPHz Output Disable Time 15 6.0 (Note 7) (Note 7) ns 24
tpLz 15 6.0 i

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.).

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in pice of the 50 pF load capacitors in
the standard AC load. This specificaiton pertains to single output switching only.

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE Delay Times are dominated by the RC network (5002, 250 pF) on the output and has been excluded from the datasheet.

Skew (soIC package) (Note 3)

74ABT 74ABT
Ta = —40°Cto +85°C Ta = —40°C to +85°C
Vce = 4.5V-5.5V Vce = 4.5V-5.5V
Symbol Parameter CL = 50 pF CL = 250 pF Units Fig.
8 Outputs Switching 8 Outputs Switching No.
. (Note 3) (Note 4)
Max Max
tosHL Pin to Pin Skew
" (Note 1) HL Transitions 13 23 ns 215
tosLH Pin to Pin Skew
(Note 1) LH Traneitions 10 18 ns 215
trs Duty Cycle
(Note 5) LH=-HL Skew 20 35 ns 216
tosT Pin to Pin Skew
(Note 1) LH/HL Transitions 20 35 ns 219
tpv Device to Device Skew : g
(Note 2) LH/HL Transitions 20 85 ns 222

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tosni), LOW to HIGH (tgsy i), or any combination switching LOW to HIGH and/or HIGH to LOW

(tosT)- This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V¢g) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,

HIGH-to-LOW, etc.).

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load.
Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.

Capacitance
Conditions
Symbol Parameter Typ Units Th = 25°C
CiN Input Capacitance 5.0 pF Ve = OV
Cout (Note 1) Output Capacitance 9.0 pF Vee = 5.0V

Note 1: Coyt is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012.
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54ABT/74ABT646C

Octal Transceiver/Register with TRI-STATE® Outputs

General Description

The 'ABT646C consists of bus transceiver circuits with TRI-
STATE, D-type flip-flops, and control circuitry arranged for
multiplexed transmission of data directly from the input bus
or from the internal registers. Data on the A or B bus will be
clocked into the registers as the appropriate clock pin goes
to a high logic level. Control OE and direction pins are pro-
vided to control the transceiver function. In the transceiver
mode, data present at the high impedance port may be
stored in either the A or the B register or in both. The select
controls can multiplex stored and real-time (transparent
mode) data. The direction control determines which bus will
receive data when the enable control OE is Active LOW. In
the isolation mode (control OE HIGH), A data may be stored
in the B register and/or B data may be stored in the A regis-
ter.

Features

® Independent registers for A and B buses

m Multiplexed real-time and stored data

m A and B output sink capability of 64 mA, source capa-
bility of 32 mA

® Guaranteed output skew

Guaranteed multiple output switching specifications

Output switching specified for both 50 pF and 250 pF

loads '

m Guaranteed simultaneous switching noise level and dy-

namic threshold performance

m Guaranteed latchup protection

m High impedance glitch free bus loading during entire
power up and power down cycle

m Nondestructive hot insertion capability

Ordering Code: see section 11

Pin Descriptions

Pin Names Description

Ap-A7 Data Register A Inputs/
TRI-STATE Outputs

Bop-B7 Data Register B Inputs/
TRI-STATE Outputs

CPAB, CPBA Clock Pulse Inputs

SAB, SBA Select Inputs

OE Output Enable Input

DIR Direction Control Input

Connection Diagrams

Pin Assignment
for DIP, SOIC and Flatpak

-/
cPag —{1 24f= Ve
sas—2 23— CcPBA
DR—]3 22|~ SBA
Ay—]4 21}=0E
A —15 208,
A, ~{6 19}-8
Ay =17 18]~8,
A—8 17185
A =19 1s}-8,
A= 10 15185
A= RETY N
GND —f12 13}=8,
TL/F/10978-3
Pin Assignment for LCC
As Ay Ag NC Ay Ay Ay
DEEREDER
(o bd o o b o )

I | G OR
&5 548
oND [ [Z] cpaB
N E G Ne
B; [ (& Ve
8 [ 7 cPea
8 ] 8 3 sBa

LR O

[ 9 2 B B

B4 By By NC B By OF TL/F/10978-4
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Real Time Transfer Real Time Transfer Storage from
A-Bus to B-Bus B-Bus to A-Bus Bus to Register
—
A-Bus N P A-Bus A-Bus
¢ B-Bus ¢ B-Bus > B-Bus
TL/F/10978-5 TL/F/10978-6 TLIF/10978-7
. FIGURE 1 FIGURE 2 FIGURE 3
*
Inputs} Datal/0 Function
OE DIR CPAB CPBA SAB SBA|Ag-A7|Bo-B7

H X HorL HorL X X Isolation
H X 7~ X X X | Input | Input | Clock A, Data into A Register
H X X - X X Clock B, Data into B Register
L H X X L X Ap, to Bp—Real Time (Transparent Mode)
L H X L X Input | Output Clock Ap Data into A Register
L H HorL X H X P PUtl A Register to By, (Stored Mode)
L H X H X Clock Ap Data into A Register and Output to By,
L L X X X L B, to A,—Real Time (Transparent Mode)
L L X /X L Clock By, Data into B Register
L L X HorL X H |Output] Input | g'oe ister to Ay (Stored Mode)
L L X e X H Clock By, Data into B Register and Output to A,

*The data output functions may be enabled or disabled by various signals at the OF and DIR inputs. Data input functions are always
enabled; i.e., data at the bus pins will be stored on every LOW-to-HIGH transition of the appropriate clock inputs.

H = HIGH Voltage Level X = Immaterial

L = LOW Voltage Leve! —/~ = LOW-to-HIGH Transition

Transfer from
Register to Bus

A-Bus

TL/F/10978-8
FIGURE 4
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| Logic Diagram

&
DIR
CPBA Dc
SBA DO&—
CPAB—DO—
SAB l »ﬂ >T
O B RV RyUOUepRY i N N PO S N
1 1 OF 8 CHANNELS i
' 1
' i
) Dy 1
I 1
1 1
1 [~ =, 1
1] | i
1 O 1
' 1
' i
' 1
1
: | i
I ; 1
PR N
! H
D 1
1 0 1
' 1
1
P Of¢ H
1
i 1 i
i i
I 1
) 1
1 i
' 1
[} DC I 1
1 1
1 1
l—r-—-----—--—----------r—-- T T P T T PR Y
A 2B 4 vYyvYyYvyy A 2B 4
) ,

NNELS
TO 7 OTHER CHAI TL/F/10978-9

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings note 1)

It Mlli{ary/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

Current Applied to Output
in LOW State (Max)

DG Latchup Source Current
Over Voltage Latchup (i/0)

twice the rated I (mA)
—500 mA
10v

Recommended Operating

Ceramic —55°Cto +175°C iti
Plastic —55°Cto +150°C Con@1thns
Vee Pin Potential Free Air Ambient Temperature
o in i g,e""a to —05V1o +70V Military —55°Cto +125°C
round Pin -SVio +7. Commercial - 0°Cto +85°C
Input Voltage (Note 2) —-0.5Vto +7.0V Supply Voltage
Input Current (Note 2) —30mAto +5.0 mA Military +4.5Vto +5.5V
Voltage Applied to Any Output Commercial +4.5V to +5.5V
in the Disable or Power-Off State —0.5Vto +5.5V Minimum Input Edge Rate’ (AV/AY)
in the HIGH State ' —0.5Vto Vee Data Input 50 mV/ns
Note 1: Absolute maximum ratings are values beyond which the device may Enable Input 20 mV/ns
be damaged or have its useful life impaired. Functional operation under Clock |nput 100 mV/ns
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
) ABT646C ]
Symbol Parameter. " Units Vee Conditions
Min  Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized HIGH Signal
Vi Input LOW Voltage 0.8 v Recognized LOW Signal
Vep Input Clamp Diode Voltage -1.2 ) Min  }liy = —18 mA (Non I/0 Pins)
VoH Output HIGH Voltage  54ABT/74ABT| 2.5 loH = —3 mA, (An, Bn)
54ABT 2.0 \" Min  |log = —24 mA, (An, Bp)
) 74ABT 2.0 loH = —32mA, (Ap, Bp)
VoL Output LOW Voltage 54ABT 0.55 v Min |loL =48 mA, (A, Bn)
74ABT 0.55 loL = 64 mA, (A, Bp)
Vip Input Leakage Test hp = 1.9 pA, (Non-1/0 Pins)
478 v 0.0 | All Other Pins Grounded
fiH Input HIGH Current 5 rA Max |V|N = 2.7V or Vg (Non-1/0 Pins)
IBVI Input HIGH Current ViN = 7.0V (Non-1/0 Pins)
Breakdown Test 7 A Max
lBviT Input HIGH Current VIN = 5.5V (Ap, Bp)
Breakdown Test (1/0) 100 rA Max
he Input LOW Current -5 LA Max |V)y = 0.5V or OV (Non-I/O Pins)
ik + lozn| Output Leakage Current 50 pA  1OV-55V|Voyt = 2.7V (Ap, By); OE = 2.0V
IiL + lozL | Output Leakage Current —50 pA |0V-55V|VoyT = 0.5V (Ap, Bp); OE = 2.0V
los Output Short-Circuit Current —100 —275 mA Max |VouTt = OV (Ap, Bp)
lcex Output HIGH Leakage Current 50 pA Max |VouTt = Vce (An, Br)
172 Bus Drainage Test Vout = 5.5V (An, Bn);
‘ 100 | pA | 00V | A Gthers GND
lccH Power Supply Current 250 pA Max | All Outputs HIGH
lccL Power Supply Current 30 mA Max | All Outputs LOW
lccz Power Supply Current 50 BA Max |Outputs TRI-STATE; All Others GND
lect Additional Icc/Input Vi= Vg — 21V
25 | mA | Max || Other Outputs at Vg or GND
Iccp Dynamic Icc No Load 8_qtputs Open
(Note 2) X E and DIR = GND,
018 |mA/MHz|  Max |50 /0 = GND or Vg (Note 1)
One Bit toggling, 50% duty cycle

Note 1: For 8-bit toggling, Iccp < 1.4 mA/MHz.
Note 2: Guaranteed but not tested.
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DC Electrical Characteristics (soicpackage) 3
Conditions
Symbol Parameter . Min Typ Max | Units | Vcc CL = 50 pF, Ry = 5000
VoLp Quiet Output Maximum Dynamic Vo 0.6 0.8 \ 5.0 | Ta = 25°C(Note 1)
VoLv Quiet Output Minimum Dynamic VoL -12 -09 \ 5.0 | Ta = 25°C(Note 1)
VoHv Minimum High Level Dynamic Output Voltage 25 3.0 \ 5.0 | Ta = 25° (Note 3)
VIHD Minimum High Level Dynamic Input Voltage 2.2 1.8 \ 5.0 | Ta = 25°C(Note 2)
ViLp Maximum Low Level Dynamic Input Voltage 0.8 0.5 Vv 50 | Ta = 25°C(Note 2)
Note 1: Max number of outputs defined as (n). n — 1 data inputs are-driven QV to 3V. One output at LOW. Guaranteed, but not tested.
Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (Vi p), OV to threshold (Viup).
Guaranteed, but not tested. )
Note 3: Max number of outputs defined as (n). n -- 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested.
AC Electrical Characteristics (soicand SSOP package): See Section 2 for Waveforms
74ABT 54ABT 74ABT
Ta = +25°C Ta = —55°Cto +125°C | Tpo = —40°Cto +85°C Fi
Symbol Parameter Vee = +5.0V Vee = 4.5V-5.5V Vee = 4.5V-5.5V Units Ncga'
) CL = 50 pF CL = 50 pF CL = 50 pF :
Min Typ Max Min Max Min Max
fmax Max Clock Frequency | 200 200 MHz
tpLH Propagation Delay 1.5 3.0 4.9 1.5 4.9 ns |23 5
| tpHL Clock to Bus 1.5 34 4.9 1.5 4.9 !
tPLH Propagation Delay 1.5 2.6 45 1.5 4.5 ns |2:3.5
tPHL Bus to Bus 1.5 3.0 4.5 1.5 4.5 !
tpLH Propagation Delay 1.5 3.0 5.0 1.5 5.0 ns 2.3 5
tpHL SBAorSABto AytoB,| 1.5 3.4 5.0 1.5 5.0 !
tpzH Enable Time 1.5 3.2 5.5 1.5 5.5 ns | 2.4
tpzL OE to AjorBp 1.5 3.5 5.5 1.5 55
tphz  |Disable Time 1.5 3.7 6.0 1.5 6.0 ns | 2.4
tprz |OEtoAporB, ] 1.8 32 6.0 1.5 6.0
tpzH Enable Time 1.5 3.4 55 1.5 5.5 ns | 2.4
tpzL DIR to A or B, 1.5 3.7 5.5 1.5 5.5
tPHZ Disable Time 1.5 3.8 6.0 1.5 6.0 ns | 2.4
tpLz DIR to AporB, 1.5 3.2 6.0 1.5 6.0
AC Operating Requirements: see Section 2 for Waveforms
74ABT 54ABT 74ABT
. Ta = +25°C Ta = —55°Cto +125°C Ta = —40°Cto +85°C Fi
Symbol Parameter Vee = +5.0V Ve = 4.5V-5.5V Vee = 4.5V-5.5V Units Ngl
" CL=50pF Cp = 50 pF CL = 50pF .
Min Max Min Max Min Max
ts(H) Setup Time, HIGH
ts(L) |or LOW Busto Clock 15 15 ns |26
ty(H) |Hold Time, HIGH
tu(l)  |or LOW Bus to Clock 10 1.0 ns |26
tw(H) |Pulse Width,
tw(l) |HIGHorLOW 8.0 30 ns |23
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Extended AC Electrical Characteristics (soic package): See Section 2 for Waveforms

74ABT 74ABT 74ABT
Ta = —40°Cto +85°C | To = —40°Cto +85°C | Tpo = —40°C to +85°C
Ve = 4.5V-5.5V Vee = 4.5V-5.5V Vce = 4.5V-5.5V Fig
Symbol Parameter CL = 50 pF Cp = 250 pF CL = 250 pF Units No.
8 Outputs Switching 1 Output Switching 8 Outputs Switching )
(Note 4) (Note 5) (Note 6)
.Min Max Min Max Min Max
tpLH Progagation Delay 1.5 5.5 2.0 75 2.5 100 - ns | 235
tPHL Clock to Bus 1.5 5.5 2.0 75" 2.5 10.0 ’
tPLH Progagation Delay 1.5 6.0 2.0 7.0 - 2.5 9.5 ns | 245
tPHL Bus to Bus 15 6.0 2.0 7.0 25 9.5 '
:"L“ Zg’:ifastfg ge'ay 15 6.0 20 7.5 25 10.0 o loss
PHL 15 6.0 20 75 25 10.0 '
AporBp
tpzH Output Enable Time 1.5 6.0 2.0 8.0 25 105 ns 2.4
tpzL OE; or DIR to A, or B, 1.5 6.0 2.0 8.0 2.5 10.5
tPHZ Output Disable Time 1.5 6.0
toz | OEnorDIRtoAjorBy| 1.5 6.0 (Note7) (Note 7) ns | 24

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.).
Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.
Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all Iow-to -high, high-
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.
Note 7: The TRI-STATE delays are dominated by the RC network (5009, 250 pF} on the output and has been excluded from the datasheet.
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Skew (soic package)

74ABT 74ABT
Ta = —40°C to +85°C Ta = —40°C to +85°C
Vce = 4.5V-5.5V Ve = 4.5V-5.5V -
Symbol Parameter CL = 50 pF CyL = 250 pF - Units J
8 Outputs Switching 8 Outputs Switching :
(Note 3) (Note 4)
Max Max

tosHL Pin to Pin Skew
(Note 1) HL Transitions 13 25 ns 215
tosLH Pin to Pin Skew
(Note 1) LH Transitions 10 20 ns 215
tps Duty Cycle
(Note 5) LH-HL Skew 20 4.0 216
tosT Pin to Pin Skew
(Note 1) LH/HL Transitions 20 4.0 ns 219
tpy Device to Device Skew
(Note 2) LH/HL Transitions 25 4.5 ns 222

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tosHL), LOW to HIGH (tosi ), or any combination switching LOW to HIGH and/or HIGH to LOW

(tosT)- This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,

HIGH-to-LOW, etc.).

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load.
Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.

Capacitance
Conditions
Symbol Parameter Typ Units Tp = 25°C
CiN Input Capacitance 5 pF Vee = 0V (non I/0 pins)
Cyiso (Note 1) Qutput Capacitance 11 pF Vec = 5.0V (Ap, Bp)

Note 1: Cj/g is measured at frequency, f = 1 MHz, per MIL-STD-883B, Method 3012.
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tpLy Vs Temperature (Ta)
CL = 50 pF, 1 Output Switching
Clock to Bus
6.00
5.00 -
4.00 TP @ 48— p
R ———xx “Typ @ 5.5V —
2.00 Min
1.00
0.00

-55°C -40°C 25°C 85°C 125°C
TL/F/10978-18

tpLH vs Load Capacitance
1 Output Switching, T4 = 25°C

Clock to Bus

8.00
] ——-—’

6.00 " 10 © 45 =

o= et - — )

.00 = '
‘ L == =" | Typ@ 5.5V
2.00
Min

0.00

50pF  100pF  150pF  200pF  250pF
TL/F/10978-20

tpLH vs Load Capacitance
8 Outputs Switching, T = 25°C

Clock to Bus
12.00
10.00 =
Max Y 5N
M e @ A
8.00 — TyP —
— . | = -
6.00 - == —=
—f=T Typ @ 5.5V
4,00 e
2.00— ==
Min
0.00

50 pF 100 pF 150 pF 200 pF 250 pF
TL/F/10978-22

tpzL vs Temperature (Ta)
C, = 50 pF, 1 Output Switching

OE to Bus

7.00
6.00 Max
5.00

00 Typ @ 4.5V
N T
3.00 = Typ @ 5.5V
2.00 Min
1.00
0.00

~55°C -40°C 25°C 85°C 125°C

TL/F/10978-24

tpHL vs Temperature (Ta)
CL = 50 pF, 1 Output Switching

Clock to Bus
6.00
Max
5.00
4.00 Typ @ 4.5V
3. = -]
ST = Typ @ 5.5V
2.00 Min
1.00
0.00
-550C -40°C 25°C 85°C 125°C
TL/F/10978-19
tpyL vs Load Capacitance
1 Output Switching, Tp = 25°C
Clock to Bus
8.00
Max __l——"'"—
el
6.00 = v —]
) .——’/_, Typ @ ‘i.—-
4.00 -
R P o YO
2.00
Min
0.00

50 pF 100 pF 150 pF 200 pF 250 pF

TL/F/10978-21

tpHL vs Load Capacitance
8 Outputs Switching, Tp = 25°C

Clock to Bus
12.00
10.00 -
Max = G 5V
8.00 ——— _l_‘{_, —
- —
6.00 e e T T e v
4.00
2.00
Min
0.00

" 50pF 100 pF 150 pF 200 pF 250 pF

7.00
6.00
5.00
4,00
3.00
2.00
1.00
0.00

TL/F/10978-23

tpLz vs Temperature (Tp)
Cp = 50 pF, 1 Output Switching
OE to Bus -
Max
Typ @ 4.5V —
Typ @ 5.5V
Min

=-55°C ~40°C 25°C 85°C 125°C

TL/F/10978-25

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables.




6.00
5.00
4.00
3.00
2.00
1.00
0.00

-55°C

tpzy vs Temperature (Tp)
CL = 50 pF, 1 Output Switching

| Max
[

I
Typ @ 4.5V

pr——

Typ @ 5.5V

-40°C 25°C 85°C 125°C

" TL/F/10978-26

tpzy vs Temperature (Ta)
Cy_= 50 pF, 8 Outputs Switching
OE to Bus

7.00

6.00

5.00

4.00

Typ @ 4.5V

Typ @ 5.5V

0.00.

-40°C

25°¢C 85°cC

TL/F/10978-28

tpzL vs Temperature (Ta)
Cp = 50 pF, 8 Outputs Switching

OE to Bus

7.00

6.00 i
3.00

2.00

1.00 i— m

0.00

-40°C 25°C 85°C

TL/F/10978-30

tpHz vs Temperature (T)

C_._ = 50 pF, 1 Output Switching

OE to Bus
7.00

Max
6.00
3.00 Typ @ 4.5V
4.00— = - - ==
3.00 _Typ @ 5.5V
2.00 Min
1.00
0.00
-559C -40°C 25°C 85°¢C 1259°C

TL/F/10978-27

tpHz vs Temperature (Ta)
C_ = 50 pF, 8 Outputs Switching

OE to Bus
7.00
6.00 ]
5.00
Typ @ 4.5V
4.00 ———
[Typ @ 5.5V |
3.00
2.00 m
1.00
0.00
-40°C 25°C 85°C
TL/F/10978-29
tpLz vs Temperature (Tp)
C. = 50 pF, 8 Outputs Switching
OE to Bus
7.00
6.00 !
5.00
Typ @ 4.5V |
.00
4 Typ @ 5.5V
3.00
2.00 Im
1.00
0.00
-40°C 259C 85°C

TL/F/10978-31

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables.
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tpzL vs Load Capacitance

tpzy vs Load Capacitance

8 Outputs Switching, Ty = 25°C 8 Outputs Switching, Ta = 25°C
OE to Bus : OE to Bus
12.00 12.00
10.00 Max = ™ 10.00 Max pov
- 1 * st - A,
8.00 e e = ] 8.00 LA
6.00 R P e Sl 6.00 =] —_— =]
. . h— . — -
g Typ @ 5.5V e _..—-,—r @ 5.5V
400—F=— 400 T L
2.00— = 2.00
Min Min
0.00 0.00
50 pF 100 pF 150pF  200pF 250 pF 50 pF 100pF  150pF  200pF  250pF
TL/F/10978-32 TL/F/10978-33
tpLH and tpy vs Number Output Switching
Vee = 5.0V, Tp = 25°C
CL = 50 pF, Clock to Bus
6.00
Max_
5.00 TPLH Typ. 7
o wo—
4.00— - =
I—, ——
3.00 = TPHL Typ. _|
2.00
1.00 Min —]
0.00
1 OUTPUT 4 OUTPUT 8 OUTPUT

lec (mA)

160
140
120
100
80
60
40
20

Icc vs Frequency, Average,
Ta = 25°C, Vgc = 5.5V

All Outputs Unloaded/Unterminated;

All Outputs Switching in phase @50% Duty Cycle

TL/F/10878-34

3 —Vyy = 5.5V
3 Voo = 5.5V
3 cc
; ’/
E ,//
E ]
3. ~
E el
0 10 20 30 40 50 60 70 80 90

Frequency (MHz)

100

TL/F/10978-35

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables.
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2.00

1.40

0.80

0.20

o

-0.40

-1.00

Ing
o
=]

1.40
0.80
0.20

0
.=0.40

=1.00

tseT LOW vs Temperature (Tp)
CyL = 50 pF, 1 Output Switching

Bus to Clock
3 Min
7
. Typ @ 4.5V —
5 e Eoealiondie aleliledle alimlipvadaieofoniadio
7 Typ @ 5.5V
-55°C -40°C 25°C 85°C 125°C
. TL/F/10978-36
tHoLp LOW vs Temperature (Ta)
CL = 50 pF, 1 Output Switching
Bus to Clock
E Min
3 Typ @ 5.5V —
e o
p Typ @ 4.5V —]
= v
-559C -40°C 25°C 85°C 125°C

TL/F/10978-38

2.00
1.40
0.80
0.20
0
-0.40

-1.00

2.00
1.40
0.80
0.20
0
-0.40

-1.00

tseT HIGH vs Temperature (Ta)
CL = 50 pF, 1 Output Switching

Bus to Clock
] Min
7l Typ @ 4.5V |
dm o e g _-=yi ===7
] Typ @ 5.5V —]
-559C -40°C 259C 85°C 125°C
TL/F/10978-37
thoLp HIGH vs Temperature (Ta)
CL = 50 pF, 1 Output Switching
Bus to Clock
E Min
3 Typ @ 5.5V
== = =
E I N A N
B Typ @ 4.5V
3 1
-550C -40°C 25°C 850°C 125°C

TL/F/10978-39

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables.
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@National |

Semiconductor

54ABT/74ABT652C

Octal Transceiver/Register with TRI-STATE® Outputs

General Description

The 'ABT652C consists of bus transceiver circuits with D-
type flip-flops, and control circuitry arranged for multiplexed
transmission of data directly from the input bus or from the
internal registers. Data on the A or B bus will be clocked into
the registers as the appropriate clock pin goes to HIGH log-
ic level. Output Enable pins (OEAB, OEBA) are provided to
control the transceiver function.

Features

® Independent registers for A and B buses

® Multiplexed real-time and stored data

| A and B output sink capability of 64 mA, source capa-
bility of 32 mA

m Guaranteed output skew

m Guaranteed multiple output switching specifications

m Output switching specified for both 50 pF and 250 pF
loads

® Guaranteed simultaneous switching noise level and dy-
namic threshold performance

m Guaranteed latchup protection

m High impedance glitch free bus loading during entire
power up and power down cycle

m Nondestructive hot insertion capability

Ordering Code: see section 11

Pin Descriptions

Connection Diagrams

Pin Names Description .
Pin Assignment
Ag-A7 Data Register A Inputs/ for DIP, SOIC and Flatpak
TRI-STATE Outputs 7
Bo-B7 Data Register B Inputs/ cpaB —{1 24f-vee
TRI-STATE Outputs SaB=—12 231 CPBA
CPAB, CPBA Clock Pulse Inputs OEAB — 3 22— SBA
SAB, SBA Select Inputs a4 21|~ OEBA
OEAB, OEBA Output Enable Inputs e 208,
I 19}-8,
a7 18[—8,
A8 178y
As—9 168,
ag—{10 150~
A =11 14}-8;
OND —{ 12 13}-8,
TLIF/11612-1
Pin Assignment for LCC
A5 Ay A3 NC Ay Ay Ay
[T [9 (3 [E] [7] [6] (5]
] [}

AN
BERDNEEEE
B By By NC By By OEBA

TL/F/11512-2
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Logic Diagram

OEBA —OD—

N
OEAB >

CPBA D(‘r

1 OF 8 CHANNELS

>
o
4
A\ 4

U
o
o

r v wh;:hk v V;

¥

r

TO 7 OTHER CHANNELS
TL/F/11512-3

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

Functional Description

In the transceiver mode, data present at the HIGH imped- priate Clock Inputs (CPAB, CPBA) regardless of the Select
ance port may be stored in either the A or B register or both. or Output Enable Inputs. When SAB and SBA are in the real
The select (SAB, SBA) controls can multiplex stored and time transfer mode, it is also possible to store data without
real-time. using the internal D flip-flops by simultaneously enabling

'OEAB and OEBA. In this configuration each Output reinforc-
es its Input. Thus when all other data sources to the two
sets of bus lines are in a HIGH impedance state, each set of
bus lines will remain at its last state.

The examples in Figure 1 demonstrate the four fundamental
bus-management functions that can be performed with the
'ABT652C.

Data on the A or B data bus, or both can be stored in the
internal D flip-flop by LOW to HIGH transitions at the appro-
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Functional Description (continued)

Note A: Real-Time

Note B: Real-Time

Note C: Storage

Note D: Transfer Storage

Transfer Bus B to Bus A Transfer Bus A to Bus B DatatoAorB
o r 1 1
pemmmyrmm—-— T rm——— 1 1
1 LR 1 1 L3 1 1
L] 1 T L} e 1 1
1 (NN 1 T < 1 [RA) 1 m 1
L] (NR) ] 1 173 L} tn ] n ]
< 1 tie ] @ < ] @ 2 ] 1K 1 2 < J ' J @
g 2 @ 2 : B H 4 H [
T T T ] 1 1 ] 1
3 T T 2 F T 2 ! ! S ! S
[} 1 ] ] 1
1 1 1 [] ] 1
1] ) 1 3 . )
] [] ] '
tmmeccdllane=d tecmmdltane=a ]
A — )
— -— TL/F/11512-6 —_—

TL/F/11512-4
OEAD TEBA CPAB CPBA SAB SBA

TL/FN1512-5
OEAB OEBA CPAB. CPBA SAB SBA

OEAB TEBA CPAB CPBA SAB SBA
X H e X X X

TL/F/11812-7

OEAB OEBA CPAB CPBA SAB SBA

L L X X X L H H X X L X L X X < X X H L HorL Horl H X
L H e s X X .
FIGURE 1
Inputs Inputs/Qutputs (Note 1) Operating Mode
OEAB OEBA CPAB CPBA SAB SBA Ag thru Az Bg thru B
L H ~HorL Horl X X Isolation
Input Input
L H ~ e X X Store A and B Data
X H e HorL X X Input Not Specified Store A, Hold B
H H e e X X Input Output Store A in Both Registers
L X HorlL e X X Not Specified Input Hold A, Store B
L L -~ e X X Output Input Store B in Both Registers
L L X X X L Real-Time B Data to A Bus
Output Input
L L X HorlL X H Store B Data to A Bus
H H X X L X Real-Time A Data to B Bus
Input Output
H H HorlL X H X Stored A Data to B Bus
Stored A Data to B Bus and
H L HorlL HorlL H H Output Output Stored B Data to A Bus

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

—/~ = LOW to HIGH Clock Transition

" Note 1: The data output functions may be enabled or disabled by various signals at OEAB or OEBA inputs. Data input functions are always enabled, i.e., data at the

bus pins will be stored on every LOW to HIGH transition on the ciock inputs.
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Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°C to +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

Current Applied to Output
in LOW State (Max)

DC Latchup Source Current
Over Voltage Latchup (1/0)

twice the rated I (mA)
—500 mA
10V

Recommended Operating

Ceramic —55°Cto +175°C iti
Plastic —55°Cto +150°C con,dltlo_ns
Voo Pin Potential to Free Air Ambient Temperature
ﬁg mdp_ 0.5V o +7.0V Military —-55°Cto +125°C
round Fin ~0.5Vio +7. Commercial —40°C to +85°C
Input Voltage (Note 2) —0.5Vto +7.0V Supply Voltage
Input Current (Note 2) —30mAto +5.0 mA Military +4.5Vto +5.5V
Voltage Applied to Any Output Commercial +4.5Vto +5.5V
in the Disable or Power-Off State —0.5Vto +5.5V Minimum Input Edge Rate (AV/AY)
in the HIGH State —0.5Vto Ve Data Input 50 mV/ns
Note 1: Absolute maximum ratings are values beyond which the device may Enable Input 20 mV/ns
be damaged or have its useful life impaired. Functional operation under Clock Input 100 mV/ns
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
ABT652C i
Symbol Parameter Units | Vge Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized HIGH Signal
ViL Input LOW Voltage 0.8 " Recognized LOW Signal
Vebp Input Clamp Diode Voltage -1.2 \" Min |-y = —18 mA (Non /O Pins)
VoH Output HIGH 54ABT/74ABT| 2.5 loH = —3mA, (Ap, Bp)
Voltage 54ABT . 2.0 1% Min | loy = —24 mA, (Ap, Bp)
74ABT 2.0 loH = —32mA, (An, Bp)
VoL Output LOW 54ABT 0.55 v Min loL = 48 mA, (Ap, Bp)
Voltage 74ABT 0.55 loL = 64 mA, (A, Bn)
Vip Input Leakage Test 475 v 0.0 lip = 1.9 pA, (Non-1/0O Pins)
) ) All Other Pins Grounded
1 Input HIGH Current 5 MA Max | VN = 2.7V or Ve (Non-1/0 Pins)
Isvi Input HIGH Current VIN = 7.0V (Non-17/0 Pins)
) Breakdown Test 7 KA Max
IsviT Input HIGH Current ViN = 5.5V (An, Bp)
Breakdown Test (1/0) 100 KA Max '
L Input LOW Current -5 MA Max- | ViNy = 0.5V or OV (Non-1/0 Pins)
liq + lozH | Output Leakage Current . Vout = 2.7V (An, Bp);
so A | OV-5.8V OEBA = 2.0V and OEAB = GND = 2.0V
iL + lozL | Output Leakage Current en Vout = 0.5V (Ap, Bp);
50 pA | OV-55V OEBA = 2.0V and OEAB = GND = 2.0V
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DC Electrical Characteristics (Continued)

ABT652C
Symbol Parameter Units Vee Conditions
Min Typ Max
los ‘| Output Short-Circuit Current -100 —-275 mA Max | Vout = OV (Ap, Bp)
IcEX Output HIGH Leakage Current 50 RA Max | Vout = Vcc (Ans Bn)
Izz Bus Drainage Test 100 HA 0.0V | VouT = 5.5V (Ap, Bp); All Others GND
IccH Power Supply Current 250 pA Max | All Outputs HIGH
IcoL . Power Supply Current 30 mA Max | All Outputs LOW
lecz Power Supply Current Outputs TRI-STATE; -
50 KA Max All others at Vo or GND
lceT Additional Icc/Input V)= Vgec — 2.1V
25 MA | MaX | 4l others at Vg or GND
lccp Dynamic Icg No Load 0.18 mA/MHz | Max | Outputs Open (Note 1)
(Note 2) OEAB = OEBA = GND
One bit toggling, 50% duty cycle
(Note 1)
Note 1: For 8 outputs toggling, Iccp < 1.4 mA/MHz.
Note 2: Guaranteed, but not tested.
DC Electrical Characteristics (soic package)
Conditions
Symbol Parameter Min . Typ Max | Units | Vcc CL = 50 pF, R, = 5000
Vorp Quiet Output Maximum Dynamic VoL 0.6 0.8 \' 50 | Ta = 25°C(Note1)
VoLv Quiet Output Minimum Dynamic Vo -12 -09 Vv 50 | Ta = 25°C(Note1)
Vorv Minimum High Level Dynamic Output Voliage 25 3.0 \) 50 | Ta = 25°(Note3)
ViHD Minimum High Level Dynamic Input Voltage 2.2 1.8 Vv 50 | Ta = 25°C(Note2)
ViLo Maximum Low Level Dynamic Input Voltage 0.8 0.4 \ 50 | Ta=25C(Note2)

Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven 0V to 3V. One output at LOW. Guaranteed, but not tested.

Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (V;_p), OV to threshold (Viup):
Guaranteed, but not tested.

Note 3: Max number of outputs defined as (n). n — 1 data Inputs are driven 0V to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics (soic and ssop packagé): See Section 2

74ABT 54ABT 74ABT

Ta = +25°C Ta = —565°Cto +125°C| Tp = —40°Cto +85°C El
Symbol Parameter Vge = +56.0V Veec = 4.5V=-5.5V Vec = 4.5V=-5.5V Units Ng.

. CL = 50pF CL = 50 pF CL = 50pF :

Min Typ Max Min Max Min Max

frmax Max Clock Frequency 200 200 MHz
tPLH Propagation Delay 15 3.0 4.9 1.5 4.9 ns 1235
tpyL  |Clock to Bus 1.5 3.4 49 1.5 4.9 ’
tPLH Propagation Delay 1.5 2.6 4.5 1.5 4.5 ns 1235
tpHL  |BustoBus 1.5 3.0 45 1.5 45 ’
teLH Propagation Delay 1.5 3.0 5.0 1.5 5.0 ns 235
tpHL  |SBAorSABto Apto By, 1.5 3.4 5.0 1.5 5.0 ’
tpz  |Enable Time 15 33 5.5 15 55 s | 24
tpz. . |OEBAor OEABto AjorB,| 1.5 3.7 5.5 1.5 55
tpyz |Disable Time 1.5 3.7 6.0 1.5 6.0 ns | 24
tp.z |OEBAor OEABtoAporB,| 1.5 3.3 6.0 1.5 6.0
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AC Operating Requirements: seo section 2 for Waveforms

0289

74ABT 54ABT 74ABT
Ta = +25°C Ta = —55°Cto +125°C Ta = —40°C to +85°C . Fi
Symbol Parameter Vce = +5.0V Vce = 4.5V-5.5V Vece = 4.5V=-5.5V Units Ng.
CL = 50 pF CL = 50 pF C.. = 50 pF .
Min Max Min Max Min Max
ts(H) Setup Time, HIGH
ts() |or LOW Bus to Clock 15 15 ns |2:6
ty(H)  [Hold Time, HIGH
t4()  |or LOW Bus to Clock 10 1.0 ns |26
tw(H) [Pulse Width,
tw(l) |HIGH or LOW 30 3.0 ns |23
Extended AC Electrical Characteristics (soic package): See Section 2 for Waveforms
74ABT 74ABT 74ABT
Ta = —40°Cto +85°C | Tp = —40°Cto +85°C. | Ta = —40°Cto +85°C
Vcec = 4.5V=-5.5V Vce = 4.5V-5.5V Vee = 4.5V-5.5V Fi
Symboal Parameter CL = 50 pF CL = 250 pF CL = 250 pF Units Ng'
8 Outputs Switching 1 Output Switching 8 Outputs Switching )
(Note 4) (Note 5) (Note 6)
Min Max Min Max Min Max
tpLH Progagation Delay 1.5 5.5 2.0 7.5 25 10.0 ns | 235
tpHL Clock to Bus 1.5 5.5 2.0 75 25 10.0 ’
tpLH Progagation Delay 1.5 6.0 2.0 7.0 25 9.5 ns |23 5
tPHL Bus to Bus 1.5 6.0 2.0 7.0 25 9.5 !
tPLH Progagation Delay 1.5 6.0 20 7.5 25 10.0
tPHL SBA or SAB to 1.5 6.0 2.0 7.5 25 10.0 ns | 23,5
AporBp
tpzH Output Enable Time 1.5 6.0 2.0 8.0 2.5 11.5
tpzL OEBA or OEAB to 1.5 6.0 2.0 8.0 25 11.5 ns 2-4
AnorBp
tPHZ Output Disable Time 1.5 6.0
tpLz OEBA or OEAB to 1.5 6.0 (Note 7) (Note 7) ns 2-4
AnorBp

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.). .

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

" Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE delay times are dominated by the RC network (50092, 250 pF) on the output and has been excluded from the datasheet.
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Skew (soic Package)

74ABT 74ABT
Ta = —40°C to +85°C Ta = —40°C to +85°C A
Vce = 4.5V-5.5V Vee = 4.5V-5.5V Units Fig.
Symbol Parameter CL = 50pF CL = 250 pF No.
8 Outputs Switching 8 Outputs Switching
(Note 3) (Note 4)
Max Max

tosHL Pin to Pin Skew g
(Note 1) | HL Transitions 13 25 ns | 215
tosLH Pin to Pin Skew
(Note 1) | LH Transitions 10 20 ns | 215
tps Duty Cycle
(Note 5) | LH~HL Skew 20 40 216
tosT Pin to Pin Skew
(Note 1) | LH/HL Transitions 20 40 ns | 219
tpy Device to Device Skew
(Note 2) | LH/HL Transitions 25 45 ns |22

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tosHL). LOW to HIGH {tosLn), or any combination switching LOW to HIGH and/or HIGH to LOW .
(tosT)- This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.).

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. : )

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.

Capacitance
" Conditions
Symbol Parametgr Typ Units (Ta = 25°C)
CiN Input Capacitance 5.0 pF Vce = OV (non /0 pins)
Cyiso (Note 1) 1/0 Capacitance 11.0 pF Vce = 5.0V (A, Bp)

Note 1: Cy;p is measured at frequency, f = 1 MHz, per MIL-STD-883D, Method 3012.

tpLH Vs Temperature (Tp)
CL = 50 pF, 1 Output Switching

tpHL Vs Temperature (Ta)
C = 50 pF, 1 Output Switching

Clock to Bus Clock to Bus

6.00 6.00 -

5.00 == 5.00 e
Max Max

4.00 Typ @ 45V___ 4.00 Typ @ 4.5V =

3.00 e ——" 3.00 Typ @ 5.5V

Typ @ 55V

2.00 2,00

1.00 Min 1.00 Min

0.00 ©0.00

-550C  -409C  +25°C  +85°C  +125°C -559C  -400C  +25°C  +85°C +125°C

TL/F/11612-16 TL/F/11512-17
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tpLH vs Temperature (Ta)
CL = 50 pF, 1 Output Switching

Bus to Bus
6.00
5.00 A TR
4.00
Typ @ 4.5V
3.00 == —
2.00 Typ @ 5.5V
1.00 Min
0.00
-550C  -40°C  +25°C  +859C +125°C
TL/F/11512-18
tpLH vs Temperature (Ta)
CL = 50 pF, 1 Output Switching
SBA or SAB to A or B
6.00
Max
5.00 ————e———
4.00 Typ @ 4.5V ___
3.00 == =
Typ @ 5.5V
2.00
1.00 Min
0.00
-550C  -409C  +259C  +85°C +125°C
TL/F/11512-20
tpLy vs Load Capacitance
1 Output Switching, Tp = 25°C
Clock to Bus
8.00
4
e
6.00 ,"__— Typ @ 4.5!7

Lo

--ﬁ_,—

4.00 -
o = =" Typ @ 5.5V

2.00 o —— =
=" Min

0.00

S50 pF 150 pF 200pF  250pF

TL/F/11512-22

100 pF

6.00
5.00

4.00

3.00

2.00

1.00

0.00

6.00
5.00

4.00

3.00

2.00

1.00

0.00

8.00

6.00

4.00

2.00

0.00

tpHL vs Temperature (Ta)
CyL = 50 pF, 1 Output Switching
Bus to Bus
I g 'Y S
Typ@ 45V _
Typ @ 5.5
—— =
-559C  -40°C  +25°C  +85°C +125°C

TL/F/11512-19

tpHL vs Temperature (Ta)
CL = 50 pF, 1 Output Switching

SBA or SAB to A, or B,
Max
Typ @ 4.5V
-—
i Typ @ 5.5V
= =]
-559C  -40°C  +25°C  +85°C  +125°C
. TL/F/11512-21
tpyL vs Load Capacitance
1 Output Switching, Tp = 25°C
Clock to Bus
Max_ =" ]
____——’ Typ @ 4.5V
Lw=="T"""Typ @ 5.5V
——
L s s S o S— --m
50pF  100pF  150pF  200pF  250pF

TL/F/11512-23
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tpLH vs Load Capacitance
1 Output Switching, T4 = 25°C

Bus to Bus
8.00
Max _L==""1
6.00 L
La=="TTyp @ 4.5V _ o=
-
4.00 - | -
. L —
L = " TTyp @ 5.5V
2,00 B m————
== Min
0.00
50pF  100pF  150pF  200pF 250 pF
TL/F/11512-24
tpLH vs Load Capacitance
1 Output Switching, T4 = 25°C
" SBA or SAB to A, or B,
8.00
Mex_ _ L
6.00 S .
- Typ @ 4.5V =
b e _/
4.00 TG
| = yp @ 5.5Y
2.00 B Ep——
== Min
0.00

50 pF 100 pF

150 pF 200 pF 250 pF
TL/F/11512-26

tpLy Vs Load Capacitance
8 Outputs Switching, Tp = 25°C

Clock to Bus
12.00
10.00 Wax| ==
- .5\[
8.00 PPTS i =lyp @ A2
6.00 = "—/-‘,/7 =
[ =T =T Tp@ssv
4.00 —f=="11
2.00 —o e — s i = 2
Min
0.00
S0pF  100pF  150pF  200pF  250pF

TL/F/11512-28

tpHL vs Load Capacitance
1 Output Switching, Tp = 25°C

Bus to Bus
8.00
Max - ’
6.00 ____—" N
- P
-__—’—— _IYP@ s
400 == Typ @ 5.5V
2.00  ———
a— Min
0.00
50pF  100pF - 150pF  200pF  250pf
TL/F/11512-25
tpHL vs Load Capacitance
1 Output Switching, Tp = 25°C
SBA or SAB to A, or B,
8.00
Max _fw = =" i
6.00 Y Ll
I IR =
o p—— Typ @ 5.5V
4.00 — =T
e
2.00 — e
== Min
0.00
50pF  100pF  150pF  200pF  250pF
: TL/F/1512-27
tpHL vs Load Capacitance
8 Outputs Switching, Ty = 25°C
Clock to Bus
12.00
10.00 Ve oo
. 2 a.5Y,
8.00 .t 'W—P @ 4,
- -
6.00 -1 —/—"‘/l’yp@ 5.5V
4.00
2.00 —oemare— e T
o — Min
0.00
50 pF 100 pF 150 pF 200pF  250pF

TL/F/11512-29
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12.00
10.00
8.00
6.00
4.00
2.00

0.00

12.00
10.00
8.00
6.00
4.00
2.00

0.00

7.00
6.00
5.00
4.00
3.00
2.00
1.00

0.00

tpLH vs Load Capacitance
8 Outputs Switching, Tp = 25°C

Bus to Bus
Max -
= ;\4
- Q@ A. _7“
e e - . %’_
el =
— Y
50 pF 100 pF 150 pF 200pF  250pF
TL/F/11512-30
tpLH vs Load Capacitance
8 Outputs Switching, Ty = 25°C
SBA or SAB to A or B,
Max| ==~
- @ 4.5Y
= Ty & U
P e WO
[
T e sy
== Min
50 pF 100pF  150pF  200pF  250pF
TL/F/11512-32
tpz1 vs Temperature (Ta)
_CL = 50 pF, 1 Output Switching
hm e | = M
Typl@ 4.5V
—= 5 ——
Typ @ 5.5V
_ Min
-559C  -40°C  +25°C  +85°C +125°C

TL/F/11512-34

tpHL vs Load Capacitance
8 Outputs Switching, Tp = 25°C

Bus to Bus
12.00
10.00
Max| = ="
Ykl
8.00 == L
——— 2
=" \!&L—.r\-/ryp@ 5.5V
6.00 —a=
/———
4.00
2.00 o — e o
= Min
0.00
50pF  100pF  150pF  200pF  250pF
TL/F/11512-31
tpHL vs Load Capacitance
8 Outputs Switching, Tp = 25°C
SBA or SABto A,orB,
12.00
10.00 vzl =7 =
— @ 4.5
8.00 Jo=== Typ
- - S5V
6.00 === Typ @ 5.5
="
4.00
2.00 ——— b= ——————T
= Min
0.00
50pF  100pF  150pF  200pF  250pF
TL/F/11512-33
tpLz vs Temperature (Tp)
CL = 50 pF, 1 Output Switching
7.00
Max
6.00 - - -
5.00
Typ @ 4.5V
4.00 g —
e e et—"""Typ @ 5.5V
3.00
2.00 I B 1}.1
1.00
0.00
-550C  -409C  +25°C  +85°C +125°C

TL/F/11512-35
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8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00

0.00

8.00
7.00
6.00
5.00
4.00
3.90
2.00
1.00

0.00

8.00
7.00
6.00
5.00
4.00
3.00
2,00
1.00
0.00

tpzy vs Temperature (Ta)
CL = 50 pF, 1 Output Switching

Lo e | = MEY]
Typ @ 4._5_V_J
N —
Typ @ 5.5V
b - MiD
-550C  -40°C  +259C  +85°C +125°C
TL/F/11512-36
tpzH vs Temperature (Tp)
CL = 50 pF, 8 Outputs Switching
S IR L2 S
- Typ @ 75.‘7
- Typ @ 5.5V
R 1. |, R —
-40°C +25°C +85°C
TL/F/11512-38
tpzL vs Temperature (Tp)
CL = 50 pF, 8 Outputs Switching
Max
Typ @ 4.5‘_/_
Typ @ 5.5V
_Min
-40°C +25% +85°C

TL/F/11512-40

tpHz vs Temperature (Tp)
Cp = 50 pF, 1 Output Switching
8.00
7.00
6.00 - ] MEX
5.00 :
Typ @ 4.5V
4.00 !
—--———-——-- i
3.00 Typ @ 5.5V
200 IR N—_1
1.00
0.00
-550C  -409C  +25°C  +85°C +125°C
TL/F/11512-37
tpHz vs Temperature (Tp)
C_ = 50 pF, 8 Outputs Switching
8.00
7.00
6.00 —--------—--l-‘-a:-—----—-
500 Ty @ 4.5V
yp @ 4.
£.00 — [l —
- 5.5V
3.00 Tye ©
2.00 Min
1.00
0.00
-40°C +25°C +85°C
TL/F/11512-39
tpLz vs Temperature (Ta)
C = 50 pF, 8 Outputs Switching
8.00
7.00 -
Max
6.00 —f= o o - -]
5.00
Typ @ 4.5V
4.00 — 1P
——— — et
3.00 Typ @ 5.5V ]
2.00 Min
1.00 -
0.00
-40°C +25°C +85°C

- TL/F/11512-41
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tpzL vs Load Capacitance tpzy vs Load Capacitance
8 Outputs Switching 8 Outputs Switching
Ta = 25°C Ta = 25°C
12.00 12.00 -
- -
10.00 f“l@’;su; 10.00 - Maxl. -
I -T2 =7 Typ'@ 4.5V
8.00 e ;fr’/ 8.00 S —— =
- - -l -
P - Typ @ 5.5V - - 1
§.00 = e 6.00 =T e T e
—— - L —T Typ @ 5.5V
4.00 4,00 —="]
2.00 -t e i = T 2.00 T ——m
= Min - Nin
0.00 0.00
50pF  100pF  150pF  200pF  250pF 50pF  100pF  150pF  200pF  250pF
TL/F/11512-42 TL/F/11512-43
tpLy and tpyr vs Number Output Switching tpLy and tpy vs Number Output Switching
Vce = 5V, Ta = 25°C,C = 50 pF Vece = 5V, Ta = 25°C,C = 50 pF
Clock to Bus Bus to Bus
6.00 X e o 6.00 T
5.00 e e 5.00 e
) PAC Typ_ - — ) L == tPHL Typ. _ _ et
.00 —" = .00 =
— - - ——— - - p——
[ == =T "tPLH Typ. __——‘:—:_.. m"tPLH Typ.
3.00 3.00 ~—==
2.00 - 2.00
1.00 Min 1.00 Min
0.00 0.00
1 Output 4 Outputs 8 Outputs 1 Output 4 Outputs 8 Outputs
TL/F/11512-44 TL/F/11512-45

tpLH and tpyy vs Number Output Switching
Vce = 5V, Ta = 25°C, C = 50 pF
SBA or SAB to A, or B,

-
e —-——

6.00

e

5.00 P

4.00 —— R —
- ——_'—- -
e tPLH Typ.

3.00 F—=
2.00
1.00 I "
0.00
1 Output 4 Outputs 8 Outputs

TL/F/11512-46
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@National

Semiconductor

54ABT/74ABT899 |
9-Bit Latchable Transceiver

PRELIMINARY

with Parity Generator/Checker

General Description

The 'ABT899 is a 9-bit to 9-bit parity transceiver with trans-
parent latches. The device can operate as a feed-through
transceiver or it can generate/check parity from the 8-bit
data busses in either direction.

The 'ABT899 features independent latch enables for the
A-to-B direction and the B-to-A direction, a select pin for
ODD/EVEN parity, and separate error signal output pins for
checking parity.

Features

B Latchable transceiver with output sink of 64 mA

m Option to select generate parity and check or “feed-
through™ data/parity in directions A-to-B or B-to-A

m Independent latch enables for A-to-B and B-to-A direc-
tions

m Select pin for ODD/EVEN parity

m ERRA and ERRB output pins for parity checking

m Ability to simultaneously generate and check parity

m May be used in systems applications in place of the
'543 and 280

m May be used in system applications in place of the '657
and '373 (no need to change T/R to check parity)

® Guaranteed output skew

m Guaranteed multiple output switching specifications

m Output switching specified for both 50 pF and 250 pF
loads .

m Guaranteed simultaneous switching noise level and dy-
namic threshold performance

B Guaranteed latchup protection

m High impedance glitch free bus loading during entire
power up and power down cycle

m Nondestructive hot insertion capability

& Disable time less than enable time to avoid bus conten-
tion

Ordering Code: see section 11
Connection Diagrams

Pin Assignment for PCC
Ay Ag As Ay As Ay Ay
[0 9 [3] [a]8)]

APAR @4
GBA @ 3LEa
GND [@ [2] ERRA

ERRB [ [T opD/EVEN
SE Vec
LEB EAGAB

BPAR 8,

[isl 29 (21 23 5 e 3

By Bs Bs By By By By
TL/F/11509-2

Pin Assignment for
DIP, SOIC and Flatpak
U B
©ODD/EVEN =11 28 k=~ Voo
ERRA —{ 2 27 |~ A8
LEA —{3 26 |~ 8y
Ay—{4 25 L-B|
Ay =15 2418,
P 23|~By
a—17 22|~8,
I b 21 =By
As—9 20|~
A =410 19}~8,
Ay =11 18 =~ BPAR
APAR —{12 17}~Les
GBA =113 16 |~ SEL
oND —J14 15 |~ ERRB

TL/F/11509-1

Pin Names Description
Ag-Az A Bus Data Inputs/Data Outputs
Bo-B7 B Bus Data Inputs/Data Outputs
APAR, BPAR A and B Bus Parity Inputs/Outputs
ODD/EVEN ODD/EVEN Parity Select, Active LOW for EVEN Parity
GBA, GAB Output Enables for A or B Bus, Active LOW
SEL Select Pin for Feed-Through or Generate Mode, LOW for Generate Mode
LEA, LEB Latch Enables for A and B Latches, HIGH for Transparent Mode
ERRA, ERRB Error Signals for Checking Generated Parity with Parity In, LOW if Error Occurs
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H He H — Bus A (B) communicates to Bus B (A) in a feed-through
Functional Desc_n_ptlon ) . mode if SEL is HIGH. Parity is stil generated and
The "ABT899 has three principal modes of operation which checked as ERAA and ERAB in the feed-through mode
are outlined pelow. These modes apply to both the A-to-B (can be used as an interrupt to signal a data/parity bit
and B-to-A directions. error to the CPU).

— Bus A (B) communicates to Bus B (A), parity is generat- — Independent Latch Enables (LEA and LEB) allow other
ed and pasged on to the B (A) Bus as BPAR (APAR)- If permutations of generating/checking (see Function Ta-
LEB (LEA) is HIGH and the Mode Select (SEL) is LOW, ble below).

the parity generated from B[0:7] (A[0:7]) can be
checked and monitored by ERRB (ERRA).

Function Table

Inputs

— Operation
GAB | GBA | SEL | LEA | LEB
H H X X X | Busses A and B are TRI-STATE®.
H L L L H | Generates parity from B{0:7] based on O/E (Note 1). Generated parity

— APAR. Generated parity checked against BPAR and output as
ERRB.

H L L H H | Generates parity from B[0:7] based on O/E. Generated parity —>
APAR. Generated parity checked against BPAR and output as ERRB.
Generated parity also fed back through the A latch for generate/check
as ERRA.

H L L X L | Generates parity from B latch data based on O/E. Generated parity
—> APAR. Generated parity checked against latched BPAR and
output as ERRB. .

H L H X H | BPAR/B[0:7] —> APAR/AO0:7] Feed-through mode. Generated parity
checked against BPAR and output as ERRB.

H L | H| H | H [BPAR/B[0:7) —> APAR/A[0:7]

Feed-through mode. Generated parity checked against BPAR and
output as ERRB. Generated parity also fed back through the A latch for
generate/check as ERRA.

L H L H L | Generates parity for A[0:7] based on O/E. Generated parity —>
BPAR. Generated parity checked against APAR and output as ERRA.

L H L H H | Generates parity from A[0:7] based on O/E. Generated parity —

: BPAR. Generated parity checked against APAR and output as ERRA.
Generated parity also fed back through the B latch for generate/check
as ERRB.

L H L L X | Generates parity from A latch data based on O/E. Generated parity
—> BPAR. Generated parity checked against latched APAR and
output as ERRA.

L H | H| H [ L |APAR/A[0:7] — BPAR/BI[0:7]
Feed-through mode. Generated parity checked against APAR and
output as ERRA.

L H H H H | APAR/A[0:7] — BPAR/BI[0:7]

Feed-through mode. Generated parity checked against APAR and
output as ERRA. Generated parity also fed back through the B latch for
generate/check as ERRB. :

H = HIGH Voltage Level
L = LOW Voltage Level
. X = Immaterial

Note 1: O/E = ODD/EVEN
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Functional Block Diagram

GAB OF
. 9-bit
Output
9-bit Buffer
TRANSPARENT
LATCH
LEA LE
b— By
Af‘ 1 PARITY mux -y
I GENERATOR | B,
Ay :3
A 3
Ag Bs
:* 5
7
APAR BPAR
3
9-bit 9-bit
Output TRANSPARENT
Buffer LATCH
— )
— — I LE
GBA —————L—‘ -
mux f PARITY
GENERATOR -
SEL ERRA
De— ERRB
0DD/EVEN
LEB

TL/F/11509-5
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[7-1
Absolute Maximum Ratings (Note 1) ©
If Military/Aerospace specified devices are required, Current Applied to Output
please contact the National Semiconductor Sales in LOW State (Max) twice the rated lg|_ (mA)
Office/Distributors for availability and specifications. DC Latchup Source Current —500 mA
Storage Temperature —65°Cto +150°C Over Voltage Latchup (1/0) 10V
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias Recommended Operating
Ceramic —55°Cto +175°C HT
Plastic -55°Cto +150°C Con,dltlo_ns
Vee Pin Potential t Free Air Ambient Temperature
& oandpin 05V 10 +7.0V Military . —55°Gto +125°C
round Fin -5Vio +7. Commercial -40°Cto +85°C
Input Voltage (Note 2) —-0.5Vto +7.0V Supply Voltage
Input Current (Note 2) —30mAto +5.0mA Military +4.5Vto +5.5V
Voltage Applied to Any Output . Commercial .+4.5Vto +5.5V
in the Disable or Power-Off State —0.5Vto +5.5V Minimum Input Edge Rate (AV/At)
in the HIGH State —0.5VtoVee Data Input 50 mV/ns
Note 1: Absolute maximum ratings are values beyond which the device may Enable Input 20 mV/ns
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current fimit is sufficient to protect inputs.
DC Electrical Characteristics
ABT899
Symbol Parameter Units Vee Conditions
Min Typ Max

VIH Input HIGH Voltage 2.0 Vv Recognized HIGH Signal

ViL Input LOW Voltage 0.8 1 Recognized LOW Signal

Vecb Input Clamp Diode Voltage -1.2 Vv Min |y = —18 mA (Non i/O Pins)

VoH Output HIGH Voltage 54ABT/74ABT| 2.5 loH = —3mA, (A, Bn, APAR, BPAR)
54ABT 2.0 \ Min |loy = —24 mA, (An, Bn, APAR, BPAR)
74ABT 2.0 loq = —32mA, (A, Bn, APAR, BPAR)

VoL Output LOW Voltage 54ABT 0.55 v Min loL = 48 mA, (Ap, Bp, APAR, BPAR)
74ABT 0.55 loL = 64 mA, (A, Bn, APAR, BPAR)

Vip Input Leakage Test lip = 1.9 pA, (Non-1/0 Pins)

475 v 0.0 |’All Other Pins Grounded
[ Input HIGH Current 5 pA Max |ViN = 2.7V or Vg (Non-1/0 Pins)
lgvi Input HIGH Current V|N = 7.0V (Non-1/0 Pins)
Breakdown Test 7 A Max
IBVIT Input HIGH Current Vin = 5.5V (A, By, APAR, BPAR)
Breakdown Test (1/0) 100 | pA | Max |77

I Input LOW Current -5 pA Max |ViN = 0.5V or OV (Non-1/0 Pins)

iy + lozr|Output Leakage Current 50 pA  |OV-5.5V(Vour = 2.7V (An. Bp):
GAB and GBA = 2.0V

IiL + loze {Output Leakage Current -50 pA  [OV-5.5V|VoyT = 0.5V (An, Bp);
- GAB and GBA = 2.0V

los Output Short-Circuit Current —100 —275 mA Max |Vourt = 0V (Ap, By, APAR, BPAR)

lcex Output HIGH Leakage Current 50 pA Max |Vourt = Vce (An, Bn, APAR, BPAR)

Izz Bus Drainage Test 100 MA 0.0V |Vourt = 5.5V (An, Bn, APAR, BPAR);

All Others GND
lccH Power Supply Current 100 pA Max |All Outputs HIGH
lcoL Power Supply Current 34 mA Max | All Outputs LOW
lccz Power Supply Current 100 pA Max |Outputs TRI-STATE
All Others at Vg or GND

lcct Additional Icc/Input 25 mA Max |V| = Vgg — 2.1V
All Others at Vg or GND

lcco Dynamic Icc No Load 0.18 [mA/MHz| Max |Outputs Open

(Note 2) GAB or GBA = GND,
Non-1/0 = GND or Vgo
One bit toggling, 50% duty cycle
Note 2: Guaranteed, but not tested.
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. DC Electrical Characteristics (pLcc package)

Symbol Parameter Min Typ Max | Units | Vgce CL= 5(20:;1, itFi:-n: 5000
VoLp Quiet Output Maximum Dynamic Vo 0.8 1.0 \ 5.0 | Ta = 25°C (Note 1)
Vorv Quiet Output Minimum Dynamic Vg -12 -08. \ 5.0 | Ta = 25°C (Note 1)
Vorv Minimum High Level Dynamic Output Voltage 25 3.0 \ 50 | Ta = 25°C (Note 3)
ViHD Minimum High Level Dynamic Input Voltage 20 1.7 \ 50 | Ta = 25°C(Note2)
ViLo Maximum Low Level Dynamic Input Voltage 1.2 0.8 \ 50 | Ta = 25°C(Note2)

Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested.

Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (V| p), OV to threshold (Vinp).
Guaranteed, but not tested. .

Note 3: Max number of outputs defined as (n). n ~ 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics (pLcc package): See Section 2 for Waveforms

74ABT 54ABT 74ABT
Ta = +25°C Ta = —55°Cto +125°C Ta = —40°Cto +85°C Fi
Symbol Parameter Vec = +5.0V Vee = 4.5V=-5.5V Vee = 4.5V-5.5V Units Ng.
CL = 50 pF CL = 50 pF CL = 50 pF ’

Min Typ Max Min Max Min Max
tPLH Propagation Delay 1.0 4.9 1.0 4.9 ns |2:3.5
tpHL  |Ans APAR to B, BPAR 1.0 4.6 1.0 4.6 ’
tpLH Propagation Delay 3.0 9.0 3.0 9.0 ns |2:3.5
teHL  [An, Bn to BPAR, APAR 2.5 7.5 25 7.5 '
tPLH Propagation Delay 2.8 8.2 2.8 8.2 ns |2.3.5
tpHL  [An, Bnto ERRA, ERRB 2.8 8.1 2.8 8.1 !
tpLH Propagation Delay 1.0 5.3 1.0 5.3 ns |2-3.5
tpHL.  |APAR, BPAR to ERRA, ERRB| 1.0 55 1.0 55 ’
tPLH Propagation Delay 2.0 75 2.0 7.5 ns |2-3.5
tpnL  |ODD/EVEN to APAR, BPAR | 2.0 7.8 2.0 7.8 ’
tPLH Propagation Delay 1.8 6.8 1.8 6.8 ns |23 5
tpHL ODD/EVEN to ERRA, ERRB | 1.8 7.3 1.8 7.3 !
tpLH Propagation Delay ’ 1.0 5.3 1.0 5.3 ns |2.3 5
tPHL SEL to APAR, BPAR 1.0 4.8 1.0 4.8 ’
tPLH Propagation Delay 1.0 4.9 1.0 4.9 ns |2-35
tPHL LEA, LEB to B, A, 1.0 48 1.0 4.8 !
tPLH Propagation Delay 1.5 9.5 1.5 9.5 ns |23 5
tPHL LEA, LEB to BPAR, APAR 1.5 8.3 1.5 8.3 !
tpLH Propagation Delay 1.6 8.4 1.6 8.4 ns |28 5
tPHL LEA, LEB to ERRA, ERRB 1.6 9.2 1.6 9.2 ’
tpzH Output enable time 1.0 6.0 1.0 6.0 ns | 2.4
tpzL GBAorGABto Ap, 13 6.0 13 6.0

APAR or By, BPAR ’ ’ ’ ’
tpHz QOutput disable time 0.5 5.5 0.5 5.5 ns | 2.4
tpLz GBA or GAB to Ap, 05 5.5 05 55
APAR or B, BPAR ’ ’ ’ ’
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AC Operating Requirements: sce section 2 for Waveforms

74ABT 54ABT 74ABT

Ta = +25°C Ta = —55°Cto +125°C Ta = —40°C to +85°C Fi
Symbol Parameter Vge = +5.0V Ve = 4.5V=-5.5V Vee = 4.5V=-5.5V Units Ng-

CL = 50pF CL = 50 pF CL = 50 pF )

. Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW A, 2.0 ns |26
ts(L) APAR to LEA or B,, BPAR to LEB 1.5
tH(H) Hold Time, HIGH or LOW A, 1.5 ns | 2.6
tu(L) APAR to LEA or B, BPAR to LEB 1.0
tw(H) |Pulse Width, HIGH '
LEA or LEB 30 ns 23
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EXtended AC Electrical Characteristics (pLcc package)

74ABT 74ABT 74ABT
Ta = +25°C Ta = —55°Cto +125°C | Tp = —40°C to +85°C
Vee = +5.0V Vee = 4.5V-5.5V Vce = 4.5V=-5.5V Units Fi
Symbol Parameter Cp = 50 pF CL = 250 pF: Cp = 250 pF Ng.
9 Outputs Switching 1 Output Switching 9 Outputs Switching :
(Note 4) (Note 5) (Note 6)
Min Typ Max Min Max ‘Min Max

floggle | Max Toggle Frequency ' MHz
tPLH Propagation Delay
toiL  |An APAR to By, BPAR ns 23,5
tpLH Propagation Delay :
touL | An Bn to BPAR, APAR ns 23,5
tpiq  |Propagation Delay ns |23 5
tPHL An, By to ERRA, ERRB ’
tpLH Propagation Delay ns 12-3.5
tPHL APAR, BPAR to ERRA, ERRB '
tPLH Propagation Delay ns |2-3.5
tPHL ODD/EVEN to APAR, BPAR ’
tPLH Propagation Delay ns |23 5
tPHL ODD/EVEN to ERRA, ERRB !
tPLH Propagation Delay
oy |SEL to APAR, BPAR ns 23,5
teLH Propagation Delay X
touL  |LEA, LEB to By, An ns 23,8
tpLH Propagation Delay ns |2:3,5
tPHL LEA, LEB to BPAR, APAR
tpLH Propagation Delay ns |2:3,5
tPHL LEA, LEB to ERRA, ERRB
tpzH Output enable time
tpzL GBA or GAB to A, ns | 2-4

APAR or B, BPAR
tpHZ Output disable time
tpLz GBA or GAB to Ap, (Note 7) (Note 7) ns | 2-4

APAR or B, BPAR

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.).

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE delay time is dominated by the RC network (50082, 250 pF) on the output and has been excluded from the datasheet.
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Skew (PLCC package) (Note 3)

74ABT 74ABT
Ta = —40°C to +85°C Ta = —40°Cto +85°C
Vce = 4.5V-5.5V Vce = 4.5V-5.5V Units | F19-
Symbol Parameter CL = 50 pF CL = 250 pF No.
9 Outputs Switching 9 Outputs Switching
(Note 3) (Note 4)
Max Max
tosHL Pin to Pin Skew
3 3 .
(Note 1) | HL Transitions ! 23 ns 215
tosLH Pin to Pin Skew
.0 .8 -
(Note 1) | LH Transitions 1 1 ns | 215
tps Duty Cycle
(Note 5) | LH-HL Skew 20 35 ns | 2-16
tosT Pin to Pin Skew .
(Note 1) | LH/HL Transitions 20 85 ns | 219
tpv Device to Device Skew g
(Note 2) | LH/HL Transitions 20 85 ns | 222

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (togn(), LOW to HIGH (togH), or any combination switching LOW to HIGH and/or HIGH to LOW

(tosT)- This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V¢g) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,

HIGH-to-LOW, etc.).

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in

the standard AC load.

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.

Capacitance
. Conditions
Symbol Parameter Typ Units Ta =.25°C
CiN Input Pin Capacitance 5.0 pF Vce = 0V
Ciso (Note 1) Output Capacitance 11.0 pF Voo = 5.0V

Note 1: C/o is measured at frequency, f = 1 MHz, per MIL-STD-883B, Method 3012.
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AC Path
SEL 4
An, APAR
(Bn, BPAR) INPUT
Bn, BPAR
(An, APAR) OUTPUT
TPLH TPHL
An, APAR — By, BPAR TL/F/11509-6
(Bn, BPAR —> Ap, APAR)
FIGURE 3
__ 0
SEL
_ 0
o/E
LEA
(LEB)
“[°’7} 0DD PARITY )( EVEN PARITY ' >< DD PARITY INPUT
(8[0:7]
BPAR
(APAR) ouTPUT
An = BPAR le——TPHL |e——TPLH
(B, —> APAR) TL/F/1509-7
FIGURE 4
0
o/E
APAR O
(BPAR)
LEA 4
(LEB)
"[0:7} 0DD PARITY >( EVEN PARITY )( 0DD PARITY INPUT
- (8[0:7]
ERRA
ERRE) OUTPUT
A, — ERAA le——TPLH |e——TPHL
(B, — ERRB) TL/F/11509-8
FIGURE 5
APAR
(BPAR)
Af0:7 .
(5[0;7]} X EVEN PARITY INPUT
0/E / \ / INPUT
ERRA
e OUTPUT
O/ — ERFA TPLH — TPHL
O/E — ERRB TL/F/11509-9
FIGURE 6

5-84




AC Path (Continued)
0

SEL

APAR O

(BPAR)

(@torl) X

EVEN PARITY

INPUT

o/t I NPT
( A[:;‘;R) _ OUTRUT
O/ — BPAR TPLH ——I — TPHL
(O/E — APAR) : TL/F/11509-10
FIGURE 7
0
0/t
(B?([D"’;H e EVEN PARITY INPUT
APAR
(BPAR) INPUT
(Ei'g;“ OUTPUT
APAR —» EFFX TPLH TPHL
(BPAR — ERRB) FIGURE 8 TL/F/11509-11
1
o/E
APAR
(BPAR) o
Al0:7
(B[([>-7]§ EVEN X 00D X EVEN
(L"E%‘; INPUT
ERRB
(ERRR) L OUTPUT
L—TPLH TPHL:
TL/F/11509-12
FIGURE 9
SEL
(GGT‘;E; T INPUT
BPAR, B[0:7] T o3v
(APAR, A[0:7]) OUTPUT
TPHZ ——l TPZH
ZH, HZ TL/F/11509-13
FIGURE 10
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AC Path (continued)

SEL
1

GAB

G e/

BPAR, B[0:7]
(APAR, A[0:7])

L1z

o/E

T INPUT

TPLZ —

‘ OUTPUT
0.3V
TPZL

FIGURE 11

TL/F/11509-14

" APAR ©

(BPAR)

Afo:7
(8[0:7]

EVEN PARITY ) INPUT

SEL

BPAR
(APAR)

SEL — BPAR
(SEC — APAR)

o

¢ \ / INPUT

OUTPUT

TPHL

TL/F/11509-15

FIGURE 12

0/E

A[0:7], APAR
(B[0:7], BPAR)

LEA
(LEB)

B[0:7], BPAR

(A[0:7], APAR)

LEA ~» BPAR, B[0:7]
(LEB — APAR, A[0:7])

INPUT

TL/F/11509-16

FIGURE 13
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AC Path (Continued)
LEA INPUT
(LEB)
APAR, A[0:7]
(8PAR, B[0:7]) INPUT
TH(H)
TS(H), TH(H) TS(H)
LEA — APAR, A[0:7] TL/F/11509-17
(LEB — BPAR, B[0:7])
FIGURE 14
LEA INPUT
(LEB)
APAR, A[0:7] INPUT
(BPAR, B[0:7])
TH(L)
TS(L), TH(L) Ts(L)
LEA — APAR, A[0:7] TL/F/11509-18
(LEB — BPAR, B[0:7])
FIGURE 15
LEA
(Lev) _// N INPUT
APAR, A[0:7]
(BPAR, B[0:7]) X INPUT
BPAR, A[0:7]
(APAR, B[0:7]) X ouTPUT
™ -1
TL/F/11509-19
FIGURE 16
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2244C

@National

Semiconductor

54ABT/74ABT2244C
Octal Buffer/Line Driver

PRELIMINARY

with 25() Series Resistors in the Outputs

General Description

The 'ABT2244C is an octal buffer and line driver designed
to drive the capacitive inputs of MOS memory drivers, ad-
dress drivers, clock drivers, and bus-oriented transmitters/
receivers. :
The 25Q series resistors in the outputs reduce ringing and
eliminate the need for external resistors.

Features

- ® Guaranteed output skew .

m Guaranteed multiple output switching specifications

m Output switching specified for both 50 pF and 250 pF
loads

W Guaranteed simultaneously switching noise level and
dynamic threshold performance

® Guaranteed latchup protection

®m High impedance glitch-free bus loading during entire
power up and power down cycle

® Nondestructive hot insertion capability

Ordering Code: ses Section 11

Connection Diagrams

Pin Assignment
for DIP, SOIC and Flatpak
[ 1">\/ l“cc
A 4 L
;0—3\——(§ LI ’
l‘ 1 AN =y 17 |°
‘—5—\_ r" b s ¢
(:5'—5'\ — 15 ?‘
yia— N 5
05—7-\——5 14 0,
,__5_\ —3 AL
3 g — 1
07_15_\__(;%03
GND_.\—-Q-———-I7

TL/F/10991-1

forLCC

[ (3] [ (7] [
02 15 0 Iy O

TL/F/10991-2

Pin Names Description
OE;,, OE, Output Enable Input (Active Low)
lo=17 Inputs
0p-07 Outputs
Truth Table
OE; | lo-3 | Op-3 | OFp | l4-7 | O4-7
H X b4 H X z
H H L H H
L L L L L L
H = HIGH Voltage Level X = Immateriat
L = LOW Voltage Level Z = High Impedance
Schematic of Each Output
Vee
Output
GND : TL/F/10991-3
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

DC Latchup Source Current —500 mA
Over Voltage Latchup (1/0) 1o0v

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Ceramic —55°Cto +175°C Recommended Operatmg
V PlaPsitr:chtential to TeRele It Conditions
cc " Free Air Ambient Temperature
Ground Pin —-0.5Vto +7.0V Miltary —55°Cto +125°C
Input Voltage (Note 2) —0.5Vto +7.0V Commercial —40°C to +85°C
Input Current (Note 2) —~30mAto +5.0mA Supply Voltage
Voltage Applied to Any Output Military +4.5Vto +5.5V
in the Disabled or Commercial +4.5Vto +5.5V
Power-off State —0.5Vto 5.5V Minimum Input Edge Rate (AV/AY)
in the HIGH State —0.5Vto Voo Data Input 50 mV/ns
Current Applied to Output Enable Input 20 mV/ns
in LOW State (Max) twice the rated Ig. (mA)
DC Electrical Characteristics
Symbol 7 Parameter ABT2244C Units| V¢ Conditions
v Min Typ Max ce
VIH Input HIGH Voltage 2.0 \" Recognized HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min In= —18mA
VoH Output HIGH 54ABT/74ABT 25 \ Min  |loy = —3mA
Voltage 54ABT 20 V | Mn |lon=—12mA
74ABT 2.0 \' Min  |loq = —32mA
VoL Output LOW 54ABT 0.8 \' Min  [loL=12mA
Voltage 74ABT 08 | V | Mn |lo.=15mA -
iy Input HIGH Current 5 A Max |[Viy=27V
5 . ViN = Vcc
Isvi Input HIGH Current Breakdown Test 7 HA Max [ViN= 7.0V
TR Input LOW Current -5 A Max [V|y=10.5V
-5 | M ViN = 0.0V
Vip Input Leakage Test Ip=19pA
475 v 0.0 All Other Pins Grounded
lozH Output Leakage Current 50 pA |0 —55V|Voyr = 27V; OEn = 2.0V
lozi | Output Leakage Current —50 | wA |0 —5.5V|Vpoyr = 0.5V; OEn = 2.0V
los Output Short-Circuit Current —100 —275| mA Max | Vout = 0.0V
lcex Output High Leakage Current 50- pA Max | Vour = Vcc
122 Bus Drainage Test 100 | pA 0.0 Vout = 5.5V; All Others GND
lccH Power Supply Current 50 nA Max | All Outputs HIGH
lcoL Power Supply Current 30 mA Max | All Outputs LOW
lccz Power Supply Current OEn = Vg
50 A Max All Others atVgc or GND
Icer Additional Outputs Enabled 25 mA V| = Vgc — 2.1V
lcc/Input Outputs TRI-STATE® 25 mA Max | Enable InputVy = Vgg — 2.1V
Outputs TRI-STATE 50 rA Data Input V| = Vg — 2.1V
’ All Others at Vg or GND
lccp Dynamic Icc No Load mA/ Qutputs Open
(Note 2) 0.1 MHz Max OEn = GND(Note 1)
One Bit Toggling, 50% Duty Cycle

Note 1: For 8 bits toggling, Iccp < 0.8 mA/MHz.
Note 2: Guaranteed, but not tested.
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DC Electrical Characteristics (soic package)

Symbol Parameter Min .  Typ Max | Units | Vgc cL= 5000:; Igtn: 5000
VoLp Quiet Output Maximum Dynamic Vg_ 0.5 0.8 v 50 | Ta = 25°C(Note1)
VoLv Quiet Output Minimum Dynamic Vo -05 -03 \ 5.0 | Ta = 25°C(Note 1)
VoHv Minimum High Level Dynamic Output Voltage 2.7 3.1 v 5.0 | Ta = 25°C(Note 3)
VIHD Minimum High Level Dynarnic Input Voltage 20 1.7 \" 50 | Ta = 25°C(Note2)
Vito Maximum Low Level Dynamic Input Voltage 1.2 0.8 \ 5.0 Ta = 25°C (Note 2)

Note 1: Max number of outputs defined as (n). n-1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested.

Note 2: Max number of data inputs (n) switching. n-1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (V| p), OV to threshold (V|yp).
Guaranteed, but not tested.

Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven 0V to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics (soic and SSOP package) : See Section 2 for Waveforms

74ABT 54ABT 74ABT
Ta = +25°C Ta = —55°Cto +125°C Ta = —40°Cto +85°C Fig
Symbol | Parameter Vee = +5V Vee = 4.5V~-5.5V Vee = 4.5V-5.5V Units No.
CL = 50 pF CL = 50 pF C, = 50 pF :
Min Typ Max Min Max Min Max
teLH Propagation. . | 1.0 22 36 1.0 3.6 2-3,5
tr | DelayData |, 54 44 1.0 4.1 ns 23,5
to Outputs ' .
tpzH OutputEnable | 1.6 3.7 - 6.0 | 1.5 6.0 ns -
tpzL Time 15 43 .65 1.5 6.5
tpHz Output Disable | 1.0 3.5 6.0 1.0 6.0 s o4
toz | Time 10 37 56 10 56 n
i isti package) : See Section 2 for Waveforms
Extended AC Electrical Characteristics (soic package) : See Section 2 for Wavet
74ABT 74ABT 74ABT
—40°Cto +85°C Ta = —40°Cto +85°C | To = —40°Cto +85°C
Ve = 4.5V-5.5V \(cc = 4.5V-5.5V Ve = 4.5V-5.5V Fig
Symbol Parameter CL="50pF CL = 250 pF CL = 250 pF Units No.
8 Outputs Switching 1 Output Switching 8 Outputs Switching )
(Note 4) (Note 5) (Note 6)
Min Typ Max Min Max Min Max
ftoggle Max Toggle Frequency 100 . MHz
tPLH Propagation Delay 1.5 6.0 1.5 6.0 25 . 85 ns | 2.3.5
tpHL Data to Outputs 1.5 6.0 1.5 10.0 25 11.0 ’
tpzH Output Enable Time 15 6.5 25 75 25 10.0 ns 04
tpzL ‘ 15 - 7.0 25 11.0 25 125 i
tpHz Output Disable Time 1.0 5.6 (Note 7) (Note 7) ns 2.4
tpLz 1.0 5.6

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all iow-to-high, high-
to-low, etc.). :

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE delays are dominated by the RC network (5000, 250 pF) on the output and has been excluded from the datasheet.
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Skew (SOIC package)

orbee

74ABT 74ABT
"Ta = —40°C to +85°C Ta = —40°Cto +85°C
Vce = 4.5V=~5.5V Vce = 4.5V-5.5V
Symbol Parameter CL = 50 pF CL = 250 pF Units Fig.
8 Outputs Switching 8 Outputs Switching No.
(Note 3) (Note 4)
Max ‘ Max

tosHL Pin to Pin Skew
(Note 1) HL Transitions 13 23 ns 215
tostLH Pin to Pin Skew
(Note 1) LH Transitions 1.0 ) 18 ns 215
tps Duty Cycle
(Note 5) LH-HL Skew 20 50 ns 2-16
tosT Pin to Pin Skew )
(Note 1) LH/HL Transitions 20 50 ns 219
tpy Device to Device Skew
(Note 2) LH/HL Transitions 20 50 ns 2-22

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tosnt), LOW to HIGH (tos ), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT). The specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V¢c) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.) .

Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors
in the standard AC load.

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.

Capacitance
Conditions
Symbol Parameter Typ Units Tp = 25°C
CiN Input Capacitance 5.0 " pF Vee = OV
Court (Note 1) Output Capacitance 9.0 pF Vce = 5.0V

Note 1: Coyr is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012.
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Typical Performance Characteristics

TeLx vs Temperature (Tp)
CL = 50 pF, 1 Output Switching

6.00
5.00
4.00 MAX
3.00
TYP @ 4.5V
. 2.00
TYP @ 5.5V
1.00
MIN
0.00
-55°C -40°¢C 25°¢ 85°C 125°¢C
TL/F/10991-12
TpLH vs Load Capacitance
1 Output Switching, Ty = 25°C
10.00
8.00
6.00 ==
-
MAX Le-
400 |- === g 4.5V ;{
| — TYP @ 5.5V
2.00 - ——r
F==~""""T" "
0.00
50 pF 100 pF 150 pF 250 pF
TL/F/10991-14
TpLH Vs Load Capacitance
12.00 8 Outputs Switching, Tp = 25°C
10.00
8.00 e
ax_ _L-~
6.00 === ]

4.00 4"/‘—-—“//

-
-
-

o= TP @ 4.5V

e
"1 TP@5.5v
-]
2.00 e ==
F===" MIN
0.00
50 pF 100 pF 150 pF 250 pF

TL/F/10991-16

TpHL vs Temperature (Ta)
CL = 50 pF, 1 Output Switching

6.00
5.00
MAX
too ===t e e e e
TP @ 4.5V| e
/
3.00 ?—ﬁ/
TYP @ 5.5V
2.00
1.00
MIN
0.00
-55°C ~40°C 25°C 85°C 125°C

TL/F/10991-13

Dashed lines represent design characteristics; for specified guarantees, re-
fer to AC Characteristics Tables. -

TpHL Vs Load Capacitance

1 Output Switching, T4 = 25°C
10.00

8.00 A z

7’
) MAX _ T /
-
6.00 —= el = ol
"—’ “P@L.S‘l /
-

1o p2”
: TYP @ 5.5V
2.00
bttt Ealal ik
0.00
50 pF 100 pF 150 pF 250 pF
TL/F/10991-15
TpHL vs Load Capacitance
12.00 8 Outputs Switching, Tp = 25°C
4
”
”
10.00 -
-

-
MAX .’
8.00 - A

——’—‘— /
- TYP @ 4.5Y

-
6.00 [—=
/ TYP @ 5.5V
4.00
200 S . N ST h
0.00
50 pf 100 pF 150 pF 250 pF

TL/F/10991-17
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Typical Performance Characteristics (continued)

TpzL vs Temperature (Tp)
CL = 50 pF, 1 Output Switching

8.00
7.00 MAX
6.00
5.00 TYP @ 4.5V —
/
4.00
TYP @ 5.5V
3.00
2.00
1.00 MIN
0.00
-550¢ -40°C 259 85°C 125°¢C
TL/F/10991-18
TpzH vs Temperature (Ta) |
CL = 50 pF, 1 Output Switching
8.00
7.00
MAX
6.00
5.00
TYP @ 4.5V
4.00
_———-—
3.00
TYP @ 5.5V
2.00
1.00 MIN
0.00
-550°C -40°c 259 85°C 125°¢C

TL/F/10991-20

TpzH vs Temperature (Tp)
0 CL = 50 pF, 8 Outputs Switching

7.00 MAX

6.00

5.00 TYP @ 4.5V

4.00

TYP @ 5.5V
3.00

2.00

1.00 MIN

0.00
-40°C 25°C 85°C
TL/F/10991-22

Tprz vs Temperature (Ta)
CL = 50 pF, 1 Output Switching
8.00
7.00
6.00 MAX
5.00
TYP @ 4.5V
4,00 ;z’
TYP @ 5.5V
3.00
2.00
1.00
MIN
0.00
-550C -400¢C 25°C 85°c 1250¢C
TL/F/10991-19
TpHz vs Temperature (Ta)
CL = 50 pF, 1 Output Switching
8.00
7.00
6.00 MAX
5.00
WP@4SV)
4.00
I,
—"" | TYP @ 5.5V
3.00
2.00
1.00
MIN
0.00
-550¢ -40°C 25°C 85°c 1250¢C
TL/F/10991-21
TpHz vs Temperature (Ta)
CL = 50 pF, 8 Outputs Switching
8.0
7.00
6.00 MAX
5.00
TYP @ 4.5V
4.00
TYP @ 5.5V
3.00 @
2.00
MIN
1.00
0.00
-40°C 25°C 859¢C

TL/F/10991-23

5-93

vee




2244C

Typical Performance Characteristics (continued)

TpzL vs Temperature (Tp)
CL = 50 pF, 8 Outputs Switching
8.00
MAX
7.00
6.00 TYP @ 4.5V
5.00
TYP @ 5.5V
4.00
3.00
2.00
MIN
1.00
0.00
-40°C 25°C ) 85°C
TL/F/10991-24
TpzL vs Load Capacitance
8 Outputs Switching, Tp = 25°C
14.00
12.00 > 1
- ’/
'd
P .
10.00 MAX ——F
- -~
8.00 F———=~"=" TYP @ 4.5V 7 :
- . /
6.00 =
4 TYP @ 5.5¢
4.00 :
2.00 s
B MIN
. 0,00
50 pF 100 pF 150 pF 250 pFf
TL/F/10991-26
TeLH vs Number Output Switching
6.00 "Vee = 5.0V, Tp = 25°C,C = 50 pF
5.00 e ——=
A -
- - ="
PR e
4.00 PP I
3.00
/ TPLH TYP.
2.00
1.00 pmmmmm === 770,
0.00
1 0UTPUT 4 0UTPUT 8 OUTPUT

TL/F/10891-28

TpLz vs Temperature (Ta)

CL = 50 pF, 8 Outputs Switching
8.00
7.00
6.00 MAX
5.00

TYP @ 4.5V
4.00 -==-=£
TYP @ 5.5V
3.00 -
2.00
MIN
1.00
0.00
-40°C 25°C 85°C
) TL/F/10991-25
TpzK vs Load Capacitance
8 Outputs Switching, T = 25°C
14.00
12.00
10.00 : - =
MAX d-"
8.00 ——
-

[ =" TIP @ 4.5V /
6.00 - ‘ : I, e
4.00 = TYP @ 5.5V
2.00 PR —— el _____

r MIN
0.00

50 pF 100 pF 150 pF 250 pF

TL/F/10991-27

TpL vs Number Output Switching
o Vee = 5.0V, Tp = 25°C, C = 50 pF

6.0
MAX -
5.00 PGS e L
L
) ——————‘
-
4,00 =
Iy R
3.00 PHL
2.00
——-—"-----
- o
1,00 [ === MIN
0.00
10UTPUT 40UTPUT 80UTPUT

TL/F/10991-29
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Typical Performance Characteristics (continued)

Icc vs Frequency, Average, T = 25°C,

0 All Outputs Unloaded/Unterminated
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@National

Semiconductor

54ABT/74ABT2541C
Octal Buffer/Line Driver
with 25() Series Resistors in

General Description

The 'ABT2541C is an octal buffer and line driver designed
to drive the capacitive inputs of MOS memory drivers, ad-
dress drivers, clock drivers, and bus-oriented transmitters/
receivers. Functionally identical to the 'ABT541C.

The 250 series resistors in the outputs reduce ringing and
eliminate the need for external resistors.

the Outputs

m Output switching specified for both 50 pF and 250 pF
loads

m Guaranteed simultaneously switching noise level and
dynamic threshold performance

m Guaranteed latchup protection

B High impedance glitch free bus loading during entire
power up and power down cycle

m Nondestructive hot insertion capability

M Disable'time less than enable time to avoid bus

Features contention
m Guaranteed output skew
m Guaranteed multiple output switching specifications
Ordering Code: see section 11
Connection Diagrams
Pin Assignment Pin Names Description
for DIP, SOIC and Flatpak OE,, OE> Output Enable Input (Active Low)
5 -/ 20 lo-l7 Inputs
::‘ 2 U | 19 O_EC 0p-07 Outputs
0] [ Y2
| %
L, = L0
,;_4_'tr|_&o:’ Truth Table
3 —:ﬁ N q:—:'% Inputs Outputs
il p LS — —
N L S TG OF, OF, I ABT541C
s =] S )
,5 _81‘:‘1.'_3.05 L L H H
S L ==l 7R H X X z
onD ﬁ_lt_]_l% X H X z
L L L L
TL/F/1502-1 Y = HIGH Voltage Level L = LOW Voltage Level
X = Immaterial Z = High Impedance
Pin ?:rs:-ggénent svchematic of Each Output
s s 1y Iy I «
GIEE
[ ] [ b ]
LE ||
oND [ @,
o, [ToE,
- 052 Bl
o =e, Output
& @
0, O3 0 0; O .
4 TL/F/11502-2
GND TL/F/11502-11
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias ~55°Cto +125°C
Junction Temperature under Bias

DC Latchup Source Current ~500 mA
Over Voltage Latchup (1/0) 10V

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Ceramic —55°Cto +175°C Recommended Operating
Plastic —55°Cto +150°C Conditions
Veg Pin Po!ential to Free Air Ambient Temperature
Ground Pin —0.5Vto +7.0V Mhita P _55°Cio +125°C
Input Voltage (Note 2) —0.5Vto +7.0V Commercial ZA0C to + 85
Input Current (Note 2) —30mAto +5.0 mA Supply Voltage
Vqltage Applied to Any Output Military +45Vto +5.5V
e Do " 05V 055V Commercial +45V10 +55V
in the HIGH State —05Vto Voo Minimum Input Edge Rate (AV/AY)
Current Applied to Output Data Input S0mV/ns
Enable Input 20 mV/
in LOW State (Max) twice the rated lg, (mA) pu my/ns
DC Electrical Characteristics
ABT2541C
Symbol Parameter Units| Vge Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \') Recognized HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized LOW Signal
Vep Input Clamp Diode Voltage -12| V Min |In= —18mA
VoH Output HIGH Voltage 54ABT/74ABT| 2.5 \' Min |[logy= —3mA
54ABT| 2.0 \ Min |loy = —12mA
74ABT) 2.0 \' Min |loy = —32mA
VoL Output LOW Voltage 54ABT 0.8 Y Min loL = 12 mA
) 74ABT 0.8 lo. = 15 mA
™ Input HIGH Current 5 pA Max |V|y =27V
5 VinN = Ve
IBvI Input HIGH Current _
Breakdown Test 7 FA | Max VN =70V
I Input LOW Current -5 pA Max |V|N = 0.5V
-5 ViN = 0.0V
Vip Input Leakage Test Ip =19 pA
4.75 ) v 0.0 All Other Pins Grounded
lozn | Output Leakage Current 50 | pA |0 —55V|Voyt = 2.7V;0E, = 2.0V
lozL Output Leakage Current —50 | pA |0 — 5.5V|Vour = 0.5V; OE, = 2.0V
los Output Short-Circuit Current —-100 —275| mA Max |Voyt = 0.0V
IcEx Output High Leakage Current 50 MA Max |Vour = Vcc
Izz Bus Drainage Test 100 | pA 0.0 Vout = 5.5V, All Others GND
lccH Power Supply Current 50 pA Max | Ali Outputs HIGH
lccL Power Supply Current 30 mA Max [ All Outputs LOW
lccz Power Supply Current OE, = Ve
S0 | wA | Max | Gihers at Vg or GND
lcct Additional Icc/Input  Outputs Enabled 25 | mA V| = Vg — 21V
Outputs TRI-STATE® 25 | mA Max |EnableInputV, = Vg — 2.1V
Outputs TRI-STATE 50 BA Data Input V| = Vg — 2.1V
All Others at Vo or GND
lcco Dynamic Icc No Load mA/ Outputs Open
(Note 2) 0.1 MHz Max |OE, = GND (Note1)
One Bit Toggling, 50% Duty Cycle

Note 1: For 8 bit toggling, Iccp < 0.8 mA/MHz.
Note 2: Guaranteed, but not tested.
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2541C

DC Electrical Characteristics (soic package)

Symbol Parameter : Min Typ Max | Units | Vce cL= scoo:'t:i’ i;i{tnz 5000
VoLp Quiet Output Maximum Dynamic Vo 0.6 0.8 Vv 5.0 | Tao=25°C(Note 1)
VoLv Quiet Output Minimum Dynamic Vo -05 -—04 \" 50 | Ta = 25°C(Note 1)’
VoHv Minimum High Level Dynamic Output Voltage 2.7 3.1 v 5.0 | Ta = 25°C (Note 3)
ViHD Minimum High Level Dynamic Input Voltage 2.0 1.4 " 5.0 | Ta = 25°C (Note 2)

ViLp Maximum Low Level Dynamic Input Voltage 1.2 0.8 \" 5.0 | Ta = 25°C (Note 2)

Note 1: Max number of outputs defined as (n). n-1 data inputs are driven 0V to 3V. One output at LOW. Guaranteed, but not tested.

Note 2: Max number of data inputs (n) switching. n-1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (Vi p), OV to threshold (Viyp).
Guaranteed, but not tested. .

Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics (soic and SSOP package) : See Section 2

74ABT ' 54ABT 74ABT
Tp = +25°C Tp = —55°Cto +125°C Ta = —40°C to +85°C Fi
Symbol Parameter Vgc = +5V Vec = 4.5V-5.5V Ve = 4.5V-5.5V Units Ng.
CL = 50 pF CL = 50 pF CL = 50 pF ’
Min Typ‘ Max Min Max Min Max
tpLH Propagation Delay 10 23 36 : 1.0 3.6 ns 2-3,5
tpHL Data to Outputs 1.0 33 44 : 1.0 4.1 23,5
tpzH Output Enable Time 15 87 60 . 1.5 6.0 ns 2.4
tpzL 15 43 65 15 65 :
tPHZ Output Disable Time | 1.0 3.5 6.0 ' 1.0 6.0 ns 2.4
tpLz 10 3.7 56 1.0 56
Extended AC Electrical Characteristics (soic package): See Section 2
74ABT : 74ABT 74ABT
—40°C to +85°C Ta = —40°Cto +85°C | Tp = —40°Cto +85°C
Vce = 4.5V-5.5V Vee = 4.5V-56.5V Vee = 4.5V-5.5V Fig
Symbol Parameter C_ = 50 pF CL = 250 pF CL = 250 pF Units No.‘-
' 8 Outputs Switching 1 Output Switching 8 Outputs Switching ’
(Note 4) (Note 5) (Note 6) .
Min Typ Max Min Max Min Max
ftoggle | Max Toggle Frequency 100 MHz
tpLH Propagation Delay 15 5.0 15 6.0 25 8.5 ns |23 5
tpHL Data to Outputs 1.5 55 1.5 10.0 25 11.0 '
tpzH Output Enable Time 1.5 . 65 25 75 25 9.5 s | o4
tpzL 15 7.0 25 11.0 25 12.5
tpHz Output Disable Time 1.0 6.0
oLz 10 ) 6.0 (Note 7)} (Note 7) ns 2-4

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.). .

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE delays are dominated by the RC network (50092, 250 pF) on the output and have been excluded from the datasheet.
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Skew (SOIC package)

otbse

74ABT 74ABT
Ta = —40°C to +85°C Ta = —40°C to +85°C
Vce = 4.5V-5.5V Vce = 4.5V-5.5V Fi
Symbol Parameter CL = 50 pF CL = 250 pF Units Ncg>-
8 Outputs Switching 8 Outputs Switching '
(Note 3) (Note 4)
Max Max
tosHL Pin to Pin Skew ;
(Note 1) HL Transitions 13 23 ns 215
tosLH Pin to Pin Skew .
(Note 1) LH Transitions 10 18 ns 215
tpg Duty Cycle R
(Note 5) LH-HL Skew 20 50 ns 216
tosT Pin to Pin Skew ' :
(Note 1) LH/HL Transitions 20 50 ns 219
tpy Device to Device Skew g
{Note 2) LH/HL Transitions 20 50 ns 222

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tosHL), LOW to HIGH (tosLr), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT). The specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V¢g) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.)

Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors
in the standard AC load.

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.

Capacitance
) Conditions
Symbol Parameter Typ Units Th = 25°C
Cin Input Capacitance 5.0 pF Veec = 0V
Cout Output Capacitance 9.0 oF Vce = 5.0V
(Note 1)
Note 1: Coyr is measured at frequency f = 1 MHz; per MIL-STD-8838, Method 3012.
tpLH vs. Temperature (Tp)
CL = 50 pF, 1 Output Switching

6.00

5.00

4,00 MAX

3.00

TYP @ 4.5V
2.00
TYP @ 5.5V
1.00
MIN
0.00
~55°C 125°C

-~ 400 [ o
40%¢ 25%¢ 8 C, TL/F/11502-12
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tpHL vs Temperature (Ta)
CL. = 50 pF, 1 Output Switching
6.00
5.00
MAX
P e e b e
TYP @ 4.5V
3.00 M
TYP @ 5.5V
2.00
1.00
MIN
0.00
-550C -40°C 25°C 85°C 125°C
TL/F/11502-13
tpHL vs Load Capacitance
1 Output Switching, Tp = 25°C
10.00
P
4
4
,/
8.00 ”
7 }
ux _ 17 /
- -
-
6.00 . —= - / /
,;" wee 4.5y /
- -
4.00 P~
' TYP @ 5.5V
2.00
ik i
0.00
50 pF 100 pf 150 pF 250 pF
TL/F/11502-15
tpHL Vs Load Capacitance
8 Outputs Switching, Ta = 25°C
12.00
L s ’
10.00 P
”
MAX +”
8.00 LY. s
-
6.00 =" weessy
00—
/ TYP @ 5.5V
4.00
2.00 _-“___Ml_r_i_ ="
0.00
50 pF 100 pF 150 pF 250 pF

- TL/F/11502-17

tpLy vs Load Capacitance
1 Output Switching, Tp = 25°C
10.00
8.00
6.00 —==
M L= :
4.00 — Py il - v /
e
/—_________/
2.00 TYP @ 5.5V
pmm
0.00 -
50 pF 100 pF 150 pF 250 pF

TL/F/11502-14

tpLy vs Load Capacitance
8 Outputs Switching,
Ta = —40°C to 85°C

12.00
10.00
: o
8.00 e
- -
MAX  _ £~
6.00 - ]
. -
_——_—‘ 1YP @ 4.5V //
4.00 /—‘___,../
"1 TP@5.5V
. R
2.00 — =TT
=== MIN
0.00
50 pF 100 pF 150 pf 250 pF
TL/F/11502-16
tpz1 vs Temperature (Ta)
CL = 50 pF, 1 Output Switching
8.00
7.00 MAX
6.00
5.00 TYP @ 4.5V
‘/
4.00
TYP @ 5.5V
3.00
2.00
1.00 MIN
0.00
-55°C -40°C 25°C 859C 125°C

TL/F/11502-18

Dashed lines represent design characteristics, for specified guarantees refer to AC Characteristics Table.




tpLz vs Temperature (Tp)
CL = 50 pF, 1 Output Switching
8.00
7.00
6.00 MAX
500 TYP @ 4.5V »
£.00 ]
’ TYP @ 5.5V
3.00
2.00
1.00
MIN
0.00 -
-559C -40°C 25°C 85°C 125°C
TL/F/11502-19
tpLz vs Temperature (Tp)
CL = 50 pF, 8 Outputs Switching
8.00
MAX
6.00
TYP @ 4.5V
_—-'_'-_
__.———"__,_——-—‘-
e ———
4.00 TYP @ 5.5V
2.00
MIN
0.00
-559C -40°C 25°C 85°C 125°C

8.00

7.00

6.00

5.00

4.00

3.00

2,00

1.00

0.00

-55°C

tpHz vs Temperature (Ta)
CL = 50 pF, 1 Output Switching

TL/F/11502-21

MAX

TYP @ 4.5V

TYP @ 5.5V

MIN

-40°C 25°C 85°C

125°C
TL/F/11502-23

tpzL vs Temperature (Ta)
Cy = 50 pF, 8 Outputs Switching

8.00
MAX
TYP @ 4.5V
6.00 T —
et
TYP @ 5.5V
4.00
2.00
MIN
0.00
-550C -40°C 25°¢C 85°C 125°¢C

8.00

7.00

2.00

1.00

0.00

-55°C

8.00
MAX
6.00 IR A IR M
TYP @ 4.5V
4.00
TYP @ 5.5V
2,00
b - -------}HN-- e o = o o
0.00
~55°¢C ~40°C 25°C 85°¢C

tpzy vs Temperature (Ta)
CL = 50 pF, 1 Output Switching

TL/F/11502-20

MAX

TYP @ 4.5V

TYP @ 5.5V

MIN

-40°C 25°C

tpzH vs Temperature (Ta)
Cr = 50 pF, 8 Qutputs Switching

85°C

125°C
TL/F/11502-22

Dashed lines represent design characteristics, for specified guarantees refer to AC Characteristics Table.

125°C
TL/F/11502-24
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tpuz vs Temperature (Tp)
CL = 50 pF, 8 Outputs Switching
8.00
MAX
6.00
TYP @ 4.5V
4.00
TYP @ 5.5V
2.00
MIN
0.00
-55°C -40°C 25°C 859C 1259C
TL/F/11502-25
tpzy vs Load Capacitance
8 Outputs Switching, Tp = 25°C
14.00
12.00
10.00
-
-
8.00 _”f,‘f =T
.- -
b - -
6.00 = __li@—ﬂ /
//
4.00 TYP @ 5.5V
- 7
2.00 E——— Ak -
i MIN
0.00
50 pF 100 pF 150 pF 250 pF
TL/F/11502-27
tpHL vs Number Outputs Switching
Vee = 5.0V, Ta = 25°C, C = 50 pF
6.00
MAX -
5.00 ==
- -~
- - -
p = -
4.00
Topp TYP
3.00
2.00
-———-—————------
1.00 —-_——— MIN
0.00
10UTPUT 4 0UTPUT 8 OUTPUT

Dashed lines represent design characteristics, for specified guarantees refer to AC Characteristics Table.

TL/F/11502-29

tpzL vs Load Capacitance
8 Outputs Switching, T4 = 25°C

14.00
4
12.00 >Z
”
10.00 MAX —— =
X -
’——@45\1 //
- B
e =——
-/
6.00 == TrP @ 5.5V
4.00
-]
200 b———— e e
i MIN
0.00
50 pF 100 pF 150 pF 250 pF

tpLH Vs Number Outputs Switching
Vee = 5.0V, Tp = 25°C, CL = 50 pF

TL/F/11502-26
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TL/F/11502-28

Icc vs Frequency, Average, Tp = 25°C
All outputs unloaded/unterminated
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Semiconductor

54ABT/74ABT2952C
8-Bit Registered Transceiver

General Description

The 'ABT2952C is an 8-bit registered transceiver. Two 8-bit
back to back registers store data flowing in both directions
between two bidirectional buses. Separate clock, clock en-
able and TRI-STATE® output enable signals are provided
for each register. The output pins are guaranteed to source
32 mA (24 mA mil.) and to sink 64 mA (48 mA mil).

Features

m Separate clock, clock enable and TRI-STATE ohtput
enable provided for each register

® A and B output sink capability of 64 mA source capabil-
ity of 32 mA ' .

B Guaranteed output skew

m Guaranteed multiple output switching specifications

B Output switching specified for both 50 pF and 250 pF
loads

m Guaranteed simultaneous switching noise level and dy-
namic threshold performance

B Guaranteed latchup protection

m High impedance glitch free bus loading during entire
power up and power down cycle

m Nondestructive hot insertion capability

Ordering Code: seo Section 11
Connection Diagrams

Pin Assignment
for DIP, SOIC and Flatpak

/
8,—{1 24f-vee
B;—2 23f=4;
Bs—{3 224
B,—{4 21f=Ag
By~{5 20}-4,
B,—{6 1914y
87 18f—4,
By—8 174
OEB—] 9 164,
cPA— 10 15—0EA
CEA—{ 11 14f~cr8
GND—{ 12 13}=CEB
TL/F/10969-3
Pin Descriptions
Pin Names Description
Ap-A7 - A-Register Inputs/B-Register
TRI-STATE Outputs
Bo-B7 B-Register Inputs/A-Register
TRI-STATE Outputs
OEA Output Enable A-Register
CPA A-Register Clock
CEA A-Register Clock Enable
OEB Output Enable B-Register
CPB B-Register Clock
CEB B-Register Clock Enable

Pin Assignment for LCC

O By B NC B, B B
AREEEEDEER
(] [ ]

L/
[efzlal==]z]=)
Ao Ay Ay NC g Ay A

TL/F/10969-4
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Pin Descriptions (continued)
Output Control Register Function Table (Applies to A or B Register)

— Output Inputs
OE Internal d Function P — Internal Function
Q "ABT2952C D cP CE Q
H X z Disable Outputs X X H NC Hold Data
L L L Enable Outputs L e L L Load Data
L H H H ~ L H
H = HIGH Voltage Level r4 = HIGH Impedance
L = LOW Voitage Leve! —/~ = LOW-to-HIGH Transition
X = Immaterial NC = No Change

Block Diagram

CPA

CEA

CE P
A Do % By
IS D, o By
Ay 0, Q — 8,
Ag D Qs _ By
Register A ‘
A 04 Q By
As D5 Qs Bs
Ag Dg G Bg
A 0y L B
% Do
4 Dy
Q, D,
% Dy
Register B
0, 0
0 D5
% Dg
L/ by
CE CP

= 1>

CPB

CEB
TL/F/10969-5
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Absolute Maximum Ratings (ote 1)

oes6¢

If Military/Aerospace specified devices are required, Current Applied to Output )
please contact the National Semiconductor Sales in LOW State (Max) twice the rated lg(mA)
Office/Distributors for availability and specifications. DG Latchup Source Current —500 mA
Storage Temperature —65°Cto +150°C Over Voltage Latchup (1/0) 10V
Ambient Temperature under Bias —55°Gto +125°C "
Junction Temperature under Bias Reco[n.mended Operatmg
Ceramic —55°Cto +175°C Conditions
Plastic ) —55°Cto +150°C Free Air Ambient Temperature
Vce Pin Potential to Military v ~-55°Cto +125°C
Ground Pin —0.5Vto +7.0V Commercial 0°Cto +85°C
Input Voltage (Note 2) —0.5Vto +7.0V Supply Voltage
Input Current (Note 2) —30mAto +5.0 mA Military +4.5Vto +5.5V
Voltage Applied to Any Output C‘ommermal +4.5Vto +5.5V
in the Disable or Power-Off State -0.5Vto +5.5V Minimum Input Edge Rate - (AV/At)
in the HIGH State —0.5VtoVee Data Input i 50 mV/ns
Note 1: Absolute maximunm ratings are values beyond which the device may Enable Input 20 mV/ns
be damaged or have its useful life impaired. Functional operation under Clock Input 100 mV/ns

these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

BT295
Symbol Parameter A 2C Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized HIGH Signal
Vi Input LOW Voltage ' 0.8 \" Recognized LOW Signal
Vecb Input Clamp Diode Voltage —-1.2 \ Min lin = —18 mA (Non I/0 Pins)
Vou Output HIGH Voltage 54ABT/74ABT| 2.5 lon = —3mA (Ap, Bp)
54ABT| 2.0 \ Min lon = —24 mA (A, Bp)
74ABT| 2.0 lo = —32mA (Ap, Bp)
VoL Output LOW Voltage 54ABT | 0.55 v Min loL = 48 mA (Ap, Bp)
74ABT 0.55 loL = 64 mA (A, Bp)
Vip Input Leakage Test lip = 1.9 pA (Non-1/0 Pins)
4.75 v 00| All Other Pins Grounded
I Input HIGH Current 5 nA Max |ViN = 27VorVge (Non-1/0 Pins)
Igvi Input HIGH Current ViN = 7.0V (Non-1/0 Pins)
Breakdown Test 7 A Max
lsviT Input HIGH Current ViN = 5.5V (Ap, Bp)
Breakdown Test (1/0) 100 | pA Max
i Input LOW Current -5 nA Max | Viy = 0.5V or OV (Non-1/0 Pins)
iy + lozy | Output Leakage Current 50 pA 0V-5.5V | Voyr = 2.7V (Ap, Bp);
OEA or OEB = 2.0V
liL + lozL | Output Leakage Current —-50 nA 0V-5.5V | Voyr = 0.5V (A, Bp);
OEA or OEB = 2.0V
los Output Short-Circuit Current —100 —275 mA Max | Vourt = OV (An, Bp)
lcex Output HIGH Leakage Current 50 pA Max | Vout = Ve (An Bn)
Izz Bus Drainage Test ) Vout = 5.5V (A, Bp);
100 ] pA | 0OV | AjGihers GND
lccH Power Supply Current 250 nA Max | All Outputs HIGH
leoL Power Supply Current ’ 30 mA - Max | All Outputs LOW
lccz Power Supply Current . Outputs TRI-STATE;
50| pA Max | Al Others GND
lccT Additional Igc/Input V| = Vg — 2.1V; All Others
25 mA Max at Vo of GND
lccp Dynamic Icc - No Load Outputs Open
(Note 2) OEA or OEB = GND,
0.18 | mA/MHz Max Non-I/0 = GNDor Vg
One Bit toggling, 50% duty cycle
(Note 1)

Note 1: For 8-bit toggling, Iccp < 1.4 mA/MHz.
Note 2: Guaranteed, but not tested.
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DC Electrical Characteristics (soic package)

Symbol Parameter Min Typ Max Units Vee cL= 5000’;‘; i:i;:n: 5000
VoLp Quiet Output Maximum Dynamic Vo 0.6 0.8 \ 5.0 Ta = 25°C (Note 1)
VoLv Quiet Output Minimum Dynamic Vg -1.2 -1.0 \ 5.0 Ta = 25°C (Note 1)
Vonv Minimum High Level Dynamic Output Voltage 25 3.0 v 5.0 Ta = 25°C (Note 3)
ViHD Minimum High Level Dynamic Input Voltage 2.0 1.7 v 5.0 Ta = 25°C (Note 2)
ViLp Maximum Low Level Dynamic Input Voltage 1.2 0.8 \ 5.0 Ta = 25°C (Note 2)

Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at Low. Guaranteed, but not tested.
Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. input-under-test switching: 3V to theshold (V) p), OV to threshold (ViHp).

Guaranteed, but not tested.

Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics: see Section 2 for Waveforms (SOIC and SSOP Package)

74ABT S54ABT 74ABT
Ta = +25°C Ta = —55°Cto +125°C Ta = —40°C to +85°C Fig
Symbol Parameter Vee = +5.0V Vce = 4.5Vto 5.5V Vee = 4.5V to 5.5V Units No-
Cp = 50 pF CL = 50 pF CL = 50 pF ’
Min Typ Max Min Max Min Max
fmax Max Clock 200 200 MHz
Frequency
tpLH Propagation Delay 1.5 3.4 53 1.5 5.3 ns | 235
toHL CPA or CPB to 1.5 36 53 1.5 5.3 ’
Apor B
tpzH Output Enable Time | 1.5 3.2 5.5 1.5 5.5 ns 04
tpzL OEA or OEB to 15 35 55 1.5 55
AnorBpn
tpHz Output Disable Time | 1.5 3.6 6.0 1.5 6.0 ns 0.4
tpLz OEA or OEB to 15 32 60 1.5 6.0
AporBp
- AC Operating Requirements: ses Section 2 for Waveforms
74ABT 54ABT 74ABT
Ta = +25°C Ta = —55°Cto +125°C Ta = —40°Cto +85°C A
Symbol Parameter Vee = +5.0V Vee = 4.5V to 5.5V Vee = 4.5V to 5.5V Units Ncga.
CL = 50 pF CL = 50 pF CL = 50pF ’
Min Max Min Max Min Max
ts(H) Setup Time, HIGH 25 25 ns |26
ts(L) or LOW A or B 25 2.5
to CPA or CPB
th(H)  |{Hold Time, HIGH 1.5 1.5 ns |26
th(L) or LOW A, or B, 1.5 1.5
to CPA or CPB
ts(H) Setup Time, HIGH |, 25 2.5 ns |26
ts(L) or LOW CEA or CEB 25 25
to CPA or CPB
th(H) Hold Time, HIGH 1.5 1.5 ns | 2:6
th(L) or LOW CEA or CEB 1.5 1.5
to CPA or CPB
ty(H) | Pulse Width, 3.0 3.0 ns |23
tw(L) HIGH or LOW 3.0 3.0
CPA or CPB
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Extended AC Electrical Characteristics: see Section 2 (SOIC package)

oes62

74ABTC 74ABTC 74ABTC
= a0 +85° = —40° 5
Ta= —40Cl0+85C | o _ .00 ane | Ta= —40Cto+85C
Vee = 4.5Vt0 5.5V Veo — 4.5V to 5.5V Vce = 4.5Vto 5.5V fi
Symbol Parameter CL = 50 pF ccc _ 250 F' CL = 250 pF Units Ng-
8 Outputs Switching L(No te 5)p 8 Outputs Switching .
(Note 4) (Note 6)
Min Max Min Max Min Max
tPLH Progagation Delay 1.5 6.0 20 8.0 25 10.5 ns | o4
toyL | CPAorCPBto Apor By 15 6.0 2.0 8.0 25 105 :
tpzH Output Enable Time 1.5 6.0 2.0 8.0 25 115 ns | 24
tozL OFA or OEB to Ay or By 15 6.0 2.0 8.0 2.5 115
tpHZ Output Disable Time 1.5 6.0
tpzt | OFA or OEB to Ay or By 15 6.0 (Note7) (Note7) ns | 24

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.).

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in plce of the 50 pF load capacitors in
the standard AC load. This specificaiton pertains to single output switching only. .

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE delays are dominated by the RC network (50052, 250 pF) on the output and has been excluded from the datasheet.

Skew (s0IC package)

74ABT 74ABT
Ta = —40°C to +85°C Ta = —40°C to +85°C
Vee = 4.5V-5.5V Vee = 4.5V-5.5V
Symbol Parameter Cp = 50 pF CL = 250 pF Units Fig.
8 Outputs Switching 8 Outputs Switching No.
(Note 3) (Note 4)
Max Max

tosHL Pin to Pin Skew
(Note 1) HL Transitions 1.0 15 ns 215
tosLH Pin to Pin Skew '
(Note 1) LH Transitions 1.0 20 nsof 218
tps Duty Cycle
(Note 5) LH-HL Skew 20 4.5 ne 216
tost Pin to Pin Skew
(Note 1) LH/HL Transitions 21 45 ns 219
tpy Device to Device Skew
(Note2) * | LH/HL Transitions 25 50 ns 222

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (togH), LOW to HIGH (togtH), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT)- This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vgg) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.).

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. .

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.
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Capacitance
Symbol Parameter Typ Units g:n:lt:;? é’
CiN Input Capacitance 5 pF Vcg = OV (Non I/0 Pins)
Ciso (Note 1) Output Capacitance 1 pF Vce = 5.0V (A, Bp)
Note 1: Cj/o is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012.
tpLH Vs Temperature (Ta) tpyL vs Temperature (Ta)
CL = 50 pF, 1 Output Switching CL = 50 pF, 1 Output Switching
6.00 T v 6.00 VT
5.00 ! 5.00 S
4.00 Typ @ 4.5V .00 Typ @ 4.5V
3.00 == m—p—c= -U_p_Ea)_s.-fs;: 3.00 - yp@5s slv
2.00 Min 2.00
1.00 1.00 Min
0.00 0.00
-559¢C -40°C 25°C 85°C 125°C -55°C -40°C 25°¢C 85°C 125°C

TL/F/10969-14

tpLH vs Load Capacitance
1 Output Switching, Tp = 25°C

10.00
8.00 - &‘L——‘/—
6.00 _ e Typ @ 4.5V __ i
=" fuaran ’_ -

4.00 —r :-ﬁ' -7

. === Typ @ 5.5V —
2.00

Min

0.00

50 pF 100 pF 150 pF 200 pF 250 pF
’ TL/F/10969-16

tpLy vs Load Capacitance
8 Outputs Switching, Tp = 25°C

12.00
: —"
10.00 T =
8.00 """ Typ @ 4.5V _J
. — - —
- -1 — o
6.00 e e = T
e — L - Typ @ 5.5V
4.00 ==
2.00— ===
Min
0.00

50 pF 100pF  150pF  200pF  250pF

TL/F/10969-18

10.00

8.00

6.00

4.00

2.00

0.00

12.00
10.00
8.00
6.00
4.00
2.00

0.00-

TL/F/10969-15

tpyL vs Load Capacitance
1 Output Switching, Tp = 25°C

Max_ _ "
T ]
i =
—— Typ @-Ls‘v‘-_‘._-&
g Typ @ 5.5V
S
Min
50 pf 100 pF 150 pF 200 pF 250 pF
: TL/F/10969-17
tpHL Vs Load Capacitance
8 Outputs Switching, Ty = 25°C
———
M N
|- j @ AN
- — ? |
T =" 100 5,57
Min s ]
50 pF 100 pF 150 pF 200 pF 250 pF

TL/F/10969-19

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables.
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O
tpzL vs Temperature (T) tpLz vs Temperature (Ta) 15
C, = 50 pF, 1 Output Switching CL = 50 pF, 1 Output Switching S
7.00 7.00
Max
6.00 Max 6.00
5.00 .
Typ @ 4.5V 5.00 v ® 4.5V
4.00 - - e 4.00 P Ao
3.00 Typ @ 5.5V 3.00 Typ @ 5.5V
2.00 Min 2.00
1.00 1.00 Min
0.00 ’ 0.00
-559C -400C 25°C 85°C 125°C -55°C ~40°C 25°C 85°C 125°C
TL/F/10969-20 TL/F/10969-21
tpzy vs Temperature (Tp) tpHz vs Temperature (Ta)
CL = 50 pF, 1 Output Switching Cy = 50 pF, 1 Output Switching
7.00 7.00
Max
6.00 Max 6.00
5.00 5.00 Typ & 45V
4.00 Typ @ 4.5V 4.00 +
. . - - - _-I-— -
3.00 4=—== = J.—-—‘ 3.00 Typ@5.5v
T 5.5V
2.00 »e 2.00 Min
1.00 Min 1.00
0.00 0.00
-55°C -40°C 25°C 85°C 125°C ’ -55°C -40°C 25°C 85°C 125°C
TL/F/10969-22 TL/F/10969-23
tpzH vs Temperature (Ta) tpuz vs Temperature (Ta)
CL = 50 pF, 8 Outputs Switching CL = 50 pF, 8 Outputs Switching
7.00 7.00
) Max Max
6.00 6.00
S0 45 5.00 Typ @ 4.5V
T
4.00 - - . 4.00—4———1 =5
3.00— Typ @ 5.5V 3.00 Trp @ 3.5
2.00 2.00
1.00 Min 1.00 Min
0.00 0.00
-40°C 25°C 85°C -40°C 25°C 85°C
TL/F/10969-24 TL/F/10969-25
Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables.
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tpzL vs Temperature (Tp) tpLz vs Temperature (Ta)
CL = 50 pF, 8 Outputs Switching CL = 50 pF, 8 Outputs Switching
7.00 7.00 :
6.00 L e 6.00 Ao
) Typ @ 4.5V '
5.00 I 5.00
4.00— Typ @ 5.5V —| , 4.00—f Typ @ 4.5V _|
3.00 : ' v 3.00— Typ @ 5.5V —
2.00 2.00
1.00 Min 1.00 Min
0.00 : ' - 0.00
-40°C 259C 859¢C ‘ -40°C 25°¢C 85°C
TL/F/10969-26 TL/F/10969-27
tpzL vs Load Capacitance : tpzy vs Load Capacitance
8 Outputs Switching, To = 25°C . 8 Outputs Switching, Ty = 25°C
12.00 ©12.00
Max‘l/ - = . Max |- = l
10.00 g 4.5 o 10.00 T
L ™" VYR D e L = -
8.00 e - . 8.00 ] Typ @ 4.5V __|
' =l =t ’ - -
P . e ) - e = 4—‘ -
6.00 — == = e Typ @ 5.5V —— 6.00 = ——
- | — =T =T~ "Typ@5.5v
4.00 4.00 "
2.00— 00— =]
Min 2.00 Min
0.00 0.00
50 pF 100 pF 150 pF 200pF  250pF S0pF 100 pF 150pF  200pF  250pF
TL/F/10969-28 TL/F/10969-29

tpLH VS Number Output Switching
Vee = 5.0V, Ta = 25°C,C = 50 pF

7.00
6.00 B
5.00—F— - - TPHL Tye.
4.00 “"”_'_—_—'  ———
5.00 e = TPLH Typ.
2.00

1.00 Min —]
0.00

1 OUTPUT . 4 OUTPUT 8 OUTPUT 1/ 40969-30

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables.
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@Naﬁonal

Semiconductor

54ABT/74ABT16244C 16-Bit Buffer/
Line Driver with TRI-STATE® Outputs

General Description

The ’ABT16244C contains sixteen non-inverting buffers with
TRI-STATE outputs designed to be employed as a memory
and address driver, clock driver, or bus oriented transmitter/
receiver. The device is nibble controlled. Individual TRI-
STATE control inputs can be shorted together for 8-bit or
16-bit operation.

