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9400 SERIES MACROLOGIC™*

COMPOSITE DATA SHEET

GENERAL DESCRIPTION - Fairchild 9400 Series TTL Macrologic utilizes advanced
Schottky technology to provide high performance peripheral and processor
oriented LSI. The design of 9400 ensures maximum design flexibility with no
loss of performance. The Macrologic elements may be used with any bit
length, instruction set or organization. Devices may be expanded with little
or no extra components. Where applicable, bus oriented, three state outputs
are provided. A new slim 24 pin package reduces PC board real estate by a
third.

FEATURES
® 150-250 GATE COMPLEXITY
o COMPATIBLE WITH ALL TTL FAMILIES
e PERFORMANCE EQUIVALENT TO SCHOTTKY IMPLEMENTATION
o 14, 16, 18, and SLIM 24 PIN PACKAGES
e INPUTS ABOUT 1/4 NORMAL TTL LOAD, i.e., 360-400 pA
e OUTPUTS DRIVE 16 MA (10 U.L.) OR 8 MA (5 U.L.) DEPENDING

ON APPLICATION
DESIGNED FOR MAXIMUM FLEXIBILITY
e OPERATE OVER COMMERCIAL OR MILITARY TEMPERATURE RANGE

ADVANCED SCHOTTKY PROCESS _

The 9400 family uses an advanced Schottky TTL process to obtain the best speed/
power product of any commercially available digital bipolar circuitry. Key
characteristics are as follows:

@ SHALLOW, LOW CAPACITANCE DIFFUSION TO PROVIDE TRANSISTOR FT or
2 GHz :
o SCHOTTKY DIODES TO ELIMINATE STORAGE TIME
INTERNAL gATES ,
- 30 MILS (50 GATES PER MM )
- 3.5 NS DELAY
- 6 pJd DELAY POWER PRODUCT
e OUTPUT BUFFERS
- 70 MILS2
- 5 NS DELAY
- 10 pJ DELAY POWER PRODUCT

* A Trademark of Fairchild Camera ana instrument Corporation.
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DEFINITION OF SYMBOLS AND TERMS USED IN THIS DATA SHEET

CURRENTS - Positive current is defined as conventional current flow into a
device. Negative current is defined as conventional current flow out of a
device.

1 High-level input current.

TH
The current flowing into an input when a specified high-level voltage
is applied to that input.

11L Low-level input current.

The current flowing into an input when a specified low-level voltage

is applied to that input.
High-level output current.

OH The current flowing into the output with a specified high-Tevel output
voltage VOH applied.
10L Low-Tevel output current.

The current flowing into the output with specified Tow level output
voltage VOL applied.

0S Short-circuit output current.

The current flowing into an output when that output is short-circuited to
ground (or other specified potential) with input conditions applied to
establish the output logic level farthest from ground potential (or
other specified potential).

]OZH Output off current high.

The current flowing into a disabled three state output with a specified
high Tevel output voltage VOH applied.
]OZL Qutput off current Tow.

The current flowing into a disabled three state output with a specified
Tow level output voltage V0L applied.
]CC Supply current.

The current flowing into the VCC supply terminal of a circuit when the
inputs are open.

VOLTAGES - A1l voltages are referenced to Ground.
V]H Input high voltage.

The range of input voltages that represents a logic HIGH level in the
system.
ViL Input low voltage.

The range of input voltages that represents a Togic LOW level in the system.
4



V1H(min)

v1L(maX)

OH

oL

cD

Vee

Minimum input high voltage.

The minimum allowed input HIGH level in a Togic system.
Maximum input Tow voltage.

The maximum allowed input LOW level in a system.
Output high voltage.

The range of voltages at an output terminal for specified output
current IOH' Device inputs are conditioned to establish a HIGH Tevel
at the output.

Output low voltage.

The range of voltages at an output terminal for specified output
current IOL' Device inputs are conditioned to establish a LOW level
at the output.

Input clamp diode voltage.

The range of negative voltage applied to an input which will cause
-18 ma to flow into the device.

Supply voltage.

Typically 5 volts.

AC SWITCHING PARAMETERS.

fuax

tpLH

tonL

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.
Propagation delay time.

The time between the specified reference points, normally 1.3 volts on
the input and output voltage waveforms, with the output changing from the
defined LOW Tevel to the defined HIGH level.

Propagation delay time.

The time between the specified reference, normally 1.3 volts on the
input and output voltage waveforms, with the output changing from the
defined HIGH level to the defined LOW level.

Pulse Width.

The time between 1.3 volt amplitude points on the leading and trailing
edges of pulse.
Hold time.

The interval immediately following the active transition of the timing
pulse (usually the clock pulse) or following the transition of the control



PHZ

th 7

PZH

PZL

REC

input to its latching level, during which interval the data to be
recognized must be maintained at the input to ensure its continued
recognition. 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.

Set-up time.

The interval immediately preceding the active 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 negative set-up time indicates that the correct logic
level may be initiated sometime after the active transition of the
timing pulse and still be recognized.

Output disable time (of a three-state output) from high level.

The time between the 1.3 volt Tevels on the input and output voltage.
waveforms with the three-state output changing from the defined high
level to a high-impedence (off) state.

Output disable time (of a three-state output) from low level.

The time between the 1.3 volt levels on the input and output voltage
waveforms with the three-state output changing from the defined Tow
level to a high-impedance (off) state.

Output enable time (of a three-state output) to a high level.

The time between the 1.3 volt levels of the input and output voltage
waveforms with the three-state output changing from a high impedance
(off) state to a high Tevel.

Output enable time (of a three state output) to a high level.

The time between the 1.3 volt levels of the input and output voltage
waveforms with the three-state output changing from a high impedance
(off) state to a low level.

Recovery time.

The time between the 1.3 volt levels of inputs which will allow the
device to operate correctly.



RECOMMENDED OPERATING CONDITIONS

XM

XC
PARAMETER -
MIN TYP MAX MIN TYP MAX UNITS
Supply Voltage Vo 4.5 5.0 5.6 4,75 5.0 5.25 \Y%
Operating Free Air Temperature Range —55 25 125 0 25 75 °C

D for Ceramic Dip, P for Plastic Dip.

ABSOLUTE MAXIMUM RATINGS (above’which the useful life-may be impaired)

Storage Temperature

Temperature {Ambient) Under Bias

Ve Lead Potential to Ground Lead
*Input Voltage {dc)
*Input Current (dc)

Voltage Applied to Outputs (Output HIGH)
Output Current (dc) (Output LOW)

*Either Input Voltage }imit or Input Current limit is sufficient to protect the inputs.

—65°C to +150°C
—55°C to +125°C
—05Vto+7.0V
—05Vto+|B Vv
—30 mA to +5.0 mA
—0.5V to +V¢e
+30 mA



FAIRCHILD MACROLOGIC* e 9401
CRC GENERATOR/CHECKER

Description: The 9401 Cyclic Redundancy Check (CRC) Generator/Checker
provides an advanced tool for the implementation of the most widely used
error detection scheme in serial digital data handling systems. A 3-

bit control input selects one of eight generator polynomials. The Tlist of
polynominals includes CRC-16 and CRC-CCITT as well as their reciprocals
(reverse polynomials). Automatic right justification is incorporated for
polynomials of degree less than 16. Individual clear and preset inputs

are provided for floppy disc and other applications. The ERROR output
indicates whether or not a transmission error has occured. Another control
input inhibits feedback during check word transmission. The 9401 is a member
of Fairchild's Macrologic family and is fully compatible with all TTL families.

- Typical Applications

o Floppy and other disc storage systems.
e Digital cassette & cartridge systems.
o Data communication systems.

Features

Guaranteed 12 MHz data rate.

8 selectable polynomials.

Error indicator.

Separate Preset & Clear controls.

Automatic right justification.

Fully compatible with all TTL logic families.

14-pin package.

* A Trademark of Fairchild Camera and Instrument Corporation.



9401

LEAD NAMES : Loading (note a)
HIGH (U.L.) LOW (u.L.)
SO’ S], S2 Polynomial Select Inputs 0.5 .23
D Data Input 0.5 23
cP Clock (operates on HIGH to LOW transition) 0.5 .23
Input
CWE Check Word Enable (active LOW ) input 0.5 .23
P Preset (active LOW) input 0.5 .23
MR Master Reset (active HIGH) input 0.5 .23
Q Data Output 10 5 (note b)
ER Error (active HIGH) output 10 5 (note b)
NOTES:

8. 1TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is25U.L. for Military (XM) and 5 U.L. for Commercial {XC)
temperature Ranges.
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9401

Functional Description - The 9401 Cyclic Redundancy Check (CRC) Generator/Checker

is a 16-Bit programmable device which operates on serial data streams and pro-

vides a means of detecting transmission errors. Cyclic encoding and decoding

schemes for error detection are based on polynomial manipulation in modulo

arithmetic. For encoding, the data stream (message polynomial) is divided by a
selected polynomial. This division results in a remainder which is appended to

the message as check bits. For error checking, the bit stream containing both

data and check bits is divided by the same selected polynomial. If there are no
detectable errors, this division results in a zero remainder. Although it is
possible to choose many generating polynomials of a given degree, standards exist that
specify a small number of useful polynomials. The 9401 implements the polynomials listed
in Table I by applying the appropriate logic levels to the select pins SO, S] & 52.

The 9401 consists of a 16-bit register, a Read-Only-Memory (ROM) and associated
control circuitry as shown in the Block Diagram. The polynomial control code
presented at inputs SO’ S], and S2 is decoded by the ROM, selecting the desired
polynomial by establishing shift mode operation on the register with Exclusive OR
gates at appropriate inputs. To generate the check bits, the data stream is
entered via the Data (D) input, using the HIGH to LOW transition of the Clock (CP)
input. This data is gated with the most significant output (Q) of the register,
and controls the Exclusive OR gates (Figure 1). The Check Word Enable (CWE) must
be held HIGH while the data is being entered. After the last data bit is entered,
the CWE is brought LOW and the check bits are shifted out of the register and
appended to the data bits using external gating (Figure 2).

To check an incoming message for errors, both the data and check bits are
entered through the D input with the CWE input held High. The 9401 is not

in the data path, but only monitors the message. The Error output becomes
valid after the last check bit has been entered into the 9401 by a HIGH to
LOW transition of CP. If no detectable errors have occured during the data
transmission, the resultant internal register bits are all LOW and the Error
output (ER) is LOW. If a detectable error has occured, ER is HIGH. ER
remains valid until the next HIGH to LOW transition of CP or until the device
has been Preset or Reset,

‘A HIGH Tevel on the Master Reset (MR) input asynchronously clears the register.
A LOW Tevel on the Preset (P) input asynchronously sets the entire register if
the control code inputs specify a 16-bit polynomial; in the case of 12 or 8-bit
check po]ynomiajs only the most significant 12 or 8 register bits are set and
the remaining bits are cleared.

S



9401

9401
TABLE I
SELECT CODE POLYNOMIAL REMARKS

> 151 1 3

LodL L | x'0ex154x2a CRC-16

LotL | u | x10ex exe CRC-16 REVERSE

Lot b T 0ex Sax By axbex2exTe

Loti Lr 020 3@ CRC-12

Hote to | a0t

Ho{L |4 |8+ LRC-8

Holw fe | xP8ex!24x04 CRC-CCITT

Hotno | | xPeex! lexte CRC-CCITT REVERSE
RECOMMENbED OPERATING CONDITIONS

' 2401 XM 9401 xC UNITS
PARAMETER MIN TYP MAX MIN TYP MAX

Supply Voltage VCC 45 5.0 6.5 4.75 5.0 5.25 OV
Operating Free Air Temperature Range -55 25 125 0 25 75 C

X = package type;

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted)

D for Ceramic Dip, P for Plastic Dip.

