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Introduction

Logic Devices is committed to providing value to its customers by offering the
highest performance products available, with continuously improving price/performance
and quality levels. To do this, we bring to bear submicron CMOS technology on a par with
the most advanced production processes in the world, coupled with an engineering
capability which is known and respected throughout our industry. Inrecent years, Logic
Devices has diversified its product offering in an attempt to supply total solutions; high-
performance logic products, peripheral products, and memory, with more to come. This
allows us to provide a greater percentage of the overall solution to our customers.

We are proud to present this new edition of the Logic Devices Product Catalog,
containing our full line of some 45 different logic, memory and peripheral devices. Logic
Devices products bring new levels of performance to a wide range of application
environments, including general-purpose computing, DSP and image processing,
computer peripherals, and embedded control. All data sheets have been revised and
reformatted for this edition of the catalog, and several new reference sections have been
added for your assistance.

Section 2 on Memory Products features our new family of high speed 16K and 64K-bit
SRAMs. Already among the highest performance devices of their density, these products
are continuously augmented by yet faster and denser devices.

Of special note in Section 3 - Logic Products are several new products now in advanced
development, the L29C524/525 Dual Pipeline Register, the L10C11 Variable Length Shift
Register and the L29C818 Serial Scan Register. Section 4; Peripheral Products describes the
L5380/1.53C80 CMOS SCSI Controllers. These continue to be among the fastest, lowest
power SCSI Controllers on the market today.

New for this edition are Sections 5 & 6 providing background and reference
information on the topics of Quality & Reliability, Latch Up, ESD Protection and Power
Dissipation. Of related interest is Section 7 on Packaging which in addition to providing
dimensional information on all available package types, includes a detailed discussion of
thermal considerations. Application Notes and Technical Article reprints reside in
Section 8 & 9 and feature solutions to typical design problems.

Lastly, if further information is required, please contact your local Logic Devices sales
office. Logic Devices locations worldwide are listed in Section 10, conveniently located at
the end of the catalog.
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Part Numbering System

To construct a valid part number:

In order to construct a valid Logic Devices part number, begin with the generic number obtained from the datasheet
header or the product selection guide. To this number, append three characters from the tables below indicating the
desired package code, temperature range, and screening. Finally, append zero, one, or two digits indicating the per-
formance grade desired. Most devices are offered in several speed grades with the part number suffix indicating a

critical path delay in nanoseconds.

For more information on available part numbers:

All products are not offered with all combinations of package style, temperature range, and screening. The Ordering
Information table on the last page of each product datasheet indicates explicitly all valid combinations of package,
temperature, screening, and performance codes for a given product.

For more information on package options:

Also given in the Ordering Information tables in each product datasheet are the Logic Devices package codes. These are
two character codes consisting of a letter designating a package type, and a number distinguishing the individual
package drawing. Drawings giving detailed dimensions and tolerances for each package code can be found in the
Mechanical Data section of this catalog. For example, the LMA1010DMBSS5 given below refers to a "D" or sidebraze,
hermetic DIP package. The LMA1010/2010 datasheet indicates that the actual package used is D6. In the Mechanical
Data section package type D6 is seen to be a 64-pin, cavity-down, sidebraze, hermetic DIP.

Key:
L MA1010 D M B 55 (1) Prefix, Logic Devices, Inc.
1) 2) (3) (4) (5) (6) (2) Device number
(3)  Package code
(4)  Temperature range
(5)  Screening
(6)  Performance/speed
Package Code Temperature Range Screening
Suffix Description Suffix Description Suffix Description
cr CerDIP C Commercial No
D, H* Sidebraze, Hermetic DIP 0°Cto +70°C Designator Commercial Flow
F Ceramic Flat Pack M Military R 48 Hour Burn-in at 125°C
G Ceramic Pin Grid Array -55°Cto +125°C
J Plastic J-Lead Chip Carrier £ Extended Screening
K Ceramic Leadless Chip Carrier B MIL-STD-883
L Ceramic Leaded Chip Carrier Class B Compliant
P, N* Plastic DIP
u, v+ Plastic SOIC (Gull-Wing)
asti -
w Plastic SO (-Lead) *Some devices are available in packages of
X Dice two widths. For devices available in a single
width, C, D, P, and V are used.
— . . S
 d AR AR BEN AN
d Lod A e W T
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At ALY W S ety
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Static RAM Package Availability Guide

Sidebraze SOIC SO) Ceramic
Type > Plastic DIP | Hermetic DIP CerDIP (Gull-wing) ()-lead) LCC
Package Code > P N C H C | U \ w K
290 290 450 350
X X X X

Width > 0.3"| 0.6"| 03"| 0.6"| 0.3"| 0.6" | 0.300"| 0.331" | 0.300" | 425 | 490 | 450 | 550

Part No. No. Pins

L7C167 20 g L4 L4 bd 4 o

L7C168 20 b b i L i o

L7C170 22 L L4 L

L7C171 24 (28) L L g (28)
L7C172 24 (28) L L 1 (28)
16116 24 (28) L4 L4 L4 L L4 i L4 L (28)

L7C187 22 (24) L4 o b (24) (24) L

L7C164 22 (24) L L4 L4 (24) (24) L4

L7C165 24 (28) L4 L4 L4 1 1

L7C166 24 (28) L4 L4 b L L (28)
L7C161 28 L L4 L4 4 b b
L7C162 28 L L4 L b L4 d
L7C185 28 e o o o | o | e ° ) ) °

|

o
e — v
- —

- =
v ——
—— S————
——— | ~——

Memory Products
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Product Selection Guide/Competitive Cross Reference

64K

Speed (ns) Power (mW)
Part No. Description Com. Mil. Opr. Standby Pins Packages Available
L7C187 64K x 1 15 20 225 25 22/24 DIP, LCC
Separate /O SOIC (Gull-Wing)
SOJ (J-Lead)
L7C164 16K x4 20 25 285 25 22/24 DIP, LCC
Common /O SOIC (Gull-Wing)
1 Chip Enable SOJ (-Lead)
L7C165 16K x 4 20 25 285 25 24/28 DIP
Common /O SOIC (Gull-Wing)
2 Chip Enables + OE SOJ (-Lead)
L7C166 16K x4 20 25 285 25 24/28 DIP, LCC
Common /O SOIC (Gull-Wing)
1 Chip Enable + OE SO) ()-Lead)
L7C161 16K x 4 20 25 285 25 28 DIP, LCC
Separate I/O SOIC (Gull-Wing)
Transparent Write SOJ (J-Lead)
L7C162 16K x 4 20 25 285 25 28 DIP, LCC
Separate I/O SOIC (Gull-Wing)
High Impedance Write SOj (J-Lead)
L7C185 8Kx 8 20 25 290 25 28 DIP, LCC
Common I/O SOIC (Gull-Wing)
SOJ (J-Lead)

LOGIC DEVICES PART NUMBER

Toshiba
Micron
Motorola

TC5561/5562
MT5C6401
MCM6287

TC55416
MT5C6404
MCM6288/89

NA
NA
NA

TC55417
MT5C6405
MCM6290

L7C187 L7C164 L7C165 L7C166 L7C161 L7C162 L7C185
Competitor (64K x 1) (16K x 4) (16K x 4) (16K x 4) (16K x 4) (16K x 4) (8K x 8)
Cypress CY7C187 CY7C164 NA CY7C166 Cy7Ci161 CY7Cl162 CY7C185/186
IDT IDT7187 IDT7188 IDT7198 IDT6198 IDT71981 IDT71982 IDT7164
Performance P4C187 P4C188 P4C198A P4C198 P4C1981 P4C1982 P4C164

NA
MT5C6406
NA

NA TMM2088
MT5C6407 MT5C6408
NA MCM61/6264

lllll
n
o
l
]
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Product Selection Guide/Competitive Cross Reference 16K

Speed (ns) Power (mW)
Part No. Description Com. Mil. Opr. Standby Pins Packages Available
L7C167 16K x 1 12 15 190 20 20 DIP, LCC
Separate |/O SOIC (Gull-Wing)
SO)J (J-Lead)
L7C168 4K x 4 15 20 170 20 20 DIP, LCC
Common I/O SOIC (Gull-Wing)
SO)J (J-Lead)
L7C170 4K x 4 15 20 170 20 22 Dip
Common |/O + OE
L7C171 4K x 4 15 20 170 20 24/28 DIP, LCC
Separate /O
Transparent Write
L7C172 4K x 4 15 20 170 20 24/28 DIP, LCC
Separate I/O
High Impedance Write
L6116 2Kx 8 20 25 260 20 24/28 DIP, LCC
Common I/O + OE SOIC (Gull-Wing)
SO)J (J-Lead)

LOGIC DEVICES PART NUMBER

L7C167 L7C168 L7C170 L7C171 L7C172 L6116
Competitor (16K x 1) (4K x 4) (4K x 4) (4K x 4) (4Kx 4) (2K x 8)
Cypress CY7C167 CY7C168 CY7C170 Cy7C171 CY7C172 CY7C128/6116
IDT6167 IDT6168 NA IDT71681 IDT71682 IDT6116
NA P4C168 P4C170 P4C1681 P4C1682 P4AC116

TMM2078 NA NA TMM2015/2018
MT5C1601 MT5C1604 MT5C1605 MT5C1606 MT5C1607 MT5C1608

Motorola MCM2167 | MCM6168/1423 NA NA NA MCM2016/18

Memory Products
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64K x 1 Static RAM

L7C187

Features

Description

0 64K by 1 Static RAM with separate
1/0, Chip Select power down

3 Auto-Powerdown™ design
O Advanced CMOS technology
0 High speed — to 15 ns worst-case

0 Low Power Operation
Active: 225 mW typical at 45 ns
Standby: 50 uW typical

O Data retention at 2 V for battery
backup operation

0 Plug-compatible with IDT 7187,
Cypress CY7C187

0 Package styles available:

¢ 22-pin Plastic DIP
22-pin Sidebraze, Hermetic DIP
22-pin CerDIP
22-pin Ceramic LCC
24-pin Plastic SOIC (Gull-Wing)
24-pin Plastic SOJ (J-Lead)

The L7C187 is a high-performance,
low-power CMOS static Random
Access Memory. The storage circuitry
is organized as 65,536 words by 1 bit
per word. Parts are available in six
speed categories with worst-case
access times from 15 ns to 85 ns.

Operation is from a single +5 V power
supply and all interface signals are
TTL compatible. Power consumption
is 225 mW (typical) at 45 ns. Dissipa-
tion drops to 25 mW (typical) when
the memory is deselected (CE is high).

Two standby modes are available.
Proprietary Auto-Powerdown™
circuitry reduces power consumption
automatically during read or write
accesses which are longer than the
minimum access time, or when the
memory is deselected. In addition,

L7C187 Block Diagram

Vecc  GND

SN

|

o i 256 x 256
[
> @ D Memory
Row 5 Array
Address
11

Column Select

& Column Sense Do

8,
J/Column Address

data may be retained in inactive stor-
age with a supply voltage as low as

2 V. The memory typically consumes
only 3 uW at 2V, allowing effective
battery back-up operation.

The L7C187 provides asynchronous
(unclocked) operation with matching
access and cycle times. An active-low
Chip Enable and a three-state output
simplify the connection of several
chips for increased capacity.

Memory locations are specified on ad-
dress pins A0 through A15. Reading
from a designated location is accom-
plished by presenting an address and
then taking CE low while WE remains
high. The data in the addressed
memory location will then appear on
the Data Out pin within one access
time. The output pin stays in a high-
impedance state when CE is high or
WE is low.

Writing to an addressed location is
accomplished when the active-low CE
and WE inputs are both low. Either
signal may be used to terminate the
write operation. Data In and Data
Out signals have the same polarity.

Latchup and static discharge pro-
tection are provided on-chip. The
L7C187 can withstand an injection
current of up to 200 mA on any pin
without damage.

Memory Products
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64K x 1 Static RAM

Maximum Ratin;s

Above which useful life may be impaired (Notes 1, 2)
StOrage tEMPETALUIE .. .civrueeeeieresiee sttt ssaes ssstas s s sr e st e bt s ass s sesas sas s eansanen e -65°C to +150°C
Operating ambient temperature .........couievenenesninnnssnsnsne s s - .. =55°C to +125°C
Vcc supply voltage with respect to ground ........ e b s -05Vto+7.0V
Input signal with respect to ground ..........cccceurueneee. w.=30Vto+7.0V
Signal applied to high impedance OUPUL .......cueeenteencinn s ..=3.0Vto+7.0V

Output cUrrent iNtO IOW OULPULS .....coueeiereririaeretrisnsesensssssssts s st s st st sn s s s st sn s s 25 mA
LatCRUP CUITENL w.cuiiinecsiicticssttnecai st seaes s sn s se s s s s st s s s s e s psa s s s st st b b > 200 mA

Operating Conditions
To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 45V<Vecc<5.5V
Active Operation, Military -55°C to +125°C 45V<Vccs55V
Data Retention, Commercial 0°C to +70°C 20V<Vecc<5.5V
Data Retention, Military -55°C to +125°C 20V<Vecc<s.5V

Electrical Characteristics

Over Operating Conditions
Symbol  Parameter Test Condition Min | Typ | Max | Unit
VOH | Output High Voltage loH=-40mA, Vcc=4.5V 2.4 \%
VoL Output Low Voltage loL = 8.0 mA 04 |V
VIH Input High Voltage 2.0 Vcc | V
+0.3
viL Input Low Voltage Note 3 -3.0 08 | V
hix Input Current Ground £ VI < Vcc -10 +10 | pA
loz Output Leakage Current Ground < Vo < Ve, CE = Vec -50 +50 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4 -350 | mA
Icc2 Vcc Current, Inactive Notes 5, 7 50 | 20 | mA
Icc3 Vcc Current, Standby Note 8 10 | 250 | pA
Icca Vcc Current, DR Mode Vcc=2.0V, Note 9 1.5 | 50 | pA
(& Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 5 pF
Co Output Capacitance Test Frequency = 1 MHz, Note 10 7 pF
L7C187-
Symbol  Parameter Test Condition 85 45 35 25 20 15 | Unit
Icct Vcc Current, Active Notes 5, 6 35 60 70 | 100 | 120 | 150 | mA

Memory Products
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L7C187

Switching Characteristics
Over Operating Range (ns)

Read Cycle (Notes 11, 12, 22, 23, 24)

L7C187-
85 45 35 25 20

Symbol Parameter Min | Max [ Min | Max | Min | Max | Min | Max [ Min

tAvAvV | Read Cycle Time 85 45 35 25 20

tAvQv | Addr Valid to Output Valid (13, 14) 85 45 35 25

tAxQx | Addr Change to Output Change 5 5 5 5 5

tcLQv | Chip Enable Low to Output Valid (13, 15) 85 45 35 25

tctQz | Chip Enable Low to Output Low Z (20, 21) 5 5 5 5 5

tcHQz | Chip Enable High to Output High Z (20, 21) 35 15 15 10

tru CE or WE Low to Power Up (10, 19) 0 0 0 0 0

trD Power Up to Power Down (10, 19) 85 45 35 25

Werite Cycle (Notes 11, 12, 22, 23, 24)
L7C187-
85 45 35 25 20 15

Symbol Parameter Min | Max| Min | Max | Min | Max | Min | Max| Min | Max| Min | Max
tAVAV | Write Cycle Time 75 40 25 20 20 15
tcLew | Chip Enable Low to End of Write Cycle 65 30 25 20 12 >
tAVBW | Address Valid to Beginning of Write Cycle 0 0 0 0 0

tAvVEw | Address Valid to End of Write Cycle 65 30 25 20 17

tewax | End of Write Cycle to Address Change 0 0 0 0 0

tWLEW | Write Enable Low to End of Write Cycle 45 20 20 20 17

tovew | Data Valid to End of Write Cycle 35 15 15 15 13

tewbx | End of Write Cycle to Data Change 0 0 0 0 0

tWHQZ | Write Enable High to Output Low Z (20, 21) 5 5 5 5 5

twiQz | Write Enable Low to Output High Z (20, 21) 35 15 10 7 7

tcHvL | Chip Enable High to Data Retention (10) 0 0 0 0 0 0

e Memory Products
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64K x 1 Static RAM

Switching Waveforms
Read Cycle — Address Controlled (Notes 13, 14)

tAvav

Address X

tavQv

Previous Data Valid

—— tAXQX ——Pl

Data Out

Data Valid

trD

ot

[— trPU }

lcc

Read Cycle — CE Controlled (Notes 13, 15)

tAvav

CE -
—st

taqv

le———— tclQz ———»
High Impedance

tcHQz
Hiﬁh
Impedance

Data Valid

Data Out
|

—tPy—>
Icc %50%

Memory Products
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L7C187

Write Cycle — WE Controlled (Notes 16, 17, 18, 19)

< tAvav
Address x X
tcLew
& WANK 77777777777
tAVEW tEWAX —>
- tAVBW—> f————————— twiew — >
WE A
\&\\ N y d
[¢———————— tDVEW > »—tEWDX
Data In Data-In Valid ) ) )
»—-tclQz - twLQZ: twhHax
High Impedance [r—
Data Out
/ N
(¢———— tpy ———————»}«—— tpD
- teu »/ 1
Icc y,
Write Cycle — CE Controlled (Notes 16, 17, 18, 19)
- tAVAV >
Address k
- tAvBw < teLew
= X f J
tavew tEWAX
twiLew >

WE
— tovEw > - tewDx
Data In Data-In Valid *

High Impedance
teD

le—— tpy

Data Out

Memory Products
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64K x 1 Static RAM

Data Retention

Data Retention Mode >
Vce ‘4.5 \% 4.5V
22V
lq—tcuvi.——» tAvav
&““““‘4‘% \ ViH
Test Loads and Transition Times
Figure 1a Figure 1b
R1 480Q R1 480Q
5V O My +V O MV
Output O -l- Output O
R2 _L R2
30 pF 5 pF

Including P 255Q Including P 255Q

Jig and Jig and

Scope - L Scope =

Figure 2
+30V 90%
10%
GND
— <3ns
|
Memory Products
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L7C187

Notes

1. Maximum Ratings indicate stress
specifications only. Functional
operation of these products at values
beyond those indicated in the Oper-
ating Conditions table is not implied.
Exposure to maximum rating con-
ditions for extended periods may
affect reliability of the tested device.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional pre-
cautions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This product provides hard
clamping of transient undershoot.
Input levels below ground will be
clamped beginning at -0.6 V. A
current in excess of 100 mA is
required to reach -2 V. The device can
withstand indefinite operation with
inputs as low as -3 V subject only to
power dissipation and bond wire
fusing constraints.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. 'Typical' supply current values are
not shown but may be approximated.
At a Vcc of 5.0 V, an ambient
temperature of +25°C and with
nominal manufacturing parameters,
the operating supply currents will be
approximately 3/4 or less of the
maximum values shown.

6. Tested with outputs open and all
address and data inputs changing at
the maximum read cycle rate. The
device is continuously enabled for
reading, i.e., CE < ViL, WE > VIH.

7. Tested with outputs open and all
address and data inputs changing at the
maximum read cycle rate. The device is
continuously disabled, i.e., CE > VIH.

8. Tested with outputs open and all
address and data inputs stable. The

device is continuously disabled, i.e.,
CE = Vcc. Input levels are within
0.5V of Vcc or ground.

9. Data retention operation requires
that VcC never drop below 20 V. CE
must be > Vcc - 0.3 V. For all other
inputs VIN 2Vcc-0.3 or VIN< 0.3V
is required to ensure full power down.

10. These parameters are guaranteed
but not 100% tested.

11. Test conditions assume input
transition times of less than 3 ns,
reference levels of 1.5 V, input pulse
levels of 0 to 3.0 V, and output loading
for specified IOL and IOH plus 30 pF.

12. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. tAVEW, for example,
is specified as a minimum since the
external system must supply at least
that much time to meet the worst-case
requirements of all parts. Responses
from the internal circuitry are
specified from the point of view of the
device. Access time, for example, is
specified as a maximum since worst-
case operation of any device always
provides data within that time.

13. WE is high for the read cycle.

14. The chip is continuously selected
(CE low).

15. All address lines are valid prior-
to or coincident-with the CE transition
to low.

16. The internal write cycle of the
memory is defined by the overlap of
CE low and WE low. Both signals
must be low to initiate a write. Either
signal can terminate a write by going
high. The address, data, and control
input setup and hold times should be
referenced to the signal that falls last
or rises first.

17. 1f WE goes low before or con-
current with CE going low, the output
remains in a high impedance state.

18. If CE goes high before or concur-
rent with WE going high, the output
remains in a high impedance state.

19. Powerup from IcC2 to ICC1 occurs
as a result of any of the following
conditions:

a. Falling edge of CE
b. Falling edge of WE (CE active)

c. Transition on any address line (CE
active)

d. Translion on any data line (CE
and WE active)

The device automatically powers
down from IcC1 to ICC2 after tPD has
elapsed from any of the prior con-
ditions. This means that power
dissipation is dependent on only cycle
rate, and is not on Chip Select pulse
width.

20. At any given temperature and
voltage condition, output disable time
is less than output enable time for any
given device.

21. Transition is measured +200 mV
from steady state voltage with speci-
fied loading in Figure 1b. This para-
meter is sampled and not 100% tested.

22. All address timings are referenced
from the last valid address line to the
first transitioning address line.

23. CE or WE must be high during
address transitions.

24. This product is a very high speed
device and care must be taken during
testing in order to realize valid test
information. Inadequate attention to
setups and procedures can cause a
good part to be rejected as faulty.
Long high-inductance leads that cause
supply bounce must be avoided by
bringing the Vcc and ground planes
directly up to the contactor fingers. A
0.01 pF high frequency capacitor is
also required between VcC and
ground. To avoid signal reflections,
proper terminations must be used.

DEVICES INCORPORATED
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64K x 1 Static RAM

Ordering Information

Commercial Operating Range (0°C to +70°C)

Performance
Package Style 85 ns 45 ns 35ns 25 ns 20 ns 15 ns
22-pin Plastic DIP L7C187PC85 L7C187PC45 L7C187PC35 L7C187PC25 L7C187PC20 L7C187PC15
(0.3") —P8
24-pin SOIC — U1 L7C187UC85 | L7C187UC45 | L7C187UC35 | L7C187UC25 | L7C187UC20 | L7C187UC15
24-pin SO} — W1 L7C187WC85 | L7C187WC45 | L7C187WC35 | L7C187WC25 | L7C187WC20 | L7C187WC15
22-pin Sidebraze (0.3") L7C187DC85 | L7C187DC45 | L7C187DC35 | L7C187DC25 | L7C187DC20 | L7C187DC15
Hermetic DIP — D8
22-pin CerDIP (0.3") — C3 | L7C187CC85 L7C187CC45 L7C187CC35 L7C187CC25 L7C187CC20 L7C187CC15
22-pin Ceramic LCC — K4 | L7C187KC85 L7C187KC45 L7C187KC35 L7C187KC25 L7C187KC20 L7C187KC15
Military Operating Range (-55°C to +125°C)
Performance
Package Style 85 ns 45 ns 35 ns 25 ns 20 ns
22-pin Sidebraze (0.3") L7C187DM85 | L7C187DM45 | L7C187DM35 |L7C187DM25 | L7C187DM20
Hermetic DIP — D8 L7C187DMES8S5 | L7C187DME45 | L7C187DME35 | L7C187DME25 | L7C187DME20
L7C187DMB8S | L7C187DMB45 | L7C187DMB35 | L7C187DMB25 | L7C187DMB20
22-pin CerDIP (0.3") — C3 | L7C187CM85 | L7C187CM45 | L7C187CM35 |L7C187CM25 | L7C187CM20
L7C187CME85 | L7C187CME45 | L7C187CME35 | L7C187CME25 | L7C187CME20
L7C187CMB85 | L7C187CMB45 | L7C187CMB35 | L7C187CMB25 | L7C187CMB20
22-pin Ceramic LCC — K4 | L7C187KM85 | L7C187KM45 | L7C187KM35 [L7C187KM25 | L7C187KM20
L7C187KME85 | L7C187KME45 | L7C187KME35 |L7C187KME25 | L7C187KME20
L7C187KMB85 | L7C187KMB45 | L7C187KMB35 | L7C187KMB25 | L7C187KMB20

DEVICES INCORPORATED
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L7C187

Pin Assignments (P8, D8, C3, K4) Pin Assignments (U1, W1)

Pin Function Pin Function Pin Function Pin Function
1 A0 12 CE 1 Ao 13 CE
2 A1 13 DIN 2 A1 14 DIN
3 A2 14 As 3 A2 15 A8
4 A3 15 A9 4 A3 16 A9
5 A4 16 A10 5 A4 17 A10
6 As 17 Al 6 As 18 A1
7 A6 18 A12 7 NC 19 NC
8 A7 19 A13 8 A6 20 A12
9 Dour 20 A14 9 A7 21 A13
10 WE 21 A15 10 Dourt 22 Al4
11 GND 22 \ el 11 WE 23 A15
12 GND 24 Vcc

©1988, Logic Devices Incorporated. Reproduction of any portion
hereof without written consent is prohibited. Information con-
tained in this specification is intended as a general product de-
scription and is subject to change without notice. Logic Devices
does not assume any responsibility foruse of any product or circuit
described and no patent license rights are implied.

628 East Evelyn Avenue * Sunnyvale, CA 94086 ¢ Telephone 408-720-8630 ¢ FAX 408-733-7690
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16K x 4 Static RAM

L7C164/165/166

Features

Description

1 16K by 4 Static RAM with common
1/0

0 Auto-Powerdown™ design

0 Advanced CMOS technology

0 High speed — to 20 ns worst-case

0 Low Power Operation
Active: 285 mW typical at 45 ns
Standby: 50 uW typical

O Data retention at 2 V for battery
backup operation

3 Plug-compatible with IDT 7188/
7198, Cypress CY7C164/166

0 Package styles available:
* 22/24-pin Plastic DIP
® 22/24-pin Sidebraze,
Hermetic DIP
¢ 22/24-pin CerDIP
® 22/28-pin Ceramic LCC
¢ 24-pinPlastic SOIC (Gull-Wing)
¢ 24-pin Plastic SOJ (J-Lead)

The L7C164, L7C165, and L7C166 are
high-performance, low-power CMOS
static RAMs. The storage cells are
organized as 16,384 words by 4 bits
per word. Data In and Data Out
signals share I/O pins. The L7C164
has a single active-low Chip Enable.
The L7C165 has two Chip Enables and
a separate Output Enable. The L7C166
has a single Chip Enable and an
Output Enable. Parts are available in
five speed categories with worst-case
access times from 20 ns to 85 ns.

Inputs and output are TTL compat-
ible. Operation is from a single +5V
power supply. Power consumption is
285 mW (typical) at 45 ns. Dissipation
drops to 25 mW (typical) when the
memory is deselected (Enable is high).

L7C164/165/166 Block Diagram

Vcc GND
g 256 x 64 x 4
8 o] : >
+> @ Memory
H Array
Row o2
Address
CE1 ——»
WE ———» Column Select
V-YE Control > & Column Sense Data
OF ———»| Contro /0
(L7C165/166 only)
(L7C165 only)
Column Address

Two standby modes are available.
Proprietary Auto-Powerdown™
circuitry reduces power consumption
automatically during read or write
accesses which are longer than the
minimum access time, or when the
memory is deselected. In addition,
data may be retained in inactive stor-
age with a supply voltage as low as
2V. The L7C164, L7C165, and L7C166
consumes only 3 uW (typical) at2 V,
for effective battery back-up
operation.

The L7C164, L7C165, and L7C166
provides asynchronous (unclocked)
operation with matching access and
cycle times. An active-Jow Chip
Enable and a three-state I/O bus
simplify the connection of several
chips for increased capacity.

Memory locations are specified on
address pins Ao through A13. For the
L7C164, reading from a designated
location is accomplished by
presenting an address and then taking
CE1low while WE remains high. For
the L7C165 and L7C166, both CE1 and
CE2 must be low. The data in the
addressed memory location will then
appear on the Data Out pin within
one access time. The output pin stays
in a high-impedance state when CE or
OE is high or WE islow.

Writing to an addressed location is
accomplished when the active-low CE
and WE inputs are low. Either signal
may be used to terminate the write
operation. Data In and Data Out
signals have the same polarity.

Latchup and static discharge pro-
tection are provided on-chip. The
L7C164, L7C165, and L7C166 can
withstand an injection current of up to
200 mA on any pin without damage.

DEVICES INCORPORATED
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16K x 4 Static RAM

Maximum Ratin;s
Above which useful life may be impaired (Notes 1, 2)

StOrage tEMPETALUIE ....ccvcvieiiinrisiiistisiisiisne st ssn s e e sns st ssssassansa e snssee e sse s nsssnssssaesressnnanasnene -65°C to +150°C
Operating ambient teMPErAtUre ........o.ceereeriererenncsnisi s s s ssnesessesnsesses -55°C to +125°C
Vce supply voltage with respect to ground ........ciieeenenienennnnneis e -05Vto+7.0V
Input signal with respect to ground ........cceveiiiniiiinnienn -30Vto+7.0V
Signal applied to high impedance outpUL ........ccceieenreriennnte s -30Vto+7.0V
Output current into lOW OUIPULS w..ccuieiierieiiiiisiinise s sessassessesesesaes s ssssa e sss e et s s sesns sssesassarens 25 mA
LatChUP CUITENE (et sctn e s e t e ste s asa st e st s s e e e e sresa s s aes e snenn annnnnenns > 200 mA
Operating Conditions
To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 45V<Vcc<s5.5V
Active Operation, Military -55°C to +125°C 45V<Vccs5.5V
Data Retention, Commercial 0°C to +70°C 20V<Veccgs5.5V
Data Retention, Military -55°C to +125°C 20V<Vcc<s55V

Electrical Characteristics

Over Operating Conditions

Symbol  Parameter Test Condition Min | Typ | Max | Unit
VOH | Output High Voltage IoH =-4.0mA, VcCc=4.5V 2.4 \%
VoL Output Low Voltage loL = 8.0 mA 04 |V
VIH Input High Voltage 2.0 Vec | V

+0.3
ViL Input Low Voltage Note 3 -3.0 08 | V
lix Input Current Ground £ Vi< Vcc -10 +10 | pA
loz Output Leakage Current Ground < Vo < Vcc, CE = Vec -50 +50 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4 -350 | mA
lcc2 Vcc Current, Inactive Notes 5, 7 50 | 20 | mA
Icc3 | Vcc Current, Standby Note 8 10 | 250 | pA
Icca Vcc Current, DR Mode Vcec =2.0V, Note 9 1.5 | 50 | pA
a Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V pF
Co Output Capacitance Test Frequency = 1 MHz, Note 10 7 pF
L7C164/165/166-

Symbol  Parameter Test Condition 85 45 35 25 20 15 | Unit
Icct Vcc Current, Active Notes 5, 6 45 70 85 | 120 | 145 mA

DEVICES INCORPORATED
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L7C164/165/166

Switching Characteristics
Over Operating Range (ns)

Read Cycle (Notes 11, 12, 21, 22, 23, 24)

L7C164/165/166-
85 45 35 25 20 15

Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max| Min | Max| Min | Max

tAvAvV | Read Cycle Time 85 45 35 25 20

tAvQv | Addr Valid to Output Valid (13, 14) 85 45 35 25 20

taxQx | Addr Change to Output Change 5 5 5 5 5

tcLQv | Chip Enable Low to Output Valid (13, 15) 85 45 35 25 20

tcLQz | Chip Enable Low to Output Low Z (20, 21) 5 5 5 5 5

tcHQz | Chip Enable High to Output High Z (20, 21) 30 15 15 10 8

toLQv | Output Enable Low to Output Valid 35 20 15 12 10

toLQz | Output Enable Low to Output Low Z (20, 21) | 3 3 3 3 3

toHQz | Output Enable High to Output High Z (20, 21) 30 15 12 10 8

tPu CE or WE Low to Power Up (10, 19) 0 0 0 0 0

tPD Power Up to Power Down (10, 19) 85 45 35 25 20 20

Write Cycle (Notes 11, 12, 22, 23, 24)
L7C164/165/166-
85 45 35 25 20

Symbol Parameter Min | Max | Min | Max| Min | Max | Min | Max | Min | Max

tavAv | Write Cycle Time 75 40 25 20 20

tcLew | Chip Enable Low to End of Write Cycle 65 30 25 20 17

tavBw | Address Valid to Beginning of Write Cycle 0 0 0 0 0

tavew | Address Valid to End of Write Cycle 65 30 25 20 17

tewax | End of Write Cycle to Address Change 0 0 0 0 0

twLEW | Write Enable Low to End of Write Cycle 45 20 20 20 17

tovew | Data Valid to End of Write Cycle 35 15 15 15 13

tewbx | End of Write Cycle to Data Change 0 0 0 0 0

twHQz | Write Enable High to Output Low Z (20, 21) 5 5 5 5 5

twLQz | Write Enable Low to Output High Z (20, 21) 35 15 10 7 7

tcHvL | Chip Enable High to Data Retention (10) 0 0 0 0 0 0

DEVICES INCORPORATED Memor)’ Products
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16K x 4 Static RAM

Switching Waveforms

Read Cycle — Address Controlled (Notes 13, 14)
tavav

Address X
tavQv
Data Valid

Data Out Previous Data Valid
taxQx >
— tpu Le trD ?’R

lcc

Read Cycle — CE/OE Controlled (Notes 13, 15)
tAvAV

tcHQZ

c_E_\'

tcQv
e—— tcLQz —>
i toHQZ —»
High

OE —ﬂ
(L7C165 and N
torqv
) Impedance

L7C166 only)
le—— toLQz —>
Data Valid

High Impedance
AAA AN

Data Out
— tpy teD
50% 50%

lcc

Memory Products
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L7C164/165/166
Write Cycle — WE Controlled (Notes 16, 17, 18, 19)
™ tavav
Address * X
tcLew
& N AN 7777777777
tAveEw - tEWAX —>
- tAVBW—> < twLew
WE A
NN\N 7
|e———— tovew > »1—tEwDX
Data In Data-In Valid ) ) )
tclQz e-twiQz tWHQX
High Impedance _’|/_—
Data Out
/! ) N —
- tpu -l teD »|
Icc teu } '_’ '__S
Write Cycle — CE Controlled (Notes 16, 17, 18, 19)
fe tAVAV —»
Address *
tavew < tclew
CE 3( 7L J
tAvew »e— tEWAX
7 A\ AV ANV NN RRRY - (777777777777
\ A\ / /
je tovew >l - tewpx
Data In * Data-In Valid *
- Data Out High Impedance
re——— tpy teD
Icc
Memory Products
2-21
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16K x 4 Static RAM

Data Retention
Data Retention Mode -
vcc 4.5V 4.5V
‘ i 22V
'4— tcHVL — le— tAVAV
(?E““““‘;T‘Vlu \ = ViH
Test Loads and Transition Times
Figure 1a Figure 1b
R1480Q R1 480Q
+V O AN +5V 00— ANV—
Output O l Output O
R2 l
30 pF
Including P 2550 Including 255 Q
Jig and Jig and
Scope L L Scope — =
Figure 2
+3.0V |
90%
10%
GND
<3ns
Memory Products
2.22
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L7C164/165/166

Notes

1. Maximum Ratings indicate stress
specifications only. Functional
operation of these products at values
beyond those indicated in the Oper-
ating Conditions table is not implied.
Exposure to maximum rating con-
ditions for extended periods may
affect reliability of the tested device.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional pre-
cautions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This product provides hard
clamping of transient undershoot.
Input levels below ground will be
clamped beginning at -0.6 V. A
current in excess of 100 mA is
required to reach -2 V. The device can
withstand indefinite operation with
inputs as low as -3 V subject only to
power dissipation and bond wire
fusing constraints.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. 'Typical’ supply current values are
not shown but may be approximated.
At aVcc of 5.0V, an ambient
temperature of +25°C and with
nominal manufacturing parameters,
the operating supply currents will be
approximately 3/4 or less of the
maximum values shown.

6. Tested with outputs open and all
address and data inputs changing at
the maximum read cycle rate. The
device is continuously enabled for
reading, i.e., CESVIL, WE 2 VIH.

7. Tested with outputs open and all
address and data inputs changing at the
maximum read cycle rate. The device is
continuously disabled, i.e., CE>VIH.

8. Tested with outputs open and all
address and data inputs stable. The

-
m— —
Y
- ———
—

IIIII
I
]

device is continuously disabled, i.e.,
CE = Vcc. Input levels are within
0.5V of Vcc or ground.

9. Data retention operation requires
that Vcc never drop below 2.0 V. CE
must be >Vcc - 0.3 V. For all other
inputs VIN2Vcc-03 or VIN< 0.3V
is required to ensure full power down.

10. These parameters are guaranteed
but not 100% tested.

11. Test conditions assume input
transition times of less than 3 ns,
reference levels of 1.5 V, input pulse
levels of 0 to 3.0 V, and output loading
for specified IoL and IoH plus 30 pF.

12. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. tAVEW, for example,
is specified as a minimum since the
external system must supply at least
that much time to meet the worst-case
requirements of all parts. Responses
from the internal circuitry are
specified from the point of view of the
device. Access time, for example, is
specified as a maximum since worst-
case operation of any device always
provides data within that time.

13. WE is high for the read cydle.

14. The chip is continuously selected
(CE low).

15. All address lines are valid prior-
to or coincident-with the CE transition
to low.

16. The internal write cycle of the
memory is defined by the overlap of
CE low and WE low. Both signals
must be low to initiate a write. Either
signal can terminate a write by going
high. The address, data, and control
input setup and hold times should be
referenced to the signal that falls last
or rises first.

17. 1f WE goes low before or con-
current with CE going low, the output
remains in a high impedance state.

18. If CE goes high before or concur-
rent with WE going high, the output
remains in a high impedance state.

19. Powerup from IcC2 to ICC1 occurs
as a result of any of the following
conditions:

a. Falling edge of CE

b. Falling edge of WE (CE active)

c. Transition on any address line (CE
active)

d. Transition on any data line (CE
and WE active)

The device automatically powers
down from IcC1 to ICC2 after tPD has
elapsed from any of the prior con-
ditions. This means that power
dissipation is dependent on only cycle
rate, and is not on Chip Select pulse
width.

20. At any given temperature and
voltage condition, output disable time
is less than output enable time for any
given device.

21. Transition is measured 200 mV
from steady state voltage with speci-
fied loading in Figure 1b. This para-
meter is sampled and not 100% tested.