Features

m Separate control logic for each nibble

m 16-bit version of the 'ABT244C

m Outputs sink capability of 64 mA, source capability of
32 mA

W Guaranteed output skew

m Guaranteed multiple output switching specifications

m Output switching specified for both 50 pF and 250 pF
loads

®m Guaranteed simultaneous switching noise level and
dynamic threshold performance

B Guaranteed latchup protection

m High impedance glitch free bus loading during entire
power up and power down cycle

m Non-destructive hot insertion capability

Ordering Code: see Section 11

Logic Symbol
AR
b bl ls b ls lg Y lg g tig by b ks e ks
-0 og, 0E5 JO—
—~O o, o, jO—

O O 0y 05 0, O5 05 07 Og Og Ojg Oyy Oy3 Oy3 044 Oys

TL/F/10985-1

Pin Description

Pin Names Description

OE, Output Enable Inputs (Active Low)
lo-l45 Inputs

00-015 Outputs

Connection Diagram

SSOP

— -/ —
og, {1 48— TF,
0p— 2 g
0, —3 3
6ND— 4 45|~ GND
0,5 vy
0;—6 a3l
vee {7 42l v
0,8 e iR
K 40-1g
oNp—{10 39|~ cND
05— 11 38~
0, {12 3711,
o —{13 36f-1
0g— 14 351
oND—{15 341 GND
00— 16 33f-1,
0 =17 s2f-1;,
vee—{18 31 vee
0,19 30f-i,
03— 20 29f-1;5
ND—{ 21 28|~ GND
0,22 27f=1;,
05— 23 2615
OF, ] 24 25 = OE;

TL/F/10985-2
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16244C

Functional Description

The 'ABT16244C contains sixteen non-inverting buffers with
TRI-STATE outputs. The device is nibble (4 bits) controlled
with each nibble functioning identically, but independent of
the other. The control pins can be shorted together to ob-

tain full 16-bit operation.

Truth Tables _
Inputs Outputs Inputs Outputs
OE4 lo=l3 00-03 OE; I4-l7 04-07
L L L L L L
L H H L H H
H X - Z H X Z
Inputs Outputs Inputs Outputs
OE; Ig=144 0g-014 OE,4 l12-l1s5 012-015
L L L L L L
L H H L H H
H X Z H X 4
H = High Voltage Leve!
L = Low Voltage Level
X = Immaterial
Z = High Impedance
Logic Diagram
' ,

047

0Og-11

l12-15 012-15

GACARAL

TL/F/10985-3
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Absolute Maximum Ratings (ote 1)

" If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

DC Latchup Source Current
Over Voltage Latchup (1/0)

—500 mA
1oV

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Ceramic -55'Cto +175°C Recommended Operating
) . — EES, + o uge
Vi : aPsitrl::PotentiaI to oto e Conditions
cc - Free Air Ambient Temperature
Ground Pin —-0.5Vto +7.0V Military —55°Cto +125°C
Input Voltage (Note 2) —0.5Vto +7.0V Commercial —40°C to +85°C
Input Current (Note 2) —-30mAto +5.0mA Supply Voltage
Voltage Applied to Any Output Military +4.5Vto +5.5V
in the Disabled or Commercial +4.5Vto +5.5V
Power-off State —0.5Vto 5.5V Minimum Input Edge Rate (AV/AY)
inthe HIGH State —0.5Vto Ve Data Input 50 mV/ns
Current Applied to Output Enable Input 20 mV/ns
in LOW State (Max) twice the rated I (MA)
DC Electrical Characteristics
ABT16244
Symbol Parameter c Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized HIGH Signal
ViL Input LOW Voltage 0.8 Vv Recognized LOW Signal
Vep Input Clamp Diode Voltage —1.2 1 Min~ [ln= —18mA
VoH Output HIGH Voltage 54ABT/74ABT| 25 \" Min lon = —3mA
54ABT| 2.0 \Y Min loy = —12mA
74ABT| 20 \ Min loy = —32mA
Voo Output LOW Voltage 54ABT 0.55 Vv Min loL = 48 mA
74ABT 0.55 loL = 64 mA
IIH Input HIGH Current 5 A M ViN = 27V
ax
5 | # ViN = Ve
IBvI Input HIGH Current _
Breakdown Test 7 KA Max [ Viy = 7.0V
I Input LOW Current -5 ViN = 0.5V
5 | wA | Max |yl oov
Vio Input Leakage Test lip=19pA
: 475 v 0.0 All Other Pins Grounded
lozH Output Leakage Current 50 pA | 0 =55V | Voyr = 2.7V; OE, = 2.0V
lozL Output Leakage Current —50 | pA |0 —5.5V|Voyr = 05V; O, = 2.0V
los Output Short-Circuit Current —100 —-275 | mA Max | Vour = 0.0V
lcex Output High Leakage Current 50 pA Max | Vout = Veo
12z Bus Drainage Test Vour = 5.5V
100 | pA | 00 | AjGther Pins GND
IccH Power Supply Current 100 pA Max | All Outputs HIGH
lccL Power Supply Current 60 mA Max | All Outputs LOW
lccz Power Supply Current OE,, = Veo
) 100 A Max Ali Others at Vgc or GND
lccT Additional Icc/Input . Outputs Enabled 25 mA V| = Vg — 2.1V
Outputs TRI-STATE 2.5 mA Max Enable Input V| = Vo — 2.1V
Outputs TRI-STATE 50 nA Data InputV} = Vg — 2.1V
All Others at Vg or GND
lcep Dynamic Icc No Load mA/ Outputs Open, OE, = GND
(Note 1) 0.1 MHz Max | One Bit Toggling,
50% Duty Cycle

Note 1: Guaranteed but not tested.
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DC Electrical Characteristics (continued)

Symbol Parameter ABT16244C Units Vee g:':‘":::i
Min  Typ  Max R = 5000
VoLp Quiet Output Maximum Dynamic VoL - 04 0.7 v 5.0 Ta = 25°C (Note 1)
Vorv Quiet Output Minimum Dynamic Vg -1.3 -1.0 ) v 5.0 Ta = 25°C (Note 1)
Vorv Minimum High Level Dynamic Output Voltage 2.7 3.0 v 5.0 Ta = 25°C (Note 3)
ViHD Minimum High Level Dynamic Input Voltage 2.0 1.4 v 5.0 Ta = 25°C (Note 2)
ViLp Maximum Low Level Dynamic Input Voltage 1.2 0.8 v 5.0 Ta = 25°C (Note 2)

Note 1: Max number of outputs defined as (n). n-1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested.
Note 2: Max number of data inputs (n) switching. n-1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (Vi p), OV to threshold (Vjnp).

Guaranteed, but not tested.

Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics: see Section 2 for Waveforms

74ABT 54ABT 74ABT
Ta= +25°C Ta=—55°Cto +125°C Ta=—40°Cto +85°C
Vee=+5V Veo=4.5V-5.5V Vge = 4.5V=-5.5V Fig.
Symbol Parameter Units
Y CL = 50 pF CL = 50 pF CL = 50 pF No.
Min Typ Max Min Max Min Max
tpLH Propagation 10 23 3.9 ' 1.0 3.9 _ 2-3,5
tPHL Delay Data 0 27 3.9 1.0 3.9 n; 23,5
to Outputs
tpzH Output Enable 156 35 6.3 1.5 6.3 ns 2.4
tpzL Time 15 35 63 1.5 6.3
tPHZ Output Disable | 1.0 4.2 6.7 1.0 6.7 ns 2.4
tpLz Time 10 32 67 1.0 6.7
Extended AC Electrical Characteristics: see section 2 for Waveforms
74ABT 74ABT 74ABT
—40°C to +85°C Ta = —40°Cto +85°C Ta = —40°C to +85°C
, Vce = 4.5V-5.5V Vge = 4.5V-5.5V Vce = 4.5V-5.5V Fig
Symbol Parameter ‘ C =50 pF CL = 250 pF CL = 250 pF Units No.
- 16 Outputs Switching 1 Output Switching 16 Outputs Switching ) )
(Note 4) (Note 5) (Note 6)
Min Typ Max Min Max Min Max
ftoggie | Max Toggle Frequency 100 -MHz
tPLH -Propagation Delay 1.5 5.0 1.5 6.0 25 8.0 ns | 235
tpHL Data to Outputs 1.5 5.3 1.5 6.0 25 8.0 ’
tpzH Output Enable Time 1.5 6.5 25 .78 25 9.5 ns ‘ 24"
tpzL 15 6.5 25 7.8 25 8.5
teHz Output Disable Time 1.0 6.7 (Note 7) (Note 7) ns 2.4
tpLz 1.0 6.7 :

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high,

high-to-low, etc.).

Note 5: This specification is guaranteed but not tested. The limits repraseht propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high,
high-to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE delay times are dominated by the RC network (5000, 250 pF) on the output and have been excluded from the datasheet.
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I
Skew '
N
74ABT 74ABT o
TA = —40°Cto +85°C TA = —40°Cto +85°C
Vee = 4.5V=-5.5V Vec = 4.5V=5.5V Fig
Symbol Parameter CL = 50 pF CL = 250 pF Units No'
16 Outputs Switching 16 Outputs Switching :
(Note 3) (Note 4)
Max Max
tosHL Pin to Pin Skew g
(Note 1) HL Transitions 10 15 ns 215
tosLH Pin to Pin Skew g
(Note 1) LH Transitions 10 15 ns 215
tps Duty Cycle
(Note 5) LH-HL Skew 15 15 ns 216
tost Pin to Pin Skew
(Note 1) LH/HL Transitions 7 2.0 ns 219
tpy Device to Device Skew
(Note 2) LH/HL Transitions 20 25 ns 222

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (togHL), LOW to HIGH (tosLn), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT). The specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V¢c) from device to device. This specification is guarantoed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high,
high-to-low, etc.)

Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors
in the standard AC load.

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.

Capacitance
Conditions
Symbol Parameter Typ Units Tp = 25°C
CiN Input Capacitance ' 5.0 pF Vcg = 5.0V
Cour (Note 1) Output Capacitance 9.0 pF Vcg = 5.0V

Note 1: Coyr is measured at frequency f = 1 MHz; per MIL STD-883B, Method 3012.
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tpLH vs Temperature (Ta) ~ tpHL vs Temperature (Tp)
CL = 50 pF, 1 Output Switching ) CL = 50 pF, 1 Output Switching
5.00 5.00
4.00 Max 4,00 Max
Typ @ 4.5V
3.00 Typ @ 4.5V ) 3.00 __ _1__.-:
R N R puops Ayl SR Sy
2.00 ....__......._...---g‘,yp@55 .00 Typ @ 5.5V
1.00 Min 1.00 Min
0.00 - 0.00
-55°C -40°C 25°C 85°C 125°C -550¢C -40°C 250¢ 859C 1250C
TL/F/10985-12 TL/F/10985-13
tpLH vs Load Capacitance . tpHL Vs Load Capacitance
1 Output Switching, Ta = 25°C - 1 Output Switching, Ty = 25°C
8.00 8.00
6.00 6.00
Max e : i Max -
g 5V AL 4.5V
400 | et PRt 4.00 T e
L e — T L=
b = Typ @ 5.5V b = """ [Typ @ 5.5V
2.00 2.00
0.00 Min , 0.00 —&° Min
50 pF 100 pF 150 pF 200 pF 250pF 50 pF 100 pF 150 pF 200 pF 250 pF
TL/F/10985-14 TL/F/10985-15
tpLH Vs Load Capacitance - o tpHL vs Load Capacitance
16 Outputs Switching, Tp = 25°C 16 Qutputs Switching, Tp = 25°C
8.00 8.00
NG/X” = Max - =
6.00 Lrae=="TTyp @ 4.5V o= "] .00 =TT _TYP @ 4.5V — et
o - -] ’ ’—’-—7 —:'—'-P‘
- -
4.00 —m 4.00 = =TT Typ @ 5.5V
. === Typ @ 5.5y —— 0 =
Min
2.00 - == 2.00 — —
Min
0.00 0.00
50 pF 100 pF 150 pF 200pF  250pF 50 pF 100 pF 150 pF 200pF  250pF
TL/F/10985~16 TL/F/10985-17
Dashed lines represent design char istics; for specified g referto AC Charactérisﬁcs Tables.
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tpzL vs Temperature (Ta)
CL = 50 pF, 1 Output Switching

8.00
7.00 ox
6.00 ——
5.00
Typ @ 4.5V ]
4.00 e ——— T
3.00 == Typ @ 5.5
2.00
1.00 Min
0.00
-559C -40°C 25°C 85°C 125°¢C
TL/F/10985-18
tpzy vs Temperature (Ta)
Cy. = 50 pF, 1 Output Switching
8.00
7.00 Max
6.00 —_
5.00
Typ @ 4.5V
400 — et -‘“”‘+ e
3.00 ———m T
Typ @ 5.5V
2.00
1.00 Min
0.00
-559C -40°C 25°C 85°C 125°C
TL/F/10985-20
tpzH vs Temperature (Tp)
CL = 50 pF, 16 Outputs Switching
8.00
7.00 Max
6.00
5.00 Typ @ 4.5V
4.00
- - o - —
3.00 Typ @ 5.5V
2.00
1.00 Min
0.00
-40°C 25°C 85°C

TL/F/10985-22

tprz vs Temperature (Ta)
CL = 50 pF, 1 Output Switching
8.00
7'00 pr——— . E————— S S—
6.00 Max
5.00
4.00
3.00 Typ @ 4.5V
' = —_—— #—_ ===
2.00 _mmseeee—
Typ @ 5.5V
1.00 - .
Min I
0.00 t
-55°C -40°C 25°C 85°C 125°C
TL/F/10985-19
tpyz vs Temperature (Ta)
CL = 50 pF, 1 Output Switching
8.00
7.00 —— Max—
6.00 i
5.00 Typ @ 4.5V
400 ~E= S = @-;;/-""
3.00 ro>
2.00
1.00 o
0.00
-55°C -40°C 25°C 85°C 125°C
TL/F/10885-21
tpyz vs Temperature (Ta)
CL = 50 pF, 16 Outputs Switching
8.00
7.00 Max
6.00
5.00 Typ @ 4.5V
4.00 — == = —
Typ @ 5.5V
3.00
2.00
1.00
Min
0.00
-40°C 25°C 85°C

TL/F/10985-23

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables.
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8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

10.00
8.00
6.00
4.00
2.00

0.00

tpzL vs Temperature (Ta) tpLz vs Temperature (Tp)
CL = 50 pF, 16 Outputs Switching Cy = 50 pF, 16 Outputs Switching
8.00
Max 7.00 Max
6.00
Typ @ 4.5V 5.00
4.5V
I ——— ———— 4.00 TP 0 45
Typ @ 5.5V 3.00 Typ @ 5.5V
2.00
1.00 Min
Min
- 0.00
-40°C 259C 85°C -40°C 259C 85°C
TL/F/10985-24 TL/F/10985-25
tpzL vs Load Capacitance tpzy vs Load Capacitance
16 Outputs Switching, Tp = 25°C 16 Outputs Switching, Tp = 25°C
- 12.00 -
Max — 10.00 - =
== | Typ @ 4.5V o =] 8.00 i
— e —T - I @ 4.5V "
-l --1" 6.00 ——— W
_—‘-—‘___,_—— Typ @ 5.5V * — - -______.‘.-
o e = = L === T "Typ @ 5.5V
: 4.00 —Far——=
Min e o s Min
— R EE— 2.00 — —
0.00 -
50pF 100pF  150pF  200pF * 250pF 50 pF 100pF  150pF  200pF  250pF
" TWLF/10985-26 TL/F/10985-27
tpLH and tpyL vs Number Output Switching
Vee = 5.0V, Ta = 25°C, C = 50 pF
6.00
—-“
5.00 e —
""" Max
4.00 —jmmr e AL Typ —]
M w—
3.00 —fmrem ———"_:—:::_ -
L e = tPLH Typ.
2.00
1.00 Min
0.00
1 Output 8 Output 16 Output
TL/F/10985-28
Icc vs Frequency Average,
Ta = 25°C,Vge = 5.5V
160
140 i
120 = —
1005 PV = 5.5V
lec (MA) 80 3 Ve = 5.5V
60 5
403
20 ;
0 =
o 10 20 40 50 60 70 80 90 100
Frequency (MHz)

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Tables.

TL/F/10985-29
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54ABT/74ABT16245C

16-Bit Transceiver with TRI-STATE® Outputs

General Description

The 'ABT16245C contains sixteen non-inverting bidirection-
al buffers with TRI-STATE outputs and is intended for bus
oriented applications. The device is byte controlled. Each
byte has separate control inputs which can be shorted to-
gether for full 16-bit operation. The T/R inputs determine
the direction of data flow through the device. The OE inputs
disable both the A and B ports by placing them in a high
impedance state. .

Features

m Bidirectional non-inverting buffers

m Separate control logic for each byte
m 16-bit version of the 'ABT245C

m A and B output sink capability of 64 mA, source capa-
bility of 32 mA :

m Guaranteed output skew

m Guaranteed multiple output switching specifications

m Output switching specified for both 50 pF and 250 pF
loads

® Guaranteed simultaneous switching noise level and
dynamic threshold performance

m Guaranteed latchup protection

® High impedance glitch free bus loading during entire
power up and power down cycle

m Non-destructive hot insertion capability

Ordering Code: see section 11

Logic Symbol

Ao A Ay Ay Ap As Ag Ay Ag Ag Mg Ag Ap M3 Ay Hys

e [ ok, jo—-

—] /R, /Ry p—
By B B, 8y B, Bs Bg B; By By Big By B2 B3B4Bis
tirertrrrrtrrrrt

TL/F/10986-1

Pin Description

Pin Names Description

OE, Output Enable Input (Active Low)
T/Rn Transmit/Receive Input

Ao-Ats Side A Inputs/Outputs

Bo-Bi1s Side B Inputs/Outputs

Connection Diagram

T/R =41 ~ 48 | OF,
By— 2 14
8 —{3 a4

oND —| 4 451 GND
8,5 saf-n,
By —]6 3

Vee =7 a2f- vy,
8, —{e 44,
B —{9 40— A

eND—{10 39}~ anp
By —{ 11 38l a
B, —{12 37} 4,
By —{13 36§ Ay
By —{ 14 35|

eND—{15 34]—oNp

Bo—{16 33f=o
B 17 32— Ay
Ve =] 18 31f=vee
B, —{19 30f-4,
B3 —]20 e Bt

oND —{ 21 28}~ GND

By 22 27 = Ay
Bs =23 245

/Ry = 24 25— 0E,

TL/F/10986-2
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Functional Description

The 'ABT16245C contains sixteen non-inverting bidirection-
al buffers with TRI-STATE outputs. The device is byte con-
trolled with each byte functioning identically, but indepen-
dent of the other. The control pins can be shorted together
to obtain full 16-bit operation.

Logic Diagrams

/Ry ~—4

l1ors

TL/F/10986-3

Truth Tables
— Inputs — Outputs
OE4 T/Rq
L L Bus Bp-B7 Data to Bus Ag-A7
L H Bus Ag-A7 Data to Bus Bg-B7
H X HIGH-Z State on Ag~A7, Bo-B7
— Inputs Outputs
OE; T/Rz
L L Bus Bg-B1s Data to Bus Ag-A1s
L H Bus Ag—A1s Data to Bus Bg—-Bs
H X HIGH-Z State on Ag—A1s, Bg-B1s
H = High Voltage Level

L = Low Voltage Level
X = Immaterial
Z = High Impedance

1 10F8

TL/F/10986-4
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Absolute Maximum Ratings (Note 1)

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availabllity and specifications.
Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

DC Latchup Source Current —500 mA
Over Voltage Latchup (1/0) 10V

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.

-

Ceramic ~55'Cto +175°C Recommended Operating
Plastic —55°Cto +150°C conditions
G amapn —0.5V to +7.0V Frea Alr Ambient Temperature
Military —55°Cto +125°C
Input Voltage (Note 2) —0.5Vto +7.0V Commercial Z40°C to +85°C
Input Current (Note 2) —30mAto +5.0mA Supply Voltage
Voltage Applied to Any Output Military +4.5Vto +5.5V
|Fr,1 the lesfasbtletd or 0.5V 10 5.5V Commercial +4.5Vto +5.5V
ower-0 ate —0.5Vto 5. i
in the HIGH State —0.5Vio Vee M'B'::: T:‘:ﬂ:m Edge Rate 5(_,(?“\(//}"2
Current Applied to Output Enable Input 20 mV/ns
in LOW State (Max) twice the rated lg| (mA)
DC Electrical Characteristics
ABT16245C
Symbol Parameter Units| Vge Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 v Recognized HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized LOW Signal
Vep Input Clamp Diode Voltage -12| V Min |y = —18 mA (OE,,, T/Rp)
VoH Output HIGH Voltage 54ABT/74ABT| 2.4 v Min  |loy = —3 mA (An, Bp)
54ABT| 2.0 v Min  |loy = —12 mA (An, Bp)
74ABT| 2.0 v Min  |loq = —32mA (Ap, Bp)
VoL Output LOW Voltage 54ABT 0.55 v Min loL = 48 mA (Ap, Bp)
74ABT 0.55 loL = 64 mA (A, Bp)
hH Input HIGH Current 5 pA | Max [Viy= 2.7V (OE,, T/Bp)
5 ViN = Ve (OEp, T/Rn)
IBvi Input HIGH Current _ =
Breakdown Test 7 pA Max |V|y = 7.0V (CE,, T/Rp)
lgviT Input HIGH Current : -
Breakdown Test (1/0) 100 | pA | Max |ViN = 5.5V (Aq, Bn)
i Input LOW Current -5 | pA Max {Vy = 0.5V (OE,, T/Bp)
-5 Vin = 0.0V (OE,, T/R;)
Vip Input Leakage Test ip = 1.9 uA (OE,, T/Rp)
4 475 V| 00 |Ailother Pins Grounded
ik + lozx| Output Leakage Current 50 pA |0 — 5.5V|VgoyT = 2.7V (A, Bp); OE = 2.0V
liL + lozL |Output Leakage Current —50 | pA |0 — 55V|Voyr = 0.5V (A, By); OE = 2.0V
los Output Short-Circuit Current —100 —275( mA Max |Vout = 0.0V (A, Bp)
lcex Output High Leakage Current 50 nA Max |Vout = Vce (An, Bn)
Izz Bus Drainage Test 100 | pA 0.0 Xﬁ%.lt-h—; Sg(’)q\lg(An, Bn);
. ers
lccH Power Supply Current 100 | pA Max | All Outputs HIGH
lccL Power Supply Current 60 | mA Max | All Outputs LOW
leez Power Supply Current OE,, = Vce, T/R,, = GND or Ve
100 | pA | Max a1 Gthers at Ve or GND
lceT Additional Igg/Input  Outputs Enabled 25 | mA V) =Vcc — 21V
Outputs TRI-STATE 25 [ mA Max |[OEp, T/Rp V) = Vg — 2.1V
Outputs TRI-STATE 50 pA Data Input V| = Vg — 2.1V
All others at Vg or GND
lccp Dynamic Icc No Load mA/ Outputs Open
0.1 MHz| Max - OE,, = GND, T/R;, = GND or V¢
One Bit Toggling, 50% Duty Cycle

Note 1: Guaranteed, but not tested.
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DC Electrical Characteristics

Symbol Parameter Min Typ Max | Units | Voo cL= ;)O::; i:t": 5000
VoLp Quiet Output Maximum Dynamic Vo 0.5 0.9 \" 50 | Ta = 25°C(Note 2)
VoLv Quiet Output Minimum Dynamic Vo -14 -1.0 \% 5.0 | Ta = 25°C(Note2)
VoHv Minimum High Level Dynamic Output Voltage 25 3.0 Y 50 | Ta = 25°C(Note 4)
ViHD Minimum High Level Dynamic Input Voltage 2.0 1.4 \ 50 | Ta = 25°C(Note 3)
Vio Maximum Low Level Dynamic Input Voltage 1.2 0.8 Vv 50 | Ta = 25°C(Note 3)

Note 2: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested.
Note 3: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (V) p), OV to threshold (Vip).

Guaranteed, but not tested.

Note 4: Max number of ou(buts defined as (n). n — 1 data inputs are driven 0V to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics: see Section 2 for Waveforms

74ABT 54ABT 74ABT
TA = Ta =
. Ta = +25°C ’ ;
—55°Cto +125°C —40°C to +85°C Fig.
Symbol Parameter =+ Units
Y ‘é°°= 50 5":' Vee = 4.5V-5.5V Vce = 4.5V=-5.5V No.
L=0p CL = 50pF CL = 50 pF
Min Typ Max Min Max Min Max
tpLH Propagation 1.0 2.4 3.9 1.0 3.9 2-3,5
tpHL Delay Data 1.0 2.8 3.9 1.0 ) ns 23,5
to Outputs
tpzH Output Enable 15 36 6.3 1.5 6.3 ns o4
tpzL Time 1.5 3.7 6.3 1.5 6.3
tpHZ Output Disable | 1.0 4.6 6.9 1.0 6.9 ns 2.4
tpLz Time 1.0 37 6.9 1.0 6.9
Extended AC Electrical Characteristics: see Section 2 for Waveforms
74ABT 74ABT 74ABT
Ta = Ta = Ta =
—40°C to +85°C —40°C to +85°C -40°C to +85°C
Symbol parameter Vee = 4.5V-5.5V Vee = 4.5V-5.5V Vge = 4.5V-5.5V Units Fig.
CL = 50 pF CL = 250 pF CL = 250 pF No.
16 Outputs Switching 1 Output Switching 16 Outputs Switching
(Note 4) (Note 5) (Note 6)
Min Typ Max Min Max Min Max
iftoggle Max Toggle Frequency 100 ] MHz
tpLH Propagation Delay 1.5 5.0 1.5 6.0 2.5 8.0 ns | 235
tpHL Data to Outputs 1.5 5.3 15 6.0 25 8.0 ’
tpzH Output Enable Tim.e 15 6.5 2.5 8.2 2.5 10.0 ns 2.4
tpzL 1.5 6.5 25 8.2 25 9.0
tpHZ Output Disable 1.0 6.9
e Time 10 69 (Note 7) (Note 7) ns | 24

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.).

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, h)gh-
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: TRI-STATE delay are dominated by the RC network (50012, 250 pF) on the output and have been excluded from the datasheet.
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-
a
Skew >
o
74ABT 74ABT o
Ta = —40°C to +85°C Ta = —40°Cto +85°C
Vee = 4.5V-5.5V Vee = 4.5V-5.5V Fi
Symbo! Parameter CL = 50 pF CL = 250 pF Units Ng-
16 Outputs Switching 16 Outputs Switching ’
(Note 3) (Note 4).
' Max Max
tosHL Pin to Pin Skew .
(Note 1) HL Transitions 13 15 ns 215
tosLH Pin to Pin Skew
(Note 1) LH Transitions 13 18 ns 215
tps Duty Cycle '
(Note 5) LH-HL Skew 15 20 ns 2-16
tost Pin to Pin Skew )
(Note 1) LH/HL Transitions 17 25 ns 219
tpy Device to Device Skew .
(Note 2) LH/HL Transitions 20 3.0 ns 222

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tosH), LOW to HIGH (tosiH), or any combination switching LOW-to-HIGH and/or HIGH-to-LOW
{tosT). The specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.)

Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors
in the standard AC load. . R

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.

Capacitance
Symbol Parameter Typ Units . Conditions, Tp = 25°C
CiIN Input Capacitance 5 pF - Vee = 0.0V (OE,, T/Rp)
Ci/o (Note 1) Output Capacitance 11 pF Vce = 5.0V (Ap, Bp)

Note 1: Cj/o is measured at frequency f = 1 MHz, per MiL-STD-883B, Method 3012.

tpLH Vs Temperature (Ta) tpHL vs Temperature (Tp)
CL = 50 pF, 1 Output Switching CL = 50 pF, 1 Output Switching
5.00 5.00
4.00 — ' Hax
. 4,00
Max Typ@45v____J
3.00 Typ @ 4.5V —— 3.00 — e —
. . .._-—-'- - e = c——— —
2.00 f——==r Typ @ 5.5V —— 2.00 Typ @ 5.5V
1.00
o 1.00 =
0.00 0.00
~-55°C -40°C 25°C 85°C 125°C -559( -40°C 259¢ 859C 1259¢
TL/F/10986-13 TL/F/10986-14

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Table.
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tpLH vs Load Capacitance
1 Output Switching, T4 = 25°C

8.00
6.00 rra——
e \'
|1 7yp @ A2
4.00 ————
e
g Typ @ 5.5V
2.00
Min
0.00
50 pF 100 pF 150 pF 200 pF 250 pF
TL/F/10986-15
tpLy vs Load Capacitance
16 Outputs Switching, T = 25°C
10.00
8.00 Max "
— @ 4.5 ==
5.00 1 — _L—_’_T_LP___ﬁ_—_
4.00 P e o —
. o3 Typ .
B ]
2.00 .
0.00
50 pF 100 pF 150 pF  200pF 250 pF
TL/F/10986-17
tpz1 vs Temperature (Ta)
CL = 50 pF, 1 Output Switching
8.00
7.00 Max
6.00
5.00 Typ @ 4.5V
4.00 -
3.00 — =7 Typ @ 5.5V
2.00 :
1.00 Min
0.00
-550C  -40°C 25°C 85°¢C 125°C

TL/F/10986-19

tpHL vs Load Capacitance

1 Output Switching, Tp = 25°C

8.00
6.00 Wox ] =
’ T 4,5V
400 e T e
- —_-—_—__..——' -
—r Typ @ 5.5V
2.00
Min
0.00 -
50 pF 100pF  150pF  200pF 250 pF
TL/F/10986-16
tpHL Vs Load Capacitance
16 Outputs Switching, Tp = 25°C
10.00
8.00 Max e
6.00 - _--—Tﬂ".@- 4.5V -
o S
B a—y
4,00 ==t = Typ @ 5.5V
2.00 — T
0.00
50pF  100pF 150 pF 200 pF 250 pF
TL/F/10986-18
tpLz vs Temperature (Tp)
Cp = 50 pF, 1 Output Switching
8.00
7.00 Max
6.00
5.00
Typ @ 4.5V -
4.00 P o e ]
3.00 Typ @ 5.5V
2.00
1.00 Min
0.00
-559C  -40°C 259C 85°¢C 1250¢

Dashed fines represent design characteristics; for specified guarantees, refer to AC Characteristics Table.

TL/F/10986-20
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tpzy vs Temperature (Tp)
CL = 50 pF, 1 Output Switching
8.00
7.00 Max
6.00
5.00 Typ @ 4.5V —
4.00 i =
3.00 === === TG 5.5V
2.00
1.00 Min
0.00 -
-559C -40°C 259C 859C 125°C
TL/F/10986-21
tpzy vs Temperature (Tp)
CL. = 50 pF, 16 Outputs Switching
8.00
7.00
6.00 Max
5.00 — Typ @ 4.5V
;Zg = Typ @ 5.5V
2.00
1.00 Min
0.00
-40°C 25°C 859C
. TL/F/10986-23
tpz1 vs Temperature (Ta)
Cy = 50 pF, 16 Outputs Switching
8.00
7.00
6.00 Max
5.00 =
4.00 _: _ Typ @ 4.5V
3.00 Typ @ 5.5V
2.00
1.00 Min
0.00
-40°C 25°C 85°C

TL/F/10986-25

tpyz vs Temperature (Ta)
CL = 50 pF, 1 Output Switching
8.00
7.00 Max
6.00
Typ @ 4.5 I
5.00 S — —T——
4.00 = ==—{Typ @ 5.5
3.00
2.00
1.00 =
0.00
-559C  -40°C 25°¢ 85°C 125°C
TL/F/10986-22
tpHz vs Temperature (Ta)
CL = 50 pF, 16 Outputs Switching
8.00
7.00 =
5.00 T :‘; 4.5V
5.00 — P= 2
o mama— . ——
4.00 —pmmrmr = Tlyp @ 5.5V
3.00
2.00
1.00 -
0.00 Min
-40°C 25°C 85°C
TL/F/10986-24
tpLz vs Temperature (Tp)
CyL = 50 pF, 16 Outputs Switching
8.00
7.00
6.00 Max
5.00 — Typ @ 4.5V -
4004 Typ @ 5.5V = ==
3.00 HAAL
2.00
1.00 -
0.00 Min
-40°C 25°C 85°C

TL/F/10986-26

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Table.
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tpz, vs Load Capacitance
16 Outputs Switching Ty = 25°C

10.00
8.00 b ——J
. — Typ @ 4.5V _
e =] _-’1_—’ -1
6.00 — p—— ) B
= =1 "Typ @ 5.5v
4,00
2.00 — Min
0.00
50pF  100pF  150pF  200pF 250 pF

TL/F/10986-27

tpLy vs Number Output Switching
Vec = 5.0V, Tp = 25°C, C = 50 pF

6.00
5.00 LEZ(______;_.'———-
"_-—
400 tPLH T
AT
3.00 - — =
. e == ==
2.00
Min
1.00
0.00
1 Output 8 Outputs 16 Outputs

TL/F/10986-29

Icc vs Frequency
Average, Tp = 25°C, Vg = 5.5V

All Outputs Unloaded/Unterminated;

16 Outputs Switching In-Phase at 50% Duty Cycle

tpzH vs Load Capacitance
16 Outputs Switching T4 = 25°C

12.00
10.00 Max_ ="
8.00 _)/"Ty; @ .'.‘-'%—v—'_"’
e - .
6.00 —— e
400 == == T1y5 @ 5.5
2.00 — Vi
0.00
50 pF 100 pF 150pF  200pF  250pF
TL/F/10986-28
tpHL Vs Number Output Switching
Vee = 5.0V, Ta = 25°C, C, = 50 pF
6.00
M P
4,00 =" ==
-_—-——"--_——
s o e’ PLH Typ.
2.00 Min
0.00
1 Output 8 Outputs 16 Outputs

TL/F/10986-30

160
140

120

.

l 110
cC .

/

(mA) 80
60

40 L

20/

—Vj = 5.5V
Voo = 5.5V [—

0 10 20 30 40 50 60 70 80 90 100
Frequency (MHz)

TL/F/10886-31

Dashed lines represent design characteristics; for specified guarantees, refer to AC Characteristics Table.
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54ABT/74ABT16500C

PRELIMINARY

18-Bit Universal Bus Transceivers

with TRI-STATE® Outputs

General Description

These 18-bit universal bus transceivers combine D-type
latches and D-type flip-flops to allow data flow in transpar-
ent, latched, and clocked modes.

Data flow in each direction is controlled by output-enable
(OEAB and OEBA), latch-enable (LEAB and LEBA), and
clock (CLKAB and (CLKBA inputs. For A-to-B data flow, the
device operates in the transparent mode when LEAB is
high. When LEAB is low, the A data is latched if CLKAB is
held at a high or low logic level. If LEAB is low, the A bus
data is stored in the latch/flip-flop on the high-to-low tran-
sition of CLKAB. Output-enable OEAB is active-high. When

OEAB is high, the outputs are active. When OEAB is low,

the outputs are in the high-impedance state.

Data flow for B to A is similar to that of A to B but uses
OEBA, LEBA, and CLKBA. The output enables are comple-
mentary (OEAB is active high and OEBA is active low). -
To ensure the high-impedance state during power up or
power down, OE should be tied to GND through a pulldown
resistor; the minimum value of the resistor is determined by
the current-sourcing capability of the driver.

Features

B Combines D-Type latches and D-Type flip-flops for
operation in transparent, latched, or clocked mode

a Flow-through architecture optimizes PCB layout

@ Guaranteed latch-up

m Guaranteed output skew

m Guaranteed multiple output switching specifications

m Output switching specified for both 50 pF and 250 pF
loads

@ Guaranteed simultaneous switching noise level and
dynamic threshold performance

a High impedance glitch free bus loading during entire
power up and power down cycle

m Non-destructive hot insertion capability

Ordering Code: see section 11

Connection Diagram

Ny
oEAB =]t 56 |~GND
LEAB—] 2 55 |~CLKAB
n—s sil-s
cw{ 4 53 }~cnD
a5 s2l-8,
a6 sif-s,
V17 50 |=vee
a—s 498,
a9 ] 22N
r—{10 %) A
o011 46 f~cnp
{12 It r—a,
r—{13 Yy N
rg—{14 438,
Mo 13 BEE] -1
Ap=]18 [ T
a—{17 40f-8,,
oNo—{ 18 39}-cno
L i piH
Ag—{20 37f-8,
As—p2! 368
Vee = 22 35| Voo
L B 348
Ay=f24 33}-8,
oN0—] 25 32|~enp
Ap~]26 - i LT
OEBA— 27 30 [—CIKBA
Leea—] 28 29[—GND

TL/F/11581-1

Function TableT

Inputs Output

OEAB LEAB CLKAB A B

L X X X z

H H X L L

H H X H H

H L l L L

H L l H H

H L H X Bot
H L L X BoS

t A-to-B data flow is shown: B-to-A flow is similar but uses OEBA, LEBA,
and CLKBA. ’

+ Output level before the indicated steady-state input conditions were estab-
lished.

§ Output level before the indicated steady-state input conditions were estab-
lished, provided that CLKAB was low before LEAB went low.
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Logic Diagram
OEAB l\

CLKBA

LEBA

CLKAB

LEAB

—o>—
m_OD_
>

o

-

~
To 17 Other Channels

TL/F/11581-2
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availabllity and specifications.
—65°Cto +150°C
—55°Cto +125°C

Storage Temperature
Ambient Temperature under Bias

Junction Temperature under Bias
Ceramic

—55°Cto +175°C

Output Clamp Current —50 mA
Max. Power Dissipation @ Ta = 55°C (in still air) 1w
DC Latchup Source Current —500 mA
Over Voltage Latchup (I/0) 10V

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Plastic —55°Cto +150°C
Vce Pin Potential to H
Ground Pin —-0.5Vto +7.0V Reco!n_mended oPeratmg
Input Voltage (Note 2) —0.5Vto +7.0V Condnthns
input Current (Note 2) —30mAto +5.0 mA Frifm.:\al:yAmblent Temperature _55°Cto +125°C
Vqltage Applied to Any Output Commercial —40°C to +85°C
in the Disabled or Supply Voltage
Power-off State —~0.5Vto 5.5V &ﬁr g +45Vto +5.5V
in the HIGH State ~0.5V1to Vg wary Vo
c  Aplied to Outout ’ Commercial +4.5Vto +5.5V
urrent Applied to Outpu i Minimum Input Edge Rate (AV/AY)
in LOW State (Max) twice the rated Ig| (mA) Data Input 50 mV/ns
Enable Input 20 mV/ns
DC Electrical Characteristics .
Symbol Parameter ABT16500C Units V Conditions
4 Min Typ Max ce
VIH Input HIGH Voltage 2.0 v Recognized HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized LOW Signal
Vep Input Clamp Diode Voltage -1.2 \" Min IN= —18mA
VoH Output HIGH Voltage 54ABT/74ABT| 25 \Y Min lon = —3 mA;Vgc = 4.5V
54ABT| 2.0 \ Min loy = —12mA
74ABT | 20 v Min lon = —32mA; Vgg = 4.5V
VoL Output LOW Voltage 54ABT 0.55 v Min loL = 48 mA; Vg = 4.5V
74ABT 0.55 loL = 64 mA; Vog = 4.5V
liH input HIGH Current 5 ViN = 2.7V
A M.
5 #* & vin=Vce
Igvi Input HIGH Current Breakdown Test 7 RA Max VN = 7.0V
I Input LOW Current -5 Vin = 0.5V
-5 | BA | Max |0 oov
Vip Input Leakage Test Ip= 19 A
4.75 v 0.0 | All Other Pins Grounded
Iy + Output Leakage Current 50 pA |0 55V Vout = 2.7V; OE = 2.0V
lozH )
e + Output Leakage Current —50 pA |0—55v Vout = 0.5V; OE = 2.0V
lozL )
los Output Short-Circuit Current -100 —-275 | mA Max Vourt = 0V
Icex Output High Leakage Current 50 MA Max | Vout = Ve
Izz Bus Drainage Test 100 RA 0.0 Vout = 5.5V, All Others GND
locH Power Supply Current 100 RA Max All Outputs HIGH
lcoL Power Supply Current 68 BA Max All Outputs LOW
lccz Power Supply Current OE, = Vee,
100 1 pA | Max | AyOthersat Voo or GND
lccT Additional Icc/Input : Vi = Vg — 2.1V
25 mA Max All Others at Vcc or GND
lcco Dynamic Icc No Load mA/ Outputs Open
(Note 1) 0.18 MHz Max OE, = GND
One Bit Toggling, 50% Duty Cycle

Note 1: Guaranteed, but not tested.
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DC Electrical Characteristics (continued)

Symbol Parameter Min Tylbp Max Units | Vce oL = ;)O:gi::i‘t": 50000
Vorp Quiet Output Maximum Dynamic VOL 0.8 \ 5.0 Ta = 25°C (Note 1)
VoLv Quiet Output Minimum Dynamic Vo -1.0 \ 5.0 Ta = 25°C (Note 1)
VoHv Minimum High Level Dynamic Output Voltage 2.5 \ 5.0 Ta = 25°C (Note 3)
ViHp Minimum High Level Dynamic Input Voltage 2.0 \ 5.0 Ta = 25°C (Note 2)
ViLp Maximum Low Level Dynamic Input Voltage 0.8 \ 5.0 Ta = 25°C (Note 2)

Note 1: Max number of outputs defined as (n). 'n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested.

Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (V| p), OV to threshold (Vjyp).
Guaranteed, but not tested.

Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven, 0V to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics: see Section 2 for Waveforms

74ABT 54ABT 74ABT

Ta = +25°C Ta = —55°Cto +125°C | Ta = —40°Cto +85°C
Symbol Parameter Vee = +5V Vce = 4.5V-5.5V Vee = 4.5V-5.5V Units | Fig.

CL = 50 pF CL = 50 pF Cy = 50 pF No.

Min Typ Max Min Max Min Max

fmax Maximum Clock Frequency | 150 150 MHz
teLH irgf;gtztgr;?p\elay 1.1 3.6 11 4.0 ns | 23,5
tpHL 1.0 3.9 1.0 4.6
tpLH Propagation Delay 1.0 4.7 1.0 5.3 ns | 235
oL LEAB or LEBAto B or‘A 1.0 47 1.0 5.0 ’
tpLH Propagation Delay 1.0 4.4 1.0 5.3
o | C-RABOrCLKBAtoBorA [y g 43 10 5.0 neo|Eee
tpzH Propagation Delay 1.0 4.1 1.0 .48
1o | CEABOrOEBAtoBorA [0 57 Py o6 ns | 24
teHz Propaga’(ionﬂlay 1.5 5.2 1.5 6.2 ns 2.4
tpLz OEAB or OEBAtoBor A 1.4 47 14 5.4
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'AC operating Requirements: see Section 2 for Waveforms

74ABTC 54ABTC 74ABTC

Ta = +25°C Ta = —55°Cto +125°C | Tp = —40°Cto +85°C
Symbol Parameter Vee = +5V Vg = 4.5V-5.5V Vee = 4.5V-5.5V Units | Fig.

CL = 50 pF CL = 50pF CL = 50 pF No.

Min Max Min Max Min Max
ts(H) Setup Time, 4.5 4.5 ns 2.6
ts(L) A to CLKAB 45 45
th(H) Hold Time, 0 0
t(l) | AtoCLRAB 0 0 ns | 26
ts(H) Setup Time, 4.0 4.0 ns 2.6
ts(L) B to CLKBA 4.0 4.0
th(H) Hold Time, 0 0
th(L) B to CLKBA 0 0 ns | 26
ts(H) Setup Time, A to LEAB 1.5 1.5 ns 2.6
ts(L) or B to LEBA, CLK High 1.5 1.5
th(H) Hold Time, A to LEAB 1.5 1.5 ns 26
th(L) or B to LEBA, CLK High 1.5 1.5
ts(H) Setup Time, A to LEAB 4.5 4.5 ns 2.6
ts(L) or B to LEBA, CLK Low 4.5 4.5
th(H) Hold Time, A to LEAB 1.5 1.5 ns 26
th(L) or B to LEBA, CLK Low 1.5 1.5
tw(H) Pulse Width, 3.3 3.3 ns 23
tw(l) LEAB or LEBA, High 3.3 3.3
tw(H) Pulse Width, CLKAB 3.3 3.3 ns 2.3
tw(L) or CLKBA, High or Low 3.3 3.3
Extended AC Electrical Characteristics : see Section 2 for Waveforms
74ABT 74ABT 74ABT
Ta= Ta= Ta=
—40°C to +85°C —40°C to +85°C —40°C to +85°C
Vce = 4.5V=5.5V Vce = 4.5V=-5.5V Vee = 4.5V=-5.5V Fig.
Symbol Parameter C, = 50 pF CL = 250 pF CL = 250 pF Units No.
18 Outputs Switching 1 Output Switching 18 Outputs Switching
(Note 4) (Note 5) (Note 6)
Min Typ Max Min Max Min Max

tPLH Propagation Delay 1.0 5.0 1.5 6.0 25 8.0 ns | 235
tPHL . Data to Outputs 1.0 5.3 1.5 6.0 25 8.0 !
tpzH Output Enable Time 1.0 6.5 25 8.2 2.5 10.0 ns 2.4
tpzL 25 6.5 25 8.2 25 9.0
tpHZ Output Disable 1.5 6.7
tpLy Time 15 6.9 (Note 7) (Note 7) ns | 24

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.). ’

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.
Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e,, all low-to-high, high-
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.
Note 7: TRI-STATE delays are dominated by the RC network (5002, 250 pF) on the output and have been excluded from the datasheet.
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Skew
74ABT : 74ABT
Ta = —40°C to +85°C Ta = —40°Cto +85°C
: Vee = 4.5V-~5.5V Vec = 4.5V-5.5V Fl
Symbol Parameter CL = 50pF . CL=250pF Units Ng'
18 Outputs Switching 18 Outputs Switching )
(Note 3) (Note 4)
Max Max
tosHL Pin to Pin Skew - . g
(Note 1) HL Transitions 10 20 ns 215
tosLH Pin to Pin Skew
(Note 1) LH Transitions 10 15 ns 218
tps Duty Cycle . g
(Note 5) LH-HL Skew 15 55 ns 216
tosT Pin to Pin Skew o ) g
(Note 1) LH/HL Transitions 17 : 55 ns 219
tpy Device to Device Skew ' . g
(Note 2) LH/HL Transitions 20 : 55 ns 222
Note 1: Skew is defined as the absolute value of the difference b the actual p ion delays for any two separate outputs of the same device. The

specification applies to any outputs switching HIGH to LOW (tosHL), LOW to HIGH (bSLH)v or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT). The specification is guaranteed but not tested.

_ Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specification Is guaranteed but not tested.

Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays ior all paths described switching in phase (i.e., all low-to high, high-
to-low, etc.)

Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors
in the standard AC foad.

Note §: This describes the ditference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.

Capacitance
Symbol Parameter Typ Units Conditions, T4 = 25°C
Cin Input Capacitance ‘ 5.0 pF Vee = 0.0V
Cour (Note 1) Output Capacitance 9.0 pF Vee = 5.0V

Note 1: Coyt is measured at frequency f = 1 MHz per MIL-STD-8838, Method 3012.
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MNational

Semiconductor

54ABT/74ABT16652C

PRELIMINARY

16-Bit Transceiver/Register with TRI-STATE® Outputs

General Description

The 'ABT16652C consists of sixteen bus transceiver circuits
with D-type flip-flops, and control circuitry arranged for multi-
plexed transmission of data directly from the input bus or
from the internal registers. Each byte has separate control
inputs which can be shorted together for full 16-bit opera-
tion. Data on the A or B bus will be clocked into the registers
as the appropriate clock pin goes to HIGH logic level. Out-
put Enable pins (OEAB, OEBA) are provided to control the
transceiver function.

Features

o Independent registers for A and B buses
m Multiplexed real-time and stored data

o Separate contro! logic for each byte

m A and B output sink capability of 64 mA, source capa-
bility of 32 mA

m Guaranteed output skew

Guaranteed multiple output switching specifications

m Output switching specified for both 50 pF and 250 pF
loads

m Guaranteed simultaneous switching noise level and dy-
namic threshold performance

| Guaranteed latchup protection

m High impedance glitch free bus loading during entire
power up and power down cycle

m Nondestructive hot insertion capability

m Disable time less than enable time to avoid bus
contention

Ordering Code: see section 11

Pin Descriptions

Pin Names Description
Ag-Aqe Data Register A Inputs/
TRI-STATE Outputs
Bo-B1s Data Register B Inputs/

TRI-STATE Outputs
Clock Pulse Inputs
Select Inputs

CPAB,, CPBA,
.SABp, SBA,

OEAB,, OEBA,

Output Enable Inputs

Connection Diagram

Pin Assignment

for SSOP
/ J—
oea, —{1 56 |—0EBA,
cPaB, — 2 55 [—cpBa,
SAB, —3 54 [—SBA,
GND — 4 53 [—GND
A =15 5218,
n—s 51f-pg
Vee =17 50 |- vee
a,—1s 49}-8,
a9 48f—8;
A =10 478,
GND ~{ 11 46 [—GND
As—{12 45=85
A =13 44 =8,
A =14 o A3l-B,
A =115 428,
Ay =16 41 f-gy
Ao =117 4018
GND ~] 18 39 |—cnp
Ay =1e 388y
A2 =] 20 B il T
Az 2 38813
Voo = 22 35 = Ve
Ayl 348
M5 24 3385
GND—{25 32 [~=GND
sAB, — 26 31 |=sea,
cPaB, = 27 30 f=cpBa,
0EAB, —{ 28 29 |—~0EBA,
TL/F/11599-1
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Logic Diagrams

m—ob—

OEAB, '>

CPBA
oA, —————Do@-
CPAB,

B>

1 OF 8 CHANNELS

Yy L22

TO 7 OTHER CHANNELS

TL/F/11599-2

" W
R R L1 1
' 1 OF 8 CHANNELS
)
[

1
. {
1
1
1
1 |

Ag-hys =Pt

3 =Ars i
1 D%
1
' P qp
1
1
1
1 = >0
1
O . g RN
\A4 Yeyeyy

TO 7 OTHER CHANNELS

TL/F/11599-3

Please note that these diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays.

Functional Description

In the transceiver mode, data present at the HIGH imped-
ance port may be stored in either the A or B register or both.
The select (SAB,,, SBAy) controls can multiplex stored and
real-time.

The examples in Figure 1 demonstrate the four fundamental
bus-management functions that can be performed with the
'ABT16652C. )

Data on the A or B data bus, or both can be stored in the
internal D flip-flop by LOW to HIGH transitions at the appro-

priate Clock Inputs (CPAB,, CPBA,) regardless of the Se-
lect or Output Enable Inputs. When SAB and SBA are in the
real time transfer mode, it is also possible to store data
without using the internal D flip-flops by simultaneously en-
abling OEABy, and OEBA,,. In this configuration each Output
reinforces its Input. Thus when all other data sources to the
two sets of bus lines are in a HIGH impedance state, each
set of bus lines will remain at its last state.
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Functional Description (continued)

orA::1:]1

Note A: Real-Time Note B: Real-Time Note D: Transfer Storage
Transfer Bus B to Bus A Transfer Bus A to Bus B Note C: Storage DatatoAorB

pPummmgpemeny T T Pemmmy|pmm—=y )
1 i ) ) 1
] " ] 1 )
1 " 1 1 ]
1 (A N) 1 1 1 L}
< f [AX] 1 @ < o < 1 ] @ < |} 1 L] o
[%) %) %) v %) 1 ' %) 1% ' v
AN T3 2 2 2 | I E aNTT ' Tv|=
L] i 1 1 m ) '
L} (LN] ] 1 [AX] 1 )
1 (LN} ] 1 [ ]
] 1 ] ] ]
1 h ' ] '
bewmmdltanaas teuwsdltona=s ]
— -— -— —_—
TL/F/11599-4 TL/F/11599-5 TL/F/11599-6 TL/F/11599-7
OEAB; OEBA, CPAB; CPBA; SAB; SBA; OEAB; DEBA; CPAB; CPBA; SABy SBAy OEAB; TEBA; CPAB; CPBA; SABy SBA; ~ OEAB; DEBA; CPAB; CPBA; SAB; SBA;
L L X X X L H H X X L X X H e X X X H L HorL HorlL H X
L x X e X X
L H e e X X
FIGURE 1
Inputs Inputs/Outputs (Note 1) Operating Mode
OEABy | OEBA; | CPABy | CPBAy | SABy | SBA; Ag thru Az Bg thru By ‘
L H Horl HorL X : Isolation
Input Input
L H e e X X Store A and B Data
X H e Horl X X Input Not Specified | Store A, Hold B
H H e e X X Input Output Store A in Both Registers
L X HorlL e X X Not Specified | Input { Hold A, Store B
L L - e X X Output Input Store B in Both Registers
L+ L X X X L Real-Time B Data to A Bus
Output Input
L L X HorL X H Store B Data to A Bus
H 'H X X L X Real-Time A Data to B Bus
Input Output
H H HorL X H X Stored A Data to B Bus
Stored A Data to B Bus and
H L HorlL HorlL H H Output Qutput Stored B Data to A Bus

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

—/~ = LOW to HIGH Clock Transition

Note 1: The data output functions may be enabled or disabled by various signals at OEAB or OEBA inputs. Data input functions are always enabled, i.e., data at the
bus pins will be stored on every LOW to HIGH transition on the clock inputs. This also applies to data 1/0 (A and B: 8~15) and #2 control pins.
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature . —65°Cto +150°C
Ambient Temperature under Bias —-55°Cto +125°C
Junction Temperature under Bias

Current Applied to Output

in LOW State (Max) twice the rated Ig. (MA)
DC Latchup Source Current —500 mA
Over Voltage Latchup (1/0) 10V

Recommended Operating

Ceramic .—55°Cto +175°C iti
Plastic —55°Cto +150°C con,dlthns )
Ve Pin P ial Free.Air Ambient Temperature :
Cé; Pin ' gt'entla to 05V 70V Military —55°Cto +125°C
round Fin —0.5Vio +7. Commercial —40°Cto +85°C
Input Voltage (Note 2) ‘~0.5Vto +7.0V Supply Voltage
Input Current (Note 2) —30mAto +5.0mA Military +4.5Vto +5.5V
Voltage Applied to Any Output ' Commercial +4.5Vto +5.5V
in the Disable or Power-Off State —0.5Vto +5.5V Minimum Input Edge Rate (AV/AY)
in the HIGH State —0.5Vto Vce Data Input 50 mV/ns
Note 1: Absolute maximum ratings are values beyond which the device may Enable Input 20 mV/ns
be damaged or have its useful life impaired. Functional operation under Clock lnput 100 mV/ns
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
. ABT16652C
Symbol Parameter Units | - Vge Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 ) \" Recognized HIGH Signal
ViL Input LOW Voitage 0.8 \ Recognized LOW Signal
Vep Input Clémp Diode Voltage —-1.2 \ Min iy = —18 mA (Non I/0 Pins)
VoH OutputHIGH 54ABT/74ABT | 2.5 loy = —3mA, (Ap, Bp)
Voltage 54ABT 2.0 \" Min loH = —24 mA, (Ap, Bn)
74ABT 20 loH =.—32mA, (An, Bn)
Vou Output LOW  54ABT 0.55 v Min loL = 48 mA, (A, B) .
Voltage 74ABT- 0.55 ) loL = 64 mA, (An, Bp)
Vip Input Leakage Test lip = 1.9 pA, (Non-1/0 Pins)
4f75 v 0.0 All Other Pins Grounded
IH Input HIGH Current 5 rA Max | ViN = 2.7V or Vgc (Non-1/0 Pins)
Isvi Input HIGH Current ViN = 7.0V (Non-1/0 Pins)
Breakdown Test ! KA Max ] .
lsvIT Input HIGH Current VIN = 5.5V (Ap, Bp)
Breakdown Test (1/0) 100. a A Max
I Input LOW Current -5 pA Max Vin = 0.5V or OV (Non-I/Q Pins)
I + lozn | Output Leakage Current ' Vout = 2.7V (An, Bn);
S0 | BA 1 OV-55V oEAB, = GND and OEBA, = 2.0V
L + lozL | Output Leakage Current _ Vout = 0.5V (An, Bn);
S0 | BA | OV-5.5V1 oEAB, = GND and OEBA, = 2.0V
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DC Electrical Characteristics (continued)

025991

ABT16652C
Symbol Parameter Units Vee Conditions
: Min Typ Max
los Output Short-Circuit Current —100 —-275 mA Max | Vout = OV (Apn, Bp)
lcex Output HIGH Leakage Current 50 nA Max | Vout = Vec (An, Bp)
77 Bus Drainage Test 100 pA 0.0V | Vout = 5.5V (An, Bp); All Others GND
locH Power Supply Current 100 pA Max | All Outputs HIGH
lccL Power Supply Current 60 mA Max | All Outputs LOW
lccz Power Supply Current Outputs TRI-STATE;
100 #A | MaX | Others at Voo or GND
lecT Additional Icc/Input Vi = Vgg — 21V
25 MA | MaX |\ Others at Vg or GND
lcco Dynamic Icc No Load 0.18 | mA/MHz | Max | Outputs Open
(Note 1) OEAB;, and OEBA, = GND
Non-1/0 = GND orVcg
One bit toggling, 50% duty cycle

Note 1: Guaranteed, but not tested.

DC Electrical Characteristics (ssop package)

Symbol Parameter | min o Typ max | units | veo | o _ ;°:;':‘I’_"=s 5000
VoLp Quiet Output Maximum Dynamic Vo 0.6 1.0 \" 5.0 [ Ta = 25°C(Note 1)
VoLv Quiet Output Minimum Dynamic VoL -12 -08 \ 50 | Ta = 25°C(Note 1)
Vorv Minimum High Level Dynamic Output Voltage 2.0 3.0 \ 5.0 | Ta = 25°(Note3)

ViHD Minimum High Level Dynamic Input Voltage 2.0 0.8 \ 5.0 Ta = 25°C (Note 2)

ViLp Maximum Low Level Dynamic Input Voltage 1.2 0.8 \" 5.0 Ta = 25°C (Note 2)

Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested.

Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (Vi p), OV to threshold (Viup).
Guaranteed, but not tested. .

Note 3: Max number of outputs defined as {n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested.

AC Electrical Characteristics (SSOP package): See Section 2 for Waveforms

74ABT S54ABT 74ABT

Ta = +25°C Ta = —55°Cto +125°C| Tp = —40°C to +85°C Fi
Symbol Parameter Vee = +5.0V Vee = 4.5V-5.5V Vce = 4.5V=5.5V Units Ng'

Cp = 50 pF CL = 50 pF CL = 50 pF )

Min Max Min Max Min Max

tpLH Propagation Delay g
torn. | Clock to Bus 1.5 4.9 1.6 49 ns [2-3,5
tpLH Propagation Delay 15 45 15 45 ns |23 5
tpHL - |BustoBus : ’ : ’ ’
tPLH Propagation Delay . ..
tPHL SBA, or SAB, to Aq to By 1.5 5.0 1.5 5.0 ns |2-3,5
tpzH Enable Time g
tpz.  |OEBAnorOEABytoAqorBy| 1 53 15 55 [ ns | 24
tpHZ Disable Time g
tprz  |OEBAp or OEAB, to A, or By 15 6.0 15 60 ‘ ns | 24
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AC Operating Requirements: sce Section 2 for Waveforms

74ABT 54ABT 74ABT
Ta = +25°C Ta = —55°Cto +125°C | Tp = —40°Cto +85°C Fig
Symbol Parameter Vee = +5.0V Vee = 4.5V-5.5V Vee = 4.5V-5.5V Units No.
CL = 50 pF CL = 50pF CL = 50 pF ’
Min Typ Max Min Max Min Max
fimax Max Clock Frequency 200 ' MHz
ts(H) Setup Time, HIGH - : g
ts(L) or LOW Bus to Clock 1.5 15 26
th(H) | Hold Time, HIGH )
th(L) or LOW Bus to Clock 1.0 10 26
tw(H) | Pulse Width,
tw(l) |HIGH or LOW 3.0 3.0 23
Extended AC Electrical Characteristics (ssop package): See Section 2 for Waveforms
' 74ABT 74ABT 74ABT
Ta= —40°Cto +85°C | Tp = —40°Cto +85°C | Tp = —40°Cto +85°C
Vce = 4.5V-5.5V Vee = 4.5V-5.5V Vee = 4.5V-5.5V Fi ‘
Symbol Parameter C_ = 50 pF CL = 250 pF ‘CL = 250 pF Units N¢g>.
16 Outputs Switching 1 Output Switching 16 Outputs Switching ’
(Note 4) (Note 5) (Note 6)
Min Max Min Max Min Max
trLH Progagation Delay 1.5 5.5 2.0 7.5 25 10.0 ns |23 5
tpHL Clock to Bus 1.5 55 2.0 7.5 . 25 10.0 ’
tpLH Progagation Delay 1.5 6.0 2.0 7.0 2.5 9.5 ns | 235
tpHL Bus to Bus 1.5 6.0 2.0 7.0 2.5 9.5 !
tPLH Progagation Delay 1.5 6.0 2.0 75 25 . 10.0 )
tPHL SBA or SAB to 1.5 6.0 2.0 7.5 25 10.0 ns |2-3,5
Apor B
tpzH Output Enable Time 1.5 6.0 2.0 8.0 2.5 11.5
tpzL OEBA, or OEABy to 1.5 6.0 2.0 8.0 25 115 ns | 2-4
An or B
tpHz Output Disable Time 1.5 6.0
tpLz OEBA or OEAB to 1.5 6.0 (Note 7) (Note 7) ns 2-4
AnorBp

Note 4: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.). !

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in the standard AC load.

Note 7: The TRI-STATE delay times are dominated by the RC network (5002, 250 pF) on the output and has been excluded from the datasheet.
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Skew (ssoP Package) (Note 3)

74ABT 74ABT
Ta = —40°Cto +85°C Ta = —40°C to +85°C
Vee = 4.5V-5.5V Vce = 4.5V-5.5V units | F19-
Symbol Parameter CpL = 50pF CL = 250pF No.
16 Outputs Switching 16 Outputs Switching
(Note 3) (Note 4)
Max Max
tosHL Pin to Pin Skew
(Note 1) | HL Transitions 13 25 ns |25
tosLH Pin to Pin Skew i
(Note 1) | LH Transitions 10 20 ns 1215
tps Duty Cycle
(Note 5) | LH-HL Skew 20 40 218
tosT Pin to Pin Skew
(Note 1) | LH/HL Transitions 20 40 ns | 219
tpv Device to Device Skew
(Note 2) | LH/HL Transitions 25 45 ns | 2-22

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tosHt), LOW to HIGH (tosLH), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT). This specification is guaranteed but not tested.
Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,
HIGH-to-LOW, etc.).
Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load.
Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.
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16652C

Capacitance
Conditions
Symbol Parameter Typ Units (Ta = 25°C)
CiNn Input Capacitance 5.0 pF Ve = 0V (non I/0 pins)
Ciso (Note 1) 1/0 Capacitance 11.0 pF Veec = 5.0V (An, Bp)

Note 1: Cj/0 ig measured at frequency, f = 1 MHz, per MIL-STD-883B, Method 3012,
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Semiconductor

54ABT/74ABT162244C
16-Bit Buffer/Line Driver

PRELIMINARY

with 25Q) Series Resistors in the Outputs

General Description

The 'ABT162244C contains sixteen non-inverting buffers
with TRI-STATE® outputs designed to be employed as a
memory and address driver, clock driver, or bus oriented
transmitter/receiver. The device is nibble controlled. Individ-
ual TRI-STATE control inputs can be shorted together for
8-bit or 16-bit operation. :

The 25Q series resistors in the outputs reduce ringing and
eliminate the need for external resistors.

Features

m Separate control logic for each nibble

| 16-bit version of the 'ABT2244C

m Guaranteed output skew

m Guaranteed multiple output switching specifications

m Output switching specified for both 50 pF and 250 pF
loads .

® Guaranteed simultaneous switching noise level and
dynamic threshold performance

" m Guaranteed latch protection-

m High impedance glitch free bus loading during entire
power up and power down cycle
m Non-destructive hot insertion capability

Ordering Code: see section 11

Logic Symbol
HEEEREEEEENE RN
o b2 I3 s lg ty Tg g ho by g bz by ks
_00[1 0530—
—-0jot, . OF, jO—
Oy O 0 03 0, 05 Og O; Og Og Org Oy Oz 043 0y Oy

TL/F/10987-1

Pin Description .

Pin Names » Description

OE, Output Enable Input (Active Low)
lo-l1s Inputs

0p-015 Outputs

Preliminary Data.
National Semiconductor reserves the right
to make changes at any time without notice.

Connection Diagram

SSOP
— \/ —
o, ~{ 1 48 |-0E,
02 47y
0,3 45f=y
GND =14 45[=6ND
0,5 4l
0,6 43k
Vee 17 42fVee
0,—8 3] N
05=9 sl
GND—{ 10 39f—GND
—{11 38—
o, —{12 37f~y
0g—{13 361,
0g—{14 35k,
oND—{15 34— GND
O~ 16 33=lo
0 =17 32f~y,
Vee—{18 31 vee
0,19 30k,
03] 20 29f—15
6ND—{ 21 28— GND
%4=]22 27[=ha
05— 23 26f~15
OF, {24 25 =0

TL/F/10987-2
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162244C

Functional Description

The 'ABT162244C contains sixteen non-inverting buffers dent of the other. The control pins can be shorted together

with TRI-STATE outputs. The device is nibble (4 bits) con- to obtain full 16-bit operation.

~ trolled with each nibble functioning identically, but indepen-

Truth Tables
Inputs Outputs Inputs Outputs
OE4 lo-13 : 00-03 OE; I4=17 04-07
L L L L L L
L H H L H H
H X z H X z
Inputs Outputs ' " Inputs Outputs
OFE; Ig-144 05-014 OE, li2-lis 012-015
L L L L L L
L H H L H H
H X z H X z
H = High Voltage Level
L. = Low Voltage Level
X = Immaterial
Z = High Impedance
Logic Diagrams
(&
) Schematic of each Output
Vee
lo-3 0Og-3
[ 0,-
47 47 Output
OF;
lg-11 Og-14 » GND
TL/F/10987-4
OF,
l12-15 O12-15

TL/F/10987-3
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

DC Latchup Source Current —500 mA
Over Voltage Latchup (1/0) 10v
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

gleramic -ggg to +1Zgg Recommended Operating
astic —55°Cto +150° opr
Conditions
Ve Pin Potential to ) .
Ground Pin —0.5Vto +7.0V Freq .A" Ambient Temperature
Military —55°Cto +125°C
Input Voltage (Note 2) —0.5Vto +7.0V Commercial —40°C to +85°C
Input Current (Note 2) —30mAto +5.0mA Supply Voltage
Voltage Applied to Any Output Military +4.5Vto +5.5V
in the Disabled or Commercial +4.5V to +5.5V
Power-off State —0.5Vt0 5.5V Minimum Input Edge Rate (AV/AY)
in the HIGH State ~0.5Vto Veg Data Input 50 mV/ns
Current Applied to Output Enable Input 20 mV/ns
in LOW State (Max) twice the rated lo (MA)
DC Electrical Characteristics :
ABT162244C . ,
Symbol Parameter Units| Vgc Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized LOW Signal
Vep Input Clamp Diode Voltage -1.2 \" Min IIN= —18mA
VoH Output HIGH Voltage 54ABT/74ABT| 25 \% Min  |loy = —3mA
54ABT| 2.0 \% Min |loy= —12mA
74ABT| 2.0 v Min  |lop = —32mA
VoL Output LOW Voltage 54ABT 0.8 v Min loL = 15mA
T4ABT 0.8 loL = 15mA
I Input HIGH Current 5 A M ViN = 2.7V
ax
5 K VIN = Vcc
IBvi Input HIGH Current =
Breakdown Test 7 rA Max | Vi = 7.0V
IR Input LOW Current -5 VN = 0.5V
~5 | BA | Max |yl oov
Vip Input Leakage Test : Ip =19 pA
475 v 0.0 All Other Pins Grounded
lozH Output Leakage Current 50 pA [0 —55V|Voyr = 2.7V, OF, = 2.0V
lozL Output Leakage Current —50 | pA |0 —5.5V|Vgyr = 0.5V;0F, = 2.0V
los Output Short-Circuit Current —100 —275| mA Max |Voyt = 0.0V
lcex’ Output High Leakage Current 50 nA Max |Vout = Vce
Izz Bus Drainage Test 100 MA 0.0 Vout = 5.5V; All Others GND
lccH Power Supply Current 100 | pA Max | All Outputs HIGH
lcoL Power Supply Current 60 mA Max | All Outputs LOW
locz Power Supply Current OE, = Voo
100 | pA | Max | 4\ Others at Vg or GND
lecT Additional Icg/Input  Outputs Enabled 25 mA Vi = Vg — 21V
Outputs TRI-STATE 2.5 mA Max | Enable InputV| = Vgg — 2.1V
Outputs TRI-STATE 50 pA Data Input V| = Voo — 2.1V
All Others at Vg or GND
lccp Dynamic Igc No Load | mA/ Outputs Open
. |(Note 1) 0.1 MHz Max |OEn = GND
One Bit Toggling, 50% Duty Cycle

Note 1: Guaranteed, but not tested.
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DC Electrical Characteristics

162244C

Symbol Parameter Min Ty  Max | Units | Vec | o _ 5°0°:;i:‘1": 5000
VoLp Quiet Output Maximum Dynamic Vo 0.4 0.6 \" 5.0 | Ta = 25°C (Note 1)
VoLv Quiet Output Minimum Dynamic Vg -07 —1.0 \Y 5.0 | Ta = 25°C(Note 1)
VoHv Minimum High Level Dynamic Output Voltage 27 3.0 \ 50 | Ta = 25°C (Note 3)
VIHD Minimum High Level Dynamic Input Voltage 2.0 1.4 \ 5.0 | Ta = 25°C(Note 2)
ViLo Maximum Low Level Dynamic Input Voltage 1.2 0.8 A 5.0 | Ta = 25°C(Note 2)

AC Electrical Characteristics: see section 2 for Waveforms

Note 1: Max number of outputs defined as (n). n ~ 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested.

Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to threshold (V| p), OV to threshold (Vinp).
Guaranteed, but not tested. .

Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output HIGH. Guaranteed, but not tested.

74ABT 54ABT 74ABT
Ta = +25°C Tp = —55°Cto +125°C Ta = —40°Cto +85°C
Symbol | Parameter Ve = +5V Vee = 4.5V-5.5V Vce = 4.5V-5.5V Units | Fig.
CL = 50 pF CL = 50 pF CL = 50 pF No.
Min Typ Max Min Max Min Max
tpLH Propagation 1.0 2.3 3.9 1.0 3.9 ‘
toHL DelayData | 1 35 44 1.0 44 ns | 285
to Outputs .
tpzH Output 15 35 6.3 1.5 6.3 ns o4
trzL Enable Time | 1.5 4.0 6.9 1.5 6.9
tpHZ Output 1.0 4.2 6.7 1.0 6.7 ns 2.4
t1z Disable Time | 1.0 4.2 6.7 1.0 6.7
Extended AC Electrical Characteristics : see section 2 for Waveforms
74ABT 74ABT 74ABT
Ta = Ta = Ta =
—40°C to +85°C —40°C to +85°C —40°Cto +85°C
) Vce = 4.5V-5.5V Vge = 4.5V-5.5V Vee = 4.5V-5.5V . Fig.
Symbol Parameter Unit:
Y ra CL = 50 pF CL = 250 pF CL = 250 pF "1 No.
16 Outputs Switching 1 Output Switching 16 Outputs Switching
(Note 4) (Note 5) (Note 6)
Min Typ Max Min Max Min Max
froggle Max Toggle Frequency 100 MHz
tpLH Propagation Delay 1.5 5.0 1.5 6.0 2.5 8.0 ns | 235
tpHL Data to Outputs 1.5 5.5 1.5 10.0 25 110 | ’
tpzH Output Enable Time 15 6.5 25 7.9 2.5 95 N
tpzL 1.5 7.0 2.5 12.2 25 12.5
tPHZ Output 1.0 6.7
tz | Disable Time 1.0 6.7 (Note7) (Note?) ns | 24

Note 4: This specificaﬁon is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.).

Note 5: This specification is guaranteed but not tested. The limits represent propagation delay with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Note 6: This specification is guaranteed but not tested. The limits represent propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.) with 250 pF load capacitors in place of the 50 pF load capacitors in'the standard AC load.

Note 7: TRI-STATE delay times are dominated by the RC network (50082, 250 pF) on the output and has been excluded from the datasheet.
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Skew
' 74ABT 74ABT
Ta = —40°C to +85°C Ta = —40°Cto +85°C
Vcc = 4.5V-5.5V Vee = 4.5V-5.5V Fig
Symbol Parameter Cp = 50 pF Cp = 250 pF Units No.
16 Outputs Switching 16 Outputs Switching :
(Note 3) (Note 4)
Max Max
tosHL Pin to Pin Skew
(Note 1) HL Transitions 10 20 ns 215
tosLH Pin to Pin Skew g
(Note 1) LH Transitions 10 15 ns 215
tps Duty Cycle
(Note 5) LH-HL Skew 15 55 ns 216
tosT Pin to Pin Skew .
(Note 1) LH/HL Transitions 17 55 ns 219
tpy Device to Device Skew
(Note 2) LH/HL Transitions 20 55 ns 222

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tosHy), LOW to HIGH (tosLn), or any combination switching LOW to HIGH and/or HIGH to LOW

(tosT)- The specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V¢c) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-

to-low, etc.)

Note 4: These specifications guaranteed but not tested. The limits represent propagation delays with 250 pF‘Ioad capacitors in place of the 50 pF load capacitors
in the standard AC load. ) .
Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is'measured across all the

outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.

Capacitance
Symbol Parameter Typ Units Conditions, T4 = 25°C
CiN Input Capacitance 5.0 pF Vee = 0.0V
Cour(Note 1) Output Capacitance 9.0 pF Vee = 5.0V

Note 1: Coyr is measured at frequency f = 1 MHz per MIL-STD-883B, Method 3012.
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Section 6
Integrated Bus Function
(IBF) Family
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National

Semiconductor

74ABT3284

PRELIMINARY

18-Bit Synchronous Datapath Multiplexer

General Description

The 74ABT3284 is a synchronous datapath buffer designed
to transmit four 9-bit bytes of data onto one or two 9-bit
bytes in 2:1 or 4:1 multiplexed configurations. The device
supports bidirectional data transfer in transparent or regis-
tered modes. A data byte from any one of the six ports can
be stored during transparent operation for later recall. Data
input to any port may also be read back to itself for byte
manipulation or system self-diagnostic purposes.

The 74ABT3284 is useful for interleaving data in memory
applications or for use in bus-to-bus communications where
variations in data word length or construction are required.

Features
B Advanced BiICMOSTM technology provides high speed
at low power consumption

18-bit 2:1 or 9-bit 4:1 multiplexed modes

Registered or transparent datapath operation

Output enables and select lines have the option of be-
ing synchronized for pipelined operation

Independent input, output register and control synchro-
nizing clocks insure maximum timing flexibility
Independent control signals insure functional flexibitity
Guaranteed output skew

Guaranteed simultaneous switching noise level and
dynamic threshold performance

Guaranteed latchup protection '

High impedance glitch free bus loading durlng entire
power up and power down cycle

Non-destructive hot insertion capability

Ordering Code: see section 11
Connection Diagram

Pin Assignment

Pin Pin Pin Pin Pin

1 | Mode_SO {21 | XSEL4 [ 41- [ GND 61 | Ys 81 [Ds

2 | CP_AX 22 | LDAO (42 | Bz 62 | Y5 82 | Dy

3 | OEC 23 [LDAlI |43 | B3 63 | Y4 83 [ D3

4 | LDCI 24 [OEA |44 | By 64 | Y3 84 | Do

5 | LDCO 25 | Vec 45 | Bs 65 | Ya 85 | GND

6 | SA2Xq 26 | Vee 46 | GND 66 | GND 86 | Dy

7 | SAxXo 27 | Ag 47 | Bg 67 | Yq 87 | Do

8 | Xp 28 | A7 48 | By 68 | Yo 88 | Voo

9 | X 29 |Ag 49 | Bg 69 | LDDO" 89 | Co

TL/F/11582-1 10 | GND 30 |GND (50 |Vce 70 | LDDI 90 | Cq

11 [ Xz 31 [As 51 [ CP_ 71 | ASEL1 91 |GND
12 | X3 32 [ A4 52 | OEB 72 | ASELO 92 |Cz
13 [ X4 33 | A3 53 | LDBI 73 | OED 93 |C3
14 | Xs 34 | Ap 54 | LDBO 74 | CP_XA 94 |Cy
15 | Xg 35 |GND |55 | Mode_W |75 |Mode_SC|95 Cs
16 | GND 36 | A4 56 | YSEL 76 |Vce 96 | GND
17 [ X7 37 | Ao 57 | OEY 77 | Dg 97 |Cs
18 [ Xg 38 | Vee 58 | Yg 78 | Dy 98 | Cy
19 [ OEX 39 | Bo 59 | Y7 79 | Dg 99 |Cg
20 | XSELg 40 | B4 60 | GND 80 [ GND 100 | Vee
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3284

Logic Diagrams

OFA == |——b OEAS
0£8 —— |— oE8s
EOC —— |—> eocs
OED —— |— o£0s
OEX enemep [— oexs
OFY —p |—> cEYS
MODE_SO | FORIA
&
LDAI e —> L0AIS
LB =B ovreoL T LOBIS
Lo —— — Locis
LDDI —— —> LDDIS
LDAQ ==}y fmmp LDAOS
1DBO0 ——; —» LDBOS
LDCO ~—— —» LDCOS
D00 —— —> LD00S
ASEL(0) =) f——>p ASEL(0)S
ASEL(1) =] b ASEL(1)S
SA2X(0) =——>y ——b SA2X(0)S
SA2x(1) —> —> sA2x(1)s
XSEL(0) =} f——p XSEL(0)S
XSEL(1) =——p) fo—p XSEL(1)S
YSEL ——H b YSELS
MODE_W ~——p4 —— MODE_WS
— —
— —
MODE_SC
r .
1 wooe_so H
H I OEAS
OEA H
1 1
) 1
CPIN [
1 1
) 1
- - - -
Typical
CP_AX —>— cPax
CP_XA —>— cPxa
cP_IN -D— CPIN

sa2x(0,1)s |
H XSEL(0,1)S
1
1A 0EXS
LDAIS
oPA g PORTX
S
<1
<l
ASEL(0,1)S 4 chohos
1X 1
[ ST N ——— afa
9
PORTE @] «
OEES —b YSELS
0EYS
]
PORTC -3 ‘
g PORTY
0ECS —]
<1
9 —~
PORTD @3] .
0EDS —]

FIGURE 1. 18-Bit Synchronous Datapath Multiplexer
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Logic Diagrams (Continued)

PORTA

PORTB

SA2x(0,1)
XSEL(0,1)S
AR AX 0EXS
LDAIS
CPAX P>
BX
ASEL(0,1)S <J—cPxa ]
cX
DX
FIGURE 2. Synchronous Bus Multiplexer '
. A-X Datapath
SAZX(0,1)5 XSEL(0,1)S
AX OEXS
| BIR BX
LDBIS —_—
N
LDBOS
MODE_WS
ASEL(0,1)S <—cexa .
OEYS
cX
DX

C and D ports are configured similarly to the B port.

FIGURE 3. Synchronous Bus Multiplexer
B PORT Datapath

PORTX

PORTX

PORTY

TL/F/11582~3

TL/F/11582-4
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3284

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales,
Office/Distributors for availability and specifications.

Storage Temperature —65°C to +150°C
Ambient Temperature under Bias * i —55°Cto +125°C
Junction Temperature under Bias

DC Latchup Source Current
Over Voltage Latchup (I/0)

—500 mA
10v

Note 1: Absolute maximum ratingé are values beyond which the device may
be damaged or havgs its useful life impaired. Functional operation under
these conditions is not implied.

Note 2: Either voltage limit or current timit is sufficient to protect inputs.

gleratr_nic -ggg :o iggqg Recommended Operating .
astic —55°Cto .
Vg Pin Potential to Ground Pi —0.5Vto +7.0V Conditions
ccH alto faround Fin V0 T Free Air Ambient Temperature
Input Voltage (Note 2) —0.5Vto +7.0V Military —55°Cto +125°C
Input Current (Note 2) —30mAto +5.0mA Commercial —40°G to +85°C
Voltage Applied to Any Output Supply Voltage
in the Disabled or Power-off State —0.5V to +5.5V Military . +4.5Vto +5.5V
in the HIGH STATE -0.5Vto Vg Commercial +4.5Vto +5.5V
Current Applied to Output Minimum Input Edge Rate (AV/AY)
in LOW State (M twice the rated loL (mA DataInput 50 mV/ns
n @ (Max) ice the rated oL, (mA) Enable Input 20 mV/ns
DC Electrical Characteristics
) ABT3284
Symbol Parameter Units Vee Conditions
Min Typ Max .
VIH Input HIGH Voltage 2.0 \" Recognized HIGH Signal
ViL input LOW Voltage 08 Vv Recognized LOW Signal
Vebp Input Clamp Voltage -1.2 \ Min IIN= —18mA
VoH Output HIGH Voltage 2.5 v Min lon= —3mA
2.0 IoH = —32mA (Note 3)
VoL Output LOW Voltage 0.55 \ Min loL = 64 mA (Note 4)
IH Input HIGH Current 5 pA | Max | ViN=Vce
Igvi Input HIGH Current V|N = 7.0V Control Inputs
Breakdown Test 7 KA Max
lsviT Input HIGH Current VInN = 5.5V (A, B, Cp, Dy Xny Yn)
Breakdown Test (1/0) 100 | pA - Max
I Input LOW Current -5 pA Max ViN = 0.5V Control Inputs
Vip Input Leakage Test lip = 1.9 pA Control Inputs
- 4.75 v 0.0 | All Data Pins Grounded
Iy + Output Leakage Current 50 A | 0-55 | Your =27V (Ay, By, Cp, D, Xp, Yn)
lozn’ . . K . All Output Enables = 2.0V
Iy + Output Leakage Current —50 A | o-55 | Vour = 0.5V (An, B, Cny Dy Xn, Yo
lozL o > | AllOutput Enables = 2.0V
los Output Short-Circuit Current —100 —275 mA Max Vout = 0.0V (Ap, B, Cpy Dy, Xy Yn)
IcEX Output High Leakage Current 50 pA Max Vout = Vec (Ans Bn. Cny Dy Xn, Yn)
Izz Bus Drainage Test 100 pA " 0.0 Vout = 5.5V (An, Bn, Cn, Dn, Xn, Yn)
lccH Power Supply Current 3 mA Max All Outputs HIGH
lcoL Power Supply Current 140 mA Max All Outputs LOW
Iccz Power Supply Current Output Enables = V¢g;
250 | pA ) MBX | A Others at GND
lcct Additional Icc/Input Vin = Voo — 2.1V
' ‘ 25 | mA | Max | 4i0thers at Vo or GND
lccp Dynamic Icc No Load o mA/ Outputs Open
’ 0.18 MHz Max Output Enables = GND
One Bit Toggling, 50% Duty Cycle

Note 3: Up to 18 outputs can each source 32 mA continuously, or any combination of outputs can source up to a total of 324 mA. For example, 36 outputs can

continuously each source 16 mA.

Note 4: Up to 18 outputs can each sink 64 mA continuously, or any combination of outputs can sink up to a total of 648 mA. For example, 36 outputs can

continuously each sink 32 mA.
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DC Electrical Characteristics 4
Conditlons
Symbol Parameter Min Typ Max | Units | Ve CL = 50 pF, R, = 5000
VoLp Quiet Output Maximum Dynamic VoL 0.7 1.0 \ 5.0 Ta = 25°C (Note 1)
Vowv Quiet Output Minimum Dynamic Vgr -1.2 -08 \Y 5.0 Ta = 25°C (Note 1)
Vouv Minimum High Level Dynamic Output Voltage 2.5 3.0 \" 5.0 Ta = 25°C (Note 3)
ViHD Minimum High Level Dynamic Input Voltage 2.0 1.7 \ 5.0 Ta = 25°C(Note 2)
ViLp Maximum Low Level Dynamic Input Voltage 0.7 0.9 A 5.0 Ta = 25°C (Note 2)
Note 1: Max number of outputs defined as (n). n — 1 data inputs are driven OV to 3V. One output at LOW. Guaranteed, but not tested.
Note 2: Max number of data inputs (n) switching. n — 1 inputs switching OV to 3V. Input-under-test switching: 3V to theshold (Vj.p), OV to threshald (Viyp).
Guaranteed, but not tested.
Note 3: Max number of outputs defined as (n). n — 1 data inputs are driven 0V to 3V. One output HIGH. Guaranteed, but not tested.
AC Electrical Characteristics: see section 2 for Waveforms
74ABT 74ABT
Ta = +25°C Ta = —40°Cto +85°C Fi
Symbol Parameter , Voo = +5.0V Ve = 4.5V 10 5.5V units |
CL = 50 pF CL = 50 pF '
Min Typ Max Min Max
fmax Max Operating Frequency - 200 200 MHz
tPHL Propagation Delay Clock Data
tPLH Registerto A, B, C, D, X, or Y 6.0 60 ns 23,5
tPHL Propagation Delay Clock Select g
tpLH Registerto A, B, C, D, X, or Y (Note 1) 6.0 6.0 ns 23,5
tPHL Propagation Delay A, B, C, D, X, or Y
tPLH Data lnputsto A, B,C, D, X, or Y 5.0 5.0 ns 2-3,5
Outputs (Note 1)
tpHL Propagation Delay Select Inputs
tpLH (without clocking) to A, B, C, D, X, or Y 5.0 5.0 ns 2-3,5
Outputs (Note 1)
tPHL Propagation Delay CLKA at Select :
tpLH Inputs to A, B, C, D, X, or Y Outputs 6.0 6.0 ns 2-3,5
(Note 1) E
tpzL OE (unclocked) to A, B, C, D, X, or Y ns 2.4
tpzH Outputs (Note 1)
Note 1: Maximum 18 outputs switching simultaneously.
AC Operating Requirements: see section 2 for Waveforms
74ABT 74ABT
Ta = +25°C Ta = —40°C to +85°C Fi
Symbol Parameter Voo = +5.0V Vee = 4.5V to 5.5V units | &
CL = 50pF CL = 50 pF )
Min Typ Max Min Max
ts (H) Setup Time High or Low A, B, C, D, X,
() | andYinputs 3 3 ns | 26
th (H) Hold Time High or Low A, B, C, D, X, and 0 0 ns 2-6
th (L) Y Inputs
ts (H) Setup Time High or Low Control Inputs 3 3 ns 2.6
ts (L)
th (H) Hold Time High or Low Control Inputs 0 0 ns 2.6
th (L)
tw (L) Pulse Width, Low 4 4 ns 2-3
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Skew (soic Package)

74ABT 74ABT
Ta = —40°Cto +85°C Tap = —40°C to +85°C
. Vee = 4.5V-5.5V Vec = 4.5V=5.5V Units Fig.
Symbol Parameter C_ = 50 pF CL = 250 pF No.
i 18 Outputs Switching 18 Outputs Switching
(Note 3) (Note 4)
Max Max
tosHL Pin to Pin Skew g
(Note 1) | HL Transitions 8D TBD ns | 215
tosLH Pin to Pin Skew X
(Note 1) | LH Transitions 8D TBD ns | 215
tps Duty Cycle
(Note 5) | LH-HL Skew 8D 8D ns | 216
tost Pin to Pin Skew
(Note 1) | LH/HL Transitions TBD TED ns | 219
tpy Device to Device Skew
(Note 2) | LH/HL Transitions 8D TBD ns | 222

Note 1: Skew is defined as the absolute value of the difference b ) the actual prog ion delays for any two separate outputs of the same device. The

specification applies to any outputs switching HIGH to LOW (tosHL), LOW, to HIGH (tosiH), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT). This specification is guaranteed but not tested.
Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all LOW-to-HIGH,

HIGH-to-LOW, etc.).

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in

the standard AC load.

Note 5: This describes the difference between the delay of the LOW-to-HIGH and the HIGH-to-LOW transition on the same pin. It is measured across all the
outputs (drivers) on the same chip, the worst (largest delta) number is the guaranteed specification. This specification is guaranteed but not tested.

Capacitance
. Conditions
Symbol Parameter Typ Units Tp = 25°C
CiN Input Capacitance 5 pF Vce = 0V Control Inputs
Ciso (Note 1) 170 Capacitance 1 pF Vee = 5.0V
(An, Bni Cn, Dy X Yn)

Note 1: Cj/o is measured at frequency f = 1 MHz, per MIL-STD-883B, Method 3012.
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Semiconductor

74ACTQ3283T 32-Bit Latchable Transceiver with Parity
Generator/Parity Checker and Byte Multiplexing with

TRI-STATE® Outputs

General Description

The 'ACTQ3283T is a 32-bit latchable transceiver with parity
checker/generator. The device can operate as a transceiv-
er generating parity in the A-B direction and checking it in
the B-A direction. It can be used to multiplex between data
bytes, and provides an easy interface between 32-bit and 8-
or 16-bit data busses. It has a guaranteed current sink/
source capacity of 24 mA, and features reduced voltage
swing outputs to improve output noise and EMI crosstalk.
The 'ACTQ3283T features independent latch enables for
the B side, and a 32-bit latch enable for the A side. Each
byte is selectable separately for complete byte-wide muilti-
plex control.

Features

m Utilizes NSC Quiet Series technology to guarantee quiet
output switching and improve dynamic threshold per-
formance. FACT Quiet Series™ features GTO™ output
control for superior performance

m Reduced voltage swing outputs for lower EMI

W Latchable transceiver with 24 mA source/sink capability

=’ Even parity generation in A-B direction and 32-bit parity
check in B-A direction

m Fully selectable byte multiplexing allows byte swapping,
byte copying, and 32-bit to 8-bit/16-bit multiplexing

B Separate control logic for each byte

Ordering Code: sce section 11
Connection Diagram
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Functional Description

The 'ACTQ3283T can operate in transparent or latched
modes, with complete byte multiplexing selectable at every
byte. For the following descriptions data byte will be referred
to as Ap, or B, the n refers to 0-3 thus representing bytes
Ag, Ay, Ap or Ag.

— Byte Aj, to B, (Feedthrough mode), LEA is held HIGH to

put latch in transparent mode. Parity is generated for
each byte and select pins SO, and S1,, select which data
byte (Ag—Ag) is fed through.

Byte B, to A, (Feedthrough mode), LEB,, is held HIGH
to put latch in transparent mode. Parity is checked for
each byte and ERR32 goes LOW if there is one or more
parity errors. Select pins S0y, and S1y, select which data
byte (Bg~Bg) is fed through.

Independent Latch enables LEA, LEBy, LEB4, LEB, and
LEBg3 provide means of latching data at the A bus or at
any byte (Bp—B3) on the B bus. Select pins S0, and S1p,
select which data byte output. See function table and
select table for further information.

Select Table
Inputs Operation
S1, SO0,
0 0 Byte 0 Data Selected
0 1. Byte 1 Data Selected
1 0 Byte 2 Data Selected
1 1 Byte 3 Data Selected

Pin Description

Pin Names Description
Ag-Az A Byte Inputs/Outputs
Ag-A1s . Ay Byte Inputs/Outputs
A1g—A23 Az Byte Inputs/Outputs
Aos~Agzq Ag Byte Inputs/Outputs
Bo-B7 B Byte Inputs/Outputs
Bg-Bis B¢ Byte Inputs/Outputs
B1s-Ba3 B Byte Inputs/Outputs
Bo4-B3q B3 Byte Inputs/Outputs
GABy-GAB3 Output Enable for Byte

Bo-Bg, Organized Byte
Wide, Active LOW
GBAy-GBA3 Output Enable for Byte
Ag—Ag, Organized Byte
~ Wide, Active LOW

LEA . Latch Enable for Ag,
A4, Az and Ag. HIGH
for Transparent mode.
LEBg-LEBg Latch Enable for Bo—
B3 Organized byte
wide. HIGH for

} Transparent mode.
S0p-S03 Select Pins for Byte
S1p-S13 Multiplexing, Organized
by Byte.
BPARp-BPARj3 Parity bit input/output,
one per byte B side
only. LOW for EVEN
parity.

ERR32 32-bit parity error, '
generated by bytes
Bp-B3 and BPARp-
BPARg3. LOW indicates
parity error on ONE or

MORE of B side bytes.

Select pins for the ’"ACTQ3283T are organized by byte, and
allow for complete byte multiplexing of data. Two contro!
pins S0 and S1 are available for each byte, and the data is
selected as described in the Select Tabe for both the A-B
and B-A direction.
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Inputs

- * Operation
GABp GBA, LEA LEB, S1, SO0,

H H X X X X Busses A, and By, are in TRI-STATE
Data on bus Ag is fed through to B,

L H H X L L Parity BPAR,, is generated from Ag
Data on bus Ay is fed through to B,

L H H X t H Parity BPAR, is generated from A4
Data on bus A3 is fed through to B,

L H H X H L Parity BPAR,, is generated from Ao

L H H X H H Data on bus Ag is fed through to B,

Parity BPAR, is generated from Az

Data on bus By is fed through to A,
H L X H L L Parity is checked by B and BPARj,
ERR32 is pulled LOW on parity ERROR

Data on bus By is fed through to A
H L X H L H Parity is checked by B, and BPAR,
ERR32 is pulled LOW on parity ERROR

Data on bus By is fed through to A,
H L X H H L Parity is checked by B and BPAR,
ERR32 is pulled LOW on parity ERROR

Data on bus Bg is fed through to A,
H L X H H H Parity is checked by B and BPARN
ERR32 is pulled LOW on parity ERROR

Data on bus A is latched and output

L H L X X X on B, based on the select signals

Data on bus B, is latched and output

H L X - X X on A, based on the select signals

H = High Voltage Level

L = Low Voltage Level

X = Immaterial

Ap - indicates byte Ag, Aq, Az or Ag
B, - indicates byte By, By, Bp or By
Ap - indicates byte 0, or pins Ag-A7
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Logic Diagrams
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Absolute Maximum Ratings (ote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
please contact the National Semiconductor Sales s
" " upply Voltage (Vcc)
_Office/Distributors for avallability and specifications. ACTQ 45V 10 5.5V
Egplply Vtog.aie (ZCC) i —0.5Vto +7.0V Input Voltage (V)) 0V to Ve
nput Diode Current ()i
V= —-0.5V —20mA OUtput.VOItage (Vo) OVtoVee
V) = Vg + 0.5V +20 mA Operating Temperature (Ta) :
DC Output Diode Current (Iok) _FACTO ~40°Cto +85°C
Vo = —0.5V —20mA Minimum Input Edge Rate dVv/dt
VO = VCC + 0.5V +20 mA 'ACTQ Devices 125 mV/ns
_ VN from 0.8V to 2.0V
DC Output Voltage (Vo) 0.5V to Vg + 0.5V VeG @ 4.5V, 5.5V
DC Output Source/Sink Current (Ig) +50 mA
DC Vg or Ground Current
per Output Pin +50 mA
Junction Temperature
PQFP +140°C
Storage Temperature —65°C to +150°C
ESD Last Passing Voltage (Min) 4000V
Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom-
mend operation of FACT™™ circuits outside databook specifications.
DC Electrical Characteristics for ACTQ Family Devices
74ACTQ 74ACTQ
Symbol Parameter ‘(3;: +25°C —40°C to +85°C Units Conditions
: Typ Guaranteed Limits
ViH Minimum High 4.5 1.5 20 20 v Vout = 0.1V
Input Voltage 5.5 1.5 2.0 2.0 or VoH
Vi Maximum Low 45 | 15 0.8 0.8 v Vout = 0.1V
Input Voltage 5.5 1.5 0.8 0.8 or VoH
VoH Minimum High 45 3.15 3.15 v lout = —50 A
Output Voltage 5.5 3.85 3.85
Vin=ViLorVig
45 2.0 . 2.0 v ) —24 mA
55 2.0 2.0 OH —24mA
VoL Maximum Low 45 0.001 0.1 0.1 Y lout = 50 pA
Output Voltage 5.5 0.001 0.1 . 0.1
ViN = ViLor Viy
4.5 0.36 0.44 v I 24 mA
5.5 0.36 0.44 OL 24 mA
Y] Maximum Input Leakage Current 5.5 +0.1 1.0 MA V| = Vce, GND
lceT Maximum Igc/Input 5.5 0.6 1.5 mA Vi = Vege — 21V
Icc Maximum Quiescent ViN = Vce
Supply Current 55 8.0 80.0 BA or GND
loLp ‘| TMinimum Dynamic 55 63 mA VoiLp = 0.8V Max
lomp Output Current —40 mA_ | Vomp = 2.0V Min
lozT Max I/0 Leakage Current 5.5 +0.5 +5.0 nA Vi (OE) = V|, Vin

tMaximum test duration 2.0 ms, one output loaded at a time.
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DC Electrical Characteristics for ACTQ Family Devices (continued)

74ACTQ 74ACTQ
Symbol Parameter ‘ \:s;: +25°C —-40°C to +85°C Units | Conditions
) Typ Guaranteed Limits
VoLp - | Quiet Output ’ Figures 9, 10
Maximum Dynamic Vo, 50 0.7 12 v (Notes 2, 3)
VoLv Quiet Output _ _ Figures 9, 10
Minimum Dynamic Vo | - 50 0.7 12 M (Notes 2, 3)
Voup Maximum Figures 9, 10
Overshoot 5.0 Von + 06 | Voy +1.2 V (Notes 1, 3)
VoHv Minimum _ _ Figures 8, 10
Ve Droop 5.0 Voq — 0.3 Von — 0.7 v (Notes 1, 3)
Minimum High (Notes 1, 4)
ViHD Dynamic Input 5.0 1.7 2.0 \"
Voltage Level :
Maximum Low (Notes 1, 4)
ViLp Dynamic Input 5.0 1.2 0.8 \
Voltage Level
Note 1: Worst case package. .
Note 2: Maximum number of outputs that can switch simultaneously is n. (n-1) outputs are switched LOW and one output held LOW.
Note 3: Maximum number of outputs that can switch simultaneously is n. (n-1) outputs are switched HIGH and one output held HIGH.
Note 4: Maximum number of data inputs (n} switching. (n-1) input switching OV to 3V ('ACTQ). Input under test switching 3V to threshold (Vj p).
AC Electrical Characteristics
74ACTQ 74ACTQ
Vee! +25°C —40°C to +85°C : Fig.
Symbol Parameter Units
4 } v) 50 pF . 50 pF No.
Min Typ Max Min Max
tpLH Propagation Delay 5.0 35 76 . 97 35 108 ns 1
tPHL AtoB
tPLH Propagation Delay 50 35 89 112 35 125 ns 1
tPHL BtoA
tpLH Propagation Delay
tphL Ato BPAR, 5.0 4.5 9.6 121 4.5 13.6 ns 3
tpLH Propagation Delay
tHL B to ERA3? 5.0 5.0 12.0 14.8 5.0 16.7 ns 4
tpLH Propagation Delay
tPHL BPAR, to ERR32 5.0 3.5 10.5 13.2 3.5 14.8 ns 4
tPLH Propagation Delay
tpHL LEAt0 B, 5.0 45 8.8 10.9 4.5 121 ns 2
tpLH Propagation Delay '
toL LEA to BPAR,, 5.0 5.0 10.6 1341 5.0 14.7 ns 2
teLH Propagation Delay
NI LEB, to A, 5.0 4.5 8.7 10.9 4.5 12.3 ns 2
tpLH Propagation Delay
tonL S0/S1pto An 5.0 4.5 9.3 11.6 4.5 » 129 . ns 5.
tpLH - Propagation Delay
tPHL S0/S1,t0 By 5.0 3.5 8.6 10.9 3.5 121 ns 5
S0/S1, to BPARN
tezL Enable Time 5.0 25 76 08 25 10.8 ns 6,7
tpzH
:iHLZZ Disable Time 50 1.0 45 6.6 1.0 7.2 ns 6,7

*Voltage range 5.0 is 5.0V £0.5V.
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Voot 74ACTQ 74ACTQ
Symbol Parameter (‘i;; Typical ~ Commercial Units
) Ta = +25°C ~ Ta = —40°Cto +85°C
ts Setup Time Ap, to LEA 5.0 1.0 3.0 ns
ts Setup Time B, BPAR, to LEB, 5.0 1.0 3.0 ns
th Hold Time A, to LEA ' 5.0 1.0 1.5 ns
th Hold Time B, BPAR,, to LEB,, 5.0 1.0 1.5 ns
tw ' Min Pulse Width LEA 5.0 1.5 4,0 . ns
tw Min Pulse Width LEB, ' 5.0 1.5 4.0 ns
*Voltage range 5.0 is 5.0V £0.5V. '
Extended AC Electrical Characteristics
74ACTQ 74ACTQ 74ACTQ
L om Ta= —40°Cto +85°C | Tp = —40°Cto +85°C
ccc= 50 oF Vee = Com Vece = Com
Symbol Parameter L P CyL = 250 pF CL = 250 pF Units
32 Outputs
Switching (Note 2) (Notes 1, 2)
(Note 1) 1 Output Switching 32 Outputs Switching
Min Max Min Max Min - Max
tpLH - Propagation Delay '
tpHL AtoB 4.5 , 118 5.0 14.5 6.0 155 ns
tpLH Propagation Delay . . :
i BioA » 50 . 130 5.0 15.0 6.0 16.0 ns
tpLH Propagation Delay
tPHL Ato BPAR, 55 145 6.0 17.0 7.0 19.0 ns
tPLH Propagation Delay ' '
o B to ERR32 6.0 175 7.0 19.5 8.0 205 ns
tpLH Propagation Delay - . ] :
tPHL BPAR,, to ERR32 4.5 156.5 50 17.5 6.0 19.5 ns
tpLH Propagation Delay s ,
tPHL LEAto By, 5.0 13.0 6.0 165 , ’7.0 17.0 ns
tpLH Propagation Delay )
torL LEA to BPAR,, - 6.0 15.5 6.5 18.5 : 7.5 20.5 ns
tPLH Propagation Delay . )
tprL LEB, to An 5.0 14.0 5.5 16.0 7.0 18.0 ns
tpLH Propagation Delay . X
o S0,/S1, 10 A, 6.0 17.0 7.0 20.0 8.0 21.0 ns
tpLH Propagation Delay
tPHL S0n/S1nto By 5.0 13.0 5.5 16.5 6.0 18.0 ns
S0,/S1, to BPAR,, :
tpzL Enable Time ~ (Note3) ns
tpzH
tpLz Disable Time (Note 4) ns
tpHz

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (il.e., all low-to-high, high-
to-low, etc.). . »

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load.

Note 3: TRI-STATE delays are load dominated and have been excluded from the datasheet. .
Note 4: The Output Disable Time is dominated by the RC network (5009, 250 pF) on the output and has been excluded from the datasheet.




Q32837

tory
—

TL/F/10979-4

FIGURE 1

LEA
(ueg,) _ﬂ’_\_/
An
(Bn,BPARn)_/_ - ) N I

B,, BPAR,
(Ay)
LEA— B, BPAR,
(LEB, — A,)

iy tou
—n e

TL/F/10979-5

FIGURE 2

Capacitance
[ symbol Parameter Typ | Units | Conditions
CiN Input Pin Capacitance 7.0 pF Voo = 5.0V
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AC Path (Continued)
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FIGURE 7
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Application 1: 32-Bit or 2/16-Bit Data Buffer and Parity Generate/Check
Detailed Pin Description

The following is a table that relates the pin names of the discrete implementation to the '"ACTQ3283T. Also Ilsted are the number
of pins, the type of each pin and the function performed.

’ACTQ3283T Discrete # of Type® Function
Symbol Symbol Pins yP
" Ag-Ay Ago-Ap7 8 170 One of the two 32-bit
Ag-Aqs Agg-A1s 8 170 busses serviced by the
A16-A23 A1e~A23 8 1/0 'ACTQ3283T. During .
As-Aszq A24-A3zq 8 170 transfer from A bus to B bus
the signal associations are:
Ao-A7  Bo-By
Ag-A1s Bg-Bis
A16-A23 Bis-B23
Ag4—Ag1 Bpg-Bgq
Bo-B7 Boo-Bo7 8 1/0 One of the two 32-bit
Bg-B1s Bog-B1s 8 170 busses serviced by the
B16~B23 B1g-B23 8 I70 'ACTQ3283T. During
Bos-B3y B24-B3q 8 170 transfer from B bus to A bus
' the signal associations are:
Bo-B7  Ap-A7
Bg-Bis Ag-A1s
B16-B23 Ats-Az3
B24—B31  Az4-Agi
BPARo-BPAR3; BPARo-BPAR3 4 110 When data is transferred
from the A side to the B side
each parity bit will be
generated to perform even
parity for each byte. Data
transferred from the B side
to the A side will provide the
parity bit which will be
checked internally.
GABy-GAB3 ENp-EN3 4 | A output enables. When this
T/R(L) signal is low the data on the
T/R(H) A side, latched or active will

be output to the B side.
Signal associations are:
GABp Ag-A7 Bo-B7
GAB;y Ag-Ays Bg-Bis
GABp Aqg-A23 Bie-B2s
GAB3g  Agg—Ag1 - Bpg-Bgq

*I = Input, O = Output
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Application 1: 32-Bit or 2/16-Bit Data Buffer and Parity Generate/Check

(Continued)
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Detailed Pin Description (continued)

'ACTQ3283T Discrete # of Type Function
Symbol Symbol Pins
GBAp-GBA3 ENp-ENj 4 1 B output enables. When this
T/R(L) signal is low the data on the
T/R(H) : B side, latched or active will
be output to the A side.
Signal associations are:
GABy By-By Ap-Az
GAB; Bg-Bys Ag-Ass
GABy Big-Bpz Atg-Aza
GAB3 Bas—B31  Aps-Agq
ERR32 ERR32 1 (0] ) This pin indicates if any one
or more bytes had a parity
error.

Application 1: 32-Bit or 2/16-Bit Data Buffer and Parity Generate/Check

8 8, R
Aoy =Ayy 4——F—> N 7 >
M B24 =B34
< >
BPAR
_ 657 R
EN; >
T/R(H) > —
OR,
8 ” 8 ya b
D e e ¢ 7 b
M : Bis Bas
BPAR
_ 657 2
BNy ——— |
| ERROF,
8 8, R
Agg A5 4——rF—> N 7 >
M Bos ~Bis
BPAR
_ 657 !
ENy —————p
RO ’ ERoR,
8 8, R
Agg=ho7 ———> < 7 >
Boo-Bo7
657 . BPAR,
ENy ————— ul AND =P ERR32
ERROR, ”
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Q3283T

Application 2: 16-Bit Data and 16-Bit Address Buffef

" Detailed Pin Description

The following is a table that relates the pin names of the discrete implementation to the "ACTQ3283T. Also listed are the number
of pins, the type of each pin and the function performed.

'ACTQ3283T Discrete # of

Symbol Symbol Pins Type Function

Aog-A7 ADgo-ADg7 8 1710 . One of the two 32-bit busses
Ag-Ass ADgg-AD15 8 170 serviced by the ’ACTQ3283T.
A16-A23 AAgo—-AAg7 8 1/0 During transfer from A bus to
Az4-Agzq AApg-AAqs 8 1/0 B bus the signal associations
are:
Ap-Az Bo-B7
Ag-Ai5 Bg-Bis
A1e-A23 Big-Bog
Ags-Az1  Bps—Bgy

Bo-B7 BDgo-BDo7
Bg-B1s BDgg-BD15
B1s-B23 BA1-BA23
B24~B31 BA24-BAg1

1/0 One of the two 32-bit busses

1/0 serviced by the '"ACTQ3283T.
1/0 During transfer from B bus to

170 A bus the signal associations
are:

@ ™ m ™

Bo-B7  Ag-A7
Bg-B1s Ag-Ats
B16-B2s A1s-Az3
Bo4—B31  A24-Aszi

BPARy-BPARg3 BPARy-BPAR3 4 /{e] Each BPAR pin should be tied
to Ve through a suitable
resistor if parity is not used.

GABo-GAB3 ENo-ENs -4 | A output enables. Wheri this
DIRL signal is low the data on the A
) side, latched or active will be
output to the B side. Signal
associations are:

GABy Ap-A7 Bo-B7
GABy Ag-Ass Bg-Bis
GABy Aig-Azz  Big-Bag
GAB3 Ags-Az1  Bpg-Bgg

GBA(-GBA3 ENo-EN3 "4 [ B output enables. When this
DIRL ' ' signal is low the data on the B
' side, latched or active will be
output to the A side. Signal
associations are:

GBAy Bg-B7 toAg-A7
GBA{ Bg-BistoAg-Aqs
GBA; Tied high for this app.
GBA3 Tied high for this app.

LEA ’ LE ‘ 1 | Will lateh in the address and
CPAB . data.

LEBp-LEB3 CPBAg 4 I Individual B byte latch enable.

CPBA¢ . When in high state, B datais
v transparent and if in low state,

B data is latched

LEByg Horl

LEBy Horl

LEB2 Low for this app.

LEB3 Low for this app.
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Application 2: 16-Bit Data and 16-Bit Address Buffer continued)
Detailed Pin Description (continued)

1£82€0

'ACTQ3283T Discrete # of Type Function
Symbol Symbol Pins yp

S0p-S03 T/R (245) 8 | These pins allow byte multiplexing,

S19-S13 EN (245) organized by byte, Each byte may be
directed to any other byte by setting
S0, S1in a binary fashion to select
the stimulus. For this application:
S1g=L S0p=L Bgselected atBg
S1p=L S0p=H BqselectedatByp
S14=L S0y=L Bgselected at B4
S11=L 8S01=H Bqselected atB,
S1,=H S02=L BpselectedatB;
S1p=H S03=H Bgselectedat B3

N/A SAB Select of active byte or latched byte

SBA not available. ‘

Application 2: 16-Bit Data and 16-Bit Address Buffer (Continued)

8 8
Ahgg—AAys —+—> + >
BAgg~BAi5
— 373
ENy ——————— )
LE N ADDRESS WORD
' 8 8
Ahgg=Ahg7 A + >
BAgg~BAg7
— 373
EN ———————
8 8
ADgg~ADy5 < y Na— »>
CPAB < SBA BDog =805
SAB —————p CPB,
SAE gas [ N :
BNy ——————p
DIRL > 245 DATA WORD
h A
ADgo-ADgy 441—> < 2 8,’ >
s " _‘ , BDyo-BDy7
B —— CPB, /R
- g45 | A
ENy EN

TL/F/10979-13
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Q3283T

Application 3: DWORD (32-Bit) to WORD (16-Bit) to BYTE (8-Bit) Transfer
Detailed Pin Description

The following is a table that relates the pin names of the discrete implementation to the 'ACTQ3283T. Also listed are the number
of pins, the type of each pin and the function performed.

'ACTQ3283T Discrete # of fype ' Function
Symbol Symbol Pins .
Ap-A7 ADgo-Ap7 8 1/0 One of the two 32-bit busses
Ag-Ats ADgg-A1s5 8 1/0 serviced by the ’"ACTQ3283T.
A1g-A23 AAgo-Ag7 8 1/0 During transfer from A bus to
Ap4—-Azy AApg~A1s 8 1/0 B bus the signal associations
are:
Ao-A7  Bo-By
As-Ais  Bg-Bis
A16-A23 B1s-B23
A24-Ag1  Ba4-Bgq
Bo-B7 BDgo-Bop7 8 1/0 One of the two 32-bit busses
Bg-B1s BDgpg-B1s 8 1/0 serviced by the '"ACTQ3283T.
Big-B23 BAoo-Bo7 8 1/0 During transfer from B bus to
B24-B34 BApg-B1s 8 1/0 A bus the signal associations
i are:
Bo-B7  Ao-A7
Bg-B1s Ag-Ars
Big-B2z A1-Az3
. B24-Ba1  A24-Asi
BPARy-BPARj3 BPARp~-BPARj3 4 1/0 Each BPAR pin should be tied
to Ve through a suitable
resistor if parity is not used.
GABp-GAB3 ENo-EN3 4 1 A output enables. When this
DIRL signal is low the data on the A
DIRH side, latched or active will be
output to the B side. Signal
associations are:
GABy Ag-A7 1o Bp-Bz
GAB; Ag-A1s to Bg—Bis
GABy Ayg-Az3 to Byg=Bag
GAB3 Az4-Asq to Bpa-Bay
GBAp-GBA3 ENp-EN3 4 1 B output enables. When this
DIRL signal is low the data on the B
DIRH side, latched or active will be
output to the A side. Signal
associations are:
GBAy Bo-B7 to Ag-Ay
GBA; Bg-Bys5 to Ag-Ass
GBAz Bis-Bzs to A1g-Azg
GBA3 Bps-Bgy 1o Apg—As
LEA CPBA | Will latch in the 32-bit A bus.
LEBo-LEBg3 CPBAg 4 | Individual B byte latch enable.
CPBA4 When in high state, B data is
CPBA, transparent and in low state B
CPBA3 data is latched.

LEBg HorL
LEBy Horl
LEB; HorL
LEB3 HorlL
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Application 3: DWORD (32-Bit) to WORD (16-Bit) to BYTE (8-Bit) Transfer

(Continued)

Detailed Pin Description (continued)

'ACTQ3283T Discrete # of Type Function
Symbol Symbol Pins
S0g-S03 T/R (245) 8 i These pins allow byte multiplexing,
S1p-S13 ENj (245) organized by byte. Each byte may be
ENj (245) directed to any other byte by setting
ENj (245) S0, S1 in a binary fashion to select

the stimulus. For this application:
S1g=L S0p=L AgselectedatByp
Bg selected at Ag
S1p=L S0p=H AjselectedatByp
B4 selected at Ag
S1p=H S0p=L AjpselectedatBy
Bg selected at Ag
S1g=H S0p=H Agselected at By
Bjselected at Ap

S14=L 80y=L Agselected at By
Bg selected at Aq
S13=L S0y1=L Ajselected atB,
Bq selected at Aq
S14=H S0y=H Agselected at By
B3 selected at Aq

S1p=L S0p=L AgselectedatBy
Bg selected at Ay
S1,=H S0,=L AgselectedatB;
By selected at Ay
S13=L S03=L Agselected atBg
Bg selected at Ag
S13=L S03=H Aqselected atBj
Bq selected at Ag
S13=H S03=H AgselectedatBj
Bg selected at Ag
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Q3283T

Application 3: DWORD (32-Bit) to WORD (16-Bit) to BYTE (8-Bit) Transfer

(Continued)
Application 3: DWORD (32-Bit) to WORD (16-Bit) to BYTE (8-Bit) Transfer
7o TR s
‘+" « // 7'y 'y >
. . B24~Bsq
_SAB > 646 5 L
ENy, 3 > 4— CPBA;
DIRH > ' 245 245
CPAB »> SBA y Y 'y
Me~his s
—F—> “—F . >
. By ~By3
"l 646
4— CPBA,
N 245
kd -
hog~hs 4 s
L ¢ // L 4 - \ 4 >
Bog~Bis
_ “| 646 2
[ — ¢— CPBA,
DIRL == > ' 245
-
ho~hor 4 ¢
¢ . ) // y - >
Boo=Bo7
> . 1/R
— 646 [
EN, — CPBA, EN,
w,
p N,

TL/F/10979-14
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[»}
Application 4: DWORD (32-Bit) to WORD (16-Bit) to BYTE (8-Bit) Transfer 8
with Parity Generator (A to B)/Check (B to A) 9
Detailed Pin Description
The following is a table that relates the pin names of the discrete implementation to the 'ACTQ3283T. Also listed are the number
of pins, the type of each pin and the function performed.
'ACTQ3283T Discrete # of Type Function
Symbol Symbol Pins
Ap-A7 ADgo-Ag7 8 170 One of the two 32-bit busses
Ag-A1s ADgg-A15 8 170 serviced by the "ACTQ3283T.
Aq6-A23 AAgo—-Ag7 8 170 During transfer from A bus to
Aog-Azq AAgg-A1s 8 170 B bus the signal associations
are:
Ao-A7  Bo-By
Ag-A1s  Bg-Bis
A16—A23 B1g-Bog
A24=-Ag1  B24-Bg1
Bo-B7 BDgo~BDo7 8 170 One of the two 32-bit busses
Bg-B15 BDgg-BD15 8 1/0 serviced by the ’ACTQ3283T.
B16-B23 BAgo—-BAg7 8 110 During transfer from B bus to
Bos-Bay BAgg-BA15 8 170 A bus the signal associations
are:
Bo-7  Ao-7
Bg-15 As-1s
Big—23 A16-23
Bag-31 A24-31
BPARy-BPAR3 BPARy-BPAR3; 4 1/0 When the A sidedata is
received a parity bit is
generated for each byte and
output on the B bus when
active. When data is input on
the B bus the parity bitis an
input which is checked against
an internally generated parity
bit.
BPARy Byte 0
BPARy Byte 1
BPARy Byte2
BPAR3 Byte3
GABo-GAB3 ENo-EN3 4 | A output enables. When this
DIRL signal is low the data on the A
DIRH side, latched or active will be
output to the B side. Signal
associations are:
GABp Ap-A7 to Bg-By
GABy Ag-Ais to Bg-Bs
GABp A1g—A23 to Bg—Bag
GAB3 Ap4—Ag1 to Bag—Bay
GBA,-GBA;3 ENp-EN3 4 | B output enables. When this
DIRL signal is low the data on the B
DIRH side, latched or active will be
output to the A side. Signal
associations are:
GBAp Bo-B7 to Ag-Ay
GBA{ Bg-Bis to Ag-Ats
GBA; Byg-Baj to Ajg—Azg
GBA3 Bps—Bsy to Aps—Aszy
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Q3283T

Application 4: DWORD (32-Bit) to WORD (16-Bit) to BYTE (8-Bit) Transfer
with Parity Generator (A to B)/Check (B to A) (continued)

Detailed Pin Description (continued)

'ACTQ3283T

Discrete

# of

Symbol Symbol Pins Type Function
LEA CPAB 1 | Will latch in the 32-bit A bus.
ERR32 ERR32 1 (0] Signal that indicates an error in one
or more of the bytes.
LEBp-LEB3 CPBAg 4 I Individual B byte latch enable. When
CPBA4 in high state B data is transparent
CPBA, and whenin low state B data is
CPBA3 latched.
LEByg HorlL
LEBy HorL
LEB, HorlL
LEB3 HorlL
S00-S03 - T/R (245) 8 | These pins allow byte multiplexing,
S19-S13 ENj (245) organized by byte, Each byte may be
ENj (245) directed to any other byte by setting
ENj3 (245) S0, S1 in a binary fashion to select

the stimulus. For this application:

S1p=L S0p=L
S1p=L S0p=H
S1p=H S0p=L

S1p=H S0p=H

Sty=L S0;=L
S13=L S0;=L

S1y=H S0;=H

S1p,=L S0,=L
S1p=L S0p=L
S1g=L S03=L
S13=L S0z=H

S13=H S03=H

Ag selected at By
Bp selected at Ag
A1 selected at Bp
Bq selected at Ag
Az selected at Bp
B selected at Ag
Ag selected at Bp
Bgs selected at Ag

Ag selected at B4
By selected at A4
Aq selected at By
B4 selected at Aq
Ag selected at B4
B3 selected at Aq

Ag selected at Bp
By selected at Ap
Az selected at Bp
Bo selected at Ap
Ag selected at B3
Bp selected at Ag
Aq selected at Bg
B4 selected at Az
Ag selected at B
B3 selected at Ag
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Application 4: DWORD (32-Bit) to WORD (16-Bit) to BYTE (8-Bit) Transfer
with Parity Generator (A to B)/Check (B to A) (continued)

SEL

Application 4: DWORD to WORD to BYTE Transter with Parity

LEA

/ = 1byte

8 8 9
Au~hy ¢——f—> —F m y y L Ja- ;B
—_—) l — _ 24834
APAR BPARy /R BN, T/R BNy BPARy
GABy ey
_ 899
e, —— %% l— s, )y + 4y
> 74MR9245 74MR9245
. ERRB;
3 h
8 8 9
Mg ~hy3 4———) —F ¢ v 7 1 5 :B
—_— — 6523
APAR 4—]”'«*2 /R EN, BPAR,
(7Y A—
o 899 iy
GBAy P} — LEB,
> 74MR9245
ERRB,
A
8 8 9
AOB-AIS ‘+’ “ I/ \\ Y y % Y B EB,
——— — 8 °15
A:_:F ‘—J BPARy /R BN, BPAR,
—
o 899 I
GBAy —————— ¢ LEB,
» 74MR9245
K ERRB,
4 A
8 & 8 9 h 4 I
Agp Ay 4——7— —F a ~ o '80
—) 00~ "07
%: | <—T BPARy BPAR,
— 899
GBAy e — LEB, 2] AND }—> ERR3Z
. ERRB,
»

\= 1 byte + 1 parity bit

TUF/10979-15
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74FR900

@National |

Semiconductor
74FR900

9-Bit, 3-Port Latchable Datapath Multiplexer

General Description ,
The 'FR900 is a data bus multiplexer routing any of three 9-

bit ports to any other one of the three ports. Readback of -

data latched from any port onto itself is also possible. The
’FR900 maintains separate control of all latch-enable, out-
put enable and select inputs for maximum flexibility. PINV
allows inversion of the data from the Cg to Ag or Bg path.
This is useful for control of the parity bit in systems diagnos-
tics. '

National’s 74FR25900 includes 25 resistors in series with
port A and B outputs. Resistors minimize undershoot and
ringing which may damage or corrupt sensitive device inputs
driven by these ports.