LIMITS
SYMBOL PARAMETER UNITS EST CONDITI 1
MIN p MAX TES ITIONS (Note 1)
ViH Input HIGH Voltage 20 ) v Guaranteed Input HIGH Voltage
‘ XM 0.7
ViL Input LOW Voltage XC 08 v Guaranteed Input LOW Voltage
Veb Input Clamp Diode Voltage - 0.85 -15 \'4 Vee = MIN, |y = —18 mA
XM 25 3.4
\ Output HIGH Voltage \ Vee = =—
OH utpu oltag XC 27 34 cc =MIN, Ioy 400 uA
XM&XC 4 \' = =4,
VoL Output LOW Voltage 039 0 Vee = MIN, gy, = 4.0 mA
Xc 0.45 0.5 \" Vce =MIN, Ig =8.0 mA
1.0 2 = ViN=2.
hH Input HIGH Current 0 KA Ve = MAX, IN=2.7V
0.1 mA Vee =MAX,V|y =55V
he Input LOW Current —0.36 mA Vee =MAX, VN =04V
los Output Short Circuit Current ' ~to —42 mA Vee = MAX, VoyT =0 V (Note 3)
lce Supply Current 70 mA Vee = MAX, iNPUTS oPEN

tO
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9401

Switching Characteristics (T = 25°C, Vee = 2.0V)

LIMITS
SYMBOL PARAMETER MIN T¥P MAX UNITS CONDITIONS
(note 2
fmax Maximum Clock Frequency 12 20 MHz
. Propagation delay, Clock,MR -
tPHL to Data OQutput 30 . . CL = 15pF
PLH 55 ns Fi g.3,
PHL Propagation delay, Preset to 40 60 4,5
tory Data Output
tPHL Propagation delay,Clock,MR 40 60 ns
tPLH or Preset to Error Qutput
Switching Set-up Requirements (TA = 25°C, VCC = 5.0V)
SYMBO p LIMITS
BOL ARAMETER MIN TYP MAX UNITS CONDITIONS
thP (L) Clock pulse width (LOW) 35 ns Fig.2
tSD Set-up time, Data to Clock 35 55 ns
tSCWE Set-up time, CWE to Clock 35 55 ns Fig. 6
th Hold time, Data and CWE to 0 ns CL = 15 pF
Clock
tP (L) Preset pulse width (LOW) 35 25 ns Fig.4
t MR (H) Master Reset pulse width 35 25 ns Fig.6
(HIGH)
trec Recovery time, MR and Preset 25 35 ns Fig.4,5
to Clock
Notes:
1. For conditions shown as MIN or MAX, use appropriate value specified under
recommended operating conditions for the applicable device type.
2. Typical 1limits are at V C=5'0 v, TA = 25°C.
3. Not more than one outpu% should be 'shorted al a time.

‘L
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FAIRCHILD TTL MACROLOGIC* 9403

DESCRIPTION ~ The 9403 is an expandable fall-through type high speed First In-
First Out (FIFO) buffer memory optimized for high speed disc or tape controllers
and communication buffer applications. It is organized as 16 words by 4 bits

and may be expanded to any number of words (in multiples of 16) and/or any number
of bits (in multiples of 4). Data may be entered or extracted asynchronously in
serial or parallel, allowing economical implementation of buffer memories.

Three state outputs are provided for added versatility. The 9403 is a member
of Fairchild's TTL Macrologic family and is fully compatible with all TTL families.

FEATURES O I rop S RAM
e 14 MHz serial or parallel data rate e v fu
o Serial or parallel input jE;: - g:
@ Serial or parallel output «o, % [Ja
e Expandable without external logic :E:: :; Sz
o Three state outputs 7Los oy [Jie
® Fully compatible with all TTL families :Ez? Zﬁgg
® 24 pin package 0[] 7 o [Js

n] wr 7o [
) 12 Vss TOP ]13
Logle,  =YHEOL
NOTE: )
2 7 6 T’ T »1? Binosts Comnicron orapam) ot e
PL DS D3 Dz Dy, Do
10 —g TTS
9 —qIES \RF— |
& —qCpPsI
0
{3 — ToP , 9403
|5 —] 0ES
lo —¢ CPSO
\7—
7 ED oz lo— 73
MR Q3 QZ Q; Qo QS

rorhl

s 1S 2 2} 1t

*A T‘rademark of Fairchild Camera and Instrument Corporation. -
Gap = ¥
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Loading (note a)

a)
b)

1 unit load (U.L.) = 40 pA HIGH, 1.6 ma LOW.

Output fanout with VOL== 0.5 volts.

IS

LEAD NAMES HIGH (U.L.) LOW (U.L.)
DO - D3 Parallel Data Inputs 0.5 0.23
DS Serial Data Input 0.5 0.23
PL Parallel Load Input 0.5 0.23
CPST Serial Input Clock (operates on 0.5 0.23
negative going transition)
TES Serial Input Enable (active LOW) 0.5 0.23
TS Transfer to Stack Input (active LOW) 0.5 0.23
0ES Serial Output Enable Input (active 0.5 0.25
LOW)
TOS Transfer Out Serial Input (active 0.5 0.23
LOW)
TOP Transfer Out Parallel Input 0.5 0.23
MR Master Reset (active LOW) 0.5 0.23
% E0 Output Enable (active LOW) 0.5 0.23
' CPSO Serial Output Clock Input (operates 0.5 0.23
on negative going transition)
Q0 - Q3 Parallel Data Outputs 130 10 (note b)
Qs Serial Data Output 10 10 (note b)
TRF Input Register Full Output (active 10 5 (note b)
LOW)
ORE Output Register Empty Output (active 10 5 (note b)
LOW)
NOTES:




FUNCTIONAL DESCRIPTION - As shown in the block diagram the 9403 consists of
three parts:

1. an input register with parallel and serial data inputs as well as control
inputs and outputs for input handshaking and expansion.

2. a four bit wide, 14 word deep fall-through stack with self-contained
control logic.

3. an output register with parallel and serial data outputs as well as control
inputs and outputs for output handshaking and expansion.

Since these three sections operate asynchronously and almost independently,
they will be described separately below:

INPUT REGISTER (DATA ENTRY):

The input register can receive data in either bit-serial or in 4-bit parallel
form, store it until it is sent to the fall-through stack, and generate and
accept the necessary status and control signals.

Figure 1 is a conceptual logic diagram of the input section. As described later,
this five bit register is initialized by setting the F3 flip-flop and resetting the
other flip-flops. The Q output of the last flip~flop (FG) is brought out as the
"input Register Full" output (IRF). After initialization this output is High.

PARALLEL ENTRY:

A High level on the PL input loads the DO - D3 data inputs into the FO - F3 flip-
flops and sets the FC flip-flop, which forces IRF LOW, indicating "input register
full". The D inputs must be stable while PL is HIGH. During parallel entry, the
TES input should be LOW; the CPSI input may be either HIGH or LOW.

SERIAL ENTRY:
Data on the DS input is serially entered into the F3,F2,F],FO,FC shift register
on each HIGH-to-LOW transition of the CPSI clock input, provided TES and PL are LOW.

After the fourth clock transition the four serial data bits are aligned in the
four data flip-flops and the FC flip-flop is set, forcing IRF LOW (input register
full) and internally inhibiting further CPST clock pulses. Figure 2 illustrates
the final positions in a 9403 resulting from a 64-bit serial bit train. BO is the
first bit, B63 the last bit.

|G



BLOCK DIAGRAM
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TRANSFER TO THE FALL-THROUGH STACK:

The outputs of flip-flops FO - F3 feed the Stack. A LOW level on the TIS input
attempts to initiate a "fall-through" action. If the top location of the Stack

is empty, data is loaded into the Stack and the input register is re-initialized.
Note that this initialization is postponed until PL is LOW again. Thus, automatic
FIFO action is achieved by connecting the IRF output to the TTS input.

Data falls through the Stack automatically, pausing only when it is necessary to wait
for an empty next location. In the 9403 like in most modern FIFO designs the MR
input initializes the Stack control section only and does not clear the data.

OUTPUT REGISTER (DATA EXTRACTION):

The output register receives four-bit data words from the bottom Stack location,
stores it and outputs data on a 3-state four-bit parallel data bus or on a 3-state
serial data bus. The output section generates and receives the necessary-status
and control signals. Figure 3 is a conceptual logic diagram of the output section.

PARALLEL DATA EXTRACTION:

When the FIFO is empty after a LOW pulse is applied to MR, the Output Register
Empty (ORE) output is LOW. After data has been entered into the FIFO and has
fallen through to the bottom Stack location, it is transferred into the output
register, provided the "Transfer Out Parallel" (TOP) input is HIGH, and the OES
input is LOW. As a result of the data transfer ORE goes HIGH, indicating valid
data on the data outputs (provided the 3-state buffer is enabled). TOP can now

be used to clock out the next word. When TOP goes LOW, ORE will go LOW indicating
that the output data has been extracted, but the data itself remains on the output
bus until the next LOW-to-HIGH transition of TOP transfers the next word (if
available) into the output register as explained above. During parallel data
extraction, TOS, CPSO, and OES should be LOW.

SERIAL DATA EXTRACTION:

When the FIFO is empty after a LOW pulse is applied to MR, the Output Register Empty
(ORE) output is LOW. After data has been entered into the FIFO and has fallen
through to the bottom Stack location, it is transferred into the output shift
register provided the "Transfer OQut Serial" (TOS) is LOW. TOP must be HIGH, and

OES and CPSO must be LOW. As a result of the data transfer ORE goes HIGH indicating
valid data in the shift register. The 3-state serial data output Qs is automatically
enabled and puts the first data bit on the output bus. Data is serially shifted

out on the HIGH-to-LOW transition of CPSO. The fourth transition empties the shift
register, forces ORE LOW and disables the serial output Qs. For serial operation

1\ O



the ORE output may be tied to the TOS input, requesting a new word from the
Stack as soon as the previous one has been shifted out.

EXPANSION;
Vertical Expansion - The 9403 may be vertically expanded to store more words

without external parts. The interconnections necessary to form a 48-word by
4-bit FIFO are shown in Figure 4. Using the same technique, any FIFO of 15N + 1
words by 4 bits can be constructed. Note that expansion does not sacrifice any
of the FIFQ's flexibility for Serial/Parallel input and output.

Horizontal Expansion - The 9403 may also be horizontally expanded to store

Tong words (in multiples of 4 bits) without external logic. The interconnections
necessary to form a 16-word by 12-bit FIFO are shown in Figure 5. Using the

same technique, any FIFO of 16 words by 4 X N bits can be constructed. When
expanding in the horizontal direction, it is usual to connect the IRF and ORE
outputs of the right most device (most significant device) to the TTS and TOS
inputs respectively of all devices to the left (less significant devices) to

guarantee that no operation is initiated before all devices are ready.

As in the vertical expansion scheme, horizontal expansion does not sacrifice
any of the FIFO's flexibility for Serial/Parallel input and output.

Horizontal and Vertical Expansion - The 9403 can be expanded in both the horizontal
and vertical direction without any external parts and without sacrificing any

of the FIFQ's flexibility for Serial/Parallel input and output. The interconnections
necessary to form a 32-word by 16-bit FIFO are shown in Figure 6. Using the same
technique, any FIFO of 15N] + 1 words by 4 X N2 bits can be constructed.

Figures 7 and 8 show the timing diagrams for serial data entry and extraction for
the 32-word by 16-bit FIFO shown in Figure 6. The final position of data after
serial insertion of 496 bits into the FIFO array of Figure 6 is shown in Figure 9.

INTERLOCKING CIRCUITRY:

Most conventional FIFO deéigns provide status signals analogous to IRF and ORE;
however, when these devices are operated in arrays, variations in unit to unit
operating speed require external gating to assure all devices have completed an
operation. The 9403 incorporates simple but effective "Master-Slave" interlocking
circuitry to eliminate the need for external gating.

In the 9403 array of Figure 6 Devices 1 and 5 are defined as "Row Masters" and the
other devices are slaves to the Master in their row. No slave in a given row will
initialize its input register until it has received LOW on its IES input from a
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Row Master ar a Slave af higher priority.

In a similar fashion, the ORE outputs of slaves will not go HIGH until their
OES input has gone HIGH. This interlocking scheme ensures that new input data
may be accepted by the array when the IRF output of the final slave goes LOW
and that output data for the array may be extracted when the ORE of the final
slave in the output row goes HIGH.

The Row Master is established by connecting its TES input to ground while a
slave receives its IES input from the IRF output of the next higher priority
device. When an array of 9403 FIFOs is initialized with a LOW on the MR inputs
of all devices, the TIRF outputs of all devices will be HIGH. Thus, only the
Row Master receives a LOW on the TES input during initialization. Figure 10 is
a conceptual logic diagram of the internal circuitry which determines Master-
Slave operation. Whenever MR and TES are low, the Master latch is set. When-
ever TTS goes LOW the Request Initialization flip-flop will be set. If the
Master Tatch is HIGH, the input register will be immediately initialized and
the Request Initialization flip-flop reset. If the Master latch is reset, the
input register is not initialized until TES goes LOW. In array operation,
activating the TIS initiates a ripple input register initialization from the
Row Master to the last Slave.

A similar operation takes place for the output register. Either a TOS or TOP
input initiates a load-from-stack operation and sets the ORE Request flip-flop.
If the Master latch is set, the last output register flip-flop is set, and ORE
goes HIGH. If the Master latch is reset, the ORE output will be LOW until an
OES input is received.
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Table 1 summarizes Master-Slave status outputs.