22. All address timings are referenced
from the last valid address line to the
first transitioning address line.

23. CE or WE must be high during
address transitions.

24. This product is a very high speed
device and care must be taken during
testing in order to realize valid test
information. Inadequate attention to
setups and procedures can cause a
good part to be rejected as faulty.
Long high-inductance leads that cause
supply bounce must be avoided by
bringing the Vcc and ground planes
directly up to the contactor fingers. A
0.01 pF high frequency capaditor is
also required between VcC and
ground. To avoid signal reflections,
proper terminations must be used.
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16K x 4 Static RAM

Ordering Information
Commercial Operating Range (0°C to +70°C)

Performance
Package Style 85 ns 45 ns 35ns T 25 ns 20 ns 15 ns
L7C164
22-pin Plastic DIP L7C164PC85 L7C164PC45 L7C164PC35 L7C164PC25 L7C164PC20
(0.3") — P8
22-pin Sidebraze (0.3") L7C164DC85 L7C164DC45 L7C164DC35 L7C164DC25 L7C164DC20
Hermetic DIP — D8
24-pin SOIC — U1 L7C164UC85 L7C164UC45 L7C164UC35 L7C164UC25 L7C164UC20
24-pin SOJ — W1 L7C164WC85 | L7C164WC45 | L7C164WC35 | L7C164WC25 | L7C164WC20
22-pin CerDIP (0.3") — C3 | L7C164CC85 L7C164CC45 L7C164CC35 L7C164CC25 L7C164CC20
22-pin Ceramic LCC — K4 | L7C164KC85 L7C164KC45 L7C164KC35 L7C164KC25 L7C164KC20
L7C165
24-pin Plastic DIP L7C165PC85 L7C165PC45 L7C165PC35 L7C165PC25 L7C165PC20
(0.3") — P2
24-pin SOIC — U1 L7C165UC85 L7C165UC45 L7C165UC35 L7C165UC25 L7C165UC20
24-pin SO} — W1 L7C165WC85 | L7C165WC45 | L7C165WC35 | L7C165WC25 | L7C165WC20
24-pin Sidebraze (0.3") L7C165DC85 L7C165DC45 L7C165DC35 L7C165DC25 L7C165DC20
Hermetic DIP — D2
24-pin CerDIP (0.3") — C1 | L7C165CC85 L7C165CC45 L7C165CC35 L7C165CC25 L7C165CC20
L7C166
24-pin Plastic DIP L7C166PC85 L7C166PC45 L7C166PC35 L7C166PC25 L7C166PC20
(0.3") — P2
24-pin SOIC — U1 L7C166UC85 L7C166UC45 L7C166UC35 L7C166UC25 L7C166UC20
24-pin SOJ — W1 L7C166WC85 | L7C166WC45 | L7C166WC35 | L7C166WC25 | L7C166WC20
24-pin Sidebraze (0.3") L7C166DC85 L7C166DC45 L7C166DC35 L7C166DC25 L7C166DC20
Hermetic DIP — D2
24-pin CerDIP (0.3") — C1 | L7C166CC85 L7C166CC45 L7C166CC35 L7C166CC25 L7C166CC20
28-pin Ceramic LCC — K5 | L7C166KC85 L7C166KC45 L7C166KC35 L7C166KC25 L7C166KC20
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L7C164/165/166

Ordering Information

Military Operating Range (-55°C to +125°C)

Performance
Package Style 85 ns 45 ns 35ns 25 ns 20 ns
L7C164 '
22-pin Sidebraze (0.3") L7C164DM85 | L7C164DM45 | L7C164DM35 | L7C164DM25
Hermetic DIP — D8 L7C164DME85 | L7C164DME45 | L7C164DME35 | L7C164DME25
L7C164DMB85 | L7C164DMB45 | L7C164DMB35 | L7C164DMB25
22-pin CerDIP (0.3") — C3 | L7C164CM85 | L7C164CM45 | L7C164CM35 | L7C164CM25
L7C164CME85 | L7C164CME45 | L7C164CME35 | L7C164CME25
L7C164CMB85 | L7C164CMB45 | L7C164CMB35 | L7C164CMB25
22-pin Ceramic LCC — K4 | L7C164KM85 | L7C164KM45 | L7C164KM35 | L7C164KM25
L7C164KME85 | L7C164KME45 | L7C164KME35 | L7C164KME25
L7C164KMB85 | L7C164KMB45 | L7C164KMB35 | L7C164KMB25
L7C165
24-pin Sidebraze (0.3") L7C165DM85 | L7C165DM45 | L7C165DM35 | L7C165DM25
Hermetic DIP — D2 L7C165DME8S5 | L7C165DME45 | L7C165DME35 | L7C165DME25
L7C165DMB85 | L7C165DMB45 | L7C165DMB35 | L7C165DMB25
24-pin CerDIP (0.3") — C1 | L7C165CM85 | L7C165CM45 | L7C165CM35 | L7C165CM25
L7C165CME85 | L7C165CME45 | L7C165CME35 | L7C165CME25
L7C165CMB85 | L7C165CMB45 | L7C165CMB35 | L7C165CMB25
L7C166
24-pin Sidebraze (0.3") L7C166DM85 | L7C166DM45 | L7C166DM35 | L7C166DM25
Hermetic DIP — D2 L7C166DME85 | L7C166DME45 | L7C166DME35 | L7C166DME25
L7C166DMB85| L7C166DMB45| L7C166DMB35 | L7C166DMB25
24-pin CerDIP (0.3") — C1 | L7C166CM85 | L7C166CM45 | L7C166CM35 | L7C166CM25
L7C166CME85 | L7C166CME45 | L7C166CME35 | L7C166CME25
L7C166CMB85 | L7C166CMB45 | L7C166CMB35 | L7C166CMB25
28-pin Ceramic LCC — K5 | L7C166KM85 | L7C166KM45 | L7C166KM35 | L7C166KM25
L7C166KME85 | L7C166KME45 | L7C166KME35 | L7C166KME25
L7C166KMB85 | L7C166KMB45 | L7C166KMB35 | L7C166KMB25
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16K x 4 Static RAM

L7C164 Pin Assignments L7C165 Pin Assignments L7C166 Pin Assignments
(22-pin — P8, D8, C3) (24-pin — P2, D2, C1, U1, W1) (24-pin — P2, D2, C1, U1, W1)
Pin | Function | Pin | Function Pin | Function | Pin | Function Pin | Function | Pin | Function
1 A0 12 WE 1 A0 13 WE 1 Ao 13 WE
2 Al 13 lo/Oo 2 Al 14 lo/Oo 2 A1 14 lo/Oo
3 A2 14 /o1 3 A2 15 11/01 3 A2 15 11/On
4 A3 15 12/O2 4 A3 16 12/0O2 4 A3 16 12/02
5 A4 16 13/03 5 A4 17 13/03 5 A4 17 13/03
6 As 17 A9 6 As 18 CE2 6 As 18 NC
7 A6 18 A10 7 A6 19 A9 7 A6 19 A9
8 A7 19 Al 8 A7 20 A10 8 A7 20 A10
9 A8 20 A12 9 As 21 A11 9 A8 21 A1
10 CE 21 A13 10 CE1 22 A12 10 CEt 22 A12
11 GND 22 Vee 1 OE 23 A13 1 OF 23 A13
L7C164 Pin Assignments 12 GND 24 Vcc 12 GND 24 Vcc
(22-pin — K4)
Pin | Function | Pin | Function L7C166 Pin Asmgnments
— (28-pin — K5)
1 As 12 WE
2 A6 13 l0/O0 Pin | Function | Pin | Function
3 A7 14 11/01 1 NC 15 NC
4 As 15 12/02 2 NC 16 WE
5 A9 16 13/03 3 Ao 17 lo/O0
6 A10 17 Ao 4 A1 18 11/O1
7 A1 18 A1 5 A2 19 12/02
8 A12 19 A2 6 A3 20 13/03
9 A13 20 A3 7 A4 21 A9
10 CE 21 A4 8 As 22 A10
11 GND 22 Vce 9 Aé 23 A1
L7C164 Pin Assignments 10 A7 24 A2
(24-pin — U1, W1) N A 125 ] Ap
‘ 12 CE1 26 NC
Pin | Function | Pin | Function 13 OE 27 NC
1 A0 13 WE 14 GND 28 Vee
2 A1 14 lo/Oo
3 A2 15 11/01
4 A3 16 12/02
5 A4 17 13/03
6 As 18 NC
7 A6 19 A9
8 A7 20 Al0 ©1988, Logic Devices Incorporated. Reproduction of any portion
hereof without written consent is prohibited. Information con-
9 A8 21 Al tained in this specification is intended as a general product de-
10 CE 22 A12 scription and is subject to change without notice. Logic Devices
does not assume any responsibility for use of any product or circuit
1 NC 23 A13 described and no patent license rights are implied.
12 GND 24 Vcce

628 East Evelyn Avenue * Sunnyvale, CA 94086 e Telephone 408-720-8630 * FAX 408-733-7690
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16K x 4 Static RAM

L7C161/162

Features

Description

0 16K by 4 Static RAM with separate
1/0, transparent write (L7C161), or
high impedance write (L7C162)

0 Auto-Powerdown™ design
0 Advanced CMOS technology
O High speed — to 20 ns worst case

0 Low Power Operation
Active: 285 mW typical at 45 ns
Standby: 50 uW typical

0 Data retention at 2 V for battery
backup operation

0 Plug-compatible with IDT 71981/
71982, Cypress CY7C161/162

3 Package styles available:

¢ 28-pin Plastic DIP
28-pin Sidebraze, Hermetic DIP
28-pin CerDIP
28-pin Ceramic LCC
28-pinPlastic SOIC (Gull-Wing)
28-pin Plastic SOJ (J-Lead)

The L7C161 and L7C162 are high-
performance, low-power CMOS static
RAMs. The storage cells are organ-
ized as 16,384 words by 4 bits per
word. Data In and Data Out are sep-
arate. Parts are available in five speed
categories with worst-case access
times from 20 ns to 85 ns.

Inputs and output are TTL compat-
ible. Operation is from a single +5V
power supply. Power consumption
is 285 mW (typical) at 45 ns. Dis-
sipation drops to 25 mW (typical)
when the memory is deselected
(Enable is high).

Two standby modes are available.
Proprietary Auto-Powerdown™
circuitry reduces power consumption
automatically during read or write
accesses which are longer than the
minimum access time, or when the

L7C161/162 Block Diagram
Vcc GND

D

wv)

2
Row =
Address

256 x 64 x 4
Memory
Array

{}

Control »

Column Select
& Column Sense

4
-»D;L’Do

6,
*Column Address

memory is deselected. In addition,
data may be retained in inactive stor-
age with a supply voltage as low as
2V. The L7C161 and L7C162 con-
sumes only 3 uW (typical) at2'V,
allowing effective battery back-up
operation.

The L7C161 and L7C162 provides
asynchronous (unclocked) operation
with matching access and cycle times.
Two active-low Chip Enables and a
three-state bus output with a separate
output enable line simplify the
connection of several chips for
increased storage capacity.

Memory locations are specified on
address pins Ao through A13. Read-
ing from a designated location is
accomplished by presenting an ad-
dress and then taking CE1 and CE2
low while Write remains high. The
data in the addressed memory
location will then appear on the Data
Out pins within one access time. The
output pins stay in a high-impedance
state when WE is low (L7C162 only)
or CE1, CE, or OE is high.

Writing to an addressed location is
accomplished when the active-low
CE1 and CE2 and WE inputs are all
low. Any of these signals may be
used to terminate the write operation.
The Data In and Data Out signals
have the same polarity.

Latchup and static discharge pro-
tection are provided on-chip. The
L7C161 and L7C162 can withstand an
injection current of up to 200 mA on
any pin without damage.

Memory Products
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16K x 4 Static RAM

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2)

SEOrage tEMPEIALUIE u..civivirisiieirite it tis st ses e s ae s e s s ae s sb b et e e se e e bbb s s -65°C to +150°C
Operating ambient teMPEratUre .........civren i s -55°C to +125°C
vcc supply voltage with respect to round ... -0.5Vto+7.0V
Input signal with respect t0 roUNd .......oereceiisiiscusisiii s st s s -3.0Vto+7.0V
Signal applied to high impedance OUIPUL ......cov e s -3.0Vto+7.0V
Output current into [OW OUIPULS «....ueueueuiieeerieee sttt et e s s 25 mA
LAtCRUP CUITENE cuvvvceniccic ettt asa s ss e s s s as s se s ea et sas s soe b e e st sassa s e s h e s e e sh st sa s > 200 mA

Operating Conditions
To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 45V<Vccs5.5V
Active Operation, Military -55°C to +125°C 45V<Vccs5.5V
Data Retention, Commercial 0°C to +70°C 20V<Veec<5.5V
Data Retention, Military -55°C to +125°C 20V<Vcc<55V

Electrical Characteristics

Over Operating Conditions
Symbol  Parameter Test Condition Min | Typ | Max | Unit
VoH | Output High Voltage loH =-4.0 mA, Vcc=4.5V 2.4 Vv
VoL Output Low Voltage loL = 8.0 mA 04 | V
VIH Input High Voltage 2.0 Vcc | V
+0.3
Vi Input Low Voltage Note 3 -3.0 08 | V
hix Input Current Ground £ Vi< Vcc -10 +10 | pA
loz Output Leakage Current Ground < Vo < Vcc, CE = Vec -50 +50 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4 -350 | mA
Icc2 Vcc Current, Inactive Notes 5, 7 50 | 20 | mA
lcc3 | Vcc Current, Standby Note 8 10 | 250 | pA
lcc4 Vcc Current, DR Mode Vcc=2.0V, Note 9 15 | 50 | pA
C Input Capacitance Ambient Temp = 25°C, Vcc=5.0 V 5 pF
Co Output Capacitance Test Frequency = 1 MHz, Note 10 7 pF
L7C161/162-
Symbol  Parameter Test Condition 85 45 35 25 20 15 | Unit
Icc Vcc Current, Active Notes 5, 6 45 70 85 | 120 | 145 mA

—
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L7C161/162

Switching Characteristics
Over Operating Range (ns)

Read Cycle (Notes 11, 12, 21, 22, 23, 24)

L7C161/162-
85 45 35 25 20 15

Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max| Min | Max| Min | Max
tAvAvV | Read Cycle Time 85 45 35 25 20 15
tAvQv | Addr Valid to Output Valid (13, 14) 85 45 35 25 20

taxQx | Addr Change to Output Change 5 5 5 5 5

tclqQv | Chip Enable Low to Output Valid (13, 15) 85 45 35 25 20

tctQz | Chip Enable Low to Output Low Z (20, 21) 5 5 5 5 5

tcHQz | Chip Enable High to Output High Z (20, 21) 30 15 15 10 8

toLQv | Output Enable Low to Output Valid 35 20 15 12 10

toLQz | Output Enable Low to Output Low Z (20, 21) 3 3 3 3 3

toHQz | Output Enable High to Output High Z (20, 21) 30 15 12 10 8

tru CE or WE Low to Power Up (10, 19) 0 0 0 0 0

tPD Power Up to Power Down (10, 19) 85 45 35 25 20 20

Write Cycle (Notes 11, 12, 21, 22, 23, 24)
L7C161/162-
85 45 35 25 20 15

Symbol Parameter Min | Max| Min| Max| Min| Max| Min| Max| Min | Max| Min| Max
tAVAV | Write Cycle Time 75 40 25 20 20 15
tcLew | Chip Enable Low to End of Write Cycle 65 30 25 20 17 12
tAvBW | Address Valid to Beginning of Write Cycle 0 0 0 0 0

tAVEW | Address Valid to End of Write Cycle 65 30 25 20 17

tewax | End of Write Cycle to Address Change 0 0 0 0 0

twLEw | Write Enable Low to End of Write Cycle 45 20 20 20 17

tovew | Data Valid to End of Write Cycle 35 15 15 15 13

tewDX | End of Write Cycle to Data Change 0 0 0 0 0

tWHQZ | Write High to Output Low Z (20, 21) 5 5 5 5 5

twLQz | Write Enable Low to Output High Z (20, 21) 35 15 10 7 7

tCHVL Chip Enable High to Data Retention (10) 0 0 0 0 0

twLQV | Write Enable Low to Output Valid 50 35 30 20 15

tovqQv | Data Valid to Output Valid 50 35 30 20 15 15

DEVICES INCORPORATED Memory Products
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16K x 4 Static RAM

Switching Waveforms

Read Cycle — Address Controlled (Notes 13, 14)

tAVAV >

Address X
L———— tavQqgy ————»

Data Out Previous Data Valid

Data Valid

—— tAXQX —-—Pl
——— tPlJ la

 x

Read Cycle — CE/OE Controlled (Notes 13, 15)

— _'§~ tavav
CE N
tcHQZ

tclqv >
—_ e—— tcLQz — >
N ,Li
t
tolQv > OHQZ —»
e— t —_—
oLQz High
Data Out High Impedance ( ((( S——— ) Impedance
fe— tpy - trp >
Icc J 50% 50% *
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L7C161/162

Write Cycle — WE Controlled (Notes 16, 17, 18, 19)

tavav
Address x X
< tcLew
AN\ 777177777777
tAVEW tEwAX —"
tAvew > twiLEw >
W AANN /
/
tovew tewDx
Data In Data-In Valid ) ) )
tcQz »—twLQz le— thQz—bl
High Impedance
Data Out N
(L7C162) - twiqv
Data Out 3 i
(L7C161) Data Undefined % Data Valid
tpu teD >
- t > *
Icc v 4

Write Cycle — CE Controlled (Notes 16, 17,18, 19)

| tavav »
Address *
tavew tclew
CE )( 7(
tAVEW tewax
7 AN -
"\ \ 7777777777777,
f tovew »ie f—tewDx
Data In * Data-In Valid *
twiqQz A ]
High Impedance
Data Out \ 8 p
(L7C162) - oy '
Data Out Data Undefined * -
(L7C161) ata_ndefine Data Valid
e——tpPU »l trp |
lcc Jl i
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16K x 4 Static RAM

Data Retention

Data Retention Mode

vce

\4.5 \%

4.5V
} 22V

I<— tCHVL —»]

EE““““‘;T‘WH \a

f— tAVAV—Dl

Test Loads and Transition Times

Figure 1a Figure 1b
R1 480 Q R1 480Q
5V O—————AN— SV O———— AA——
Output O- _J- Output O .
R2 _’. R2

30 pF 5 pF
Including P 2550Q Including P 255Q
Jig and Jig and
Scope 1 L Scope — ==

Figure 2
|
+3.0V o \90%
10% 10%
GND N
<3ns —» |[4— <3ns
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L7C161/162

Notes

1. Maximum Ratings indicate stress
specifications only. Functional
operation of these products at values
beyond those indicated in the Oper-
ating Conditions table is not implied.
Exposure to maximum rating con-
ditions for extended periods may
affect reliability of the tested device.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional pre-
cautions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This product provides hard
clamping of transient undershoot.
Input levels below ground will be
clamped beginning at -0.6 V. A
current in excess of 100 mA is
required to reach —2 V. The device can
withstand indefinite operation with
inputs as low as -3 V subject only to
power dissipation and bond wire
fusing constraints.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. 'Typical' supply current values are
not shown but may be approximated.
At a Vcc of 5.0 V, an ambient
temperature of +25°C and with
nominal manufacturing parameters,
the operating supply currents will be
approximately 3/4 or less of the
maximum values shown.

6. Tested with outputs open and all
address and data inputs changing at
the maximum read cycle rate. The
device is continuously enabled for
reading, i.e, CE<VIL, WE 2 VIH.

7. Tested with outputs open and all
address and data inputs changing at the
maximum read cycle rate. The device is
continuously disabled, i.e., CE 2 VIH.

8. Tested with outputs open and all
address and data inputs stable. The

device is continuously disabled, i.e.,
CE = Vcc. Input levels are within
0.5V of Vcc or ground.

9. Data retention operation requires
that Ve never drop below 2.0 V. CE
must be >Vcc - 0.3 V. For all other
inputs VIN 2 VcCc-03 or VIN< 0.3V
is required to ensure full power down.

10. These parameters are guaranteed
but not 100% tested.

11. Test conditions assume input
transition times of less than 3 ns,
reference levels of 1.5 V, input pulse
levels of 0 to 3.0 V, and output loading
for specified IoL and IoH plus 30 pF.

12. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. tAVEW, for example,
is specified as a minimum since the
external system must supply at least
that much time to meet the worst-case
requirements of all parts. Responses
from the internal circuitry are
specified from the point of view of the
device. Access time, for example, is
specified as a maximum since worst-
case operation of any device always
provides data within that time.

13. WE is high for the read cycle.

14. The chip is continuously selected
(CE low).

15. All address lines are valid prior-
to or coincident-with the CE transition
to low.

16. The internal write cycle of the
memory is defined by the overlap of
CE low and WE low. Both signals
must be low to initiate a write. Either
signal can terminate a write by going
high. The address, data, and control
input setup and hold times should be
referenced to the signal that falls last
or rises first.

17. 1f WE goes low before or con-
current with CE going low, the output
remains in a high impedance state.

18. If CE goes high before or concur-
rent with WE going high, the output
remains in a high impedance state.

19. Powerup from IcC2 to ICC1 occurs
as a result of any of the following
conditions:

a. Falling edge of CE
b. Falling edge of WE (CE active)

c. Transition on any address line (CE
active)

d. Transition on any data line (CE
and WE active)

The device automatically powers
down from IccC1 to ICC2 after tPD has
elapsed from any of the prior con-
ditions. This means that power
dissipation is dependent on only cycle
rate, and is not on Chip Select pulse
width.

20. At any given temperature and
voltage condition, output disable time
is less than output enable time for any
given device.

21. Transition is measured +200 mV
from steady state voltage with speci-
fied loading in Figure 1b. This para-
meter is sampled and not 100% tested.

22. All address timings are referenced
from the last valid address line to the
first transitioning address line.

23. CE or WE must be high during
address transitions.

24. This product is a very high speed
device and care must be taken during
testing in order to realize valid test
information. Inadequate attention to
setups and procedures can cause a
good part to be rejected as faulty.
Long high-inductance leads that cause
supply bounce must be avoided by
bringing the Vcc and ground planes
directly up to the contactor fingers. A
0.01 pF high frequency capacitor is
also required between Vcc and
ground. To avoid signal reflections,
proper terminations must be used.
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16K x 4 Static RAM

Ordering Information
Commercial Operating Range (0°C to +70°C)

Performance
Package Style 85 ns ] 45 ns 35ns L 25 ns 20 ns 15 ns
L7C161
28-pin Plastic DIP L7C161PC85 | L7C161PC45 | L7C161PC35 | L7C161PC25 | L7C161PC20
(0.3 —P10
28-pin Sidebraze (0.3") L7C161DC85 | L7C161DC45 | L7C161DC35 | L7C161DC25 | L7C161DC20
Hermetic DIP — D10
28-pin SOIC — U2 L7C161UC85 | L7C161UC45 | L7C161UC35 | L7C161UC25 | L7C161UC20
28-pin SO) — W2 L7C161TWC85 | L7C161WC45 | L7C16TWC35 | L7C16TWC25 | L7C161WC20
28-pin CerDIP (0.3") — C5 | L7C161CC85 L7C161CC45 L7C161CC35 L7C161CC25 L7C161CC20
28-pin Ceramic LCC — K5 | L7C161KC85 L7C161KC45 L7C161KC35 L7C161KC25 L7C161KC20
L7C162
28-pin Plastic DIP L7C162PC85 L7C162PC45 L7C162PC35 L7C162PC25 L7C162PC20
(0.3") —P10
28-pin Sidebraze (0.3") L7C162DC85 | L7C162DC45 | L7C162DC35 | L7C162DC25 | L7C162DC20
Hermetic DIP — D10
28-pin SOIC — U2 L7C162UC85 | L7C162UC45 | L7C162UC35 | L7C162UC25 | L7C162UC20
28-pin SO — W2 L7C162WC85 | L7C162WC45 | L7C162WC35 | L7C162WC25 | L7C162WC20
28-pin CerDIP (0.3") — C5 | L7C162CC85 L7C162CC45 L7C162CC35 L7C162CC25 L7C162CC20
28-pin Ceramic LCC — K5 | L7C162KC85 L7C162KC45 L7C162KC35 L7C162KC25 L7C162KC20
Military Operating Range (-55°C to +125°C)
Performance
Package Style 85 ns —l 45 ns r 35ns 25 ns 20 ns
L7C161
28-pin Sidebraze (0.3") L7C161DM85 | L7C161DM45 | L7C161DM35 | L7C161DM25
Hermetic DIP — D10 L7C161DMESS5 | L7C161DME45 | L7C161DME35 | L7C161DME25
L7C161DMB85 | L7C161DMB45 | L7C161DMB35 | L7C161DMB25
28-pin CerDIP (0.3") — C5 | L7C161CM85 | L7C161CM45 | L7C161CM35 | L7C161CM25
L7C161CME85 | L7C161CME45 | L7C161CME35 | L7C161CME25
L7C161CMB85 | L7C161CMB45 | L7C161CMB35 | L7C161CMB25
28-pin Ceramic LCC — K5 | L7C161KM85 | L7C161KM45 | L7C161KM35 | L7C161KM25
L7C161KME85 | L7C161KME45 | L7C161KME35 | L7C161KME25
L7C16TKMB85 | L7C161KMB45 | L7C161KMB35 | L7C161KMB25
L7C162
28-pin Sidebraze (0.3") L7C162DM85 | L7C162DM45 | L7C162DM35 | L7C162DM25
Hermetic DIP — D10 L7C162DMEB8S5 | L7C162DME45 | L7C162DME35 | L7C162DME25
L7C162DMB85 | L7C162DMB45 | L7C162DMB35 | L7C162DMB25
28-pin CerDIP (0.3") — C5 | L7C162CM85 | L7C162CM45 | L7C162CM35 | L7C162CM25
L7C162CME85 | L7C162CMEA4S5 | L7C162CME35 | L7C162CME25
L7C161CME85 | L7C162CMB45 | L7C162CMB35 | L7C162CMB25
28-pin Ceramic LCC — K5 | L7C162KM85 | L7C162KM45 | L7C162KM35 | L7C162KM25
L7C162KME85 | L7C162KME45 | L7C162KME35 | L7C162KME25
L7C162KMB85 | L7C162KMB45 | L7C162KMB35 | L7C162KMB25
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L7C161/162

Pin Assignments (P10, D10, C5, K5, U2, W2)

Pin Function Pin Function
1 Ao 15 CE2
2 Al 16 WE
3 A2 17 Oo
4 A3 18 O1
5 A4 19 02
6 As 20 O3
7 A6 21 12
8 A7 22 13
9 A8 23 A9
10 lo 24 A10
11 I 25 A1
12 CE1 26 A12
13 OE 27 A13
14 GND 28 Vcc

© 1988, Logic Devices Incorporated. Reproduction of any portion
hereof without written consent is prohibited. Information contained in
this specification is intended as a general product description and is sub-
ject to change without notice. Logic Devices does not assume any re-
sponsibility for use of any product or circuit described and no patent
license rights are implied.
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8K x 8 Static RAM

L7C185

Features

Description

0 8K by 8 Static RAM with chip select

powerdown, output enable
0 Auto-Powerdown™ design
3 Advanced CMOS technology
0 High speed — to 20 ns worst case

Q Low Power Operation
Active: 290 mW typical at 45 ns
Standby: 50 uW typical

3 Data retention at 2 V for battery
backup operation

0 Plug-compatible with IDT7164,
Cypress CY7C185/186

0 Package styles available:
¢ 28-pin Plastic DIP
e 28-pin Sidebraze, Hermetic DIP
¢ 28-pin CerDIP
¢ 28-pin Ceramic LCC
¢ 28-pin Plastic SOIC (Gull-Wing)
® 28-pinPlastic SOJ (J-Lead)

The L7C185is a high-performance,
low-power CMOS static RAM. The
storage circuitry is organized as 8,192
words by 8 bits per word. The 8 Data
In and Data Out signals share I/O
pins. Parts are available in five
speeds with worst-case access times
from 20 ns to 85 ns.

Inputs and output are TTL compat-
ible. Operation is from a single +5V
power supply. Power consumption is
290 mW (typical) at 45 ns. Dissipation
drops to 25 mW (typical) when the
memory is deselected (Enable is high).

Two standby modes are available.
Proprietary Auto-Powerdown™
circuitry reduces power consumption
automatically during read or write
accesses which are longer than the
minimum access time, or when the

L7C185 Block Diagram
Vcc GND
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memory is deselected. In addition,
data may be retained in inactive stor-
age with a supply voltage as low as

2 V. The L7C185 consumes only
3uW at 2V (typical), for effective
battery back-up operation.

The L7C185 provides asynchronous
(unclocked) operation with matching
access and cycle times. Two active-
low Chip Enables and a three-state
1/0 bus with a separate output enable
simplify the connection of several
chips for increased storage capacity.

Memory locations are specified on
address pins Ao through A12.
Reading from a designated location is
accomplished by presenting an ad-
dress and then taking CE1 low and
CE2 high while Write remains high.
The data in the addressed memory
location will then appear on the Data
Out pin within one access time. The
output pin stays in a high-impedance
state when CE1 is high or CE2 or WE
is low.

Writing to an addressed location is
accomplished when the active-low
CE1and WE inputs are both low, and
CE2is high. Any of these signals may
be used to terminate the write
operation. Data In and Data Out
signals have the same polarity.

Latchup and static discharge pro-
tection are provided on-chip. The
L7C185 can withstand an injection
current of up to 200 mA on any pin
without damage.
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8K x 8 Static RAM

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2)

N Storage temperature .........ceceenene e st e ene s -65°C to +150°C
Operating ambient teMPErature ........cueveeiiieeieiesie s s s e -55°C to +125°C
Vcc supply voltage with respect to round .......ecieinness i s -0.5Vto+7.0V
Input signal with respect to ground .............. ..=3.0Vto+7.0V
Signal applied to high impedance output .... .=-30Vto+7.0V
Output cUrrent into lOW OULPULS ..ueiuuiiiietiritiiiiesie e s s s sb s sb e e s s s s s 25 mA
LAtChUP CUFTENE 1ottt st s st b s s sh s sa e sa s st s esb e s s es e rn s s s sen e s s es s esses e sennnsannn > 200 mA
Operating Conditions
To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 45V<Vccs55V
Active Operation, Military -55°C to +125°C 45V<Vcc<s55V
Data Retention, Commercial 0°C to +70°C 20V<Vcecgs5.5V
Data Retention, Military -55°C to +125°C 20V<Vcecg5.5V
Electrical Characteristics
Over Operating Conditions
Symbol  Parameter Test Condition Min | Typ | Max | Unit
VoH | Output High Voltage IoH =-4.0 mA, Vcc =4.5V 2.4 \Y
VoL Output Low Voltage loL = 8.0 mA 04 | V
VIH Input High Voltage 2.0 vce | V
+0.3
Vi Input Low Voltage Note 3 -3.0 08 | V
hix Input Current Ground £ VI £ Vcc -10 +10 | pA
loz Output Leakage Current Ground < Vo < Ve, CE = Vcc -50 +50 | pA
los Output Short Current Vo = Ground, VcC = Max, Note 4 -350 | mA
Icc2 Vcc Current, Inactive Notes 5, 7 5.0 20 | mA
Icc3 Vcc Current, Standby Note 8 10 | 250 | pA
Icc4 Vcc Current, DR Mode Vcc = 2.0V, Note 9 1.5 | 50 | pA
Ci Input Capacitance Ambient Temp = 25°C, Vcc=5.0 V pF
Co Output Capacitance Test Frequency = 1 MHz, Note 10 7 pF
L7C185-
Symbol  Parameter Test Condition 85 45 35 25 20 15 | Unit
Icc Vcc Current, Active Notes 5, 6 45 80 | 100 | 140 | 180 mA
Memory Products
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L7C185

Switching Characteristics
Over Operating Range (ns)

Read Cycle (Notes 11, 12, 21, 22, 23, 24)

L7C185-
85 45 35 25 20 15

Symbol Parameter Min | Max [ Min | Max | Min | Max | Min| Max | Min| Max| Min | Max
tAVAV | Read Cycle Time 85 45 35 25 20 15
tAvQv | Addr Valid to Output Valid (13, 14) 85 45 35 25 20

tAxQx | Addr Change to Output Change 5 5 5 5 5

tcLQv | Chip Enable Active to Output Valid (13, 15) 85 30 25 25 20

tctQz | Chip Enable Active to Output Low Z (20,21) | 5 5 5 5 5

tcHQz | Chip Enable Inactive to Output High Z (20, 21) 35 15 15 10 8

toLQv | Output Enable Low to Output Valid 35 20 15 12 10

toLQz | Output Enable Low to Output Low Z (20, 21) | 3 3 3 3 3

toHQz | Output Enable High to Output High Z (20, 21) 30 15 12 10 8

tru CE Active or WE Low to Power Up (10, 19) 0 0 0 0 0

trD Power Up to Power Down (10, 19) 85 45 35 25 20 20

Werite Cycle (Notes 11, 12, 22, 23, 24)
L7C185-
85 45 35 25 20 15

Symbol Parameter Min | Max | Min | Max| Min | Max | Min | Max| Min | Max| Min | Max
tAvav | Write Cycle Time 75 40 25 20 20 15
tcLew | Chip Enable Active to End of Write Cycle 65 30 25 20 17

tavBwW | Address Valid to Beginning of Write Cycle 0 0 0 0 0

tAVEW | Address Valid to End of Write Cycle 65 30 25 20 17

tewaAx | End of Write Cycle to Address Change 0 0 0 0 (o]

tWLEW | Write Enable Low to End of Write Cycle 45 30 20 20 17

tovew | Data Valid to End of Write Cycle 35 15 15 15 13

tewbx | End of Write Cycle to Data Change 0 0 0 0 0

tWHQz | Write Enable High to Output Low Z (20, 21) 5 5 5 5 5

twiLQz | Write Enable Low to Output High Z (20, 21) 35 15 10 7 7

tcHvL | Chip Enable Inactive to Data Retention (10) 0 0 0 0 0 0

e Memory Products
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8K x 8 Static RAM

Switching Waveforms

Read Cycle — Address Controlled (Notes 13, 14)

tAvav

Address X

[  taAvQy ————————>

Data Out Previous Data Valid Data Valid
e——— taxqx ——
[e— tpPu je teD >
lcc } *
Read Cycle — CE/OE Controlled (Notes 13, 15)
P o tavav .
CE X\
- tcqv > tCHQZ
— [e—— tclqz ———»
N ;t‘
t
toLav OHQZ —»]
f—— t —
oLz High
Data Out High Impedance 6 E e E E ( Data valid ) Impedance
e— tpy —» trp !
lec __} 50% 50% ;}c
Memory Products
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L7C185

Write Cycle — WE Controlled (Notes 16, 17, 18, 19)

tAVAV
Address x X
tclew
& V\MNK 777177777777
- tAVEW wa— tEWAX —]
- tAVBW—> < twLEwW
WE \
AN !
tovew > »—tewDx
Data In Data-In Valid ) ) )
> tclqQz - twLQz
e— twHQX
High Impedance _’l/_——
Data Out
/l N
- teu >l trD
teu >
Icc /
Write Cycle — CE Controlled (Notes 16, 17, 18, 19)
= tAVAV >
Address X

- tAvBwW - teLew

CE )( pa J

tavew a— tEWAX

N Y Y
§

EEVANNNNNNNNNNAN

tovew
Data In X Data-In Valid

High Impedance

y
AT
5

Data Out
le—— tpu teD

=== Memory Products
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8K x 8 Static RAM

Data Retention

Data Retention Mode
\4.5 \% 4.5 V}
22V

Vcc

[e— tAVAV

|<—tc|-|v|_-—>
CE \ ViH
nenve LLLLLLLLLT Vv

Test Loads and Transition Times

Figure 1b

Figure 1a
R1 480Q

R1 480 Q
+5V O————————AMAN— +5V O————AA——
Output O-

Output O -
,L R2 J, R2
30 pF 5 pF
Including P 255Q Including P 255Q
Jig and Jig and
Scope L L Scope L L

Figure 2

+3.0V \90%
i 10%
— ¢—— < 3ns

GND
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L7C185

Notes

1. Maximum Ratings indicate stress
specifications only. Functional
operation of these products at values
beyond those indicated in the Oper-
ating Conditions table is not implied.
Exposure to maximum rating con-
ditions for extended periods may
affect reliability of the tested device.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional pre-
cautions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This product provides hard
clamping of transient undershoot.
Input levels below ground will be
clamped beginning at-0.6 V. A
current in excess of 100 mA is
required to reach -2 V. The device can
withstand indefinite operation with
inputs as low as -3 V subject only to
power dissipation and bond wire
fusing constraints.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. 'Typical' supply current values are
not shown but may be approximated.
At aVcc of 5.0V, an ambient
temperature of +25°C and with
nominal manufacturing parameters,
the operating supply currents will be
approximately 3/4 or less of the
maximum values shown.

6. Tested with outputs open and all
address and data inputs changing at
the maximum read cycle rate. The
device is continuously enabled for
reading, i.e., CE < ViL, WE 2 VIH.

7. Tested with outputs open and all
address and datainputs changing at the
maximum read cycle rate. The device is
continuously disabled, i.e., CE 2 VIH.

8. Tested with outputs open and all
address and data inputs stable. The

device is continuously disabled, i.e.,
CE = Vcc. Input levels are within
0.5 V of Vcc or ground.

9. Data retention operation requires
that Vcc never drop below 2.0 V. CE
must be > Vcc - 0.3 V. For all other
inputs VIN 2 Vcc-03 or VIN< 0.3V
is required to ensure full power down.

10. These parameters are guaranteed
but not 100% tested.

11. Test conditions assume input
transition times of less than 3 ns,
reference levels of 1.5 V, input pulse
levels of 0 to 3.0 V, and output loading
for specified IOL and IOH plus 30 pF.

12. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. tAVEW, for example,
is specified as a minimum since the
external system must supply at least
that much time to meet the worst-case
requirements of all parts. Responses
from the internal circuitry are
specified from the point of view of the
device. Access time, for example, is
specified as a maximum since worst-
case operation of any device always
provides data within that time.

13. WE is high for the read cycle.

14. The chip is continuously selected
(CE low).

15. All address lines are valid prior-
to or coincident-with the CE transition
to low.

16. The internal write cycle of the
memory is defined by the overlap of
CE low and WE low. Both signals
must be low to initiate a write. Either
signal can terminate a write by going
high. The address, data, and control
input setup and hold times should be
referenced to the signal that falls last
or rises first.

17. 1f WE goes low before or con-
current with CE going low, the output
remains in a high impedance state.

18. If CE goes high before or concur-
rent with WE going high, the output
remains in a high impedance state.

19. Powerup from IcC2 to ICC1 occurs
as a result of any of the following
conditions:

a. Falling edge of CE
b. Falling edge of WE (CE active)

c. Transition on any address line (CE
active)

d. Transition on any data line (CE
and WE active)

The device automatically powers
down from Icc1 to Icc2 after tPD has
elapsed from any of the prior con-
ditions. This means that power
dissipation is dependent on only cycle
rate, and is not on Chip Select pulse
width,

20. At any given temperature and
voltage condition, output disable time
is less than output enable time for any
given device.

21. Transition is measured +200 mV
from steady state voltage with speci-
fied loading in Figure 1b. This para-
meter is sampled and not 100% tested.

22. All address timings are referenced
from the last valid address line to the
first transitioning address line.

23. CE or WE must be high during
address transitions.

24. This product is a very high speed
device and care must be taken during
testing in order to realize valid test
information. Inadequate attention to
setups and procedures can cause a
good part to be rejected as faulty.
Long high-inductance leads that cause
supply bounce must be avoided by
bringing the Vcc and ground planes
directly up to the contactor fingers. A
0.01 pF high frequency capacitor is
also required between Vcc and
ground. To avoid signal reflections,
proper terminations must be used.
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8K x 8 Static RAM

Ordering Information

Commercial Operating Range (0°C to +70°C)

Performance
Package Style 85 ns 45 ns 35ns 25 ns 20 ns 15 ns
28-pin Plastic DIP L7C185PC85 L7C185PC45 L7C185PC35 L7C185PC25 L7C185PC20
(0.3 —P10
28-pin Plastic DIP L7C185NC85 | L7C185NC45 | L7C185NC35 | L7C185NC25 | L7C185NC20
(0.6") — P9
28-pin SOIC — U2 (0.300")| L7C185UC85 L7C185UC45 L7C185UC35 L7C185UC25 L7C185UC20
28-pin SOIC — V2 (0.331")| L7C185VC85 L7C185VC45 L7C185VC35 L7C185VC25 L7C185VC20
28-pin S0O) — W2 L7C185WC85 | L7C185WC45 | L7C185WC35 | L7C185WC25 | L7C185WC20
28-pin Sidebraze (0.3") L7C185DC85 | L7C185DC45 | L7C185DC35 | L7C185DC25 | L7C185DC20
Hermetic DIP — D10
28-pin Sidebraze (0.6") L7C185HC85 L7C185HCA45 L7C185HC35 L7C185HC25 L7C185HC20
Hermetic DIP — D9 ’
28-pin CerDIP (0.3") — C5 | L7C185CC85 L7C185CC45 L7C185CC35 L7C185CC25 L7C185CC20
28-pin CerDIP (0.6") — C6 | L7C185IC85 L7C1851C45 L7C185IC35 L7C185IC25 L7C1851C20
28-pin Ceramic LCC — K5 | L7C185KC85 L7C185KC45 L7C185KC35 L7C185KC25 L7C185KC20
Military Operating Range (-55°C to +125°C)
Performance
Package Style 85 ns 45 ns 35ns 25 ns 20 ns
28-pin Sidebraze (0.3") L7C185DM85 | L7C185DM45 | L7C185DM35 |L7C185DM25
Hermetic DIP — D10 L7C185DME85 | L7C185DME45 | L7C185DME35 |L7C185DME25
L7C185DMB85 | L7C185DMB45 | L7C185DMB35 | L7C185DMB25
28-pin Sidebraze (0.6") L7C185HM85 | L7C185HM45 | L7C185HM35 |L7C185HM25
Hermetic DIP — D9 L7C185HMES8S5 | L7C185HME45 | L7C185HME35 | L7C185HME25
L7C185HMB85 | L7C185HMB45 | L7C185HMB35 |L7C185HMB25
28-pin CerDIP (0.3") — C5 | L7C185CM85 | L7C185CM45 | L7C185CM35 |L7C185CM25
L7C185CME85 | L7C185CME45 | L7C185CME35 | L7C185CME25
L7C185CMB85 | L7C185CMB45 | L7C185CMB35 |L7C185CMB25
28-pin CerDIP (0.6") — C6 | L7C185IM85 L7C185IM45 L7C185IM35 L7C185IM25
L7C185IME85 | L7C185IME45 | L7C185IME35 | L7C185IME25
L7C185IME85 | L7C185IMB45 | L7C185IMB35 |L7C185IMB25
28-pin Ceramic LCC — K5 [ L7C185KM85 | L7C185KM45 | L7C185KM35 |L7C185KM25
L7C185KME85 | L7C185KME45 | L7C185KME35 |L7C185KME25
L7C185KMB85 | L7C185KMB45 | L7C185KMB35 |L7C185KMB25
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L7C185

Pin Assignments (P9, P10, D9, D10, C5, C6, U2, W2)

Pin Assignments (K5)

Pin Function Pin Function Pin Function Pin Function
1 NC 15 13/03 1 A12 15 13/03
2 A12 16 14/04 2 A7 16 14/O4
3 A7 17 I5/Os 3 A6 17 I5/O5
4 A6 18 16/O6 4 NC 18 l6/O6
5 As 19 17/07 5 As 19 17/07
6 A4 20 CE1 6 A4 20 CE1
7 A3 21 A10 7 A3 21 A10
8 A2 22 OF 8 A2 22 OE
9 Al 23 A1l 9 Al 23 Al

10 Ao 24 A9 10 Ao 24 A9

11 lo/Oo 25 As 11 lo/Oo 25 As

12 11/01 26 CE2 12 11/01 26 CE2
13 12/02 27 WE 13 12/02 27 WE

14 GND 28 Vcc 14 GND 28 Vcc

© 1988, Logic Devices Incorporated. Reproduction of any
portion hereof without written consentis prohibited. Infor-
mation contained in this specification is intended as a
general product description and is subject to change with-
out notice. Logic Devices does not assume any responsi-
bility for use of any product or circuit described and no

patent license rights are implied.

628 East Evelyn Avenue ® Sunnyvale, CA 94086 ¢ Telephone 408-720-8630  FAX 408-733-7690
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16K x 1 Static RAM

L7C167

Features

Description

[ 16K by 1 Static RAM with separate
1/0, Chip Select power down

1 Auto-Powerdown™ design
3 Advanced CMOS technology
O High speed — to 12 ns worst-case

O Low Power Operation
Active: 190 mW typical at 35 ns
Standby: 12.5 uW typical

[ Data retention at 2 V for battery
backup operation

0 Plug-compatible with IDT 6167,
Cypress CY7C167

[0 Package styles available:

¢ 20-pin Plastic DIP
20-pin Sidebraze, Hermetic DIP
20-pin CerDIP
20-pinCeramic LCC
20-pin Plastic SOIC (Gull-Wing)
20-pin Plastic SOJ (J-Lead)

The L7C167 is a high-performance,
low-power CMOS static Random
Access Memory. The storage circuitry
is organized as 16,384 words by 1 bit
per word. Parts are available in six
speed categories with worst-case
access times from 12 ns to 85 ns.

Operation is from a single +5 V power
supply and all interface signals are
TTL compatible. Power consumption
is 190 mW (typical) when being
operated at 35 ns. Dissipation drops
to 20 mW (typical) when the memory
is deselected (CE is high).

Two standby modes are available.
Proprietary Auto-Powerdown™
circuitry reduces power consumption
automatically during read or write
accesses which are longer than the
minimum access time, or when the
memory is deselected. In addition,

L7C167 Block Diagram
Vcc GND

I

, ;3' 128 x 128
Y
/ 3 :‘> Memory
2
o z Array
Address
CE —Pb c | R Column Select DO
- ontro » & Column Sense

Y/
k:olumn Address

data may be retained in inactive stor-
age with a supply voltage as low as
2'V. The memory typically consumes
only 1 uW at 2'V, allowing effective
battery back-up operation.