Features

m 9-bit data ports for systems carrying parity bits

m Readback capability for system self checks.

®m Independent control lines for maximum flexibility
B Guaranteed multiple output switching and 250 pF load

delays

m Outputs optimized for dynamic bus drive capability
B PINV.parity control facilitates system diagnostics
m FR25900 resistor option for driving MOS inputs such as

DRAM arrays

m Guaranteed 4000V ESD protection

Ordering Code: sce Section 11

Logic Symbol
So S Oy Ofy D
I
Ao—Ag —
— Co~Cs
By-Bg —
—— PINV

TL/F/10990-1

Connection Diagram

GND =116

PINV — 21
OF, =] 22
Vee =123

TECA —{ 24

-~/

48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33

31
30
29
28
27
26
25

—BB
—~ LECE
—~ [EBC
LEAC
—~ GND

TL/F/10990-2
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Pin Description

00644,

Pin Names Description

LExx Latch Enable Inputs

OEy Output Enable Inputs

PINV Parity Invert Input

So, S¢ Select Inputs

Ag-Ag Port A Inputs or TRI-STATE® Qutputs
Bo-Bs Port B Inputs or TRI-STATE® Outputs
Co-Cg Port C Inputs or TRI-STATE® Outputs

Logic Diagram

:

[EAC
PORT A | So
Yohe ~ 0\1\ OF,
i PORT C
Co=Cs
O,
— /
Pa
LECA I
PINV
[ECB 1 0
v
Bo-B;
0E, %
1

PORT B r— A 5

By=By |

TL/F/10990-3
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74FR900

Functional Description

The 'FR900 allows 9-bit data to be transferred from any of
three 9-bit I/0 ports to either of the two remaining I/0 ports.
The device employs latches in all paths for either transpar-
ent or synchronous operation. Readback capability from any
port to itself is also possible.

Data transfer within the *'FR900 is controlled through use of
the select (Sg and S4) and output-enable (OEa, OEg and
OEg) inputs as described in Table I. Additional control is
available by use of the latch-enable inputs ([EAC, LECA,
LEBC, [ECB) allowing either synchronous or transparent
transfers (see Table ll). Table | indicates several readback
conditions. By latching data on a given port and initiating the
readback control configuration, previous data may be read
for system verification or diagnostics. This mode may be
useful in implementing system diagnostics.

Table I. Datapath Control

Inputs
— — Function
So Si1 OEas OEg Ec
L X H L L Port A to PortC
L L H H H Port Ato PortB
L O H H L PortAtoB+C
H L L L H Port B to Port A
H X H L L | PortBtoPortC
H O L L L |PotBtoA+C
X H L L H Port Cto Port A
X H H H H Port C to Port B
X H L H H PortCto A+B
X X H L H Qutputs Disabled
L L L X . X (Readback to A)*
L H L X L (Readback to A or C)*
L X H X (Readback to B)*
H H X H L (Readback to B or C)*

*Readback operation in latched mode only. Transparent operation could -

result in unpredictable results.

Data at the port to be readback must be latched prior to
enabling the outputs.on that port. If this is not done, a
closed data loop will result causing possible data integrity
problems. Note that the A and B ports allow readback with-
out affecting any other port. Port C, however, requires inter-
ruption of either port A or B to complete its readback path.

PINV controls inversion of the Cg bit. A low on PINV allows
Cg data to pass unaltered. A high causes inversion of the
data. See Table lll. This feature allows forcing of parity er-
rors for use in system diagnostics. This is particularly helpful
in Intel 486 processor designs as the '486 does nct provide
odd/even parity selection internally.

Table Il. Latch-Enable Control

LEXX Input Output
L L L
L H H
H X Qo

Table lIl. PINV Control

PINV Cg | AgorBg
L L L
L H H
H L H
H H L

Key:

L = Low Voltage

H = High Voltage Level

Qp = Output state prior to LEXX fow to high transition
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specifled devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallabllity and specifications.

Storage Temperature —65°Cto +150°C

Current Applied to Output .
in Low State (Max) twice the rated Ig| (mA)

ESD Last Passing Voltage (Min) 4000V

Note 1: Absolute maximum ratings are values beyond which the device may

Ambient Temperature under Bias

Junction Temperature under Bias

—55°Cto +125°C

be damaged or have its useful life impaired. Functional operation
under these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protact inputs.

Plastic —55°Cto +150°C
ch Pin ggt_ential to 05VIo +7.0v Recommended Operating
round Pin —0.5Vto +7. ™
Input Voltage (Note 2) —0.5Vto +7.0V Sor:q:\tlgntsT ¢
Input Current (Note 2) —~30mAto +5.0 mA r%im';‘ e:zi alle nt Temperatre 0°Cto +70°C
Voltage Applied to Output s
N . upply Voltage
in High State (with Vcc = OV) ggrrlmercigl +4.5Vto +5.5V
Standard Output —0.5Vto Vgg
TRI-STATE Output —0.5Vto +5.5V
DC Electrical Characteristics
) 74FR
Symbol Parameter Units Vee Conditions
: : Min Typ Max
ViH Input High Voltage 2.0 v Recognized High Signal
ViL Input Low Voltage 0.8 \ Recognized Low Signal
Vep Input Clamp Diode Voltage -1.2 \ Min IIn= —18mA
" VoH Output High Voltage 24 \' Min lon = —3mA (Aq, By, Cp)
20 \' Min lon = —15mA (Ap, Bp, Cp)
VoL Output Low Voltage 0.50 \ Min loL = 24 mA (An, Bp, Cp)
IH Input High Current 5 pA Max ViN = 2.7V (Control Inputs)
IBvi Input High Current V|n = 7.0V (Control Inputs)
Breakdown Test 7 pA Max
IsviT Input High Current ViN = 5.5V (An, B, Cp)
Breakdown Test (/0) 100 pA | Max
i Input Low Current —150 pA Max Vin = 0.5V (Control Inputs)
Vip Input Leakage Test lip = 1.9 pA, All Other Pins
4.75 v 0.0
Grounded
lop Output Circuit Leakage Test 375 v 0.0 Viop = 150 mV, All Other
. . Pins Grounded
It + lozH Output Leakage Current 25 pA Max Vout =2.7V (Aq, B, Cn)
I + lozu Output Leakage Current —150 pA Max Vout = 0.5V (An, Bn, Cn)
los Output Short Gircuit Current -100 —225 mA Max Vout = 0.0V (A, By, Cp)
lcex Output High Leakage Current 50 KA Max Vout = Vec (An, Bn, Cn)
Izz Bus Drainage Test 100 pA 0.0 Vout = 5.25V (Ap, B, Cn)
lccH Power Supply Current 115 150 mA Max All Outputs High*
leoL Power Supply Current 170 200 mA Max All Qutputs Low*
lccz Power Supply Current 147 175 mA Max Outputs in TRI-STATE

*2 ports active only
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74FR900

AC Electrical Characteristics: see Section 8 for waveforms and load configurations

74FR 74FR
Ta = +25°C Ta = Comm Fi
Symbol Parameter Vee = +5.0V Vee = Comm Units Ng.
CL = 50 pF CL = 50 pF -
Min Typ Max Min Max
tpLH Propagation Delay
tpHL AnoOrBntoCp - 20 4.2 7.0 2.0 7.0 ns 8-3
CnhtoAporBp
tpLH Propagation Délay : . §
tPHL Cé to Ag or Bg (PINV High) 25. 4.8 7.5 2.5 7.5 ns 8-3
tpLH Propagation Delay y
tPHL An 10 By By 10 An 4.5 6.4 10.0 4.5 10.0 ns 8-3
tPLH Propagation Delay "
tPHL [EAC to C,, LEBC to Ch 4.5 6.8 10.0 4.5 10.0 ns 8-3
tpLH Propagation Delay ' y
tPHL [ECAto Ay, [ECB to B,, 3.0 6.0 9.5 3.0 9.5 ns 8-3
tPLH Propagation Delay 3.0 6.0 10,0 3.0 10,0 ns 83
tPHL SotoCn
tpLH Propagation Delay "
tPHL Sy 10 Anor By 3.5 6.5 11.0 3.5 11.0 ns 8-3
tPLH Propagation Delay
A A X . A 8-
tPHL PINV to Ag or Bg 2.0 5.0 9.0 2.0 9.0 ns 3
tpzH Output Enable Time 2.0 40 65 20 | 65 ns 85
tpzL An. Cn
tPHz Output Disable Time 15 40 6.0 15 6.0 ns 8-5
tpLz An: Cn
tpzH Output Enable Time 2.0 5.0 7.0 20 7.0 " ns 85
tpzL Bn
tpHz Output Disable Time 2.0 5.0 7.0 20 7.0 ns 8-5
tpLz Bn
AC Operating Requirements: see Section 8 for waveforms and load configurations
74FR 74FR
Ta = +25°C Ta = Comm : Fi
Symbol Parameter Vee = +5.0V Vce = Comm Units Ng'
CL = 50 pF CL = 50 pF )
Min Typ Max Min Max
ts(H) Setup Time, High or Low ‘ ’
t(L) Ap to LEAG, B, to LEBC 40 20 40 ns 86
th(H) Hold Time, High or Low ' B ]
th(L) Aq to LEAG, B, to LEBG 10 20 1.0 ne, 86
ts(H) Setup Time, High or Low y
t(L) Cp to LECA or LECB 30 10 3.0 ns 86
th(H) Hold Time, High or Low _ y
th(L). Cn to LECA or LECB 10 10 10 ns 86
tw(H) LE Pulse Width Low 8.0 4.0 8.0 ns 8-4

6-32




Extended AC Electrical Characteristics: see Section 8 for waveforms and load configurations

00644Y.

74FR 74FR
Ta = Comm Ta = Comm
Vee = Comm Vee = Comm Fi

Symbol Parameter Cp = 50 pF g‘:: 250 pF Units Ng.

Nine Outputs Switching L(Note z)p :

(Note 1)
Min Max Min Max
tPLH Propagation Delay
tPHL AnorBgtoCp 2.0 9.0 25 10.5 ns 8-3
ChtoAporB,

tPLR Propagation Delay
o Ca to Ag or Bg (PINV High) N.A. N.A. 35 11.0 ns 8-3
tPLH Propagation Delay '
torL A 10 Bry By to A, 45 12.0 5.5 135 ns 8-3
tpLH Propagation Delay "
torL TEAC 0 C,, [EBC to G, 45 12,0 5.5 13.5 ns 8-3
tPLH Propagation Delay
oL TECAto A, [ECB to B, 3.0 11.5 4.0 135 ns 8-3
tpLH Propagation Delay 3.0 11.0 3.0 14.0 ns 8-3
tPHL Soto Cp ) ' ) :
tpLH Propagation Delay
oL S1 to Aq or B, 35 12.0 4.5 15.0 ns 8-3
tpLH Propagation Delay
oL PINV to Ag or Bs N.A. N.A. 25 12.0 ns 8-3
tpzH Output Enable Time 20 8.0 ns 8.5
tpzL An, Cn ] )
tpHz Qutput Disable Time 15 6.0 ns 8.5
tpLz An Cn ) )
tpzH Output Enable Time 20 ’ 8.0 ns 85
tpzL Bn - . ’
tpHz Output Disable Time 20 7.0 ns 85
tpLz Bn : )

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase, i.e., all low-to-high, high-to-
low, TRI-STATE-to-high, etc.

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors
standard AC load. This specification pertains to single output switching only.

Note: N.A. = Not Applicable
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Semicondqctor
74FR25900

9-Bit, 3-Port Latchable Datapath Multlplexer
with 25Q Output Series Resistors

General Description

The 'FR25900 is a data bus multiplexer routing any of three
9-bit ports to any other one of the three ports. Readback of
data latched from any port onto itself is also possible. The
'FR25900 maintains separate control of all latch-enable,
output enable and select inputs for maximum flexibility.
PINV allows inversion of the data from the Cgto Ag or Bg
path. This is useful for control of the panty bit in systems
diagnostics.

This device includes 250 resistors in series with port A and
B outputs. Resistors minimize undershoot and ringing which
may damage or corrupt sensitive device |nputs driven by
these ports.

Features

m 250 series resistors in the port A and B outputs elimi-
nate the need for external resistors when driving MOS
inputs such as DRAM arrays

m 9-bit data ports for systems carrying parity bits

m Readback capability for system self checks.

m Independent control lines for maximum flexibility
m Guaranteed multiple output switching and 250 pF load

delays

= Outputs optimized for dyhamic bus drive capability
m PINV parity control facilitates system diagnostics
m 'FR900 option available without output series resistors

Ordering Code: éee Section 11

Logic Symbol
So S O, Of Of
L1
Ag=Ag =
%%
By-Bg — ’
) — PINV
111
LEAC LEBC -LECA = LEcB

TL/F/11500-1

Connection Diagram

GND =

GND ==

PINV =
o, —
Vee =1

LECA =

-

48
47
46
45
44
43

- 42

41
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25

= Vec
= Cs
— Cs
=G
— Cg
~ GND
o,
= Vec
— By
— B
— By
= Vec
—B,
— GND
— B
— B
~ 8
[~ Bg

|- LECB

=~ LEBC
[ LEAC
[~ GND -

TL/F/11500-2
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Pin Description

Pin Names Description

LExx Latch Enable Inputs

OEy Output Enable Inputs

PINV Parity Invert Input

S0,'S4 Select Inputs

Ag-Ag Port A Inputs or TRI-STATE® Outputs
Bo-Bg Port B Inputs or TRI-STATE® Outputs
Co-Csg Port C Inputs or TRI-STATE® Outputs

Logic Diagram

PORT A ]

Ag=Ag v
OF,

A

[EcA ]
PINV

[ECB 1

BBy
o] 7
£y | —
PORT B l— A

By-Bg |

Schematic of A and B Port Outputs

Vee

250

GND

S

Output

!

p——rln PORT €
Co=Cg

TL/F/11500-4

TL/F/11500-3
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74FR25900

Functional Description

The 'FR25900 allows 9-bit data to be transferred from any
of three 9-bit 1/0 ports to either of the two remaining 1/0
ports. The device employs latches in all paths for either
transparent or synchronous operation. Readback capability
from any port to itself is also possible.

Data transfer within the 'FR25900 is controlled through use
of the select (Sg and S1) and output-enable (OE, OEg and
OEp) inputs as described in Table |. Additional control is
available by use of the latch-enable inputs (LEAC, LECA,
LEBC, LECB) allowing either synchronous or transparent
transfers (see Table ll). Table | indicates several readback
conditions. By latching data on a given port and initiating the
readback control configuration, previous data may be read
for system verification or diagnostics. This mode may be
useful in implementing system diagnostics.

Table I. Datapath Control

Inputs
A OEp

Function

[7]
o

»
-

OEc

~PortAtoPortC
Port A to Port B
PortAtoB+C
Port B to Port A
Port B to Port C
PortBto A+C
Port C to Port A
Port Cto PortB
PortCto A+B
Outputs Disabled
(Readback to A)"
(Readback to A or C)*
. (Readback to B)*
(Readback to B or C)*

*Readback operation in latched mode only. Transparent operation could
result in unpredictable results.

IIFPX*XXIIII‘!‘I‘
IrIcXIIIOXrOrXx
XXrrIrIrrcrIr-rIII n1|
II><><|-II|—‘|_—|—‘“|-II|-
ﬁ‘*‘FXIIIIrr—IFII;

Data at the port to be readback must be latched prior to
enabling the outputs on that port. If this is not done, a
closed data loop will result causing possible data integrity
problems. Note that the A and B ports allow readback with-
out affecting any other port. Port C, however, requires inter-
ruption of either port A or B to complete its readback path.
PINV controls inversion of the Cg bit. A low on PINV allows
Cg data to pass unaltered. A high causes inversion of the
data. See Table lll. This feature allows forcing of parity er-
rors for use in system diagnostics. This is particularly helpful
in Intel ’486 processor designs as the *486 does not provide
odd/even parity selection internally.

Table Il. Latch-Enable Control

LEXX Input Output
L L L
L H H
H X Qo

. Table lll. PINV Control

PINV Cs AgorBg
L L L
L H H
H L H
H H L

Key:

L = Low Voltage

H = High Voltage Level

Qp = Output state prior to LEXX low to high transition
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Office/Distributors for avallability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C

Junction Temperature under Bias

Current Applied to Output
in Low State (Max) twice the rated I (MA)
ESD Last Passing Voltage (Min) 2000V

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation
under these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Plastic . —55°Cto +150°C
casvosoy  FlSGOMmendod Oporating
Input Voltage (Note 2) —0.5Vto +7.0V Sreoe'/::lll\t:b?gtsTemperature ,
Input Current (Note 2) —30mAto +5.0mA Commercial . 0°Cto +70°C
" intoh Sate i U = 0 sugpy Vo

Standard Output —0.5VtoVge :

TRI-STATE Output —0.5Vto +5.5V
DC Electrical Characteristics

Symbol Parameter 74FR Units Vece ‘ Conditions
Min Typ Max .
ViH Input High Voltage 2.0 Vv Recognized High Signal
ViL 4 Input Low Voltage 0.8 \Y Recognized Low Signal
Vep Input Clamp Diode Voltage —-1.2 \ Min In = —18mA
VoH Output High Voltage 24 \" Min lon = —3mA (Ap, Bn, Cn)
2.0 \Y Min lon = —15mA (A, B, Cp)
VoL Output Low Voltage 0.50 \" Min loL = 1 mA(Ap, Bn)
0.75 \ Min loL = 12mA (An, Bp)
0.50 \ Min loL = 24 mA (Cp)

lIH Input High Current 5 pA Max ViN = 2.7V (Control lnpufs)
Isv IBanL:kI;zfxnC_lt_Jzznt 7 pA Max VIN = 7.0V (Control Inputs)
fovr E&?kﬁfxnc';’;ﬁ?/m 100 pA | Max | VN7 SV AnEn o
i Input Low Current —150 pA Max Vin = 0.5V (Control Inputs)
Vip Input Leakage Test 475 v 0.0 IGI?o:nL .gdpA, All Other Pins
lop Output Circuit Leakage Test 375 v 0.0 :;%3501” i?j ::jv, Ali Other
iy + lozH Output Leakage Current 25 rA Max Vout =2.7V (Ap, B, Cp)
I + lozL Output Leakage Current —-150 pA Max Vout = 0.5V (Ap, Bn, Cp) .
los Output Short Circuit Current —100 —225 mA Max Vout = 0.0V (Ap, By, Cp)
lceEx Output High Leakage Current 50 pA Max Vout = Vce (An Bn, Cn)
Izz Bus Drainage Test 100 pA 0.0 Vout = 5.25V (Aq, Bn, Cn)
lcch Power Supply Current 115 150 mA Max All Outputs High*
lcoL Power SuppI‘y Current 170 200 mA Max All Outputs Low*
lcez Power Supply Current 147 175 mA Max Outputs in TRI-STATE

*2 ports active only
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. AC Electrical Characteristics: see Section 2 for waveforms and load configurations

74FR25900

74FR 74FR
Ta = +25°C Ta = Comm i
Symbol Parameter Vee = +5.0V Vgc = Comm Units Ncg>.
CL = 50 pF CL = 50 pF )
Min Typ Max Min Max
tPLH Propagation Delay '
tpHL AporBnhtoCp, 2.0 47 75 2.0 75 ns 23
Chto AjorBy,
tpLH Propagation Delay k g
tPHL © Cg to Ag or Bg (PINV High) 2.5 4.8 75 2.5 7.5 ns 2-3
tpLH Propagation Delay g
thHL An 10 By B to Ay 4.5 7.0 11.5 4.5 11.5 ns 2-3
teLH Propagation Delay 45 6.8 100 45 10.0 ns 23
tpHL LEAC to C,, LEBC to C, ’ ) ’ ’ :
teLH Propagation Delay g
torL LECA to A, [ECB to B, 3.5 6.0 10.0 3.5 10.0 ns 2-3
teLH Propagation Delay 30 6.0 100 3.0 10.0 ns 23
tpHL - Soto Cpy .
tPLH Propagation Delay 40 7.0 115 4.0 15 ns 23
tPHL SqtoAyorBy
teLH Propagation Delay g
tPHL PINV to Ag or Bg 25 5.5 9.5 25 9.5 ns 2-3
tpzH Output Enable Time 15 40 65 1.5 65 ns 2.5
tpzL Cn
tpHz Output Disable Time 15 40 6.0 15 6.0 ns 25
tpLz Cn
tpzH Output Enable Time 1.5 6.0 8.0 1.5 8.0 ns 2.5
tpzL An, By
tpHz Output Disable Time 15 5.0 7.0 1.5 7.0 ns 2.5
tpLz An, B :
AC Operating Requir ements: see Section 2 for waveforms and load configurations
74FR 74FR
Ta = +25°C Ta = Comm F
Symbol Parameter Vee = +5.0V Vee = Comm Units Ncg>.
CL = 50 pF CL = 50 pF ’
Min CTyp Max Min Max
ts(H) Setup Time, High or Low
(L) An to LEAT, B, to [EBC 45 25 45 ns 26
th(H) Hold Time, High or Low ) _ .
th(l) An to TEAG, By to LEBC 10 15 10 ns 26
ts(H) Setup Time, High or Low
to(L) Cp to LECA or LECB 8.0 10 80 ns 26
th(H) Hold Time, High or Low _ ‘
(L) Cp to LECA or [ECB 1.0 1.0 1.0 ns 2-6
tw(H) LE Pulse Width Low 8.0 4.0 8.0 ns 2-4 -
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Extended AC Electrical Characteristics: see section 2 for waveforms and load configurations

0065244V,

74FR 74FR
Ta = Comm Ta = Comm
) Vec = Comm Vce = Comm Fig.
Symbol Parameter Cp = 50 pF é:c= 250 pF Units No.
Nine Outputs Switching L(Note 2)p )
(Note 1)
Min Max Min Max
tPLH Propagation Delay
tPHL AnorBptoCp 2.0 11.5 40 12.5 ns 2.3
CnhtoAporB,
“tpLH Propagation Delay
LA. LA, X .0 2-
tPHL Ca to Ag or Bg (PINV High) NA NA 55 13 ns 3
tPLH Propagation Delay
X . . .5 -
PHL An 10 Bp, By 10 Ay 4.5 16.0 6.0 16. ns 2-3
tPLH Propagation Delay
tPHL TEAC to Cy, LEBC to0 Gy, 4.5 13.0 5.5 13.5 ns 2-3
tPLH Propagation Delay
LECA TECB X . . 5 -
i) LECA to Ay, LECB to 8, 35 115 55 14 ns 2.3
tPLH Propagation Delay 3.0 11.0 3.0 14.0 ns 2-3
tPHL Soto Cn - ’ ) ) )
tPLH Propagation Delay
X X X .5 -
tPHL S1toAnor By 4.0 16.5 6.5 16 ns 2-3
tPLH Propagation Delay g
YPHL PINV to Ag or Bg N.A. N.A. 4.5 14.5 ns 2-3
tpzH Output Enable Time 15 8.0 ns 2.5
tpzL Cn ) )
tPHZ Output Disable Time 15 6.0 ns 25
tpLz Cn ) )
tpzH Output Enable Time 15 8.0 ns 2.5
tpzL An. Bn ' )
tPHZ Output Disable Time 15 70 ns 2.5
tpLz Ap, Bn ’ )

Note 1: This spacification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phass, i.e., all low-to-high, high-to-
low, TRI-STATE-to-high, etc.

Note 2: This specification is guaranteed but not tested. The timits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors
standard AC load. This specification pertains to single output switching only.

Note: N.A. = Not Applicable
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BCT Description and Family Characteristics

National now offers BCT BiCMOS logic for bus driving and
interfacing in the highest performance systems.

The role of logic is evolving. In traditional logic families, hun-
dreds of SSI/MSI/LSI building block functions enabled en-
gineers to design entire computers from discrete logic ICs.
Dramatic technological breakthroughs are changing this en-
vironment. Many system designs have migrated from imple-
mentations based on general purpose logic to VLSI-based
ASICs and dedicated-function VLSI, shifting the role of logic
toward bus and timing support functions.

With greater emphasis on bus interface functions (such as
buffers, transceivers, and clock drivers), system designers
require the ability and flexibility to select logic products that
provide the appropriate speed, power, noise, reliability, sup-
ply assurance, and cost that's best for the task at hand.
System designers often use a combination of several logic
families that will contribute the best set of characteristics for
optimum system performance. In other instances, logic de-
vices are being designed for circuit functions that are not
efficiently performed by larger VLS| components.

For highest performance applications (30 MHz to 66 MHz
range), National's new BCT logic together with FASTr™™
(see note) fill the need for faster and more effective bus-
interface functions. Offering very high speed, BCT is recom-
mended where lower system power takes precedence over
speed. FASTr is particularly attractive in applications where
absolute speed is the primary concern. Complimentary tech-
nologies, the combination is ideal for high-performance bus
and clock distribution applications in personal/desktop
computers, PC LAN servers, PC peripherals, workstations,
telecommunication switches/multiplexers, fiber optic equip-
ment, ar;d automatic test equipment (ATE).

BCT Minimizes Power
Consumption While Improving

Performance

While National's BCT line of BICMOS logic is pin and func-
tionally compatible with the competitive BCT line, it also of-
fers the added features of lower power consumption as well
as a number of additional guaranteed specifications. As
shown below, competitive BCT products consume more
power than NSC’s BCT.

With a source-current capability of 15 mA and a sink-current
capability of 64 mA, BCT devices are designed for driving
heavily loaded busses.

More Specifications for Tighter
System Timing

NSC guarantees more AC specifications than competitive’

BCT products, including multiple output switching (MOS) de-
lay, 250 pF AG delay, and output skew. All are key in helping

Worst-Case Power Consumption Comparison:
National’s 'BCT240 vs. Competitive 'BCT240

Parameter National’'s BCT Competitive BCT
(Guaranteed) (Guaranteed)

lccH 18 mA 31 mA

lecL 69 mA 71 mA

lccz 9 mA 9mA

sonsuaioeley) Ajiwed pue uonduosaq 198

Note: NSC's FASTTr logic is an enhanced version of FAST®. FASTr is the
highest speed bus driving/interfacing TTL logic.

Guaranteed National 74BCT240 Specifications
(Vcc = 4.5V to 5.5V)

Data to Outputs

TpLH 0.5nst05.6ns

TPHL 0.4nsto4.0ns
Output Enable Time

TpzH 1.0nsto 8.8 ns

TpzL 1.0nsto 10.5ns
Output Disable Time

TPHZ 1.0nsto 8.1 ns

TpLz 1.0nsto9.5ns
Power Supply Current

lech 18 mA

lecL 69 mA

lccz 9mA

system designers tighten timing guardbands. Using tnese
guaranteed values rather than rule of thumb, designers ob-
tain greater precision in the propagation delay budget.

Because systems are requiring ever increasing clock rates,
National offers BCT devices with a guaranteed output skew
specifications. Devices having tight skew specifications im-

prove timing efficiency in critical timing paths such as those -

for clock distribution. Many of National’s advanced logic de-
vices guarantee less than 1 ns critical path output skew.
(See Figure 1 for typical BCT input and output circuits.)
Beyond use in new system designs, BCT logic is ideal in
bipolar-based systems that have marginal power problems.
Replacing the bipolar logic with BCT may resolve existing
power issues (refer to Figure 2). BCT logic offers system
advantages where:

e Typical propagation delays of 2 ns-3 ns are required

® Power is a concern

* Percentage of TRI-STATE® times are high

e Low noise levels are major criteria

® Where hot insertion may be an issue




BCT Description and Family Characteristics

: Input

More Specifications for Tighter System Timing (continued)

Typical Input Circuit
Voo

Enable =

To Output
Stage

TL/F/11572-1

Enable

Typlcal Output Circuit

—0|

Vee

Input =

Enable —4

]

Output
p—0

MOTHER
BOARD

GND
) ) TL/F/11572-2
Note: These diagrams represent typical input/output circuits and do not necessarily model the entire actual circuits.
FIGURE 1. Typlcal BICMOS Circuits
ADD-ON ADD-ON ADD-ON ADD-ON ADD-ON ADD-ON ADD-ON
BOARD BOARD BOARD BOARD BOARD BOARD BOARD
XX244 XX244 XX244 XX244 XX244 XX244 XX244
i 4 Ar 4 Ar A A
2
4
4
TLIF/11572-3
X No. of Boards = 8 (2 Active at Any One Time)
BCT244 ALS244 AS244 F244
IccH 38 15 34 60
lcoL 66 24 90 90
loc Active (50% duty cycle) 52 19 62 75"
Icc Two Active Boards 104 39 124 150
lccz 10 27 54 90
(X-2) lccz 60 162 324 540
Icc Total 164 201 448 690
Prop Delay 5.5 10 6.2 6.5
% of BCT lgc X 122% 273% 421%
% of BCT Prop Delay X 182% 113% 118%

FIGURE 2. National’s BCT Devices Compare Favorably with Competitive Solutions




Guarantees for Power Down and
Hot Insertion

Power down and hot insertion are areas of logic design that
are receiving added attention.

National’s BCT guarantees high impedance when powered
down (specified by Izz). This specification guarantees that a
TRI-STATE device will not load down a bus to which it is
attached when powered down—a very important considera-
tion in applications where power is a concern.

NSC 74BCT240 Compared With the Competition

DC Guaranteed Guaranteed

Parameter by NSC by Competition
Improvements:
lccH 18 mA 31 mA
lccL 69 mA 71 mA
IiH 5 pA 20 pA |
I —250 A —1mA
lozH 20 pA 50 nA
lozL —20 pA —50 nA
Additional Specifications:
l2z 100 pA
Vip 4.75V
IcEx 50 pA
Latchup 500 mA
Electrostatic 4,000V

Discharge (10,000V typical)

For example, laptops often use a sleep mode for power
conservation. If a device does not have high impedance in a
powered down situation, sleep mode can only occur by
stopping the clock. Both NSC's BCT and FASTr guarantee
high impedance in power down. By nature of their technolo-
gy, products with CMOS inputs or outputs have difficulties
with high impedance in power down capability.

Also featured with BCT and FASTT logic families is hot inser-
tion capability. This allows boards to be pulled from or in-
serted into systems that are powered up.

National's BCT V|p specification guarantees that a high re-
sistance short will not occur across the input diode. This
specification combined with guaranteed ESD and latchup
protection indicate NSC's BCT hot insertion capability. De-
vices with CMOS inputs or outputs have difficulty with hot
insertion capability. As with power down, hot insertion is
more familiar to designers of bipolar systems than those
designing CMOS systems.

National is the only BICMOS logic supplier to guarantee
both high impedance in power,down and hot insertion capa-
bility reliability features.

To further enhance this hot insertion capability, National's
BCT and FASTr products guarantee extremely high ESD
and latchup specifications, enabling these devics to tolerate
high voltages and current transients on all pins.

Using National’s Complimentary
High-Performance Bus Logic

Families

BCT and FASTr fill the need for the faster bus-interface
functions required by many of today’s most demanding ap-
plications. Implemented on different silicon technologies
(BiCMOS and bipolar), their power and noise attributes de-
fine their market applications.

e BCT is best suited where very high performance is re-
quired and active duty cycles are relatively low. Most of
today’s high-performance data buses for non-portable
equipment are excellent candidates. An application with
a lower enable duty cycle can realize substantial power
savings by using BCT, such as a data bus to main memo-
ry. Designers who need to minimize their system’s noise
sensitivity—ground bounce, undershoot, ringing, cross-
talk—and require fast switching speed at the interface
would choose BCT logic.

FASTr and BCT compliment each other as part of a total
system solution. Both lines consist of logic functions that
interface high-performance buses. Their TTL I/0 charac-
teristics closely match one another. Process technology
and circuit design are similar. The two product types can
sit side by side on a circuit board, enabling optimum
speed/power performance. (Refer to Figure 3: FASTr
and BCT Used Together to Optimize a Cache Mother-
board.) '

7-5
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BCT Description and Family Characteristics

'Using National’s Compﬁmentary High-Performance Bus Logic Families

(Continued)
Data Address
YA H
FAST Cache
l' RAM
>
MPU
¢ »
SYSTEM H
CLOCKS BCT DRAM
FASTr 4__.@4_'
-l -

 TL/F/11572-4

FIGURE 3. FASTr and BCT Used Together to Optimize a Cache Motherboard

BCT Features and Benefits

FEATURE

8-bit products are pin-for-pin compatible {function, part num-
ber, pinout) with standard 74 input/output logic levels

Drop-in replacement for Tl BCT
Guaranteed specifications for:
® Pin-to-pin skew; 50 pF multiple output switching
Tpp = 8 outputs switching
Tpp = 250 pF capacitive load
* ESD immunity (4,000V minimum)*
¢ Latchup immunity
Very high speed
Power dissipation less than FAST; noise performance simi-
lar to FAST

Available in PDIP and SOIC
*Note: ESD 2,000 minimum for 'BCT125 and 'BCT573.

BENEFITS

Allows easy upgrades in existing designs; designers are fully
accustomed with nomenclature for easy design

Second source with additional specifications

System designers have added tools to get the most from
their high-performance designs

Higher incoming PPM quality parts; reduces walking wound-
ed for less field failures; increases quality and reliability

Minimum delay degradation in capacitive and transmission
line environments; reduces noise and optimizes perform-
ance

Allows higher preformance systems
Even lower power for power-sensitive applications
Industry-standard packaging
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BiCMOS Ratings, Specifications and Waveforms

Glossary

Currents—Positive current is defined as conventional cur-
rent flow into a device. Negative current is defined as con-
ventional current flow out of a device. All current limits are
specifed as absolute values.

Icc Supply Current—The current fiowing into the Vgg sup-
ply terminal of a circuit with the specified input conditions
and the outputs open. When not specified, input conditions
are chosen to guarantee worst-case operation.

Iiy Input HIGH Current—The current flowing into an input
when a specified HIGH voltage is applied.

IiL Input LOW Current—The current flowing out of an input
when a specified LOW voltage is applied.

lox Output HIGH Current—The current flowing out of the
output when it is in the HIGH state. For a turned-off open-
collector output with a specified HIGH output voltage ap-
plied, the Ign is the leakage current.

loL Output LOW Current—The current flowing into an out-
put when it is in the LOW state.

los Output Short Circuit Current—The current flowing out
of a HIGH-state output when that output is short circuited to
ground (or other specified potential).

lozn Output OFF Current HIGH—The current flowing into
a disabled TRI-STATE® output with a specified HIGH output
voltage applied.

lozL Output OFF Current LOW—The current flowing out of
a disabled TRI-STATE output with a specified LOW output
voltage applied.

Voltages—All voltages are referenced to the ground pin.
Negative voltage limits are specified as absolute values (i.e.,
—10.0V is greater than —1.0V).

Vcc Supply Voltage—The range of power supply voltage
over which the device is guaranteed to operate within the
specified limits.

Vep (Max) Input Clamp Diode Voltage—The most nega-
tive voltage at an input when a specified current is forced
out of that input terminal. This parameter guarantees the
integrity of the input diode, intended to clamp negative ring-
ing at the input terminal. ’
V4 Input HIGH Voltage—The range of input voltages that
represents a logic HIGH in the system.

Vi (Min) Minimum Input HIGH Voltage—The minimum
allowed input HIGH in a logic system. This value represents
the guaranteed input HIGH threshold for the device.

ViL Input LOW Voltage—The range of input voltages that
represent a logic LOW in the system

VL (Max) Maximum Input LOW Voltage—The maximum
allowed input LOW in a system. This value represents the
guaranteed input LOW threshold for the device.

VoH (Min) Output HIGH Voltage—~The minimum voltage at
an output terminal for the specified output current loy and
at the minimum value of Vcc.

VoL (Max) Output LOW Voltage—The maximum voltage
at an output terminal sinking the maximum specified load
current lgy.

AC Switching Parameters

fmax Toggle Frequency/Operating Frequency—The
maximum rate" at which clock pulses may be applied to a
sequential circuit. Above this frequency the device may
cease to function.

tpLy Propagation Delay Time—The time between the
specified reference points, normally 1.5V on the input and
output voltage waveforms, with the output changing from
the defined LOW level to the defined HIGH level.

tpyL Propagation Delay Time—The time between the
specified reference points, normally 1.5V on the input and
output voltage waveforms, with the output changing from
the defined HIGH level to the defined LOW level.

tw Pulse Width—The time between 1.5V amplitude points
on the leading and trailing edges of a pulse.

th Hold Time—The interval immediately following the active
transition of the timing pulse (usually the clock pulse) of
following the transition of the contro! input to its latching
level, during which interval the data to be recognized must
be maintained at the input to ensure its continued recogni-
tion. A negative hold time indicates that the correct logic
level may be released prior to the active transition of the
timing pulse and still be recognized.

ts Setup Time—The interval immediately preceding the ac-
tive transition of the timing pulse (usually the clock pulse) or
preceding the transition of the control input to its latching
level, during which interval the data to be recognized must
be maintained at the input to ensure its recognition. A nega-
tive setup time indicates that the correct logic level may be
initiated sometime after the active transition of the timing
pulse and still be recognized.

tpHz Output Disable Time (of a TRI-STATE Output) from
HIGH Level—The time between the 1.5V level on the input
and a voltage 0.3V below the steady state output HIGH lev-
el with the TRI-STATE output changing from the defined
HIGH level to a high impedance (OFF) state.

tpLz Output Disable Time (of a TRI-STATE Output) from
LOW Level—The time between the 1.5V level on the input
and a voltage 0.3V above the steady state output LOW level
with the TRI-STATE output changing from the defined LOW
level to a high impedance (OFF) state.
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BiCMOS Ratings, Specifications and Waveforms

AC Switching Parameter (continued)

tpzH Output Enable Time (of a TRI-STATE Output) to a
HIGH Level—The time between the 1.5V levels of the input

‘and output voltage waveforms with the TRI-STATE output

changing from a high impedance (OFF) state to a HIGH
level.

tpzL Output Enable Time (of a TRI-STATE Output) to a
LOW Level—The time between the 1.5V levels of the input
and output voltage waveforms with the TRI-STATE output
changing from a high impedance (OFF) state to a LOW lev-
el.

AC Loading and Waveforms

Figure 1 shows the AC loading circuit used in characterizing
and specifying propagation delays of all BCT devices, un-
less otherwise specified in the data sheet of a specific de-
vice. The use of this load, which differs somewhat from pre-
vious practice, provides more meaningful information and
minimizes problems of instrumentation and customer correl-
ation. In the past, +25°C propagation delays for TTL devic-
es were specified with a load of 15 pF to ground; this re-
quired great care in building test jigs to minimize stray ca-
pacitance, and implied the use of high impedance, high fre-
quency scope probes. BCT circuits changed to 50 pF of
capacitance allowing more leeway in stray capacitance and
also loading the device during rising or falling output tran-
sitions. This more closely resembles the loading to be ex-
pected in average applications and thus gives the designer
more useful delay figures. The net effect of the change in
AC load is to increase the observed propagation delay by an
average of about 1 ns.

The 5009 resistor to ground, in Figure 1, acts as a ballast,
to slightly load the totem-pole pull-up and limit the quiescent
HIGH-state voltage to about +3.5V. Otherwise, an output
would rise quickly to about + 3.5V but then continue to rise
very slowly to about +4.4V. On the subsequent HIGH-to-
LOW transition the observed tpy would vary slightly with
duty cycle, depending on how long the output voltage was
allowed to rise before switching to the LOW state. Perhaps
more importantly, the 500 resistor to ground can be a high
frequency passive probe for a sampling scope, which costs
much less than the equivalent high impedance probe. Alter-
natively, the 500Q load to ground can simply be a 450Q
resistor feeding into a 500 coaxial cable leading to a sam-
pling scope input connector, with the internal 500 termina-
tion of the scope completing the path to ground. Note that
with this scheme there should be a matching cable from the
device input pin to the other input of the sampling scope;
this also serves as a 500 termination for the pulse genera-
tor that supplies the input signal.

Also shown in Figure 1 is a second 500 resistor from the
device output to a switch. For most measurements this
switch is open; it is closed for measuring a device with
open-collector outputs and for measuring one set of the En-
able/Disable parameters (LOW-to-OFF and OFF-to-LOW)
of a TRI-STATE output. With the switch closed, the pair of
5000 resistors and the + 7.0V supply establish a quiescent
HIGH level of + 3.5V, which correlates with the HIGH level
discussed in the preceding paragraph.

Figure 5 shows that the Disable times are measured at the
point where the output voltage has risen or fallen by 0.3V
from the quiescent level (i.e., LOW for tp z or HIGH for
tpHz), compared to a AV of 0.5V used in previous practice.
This change enhances the repeatability of measurements
and gives the system designer more realistic delay times to
use in calculating minimum cycle times. Since the rising or
falling waveform is RC-controlled, the first 0.3V of change is
more linear than the first 0.5V and is less susceptible to
external influences. More importantly, perhaps, from the
system designer’s point of view, a AV of 0.3V is adequate to
ensure that a device output has turned OFF; measuring to a
AV of 0.5V merely exaggerates the apparent Disable time
and thus penalizes system performance, since the designer
must use the Enable and Disable times to devise worst-case
timing signals to ensure that the output of one device is
disabled before that of another device is enabled. -

Figure 2 describes the input signa! voltages recommended
for use when testing BCT circuits. The AC input signal levels
follow industry convention of V. switching O to 3 volts. DC
low input levels are typically 0 to V), and high input levels
are typically Vi to Vcg. Input thresholds are guaranteed
during VoL and Vpy tests. High level noise immunity is the
difference between Voy and V4. Low level noise immunity
is the difference between V)_and Vg . Noise-free V|4 or Vy_
levels should not induce a switch on the appropriate output
of the BCT device. When testing in an automatic test envi-
ronment, extreme caution should be taken to ensure that
input levels plus noise do not go into the transition region.

Good high frequency wiring practices should be used in
constructing test jigs. Leads on the load capacitor should be
as short as possible to minimize ripples on the output wave-
form transitions and to minimize undershoot. Generous
ground metal (preferably a ground plane) should be used for
the same reasons. A Vg bypass capacitor should be pro-
vided at the test socket, also with minimum lead lengths.
Input signals should have rise and fall times of 2.5 ns and
signal swing of OV to +3.0V. Rise and fall times < 1 ns
should be used for testing fmax or pulse width. A 1.0 MHz
square wave is recommended for most propagation delay
tests. The repetition rate must necessarily be increased for
testing fmax. A 50% duty cycle should always be used when
testing fmax. TWO pulse generators are usually required for
testing such parameters as setup time, hold time, recovery
time, ete.

Precautions should be taken to prevent damage to devices
by electrostatic charge. Static charge tends to accumulate
on insulated surfaces, such as synthetic fabrics or carpet-
ing, plastic sheets, trays, foam, tubes or bags, and on un-
grounded electrical tools or appliances. The problem is
much worse in a dry atmosphere. In general, it is recom-
mended that individuals take the precaution of touching a
known ground before handling devices. To effectively avoid
electrostatic damage to BCT devices it may be necessary
for individuals to wear a grounded wrist strap when handling
devices.




AC Loading and Waveforms (Continued)

toz0s toy 20 0.C. ALL OTHER

5000

TL/F/11573-1
*Includes jig and probe capacitance

FIGURE 1. Test Load
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TL/F/11573-3
FIGURE 2. Test Input Signal Levels
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FIGURE 3. Propagation Delay Waveforms for Inverting
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FIGURE 4. Propagation Delay,

Pulse Width Waveforms -
OUTPUT § _
CONTROL . Vm = 1.5V
J
tuz l
Yozn 3 Von
DATA 27 N
ouT Vm : ! 0.3v
E‘ touz
DATA ﬁ I 0.3V
out Vm I 7
r}) T VoL
TL/F/11573-4
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FIGURE 6. Setup Time, Hold Time
and Recovery Time Waveforms
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Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +160°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

Plastic —55°Cto +150°C
Ve Pin Potential to ’

Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0v
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output

in the Disable or Power-Off State —0.5Vto +5.5V

in the HIGH State —0.5Vto Ve

Current Applied to Output

in LOW State (Max) Twice the rated lg| (mA)
ESD Last Passing Voltage (Min) 4000V
Over Voltage Latchup Vee +4.5V

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Recommended Operating

Conditions
Free Air Ambient Temperature
Commercial 0°Cto +70°C
Supply Voltage .
Commerecial +4.5Vto +5.5V

BCT Family DC Electrical Characteristics

BiCMOS Ratings, Specifications and Waveforms

Symbol Parameter 748CT Unlts | Veo Conditions
Min Typ - Max
Viy Input HIGH Voltage 2.0 " Recognized as a HIGH Signal
' Input LOW Voltage ‘ 0.8 Recognized as a LOW Signal
Veo Input Clamp Diode Voltage ~12 | v | Min |ty = —18mA, Non I/0 Pins
VoH Output HIGH Voltage 25 loH = —1 mA, Standard or TRI-STATE Outputs
24 \ Min | loy = —3 mA, TRI-STATE or Buffer/Line Driver Cutputs
20 lon = —15 mA, Buffer/Line Driver Outputs
VoL Output LOW Voltage* 0.5 v Min loL = 24 mA, TRI-STATE Outputs
0.55 loL = 64 mA, Buffer/Line Driver Outputs
e Input LOW Current mA | Max V|N = 0.5V, Non I/0 Pins
IH Input HIGH Current 5.0 pA | Max | VN = 2.7 V,Non /0O Pins
sy - Input HIGH Current Breakdown Test 7.0 pA | Max | Viy=7.0V ‘
IsviT Input HIGH Current Breakdown (i/0) 100 pA | Max | V=55V
lcex QOutput HIGH Leakage Current 50 pA | Max | Vout = Ve
Vip Input Leakage Test 4,75 v 0.0 | ip = 1.9 pA, All Other Pins Grounded
lozn Output Leakage Current pA | Max | Voyt = 2.7V, TRI-STATE Outputs, Non 170
lozL Output Leakage Current A | Max | Vout = 0.5V, TRI-STATE Outputs, Non /0
iy + lozH | Output Leakage Current pA | Max | Vi;0 = 2.7V, I/OPins
li. + lozL | Output Leakage Current pA | Max | Vi;0 = 0.5V, 1/OPins
los Output Short-Circuit Current —-60 —150 | mA [ Max | Voyr = 0V, Standard or TRi-STATE Outputs
‘ —-100 —-225 | mA | Max | Voyt = 0V, Buffer/Line Driver Outputs
122 Bus Drainage Test 100 pA | 0.0V | Vout = 5.25V TRI-STATE Outputs
lcoH Power Supply Current mA | Max | Vout = HIGH
leoL Power Supply Current mA | Max | Voyt = LOW
lccz Power Supply Current mA | Max | Voyt = HIGHZ
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Skew Definitions and Test Philosophy

Test Philosophy

Minimizing output skew is a key design criteria in today's
high-speed clocking schemes. National has incorporated
new skew specifications into the BCT family of devices. Na-
tional's test philosophy is to fully test guarantee all the avail-
able skew specifications in order to help clock designers
optimize their clock budgets. '

This section provides general definitions and examples of
skew and then discusses National’'s BCT bench perform-
ance methods and examples.

CLOCK SKEW
Skew is the variation of propagation delay differences be-
tween output clock signal(s).

‘Example:

" If signal appears at out #1 in 3 ns and in 4 ns at output #5,

the skew is 1 ns.

cLocK
1 et BRIVER - g ourputs
- Y CLOCK_OUT
1 L}
—lD— ~{1 2 :
>tn1 3 1 i/
b
IS Ey te
CLOCK_IN —>—1-05 s _E_V_\_/
{>--1-0 6 —t
7 - '
>0 SKEW
-0 DUE TO DELAY
UNCERTAINTY

TL/F/11573-7

FIGURE 7. Clock Output Skew

Without skew specifications, a designer must approximate
timing uncertainties. Skew specifications have been created
to help clock designers define output propagation delay dif-

ferences within a given device, duty cycle and device-to-de-
vice delay differences.
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BiCMOS Ratings, Specifications and Waveforms

SOURCES OF CLOCK SKEW

Total system clock skew includes intrinsic and extrinsic
skew. Intrinsic skew is defined as the differences in delays
between the outputs of device(s). Extrinsic skew is defined
as the differences in trace delays and loading conditions.

a0 )

EXTRINSIC SKEW

INTRINSIC SKEW

CLOCK_OUT
LoAbs | SKEW DUE TO
DEVICE AND TRACE/LOAD DELAYS

* CLOCK_IN

TL/F/11573-8
FIGURE 8. Sources of Clock Skew
Example: 50 MHz Clock signal distribution on a PC Board.

50 MHz signals produces 20 ns clock cycles '
Total system skew budget = 10% of clock cycle* = 2ns —> 2ns
Ifextrinsic skew = 1ns — —1ns

Device skew (intrinsic skew) must be less than 1 ns! <«— 1ns
*Clock Design Rule of thumb. .
CLOCK DUTY CYCLE
e Clock Duty Cycle is a measure of the amount of time a
signal is High or Low in a given clock cycle.

TL/F/11573-9

Duty Cycle = t/T * 100%
FIGURE 9. Duty Cycle Calculation

Clock Signal
[ o \ f Example:
W tHigH and t ow are each 50% of the clock cycle therefore
the clock signal has a Duty Cycle of 50/50%.
R e ——d .
CLOCK CYCLE
TL/F/11673-10
FIGURE 10. Clock Cycle
® Clock skew effects the Duty Cycle of a signal.
Clock + Skew
Example: 50 MHz clock distribution on a PC board.
-@ Skew must be guaranteed less than 1 ns at 50 MHz to
i\ / achieve 55/45% Duty Cycle requirements of core silicon!

TL/F/11573-11
FIGURE 11. Clock Skew

TABLE |

System

Frequency Skew | tyigH | tLow Duty Cycle

50 MHz Ons [ 10ns | 10ns | 50/50% <~ Ideal Duty Cycle (50/50%) occurs for zero skew.

50 MHz 2ns | 12ns | 8ns | 60/40%

50 MHz ins | 1ins | 9ns | 55/45%

33 MHz 2ns | 17ns | 15ns | 565/45% <«—  Note that at lower frequencies, the skew budget is not as tight and skew
does not effect the Duty Cycle as severely as seen at higher
frequencies.
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Definition of Parameters

tps (Pin Skew or Transition Skew)

tps, describes opposite edge skews, i.e., the difference be-
tween the delay of the low-to-high transition and the high-to-
low transition on the same pin. This parameter is measured
across all the outputs (drivers) on the same chip, the worst
(largest delta) number is the guaranteed specification. Ideal-
ly this number needs to be 0 ns. Effectively, 0 ns means that
there is no degradation of the input signal's Duty Cycle.
Many of today’s microprocessors require a minimum of a
45:55 percent Duty Cycle. System clock designers typically
achieve this in one of two ways. The first method is with an
expensive crystal oscillator which meets the 45:55 percent
Duty Cycle requirement. An alternative approach is to

Definition
tps (Pin Skew or Transition Skew):
tps = [tprL~tpLH

Both high-to-low and low-to-high propagation delays are
measured at each output pin across the given device.

Example: A 33 MHz, 50/50% duty cycle input signal would
be degraded by 2.6% due to a tps = 0.8 ns. (See Table and
lllustration below.)

Note: Output symmetry degradation also depends on input duty cycle.

use a less expensive crystal oscillator and implement a di-
vide by two function. Some microprocessors have ad-
dressed this by internally performing the divide by two.

Since Duty Cycle is defined as a percentage, the room for
error becomes tighter as the system clock frequency in-
creases. For example in a 25 MHz system clock with a
45:55 percent Duty Cycle requirement, tpg cannot exceed a
maximum of 4 ns (tpy of 18 ns and tp 1 of 22 ns) and still
meet the Duty Cycle requirement. However for a 50 MHz
. system clock with a 45:55 percent Duty Cycle requirement,
tps cannot exceed a maximum of 2 ns (tp y of 9 ns and
tpHL of 11 ns) and still meet the Duty Cycle requirement.
This analysis assumes a perfect 50:50 percent Duty Cycle

input signal.
Example
clock invput
cycle 1 1
I 1
1 1
! /—'\- tos, = o, =t
output 1 S~ PHL ~ FLH
pu ! : | 1
-l
I'PLH, ey
output 2 : / 1 \ tPSz lPHLZ tPLHZ
(]
) L)
‘PLHz ‘PHLz

TL/F/11573-12
FIGURE 12. tpg

TABLE Il. Duty Cycle Degradation of 33 MHz

Input "Device Output
f % ADC
(MH2) DC Input tn TiN tps tour Tour DC Input to Output
(ns) (ns) (ns) (ns) (ns) Output
33 50%/50% 15.15/15.15 30.3 0.8 . 14.35/15.95 30.3 47.4%7/52.6% 2.6%
45%/55% 13.6/16.6 30.3 1.5 12.1/18.1 30.3 39.9%/60.1% 5.1%

50%

RIGH LEVEL :

|
t
L]

[/ /7] WORST CASE DEGRADATION,

TPS = 0.8 ns.

47.4% HIGH LEVEL

d (2.6% PULSE WIDTH DECREASE)

33 MHz

\iw"

ﬁ:

- @33

52 6% LOW LEVEL

,7—! (2.6% PULSE WIDTH INCREASE)
50%

LOW LEVEL

TL/F/11573-13

FIGURE 13. Pulse Width Degradation
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BiCMOS Ratings, Specifications and Waveforms

Definition of Parameters (continued)

tosT (Opposite Edge Skew)

tost defines the difference between the fastest and the
slowest of both transitions within a given chip. Given a spe-

. cific system with two components, one being positive-edge

triggered and one being negative-edge triggered, togT helps
to calculate the required delay elements if synchronization
of the positive- and negative-clock edges is required.

device
output
pin 1
oLy
pin 2 Ity
pin 8
QOST time, ns

max

FIGURE 14. tost

Definition
tosT (Opposite Edge Skew):
tosT = ltegm—tpgnl
where ¢ is any edge transition (high-to-low or low-to-high)
measured between any two outputs {(m or n) within any giv-

en device.
Example

OUTPUT 1

TL/F/11573-14

rr—

tont,

'

~— tPLHZ —t
— - '
I

FIGURE 15. togT

"
v Yost

OUTPUT 2
1

o, = tLm,

TL/F/11573-15
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Definition of Parameters (continued)

tpy (Part Variation Skew)

tpy illustrates the distribution of propagation delays between
the outputs of any two devices.

Part-to-part skew, tpy, becomes a critical parameter as the
driving scheme becomes more complicated. This usually
applies to higher-end systems which go from single clock

—_

TL/F/11573-16
FIGURE 16. Clock Distribution

Case 1: Single Clock Driver
Total Skew = Pin-to-Pin Skew U1
= tosLH or tosHL of U1

Definition
tpy (Part Varlation Skew):
tpv = [tpguy — tPgxyl
where ¢ is any edge transition (high-to-low or low-to-high)
measured from the outputs of any two devices.

outputs
all devices

time, ns

TL/F/11573-18
FIGURE 17. tpy

The skew specifications offered on National’s BCT products
were chosen based on system performance demands. The
parameters togHL, tosLH: tosT. tps, and tpy each relate to a

drivers to distributed clock trees to increase fanout (shown
below). In a distributed clock tree, part-to-part skew be-
tween U2 and U3 must be minimized to optimize system
clock frequency. In the case of the clock tree, the total skew
becomes a function of tog H/HL of U1 plus tpy of U2 and
us.