TepLe L

INTERNAL STATE
OUTPUT CONDITION

Master Operation - Slave Operation -
TES LOW when initialized TES HIGH when initialized
IRF LOW Input Register Full {BﬁUt Register Full and IES
ORE LOW Output Register not full Qutput Register not full &
| OES LOW
Fleuee 10

CONCEPTUAL  DIAGRAM |
INTERLOCKING  <IRCUTRY

PL—— >
=

MR de

i)

mpsteR
WATCH

REGUEST
PN TIALL ZATION
FLIP-FLoP
INPUT REG > STAK

(RRED PR TIS)

INTIALZE

T FuiP- FeoP
(SEE TIGURE L)

ARF
Fo %———-—{::>c***"“ﬂ"

b

LOAD DVIRT
TEC\SER, )

"OP
Tos

(513
ORF REQVEST
FLIP- FLOP
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D403

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted)

LIMITS
SYMBOL PARAMETER UNITS TEST CONDITIONS (N
MIN | TYP | MAX S (Note 1)
ViH Input HIGH Voltage 2.0 \" Guaranteed Input HIGH Voltage
XM 0.7
ViL Input LOW Voltage XC Y \" Guaranteed Input LOW Voltage
Veb Input Clamp Diode Voltage —-0.65 —-1.5 \ Vee =MIN, |y =—18 mA
XM 25 34
VoH Output HIGH Voltage V. Vee =MIN, IoH = -401’ O MA,
®s, ORE ) OES Xc 2.7 34 :
VoH Output HIGH Voltage XM 114" "z \" 10H= - {‘0 A V‘CC:: ! IA
do, @, Dz, Dy _xc 24 | 5.4 Ton=—6.2.m4 |- cc ™
: 0.25 0.4 Y Vce =MIN, | =8.0mA.
VoL Output LOW Voltage cc oL=8om =
o, » o) 0.35 0.5 v Vee =MIN, IgL =76 mA
o e ‘T““ ——— — -
- 0.25 0.4 v loL =4.0 mA | Veoe =MIN,
VoL Output LOW Voltage oL — J. cc
ORE, OES i 0.35 05 \) loL =8.0mA 1 ‘ )
) Ou:out OFf Current HIGH (. @, G5 95 Ge| .- 50 | WA Veg “MAX., Vout - 24 V,Ve 93V
. Ou:;-':r QHf Current LOW 4)0:@1)@1/4?7, & | —50 uA | Vge= i\',/\x” VouTt 05V, Vg 28V
N Input HIGH Current (gxege 1.0 20 | wA | Vec=MAX,ViN=27V
XQEPT J€S -
( ) 0.1 mA Vee =MAX, Vyny =55V
" WPt HIGH Curret, BB : 2,01 40 | A | Veer MAX, Vin= 27V
: o | mA f Vee= MAKy Viu=5.85Y
L Input LOW Current “mA Vece =MAX, VN =04V
ALL. EXCEPT OES -0.36
SEQ ~0.80
los .Output Short Circuit Current _!,,-3 = A -42 mA VCC = M'A).( V =00V =
Qs» ORE, TES _ - »Vourt =0.
l0s Output Short Circuit Current &, 7,2, 3,1 =30 | —-100 mA Vce = MAX, VoyT = U V (NoE 31
Ice Supply Current ‘ I S5 S0 mA Vee = MAX , anbuTh  oped
NOTES:
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

device type. o
2. Typical limits areat Voc=5.0V, T =25 C.
3. Notmore than one output should be shorted at a time.
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SWITCHENG CHARACTERISTICS

L2

. 940,
Yec = v, TA = 25°C, O = 15 pF
SYMBOL PARAMETER LIMITS UNITS COMMENTS
MIN TYP MAX
t Propagation Delay, negative going
PHL CP to TRF Output 16 ns Stack not full
PL LOW
tPLH Propagation Delay, negative going ns Figure 11 & 12
TTS to IRF
tpLy Propagation Delay, negative going Serial Output
tPHL CPSO to Qs Output 25 ns OES LOW, TOP HIGH
Figure 13 & 14
tPLH Propagation Delay, positive going .
ns EO, CPSO Low
tPHL TOP to Outputs Q0-Q3 Figure 15
t Propagation Delay, negative going serial Output OES
PHL tPSO to ORE ns LOW, TOP HIGH
Figure 13 & 14
tPLH Propagation Delay, positive going ns
TOS to ORE
tPHL Zgog%%§t1on Delay, negative going TOP ns Parallel Output,
EO0, CPSO LOW
, Figure 15
t Propagation Delay, positive going
FLH TOP to ORE ns
TTS connected to IRF
. TOS connected to ORE
tFT Fall Through Time 300 ns TES, OES, EO, CPSO LOW
TOP HIGH - Figure 16
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FAIRCHILD TTL MACROLOGIC* 9404
DATA PATH SWITCH

DESCRIPTION - The 9404 Data Path Switch (DPS) is a combinatorial array for
closing data path Toops around arithmetic/logic networks such as the 9405
(Arithmetic Logic Register Stack). A total of 30 instructions (see Table 1)
facilitate logic shifting, masking, sign extension, introduction of common
constants and other operations.

The 5-bit Instruction Word (IO-I4) selects one of the thirty instructions

operating on two sets of 4-bjt Data Inputs (56—55, Kb-?é). Left Input (LI) and
Left Output (LO) and Right Input (RI) and Right Output (RO) are available for
expansion in 4-bit increments. An active LOW Output Enable Input (EO) provides

3~state control of the Data Qutputs (By-03) for bus oriented applications,

The 9404 is a member of Fairchild's Macrologic family and is fully compatible
with a1l TTL families.

FEATURES

CONNECTION DIAGRAM
DIP (TOP VIEW)

Expandable in multiples of four bits

30 ns delay over 16-bit word

Two 4-bit data input buses

4-Bit data output bus with 3-state output buffers

Useful for byte masking and swapping

Provides arithmetic or logic shift

Ri[ ] 23
o] 22
Ko 21
Go[J20
Ry [T1o
o,he

17

6,{116

o514

o113
NOTE:

Provides for sign extension The Flatpak version has the same

pinouts (Connection Diagram) as the

Generates commonly used constants Dual In-Line Package.

Purely combinatorial - no clocks required
Packaged in slim 24 pin package

K RI VQ¢: Pin 24
ND= PINIT
7—1, 9404 Gro= P
3—-—? DATA  PATH SwiTeH LOGIC. SYMBoL
4
5—Ls
27 —O|E0 s 040,0,0

Trademark of Fairchild Camera and Instriment Corporation. '5 14 '6 ‘8 zo lo



LOADING (note a)
PIN NAMES HIGH (U.L.) LOW (U.L.)
Dy - D4 D-Bus Inputs (active LOW) 0.5 0.23
KO - K3 K=~Bus I_nputs (active LOW) 0.5 0.23
Ip- 1, Instruction Word Input 0.5 0.23
T Shift Left Input (active LOW) 0.5 0.23
Lo Shift Left Qutput (active LOW) 10 5 (note b)
RT Shift Right Input (active LOW) 0.5 0.23
RO Shift Right Output (active LOW) 10 5 (note b)
E0 Output Enable Input (active LOW) 0.5 0.23
ﬁb- 53 Data Output (active LOW) 130 10 (note b)
NOTES:
a) 1 unit load (U.L.) = 40 WA HIGH, 1.6 ma LCW
b) Output current measured at VOUT = 0.5V
TABLE 1
INSTRUCTION SET FOR THE 9404
INPUTS OUTPUTS INPUTS OUTPUTS
lg 13 12 17 g 63 62 61 60 FUNCTION g 13 12 11 1o Lo 63 62‘ 61 60 RO| FUNCTION ]
L L L L L|{L L L L |ByteMask H L L L L|Rl Rl RI RI RI K-Bus Sign Extend
L L L L H|H H H H|ByteMask H L L L HlK3K3zKs Kq Kg K-Bus Sign Extend
L L L HL|L L L H|Minus"“2" in2sCompll H L L H L{RI Rl RI Rl Rl |D-Bus Sign Extend
L L LHGH[L L L L |Minus“1 in2sCompil) H L L H H|D3 D3 D Dy D D-Bus Sign Extend
L L H L L|D3 Dy Dy Dg|Byte Mask D-Bus H L H L L|{D3 Dy Dy Dg RI D-Bus Shift Left
L L HL H|H H H H|ByteMaskD-Bus H L H L H|K3 Ky K1 Kg RI K-Bus Shift Left
L L H H LiD3 Dy Dy Dp|Byte Mask D-Bus H L HHL L1 Dz Dy Dy Dg|D-Bus Shift Right
L L HHHIL L L L |ByteMaskD-Bus HLHHH D3 D3 Dy Dy Dg|D-Bus Shift Right Arith(2}
L HL L L|L H H H|Negative Byte Sign Mask HHL L L LI Kz Ko K1 Kgl|K-Bus Shift Right
L HL L HlH H H H|Positive Byte Sign Mask HHLLH K3 K3 Ko Kq Kg|K-Bus Shift Right Arith{2)
L H L H L Eg 22 21 EO Byte Mask K-Bus H H L H L 23 Ko K1 Ko Byte Mask K-Bus
L HL HH[L L L L |ByteMaskK-Bus H H L HH H H H H Byte Mask K-Bus
L H H L L|D3 Dy Dy Dg|LoadByte HHHLL D3 Dy Dy Dg Compiement D-Bus
L H H L H[K3g Ko K7 Kg|Load Byte HHHLH K3 K2 K1 Ko Complement K-Bus
L HHHL{H H H L Pus“1 HHHHL Undefined
L HHHH[H H H H|Zero HHHHH Undefined

H = HIGH Level
L = LOW Level

=< =2

(1) Comp = Complement
(2) Arith = Arithmetic
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Description

The 9404 Data Path Switch combines the functions of a dual four-input multiplexer,
a true/complement one/zero generator, and a shift left/shift right array.

As shown in Table 1, there are two shift right modes. The arithmetic right shift
preserves the sign bit in the most significant position while the logic shift
moves all positions. Right shift is defined as a one-bit shift teward the least
significant position.

For half word arithmetic the 9404 provides instructions which extend the sign bit
left through the more significant slices. Shift linkages are available as individual
inputs and outputs for complete flexibility.

The 9404 may be used to generate constants +1, 0, -1 and -2 in two's complement
notation.

9404 ARRAYS

Arrays of larger than 4-bit word lengths are easily obtained. Figure 1 illustrates
a 16-bit array constructed using 4 devices; device 1 is the least significant

and device 4 is the most significant slice. Within each slice, inputs and outputs
with '0' subscript are the least significant bits.

The I] through I4 inputs of all devices are bussed. These four bus lines to-
gether with the I0 inputs of the devices form an 8-bit instruction bus to control
the array. In some applications, it may be possible to connect the I0 inputs of
devices 1 & 2 together and the I0 inputs of devices 3 & 4 together, so that only

6 bits are needed to control the arrays. Connecting the LO of device 1 to RI of
device 2, LO of device 2 to RI of device 3, etc. provides left shift (i.e., shift
towards most significant bit) and sign extension. From Table 1 it can be seen that
"sign extend" consists of two adjacent instructions differing only in IO; one of
these instructions connects the most significant bit of the selected input bus (i.e.,
D3 or K3) to the LO output while the other instruction forces the output bus and LO
to the RI input. In a similar fashion right shift operation is accomplished by
connecting the ET'input of a device to the RO of the next more significant device.
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9404

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted)

LIMITS
SYMBOL PARAMETER BNIT
MIN Tvp MAX ITS TEST CONDITIONS (Note 1}
ViH Input HIGH Voltage 2.0 \ Guaranteed Input HIGH Voltage
: . XM 0.7
ViL Input LOW Voltage \ Guaranteed input LOW Voltage
[ xc 0.8
Veb Input Clamp Diode Voltage —-0.9 -15 \% Vee = MIN, iy = =18 mA
XM ' 25 3.4
\% Output HIGH Voltage : Vee = =_
OH _y’ Hi( g XC X 34 Y CC = MIN, IgH = —400 uA,
Y| -
VOoH l Output HIGH Voltage it 2. 4_[ 3.4 B v Vee = MIN
_ R | v 2.4 | 3.1 o vee
. r , — - ToLEm A —_—
IoH LOutputHlGH Current ‘ : | | 100 | kA | Vge=MIN, Vou = 5.5V,
o _ — | 0 0.4 v Vee = MIN, 1oL = 4.0 mA,
VoL Output LOW Voltage o, =0 .3 { cc IN. ou ik
o + 0.4 05 | Vv Vee = MIN, gL = 8.0 mA,
' T 0.2 04 v Vee = MIN, 1o = 80 mA,
VoL Output LOW Voltage 0 ~ 0.4 05 v Vce = MIN, oL = | mA,
';‘_’H Oul; ut O (‘um r\( HP( H I ] 50 A ~
[ ,.,-"[v (»)_ulput (“’[ »(‘ll—l.v.f nt ()\’V o » ‘ - -50 [T
= - T e 20 WA | Veg = MAX, VN = 2.7 V
| Input HIGH Current o -
H ) _ J | 01 mA vVee = MAX, V"‘{ =55V -
- y Vee = MAX, Vi = 0.4 V
m 1 Input LOW Current I I _ ____l —0.36 l mA Vce MAX'_VW
S O —— e - = Z =0V (Note 3)
los Output Short Circuit Current _3o - 160 mA Ve = MAX, VouT 4 :
mA Vee = MAX, neur ofed
lcc _ Supply Current - il
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

device type.
2. Typical limitsare at Vg =50V, Ta = 25°C.
3. Not more than one output should be shorted at a time.
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SWITCHING CHARACTERISTICS