The L7C167 provides asynchronous
(unclocked) operation with matching
access and cycle times. Active-low
Chip Enable and a three-state output
simplify the connection of several
chips for increased capacity.

Memory locations are specified on
address pins A0 through A13. Read-
ing from a designated location is
accomplished by presenting an ad-
dress and then taking CE low while
WE remains high. The data in the
addressed memory location will then
appear on the Data Out pin within
one access time. The output pin stays
in a high-impedance state when CE is
high or WE is low.

Writing to an addressed location is
accomplished when the active-low CE
and WE inputs are both low. Either
signal may be used to terminate the
write operation. Data In and Data
Out signals have the same polarity.

Latchup and static discharge pro-
tection are provided on-chip. The
L7C167 can withstand an injection
current of up to 200 mA on any pin
without damage.

Memory Products
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16K x 1 Static RAM

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2)

Operating ambient temperature .
Vcc supply voltage with respect to ground .
Input signal with respect to ground .............
Signal applied to high impedance output .
Output current into low outputs ....

StOrage tEMPEIALUIE ....ccceiuiriieiieniaesesssse st s e r e s e s s s e st e sr s sbssn s s sr st sr s st e s -65°C to +150°C

LatChUP CUITENE cuutiitiiicci s e s e s s s s s b s s e st ans > 200 mA

................................ -55°C to +125°C
................................. -0.5Vto+7.0V
..-3.0Vto+7.0V
..-3.0Vto+7.0V

Operating Conditions

To meet specified electrical and switching characteristics

Mode
Active Operation, Commercial
Active Operation, Military
Data Retention, Commercial
Data Retention, Military

Temperature Range (Ambient)
0°C to +70°C
-55°C to +125°C
0°C to +70°C
-55°C to +125°C

Supply Voltage
45V<Vcc<55V
45V<Vcc<s55V
20V<Vec<s5.5V
20V<Vcc<5.5V

Electrical Characteristics

Over Operating Conditions
Symbol  Parameter Test Condition Min | Typ | Max | Unit
VoH | Output High Voltage IoH =-4.0 mA, VcCc=4.5V 2.4 \
VoL Output Low Voltage loL = 8.0 mA 04 | V
ViH Input High Voltage 2.0 Vcc | V
+0.3
ViL Input Low Voltage Note 3 -3.0 08 | V
lix Input Current Ground £ VI £ Vcc -10 +10 | pA
loz Output Leakage Current Ground < Vo < Ve, CE = Vec -50 +50 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4 -350 | mA
Icc2 Vcc Current, Inactive Notes 5, 7 40 | 20 | mA
Icca | Vcc Current, Standby Note 8 05 | 10 | pA
lcc4 Vcc Current, DR Mode Vcc=2.0V, Note 9 5 500 | nA
C Input Capacitance Ambient Temp = 25°C, Vcc =5.0 V 5 pF
Co Output Capacitance Test Frequency = 1 MHz, Note 10 7 pF
L7C167-
Symbol  Parameter Test Condition 85 35 25 20 15 12 | Unit
Icc Vcc Current, Active Notes 5, 6 25 50 65 80 | 100 | 125 | mA
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L7C167

Switching Characteristics
Over Operating Range (ns)

Read Cycle (Notes 11, 12, 22, 23, 24)

L7C167-
85 35 25 20

Symbol Parameter Min | Max | Min | Max | Min | Max [ Min | Max

tAvAv | Read Cycle Time 85 35 25 20

tAvQVv | Addr Valid to Output Valid (13, 14) 85 35 25 20

taxQx | Addr Change to Output Change 5 5 5 5

tcLQv Chip Enable Low to Output Valid (13, 15) 85 35 25 20

tcLQz | Chip Enable Low to Output Low Z (20, 21) 5 5 5 5

tcHQz | Chip Enable High to Output High Z (20, 21) 30 15 10 8

tru CE or WE Low to Power Up (10, 19) 0 0 0 0

trD Power Up to Power Down (10, 19) 85 35 25 20

Write Cycle (Notes 11, 12, 22, 23, 24)
L7C167-
85 35 25 20 15 12

Symbol Parameter Min | Max| Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
tavav | Write Cycle Time 75 25 20 20 15 12
tcLtew | Chip Enable Low to End of Write Cycle 65 25 20 17 12

tavBw | Address Valid to Beginning of Write Cycle 0 0 0 0 0

tAVEW | Address Valid to End of Write Cycle 65 25 20 17 12

tewAx | End of Write Cycle to Address Change 0 0 0 0 0

tWLEw | Write Enable Low to End of Write Cycle 45 20 20 17 12

tovew | Data Valid to End of Write Cycle 35 15 15 13 10

tewpx | End of Write Cycle to Data Change 0 0 0 0 0

twHQz | Write Enable High to Output Low Z (20, 21) 5 5 5 5 5

twLQz | Write Enable Low to Output High Z (20, 21) 35 10 7 7 7

tcHvL | Chip Enable High to Data Retention (10) 0 0 0 0 0 0

e Memory Products
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16K x 1 Static RAM

Switching Waveforms

Read Cycle — Address Controlled (Notes 13, 14)

- tAvav >
Address X
- tavqv
Data Out Previous Data Valid Data Valid
r——— tAXQX ————->|
e tru »le tpD -l
Icc y
Read Cycle — CE Controlled (Notes 13, 15)
CE —! - tavav »
N\
- taqv »
| tCLQZ ———» tcHQz High
i
High Impedance 7777 - Impedance
Data Out CCCC Data Valid

le—tpu -
Icc % 50%

teD >
50%*
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L7C167

Write Cycle — WE Controlled (Notes 16, 17, 18, 19)

tAvav

Address x
tcLew
T 7777777
lat— tEWAX —

& WANK
tAVEW
- tavBw—>»| e————————————— twlEw ———————»]
WE \ i
NN\N 7
[¢——————— tDVEW >l »1—tEWDX
Data In Data-In Valid AV ) )
tcQz F—tWqu twhHax
High Impedance —1/——
Data Out / A
- tru »le teD
lcc ~ tru 7‘
Write Cycle — CE Controlled (Notes 16, 17, 18, 19)
je tAvAv |
Address k
- tavew - tcLew
CE X 7! _J
tAveEw <— tEWAX
\ \ / /
———— toviw ——————» tewDx
Data In Data-In Valid
N Data Out High Impedance
je——tpu tep
lcc
Memory Products
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16K x 1 Static RAM

Data Retention

Data Retention Mode - >
vce 4.5V 4.5V
\ / 22V
Id— tcHVL —» [a— tAVAV
CE £££££‘£££¢Vm \ ViH
Test Loads and Transition Times
Figure 1a Figure 1b
R1 480 Q R1 480Q
+5V O—————AW— 5V O AN
Output O _]— Output O
R2 J_ R
30 pF 2
Including P 255Q Including 5 pF 255Q
Jig and Jig and
Scope L L Scope L L
Figure 2
+3.0V
GND
Memory Products
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L7C167

Notes

1. Maximum Ratings indicate stress
specifications only. Functional
operation of these products at values
beyond those indicated in the Oper-
ating Conditions table is not implied.
Exposure to maximum rating con-
ditions for extended periods may
affect reliability of the tested device.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional pre-
cautions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This product provides hard
clamping of transient undershoot.
Input levels below ground will be
clamped beginning at -0.6 V. A
current in excess of 100 mA is
required to reach -2 V. The device can
withstand indefinite operation with
inputs as low as -3 V subject only to
power dissipation and bond wire
fusing constraints.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. 'Typical' supply current values are
not shown but may be approximated.
At aVcc of 5.0 V, an ambient
temperature of +25°C and with
nominal manufacturing parameters,
the operating supply currents will be
approximately 3/4 or less of the
maximum values shown.

6. Tested with outputs open and all
address and data inputs changing at
the maximum read cycle rate. The
device is continuously enabled for
reading, i.e., CE < ViL, WE 2 VIH.

7. Tested with outputs open and all
address and data inputs changing at the
maximum read cycle rate. The device is
continuously disabled, i.e., CE > VIH.

8. Tested with outputs open and all
address and data inputs stable. The

)
b

—— -
——— —— —

device is continuously disabled, i.e.,
CE = Vcc. Input levels are within
0.5V of Vcc or ground.

9. Data retention operation requires
that Ve never drop below 2.0 V. CE
must be > Vcc - 0.3 V. For all other
inputs VIN 2Vcc-03 or VIN< 0.3V
is required to ensure full power down.

10. These parameters are guaranteed
but not 100% tested.

11. Test conditions assume input
transition times of less than 3 ns,
reference levels of 1.5V, input pulse
levels of 0 to 3.0 V, and output loading
for specified IoL and IoH plus 30 pF.

12. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. tAVEW, for example,
is specified as a minimum since the
external system must supply at least
that much time to meet the worst-case
requirements of all parts. Responses
from the internal circuitry are
specified from the point of view of the
device. Access time, for example, is
specified as a maximum since worst-
case operation of any device always
provides data within that time.

13. WE is high for the read cycle.

14. The chip is continuously selected
(CE low).

15. All address lines are valid prior-
to or coincident-with the CE transition
to low.

16. The internal write cycle of the
memory is defined by the overlap of
CE low and WE low. Both signals
must be low to initiate a write. Either
signal can terminate a write by going
high. The address, data, and control
input setup and hold times should be
referenced to the signal that falls last
or rises first.

17. 1f WE goes low before or con-
current with CE going low, the output
remains in a high impedance state.

18. If CE goes high before or concur-
rent with WE going high, the output
remains in a high impedance state.

19. Powerup from IcC2 to ICcC1 occurs
as a result of any of the following
conditions:

a. Falling edge of CE
b. Falling edge of WE (CE active)

c. Transition on any address line (CE
active)

d. Trarls_ition on any data line (CE
and WE active)

The device automatically powers
down from ICC1 to ICC2 after tPD has
elapsed from any of the prior con-
ditions. This means that power
dissipation is dependent on only cycle
rate, and is not on Chip Select pulse
width.

20. At any given temperature and
voltage condition, output disable time
is less than output enable time for any
given device.

21. Transition is measured 200 mV
from steady state voltage with speci-
fied loading in Figure 1b. This para-
meter is sampled and not 100% tested.

22. All address timings are referenced
from the last valid address line to the
first transitioning address line.

23. CE or WE must be high during
address transitions.

24. This product is a very high speed
device and care must be taken during
testing in order to realize valid test
information. Inadequate attention to
setups and procedures can cause a
good part to be rejected as faulty.
Long high-inductance leads that cause
supply bounce must be avoided by
bringing the Vcc and ground planes
directly up to the contactor fingers. A
0.01 uF high frequency capacitor is
also required between VcC and
ground. To avoid signal reflections,
proper terminations must be used.

Memory Products
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16K x 1 Static RAM

Ordering Information

Commercial Operating Range (0°C to +70°C)

Performance
Package Style 85 ns 35ns 25 ns 20 ns 15 ns 12ns
20-pin Plastic DIP L7C167PC85 L7C167PC35 L7C167PC25 L7C167PC20 L7C167PC15 L7C167PC12
(0.3") —P6
20-pin Sidebraze (0.3") L7C167DC85 | L7C167DC35 | L7C167DC25 | L7C167DC20 | L7C167DC15 | L7C167DC12
Hermetic DIP — D7
20-pin Plastic SOIC — U3 | L7C167UC85 | L7C167UC35 | L7C167UC25 | L7C167UC20 | L7C167UC15 | L7C167UC12
20-pin Plastic SO} — W3 L7C167WC85 | L7C167WC35 | L7C167WC25 | L7C167WC20 | L7C167WC15 | L7C167WC12
20-pin CerDIP (0.3") — C2 | L7C167CC85 L7C167CC35 L7C167CC25 L7C167CC20 L7C167CC15 L7C167CC12
20-pin Ceramic LCC — K6 | L7C167KC85 L7C167KC35 L7C167KC25 L7C167KC20 L7C167KC15 L7C167KC12
Military Operating Range (-55°C to +125°C)
Performance
Package Style 85 ns 35ns 25 ns 20 ns 15 ns
20-pin Sidebraze (0.3") L7C167DM85 | L7C167DM35 | L7C167DM25 | L7C167DM20 | L7C167DM15
Hermetic DIP — D7 L7C167DMES85 | L7C167DME35 | L7C167DME25 | L7C167DME20 | L7C167DME15
L7C167DMB85 | L7C167DMB35 | L7C167DMB25 | L7C167DMB20 | L7C167DMB15
20-pin CerDIP (0.3") — C2 | L7C167CM85 | L7C167CM35 | L7C167CM25 | L7C167CM20 | L7C167CM15
L7C167CMES85 | L7C167CME35 | L7C167CME25 | L7C167CME20 | L7C167CME1S5
L7C167CMB85 | L7C167CMB35 | L7C167CMB25 | L7C167CMB20 | L7C167CMB15
20-pin Ceramic LCC — K6 | L7C167KM85 L7C167KM35 L7C167KM25 | L7C167KM20 L7C167KM15
L7C167KME85 | L7C167KME35 | L7C167KME25 | L7C167KME20 | L7C167KMET5
L7C167KMB85 | L7C167KMB35 | L7C167KMB25 | L7C167KMB20 | L7C167KMB15
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L7C167

Pin Assignments (Ps, D7, C2, K6, U3, W3)

Pin Function Pin Function
1 Ao 11 CE
2 Al 12 DIN
3 A2 13 A7
4 A3 14 A8
5 A4 15 A9
6 A5 16 A1o
7 Aé 17 A1
8 Dourt 18 A12
9 WE 19 A13
10 GND 20 Vcc

©1988, Logic Devices Incorporated. Reproduction of any portion
hereof without written consent is prohibited. Information con-
tained in this specification is intended as a general product de-
scription and is subject to change without notice. Logic Devices
does not assume any responsibility for use of any product or circuit
described and no patent license rights are implied.

628 East Evelyn Avenue * Sunnyvale, CA 94086 ¢ Telephone 408-720-8630 * FAX 408-733-7690
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4K x 4 Static RAM

L7C168/170

Features

Description

0 4K by 4 Static RAM with common
1/0, output enable (L7C170 only)

Q Auto-Powerdown™ design
Q Advanced CMOS technology
1 High speed — to 15 ns worst case

J Low Power Operation
Active: 170 mW typical at 45 ns
Standby: 12.5 uW typical

0 Data retention at 2 V for battery
backup

3 Plug-compatible with IDT 6168 and
Cypress CY7C168/170

0 Package styles available:
¢ 20/22-pin Plastic DIP
® 20/22-pin Sidebraze,
Hermetic DIP
20/22-pin CerDIP
20-pin Ceramic LCC
20-pin Plastic SOIC (Gull-Wing)
20-pin Plastic SOJ (J-Lead)

The L7C168 and L7C170 are high-
performance, low-power CMOS static
RAMs. The storage cells are organ-

ized as 4096 words by 4 bits per word.

Data In and Data Out signals share
1/0 pins. The L7C170 version adds
and active-low Output Enable input.
Parts are available in six speed cate-
gories with worst-case access times
from 15 ns to 85 ns.

Inputs and output are TTL compat-
ible. Operation is from a single +5V
power supply. Power consumption
is 170 mW (typical) when being
operated at 45 ns. Dissipation drops
to 20 mW (typical) when the memory
is deselected (Enable is high).

Two standby modes are available.
Proprietary Auto-Powerdown™
circuitry reduces power consumption
automatically during read or write

L7C168/170 Block Diagram
Vcc GND
; I 128 x 32x 4
+> & ) Memory
H Array
Row [
Address
< ‘ I I
—_— Column Select
WE ———>{ Control ) & Column Sense Data
— 1/0
OE
(L7C170 only) /T/ 4
5
Column Address
— D Al
[ W V7 —
- A . . —
T

e -
L _d NN

accesses which are longer than the
minimum access time, or when the
memory is deselected. In addition,
data may be retained in inactive stor-
age with a supply voltage as low as
2V. The L7C168 and L7C170 con-
sumes only 1 pW (typical) at2 V, for
effective battery back-up operation.

The L7C168 and L7C170 provides
asynchronous (unclocked) operation
with matching access and cycle times.
An active-low Chip Enable and a
three-state I /O bus simplify the
connection of several chips for
increased capacity.

Memory locations are specified on
address pins A0 through A11. Read-
ing from a designated location is
accomplished by presenting an
address and then taking CE low while
WE remains high. The data in the
addressed memory location will then
appear on the Data Out pin within
one access time. The output pin stays
in a high-impedance state when CE or
OE is high or WE islow.

Writing to an addressed location is
accomplished when the active-low CE
and WE inputs are low. Either signal
may be used to terminate the write
operation. Data In and Data Out
signals have the same polarity.

Latchup and static discharge pro-
tection are provided on-chip. The
L7C168 and L7C170 can withstand an
injection current of up to 200 mA on
any pin without damage.
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4K x 4 Static RAM

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2)

Operating ambient temperature ...
Vcc supply voltage with respect to ground
Input signal with respect to ground ...........

Storage tEMPErature .....c.eerereeeinse sttt s s e et e

Signal applied to high impedance output ..

—-65°C to +150°C
-55°C to +125°C
-0.5Vto+7.0V

Output current into [OW OULPULS ....cueureeceeecenetee sttt s s st st
Latch-up current............ D Py > 200 mA
Operating Conditions
To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 4.5V<Vecgss55V
Active Operation, Military -55°C to +125°C 45V<Vcc<55V
Data Retention, Commercial 0°C to +70°C 20V<Vcecgs55V
Data Retention, Military -55°C to +125°C 20V<Vcc<55V
Electrical Characteristics
Over Operating Conditions
Symbol  Parameter Test Condition Min | Typ | Max | Unit
VoH | Output High Voltage IoH =-4.0 mA, Vcc =4.5V 2.4 \
Voi Output Low Voltage oL = 8.0 mA 04 | V
VIH Input High Voltage 2.0 vece | V
+0.3
Vi Input Low Voltage Note 3 -3.0 08 | V
lix Input Current Ground £ Vi< Vcc -10 +10 | pA
loz Output Leakage Current Ground < Vo < Vcg, CE = Vec -50 +50 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4 -350 | mA
lcc2 Vcc Current, Inactive Notes 5,7 40 | 20 | mA
lcc3 | Vcc Current, Standby Note 8 05 | 10 | pA
lcca Vcc Current, DR Mode Vcc =2.0V, Note 9 5 500 | nA
Ci Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 5 pF
Co Output Capacitance Test Frequency = 1 MHz, Note 10 7 pF
L7C168/170-
Symbol  Parameter Test Condition 85 45 35 25 20 15 | Unit
lcct Vcc Current, Active Notes 5, 6 25 45 55 75 95 | 120 | mA

DEVICES INCORPORATED
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L7C168/170

Switching Characteristics
Over Operating Range (ns)

Read Cycle (Notes 11, 12, 21, 22, 23, 24)

L7C168/170-
85 45 35 25 20 15

Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max| Min | Max| Min | Max

tavAv | Read Cycle Time 85 45 35 25 20 15

tAvQv | Addr Valid to Output Valid (13, 14) 85 45 35 25 20

tAxQx | Addr Change to Output Change 5 5 5 5 5

tcLQv | Chip Enable Low to Output Valid (13, 15) 85 45 35 25 20

tclQz | Chip Enable Low to Output Low Z (20, 21) 5 5 5 5 5

tcHQz | Chip Enable High to Output High Z (20, 21) 30 15 15 10 10

toLQv | Output Enable Low to Output Valid 35 20 15 12 10

toLQz | Output Enable Low to Output Low Z (20, 21) | 3 3 3 3 3

toHQz | Output Enable High to Output High Z (20, 21) 30 15 12 10 8

tru CE or WE Low to Power Up (10, 19) 0 0 0 0 0

trD Power Up to Power Down (10, 19) 85 45 35 25 20 20
Write Cycle (Notes 11, 12, 22, 23, 24)

L7C168/170-
85 45 35 25 20 15

Symbol Parameter Min | Max| Min | Max| Min | Max | Min | Max | Min | Max| Min | Max

tAvAV | Write Cycle Time 75 40 25 20 20 15

tcLew | Chip Enable Low to End of Write Cycle 65 30 25 20 17

tavBW | Address Valid to Beginning of Write Cycle 0 0 0 0 0

tAVEW | Address Valid to End of Write Cycle 65 30 25 20 17

tewAx | End of Write Cycle to Address Change 0 0 0 0 0

tWLEW | Write Enable Low to End of Write Cycle 45 20 20 20 17

tovew | Data Valid to End of Write Cycle 35 25 15 15 13

tewpx | End of Write Cycle to Data Change 0 0 0 0 0

tWHQZ | Write Enable High to Output Low Z (20, 21) 5 5 5 5 5

twiQz | Write Enable Low to Output High Z (20, 21) 35 15 10 7 7

tcHvL | Chip Enable High to Data Retention (10) 0 0 0 0 0 0
oo Memory Products



4K x 4 Static RAM

Switching Waveforms

Read Cycle — Address Controlled (Notes 13, 14)

- tAvav >
Address X
[—— tavqy ——— >
Data Out Previous Data Valid Data Valid
[—— tAXQX ——PI
re— tpu L tpD {
lcc } *

Read Cycle — CE/OE Controlled (Notes 13, 15) !
|
|

— & tavav =' |
CE ﬁ }
- teqv > tcHQz > i
& —— tcLQz ——— > i
(L7C170 only) N 71
t
torqy . OHQZ — }
[+ tolez ——» High ‘
|
Data Out High Impedance M( Data Valid ) Impedance
le— tpy J_ tep » ‘
lcc * 50% 50% *
|
|
|
|
J
|
|
|
|
i
1
Memory Products
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L7C168/170

Write Cycle — WE Controlled (Notes 16, 17, 18, 19)

tavav

Address x
tcLew
777777777777

& WAMK
- tavew »a— tEWAX —>
< tAvBW—>| ——— twlEew ————*
e DN I
- tovew > »—tEwDX
Data In Data-In Valid ) ) )
tcqQz [ twLQZ twhax
High Impedance _’l/—
Data Out / A
|¢————— tpy ——————>{a—— tPD
t
lcc PU }'-

Write Cycle — CE Controlled (Notes 16, 17, 18, 19)

tavav

Address J(
- tavew - tcLew
CE )( 7( J
»a—tEWAX

tAvew
— twiew >
= tovew -t »— tEWDX
* Data-In Valid *

High Impedance

Data In

tep

i Data Out
re— tpy

Memory Products
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4K x 4 Static RAM

Data Retention

Data Retention Mode
vce 4.5V 45V
‘ } 22V
ld— tcHVL —» le— tAVAV
C_E““““z;rv“-i \ ViH
Test Loads and Transition Times
Figure 1a Figure 1b
R1 480 Q R1 480Q
5V O————AM— 5V O— A
Output O J' Output O
R2 l R
30 pF 2
Including P 255Q Including SeF 2550
Jig and Jig and :l:
Scope L L Scope —L ——
Figure 2
+3.0V \90%
10%
GND N
— fe—— <3ns
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L7C168/170

Notes

1. Maximum Ratings indicate stress
specifications only. Functional
operation of these products at values
beyond those indicated in the Oper-
ating Conditions table is not implied.
Exposure to maximum rating con-
ditions for extended periods may
affect reliability of the tested device.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional pre-
cautions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This product provides hard
clamping of transient undershoot.
Input levels below ground will be
clamped beginning at -0.6 V. A
current in excess of 100 mA is
required to reach -2 V. The device can
withstand indefinite operation with
inputs as low as -3 V subject only to
power dissipation and bond wire
fusing constraints.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. 'Typical' supply current values are
not shown but may be approximated.
At aVcc of 5.0V, an ambient
temperature of +25°C and with
nominal manufacturing parameters,
the operating supply currents will be
approximately 3/4 or less of the
maximum values shown.

6. Tested with outputs open and all
address and data inputs changing at
the maximum read cycle rate. The
device is continuously enabled for
reading, ie.,, CE<VIL, WE > VIH.

7. Tested with outputs open and all
address and data inputs changing at the
maximum read cycle rate. The device is
continuously disabled, i.e., CE 2 VIH.

8. Tested with outputs open and all
address and data inputs stable. The

device is continuously disabled, i.e.,
CE = Vcc. Input levels are within
0.5V of Vcc or ground.

9. Data retention operation requires
that Vcc never drop below 2.0 V. CE
must be >Vcc - 0.3 V. For all other
inputs VIN 2 Vcc - 03 or VIN< 03V
is required to ensure full power down.

10. These parameters are guaranteed
but not 100% tested.

11. Test conditions assume input
transition times of less than 3 ns,
reference levels of 1.5 V, input pulse
levels of 0 to 3.0 V, and output loading
for specified IOL and IOH plus 30 pF.

12. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. tAVEW, for example,
is specified as a minimum since the
external system must supply at least
that much time to meet the worst-case
requirements of all parts. Responses
from the internal circuitry are
specified from the point of view of the
device. Access time, for example, is
specified as a maximum since worst-
case operation of any device always
provides data within that time.

13. WE is high for the read cycle.

14. The chip is continuously selected
(CE low).

15. All address lines are valid prior-
to or coincident-with the CE transition
to low.

16. The internal write cycle of the
memory is defined by the overlap of
CE low and WE low. Both signals
must be low to initiate a write. Either
signal can terminate a write by going
high. The address, data, and control
input setup and hold times should be
referenced to the signal that falls last
or rises first.

17. 1f WE goes low before or con-
current with CE going low, the output
remains in a high impedance state.

18. If CE goes high before or concur-
rent with WE going high, the output
remains in a high impedance state.

19. Powerup from IcC2 to ICC1 occurs
as a result of any of the following
conditions:

a. Falling edge of CE
b. Falling edge of WE (CE active)

c. Transition on any address line (CE
active)

d. Transition on any data line (CE
and WE active)

The device automatically powers
down from IcC1 to IcC2 after tPD has
elapsed from any of the prior con-
ditions. This means that power
dissipation is dependent on only cycle
rate, and is not on Chip Select pulse
width.

20. Atany given temperature and
voltage condition, output disable time
is less than output enable time for any
given device.

21. Transition is measured 200 mV
from steady state voltage with speci-
fied loading in Figure 1b. This para-
meter is sampled and not 100% tested.

22. All address timings are referenced
from the last valid address line to the
first transitioning address line.

23. CE or WE must be high during
address transitions.

24. This product is a very high speed
device and care must be taken during
testing in order to realize valid test
information. Inadequate attention to
setups and procedures can cause a
good part to be rejected as faulty.
Long high-inductance leads that cause
supply bounce must be avoided by
bringing the VCC and ground planes
directly up to the contactor fingers. A
0.01 pF high frequency capacitor is
also required between Vcc and
ground. To avoid signal reflections,
proper terminations must be used.
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4K x 4 Static RAM

Ordering Information

Commercial Operating Range (0°C to +70°C)

Performance
Package Style 85 ns l 45 ns 35ns 25 ns 20 ns 15 ns
L7C168
20-pin Plastic DIP L7C168PC85 L7C168PC45 L7C168PC35 L7C168PC25 L7C168PC20 L7C168PC15
(0.3") — P6
20-pin Sidebraze (0.3") L7C168DC85 | L7C168DC45 | L7C168DC35 | L7C168DC25 L7C168DC20 | L7C168DC15
Hermetic DIP — D7
20-pin Plastic SOIC — U3 | L7C168UC85 | L7C168UC45 | L7C168UC35 | L7C168UC25 | L7C168UC20 | L7C168UC15
20-pin Plastic SO) — W3 L7C168WC85 | L7C168WC45 | L7C168WC35 | L7C168WC25 | L7C168WC20 | L7C168WC15
20-pin CerDIP (0.3") — C2 | L7C168CC85 L7C168CC45 L7C168CC35 L7C168CC25 L7C168CC20 L7C168CC15
20-pin Ceramic LCC — K6 | L7C168KC85 L7C168KC45 L7C168KC35 L7C168KC25 L7C168KC20 L7C168KC15
L7C170
22-pin Plastic DIP L7C170PC85 L7C170PC45 L7C170PC35 L7C170PC25 L7C170PC20 L7C170PC15
(0.3") — P8
22-pin Sidebraze (0.3") L7C170DC85 | L7C170DC45 | L7C170DC35 | L7C170DC25 | L7C170DC20 | L7C170DC15
Hermetic DIP — D8
22-pin CerDIP (0.3") — C3 | L7C170CC85 L7C170CC45 L7C170CC35 L7C170CC25 L7C170CC20 L7C170CC15
Military Operating Range (-55°C to +125°C)
Performance
Package Style 85 ns l 45 ns 35 ns 25 ns 20 ns
L7C168
20-pin Sidebraze (0.3") L7C168DM85 | L7C168DM45 | L7C168DM35 | L7C168DM25 | L7C168DM20
Hermetic DIP — D7 L7C168DMES5 | L7C168DMEA45 | L7C168DME35 | L7C168DME25 | L7C168DME20
L7C168DMB85 | L7C168DMB45| L7C168DMB35 | L7C168DMB25| L7C168DMB20
20-pin CerDIP (0.3") — C2 | L7C168CM85 | L7C168CM45 | L7C168CM35 | L7C168CM25 | L7C168CM20
L7C168CMES85 | L7C168CME45 | L7C168CME35 | L7C168CME25 | L7C168CME20
L7C168CMB85 | L7C168CMB45 | L7C168CMB35 | L7C168CMB25 | L7C168CMB20
20-pin Ceramic LCC — K6 | L7C168KM85 | L7C168KM45 | L7C168KM35 | L7C168KM25 | L7C168KM20
L7C168KME85 | L7C168KME45 | L7C168KME35 | L7C168KME25 | L7C168KME20
L7C168KMB85 | L7C168KMB45 | L7C168KMB35 | L7C168KMB25 | L7C168KMB20
L7C170
22-pin Sidebraze (0.3") L7C170DM85 | L7C170DM45 | L7C170DM35 | L7C170DM25 | L7C170DM20
Hermetic DIP — D8 L7C170DMES85 | L7C170DME45 | L7C170DME35 | L7C170DME25 | L7C170DME20
L7C170DMB85 | L7C170DMB45 | L7C170DMB35 | L7C170DMB25 | L7C170DMB20
22-pin CerDIP (0.3") — C3 | L7C170CM85 | L7C170CM45 | L7C170CM35 | L7C170CM25 | L7C170CM20
L7C170CMES85 | L7C170CME45 | L7C170CME35 | L7C170CME25 | L7C170CME20
L7C170CMB85 | L7C170CMB45 | L7C170CMB35 | L7C170CMB25 | L7C170CMB20
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L7C168/170

L7C168 Pin Assignments (P6, D7, C2, K6, U3, W3)

L7C170 Pin Assignments (P8, D8, C3)

Pin Function Pin Function Pin Function Pin Function
1 Ao 11 WE 1 Ao 12 WE
2 A1 12 lo/Oo 2 A1 13 lo/Oo
3 A2 13 11/O1 3 A2 14 h/On
4 A3 14 12/02 4 A3 15 12/02
5 A4 15 13/03 5 A4 16 13/03
6 As 16 As 6 As 17 NC
7 A6 17 A9 7 Aé 18 A8
8 A7 18 A10 8 A7 19 A9
9 CE 19 A 9 CE 20 A10
10 GND 20 Vcc 10 Ot 21 A1

11 GND 22 Vcc

© 1988, Logic Devices Incorporated. Reproduction of any portion
hereof without written consent is prohibited. Information contained in
this specification is intended as a general product description and is sub-
ject to change without notice. Logic Devices does not assume any re-
sponsibility for use of any product or circuit described and no patent
license rights are implied.
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4K x 4 Static RAM

L7C171/172

Features

Description

0 4K by 4 Static RAM with separate
1/0, transparent write (L7C171), or
high impedance write (L7C172)

0 Auto-PowerDown™ design

0 Advanced CMOS technology

0 High speed — to 15 ns worst case

O Low Power Operation
Active: 170 mW typical at 45 ns
Standby: 12.5 uW typical

0 Data retention at 2 V for battery
backup operation

[ Plug-compatible with IDT 71681/
71682, Cypress CY7C171/172

[ Package styles available:
¢ 24-pin Plastic DIP

24-pin Sidebraze, Hermetic DIP

24-pin CerDIP
28-pin Ceramic LCC

The L7C171 and L7C172 are high-
performance, low-power CMOS static
RAMs. The storage cells are organ-

ized as 4096 words by 4 bits per word.

Data In and Data Out are separate.
Parts are available in five speed
categories with worst-case access
times from 15 ns to 85 ns.

Inputs and output are TTL compat-
ible. Operation is from a single +5V
power supply. Power consumption
is 170 mW (typical) when operating
at45 ns. Dissipation drops to 20 mW
(typical) when the memory is
deselected (Enable is high).

Two standby modes are available.
Proprietary Auto-PowerDown™
circuitry reduces power consumption
automatically during read or write

L7C171/172 Block Diagram

Vcc GND

bl

; K] 128 x32 x4
——74——> a . Memory
Arra
Row E Y
Address
CE Control . Column Select | > 4/ DO
WE & Column Sense
" T
/4 Column Address
— P . N
[ Yy
[ Y — T
W T -
— -
L 4 NI MR

accesses which are longer than the
minimum access time, or when the
memory is deselected. In addition,
data may be retained in inactive stor-
age with a supply voltage as low as
2V. The L7C171 and L7C172 con-
sumes only 1 uW (typical) at2'V,
allowing effective battery back-up
operation.

The L7C171 and L7C172 provides
asynchronous (unclocked) operation
with matching access and cycle times.
Two active-low Chip Enables and a
three-state output bus output with a
bus control line simplify the
connection of several chips for
increased storage capacity.

Memory locations are specified on
address pins Ao through A11. Read-
ing from a designated location is
accomplished by presenting an ad-
dress and then taking CE low while
Write remains high. The data in the
addressed memory location will then
appear on the Data Out pins within
one access time. The output pins stay
in a high-impedance state when WE is
low (L7C172 only) or CE is high.

Writing to an addressed location is
accomplished when the active-low CE
and WE inputs are both low. Each of
these signals may be used to terminate
the write operation. The Data In and
Data Out signals have the same
polarity.

Latchup and static discharge pro-
tection are provided on-chip. The
L7C171 and L7C172 can withstand an
injection current of up to 100 mA on
any page without damage.
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4K x 4 Static RAM

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2)

0oL (=1 oLl LT PP P -65°C to +150°C
Operating ambient temperature ... =55°C to +125°C
Vcc supply voltage with respect to ground w.. -0.5Vto+7.0V
Input signal with respect to ground ............ .-3.0Vto+7.0V
Signal applied to high impedance output ....... w.=30Vio+7.0V
Output current iNto [OW OULPULS ...cuvveeeeeeeeeeceristsi ettt s s e 25mA
LAtChUP CUITENE c..eerirceeiiistiie st s sscs b e ses s s s s s s s st s as s s e st s s st s s e s > 200 mA
Operating Conditions
To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 4.5V<Vcc<5.5V
Active Operation, Military -55°C to +125°C 4.5V<sVccs55V
Data Retention, Commercial 0°C to +70°C 20V<Vec<s5.5V
Data Retention, Military -55°C to +125°C 20V<Vccs55V
Electrical Characteristics
Over Operating Conditions
Symbol  Parameter Test Condition Min | Typ | Max | Unit
VoH | Output High Voltage IoH =-4.0mA, VcCc=4.5V 2.4 \%
VoL Output Low Voltage loL = 8.0 mA 04 | V
VIH Input High Voltage 2.0 Vcc | V
+0.3
ViL Input Low Voltage Note 3 -3.0 08 | V
lix Input Current Ground < VI < Vcc -10 +10 | pA
loz Output Leakage Current Ground < Vo < Vcc, CE = Vcc -50 +50 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4 -350 | mA
Icc2 Vcc Current, Inactive Notes 5, 7 4.0 20 | mA
lcc3 | Vcec Current, Standby Note 8 05 | 10 | pA
Icca Vcc Current, DR Mode Vcc=2.0V, Note 9 5 500 | nA
a Input Capacitance Ambient Temp = 25°C, Vcc =50V 5 pF
Co Output Capacitance Test Frequency = 1 MHz, Note 10 7 pF
L7C171/172-
Symbol  Parameter Test Condition 85 45 35 25 20 15 | Unit
Icct Vcc Current, Active Notes 5, 6 25 45 55 75 95 | 120 | mA

Memory Products

DEVICES INCORPORATED
2-68



L7C171/172

Switching Characteristics
Over Operating Range (ns)

Read Cycle (Notes 11, 12, 22, 23, 24)

L7C171/172-
85 45 35 25 20

Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max | Min

tAvAV | Read Cycle Time 85 45 35 25 20

tAvQv | AddrValidto Output Valid (13, 14) 85 45 35 25

tAXQX | Addr Change to Output Change 5 5 5 5 5

tcLQv | Chip Enable Low to Output Valid (13, 15) 85 45 35 25

tcLQz | Chip Enable Low to Output Low Z (20, 21) 5 5 5 5 5

tcHQz | Chip Enable High to Output High Z (20, 21) 30 15 15 10

tru CE or WE Low to Power Up (10, 19) 0 0 0 0 0

trD Power Up to Power Down (10, 19) 85 45 35 25
Werite Cycle (Notes 11, 12, 21, 22, 23, 24)

L7C171/172-
85 45 35 25 20 15

Symbol Parameter Min | Max | Min| Max| Min| Max| Min| Max| Min | Max| Min | Max

tAvAV | Write Cycle Time 75 40 25 20 20 15

tcLew | Chip Enable Low to End of Write Cycle 65 30 25 20 17

tavBw | Address Valid to Beginning of Write Cycle 0 0 0 0 0

tAVEw | Address Valid to End of Write Cycle 65 30 25 20 17

tewax | End of Write Cycle to Address Change 0 0 0 0 0

tWLEW | Write Enable Low to End of Write Cycle 65 20 20 20 17

tovew | Data Valid to End of Write Cycle 35 15 15 15 13

tewDx | End of Write Cycle to Data Change 0 0 0 0 0

twHQz | Write High to Output Low Z (20, 21) 5 5 5 5 5

twLQz | Write Enable Low to Output High Z (20, 21) 35 15 10 7 7

tcHvL | Chip Enable High to Data Retention (10) 0 0 0 0 0

twLQv | Write Enable Low to Output Valid 50 35 30 20 15 15
tovQv | Data Valid to Output Valid 50 35 30 20 15 15
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4K x 4 Static RAM

Switching Waveforms

Read Cycle — Address Controlled (Notes 13, 14)

tAVAV >

Address X

——————— tAvqy ————————>

Data Out Previous Data Valid Data Valid

e tAXQX -——-i—l

e— tpU —>te trD >
7 X

Read Cycle — CE Controlled (Notes 13, 15)

CE —5; tavav

lt—————————————— taQy —————

tcQz tcHQz .
. J High
High Impedance 7777 Impedance
D N
ata Out CCCC Data Valid

| trD |

le——tpyu »
Icc %50% 50% *
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L7C171/172

Write Cycle — WE Controlled (Notes 16, 17, 18, 19)

| tAVAV

s Y X

- tcLew
ANNNY 777177777777
- tAVEW tEWAX —>|
tAvew - twLew >
WE VF\\E\ /
/
tovew »>— teEwDx
Data In Data-In Valid ) ) )
tclqz »—twLQz le—— twHQz
High Impedance _’1/_'——
Data Out
(L7C172) N
——— twiQy —— >
(Il).;;tca‘l?;-l)t Data Undefined )( Data Valid
tpu - tep !
- t
Icc PU ;;‘ *

Write Cycle — CE Controlled (Notes 16,17, 18, 19)

| tAavav

Address *
tavew tcLew

CE 3( 7(
tAVEW tEWAX

_ twLew >
tovew »1e I tEwDX
Data In )( Data-In Valid *

twirqz
High Impedance
Data Out /
(L7C172) - r—" '
Data Out -+ * N
L7C171) Data Undefined Data Valid

le——tpu trD
lcc J L
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4K x 4 Static RAM

Data Retention

Data Retention Mode
vce 4.5V 45V
‘ } 22V
|<—tcHVL ——] le— tAvAV
azzzt“““wa \ ViH
Test Loads and Transition Times

Figure 1a Figure 1b

R1 480 Q R1 480Q

+5V O A—

+5V O————’Vvv—l
Output O~
% 30 pF

R2

Including 255Q

Jig and
Scope

Figure 2

Output O

_|, 5pF R2
Including P 255Q
Jig and
Scope L L

+3.0V

GND

\90"/0
c 10%

—] le—— <3 ns
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L7C171/172

Notes

1. Maximum Ratings indicate stress
specifications only. Functional
operation of these products at values
beyond those indicated in the Oper-
ating Conditions table is not implied.
Exposure to maximum rating con-
ditions for extended periods may
affect reliability of the tested device.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional pre-
cautions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This product provides hard
clamping of transient undershoot.
Input levels below ground will be
clamped beginning at -0.6 V. A
current in excess of 100 mA is
required to reach -2 V. The device can
withstand indefinite operation with
inputs as low as -3 V subject only to
power dissipation and bond wire
fusing constraints.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. 'Typical’ supply current values are
not shown but may be approximated.
At a Vcc of 5.0 V, an ambient
temperature of +25°C and with
nominal manufacturing parameters,
the operating supply currents will be
approximately 3/4 or less of the
maximum values shown.

6. Tested with outputs open and all
address and data inputs changing at
the maximum read cycle rate. The
device is continuously enabled for
reading, i.e,, CE < ViL, WE 2 VIH.

7. Tested with outputs open and all
address and datainputs changing at the
maximum read cycle rate. The device is
continuously disabled, i.e., CE 2 VIH.

8. Tested with outputs open and all
address and data inputs stable. The

device is continuously disabled, i.e.,
CE = Vcc. Input levels are within
0.5V of Vcc or ground.

9. Data retention operation requirgg_
that VCC never drop below 2.0 V. CE
must be > Vcc - 0.3 V. For all other

-inputs VIN2Vcc-03 or VINS 03V

is required to ensure full power down.

10. These parameters are guaranteed
but not 100% tested.

11. Test conditions assume input
transition times of less than 3 ns,
reference levels of 1.5 V, input pulse
levels of 0 to 3.0V, and output loading
for specified IOL and IOH plus 30 pF.

12. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. tAVEW, for example,
is specified as a minimum since the
external system must supply at least
that much time to meet the worst-case
requirements of all parts. Responses
from the internal circuitry are
specified from the point of view of the
device. Access time, for example, is
specified as a maximum since worst-
case operation of any device always
provides data within that time.

13. WE is high for the read cydle.

14. The chip is continuously selected
(CE low).

15. All address lines are valid prior-
to or coincident-with the CE transition
to low.

16. The internal write cycle of the
memory is defined by the overlap of
CE low and WE low. Both signals
must be low to initiate a write. Either
signal can terminate a write by going
high. The address, data, and control
input setup and hold times should be
referenced to the signal that falls last
or rises first.

17. If WE goes low before or con-
current with CE going low, the output
remains in a high impedance state.

18. If CE goes high before or concur-
rent with WE going high, the output
remains in a high impedance state.

19. Powerup from ICC2 to IcC1 occurs
as a result of any of the following
conditions:

a. Falling edge of CE
b. Falling edge of WE (CE active)

c. Transition on any address line (CE
active)

d. Trarﬁﬁion on any data line (CE
and WE active)

The device automatically powers
down from IcC1 to Icc2 after tPD has
elapsed from any of the prior con-
ditions. This means that power
dissipation is dependent on only cycle
rate, and is not on Chip Select pulse
width.

20. At any given temperature and
voltage condition, output disable time
is less than output enable time for any
given device.

21. Transition is measured 200 mV
from steady state voltage with speci-
fied loading in Figure 1b. This para-
meter is sampled and not 100% tested.

22. All address timings are referenced
from the last valid address line to the
first transitioning address line.

23. CE or WE must be high during
address transitions.

24. This product is a very high speed
device and care must be taken during
testing in order to realize valid test
information. Inadequate attention to
setups and procedures can cause a
good part to be rejected as faulty.
Long high-inductance leads that cause
supply bounce must be avoided by
bringing the Vcc and ground planes
directly up to the contactor fingers. A
0.01 pF high frequency capaditor is
also required between Vccand
ground. To avoid signal reflections,
proper terminations must be used.

Memory Products
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4K x 4 Static RAM

Ordering Information

Commercial Operating Range (0°C to +70°C)

Performance
Package Style 85 ns ' 45 ns 35ns 25 ns 20 ns 15 ns
L7C171
24-pin Plastic DIP L7C171PC85 L7C171PC45 L7C171PC35 L7C171PC25 L7C171PC20 L7C171PC15
(0.3") — P2
24-pin Sidebraze (0.3") L7C171DC85 | L7C171DC45 | L7C171DC35 | L7C171DC25 | L7C171DC20 | L7C171DC15
Hermetic DIP — D2
24-pin CerDIP (0.3") — C1 | L7C171CC85 L7C171CC45 L7C171CC35 L7C171CC25 L7C171CC20 L7C171CC15
28-pin Ceramic LCC — K7 | L7C171KC85 L7C171KC45 L7C171KC35 L7C171KC25 L7C171KC20 L7C171KC15
L7C172
24-pin Plastic DIP L7C172PC85 L7C172PC45 L7C172PC35 L7C172PC25 L7C172PC20 L7C172PC15
(0.3") — P2
24-pin Sidebraze (0.3") L7C172DC85 | L7C172DC45 | L7C172DC35 | L7C172DC25 | L7C172DC20 | L7C172DC15
Hermetic DIP — D2
24-pin CerDIP (0.3") — C1 | L7C172CC85 L7C172CC45 L7C172CC35 L7C172CC25 L7C172CC20 L7C172CC15
28-pin Ceramic LCC — K7 | L7C172KC85 L7C172KC45 L7C172KC35 L7C172KC25 L7C172KC20 L7C172KC15
Military Operating Range (-55°C to +125°C)
Performance
Package Style 85 ns | 45 ns 35ns 25 ns 20 ns
L7C171
24-pin Sidebraze (0.3") L7C171DM85 | L7C171DM45 | L7C171DM35 | L7C171DM25 | L7C171DM20
Hermetic DIP — D2 L7C171DME85 | L7C171DME45 | L7C171DME35 | L7C171DME25 | L7C171DME20
L7C171DMB85 | L7C171DMB45 | L7C171DMB35 | L7C171DMB25 | L7C171DMB20
24-pin CerDIP (0.3") — C1 | L7C171CM85 | L7C171CM45 | L7C171CM35 | L7C171CM25 | L7C171CM20
L7C171CME85 | L7C171CME45 | L7C171CME35 | L7C171CME25 | L7C171CME20
L7C171CMB85 | L7C171CMB45 | L7C171CMB35 | L7C171CMB25 | L7C171CMB20
28-pin Ceramic LCC — K7 | L7C171KM85 | L7C171KM45 | L7C171KM35 | L7C171KM25 | L7C171KM20
L7C171KME85 | L7C171KME45 | L7C171KME35 | L7C171KME25 | L7C171KME20
L7C171KMB85 | L7C171KMB45 | L7C171KMB35 | L7C171KMB25 | L7C171KMB20
L7C172
24-pin Sidebraze (0.3") L7C172DM85 | L7C172DM45 | L7C172DM35 | L7C172DM25 | L7C172DM20
Hermetic DIP — D2 L7C172DMES8S5 | L7C172DME45 | L7C172DME35 | L7C172DME25 | L7C172DME20
L7C172DMB85 | L7C172DMB45 | L7C172DMB35 | L7C172DMB25 | L7C172DMB20
24-pin CerDIP (0.3") — C1 | L7C172CM85 | L7C172CM45 | L7C172CM35 | L7C172CM25 | L7C172CM20
L7C172CME85 | L7C172CME45 | L7C172CME35 | L7C172CME25 | L7C172CME20
L7C172CMB85 | L7C172CMB45 | L7C172CMB35 | L7C172CMB25 | L7C172CMB20
28-pin Ceramic LCC — K7 | L7C172KM85 | L7C172KM45 | L7C172KM35 | L7C172KM25 | L7C172KM20
L7C172KME85 | L7C172KME45 | L7C172KME35 | L7C172KME25 | L7C172KME20
L7C172KMB85 | L7C172KMB45 | L7C172KMB35 | L7C172KMB25 | L7C172KMB20
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L7C171/172

Pin Assignments Pin Assignments
(24-pin — P2, D2, C1) (28-pin — K7)
Pin | Function | Pin | Function Pin | Function | Pin FunctiinJ
1 A0 13 WE 1 A0 15 WE
2 Al 14 Oo 2 Al 16 Oo
3 A2 15 O1 3 A2 17 O1
4 A3 16 02 4 A3 18 02
5 A4 17 O3 5 A4 19 O3
6 AS 18 12 6 As 20 12
7 A6 19 13 7 NC 21 NC
8 A7 20 As 8 NC 22 NC
9 lo 21 A9 9 Aé 23 13
10 I 22 A10 10 A7 24 As
1 CE 23 A 1 lo 25 A9
12 GND 24 Vcc 12 I 26 A10
13 CE 27 Al
14 GND 28 Vcc

© 1988, Logic Devices Incorporated. Reproduction of any portion
hereof without written consent is prohibited. Information contained in
this specification is intended as a general product description and is sub-
jectto change without notice. Logic Devices does not assume any re-
sponsibility for use of any product or circuit described and no patent
license rights are implied.
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2K x 8 Static RAM

L6116

Features

Description

0 2K by 8 Static RAM with chip select
powerdown, output enable

1 Auto-Powerdown™ design
3 Advanced CMOS technology
0 High speed — to 20 ns worst case

0 Low Power Operation
Active: 260 mW typical at 45 ns
Standby: 12.5 uW typical

Data retention at 2 V for battery
backup operation

The L6116 is a high-performance, low-
power CMOS static RAM. The
storage circuitry is organized as 2048
words by 8 bits per word. The 8 Data
In and Data Out signals share I/O
pins. Parts are available in five speeds
with worst-case access times from

20 ns to 85ns.

Inputs and output are TTL compat-
ible. Operation is from a single +5V
power supply. Power consumption
is 260 mW (typical) when being

1 Plug-compatible with IDT6116, operated at 45 ns. Dissipation drops
Cypress CY7C128/CY6116 to 20 mW (typical) when the memory
O Package styles available: is deselected (Enable is high).
¢ 24-pin Plastic DIP Two standby modes are available.
¢ 24-pin Sidebraze, Hermetic DIP  Proprietary Auto-Powerdown™
¢ 24-pin CerDIP circuitry reduces power consumption
¢ 24-pinPlastic SOIC(Gull-Wing)  automatically during read or write
¢ 24-pin Plastic SOJ (J-Lead) accesses which are longer than the
e 28-pin Ceramic LCC minimum access time, or when the
L6116 Block Diagram
Vcc GND
; i 128x 16 x 8
__74_, 3 :> Memory
H Array
Row [~
Address
CE —¥
WE —>»| Control > &Cgt:r:ns:l:::e Data
OE vo
7
Column Address
— _a—_— A, mE
- ARV RN NN AR
- @ aN AN ... -
fd AN AN e

memory is deselected. In addition,
data may be retained in inactive stor-
age with a supply voltage as low as

2 V. The L6116 consumes only 1 uW
at2 V (typical), for effective battery
back-up operation.

The L6116 provides asynchronous
(unclocked) operation with matching
access and cycle times. An active-low
Chip Enable and a three-state

I/0 bus simplify the connection of
several chips for increased storage
capacity.

Memory locations are specified on
address pins Ao through A1o.
Reading from a designated location is
accomplished by presenting an ad-
dress and then taking CE low while
WE remains high. The data in the
addressed memory location will then
appear on the Data Out pin within
one access time. The output pin stays
in a high-impedance state when CE,
OE, or WE is low.

Writing to an addressed location is
accomplished when the active-low CE
and WE inputs are both low. Either of
these signals may be used to terminate
the write operation. Data In and Data
Out signals have the same polarity.

Latchup and static discharge pro-
tection are provided on-chip. The
L6116 can withstand an injection
current of up to 200 mA on any pin
without damage.
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2K x 8 Static RAM

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2)

StOrage tEMPETALUIE ....ccciiiiieiist e e s s sn s sa s e e sa et s ars s e seenesnnasan -65°C to +150°C
Operating ambient temperature ................ we. =55°C to +125°C
Vcc supply voltage with respect to ground ... -0.5Vto+7.0V
Input signal with respect to Ground .......ccciiiiiiiiii s -3.0Vto+7.0V
Signal applied to high impedance OULPUL .........cceueeirinirnieeie et e -3.0Vto+7.0V
Output cUIrent iNtO lOW OULPULS w...ouiteeeceeiiicetet ettt sttt sttt s st s 25 mA
LatChUP CUITENT ..cuvini sttt et sae s sh e sa s sn e e sas e s s nnn > 200 mA
Operating Conditions
To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage

Active Operation, Commercial 0°C to +70°C 45V<Vecs5.5V

Active Operation, Military -55°C to +125°C 45V<Vccss5.5V

Data Retention, Commercial 0°C to +70°C 20V<Vcec<5.5V

Data Retention, Military -55°C to +125°C 20V<Vccss55V

Electrical Characteristics
Over Operating Conditions
Symbol  Parameter Test Condition Min | Typ | Max | Unit
VOH | Output High Voltage IoH =-4.0 mA, Vcc =45V 2.4 \
VoL Output Low Voltage loL = 8.0 mA 04 | V
VIH Input High Voltage 2.0 Vce | V
+0.3
viL Input Low Voltage Note 3 -3.0 08 | V
lix Input Current Ground £ VI £ Vcc -10 +10 | pA
loz Output Leakage Current Ground < Vo < Veg, CE = Vee -50 +50 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4 -350 | mA
Icc2 Vcc Current, Inactive Notes 5,7 4.0 20 | mA
Iccs | Vcc Current, Standby Note 8 0.5 | 10 | pA
Icca Vcc Current, DR Mode Vcec =2.0V, Note 9 5 500 | nA
C Input Capacitance Ambient Temp = 25°C, Vcc = 5.0 V 5 pF
Co Output Capacitance Test Frequency = 1 MHz, Note 10 7 pF
L6116-

Symbol  Parameter Test Condition 85 45 35 25 20 15 | Unit
lcc Vcc Current, Active Notes 5, 6 25 70 90 | 125 155 mA

—
— - ~————
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L6116

Switching Characteristics

Over Operating Range (ns)
Read Cycle (Notes 11, 12, 21, 22, 23, 24)
L6116-
85 45 35 25 20 15
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max| Min | Max| Min | Max
tavav | Read Cycle Time 85 45 35 25 20 15
tAvQv | Addr Valid to Output Valid (13, 14) 85 45 35 25 20
taxQx | Addr Change to Output Change 5 5 5 5 5
tcLQv | Chip Enable Low to Output Valid (13, 15) 85 45 35 25 20
tcLQz | Chip Enable Low to Output Low Z (20, 21) 5 5 5 5 5
tcHQz | Chip Enable High to Output High Z (20, 21) 30 15 15 10 8
toLQv | Output Enable Low to Output Valid 35 20 15 12 10
toLQz | Output Enable Low to Output Low Z (20, 21) 3 3 3 3 3
toHQz | Output Enable High to Output High Z (20, 21) 30 15 12 10 8
tru CE or WE Low to Power Up (10, 19) 0 0 0 0 0
tPD Power Up to Power Down (10, 19) 85 45 35 25 20 20
Write Cycle (Notes 11, 12, 22, 23, 24)
L6116-
85 45 35 25 20 15
Symbol Parameter Min | Max | Min | Max| Min { Max | Min | Max| Min | Max | Min | Max
tAVAV Write Cycle Time 75 40 25 20 20 15
tcLtew | Chip Enable Low to End of Write Cycle 65 30 25 20 17
tAvBW | Address Valid to Beginning of Write Cycle 0 0 0 0 0
tAVEW | Address Valid to End of Write Cycle 65 30 25 20 17
tewax | End of Write Cycle to Address Change 0 0 0 0 0
tWLEw | Write Enable Low to End of Write Cycle 45 20 20 20 17
tovew | Data Valid to End of Write Cycle 35 15 15 15 13
tewDx | End of Write Cycle to Data Change 0 0 0 0 0
twHQz | Write Enable High to Output Low Z (20, 21) 5 5 5 5 5
twLQz | Write Enable Low to Output High Z (20, 21) 35 15 10 7 7
tcHvL | Chip Enable High to Data Retention (10) 0 0 0 0 0 0
S Memory Products
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2K x 8 Static RAM

Switching Waveforms

Read Cycle — Address Controlled (Notes 13, 14)

tavav

Address X

Data Out Previous Data Valid
r—— t AXQX ————b‘
«—— tpu e

X

tavqv

Data Valid

Read Cycle — CE/OE Controlled (Notes 13, 15)

— \* tavav ol
CE N

taqv > teHaz—>
oF [ talQz — >

X ;i:
tolQv toHQz —»
o toa T High
Data Out High Impedance ( (( 4 v——— ) Impedance
fe— tpy —»le tep >
Memory Products
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L6116

Write Cycle — WE Controlled (Notes 16, 17, 18, 19)

< tAvAv
Address x X
tcLew
& WANK 777777777
tAvEW a— tEWAX —
e tAVBW—| ——————————————— twiew —— >

" = Y

[¢—————— tovew > »—tEWDX
- i N\ \
Data In Data-In Valid 2>
tclQz re-twLQz
e—— twHQX
High Impedance _>|/__'—
Data Out / \

l¢—————— tpy ——————>}e—— tpD
< tPU
Icc }

Write Cycle — CE Controlled (Notes 16, 17, 18, 19)

fe tavav >
Address J(
tavew < tcLew

tavew < tEWAX

§

— twLEw
7 YA\ NN\ NNNRRRRRRY /
| tDvew > - tewDx
Data In * Data-In Valid *

High Impedance

Data Out
e—— tpy tep
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2K x 8 Static RAM

Data Retention

Data Retention Mode

vcc ‘4.5 \Y 4.5 V]

l<—tCHVL——> [e— tAVAV

a&“zt‘z<“4‘wn -\ ViH

Test Loads and Transition Times

Figure 1b

Figure 1a

R1 480 Q Rl 480Q

+5V O0——mANN— +5V
Output C

Scope

Output O
—L 30 pF 2 -I— 5 pF
P izssn Including I P 2350 |
|

Including
Jig and Jig and
Scope

Figure 2

+3.0V

GND

E s |
== F
Memory Products I

k
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L6116

Notes

1. Maximum Ratings indicate stress
specifications only. Functional
operation of these products at values
beyond those indicated in the Oper-
ating Conditions table is not implied.
Exposure to maximum rating con-
ditions for extended periods may
affect reliability of the tested device.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional pre-
cautions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This product provides hard
clamping of transient undershoot.
Input levels below ground will be
clamped beginning at -0.6 V. A
current in excess of 100 mA is
required to reach -2 V. The device can
withstand indefinite operation with
inputs as low as -3 V subject only to
power dissipation and bond wire
fusing constraints.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. 'Typical' supply current values are
not shown but may be approximated.
At a Vcce of 5.0V, an ambient
temperature of +25°C and with
nominal manufacturing parameters,
the operating supply currents will be
approximately 3/4 or less of the
maximum values shown.

6. Tested with outputs open and all
address and data inputs changing at
the maximum read cycle rate. The
device is continuously enabled for
reading, i.e., CE<VIL, WE > VIH.

7. Tested with outputs open and all
addressand datainputs changing at the
maximum read cycle rate. The device is
continuously disabled, i.e., CE>VH.

8. Tested with outputs open and all
address and data inputs stable. The

device is continuously disabled, i.e.,
CE = Vcc. Input levels are within
0.5V of Vcc or ground.

9. Data retention operation requires
that VccC never drop below 2.0 V. CE
must be > Vcc - 0.3 V. For all other
inputs VIN 2Vcc-03 or VIN< 0.3V
is required to ensure full power down.

10. These parameters are guaranteed
but not 100% tested.

11. Test conditions assume input
transition times of less than 3 ns,
reference levels of 1.5 V, input pulse
levels of 0 to 3.0 V, and output loading
for specified IOL and IoH plus 30 pF.

12. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. tAVEW, for example,
is specified as a minimum since the
external system must supply at least
that much time to meet the worst-case
requirements of all parts. Responses
from the internal circuitry are
specified from the point of view of the
device. Access time, for example, is
specified as a maximum since worst-
case operation of any device always
provides data within that time.

13. WE is high for the read cycle.

14. The chip is continuously selected
(CE low).

15. All address lines are valid prior-
to or coincident-with the CE transition
to low.

16. The internal write cycle of the
memory is defined by the overlap of
CE low and WE low. Both signals
must be low to initiate a write. Either
signal can terminate a write by going
high. The address, data, and control
input setup and hold times should be
referenced to the signal that falls last
or rises first.

17. If WE goes low before or con-
current with CE going low, the output
remains in a high impedance state.

18. If CE goes high before or concur-
rent with WE going high, the output
remains in a high impedance state.

19. Powerup from Icc2 to ICC1 occurs
as a result of any of the following
conditions:

a. Falling edge of CE
b. Falling edge of WE (CE active)

c. Transition on any address line (CE
active)

d. Tra@on on any data line (CE
and WE active)

The device automatically powers
down from Icc1 to ICC2 after tPD has
elapsed from any of the prior con-
ditions. This means that power
dissipation is dependent on only cycle
rate, and is not on Chip Select pulse
width.

20. At any given temperature and
voltage condition, output disable time
is less than output enable time for any
given device.

21. Transition is measured 200 mV
from steady state voltage with speci-
fied loading in Figure 1b. This para-
meter is sampled and not 100% tested.

22. All address timings are referenced
from the last valid address line to the
first transitioning address line.

23. CE or WE must be high during
address transitions.

24. This product is a very high speed
device and care must be taken during
testing in order to realize valid test
information. Inadequate attention to
setups and procedures can cause a
good part to be rejected as faulty.
Long high-inductance leads that cause
supply bounce must be avoided by
bringing the Vcc and ground planes
directly up to the contactor fingers. A
0.01 pF high frequency capacitor is
also required between VcC and
ground. To avoid signal reflections,
proper terminations must be used.
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2K x 8 Static RAM

Ordering Information
Commercial Operating Range (0°C to +70°C)

Performance
Package Style 85 ns 45 ns 35ns 25 ns 20 ns 15 ns
24-pin Plastic DIP L6116PC85 L6116PC45 L6116PC35 L6116PC25 L6116PC20
(0.3") —P2
24-pin Plastic DIP L6116NC85 L6116NC45 L6116NC35 L6116NC25 L6116NC20
(0.6") —P1
24-pin SOIC — U1 L6116UCS85 L6116UC45 L6116UC35 L6116UC25 L6116UC20
24-pin SOIC — U1 L6116WC85 L6116WC45 L6116WC35 L6116WC25 L6116WC20
24-pin Sidebraze (0.3") L6116DC85 L6116DC45 L6116DC35 L6116DC25 L6116DC20
Hermetic DIP — D2
24-pin Sidebraze (0.6") L6116HC85 L6116HC45 L6116HC35 L6116HC25 L6116HC20
Hermetic DIP — D1
24-pin CerDIP (0.3") — C1 L6116CC85 L6116CC45 L6116CC35 L6116CC25 L6116CC20
24-pin CerDIP (0.6") — C4 | L61161C85 L6116IC45 L6116I1C35 L6116I1C25 L6116IC20
28-pin Ceramic LCC — K7 | L6116KC85 L6116KC45 L6116KC35 L6116KC25 L6116KC20
Military Operating Range (-55°C to +125°C)
Performance
Package Style 85 ns 45 ns 35ns 25 ns 20 ns
24-pin Sidebraze (0.3") L6116DM85 L6116DM45 L6116DM35 L6116DM25
Hermetic DIP — D2 L6116DMES5 | L6116DME45 | L6116DME35 L6116DME25
L6116DMB85 | L6116DMB45 | L6116DMB35 | L6116DMB25
24-pin Sidebraze (0.6") L6116HM85 L6116HM45 L6116HM35 L6116HM25
Hermetic DIP — D1 L6116HME85 | L6116HME45 | L6116HME35 L6116HME25
L6116HMB85 | L6116HMB45 | L6116HMB35 L6116HMB25
24-pin CerDIP (0.3") — C1 | L6116CM85 L6116CM45 L6116CM35 L6116CM25
L6116CME85 L6116CME45 | L6116CME35 L6116CME25
L6116CMB85 | L6116CMB45 | L6116CMB35 L6116CMB25
24-pin CerDIP (0.6") — C4 | L6116IM85 L6116IM45 L6116IM35 L6116IM25
L6116IME85 L6116IME45 L6116IME35 L6116IME25
L6116IMB85 L6116IMB45 L6116IMB35 L6116IMB25
28-pin Ceramic LCC — K7 | L6116KM85 L6116KM45 L6116KM35 L6116KM25
L6116KME85 L6116KME45 | L6116KME35 L6116KME25
L6116KMB85 L6116KMB45 | L6116KMB35 L6116KMB25
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L6116

Pin Assignments

(P1, P2, D1, D2, C1, C4, U1, W1)

Pin Assignments
(K7)

Pin | Function | Pin | Function
1 A7 13 13/03
2 A6 14 14/O4
3 As 15 I5/05
4 A4 16 16/O6
5 A3 17 17/07
6 A2 18 CE
7 Al 19 Al0
8 Ao 20 OE
9 lo/Oo 21 WE
10 11/On 22 A9
11 12/02 23 As
12 GND 24 Vcc

Pin | Function | Pin | Function
1 A7 15 13/03
2 A6 16 14/04
3 As 17 I5/Os
4 A4 18 16/O6
5 A3 19 17/07
6 A2 20 CE
7 NC 21 NC
8 NC 22 NC
9 Al 23 A10
10 Ao 24 OF
11 lo/Oo 25 WE
12 11/O1 26 A9
13 12/02 27 A8
14 GND 28 Vcc

© 1988, Logic Devices Incorporated. Reproduction of any
portion hereof without written consentis prohibited. Infor-
mation contained in this specification is intended as a
general product description and is subject to change with-
out notice. Logic Devices does not assume any responsi-
bility for use of any product or circuit described and no
patent license rights are implied.

628 East Evelyn Avenue * Sunnyvale, CA 94086 * Telephone 408-720-8630 * FAX 408-733-7690
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Product Selection Guide

Maximum Speed (ns) Power

Part No. Description Commercial  Military (mW) Pins Packages Available

MULTIPLIERS
LMU08 8 x 8 Signed 35 45 40 40/44  DIP, LCC, PLCC
LMUBU 8 x 8 Unsigned
LMUS57 8 x 8 Latched Output 60 70 85 40 DIP
LMU558 8 x 8 Unregistered
LMU12 12x12 35 45 60 64/68  DIP, Pin Grid Array
LMU112 12 x 12 Reduced Pinout 50 60 50 48 DIP
LMU16 16x16 45 55 60 64/68  DIP, Pin Grid Array
LMU216 16x 16 45 55 60 68 LCC, PLCC
LMU17 16 x 16 Microprogrammable 45 55 60 64/68  DIP, Pin Grid Array
LMU217 16 x 16 Surface Mount 45 55 60 68 LCC, PLCC
LMU18 16 x 16/32 Outputs 35 45 150 84 Pin Grid Array, PLCC
MULTIPLIER ACCUMULATORS
LMA1009 12x12 45 55 60 64/68  DIP, Pin Grid Array
LMA2009 12 x 12 Surface Mount 45 55 60 68 LCC, PLCC
LMA1010 16x 16 45 55 60 64/68  DIP, Pin Grid Array
LMA2010 16 x 16 Surface Mount 45 55 60 68 LCC, PLCC
MULTIPLIER SUMMER
LMS12 12x 12 x26 FIR 40 50 75 84 Pin Grid Array, PLCC
PIPELINE REGISTERS
L29C520 4 x 8-Bit, Variable Delay, 1-4 Stages 22 24 50 2428 DIP, LCC, PLCC
L29C521 4 x 8-Bit, Variable Delay, 1-4 Stages Flat Pack
LPR520 4 x 16-Bit, Variable Delay, 1-4 Stages 22 24 50 40/44 DIP, LCC, PLCC
LPR521 4 x 16-Bit, Variable Delay, 1-4 Stages
L29C524 14 x 8-Bit, Variable Delay, 0-14 Stages Call Factory 28 DIP, LCC
L29C525 16 x 8-Bit, Variable Delay, 0-16 Stages Call Factory 28
L1oC11 18 x 8-Bit, Variable Delay, 3-18 Stages Call Factory 24 DIP
L29C818  Shadow Register Call Factory 24 DIP
REGISTER FILES
LRFO7 8 x 8, 3 Independent Port 35 35 40 40 DIP, LCC
LRFO8 8 x 8, 5 Independent Port 35 35 60 64/68  DIP, LCC, PLCC, PinGrid Array
ARITHMETIC LOGIC UNITS
L4C381 16-Bit, Add/Sub 26 30 60 68 Pin Grid Array, LCC, PLCC
L29C101  16-Bit Slice, Quad 2901 35 45 75 64/68  DIP, LCC, Pin Grid Array
SPECIAL FUNCTIONS
LSH32 32-Bit Barrel Shifter 32 40 60 68 Pin Grid Array, LCC, PLCC
L10C23 64 x 1 Digital Correlator 20 20 125 24/28 DIP, LCC

Logic Products
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Cross Reference Guide

LOGIC DEVICES TRW Analog Dev IDT Cypress AMD Weitek
LMU08 8 X 8 MULT MPY008 ADSP1080
LMUBU 8 X 8 MULT MPY08U ADSP1081
LMU557 8 X 8 MULT AM25S8557
SN54557
SN74557
LMU558 8 X 8 MULT AM25S558
SN54558
SN74558
LMU12 12X 12 MULT MPY012 ADSP1012 IDT7212
LMU112 12X 12 MULT MPY112
LMU16/ 16 X 16 MULT MPY016 ADSP1016 IDT7216 CY7C516 AM29516 WTL1016
LMU216 TMC216 AM29C516 WTL1516
LMU17/ 16 X 16 MULT ADSP1017 IDT7217 CY7C517 AM29517
LMU217 AM29C517
LMA1009/ 12X 12 MAC TDC1009 ADSP1009 IDT7209
LMA2009 TMC2009
TMC2109
LMA1010/ 16 X 16 MAC TDC1010 ADSP1010 IDT7210 CY7510 AM29510 WTL1010
LMA2010 TMC2010 AM29C510 WTL2010
TMC2110
T™MC2210
LOGIC DEVICES AMD Performance Wafer Scale Intersil IDT
129C520-1 PIPELINE AM29520A P29PCT520 WS59520 I1SP9520 IDT29FCT520A
REGISTER 29C520CNS
129C521-1 PIPELINE AM29521A P29PCT521 WS59521 I1SP9521 IDT29FCT521A
REGISTER
LOGIC DEVICES TRW IDT Cypress AMD
L29C101 16-BIT ALU IDT49C401 CY7C9101  AM29C101
L10C23 CORRELATOR TDC1023)

IIIII
v
]
[

—— ——— —
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8 x 8-bit Parallel Multiplier

LMU08/LMU8U

Features

Description

0 35 ns worst-case multiply time

2 Low-power CMOS technology

O LMUO8 replaces TRW MPY008H

1 LMUS8U replaces TRW MPY08HU

0 Two’s complement (LMUOS8), or
unsigned (LMU8U) operands

[ Three-state outputs

[ Available screened to MIL-STD-
883, Class B

[ Package styles available:
¢ 40-pin Plastic DIP
* 40-pin Sidebraze, Hermetic DIP
 44-pin Plastic LCC, J-Lead
(LMUOS only)
¢ 44-pin Ceramic LCC (Type C)

The LMUO08 and LMUSU are 8-bit
parallel multipliers which feature high
speed with low power consumption.
They are pin-for-pin equivalents with
TRW MPY08H and MPY008HU type
multipliers. Full military ambient
temperature range operation is
attained by the use of advanced
CMOS technology.

Both the LMUO08 and the LMUSU
produce the 16-bit product of two
8-bit numbers. The LMUO8 accepts
operands in two’s complement
format, and produces a two’s comple-
ment result. The product is provided
in two halves with the sign bit repli-
cated as the most significant bit of

LMUO08/LMU8U Block Diagram

B7-Bo

CLK A

CLKB

RND

A8 4’ 8
y y
CLKR M Result | Register |
YVom VYaa
18 /’8
Ris-Rs R7-Ro
— P . S .
- ARV SR NN AR
 d . A N T
—-— L LK 1 .
AR Ve U N WY

both halves. This facilitates use of the
LMUO8 product as a double precision
operand in 8-bit systems. The
LMUBSU operates on unsigned data,
producing an unsigned magnitude
result.

Both the LMUO8 and the LMUSU
feature independently controlled
registers for both inputs and the
product, which along with three-state
outputs allows easy interfacing with
microprocessor busses. Provision is
made in the LMUO08 and LMUS8U for
proper rounding of the product to
8-bit precision. The round input is
loaded at the rising edge of the logical
OR of CLK A and CLK B for the
LMUO08. The LMUS8U latches RND on
the rising edge of CLK A only. In
either case, a '1'is added in the most
significant position of the lower
product byte when RND is asserted.
Subsequent truncation of the least sig-
nificant product byte results in a
correctly rounded 8-bit resuit.
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8 x 8-bit Parallel Multiplier

Input Formats
Ain Bin
LMUO08 Fractional Two’s Complement
[7 6 552 1 0] [7 6 52> 2 1 0]
2° 27 27 2% 2t 27 2° 27 2% 27 2" 27
(Sign) (Sign)
LMUO08 Integer Two’s Complement
[7 6 522 1 0] [7 6 5 2 1 0]
_27 26 25 22 2! 20 _27 26 25 22 21 20
(Sign) (Sign)
LMU8BU Unsigned Fractional
[7 6 522 1 0] [7 6 522 1 0]
2-—1 2-1 2.3 2-6 2-7 2-8 2-1 2—2 2.3 2-6 2-7 2-8
LMUBU Unsigned Integer
[7 6 5252 1 0] [7 6 52> 2 1 0]
27 26 25 22 2I 20 27 26 25 22 2l 20
Output Formats
Msp LsP
LMUO8 Fractional Two’s Complement
[15 14 132> 10 9 8] [7 6 522 1 0]
_20 2—1 2-2 2~5 2—6 2-7 _20 2-8 2_9 2—12 2-]32—14
(Sign) (Sign)
LMUO08 Integer Two’s Complement
[15 14 132> 10 9 81 17 6 525 2 1 0]
(_214)213 2]2 29 28 27 _2I4 26 25 22 21 20
Sign
LMU8U Unsigned Fractional
[15 14 138>10 9 8] [7 6 52 2 1 0]
27 272 9= 2% 27 2% 279 10 -1t 914 515 516
LMUS8U Unsigned Integer
[15 14 13> 10 9 8] |7 6 52 2 1 0]
2!5 214 2!3 2'0 29 28 27 26 25 22 2! 20
———— Logic Products
3-8
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LMUO08/LUMS8U

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

SLOrAGE LEMPEIALUTE ......eeeeeeeecrieecie ettt e et sasss e st e sn e s sa s s e s e s s s s s e e ansn e e s s en s snsnasanes —-65°C to +150°C
Operating ambient temperature .................. . =55°C to +125°C
Vcc supply voltage with respect to round........oueeeeeencieneennnss s -0.5Vto+7.0V
Input signal with respect t0 ground.......ccviiiiniiinneee s -30Vto+7.0V
Signal applied to high impedance OULPUL .....c.coeeviceeic e -30Vto+7.0V
Output current into IOW OUIPULS .....euieieereititiieeirtese sttt e st e e s s s s s 25 mA
LatChUP CUITEN ..ttt sttt st s bbbt s s s s s s b e s e s b s R s e nane s > 400 mA

Operating Conditions
To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 4.75V<Vcc<5.25V
Active Operation, Military -55°C to +125°C 4.50V<Vcc<5.50V
Electrical Characteristics
Over Operating Conditions
Symbol  Parameter Test Conditions Min | Typ | Max |Unit
VoH Output High Voltage IoH = -2.0 mA 35 \%
VoL Output Low Voltage loL = 8.0 mA 05| V
VIH Input High Voltage 2.0 Vcc | V
ViL Input Low Voltage Note 3 0.0 08 | V
hx Input Current Ground £ VI £ Vcc +20 | pA
loz Output Leakage Current Ground < Vo £ Vcc +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 -250 | mA
Icct Vcc Current, Dynamic Notes 5, 6 8 24 | mA
Icc2 Vcc Current, Quiescent Note 7 1.0 | mA
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8 x 8-bit Parallel Multiplier

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

LMU08/8U-70 LMU08/8U-50 LMU08/8U-35
Symbol Parameter Min Max Min Max Min Max
tMC Multiply Time (Clocked) 70 50 35
to Output Delay 25 18 16
teNA | Output Enable Time (Note 11) 20 18 18
tbis | Output Disable Time (Note 11) 18 17 17
trw | Clock Pulse Width 20 20 10
tH Input Register Hold Time 4 0 0
ts Input Register Setup Time 12 12 12

Switching Characteristics Over Military Operating Range (Notes 9, 10) (ns)

LMU08/8U-90

LMU08/8U-60

LMU08/8U-45

Symbol Parameter Min Max Min Max Min Max
tmC Multiply Time (Clocked) 90 60 45
to Output Delay 35 20 20
teNA | Output Enable Time (Note 11) 35 20 20
tois | Output Disable Time (Note 11) 35 18 18
tpw | Clock Pulse Width 25 20 15
tH Input Register Hold Time 5 0 0
ts Input Register Setup Time 20 12 12

Switching Waveforms

ts —><—tH
Input

la— tpw —>le tpw
CLK A, 1——3‘
CLKB J

i tMC >
CLKR 71 \

|¢———o— tp
Output

OF v
[— tpis —» tENA —>

High Impedance
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LMUO08/LUMS8U

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess

of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. Supply current for a given applica-
tion can be accurately approximated
by

NCV?F

4

where

N = total number of device outputs
C = capacitive load per output

V =suppy voltage

F = clock frequency

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1 V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5V (ex-
cept tEN/tDIS test) and input levels of
nominally 0to 3.0 V. Outputloading
is a resistive divider which provides
for specified IOL and IOH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 uF ceramic capacitor should
be installed between VcC and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.

DEVICES INCORPORATED

Logic Products




8 x 8-bit Parallel Multiplier

Ordering Information

Commercial Operating Range (0°C to +70°C)

Performance
Package Style 70 ns 50 ns 35ns
LMUO08
40-pin Plastic DIP (0.6") — P3 LMU08PC70 LMUO08PC50 LMUO8PC35
40-pin Sidebraze (0.6") LMU08DC70 LMU08DC50 LMU08DC35
Hermetic DIP — D3
44-pin Plastic LCC, J-Lead — J1 LMUO08JC70 LMUO08JCS0 LMUO08JC35
44-pin Ceramic LCC — K2 LMUO08KC70 LMUO8KCS50 LMUOBKC35
LMUsU
40-pin Plastic DIP (0.6") — P3 LMUBUPC70 LMUBUPC50 LMUBUPC35
40-pin Sidebraze (0.6") LMUBUDC70 LMUBUDCS50 LMUBUDC35
Hermetic DIP — D3
44-pin Ceramic LCC — K2 LMUBUKC70 LMUBUKC50 LMUBUKC35
Military Operating Range (-55°C to +125°C)
Performance
Package Style 90 ns l 60 ns 45 ns
LMU08
40-pin Sidebraze (0.6") LMU08DM90 LMU08DM60 LMUO08DM45
Hermetic DIP — D3 LMUO08BDME90 LMUO8DME60 LMUO8DME45
LMU08DMB90 LMU08DMB60 LMU08DMB45
LMU8U
40-pin Sidebraze (0.6") LMUBUDM90 LMUBUDM60 LMUBUDM45
Hermetic DIP — D3 LMUBUDME90 LMUBUDME60 LMUBUDME45
LMUSUDMB90 LMUSUDMB60 LMUBUDMB45

DEVICES INCORPORATED
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LMUO08/LUMS8U

Pin Assignments

Pin Function Pin Function

D,P J K D,P J.K

1 1 R10 23 25 CLKA
2 2 R9 24 26 CLKB
3 3 R8 25 27 RND
4 4 CLKR 26 29 Bo

5 5 OEM 27 30 B1

6 7 OEL 28 31 B2

7 8 R7 (RSL) 29 32 B3

8 9 Re 30 33 Vcc

9 10 Rs 31 34 B4
10 1 R4 32 35 CND
11 12 R3 33 36 Bs
12 13 R2 34 37 Be
13 14 R1 35 38 B7 (BS)
14 15 Ro 36 40 R15 (RSM)
15 16 Ao 37 41 R14
16 18 Al 38 42 R13
17 19 A2 39 43 R12
18 20 A3 40 44 R11
19 21 A4 6 NC
20 22 As 17 NC
21 23 A6 28 NC
22 24 A7 (AS) 39 NC

——— —— —

© 1988, Logic Devices Incorporated. Re-
production of any portion hereof without
written consent is prohibited. Information
contained in this specification is intended as
a general product description and is subject
to change without notice. Logic Devices
does notassume any responsibility for use of
any product or circuit described and no
patent license rights are implied.
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8 x 8-bit Parallel Multiplier

LMU557/558

Features

Description

0 60 ns worst-case multiply time
0 Low-power CMOS technology

1 Replaces Am255557 /558,
545557 /558

O Fully combinatorial, no clocks
required

0 Two’s complement, unsigned, or
mixed operands

0 Three-state outputs

[ Available screened to MIL-STD-
883, Class B

[ Package styles available:
¢ 40-pin Plastic DIP
° 40-pin Sidebraze, Hermetic DIP

The LMU557 and LMUS558 are 8-bit
parallel multipliers with high speed
and low power operation. They are
pin for pin equivalents with 545557
and 545558 type multipliers. Full
military ambient temperature range
operation is attained by the use of
advanced CMOS technology.

Both the LMUS557 and LMU558
produce the 16-bit product of two
8-bit signed or unsigned numbers in
a single unclocked operation. Asser-
tion of control inputs TCA and TCB
indicate that the corresponding
input value is in two’s complement
notation.

LMU557/558 Block Diagram

A7-Ao

R (LMU557)
RS, RU (LMU558)

B7-Bo

TCA, TCB

1
I
G (LMUS57) —H]

Result Latch ]

| LMUS57 Only

Ris-Ro

— D . m A
b ol AR SNEUEL N AP
d -~ . o .-
fed L X 1 e
A WY WA BN Y

Provision is made for proper round-
ing for any combination of signed or
unsigned inputs. The RU input to the
LMUS57 causes the product to be
rounded to 8 bits of precision for
unsigned or mixed mode multiplica-
tion. For multiplication of two signed
operands, the RS input is used for
rounding, and the most significant bit
of the product is discarded. [It will be
identical to the sign bit for all except
the (-28)*(-2%) case, which will cause
overflow if the result MSB is not
considered.]

The LMUS558 internally produces the
RU and RS controls from a single
round input, denoted R. With R
asserted, RS rounding occurs if either
TCA or TCB is asserted, while RU
rounding is implemented for TCA
and TCB not asserted. This implem-
entation frees a pin for control of the
transparent output latch in the
LMUS557 via the G input.

Both the LMUS557 and LM U558 offer
three-state output buffers controlled
by the OE input. The LMU557 has a
16-bit transparent latch between the
multiplier array and the output
drivers for flexibility in implementing
pipelined systems. This latch is
transparent when G is high, and holds
its state when G is low. In addition
both polarities of the result MSB (R15)
are available as separate output pins
to allow simple expansion to longer
word lengths in signed multiplication.