A4
w [
—
— -
U1 |
— *
1 E :
[ A4 .
I
—

TL/F/11573-17
Case 2: Distributed Clock Tree

Total Skew (U2, U3) = Pin-to-Pin Skew (U1) + Part-to-Part
Skew (U2, U3)

Example
- } DEVICE 1 A
-1 w ; 1 0UTPUT 1 Phy,y ~ PHLy
{1 E —+—_
— ! ;
- }_. ' 1
— e | '
1 1
. ! !
. 1DEVICE2 | '
. ouTPUT 2T
( LI,
o i } v Yo, o=t
— UN : : ‘PLHZ x,{ 2,2
_ I . |
_ — ~—m
| Ll th L}
TL/F/11573-18
FIGURE 18. tpy

specific system requirement which helps designers com-
pensate for pin-to-pin skew, duty cycle degradation, and
part-to-part variation.
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BiCMOS Ratings, Specifications and Waveforms

Definition of Parameters (continued)

tosLu, tosHL (Common Edge Skew)

tosHL and tos H are parameters which describe the delay
from one driver to another on the same chip. This specifica-
tion is the worst-case number of the delta between the fast-
est to the slowest path on the same chip. An example of

Definition
tosHLs tosLH (Output Skew for High-to-Low Transitions): .
tosHL = ItPHiyax — tPHLMINI

Output Skew for Low-to-High Transitions:
tosLH = [tpLHyax = tPLHMNI

Propagation delays are measured across the outputs of any
given device.

where this parameter is critical is the case of the cache
controller and the CPU, where both units use the same tran-
sition of the clock. In order for the CPU and the controller to
be synchronized, tog| H/HL needs to be minimized.

. Example

CLOCK ;
INPUT h

:‘P'-"um. g
OUTPUT 2 ‘o / . \
1

]
)
LHuax,
1 1

Bhlyay,
1

-5~

¢ losiy

FIGURE 19. tos 1, tosHL |

r
+ tosuL
TL/F/11573-20
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@National

Semiconductor

BiCMOS Process Characteristics

A BiICMOS technology has been developed using well-char-
acterized stand-alone bipolar and CMOS processes. Com-
bining CMOS and bipolar circuitry on a single chip has re-
sulted in speed/power advantages that would be difficult
and more expensive to achieve in either separate technolo-
gy. Using 16 masks, this BICMOS technology is cost effec-
tive, manufacturable, and highly suitable for advanced logic
designs.

Process Description

The process starts with a standard bipolar front end: P sub-
strate, N buried layer, P buried layer, N-epitaxy, and oxide
isolation. The N buried layer provides a collector region for
the bipolar device and a retrograde N-well for the PMOS
device. The P buried layer is implanted for a retrograde
NMOS P-well and channel stop rings for the NPN. These
buried layers minimize well and collector resistance, provide
latchup suppression, and assist in increasing field threshold
and punch-through voltages.

Incorporated into this front end is an intrinsic gettering cycle
optimized to create a 10pn-15u denuded zone. Precipitate-
induced stacking faults act as gettering sites for bulk and
surface metallics.

1.3u of N-type epitaxy is grown to support both the CMOS
and bipolar devices. Epi oxidation and CVD nitride deposi-
tion is accomplished before the active device regions are
photo-defined. The nitride and epi oxide are left on all de-

Gate Oxide

vice regions while the field areas receive a silicon etch of
7400A. 14500A of isolation oxide is grown to electrically
isolate all active devices. The CVD nitride and epi oxide are
then stripped and the bird's heads are planarized using an
etchback technique. With the device islands created and an
implant of phosphrous to the buried collector, the major
CMOS steps can now be undertaken. This begins with a
second layer of GVD nitride.

A mask step is used to define the field oxidation for the
CMOS devices. The field oxidation frames the active CMOS
device inside the isolation oxide, while the nitride cap pre-
vents active area oxidation. On the bipolar devices, the field
oxidation does not occur because of a complete overlap-
ping of nitride. :

Next, a single mask is used to remove nitride from the
CMOS device area and to define a V; adjust implant. A 250A
gate oxidation is followed by polysilicon deposition and pho-
to definition of the gate.

The drawn gate width is 2.5u and the resulting Leff is 1.8.
The reduction of the gate can be attributed to the poly over-
etch and source/drain side diffusion. Figure 1 shows the
bipolar NPN, PMOS, and NMOS devices from left to right,
respectively. The NPN is covered with CVD nitride and the
CMOS devices have gate oxide under the polysilicon. A cap
oxide is grown as a protection layer to the polysilicon during
the source and drain implants.

Poly Cap Oxide

N+ Buried Layer

N-Well

P-Well

P Substrate, 10-20 ohm-cm

TL/F/11574-1

FIGURE 1. BICMOS Device Cross-Section
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BiCMOS Process Characteristics

Process Description (continued)

The bipolar and CMOS final implants follow: P— base, N+
and P+ source/drain. The N+ implant sets the N+ source
and drain on the NMOS, as well as the emitter for the bipo-
lar NPN. Anneals are performed after the N+ and P+
source/drain implants.

LTO is used for the CMOS contact film. 3-micron contacts
are opened on the source, drain, and gate pad contact ar-
eas as well as a frame around the bipolar devices. An LTO
etch has been developed that meets the required selectivity
to silicon, thermal oxide, doped LTO, and CVD nitride. All
contacts receive a platinum silicidation to reduce the con-
tact resistance and allow formation of Schottky diodes.

The interconnect of this technology uses a Ti/W barrier with
two layers of Al/Cu. Interconnect planarization is accom-
plished with spin-on-glass followed by an etch-back. LPCVD
oxide completes the inner-layer dielectric. Figure 2 shows
the final process cross section without the metal layers.

Device Characteristics

Table | shows bipolar NPN device characteristics. Beta is
stable over four decades of collector current.

TABLE I. BICMOS Device Results: Bipolar

Emitter Size Microns (as processed) 25x3.5
Beta DC Current Gain 75-170
BVgcgo  Collector-Base Breakdown ’ 16.0V
BVceo  Collector-Emitter Breakdown 7.5V
BVces  C-E with Common Base 12.0V
BVego Emitter-Base Breakdown 5.0V
BVeEco  Emitter-Collector Breakdown 2.5V
BVes Base-Substrate Breakdown 16.0V
BVcs Collector-Subsubstrate Breakdown 15.0V
VEarLy Forward Early Voltage 28.0V
Rebase Extrinsic Base Sheet Res. 6250/sq
Rpbase Instrinsic Base Sheet Res. 18000(2/sq
Fy Transistor Cut-Off Frequency 8.25 GHz
Cye Emitter-Base Capacitance 31 fF
Cyc Base-Collector Capacitance 30 fF
Cys Collector-Substrate Capacitance 68 fF

The Iceo leakage across 1000 transistors in parallel is in
the nanoamp range, a direct result of clean process condi-
tions and the intrinsic gettering that maintains that cleanli-
ness. :
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FIGURE 2. BICMOS Device Cross-Section




Device Characteristics (Continued)

CMOS characteristics are shown in Table Il. With drawn
2.5 micron gates and 250 angstroms of gate oxide, the re-
sultant Leff's are 1.8, nominal for both the NMOS and
PMOS. Threshold voltages are matched at 0.8V. Figures 3
and 4 show the Ipg vs. Vpg family of curves for a PMOS and
NMQOS, respectively. Channel size is 50 x 2.5, as drawn, for
both devices.

TABLE ll. BICMOS Device Results:

CMOS
Gate Size Drawn 25um
Gate Oxide Thickness 250A
PMOS
Leff Effective Gate Length 1.8 um
Vi Threshold Voltage —0.80V
BVDSS Drain-Source Breakdown —12.0V min.
IDSS Saturated Drain Current 4.5 mA*
IsuB Subthreshold Current 115 mV/dec
BVGOX Gate Oxide Breakdown 20.0V
NMOS
Leff Effective Gate Length 1.8 pm
Vi Threshold Voltage 0.80V
BVDSS Drain-Source Breakdown 10.0V min.
IDSS Saturated Drain Current 9.5 mA*
ISUB Subthreshold Current 103 mV/dec
BVGOX Gate Oxide Breakdown 20.0V
*Measured with 5V on Source and Gate
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FIGURE 3. BICMOS PMOS Device:
Forward Characteristics
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FIGURE 4. BICMOS NMOS Device:
Forward Characteristics

Manufacturability

Reduced process steps have been achieved with implants
that serve more than one device requirement. A single im-
plant is used to set the P-well and the channel stop. The
N-well and N+ collector are done with a single implant as
are the N+ source/drain and emitter. Mask steps have
been kept to a minimum for a merged technology: 16 masks
total.

The BICMOS process meets stringent SPC (Statistical Pro-
cess Control) requirements established by the manufactur-

-ing facility prior to the technology’s transfer to the manufac-

turing organization. Sensitivity analysis has been under-
taken to show response to processing excursions, both typi-
cal and atypical. All in-line process measurements show
normal distributions within established control limits.

Conclusion

A high-performance BiCMOS technology has been demon-
strated that is manufacturable and reliable. The device char-
acteristics make this a process that will support advanced
logic designs.
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74BCT125 :
Quad Buffer with TRI-STATE® Outputs

General Description : Features

The 'BCT125 is a quad buffer with TRI-STATE outputs de- B TRI-STATE outputs drive bus lines or buffer memory
signed to be employed as a memory and address driver or address registers

bus-oriented transmitter/receiver. Each output is disabled ® Low Igcz through BICMOS techniques

by its own associated A. | Guaranteed output skew

W Guaranteed multiple output switching specifications
B Guaranteed 2000V minimum ESD protection

m Guaranteed latchup protection

m Nondestructive hot insertion capability

m High impedance in power down (lzz and V|p)

Ordering Code: see section 11

Logic Symbol Connection Diagram
Pin Assignment
IEEE/IEC for DIP and SOIC
By — >1 . -/ 14
- — O, — e
Ao-h EN v 0 AO 2 3 XCC
Bl — BO_ Ay
7 vl—o % 3 12 5
" — A W
Ay =t M B 6 : I { | g %
By —— 0|'—7 8—83
% - v—o, GND ~—H —
TL/F/10946-1 TL/F/10946-2
Pin Names Description
An Bn Inputs
On Outputs

Function Table

Inputs Output

H = High Voltage Level
o L = LOW Voltage Levsl
Z = High Impedance

X = Immaterial

»i
3

o]
E]

Irrr
X Ir

L
H
4
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Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.
Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias ~55°Cto +125°C

Voltage Applied to Any Output
in the Disable or Power-Off State
in the HIGH State

Current Applied to Output
in LOW State (Max)

—0.5Vto +5.5V
—-0.5VtoVeo

twice the rated loL_ (mA)

Junction Temperature under Bias : ESD Last Passing Voltage (Min) 2000V
Plastic —55°Cto +150°C DC Latchup Source Current 500 mA
Ve Pin Potential to Over Voltage Latchup Vee + 4.5V
Ground Pin —0.5Vto +7.0V . :
Input Voltage (Note 2) —0.5Vto +7.0V -Recommended Operating
Input Current (Note 2) —30mAto +5.0 mA Conditions
. Note 1: Absolute maximum ratings are values beyond which the device may Free Air Ambient Temperature o
be damaged or have its useful life impaired. Functional operation under . °C "
these conditions is not implied. - L Commercial 0°Cto +70°C
Note 2: Either voltage limit or current limit is sufficient to protect inputs. Supply Voltage
) . Commercial +4.5Vto +5.5V
DC Electrical Characteristics
Symbol Parameter 74BCT Units Vee ~ Conditions
Min Typ Max .
ViH Input HIGH Voltage 2.0 R Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Veop Input Clamp Diode Voltage -1.2 \ Min IN = —18 mA
VoH Output HIGH Voltage 2.4 v Min lon = —3mA
2.0 loq = —15mA
Voo Output LOW Voltage 0.55 \ Min loL = 64mA
M Input HIGH Current 5 nA Max ViN = 2.7V
Ivi Input HIGH Current ViN = 7.0V
Breakdown Test 7 KA Max
e Input LOW Current —50 | pA Max ViN = 0.5V
lozH Output Leakage Current 100 A 0V-2.7V | Vour = 2.7V
' 20 | * |27v-55v
lozL Output Leakage Current —-20 | pA | OV-55V | Voyr = 0.5V
loz Output Leakage Current +100 o0vV-2.7V | A, = 0.8V, Voyt = 0.5Vor2.7v
A (Power Up)
+20 | 7| 2.4v-0v | A&, = 0.8V, Voyr = 0.5Vora.7v
: (Power Down)
los Output Short-Circuit Current —100 —225( mA Max Vout = 0V
lcex Output HIGH Leakage Current 50 pA Max Vout = Vee
Vip Input Leakage Test Ip =19 pA
475 v 0.0 (All Other Pins Grounded)
lzz Bus Drainage Test 100 | pA 0.0v Vout = 5.25V
lccH | Power Supply Current 8 20 | mA Max | Vg = HIGH
lecL Power Supply Current 18 30 mA Max Vo = LOW
lecz Power Supply Current 6 12 mA Max Vo = HIGHZ
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AC Electrical Characteristics: see section 8 for Waveforms and Load Configurations o
74BCT 74BCT
' Ta = +25°C _
Symbol Parameter Vce = +5.0V TA(’:VC: 50 C: m Units I;Ig
CL = 50 pF L P -
Min Typ Max Min Max
tPLH Propagation Delay 1.6 3.6 5.2 1.6 5.7 ns 8-3
tPHL : 2.7 6.3 7.5 2.7 7.7
tpzH Output Enable Time 3.4 6.5 9.0 3.4 10.3 ns 8-5
tpzL 5.0 78 104 5.0 11.0
tPHZ Output Disable Time 3.0 5.4 7.4 3.0 8.6 ns 8-5
tpLz 2.8 6.0 7.9 28 8.6
tosHL Pin to Pin Skew
(Note 1) HL Data to Output 0.6 0.7 ns
tosLH Pin to Pin Skew
(Note1) | LH DatatoOutput 04 05 ns
tosT Pin to Pin Skew
(Note 1) LH/HL Data to Output 35 3.7 ns
tpy Device to Device Skew ‘
3.8 .0
(Note 2) LH/HL Data to Output 4 ns
Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations
74BCT 74BCT 74BCT
Ta = Com Ta = Com Ta = Com
Vcc = Com Vee = Com Vg = Com
CL = 50pF CpL = 250 pF CL = 250 pF . Fig.
Symbol Parameter 4 Outputs 1 Output 4 Outputs Units No.
Switching Switching Switching
(Note 3) (Note 4) (Notes 3, 4)
Min Max Min Max - |. Min Max
tPLH Propagation Delay 3.0 6.5 3.0 8.0 4.0 9.0 ns 8-3
tpHL Data to Output 3.0 8.5 3.0 10.0 4.0 11.5
tosHL Pin to Pin Skew
(Note 1) HL Data to Output 08 12 I ns
tostH Pin to Pin Skew
(Note 1) LH Data to Output 06 0.8 09 ns
tosT Pin to Pin Skew
(Note 1) LH/HL Data to Output 58 44 4.8 ns
tpv Device to Device Skew
(Note2) | LH/HL Data to Output 40 4.8 4.9 ns
Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tog|), LOW to HIGH (tpspH), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT).
Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V¢c) from device to device.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.). .
Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load.
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Capacitance
Symbol Parameter Typ Units Conditions
Cin Control Inputs 4.0 pF Vce = 5.0V
Cout 9.0 pF Vee = 5.0V

Output Pin Capacitance
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74BCT240 !
Octal Buffer/ Line Driver with TRI-STATE® Outputs

General Description Features
The *BCT240 is an inverting octal buffer and line driver with ~ B Inverting buffers
TRI-STATE outputs designed to be employed as a memory  ® Low Igcz through BICMOS techniques
and address driver, clock driver, or bus-oriented transmitter/  m TRI-STATE outputs drive bus lines
receiver. m Output sink capability of 64 mA, source capability of
15 mA
m Guaranteed output skew
m Guaranteed muitiple output switching specifications
m Guaranteed 4000V minimum ESD protection
m Guaranteed 500 mA minimum latchup protection
m Non destructive hot insertion capability
B High impedance in power down (Izz and V|p)

Ordering Code: see section 11

Logic Symbol Connection Diagram
Pin Assignment
IEEE/IEC for DIP and SOIC
OF, — N 0?‘_‘2_4}_/—. %’Vcc
et N O,
_ 23 18 -
lp = > v, 04—‘&—{5—_' )
1, — ) —h = i
! 2! s _3-\__4;_ 165
Iy — &(_)2 |5—i\— 15 l|
Iy = b 05 62—7_'\__{;__::2: T
Is B &Q 13 I:
5—]
OF, =™y N B\ 5
: GND_"-\J,_‘_‘_,,
b — > VP9 | TUF088I-1
Iy — po— 05
ls — p— 05
ty — — 07
TL/F/10881-2
Truth Table
OE, lp-3 0¢-3 OE; lg-7 04-7 Pin Names Description
H X z H X Z OE,, OE, Output Enable Input (Active LOW)
L L H L L H lo-l7. Inputs
L H L L H L 0p-07 Outputs
HIGH Voltage Level

T
&
>
3
o
®
Q
5
3
[+3
@
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Absolute Maximum Ratings (ot 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

Current Applied to Output

in LOW State (Max) Twice the Rated Ig_ (mA)
ESD Last Passing Voltage (Min) 4000V
DG Latchup Source or Sink Current +500 mA

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.

PIasAtlc —85°Cto +150°C Note 2: Either voltage limit or current limit is sufficient to protect inputs.
Ve Pin Potential to
| G’f\;‘"l‘t‘ "'”(N 02 ‘gzz :° I;gz Recommended Operating
nput Voltage (Note —-0.5Vto +7. sas
Input Current (Note 2) —30mAto +5.0 mA gegr/:g:\t:g:ﬂskmperature
Voltage Applied to Any Output Gommercial 0°Cto +70°C
in the Disable or Power-off State —0.5Vto +5.5v
Inihe High State —08VtoVee S“@Eﬁﬁ%’é’lﬁgf +45V10 +5.5V
DC Electrical Characteristics
Symbol Parameter 74BCT Units | Vee Conditions
Min Typ Max
VIH Input HIGH Voltage 20 v Recognized as a
’ HIGH Signal
ViL Input LOW Voltage 08 v Recognized as a
’ LOW Signal
Vep Input Clamp Diode Voltage 1.2 \" Min | Iy= —18mA
VoH Output HIGH Voltage 24 v Min loy = —3mA
2.0 loy = —15mA
VoL Output LOW Voltage 0.55 A Min | loL = 64 mA
IH Input HIGH Current 5 HA Max | VN = 2.7V
lavi Input HIGH Current . Vin = 7.0V
Breakdown Test 7 KA Max
L Input LOW Current —250 pA Max | V|Ny = 0.5V
los Output Short-Circuit Current —100 —225  mA | Max | Voyt =0V
lozH Output Leakage Current ‘ 20 HA Max | Vour = 2.7V
lozL Output Leakage Current —-20 pA Max | Voyt = 0.5V
lcex Output HIGH Leakage Current 50 BA Max | Vout = Veo
e nputLeakage Test 4.7 v 0.0 leﬁ ;tl:e? gl:s Grounded
Izz Bus Drainage Test 100 pA 0.0 | Vour = 5.25V
lccH Power Supply Current 9.8 18 mA Max | Vo = HIGH
lecL Power Supply Current 44,0 69 mA Max | Vo = LOW
lccz Power Supply Current 25 9 mA Max | Vo = HIGHZ
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“AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

74BCT 748CT
Ta = +25°C Ta = Com Fi
Symbol Parameter Vee = +5.0V Vee = Com Units Ng.
CL = 50pF CL = 50 pF :

Min Typ Max Min Max
tPLH Propagation Delay 0.5 3.0 4.8 0.5 5.6 ns 8-3
tpHL Data to Output 0.4 2.0 35 ‘0.4 4.0
tpzH Output Enable Time 1.0 5.0 7.9 1.0 8.8 ns 8.5
tpzL 1.0 6.3 9.4 1.0 10.5
tpHZ Output Disable Time 1.0 4.6 6.8 1.0 8.1 ns ' 6.5
tpLz 1.0 6.0 8.1 1.0 9.5
tosHL Pin to Pin Skew
(Note 1) HL Data to Output 10 17 ns
tosLH Pin to Pin Skew
(Note 1) LH Data to Output 1.3 238 ns
tosT Pin to Pin Skew
(Note 1) LH/HL 25 4.3 ns

Data to Output
tpy Device to Device
(Note 2) Skew LH/HL 2.8 5.0 ns
Data to Ouiput

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching RIGH to LOW (tosyD), LOW to HIGH (tosL+), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT)- This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V¢g) from device to device. This specification is guaranteed but not tested.

Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = Com
Vee = Com Ta = Com
C_ = 50 pF Vcc = Com Fig.
Symbol Parameter Unlts
Y 8 Outputs - CL = 250 pF No.
Switching (Note 2)
(Note 1)
Min Max Min Max
tPLH Propagation Delay 3.0 7.0 3.0 7.7 ns 83
tPHL Data to Output 1.5 6.5 1.5 5.0

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.)

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load.

Capacitance _
Symbol Parameter Typ | Units Conditions
CiN Input Capacitance 6.0 pF Ve = 5.0V
Cout Output Pin Capacitance 9.0 pF Vee = 5.0V
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74BCT2240
Octal Buffer/Line Driver

with 25Q Series Resistors in the Outputs

General Description

The ‘BCT2240 is an inverting octal buffer and line driver
designed to drive the capacitive inputs of MOS memory driv-
ers, address drivers, clock drivers, or bus-oriented transmit-
ters/receivers.

The 250 series resistors in the outputs reduce ringing and
eliminate the need for external resistors.

Features

W 250 series resistors in outputs eliminate the need for
external resistors

m TRI-STATE® outputs drive bus lines or buffer memory

address registers

Low Igcz through BICMOS techniques

Guaranteed output skew

Guaranteed multiple output switching specifications

Guaranteed 4000V minimum ESD protection

Guaranteed 500 mA minimum latchup protection

Hot insertion capability

High impedance in power down (Izz and V|p)

Ordering Code: sce section 11

Logic Symbol
IEEE/IEC
OF, EN
lo — b VP10
I — B>— 0,
1, = >0,
Is — P— 05
0E, EN
1, — > v 0,
I — 0
lsg — P 0
1, — 0y
TL/F/10894-1
Pin Names Description
OE,, OE, Outptut Enable Input (Active LOW)
lo-17 Inputs
0p-07 Outputs

Connection Diagram

\

Pin Assignment

for DIP and SOIC
_ 1 \_/ 20
osl, " ; ?gc
0" 3 | | b
N
||'—5'\— [ 16 14
05 " \_—[,C = 0,
lz—-\_Q s
5, 7 1 14 3,
8 13
's—st T
TN
GND_-\—:_'_H

TL/F/10894-2
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Truth Table
OE; | lo-3 | Og-3 | OEp [ ly-7 [ O47
H X z H X 4
L L H L L H
L H L L H L
H = HIGH Voltage Level
L = LOW Voltage Level
X = Iimmaterial
Z = High Impedance
Schematic of Each Output
Vee
Output
GND

TL/F/10894-4

ovee
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availablility and specifications.

Storage Temperature —65°C'to +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

ESD Last Passing Voltage (Min) 4000V
DC Latchup Source or Sink Current . +500 mA

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its usefu! life impaired. Functlonal operation under
these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Plastic —55°C to +150°C
Ve Pin Potential to Recommended Operatlng
Ground Pin —0.5Vto +7.0V Conditions
Input Voltage (Note 2) —0.5Vto +7.0V Free Air Ambient Temperature
Input Current (Note 2) —30mAto +5.0 mA Commercial 0°Cto +70°C
Voltage Applied to Any Output Supply Voltage
in the Disable or Power-Off State —0.5Vto +5.5V . Commercial +4.5Vto +5.5V
in the High State —0.5Vto Ve
Current Applied to Output
in LOW State (Max) Twice the Rated IgL (MmA)
DC Electrical Characteristics
Symbol Parameter 54BCT/74BCT Units Vee Conditions
Min Typ Max
VIH Input HIGH Voltage 20 v Recognized as a
’ HIGH Signal
ViL Input LOW Voltage 08 v Recognized as a
’ LOW Signal
Vep Input Clamp Diode Voltage -1.2 v Min IN= —18 mA
Vou Output HIGH Voltage 24 v Min lon = —3mA
2.0 loH= —15mA
VoL Output LOW Voltage 0.5 v Min loL=3mA
0.8 loL = 15mA
IH Input HIGH Current 5 pA Max ViN = 2.7V
Isvi Input HIGH Current ViN = 7.0V
Breakdown Test 7 KA Max
L Input LOW Current —250 pA Max ViN = 0.5V
los Output Short-Circuit Current -100 —225 mA Max Vout = 0V
lozH Output Leakage Current 20 pA Max Vout = 2.7V
lozL Output Leakage Current —20 pA Max Vout = 0.5V
lcex Output HIGH Leakage Current 50 nA Max Vourt = Vce
Vip Input Leakage Test lp=19pA
4.75 \' 0.0 All Other Pins
Grounded
2z Bus Drainage Test 100 pA 0.0 Vour = 5.25V
lccH Power Supply Current 8.3 18 mA Max Vo = HIGH
lcoL Power Supply Current 42.3 69 mA Max Vo = LOW
lccz Power Supply Current 6.6 8 mA Max Vo=HIGHZ




AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = +25°C Ta = Com Fi
Symbo! Parameter Vee = +5.0V Vce = Com Units Ng.
CL = 50 pF Cp = 50 pF . .

Min Typ Max Min Max
tpLH Propagation Delay 0.5 26 48 0.5 57 ns 8-3
tPHL Data to Output 0.5 2.4 4.0 0.5 4.4
tpzH Output Enable Time 2.6 5.0 8.2 2.6 9.3 ns 8-5
tpzL 4.3 7.0 10.9 4.3 124
tpyz Output Disable Time 2.0 4.4 7.1 20 87 ns 8-5
tpLz 2.2 6.6 8.5 22 10.6
tosHL Pin to Pin Skew
(Note 1) HL Data to Output 03 04 ns
tosLH Pin to Pin Skew
(Note 1) LH Data to Output 0.4 0.5 ns
tost Pin to Pin Skew
(Note 1) LH/HL 0.7 1.5 ns

Data to Output
tpv Device to Device
(Note 2) Skew LH/HL 1.0 2.0 ns
Data to Output

Note 1: Skew is defined as the absolute value of the difference between the actual propagation dslays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tosH), LOW to HIGH (tostn), or any combination switching LOW to HIGH and/or HIGH to LOW

(tosT)-

Note 2: Progagation delay variation for a given set of conditions {i.e., temperature and Vgg) from device to device.

Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = Com
Vee = Com Ta = Com
CL = 50 pF Vee = Com Fig.
Symbol Parameter 8 Outputs CL = 250 pF Units No.
Switching (Note 2)
(Note 1)
Min Max Min Max
tLH Propagation Delay 3.5 7.0 3.0 75 ns 8-3
tPHL Data to Output 2.5 5.0 3.5 7.8

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-

to-low, etc.).

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.
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Capacitance
Symbol Parameter Typ Units Conditions
CiNn Input Capacitance 8.8 pF Vee = 5.0V
Court Output Pin Capacitance 136 pF Voc = 5.0V
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Semiconductor
74BCT241

Octal Buffer/Line Driver with TRI-STATE® Outputs

General Description

The 'BCT241 is an octal buffer and line driver with TRI-
STATE outputs designed to be employed as a memory and
address driver, clock driver, or bus-oriented transmitter/re-
ceiver.

Features

B Non-inverting buffers

W Low Igcz through BiCMOS techniques

B TRI-STATE outputs drive bus lines

m Output sink capability of 64 mA, source capability of
15 mA

® Guaranteed output skew

B Guaranteed multiple output switching specifications

® Guaranteed 4000V minimum ESD protection

m Guaranteed 500 mA minimum latchup protection

® Nondestructive hot insertion capability

m High impedance in power down (Izz and V|p)

Oi'dering Code: see section 11

Logic Symbol Connection Diagram
, L Pin Assignment
‘IEE/IEC for DIP and SOIC
1 \ 0
OF, = eN o —1—b TT"CC
o1 —<t OE,
to — > Vl—0, o‘—SQ——lﬁ—' LR
i e N
2] > AN e
5 —% I2_7-\_—"“' . TR
05— o S— 0,
8 \ —, 13
OE, = EN I < !
’ N e— iz g
AT N T
Iy — > vi—o, GND —— —l;
Is —1 — 05
ls i —05 TL/F/10698-1
Iz — 07
TL/F/10698-2 '
Truth Table
OE, lo-3 Op-3 OE, l4-7 04-7 Pin Names Description
H X- Z L X Z OFE,4 Output Enable Input (Active Low)
L H H - H H H OE; Output Enable Input (Active High)
L L L H L L lo-l7 Inputs
0p-07 Cutputs
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C

Junction Temperature under Bias
Plastic

Vcc Pin Potential

—55°Cto +150°C

Voltage Applied to Any Output

in the Disable or Power-Off State —0.5Vto +5.5V

in the High State —0.5Vto Voo
Current Applied to Output

in LOW State (Max) Twice the Rated Ig. (mA)
ESD Last Passing Voltage (Min) 4000V
DC Latchup Source or Sink Current +500 mA

to Ground Pin —0.5Vto +7.0V Recommended Operating
Input Voltage (Note 2) —0.5Vto +7.0V - Conditions
Input Current (Note 2) —30mAto +5.0 mA Free Air Ambient Temperature
Note 1: Absolute maximum ratings are values beyond which the device may Commercial 0°Cto +70°C
be damaged or have its useful life impaired. Functional operation under Supply Voltage :
these conditions is not implied. . Commercial +4.5Vto +5.5V
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter 748CT Units Vee Conditions

Min Typ Max
VIH Input HIGH Voltage 2.0 v Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 v Recognized as a LOW Signal
Voo Input Clamp Diode Voltage —1.2 v Min IN= —18 mA
VoH Output HIGH Voltage 24 v Min loH = —3mA
2.0 loH = —15mA

VoL Output LOW Voltage 0.55 \ Min loL = 64 mA
i Input HIGH Current 5 pA Max ViN = 2.7V
IR Input LOW Current —250 pA Max ViN = 0.5V
los Output Short-Circuit Current -100 —225 mA Max Vour = OV
lozn Output Leakage Current 20 BA Max Vout = 2.7V
lozL Output Leakage Current -20 rA Max Vourt = 0.5V
lcEx Output HIGH Leakage Current 50 pA | Max | Vour = Ve
Yio input Leakage Tt 4.78 v 0.0 L'\'ﬂ ou::: :i:s Grounded
Izz Bus Drainage Test 100 pA | 00 Vout = 5.25V
lccH Power Supply Current 23 40 mA Max Vo = HIGH
lccL Power Supply Current 41 65 mA Max Vo = LOW
lccz Power Supply Current 6 10 mA Max Vo = HIGHZ
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AC Electrical Characteristics: see section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = +25°C Ta = Com Fig
Symbol Parameter Voo = +5.0V Vcc = Com Units N o‘
CL = 50 pF CL = 50 pF ’
Min Typ Max Min Max
tpltH Propagation Delay 0.5 45 0.5 4.9 ns - 8-3
tPHL Data to Output 1.0 5.4 1.0 5.9
tpzH Output Enable Time 1.0 78 1.0 8.7 ns 8-5
tpzL 1.0 8.6 1.0 9.4
tpHZ Output Disable Time 1.0 6.8 1.0 8.1 ns a5
tpLz 1.0 8.1 1.0 9.9
tosHL Pin to Pin Skew 0.8 1.2 ns
(Note 1) HL Data to Output
tosLH Pin to Pin Skew 0.9 1.0 ns
(Note 1) LH Data to Output
tost Pin to Pin Skew 1.5 2.0 ns
(Note 1) LH/HL Data to Output
tpy Device to Device Skew 25 3.0 ns
(Note 2) LH/HL Data to Output

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (togHt), LOW to HIGH (tosL 1), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT). This specification is guaranteed but not tested. .

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V¢ from device to device. This specification is guaranteed but not tested.

Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = Com
Vge = Com Ta = Com
CL = 50 pF Vee = Com Fig.
Symbol Parameter 8 Outputs CL = 250 pF Units No.
Switching (Note 2)
(Note 1)
Min Max Min Max
tPLH Propagation Delay 3.0 55 3.0 8.2 ns 8-3
tPHL Data to Output 1.5 6.5 1.5 8.5

Note 1: This spacification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.)

Note 2: These specifications guaranteed but not tested. The limits represent propagation delay swith 250 pF load capacitors in place of the 50 pF load capacitors
in the standard AC load. This specification pertains to single output switching only.

Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Capacitance 6.0 pF Voo = 5.0V
Cout Output Pin Capacitance 13.0 pF Vcc = 5.0V
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Semiconductor

74BCT2241
Octal Buffer/Line Driver with 250
Series Resistors in the Outputs

General Description
The 'BCT2241 is an octal buffer and line driver designed to - @ 25Q series resistors i outputs eliminate the need for
drive the capacitive inputs of MOS memory drivers, address external resistors

drivers, clock drivers, and bus-oriented transmitters/receiv- ® TRI-STATE® outputs drive bus lines or buffer memory

ers.

Features

address registers

The 250 series resistors in the outputs reduce ringing and ® Low Iccz through BiCMOS techniques

eliminate the n

eed for external resistors.

W Guaranteed output skew

m Guaranteed multiple output switching specifications
m Guaranteed 4000V minimum ESD protection

8 Guaranteed latchup protection

m Nondestructive hot insertion capability

m High impedance in power down (Izz and V|p)

Ordering Code: see Section 11
Logic Symbol Connection Diagram
Pin Assignment
IEE/IEC for DIP and SOIC
_ 1 ./ 20
OF, = EN 08— > o Ve
lg==1 —<- OF,
3 b |18
e SN
I ——l — 0, Iy a Iy
5 b |16
ly —— — 0, 05— §—~[5 ~ 0,
13— — 03 Iy \— Y Is
7 b |4
0 s 0,
lz 8]\ — 13 N
0E, — EN 9 \ c—— |n
) \ — o
1, —] > vI—o, GND — —1;
ls — — 9 TL/F/10895-2
s — L— 0
Iy = 07
TL/F/10895-1
Pin Names Description
OE,4 Output Enable Input (Active Low)
OEp Output Enable Input (Active High)
lo-1l7 Inputs
0p-07 Outputs
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Truth Table
OEy | lo-3 | Op-3 | OEz | l4g—7 | 047
H X z L X Z
L H H H H H
L L L H L L
H = HIGH Voltag Lovel
L = LOW Voltage Level
X = Immaterial
2 = High Impedance
Schematic of Each Outpui
Vee
Output
GND

TL/F/10895-4

3244
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C

Junction Temperature under Bias
Plastic

Vcc Pin Potential

—55°Cto +150°C

Voltage Applied to Any Output

in the Disable or Power-Off State —0.5Vto +5.5V

in the High State —0.5Vto Ve
Current Applied to Output

in LOW State (Max) Twice the Rated Ig_ (mA)
ESD Last Passing Voltage (Min) 4000V
DC Latchup Source Current 500 mA
Over Voltage Latchup Vcg +4.5V

to Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) ~0.5V to +7.0V Recommended Operating
Input Current (Note 2) —30 mAto +5.0mA Conditions
Note 1: Absolute maximum ratings are values beyond which the device may Free Air Ambient Temperature
be damaged or have its useful life impaired. Functional operation under Commercial 0°Cto +70°C
:‘::: Z)E:::nvsol:ar;?lli:z'ﬁ? ;:urrent limit is sufficient to protect inputs. Sugg:xr:::::agle +4.5Vto +5.5V
DC Electrical Characteristics
Symbol Parameter 748CT Units Vee Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 ' Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min IN= —18mA
VoH Output HIGH Voltage 2.4 v Min lon = —3mA
2.0 lon = —15mA

VoL Output LOW Voltage 0.55 v Min loL=3mA"

. 0.8 loL = 15 mA
hH Input HIGH Current 5 pA Max ViN = 2.7V
M Input LOW Current —250 pA Max | Vi = 0.5V
los Output Short-Circuit Current —-100 —225 mA Max Vourt = OV
lozH Output Leakage Current 20 pA Max | Vout =27V
lozL Output Leakage Current —-20 pA Max Vout = 0.5V
Icex Output HIGH Leakage Current 50 pA Max Vour = Veo
vie input Leskage Test 478 v 0.0 Ill\lﬁ ou::: I}:u/w\s Grounded
Izz Bus Drainage Test 100 pA 0.0 Vout = 5.25V
IGCH Power Supply Current 23 35 mA Max Vo = HIGH
lcoL Power Supply Current 40 60 mA Max Vo = LOW
lccz Power Supply Current 6 10 mA Max Vo =HIGHZ
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AC Electrical Characteristics: sce Section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = +25°C Vecc = Com Fig
Symbol Parameter Ve = +5.0V Vcc = Com Units No'
CL = 50 pF CL = 50 pF :

Min Typ Max Min Max
tpLH Propagation Delay 1.1 3.0 4.4 1.1 4.9 ns 8-3
tPHL Data to Output 2.0 3.8 6.6 2.0 6.9
tpzH Output Enable Time 2.7 5.9 7.8 2.7 8.9 ns 8-5
tpzL. 441 6.8 9.4 4.4 10.3
tpHZ Output Disable Time 1.7 4.0 7.2 1.7 8.7 ns 8-5
tpLz 1.7 5.2 9.5 1.7 1.3
t Pin to Pin Skew
OSHL
(Note1) | HL Data toOutput 10 12 ns
t Pin to Pin Skew '
OSLH
(Note1) | LH Datato Output 09 B ns
tost Pin to Pin Skew
(Note1) | LH/HL Datato Output 20 33 ns
tpv Device to Device Skew
(Note2) | LH/HL Datato Output 3.0 40 ns

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (togn), LOW to HIGH {tosL+), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT). This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions {i.e., temperature and V¢c) from device to device. This specificaton is guaranteed but not tested.

Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

1§ 444

74BCT 74BCT
Ta = Com
Vcc = Com Ta = Com
CL = 50 pF Vge = Com Fig.
Symbol Parameter 8 Outputs CL = 250 pF Units No.
Switching (Note 2)
(Note 1)
Min Max Min Max
tPLH Propagation Delay 25 6.0 3.6 7.0 ns 8-3
tPHL Data to Output 3.0 7.0 3.6 10.0

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-

to-low, etc.).

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Pin Capacitance 8 pF Vee = 5.0V
Cout Output Pin Capacitance 11 pF Ve = 5.0V
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Semiconductor
74BCT244

Octal Buffer/Line Driver with TRI-STATE® Outputs

General Description

The 'BCT244 is an octal buffer and line driver with TRI-
STATE outputs designed to be employed as a memory and
address driver, clock driver, or bus-oriented transmitter/re-
ceiver.

Features

m Non-inverting buffers

m Low lccz through BiCMOS techniques

m TRI-STATE outputs drive bus lines

u Output sink capability of 64 mA

® Source capability of 15 mA

® Guaranteed output skew

® Guaranteed multiple output switching specifications
m Guaranteed 4000V minimum ESD protection
m Guaranteed latchup protection

m Nondestructive hot insertion capability

m High impedance in power down (Izz and V|p)

Ordering Code: see section 11

Logic Symbol Connection Diagram
Pin Assignment
IEEE/IEC for DIP and SOIC
_ _ \/
O, EN ¢ OF; '2 > %Vcc
N - ‘\_—¢ W )
lp — > v—0q 04._4_\ — — 0
Iy — 04 Iy s \_ A | 16 I
2] 2 %I\ 5 15
I3 —— —03 |z_7L\— AL S P Is
0s— 5 0,
_ pi %_—), 13,
OFE, —B EN 3= < el
0. ‘ —(E 0
"o\ = TG
1, — 5 vl—o, OND— < ly
s — — % TL/F/10699-1
ls = — 0
ly — —0,
TL/F/10699-2
Truth Table
OE, lo-3 0p-3 OE, lg-7 04-7 Pin Names Description
H X z H X V4 OE,, O, Output Enable Input (Active Low)
L H H L H H lo-17 Inputs
L L L L L L 0p-07 Outputs
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Z = High Impedance
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Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,

Voltage Applied to Any Output

please contact the National Semiconductor Sales in the Disable or Power-Off State —0.5Vto +5.5V
Office/Distributors for availability and specifications. in the High State —0.5Vto Ve
Storage Temperature —65°Cto +150°C Current Applied to Output
Ambient Temperature under Bias —-55°Cto +125°C in LOW State (Max) twice the rated Ig| (mA)
Junction Temperature under Bias - ESD Last Passing Voltage (Min) 4000V
Plastic —55°Cto +150°C DC Latchup Source or Sink Current 500 mA
Vce Pin Potential to Over Voltage Latchup Ve + 4.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V Recommended Operating
Input Current (Note 2) —30mAto +5.0 mA Conditions
Note 1: Absolute maximum ratings are values beyond which the device may Free Air Ambient Temperature
be damaged or have its useful life impaired. Functional operation under c al 0°Cto +70°C
these conditions is not implied. ommercia to
Note 2: Either voltage limit or current limit is sufficient to protect inputs. Supply Voltage
Commercial +4.5Vto +5.5V
DC Electrical Characteristics
Symbol Parameter 748CT Units Vee Conditions
Min Typ Max .
ViH Input HIGH Voltage 2.0 \') Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage —-1.2 \ Min N = —18mA
VoH Qutput HIGH Voltage 2.4 v Min loH = —3mA
2.0 loh = —15mA
VoL Output LOW Voltage 0.55 v Min loL = 64 mA
IIH Input HIGH Current 5 RA Max VIN = 2.7V
Igvi Input HIGH Current VIN = 7.0V
Breakdown Test 7 KA Max
T Input LOW Current —250 RA Max | V=05V
los Output Short-Circuit Current —100 —225 mA Max Vout = 0V
lozH Output Leakage Current 20 pA Max |  Vourt = 2.7V
lozL Output Leakage Current —20 pA Max Vout = 0.5V
lcEx Output HIGH Leakage Current 50 pA Max Vout = Voc
Vip Input Leakage Test lp=19uA
478 v 0.0 All Other Pins Grounded
Izz Bus Drainage Test 100 pA 0.0 Vout = 5.25V
IccH Power Supply Current 22 38 mA Max Vo = HIGH
lccL Power Supply Current 41 66 mA Max Vo = LOW
lccz Power Supply Current 5 10 mA Max Vo = HIGH Z
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AC Electrical Characteristics: see section 8 for Waveforms and Load Configurations

54/74BCT 74BCT
Ta = +25°C Ta = Com Fi
Symbol Parameter Vee = +5.0V Vee = Com Units Ng'
Cp = 50 pF CL = 50 pF '

Min Typ Max Min Max
tpLH Propagation Delay 1.2 28 . 44 0.7 5.0 ns 8.3
tpHL Data to Output 1.7 3.2 5.0 1.4 55 N
tpzH Output Enable Time 2.0 6.0 7.8 20 - 8.7 ns 8.5
tpzL 2.0 6.2 8.1 2.0 8.9
tpHz Output Disable Time 1.0 38 6.7 1.0 7.7 ns 8.5
tpLz 1.0 5.8 7.8 1.0 7.8
tosHL Pin to Pin Skew
(Note 1) HL Data to Output 0.7 10 ns
t Pin to Pin Skew
'OSLH
(Note 1) LH Data to Output 0.70 10 ns
tosT Pin to Pin Skew
(Note 1) LH/HL Data to Output 38 45 ns
fpv Device to Device Skew
(Note 2) LH/HL Data to Output 38 4.8 ns

Note 1: Skew is defined as the absolute value of the difference b the actual propag delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tosn), LOW to HIGH (tosLH), or any combination swntchmg LOW to HIGH and/or HIGH to LOW
{tosT). This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vgc) from device to device. This spacification is guaranteed but not tested.

Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = Com
Vee = Com Ta = Com
CL = 50 pF Vee = Com Fig.
Symbol Parameter 8 Outputs CL = 250 pF Units No.
Switching (Note 2)
(Note 1)
Min Max Min Max
tpLH Propagation Delay 3.0 65 3.0 7.7 o 63
tPHL Data to Output 3.0 6.0 3.0 6.7

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.)

Note 2: These specifications guaranteed but not tested. The limits represent propagation delays W|th 250 pF load capacitors in place of the 50 pF load capacitors
in the standard AC load. This specification pertains to single output switching only.

Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Capacitance 6 pF Vee = 5.0V
Cout Output Pin Capacitance 11 pF Ve = 5.0V
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74BCT2244
Octal Buffer/Line Driver

with 25() Series Resistors in the Outputs

General Description

The 'BCT2244 is an octal buffer and line driver designed to
drive the capacitive inputs of MOS memory drivers, address
drivers, clock drivers, and bus-oriented transmitters/receiv-
ers.

The 250 series resistors in the outputs reduce ringing and
eliminate the need for external resistors.

Features

250 series resistors in outputs eliminate the need for
external resistors

TRI-STATE® outputs drive bus lines or buffer memory
address registers

Low Igcz through BiCMOS techniques

Guaranteed output skew

Guaranteed multiple output switching specifications
Guaranteed 4000V minimum ESD protection
Guaranteed latchup protection

Nondestructive hot insertion capability

High impedance in power down (Izz and V|p)

Ordering Code: see section 11

Logic Symbol
|IEEE/IEC
OE, EN
o — > V—o,
h = 0
I — — 02
Iy — — o,
Of, EN
1y = |d Vi,
ls —1 — 05
ls —1 — 05
b — 07
TL/F/10896-1
Pin Names Description
OE,, OE> Output Enable Input (Active Low)
lo-l7 Inputs
0p-07 Outputs

Connection Diagram

Pin Assignment
for DIP and SOIC

20

e
%ﬂﬁﬂﬁm I

TL/F/10896-2
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Truth Table

OE{ | lo-3 | Oo- OE; | lg-7 | O4-7
H X 4 H X z
L H H L H H
L L L L L L
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Z = High Impedance
Schematic of Each Output
Vee '
Output
GND

. TL/F/10896-4
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

Plastic —~55°Cto +150°C
Vg Pin Potential to

Ground Pin —-0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0v
Input Current (Note 2) —30mAto +5.0mA

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under

Voltage Applied to Any Output
in the Disable or Power-Off State

in the High State

Current Applied to Output
in LOW State (Max)

ESD Last Passing Voltage (Min)
DC Latchup Source Current

Over Voltage Latchup

—0.5Vto +5.5V
—0.5Vto Voo

twice the rated lo| (MA)
4000V

500 mA

Vce + 4.5V

Recommended Operating

Conditions

Free Air Ambient Temperature

these conditions is not implied. Commercial 0°Cto +70°C
Note 2: Either voltags limit or current limit is sufficient to protect inputs. Supply Voltage

Commercial +4.5Vto +5.5V
DC Electrical Characteristics
Symbol Parameter 748CT Units Vee Conditions

Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 v Recognized as a LOW Signal
Vebp Input Clamp Diode Voltage -1.2 \" Min IN= —18mA
VoH Output HIGH Voltage 2.4 v Min loH = —3mA
2.0 loH = —15mA

VoL Output LOW Voltage 0.55 v Min loL =3mA

0.8 loL = 15mA
IIH Input HIGH Current 5 nA Max ViN =27V
oo | ot AR
e Input LOW Current —250 pA Max ViN = 0.5V
los Qutput Short-Circuit Current —100 —225 mA Max Vourt = 0V
lozH Output Leakage Current 20 HA Max Vout = 2.7V
lozt Output Leakage Current -20 nA Max Vout = 0.5V
IcEX Output HIGH Leakage Current 50 pA Max Vourt = Ve
Yo inputLeakage Test 4.78 v 0.0 l/I\lljl C;tl:e? "’:I':S Grounded
Izz Bus Drainage Test 100 RA 0.0 Vour = 5.25V
lccH Power Supply Current 23 34 mA Max Vo = HIGH
lcoL ‘ Power Supply Current 40 60 mA Max Vo = LOW
lccz Power Supply Current 56 10 mA | Max | Vg=HIGHZ
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AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = +25°C Ta = Com Fi
Symbol Parameter Vec = +5.0V Vee = Com Units Ng'
CL = 50 pF . CL=50pF .

Min Typ Max Min Max
tPLH Propagation Delay 05 3 4.4 0.5 49 hs 8-3
tpHL Data to Output 1.6 3.7 6.3 1.6 6.7
tpzH Output Enable Time 24 6.1 7.7 2.4 8.7 ns 8.5
tpzL 3.9 74 9.4 3.9 10.4
tPHZ Output Disable Time 1.7 4 6.9 1.7 7.8 ns 85
tpLz 2.8 6 8.3 2.8 9.8
t Pin to Pin Skew '
OSHL
(Note 1) HL Data to Output 18 28 ns
t Pin to Pin Skew
OSLH
(Note 1) HL Data to Output 10 12 ns
tost Pin to Pin Skew .
(Note1) | LH/HL Datato Output 29 : 33 ns
tpy Device to Device Skew
(Note2) | LH/HL Data to Output 35 3.9 ns

Note 1: Skew is defined as the absolute value of the ditference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (togn), LOW to HIGH (tos ), or any combination switching LOW to HIGH and/or HIGH to LOW
{tosT)- This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V¢, from device to device. This specification is guaranteed but not tested.

Extended AC Electrical Characteristics: sce section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = Com
Vee = Com Ta = Com
CL = 50pF Vee = Com . Fig.
Symbol Parameter 8 Outputs CL = 250 pF Units No.
Switching (Note 2)
(Note 1)
Min Max Min Max
tpLH Propagation Delay 2.0 . 54 3.0 7.0 ns -3
tpHL Data to Output - 3.0 7.2 3.0 9.5

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-

. to-low, etc.).

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Capacitance 6 pF Ve = 5.0V
Cout Output Pin Capacitance 11 pF Vee = 5.0V
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74BCT245

Octal Bidirectional Transceiver with TRI-STATE® Outputs

General Description

The 'BCT245 contains eight non-inverting bidirectional buff-
ers with TRI-STATE outputs and is intended for bus-orient-
ed applications. Current sinking capability is 64 mA (48 mA
Mil) at the B port. The Transmit/Réceive (T/R) input deter-
‘mines the direction of data flow through the bidirectional
transceiver. Transmit (active HIGH) enables data from A
ports to B ports; Receive (active LOW) enables data from B
ports to A ports. The Output Enable (OE) input, when HIGH,
disables both A and B ports by placing them in a high im-
pedance state.

Features

m Non-inverting buffers

m Bidirectional data path

m Low Igcz through BiCMOS techniques
W TRI-STATE outputs drive bus lines

m Output sink capability of 64 mA

=’ Source capability of 15 mA

m Guaranteed output skew

m Guaranteed multiple output switching specifications
B Guaranteed 4000V minimum ESD protection
m Guaranteed latchup protection

® Nondestructive hot insertion capability

m High impedance in power down (Izz and Vp)

Ordering Code: see section 11

Logic Symbol Connection Diagram
Pin Assignment
IEEE/IEC for DIP and SOIC
OF ——i _ \)
o o /R4 2y
T/Rt 3 EN1 (BA) "*o—z'E 19 o=
3 EN2 (AB) 3 18
Ay TE_—l_ FBo
Aot vi d j—ao A,—E—LL?}L—B‘
> 2v A= B
A — 8, A= =R,
7 1 14
Ay 8, A5—81E*—-| @Ge‘
Ay =4 5, As—E_L—"'lE}l—Bs
Ay = L5, A,-—sﬁ1—aﬂas
As —>— s, onp-Y 1—'-97
As =4 —¢>—B;
A 8, TL/F/10700-2
TL/F/10700-3
Truth Table
Inputs Output Pin Names Description
OE T/R OE Output Enable Input (Active Low)
L L Bus B Data to Bus A T/R Transmit/Receive Input
L H Bus A Data to Bus B Ag-Az Inputs or TRI-STATE Outputs
H X High Z State Bo-B7 Inputs or TRI-STATE OQutputs

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
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245

Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,

Voltage Applied to Any Output

please contact the National Semiconductor Sales in the Disable or Power-Off State —0.5Vto +5.5V
Office/Distributors for availability and specifications. in the High State —0.5Vto Vg
Storage Temperature —65°Cto +150°C Current Applied to Output ‘
Ambient Temperature under Bias —55°Cto +125°C in LOW State (Max) Twice the Rated lg. (mA)
Junction Temperature under Bias- ESD Last Passing Voltagg (Min) 4000V
Plastic —55°Cto +150°C DC Latchup Source Current 500 mA
Vce Pin Potential to Over Voltage Latchup Voo +4.5V
Ground Pin -0.5Vto +7.0V '
Input Voltage (Note 2) —0.5Vto +7.0V ‘Recommended Operating
Input Current (Note 2) —30mAto +5.0mA Conditions
Note 1: Absolute maximum ratings are values beyond which the device may . .
be damaged or have its useful life impaired. Functional operation under Free Air Am.blent Temperature
these conditions is not implied. . Commercial 0°Cto +70°C
Note 2: Either voltage limit or current limit is sufficient to protect inputs. Supply Voltage
Commercial +4.5Vto +5.5V
DC Electrical Characteristics
Symbol Parameter 74BCT Units | Vee Conditions
) Min Typ Max
ViH lnpin HIGH Voltage 20 - \ Recognized as a HIGH Signal
Vi Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min | Iy = —18mA
VoH Output HIGH Voltage 25 loq = —1mA (An)
2.4 \ Min | loq = —3 mA (An, Bn)
2.0 loH = —15mA (Bn)
VoL Output LOW Voltage 0.5 v Min loL = 24 mA (An)
0.55 loL = 64 mA (Bn)
IIH Input HIGH Current 5 pA | Max | Viy = 2.7V (OE, T/R)
Isvi Input HIGH Current Vin = 7.0V (OE, T/R)
Breakdown Test 7 HA | Max .
IsviT Input HIGH Current V|n = 5.5V (An, Bn)
Breakdown Test (1/0) 100 A | Max
" Input LOW Current —250 | pA | Max | vy = 0.5V (OE, T/R)
los ‘Output Short-Circuit Current —100 —2251 mA | Max | Voutr = 0V (Bn)
—60 —150{ mA | Max | VouTt = 0V (An)
I+ Output Leakage Current 25 A | Max Vout = 2.7V (An, Bn)
~lozH *
i+ Output Leakage Current —150 A | Max Vour = 0.5V (An, Bn)
lozL H
lcEX Output High Leakage Current 50 pA | Max | Vout = Vce (An, Bn)
Vio Input Leakage Test p=19pA )
475 v 0.0 All Other Pins Grounded
Izz Bus Drainage Test ° 100 HA 0.0 | Vour = 5.25V(An, Bn)
lccH Power Supply Current 19.4 40 mA | Max | Vo = HIGH-
lcoL Power Supply Current 425 70 mA | Max | Vo = LOW
lccz Power Supply Current 10 15 mA | Max | Vo = HIGHZ
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AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = +25°C Ta = Com

Symbol Parameter Vge = +5.0V Vee = Com Units Fig.

CL = 50 pF CL = 50 pF No.

Min Typ Max Min Max

tPLH Propagation Delay 1.0 27 6.0 1.0 7.0 ns 8-3
tPHL Data to Output 1.5 29 6.6 1.5 7.0
tpzH Output Enable Time 15 66 9.4 15 109 ns 85
tpzL 15 5.8 10.2 1.5 11.6
tPHZ Output Disable Time 1.5 3.9 8.3 1.5 9.3 ns 8-5
tpLz 15 3.4 7.8 1.5 9.1
t Pin to Pin Skew
OSHL
(Note1) | HL Data to Output 12 13 ns
t Pin to Pin Skew
OSLH
(Note1) | LH DatatoOutput 0.8 10 ns
tosT Pin to Pin Skew
(Note1) | LH/HL Data to Output 18 22 ns
tpy Device to Device Skew
(Note2) | LH/HL Datato Output 46 50 ns

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tosHi), LOW to HIGH (tosL+). or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT). This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V¢g) from device to device. This specification is guaranteed but not tested.

Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = Com
Vee = Com Ta = Com
C_ = 50 pF Vce = Com Fig.
- Symbol Parameter Units
y 8 OQutputs CL = 250 pF No.
Switching (Note 2)
(Note 1)
Min Max Min Max
tPLH Propagation Delay 2.0 8.0 3.0 9.0 ns 8-3
tPHL Data to Output 2.0 8.0 3.0 9.0

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.).

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Capacitance
Symbol Parameter Typ Units Conditions
CIN Input Pin Capacitance 11.2 pF Vee = 5.0V (OE, T/R)
Ciyo Input/Output Pin Capacitance 10.2 pF Vce = 5.0V (An, Bn)
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74BCT373

Octal Transparent Latch with TRI-STATE® Outputs

General Description

The 'BCT373 consists of eight latches with TRI-STATE out-
puts for bus oriented applications. The flip-flops appear
transparent to the data when Latch Enable (LE) is HIGH.
When LE is LOW, the data that meets the setup times is
latched. Data appears on the bus when the Output Enable
(OE) is LOW. When OE is HIGH the bus output is in the high

impedance state.

Features

m . Eight latches in a single package

m TRI-STATE outputs for bus interfacing

m Nondestructive hot insertion capability

MW High impedance in power down (Izz and V|p)

m Guaranteed 4000V minimum ESD protection

® Guaranteed output skew

m Guaranteed multiple output switching specifications
m Guaranteed latchup protection . :

& Low Igcz through BiCMOS techniques

Ordering Code: sce Section 11
Logic Symbols

Do Dy Dy D3 Dy D5 Dg D7

—]LE
-0foe

0p 0y 0, 05 0, 05 Og Oy

TL/F/10877-3

IEEE/IEC
OF EN
LE ]
Dg — 1D > vl—%
Dy — ]
Dy — —02
Dy — —03
Dy —— —04
D5 — — 05
Dg — —0s
o — — 07
TL/F/10877-1
Pin Names Description
Do-D7 Data Inputs
LE Latch Enable Input
(Active HIGH)
OE Output Enable Input
(Active LOW)
0p-07 TRI-STATE Latch Outputs

Connection Diagram

Pin Assignment -
for DIP and SOIC

— -/

e 20V,
00— 2 19 -0,
D3 . 18}-o,
D;—| 4 17}-ps
0,5 16 |0
0,6 1505
0,~7 14Dy
D;—8 13}-o,
059 12}-0,

GND—{10 11}~Le
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Functional Description

The 'BCT373 contains eight D-type latches with TRI-STATE
output butfers. When the Latch Enable (LE) input is HIGH,
data on the D, inputs enters the latches. In this condition
the lalches are transparent, i.e., a latch output will change
state each time its D input changes. When LE is LOW, the
latches store the information that was present on the D in-
puts a setup time preceding the HIGH-to-LOW transition of
LE. The TRI-STATE buffers are controlled by the Output
Enable (OE) input. When OE is LOW, the buffers are in the
bi-state mode. When OE is HIGH the buffers are in the high
impedance mode but this does not interfere with enterin:

new data into the latches. .