9404

Vcc = 5V, TA = 25°C, CL = 15 pF
LIMITS UNITS COMMENTS

SYMBOL PARAMETER MIN | TYP | MAX

tPLH Efppigaquﬁ Delay, Data Inputs 20 ns
tPLH PfgpfgaffoE.Delay, Data Inputs o 18 ns
tPHL (DO—D3,K0-K3) to Shift Outputs LO, RO
EpLH ns EO LOW
¢ Propagation Delay, RI to LO 8

PHL

tPLH Propagation Delay, Instruction word ns
ton (10-15) to Data Outputs (00—03) 22

tPLH Propagation Delay, Instruction word

. (1,-I5) to Shift Outputs RO, TO 20 ns
PHL

tpzy Enable Delay, EO to Outputs

=~ — 10 ns

t 00

PZL

Yz S o
t + Disable Delay, EO to 00-03 5

PHZ

gc




FAIRCHILD TTL MACROLOGIC* 9405

Arithmetic Logic Register Stack

DESCRIPTION

The Arithmetic Logic Register Stack (ALRS) is designed to implement general
registers in high performance programmable digital systems. The device contains
a 4-bit arithmetic logic unit (ALU), an 8 word by 4-bit RAM, and associated
control logic. The ALU implements 8 arithmetic and logic functions where one
4-bit operand is supplied from an external source (input data bus) and the
second 4-bit operand is supplied internally from one of the 8 RAM words selected
by the Address Inputs (AO—AZ). The result of the operation is loaded into the
same RAM location and simultaneously, is loaded into the output register making
it available at the 3-state output data bus.

The 9405 operates on four bits of data but features are provided for expansion

to Tonger word lengths. Carry Propagate & Carry Generate outputs are provided
for an external carry lookahead where maximum operating speed is required. In
applications where high speed arithmetic is not needed, ripple expansion may also
be implemented. The 9405 provides three status signals Zero, Negative and Over-
flow to qualify the result of an operation. The 9405 is a member of Fairchild's
Macrologic  family and is fully compatible with all TTL families.

FEATURES

Eight general registers/accumulators in a single package
High speed - 10 Mﬁz Microinstruction rate

Expandable in multiples of 4 bits

Provides for ripple or lookahead carry

Implements 64 microinstructions

Provides status - zero, negative, and overflow

Three state outputs

24 pin package

*A Trademark of Fairchild Camera and Instrument Corporation.
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9405

LOADING (note a)

LEAD NAMES HIGH(U.L.) | LOW(U.L.)
56 - ﬁé Data Inputs (active LOW) 0.5 0.23
A0 - A2 Address Instruction Inputs 0.5 0.23
I0 - 12 ALU Instruction Inputs (note b) 0.5 0.23
MSS Most Significant Slice Input (active HIGH) 0.5 0.23
cp Clock Input 0.5 0.23
E0 Output Enable Input (active LOW) 0.5 0.23
EX Execute Input (active LOW) 0.5 0.23
ﬁb - 55 Data Outputs (active LOW) 130 10
W Ripple Carry Output (active LOW) (note c) 10 5
X Carry Propagate Output (note d) 10 5
Y Carry Generate Output (note e) 10 10
Z Zero Status Output (active HIGH, Open (note f) 5
Collector)

NOTES:

a) 1 unit load (U.L.) = 40 pa HIGH, 1.6 ma LOW (0.5V).

b) IO used also for Carry Input on lesser significant slices.

c) W Output also carries instruction information.

d) X Output provides Negative Status (active LOW) on most significant slice.

e)

f

Y Output provides Overflow Status (active LOW) on most significant slice.

An external pull-up resistor is required to supply HIGH level drive
capability.
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FUNCTIONAL DESCRIPTION - As shown in the Block Diagram the 9405 Arithmetic Logic
Register Stack (ALRS) consists of a 4-bit ALU, an 8-word by 4-bit RAM with out-
put latches, an instruction decode network, control logic, and a 4-bit Output
Register.

The ALU receives the active LOW input data (ﬁb - 53) as one operand while the
RAM provides the second operand through latches. The ALU output is stored in
both the RAM and output register. The active LOW output data bus (5b - ﬁé) is
obtained from the output register through 3-state buffers. An active LOW Qut-
put Enable (EO) input controls these buffers; a HIGH level on EO disables them
(high impedance state).

The instruction bus for the 9405 consists of two fields, A and I; A0 - A2 specify
the desired location of the RAM and I0 - 12 specify the desired function to be
performed. Table 1 1ists Instruction Field Code assignments. Thus, the 9405
provides eight registers (R0 - R7) and eight different operations may be performed
on any of these registers. The I0 - I2 inputs are decoded by the instruction
decode network to generate necessary control signals for the ALU. The ALU also
generates and transmits to the control logic the following signals: Carry Out,
Carry Propagate, Carry Generate, Negative Status and Overflow Status. The

control Tlogic manipulates the status signals as a function of I0 - 12 and a

control input MSS. A HIGH Tlevel on the MSS input declares the most significant
slice in a 9405 array (the diode-input on MSS allows it to be tied directly to

Vee). ATl devices, except the most significant 9405 should have a LOW level
(ground) on the MSS input. The control logic generates three device outputs, W,
X and Y for arrayed operation. An all zero result from the ALU is decoded and
presented at the open collector Zero Status (Z) Output.

The I0 input serves a dual purpose: for arithmetic instructions, it is used as
the carry input and for non-arithmetic instructions it serves as an instruction
input. This is possible because only two arithmetic instructions require carry.
The dual purpose use of I0 plays an important role in 9405 expansion schemes.

OPERATION - The 9405 operates on a single clock. CP and EX are inputs to a
2-input active LOW AND gate. A microcycle starts as the clock goes HIGH. For
normal operation the Execute (EX) is LOW. Data is read from the RAM through
enabled latches and applied as one operand to the ALU. Data inputs (ﬁb - 53)

are applied to the ALU as the other operand and the operation as determined by in-
struction lines I0 - I2 is executed. When CP is LOW, the Tlatches are-disabled
and the result of the operation is written back into the RAM provided that EX
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is LOW. The A Tines must obviously be held stable during this time. On the
LOW-to-HIGH CP transition, the result of the operation is loaded into the
output register and a new microcycle can start. If EX is held HIGH, the
operation selected by the I and A inputs is performed, but the result is not
written back into the RAM and is not clocked into the output register.

9405 ARRAYS - The 9405 is organized to operate on a 4-bit wide data bus but
can easily be expanded for Tonger words. Expansion requires that carries from
Tesser significant slices be propagated towards the most significant slice.

The 9405 provides full Tookahead capability for high speed arithmetic. Approp-
riate Carry Generate (Y) and Carry Propagate (X) outputs are provided so that
only one external carry lookahead generator is needed for every four 9405's.
When speed is not a prime consideration, it is possible to implement ripple
carry expansion.

In arrayed operation, it is common to bus the EX, CP and ED inputs of all devices.
The Z output is open collector and is normally OR-tied with the other devices and
to an external load resistor so that a HIGH level indicates a zero result from

an operation in the array.

Figure 2 shows a ripple carry 16-bit wide array using four 9405's. The MSS input

is tied to VCC on the most significant slice (ALRS 4); the MSS input of the other
devices are tied to ground. The instruction bus of this array consists of A-Field
and I-Field. A-Field is obtained by connecting corresponding A inputs of all 4
devices. The I0 input of device 1 (i.e., least significant slice) in conjunction
with the bussed 11, 12 inputs forms the I-Field for the array. The I0 inputs of
devices 2, 3 and 4 are connected to the W outputs of devices 1, 2 and 3 respectively.
The ALU network generates the carry propagate output. The control logic operates on
this signal as a function of I, and I, to generate the W output. If both I; and I,
are LOW (i.e., an arithmetic instruction), the W output is the carry output of that
slice. In case of non-arithmetic instructions, it assumes the State of the Iy input.
Thus, in Figure 1, if an arithmetic instruction is specified, carry propagates
through the W output to I0 input of the next higher significant slice. On the other
hand , non-arithmetic instructions effectively connect all Iy inputs together to
form the I-Field for the array. The W output of device 4 is the carry output from
the array. The control Togic also generates X and Y outputs which participate in
expansion when full Tookahead carry is required. These outputs are normally ignored
in ripple expansion except for the most significant slice. In the most significant
slice, X and Y correspond to Negative and Overflow status signals.
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Thus, X output of Device 4 is LOW, if the result of an operation has its

most significant bit as "1" (i.e., negative result). Similarly a LOW Tevel on

Y output of device 4 indicates that arithmetic overflow has occured. If the

two operands have the same sign and the result has opposite sign, then it js
assumed that an overflow has occured. It should be noted that W, X and Y are

not controlled by EX or CP. Figure 2 shows a 16-bit array with full carry Took-
ahead expansion. Implementation of the lookahead scheme requires the use of

an external 93542/745182 in addition to the four 9405's in the array. Since
Device 1 is the least significant and device 4 is the most significant slice, the
MSS inputs of the first three devices are connected to ground while device 4 has

a HIGH Tevel at this input. The A-Field for the array instruction bus is obtained
by connecting corresponding A inputs of all four devices. Bussed I] and 12 inputs
together with the I0 input of device 1 form the I-Field for the array. The I0
inputs for devices 2, 3 and 4 are obtained from the 93542/74S182 Carry Outputs
(Cn+x, Cn+y, and Cn+z respectively). Also the P and G inputs of 93542/745182

are connected to X and Y outputs of the 9405's as shown. The control logic in

the 9405 (see Block Diagram) generates X and Y outputs as a function of I], I2

and MSS inputs as well as the Carry Generate and Carry Propagate outputs of the
ALU. If the MSS input of a slice is LOW and an arithmetic instruction is specified,
its X output reflects Carry Propagate and Y reflects Carry Generate outputs

from that slice. For an arithmetic instruction the I input is treated as

carry-in into a slice irrespective of MSS. Thus, whegever I1 and I2 are LOW,

the array behaves as an adder with full carry lookahead. The W outputs still re-
flect carry output, which is ignored for devices 1, 2 and 3. The W output of device

4 is the carry output from the array. Also, note that the Ip input of device 1 is not
only an instruction input but also provides the carry input to the array so the

I0 input of device 1 must be connected to the appropriate 93542/74S5182 input as

shown.

When a non-arithmetic instruction is specified to the array, the control logic of
the 9405 forces a LOW level on X and a HIGH level on Y outputs on all except the
most significant slice. An examination of the 93542/74S5182 Togic reveals that
whenever P is LOW and G is HIGH the associated carry output is the same as the

carry input. Thus, in Figure 2, devices 2, 3, and 4 will assume the logic level

as that presented to the I0 input of device 1 during non-arithmetic instructions
effectively bussing I0 through all four devices. As in the case of ripple expansion
X and Y outputs of device 4 represent Negative and Overflow from the array.
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9405

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted)

LIMITS
SYMBOL PARAMETER UNI
VIN TvP MAX TS TEST CONDITIONS (Note 1)
ViH Input HIGH Voltage 2.0 \ Guaranteed input HIGH Voltage
‘ XM 0.7
ViL Input LOW Voltage XC 08 \" Guaranteed Input LOW Voltage
Vep Input Clamp Diode Voltage -0.9 -1.5 v Vee =MIN, )y =—18 mA
XM 25 34
VOH Qutput HIGH Voltage - \ Vee=M =
W, ¥ oJd7PLIs XC 2.7 34 e N-lon = —400uA,
VoH Quiput HIGH Voltage | il 2.4 ] 33 4 v lof==2,0mA | . -miN
e I,,C3 'XC Z-Q" 3»' ,OH:"SﬁmA N I
1oH T Output HIGH Current 2 CuTPUT’ | | I 100 | KA Vce = MIN, VoH =5. 5V,
T ) 0 . = = 4. o
VoL ’ Outpyt LOW Voltage .3 0.4 I \ Vce =MIN, o =4.0 mA,
X 0.4 °‘§,,J v Vcc =MIN, IgL = 8.0 mA,
T 0.2 0.4 \ Vee = MIN, 1oL = 8.0 mA, )
VoL 20wyt ‘;OWV Itage 0.4- 05 v Vee = MIN, loL = |G mA, .
k)ulput Off Current MHIGH l, 50 ; uA Vee TVAX. """L’"f” 1 V, Ve = 0.8V
L I Output O Current iLOW Al T?O ! I . Voo = MA\( YOU )'5,_.._“ V“:————
L - ’ b [0 20 uA vee = MAX, VIN=27V o
HH Input HIGH Current JI - 0.1 mA 'VCC MAX VIN 55\/

’ ‘Input LoWCu}rent ' 1 » ] -038 | ‘mA vee = MAX Vin - 0.4V

he o

los —Output Shori Gircuit Garrent | 30| _/o0 | _mA [ Voc=MAX, Vout =0V (Nf:e 3
- = oPE

IccH .Supp!y Current ’ £l mA Vee =MAX, npuTs

NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

device type.
2. Typical limits areat Vec = 5.0V, Ta = 25°C.
3. Not more than one output should be shorted at a time.