Logic Products
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8 x 8-bit Parallel Multiplier

Input Formats

AIn Bin
Fractional Two’s Complement
[7 6 5622 1 0] [7 6 522 1 0]
—20 2-] 2—1 26 2—-6 2—7 _20 2-1 2-2 2-5 2-6 2-7
(Sign) (Sign)
Integer Two’s Complement
[7 6 58 2 1 0]} [7 6 52 1 0]
_27 26 25 22 2! 20 _27 26 25 22 2! 20
(Sign) (Sign)
Unsigned Fractional
|7 6 552 1 0} [7 6 5252 1 0]
27 2% 2® 2% 27 27 27" 2727 2% 27 27
Unsigned Integer
[7 6 52 2 1 0] [7 6 522 1 0]
27 26 25 22 2I 20 27 26 25 22 21 20
Output Formats
MsP LSP
Fractional Two’s Complement
[15 14 132> 10 9 8] [7 6 52>2 1 0]
_21 20 2-I 2-4 2-5 2-6 2-7 2-8 2-9 2—IZ 2-—132-I4
(Sign)
Integer Two’s Complement
[15 14 132> 10 9 8] [7 6 5> 2 1 0]
_(_5215)214 2I3 210 29 28 27 26 25 22 21 20
ign
Unsigned Fractional
{15 14 132>10 9 8] [7 6 5252 1 0]
2-1 2—2 2—3 2-6 2.-7 2—8 2-9 2—!0 2-1! 2-I4 2-—15 2-!6
Unsigned Integer
[15 14 132> 10 9 8] [7 6 5> 2 1 0]
2|5 214 2!3 210 29 28 27 26 25 22 21 20

[

Logic Products
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LMU557/558

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

StOrage tEMPETALUTE ......coceiririciitist st et e sb e sa s sh s s e saeessa s sa s s sansnsae st s s st ene s -65°C to +150°C
Operating ambient temperature ............... . =55°C to +125°C
Vcc supply voltage with respect t0 round ... -05Vto+7.0V
Input signal with respect to BrouNd........c.uiienniniiieinniii i s sae s s snsanes -30Vto+7.0V
Signal applied to high impedance OULPUL .......cciieiinmiiiier s -30Vto+7.0V
Output current into [OW OULPULS ....coueeeieiiiciiiriiniiieisisniictesssss s ssssssas s ssee s aessssssssasessasnssssssresnassssans 25 mA
LatChUP CUITENE cveiiiiiticeiiei ettt s s e sr s e s eassn e s snsan st e en > 400 mA
Operating Conditions
To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <sVcc<5.25V
Active Operation, Military -55°C to +125°C 4.50V<Vcc<5.50V

Electrical Characteristics

Over Operating Conditions

Symbol  Parameter Test Conditions Min | Typ | Max |Unit
VoH Output High Voltage IOH =-2.0 mA 3.5 \
VoL Output Low Voltage loL = 8.0 mA 05|V
ViH Input High Voltage 2.0 Vcc | V
ViL Input Low Voltage Note 3 0.0 0.8 | V
lix Input Current Ground £ VI £ Vcc +20 | pA
loz Output Leakage Current Ground £ Vo <Vcc +20 | pA
l0s Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 -250 | mA
Icct Vcc Current, Dynamic Notes 5, 6 17 35 | mA
lcc2 Vcc Current, Quiescent Note 7 1.0 | mA

————— Logic Products
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8 x 8-bit Parallel Multiplier

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

LMU557/558-60

Symbol Parameter Min Max
trD | A, B, TC, R Inputs to R15-Rs, R15 60
trp | A, B, TC, R Inputs to R7-Ro 55
tenG | G Enable to Result 30
teNA | Output Enable Time (Note 11) 25
tois | Output Disable Time (Note 11) 20
trw | G Pulse Width 15
tH Gto A, B, TC, R Hold Time 0
ts A, B, TC, R, Inputs to G Setup Time 45

Switching Characteristics Over Military Operating Range (Notes 9, 10) (ns)

LMU557/558-70

Symbol Parameter Min Max
tPD A, B, TC, R Inputs to R15-Rs, R15 70
tPD A, B, TC, R Inputs to R7-Ro 60
teNG | G Enable to Result 35
teNA | Output Enable Time (Note 11) 30
tois | Output Disable Time (Note 11) 25
trw | G Pulse Width 20
tH Gto A, B, TC, R Hold Time 0
ts A, B, TC, R, Inputs to G Setup Time 55

Switching Waveforms

High Impedance

A, B, TC, R *
Inputs
< ts - tH >
G Input 4 !t
—— tpy————>
¢— tENG
R15-Ro
tep >
OF £
[«— tpis —>] tENA —]
R15-Ro

DEVICES INCORPORATED
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LMU557/558

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at—0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess

of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. Supply current for a given applica-
tion can be accurately approximated
by
NCV?F
4

where

N = total number of device outputs
C = capacitive load per output

V =suppy voltage

F =clock frequency

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1 V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5 V (ex-
cept tEN/tDIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IOL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 pF ceramic capacitor should
be installed between Vcc and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

¢. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.

Logic Products
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8 x 8-bit Parallel Multiplier

Ordering Information Pin Assignments
Commercial Operating Range (0°C to +70°C)
Performance Pin Function Pin Function
Package Style 60 ns 1 Ao 21 OF
LMU557 2 A1l 22 R15
40-pin Plastic DIP (0.6") — P3 LMUS57PC60 3 A2 23 Ris
4 A3 24 R14
40-pin Sidebraze (0.6") LMUS557DC60 5 A4 25 R13
Hermetic DIP — D3
6 As 26 R12
LMU558 7 As 27 R11
40-pin Plastic DIP (0.6") — P3 LMUS558PC60 8 A7 28 Rio
40-pin Sidebraze (0.6") LMU558DC60 9 RSR 29 R9
Hermetic DIP — D3 10 Vee 30 GND
1 RU/G 31 Rs
12 Bo 32 R7
Military Operating Range (-55°C to +125°C) 13 B1 33 Re
14 B2 34 Rs
Performance
i I 15 B3 35 R4
Package Style 70 ns 16 B4 36 R3
LMU557 17 Bs 37 R2
40-pin Sidebraze (0.6") LMU557DM70 18 Be 38 Ri
Hermetic DIP — D3 LMUS57DME70 19 B7 39 Ro
LMUS557DMB70 20 TCB 40 TCA
LMUS558
40-pin Sidebraze (0.6") LMU558DM70
Hermetic DIP — D3 LMUS558DME70
LMUS558DMB70

© 1988, Logic Devices Incorporated. Re-
production of any portion hereof without
written consent is prohibited. Information
contained in this specification is intended as
a general product description and is subject
to change without notice. Logic Devices
does notassume any responsibility for use of
any product or circuit described and no
patent license rights are implied.

628 East Evelyn Avenue ® Sunnyvale, CA 94086 ¢ Telephone 408-720-8630 ® FAX 408-733-7690
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12 x 12-bit Parallel

Multiplier

LMU12

Features

Description

0 35 ns worst-case multiply time
[ Low-power CMOS technology
3 Replaces TRW MPY12H]

Q0 Two’s complement, unsigned, or
mixed operands

O Three-state outputs

O Available screened to MIL-STD-
883, Class B

O Package styles available:
¢ 64-pin Plastic DIP
* 64-pin Sidebraze, Hermetic DIP
¢ 68-pin Pin Grid Array

The LMU12 s a 12-bit parallel
multiplier with high speed and low
power consumption. It is pin and
functionally compatible with TRW
MPY12H] devices. Full military
ambient temperature range operation
is attained by the use of advanced
CMOS technology.

The LMU12 produces the 24-bit
product of two 12-bit numbers. Data
present at the A inputs, along with
the TCA control bit, is loaded into
the A register on the rising edge of
CLK A. B data and the TCB control
are similarly loaded by CLK B. The

LMU12 Block Diagram
TCA An-Ao TCB  Bi1-Bo
12
ctka
CLKB l
5
RND 2
¥
-3
RS | Format Adjust I
112 1 12
FT
v v 3
CLKM —¥  Result | Register J¢—CLKL
OEM OEL
12 12
R23-R12 R11-Ro
— - ., .
r ARV ST N SN
- N A ... T
| L O 1 O J ]| [y
A d -—
L 4 . B 4

mode controls TCA and TCB specify
the operands as two’s complement
when high, or unsigned magnitude

when low.

RND is loaded on the rising edge of
the logical OR of CLK A and CLK B.
RND, when high, adds '1' to the most
significant bit position of the least
significant half of the product. Subse-
quent truncation of the 12 least signifi-
cant bits produces a result correctly
rounded to 12-bit precision.

At the output, the right shift control
RS selects either of two output for-
mats: RS low produces a 31-bit
product with a copy of the sign bit
inserted in the MSB postion of the
least significant half. Rs high gives a
full 32-bit product. Two 12-bit output
registers are provided to hold the
most and least significant halves of
the result (MSP and LSP) as defined
by RS. These registers are loaded on
the rising edge of CLK M and CLK L
respectively. For asynchronous
output these registers may be made
transparent by taking the feed
through control (FT) high.

Logic Products
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12 x 12-bit Parallel Multiplier

Input Formats
A

in

1_0]}

Fractional Two’s Complement (TCA, TCB = 1)
[11 10 9 &> 2

-0 ,-11

2

2 1 0]
2° 2727 272

[11 10 9 &>

(Sign)

_20 2—1 2-2
(Sign)

2-9 2—IO 2 -1

Integer Two’s Complement (TCA, TCB = 1)
[11 10 9 &> 2 1
_2" 210 29 22 2I

0]

20

0|

[1110 9 &> 2 1

(Sign)

_2“ 2|0 29
(Sign)

2% 2' 2°
1 0]

Unsigned Fractional (TCA, TCB = 0)
0] [11710 9 & 2
2—1 2—2 24 2—102—ll 2—I2

[11 10 9 &> 2 1
-11

-12

27 92 o3

227" 2
Unsigned Integer (TCA, TCB = 0)
[1110 92> 2 1 0}

20

1 0|
2II 2I0 29 22 21

o> 2

[11 10 9

2“

210 29

22 2l 20

Output Formats

LSP

MSP
0]

-22

2

Fractional Two’s Complement (RS = 0)
[11710 92 2 1
_20 2—12 2—13 2—20 ~21

2
(Sign)

[23 22 212> 14 13 12]
-1

(Sign)

_20 2-! 2—2

2% 272
Fractional Two’s Complement—Shifted (RS = 1)

[11 10 92> 2 1 0]

2-22

[23

22 21 2>14 13 12}
-10 =12 513 2—20 -21

2!

(Sign)

2° 27 27272 272 2
Integer Two’s Complement (RS = 1)
[1110 9> 2 1 0]

20

2" 210 29 22 2|

(23 22 21 2> 14 13 12]

(Si

272

23 522 2ZI 2“ 2]3 22

0

l

gn)

Unsigned Fractional (RS = 1)
[11 10 9 &> 2 1
-23 2

24

2-!3 2—14 2-15 2-ZZ 2

[23 22 21 > 14 13 12]
-12

-10 -1
2

2

2727 2% 2

0]

Unsigned Integer (RS =1)
[11 10 9 & 2 1

{23 22 21 2514 13 12]
223 222 21 14 213 212 2II 2!0 29 22 21

2

20

Logic Products
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LMU12

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

Storage temperature
Operating ambient temperature

Ve supply voltage with respect to ground

Input signal with respect to ground
Signal applied to high impedance output
Output current into low outputs

Latchup current

-65°C to +150°C
-55°C to +125°C
-0.5Vto+7.0V
-3.0Vto+7.0V

Operating Conditions
To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<5.25V
Active Operation, Military -55°C to +125°C 4.50V <Vcc<5.50V
Electrical Characteristics
Over Operating Conditions
Symbol  Parameter Test Conditions Min | Typ | Max |Unit
VoH Output High Voltage IoH =-2.0 mA 35 \Y
VoL Output Low Voltage loL = 8.0 mA 05 | V
ViH Input High Voltage 2.0 Vec | V
ViL Input Low Voltage Note 3 0.0 08 | V
lix Input Current Ground < VI < Vcc +20 | pA
loz Output Leakage Current Ground < Vo <Vcc +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 -250 | mA
lcct Vcc Current, Dynamic Notes 5, 6 12 25 | mA
Icc2 Vcc Current, Quiescent Note 7 1.0 | mA
DEVICES INCORPORATED LOgIC Products
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12 x 12-bit Parallel Multiplier

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

‘ LMU12-65 LMU12-45 LMU12-35
Symbol Parameter Min Max Min Max Min Max
tMc | Multiply Time (Clocked) 65 45 35
tMuc | Unclocked Multiply Time 95 65 55
to Output Delay 26 25 25
tENA | Output Enable Time (Note 11) 22 22 20
tDis | Output Disable Time 20 20 18
trw | Clock Pulse Width 25 15 15
tH Input Register Hold Time 0 0 0
ts Input Register Setup Time 15 15 12
Switching Characteristics Over Military Operating Range (Notes 9, 10) (ns)
LMU12-75 LMU12-55 LMU12-45
Symbol Parameter Min Max Min Max Min Max
tmc | Multiply Time (Clocked) 75 55 45
tMuc | Unclocked Multiply Time 110 75 65
to Output Delay 30 30 25
teNA | Output Enable Time (Note 11) 26 26 24
tois | Output Disable Time 24 24 22
trw | Clock Pulse Width 25 20 15
tH Input Register Hold Time 0 0 0
ts Input Register Setup Time 18 15 12
Switching Waveforms
ts —>a—ty
Input £— 1
CLK A, | 4—[___!tpw ) tme g 0
CLK B y, \
CLKL, ) e ] [—§|‘ ey
CLKM /7
- tmuc »
x Output
oF / ‘t_
<— tpis —» tENA —>
Raa-Ro High Impedance
== —= Logic Products
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LMU12

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand VcC + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess

of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

)
iy
)

;
i

Illll
I

— v ~———

5. Supply current for a given applica-
tion can be accurately approximated
by

NCV?F

4

where

N = total number of device outputs
C = capacitive load per output

V = suppy voltage

F = clock frequency

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5V (ex-
cept tEN/DIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IOL and IOoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 uF ceramic capacitor should
be installed between VcC and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.
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12 x 12-bit Parallel Multiplier

Ordering Information

Commercial Operating Range (0°C to +70°C)

Performance
Package Style 65 ns 45 ns 35ns
64-pin Plastic DIP (0.9") — P4 LMU12PC65 LMU12PC45 LMU12PC35
64-pin Sidebraze (0.9") LMU12DC65 LMU12DC45 LMU12DC35
Hermetic DIP — D6
68-pin Pin Grid Array — G2 LMU12GC65 LMU12GC45 LMU12GC35
Military Operating Range (-55°C to +125°C)
Performance
Package Style 75 ns 55 ns 45 ns
64-pin Sidebraze (0.9") LMU12DM75 LMU12DMs55 LMU12DM45
Hermetic DIP — D6 LMU12DME75 LMU12DMESS5 LMU12DME45
LMU12DMB75 LMU12DMB55 LMU12DMB45
68-pin Pin Grid Array — G2 LMU12GM75 LMU12GM55 LMU12GM45
LMU12GME75 LMU12GMES5 LMU12GME45
LMU12GMB75 LMU12GMB55 LMU12GMB45

DEVICES INCORPORATED
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LMU12

Pin Assignments

Pin Pin
P,D G Function P,D G Function
1 FO2 A7 35 G10 R18
2 FO1 Aé 36 G11 R19
3 E02 As 37 H10 R20
4 EO1 A4 38 H11 R21
5 D02 A3 39 J10 R22
6 Do1 A2 40 m R23
7 C02 Al 41 K10 TCB
8 Co1 Ao 42 L10 B11
9 B02 Ro 43 K09 B1o
10 A02 R1 44 L09 B9
11 B0O3 R2 45 K08 Bs
12 A03 R3 46 LO8 B7
13 B04 R4 47 K07 Be
14 A04 Rs 48 L07 vce
15 BO5 Re 49 K06 Vcc
16 A0S R7 50 LO6 Vcc
17 B06 Rs 51 K05 Bs
18 A06 R9 52 LOS B4
19 B07 R10 53 K04 B3
20 A07 R11 54 L04 B2
21 B08 OEL 55 K03 B1
22 A08 OEM 56 L03 Bo
23 B09 GND 57 K02 TCA
24 A09 GND 58 K01 RND
25 B10 FT 59 J02 CLK B
26 B11 RS 60 JO1 CLKA
27 C10 CLKL 61 HO02 A
28 C11 CLKM 62 HO1 A10
29 D10 R12 63 G02 A9
30 D11 R13 64 GO01 A8
31 E10 R14 A10 NC
32 EN R15 K11 NC
33 F10 R1e L02 NC
34 F11 R17 BO1 NC

© 1988, Logic Devices Incorporated. Re-
production of any portion hereof without
written consent is prohibited. Information
contained in this specification is intended as
a general product description and is subject
to change without notice. Logic Devices
does notassume any responsibility for use of
any product or circuit described and no
patent license rights are implied.

628 East Evelyn Avenue * Sunnyvale, CA 94086 * Telephone 408-720-8630 ® FAX 408-733-7690
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12 x 12-bit Parallel

Multiplier

LMU112

Features

Description

0 50 ns worst-case multiply time
0 Low-power CMOS technology
O Replaces TRW MPY112K

0 Two’s complement or unsigned
operands

0O Three-state outputs

0 Available screened to MIL-STD-
883, Class B

[ Package styles available:
* 48-pin Plastic DIP
* 48-pin Sidebraze, Hermetic DIP
¢ 52-pin Plastic LCC, J-lead

The LMU112 is a high-speed, low
power, 12-bit parallel multiplier built
using advanced CMOS technology.
The LMU112 is pin and functionally
compatible with TRW’s MPY112K.

The A and B input operands are
loaded into their respective registers
on the rising edge of the separate
clock inputs (CLK A and CLK B).
Two’s complement or unsigned
magnitude operands are accommo-
dated via the operand control bit, TC,
which is loaded along with the B
operands. The operands are specified

to be in two’s complement format
when TC is asserted and unsigned
magnitude when TC is de-asserted.
Mixed mode operation is not allowed.

For two’s complement operands, the
17 most significant bits at the output
of the asynchronous multiplier array
are shifted one bit position to the left.
This is done to discard the redundant
copy of the sign-bit, which is in the
most significant bit position, and
extend the bit precision by one bit.
The result is then truncated to the 16
MSB'’s and loaded into the output
register on the rising edge of CLK B.

The contents of the output register are
made available via three-state buffers
by asserting OE. When OE is de-
asserted, the outputs (R23-Rs) are in
the high impedance state.

Logic Products

LMU112 Block Diagram
A11-Ao TC B11-Bo
12 12
CLKA » A Regi B Register
CLKB
24
L Format Adjust l
-—-—-—i{ Result Register I
/16
Y—_\ O—.E
R23-Rs
— i Al
[ W — V)
- A - EwEw —
T -
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12 x 12-bit Parallel Multiplier

Input Formats

0|

Ain
Fractional Tw

[11 10 9 &> 2 1 0]
_20 2-1 2-2 2-9 2-10 2—ll
(Sign)

[11 10 9 &> 2 1 0]

_2" 210 29 22 21 20
(Sign)

{11 10 9 2> 2

27 2% 22 7%

1 0|

-12

1 0

Unsigned Fractional (TC = 0)

ey

o’s Complement (TC = 1)
[11 10 9 &> 2
2° 2

—20 2-1 2-1 -10 2—'I'I
(Sign)

Integer Two’s Complement (TC = 1)
1110 9> 2 1 0]

EUPEET 2% o' 2°
(Sign)

1 0]

-12

[11 10 9 &> 2

2—1 2-2 2-3 2—102-“ 2

Unsigned Integer (TC = 0)
[11710 92 2 1 0]

2" 2™ »° 27 2' 2°

[11 10 9 &> 2
22 2| 20

2ll 2IO 29

Output Formats

LSP

Msp

11 10 9 8
15

Fractional Two’s Complement
_2-122—13 2—14 2

[23 22 212> 14 13 12]
-11

(Sign)

9% o' 92
(Sign)

2% 272

11 10 9 8

Integer Two’s Complement
210 29 23 27

[23 22 212>

14 13 12|

_221 221 220

(Sign)

2I3 2IZ 211

Unsigned Fractional

11 10 9 8
-16

-13 2—14 2-I5 2

[23 22 21 2> 14 13 12]
-12
2

2-! 2-—2 24

2—NTJ 2—" 2

Unsigned Integer
110 9 8

I

11 210 29 26

[23 22 21

2> 14 13 12
12 2

223 222 22!

214 213 2

3-30
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LMU112

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

StOrage tEMPETALUNE ......eivertereeiseitnsre et e e e e st s s bt s e e e s aesn s e e se e e en —-65°C to +150°C
Operating ambient teMPErature ..........coccvueeininieimnsinin s s s s -55°C to +125°C
Ve supply voltage with respect to round..........euiieiiiiininenenn e -0.5Vto+7.0V
Input signal with respect to ground w..-30Vito+7.0V
Signal applied to high impedance outpuL ..o e e -3.0Vto+7.0V
Output current it IOW OUIPULS ....cucuiieiiiiiiiiie sttt et ses s ses st st b s s s s st e s s san s e s 25 mA
LatChUD CUITENL w.cviereiciin st bbb b b st b e st s s b s s b s e s > 400 mA
Operating Conditions
To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<5.25V
Active Operation, Military -55°C to +125°C 4.50V<Veec<5.50V
Electrical Characteristics
Over Operating Conditions
Symbol  Parameter Test Conditions Min | Typ | Max |Unit
VoH Output High Voltage IoH =-2.0 mA 3.5 \Y
VoL Output Low Voltage loL = 8.0 mA 05 | V
VIH Input High Voltage 2.0 Vce | V
ViL Input Low Voltage Note 3 0.0 08 | V
lix Input Current Ground < VI < Vcc +20 | pA
loz Output Leakage Current Ground £ Vo < Vcc +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 -250 | mA
lcct Vcc Current, Dynamic Notes 5, 6 10 20 | mA
lcc2 Vcc Current, Quiescent Note 7 1.0 | mA

————~——
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12 x 12-bit Parallel Multiplier

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

LMU112-60 LMU112-50
Symbol Parameter Min Max Min Max
tMc | Multiply Time (Clocked) 60 50
to Output Delay 25 25
tENA | Output Enable Time (Note 11) 25 25
tois | Output Disable Time (Note 11) 25 25
ttw | Clock Pulse Width 15 15
tH Input Register Hold Time 0 0
ts Input Register Setup Time 15 15
Switching Characteristics Over Military Operating Range (Notes 9, 10) (ns)
LMU112-65 LMU112-55
Symbol Parameter Min Max Min Max
tMc | Multiply Time (Clocked) 65 55
to Output Delay 30 30
tENA | Output Enable Time (Note 11) 30 30
tois | Output Disable Time (Note 11) 30 30
trw | Clock Pulse Width 20 20
tH Input Register Hold Time 0 0
ts Input Register Setup Time 15 15

Switching Waveforms

ts—>e—ty
Input

le— tpw » trw
LKA !___*
CLK B 7

< tme
CLKR 7l \
[¢———— tp

i Output

OF v
+— tois —> tENA —>]

High Impedance

DEVICES INCORPORATED Logic Products
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LMU112

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess

of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

3
b
|III|

]

——— —————

5. Supply current for a given applica-
tion can be accurately approximated
by

NCV?F

4

where

N = total number of device outputs
C = capacitive load per output

V = suppy voltage

F = clock frequency

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1 V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5V (ex-
cept tEN/tDIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IOL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 pF ceramic capacitor should
be installed between VcC and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.

Logic Products
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12 x 12-bit Parallel Multiplier

Ordering Information Pin Assignments
Commercial Operating Range (0°C to +70°C) P,D| |} |Function | P,D| J | Function
Performance 1 1 A10 27 | 29 R1e
Package Style 60 ns 50 ns 2 | 2 AN 28 | 30 | Ris
48-pin Plastic DIP (0.6") — P5 | LMUT12PC60 | LMU112PCS50 3 | 3| B [ 29] 31| R
4 4 B1 30 32 R13
48-pin Sidebraze (0.6") LMU112DC60 | LMU112DC50 5 5 B2 31 34 R12
Hermetic DIP — D5 6 6 B3 32 35 Rt
52-pin Plastic LCC, J-Lead (J5) | LMU112JC60 LMU112JC50 7 8 B4 33 36 R10
8 9 Bs 34 37 R9
9 10 Be 35 38 Rs
Military Operating Range (-55°C to +125°C) 10 | N B7 36 | 39| GND
Performance 1 12 Bs 37 | 40 GND
Package Style 65 ns 55 ns 12 | 13 ] Vee 38 | 41 | CLKA
48.pin Sidebraze (0.6") | LMU112DM65 | LMU112DMS55 13 | 14| Vec | 39| 42] Ao
Hermetic DIP — D5 LMU112DME65 | LMU112DME55 14 | 15| B 40 | 43| A1
LMU112DMB65 | LMU112DMB55 15 16 B1o 41 44 A2
16 17 B11 42 | 45 A3
17 18 TC 43 47 A4
18 19 | CLKB 44 48 As
19 | 21 OF 45 | 49 A6
20 22 R23 46 50 A7
21 23 R22 47 51 As
22 24 R21 48 52 A9
23 25 R20 7 NC
24 26 R19 20 NC
25 27 R18 33 NC
26 28 R17 46 NC

© 1988, Logic Devices Incorporated. Re-
production of any portion hereof without
written consent is prohibited. Information
contained in this specification is intended as
a general product description and is subject
to change without notice. Logic Devices
does notassume any responsibility for use of
any product or circuit described and no
patent license rights are implied.

628 East Evelyn Avenue ¢ Sunnyvale, CA 94086 e Telephone 408-720-8630 ® FAX 408-733-7690

Logic Products

DEVICES INCORPORATED
3-34



16 x 16-bit Parallel Multiplier LMU16/216

Features Description
0 45 ns worst-case multiply time The LMU16 and LMU216 are 16-bit are similarly loaded by CLK B. The
O Low-power CMOS technology parallel multipliers with h}gh speed  modecontrols TCA and TCB specify
and low power consumption. They the operands as two’s complement
O Replaces TRW MPY016H] and are pin and functionally compatible ~ when high, or unsigned magnitude
AMD Am29516 with TRW MPY016H] and AMD when low.

O Two’s complement, unsigned, or Am29516 devices. The LMU16 and RND s loaded on the rising edge of
mixed operands LMU216 are functionally identical; ¢ 1ogical OR of CLK A and CLK B.

[ Three-state outputs th,e?' differ orfly in packaging. Full RND, when high, adds 1 to the most

military ambient temperature range significant bit position of the least

2 i sonnsd OMILSTD. - oprsion s red by ool rian o he oSt
quent truncation of the 16 least signifi-
1 Package styles available: The LMU16 and LMU216 produce the  cant bits produces a result correctly
¢ 64-pin Plastic DIP 32-bit product of two 16-bit numbers.  rounded to 16-bit precision.
* 64-pin Sidebraze, Hermetic DIP  Data present at the A inputs, along . .
¢ 68-pin Plastic LCC, J-Lead with the TCA control bit, is loaded ﬁ; ts}el;e(::lstz;]t:; ::‘zfr:%v}: zzltf;:to ?ot:)l
® 68-pin Pin Grid Array into the A register on therisingedge ~ ° “poy - produces a 31-bit

¢ 68-pin Ceramic LCC (Type C) of CLK A. B data and the TCB control product with a copy of the sign bit

inserted in the MSB postion of the

LMU16/216 Block Diagram B1s-Bo/ least significant half. RS high givesa
TCA ‘Ats-Ao TCB Ris—Ro full 32-bit product. Two 16-bit output
registers are provided to hold the
16 16 most and least significant halves of
CLKA o[ A Regist B Register the result (MSP and LSP) as-defined
CLKB by RS. These registers are loaded on

the rising edge of CLK M and CLK L
respectively. For asynchronous
output these registers may be made
transparent by taking the feed
through control (FT) high.

The two halves of the product may be
routed to a single 16-bit three-state

RND i

E ister

RS Format Adjust output port (MSP) via a multiplexer.
MSPSEL low causes the MSP outputs
- 116 116 to be driven by the most significant
11 1 4 half of the result. MSPSEL high routes
CLKM — Result | Register j— CLKL the least significant half of the result

to the MSP pins. In addition, the LSP
is available via the B input port
through a separate three-state buffer.

MSPSEL »
The output multiplexer control
Ot BEL MSPSEL uses a pin which is a supply
16 16 ground in the TRW MPY16H]J. When
this control is LOW (GND) the
R3i-R1e function is that of the MPY16H]J, thus
allowing full compatibility.
— . AN
— AP ANDSEL. N AR
d - O o . T
| d WK N S ..
A WY Vi BN Y

Logic Products
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16 x 16-bit Parallel Multiplier

Input Formats

Ain Bin
Fractional Two’s Complement (TCA, TCB = 1)
[15 14 13> 2 1 0] [15 14 13> 2 1 0]
_20 2-1 2-2 2—13 2-Il 2-15 _?0 2—l 2-2 2-13 2—14 2-—15
(Sign) (Sign)
Integer Two’s Complement (TCA, TCB = 1)
[15 14 13> 2 1 0] [15 14 13> 2 1 0|
_2l5 2!4 213 22 2l 20 _2152I4 213 22 2! 20
(Sign) (Sign)
Unsigned Fractional (TCA, TCB = 0)

[15 14 132> 2 1 0] [15 14 13> 2 1 0]
2-| 2-1 2—3 2-142—l5 2-16 2—1 2-—2 2_3 2-142-15 2-16
Unsigned Integer (TCA, TCB =0)

[15 14 132> 2 1 0] [15 14 13> 2 1 0]}
215 214 213 22 21 20 215 2!4 213 22 2I 20

Output Formats
Msp LSP

Fractional Two’s Complement (RS = 0)
[31 30 29>18 17 16 [15 14 13> 2 1 0]
_20 24 2-2 2—13 2—Il 2-!5 -20 2—|6 2-I7 2-—282—29 2-.30
(Sign) (Sign)

Fractional Two’s Complement—Shifted (RS = 1)
(31 30 295> 18 17 16] 51413632 1 0]
_21 20 2—! 2—12 2-l3 2-14 2-—]52-—162-17 2—282-29 2-30
(Sign)
Integer Two’s Complement (RS = 1)
(31 30 29>18 17 16 [15 14 132> 2 1 0
_231 230 229 ZIB 2!7 216 2!5 2I4 2!3 22 21 20
(Sign)
Unsigned Fractional (RS = 1)

[31 30 292> 18 17 16| [15 14 132> 2 1 0]
2-1 2-1 2-3 2-14 2—!5 2-16 2—I72-182_l9 2402-3I 242
Unsigned Integer (RS = 1)

[31 30 29 &> 18 17 16] [15 14 138> 2 1 0|
23l 230 229 2!8 217 216 2!5 214 2l3 22 2I 20

DEVICES INCORPORATED
3-36
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LMU16/216

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

StOrage tEMPETALUTE ......coceierereriieeiesiterese et s et e s e sr s s s st e s ass e e et e s e s e s saseaesnans e srnes -65°C to +150°C
Operating ambient tEMPEratUre .........cccoiceriiineiiecciei e e es e s nen -55°C to +125°C
Vcc supply voltage with respect to ground........cceceieceeneiiisinninesse e -0.5Vto+7.0V
Input signal with respect t0 Ground........ccieieeiiiinieniie e -3.0Vto+7.0V
Signal applied to high impedance output ... w.. =3.0Vto+7.0V
Output current intO IOW OULPULS .....cueeeeeeeietireitens sttt s s s s ss s et e e s s e s s asn s 25 mA
LatChUP CUITENE ...ttt et e b s s s b sea s s bt s sa s sa st eassaeas s bennessans > 400 mA
Operating Conditions
To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 4,75V <Vcc<5.25V
Active Operation, Military -55°C to +125°C 4.50V<Vec<5.50V
Electrical Characteristics
Over Operating Conditions
Symbol  Parameter Test Conditions Min | Typ | Max |Unit
VOH Output High Voltage IoH = -2.0 mA 3.5 \
VoL Output Low Voltage loL = 8.0 mA 05 |V
ViH Input High Voltage 2.0 Vcc | V
ViL Input Low Voltage Note 3 0.0 08 | V
hx Input Current Ground < VI < Vcc +20 | pA
loz Output Leakage Current Ground £ Vo <Vcc +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 -250 | mA
lcct Vcc Current, Dynamic Notes 5, 6 12 25 | mA
Icc2 Vcc Current, Quiescent Note 7 1.0 | mA
————— Logic Products
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16 x 16-bit Parallel Multiplier

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

LMU16/216-65 LMU16/216-55 | LMU16/216-45

Symbol Parameter Min Max Min Max Min Max

tMc | Multiply Time (Clocked) 65 55 45

tMuc | Unclocked Multiply Time 85 75 65

to Output Delay 30 30 30

tseL | Output Select Delay 25 25 25

teNA | Output Enable Time (Note 11) 25 25 25

tois | Output Disable Time (Note 11) 25 25 25

trw | Clock Pulse Width 15 15 15

tH Input Register Hold Time 1 1 1

ts Input Register Setup Time 15 15 15

Switching Characteristics Over Military Operating Range (Notes 9, 10} {ns)

LMU16/216-75 | LMU16/216-65 | LMU16/216-55
Symbol Parameter Min Max Min Max Min Max
tMc | Multiply Time (Clocked) 75 65 55
tMuc | Unclocked Multiply Time 95 85 75
to Output Delay 35 30 30
tskL | Output Select Delay 30 30 30
tENA | Output Enable Time (Note 11) 25 25 25
tois | Output Disable Time (Note 11) 25 25 25
trw | Clock Pulse Width 20 15 15
tH Input Register Hold Time 2 2 2
ts Input Register Setup Time 15 15 15

Logic Products
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LMU16/216

Switching Waveforms

ts —>je—tH
Input
le— tpw —» tew >l tp ——*
CLKA ﬁ ——__|
7 ——

CLK B
tme

CLKL,
CLKM
tseL —

A

MSPSEL
tMuc
XOutput

— A
OE /
¢— tpIS —» tENA —»]

/ High Impedance

R31-Ro

=i Logic Products

DEVICES INCORPORATED
3-39



16 x 16-bit Parallel Multiplier

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess

of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

lllll
n

2
i
1] !
b

——— —— ——

5. Supply current for a given applica-
tion can be accurately approximated
by

NCVZF

4

where

N = total number of device outputs
C = capacitive load per output

V =suppy voltage

F = dock frequency

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5V (ex-
cept tEN/tDIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IoL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 uF ceramic capacitor should
be installed between Vcc and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.

Logic Products
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LMU16/216

Ordering Information

Commercial Operating Range (0°C to +70°C)

Performance
Package Style 65 ns 55 ns 45 ns
LMU16
64-pin Plastic DIP (0.9") — P4 LMU16PC65 LMU16PC55 LMU16PC45
64-pin Sidebraze (0.9") LMU16DC65 LMU16DC55 LMU16DC45
Hermetic DIP — D6
68-pin Pin Grid Array — G2 LMU16GC65 LMU16GC55 LMU16GC45
LMU216
68-pin Plastic LCC, }-Lead — ]2 LMU216)C65 LMU216JC55 LMU216)C45
68-pin Ceramic LCC — K3 LMU216KC65 LMU216KC55 LMU216KC45
Military Operating Range (-55°C to +125°C)
Performance
Package Style 75 ns 65 ns 55 ns
LMU16
64-pin Sidebraze (0.9") LMU16DM75 LMU16DM65 LMU16DM55
Hermetic DIP — D6 LMU16DME75 LMU16DME65 LMU16DMES55
LMU16DMB75 LMU16DMB65 LMU16DMB55
68-pin Pin Grid Array — G2 LMU16GM75 LMU16GM65 LMU16GM55
LMU16GME75 LMU16GME65 LMU16GMES5S
LMU16GMB75 LMU16GMB65 LMU16GMB55
LMU216
68-pin Ceramic LCC —K3 LMU216KM75 LMU216KM65 LMU216KM55
LMU216KME75 LMU216KME65 LMU216KMES55
LMU216KMB75 LMU216KMB65 LMU216KMB55
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16 x 16-bit Parallel Multiplier

Pin Assignments

LMU16 216 LMU16 216
P,D G J,K Function P,D G J,K Function
1 FO2 51 A4 35 G10 15 R26
2 FO1 50 A3 36 G11 14 R27
3 E02 49 A2 37 H10 13 R28
4 EO1 48 A1 38 H11 12 R29
5 D02 47 Ao 39 J10 1 R30
6 Do1 46 OEL 40 M 10 R31
7 C02 45 CLKL 41 K10 8 CLKM
8 co1 44 CLKB 42 L10 7 OEM
9 B02 42 Ro,Bo 43 K09 6 RS
10 A02 41 R1,B1 44 L0O9 5 FT
1 B0O3 | 40 R2,B2 45 K08 4 MSPSEL
12 A03 39 R3,B3 46 LO8 3 GND
13 BO4 38 R4,B4 47 Ko7 2 GND
14 A04 37 Rs,Bs 48 L07 1 Vcc
15 BO5 36 Reé,Bs 49 K06 68 Vcc
16 A05 35 R7,B7 50 LO6 67 TCB
17 B06 34 R8,Bs 51 K05 66 TCA
18 A06 33 R9,B9 52 LO5 65 RND
19 B07 32 R10,B10 53 K04 64 CLKA
20 A07 31 R11,B11 54 LO4 63 A1s
21 B08 30 R12,B12 55 K03 62 Al4
22 A08 29 R13,B13 56 LO3 61 A13
23 B09 28 R14,B14 57 K02 59 A12
24 A09 27 R15,B15 58 K01 58 A1l
25 B10 25 R16 59 J02 57 A10
26 B11 24 R17 60 JO1 56 A9
27 C10 23 R18 61 HO2 55 As
28 cn 22 R19 62 HO1 54 A7
29 D10 21 R20 63 G02 53 Aé
30 D11 20 R21 64 GO1 52 As
31 E10 19 R22 A10 43 NC
32 E11 18 R23 K11 26 NC
33 F10 17 R24 LO2 9 NC
34 F11 16 R2s BO1 60 NC

IIIII
‘III'
i
f]

© 1988, Logic Devices Incorporated. Re-
production of any portion hereof without
written consent is prohibited. Information
contained in this specification is intended as
a general product description and is subject
to change without notice. Logic Devices
does notassume any responsibility for use of
any product or circuit described and no
patent license rights are implied.
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16 x 16-bit Parallel Multiplier

LMU17/217

Features

Description

O 45 ns worst-case multiply time
0 Low-power CMOS technology
0 Replaces AMD Am29517

O Single clock architecture with
register enables

0 Two’s complement, unsigned, or
mixed operands

3 Three-state outputs

O Available screened to MIL-STD-
883, Class B

0 Package styles available:
¢ 64-pin Plastic DIP

The LMU17 and LMU217 are 16-bit
parallel multipliers with high speed
and low power consumption. They
are pin and functionally compatible
with AMD Am29517 devices. The
LMU17 and LMU217 are functionally
identical; they differ only in packag-
ing. Full military ambient tempera-
ture range operation is attained by the
use of advanced CMOS technology.

The LMU17 and LMU217 produce the
32-bit product of two 16-bit numbers.
Data present at the A inputs, along
with the TCA control bit, is loaded

* 64-pin Sidel?raze, Hermetic DIP 5 the A register on the rising edge
* 68'??" P!aSUC.LCC' J-Lead of CLK A. B data and the TCB control
* 68-pin Pin Gn.d Array are similarly loaded. Loading of the
* 68-pin Ceramic LCC (Type ©) A and B registers is controlled by the
LMU17/217 Block Diagram Bis-Bo/
TCA Ai5-Ao TCB Ri5-Ro
ClK — 16 J 16
ENA — A Register B Reyiita
ENB
E
RND ]EII i X
o
32
RS 'IJ Format Adjust l
f 16 116
FT
T+ v 1 v
ENR »  Result Registij
MSPSEL
R31-R16

ENA and ENB controls. When high,
these prevent application of the
clock to the respective register. The
mode controls TCA and TCB specify
the operands as two’s complement
when high, or unsigned magnitude
when low.

RND is loaded on the rising edge of
CLK, providing either ENA or ENB
are low. RND, when high, adds 1 to
the most significant bit position of the
least significant half of the product.
Subsequent truncation of the 16 least
significant bits produces a result
correctly rounded to 16-bit precision.

At the output, the right shift control
RS selects either of two output for-
mats: RS low produces a 31-bit
product with a copy of the sign bit
inserted in the MSB postion of the
least significant half. RS high gives a
full 32-bit product. Two 16-bit output
registers are provided to hold the
most and least significant halves of
the result (MSP and LSP) as defined
by RS. These registers are loaded on
the rising edge of CLK, subject to the
ENR control. When ENR is high,
clocking of the result registers is
prevented. For asynchronous output
these registers may be made transpar-
ent by taking the feed through control
(FT) high.