Ldgic Diagram

Truth Table
Inputs Output

LE OE Dn Op
H L H H
H L L L
L L X On (no change)
X H X 4

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance State

[am® 2]
ol
I—
[ am® [2)
ol
S

= [

ol
|
—.o [~

Ol

|

—Olo
ol
|
—Olo
ol
I
—Olo
ol
I
—Olo

g 07

TL/F/10877-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —-55°Cto +125°C

Junction Temperature under Bias
Plastic

Ve Pin Potential

—55°Cto +150°C

Voltage Applied to Any Output

in the Disable or Power-Off State —0.5Vto +5.5V

in the High State —0.5Vto Ve
Current Applied to Output :

in LOW State (Max) Twice the Rated Ig (mA)
ESD Last Passing Voltage (Min) 4000V
DC Latchup Source Current 500 mA
Over Voltage Latchup Vee + 4.5V

to Ground Pin —0.5Vto +7.0V :
Input Voltage (Note 2) —05Vto +7.0V Recommended Operating
Input Current (Note 2) —30mAto +5.0 mA Conditions '
Note 1: Absolute maximum ratings are values beyond which the device may Free Air Am,bient Temperature
be damaged or have its useful life impaired. Functional operation under Commercial 0°Cto +70°C
these conditions is not implied. Supply Voltage
Note 2: Either voltage limit or current limit is sufficient to protect inputs. Commercial +45Vto +5.5V
DC Electrical Characteristics
Symbol Parameter 74BCT Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 A Recognized as a HIGH Signal
ViL Input LoW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min IIN= —18mA
Vou Output HIGH Voltage 24 v Min |- loH=—3mA
20 lon= —15mA
VoL Output LOW Voltage 0.55 \ Min loL = 64 mA
I Input HIGH Current 5 nA Max VN = 2.7V
an | et omon 1o [ |
i Input LOW Current —250 MA Max ViN = 0.5V
lozn Output Leakage Current 20 HA Max Vout = 2.7V
lozL Output Leakage Current —20 HA Max Vout = 0.5V
los Output Short-Circuit Current —100 —225 mA Max Vout = 0V
lceEx Output HIGH Leakage Current 50 pA Max Vout = Vee
v rputLeaiage Test 478 v 0.0 :I\[I)I Otl:é? ;:s Grounded
Izz Bus Drainage Test 100 HA 0.0v Vour = 5.26V
lccH Power Supbly Current 8 mA Max Vo = HIGH
lecL Power Supply Current 30 mA Max Vo = LOW
lccz Power Supply Current 10 mA Max Vo =HIGH Z




AC Electrical Characteristics: see section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = +25°C Ta = Com :
Vee = +5.0V Vce = Com Fig.
Symbol Parameter Gl = 50 pF CL = 50 pF Units No.
Min - Typ Max Min Max
tpLH Propagation Delay 20 9.3 20 9.3 ns 8-3
tPHL Data to Output 2.0 11.6 1.5 11.6
tPLH Propagation Delay 20 10.3 2.0 10.3 ns 8.3
tpHL LE to Op 2.0 9.3 2.0 9.3
tpzH Output Enable Time 2.0 11.8 2.0 118 ns 8.5
tpzL 2.0 11.8° 2.0 11.8
tpHZ Output Disable Time 20 6.9 20 6.9 ns 8.5
tpLz 2.0 6.1 2.0 6.1
AC Electrical Characteristics: sco section 8 for Waveforms
74BCT 74BCT
Ta = +25°C - Fig.
Symbol Parameter Voc = +5.0V Ta, Vcc = Com ‘ Units No.
Min Max Min Max
ts(H) Setup Time, HIGH or LOW 5.9 5.9
ts(L) D,toLE 5.9 5.9 ns 86
th(H) Hold Time, HIGH or LOW 1.5 15
th(L) D, to LE 1.5 1.5
tw(H) LE Pulse Width, HIGH 3.0 3.0 ns 8-4
Extended AC Electrical Characteristics: seo Sections
74BCT 74BCT
Ta = Com _
Vee = Com JA ;%’oTn Fig
Symbol Parameter CL = 50pF c°°= 250 oF Units No.
8 Outputs Switching L Note 4 P .
(Note 3) (Note 4)
. Min Max Min Max
tPLH Propagation Delay 2.0 10.5 2.0 11.8 ns 8-3
tPHL Data to Output 2.0 13.0 2.0 14.0

Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase {i.e., all low-to-high, high-

to-low, etc.).

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in

the standard AC load. This specification pertains to single output switching only.

Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Pin Capacitance 5 pF Vee = 5.0V
Cout Output Pin Capacitance 8 pF Vce = 5.0V
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74BCT374
Octal D Flip-Flop with TRI-STATE® Outputs

General Description ‘ Features

The 'BCT374 is a high-speed, low-power octal D-type flip- B Edge-triggered D-type inputs

flop featuring separate D-type inputs for each flip-flop and  ® Buffered positive edge-triggered clock

TRI-STATE outputs for bus-oriented applications. A buff- m TRI-STATE outputs for bus-oriented applications

ered Clock (CP) and Output Enable (OF) are commonto all g | ow Iccz through BICMOS techniques

fiip-flops. ’ m Guaranteed 4000V minimum ESD protection

) m Guaranteed output skew

m Guaranteed multiple output switching specifications
m Nondestructive hot insertion capability
m High impedance in power down (Izz and V|p)

Ordering Code: see section 11

Logic Symbols : Connection Diagram
LLLLLLL] for DIP and S0IC
Do Dy Dy Dy D, Dg Dg Dy
i : : oe-{1 ~ 20f=Vee
~QloE 012 190,
 0g 0y 0, O5 0, O Og Oy De—{3 18}=0;
HERERER 0]+ 17|~0g
, TL/F/10878-1 0,5 16~0g
0,—16 15|05
IEEE/IEC 0,7 14}-0s
o = en D3~18 13[-o,
P ¢t 0;—9 12f~o0,
GND—{10 11}=cpP
g: : 0 > 4 :Z? TL/F/10878-2
D, = —0,
D3 = — 05
Dy — —0,
D = — 05
Dg = — 05
0= : 07
TL/F/10878-3
N:rlr:‘es Description
Do-D7 Data Inputs
CP Clock Pulse Input
(Active Rising Edge)
OE TRI-STATE Output Enable
Input (Active LOW)
00-07 TRI-STATE Outputs
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Functional Description Truth Table
The 'BCT374 con§ists of eight edge-triggered flip-flops with Inputs Internal Output
individual D-type inputs and TRI-STATE true outputs. The — Register
buffered clock and buffered Output Enable are common to Dp CP OE On
all flip-flops. The eight flip-flops will store the state of their H e L H H
individual D inputs that meet the setup and hold time re- L Vs L L L
quirements on the LOW-to-HIGH Clock (CP) transition. With X X H X 7
the Output Enable (OE) LOW, the contents of the eight flip-
flops are available at the outputs. When the OE is HIGH, the H = HIGH Voltage Level
outputs go to the high impedance state. Operation of the L = LOW Voltage Level
OE input does not affect the state of the flip-flops. X = Immaterial
Z = High Impedance
—/~ = LOW-to-HIGH Clock Transition
Logic Diagram
Dy 0y D2 Dy D¢ 05 D b
R S S e W
CP D CP D cP D cP D [ ) cP D [ ) cCP D
Q Q Q Q Q Q Q Q Q Q
OE 9-
OD | | | I | | |
0O 0 0; O3 0 Os Os %

TL/F/10878-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

vie
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Storage Temperature —65°C to +150°C
Ambient Temperature under Bias —55°Cto +125°C

~ Voltage Applied to Output

—0.5Vto +5.5V
—0.5Vto Vo

in the Disable or Power-Off State -
in the High State
Current Applied to Output

in LOW State (Max) Twice the Rated Ig (mA)

Junction Temperature under Bias ESD Last Passing Voltage (Min) 4000V
Plastic : : —55°C to +150°C Over Voltage Latchup Vo +4.5V
Ve Pin Potential .
to Ground Pin —0.5Vto +7.0V Recommended Operating
Input Voltage (Note 2) —-0.5Vto +7.0V Conditions
Input Current (Note 2) —30mAto +5.0mA Free Air Ambient Temperature
- Note 1: Absolute maximum ratings are values beyond which the device may Commercial 0°Cto +70°C
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied. Supply Volta.ge
Note 2: Either voltage limit or current limit is sufficient to protect inputs. Commercial +4.5Vto +5.5V
DC Electrical Characteristics
Symbol Parameter 748CT Units | Vge Conditions
Min Typ Max :
Vi Input HIGH Voltage 20 v Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage —-1.2 \ Min | ln = —18 mA
VoH Output HIGH Voltage 24 v Min loH = —3mA
- 20 loy = —15mA
VoL Output LOW Voltage 0.55 \ Min | lop = 64 mA
hH Input HIGH Current 5 pA | Max | Viy = 2.7V
o | pationcuen AEEEE
IR Input LOW Current —250 | pA | Max | V|y= 0.5V
lozH Output Leakage Current 20 pA | Max | VoyT = 2.7V
lozL Output Leakage Current —-20 pA | Max | Voyr = 0.5V
los Output Short-Circuit Current -100 —225 | mA | Max | Voyt =0V
lcEx Output HIGH Leakage Current 50 pA | Max | VouTt = Vco
Yo Input Leakage Test 4.75 v 0.0 I/I\lI)I Ott::: l’:l:s Grounded
I1zz Bus Drainage Test 100 MA 0.0 | Voyt = 5.25V
lccH Power Supply Current 8 mA | Max | Vo = HIGH
lecL Power Supply Current 30 mA | Max | Vo = LOW
lecz Power Supply Current 10 mA | Max | Vo = HIGHZ
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AC Electrical Characteristics: seo section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = +25°C Ta = Com Fi
Symbol Parameter Vee = +5.0V Vcc = Com Units Ng.
CL = 50 pF CL = 50 pF :
Min Typ Max Min Max
fmax Maximum Clock Frequency 70 130 . 70 MHz 8-1
tpLH Propagation Delay 2.0 5.4 9.1 2.0 9.1 ns 8.3
tPHL Clock to Output 2.0 4.3 7.0 2.0 7.0
tpzH Output Enable Time 2.0 8.0 12.0 20 120 ns 8.5
tpzL 2.0 9.0 12.0 2.0 12,0
tPHZ Output Disable Time 20 4.2 6.8 2.0 6.8 ns 8.5
tpLz 2.0 4.2 5.8 2.0 6.8
AC Operating Requirements: see section 8 for Waveforms and Load Configurations
74BCT 74BCT
y Ta = +25°C _ Fig.
Symbol Parameter Ve = +5.0V Ta, Vcc = Com Units No.
Min Max Min Max
ts(H) Setup Time, HIGH or LOW 7.5 75
ts(L) Dnhto CP 7.5 7.5 ns a6
th(H) Hold Time, HIGH or LOW 0 0
th(L) Dn to CP 0 0
tw(H) CP Pulse Width 4.0 4.0 ns 84
tw(l) HIGH or LOW 11.5 11.5
Extended AC Electrical Characteristics
74BCT 74BCT 74BCT
Ta = Com Ta = Com Ta = Com
Vee = Com Vge = Com Vee = Com
CL = 50 pF CL = 250 pF CL = 250 pF Fig.
Symbol Parameter 8 Outputs 1 Output 8 Outputs Units No.
Switching Switching Switching
(Note 1) (Note 2) (Notes 1, 2)
Min Max Min Max Min Max
teLH Propagation Delay 20 10.2 3.0 12.0 4.0 15.0 ns 8.3
tPHL Clock to Output 2.0 10.2 3.0 12.0 4.0 15.0

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-

to-low, efc.).

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Capacitance 6.0 pF Ve = 5.0V
Cout Output Pin Capacitance 9.0 pF Vce = 5.0V
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74BCT541

Octal Buffer/Line Driver with TRI-STATE® Outputs

General Description

The 'BCT541 is an octal buffer and line driver with TRI-
STATE outputs designed to be employed as a memory and
address driver, clock driver, or bus-oriented transmitter/re-
ceiver. This device is functionally similar to the 'BCT244 but
has a broadside pinout.

Features

m Inputs and outputs on opposite sides of package allow-
ing easy interface with microprocessors

Useful as input or output port for microprocessors
TRI-STATE outputs for bus interfacing

Guaranteed 4000V minimum ESD protection
Guaranteed output skew

Guaranteed multiple output switching specifications
Low Igcz through BICMOS techniques
Nondestructive hot insertion capability

High impedance in power down (Izz and V|p)

Ordering Code: see Section 11

Logic Symbol Connection Diagram
' IEE/IEC Pin Assignment
T for DIP and SOIC
OF, =
% EN il S 20
O, —> ) _—ej—l 1 G
lo = — OF
: S S| 002
o~ >  vP—o IZ_4_|—t.—1 17,
|, — o, |3—5-—|t'—|-ioz
l,— S0, ,‘_s—‘—tﬁ_g%
Iy — S 0, |5_7___'—'12:r—1_t_4°4
Iy — 0, ls—”_‘_t'_l-lios
15— S 0, |7_9_-—'—[C:r'1_£06
ls = ¥O(S chﬂ_l_t_Ll%
= —0;
TL/F/10989-1 TL/F/10989-2
Truth Table
Inputs Outputs Pin Names Description
OE;4 OE, 1 OE, OE, | TRI-STATE Output Enable Input (Active LOW)
L L H H In Inputs
H X X z On Outputs
X H X z
L L L L
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial -
Z = High Impedance .
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, Voltage Applied to Output
please contact the National Semiconductor Sales in the Disable or Power-Off State —0.5Vto +5.5V
Office/Distributors for availability and specifications. in the High State —0.5Vto Vee
Storage Temperature —65°Cto +150°C Current Applied to Output
Ambient Temperature under Bias —55°C to +125°C in LOW State (Max) Twice the Rated lo (MA)
Junction Temperature under Bias ESD Last Passing Voltage (Min) 4000v
Plastic —55°Cto +150°C " Over Voltage Latchup Vee +4.5V
Vee Pin Potential DC Latchup Source Current 500 mA
to Ground Pin —~0.5Vto +7.0V DC Latchup Source Current (OE) 30 mA
Input Voltage (Note 2) —0.5Vto +7.0V .
Input Current (Note 2) —30 mAto +5.0 mA Recommended Operatlng
Note 1: Absolute maximum ratings are values beyond which the device may Condltlons
be damaged or have its useful life impaired. Functional operation under Free Air Ambient Temperature
these conditions is not implied. Commercial 0°C to +70°C
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
Supply Voltage
Commercial +4.5Vto +5.5V
DC Electrical Characteristics
Symbol Parameter 74BCT Units | Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal.
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage ) -=1.2 v Min [ IN= —18mA
VoH Output HIGH Voltage 2.4 v Min loH = —3mA
2.0 loH = —15mA
VoL Output LOW Voltage 0.55 \" Min | loL = 64 mA
IIH Input HIGH Current 5 pA Max | Viy =27V
Iavi Input HIGH Current Breakdown Test 7 pA Max | Vin = 7.0V
e Input LOW Current —250 pA Max | V|y = 0.5V
lozH Output Leakage Current 20 pA Max | Vout = 2.7V
lozL Output Leakage Current -20 pA Max | Vour = 0.5V
loz Output Leakage Current £100 A '
+20 | #
los Output Short-Circuit Current —100 —225 mA Max | Vouyt = OV
lcex Output HIGH Leakage Current 50 rA Max | VouTt = Vo
Vip Input Leakage Test Ip=19pA
475 v 0.0 All Other Pins Grounded
Izz Bus Drainage Test . 100 pA 0.0 | Vout = 5.25V
lecH Power Supply Current 40 mA Max | Vo = HIGH
lcoL Power Supply Current 72 mA Max | Vo = LOW
lccz Power Supply Current ) 7 mA Max | Vo = HIGHZ
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AC Electrical Characteristics: sece Section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = +25°C Ta = Com’ Fig
Symbol Parameter Vee = t+5.0V Ve = Com Units No.
CL = 50pF CL = 50 pF ’
Min Typ Max Min Max
tPLH Propagation Delay 1.7 29 5.3 1.7 5.3 ns 8_3
tpHL Data to Output 2.7 3.9 6.5 2.7 6.5
tpzH Output Enable Time 4.4 6.9 12.0 4.4 12.0 ns 8-5
tpzL 3.9 6.0 10.4 3.9 10.4
tPHZ Output Disable Time 1.8 3.7 6.2 1.8 6.2 ns 8-5
tpLz 1.5 3.3 5.4 1.5 5.4
Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations
74BCT 74BCT 74BCT
Ta = Com Ta = Com Ta = Com
) Vcec = Com Vee = Com Vee = Com
CL = 50 pF CL = 250 pF Cp = 250 pF Fig.
Symbol Parameter Units
4 8 Outputs 1 Output 8 Outputs No.
Switching Switching Switching
(Note 3) {Note 4) (Notes 3, 4)
Min Max Min Max Min Max
tpLH Propagation Delay 25 5.0 5.0 6.5 6.0 9.0 ns 8-3
tPHL Data to Output 45 6.5 55 7.0 7.0 10.0
1 Pin to Pin Skew
OSHL
(Note 1) | HL Data to Output 1.0 13 ns
! Pin to Pin Skew
OSLH
(Note 1) | LH Data to Output 12 13 ns
tosT Pin to Pin Skew
(Note 1) | LH/HL Data to Output 34 4.0 ns
tpy Device to Device Skew
(Note2) | LH/HL Data to Output 35 41 ns

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tggHp), LOW to HIGH (tosLH), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT)- The specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and V¢c) from device to device. This specification is guaranteed but not tested.
Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-

to-low, etc.)
Note 4: These specifications guaranteed but not tested. The limits r

in the standard AC load. This specification pertains to single output switching only.

epresent propagation delay swith 250 pF load capacitors in place of the 50 pF load capacitors
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Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Capacitance 7.0 pF Ve = 5.0V
Cout Output Pin Capacitance 13.0 pF Ve = 5.0V
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74BCT543

Octal Registered Transceiver

General Description

The 'BCT543 octal transceiver contains two sets of D-type
latches for temporary storage of data flowing in either direc-
tion. Separate Latch Enable and Output Enable inputs are
provided for each register to permit independent contro! of
inputting and outputting in either direction of data flow. The
A outputs are guaranteed to sink 24 mA while the B outputs
are rated for 64 mA.

Features
8-bit octal transceiver

A outputs sink 24 mA
B outputs sink 64 mA

Back-to-back registers for storage
Separate controls for data flow in each direction

Low Iggz through BiICMOS techniques
Guaranteed output skew
Guaranteed multiple output switching specifications
Guaranteed 4000V minimum ESD protection
Guaranteed latchup protection

Nondestructive hot insertion capability

High impedance in power down (Izz and V|p)

| Ordering Code: sce section 11

Logic Symbols
Agereninns A7
—O) 0EAB
—O OEBA
—Q) ceag
O} CEBA
—QOl LEAB
—Q) LEBA
Byeverenns By
| | TL/F/10048-1
IEEE/IEC
CEAB—D >
TEAB ——D> EN1
OEAB ———
CEBA —— =1
TE8A —D EN2
OEBA —D
r—>| V1 2V By
N> —> B,
Ay P> [e—>p,
Ay =P [¢—>5;
A, P >,
A P [e—> 5
A >
Ay B

TL/F/10948-4

Connection Diagram

Pin Assignment for

DIP and SOIC
— -/

LEBA—{ 1 24f—vee
OEBA—] 2 23 —CEBA
A—{3 228,
A—4 21f—~g,
rp—5 204—8,
=6 19}-8;
I K 18]—8,
As—]s 17}~8
Ag—9 16}—8;
A =110 158,
CEAB—{ 11 14 —1EAB
GND=] 12 13}—~0EAB

-TL/F/10948-2
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Pin Names Description

OEAB A-to-B Output Enable Input (Active LOW)

OEBA B-to-A Output Enable Input (Active LOW)

CEAB A-to-B Enable Input (Active LOW)

CEBA B-to-A Enable Input (Active LOW)

LEAB A-to-B Latch Enable Input (Active LOW)

LEBA . B-to-A Latch Enable Input (Active LOW)

Ag-A7 A-to-B Data Inputs or B-to-A TRI-STATE® Outputs
Bo-B7 B-to-A Data Inputs or A-to-B TRI-STATE Outputs

Functional Description

The 'BCT543 contains two sets of eight D-type latches, with
separate input and output controls for each set. For data
flow from A to B, for example, the A-to-B Enable (CEAB)
input must be LOW in order to enter data from Ag—Az or
take data from Bo-By7, as indicated in the Data I/O Control
Table. With CEAB LOW, a LOW signal on the A-to-B Latch
Enable (LEAB) input makes the A-to-B latches transparent;
a subsequent LOW-to-HIGH transition of the LEAB signal
puts the A latches in the storage mode and their outputs no
longer change with the A inputs. With CEAB and OEAB both
LOW, the TRI-STATE B output buffers are active and reflect
the data present at the output of the A latches. Control of
data flow from B to A is similar, but using the CEBA, LEBA
and OEBA inputs.

Data I/0 Control Table

Inputs Latch Status | Output Buffers
CEAB LEAB OEAB
H X X Latched High Z
X H X Latched —
L L X Transparent —_
X X H — High Z
L X L - Driving

H=
L=

X = Immaterial

HIGH Voltage Level
LOW Voltage Level

A-to-B data flow shown; B-to-A flow control
is the same, except using CEBA, LEBA and OEBA
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Logic Diagram

S S U —
i i
1 D Q
1 1 %
1 LE 1
1 1
: :
1 i
] ]
] 1
1 1
L LD T
n— —
A — R Y
Ay = — B;
A= DETAIL Ax7 — B,
As = B
As— B
v : —,
OEBA
OEAB
CEBA
CEAB
LEBA
LEAB

TL/F/10948-5
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,

Voltage Applied to Qutput

please contact the National Semiconductor Sales in the Disable or Power-Off State —-0.5Vto +5.5V
Office/Distributors for availability and specifications. in HIGH State —0.5Vto Ve
Storage Temperature —65°Cto +150°C Current Applied to Output
Ambient Temperature under Bias —55°Cto +125°C in LOW State (Max) twice the rated o). (mA)
Junction Temperature under Bias ESD Last Passing Voltage (Min) 4000V
Plastic —55°Cto +150°C DC Latchup Source Current 500 mA
Vcc Pin Potential to Over Voltage Latchup Vce + 4.5V
Ground Pin —0.5Vto +7.0V .
Input Voltage (Note 2) —0.5V 1o +7.0V Recommended Operating
Input Current (Note 2) —30mAto +5.0mA Conditions
Note 1: Absolute maximum ratings are values beyond which the device may Free Air Ambient Temperature
be damaged or have its useful life impaired. Functional operation under s °Cto +70°C
these conditions is not implied. Commercial 0°Cto Y
Note 2: Either voltage limit or current limit is sufficient to protect inputs. Supply Voltage
Commercial +4.5Vto +5.5V
DC Electrical Characteristics
Symbol Parameter 748CT Units | Vgc Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \" Min IIN= —18mA
VoH Output HIGH Voltage 24 v Min lon = —3mA
2.0 lon= —15mA
VoL Output LOW Voltage 0.55 \ Min loL = 64 mA
1 Input HIGH Current 5.0 pA Max VIN = 2.7V
IBvI Input HIGH Current ViN = 7.0V
Breakdown Test 7.0 pA Max | (OEAB, OEBA, LEAB,
LEBA, CEAB, CEBA)
IsvIT Input HIGH Current Breakdown (1/0) 0.5 mA Max | Vin = 5.5V (An, Bn)
lcex Output HIGH Leakage Current 50 rA Max Vout = Ve
Vip Input Leakage Test Ip=19pA
4.78 v 0.0 All Other Pins Grounded
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DC Electrical Characteristics (continued)

Symbol Parameter 74BCT Units | Voo Conditions
' Min Typ Max B .
I Input LOW Current ‘ - —0.6 mA | Max V)N = 0.5V (OEAB, OEBA)
-1.2 Vin = 0.5V (CEAB, CEBA)
I + lozH | Output Leakage Current 70 rA Max | Vourt = 2.7V (An, Bp)
i + lozL | Output Leakage Current —650 nA Max | Vour = 0.5V (An, Bp)
los Output Short-Circuit Current —60 —150 mA Max Vourt = 0V (Ap)
—-100 —225 Vout = OV (Bp)
Izz Bus Drainage Test 500 pA 0.0V | Vour = 5.25V (Ap, Bp)
lccH Power Supply Current 15 mA Max | Vo = HIGH
lcoL Power Supply Current 71 mA Max | Vo = LOW
lccz Power Supply Current 15 mA Max | Vo =HIGHZ

AC Electrical Characteristics: see section 8 for Waveforms and Load Configurations

74BCT 74BCT
‘Ta = +25°C _
Symbol Parameter Vee = +5.0V TA":V(:’ 50 c: m Units '::g
CpL = 50pF L=30p .
Min Typ Max Min Max

tPLH Propagation Delay 20 8.8 20 88

tPHL Transparent Mode 20 06 20 06 ns 8-3
AntoB,orBpto Ay ’ T : o

tpLH Propagation Delay 20 12.9 2.0 12.9 ns 8-3

tPHL LEBA or LEAB to A, or By 2.0 12.7 2.0 12.7
Output Enable Time

tpzH OEBA or OEAB to A, or B, 1.0 125 1.0 125

tpzL CEBA or CGEABto A, or B, 1.0 145 1.0 14.5 8-5

ns -

Output Disable Time

tPHZ OEBA or OEAB to A, or B, 1.0 8.1 1.0 8.1

tpLz CEBA or CEAB to A, or B, 1.0 7.2 1.0 7.2

tosHL Pin to Pin Skew

(Note 1) HL Data to Output 08 08 ns

tosLH Pin to Pin Skew )

(Note 1) LH Data to Output 0.8 08 ns

tosT Pin to Pin Skew

(Note 1) LH/HL Data to Output 38 38 ns

tpy Device to Device Skew

(Note 2) LH/HL Data to Output 4.0 40 ns

Note 1: Skew is defined as the absolute value of the difference b ) the actual propagation delays for any two separate outputs of the same device. The

specification applies to any outputs switching HIGH to LOW (tosHD), LOW to HIGH (tgsi ), or any combination switching LOW to HIGH and/or HIGH to LOW

(tosT)-

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device.
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AC Operating Requirements: sco section 8 for Waveforms

74BCT 74BCT
Ta = +25°C _ Fig.
Symbol Parameter Voo = +5.0V Tas Vcc = Com Units No.
Min Max Min Max

ts(H) Setup Time, HIGH or LOW 45 45
t(L) An or By to LEBA or LEAB 30 35 . Bt
th(H) Hold Time, HIGH or LOW 15 15 ‘
th(L) Ap or B, to LEBA or LEAB 3.0 35
tw(L) Latch Enable, B to A ' ‘

' Pulse Width, LOW 70 70 ns 8-4

Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

74BCT 74BCT-
Ta = Com
Vee = Com Ta = Com Fig
CL = 50 pF Vee = Com :
Symbol Parameter .
v 8 Outputs CL = 250 pF Units No
Switching (Note 4)
(Note 3)
Min Max Min Max
tpLH Propagation Delay Transparent 3.0 9.8 3.0 9.8 ns 8-3
tPHL Mode A to B or B to A, 3.0 10.6 3.0 10.6
tpLH Propagation Delay 3.0 13.4 3.0 139 ns 8-3
tPHL LEBA to A : 3.0 13.2 3.0 13.7
tpLH Propagation Delay 4.5 13.0 4.5 13.5 ns 8-3
tpHL LEAB to B, 4.5 13.0 4.5 13.5

Note 3: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc.). :

Note 4: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Capacitance
Symbol Parameter Typ Units Conditions
CiNn Control Inputs . 6 pF Vce = 5.0V
Cout Output Pin Capacitance 11 pF : Vee = 5.0V
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74BCT573

Octal D Latch with TRI-STATE® Outputs

General Description ‘
The *BCT573 consists of eight latches with TRI-STATE out- 8 Inputs and outputs on opposite sides of package allow-

puts for bus oriented applications. The flip-flops appear
transparent to the data when Latch Enable (LE) is HIGH.
When LE is LOW, the data that meets the setup times is
latched. Data appears on the bus when the Output Enable
(OE) is LOW. When OE is HIGH the bus output is in the high
impedance state. This device is functionally identical to the

"“BCT373 but has a broadside pinout.

Features

ing easy interface with microprocessors

Useful as input or output port for microprocessors
Functionally identical to the 'BCT373

TRI-STATE outputs for bus interfacing

Guaranteed 2000V minimum ESD protection
Guaranteed multiple output switching specifications
Guaranteed 500 mA minimum latchup protection
Low lccz through BiCMOS techniques
Nondestructive hot insertion capability

High impedance in power down (izz and V|p)

Ordering Code: see section 11

Logic Symbol

Connection Diagram

—LE
—OfoE

Do Dy Dy D3 Dy D5 Dg Dy

0g 0y 0, 05 O, O5 0.0y

IEEE/IEC

OF EN1

LE EN2

Dp—ji0 ¥ 0p
Dy — — 0,
Dz — — 02
Dy = e O
0y = —0,
Dy = e O
Dg =1 e O
b — 07

Pin Assignment for
DIP and SOIC
— -/
OE—{1 20 [=Vee
Do—2 19]~0,
Dy=~{3 181~0,
Dz-" 4 17 _02
Dz—{5 16 =053
TL/F/10879-1 D4_ s 15 —04
D517 1405
Dg—8 13}=0g
0,9 12}~0;
GND—110 1M =LE

TL/F/10879-3

TL/F/10879-2
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Functional Description
The 'BCT573 contains eight D-type latches with TRI-STATE Function Table

output buffers. When the Latch Enable (LE) input is HIGH, -

data on the Dy, inputs enters the latches. In this condition Inputs Outputs
the latches are transparent, i.e., a latch-output will change OE LE D 0o
state each time its D input changes. When LE is LOW the

latches store the information that was present on the D in- L H H H
puts a setup time preceding the HIGH-to-LOW transition of L H L L
LE. The TRI-STATE buffers are controlled by the Output L L X Op
Enable (OE) input. When OE is LOW, the buffers are in the H X X z

bi-state mode. When OE is HIGH the buffers are in the high
impedance mode but this does not interfer with entering

H = HIGH Voltage Level
: L
new data into the latches. X
[

= LOW Voltage Level
= Immaterial
o = Value stored from previous clock cycle

- Logic Diagram

Dy 0, D, D3 D, Ds Dg

el

an® [
=1
I
[ oo [=
[=]]
I
—Ol~
[~}
I
an® B
(=]

w—o>— b — RS RS
() 04 0, 03 0, [ 0g 0,

TL/F(10879-4
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

€15
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availablility and specifications.

Voltage Applied to Output
in the Disable or Power-Off State
in the HIGH State

Current Applied to Output

—0.5Vto +5.5V
—0.5Vto Vg

s T o c in LOW State (Max) Twice the Rated g (mA)
At°’b‘j‘ge Tempe’a‘”’e o _§:°C to i:ggc ESD Last Passing Voltage (Min) 2000V
mbient Temperature under Bias - to Over Voltage Latchup Vg + 4.5V
Junction Temperature under Bias
y P‘a;"CP ol 10 —55°Cto +150°C Recommended Operating
cc Pin Fotential to g
Ground Pin —0.5Vto +7.0V Conditions
Input Voltage (Note 2) —0.5Vto +7.0V Frge Air Am.b'lem Temperature 0°Clo +70°C
Input Current (Note 2) —30mAto +5.0mA ommercia 0 )
Note 1: Absolute maximum ratings are values beyond which the device may Supply Voltgge
be damaged or have its useful life impaired. Functional operation under Commercial +4.5Vto +5.5V
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
74BCT
Symbol Parameter Units| Vee Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vco Input Clamp Diode Voltage -12| V Min IIN= —18mA
VoH Output HIGH Voltage 2.4 v Min loH= —3mA
2.0 loH = —15mA
VoL Output LOW Voltage 0.55 \ Min loL = 64 mA
IH Input HIGH Current 5 pA Max |ViN=27V
Isvi Input HIGH Current - [ VIN = 7.0V
Breakdown Test 7 BA | Max
[T Input LOW Current —-250| pA | Max |[V|y=0.5V
lozH Output Leakage Current 20 pA | OV-5.5V | VouyT = 2.7V
lozL Output Leakage Current —-20 [ pA | OV-5.5V | Voyt = 0.5V
loz Qutput Leakage Current £20 A ov-2.0V | OE = 2.0V, Voyr = 0.5V or 2.7V (Power Up)
BA {1 8v-0v | OF = 2.0V, Vour = 0.5V or 2.7V (Power Down)
los Output Short-Circuit Current —100 —225| mA Max | Voyt =0V
lcEx Output HIGH Leakage Current 50 pA Max | VouTt = Vce
Vio Input Leakage Test Ip =19 uA
4.7 v 0.0 All Other Pins Grounded
Izz Bus Drainage Test 100 nA 0.0V | Vout = 5.25V
lccH Power Supply Current 8 12 mA Max | Vo = HIGH
lecL Power Supply Current 29 48 mA Max | Vo= LOW
lccz Power Supply Current 6 8 mA Max |Vo=HIGHZ
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AC Electrical Characteristics: seo Section 8 for Waveforms and Load Configurations had
74BCT 74BCT
Ta = +25°C Ta = Com Fig
Symbol Parameter Vee = +5.0V Vcc = Com Units No.
CL = 50 pF CL = 50 pF )
Min Typ Max Min Max
tPLH Propagation Delay 2.0 4.0 8.4 2.0 8.4 ns 8-3
tpHL Data to Output 3.5 7.4 10.5 3.5 10.5
tpLH Propagation Delay 3.0 6.8 8.9 3.0 8.9 ns 8-a
tpHL LEto O, 3.0 5.7 8.3 3.0 8.3
tpzH Output Enable Time 3.7 6.1 10.0 3.7 10.0 ns 8-5
tpzL 3.7 6.5 10.0 3.7 10.0
teHz Output Disable Time 2.2 4.8 7.0 22 7.0 ns 8-5
tpLz 2.2 4.8 7.0 2.2 7.0
AC Operating Requirements: ses section 8 for Waveforms
74BCT 74BCT
Ta= +25C Flg.
Symbol Parameter = Units
4 Voo = +5.0V Tas Vee = Com No.
Min Max Min Max
ts(H) . Setup Time, HIGH or LOW 1.0 1.0 ns
ts(L) DntoLE 1.0 1.0 8-6
th(H) Hold Time, HIGH or LOW 4.0 4.0 ns
th(L) Dhto LE 4.0 4.0
tw(H) LE Pulse Width, HIGH 4.0 4.0 ns 8-4
Extended AC Electrical Characteristics
74BCT 74BCT 74BCT
Ta = Com Ta = Com Ta = Com
Vec = Com Vecc = Com Vce = Com
CL = 50pF CL = 250 pF CL = 250 pF
Symbol Parameter Units
4 8 Outputs 1 Output 8 Outputs
Switching Switching Switching
(Note 1) (Note 2) (Notes 1,2)
Min Max Min Max Min " Max
tPLH Propagation Delay 2.0 10.0 3.0 9.5 4.0 12.0° ns
tPHL Data to Output 3.5 13.0 4.0 13.0 6.0 16.0
tpLH Propagation Delay 4.0 10.0 4.0 12.0 6.0 14.5 ns
tpHL LEtoO, - 4.0 9.5 4.0 10.0 6.0 13.0
Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-
to-low, etc).
Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.
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Capacitance
Symbol Parameteer Typ Units Conditions
CiN . Input Capacitance 6.0 pF Ve = 5.0V
Court Output Pin Capacitance 10.0 pF Vee = 5.0V
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74BCT574

Octal D Flip-Flop with TRI-STATE® Outputs

General Description

The 'BCT574 is a high-speed, low power octal flip-flop with
a buffered common Clock (CP) and a buffered common
Output Enable (OE). The information presented to the D
inputs is stored in the flip-flops on the LOW-to-HIGH Clock
(CP) transition.

This device is functionally identical to the 'BCT374 but has a
broadside pinout.

Features

| Inputs and outputs on opposite sides of package
allowing easy interface with microprocessors

m Useful as input or output port for microprocessors

| Functionally identical to the 'BCT374

m TRI-STATE outputs for bus interfacing

’ Guaranteed 4000V minimum ESD protection

m Guaranteed multiple output switching specifications

@ Guaranteed 500 mA minimum latchup protection

’ Low Iccz through BiCMOS techniques

B Nondestructive hot insertion capability

m High impedance in power down (Izz and V|p)

Ordering Code: see section 11
Logic Symbols

o Dy D D3 Dy D Dg Dy

(=}

o
o

0, 0, 05 O, Og Og 0y

TL/F/10880-1

IEEE/IEC

OF EN

P c1

0p—{10  v}—o,
Dy = — 04
Dy = 02
D3 = 03
0, —. —o,
D5 — — 05
Dg — — 05
0; — —0,

TL/F/10880-3

Connection Diagram

Pin Assignment
for DIP and SOIC

_ -/
oE—{1 20 |-Vee
Do 2 19}-0,
0,3 18 }-o,
0,4 17}~o0,
D;—5 16 |05
D,—6 150,
D57 14 -0
Dg—8 13 }-0g
0,9 120,
eND—{10 © e

TL/F/10880-2
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Functional Description Truth Table
The 'BCT574 consists of eight edge-triggered flip-flops with Inputs Internal Output
individual D-type inputs and TRI-STATE true outputs. The — Register
buffered clock and buffered Output Enable are common to D, | CP OE On
all flip-flops. The eight flip-flops will store the state of their H Ve L H H
individual D inputs that meet the setup and hold time re- L e L L L
quirements on the LOW-to-HIGH Clock (CP) transition. With X X H X 7
the Output Enable (OE) LOW, the contents of the eight flip-
flops are available at the outputs. When the OE is HIGH, the H = HIGH Voltage Leve!
outputs go to the high impedance state. Operation of the L = LOW Voltage Level
OE input does not affect the state of the flip-flops. X = Immaterial
Z = High Impedance
_/~ = LOW-to-HIGH Clock Transition
Logic Diagram
A 0o D, Dy D3 Dy D Dg D,
S " S S P S P S P P S
cP D [ cP D () () (D) cP D [
Q Q Q Q Q Q Q Q Q Q Q Q Q Q
OE L ®
OD | | | | | | |
Oy 0 0, 05 0, 05 0O %

TL/F/10880-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,

Voltage Applied to Output

please contact the National Semiconductor Sales in the Disable or Power-Off State —-0.5Vto +5.5V
Office/Distributors for availability and specifications. in the High State —0.5Vto Ve
Storage Temperature —-65°Cto +150°C Current Applied to Output
Ambient Temperature under Bias —55°Cto +125°C in LOW State (Max) Twice the Rated lo (mA)
Junction Temperature under Bias ESD Last Passing Voltage (Min) 4000V
Plastic —55°Cto +150°C Over Voltage Latchup Vec +4.5V
Vcc Pin Potential .
to Ground Pin —0.5Vto +7.0V Recommended Operating
Input Voltage (Note 2) —0.5Vto +7.0V Conditions
Input Current (Note 2) —30mAto +5.0 mA ‘Free Air Ambient Temperature
Note 1: Absolute maximum ratings are values beyond which the device may Commercial 0°Cto +70°C
be damaged or have its useful life impaired. Functional operation under s ly Vol
these conditions is not implied. upply Vo ta_‘ge
Note 2: Either voltage limit or current limit is sufficient to protect inputs. Commercial T4.5Vto +5.5V
DC Electrical Characteristics
Symbol Parameter 748CT Units| Vc¢c Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Veo Input Clamp Diode Voltage -12| V Min IN = —18mA
VoH Output HIGH Voltage 24 v Min loH = —3mA
2.0 loy = —156mA
VoL Output LOW Voltage 0.55 \ Min loL = 64 mA
i Input HIGH Current 5 HA Max | VN =27V
Isvi Input HIGH Current ViN = 7.0V
Breakdown Test 7 pA Max
IiL Input LOW Current —250| pA Max |V|N = 0.5V
lozH Output Leakage Current 20 pA | OV-5.5V|Voyur = 2.7V
lozL Output Leakage Current —20 | pA |OV-5.5V|Voyr = 0.5V
loz Output Leakage Current +£20 A 0v-2.0V | OE = 2.0V, VoyT = 0.5V or 2.7V (Power Up)
B2 | 1.6v-0v | BE = 2.0v, Vout = 0.5V or 2.7V (Power Down)
los Output Short-Circuit Current —-100 —-225| mA Max | Vouyrt = OV
IcEx Output HIGH Leakage Current 50 LA Max | Vout = Vce
Vip Input Leakage Test lp =19 pA
478 v 00 All Other Pins Grounded
Izz Bus Drainage Test 100 | pA 0.0 Vout = 5.25V
lccH Power Supply Current 8 12 mA Max | Vo = HIGH
lccL Power Supply Current 30 48 mA Max |Vo = LOW
lccz Power Supply Current 6 8 mA Max |Vo=HIGHZ
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AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = +25°C Ta = Com Fi
Symbol Parameter Ve = +5.0V Vce = Com Units Ne:
Cp = 50 pF CL = 50 pF )
Min Typ Max Min . Max
fmax Maximum Clock Frequency 77 77 MHz 8-1
tPLH Propagation Delay 2.8 6.5 9.4 2.8 9.4 ns 8-3
tPHL Clock to Output 2.8 5.5 8.9 2.8 8.9
tpzH Output Enable Time 3.7 6.0 9.5 3.7 9.5 ns 8.5
tpzL. 37 6.5 9.5 3.7 9.5
tpHz Output Disable Time 1.3 4.5 75 1.3 7.5 ns 85
tpLz 1.3 45 6.9 1.3 6.9
AC Operating Requirements: see Section 8 for Waveforms
74BCT 74BCT
Ta = +25°C _ : Fig.
Symbol Parameter Voo = +5.0V Ta, Voo = Com Units No.
Min Max Min Max
ts(H) Setup Time, HIGH or LOW 4.5 4.6 ' ns
te(L) Dp to CP 6.0 6.0 8-6
th(H) Hold Time, HIGH or LOW 0.0 0.0 ns
th(L) Dp to CP 0.0 0.0
tw(H) CP Pulse Width 55 55 ns 8-4
tw(l) HIGH or LOW 55 5.5
Extended AC Electrical Characteristics
74BCT 74BCT 74BCT
Ta = Com Ta = Com Ta = Com
Vee = Com Vece = Com Vegec = Com
CL = 50 pF Cp = 250 pF CL = 250 pF . Fig.
Symbol Parameter 8 Outputs 1 Output 8 Outputs Units | no.
Switching Switching Switching
(Note 1) (Note 2) (Notes 1,2)
Min Max Min Max Min Max
tPLH Propagation Delay 4.0 10 6.0 12.0 7.0 15.0 ns 8-3
tPHL Clock to Output 4.0 9.5 5.0 9.5 6.0 12.0

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-

to-low, etc.).

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Capacitance
Symbol Parameter Typ | Units | Conditions
CiN Input Capacitance 6.0 pF | Vcc = 5.0V
Cout Output Pin Capacitance | 10.0 pF | Voo = 5.0V
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Octal Transceiver/Register with TRI-STATE® Outputs

General Description

This device consists of bus transceiver circuits with TRI-
STATE, D-type flip-flops, and control circuitry arranged for
multiplexed transmission of data directly from the input bus
or from the internal registers. Data on the A or B bus will be
clocked into the registers as the appropriate clock pin goes
to a high logic level. Control G and direction pins are provid-
ed to control the transceiver function. In the transceiver
mode, data present at the high impedance port may be
stored in either the A or the B register or in both. The select
controls can multiplex stored and real-time (transparent
mode) data. The direction control determines which bus will
receive data when the enable control G is Active LOW. In
the isolation mode (control G HIGH), A data may be stored
in the B register and/or B data may be stored in the A regis-
ter.

Features

m Independent registers for A and B buses

m Multiplexed real-time and stored data

8 Low ¢z through BiCMOS techniques

m TRI-STATE outputs drive bus lines

m Output sink capability of 64 mA, source capability of
15 mA

m Guaranteed multiple output switching specifications

B Guaranteed 4000V minimum ESD protection

m Guaranteed 500 mA minimum latchup protection

# Nondestructive hot insertion capability

® High impedance in power down (Izz and V|p)

Ordering Code: see section 11
Logic Symbols _
Lt tld

CPABAO A Ay Ay _Al As Ag Ay
SAB

TL/F/10949-1

IEEE/IEC
G —bG3
nm—t—: 3EN1 (BA)
3EN2 (AB)
CPBA =meeeeeee > C 4
SBA 65
CPAB =mee——1>C6
SAB emm—107
L z1 Js 4D}-9-49->-,
e e M4 0
6D 7] =t
o 3 ¥

ddd

e
B

TL/F/10949-2

|
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Connection Diagram

Pin Assignment

for DIP and SOIC
U/ Pin Names Description
crPAB—{ 1 24f—Vee
sae—l 2 23}—crea Aq—Ay Data Register A Inputs/TRI-STATE Outputs
or— 3 22l Bo-B7 Data Register B Inputs/TRI-STATE Outputs
- CPAB, CPBA Clock Pulse Inputs
e 21—6 SAB, SBA Select Inputs
[ E 2018, ‘G Output Enable Input -
Ay—16 19f—8, DIR Direction Control Input
As—7 18—B,
A8 17f8s
As—1 9 16}-8,
A;—f 10 15}—B5
A= 11 148
GND—] 12 138,
TL/F/10949-3
Function Table
_ Inputs Data I/0* Function
G DIR CPAB CPBA SAB SBA Ag-A7 | ‘Bo-By
H X { HorlL HorlL X X Isolation
. H X e X - X X Input Input Clock Ap, Data into A Register
H X X e X X Clock By, Data into B Register
L H X X L X Ap, to Bp—Real Time (Transparent Mode)
L H e X L X Input Output Clock A, Data into A Register
L H HorL X H X . A Register to B, (Stored Mode)
L H e X H X Clock A, Data into A Register and Output to B,
L L X X X L Bp to Ay,—Real Time (Transparent Mode) -
L L X e X L Output Input Clock By, Data into B Register
L L X HorbL X H B Register to A, (Stored Mode)
L L X ~ X H Clock B, Data into B Register and Output to A,

*The data output functions may be enabled or disabled by various signals at the G and DIR Inputs. Data input functions are always enabled; i.e., data at the bus
pins will be stored on every LOW-to-HIGH transition of the clock inputs.
H = HIGH Voltage Level
L = LOW Voltage Leve!
X = Irrelevant

—/~ = LOW-to-HIGH Transition
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Logic Diagram
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70 7 OTHER CHANNELS
TL/F/10949-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (ote 1)
If Military/Aerospace specified devices are required,

Voltage Applied to any Output

please contact the National Semiconductor Sales in the Disable or Power-Off State —-0.5Vto +5.5V
Office/Distributors for avallability and specifications. in the HIGH State i —0.5VtoVcee
Storage Temperature —65°Cto +150°C Current Applied to Output
- Ambient Temperature under Bias —55°Cto +125°C . inLOW State (Max) twice the rated lo (MA)
Junction Temperature under Bias ESD Last Passing Voltage (Min) 4000V
Plastic —55°Cto +150°C DC Latchup Source Current 500 mA
Vg Pin Potential to . Over Voltage Latchup Vge + 4.5V
Ground Pin —-0.5Vto +7.0v .
input Voltage (Note 2) —0.5Vto +7.0V Recommended Operating
Input Current (Note 2) —30mAto +5.0mA Conditions
Note 1: Absolute maximum ratings are values beyond which the device may Freé Air Ambient Ten"lperature
be damaged or have its useful life impaired. Functional operation under e . °C to +70°C
these conditions is not implied. : . Commercial i 0°Cto +70
Note 2: Either voltage limit or current limit is sufficient to protect inputs. Supply Voltage
Commercial +4.5Vto +5.5V
DC Electrical Characteristics
Symbol Parameter 74BCT Units Vee Conditions
Min Typ ‘Max
VIH Input HIGH Voltage 2.0 \" Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 V. Min in = —18 mA (Non |/0 Pins)
VoH Output HIGH Voltage 2.4 v Min loH = —3mA
2.0 loH = —15mA
VoL Output LOW Voltage 0.55 \ Min lor = 64 mA
I Input HIGH Current 5.0 pA Max ViN = 2.7V (Non I/0 Pins)
Igv| Input HIGH Current VIN = 7.0V (Non I/0 Pins)
Breakdown Test 70 A Max )
lsviT Input HIGH Current ; . ViN = 5.5V (Ap, Bp)
Breakdown (I/0) 0.5 mA | Max
Icex Output HIGH 3 Vout = Vco
Leakage Current 50 RA Max
Vip Input Leakage Iip=19pA
Test 478 v 0.0 All Other Pins Grounded
i Input LOW Current —250 nA Max VIN = 0.5V (Non I/0 Pins)
IIH + lozn Output Leakage Current 70 nA Max Vout = 2.7V (An, Bp)
i + lozL Output Leakage Current —225 pA Max Vour = 0.5V (An, Bp) -
los Output Short-Circuit Current —100 —225 | . mA Max Vout = 0V
Izz Bus Drainage Test ) 100 rA 0.0v Vout = 5.25V
lccH Power Supply Current 15 22 mA Max Vo = HIGH
lccL Power Supply Current 40 49 mA Max Vo = LOW
lccz Power Supply Current 16 22 mA Max Vo = HIGHZ
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AC Electrical Characteristics: see section 8 for Waveforms and Load Contigurations

74BCT 74BCT
Tp = +25°C Ta = Com Fi
Symbol Parameter Vee = +5.0V Vee = Com Units Ng.
. CL = 50 pF CL = 50 pF )
Min Typ Max Min Max
fmax Maximum Clock Frequency - 83 165 83 MHz 8-1
tpLH Propagation Delay 2.8 5.9 8.8 2.8 9.9 ns 8-3
tPHL Clock to Bus 2.8 5.9 8.8 2.8 9.9
tPLH Propagation Delay 24 4.6 75 2.4 8.9 ns 8-3
tPHL Bus to Bus 24 5.8 9.2 2.4 9.8
tpLH Propagation Delay 3.0 6.6 11.0 3.0 1.3 ns 8-3
tPHL SBAorSABtoAorB 3.0 6.6 11.0 3.0 11.3
tpzH Enable Time 4.0 8.0 12.9 4.0 13.2 ns 8-5
tpzL GtoAorB 4.6 8.8 13.9 46 14.4
tPHz Disable Time 2.0 4.0 8.8 2.0 8.8 ns 8-5
tpLz GtoAorB 2.0 5.0 8.8 2.0 8.8
tpzH Enable Time 4.0 8.0 14.4 4.0 14.4 ns 8-5
tpzL DIRtoAorB 4.0 9.0 14.4 4.0 14.4
tPHZ Disable Time 2.0 5.0 11.1 2.0 11.1 ns 8-5
tpLz DIRtoAorB 2.0 6.0 11.1 20 11.1
AC Operating Requirements: see Section 8 for Waveforms
74BCT 74BCT
Ta = +25°C _ Fig.
Symbol . Parameter Vee = +5.0V Ta, Vecc = Com Units No.
Min Max Max Min
ts(H) Setup Time, HIGH or LOW 5.0 5.0 ns 8-6
ts(L) Bus to Clock 5.0 5.0
ty(H) Hold Time, HIGH or LOW 1.0 1.0 ns 8-6
th(L) Bus to Clock 1.0 1.0
tw(H) Clock Pulse Width 5.0 5.0 ns 8-4
tw(l) HIGH or LOW 5.0 5.0
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Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

74BCT 74BCT 74BCT
Ta = Com Ta = Com Ta = Com
Vec = Com Vec = Com Vee = Com
CL = 50 pF CL = 250 pF CL = 250 pF Fig.
Symbol Parameter 8 Outputs 1 Output 8 Outputs Units No.
Switching - Switching Switching
(Note 1) (Note 2) (Notes 1, 2)
Min Max Min Max Min Max
tPLH Propagation Delay 35 . 105 . 4.0 12.0 4.0 156 ns 8-5
tPHL Clock to Bus 3.5 10.5 4.0 12.0 4.0 15.6 -
tPLH Propagation Delay 3.5 - 105 4.0 . 11.0 4.0 15.0 ns 8-5
tPHL Bus to Bus 3.5 10.5 4.0 11.0 4.0 15.0
tPLH Propagation Delay 35 12.5 4.0 14.2 4.0 18.1 ns - 8-5
tPHL SBAor SABto A orB 3.5 12.5 4.0 14.2 4.0 18.1

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phass (i.e., all low-to-high, high-

to-low, etc.).

Note 2: These spacifications guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors
in the standard AC load. This specification pertains to single output switching only.
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Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Pin Capacitance 6.2 F Ve = 5.0V
. P (Contro! Inputs)
Ci/o Input/Output Pin Capacitance Ve = 5.0V
12.8 pF ,
(An, Bn)
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74BCT652

Octal Transceiver/Register with TRI-STATE® Outputs

‘General Description

This device consists of a bus transceiver circuit with D-type
flip-flops, and control circuitry arranged for multiplexed
transmission-of data directly from the input bus or from inter-
nal registers. Data on the A or B bus will be clocked into the
registers as the appropriate clock pin goes to HIGH logic
level. Output Enable pins (OEAB, OEBA) are provided to
control the transceiver function.

Features

=’ Independent registers for A and B buses

m Multiplexed real-time and stored data

a Low Igcz through BiCMOS techniques

m Guaranteed multiple output switching specifications
m Guaranteed 4000V minimum ESD protection

=B Guaranteed latchup protection

® Nondestructive hot insertion capability

® High impedance in power down (Izz and V|p)

u TRI-STATE® outputs drive bus lines

Ordering Code: sco Section 11
Logic Symbols

IEEE/IEC

OEBA EN1(BA)
OEAB i EN2 (AB)
CPBA DG4

SBA 65

CPAB =———-——D G6
SAB w————mv 67

g gy
hy 4] g5,
A4 el
I @ as B,
is 4] e
%4 el
b 4] >

TL/F/10950-1

Fle>

$14t¢88ts
:o Ay As Ag

Ay A A
—cra

AB OEAB|—
—]crea 0EBA JO—
—sBA

B B By By By B B B

SRR

TL/F/10950-3

Connection Diagram

Pin Assignment

DIP and SOIC
/
cpaB—{1 241=Vee
sAB—]2 23}—CPBA
0EAB—]3 22f—s8A
A—{4 21=0EBA
n=15 20}~8,
v [ 195,
Ay—{7 181~8,
A~ 17|y
As—4o 16]—8,
a—10 1585
o 145—5
oND—{12 1318,

TL/F/10950-2
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Pin Names Description
Ao-A7,Bo-B7 A and B Inputs/
. TRI-STATE® Outputs
CPAB, CPBA ) Clock Inputs
SAB, SBA Select Inputs

OEAB, OEBA Output Enable Inputs

Logic Diagram

o:BA4<D—

OEAB [::;

CPBA

v ou p g kg

™ "1 OF 8 CHANNELS

" L
1 1
1 1
1 1
] <«—0|C, ]
<
1 1
1 1
1 1
1 °< I_. !
PYVEEN | )
AT 14— 80
! Do < H
1 - 1
1 qp '
] 1
1 1
1 1
1 ] 1
1 1
L B S TR SR e Y T N B L -fa
vy \AAA4 L\ A4

.

0 7 OTHER CHANNELS

TL/F/10950-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propqgaﬁon delays.

Functional Description

In the transceiver mode, data present at the HIGH imped-
ance port may be stored in either the A or B register or both.
The select (SAB, SBA) controls can multiplex stored and
real-time.

The examples in Figure 1 demonstrate the four fundamental
bus-management functions that can be performed with this
device. .

Data on the A or B data bus, or both can be stored in the
internal D flip-flop by LOW to HIGH transitions at the appro-

priate Clock Inputs (CPAB, CPBA) regardless of the Select
or Output Enable Inputs. When SAB and SBA are in the real
time transfer mode, it is also possible to store data without
using the internal D flip-flops by simultaneously enabling
OEAB and OEBA. In this configuration each Output reinforc-
es its Input. Thus when all other data sources to the two

- sets of bus lines are in a HIGH impedance state, each set of

bus lines will remain at its last state.
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Note A: Real-Time Note B: Real-Time
Transfer Bus B to Bus A Transfer Bus Ato Bus B
T T pummmy -
1] i ]
1 " ]
) i L]
1 i L}
- @ - 1 111 1 o
2 2 2 T T 2
2N a ar HH H4d B
) i 1
] o 1
o
bumewillcaaas
—_— —_——

. TL/F/10950-6
OEAB DOEBA CPAB CPBA SAB SBA

TL/F/10950-7

Note C: Storage

[y g ———

BUS A

BUS B

—————
TL/F/10950-8

OEAB OUEBA CPAB CPBA SAB SBA

BUS A

Note D: Transfer Storage
DatatoAorB

1
BUS B

—
TL/F/10950~9

OEAB DOEBA CPAB CPBA SAB SBA X H a X X X OEAB OEBA CPAB CPBA SAB SBA
L L X X X L H H X X Lox L X X -~ X X H L Horl Horl ‘H X
L H e e X X
FIGURE 1
Inputs Inputs/Outputs (Note 1) Operating Mode
OEAB OEBA CPAB CPBA SAB SBA Ag thru Ay Bg thru B
L H HorlL Horl X X Isolation
Input Input
L H e e X X Store A and B Data
X H e HorlL X X Input Not Specified Store A, Hold B
H H e e X X Input Output - Store A in Both Registers
L X HorlL e X X Not Specified ‘Input Hold A, Store B
L L e e X X Output Input Store B in Both Registers
L L X X X L Real-Time B Data to A Bus
Output Input
L L X HorlL X H Store B Data to A Bus
H H X X L X Real-Time A Data to B Bus
Input Output
H H HorL X H X Stored A Data to B Bus
Stored A Data to B Bus and
H L Horl Horl H H Output Output Stored B Data to A Bus

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

—/~'= LOW to HIGH Clock Transition

Note 1: The data output functions may be enabled or disabled by various signals at OEAB or OEBA inputs. Data input functions are always enabled, i.e., data at the
bus pins will be stored on every LOW to HIGH transition on the clock inputs.
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature
Ambient Temperature under Bias

Junction Temperature under Bias

Plastic

—65°Cto +150°C
—55°Cto +125°C

—55°Cto +150°C

Vce Pin Potential to

Ground Pin

Input Voltage (Note 2)

Input Current (Note 2)

—0.5Vto +7.0V
—0.5Vto +7.0V
—30mAto +5.0mA

Note 1: Absolute maximum ratings are values beyond which the device may
be damiaged or have its useful life impaired. Functional operation under

Voltage Applied to Any Output

in the Disable or Power-Off State

in the HIGH State

Current Applied to Output
in LOW State (Max)

ESD Last Passing Voltage (Min)
DC Latchup Source Current

Over Voltage Latchup

—-0.5Vto +5.5V
—0.5Vto Vee

twice the rated lg|_ (mA)
4000V

500 mA

Ve + 4.5V

Recommended Operating

Conditions

Free Air Ambient Temperature

these conditions is not implied. Commercial 0°Cto +70°C
Note 2: Either voltage limit or current limit is sufficient to protect inputs. Supply Voltage

Commercial +4.5Vto +5.5V
DC Electrical Characteristics

Symbol Parameter 74BCT Units Vee Conditions
Min Typ Max
ViH4 Input HIGH Voltage 2.0 Vv Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \) Recognized as a LOW Signal
Vebp Input Clamp Diode Voltage -1.2 v Min Iin = —18 mA (Non I/0 Pins)
VoH Output HIGH Voltage 2.4 v Min lon= —3mA
2.0 lon = —15mA
VoL Output LOW Voltage 0.55 \ Min loL = 64 mA
I Input HIGH Current 5.0 RA Max Vin = 2.7V (Non I/0 Pins)
IBvi IBan;uatk:ﬁ’i: ?:;rtem 7.0 RA Max VN = 7.0V (Non I/0 Pins)
BT | reskdown /0y 00 | pa | max | YNTOSVERED
fcex Output HIGH 50 LA Max Vout = Vcc (An, Bp)
Leakage Current

e vt Leakage Test 475 v 0.0 il\rljl (;tr:t;,? Igl:s Grounded
i Input LOW Current —250 pA Max VN = 0.5V (Non I/0 Pins)
v + lozn Output Leakage Current 70 nA Max Vout = 2.7V (An, Bp)
i + lozL Output Leakage Current —225 nA Max Vout = 0.5V (Ap, Bp)
los Output Short-Circuit Current —100 —225 mA Max Vour = 0V
Izz Bus Drainage Test 100 RA 0.0V Vout = 5.25V (An, Bp)
lccH Power Supply Current 156 22 mA Max Vo = HIGH
lccL Power Supply Current 40 49 mA Max Vo = LOW
lecz Power Supply Current 15 22 mA Max | Vo=HIGHZ
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AC Electrical Characteristics: see Section 8 for Waveforms and Configurations

74BCT 74BCT
. Ta = +25°C _ ‘
Symbol Parameter Veg = +5.0V - TAéch 50 C: m Units I':lg
CL = 50 pF L =30p -
Min Typ Max Min Max
frnax Max. Clock Frequency 90 172 90 MHz ' 8-1
tpLH Propagation Delay 2.8 5.9 8.8 2.8 9.9 ns a_3
tPHL Clock to Bus 28 5.1 8.8 28 9.9
tpLH Propagation Delay 1.7 4.6 75 1.7 8.9 ns 8-3
tPHL Bus to Bus 24 5.8 9.2 2.4 9.8
:::': gg:i‘g?g:‘ Delay 3.0 7.0 11.0 3.0 11.3 s 63
. SABto B 24 6.6 11.0 2.4 113
tpzH Enable Time 25 . 55 8.9 25 10.6
tpzL *OEBAto A 3.2 6.3 10.1 3.2 10.6
teHz Disable Time 1.8 5.4 8.6 1.8 9.5 ns 8-5
tprz *OEBAto A 24 5.4 8.6 24 9.5
tpzH Enable Time 1.5 4.6 71 1.5 8.1
tpzL OEABto B 2.3 5.2 8.1 2.3 8.1
tpHz Disable Time . 22 5.2 9.1 2.2 9.1 ns 8-5
tpLz OEABto B 22 5.2 8.0 2.2 8.0
AC Operating Requirements: seo section 8 for Waveforms
) 74BCT 74BCT
. Ta = +25°C : _ Fig.
Symbol Parameter Vee = +5.0V Ta, Vec = Com Units No.
Min Max Min Max
ts(H) Setup Time, HIGH or . 5.0 5.0 ns 8-6
ts(L) LOW, Bus to Clock 5.0 5.0
th(H) Hold Time, HIGH or 1.0 1.0 ns 8-6 :
th(L) LOW, Bus to Clock 1.0 1.0
tw(H) Clock Pulse Width 5.0 5.0 ns 8-4
tw(l) HIGH or LOW 5.0 5.0
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Extended AC Electrical Characteristics

74BCT 74BCT 74BCT
Ta = Com Ta = Com Ta = Com
Ve = Com Vge = Com Vce = Com
Symbol Parameter CL = 50 pF C = 250 pF CL = 250 pF Units
8 Outputs 1 Output 8 Outputs
Switching Switching Switching
(Note 1) (Note 2) (Notes 1, 2)
Min Max Min Max Min Max
tPLH Propagation Delay 2.8 10.5 3.0 : 12.0 4.0 15.6 ns
tPHL Clock to Bus 28 10.5 3.0 12.0 4.0 15.6
tPLH Propagation Delay 2.0 9.5 25 109 4.0 15.0 ns
tPHL Bus to Bus 3.0 11.0 3.0 115 4.0 16.0
tPLH Propagation Delay
tPHL SBAtoAor 3.0 12.5 3.0 14.2 4.0 18.1 ns
SABtoB 3.0 12.5 3.0 14.2 4.0 18.1

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.s., all low-to-high, high-

to-low, etc.).