SWITCHING CHARACTERISTICS (see Figure 1)

9405

= = o =
VCC = 5V, TA = 25°C, CL 15 pF
™M
SYMBOL PARAMETER LIMITS UNITS COMMENTS
MIN | TYP | MAX

to Propagation Delay, Positive -
tPHL Going CP to 00 0],02,03 25 ns EQ, EX LOW

tPLH Propagiﬁion Delay, ’

| o M | o herRES o
tPLH Propagation De]ay

tPHL Data (D0 ], 2 ) to W 30 ns I], IZ_FOW -
tPLH Propagation Delay

55
tPHL Data (DO D'ls 23D ) to X Y e o N o
tPLH Propagation Delay, Data 1K ohm External Load
- = = — ns .

fon | (o DpPpe03) to 2 > feststor o Ve
tPZH _gnqgle Delay, EO to Outputs 12

t 0’ 1’02’03

PZL
tPLZ Disable Delay,E0 to OO,O],O2 O3 10
tphz




SWITCHING SET-UP REQUIREMENTS (see Figure 1) 9405
- = ) -
VCC = 5V, TA = 25°C, CL 15 pF
_ LIMITS
SYMBOL PARAMETER MIN | TYP | MAX |  UNITS CONDITIONS
t Clock Period 75 ns
CW
oyl Clock pg]se width (ﬁ;ﬁﬂ?mwA 40
touL Clock pulse w1dth (LOW) 20
tSEY Set up time, EX to CP 0
thﬁ( Hold Time, EX to CP 0
tSA Set up time, AO,A],A2 to 15 ns
e ~ negative going CP
thA Hold time, AO,A],A2 to 0 ns
N positive going cp
tSD Set up time, DO,D],DZ,D3 to 55 ns =X Low
B positive going CP B
thD Hold time, DO’D1’D2’D3 to -20 ns
positive going Clock
tSI SeF up time, 10,11,12 to positive 50 ns
going clock
thI Hold time, IO,I],I2 to positive 0 ns
going Clock




FAIRCHILD TTL MACROLOGIC* 9406
PROGRAM STACK

DESCRIPTION - The 9406 is a 16 word by 4-bit "Push Down-Pop Up" Program Stack.

It is designed to implement Program Counter (PC) and return address storage for
nested subroutines in programmable digital systems. The 9406 executes 4 in-
structions: Return, Branch, Call, and Fetch as specified by a 2-bit instruction.
When the device is initialized, the program counter (PC) is in the top location

of the Stack. As a new PC value is "pushed" into the Stack (Call Operation), all
previous PC values effectively move down one level. The top location of the Stack
is the current PC. Up to 16 PC values can be stored, which gives the 9406 a 15
level nesting capability. "Popping" the Stack (Return Operation) brings the most
recent PC to the top of the Stack. The remaining two instructions affect only -
the top location of the Stack. In the Branch operation a new PC value is loaded
into the top location of the Stack from the 56'- ﬁg'inputs. In the Fetch operation,
the contents of the top Stack Tocation (current PC value) are put on the Xg - X3
bus and the current PC value is incremented.

The 9406 may be expanded to any word length without additional logic. Three-State
output drivers are provided on the 4-bit Address Outputs (X0 - X3) and Data Out-
puts, (56'— ﬁg); the X-bus outputs are enabled internally during the Fetch in-
struction while the 0-bus outputs are controlled by an Output Enable (Eﬁb). Two
status outputs, Stack Full (SF) and Stack Empty (SE) are provided. The 9406 is a

member of Fairchild's 9400 Macrologic family, and is fully compatible with all
TTL families.

FEATURES
16 word by 4-bit LIFO

15 level nesting capability

Relative addressing capability

10 MHz Microinstruction Rate

Program Counter loadable from data bus

Optional automatic increment of program counter
Stack Timit status indicators

24 pin package

Three State Outputs

*A Trademark of Fairchild Camera and Instrument Corporation.



LOADING (note a)

LEAD NAMES HIGH (U.L.) LOW (U.L.)
55‘—'5; Data Inputs (Active LOW) 0.5 0.23
qu I] Instruction Inputs ] 0.5 0.23
EX Execute Input (Active LOW) 0.5 0.23
CP Clock Input 0.5 0.23
MR Master Reset Input (Active LOW) 0.5 0.23
[31 Carry Input (Active LOW) 0.5 0.23
Eﬁb Output Enable Input (Active LOW) 0.5 0.23
55'- 55' Output Data Outputs (Active LOW) 130 10 (note b)
X0 - X3 Address Outputs 130 10 (note b)
co Carry Output (Active LOW) 10 5 (note b)
SF Stack Full Output (Active LOW) 10 5 (note b)
SE Stack Empty Output (Active LOW) 10 5 (note b)
NOTES:
a. 1 unit Toad (U.L.) = 40 ua HIGH, 1.6 ma LOW.
b. Output current measured at VOUT = 0.5V
CONNECTION DIAGRAM
DIP (TOP VIEW)
LOGIC SYMBOL
[ Ex Ay vpp ] 24
2[to tif ]2
2 3 21191715 3E h %0 322
1o 11 _Dg D7 D2D: ‘ ‘g Kl
23—02:’ 0 11 Yo L1203 ;g::;a 5Es°p 63320
2,2::%% 2406 XSE')—‘ s[] ¥R o[ Jre -
MR 00010203 XoX1X2X3 | e 5[
6 20181614 8 9 1011 QEXO 52317
9|: X3 5, 1.
Vpp = Pin 24 0[] % Baf]1s
Vgg =Pin12 ”E X3 oy 314
12[] Vss cof]

Bl
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TABLE I

INSTRUCTION SET FOR THE 9406

I Ig

Instruction

Internal Operation

X-Bus

0-Bus (with EOp LOW)

Return (Pop)

Decrement Stack Pointer

Disabled

Depending on the relative timing

of EX and CP, the outputs will
reflect the current program counter
or the new value while CP is Low.
When CP goes High again, the output
will reflect the new value.

Branch (Load PC)

Load D-Bus into current
Program Counter location

Disabled

Current Program Counter until CP
goes High again, then updated with
newly entered PC value.

Call (Push)

Increment Stack Pointer &
Load D-Bus into new Program
Counter location.

Disabled

Depending on the relative timing

of EX and CP, the outputs will
reflect the current program counter
or the previous contents of the
incremented SP location. When CP
goes HIGH again, the outputs will
reflect the newly ‘entered PC value.
See Figure 9 for details.

Fetch
(Increment PC)

Increment current Program
Counter if CI is LOW

Current Program
Counter while both
CP & EX are LOW,
disabled while CP
or EX is HIGH

Current Program Counter until CP
goes HIGH again, then updated with
incremented PC value.

—
]

HIGH Level
LOW Level




FUNCTIONAL DESCRIPTION -~ As shown in the Block Diagram, the 9406 consists of an
input multiplexer, a 16 X 4 RAM with output latches addressed by the Stack Pointer
(SP), an incrementor, control logic, and output buffers. The 9406 is organized
around three 4-bit buses; the Input Data Bus (ﬁa -'5;), Output Data Bus (ﬁa'- ﬁg)
and the Address Bus (X0 - X3). The 9406 implements 4 instructions as determined

by inputs I0 and I]. (see Table I). The 0-Bus is derived from the RAM output
latches and enabled by the active LOW Output Enable (Eﬁb) input. The X-Bus is

also derived from the output latches; it is enabled internally during the Fetch
instruction. Execution of instructions is controlled by the Execute (EX) and clock
(CP) inputs.

FETCH OPERATION - The Fetch Operation places the content of the current Program
Counter (PC) on the X-Bus. If the Carry In (CI) is LOW, the current PC is incre-
mented in preparation for the next Fetch. If CI is HIGH, the value of the current
program is unchanged, (Iterative Fetch).

The instruction code is set up on the I 1lines when CP is HIGH. The active level
LOW Execute (EX) is normally set up at this time as well. The control logic inter-
prets I0 and I] and selects the incrementor output as the data source to the RAM
via the input multiplexer. The current PC value is loaded into the latches and

is available on the 0-Bus if Eﬁb is LOW. When CP is LOW the output Tlatches are
disabled from following the RAM output, when both CP and EX are low, buffers are

enabled, applying the current PC to the X-Bus. The output of the incrementor is
written into the RAM during the period when CP and EX are LOW. If CI is LOW, the

value stored in the current PC, plus one, is written into the RAM. If CI is HIGH,
the current PC is not incremented. Carry Out (55) is LOW when the contents of the
current PC is at its maximum, i.e., all ones and the carry in (CI) is LOW. When
CP or EX goes HIGH, writing into the RAM is inhibited and the Address Buffers

(Xg - X3) are disabled.

BRANCH OPERATION - During a Branch Operation, the Data Inputs (55;- 5;) are loaded
into the current program counter.

The instruction code and the EX input are set up when CP is HIGH. The Stack Pointer
remains unchanged. When CP goes LOW (assuming EX is LOW) the D-Bus inputs are written
into the current PC. The X-Bus drivers are not enabled during a Branch Operation.

CALL OPERATION - During a Call Operation the content of the data bus is loaded into |
the top location of the stack and all previous PC values are effectively moved down
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one level.

The Instruction code and the EX input are set up when CP is HIGH. When EX is
LOW, a "one" is added to the Stack Pointer value thus incrementing the RAM
address. Since the output Tatches go to the nontransparent or store mode when

CP is LOW, the 0-Bus outputs while CP is LOW will reflect the RAM output at the
CP negative going transition. If EX goes low considerably before CP goes LOW,
the 0-bus will correspond to the previous contents of the incremented RAM address
after CP goes LOW. If CP goes LOW a very short time after EX, the 0-bus will
remain unchanged until the LOW to HIGH transition of CP.

When CP is LOW (assuming EX is LOW) the D-Bus inputs are written into this new
RAM location. On the LOW-to-HIGH CP transition, the incremented Stack Pointer
value is Toaded into the Stack Pointer Register and the 0-bus outputs reflect
the newly entered data. When the RAM address is "1111" the Stack Full output
(SF) is LOW, indicating that no further Call operations should be initiated.
If an additional Call Operation is performed SP is incremented to (0000), the
contents of that location will be written over, SF will go HIGH and the Stack
Empty (SE) will go LOW.

The X-Bus drivers are not enabled during a Call Operation.

RETURN OPERATION - During the Return Operation the previous PC is "popped" to
become the current PC.

The instruction is set up when CP is HIGH. When EX is LOW, a “"one" is subtracted
from the Stack Pointer value, thus decrementing the RAM address. If EX goes LOW
considerably before CP goes LOW, the 0O-bus will correspond to the new value after
EX goes LOW. If CP goes LOW a short time after EX, the O-bus will remain unchanged
until the LOW to HIGH transition of CP.

On the LOW-to-HIGH CP transition the decremented Stack Pointer value is loaded into
the Stack Pointer Register and the 0-bus outputs correspond to the new "popped"
value.

The X-Bus drivers are not enabled during a return operation.

When the RAM address is "0000", the Stack Empty output (SE) is LOW, indicating

“that no further return operations should be initiated. If an additional Return
operation is performed, SP is decremented to "1111", the SE will go HIGH and the
Stack Full output (SF) will go LOW. Operation of the active LOW Master Reset (MR)
causes the SP to be reset and the contents of that RAM Tocation (0000) to be cleared.
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The Stack Empty (SE) output goes LOW. This operation overrides all other inputs.