The two halves of the product may be
routed to a single 16-bit three-state
output port (MSP) via a multiplexer.
MSPSEL low causes the MSP outputs
to be driven by the most significant
half of the result. MSPSEL high routes
the least significant half of the result
to the MSP pins. In addition, the LSP
is available via the B input port
through a separate three-state buffer.
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16 x 16-bit Pa

rallel Multiplier

Input Formats

A, B,
Fractional Two’s Complement (TCA, TCB = 1)
[15 14 13> 2 1 0] [15 14 132> 2 1 0]
_20 2-1 2-2 2—!3 2-—!42-15 _?0 2-1 2—2 2-13 2-14 2--|S
(Sign) (Sign)
Integer Two’s Complement (TCA, TCB = 1)
05 14 132> 2 1 0] [15 14 13> 2 1 0]
_215 2I4 213 22 2I 20 _2l5 2“ 2I3 22 2] 20
(Sign) (Sign)
Unsigned Fractional (TCA, TCB = 0)

[1514 13> 2 1 0] [15714 132> 2 1 0]
2—| 2-2 2-3 2-142—|5 2—!6 2-] 2-2 2_3 2-142—15 2—16
Unsigned Integer (TCA, TCB = 0)

[15 14 13> 2 1 0] [15714 13> 2 1 0]
215 2]4 2I3 22 2| 20 2l$ 2I4 213 22 2I 20

Output Formats
MSP LsP

Fractional Two’s Complement (RS = 0)
[31 30 29> 18 17 16| [15 14 132> 2 1 0]
_20 2—I 2-2 2-13 2-14 2—IS _20 2-I6 2—17 2—282—29 2-30
(Sign) (Sign)

Fractional Two’s Complement—Shifted (RS = 1)
(31 30 292> 18 17 16| [1514 132> 2 1 0]
_21 20 2-I 2—'1 2-—13 2-!4 2—152-162—l7 2—282—29 2—30
(Sign)
Integer Two’s Complement (RS = 1)
[31 30 29 52> 18 17 16 [15 14 132> 2 1 0]
_231 230 229 218 217 2l6 215 214 2|3 22 21 20
(Sign)
Unsigned Fractional (RS = 1)

[31 30 29 2> 18 17 16] [15 14 13> 2 1 0]
2-1 2-2 2-3 2-14 2-]5 2—I6 2-172—IB 2-]9 2-302-” 2-32
Unsigned Integer (RS = 1)

[31 30 29 &2> 18 17 16 [15 14 13> 2 1 0]
23! 230 229 2|8 2!7 2!6 215 2!4 213 22 2l 20
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LMU17/217

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

Storage temperature................ -65°C to +150°C
Operating ambient temperature -55°C to +125°C
Vec supply voltage with respect to round........ueecnieieieneiintneei s -0.5Vto+7.0V
Input signal with respect to round.........cuveeiirinnenie e -30Vto+7.0V
Signal applied to high impedance OULPUL ........cccoveviinc e -30Vto+7.0V
Output current into [OW OUIPULS ....coiiiuiitiiiiiiiiisiisi st s s sa e s st e ses s sas s snantas 25 mA
LatChUP CUITENE wcevictiiiiiie ettt et b e e e e s s s aen e et sa e s > 400 mA
Operating Conditions
To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 4.75V<Vcc<5.25V
Active Operation, Military -55°C to +125°C 4.50V<Veec£5.50V
Electrical Characteristics
Over Operating Conditions
Symbol Parameter Test Conditions Min Typ | Max |Unit
VoH Output High Voltage IoH = -2.0 mA 35 \Y
VoL Output Low Voltage loL = 8.0 mA 05 | V
ViH Input High Voltage 2.0 Vce | V
ViL Input Low Voltage Note 3 0.0 08 | V
hix Input Current Ground £ VI <Vce +20 | pA
loz Output Leakage Current Ground £ Vo <Vcc +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 -250 | mA
Icct Vcc Current, Dynamic Notes 5, 6 12 25 | mA
Icc2 Vcc Current, Quiescent Note 7 1.0 | mA
————— Logic Products
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16 x 16-bit Parallel Multiplier

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

LMU17/217-65 LMU17/217-55 LMU17/217-45

Symbol Parameter Min Max Min Max Min Max

tmve | Multiply Time (Clocked) 65 55 45

tmuc | Unclocked Multiply Time 85 75 65

to Output Delay 30 30 30

tseL | Output Select Delay 25 25 25

teNA | Output Enable Time (Note 11) 25 25 25

tois | Output Disable Time (Note 11) 25 25 25

trw | Clock Pulse Width 15 15 15

tH Input Register Hold Time 3 3 3

ts Input Register Setup Time 15 15 15

SWitChing Characteristics Over Military Operating Range (Notes 9, 10) (ns)

LMU17/217-75 LMU17/217-65 LMU17/217-55
Symbol Parameter Min Max Min Max Min | Max
tMvc | Multiply Time (Clocked) 75 65 55
tMuc | Unclocked Multiply Time 95 85 75
to Output Delay 35 30 30
tseL | Output Select Delay 30 30 30
teNA | Output Enable Time (Note 11) 25 25 25
tois | Output Disable Time (Note 11) 25 25 25 1
trw | Clock Pulse Width 20 15 15 ;
tH Input Register Hold Time 3 3 3 ‘[
ts Input Register Setup Time 15 15 15 i

DEVICES INCORPORATED
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LMU17/217

Switching Waveforms

ts —pja—ty
Input
le— tpw —> tew “ to
CLK A, / 4; / ) U R
CLKB / —
tMC Lt trw
CLK L, Y,
CLKM
tsEL -
MSPSEL
» tMuc 'y
B - XOutput
OE /
4— tDIS —»| tENA
R31-Ro 4 High Impedance
|
SRFESET Logic Products
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16 x 16-bit Parallel Multiplier

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess
of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

—
e | ———

5. Supply current for a given applica-
tion can be accurately approximated
by

NCVF

4

where

N = total number of device outputs
C = capacitive load per output

V = suppy voltage

F = clock frequency

6. Tested with all outputs changing
every cycle and no load, at a5 MHz
clock rate.

7. Tested with all inputs within 0.1V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5V (ex-
cept tEN/tDIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IoL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 pF ceramic capacitor should
be installed between VCC and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured £200 mV
from steady-state voltage with speci-
fied loading.

Logic Products
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LMU17/217

Ordering Information

Commercial Operating Range (0°C to +70°C)

Performance
Package Style 65 ns 55 ns 45 ns
LMU17
64-pin Plastic DIP (0.9") — P4 LMU17PC65 LMU17PC55 LMU17PC45
64-pin Sidebraze (0.9") LMU17DC65 LMU17DC55 LMU17DC45
Hermetic DIP — D6
68-pin Pin Grid Array — G2 LMU17GC65 LMU17GC55 LMU17GC45
LMU217
68-pin Plastic LCC, )-Lead — J2 LMU217)C65 LMU217|C55 LMU217|C45
68-pin Ceramic LCC — K3 LMU217KC65 LMU217KC55 LMU217KC45
Military Operating Range (-55°C to +125°C)
Performance
Package Style 75 ns 65 ns 55ns
LMU17
64-pin Sidebraze (0.9") LMU17DM75 LMU17DM65 LMU17DM55
Hermetic DIP — D6 LMU17DME75 LMU17DME65 LMU17DMES55
LMU17DMB75 LMU17DMB65 LMU17DMB55
68-pin Pin Grid Array — G2 LMU17GM75 LMU17GM65 LMU17GM55
LMU17GME75 LMU17GME65 LMU17GMES55
LMU17GMB75 LMU17GCMB65 LMU17GMB55
LMU217
68-pin Ceramic LCC — K3 LMU217KM75 LMU217KM65 LMU217KM55
LMU217KME75 LMU217KME65 LMU217KMES5
LMU217KMB75 LMU217KMB65 LMU217KMBS55
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16 x 16-bit Parallel Multiplier

Pin Assignments

© 1988, Logic Devices Incorporated. Re-
production of any portion hereof without
written consent is prohibited. Information

LMU17 217 LMU17 217
P,D G J,K Function P,D G J,K Function
1 FO2 51 A4 35 G10 15 R26
2 FO1 50 A3 36 G11 14 R27
3 E02 49 A2 37 H10 13 R28
4 EO1 48 Al 38 H11 12 R29
5 D02 47 Ao 39 J10 1 R30
6 Do1 46 OFEL 40 11 10 R31
7 C02 45 CLK 41 K10 8 ENR
8 Col | 44 ENB 42 | L10 7 OEM
9 BO2 42 Ro,Bo 43 K09 6 RS
10 A02 41 R1,B1 44 L09 5 FT
11 BO3 40 R2,B2 45 K08 4 MSPSEL
12 A03 39 R3,B3 46 LO8 3 GND
13 Bo4 38 R4,B4 47 Ko7 2 CND
14 A04 37 Rs,Bs 48 LO7 1 Vcc
15 BO5 36 Re,Bé 49 K06 68 Vcc
16 AO5 35 R7,B7 50 LO6 67 TCB
17 BO6 34 Rs,Bs 51 Kos 66 TCA
18 A06 33 R9,B9 52 LO5 65 RND
19 BO7 32 R10,B10 53 Ko4 64 ENA
20 AO07 31 R11,B11 54 LO4 63 A15
21 B0O8 30 R12,B12 55 K03 62 Al4
22 A08 29 R13,B13 56 L03 61 A13
23 B09 28 R14,B14 57 K02 59 A12
24 A09 27 R15,B15 58 KO1 58 A1
25 B10 25 R16 59 J02 57 Ao
26 B11 24 R17 60 Jo1 56 A9
27 C10 23 R18 61 HO2 55 As
28 cn 22 R19 62 HO1 54 A7
29 D10 21 R20 63 G02 53 A6
30 D11 20 R21 64 Go1 52 As
31 E10 19 R22 A10 43 NC
32 E11 18 R23 K11 26 NC
33 F10 17 R24 L02 9 NC
34 F11 16 R25 BO1 60 NC

din this specification is intended as
a general product description and is subject
to change without notice. Logic Devices
does not assume any responsibility for use of
any product or circuit described and no
patent license rights are implied.
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16 x 16-bit Parallel

Multiplier

LMU18

Features

Description

0 35 ns worst-case multiply time
3 Low-power CMOS technology

Q Full 32-bit output port —
no multiplexing required

0 Two’s complement, unsigned, or
mixed operands

[ Three-state outputs

) Available screened to MIL-STD-
883, Class B

0 Package styles available:
¢ 84-pin Plastic LCC, J-Lead
¢ 84-pin Pin Grid Array

The LMU18 is a 16-bit parallel multi-
plier featuring high speed and low
power consumption. The LMU18 is
an 84-pin device which provides
simultaneous access to all outputs.
Full military ambient temperature
range operation is attained by the use
of advanced CMOS technology.

The LMU18 produces the 32-bit
product of two 16-bit numbers. Data
present at the A inputs, along with the
TCA control bit, is loaded into the A
register on the rising edge of CLK A.
B data and the TCB control are simi-
larly loaded. Loading of the A and B

LMU18 Block Diagram TCA  Ats_Ae TCB Bis-Bo
ClK — 16 16
EINA  — A Register B Register
ENB

§
JJ X
[d
32
RS ='| Format Adjust I
|
1 16 116
FT T
ENR »  Result | Register |
MSPSEL
OEM OFEL
16 16
R31 R31-R16 Ris5-Ro

registers is controlled by the ENA and
ENB controls. When high, these
prevent application of the clock to the
respective register. The mode controls
TCA and TCB specify the operands as
two’s complement when high, or
unsigned magnitude when low.

RND is loaded on the rising edge of
CLK, providing either ENA or ENB
are low. RND, when high, adds 1 to
the most significant bit position of the
least significant half of the product.
Subsequent truncation of the 16 least
significant bits produces a result
correctly rounded to 16-bit precision.

At the output, the right shift control
RS selects either of two output for-
mats: RS low produces a 31-bit
product with a copy of the sign bit
inserted in the MSB postion of the
least significant half. RS high gives a
full 32-bit product. Two 16-bit output
registers are provided to hold the
most and least significant halves of
the result (MSP and LSP) as defined
by RS. These registers are loaded on
the rising edge of CLK, subject to the
ENR control. When ENR is high,
clocking of the result registers is
prevented. For asynchronous output
these registers may be made transpar-
ent by taking the feed through control
(FT) high.

The two halves of the product may be
routed to a single 16-bit three-state
output port (MSP) via a multiplexer.
MSPSEL low causes the MSP outputs
to be driven by the most significant
half of the result. MSPSEL high routes
the least significant half of the result
to the MSP pins. The MSB of the
result is available in both true and
complemented form to aid implemen-
tation of higher precision multipliers.
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16 x 16-bit Parallel Multiplier

Input Formats

A,
n
Fractional Two’s Complement (TCA, TCB = 1)
[1514 132> 2 1 0]
-15

-13 14

277272

[15714 132> 2 1 0]
_20 2-1 2-2 2-13 2-14 2—!5 _20 2—1 2—2
(Sign) (Sign)
Integer Two’s Complement (TCA, TCB = 1)
[15 14 132> 2 1 0]

(1514132 1 0]
_2l5 2!4 213 22 21 20 _2|5 214 2I3 22 2! 20
(Sign) (Sign)

Unsigned Fractional (TCA, TCB = 0)

[15 14 132> 2 1 0]

[15 14 132> 2 1 0]
2--l 2-2 2-3 2-]42—15 2—l6 2-1 2-2 2_3 2-142-|5 2—!6

Unsigned Integer (TCA, TCB = 0)
[15714 132> 2 1 0]

[15 14 13> 2 1 0]
215 2I4 2l3 22 2| 20 2I5 2“ 2!3 22 2! 20

Output Formats
LSP

msp

0]

Fractional Two’s Complement (RS = 0)
[15 14 132> 2 1

-30

131 30 29 &2>18 17 16
_20 2-| 2-2 2—13 2-14 2-15 _20 2-16 2.17 2-232-29
(Sign)

2

0]

(Sign)
Fractional Two’s Complement—Shifted (RS = 1)
1

[15 14 132> 2
-28 -29240

2—152-162-17 2 2

[31 30 29 22> 18 17 16|
-13 ,-14

-—2' 20 2—l -12 2

1 0|

2772
(Sign)
Integer Two’s Complement (RS = 1)
[15 14 132> 2

[31 30 29 &2>18 17 16
215 214 213 22

2' 2°

23! 230 229 218 217 216

1 0]

(_Sign)
Unsigned Fractional (RS = 1)
[15 14 132> 2

=32

{31 30 292> 18 17 16|
-15 ,-16 2—172—182-19 2

—3024” 2

27 2222 Mo

1 0]

Unsigned Integer (RS = 1)
{15 14 13> 2

]

[31 30 29 2> 18 17 16/
23! 230 229 2!8 2l7 216 215 214 213

22 2' 2

3-52
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LMU18

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

StOrage tEMPETALUIE .......cceceerersereeiestse e ss st s s s s se e st e s e s s e et e s et en s saasseassasssnbeass -65°C to +150°C
Operating ambient teMPEratUre .........c.ccvueirirertrieieirnteree s e -55°C to +125°C
Vcc supply voltage with respect to Ground.......eueeeieenreeeeieecte e e -0.5Vto+7.0V
Input signal with respect to ground -3.0Vto+7.0V
Signal applied to high impedance OULPUL .........cccuirieiniinin s -30Vto+7.0V
Output current intO [OW OULPULS ..e.viueueiriie ettt e st e e 25 mA
LatChUP CUITENE ...ttt e e s e s e > 400 mA
Operating Conditions
To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<£5.25V
Active Operation, Military -55°C to +125°C 4.50V<Vcec<5.50V
Electrical Characteristics
Over Operating Conditions
Symbol  Parameter Test Conditions Min Typ | Max |Unit
VoH Output High Voltage IoH =-2.0 mA 35 \Y
VoL Output Low Voltage loL = 8.0 mA 05 | V
VIH Input High Voltage 2.0 Vcec | V
VL Input Low Voltage Note 3 0.0 08 | V
x Input Current Ground £ VI £ Vcc +20 | pA
loz Output Leakage Current Ground < Vo <Vcc +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 -250 | mA
Icc Vcc Current, Dynamic Notes 5, 6 25 45 | mA
Icc2 Vcc Current, Quiescent Note 7 1.0 | mA

Logic Products

DEVICES INCORPORATED
3-53



16 x 16-bit Parallel Multiplier

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

LMU18-65 LMU18-45 LMU18-35

Symbol Parameter Min Max Min Max Min Max

tMC | Multiply Time (Clocked) 65 45 35

tMuc | Unclocked Multiply Time 85 65 55

to Output Delay 30 30 25

tseL | Output Select Delay 25 25 25

tENA | Output Enable Time (Note 11) 25 20 20

tois | Output Disable Time (Note 11) 24 20 20

trw | Clock Pulse Width 15 15 15

tH Input Register Hold Time 5 5 5

ts Input Register Setup Time 15 15 12

Switching Characteristics Over Military Operating Range (Notes 9, 10) (ns)
LMU18-75 LMU18-55 LMU18-45

Symbol Parameter Min Max Min Max Min Max

tmC Multiply Time (Clocked) 75 55 45

tMuc | Unclocked Multiply Time 95 85 65

to Output Delay 35 35 30

tSEL Output Select Delay 30 30 30

teNA | Output Enable Time (Note 11) 25 20 20

tois | Output Disable Time (Note 11) 24 20 20

trw | Clock Pulse Width 20 15 15

tH Input Register Hold Time 5 5 5

ts Input Register Setup Time 15 15 12

DEVICES INCORPORATED
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LMU18

Switching Waveforms

ts —>le—ty
Input
le— tpw —»! tew -« to
CLK A, / £ l \
CLKB /
tme tew
CLK L,
CLKM 7
tsEL —
MSPSEL
< tMuc
Output
_ A A
OE /
r— tpis —» tENA —>
R31-Ro High Impedance
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16 x 16-bit Parallel Multiplier

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess
of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. Supply current for a given applica-
tion can be accurately approximated
by

NCV?F

4

where

N = total number of device outputs
C = capacitive load per output

V = suppy voltage

F = clock frequency

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1 V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5 V (ex-
cept tEN/tDIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IOL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 pF ceramic capacitor should
be installed between Vcc and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.
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LMU18

Ordering Information
Commercial Operating Range (0°C to +70°C)
Performance
Package Style 65 ns 45ns 35ns
84-pin Plastic LCC, J-Lead — J3 LMU18JC65 LMU18JC45 LMU18JC35
84-pin Pin Grid Array — G3 LMU18GC65 LMU18GC45 LMU18GC35
Military Operating Range (-55°C to +125°C)
Performance
Package Style 75 ns 55 ns 45 ns
84-pin Pin Grid Array — G3 LMU18GM75 LMU18GMS55 LMU18GM45
LMU18GME75 LMU18CGMES5S5 LMU18GME45
LMU18GMB75 LMU18GMB55 LMU18GMB45
3
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16 x 16-bit Parallel Multiplier

Pin Assignments

Pin Function Pin Function
J G J G
1 FO3 Ao 43 F09 R18
2 EO3 Bo 44 F11 R19
3 EO1 B1 45 G11 R20
4 E02 B2 46 G10 R21
5 FO1 B3 47 G09 R22
6 D01 B4 48 H11 R23
7 D02 Bs 49 H10 R24
8 Co1 Be 50 nm R25
9 BO1 B7 51 K11 R26
10 C02 Bs 52 J10 R27
11 A01 B9 53 L11 R28
12 B02 B1o 54 K10 R29
13 B03 B11 55 K09 R30
14 A02 B12 56 L10 R31
15 A03 B13 57 L09 R31
16 B04 B14 58 K08 ENR
17 AO4 B1s 59 | Lo8 OEM
18 B06 ENB 60 J07 RS
19 BO5 CLK 61 K07 FT
20 AO05 OEL 62 L07 | MSPSEL
21 Cos GND 63 K06 GND
22 C06 Vcc 64 JOo6 GND
23 A06 Ro 65 JO5 Vce
24 A07 R1 66 LOS TCB
25 BO7 R2 67 K05 TCA
26 C07 R3 68 L06 RND
27 A08 R4 69 LO4 ENA
28 B08 Rs5 70 K04 A15
29 A09 R6 71 L03 Al4
30 A10 R7 72 L02 A13
31 B09 R8 73 KO3 A12
32 All R9 74 LO1 A1l
33 B10 R10 75 K02 A10
34 C10 R11 76 J02 A9
35 B11 R12 77 K01 A8
36 c1 R13 78 JO1 A7
37 D10 R14 79 HO02 A6
38 D11 R1s 80 HO1 A5
39 F10 Vce 81 G03 A4
40 E10 GND 82 G02 A3
41 El1 R16 83 Go1 A2
42 EQ9 R17 84 FO2 A1

© 1988, Logic Devices Incorporated. Re-
production of any portion hereof without
written consent is prohibited. Information
contained in this specification is intended as
a general product description and is subject
to change without notice. Logic Devices
does not assume any responsibility for use of
any product or circuit described and no
patent license rights are implied.

628 East Evelyn Avenue * Sunnyvale, CA 94086 ¢ Telephone 408-720-8630 * FAX 408-733-7690
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12 x 12-bit Multiplier-Accumulator

LMA1009/2009

Features

Description

[ 45 ns worst-case multiply-
accumulate time

Q Low-power CMOS technology

0 Replaces TRW TDC1009

Q Two’s complement, unsigned, or
mixed operands

O Accumulator performs load,
accumulate, subtract

0 Three-state outputs

O Available screened to MIL-STD-
883, Class B

0O Package styles available:
® 64-pin Plastic DIP

64-pin Sidebraze, Hermetic DIP

68-pin Plastic LCC, J-Lead

68-pin Pin Grid Array

68-pin Ceramic LCC (Type C)

e o o o

The LMA1009 and LMA2009 are
12-bit CMOS multiplier-accumulators.
They are pin for pin equivalent to the
TRW TDC1009 bipolar multiplier-
accumulator. Full ambient tempera-
ture range operation is achieved by

the use of advanced CMOS technology.

The LMA1009 and LMA2009 produce
the 24-bit product of two 12-bit
numbers. The results of a series of
multiplications may be accumulated
to form the sum of products. Accu-
mulation is performed to 27-bit preci-
sion with the multiplier product sign
extended as appropriate.

Data present at the A and B input
registers (12-bits) is latched in on the

LMA1009/2009 Block Diagram  A1'7A Bi1-Bo
12 12
CLKA ¥ A Register B Register
ClKB
RND, TC S
B
&
ACC, SUB =
||
OEX, OEM,
OEL —¥ Preload :E_SCLK
PREL — Cont!'ol
CLKR — Logic
P
LE OE
LEX LEM LEL
3 12 12
| | Accumulator|[Register |
|
|
OEX OEM OFL
3 12 12
R26-R24 R23-R12 R11-Ro
— . .
[ W V)
O o mw— —
d - N SN NN N —

—
[

rising edges of CLK A and CLK B
respectively. RND, TC, ACC, and
SUB controls are latched on the rising
edge of the logical OR of CLK A and
CLK B. The TC control specifies the
input as two’s complement (TC high)
or as unsigned magnitude (TC low).
RND, when high, adds 1 to the most
significant bit position of the least sig-
nificant half of the product. Subse-
quent truncation of the 12 least
significant bits produces a result
correctly rounded to 12-bit precision.

The ACC and SUB inputs control
accumulator operation. Assertion of
ACC results in addition of the multi-
plier result and the accumulator
contents, with the result stored in the
accumulator register at the rising edge
of CLKR. ACC and SUB high results
in subtraction of the accumulator
contents from the multiplier product,
with the result again stored in the
accumulator. With ACC low, no
accumulation occurs and the next
product is loaded directly into the
output register.

The LMA1009 and LMA2009 output
(accumulator) register is divided into
three independently controlled
sections. The least significant result
(LSR) and most significant result
(MSR) registers are 12 bits in length.
The extended result register (XTR) is
3 bits long.

Each output register has an independ-
ent output enable control. In addition
to providing control of the three-state
output buffers, when OEX, OEM, or
OEL are high and PREL is high, data
can be preloaded via the bidirectional
output pins into the respective out-
put registers. Data present on the
output pins is loaded in on the rising
edge of CLK R. The interrelation of
PREL and the enable controls is sum-
marized in the preload truth table.
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12 x 12-bit Multiplier-Accumulator

Preload Truth Table Input Formats
PREL OFX OEM OFL XTR MSR LSR An B
L L L L our our our Fractional Two’s Complement (TC = 1)
L L L H our out z [117 170 98 2 1 0] [110 9>2 1 0]
L L H L our zZ out _20 27! 92 2—9 2—10 91 _2° o 92 2_9 2_10 PRl
L L H H our z z (Sign) (Sign)
L H L L Z OuUT out
L H L H Z our z —————— Unsigned Fractional (TC = 0)
L H H L z z our
L H H H 7 7z |11109=‘%‘:>2010| |11l109=\=‘;>210|
H L L L z z z 2—I 2—2 24 2-1 2—" 2-IZ 2- 2-2 24 2-IOZ-II 2—IZ
H L L H z z PREL
H L H L Z PREL Z , _
H L H H 7 PREL PREL Integer Two’s Complement (TC = 1)
H H L L PRE Z Z [117710 9 > 2 1 0] [1110 9 &> 2 1 0]
H H L H PREL Z  PREL 2" gt 2° 22 2t 9° 't g0 2° 22 2! °
H H H L PREL PREL Z (Sign) (Sign)
H H H H PREL PREL PREL
Unsigned Integer (TC = 0)
OUT = Register available on output pins
Z = High impedance state (11710 95 2 1 0of [11.10 92 1 0]
PREL = Data can be preloaded to appropriate register " 910 59 22 o' 2° M 910 5o 22 o' 2°
Output Formats
XTR MSR LSR
Fractional Two’s Complement
(26 25 24] (23 22 21214 13 12] [11 10 9 2 1 0]
_24 23 22 2l 20 2-] 2—0 2—9 2—IO 2-II2—I22—13 2—202-21 2-22
(Sign)
Unsigned Fractional
[26 25 24] [23 22 21214 13 12] [11 10 9 &> 2 1 0]
22 2] 20 2—] 2-2 2—3 2-|€' 2-II 2-IZ 2-I3 2—I4 2-!5 2-222-23 2-24
Integer Two’s Complement
[26 25 24] [23 22 212>14 13 12] [11 10 92> 2 1 0]
_226 225 224 223 222 22 214 213 212 2II 2ICO 29 22 21 20
(Sign)
Unsigned Integer
[26 25 24] [23 22 212514 13 12] [11.10 9> 2 1 0]
216 225 224 213 222 221 2l4 213 212 2" 210 29 22 2I 20
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LMA1009/2009

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

StOrage tEMPETALUIE .....ueeceeriiieeieee sttt st s e e st ee s e e s en s aae s e e s et e e s -65°C to +150°C
Operating ambient teMPErature ........c.ccoiviieciiinineiine s s s -55°C to +125°C
Vcc supply voltage with respect to rouUNd......iceecieteiesecte s -05Vto+7.0V
Input signal with respect to GrouNd.........ccceeeieenenee e -30Vto+7.0V
Signal applied to high impedance oUtPUL ...ttt -30Vto+7.0V
Output current into IOW OULPULS ....civiimiiimeniiitiiiiie ittt ss s s s s s s s s se st s 25 mA
LatChUP CUITENE ...ttt s s s s e e s s s s s e s s s > 400 mA

Operating Conditions
To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 4.75V<Vecc£5.25V
Active Operation, Military -55°C to +125°C 4.50V<Vcc<5.50V

Electrical Characteristics
Over Operating Conditions

Symbol Parameter Test Conditions Min Typ | Max |Unit
VoH Output High Voltage IOH =-2.0 mA 35 \%
VoL . Output Low Voltage loL = 8.0 mA 05| V
ViH Input High Voltage 2.0 Vee | V
ViL Input Low Voltage Note 3 0.0 08 | V
lix Input Current Ground < VI < Vce +20 | pA
loz Output Leakage Current Ground £ Vo £ Vcc +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 -250 | mA
Icct Vcc Current, Dynamic Notes 5, 6 12 25 | mA
Icc2 Vcce Current, Quiescent Note 7 1.0 | mA
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12 x 12-bit Multiplier-Accumulator

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

LMA1009/2009-75 | LMA1009/2009-55 | LMA1009/2009-45
Symbol Parameter Min Max Min Max Min Max
tMc | Multiply Time (Clocked) 75 55 45
to Output Delay 30 25 25
teNA | Output Enable Time (Note 11) 30 30 25
tois | Output Disable Time 25 25 25
tHD | Input Register Hold Time 2 2 2
tHp Preload Hold Time 2 2 2
tsD Input Register Setup Time 15 15 12
tsp Preload Setup Time 15 15 12
trw | Clock Pulse Width 15 15 15

Switching Characteristics Over Military Operating Range (Notes 9, 10) (ns)

LMA1009/2009-95 | LMA1009/2009-65| LMA1009/2009-55
Symbol Parameter Min Max Min Max Min Max
tMc | Multiply Time (Clocked) 95 65 55
to Output Delay 35 30 25
teNA | Output Enable Time (Note 11) 35 35 30
tois | Output Disable Time 30 30 30
tHD | Input Register Hold Time 2 2 2
tHP Preload Hold Time 2 2 2
tsD Input Register Setup Time 20 20 15
tsp Preload Setup Time 20 20 15
trw | Clock Pulse Width 20 20 15
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LMA1009/2009

Switching Waveforms

;— tso——«tﬁol

Input A, B
le— tpw
CLKA, B 7
tmc
£\ f

CLKR
to
Out * In
r tsp —>re—— tHp

Data Out
Preload Data

PREL, OEX
OEM, OEL
— 4
OE
+— tDis — tenA —>

High Impedance

R Outputs
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12 x 12-bit Multiplier-Accumulator

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess

of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. Supply current for a given applica-
tion can be accurately approximated
by

NCV?F

4

where

N = total number of device outputs
C = capacitive load per output

V = suppy voltage

F = clock frequency

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5 V (ex-
cept tEN/tDIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IoL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 puF ceramic capacitor should
be installed between Vcc and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured 200 mV
from steady-state voltage with speci-
fied loading.
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LMA1009/2009

Ordering Information

Commercial Operating Range (0°C to +70°C)

Performance
Package Style 75 ns 55 ns 45 ns J
LMA1009
64-pin Plastic DIP (0.9") — P4 LMA1009PC75 LMA1009PC55 LMA1009PC45
64-pin Sidebraze (0.9") LMA1009DC75 LMA1009DC55 LMA1009DC45
Hermetic DIP — D6
68-pin Pin Grid Array — G2 LMA1009GC75 LMA1009GC55 LMA1009GC45
LMA2009
68-pin Plastic LCC, J-Lead — ]2 LMA2009)C75 LMA2009)C55 LMA2009)C45
68-pin Ceramic LCC — K3 LMA2009KC75 LMA2009KC55 LMA2009KC45
Military Operating Range (-55°C to +125°C)
Performance
Package Style 95 ns 65 ns 55 ns
LMA1009
64-pin Sidebraze (0.9") LMA1009DM95 LMA1009DM65 | LMA1009DM55
Hermetic DIP — D6 LMA1009DME95 | LMA1009DME65 | LMA1009DMESS
LMA1009DMB95 | LMA1009DMB65 | LMA1009DMBS55
68-pin Pin Grid Array — G2 LMA1009GM95 LMA1009GM65 LMA1009CM55
LMA1009GME95 | LMA1009CME6S | LMA1009GMES5S
LMA1009GMB95 | LMA1009GMB65 | LMAT009GMB55
LMA2009
68-pin Ceramic LCC — K3 LMA2009KM95 LMA2009KM65 LMA2009KM55
LMA2009KME95 LMA2009KME65 | LMA2009KMES5S5
LMA2009KMB95 | LMA2009KMB65 | LMA2009KMB55
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12 x 12-bit Multiplier-Accumulator

Pin Assignments

LMA1009 2009 LMA1009 2009
P,D G J,K Function P,D G J,K Function
1 FO2 52 A4 35 G10 16 R21
2 FO1 51 A3 36 G11 15 R22
3 E02 50 A2 37 H10 14 R23
4 EO1 49 Al 38 H11 13 R24
5 D02 48 Ao 39 J10 12 R2s
6 Do1 47 ACC 40 m 11 R26
7 C02 46 SUB 41 K10 10 OEX
8 Co1 45 RND 42 L10 9 TC
9 BO2 | 44 OEL 43 K09 8 B11
10 A02 43 Ro 44 L09 7 B1o
11 B0O3 42 R1 45 K08 6 B9
12 A03 41 R2 46 LO8 5 Bs
13 BO4 40 R3 47 K07 4 B7
14 A04 39 R4 48 Lo7 3 Be
15 BOS 38 Rs 49 KO6 | 2,68 Vcc
16 AO5 | 37,36 GND 50 LO6 67 Bs
17 B06 35 Re 51 Kos 66 B4
18 A06 33 R7 52 LOS 65 B3
19 Bo7 32 R8 53 K04 64 B2
20 A07 31 R9 54 LO4 63 B1
21 B08 30 R10 55 K03 62 Bo
22 A08 29 R11 56 LO3 61 CLK B
23 B09 28 CLKR 57 K02 60 CLKA
24 A09 27 PREL 58 K01 59 Al
25 B10 26 OEM 59 J02 58 A10
26 B11 25 R12 60 Jo1 57 A9
27 C10 24 R13 61 HO2 56 A8
28 cn 23 R14 62 HO1 55 A7
29 D10 22 R15 63 G02 54 A6
30 D11 21 R16 64 Go1 53 As
31 E10 20 R17 A10 1 NC
32 E1 19 R18 K11 34 NC
33 F10 18 R19 LO2 NC
34 F11 17 R20 BO1 NC

)
IIIII
ol

——— ~————

© 1988, Logic Devices Incorporated. Re-
production of any portion hereof without
written consent is prohibited. Information
contained in this specification is intended as
a general product description and is subject
to change without notice. Logic Devices
does notassume any responsibility for use of
any product or circuit described and no
patent license rights are implied.

628 East Evelyn Avenue * Sunnyvale, CA 94086 * Telephone 408-720-8630 * FAX 408-733-7690
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16 x 16-bit Multiplier-Accumulator

LMA1010/2010

Features

Description

O 45 ns worst-case multiply-
accumulate time

0 Low-power CMOS technology

0 Replaces TRW TDC1010 and AMD
Am29510

0 Two’s complement, unsigned, or
mixed operands

O Accumulator performs load,
accumulate, subtract

O Three-state outputs

0 Available screened to MIL-STD-
883, Class B

0 Package styles available:
® 64-pin Plastic DIP

The LMA1010 and LMA2010 are

high speed, low power multiplier-
accumulators (MACs). They are pin
for pin equivalent to the TRW
TDC1010 and the AMD AM29510
bipolar multiplier accumulators. The
LMA1010 and LMA2010 are function-
ally identical; they differ only in pack-
aging. Full military ambient tempera-
ture range operation is achieved with
advanced CMOS technology.

The LMA1010 produces the 32-bit
product of two 16-bit numbers. The
results of a series of multiplications
may be accumulated to form the sum

Data present at the A and B inputs is
loaded into the input registers on the
rising edges of CLK A and CLK B re-
spectively. RND, TC, ACC, and SUB
controls are loaded on the rising edge
of the logical OR of CLK A and

CLK B. The TC control specifies the
input as two’s complement (TC high)
or unsigned magnitude (TC low).
RND, when high, adds 1 to the most
significant bit position of the least
significant half of the product. Subse-
quent truncation of the 16 least signifi-
cant bits produces a result correctly
rounded to 16-bit precision.

The ACC and SUB inputs control
accumulator operation. Assertion

of ACC results in addition of the
multiplier result and the accumulator
contents, with the result stored in the
accumulator register at the rising edge
of CLKR. ACC and SUB high results
in subtraction of the accumulator
contents from the multiplier product,
with the result again stored in the
accumulator. With ACC low, no
accumulation occurs and the next
product is loaded directly into the

The LMA1010 output (accumulator)
register is divided into three inde-
pendently controlled sections. The
least significant result (LSR) and most
significant result (MSR) registers are
16 bits in length. The extended result
register (XTR) is 3 bits long. The LSR
output pins are multiplexed with the

Each output register has an independ-
ent output enable control. In addition
to providing three-state control of the
output buffers, when OEX, OEM, or
OEL are high and PREL is high, data
can be preloaded via the bidirectional
output pins into the respective output
registers. Data present on the output
pins is loaded in on the rising edge of
CLKR. The interrelation of PREL and
enable controls is summarized in the

Logic Products

® 64-pin Sidebraze, HermeticDIP of products. Accumulation is per-
* 68-pin Plastic LCC, J-Lead formed to 35-bit precision with the
¢ 68-pin Pin Grid Array multiplier product sign extended as
¢ 68-pin Ceramic LCC (Type C) appropriate.
LMA1010/2010 Block Diagram Bis-Bo
Ats-Ao R15-Ro
16
CLKA AR
CLKB I
RND, TC 5
§> output register.
ACC, SUB )
OFX, OEM,
OEL —¥ Preload :S.c K
PREL —» Control
CLKR — Llogic
{ 3 i‘ 3
LE OE I
LEX LEM LEL B input pins.
3 16 16
| [Accumulator[Register ]
1 1
J ¢ 1 1
OEX OEM OFEL
3 16 16
R3s-R32  R31-Rie
— . NN,
L d AP, Amueam— -"_
i —— preload truth table.
e o
[T =
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16 x 16-bit Multiplier-Accumulator

Preload Truth Table Input Formats
PREL OEX OEM OEL XTR MSR LSR A Bin
L L L L OuT ouT our —— Fractional Two’s Complement (TC = 1)
L Lt L H Our our z [15 14 132> 2 1 0] 115 14 13> 2 1 0|
L L H L outr z ourt 0 -1 -2 13 -4 15 0 -1 -2 -13 ,-14 ,-15
-2 27 2 277272 2" 27 2 2772772
L L H H ouT 4 z (Sign) (Sign)
L H L L Z ouT ourt
L H L H z our z ————— Unsigned Fractional (TC =0)
L H H L z zZ OouTt
L H H H z z z [15 14 138 2 1 0] {1514 13> 2 1 0]
H L L L z z z 27 2% 2% M7 27 2% 2% My
H L L H z Z  PREL
HoLoHroL z PRELZ Integer Two’s Complement (TC = 1)
H L H H Z  PREL PREL
H H L L PREL Z Z 11514 13> 2 1 0] [15 14 13> 2 1 0]
H H L H PREL Z  PREL o5 gM o1 2% o' 9° PRI 22 o' 9°
H H H L PREL PREL Z (Sign) (Sign)
H H H H PREL PREL PREL
Unsigned Integer (TC = 0)
OUT = Register available on output pins
Z = High impedance state {1514 13> 2 1 0] [151413=2>2 1 0]
PREL = Data can be preloaded to appropriate register 915 oM 513 2% 5! 2° 215 2™ 13 22 9! 9

Output Formats

XTR MSR LSR

Fractional Two’s Complement

134 33 32] [31 30 29>18 17 16] [15 14 13> 2 1 0]

-24 23 22 2' 20 2-I 2-—|2 2—I3 2—“ 2—152—162—17 2-28 2-29 2—30
(Sign)

Unsigned Fractional
[34 33 32] [3130 2918 17 16] [15 14 13> 2 1 0]

2 =32

2% 2" 2° 27 2222 Mt 277278 23
Integer Two’s Complement

[34 33 32] [3130 292518 17 16] [15 14 13> 2 1 0]

_234 233 232 23I 230 229 218 217 2!6 2]5 2I4 2l3 21 21 20

(Sign)

Unsigned Integer

[34 33 32] [31.30 2918 17 16] - [15 14 13> 2 1 0]
234 233 232 23! 230 229 2I5 217 216 215 2!4 2!3 22 2! 20
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LMA1010/2010

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

StOrAgE LEMPETALUIE ...veeuviiiirisiitistieeaeae st e caeeaess et s s s sassheann s s eesaesnssnasnnan st nnanans -65°C to +150°C
Operating ambient temperature -55°C to +125°C
Vcc supply voltage with respect to round.......cueveeiieeiiinen s -0.5Vto+7.0V
Input signal with respect to round.........uieiiiiiein -3.0Vto+7.0V
Signal applied to high impedance output .......cccuiiininiinin s -3.0Vto+7.0V
Output current intO lOW OULPULS ...viuieiiriiiiiiiiieisiniesie st bbb e e e sn s s e sa e s 25 mA

LatChUP CUITENL .t e s e s st s n e an > 400 mA

Operating Conditions
To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<5.25V
Active Operation, Military -55°C to +125°C 4.50V<Vcc<5.50V

Electrical Characteristics
Over Operating Conditions

Symbol Parameter Test Conditions Min Typ | Max |Unit
VoH Output High Voltage IOH = -2.0 mA 3.5 A%
Vo Output Low Voltage loL = 8.0 mA 05 | V
ViH Input High Voltage 2.0 Vec | V
ViL Input Low Voltage Note 3 0.0 08 | V
hx Input Current Ground £ Vi< Vcc +20 | pA
loz Output Leakage Current Ground < Vo £ Vcec +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 -250 | mA
Icct Vcc Current, Dynamic Notes 5, 6 12 25 | mA
lcc2 Vcc Current, Quiescent Note 7 1.0 [ mA

DEVICES INCORPORATED Logic Products
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16 x 16-bit Multiplier-Accumulator

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

LMA1010/2010-65

LMA1010/2010-55

LMA1010/2010-45

Symbol Parameter Min Max Min Max Min Max
tMc | Multiply Time (Clocked) 65 55 45
to Output Delay 30 25 25
tENA | Output Enable Time (Note 11) 30 30 30
tois | Output Disable Time (Note 11) 30 25 25
tHD | Input Register Hold Time 0 0 0
tHP Preload Hold Time 0 0 0
tsD Input Register Setup Time 15 15 12
tsp Preload Setup Time 15 15 12
trw | Clock Pulse Width 15 15 15

Switching Characteristics Over Military Operating Range (Notes 9, 10) (ns)

LMA1010/2010-75

LMA1010/2010-65

LMA1010/2010-55

Symbol Parameter Min Max Min Max Min Max
tMc | Multiply Time (Clocked) 75 65 55
to Output Delay 35 30 30
tENA | Output Enable Time (Note 11) 35 30 30
tois | Output Disable Time (Note 11) 35 25 25
tHD Input Register Hold Time 0 0 0
tHP Preload Hold Time 0 0 0
tsb Input Register Setup Time 20 15 12
tsp Preload Setup Time 20 15 12
trw | Clock Pulse Width 20 15 15
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LMA1010/2010

Switching Waveforms

tsSD—»je— tHD;
Input A, B

CLKA, B 7
tmc [\
CLKR - 7
Data Out
In
Preload Data o *
tsp —>ie— tHp

PREL, OEX
OEM, OEL

— A
OE 1
e— tpis —» tenA

R Outputs High Impedance

=l
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16 x 16-bit Multiplier-Accumulator

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess

of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. Supply current for a given applica-
tion can be accurately approximated
by

NCV?F

4

where

N = total number of device outputs
C = capacitive load per output

V = suppy voltage

F = clock frequency

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1 V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5 V (ex-
cept tEN/DIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IoL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 pF ceramic capacitor should
be installed between Vcc and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured 200 mV
from steady-state voltage with speci-
fied loading.
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LMA1010/2010

Ordering Information
Commercial Operating Range (0°C to +70°C)
Performance
Package Style 65 ns 55 ns 1 45 ns
LMA1010
64-pin Plastic DIP (0.9") — P4 LMA1010PC65 LMA1010PC55 LMA1010PC45
64-pin Sidebraze (0.9") LMA1010DC65 LMA1010DC55 LMA1010DC45
Hermetic DIP — D6
68-pin Pin Grid Array — G2 LMA1010GC65 LMA1010GC55 LMA1010GC45
LMA2010
68-pin Plastic LCC, J-Lead — )2 LMA2010JC65 LMA2010JC55 LMA2010jC45
68-pin Ceramic LCC — K3 LMA2010KC65 LMA2010KC55 LMA2010KC45
Military Operating Range (-55°C to +125°C)
Performance
Package Style 75 ns 65 ns 55 ns
LMA1010
64-pin Sidebraze (0.9") LMA1010DM75 LMA1010DM65 | LMA1010DM55
Hermetic DIP — D6 LMAT010DME75 | LMATO10DME65 | LMAT010DMES5
LMA1010DMB75 | LMA1010DMB65 | LMA1010DMB55
68-pin Pin Grid Array — G2 LMA1010GM75 LMAT010GM65 | LMA1010GM55
LMA1010GME75 | LMAT010CME65 | LMA1010GMESS
LMAT010GMB75 | LMA1010GMB65 | LMA1010GMB55
LMA2010
68-pin Ceramic LCC — K3 LMA2010KM75 LMA2010KM65 LMA2010KM55
LMA2010KME75 | LMA2010KME65 | LMA2010KMES5
LMA2010KMB75 | LMA2010KMB65 | LMA2010KMBS5
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16 x 16-bit Multiplier-Accumulator

Pin Assignments

LMA1010 | 2010 LMA1010 2010
P,D G J,K | Function P,D G J, K Function
1 FO2 1 Aé 35 G10 34 R26
2 FO1 68 As 36 G11 33 R27
3 E02 67 A4 37 H10 32 R28
4 EO1 66 A3 38 H11 31 R29
5 D02 65 A2 39 J10 30 R30
6 Do1 64 Al 40 J1 29 R31
7 C02 63 Ao 41 K10 28 R32
8 co1 62 Ro,Bo 42 L10 27 R33
9 B02 61 R1,B1 43 K09 26 R34
10 A02 60 R2,B2 44 L09 25 CLKR
11 | BO3 | 59 R3,B3 45 | Ko8 24 OEM
12 A03 58 R4,B4 46 LO8 23 PREL
13 | B0o4 | 57 Rs,Bs 47 | Ko7 22 OEX
14 A04 56 Re,Bé 48 L07 21 TC
15 | BO5 | 55 R7,B7 49 | Koé | 20,19,18,17 | Vcc
16 AO05 | 54,53 GND 50 | .LO6 16 CLKB
17 B0O6 52 Rs,Bs 51 K05 15 CLKA
18 A06 51 R9,B9 52 LO5 14 ACC
19 B07 50 R10,B10 53 K04 13 SUB
20 | AO7 | 49 R11,B11 54 L04 12 RND
21 | B0O8 | 48 | RizB12 55 | KO3 1 OEL
22 A08 47 R13,B13 56 L03 10 A15
23 B09 46 R14,B14 57 K02 9 A4
24 A09 45 R15,B15 58 K01 8 A13
25 B10 44 R1e 59 J02 7 A12
26 B11 43 R17 60 JO1 6 A1l
27 | Cl0 | 42 R18 61 HO02 5 A10
28 cn 41 R19 62 HO1 4 A9
29 D10 40 R20 63 G02 3 A8
30 D11 39 R21 64 Go1 2 A7
31 E10 38 R22 A10 NC
32 EN 37 R23 K11 NC
33 F10 36 R24 L02 NC
34 F11 35 R2s BO1 NC

© 1988, Logic Devices Incorporated. Re-
production of any portion hereof without
written consent is prohibited. Information
contained in this specification is intended as
ageneral product description and is subject
to change without notice. Logic Devices
does notassume any responsibility for use of
any product or circuit described and no
patent license rights are implied.