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitor the
standard AC load. This specification pertains to single output switching only.

Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Pin Capacitance 6.0 F Vge = 5.0V
! P (Control Inputs)
Ciyo Input/Output Pin Capacitance 125 pF Vce = 5.0V
(An‘ Bn)
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74BCT2952 »
8-Bit Registered Transceiver

General Description

The *BCT2952 is an 8-bit registered transceiver. Two 8-bit
back to back registers store data flowing in both directions
between two bidirectional buses. Separate clock, clock en-
able and TRI-STATE® output enable signals are provided
for each register. The output pins are guaranteed to sink
64 mA. .

Features

m Separate clock, clock enable and TRI-STATE output
enable provided for each register

| Low Iccz through BICMOS techniques

m Guaranteed multiple output switching specifications

m Guaranteed 4000V minimum ESD protection

B Guaranteed latchup protection

m Nondestructive hot insertion capability

| High impedance in power down (Izz and V|p)

Ordering Code: seo Section 11

Logic Symbols
I I I I
Ao M Ry Ay Ay A5 Ag By
—QOfoe8
—OfoEa
—cra
—]crs
—Qjces
—OjceA
B B B B B, B B &
rrrirrrni
TL/F/10947-1
IEEE/IEC
CEA EN1
CEB EN2
OFA EN3
OB EN4
CPA=—D>C5
CPB~——>C6
Ao ==V 1,35 2,4,6V}—PB,
A > mmand:]
Ay ¢—>— —4—> 8,
Ay 4> ——> 5,
A4‘—’_‘ "'"_’34
As —p— [=—4—>B;
Ag 4—>— —4—>B;
Ay 4= ——>5,

TL/F/10947-2

IEEE/IEC
OF, EN
lo = b VI
ly ot =0
Iz = 0,
I3 =1 —03
ﬁz EN
Iy — > Vo
I, —— e O
lg =1 —0s
Iy == —,

TL/F/10947-3
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Connection Diagram

Pin Assignment

for DIP and SOIC
./
B, =11 24=Vec
Bs— 2 23}-4,
Bs—13 22|~Ag
By—14 21f—Ag
Bs~{5 20=4,
B,~16 194y
8—7 18}—4,
By~—18 174
OEB—{ 9 164,
cPa~] 10 15}~0Ek
CEA— 11 14}—crB
GND={12 13}~CEB
TL/F/10947-4
Pin Names Description
Ap-A7 A-Register Inputs/B-Register TRI-STATE Outputs
Bo-B7 B Register Inputs/A-Register TRI-STATE Outputs
OEA Output Enable A-Register
CPA A-Register Clock
CEA A-Register Clock Enable
OEB - Output Enable B-Register
CPB B-Register Clock
CEB B-Register Clock Enable
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" Block Diagram

Cl
Cl

PA

CEA

3]

CE CP
A ) % By
5 by 4 &
A D, 9 B2
Ag Dy % B
Register A
A D, Q B,
As o o &
A 05 % Bg
Ay L] % L
% Do
9 oy
9, 0y
0 Dy
Register B
Q Dy
% D5
L Dg
0,
CE_CP
Ty o>
cPB
CEB
. TL/F/10947-6
Output Control Register Function Table (Applies to A or B Register)
OE Intgnal Y-Output Function Inputs Intznal Function
D CcP CE
H X Disable Outputs X X H NC Hold Data
L L L Enable Outputs L e L L Load Data
L H H H e L H

H = HIGH Voltage Level
L = LOW Voltage Level

X = Immaterial

Z = HIGH Impedance

—/~ = LOW-to-HIGH Transition

NC = No Change
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Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C

Voltage Applied to Output
in the Disable or Power-Off State
in the HIGH State

Current Applied to Output
in LOW State (Max)

-0.5Vto +5.5V
—0.5VtoVge

twice the rated Ig|_ (mA)

Junction Temperature under Bias ESD Last Passing Voltage (Min) 4000V
Plastic —55°Cto +150°C DC Latchup Source Current 500 mA
Ve Pin Potential to Over Voltage Latchup Vee + 4.5V
Ground Pin —0.5Vto +7.0V .
Input Voltage (Note 2) —0.5Vto +7.0V Recommended Operating
Input Current (Note 2) ~30mAto +50mA Conditions
Note 1: Absolute maximum ratings are values beyond which the device may Eree Air Ambient Temperature
be damaged or have its useful life impaired. Functional operation under il 0°C 0°C
these conditions is not implied. Commercial . to +7 g
Note 2: Either voltage limit or current limit is sufficient to protect inputs. Supply Voltage
Commercial +4.5Vto +5.5V
DC Electrical Characteristics
Symbol Parameter 74BCT Units | Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage —1.2 \ Min | Iy = —18 mA (Non|/0 Pins)
VoH Output HIGH Voltage 2.4 v Min loH = —3mA
2.0 loy = —15mA
VoL Output LOW Voltage 0.55 \' Min | loL = 64 mA
lIH Input HIGH Current 5.0 pA Max | Viy = 2.7V (Non-1/0O Pins)
Isvi Input HIGH Current Vin = 7.0V (Non-1/0 Pins)
Breakdown Test 70 KA Max .
IviT Input HIGH Current VIN = 5.5V (A, Bp)
Breakdown Test (1/0) 100 ] pA | Max
it Input LOW Current —250 mA Max | Vin = 0.5V (Non-1/0 Pins)
los Qutput Short-Circuit Current —100 —225 mA Max | Vour = 0V
iy + lozy | Output Leakage Current 70 pA Max | Vout = 2.7V (Ap, Bn)
i + lozL | Output Leakage Current —225 pA Max | Vourt = 0.5V (An, Bp)
IcEX Output HIGH Leakage Current 50 HA Max | Vour = Vcc (An, Bp)
Vip Input Leakage Test 4.75 \ 00 | Ip=19pA .
All other Pins Grounded
Izz Bus Drainage Test 100 pA 0.0V | Vour = 5.25V (A, Bp)
lccH Power Supply Current 15 22 mA Max | Vo = HIGH
lccL Power Supply Current 40 49 mA Max | Vo= LOW
lccz Power Supply Current 15 22 mA Max | Vo = HIGHZ
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AC Electrical Characteristics: sece section 8 for waveforms and configurations

74BCT 74BCT
Ta = +25°C _
Symbol Parameter Voo = +5.0V TAéVc: o c: m Units :'g
CpL = 50 pF L=2s0p -
Min Typ Max Min Max
frax Maximum Clock Frequency 90 130 90 MHz 8-1
tpLH Propagation Delay 2.9 55 8.1 2.9 8.1 ns 8-3
tPHL CPA or CPB to A or By, 2.9 5.0 8.1 2.9 8.1
tpzH Output Enable Time 3.4 5.6 8.9 3.4 8.9 e a5
tpzL OEA or OEB to A or By 4.0 6.6 10.3 4.0 10.3
tpHZ Output Disable Time 21 4.4 7.4 2.1 7.4 ns a-5
tpLz OEA or OEB to A or B, 29 5.6 85 2.9 8.5
AC Operating Requirements: see Section 8 for waveforms and configurations
) 74BCT 74BCT
Ta = +25°C _ Fig.
Syrnbol ?arameter Vec = +5.0V Tas Voc = Com Units No.
Min Max Min Max
ts(H) -Setup Time, HIGH or LOW 5.5 55 ns 86
ts(L) A, or B to CPA or CPB 5.5 5.5 .
th(H) Hold Time, H_IGH or LOW 0.0 0.0 ns 8-6
ta(L) Ap or B, to CPA or CPB 0.0 0.0
ts(H) Setup Time, HIGH or LOW 7.7 7.7 ns 86
ts(L) CEA or CEB to CPA or CBP 7.7 7.7
th(H) Hold Time, HIGH or LOW 0.0 0.0 ns 8-6
th(L) CEA or CEB to CPA or CPB 0.0 0.0
tw(H) Pulse Width, HIGH or LOW 4.0 4.0 ns 84
tw(L) 4.0 4.0 ,

CPA or CPB
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Extended AC Electrical Characteristics

74BCT 74BCT 74BCT
Ta = Com Ta = Com Ta = Com
Ve = Com Vcc = Com Vcc = Com
CL = 50 pF CL = 250 pF CL = 250 pF Fig.
Symbol Parameter 8 Qutputs 1 Output 8 Outputs Units No.
Switching Switching Switching
(Note 1) (Note 2) (Notes 1, 2)
Min Max Min Max Min Max
tpLn - Propagation Delay 3.0 8.5 3.0 .10.5 4.0 14.0 ns 8-3
tpHL CPA or CPB to A, or By, 3.0 8.5 30 -10.5 40 14.0

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-’

to-low, etc.).

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacﬂors in’

the standard AC load. This spacification pertains to single output switching only.

Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Pin Capacitance 6.8 F Vce = 5.0V
! P (Control Inputs)’
Ci/o Input/QOutput Pin Capaqtance 13.0 PF Vce = 5.0V
(An, Bn)
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@National

Semiconductor
74BCT827B

10-Bit Buffer/Line Driver with TRI-STATE® Outputs

General Descrlptlon '

The 'BCT827B 10-bit buffer and line driver provides high
performance bus interface buffering for wide data/address
paths or buses carrying parity. This device is designed to be
employed as a memory and address driver, clock driver, or
bus-oriented transmitter/receiver.

The 'BCT827B is a functional and pin compatible replace-
ment for the Tl 'BCT298278B.

Features

& Non-inverting buffers

m TRI-STATE outputs drive bus Ilnes or buffer memory
address registers .

®» Low |ccz through BiCMOS techniques

B Guaranteed output skew

B Guaranteed multiple output switching specifications

B Guaranteed 4000V minimum ESD protection

m Guaranteed latchup protection

m Nondestructive hot insertion capability

m High impedance in power down (Izz and V|p)

Ordering COde: See Section 11

Connection Diagram

Logic Symbol
Pin Assignment
IEEE/IEC for DIP and SOIC
o0 I (3 ) ~ [~ Vec
OF, EN1 lo=12 23~ 0y
B 22f~0,
lg={4 21}~o0,
:; > v 2? [ 2005
T 5 =6 19}-0,
T o 157 18}—05
W | 0, s =18 17 =05
T % e E 16}-0,
T o 13— 10 1504
T o {11 14]~0,
o o GND =12 13]=0E,
W | 0 TL/F/10918-2
TL/F/10918-1
Truth Table
OE, In Op Pin Names Description
L H H OE,, OE, Output Enable Input (Active LOW)
L L L lo-17 Inputs
- H X z 0p-07 Outputs
H = HIGH Voltage Level X = Immaterial

L = LOW Voltage Level Z = High Impedance
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Logic Diagram

4 7YY 4
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TL/F/10918-4
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallabliity and specifications.

Storage Temperature —65°Gto +150°C
Ambient Temperature Under Bias —55°Cto +125°C
Junction Temperature Under Bias

Current Applied to Output

in LOW State (Max) Twice the Rated lo (mA)

ESD Last Passing Voltage (Min) 4000V
DC Latchup Source Current 500 mA
Over Voltage Latchup Vcg +4.5V

Note 1: Absolute maximum ratings are values beyond which the device may

Plastic —55°Cto +150°C be damaged or have its useful life impaired. Functional operation under
Vee Pin Potential to - ’ these conditions is not implied.
Cgroun d Pin —0.5Vto +7.0V ' Note 2: Either voltage limit or current limit is sufficient to protect inputs.
:"P“: ‘é°"agf (‘z°t‘° :)’ s "Ast"ﬁ 5»+o7-°x Recommended Operating
nput Current (Note —~30mAto +5.0m aas :
P . . Conditions
Voltage Applied to Any Output ) X -
in the Disable or Power-Oft State —0.5Vto +5.5V Free Air Ambient Temperature , |
in the High State —0.5V1to Ve Commercial 0°Cto +70°C
Supply Voltage
Commercial +4.5Vto +5.5V
DC Electrical Characteristics
74BCT
Symbol Parameter Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 20 v Recognized as a
: HIGH Signal
ViL Input LOW Voltage 0.8 v ) Recognized as a
: LOW Signal
Vep Input Clamp Diode Voltage -1.2 v Min IIN= —18mA
VoH Output HIGH Voltage 2.4 v Min loH = —3mA
2.0 loH = —24 mA
VoL Output LOW Voltage 0.55 \) Min loL = 64 mA
liH Input HIGH Current 5 pA Max ViN = 2.7V
VI Input HIGH Current ViN = 7.0V
Breakdown Test 7 KA Mex
e Input LOW Current ~200 pA Max Vin = 0.5V
los Output Short-Circuit Current —-100 —250 mA Max Vour = 0V
lozH Output Leakage Current 20 pA Max Vourt = 2.7V
lozL Output Leakage Current -20 pA Max Vour = 0.5V
lcex Output HIGH Leakage Current 50 pA Max Vout = Vee
Vip Input Leakage Test lp =19 pA
475 v 0.0 All Other Pins Grounded
1zz Bus Drainage Test 100 pA 0.0 Vout = 5.25V
lccH Power Supply Current 10.8 15 mA Max Vo = HIGH
leoL Power Supply Current 33.4 40 mA Max Vo = LOW
lecz Power Supply Current 4 6 mA Max Vo = HIGH Z
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AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = +25°C Ta = Com Fig
Symbol Parameter Vee = +5.0V Vcc = Com Units No.
CL = 50 pF CL = 50 pF :
Min Typ Max Min Max
tpLH Propagation Delay 1.0 2.7 5.3 1.0 5.5 ns 8-3
tPHL Data to Output 20 4.6 7.3 1.5 7.5
tpzH Output Enable Time 4.0 8.4 11.0 4.0 12.0 ns 8-5
tpzL ' 4.0 71 11.0 4.0 12.0
tpHz Output Disable Time 1.0 4.3 7.6 1.0 8.4 ns 8-5
tpLz 1.0 5.0 7.6 1.0 - 8.4
tosHL Pin to Pin Skew )
(Note 1) HL Data to Qutput 08 08 ns
tosLH Pin to Pin Skew
(Note 1) LH Data to Output 07 10 ns
tosT Pin to Pin Skew
(Note 1) LH/HL 4.0 6.0 ns
Data to Output '
tpy Device to Device
(Note 2) Skew LH/HL 4.0 5.0 ns
Data to Output :

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tosHy), LOW to HIGH (tosLn). or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT). This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vcc) from device to device. This specmcauon is guaranteed but not tested.

Extended AC Electrical Characteristics: ses sections for Waveforms and Load Configurations

74BCT 74BCT
Ta = Com
Vec = Com Ta = Com
CpL = 50 pF Vce = Com ’ Fig.
Symbol Parameter 8 Outputs CL = 250 pF Units No.
Switching (Note 2)
(Note 1)
Min Max Min Max
tPLH Propagation Delay 20 6.5 3.5 75 ns 8-3
tPHL Data to Output 4.0 9.5 45 195 - .

Note 1: This specification is guaranteed but not tested. The limits apply to propagauon delays for all paths described switching in phase (j.e., all low-to-high, high-

to-low, etc.)

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load.

Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Capacitance 6.0 pF - Vce = 5.0V
Cout Output Pin’ 15.0 Voo = 5.0V
N . pF :
Capacitance
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2827C

@National

Semiconductor
74BCT2827C

10-Bit Buffer/Line Driver with 25Q
Series Resistors in the Outputs

General Description

The 'BCT2827C 10-bit buffer and line driver provides high
performance bus interface buffering for wide data/address
paths or buses carrying parity. This device is designed to
drive the capacitive inputs of MOS memory drivers, address
drivers, clock drivers or bus-oriented transmitters/receivers.
The 250 series resistors in the outputs reduce ringing and
eliminate the need for external resistors.

Features

m 250 series resistors in outputs eliminate the need for
external resistors

| Non-inverting buffers

m TRI-STATE® outputs drive bus lines or buffer memory
address registers

| Low lccz through BiCMOS techniques

B Guaranteed output skew

m Guaranteed multiple output switching specifications

B Guaranteed 4000V minimum ESD protection

m Guaranteed latchup protection

B Nondestructive hot insertion capability

B High impedance in power down (Izz and V|p)

Ordering Code: sce section 11

Logic Symbol Connection Diagram
Pin Assignment
IEEE/IEC for DIP and SOIC
— — S
6 I oF, —{1 24 = Ve
EEA; EN1 =12 23| 0,
L =13 220,
b % I =14 21 =0,
T > 1V o =15 20 |= 05
T .E Iy =16 1910,
-l;_ -0-; s =47 181—05
T T4 lg—18 17~ 0
ls— —0—5- |7 -t 9 16 p=— 07
o e =410 15p=0
0, 8 8
::+ -3:- g =411 14}-0,
. o GND =412 13 =0,
_19_ & TL/F/10916-2
TL/F/10916-1
Truth Table
OE, In Op Pin Names Description
L H H OE;, OE, Output Enable Input (Active LOW)
L L L lo-17 Inputs
H X z 0p-07 Outputs

H = HIGH Voltage Level
X = Immaterial

L = LOW Voltage Level
Z = High Impedance
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Logic Diagram

Dg Dg

/

/

'Do

Og 0y

05 04 03 0, o
Schematic of Each Output
Vee '
Output
GND TL/F/10916-5

TL/F/10916-4
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallabllity and specifications.

Storage Temperature —65°C to +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias

Current Applied to Output

In LOW State (Max) Twice the Rated lgp. (MA)
ESD Last Passing Voltage (Min) 4000V
DC Latchup Source Current 500.mA
Over Voltage Latchup Vece +4.5V

Note 1: Absolute maximum ratings are values beyond which the device may

Plastic —55°Cto +150°C be damaged or have its useful life impaired. Functional operation under
Ve Pin Potential to these conditions is not implied. )
Cgr ound Pin —05Vto +7.0V Note 2: Either voltage limit or current limit is sufficient to protect inputs.
:“P“: ‘é°"ag‘: (‘:;‘°t‘e 22)) 30“;-\5“’ ‘: 5‘“07-°X Recommended Operating
nput Current (Note —30mAto +50m ™"
Voltage Applied to Any Output Con§|thns
in the Disable or Power-Off State —0.5Vto +5.5V Free Air Ambient Temperature : )
in the High State —~0.5Vto Vee Commercial 0°Cto +70°C
' Supply Voltage
Commercial +4.5Vto +5.5V
DC Electrical Characteristics
74BCT
Symbol Parameter Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 20 v Recognized as a
: HIGH Signal
ViL Input LOW Voltage 0.8 v Recognized as a
’ LOW Signal
Vep Input Clamp Diode Voltage -1.2 \" Min i = —18mA
VoH Output HIGH Voltage 2.4 v Min lon= —3mA
2.0 loH = —15mA
VoL Output LOW Voltage 0.5 v Min loL=3mA
0.8 loL = 15mA
IH Input HIGH Current 5 MA Max ViN =27V
Isvi Input HIGH Current VN = 7.0V
Breakdown Test 7 KA Max
M Input LOW Current -200 pA Max VN = 0.5V
los Output Short-Circuit Current —100 —225 mA Max Vout = 0V
lozH Output Leakage Current 20 HA Max Vout = 2.7V
lozL Output Leakage Current —-20 pA - Max Vout = 0.5V
leex Output HIGH Leakage Current 50 pA Max Vout = Vco
Vip Input Leakage Test ip=19pA
4.75 \ 0.0 All Other Pins
Grounded
Izz Bus Drainage Test 100 pA 0.0 Vour = 5.25V
lccH Power Supply Current 10.8 15 mA - Max Vo = HIGH
IcoL Power Supply Current 33 40 mA Max | Vo= LOW
lccz Power Supply Current 6 mA Max Vo = HIGH Z




AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

74BCT 74BCT
Tp = +25°C Ta = Com Fi
Symbol Parameter Vce = +5.0V Vee = Com Units Ng‘
CL = 50 pF CL = 50 pF ’

Min Typ Max Min Max
tpLH Propagation Delay 0.9 2.7 5.2 0.9 6.0 ns 8.3
tPHL Data to Output 2.0 5.2 7.2 2.0 7.8
tpzH Output Enable Time 4.0 7.6 11.0 4.0 11.5 ns 8.5
tpzL 5.0 7.8 11.0 5.0 11.5
tPHZ Output Disable Time 2.0 4.3 8.5 2.0 10.0 ns 85
tpLz 2.0 6.1. 8.5 2.0 10.0

" tosHL Pin to Pin Skew :
(Note 1) HL Data to Output 0.5 0.6 ns
tosLH Pin to Pin Skew
(Note 1) LH Data to Output 0.5 0.6 ns
tosT Pin to Pin Skew
(Note 1) LH/HL 5.0 5.0 ns
Data to Output
tpv Device to Device
(Note 2) Skew LH/HL 5.0 5.0 ns
Data to Output

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same devics. The
specification applies to any outputs switching HIGH to LOW (tognp), LOW to HIGH (tog H), or any combination switching LOW to HIGH and/or HIGH to LOW

(tosT). This specification is guaranteed but not tested.

Note 2: Propagation delay variation for a given set of conditions (l.e., temperature and Vcc) from device to device. This specification is guaranteed but not tested.

Extended AC Electrical Characteristics: sce section 8 for Waveforms and Load Configurations

74BCT 74BCT
Ta = Com
Vce = Com Ta = Com
CL = 50 pF : Vee = Com Fig.
Symbol Parameter 8 Outputs CL = 250 pF Units No.
Switching (Note 2)
{Note 1)
Min Max Min Max
tPLH Propagation Delay 1.5 7.0 3.0 7.0 ns 8.3
tPHL Data to Output 4.5 10.0 6.0 11.5

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-

to-low, etc.)

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in

the standard AC load.

Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Capacitance 6.0 pF Vee = 5.0V
Cout Output Pin 15.0 Vee = 5.0V
Capacitance PF
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2828A

ﬂNational

Semiconductor
74BCT2828A

10-Bit Buffer/Line Driver with 25Q
Series Resistors in the Outputs

General Description

The 'BCT2828A 10-bit buffer and line driver provides high
performance bus interface buffering for wide data/address
paths or buses carrying parity. This device is designed to
drive the capacitive inputs of MOS memory drivers, address
drivers, clock drivers or bus-oriented transmitters/receivers.
The 25 series resistors in the outputs reduce ringing and
eliminate the need for external resistors.

Features

m 250 series resistors in outputs eliminate the need for
external resistors

| Inverting buffers

m TRI-STATE® outputs drive bus lines or buffer memory
address registers )

# Low Iccz through BiCMOS techniques

® Guaranteed output skew

| Guaranteed multiple output switching specifications

® Guaranteed 4000V minimum ESD protection

W Guaranteed latchup protection

® Nondestructive hot insertion capability

m High impedance in power down (Izz and V|p)

Ordering Code: sco section 11

Logic Symbol Connection Diagram
Pin Assigrment
IEEE/IEC for DIP and SOIC
— — ./
BT = 0E; —4 1 24 1= Vee
3E, EN1 =2 23 =0,
= Yy =13 22 =0,
- 1, =44 21 =0
I 2 v %
> W B 20}-5,
"— K I,=—46 190,
2 02 -
l_ e lg=—7 18 =05
3 03 -
e e ls =18 17=0s
4 04 -
'I——' fome h=—19 16=0;
5 05 -
—_ — Ig=]10 15 =04
s 05 _
_l7— ?.7 lg =111 1410
— e GND =412 130,
LN [ % :
5 [0 TL/F/10917-2
TL/F/10917-1
Truth Table
OE, In On Pin Names Description
L H L OE,, OE> Output Enable Input (Active LOW)
L L H lo-l7 Inputs
H X zZ 0p-07 Outputs

H = HIGH Voltage Level
X = Immaterial

L = LOW Voltage Level
Z = High Impedance
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Logic Diagram
) Dy o Dg

7 VY

7]

S
&!
K
&

% o % 9 o %

Schematic of Each Output
Vee
Output
GND

TL/F/10817-4

TL/F/10917-5
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2828A

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability a:nd specifications.
Storage Temperature © —65°Cto +150°C
Ambient Temperature under Bias —55°Cto +125°C
Junction Temperature under Bias ) :
~55°Cto +150°C

Plastic
Ve Pin Potential to o

Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) -0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA

Voltage -Applied to Any Output

Current Applied to Output :
Twice the Rated Ior (mA)

In LOW State (Max)
- ESD Last Passing Voltage (Min) 4000V
DC Latchup Source Current 500 mA
Over Voltage Latchup Veg +4.5V

Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired.- Functional operation under
these conditions is not implied.

. Note 2: Either voltage limit or current limit is sufficient to protect inputs.

'Recommended Operating
‘Conditions

in the Disable or Power-Off State —0.5Vto +5.5V Free Air Ambient Temperature
in the High State —0.5Vto Ve Commercial "0°Cto +70°C
Supply Voltage '
Commercial +4.5Vto +5.5V
DC Electrical Characteristics
54BCT/74BCT
Symbol Parameter Units Vee Conditions
Min Typ - Max
ViH Input HIGH Voltage 20 ' v Recognized as a
: HIGH Signal
ViL Input LOW Voltage 08 v Recognized as a
’ LOW Signal
Vep Input Clamp Diode Voltage -1.2 \" Min In= —18mA
VoH Output HIGH Voltage 24 v Min loy = —3mA
2.0 loy = —15mA
VoL Output LOW Voltage 0.5 v Min loL=3mA
0.8 loL = 15 mA
IIH Input HIGH Current 5 nA Max ViN = 2.7V
IBvI Input HIGH Current ViN = 7.0V
Breakdown Test 7 A Max
I Input LOW Current —200 pA Max ViN = 0.5V
los Output Short-Circuit Current —100 —225 mA Max Vout = 0V
lozH Output Leakage Current 20 LA Max Vout = 2.7V
lozL Output Leakage Current —20 ' pA Max Vout = 0.5V
loex Output HIGH Leakage Current 50 nA Max Vout = Vec
Vib Input Leakage Test Ip= 1.9 pA
4.75 \ 0.0 Ali Other Pins
Grounded
Izz Bus Drainage Test 100 RA 0.0 Vout = 5.25V
lccH Power Supply Current 5.6 10 © mA Max Vo = HIGH
lccL Power Supply Current 38 mA Max Vo = LOW
lccz Power Supply Current 4.0 6 mA Max Vo =HIGHZ




AC Electrical Characteristics: see section 8 for Waveforms and Load Configurations

v8z8e

74BCT 74BCT
Ta = +25°C Ta = Comm Fi
Symbol Parameter Vee = +5.0V Vee = Comm Units Ng'
C. = 50 pF CL = 50 pF .
Min Typ Max Min Max
tpLH Propagation Delay 1.0 2.7 7.0 1.07 8.0 ns 8-3
tPHL Data to Output 1.0 2.7 7.0 1.0 8.0
tpzH Output Enable Time - 25 54 10.0 25 10.5 ns 8.5
tpzL 5.0 8.0 12.0 5.0 12,5
tpHz Output Disable Time 20 4.2 8.5 2.0 10.0 ns 8.5
tpLz 2.0 5.0 8.5 2.0 10.0
tosHL Pin to Pin Skew
(Note 1) HL Data to Output 0.5 0.6 ns
tosLH Pin to Pin Skew
(Note 1) LH Data to Output 0.8 0.9 ns
tosT Pin to Pin Skew
(Note 1) LH/HL . 3.0 . 3.0 ns
Data to Output
tpv Device to Device
(Note 2) Skew LH/HL 5.0 5.0 ns
Data to Output :

Note 1: Skew is defined as the absolute value of the difference betwsen the actua! propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (tosny), LOW to HIGH (tosiH), or any combination switching LOW to HIGH and/or HIGH to LOW
(tosT). This specification is guaranteed but not tested. :

Note 2: Propagation delay variation for a given set of conditions (i.e., temperature and Vgg) from device to device. This specification is guaranteed but not tested.

Extended AC Electrical Characteristics: see Section 8 for Waveforms and Load Configurations

74BCT 74BCT .
Ta = Comm
Ve = Comm Ta = Comm
CpL = 50pF Vee = Comm Fig.
Symbol Parameter 8 Outputs Cy = 250 pF Units No.
Switching (Note 2)
(Note 1)
Min Max Min Max
teLH Propagation Delay 1.5 8.5 3.0 8.5 ns a3
tpHL Data to Output 25 . 85 - 4.0 9.0

Note 1: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-

to-low, etc.)

Note 2: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in

the standard AC load.

Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Capacitance 6.0 pF. Vce = 5.0V
Cout Output Pin Vce = 5.0V
Capacitance 150 PF
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ABTC Advanced BiCMOS Technology
Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74ABT XXX S C

Temperature Range Family L Special Variations
74ABT = Commercial X = Devices shipped in 13” reels
54ABT = Military ) QB = Military grade devices with
. environmental and burn-in
Device Type processing shipped in tubes
Package Code v Temperature Range
S = Small Outiine SOIC JEDEC = Commarsial (0°C to +70°C)
D = Ceramic DIP M = Military (—55°C to +125°C)
P = Plastic DIP

SJ = Small Outline SOIC EIAJ

SP = Slim Plastic DIP

SS = Shrink Small Outline SSOP (56-Lead)

MSA = Shrink Small Outline (EIAJ, SSOP, Type II)

L = Leadless Ceramic Chip Carrier (LCC)
F = Flatpak
Q = Plastic Leadless Chip Carrier (PCC)

SD = Slim Ceramic DIP

ABojouyoal SOOI PaUBAPY D1GY
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Integrated Bus Function (IBF) Family

Integrated Bus Function (IBF) Family
Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

ACTQ3283T:

74ACTQ  XXXX VFJ

Temperature Range Family
74ACTQ = Commercial—TTL Compatible

Device Type

Package Code -
VFJ = Plastic Quad Flatpack with EIAJ Pin Spacing (PQFP)

FR900 and FR25900: -

The device number is used to form part of a snmplmed purchasing code where the package type and temperature range are
defined as follows:

74FR XXX S8S C

Temperature Range Family T— Special Variations
74FR = Commercial X = Devices shipped in 13" reels
Device Type Temperature Range

C = Commercial (0°C to +70°C)

Package Code
SS = Small Outline (SSOP)

ABT3284:

The device nurr\ber is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74ABT XXXX VJG C

Temperature Range Family - Temperature Range

74ABT = Commercial C = Commercial (—40°C to +85°C)
Device Type
Package Code
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BCT BiCMOS Technology

Ordering Information
The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows: :

74BCT XXX S C

X
Temperature Range Family T—- Special Variations

ABojouydsa L SOWOIF LOg

74BCT = Commercial X = Devices shipped in 13" reels
Device Type Temperature Range
= ial (0°C to +70°C
Package Code C = Commercial (0°C to +70°C)
S = Small Outline (SOIC)
P = Plastic DIP

SP = Slim Plastic DIP




imensions

Physical D

National

Semiconductor

All dimensions are in inches (millimeters)

20 Lead Ceramic Leadless Chip Carrler, Type C (LCC)

NS Package Number E20A -
0.200+0.005
{5.080£0.127)
e 4505 0.01520.010
¥ : {0:381%0.259)
< 0:350£0.008 0.015
(s 8900, 203, 0 063 —0.075 (0.381) _/ 007 0.011
(1 600—1. 905) MIN TYP (0 17:“(:, 279)
ozz 0.022-0.028
— (0.559—0.711) 559 o )
0.077-0.03 :
{1.959—2.362) —-
INDEX
L y l
0.045—0.055
[1.143-1.397] AOOAN
DETAILA e _0.067-0.083 ~>| e t 0.045-0.055
(1.702=2.108) o 143 1 7]
Top View Side View Tve
45°x 0.040:+0.010
{1.016£0.254)
3PLCS
Bottom View
0.015
0.003 s
oo {0.381)
iR m’ MAX TYP
0.022
(u 559)——> <— 0.006
MAX TYP {0.152)
MIN TYP

Detail A

E20A (REV DY

28 Lead Ceramic Leadless Chip Carrier, Type C (LCC)

NS Package Number E28A
0.015 MIN TYP PIN #1 INDEX
. 0.300£0.004 TYP 459 X 0.015£0.010
00.450 + 0.008 | / I 0.075
| 26 4 ”| 0.063
0.093 R goayTYP 1]
0077 55 Ji l—o .003 MIN TYP
0028 T #= —Y.0.015 MaAX
. TYP
oo™ [ )
. _ Hg— 0.022 MAX TYP
0043 TYP T _:I IS 006 MIN TYP
0055 1y, L H= Y
X ¥ 0045 inm
NN N N.n.n.n/ / g
18
150 x 0,04020.010 0083 DETAIL A DETAIL A
3 PLCS = 0.067 TYP
TOP VIEW BOTTOM VIEW SIDE VIEW £28A (REV D)
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20 Lead Ceramic Dual-in-Line Package (D)

NS Package Number J20A
_0.985
0.025 (25019)
(0.635)
RAD ko Fﬂ [18] [17] I'r?l F?I [14] [1s] I?LEl
0.220--0.310

{5.588—7.874)

{
o IO EHE

(0:127—0.508)

RAD TYP 0.037:+0.005
(0.940£0.127)
0.005 0.055+0.005
0.180 _ 0290320 > o) (1.397£0.127) ™ 0.02-00%
(hﬁ(ﬂ {7.365—8.128) GLASS SEALANT MIN {0.508=1.528)
A | \ 0.200 '
Nl 5.080)
Y | _Y MAX
| Y '
95015 86° 945; / fu.{m
o08-0012 Qe 0.125-0.200
10.203-0.305) MIN (3.175-5.080)
| <_0310-0.410 0.060 0.0180.003 _>|
7.871a—10.41) {1.522) {0.457£0.076)
MAX
BOTH ENDS 0.100£0.010
{2.540%0.254) A
24 Lead (0.300” Wide) Ceramic Dual-in-Line Package (D)
NS Package Number J24F
0.025 1.280
e PA? @zan MAX
[21] [20] [is] [1s] [7] [os] [6] [ra] [o3]
-
0315 mMAX 0.295
{8.001) GLASS (1.493)
0.030-0.055
(0.762-1.397)
RAD TYP
GLASS 005020005 . 0.290-0.320
SEALANT {1524 20.127) 0.020-0.070 {7.366-8.128)
{©s08-1778),
0.180 A 0.225
a572) H
= et
Vi o Lo 0.008-0.012
o 95° 15 fiiddnad
86° #P (e |~ {0.203-0.305)
a5 MAX N :mo :o.nm“ L_ 0.018 £0.003 ‘_‘ (:+::) L n.3|u_o.a1o.j
241 - 2.54 10.254) : (0.457 +0.076) ™[~ y (7.874-10.41)
( 413) ENDS TYP TP MIN (1.874-10.41)

J2F(REV 6)

suojsuawg [eaisAyd

117




Physical Dimensions

14 Lead (0.150” Wide) Molded Small Outline Package, JEDEC (S)

NS Package Number M14A
0.335-0.344
(8.509-8.738)
14 13 12 1 10 9
T gAanpna
0.228-0.244 e
(5.191‘—5.193) ,Q )
lEADNDJ/l/ i
IDENT UUUUUUU
1 2 3 4 5 6 1 ?
B.010 yay
{0.253)
|
— 0.053-0.
e oa x> ~ =
B° MAX TYP 0.004-0.010
ALL LEADS ——  (0.102-0.254)
_+_,J SEATING __{
} T PLANE L f
.008 — 0. -
] _,l |« 00160050 >l s ™
TYP ALL LEADS 0.004 (0.406 - 1.270)
WT“ZI TYP ALL LEADS
ALL LEAD TIPS M14A (REV H)
20 Lead (0.300” Wide) Molded Small Outline Package, JEDEC (S)
NS Package Number M20B ‘
- 0.436-0.512
(12,598 -13.005)
20 19 18 17 16 15 4 13 12 1
A
ANAAAARRS
0.394-0.418
n.m—w.w;h)
'-E‘“’I"‘,gu} L L-O 30° TYP
EEEVEEEEEY
12.34561l!10
D010 pax
{0.258)
0.281 -0.299
(7.391-7.595)
- .093-0.104
Do < - BT
8° MAX TYP 0.004~0.012
J L ALL ans I (0.102-0.305)
L—— - 7 b - el ek SEATING
1 PLANE
200 ﬁ_ | 0.014 *
"" AL L’EADS ALL LERD TIPS ‘1°Y:“Asl.[ 11:5\7:% ( i’YP ) . {0.356 -0.508)
: 0.008 ryp
(0.203) M208 (REV F)




20 Lead (0.300” Wide) Molded Small Outline Package, EIAJ (SJ)

NS Package Number M20D

C

0°-8°
‘ 0.016-0.031
{0.406 - 0.787)
DETAILF
0.006 - 0.010
(0.152-0.254)

i

SEE DETAILF

0.492-0.
o
(12.50 - 12.70)

BARHEHH

500_’

IHi

1% 13 12

0.205-0.213

0.295-0.319 -0213
493-8.103) {5207-5410
EEEEEEL: H_H_g
1 2 3 4 5 8 1 8 8 1
007 0.067- 0,083

220 REF
(1.803) {1.702-2.108)

[

o o9 _’l L_ 0050
> 25 {121)

A
‘IJZIJZLIIUIIJILDJZUIIJ:ULi ——
0.000-~ 0 010
(0.000 - 0.254)
0.014-0.020
(0.356 - 0.508)
M20D (REV A)

24 Lead (0.300” Wide) Molded Small Outline Package, JEDEC (S)

NS Package Number M24B
EE

o
00
[

»

-

»

o

»

~

N

N

o

- N
s 83

= o P

17 16 15

f

4 13

LEAD NO 1 gggg
IDENTIFICATION \g—, ;‘s
E3
IEEEEEERREERR —
1| 4 6 7 8 91011 liz
0 oso
| 00138 3 KL
3.27 27 =i+, 0508 e ﬂ“ﬂ@ﬂ
0.1043 0.550 go1ze
0.0926 vors 450 .02 5 TYP ALL LEADS—
3% _oigo;o (2K
0.1
Ailnininininlnisininislnl |\ 2

SEATING

PLANE ? I
0.014
0.35

]
T

I

8° MAX TYP7

ALL LEAD TIPS 88?% TYP ALL L‘::%;EADS
1.27
0.40 N248 (REV F)
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Physical Dimensions

20 Lead Molded Shrink Small Outline Package, EIAJ, Type Il (MSA)

NS Package N

umber MSA20

[nnoanan

g1.2—"

§ [P .

UMUHHMHHHH

235

0.68+ 0.12 H

7.40 MAX

ff——7.20% 0.05 —

-~

1802005 4

0.800% 0.025

0.30£ 0.10 TYP

[#[0.12@[c[+@[e Q)]

i

7.90% 0.20 ————

5.30+ 0.05 —

0.20 £ 0.05
L/F THICKNESS

-

t 40130
TYP
-J L-o.so: 0.15

YP
MSA20 (REV A)

24 Lead Molded Shrink Small Outline Package, EIAJ, Type Il (MSA)
NS Package Number MSA24

lnnnnonnno

|
|

)
A

"Z-ULHUUJHHHHHU

—2.85

8.40 MAX
8.20% 0.05
EAT

7.90% 0.20 —————

0.532 0.12 Heef
. 0.20£ 0.05

[ N T
1.80% 005._L___. I

0.800£ 0.025

0.30% 0.10 TYPJ L
[¢]ez B[ (16150

5.30% 0.05 —f
[=:8]

L/F THICKNESS

Jr———

P o4ox3e
TYP
0.60¢ 0.15 ——l I‘—
e

MSA24 (REV A)
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48 Lead (0.300” Wide) Molded Shrink Small Outline Package, JEDEC (S)
NS Package Number MS48A

0.620-0.630
[15.75 - 16.00]

........................

0.395-0.420
LEAD #1 [10.04 - 10.66]
IDENT [©]o.010[0.25] [P [A® BB ]
0.291-0.299
[7.40-7.59]
| B

......................... 0.005 - 0.009
uaanooaeauoaooaogaadoauat [0.13 - 0.22]

1 .. 24 y I
0.008-0.012 _,”‘_ o o 0:025 GAUGE PLANE

[0.21-0.30] 1T fo.63] ™" : 0.010 t
ChinE e hrorEs] [0.25] 0.020 - 0.040
[0.51 - 1.01]
DETAIL E TYP
459 0.015 -0.025
_‘i::ii:g:;gls SEATING PLANE [0.39-0.63]

'/\‘/—SEE DETAIL E
LA ot Lt ) [&Tos0a0.10]]

0.025 0.008-0.016 g =

[0.64] TF [0.21-0.40] TP 0°-80 TYP ustor (REY )

56 Lead (0.300” Wide) Molded Shrink Small Outline Package, JEDEC (SS)
NS Package Number MS56A

0.720-0.730
[18.30 - 18.54]
56 29
annannnoanannnAeRnARANARNRRD
. 0.385-0.420
LEAD #1 [10.04 - 10.66]
mzm‘\ [©To.010[0.25] [P [A®[E® |
0.291-0.299
\O ‘ [7.40-7.59]
£z

[]lll]l]l]l]ﬂ[l[lﬂﬂl][Iﬂl]l]lﬂlﬂllﬂ[l[lﬂﬂﬂ[lllzt!s , 0.005 - 0.009

[0.13-0.22]
0.008-0.012 0.025

[0.21-0.30] TP - "‘[0.53] P . CAUGE PLiEsz—_—
[©0.010[0.25] @ [p[A® [8D] [06.02150] L

0.020 - 0.040
[0.51-1.01]

DETAIL E TYP

SEE DETAIL E
'/\\/_

0.096-0.108 +5°x 5057555
[ [2.44 - 2.74] SEATING PLANE

¥ H H | &2 0.004f0.10
f 0.025 0.008-0.016 ~
P TYP
[0.64] [0.21-0.40] 00 -89 TYP MSSEA (REV &)

suolsuawiq [esisAyd

11-11




Physical Dimensions

14 Lead (0.300" Wide) Molded Dual-in-Line Package (P)

NS Package Number N14A
0.740-0.770
{18.:80—19.56)
0.090
= (2.286)
[ia] (i3] [i2] [w] o] (] i8] NOEX
AREA
Fan 0.250£0.010
O j {6.35010.254)
PINND. 1 A , PIN NO. 1 _/'.
marr—/ LT T BT 1A (s8] [ IDENT 17 12] 13
0.092 0.030 MAX
2337 (0.762) DEPTH
OPTION 1 OPTION 02
0.138:£0.005 0.300-0.320
Banzoam L.30-0.320
0.145-0.200 . _0.080 TP Jem-am o oo
(3.683-5.080) 11.528) /V\ OPTIONAL (1.651)
A AT — \
}_]_u I
o J5o 0.008-0.016
0.020 jo0-24° P i {0.203—0.426)
{0.508)
MIN_0.125-0.150 | 0.075£0.015
(3.175-3.810) —P 4—"905—“3—”" 0.280
- [e—{7.112)—]
|g:;;_:$,m——> 010040010 MIN
0, asoto 010 1 (2 S0z
> {i2m0-0256 0325+ 104
e ¥1.016
(8.255 »0.3!1) N14A (REV F)
20 Lead (0.300" Wide) Molded Dual-in-Line Package (P)
NS Package Number N20A
1.013-1,040
0.092 X0.030 12673-2042)
{2.337 X0.762) 0.03240.005_
MAXDP [io] 7] (%] (5] [ [i7] [f2] 7] {08130.127) o] T]
N : RAD
PIN NO. 1 IDENT @ 0.260:0.005
o0 \ 5.608 20.127) PIN NO. 1 IDENT~_ |
& N\.
(,':I:‘z, OPTION 1 HHORDIORNRORORD _ | =
0.090
0.300-0.320 . 778%) ~ OPTION?2
{7.620-8.128)
Doeo NOM DUy OPTIONZ_, 0.130_0.005
0065 15200 | {Ta5) ux @302 0177
AL TYP 302 0.
' \ 0.145-0.200
T | J.] |  @sssom
95%5° 0.009-0.015 80°:0.008° 1 I
(0.229-0381) 0.020
| Tve 0.100+0.010 __J l__ T onsoue osoE
0.060 £0.005 (2.540£0.254) 0.018+0.003 {3.175-3556) MIN
! 0325 10040 (1.524:0.21) | (o4s1xuo7e)
-0.015
1016
('155 41351)

N20A (REV G)
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20 Lead (0.300” Wide) Molded Dual-in-Line Package (P)

NS Package Number N20B
0.970-0.990
0.092 X 0.030 {24.638-25.145)
{2.337 X 0.762) 0.032:0.005_
A \ [ [ (W) (7] (] () (%) 7] (%) () Tt ) (7]
RAD
PIN NO. 1 IDENT k 0.240-0.260
- ~ {6.096-6.604) PIN ND. 1 msm\\.
aiu M T R E OO O RuRGRORD) o
0.030
0.290-0.325 2286) OPTION 2
{7.366-8.259) - 0.050 NOM 0.020 OPTION 2
0.050 NOM 80a0 _y__ oFT 0.130 0.005
0055 (1528) f1018) x| — SRTCY TR
T5e0) TYP | TP !
0.145-0.200
|  3ea-s.080)
97.5° £7.5° “0.003_0_015 ~30°:0.004° I
U0 203-0380) 1 o000
0.100:0.010 ‘l 1__ 0.125-0.150  {0.508)
0.040 o (2.540£0.254) 0014-0023 || {3975-3810) MIN
0350 o (1.016) (0.355-0.585)
{8.890) :
N20B (REV A)
24 Lead (0.600" Wide) Molded Dual-in-Line Package (P)
NS Package Number N24A
1.243-1.270
{31.57-32.26)
3] [l [22] (o] [oo] Jos] [ve] [17] [e] [is] [a] foo] 1
i !
0.062 | !
"':Zﬂ\ 1| 0540 :0.005
: (13716 :0.127)
PIN NO. 1 1DENT
N[ . !
) '
1 2 3 4 5 [ 7 [] 9] |10 1 12|
DOTTED OUTLINES
REFLECT ALTERNATE
0.580 MOLDED 80DY CONFIGURATION
(1a73)
13 0.030
(0.762) 0.07 0.040
0.600-0.620 MAX T958) mn"‘i ‘__ u_m—s)-—l l“ 0.160 £0.008 i
{15.28-15.748) | i {1.529) v (@064 :0.127)
r ['] 0.170-0.210
ﬂ{ ] /] {ia316-5334]
. 0.003-0.015 —A—
95°:5 \| . 0.009-0015 $6°04
5008\ 0z W Y o5
I 825 9015 0.075 £0.015 I___ 00180007 T G
| +0.635 {1.905 +0.381) {0.457 £0.076) —————— N
(sars 3381 ‘l L(g ;:: I'.L";L’, 117523 5561

N24A (REV E)

1q [edisAyd

suoisuaull
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Physical Dimensions

24 Lead (0.300" Wide) Molded Dual-in-Line Package (P)

NS Package Number N24C
1.243-1.270
0.002 {31.57-32.25)
{2.331) MAX
(2PL5)
PIN NO. 1 > 0.2600.005
IDENT L (6.60820.127)
.7- |
_/ LUjl2) 3] [ad ] [e] (7] 187 [8] fo] (1) pz]
OFTION 2 0.062 'EJECTOR PINS
0.300-0.320 (1.575) OPTIONAL
{162-8.128) RAD - o .
(1.016) 0.130+0.005
”’""] l— (34302:0127) l
o4 0 [ 2020 g 145_g.000
. r . 5“"’ {3.683—5.080)
0.009—0.015 I (—+ T
(0.229-0.381) 0.065 .
(651 ‘ — 0.125-0.145
0.018:+0.003 {3175 —3.556)
0.325 *3 312 ‘%;:—i:'%;—q L ‘l (0.45110.015)—‘ L MIN
(“55 +1. ms) T il 0.10040.010 TYP 90° +4° TYP
—0.381 (2.5420.254)
v

N24C (REV F)

28 Lead Molded Plastic Leaded Chip Carrier (Q)

NS Package Number V28A
0.450-0.456
O11.43-11.58] 0.045
PIN #1 IDENT 450 X o7
[1.141_ 0.013-0.021 4y
4 1 26 0.026-0.032 1yp ’ [0.33-0.53]
{0.66-0.81] :IL P
5[] []25 —
0 i b Bl
0 u| ' 0.390-0.430 -
O (] [9.91-10.92]
0 . (]
[ ]
1[] L] 119
iy mmym i) T
12 18 | 0.020
1 0.050 1o _,I g ~ [~ [os1] MIN TYP
[1.27}
0.300 0.090-0.120 TYP
L— e _
[7.62], 0.165-0.180 [2.29-3.05]
[4.19-4.57]
A8 AH
o y 0.045
45° X4
0.485-0.495
[12.32-12.57) V28A (REV J)

P

11-14




100 Lead (14mm x 14mm) Molded Plastic Quad Flat Package, JEDEC (F)
NS Package Number VJG100A '

16.00 + 0.40

014.00 £ 0.10
75| OONARAN ] 51
i

50 |
S -t 0.50 TYP

= 26
dE—————— R 0.20 T
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Physical Dimensions

20 Lead Cerpack (F) ,
NS Package Number W20A
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National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical
literature. ’

~ This bookshelf is a compilation of books that are currently available. The fisting that follows shows the publication year and
section contents for each book.

For datasheets on new products and devices still in production but not found in a databook, please contact the National
Semiconductor Customer Support Center at 1-800-272-9959.
We are interested in your comments on our technical literature and your suggestions for improvement.
Please send them to:
Technical Communications Dept. M/S 16-300
2900 Semiconductor Drive
P.O. Box 58090
Santa Clara, CA 95052-8090

ADVANCED BiCMOS LOGIC (ABTC, IBF, BCT) DATABOOK—1993

ABTC/BCT Description and Family Characteristics ® ABTC/BCT Ratings, Specifications and Waveforms

ABTC Applications and Design Considerations ® Quality and Reliability ® Integrated Bus Function (IBF) Introduction
54/74ABT3283 Synchronous Datapath Multiplexer ¢ 74FR900/25900 9-Bit 3-Port Latchable Datapath Multiplexer
54/74ACTQ3283 32-Bit Latchable Transceiver with Parity Generator/Checker and Byte Multiplexing
54/74ABTCXXX e 74BCTXXX

ALS/AS LOGIC DATABOOK—1990

Introduction to Advanced Bipolar Logic ® Advanced Low Power Schottky ® Advanced Schottky

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS—1987

SSI/MSI Functions e Peripheral Functions  LSI/VLSI Functions ® Design Guidelines ® Packaging

CMOS LOGIC DATABOOK—1988

CMOS AC Switching Test Circuits and Timing Waveforms e CMOS Application Notes ® MM54HC/MM74HC
MM54HCT/MM74HCT e CD4XXX ® MM54CXXX/MM74CXXX e Surface Mount

DATA ACQUISITION DATABOOK—1993

Data Acquisition Systems ¢ Analog-to-Digital Converters ® Digital-to-Analog Converters ¢ Voltage References
Temperature Sensors ® Active Filters ¢ Analog Switches/Multiplexers ® Surface Mount

DATA ACQUISITION DATABOOK SUPPLEMENT—1992

New devices released since the printing of the 1989 Data Acquisition Linear Devices Databook.

DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK—1989

Selection Guide and Cross Reference Guides ® Diodes ® Bipolar NPN Transistors
Bipolar PNP Transistors ¢ JFET Transistors  Surface Mount Products ® Pro-Electron Series
Consumer Series ® Power Components ¢ Transistor Datasheets ® Process Characteristics

DRAM MANAGEMENT HANDBOOK—1993

Dynamic Memory Control ® CPU Specific System Solutions e Error Detection and Correction
Microprocessor Applications

EMBEDDED CONTROLLERS DATABOOK—1992

COP400 Family ¢ COP800 Family ¢ COPS Applications ¢ HPC Family ®« HPC Applications
MICROWIRE and MICROWIRE/PLUS Peripherals ® Microcontroller Development Tools




FDDI DATABOOK—1991

FDDI Overview ® DP83200 FDDI Chip Set ® Development Support ® Application Notes and System Briefs

F100K ECL LOGIC DATABOOK & DESIGN GUIDE—1992

Family Overview ® 300 Series (Low-Power) Datasheets ® 100 Series Datasheets ® 11C Datasheets
Design Guide ® Circuit Basics ® Logic Design ® Transmission Line Concepts ® System Considerations
Power Distribution and Thermal Considerations ® Testing Techniques ® 300 Series Package Qualification
Quality Assurance and Reliability ® Application Notes

FACT™ ADVANCED CMOS LOGIC DATABOOK—1993

Description and Family Characteristics ® Ratings, Specifications and Waveforms
Design Considerations ® 54AC/74ACXXX e 54ACT/74ACTXXX @ Quiet Series: 54ACQ/74ACQXXX
Quiet Series: 54ACTQ/74ACTQXXX ¢ 54FCT/74FCTXXX ® FCTA: 54FCTXXXA/74FCTXXXA/B

FAST® ADVANCED SCHOTTKY TTL LOGIC DATABOOK—1990

Gircuit Characteristics ® Ratings, Specifications and Waveforms e Design Considerations ® 54F/74FXXX

FAST® APPLICATIONS HANDBOOK—1990

Reprint of 1987 Fairchild FAST Applications Handbook

Contains application information on the FAST family: Introduction ® Multiplexers ® Decoders ® Encoders -
Operators ® FIFOs ¢ Counters ® TTL Small Scale Integration ® Line Driving and System Design

FAST Characteristics and Testing ® Packaging Characteristics

HIGH-PERFORMANCE BUS INTERFACE DESIGNER’S GUIDE—1992

Futurebus+ /BTL Devices ® BTL Transceiver Application Notes ® Futurebus+ Application Notes
High Performance TTL Bus Drivers ® PI-Bus ® Futurebus+ /BTL Reference

IBM DATA COMMUNICATIONS HANDBOOK—1992

IBM Data Communications ® Application Notes

INTERFACE: LINE DRIVERS AND RECEIVERS DATABOOK—1992

ElA-232'# EIA-422/423 * EIA-485 » Line Drivers ® Receivers ® Repeaters ® Transceivers ® Application Notes

LINEAR APPLICATIONS HANDBOOK—1991

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit
applications using both monolithic and hybrid circuits from National Semiconductor.

Individual application notes are normally written to explain the operation and use of one particular device or to detall various
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index.

LINEAR APPLICATION SPECIFIC IC’s DATABOOK—1993

Audio Circuits ® Radio Circuits ® Video Circuits ® Display Drivers ® Clock Drivers ® Frequency Synthesis
Special Automotive ® Special Functions ® Surface Mount

LOCAL AREA NETWORKS DATABOOK—1993

Integrated Ethernet Network Interface Controller Products ® Ethernet Physical Layer Transceivers
Ethernet Repeater Interface Controller Products ® Token-Ring Interface Controller (TROPIC)
Hardware and Software Support Products ¢ FDDI Products ® Glossary and Acronyms

LOW VOLTAGE DATABOOK—1992

This databook contains information on National’s expanding portfolio of low and extended voltage products. Product datasheets
included for: Low Voltage Logic (LVQ), Linear, EPROM, EEPROM, SRAM, Interface, ASIC, Embedded Controllers, Real Time
Clocks, and Clock Generation and Support (CGS).

MASS STORAGE HANDBOOK—1989

Rigid Disk Pulse Detectors ¢ Rigid Disk Data Separators/Synchronizers and ENDECs
Rigid Disk Data Controller ¢ SCSI Bus Interface Circuits ® Floppy Disk Controllers ® Disk Drive Interface Circuits
Rigid Disk Preamplifiers and Servo Control Circuits ® Rigid Disk Microcontroller Circuits ® Disk Interface Design Guide




MEMORY DATABOOK—1992

CMOS EPROMs ® CMOS EEPROMs ¢ PROMSs ® Application Notes
MEMORY APPLICATION HANDBOOK—1993
OPERATIONAL AMPLIFIERS DATABOOK—1993

Operational Amplifiers ® Buffers ® Voltage Comparators ® Instrumentation Amplifiers ® Surface Mount

PACKAGING DATABOOK—1993

Introduction to Packaging ® Hermetic Packages ® Plastic Packages ® Advanced Packaging Technology
Package Reliability Considerations ® Packing Considerations ® Surface Mount Considerations

POWER IC’s DATABOOK—1993

Linear Voltage Regulators ® Low Dropout Voltage Regulators ® Switching Voltage Hegulators; Motion Control
Peripheral Drivers ¢ High Current Switches ® Surface Mount )

PROGRAMMABLE LOGIC DEVICE DATABOOK AND
DESIGN GUIDE—1993

Product Line Overview ® Datasheets ® Design Guide: Designing with PLDs ® PLD Design Methodology
PLD Design Development Tools ® Fabrication of Programmable Logic ® Application Examples

REAL TIME CLOCK HANDBOOK—1993

3-Volt Low Voltage Real Time Clocks ¢ Real Time Clocks and Timer Clock Peripherals ® Application Notes

RELIABILITY HANDBOOK—1987

Reliability and the Die ® Internal Construction ¢ Finished Package ® MIL-STD-883 ¢ MIL-M-38510
The Specification Development Process ® Reliability and the Hybrid Device ¢ VLSI/VHSIC Devices
Radiation Environment e Electrostatic Discharge e Discrete Device ® Standardization

. Quality Assurance and Reliability Engineering ¢ Reliability and Documentation ® Commercial Grade Device
European Reliability Programs ¢ Reliability and the Cost of Semiconductor Ownership
Reliability Testing at National Semiconductor ® The Total Military/Aerospace Standardization Program
883B/RETS™ Products ® MILS/RETS™ Products ® 883/RETS™ Hybrids ® MIL-M-38510 Class B Products
Radiation Hardened Technology ® Wafer Fabrication ¢ Semiconductor Assembly and Packaging
Semiconductor Packages ® Glossary of Terms ® Key Government Agencies ¢ AN/ Numbers and Acronyms
Bibliography ® MIL-M-38510 and DESC Drawing Cross Listing

SCAN™ DATABOOK—1993

Evolution of IEEE 1149.1 Standard ® SCAN Buffers ® System Test Products ® Other IEEE 1149.1 Devices

TELECOMMUNICATIONS—1992

COMBO and SLIC Devices ® ISDN e Digital Loop Devices ® Analog Telephone Components ¢ Software
Application Notes
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