MULTIPLE 9406 OPERATION - The 9406 may be expanded to any word length in multiples
of 4 without external logic. The Connection for expanded operation is shown in
Figure 1. Carry In (CI) and Carry Out (CO) are connected to provide automatic
increment of the current program counter during the Fetch Operation. The Ef'input
of the Teast significant 9406 is tied LOW to ground.

If automatic increment during Fetch is not desired, the CI i

. | nput of the least
significant 9406 is held HIGH.

DATA INPUT
Lss mSB
Do D) D2 D3 By 0y B Dy Dy D9 B1o01s
"
0 T [
= | $ | 5 )
o h Dg 01 D7 D3
fo 1y Dg Dy D2 D3 lo 1 0Og 0y D2 O3 o
Eofe cofo—T | ¢ co o——'__J ¢ " €0 fo— cARRY OUT
e L . 40 sF jo— e 9 40 ) sF jo— e 94‘6"@ s¢ Jo—stack FuLL
= L1ofex e - L—ofex st lo o se Jo—STACK EMPTY
0 —Of EO —of eog
00 E°3m 09 01 02 03 Xo Xy X2 X3 Wa_ 0o Oy 02 03 Xg X1 X3 X3 M Oo 01 02 03 Xg X X3 X3
EEEEE (EEEE T3
MR
S8 JUNSLNLIN ms8
: Bo 81 02 03 Xo X1 X2 X3 G4 05 O D7 X4 X5 Xg X7 Cg 09019011 Xg X9 X10X11
[ |l I T l
DATA BUS ADDRESS BUS
FIGURE 1. 2406 EXPANSION A 16 BY 12 PROGRAM STACK
*Tie to V.c. to disable automatic increment.
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9405

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted)

LIMITS
SYMBOL PARAMETER UNITS TEST CONDITIONS (Note 1)
MIN TYP MAX
ViH Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage
. XM 0.7 )
ViL Input LOW Voltage XC 08 \ Guaranteed Input LOW Voltage
vVeo Input Clamp Diode Voitage ~0.65 -1.5 v Vee =MIN, Iy = =18 mA
v Output HIGH Volt XM 23 34 v \% MIN, i 400 uA
OH utpu oltage cc= JoH =— uA,
_ - CBEZe S Xc 2.7 34 7
. ‘A 2 -
VOH Qutput HIGH Voltage_ - XA 2.4 34 e Y loy 2.0mA Vee = MIN
o % Ag),\:, 6 0nCe, s | XC 2.4 3.1 lo==52mA |
o 0.25 04 . Vv vee = =4, ]
VoL Output LOW Voltage 2 4 CC=MIN, IgL =4.0 mA,
b SE.SF , 0.35 05 | v Voo = MIN, IgL = 8.0 mA,
- 0.25 0.4 v Vee = MIN, IoL = 8.0 MA,
\ Output LOW Voltage - e
OL o A A @,} 2,05 0.35 05 v Vec=MINloL=lpmA,__
10ZH Output Off Current HIGH 50 LA Voo = MAX, Voyt  24V.Ve=038V
1071 Output Off Current LOW -50 uA Vee = MAX., Vout 95V, VE*® o8V
- T 10 20 uA Veo = MAX, Vi = 27V T
Iy input HIGH Current X mA Voo = MAX, VN =55 V
,"_ T input LOW Current ]: ] | -036 | mA | Vec=MAX,ViN=04V
I Output Short Circuit Current ! ~-30 ] !7:_/0(“) v j mA I Vce = MAX, VouyTt =0V (Note 3)
. e o ) . | | . ——
fccH | Supply Current f 1 | | mA | Vco=MAX, .
NOTES:
1. z:vr‘cceotnyd;:ions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicabie

2. Typical limits are at Ve = 5.0 V, Tp = 25°C,
3. Not more than one output should be shorted at a time.
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SWITCHING SET UP REQUIREMENTS - ALL MODES OF OPERATION
Ve =5V, T, =25°C, C =15 pF

9406

LIMITS
SYMBOL PARAMETERS UNITS COMMENTS
MIN | TYP |MAX
tew Ciock Period 80 ns
towH Clock Puylse Width (HIGH) 40 ns
Towl Clock Pulse Width (LOW) 22 ns
tSESZ Set Up Time, EX to CP 0 ns
fhE)Z Hold Time, EX to CP 0 ns
, FIGURE 2
&} il Set Up Time, |, 1. to negative 3 ns '
s . 0" 1
- going clock
thl Hold Time, IO’ Il to positive going clock 3 ns
rsCl Set Up Time, Cl to negative going clock 25 ns
i'HCI Hold Time, Cl to positive going clock 20 ns
i’sD Set Up Time, DO- D3 to positive going clock 20 ns
fHD Hold Time, Do-— D3 to positive going clock ns
fPWLW ‘MR pulse width (LOW) 40 ns
FIGURE 3

e MR to negative going clock 10 ns




FIGURE 2
WAVE FORMS FOR ALl COCFERATIONS,

REFER o INDIVIDUAL TIMiNG  DIAGRAMS  FLR
BPERATION TU DETERMINE  OUTFUT XSFPONSE

EACH
et >t =
VAR TR\ SIEY BN
=t T =ty
EX ik 31 7?/'////

=t

o~ g —

D=5 XX KIBLKIRK 13 2 YIX

:m;} ts - XK
ARV, BRI
e A A

- _jﬁ /.3v

Fl&vee = BESET  ofERrATION

o
. K : "_,L 1.3V
—

P Y43V
FIGUPE G - CARLY Id T CARRY OUT
i
CT /2¥
~-<-—‘fﬁul—-=-!
+PHL
o _ 13w
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SWITCHING CHARACTERISTICS - ALL MODES OF OPERATION

Vee =5V, TA =25°C, C; = 15pF

LIMITS
SYMBOL PARAMETERS UNITS COMMENTS
MIN | TYP |MAX
tpLH Propagation Delay, Carry In ,
tpHL CI to Carry Out CO ns FIGURE 4
tpLH Propagation Delay, positive
tpHL going to CP to carry out CO ns FIGURE 5
tpLH Propagation Delay, negative .
tpHL going EX to carry out CO ns FIGURE &

o9




FIGURE 5 CLoek 7O CARRy oO0T

CP VEY,

pHL

1.3y

8l

FleuReE © EXECUTE TO CAREY &UVT

EX 430
‘t,OL;/
TPt
) X 1.2y
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SWITCHING CHARACTERISTICS AND SET UP REQUIREMENTS FOR THE BRANCH (LOAD PC) OPERATION

= K9 =
VCC A—25 C, CL—ISpF
LIMITS
SYMBOL PARAMETERS UNITS COMMENTS
MIN | TYP
tpLH Propagation Delay, positive going ns
tpHL CPto 50-.53 outputs ns FIGURES 7 and 8
fs Set Up Time, IO’ Il to negative going EX ns
fh Hold Time 10’ |] to positive going EX ns EX goes HIGH before CP - Figure 8
th Hold Time, IO’ l] to positive going CP ns CP goes HIGH before EX - Figure 7
t Set Up Time, D, - D,, to positive going CP ns
s 0 3 .
- Figures 7 and 8
b Hold Time, DO - D3 to positive going CP ns
L tpWL EX Pulse Width ns EX goes HIGH before CP - Figure 8




FI6URE 7 BEANCY OREEATION, CF  Goes HIsH

LEFCRE EX
CopITIoNS ! E O, Low
J-<—~'£‘S ) b= f/.\ >
Ib 7/"“ /43[’ /03}"’3;‘! S 5 3\
~t- e
I lk/;sv Br7//
B IS ‘tg m—-—:’-‘\—'{"\"‘,"
=X %\"'/:3“’ "3'/7‘(/; ; /;
k fe— fg e tk ]
DD, INYK—113v 13-k NYY.
cr \ /,31/:;‘{
| g7
?fpm..*\
Op - & CURRENT _VALUE 13K nw vae
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FIEvRE & BRANCH — OPELATION , EX GOES HisH
BEFOECE cr

CoNOITIONS | EOo Low

. {"S | S ‘{(\ i
Lo __7[;34/ v AN

! 1"5 ] A -b h .
If £/:3V //3Vj§ ; ; ;

g:% ‘Xv };3‘/ /\23V"7L
e -45 P th""’#
B- B XTI 22 FYYVY
S — — {5 -t
P \ UE T
tpui |
| tpHL

Do~ Ty | 13v—f Y Y X



SWITCHING CHARACTERISTICS AND SET UP REQUIREMENTS FOR THE CALL (PUSH) OPERATION

Ve =5V, Ty =25°C, C = 15pF (FIGURE 9)

LIMITS
SYMBOL PARAMETERS UNITS COMMENTS
MIN | TYP |MAX
tpLH Propdgation Delay, Postive going =
tpHL CP to new value of OO - 03 ns EO0 LOW
tpLH Propagation Delay, Negative gofng s Eag LOW, Set up requirement ta EX
tpHL EX to intermediate value of 50 - 63 must be met (see below)
tpLH Propag_gf_ioh Delay, Negative
tpHL going EX to SE, SF. ns
i Set up time, negative going EX to I, Il ns
th Hold time, positive going CP to lo, Il ns
o fs] EX Set up time, EX to negative going CP which
u guarantees intermediate data on 00—03 while CP ns
is LOW,
ts2 EX Set up time, EX to negative going CP which guaran- ns
tees no change in 3-0—63 while CP is LOW
t, EX Hold time, positive going CP to positive going EX ns
ts Set up time, 50 - D_é to positive going CP ns
t Hold time, positive going CP fo 50 -53 ns




FISURE F (ALl (PUsH) cPeRATION
CorDITIONS. £8, tow
To 13v=X L3 47777
I, /:BV“% [3V }d \ \ !
t—t1 > (See verEs
~— 57 > 19 Z.)
EX “\Vl.?)\/ B 13k
5 YYYXE 75 o
ep \\ /,gij
Ly 4 |
" b =~
5:: CokgenT _iAcde  13v—h TREELESHETHE Ladrion 1R NEW pvALvE
— FWL
(5/3;9'@5) y CURRENT — VALVE 13vY MEW paLuE
Y PU‘/
'("fpm.'*
SE, SF }G— Y%
MeTES
[, COUDITION WHIeH CCEUES (WHEN €X GeES Low

CONSIDERRALY  BEFORE — CP 60Fs Low - [(€s(EX 15 mer)

7. CONOITIeN W HiICH ECeurRs

WHEN EA GCES Low

SLIGHT LY PEKERE (P GFeeS Low (f;g_zEx /S Me'r)
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SWITCHING CHARACTERISTICS AND SET UP REQUIREMENTS FOR THE RETURN (POP) OPERATION. SEE FIGURE 10
Ve =5V, Ty =25°C, CL = 15pF

LIMITS
Y MBOL PARAMETERS UNITS COMMENTS
MIN | TYP |MAX
tpLH Propagation Delay, positive going =
tpHL delay to new value of 09 - 0y ns EOO LOw
tpLH Propagation Delay, negative going EX ns EO. LOW, set up requirements
tpHL to new value of 00 03 tsg EX must be met (see below)
tpLH Propagation Delay, negative going ;
tpHL EX to SE, SF ns
ts Set up time, negative going EX to IO' ll ns
) t, Hold time, positive going CP to | o l] ns
Nty EX Set up time, EX to negative going CP which ns
~ guarantees the new value on 0O 03 while CP is LOW
ts2 EX Set up time, EX to negative going CP. Either, to N
EX or t3 EX must be met for proper operation.
ts3 EX Set up time, EX to positive going CP. Either t3EX

or t;o EX (above) must be met for proper operation.

ns




FI6VEE 10 PETURK  (Ber) CPERATI on/
804/&/770st £e, touw

= =4
., L, Y43V 13vA4 /1 [11L
_ 451 *-ew ....... {53 ’-m'f —’!
e, | (WOTES 1 72) h ( |
ex W e 77777
i
l ,
§
P \{ S /[. /3y
.i-(——'éfﬁ'l’--,
s
O Oa  CYRREWT pAYCE N3V NEw rAcye
(MeTE 1) , ”é/"’“f -
- £piL.
) ﬁo; 531) CURRENT L ALUE I3r——AMEw VALE
MET L - ' ,é
e tpi
-éwu.%g’
SE,S€ k3
NOTES

1 CoNOITIcal  (WHICH  LOOUES WHEN EX 6&vES Low

CenSIveERABLY  BEFORE CFP &0ES Loy /651 Ex
1S MET)

2. CONOITION — WHICH  OCRURS  WHEN EX &SEES

Low SLIEHTLY BEFORE R AFTES CF
EOES Low, EVTHER s, EX OR <3 EX ARE rET)
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SWITCHING CHARACTERISTICS AND SET UP REQUIREMENTS FOR THE FETCH OPERATION,
o — ° —

‘ LIMITS
SYMBOL PARAMETERS UNITS COMMENTS
MIN | TYP |MAX
tpLH Propagation delay positive going CP ns E(—)O, CI LOW, FIGURES 13 & 14
tpHL to incremented value of 00 - 03
tpZL Turn on delay, from CP or EX, ns E_ox LOW, FIGURES 11, 12, 13, 14
tpZH whichever goes LOW last to X0 - X3
tg Set up time, lO’ Il to negative going EX ns FIGURES 11, 12, 13, 14
t, Hold time, IO’ l], to CP or EX whichever goes ns
HIGH first.
t Set up time, negative going EX to positive going CP ns
t Negative going Cl to Positive going CP ns Fetch with Increment, Figures 13 & 14
i"h Positive CI o Negative going EX lterative fetch, Figures 11 & 12
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~1E&VRE /] ITER ATWWVE FETCH
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FIGLRE 12 ITERATIVE  FETCTH
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FAIRCHILD TTL MACROLOGIC 9407
DATA ACCESS REGISTER

DESCRIPTION - The 9407 Data Access Register (DAR) performs memory address
arithmetic for RAM resident stack applications. It contains three 4-bit registers
intended for program counter (Ro), stack pointer (R1), and operand address (R2).
The 9407 implements 16 instructions (see Table 1) which allow either pre or post
decrement/increment and register-to-register transfer in a single clock cycle.