628 East Evelyn Avenue * Sunnyvale, CA 94086 e Telephone 408-720-8630 ¢ FAX 408-733-7690
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12-bit Cascadable Multiplier-Summer

LMS12

Features

Description

3 12 x 12-bit multiplier with pipe-
lined 26-bit output summer

0 Summer has 26-bit input port fully
independent from multiplier inputs

[ Cascadable to form video rate FIR
filter with 3-bit headroom

0 A, B, and Cinput registers sepa-
rately enabled for maximum
flexibility

0 25 MHz data rate for FIR filtering
applications

QO High speed, low power CMOS
technology

0 Package styles available:
¢ 84-pin Plastic LCC J-Lead
e 84-pin Grid Array

The LMS12 is a high speed 12 x 12-bit
combinatorial multiplier integrated
with a 26-bit adder in a single 84-pin
package. Itis an ideal building block
for the implementation of very high
speed FIR filters for video, RADAR,
and other similar applications. The
LMS12 implements the general form
(A*B) + C. Asaresult, it is also useful
in implementing polynomial approxi-
mations to transcendental functions.

Architecture

A block diagram of the LMS12 is
shown below. Its major features are
discussed individually in the follow-

ing paragraphs.
Multiplier

The A11-A0 and B11-Bo inputs to the
LMSI12 are captured at the rising edge

LMS12 Block Diagram

A11-Ao

ENA
ENB

gister

CLIK —

Ca25-Co

C Register

B11-Bo
12

S Register

of the clock in the 12-bit A and B input
register, respectively. These registers
are independently enabled by the
ENA and ENB inputs. The registered
input data are then applied to a

12 x 12-bit multiplier array, which
produces a 24-bit result. Both the
inputs and outputs of the multiplier
are in 2's complement format. The
multiplication result forms the input
to the 24-bit product register.

Summer

The C25-Co inputs to the LMS12 form
a 26-bit 2’s complement number
which is captured in the C register at
the rising edge of the clock. The C
register is enabled by assertion of the
ENCinput. The summer is a 26-bit
adder which operates on the C
register data and the (sign extended)
contents of the product register to pro-
duce a 26-bit sum. This sum is
applied to the 26-bit S register.

Output Multiplexer

The FTS input controls a multiplexer
which selects the data to be output on
the 525-50 lines. When FTS is as-
serted, the summer result is applied
directly to the S output port. When
FTS is deasserted, the multiplexer
selects the S register for output on the
S port, effecting a one-cycle delay of
the summer result. The S output port
can be forced to a high impedance
state by driving the OE control line
high. FTS would be asserted for con-
ventional FIR filter applications, how-
ever the insertion of zero-coefficient
filter taps may be accomplished by ne-
gating FTS. Negating FTS also allows
application of the same filter transfer
function to two interleaved datas-
treams with successive input and
output sample points occurring on
alternate clock cycles.
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12-bit Cascadable Multiplier-Summer

Figure 2. Flow diagram for 5-tap FIR filter.
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Applications

The LMS12 is designed specifically for
high speed FIR filtering applications
requiring a throughput rate of one
output sample per clock period. By
cascading LMS12 units, the transpose
form of the FIR transfer function is
implemented directly, with each of
the LMS12 units supplying one of the
filter weights, and the cascaded
summers accumulating the results.
The signal flow graph for a 5-tap FIR
filter and the equivalent implementa-
tion using LMS12’s is shown in Fig. 2.

y
!
i
lll'

——
———— ———

The operation of the 5-tap FIR filter
implementation of Fig. 2 is depicted in
Table 1. The filter weights ha-hoare
assumed to be latched in the B input
registers of the LMSI2 units. The x(n)
data is applied in parallel to the A
input registers of all devices. For
descriptive purposes in the table, the
A-register contents and Sum output
data of each device is labelled accord-
ing to the index of the weight applied
by that device; i.e., S0is produced by
the rightmost device, which has ho as

its filter weight and Ao as its input
register contents. Each column
represents one clock cycle, with the
data passing a particular point in the
system illustrated across each row.

DEVICES INCORPORATED

3-80

Logic Products



LMS12

Table 1. Timing example for 5-tap nondecimating FIR filter.

CLK Cycle | 1 2 3 4 5 6 7 8 9
X(n) Xn | Xn+1 | Xn+2 Xn+3 Xn+4 Xn+5 Xn+6 Xn+7 Xn+8
A4 Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn4+5 Xn+6 Xn+7
Sum 4 h4Xn haXn+1 h4Xn+2 h4Xn+3 h4Xn+4 h4Xn+5 h4Xn+6
A3 Register Xn Xn41 Xn+2 Xn+3 Xn+4 Xn45 Xn+6 Xn+7
Sum 3 h3Xn h3Xn+1 h3Xn+2 h3Xn+3 h3Xn+4 h3Xn+5 h3Xn+6
+ haXn-1 + h4aXn + haXn+1 + h4Xn+2 + h4Xn4+3 + h4Xn+4 + h4Xn4+5
A2 Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+5 Xn+6 Xn+7
Sum 2 h2Xn h2Xn+1 h2Xn+2 h2Xn+3 h2Xn+4 h2Xn+5 h2Xn+6
+ h3Xn-1 + h3Xn + h3Xn+1 + h3Xn+2 + h3Xn+3 + h3Xn+4 + h3Xn45
+ h4Xn-2 + h4Xn-1 + h4Xn + haXn+1 + haXn+2 + h4Xn+3 + h4Xn+4
A1 Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+5 Xn+6 Xn+7
Sum 1 h1Xn h1Xn+1 h1Xn+2 h1Xn+3 h1Xn+4 h1Xn+5 h1Xn+6
+ h2Xn-1 + h2Xn + h2Xn+1 + h2Xn+2 + h2Xn+3 + h2Xn+4 + h2Xn+5
+ h3Xn-2 + h3Xn-1 + h3Xn + h3Xn+1 + h3Xn+2 + h3Xn+3 + h3Xn+4
+ h4Xn-3 + h4Xn-2 + h4Xn-1 + h4Xn + haXn41 + h4Xn+2 + h4Xn+3
Ao Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+5 Xn+6 Xn+7
Sum 0 hoXn hoXn+1 hoXn+2 hoXn+3 hoXn+4 hoXn+5 hoXn+6
+ h1Xn-1 + h1Xn + h1Xn+1 + h1Xn+2 + h1Xn+3 + h1Xn+4 + h1Xn+5
+ h2Xn-2 + h2Xn-1 + h2Xn + h2Xn+1 + h2Xn+2 + h2Xn+3 + h2Xn+4
+ h3Xn-3 + h3Xn-2 + h3Xn-1 + h3Xn + h3Xn4+1 + h3Xn+2 + h3Xn+3
+ haXn—4 + h4Xn-3 + haXn-2 + h4aXn-1 + h4Xn + h4Xn+1 + h4Xn+2
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12-bit Cascadable Multiplier-Summer

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

Storage temperature b s s bbb R R e R saesa e R e e -65°C to +150°C
Operating ambient tEMPErAtUre ......cuvuieriierrrissneiersrssssssssssss st ssesssssessssssessssanasses -55°C to +125°C
Vec supply voltage with respect t0 roUnd........eeeoieiiereensnesesessne s s s -0.5Vto+7.0V
Input signal with respect to Ground.........cieevriiiinneees e e -3.0Vto+7.0V
Signal applied to high impedance output .-3.0Vto+7.0V
Output CUrrent INtO [OW OULPULS «....cuveiecreiieinseseieeresens e sea s s et sns st s ses s sa s s sesst s s st sns s st sessans 25 mA
LatChUP CUITENL w..vvtitiit ittt st sn s s s s s s s s s s et s s s s s b sttt s > 400 mA
Operating Conditions
To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc£5.25V
Active Operation, Military -55°C to +125°C 4.50V <Vcc£5.50V
Electrical Characteristics
Over Operating Conditions
Symbol  Parameter Test Conditions Min | Typ | Max |Unit
VOH Output High Voltage IoH = -2.0 mA 35 \%
VoL Output Low Voltage loL = 4.0 mA 05 | V
ViH Input High Voltage 2.0 Vecc | V
ViL Input Low Voltage Note 3 08 | V
lix Input Current Ground £ Vi<Vcc +20 | pA
loz Output Leakage Current Ground £ Vo < Vcc +20 | pA
los Output Short Current Vo = Ground, VcC = Max, Note 4, 8 -250 | mA
lcct Vcc Current, Dynamic Notes 5, 6 15 25 | mA
lcc2 Vcc Current, Quiescent Note 7 1.0 | mA
—————— Logic Products
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Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

LMS12-65 LMS12-50 LMS12-40

Symbol Parameter Min Max Min Max Min Max

tcp Clock Period 40 35 30

to Clockto S-FT =1 50 40 35

Clockto S-=FT =0 25 25 25

tsc C Data Setup Time 15 10 5

tsaB | A, B Data Setup Time 15 10 10

tseN | ENA, ENB, ENC Setup Time 15 10 10

tHc | C Data Hold Time 5 5 5

tHAB | A, B Data Hold Time 5 5 5

tHEN | ENA, ENB, ENC Hold Time 5 5 5

trw | Clock PulseWidth 15 15 12

teNA | Output Enable Time (Note 11) 25 25 25

tois | Output Disable Time (Note 11) 22 22 22

Switching Characteristics Over Military Operating Range (Notes 9, 10) (ns)

LMS12-65 LMS12-50
Symbol Parameter Min Max Min Max
tcp Clock Period 40 35
to Clock to S-=FT =1 50 40
Clockto S-FT =0 25 25
tsc C Data Setup Time 15 10
tsaB | A, B Data Setup Time 15 10
tseN | ENA, ENB, ENC Setup Time 15 10
tHc | C Data Hold Time 5 5
tHAB | A, B Data Hold Time 5 5
tHEN | ENA, ENB, ENC Hold Time 5 5
trw | Clock PulseWidth 15 15
teNA | Output Enable Time (Note 11) 25 25
tois | Output Disable Time (Note 11) 22 22
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12-bit Cascadable Multiplier-Summer
Switching Waveforms
A, B, C Inputs
. tsag, tsc —» tsag, tsc
__MA,
ENB, ENC
tSEN ———>1— tHEN ‘ |
Clock N PW >
/. o X i
S Outputs }
tp i
OE
tois tENA —
S Outputs
High Impedance
==== Logic Products
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Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess
of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. Supply current for a given applica-
tion can be accurately approximated
by

NCV?F

4

where

N = total number of device outputs
C = capacitive load per output

V =suppy voltage

F = clock frequency

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1 V
of Ve or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5 V (ex-
cept tEN/tDIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IOL and IOH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 pF ceramic capacitor should
be installed between Vcc and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.
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12-bit Cascadable Multiplier-Summer

Ordering Information
Commercial Operating Range (0°C to +70°C)
Performance
Package Style 65 ns 50 ns 40 ns
84-pin Plastic LCC, J-Lead — J3 LMS12JC65 LMS12JC50 LMS12JC40
84-pin Pin Grid Array — G3 LMS12GC65 LMS12G50 LMS12GC40
Military Operating Range (-55°C to +125°C)
Performance
Package Style 65 ns 50 ns
84-pin Pin Grid Array — G3 LMS12GM65 LMS12GM50
LMS12GME65 LMS12GMESO
LMS12GMB65 LMS12GMB50
—_— Logic Products
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Pin Assignments

© 1988, Logic Devices Incorporated. Re-

production of any portion hereof without
written consent is prohibited. Information

contained in this specification is intended as

a general product description and is subject
to change without notice. Logic Devices

does notassume any responsibility for use of

any product or circuit described and no
patent license rights are implied.

Pin Function Pin Function
J,K G J,K G
1 FO3 A4 43 FO9 S9
2 EO3 As 44 F11 S8
3 EO1 A6 45 G S7
4 E02 A7 46 G10 Se
5 FO1 A8 47 G09 Ss
6 DO1 A9 48 H11 S4
7 D02 A10 49 H10 S3
8 Cco1 An 50 M S2
9 BO1 ENA 51 K11 S1
10 Co2 Bo 52 J10 So
11 A01 B1 53 L11 C2s
12 B02 B2 54 K10 C24
13 B0O3 B3 55 K09 C23
14 A02 B4 56 L10 C22
15 A03 CLK 57 LO9 C21
16 BO4 Bs 58 K08 C20
17 A04 Be 59 LO8 C19
18 BO6 B7 60 j07 Cis
19 BO5 Bs 61 Ko7 Ci7
20 AO05 B9 62 LO7 Cie
21 Cos B1o 63 K06 C1s
22 Coé6 B11 64 Joée Ci4
23 A06 ENB 65 o5 C13
24 A07 S25 66 LO5 C12
25 B07 S24 67 K05 Cn
26 co7 S23 68 LO6 C1o
27 A08 S22 69 LO4 Co
28 B08 S21 70 K04 Cs
29 A09 S20 71 LO3 (ov4
30 A10 OE 72 L02 Ce
31 B09 FTS 73 K03 Cs
32 All Vcc 74 Lo1 GND
33 B10 S19 75 K02 C4
34 C10 S18 76 J02 C3
35 B11 S17 77 K01 C2
36 c1 S1e 78 JO1 C1
37 D10 S1s 79 HO2 Co
38 D11 S14 80 HO1 ENC
39 F10 S13 81 G03 Ao
40 E10 S12 82 G02 A1
41 E11 S1 83 Go1 A2
42 E09 S10 84 FO2 A3

P
—
- ———
i ——
—_—

—— ~———
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Multilevel Pipeline Register

L29C520/521

Features

Description

3 Four 8-bit registers

O Implements double 2-stage pipeline
or single 4-stage pipeline register

The Logic Devices L29C520 and
L.29C521 are pin for pin compatible
with the Advanced Micro Devices
AM29520 and AM29521, implemented

the I and S controls allows simultane-
ous write and read operations on
different registers.

0 Hold, Shift, Load instructions in low power CMOS. Table 1
O Separate data in and data out pins ~ The L29C520 and L29C521 contain 11 110 | L29C520 Instruction
0 High-speed, low-power CMOS four registers which can be configured
tec%molfc)) / P as two independent, 2-level pipelines | L |L | D=R1 R1->R2 R2->R3 R3-*R4
gy or as one 4-level pipeline. L |{H| HOLD HOLD D-*R3 R3-R4
[ Three-state outputs The Instruction pins, 10 and I1, control H|L | D=R1 R1=R2 HOLD HOLD
3 Available 100% screened to MIL- the loading of the registers. For either H| H | ALL REGISTERS ON HOLD
STD-883, Class B device, the registers may be config- b
. i i Table 2
Q Plug-compatible with AMD ured as a fov.}r stage delay }me, with
AM?29520 and AM29521 data loaded into R1 and shifted 11110 | L20C521 Instructi
sequentially through R2, R3, and Ra. 1170 nstruction
[ Package styles available: Also, for the L29C520, data may be L |L | D-=R1 R1->R2 R2->R3 R3->R4
® 24-pin Plastic DIP loaded from the inputs into either R1 LIH|HOLD HOLD D-R3 HOLD
* 24-pin CerDIP or R3 with only R2 or R4 shifting. The HIL | DR1 HOLD HOLD HOLD
* 24-pin Sidebraze, Hermetic DIP  L29C521 devices differ from the Al H [ ALL REGISTERS ON HOLD
¢ 24-pin Ceramic Flatpack L29C520 in that R2 and R4 remain
¢ 28-pin Plastic LCC, J-Lead unchanged during this type of data Table 3
¢ 28-pin Ceramic LCC (Type C) load, as shown in Tables 1 and 2.
Finally, Io and I1 may be set to prevent S1 So Reg. Selected
any register from changing. N 0 Ron 4
8
The So and S1 select lines control a L H Reg 3
4 to 1 multiplexer which routes the H L Reg 2
contents of any of the registers to the m ” Ren 1
Y output pins. The independence of 8
L29C520/521 Block Diagram
8 R1
D7-Do - Reg. 1 _—W Reg. 2 Reg. 3 |—>» Reg. 4 Ra 8
Y7-Yo
R3 —
OE
R4
Ibe —» 2 150
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Multilevel Pipeline Register

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

StOrage tEMPETAtUIE .....ivueuirnieereeirsnssstesssenss st st s e st st e st s sss et e saa s nansnsasassssass —-65°C to +150°C
Operating ambient tEMPETature ........cocemeuiriiieseimsesirnsesesss s s s sssssssassssssssssssssasssssassesraes -55°C to +125°C
Vcc supply voltage with respect to ground......iiiienniinniinessssse s s -0.5Vto+7.0V
Input signal with respect to ground

Signal applied to high impedance ouUtPUL .......cceeceinininencii s -3.0Vto+7.0V
Output CUITENt INtO IOW OULPULS ..eecueueecescce ettt st sttt st s st en s sr e b st s st s s 25 mA
LatChUP CUITENL ...ttt st st s s s st s are e s e sns s s sas e saseseae > 400 mA

Operating Conditions

To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 4.75V<Vcc<5.25V
Active Operation, Military -55°C to +125°C 4,50V <Vcc<5.50V

Electrical Characteristics
Over Operating Conditions

Symbol  Parameter Test Conditions Min Typ | Max |Unit
VOH Output High Voltage IOH =-6.5 mA 35 \%
VoL Output Low Voltage loL = 20.0 mA 05| V
ViH Input High Voltage 2.0 Vece | V
WL Input Low Voltage Note 3 08 | V
hix Input Current Ground £ VI < Vcc +20 | pA
loz Output Leakage Current Ground £ Vo £Vcc +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 -20 -100 | mA
Icct Vcc Current, Dynamic Notes 5, 6 10 15 | mA
lcc2 Vcce Current, Quiescent Note 7 1.0 | mA

== —=—= Logic Products
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L29C520/521

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

L29C52x-25 | L29C52x-22
Symbol Parameter Min | Max | Min | Max

trD CLK to Y7-Yo 25 22
tSEL 1,50 to Y7-Y1 25 20
tsD D7-Do to CLK Setup 13 10
tHD CLK to D7-Do Hold 3 3
tsi 11,10 to CLK Setup 13 10
tHI CLK to I,lo Hold 3 3
tois OE to Output Disable (Note 11) 25 15
tENA OE to Output Enable (Note 11) 25 21
tew Clock Pulse Width 10 10

Switching Characteristics Over Military Operating Range (Notes 9, 10) (ns)

129C52x-30 |L29C52x-24
Symbol Parameter Min | Max | Min | Max
tPD CLK to Y7-Yo 30 24
tsEL $1,50 to Y7-Yo 30 22
tsD D7-Do to CLK Setup 15 10
tHD CLK to D7-Do Hold 5 3
tsi 11,10 to CLK Setup 15 10
tHI CLK to I1,lo Hold 5 3
tois OE to Output Disable (Note 11) 20 16
{ENA OE to Output Enable (Note 11) 25 22
trw Clock Pulse Width 15 10
=== Logic Products
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Multilevel Pipeline Register

Switching Waveforms

Inst
(i1,10)
ts) ———>ra—tH
D7-Do
tsD ———»1e— tHD tew |
/ X
trw >
Mux Sel *
S1,50 X
l«— tpPD
Y7-Yo *
tseL |
OFE
tois —» tENA—>
Y7-Yo
High Impedance

DEVICES INCORPORATED
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L29C520/521

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess
of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. Supply current for a given applica-
tion can be accurately approximated
by

NCV?F

4

where

N = total number of device outputs
C = capacitive load per output

V = suppy voltage

F = clock frequency

6. Tested with all outputs changing
every cycle and no load, at a5 MHz
clock rate.

7. Tested with all inputs within 0.1 V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5 V (ex-
cept tEN/tDIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IOL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 uF ceramic capacitor should
be installed between Vcc and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.

DEVICES INCORPORATED
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Multilevel Pipeline Register

Ordering Information
Commercial Operating Range (0°C to +70°C)

Performance
Package Style 25 ns 22 ns
129C520 '
24-pin Plastic DIP (0.3") — P2 L29C520PC25 L29C520PC22
24-pin Sidebraze (0.3") L29C520DC25 L29C520DC22
Hermetic DIP — D2
24-pin CerDIP (0.3") — C1 L29C520CC25 L29C520CC22
28-pin Plastic LCC, )-Lead — J4 L29C520)C25 L29C520)C22
28-pin Ceramic LCC — K1 L29C520KC25 L29C520KC22
L29C521
24-pin Plastic DIP (0.3") — P2 L29C521PC25 L29C521PC22
24-pin Sidebraze (0.3") L29C521DC25 L29C521DC22
Hermetic DIP — D2
24-pin CerDIP (0.3") — C1 L29C521CC25 L29C521CC22
28-pin Plastic LCC, J-Lead — J4 1.29C521)C25 1L29C521)C22
28-pin Ceramic LCC — K1 L29C521KC25 L29C521KC22
Pin Assignments
Pin Function Function
P,D,CF| JK P,D,C,F JK
1 1 lo 15 17 Yo
2 2 I 16 19 Ys
3 3 Do 17 20 Y4
4 5 D1 18 21 Y3
5 6 D2 19 22 Y2
6 7 D3 20 23 Y1
7 8 D4 21 24 Yo
8 9 Ds 22 26 S1
9 10 De 23 27 So
10 12 D7 24 28 Vcc
11 13 CLK 4 NC
12 14 GND 1 NC
13 15 OE 18 NC
14 16 Y7 25 NC

I""
)
i
W]

——— ~———
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L29C520/521

Ordering Information

Military Operating Range (-55°C to +125°C)

Performance
Package Style 30 ns 24 ns
L29C520
24-pin Sidebraze (0.3") L29C520DM30 L29C520DM24
Hermetic DIP — D2 L29C520DME30 L29C520DME24
L29C520DMB24
24-pin CerDIP (0.3") — C1 L29C520CM30 L29C520CM24
L29C520CME30 L29C520CME24
L29C520CMB24
24-pin Ceramic Flatpack — F1 L29C520FM30 L29C520FM24
L29C520FME30 L29C520FME24
L29C520FMB24
28-pin Ceramic LCC — K1 L29C520KM30 L29C520KM24
L29C520KME30 L29C520KME24
L29C520KMB24
L29C521
24-pin Sidebraze (0.3") L29C521DM30 L29C521DM24
Hermetic DIP — D2 L29C521DME30 L29C521DME24
L29C521DMB24
24-pin CerDIP (0.3") — C1 L29C521CM30 L29C521CM24
L29C521CME30 L29C521CME24
L29C521CMB24
24-pin Ceramic Flatpack — F1 L29C521FM30 L29C521FM24
L29C521FME30 L29C521FME24
L29C521FMB24
28-pin Ceramic LCC — K1 L29C521KM30 L29C521KM24
L29C521KME30 L29C521KME24
L29C521KMB24

© 1988, Logic Devices Incorporated. Re-
production of any portion hereof without
written consent is prohibited. Information
contained in this specification is intended as
a general product description and is subject
to change without notice. Logic Devices
does notassume any responsibility for use of
any product or circuit described and no
patent license rights are implied.
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Multilevel Pipeline Register

LPR520/521

Features

Description

Q Four 16-bit registers

Q Implements double 2-stage pipeline
or single 4-stage pipeline register

The Logic Devices LPR520 and
LPR521 are functionally compatible
with the Advanced Micro Devices

Y output pins. The independence of
the I and S controls allows simultane-
ous write and read operations on

AM29520 and AM29521 but are 16 bits  different registers.
J Hold, Shift, Load instructions wide. They are implemented in low
CMOS.
(Q Separate data in and data out pins power Table 1
O High-speed, low-power CMOS Tht? LPR520 .and LPR521 co.ntain four 11110 | LPR520 Instruction
technolo ! registers which can be configured as
34 two independent, 2-level pipelines or L|L | D=R1 R1-+R2 R2-R3 R3—R4
Q Three-state outputs as one 4-level pipeline. L |H| HOLD HOLD D-R3 R3-R4
O Available 100% screened to MIL- The Instruction pins, 10 and I1, control H ,L_' D»RL RI1—;R2 (‘;:')LD :;OLD
STD-883, Class B the loading of the registers. For either H ALL REGISTERS ON HOL
. device, the registers may be config-
- Packag? styles a vailable: ured as a foufstage delZy line, wﬁh Table 2
* 40p n P.l astic DIP . data loaded into R1 and shifted .
¢ 40-pin Sidebraze, Hermetic DIP sequentially through R2, R3, and Re I1]lo | LPR521 Instruction
o 4y PinPlastic .Li%é'};*ad o  Also, for the LPR520, data may be L[L | DRI RI=R2 R2-R3 R3-R4
L] -’
pin Leramic YPEC) Joaded from the inputsinto either R1 | L | H | HOLD HOLD D—R3 HOLD
or R3 with o'nly Rz.’ or R4 shifting. The H|L | D=R1 HOLD HOLD HOLD
LPR521 devices differ from the HIH TALL REGISTERS ON HOLD
LPR520 in that R2 and R4 remain
unchanged during this type of data Table 3
load, as shown in Tables 1 and 2.
Finally, Io and I1 may be set to prevent S1 So Reg. Selected
any register from changing. L L Reg 4
The S0 and S1 select lines control a L H Reg 3
4 to 1 multiplexer which routes the H L Reg 2
contents of any of the registers to the H H Reg 1
LPR520/521 Block Diagram
16 Re
D15-Do 4 Reg. 1 }—» Reg. 2 Reg. 3 |—¥ Reg. 4 R2 16
Y15-Yo
R3 —
OE
R4
o —» 2 $1.6
1,50
Clock —»p
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Multilevel Pipeline Register

Maximum Ratings

Above which useful life may be impaired (Notes 1, 2, 3, 8)

StOrage tEMPETAtUIE ...veveiiereieisesiisiitisesiessstssssisssse e e s s ss s ssss s sn b aa e s e s ansn s nseansnass e snans -65°C to +150°C
Operating ambient temMpPerature .........oceureeniiensnssinn s s s s s sesas -55°C to +125°C
Vcc supply voltage with respect to ground.... ..-0.5Vto+7.0V
Input signal with respect to round.........ueeieiieeineisnnnee s e -30Vto+7.0V
Signal applied to high impedance output

Output current into [OW OULPULS .....cccrreerieriniriesnise e

LatChUP CUTTEN ucveitctieieiintrtssie s sttt s e s s s s h s s e sa st sn e e st eb bt e e st en

Operating Conditions
To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<5.25V
Active Operation, Military -55°C to +125°C 4,50V £Vcc£5.50V

Electrical Characteristics
Over Operating Conditions

Symbol  Parameter Test Conditions Min Typ | Max |Unit
VoH Output High Voltage IOH = -2.0 mA 3.5 \Y
VoL Output Low Voltage loL = 20.0 mA 05|V
VIH Input High Voltage 2.0 Vce | V
WL Input Low Voltage Note 3 08 | V
hix Input Current Ground £ Vi £ Vcc +20 | pA
loz Output Leakage Current Ground £ Vo <Vcc +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 -20 -100 | mA
Icc Vcc Current, Dynamic Notes 5, 6 10 25 | mA
lcc2 Vcc Current, Quiescent Note 7 1.0 | mA

== == Logic Products
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LPR520/521

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

LPR52x-25 LPR52x-22
Symbol Parameter Min | Max | Min | Max

tPD CLK to Y15-Yo 25 22
tseL S1,50 to Y15-Yo 25 20
tsD D15-Do to CLK Setup 13 10
tHD CLK to D15-Do Hold 3 3
tsi 11,10 to CLK Setup 13 10
tHi CLK to I1,lo Hold 3 3
tois OE to Output Disable (Note 11) 25 15
tENA OE to Output Enable (Note 11) 25 21
trw Clock Pulse Width 10 10

Switching Characteristics Over Military Operating Range (Notes 9, 10) (ns)

LPR52x-30 LPR52x-24
Symbol Parameter Min | Max | Min | Max

trD CLK to Y15-Yo 30 24
tSEL S1,50 to Y15-Yo 30 22
tsD D15-Do to CLK Setup 15 10
tHD CLK to D15-Do Hold 5 3
tsi 11,10 to CLK Setup 15 10
tHi CLK to I1,lo Hold 5 3
tois OE to Output Disable (Note 11) 20 16
tENA OE to Output Enable (Note 11) 25 22
trw Clock Pulse Width 15 10

Logic Products
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Multilevel Pipeline Register

Switching Waveforms

e A
tsi > —tHi
D15-Do X
[¢———— tsp ———»te— tHD [« tew I!——-—
Clock 7! A
tew
o J— A
le— tpD
Y15-Yo }
tSEL >
tols —» tENA—
Y15-Yo High Impedance
EsSs==5, Logic Products
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LPR520/521

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess
of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

,IIII
I;:b
b
i
(]

— i ~——— —

5. Supply current for a given applica-
tion can be accurately approximated
by

NCV?F

4

where

N = total number of device outputs
C = capacitive load per output

V = suppy voltage

F =clock frequency

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1 V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5 V (ex-
cept tEN/DIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IOL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 pF ceramic capacitor should
be installed between Vcc and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured £200 mV
from steady-state voltage with speci-
fied loading.

Logic Products

DEVICES INCORPORATED

3-101



Multilevel Pipeline Register

Ordering Information

Commercial Operating Range (0°C to +70°C)

Performance
Package Style 25 ns 22 ns
LPR520
40-pin Plastic DIP (0.6") — P3 LPR520PC25 LPR520PC22
40-pin Sidebraze (0.6") LPR520DC25 LPR520DC22
Hermetic DIP — D3
44-pin Plastic LCC, }-Lead — J1 LPR520JC25 LPR520jC22
44-pin Ceramic LCC — K2 LPR520KC25 LPR520KC22
LPR521
40-pin Plastic DIP (0.6") — P3 LPR521PC25 LPR521PC22
40-pin Sidebraze (0.6") LRP521DC25 LPR521DC22
Hermetic DIP — D3
44-pin Plastic LCC, )-Lead — J1 LRP521)C25 L29C521)C22
44-pin Ceramic LCC — K2 LPR521KC25 LPR521KC22
Military Operating Range (-55°C to +125°C)
Performance
Package Style 30ns 24ns
LPR520
40-pin Sidebraze (0.6") LPR520DM30 LPR520DM24
Hermetic DIP — D3 LPR520DME30 LPR520DME24
LPR520DMB24
44-pin Ceramic LCC — K2 LPR520KM30 LPR520KM24
LPR520KME30 LPR520KME24
LPR520KMB24
LPR521
40-pin Sidebraze (0.6") LPR521DM30 LPR521DM24
Hermetic DIP — D3 LPR521DME30 LPR521DME24
LPR521DMB24
44-pin Ceramic LCC — K2 LPR521KM30 LPR521KM24
LPR521KME30 LPR521KME24
LPR521KMB24

IIIII
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LPR520/521

Pin Assignments

Pin Function Pin Function
P,D J P,D J
1 1 lo 23 25 Y14
2 2 I 24 26 Y13
3 3 Do 25 27 Y12
4 4 D1 26 29 Y11
5 5 D2 27 30 Y10
6 7 D3 28 31 Y9
7 8 D4 29 32 Ys
8 9 Ds 30 33 Y7
9 10 De 31 34 Yo
10 11 D7 32 35 Ys
11 12 Ds 33 36 Y4
12 13 D9 34 37 Y3
13 14 D1o 35 38 Y2
14 15 D11 36 40 Y1
15 16 D12 37 41 Yo
16 18 D13 38 42 S1
17 19 D14 39 43 So
18 20 D15 40 44 Vcc
19 21 CLK 6 NC
20 22 GND 17 NC
21 23 OF 28 NC
22 24 Y15 39 NC

© 1988, Logic Devices Incorporated. Re-
production of any portion hereof without
written consent is prohibited. Information
contained in this specification is intended as
a general product description and is subject
to change without notice. Logic Devices
does notassume any responsibility for use of
any product or circuit described and no
patent license rights are implied.
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Dual Pipeline Register

L29C524/525

Features

Description

0 Pipeline Registers — dual 7-deep

(L29C524) or dual 8-deep

(L29C525)

O Configurable to single 14-deep and

single 16-deep
0 Hold, Shift, Load instructions

{3 Separate data in and data out pins

O High-speed, low-power CMOS

technology

O Three-state outputs

[ Available 100% screened to MIL-

STD-883, Class B

0O Plug-compatible with AMD
AM29524 and AM29525

0 Package styles available:
¢ 28-pin Plastic DIP
¢ 28-pin Sidebraze, Herme,

A ..
C .
. ou
P to A%, andsoon. T
ster

The Logic Devices 1L.29C524 and Instruction I1,I0 = 01 (Push B) acts
L29C525 are high performance, low similarly to the Push A & B instruc-
power CMOS pipeline registers. They tion, except that only the B side reg-
are pin-for-pin compatible with the isters are shifted. The input data
Advanced Micro Devices Am29524 is applied to register Bo, and the
and Am29525. The products cap contents of the last register on the

be configured as two indep
Q

7-level (or 8-level) pipelines

at\A side registers are shifted
d registers are unaffected.

on I1,Io = 11 (Hold) causes no
rnal data movement. It is equiva-

lent to preventing the application of a

clock edge to any internal register.

The contents of any of the registers is
selectable at the output through the
use of the S3-50 control inputs. On the
L29C524, the input pins D7-Do may
L29C524,A7 also be selected to drive the output,
wrapR ck to and all output pins may be forced to
istagd-pnthe Brside are similarly zero. The independence of the I and S
i the contents of the last control lines allows simultaneous
n the B side (B¢ for the reading and writing. Encoding for the
, B7 for the L29C525) lost. $3-50 controls is given in Table 3.

D7-Do

I,lo

Clock

L29C524/525 Block

©
2

& |
N ;
2
—_— b

™~

A0 ——p)
A1 ——)
A2 —
A3 —
A4 —
As ——
A6 ——
0/A7*——

Register A2
Register A3
Register As
Register As
Register A6
Register A7*

Register Bo

Register B1

Mux

8 Y7-Yo
Bo —
B1 — t OE
B2 ———
B3 —
B4 —»
B5 —»
Bs ——»
D7-Do* ———x
B7 4

*Applies to L29C525 only.

Register B2
Register B3
Register B4
Register Bs
Register B6
Register B7*

$3-So

DEVICES INCORPORATED
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Dual Pipeline Register

Table 1. Register Load Operations (See Table 2 for instruction codes.)

Single 14/16 Level Dual 7/8 Level
Push A &B Push B Push A No-Op
F—} Hold l L Hold Hold Hold
Ao Bo Ao Bo Ao Bo Ao Bo
Al B1 Al B1 A1 B1 A1 B1
A2 B2 A2 B2 A2 B2 A2 B2
A3 B3 A3 B3 A3 B3 A3 B3
A4 B4 A4 B4 A4 B4 A4 B4
As Bs As Bs As Bs As Bs
As Be As Be Aé Be Aé Be
A7* B7* A7* B7* A7* B7* A7* B7*
]

* A7 and B7 registers apply only to L29C525

Table 2. Instruction Set Descriptions Table 3. Select Operation Descriptions
Inputs ss | s2 | s1 | so Y7-Yo
Mnemonic ] o Description

0 0 0 0 A0

LDB 0 1 Push B 0 0 1 0 A2

LDA 1 0 Push A 0 0 ! ! A3

HLD 1 1 No-Op 0 ! L A
0 1 0 1 As
0 1 1 1 As

0 (L29C524)
1
o |1 1 A7 (L29C525)
1 0 0 0 Bo
1 0 0 1 B1
1 0 1 0 B2
1 0 1 1 B3
1 1 0 0 B4
1 1 0 1 Bs
1 1 1 1 D7-Do (L29C524)
B7 (L29C525)
——————— Logic Products
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L29C524/525

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

StOrage tEMPEratUre ......ecieueiieiieiiiee ettt e s e st e s e e e s e st s s et en -65°C to +150°C
Operating ambient tEMPErature ........c.oocvviiieeniniiiniee s s s ssasnsenas -55°C to +125°C
Vcce supply voltage with respect to Bround......ueeee et -0.5Vto+7.0V
Input signal with respect to round.........iiinn i e -30Vto+7.0V
Signal applied to high impedance OULPUL ... -30Vto+7.0V
Output current iNtO IOW OULPULS ....cuieiiiiiiicictitintiint et s ss st st st s st s s aeas s s s sae st s aanes 25 mA
LAtCRUP CUITENE ottt sttt e sn b s se b s e b e bbb s sas et snsae st sa e ansmr e sraas e s > 400 mA
Operating Conditions
To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 4,75V <Vcc£5.25V
Active Operation, Military -55°C to +125°C 4.50V<Vee<5.50V
Electrical Characteristics
Over Operating Conditions
Symbol Parameter Test Conditions Min Typ | Max |Unit
VoH Output High Voltage IoH =-15.0 mA 2.4 \%
Vol Output Low Voltage loL = 24.0 mA 05 | V
VIH Input High Voltage 2.0 Vcc | V
ViL Input Low Voltage Note 3 08 | V
hx Input Current Ground < VI < Vcc +20 | pA
loz * Output Leakage Current Ground < Vo < Vcc +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 ~100 | mA
Icct Vcc Current, Dynamic Notes 5, 6 10 15 | mA
lcc2 Vcce Current, Quiescent Note 7 1.0 | mA
DEVICES INCORPORATED I..OgIC Products
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Dual Pipeline Register

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

Symbol Parameter Min | Max | Min | Max
trPD CLK to Y7-Yo
tsEL S3-So to Y7-Yo
trDDO D7-Do to Y7-Yo (L29C524) << X\)
s D7-Do to CLK Setup s J /D
tHD CLK to D7-Do Hold A ( s 77\
tsl 11,10 to CLK Setup (( N {( \)
tH CLK to It Jo Hold AN/ AN _/
tois OFE to Output Disable Times (No& 7N \
tENA OE to Output Enable Times (Note 1 ~ \\
trw Clock Pulse Width \b%\» \b\

Switching Characterl ove ary Operati Not¥s 9, 10) (ns)

Symbol Paragm&f\a& )Z @Q Min_| Max | Min | Max

tPD v s //\\“
tSEL S3-S4 to Y7-Yo 5 (\ )}

trDDO D7—D\é to Y7—Y{(2 /9554)\/
50 D7-Doto c&%\hp\\

tHD CLK ta B7=BeHe
tsi h Qs\(}%etup
tH CLK to\Qr\o}Hold

tois OF to Output Disable Times (Note 11)
tENA OFE to Output Enable Times (Note 11)
trw Clock Pulse Width
= Logic Products
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L29C524/525

Switching Waveforms

Inst
(G} ,T;) X
D7-Do X

[¢—— tsp ————»te— tHD

< tpw !
Clock /[ )K }'——

tpw >
Mux Sel *
5350 X

«— tpD
Y7-Yo %

« tsEL

tsi »re— tH

- teoDO

OE
tpis —» —— tENA:

Y7-Y0

High Impedance

Logic Products
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Dual Pipeline Register

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand VcC + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess
of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. Supply current for a given applica-
tion can be accurately approximated
by

NCVF

4

where

N = total number of device outputs
C = capacitive load per output

V =suppy voltage

F =dlock frequency

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1 V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5 V (ex-
cept tEN/DIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IOL and IOH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 uF ceramic capacitor should
be installed between VcC and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

¢. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured 200 mV
from steady-state voltage with speci-
fied loading.