It is expandable in 4-bit increments and can operate at a 10 MHz microinstruction
rate on a 16-bit word. The 3-state outputs are provided for bus oriented
applications. The 9407 is a member of Fairchild's Macrologic family and is

fully compatible with all TTL families.

FEATURES

High Speed - 10 MHz Microinstruction Rate
Three 4-bit Registers

16 Instructions for register manipulation
Two separate output ports, one transparent
Three state outputs

Optional pre or post arithmetic

Expandable in multiples of 4-bits

STim 24 pin package

FUNCTIONAL DESCRIPTION - The 9407 contains a four bit slice of 3 registers (R0 - R
a four bit adder, a 3-state address output buffer (X0 - X3), and a separate output
register with 3-state buffers (56- 65), allowing output of the register contents
on the data bus (refer to the Block Diagram). The DAR performs 16 instructions,
selected by I0 - 13, as listed in Table 1.

OPERATION - The 9407 operates on a single clock. CP and EX are inputs to a two
input, active LOW AND gate. For normal operation EX is brought LOW while CP is
HIGH. A microcycle starts as the clock goes HIGH. Data inputs 56 - ﬁé are applied
to the Adder as one of the operands. Three of the four instruction lines (11,12,13)
select which of the three registers, if any, is to be used as the other operand.

The LOW-to-HIGH CP transition writes the result from the Adder into a register

(R0 - R2) and into thé output register provided EX is LOW. If the I0 instruct{on
input is HIGH, the multiplexer routes the result from the Adder to the 3-State
buffer controlling the address bus (X0 - X3) independent of EX and CP. If I0 is

* A Trademark of Fairchitd Camera and Instrument Corpbration
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SL

LOADING (note a)

LEAD NAMES HIGH (U.L.) LOW (U.L.)
ﬁb - Bé Data Inputs (active LOW) 0.5 0.23
I0 - I3 Instruction Word Inputs 0.5 0.23
cI Carry Input (active LOW) 0.5 0.23 (note b)
co Carry Output (active LOW) 10 5
cP Clock Input (L -~ H Edge Triggered) 0.5 0.23
EX Execute Input (active LOW) 0.5 0.23
EOy Address Output Enable Input (active LOW) 0.5 0.23
Eﬁb Data Output Enable Input (active LOW) 0.5 0.23
Xy - X3 Address Outputs 130 10 (note b)
56 - 55 Data Outputs (active LOW) 130 10 (note b)
NOTES:
a) 1 unit load (U.L.) = 40 pA HIGH, 1.6 ma LOW.
b) Output current measured at V = 0.5V.

ouT




LOW, the multiplexer routes the output of the selected register directly into the
3-state buffer controlling the address bus (X0 - X3), independent of EX and CP.

34707 ARRAYS - The 9407 is organized as a 4-bit register slice.

€I and CO lines allow ripple-carry expansion over longer word lengths.

The active LOW

APPLICATIONS - In a typical application, the register utilization in the DAR may
be as follows: R0 is the program counter (PC), R] is the stack pointer (SP) for

memory resident stacks and R2 contains the operand address. For an instruction

fetch, PC can be gated on the X-bus while it is being incremented (i.e., D-bus

1).

If the instruction fetched calls for an effective address for execution, which is
displaced from the PC, the displacement can be added to the PC and loaded into R2
during the next microcycle.
LOGIC SYMBOL
2 3 4 5 21 19 17 15
TABLE 1 2ol © 1 2 '3 Do £1D2 0y
INSTRUCTION SET FOR THE 9407 o h oy
- 6 —0Of £0, Shub (7
INSTRUCTION COMBINATORIAL FUNCTION | SEQUENTIAL FUNCTION OCCURRING 22 —o| €0, co F)— 13
"
I3 13 19 lg| AVAILABLE ON THE X-BUS ON THE NEXT RISING CP EDGE —e DAY
1 =—0 EX
Xg X X5 X 0g 0y 0, O
L L L L Ro . 0 X1 Xz X3 0g 0y O; O3
Rg plus D plus Cl = Rg and O-register
L L L H | Rgplus D plus Cl 0 0 ! 9| I | TTTT
w0 n 20 15 16 14
R
L L H L 0 R plus D plus Cl > Rq and O-register
L L H H [ Rgplus D plus Cl
R
L H - L 0 Rg plus D plus CI — Rg and O-register Vpp = Pin 24
L H L H Rg plus D plus CI Vss = Pin 12
L H H L R1 R plus D plus Ct — Rq and O-register
L H H H R4 plus D plus CI
CONNECTION DIAGRAM
R
HoL b LR D plus CI = Ry and O-register DIP (TOP VIEW)
H L L H D plus Ci
L R
H L H 0 D plus Cl — R and O-register
H L H H D plus CI b
)
L R . 1E EX vpo L) 24
; " - 2 R, plus D plus Cl—> Rz and O-register B
H H L H/| RyplusDplusCl 2 2T & [
R —
HoHoH oL 1 D plus Cl— R1qand O-register i €0, |22
H H H H O plus CI "I:'Z 5, [Ja
0
L = LOW Level = HIGH Level 5: . 5 ]20
3 0
6], 5, [Jw
e G, s
LImES 5, [
9] x o, [
10E Xy 5; [ ]
1] %3 03 314
12[] ves o [

NOTE:

The Flatpak vérsion has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.




S407 D3 0,0, D @
DATA ACCESS REGISTER
BLoecK DA
Q0 O J Q
®I' | ZNSTRUCTION 8; 8, 8, 3 Az Az Ai A, oI
DECODER, B.nary Adder
O_ZE.] “EIVCODf €O0 S3 Su St So
Lk
@ 2,
)
(DFX £
QRUAD
I I 3‘inpgﬁ'
Dy D, U Do MUX
DP 4-Git Regqu(Re)
Q
3 IQA QIO Iaﬂ
To g
Iec
Top
ZNTERNAL
CLOCK =»
‘ 1 ZA
! 0, D b 24
—D CP Y-BitReg(R)) 2.
@ L Qo
3 Qa Q] T Zp
I:8
Iic
Lip
‘ }
by 5 oD,
' ’ NP 4-8it Reg.(R2)
Q3 02 O, & Izﬁ
I.g
L.c
I,p
21,
[ C [
D; 0, D) Do JioLe s Tin Top Toc IoBIOA
CP 4-8:T Reg S Quad 2=inpvt MUX
— @2 @i Ga 2y, 7 z A -
@ 0 — >— =8} . Vee= P 24
GNDE PN L
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OSC‘O ® 0 ® @ &
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9407

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted)

LIMITS
SYMBOL PARAMETER
MIN v MAX. UNITS TEST CONDITIONS (Note 1)
ViH _Input HIGH Voltage 2.0 v Guaranteed Input HIGH Voltage
. XM 0.7 ) '
viL Input LOW Voltage XC - 08 \ Guaranteed Input LOW Voltage
Veb Input Clamp Diode Voltage o [ -0.9 -15 v Vee = MIN, Iy =~18 mA.
e | XM 25 3.4 ) )
\ Qutput HIGH Voltage ,( — : ) = =—400
OH ’ _mj ut HIGH ) a9 U] XC 27 34 \ Vee = MIN, IgH _400 uA,
- - — . S = :
VOoH ,Ogtwt'ul%ﬁvw X/ﬂ 2.4 3.4 4 v lop=-2.0mA | Vee < MIN,
‘:_M_& ’Q—é:__.ig 2.4 3.0 ] : lo=-5.2mA l, :
I e - Tl . W e
1L - I ] | - - < e .
' s ’ 0 04 | v =MIN, IgL = 4.0 mA,
VoL Outpyt LOW Voltage, &gy ],— .3 Vcec =MiN, loL =4.0m
: N o 1 0,4 ) .0.5 . \ Vee =MIN, IgL = 8.0 mA,
: °'- )ig 03 | 04| ¥ | Vcc=MIN loL=80mA,
Vol Output LOW Vaqltage : ~ TR = =1, mA,"
oL O e B - -iii e 04 | 05 |- v Vee =MIN, oL ,'é’ mA
lo7H " "Butput OFf Currcat HIGH | [ 50 A Veg =VAX, Vour 2V, Ve 08V
s . : : : : - —,
e ] Output Off Current LOW L | ._-50 wh I vee z,"l\_q/\x.' YOU\ \BL\{_,_\_/"F_"Q.:\,
' T ) ' LR 20 | 4 Ve = MAX, Vi =27 v
HH Input HIGH Current ! - o1 » ,N? Ve = MAX, VN =55 VA .
I I Jnput LOW Current , 036 | _mh | VccTMAX,ViN=04V
1L { — - e ——=
_ . i [ o . - '. . 2 - = i :0 {Note 3)
10s "~ Qutput Short Circuit Current - ~go —100 E ? mA VCF ::i;‘(' VOUI:«V_ \(Izpt-‘-:l_-—q__
. icc " | supply Current. 90 o 145 m/_\;‘"?v' Vee ZMAL, InevTs .
" noTEs:

1. For conditions shown as MIN or MAX, use the appropriate value specified under_re: dfmmended operating conditions for the applicable
device type. 5 ’ '

2. Typical limits are at Voc = 5.0V, T4 =25 C.

3. Not more than one output should be shorted at a time.




s/

SWITCHING CHARACTERISTICS

v

=5V, TA = 25°C, CL = 15 pF

EOy to Xg - X3

cC
SYMBOL PARAMETER MIN | TYP MAX UNITS COMMENTS
tpry Propagation Delay, Positive Going - .
tPHL Internal CP to 0,- 03(note) 24 ns EOg LOW Figure
t
PLH — .

i - - - oW, I W
tonL Instruction Code - Iy - I3 to X5 - X3 ns EOy L o LO Figure
t J—

PLH : .
top Instruction Code - Iy - I3 to X5 - X3 ns EOx LOW, Ip HIGH  Figure
EPLH Positive going Internal clock ns Eﬁk LOW I, Figure

PHL to Xo - X3
t s . —
tPLH Egs;t1yexgo1ng Internal clock ns EOX LOW, I HIGH Figure

PHL 0 3
tpLH Propagation Delay, Data Inputs tq Ig HIGH, I7 - I3 STABLE
oL Xg = X3 ns EOy LOW Figure
t — — .
tEhE Propagation Delay CI to Xg - X3 ns EO, LOW Figure
t —
tghﬁ Propagation Delay I to X = X3 ns EOy LOW Figure ¢
t . P .

PLH Propatation Delay,_ positive going .
tpHL internal clock to CO ns Figure
iPLH Propagation delay, CI to CO 15 ns Figure

PHL
t :

PLH Propagation delay, Data Inputs .
toyL Dp - D3 to T0 ns Figure
t . .

PLH Propagation_delay, Instruction Inputs .
tpH|_ Iy - I3 to CO ns Figure
tpzH Enable Delay, EO to Outputs ns
tpzL Op - 03, EOx to Xg - X3
EPLZ Disable Delay, EOy to 0y, 0 s

PHZ
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SWITCHING SET-UP REQUIREMENTS
Ve¢ = 5V, TA - 25°C, C = 15 pF

SYMBOL PARAMETER MIN TYP | MAX UNITS CONDITIONS
tew Internal Clock Period (note) ns
tpwH Internal Clock pulse width (HIGH) (note)
tpuL Internal Clock pulse width (LOW) (note)
tg Set up time, Ip - I3 to negative

going internal clock 20 ns
th Hold Time, Iy - I3 to positive

going internal clock 0 ns
tsD Set up time, Dg - D3, CI to negative 20

going internal clock. ns
t,D Hold Time, Dg - D3, CI to negative 0 ns

going internal clock.
t I Set up time, CI to positive going

internal clock ns
tpl Hold Time, CI to positive going N

Internal Clock

NOTE: The_internal clock is generated from CP and EX.
if EX or CP is HIGH, LOW if EX and CP are LOW.

The internal clock is HIGH
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FAIRCHILD TTL MACROLOGIC

16 X 4 CLOCKED RAM WITH 3 STATE OUTPUT REGISTER - 9410

DESCRIPTION - The 9410 is a register oriented high speed 64-bit Read/Write

Memory organized as 16 words by four bits.
register allows new input data to be written while previous data is held.

state outputs are provided for maximum versatility.

Fairchild's 9400 TTL Macrologic

An edge triggered four bit output

Three

The 9470 is a member of

family and is fully compatible with all TTL

families.
YA 171513 11
SN
FEATURES , [ wees DD, b0,
¢ LEdge triggered Output Register 2 ip
o Typical access time of 35 ns x> 9410
1% Lx4 rAM
e Three state outputs 5 —AvL
9 Optimized for register stack operation 6 —hs
. | 8 —qeo Qo @, G: R
o Typical power of 375 mW (f) (T) T?
e 18 pin package 1614 12 10
\/gc: PiN (8
Gup= P ©
Loading (note a)
LEAD NAMES HIGH (U.L.) LOW (U.L.)
AO - A3 Address Inputs 0.5 0.23
ﬁb - ﬁé Data Inputs (Active LOW) 0.5 0.23
cS Chip Select Input (Active LOW) 0.5 0.23
E0 Output Enable Input (Active LOW) 0.5 0.23
WE Write Enable Input (Active LOW) 0.5 0.23
cP Clock Input (Outputs change on LOW to HIGH 0.5 0.23
transition)
Q, - Q Outputs (Active LOW 130 10
% Q3 P (A ) (note b)
NOTES:
a) 1 Unit Load (U.L.) = 40pA HIGH, 1.6ma LOW
b) 10 LOW Unit Loads measured at 0.5V

* A Trademark of Fairchild Caméra and Instrument Corporation,.
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9410
FUNCTIONAL DESCRIPTION

WRITE OPERATION - When the three Control Inputs: Write Enable (WE), Chip Select
(CS), and Clock (CP), are LOW the information on the Data Inputs (ﬁb-ﬁé) is
written into the memory location selected by the Address Inputs (AO-A3). If the
input data changes while WE, CS, and CP are LOW, the contents of the selected
memory Tlocation follows these changes, provided set-up time criteria are met.

READ OPERATION - Whenever CS is LOW and CP goes from LOW-to-HIGH, the contents
of the memory location selected by the Address Inputs (AO'AS) is edge-triggered
into the OQutput Register.

A 3-State Output Enable (EO) controls the output buffers. When EO is HIGH the
four Outputs (ﬁb—ﬁé) are in a high impedance or OFF state; when EO is LOW, the
Outputs are determined by the state of the output register.

CONNECTION DIAGRAM
BLOCK DIAGRAM DIP (TOP VIEW)
(ONCROND)
bl il
@ ﬁ—% . L INPUT .
; GATING g \_/ Voo [
cp
8 65-_‘ 2 we 5 [Jv
® 3] Ao G [Jre
Ag—
— 4[a o 15
@ B 'H
(8 22— ARRAY s[] A2 o [
Az—
© 6] A3 5; [J=
7Jer [ m RE
‘_OD—-O cp OUTPUT REGISTER e o M
‘ 9] Ves 9 [Jw
£ OD
e Io T
Vpp = Pin 18 -
Vgs =Pin 9 ®© NOTE:
o ot . The Flatpak version has the same
= Pin Numbers pinouts (Connection Diagram) as the
Dual In-Line Package.
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FAIRCHILD 9410
AC CHARACTERISTICS: TA = 25°C
LIMITS
SYMBOL PARAMETER MIN l VP I’ MAX UNITS CONDITIONS
READ MODE
t Enable Delay, Output Enable 12 ns
PZH Fig. 2
tPZL to Output ns 9.
t Disable Time,Output Enable ns
PHZ Fig. 2
tPLZ to OQutput ns :
t Propagation Delay, Clock to 19 ns
PLH ? Fig. 3
tPHL Output 16 ns 9-
tn 3
tSAR Set-up Time to Read from 35 ns Fig. 3
Address to Clock
thAR Hold Time to Read from 0 0 ns Fig. 3
Address to Clock o -
WRITE MODE ‘ -
tw Write Enable,Chip Select,or Clock Pulse 35 ns Fig. 4
| Width Required to Write (see Note a) i
tsAw Set-up Time Address to Write Enable (note b) 5 ns Fig.4
thAw Hold Time Address to Write Enable (note b) 0 ns Fig. 4
tsDw 1 Set-up Time Data to Write Enable (note b) 35 ns Fig. 4
tth Hold Time Data to Write Enable 0 ns Fig. 4

NOTE a. Writing occurs when WfE, CE and CP are LOW.

MATE L

Mmmiivnia e LI 2 A

kel T2 d am Lhal bk~ Chunaka
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READ MODE AC PARAMETERS

1,3V

L».\
<

L**T—IPHZ

“—jlftfzu
Hiah "2 Vi

Vl H

Ve
""‘*L“IPZL

tPLZ

Figure 2 - PROPAGATION DELAY OUTPUT ENABLE

TO DATA OUTPUTS.

A‘; A3 Xsmaw s rAsu:‘
| h h’
AR i SA’T“~_A
CP / \ 7 3.3\!
t?Lf{ ?pﬂL
/ ) i
Oo"',oj 4 ' h : ‘\BV

OTHER CONDITIONS: CS =

Figure 3 - PROPAGATION DELAY CLOCK TO DATA OUTPUTS,
AND SET-UP AND HOLD TIMES ADDRESS TO

CLOCK TO READ.

WRITE MODE _AC PARAMETERS

STABLE

o

//\
— >L—t AW

—w—x\‘

T >< o
=t

t, D
tsD /~L__...
\\ 47—I)3V

OTHER CONDITIONS: CS = CP = LOW

Figure 4 - WRITE ENABLE PULSE WIDTH, SET-UP
AND HOLD TIMES ADDRESS AND DATA
TO WRITE ENABLE.



9410

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 410
SYMBOL PARAMETER LIMITS UNITS TEST CONDITIONS (Note 1)
ote
MIN TYP MAX :
ViH Input HIGH Voltage 2.0 \Y) Guaranteed Input HIGH Voltage
XM 0.7
ViL Input LOW Voltage XC 08 \ Guaranteed Input LOW Voltage
Vep Input Clamp Diode Voltage —0.65 -1.5 \Y Vee =MIN, iy = —18 mA
XM T o ~7,
VoH Output HIGH Voltage 4 3.4 =M Z'O?‘A Yee = NN
XC 2.4 3.1 Ly= "B 2m A
.. . XM&XC 0.25 0.4 \" \" =MIN, | = & mA
Vo _ Output EOW Voltage cc oL=8 mA
ok : | XC 0.35 0.5 Vv Vee =MIN, IgL = (@ MA
H . = ‘ ’-“""vt' B i e 5 — PR = e o e ——. — - - — — — -~ —
;02-"\ o DUmeer O Caent HiGH ] A so T ua 1 Vi BAX, Vegp DV e s 0R Y
O'z.:\.:g'_‘ e o : B l -G} pA | Voo = MAX, Vagy Q00 Ve s 08
HH Input HIGH Current 1.0 20 | uA Vee =MAX, ViN =27V
0.1 mA Vee =MAX, VN =5.5V
II||_ Input LOW Current -0.36 mA Vee =MAX, VN =04V
Ios Output Short Cl'rCUIt Current ~30 - O mA Ve = MAX, VouTt =0 V (Note 3)
CCH Supply Current 75 mA Vce = MAX, 1pPuTS ofe

NOTES:

1. cI:m conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
evice type.

2. Typical limits are at Vgc = 5.0 V, Tp = 25°C.

3. Not more than one output should be shorted at a time.

ORDER AND PACKAGE INFORMATION

Fairchild digital integrated circuits may be ordered using a simplified purchasing code where the package style and temperature

range are defined as follows:
F 9403 D C

PACKAGE STYLE

D = Dual In-Line — Ceramic (Hermetic) / 4 T \

P = Dual In-Line — Plastic ‘ Fairchild Device Package Temperature
Type Style Range

Temperature Range
Two Basic temperature grades are in common use: C = Commercia
Exact values and conditions are indicated on the data sheets.

I-industrial, 0°C to +75°C; M = Military, —55°C to +125°C.

F Device Type XX
Date Code

Device Identification/Marking
All Fairchild standard catalog digital circuits will be marked as follows:
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PACKAGE OUTLINES

CERAMIC PACKAGES — USED ON ALL DC AND DM DEVICES

6A

14-Lead Ceramic Dual In-Line

"*&*‘iggg"——-’
A AN r’l\ i

E;wr‘\HHHH

025 R
NOM.

MIN. I =
il Seating

f pare on_Y-
|_.095 [_ -375_

065 NOM.

All dimensions in inches

Leads are intended for insertion in hole
rows on .300" centers

They are purposely shipped with “positive’’
misalignment to facilitate insertion

Board-drilling dimensions should equal your
practice for .020 inch diameter lead

Leads are tin-plated kovar

Package weight is 2.0 grams

NOTES:

=%
et

18-Lead Ceramic Dual In-Line

910

! N —
- pAOOOAAAA
9
= oo
265
I 0 18
Ty VOIS
-619%-. o - ]-1 - 085
ks 015
170 018
.2!9
T
R ... Seating
[ Plane

All dimensions in inches

Leads are intended for insertion in
hole rows on .300"’ centers

They are purposely shipped with ‘“‘positive’’
misalignment to facilitate insertion

Board-drilling dimensions should equal your
practice for .020 inch diameter lead

Leads are tin-plated kovar

6Q

24-Lead Ceramic Dual In-Line

1.200
MAX.
TAYAYATAYAYAYAYATATAYAYAY
} 12 1 045 o
380 ™ 035
Now. 13 24
065 i 025
- l 045 —{ I NOM.
190
140
|

NOTES:

W' I"T Tw*ﬁ

020 MIN.

Seating

f Plane

All dimensions in inches

o1 \
009

]

Leads are intended for insertion in hole
rows on .500”’ centers

They are purposely shipped with “‘positive’’
misalignment to facilitate insertion

Board-drilling dimensions should equal your
practice for .020 inch diameter lead

Leads are tin-

plated kovar

&8
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PACKAGE OUTLINES

PLASTIC PACKAGES — USED ON ALL PC DEVICES

9A
14-Lead Plastic Dual In-Line

760 s 24-Lead Plastic Dual In-Line

740 020
jom—— 1200 _
MAX . “‘?
TATAYAYAYAYAYAYAYAYAY

hIhIhihihihaid
7

1

260 T
240 O 30 || t 045
l s 14 Now. || —035
t - - 4
.Lu.r|r'*u) RV ALV LN V\j\(‘vvwvvvv
— 52 e )
.165
e 145
i‘ .290 ' t — 7
7 == =7 A\ LLL v
MAX. NoMm .{._,, ‘
Seating §__ L -t m Lo [ oy i ;
Pane 120 ‘. il Y o1l 15 oo ey -8R L—— o
g | J | 008 TYp.  SUiNDOEF .
v8 ul |
110 037 1 A_l.n_.ozo 375
‘?33_1‘4151,&%%“ ‘ o 020 ‘.—qu NOTES: All dimensions in inches
- Wt Leads are intended for insertion in hole
rows on 500" centers
NOTES: All dimensions in inches They are purposely shipped with *positive”
Leads are intended for insertion in hole misalignment to facilitate insertion
rows on .300"’ centers, Board-drilling dimensions should equal your
They are purposely shipped with ‘‘positive’’ practice for .020 inch diameter lead
misalignment to facilitate insertion Leads are tin-plated kovar

Board-drilling dimensions should equal your
practice for .020 inch diameter lead

Leads are tin-plated kovar

Package weight is 0.9 gram

Package material is silicone

. oM
18-Lead Plastic Dual In-Line

: 1l dimensions in inches
NOTES Celads are intended for insertion in hole

rows on .300"" centers. o

They are purposely shipped with “‘posmve
misalignment to facilitate insertion

Board-drilling dimensions should equal your
practice for .020 inch diameter lead

Leads are tin-plated kovar

&89

ou