Logic Products
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L29C524/525

Ordering Information Pin Assignments

Pin | Function Pin | Function
Contact Factory ] S e ”
2 So 16 Y7
3 Do 17 Ye
4 D1 18 Ys
5 D2 19 Y4
6 D3 20 Ot
7 Vcc 21 GND
8 GND 22 Vcc
9 D4 23 Y3
10 Ds 24 Y2
11 De 25 Y1
12 D7 26 Yo
13 lo 27 S3
14 CLK 28 S2

© 1988, Logic Devices Incorporated. Re-
production of any portion hereof without
written consent is prohibited. Information
contained in this specification is intended as
a general product description and is subject
to change without notice. Logic Devices
does notassume any responsibility for use of
any product or circuit described and no
patent license rights are implied.

628 East Evelyn Avenue e Sunnyvale, CA 94086 e Telephone 408-720-8630 ¢ FAX 408-733-7690
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Variable Length Shift Register L10C11

Features Description

O Variable length 4 or 8 bit-wide shift The L10C11 consists of two 4-bit wide, outputs is R1 to R2 to R18, consisting
register adjustable length shift registers. These of three stages of delay.

registers share control signals and a

common clock. Both shift registers

can be programmed together to any

0 Hold, Shift, Load instructions length from 3 to 18 stages inclusiv

0 Selectable length from 3 to 18
stages

The MODE control input is registered,
and determines whether one or both
of the internal shift registers have

0 Separate data in and data out pins

O High-speed, low-power CMOS The configuration implem
technology termined by the Length codd\(

O Plug-compatible with TRW and MODE line as s m
TDC1011 Each input is applied to a cha
. . i i e ed opthe
0 Package styles available: Kin

¢ 24-pin Plastic DIP
¢ 24-pin CerDIP
e 24-pin Sidebraze, Hermetic DIP

Lengthrregister contains 0, the inputs
delayed by 3 clock periods. When

the Length register contains 1, the

delay is 4 clock periods, and so forth.
h The Length control field (L3-L0) and
the MODE input are registered at the
rising edge of the Clock. Both the
length and MODE values may be
changed at any time without affecting
the contents of registers R17-R1.

Table 1. Control Encoding
L10C11 Block Di Input Code | Mode=0 | Mode=1
- ® Delay Delay
-3 -
D3-Do E F L3 L2 L1 Lo [Y3-0 Y7-4 |Y3-0 Y74
¥ i Y3-Yo 000 O0|3 3|3 18
000 1|4 4|4 18
001 0|5 5|5 18
001 1|6 6|6 18
Clock — 010 0|7 7|7 18
01 0 1|8 8|8 18
01 1 09 9|9 18
01 1 1 [10 10 [10 18
< 2 I 2l |z 100 0 (11 11 |11 18
D7-Ds 2 Zhese 5l 5 NN iy 10 0 1 |12 12 [12 18
& ¥ B |® 3| |3 v« | f1 0 1 0 |13 13 [13 18
= 1.0 1 1 ]14 14 |14 18
11 0 0115 15 |15 18
11 0 1|16 16 |16 18
1T 1 1 0 (17 17 {17 18
e e 11 1 1 /18 18 [18 18
e iy it B

Logic Products
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Variable Length Shift Register

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

StOrage tEMPETALUIE ....cceeuiieieesrein ittt et e ss bbb sa bbbt sa b s sa e bsnaR S s s nansn e sasenenen -65°C to +150°C
Operating ambient teMPErature ........cuceemireiiniinnisiessisss s s sssesesssssessass -55°Cto +125°C
Vcc supply voltage with respect t0 round......eieevnnininenennnisssnee s s ssaes -0.5Vto+7.0V
Input signal with respect t0 Bround........oiiiiinnnninnieninien s s -3.0Vto+7.0V
Signal applied to high impedance QUIPUL ..o -30Vto+7.0V
Output cUrrent it lOW OUIPULS ...ccuiuiieiuisitiniiesisnssiiessieisinese e e ss e s s asesas e se s sssesesassssrsassnsne s 25 mA
LatChUP CUITENE vttt s e e s s s s s e s e a e e n s e > 400 mA
Operating Conditions
To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 4.75V<Vcc<5.25V
Active Operation, Military -55°C to +125°C 4.50V<Veec£5.50V
Electrical Characteristics
Over Operating Conditions
Symbol  Parameter Test Conditions Min | Typ | Max |Unit
VoH Output High Voltage IoH =-15.0 mA 2.4 A%
VoL Output Low Voltage loL = 24.0 mA 05 | V
VIH Input High Voltage 2.0 Vecc | V
ViL Input Low Voltage Note 3 08 | V
hix Input Current Ground < VI < Vcc +20 | pA
loz Output Leakage Current Ground £ Vo < Vcc +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 =100 | mA
lcct Vcc Current, Dynamic Notes 5, 6 10 15 | mA
Icc2 Vce Current, Quiescent Note 7 1.0 | mA
DEVICES INCORPORATED LOgIC Products
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L10C11

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)
Symbol Parameter Min | Max | Min | Max
trD CLK to Y7-Yo
tsD D7-Do to CLK Setup /\ Jq
tHD CLK to D7-Do Hold N \ ))
tsL L3—Lo, MODE to CLK Setup K N\ ST
tH CLK to L3-Lo, MODE Hold XX o RN
N
(- 1)

tpw Clock Pulse Width
\/ \\/
Switching Characteristics Over Military Operat§ otes 9, 1(&

\>

Symbol Parameter A % Min | Max | Min | Max

D CLK to Y7-Yo \ \\/ N \\)
tsD D7-Doto CLK Se/tg&N\\’ RX\ ~N
N

o | CLKto D7-DFFlold\\ A\
L3-lo, MODRWCLK Sup N\ LV

s
tHL CLKtWoId /\ \
trw CIockP er

R
o
Switching Wavef(ﬁ\ngiA
S

L3-Lo,
MODE X
tst ————»a—tHL
D7-Do
N tsp <— tHD trw ]
Clock 4 p }
/e tpw \

le— tpp
Y7-Yo %

= Logic Products
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Variable Length Shift Register

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess

of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. Supply current for a given applica-
tion can be accurately approximated
by

NCVF

4

where

N = total number of device outputs
C = capacitive load per output

V = suppy voltage

F = clock frequency

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1 V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5 V (ex-
cept tEN/tDIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IoL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 uF ceramic capacitor should
be installed between VcC and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured £200 mV
from steady-state voltage with speci-
fied loading.

Logic Products
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L10C11

Ordering Information Pin Assignments
Call Factory Pin Function Pin Function

1 Do 13 Yo

2 D1 14 Y1

3 D2 15 Y2

4 D3 16 Y3

5 Lo 17 L2

6 L1 18 L3

7 Vcc 19 GND
8 CLK 20 MODE
9 D4 21 Y4
10 Ds 22 Ys
11 De 23 Ye
12 D7 24 Y7

© 1988, Logic Devices Incorporated. Re-
production of any portion hereof without
written consent is prohibited. Information
contained in this specification is intended as
a general product description and is subject
to change without notice. Logic Devices
does notassume any responsibility for use of
any product or circuit described and no
patent license rights are implied.

628 East Evelyn Avenue ® Sunnyvale, CA 94086 * Telephone 408-720-8630 * FAX 408-733-7690
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Serial Scan Register

L29C818

Features

Description

O Octal register with additional 8-bit

shiftable shadow register

0 Serial load /verify of writable
control store RAM

0 Serial stimulus/observation of
sequential logic

O High-speed, low-power CMOS
technology

O Available 100% screened to MIL-

STD-883, Class B

Q Plug compatible with AMD
Am29818

O Package styles available:
¢ 24-pin Plastic DIP

¢ 24-pin Sidebraze, Hermetic DIP

¢ 28-pin Ceramic LCC

The L29C818 is a high-speed octal Also, data present on the SDI pin is
register designed especially for appli- loaded into the least significant
cations using serial-scan diagnostics ~ position of the S register on the rising
or writable control store. Itispinand edge of CLKS. In this mode, the S
functionally compatible with the register performs a right shift opera-
AMD Am?29818 bipolar device. tion, with the contents of each bit
position replaced by the value in the

The L29?818 con sists ° fan octal r' next least significant location. The
ster (the "P" register), internally e i A .

An input control si
combination

hen MODE is high, the internal
ultiplexers route data between the S
and P registers, and the Y port. The
contents of the S register are loaded
into the P register on the rising edge
of CLK P. In diagnostic applications,

sDI \\{Q
CLKS Regi

Y1 Y7

SDI SDO

\E ih———
MODE % - S Mux
8 CLK'S b
[ Q _>Q _".—>Q
CLKP > P Register I
R “ A
. 8L Pr-Po So S1 S7
OE »
S REGISTER
8
Yo-Ya
— - P N
- AU AN N AR
- AN A .-
L L I & ¥ | [e—"
A Ve WA BN Y
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Serial Scan Register

this allows a data value input via
serial scan to be loaded into the active
data path of the machine.

When the MODE pin is high, CLKS
causes a parallel rather than serial
load of the S register. In this mode,
the S register is loaded from the Y7-Y0
pins at the rising edge of CLK' S. This
is useful in writable control store
applications for readback of the
control store via the serial path.

When MODE is high, the SDI pin is
used as a control input to enable or
disable the loading of the S register,
and it also affects routing of the S
register contents onto the D7-Do
outputs. When SDIis low, the S
register is enabled for loading as
above. When SDI is high however,
CLK S is prevented from reaching the
S register, and no load occurs. In

required. When MODE is high, the
SDI input drives the SDO output
directly, bypassing the S register. This
means that the SDI value will apply
simultaneously to all L29C818sin a
serial loop. However, to ensure
proper operation of a given device,
the user must ensure that the SDI
setup time to CLK S is extended by
the sum of the SDI to SDO delays of
all previous devices in the serial path.

The D7-Do port is normally used as
the input port to the D register. For
writable control store applications
however, this port is connected to the
1/0 pins of the RAM used as a control
store. In order to load this RAM
through the serial path, it is necessary
to drive the S register contents onto
the D7-Do pins. This is accomplished
when MODE and SDI are high, and a
CLK Srising edge occurs. Note from

enables the D port output buffer. The
D output remains enabled until the
first rising edge of CLK S during
which either SDI or MODE is low.
Thus to load a control store RAM,
data would be shifted in with MODE
low. When an entire control store
word was present in the serial S
registers, the SDI and MODE pins are
brought high for one or more cycles,
preventing further shifting of the S
registers and enabling the contents
onto the D port for writing into the
RAM.

To verify the contents of a control
store RAM, the RAM is read into the
D register in the normal fashion.

Then, the D contents are transferred in
parallel to the S register by driving
MODE high with SDI low. Then, the
S register contents are scanned out
serially by returning MODE to low

order to allf)w the SDI pin to serve as above that with SDI high, no loading ~ and applying CLK S pulses.
an enable signal for all L29C818 .
e X . X of the S register occurs. However, a
devices in a serial configuration, flip-flop is set which syncronously
special handling of the SDI input is
Table 1. Function table.
Inputs Outputs Action
MODE SDI CIKS CLKP P REG S REG Y7-Yo D7-Do  SDO
o x T X N/A SHIFT Normal Hi-Z 4
0 X X T LOAD D N/A Normal Input S7
1 0 T X N/A LOAD Y Input* Hi-Z SDI
1 1 T X N/A HOLD Normal Output  SDI
1 X X T LOAD S N/A Normal Hi-Z SDI

*1f OE is 0, the D register value will be loaded into the S register. If O is 1, a value may be applied

externally to the Y7-Y0 pins.

|l|l|
)
i)
i
'

— i ——

DEVICES INCORPORATED

3-120

Logic Products



L29C818

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

StOrage tEMPErature ......uiceiisemniiiuieiiinniiiissss e nasssnssessssssesssssssssssannnns . -65°C to +150°C
Operating ambient tEMPETature .........ceveiirmierieniiersiisese s s sss s snernes -55°Cto +125°C
Vec supply voltage with respect to round......cecieiiieeiriiss s s -0.5Vto+7.0V
Input signal with respect to ground ...-3.0Vto+7.0V
Signal applied to high impedance ouUtPUL ... -30Vto+7.0V
Output current iNtO IOW OULPULS ...ucuiviiimiiiiimeisiiiisinnasiesissssssssssse s snssssssssssssssssssssssssessssnsssssaseses 25 mA
LIS 1 ol 0T T ol =1 | OO PPN > 400 mA

Operating Conditions
To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 4,75V <Vecc<£5.25V
Active Operation, Military -55°Cto +125°C 4.50V<Vcec<5.50V

Electrical Characteristics

Over Operating Conditions

Symbol Parameter Test Conditions Min Typ | Max |Unit
VoH Output High Voltage IoH = -15.0 mA 2.4 \%
VoL Output Low Voltage loL = 24.0 mA 05 | V
ViH Input High Voltage 2.0 \%
ViL Input Low Voltage Note 3 08 | V
lix Input Current Ground £ Vi< Vce +20 | pA
loz Output Leakage Current Ground £ Vo £ Vcc +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 =100 | mA
Icct Vcc Current, Dynamic Notes 5, 6 10 15 | mA
lcc2 Vcce Current, Quiescent Note 7 10 [ mA

— | ~———
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Serial Scan Register

Switching Characteristics
Symbol Parameter Min | Max [ Min | Max
trD CLK P to Y7-Yo /( \\L \
MODE to SDO Y ) ——\
SDI to SDO A A N
(K5 10500 7> (IR
ts D7-Do to CLK P Setup SN/ AN S
MODE to CLK P Setup <
Y7-Yo to CLK S Setup ~ - -
o s

MODE to CLK'S Setup A
SDI to CLK'S Setup \\ K<
CLKSto CLK P Setup\\ — \\%\S
CLKPoCLKSSAGNY o~ N\
tH CLK P 1o D7-Dotjold ) <<)@
ariponr AN
CLK S to Yoo Frofd ( \)
ClkStosDYHold 7 \S_/
trw CLK S Pulsewidth (%éh Low)
CLK P Pulsewidth (HigRapd ow)
Bkle

tENA OE to Y7Q<{<E

le
CLKSto D%Q\wﬁble

OF to Y7-Yo Disible
CLK S to D7-Do Disable

tois

Logic Products
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L29C818

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above VcC will be clamped beginning
at-0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess

of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

e . —— . ——

5. Supply current for a given applica-
tion can be accurately approximated
by

NCVF

4

where

N = total number of device outputs
C = capacitive load per output

V = suppy voltage

F = clock frequency

6. Tested with all outputs changing
every cycle and no load, at a 5 MHz
clock rate.

7. Tested with all inputs within 0.1V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5 V (ex-
cept tEN/tDIS test) and input levels of
nominally 0 to 3.0 V. Qutput loading
is a resistive divider which provides
for specified IoL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 uF ceramic capacitor should
be installed between VcC and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VcC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.
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Serial Scan Register

Ordering Information
Call Factory

Pin Assignments

Pin Function Pin Function

P,D K P,D K

1 2 OE 15 18 Y7

2 3 CLK S 16 19 \(3

3 4 Do 17 20 Ys

4 5 D1 18 21 Y4

5 6 D2 19 23 Y3

6 7 D3 20 24 Y2

7 9 D4 21 25 Y1

8 10 Ds 22 26 Yo

9 11 De 23 27 MODE
10 12 D7 24 28 Vce
1 13 SDI 1 NC
12 14 GND 8 NC
13 16 CLK P 15 NC
14 17 SDO 22 NC

© 1988, Logic Devices Incorporated. Re-
production of any portion hereof without
written consent is prohibited. Information
contained in this specification is intended as
a general product description and is subject
to change without notice. Logic Devices
does notassume any responsibility for use of
any product or circuit described and no
patent license rights are implied.

628 East Evelyn Avenue e Sunnyvale, CA 94086 ¢ Telephone 408-720-8630 e FAX 408-733-7690
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Three Port Register File

LRFO7

Features

Description

3 8-word x 8-bit three port memory

O Independently addressable ports:
1input, 1 output, 1 bidirectional

O High-speed, low-power CMOS
technology

3 Internally-latched control bits

0 High-speed scratchpad memory
with overlapped data fetch/store

[ Fully TTL compatible
0 60 mW typical power dissipation

0 Package styles available:
* 40-pin Plastic DIP
¢ 40-pin Sidebraze, Hermetic DIP
*® 44-pin Ceramic LCC (Type C)

The LRF07 is an 8 word x 8 bit
expandable register file with three
independently addressable ports,
designated A, B, and C. Each port has
eight data lines, three address lines
and a port enable control. All address
and control lines are registered to
facilitate instruction pipelining in
microprogrammed systems. All ports
may be used simultaneously in any
clock cycle.

The C port is a read only port. C port
address lines (CA2—CA0) are latched
at the rising edge of the clock. The
data indicated by the respective port
address will be presented on the
output lines one TACC following the
clock edge on which the address is
latched. If the same register is

LRFO7 Block Diagram
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simultaneously addressed for writing
from a different port, the data pre-
sented to the outputs is the contents
of the register prior to the write
operation.

The B port is a write port. B port
address lines (BA2-BA0) are latched at
the rising edge of the clock. The
contents of the B address register are
decoded to control data routing
multiplexers. These supply data from
the input pins to the desired register.
Data meeting the setup time is latched
into the addressed register on the
clock edge following the one which
latched the address. Simultaneous
writes to the same register from
multiple ports result in storage of the
logical 'OR' of the input data.

The A port is a bidirectional port.
The A Read/Write control AR/W is
latched along with the address lines
(AA2-AA0) and determines whether
the A port acts as an input or an out-
put during any clock period. When
AR/Wisa'l' at the clock edge, the A
port presents the addressed data on
the A7-Ao data lines. A portread
operations are thus performed iden-
tically to C port reads. When AR/W
is a'0 at the clock edge, A port writes
are executed in the same manner as

B port writes, with the data latched on
the clock edge following application
of the corresponding address.

All ports have associated port enable
inputs. These inputs are internally
registered and are applied simultane-
ously with the corresponding port
address. In the case of the C port,

the COE input is a three state output
control. A 1" at these inputs places
the corresponding data lines in a high
impedance state beginning one TDIS
following the clock edge. The B

port enable BWE serves as a regis-
tered write enable input. A '1' latched
on these inputs disables write opera-
tions from the port on the following
clock edge. The A port enable APE,
serves the dual function of write
enable or three state enable depending
on the direction of the A port.
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Three Port Register File

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

Storage temperature ........cccovervesresesrnsenaenes

Operating ambient tEMPETAtUIE ......coceieeiiineinii s s e sa s s e s
Vec supply voltage with respect to ground...
Input signal with respect to GroUNd.......euiciiinnnini b
Signal applied to high impedance OUPUL ...t
Output current iNtO [OW OULPULS ......uceeiemniieincitiin s et s sn s s s ns s b sren

LatChUP CUITENL w.evitiiniir ittt s s s s e sb s s s b bbb b s e sbe s sbs st b

Operating Conditions
To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<5.25V
Active Operation, Military -55°C to +125°C 4.50V<Vcc<5.50V

Electrical Characteristics

Over Operating Conditions
Symbol  Parameter Test Conditions Min | Typ | Max |Unit

VoH Output High Voltage IoH =-2.0 mA 2.4 \%
VoL Output Low Voltage loL = 8.0 mA 05 | V
VIH Input High Voltage 2.0 Vcc | V
ViL Input Low Voltage Note 3 08 | V
hx Input Current Ground < VI £ Vcc +20 | pA
loz Output Leakage Current Ground £ Vo < Vcec +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 -20 -100 | mA
Icc Vcc Current, Dynamic Notes 5, 6 10 30 | mA
Icc2 Vcc Current, Quiescent Note 7 1.0 | mA
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LRFO7

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

LRF07-35
Symbol Parameter Min | Max
tacc CLK to Output 35
tois OE to Output Disable (Note 11) 25
tENA OE to Output Enable (Note 11) 35
trw Clock Pulse Width 25
ts Input Setup Time 15
tH Input Hold Time 5
Switching Characteristics Over Military Operating Range (Notes 9, 10) (ns)
LRF07-35
Symbol Parameter Min | Max
tacc CLK to Output 35
tois OFE to Output Disable (Note 11) 25
tENA OE to Output Enable (Note 11) 35
trw Clock Pulse Width 25
ts Input Setup Time 15
tH Input Hold Time 5

Switching Waveforms

tpw a trw

Clock
oc P ‘P ) 4
.

ts —»

Write and N X X

Address Control

Read Address
and Control

Data In N-1 K N
- tacc

e LENA
tpis
Data Out M x M1
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Three Port Register File

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess
of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. Supply current for a given applica-
tion can be accurately approximated
by

NCV?F

4

where

N = total number of device outputs
C = capacitive load per output

V =suppy voltage

F =clock frequency

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1 V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5 V (ex-
cept tEN/tDIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IoL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 pF ceramic capacitor should
be installed between Vcc and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c¢. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured +200 mV
from steady-state voltage with speci-
fied loading.

DEVICES INCORPORATED

3-130

Logic Products



LRFO7

Ordering Information Pin Assignments
Commercial Operating Range (0°C to +70°C) Pin Pin
Function Function
Performance P,D K PD K
Package Style 35ns 1 1 B3 23 25 Cs
LRFO7 2 2 B2 24 26 Ce
X X 3 3 B1 25 27 C7
40-pin Plastic DIP (0.6") — P3 LRFO7PC35
4 4 Bo 26 29 CA2
40-pin Sidebraze (0.6") LRFO7DC35 5 5 Ao 27 30 CA1
Hermetic DIP — D3 6 - A1 28 3 CAo
44-pin Ceramic LCC — K2 LRFO7KC35 7 8 A2 29 32 CLK
8 9 A3 30 33 AA2
9 10 A4 31 34 AA1
Military Operating Range (-55°C to +125°C) 10 1 As 32 35 5';“3
11 12 A6 33 36 BWE
Performance 12 13 A7 34 37 BA2
Package Style 35ns 13 14 GND 35 38 BA1
LRFO7 14 | 15 vce 36 39 BAo
— 15 16 APE 37 41 B7
40-pin Sidebraze (0.6") LRFO7DM35 —
Hermetic DIP — D3 LRFO7DME35 16 | 17 | ARW 38 | 42 86
LRFO7DMB35 17 19 COE 39 43 Bs
44-pin Ceramic LCC — K2 LRFO7KM35 18 | 20 Co 40 | 44 B4
LRFO7KME35 19 21 G 6 NC
LRFO7KMB35 20 22 C2 18 NC
21 23 C3 28 NC
22 24 Ca 40 NC

© 1988, Logic Devices Incorporated. Re-
production of any portion hereof without
written consent is prohibited. Information
contained in this specification is intended as
a general product description and is subject
to change without notice. Logic Devices
does notassume any responsibility for use of
any product or circuit described and no
patent license rights are implied.
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Five Port Register File

LRFO8

Features

Description

0 8-word x 8-bit five port memory

0 Independently addressable ports:
2 input, 2 output, 1 bidirectional

1 High-speed, low-power CMOS
technology

1 Internally-latched control bits

3 High-speed scratchpad memory
with overlapped data fetch/store

Available 100% screened to MIL-
STD-883, Class B

Fully TTL compatible
60 mW typical power dissipation

|

o

Package styles available:
¢ 64-pin Plastic DIP

68-pin Plastic LCC, J-Lead
68-pin Pin Grid Array

64-pin Sidebraze, Hermetic DIP

The LRF08 is an 8 word x 8 bit expand-
able register file with five indepen-
dently addressable ports, designated
A through E. Each porthas eight data
lines, three address lines and a port
enable control. Alladdressand con-
trol lines are registered to facilitate
instruction pipelining in micropro-
grammed systems. All portsmay be
used simultaneously in any clock
cycle.

The D and E ports are read only ports.
D and E address lines (DA2-DA0 and
EA2-EA0) arelatched at therising
edge of the clock. The dataindicated
by the respective port address will be
presented on the output lines one
TACC following the clock edge on
which the addressis latched. If the
same register is simultaneously

LRFO08 Block Diagram

addressed for writing from a different
port, the data presented to the outputs
is the contents of the register prior to
the write operation.

The B and Cports are write ports. Band
Caddresslines (BA2-BAoand CA2-
CAO0) arelatched at therising edge of
the clock. The contents of the Band C
address registers are decoded to con-
trol data routing multiplexers. These
supply data from the input pins to the
desired register. Data meeting the set-
up time is latched into the addressed
register on the clock edge following the
one which latched the address. Simul-
taneous writes to the same register
from multiple ports result in storage of
thelogical 'OR' of the input data.

The A port is a bidirectional port.

The A Read/Write control AR/Wis
latched along with the address lines
(AA2-AA0) and determines whether
the A port acts as an input or an out-
put during any clock period. When
AR/Wisa'l' at the clock edge, the A
port presents the addressed data on the
A7-Ao datalines. A portread opera-
tions are thus performed identically to
Dand E port reads. When AR/Wisa
'0" at the clock edge, A port writes are
executed in the same manner as Band
C port writes, with the data latched on
the clock edge following application of
the corresponding address.

All ports have associated port enable

inputs. These inputs are internally
registered and are applied simul-
taneously with the corresponding port
address. Inthe case of the Dand E
ports, the DOE and EOE inputs are
three state output controls. A '1'at
these inputs places the corresponding
data lines in a high impedance state
beginning one TDIS following the
clock edge. The Band C port enables
BWE and CWE serve asregistered
write enable inputs. A 'T’ latched on
these inputs disables write operations
from the port on the following clock
edge. The A port enable APE, serves
the dual function of write enable or
three state enable depending on the

Logic Products
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Five Port Register File

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

StOrage tEMPETALUIE ......cceirieceiricestse sttt sas s e s s e s s s a s e s a e s e s s e n e e s aanananas -65°C to +150°C
Operating ambient temperature -55°C to +125°C
Vcc supply voltage with respect to Ground..........ccuceeeieeneernrieiinisicseiesese s sassseseens -0.5Vto+7.0V
Input signal with respect to round.........ciiiieiiinnincin e s s anes -30Vto+7.0V
Signal applied to high impedance OUtPUL .......cccccveiriieitiienteee e -30Vto+7.0V
Output current iNtO [OW OULPULS .....cuceiuiiiitiieiitiicisse s s ae e sae e s saesae e ssennees 25 mA
LatChUD CUITENL oveeeitieiiccticit ettt s e s s sa s e s s s e st sae e a s s st e e e et s e sesae s ean s sens > 150 mA
Operating Conditions
To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<5.25V
Active Operation, Military -55°C to +125°C 4.50V<Vcc<550V
Electrical Characteristics
Over Operating Conditions
Symbol  Parameter Test Conditions Min Typ | Max |Unit
VoH Output High Voltage IOH =-2.0 mA 24 Vv
VoL Output Low Voltage loL = 8.0 mA 05| V
VIH Input High Voltage 2.0 Vcc | V
VL Input Low Voltage Note 3 08 | V
lix Input Current Ground < Vi< Vcc +20 | pA
loz Output Leakage Current Ground £ Vo <Vcc +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 -20 -100 | mA
lcc Vcc Current, Dynamic Notes 5, 6 10 45 | mA
Icc2 Vcc Current, Quiescent Note 7 1.0 | mA
—————— Logic Products
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LRFO8

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

LRF08-35
Symbol Parameter Min | Max
tacc CLK to Output 35
tois O to Output Disable (Note 11) 25
tENA OE to Output Enable (Note 11) 35
trw Clock Pulse Width 25
ts Input Setup Time 15
tH Input Hold Time 5
Switching Characteristics Over Military Operating Range (Notes 9, 10} (ns)
LRF08-35
Symbol Parameter Min | Max
tacc CLK to Output 35
tois OE to Output Disable (Note 11) 25
tENA OE to Output Enable (Note 11) 35
trw Clock Pulse Width 25
ts Input Setup Time 15
tH Input Hold Time 5

Switching Waveforms

Clock
oc £ \ /
ts —>ie- tH

Write and N X X

Address Control

Read Address
and Control M X M+1 X

Data In N-1 X N
tacc

le— LENA
tois
Data Out M M+1
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Five Port Register File

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order toavoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess
of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

—————

5. Supply current for a given applica-
tion can be accurately approximated
by

NCV?F

4

where

N = total number of device outputs
C = capacitive load per output

V = suppy voltage

F =clock frequency

6. Tested with all outputs changing
every cycle and no load, at a 5 MHz
clock rate.

7. Tested with all inputs within 0.1V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5V (ex-
cept tEN/DIS test) and input levels of
nominally 0 to 3.0 V. Outputloading
is a resistive divider which provides
for specified IoL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 pF ceramic capacitor should
be installed between VccC and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured 200 mV
from steady-state voltage with speci-
fied loading.
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LRFO8

Ordering Information Pin Assignments
Commercial Operating Range (0°C to +70°C) Pin Pin
Performance P,D J,K G |(Function| P,D | }K G |Function
Package Style 35ns 1 1 Go1 C1 35 | 37 G10 D2
LRFO8 2 2 FO2 Co 36 38 G11 D3
3 3 FO1 B7 37 | 39 H10 D4
64-pin Plastic DIP — P4 LRFO8PC35 4 4 E02 Be 38 40 H11 Ds
64-pin Sidebraze LRFO8DC35 5 5 EO1 Bs 39 41 J10 Deé
Hermetic DIP — D4 6 6 | D02 | Ba 40 | 22 || b7
68-pin Plastic LCC, J-Lead — )2 | LRFO8JC35 7 7 DO1 B3 41 44 K10 EA2
68-pin Pin Grid Aray — G1 | LRFO8GC35 8 | 8 |C02| B2 42 | 45 | 110 | EA1
9 9 Co1 B1 43 46 K09 EA0
68-pin Ceramic LCC — K3 LRFO8KC35 0 10 B01 Bo 24 47 L09 DA2
1 1 BO2 Ao 45 | 48 KO8 | DA1
- . o o 12 12 A02 A1 46 | 49 L08 | DAo
Military Operating Range (-55°C to +125°C) 13 3 503 2 p 50 ko7 | cik
Performance 14 | 14 [ A03 | A3 48 | 51 | 107 | AA2
Package Style 35ns 15 15 BO4 A4 49 | 52 Ko6 | AA1
LRFO8 16 16 A04 As 50 | 53 L06 | AAo
64-pin Sidebraze LRFO8DM35 17 17 BO5 A6 3 >4 KOs | CWE
Hermetic DIP — D4 LRFOBDME35 18 | 18 | A0S | A7 52 | 55 | 105 | CA2
— - 19 | 19,20 | BO6 | GND 53 | 56 K04 | CA1
68-pin Pin Grid Array — G1 I[E[F:gggmggs 20 | 21,22 | A06 V_C(E 54 57 L04 SAi
21 23 B08 APE 55 58 K03 BWE
22 24 A08 | AR'W 56 59 LO3 BA2
23 25 B09 | EOE 57 | 61 L02 | BA1
24 26 | A09 | DOE 58 | 62 K02 | BAo
25 27 B10 Eo 59 63 K01 C7
26 28 B11 E1 60 64 J02 Ce
27 29 C10 E2 61 65 JO1 Cs
28 30 cn E3 62 | 66 HO02 C4
29 31 D10 E4 63 67 HO1 C3
30 32 D11 Es 64 68 G02 C2
] ] 31 33 E10 Ee 43 A07 NC
0 30 o D o, 2| 34 len | o w0 | o7 | N
written consent is prohibited. Information 33 35 F10 Do A10 NC
contained in this specification is intended as
a general product description and is subject 34 36 F11 D1 K34 NC

to change without notice. Logic Devices
does not assume any responsibility for use of
any product or circuit described and no
patent license rights are implied.
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16-bit Cascadable ALU

L4C381

Features

Description

QO High-speed (26 ns), low power 16-
bit cascadable ALU

O Implements add, subtract, accumu-
late, 2’s complement, pass, and
logic operations

[ All registers have a bypass path for
complete flexibility

Q Available in MIL-STD-883
compliant version

O Package styles available:

® 68-pin Plastic LCC, J-Lead
® 68-pin Pin Grid Array
¢ 68-pin Ceramic LCC (Type C)

The L4C381 is a flexible, high-speed,
cascadable 16-bit Arithmetic and
Logic Unit implemented in CMOS
technology. It combines four 381-type
4-bit ALUs, a lookahead-carry gener-
ator, and miscellaneous interface logic
— all in a single 68-pin package.
While containing new features to sup-
port high-speed pipelined architec-
tures and single 16-bit bus configura-
tions, the L4C381 retains full perform-
ance and functional compatibility
with the bipolar ‘381 designs.

Architecture

The L4C381 operates on two 16-bit
operands (A and B) and produces a

L4C381 Block Diagram

Ao0-A1s

Clock 16

A

Bo-B1s
r16

T

-—b A Register lﬂ——lA B Register I<-+2—— ENA, B
B

N FTAB
0
S A—1+2 osas

v L+ 4 S0s2,Co
ALU =T P,G,Ci,

OVF, Z

Regi 1 ENF

16-bit result (F). Three select lines
control the ALU and provide 3
arithmetic, 3 logical, and 2 initializa-
tion functions. Full ALU status is
provided to support cascading to
longer word lengths. Registers are
provided on both the ALU inputs and
the output, but these may be bypassed
under user control. An internal
feedback path allows the registered
ALU output to be routed to one of the
ALU inputs, accommodating chain
operations and accumulation. Fur-
thermore, the A or B input can be
forced to Zero allowing unary func-
tions on either operand.

ALU Operations

The S0-S2 lines specify the operation
to be performed. The ALU functions
and their select codes are shown

below.
$2 S1 So Function
0 0 0 CLEAR(F=00...0)
0 0 1 NOT (A) + B
0 1 0 A+NOT(B)
0o 1 1 A+B
1 0 0 AXORB
1T 0 1 AORB
1 1 0 AANDB
11 1 PRESET (F=11 ... 1)

The functions B minus A and A
minus B can be achieved by setting
the carry input of the least significant
slice and selecting codes 001 and 010

FTF respectively.
16 ALU Status
oF The ALU provides Overflow and Zero
status bits. Carry, Propagate, and
16 Generate outputs are also provided
for cascading. These outputs are
Fo-F1s defined for the three arithmetic func-
tions only. The ALU sets the Zero
- e o — output when all 16 output bits are
ol AN SRS N SEDUE
AN M R e
-— W N G R A .
e el —
NN GRS “ume— .
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16-bit Cascadable ALU

zero. The Generate, Propagate, Cis,
and OVF flags for the A + B operation
are defined in Table 1. The status
flags produced for NOT(A) + B and
A + NOT(B) can be found by comple-
menting Ai and Bi respectively in
Table 1.

Operand Registers

The L4C381 has two 16-bit wide in-
put registers for operands A and B.
These registers are rising edge trig-
gered by a common clock. Each
register is independently enabled by
control signals ENA and ENB.

This architecture allows the L4C381 to
accept arguments from a single 16-bit
data bus. For those applications that
do not require registered inputs, both
the A and B operand registers can be
bypassed with the FTAB control line.
When the FTAB control is asserted,
data is routed around the A and B
input registers; however, they con-
tinue to function normally via the
ENA and ENB controls. The contents
of the input registers will again be
available to the ALU if the FTAB
control is released.

Output Register

The output of the ALU drives the in-
put of a 16-bit register. This rising-
edge-triggered register is clocked by
the same clock as the input registers.
The output register is enabled by the
ENF control signal. By disabling the
output register, intermediate results
can be held while loading new input
operands. Three-state drivers con-
trolled by the OE input allow the
L4C381 to be configured in a single
bidirectional bus system.

The output register can be bypassed
by asserting the FTF control signal.
When the FTF control is asserted, out-
put data is routed around the output
register, however, it continues to func-
tion normally via the ENF control.

Table 1. ALU Status Flags

Bit Carry Generate = gi = AiBi,

Po = po

Pi = pi (Pi-1)

and

Go= go

Gi = gi + pi (Gi-1)
Ci = Gi-1 + Pi-1 (Co)
then

G = NOT (G15)

P = NOT (P15)

Cie6 = G15 + P15Co
OVF = C15 XOR C16

Bit Carry Propagate = pi = Ai + Bi,

fori=0..15
fori=0..15
fori=1..15
fori=1..15
fori=1..15
fori=1..15

The contents of the output register
will again be available on the output
pins if FTF is released. With both
FTAB and FTF true (high) the L4C381
is functionally identical to four cas-
caded 545381-type devices.

Operand Selection

The two operand select lines OSA and
OSB control multiplexers that precede
the ALU inputs. These multiplexers
provide an operand force-to-zero
function as well as F-register feedback
to the B input. Table 2 shows the
inputs to the ALU as a function of the
operand select inputs. Either the A or
B operands may be forced to zero.

When both operand select lines are
low, the L4C381 is configured as a
chain calculation ALU. The registered
ALU output is passed back to the B
input to the ALU. This allows accu-
mulation operations to be performed
by providing new operands via the A

Table 2. Operand Selection Control

OSB, OSA  Operand B Operand A
0 0 F A
0 1 0 A
1 0 B 0
1 1 B A

input port. The accumulator can be
preloaded from the A input by setting
OSA true. By forcing the function
select lines to the CLEAR state (000),
the accumulator may be cleared.
Note that this feedback operation

is not affected by the state of the

FTF control. That is, the F outputs
of the L4C381 may be driven directly
by the ALU (FTF = true). The out-
put register continues to function,
however, and provides the ALU B
operand source.
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L4C381

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

StOrage tEMPETALUNE .......c.eiiiieie it e ettt sr e e s s e e e sas st dns st e e saesneeen -65°C to +150°C
Operating ambient teMPErature ..........coceeveeimreeseriessiensesseisr st e s s s s sr e sressasens -55°C to +125°C
Vcc supply voltage with respect to ground........uvceeeieeenenesenisese e -0.5Vto+7.0V
Input signal with respect to GrouNd...........cuceeiriiieninnisenss s -3.0Vto+7.0V
Signal applied to high impedance oUtPUL ..........c.eceiiriieeininee e -30Vto+7.0V
Output current into IOW OULPULS ....cueeiieiieiercietc ettt s s et s s s 25 mA
LatChUP CUITENE vttt e e s s s e sa e s bbb s an e > 400 mA

Operating Conditions
To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<5.25V
Active Operation, Military -55°C to +125°C 450V <Vcc<£5.50V

Electrical Characteristics

Over Operating Conditions
Symbol  Parameter Test Conditions Min Typ | Max |Unit

VoH Output High Voltage IoH =-2.0 mA 2.4 Vv
VoL Output Low Voltage loL = 8.0 mA 05 | V
ViH Input High Voltage 2.0 Vee | V
ViL Input Low Voltage Note 3 0.0 08 | V
hix Input Current Ground < VI £ Ve +20 | pA
loz Output Leakage Current Ground < Vo £ Vcc +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 -250 | mA
lcct Vcc Current, Dynamic Notes 5, 6 15 30 | mA
Icc2 Vcc Current, Quiescent Note 7 1.0 | mA

DEVICES INCORPORATED LOgIC Products
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16-bit Cascadable ALU

Switching Characteristics
Over Commercial Operating Range (Notes 9, 10)

Guaranteed Maximum Combinational Delays (ns)

To Output L4C381-55 L4C381-40 L4C381-26
From Input Fo-Fi5 P,G OVFZ Ci6 |Fo-Fi15 PG OVFZ Ci6 |Fo-Fi5 PG OVFZ Cie
FTAB = 0, FTF = 0
Clock 32 38 53 36 26 30 44 32 22 22 26 22
Co — — 34 22 — — 28 20 — —_ 28 18
S0-S2, OSA, OSB — 42 42 42 — 32 34 35 — 22 22 22
FTAB =0, FTF =1
Clock 56 38 53 36 46 30 44 32 28 22 26 22
Co 37 — 34 22 30 — 28 20 22 — 18 18
So-S2, OSA, OSB 55 42 42 42 40 32 34 35 26 22 22 22
FTAB=1,FTF=0
Ao0-A15, Bo-B1s — 36 46 37 —_ 30 40 32 — 22 22 22
Clock 32 — — — 26 — — — 22 — — —
Co — — 34 22 — —_— 28 20 — — 18 18
So0-S2, OSA, OSB — 42 42 42 — 32 34 35 — 22 22 22
FTAB =1, FTF =1
A0-A15, Bo-B1s 55 36 46 37 40 30 40 32 26 22 22 22
Clock (OSA,B=0) 56 38 53 36 46 30 44 32 28 22 26 22
Co 37 — 34 22 30 — 28 20 22 — 18 18
So0-S2, OSA, OSB 55 42 42 42 40 32 34 35 26 22 22 22
Guaranteed Minimum Setup and Hold Times With Respect to Clock Rising Edge (ns)
L4C381-55 L4C381-40 L4C381-26
Input FTAB =0 FTAB =1 FTAB =0 FTAB =1 FTAB =0 FTAB =1
Setup Hold | Setup Hold | Setup Hold | Setup Hold | Setup Hold | Setup Hold
Ao-A15, Bo-B1s 8 0 35 0 6 0 28 0 6 0 16 0
Co 21 0 21 0 16 0 16 0 8 0 8 0
So-S2, OSA, OSB 44 0 44 0 32 0 32 0 18 0 18 0
ENA, ENB, ENF 8 2 8 2 6 2 6 2 6 2 6 2
Three State Enable/Disable Times (ns) (Note 11)  Clock Cycle Time and Pulse Width (ns)
L4C381-55 | L4C381-40 | L4C381-26 L4C381-55 | L4C381-40 | L4C381-26
tEN 20 18 16 Minimum Cycle Time 43 34 20
tois 20 18 16 Highgoing Pulse 15 10 10
Lowgoing Pulse 15 10 10
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L4C381

Switching Characteristics
Over Military Operating Range (Notes 9, 10)

Guaranteed Maximum Combinational Delays (ns)

To Output L4C381-65 L4C381-45 L4C381-30
From Input Fo-Fis PG OVFZ Ci6 | Fo-Fi5 PG OVFZ Cie |Fo-Fi5 PG OVFZ Cie
FTAB=0, FTF=0
Clock 37 44 63 45 28 34 50 34 26 28 34 28
Co — — 42 25 — — 32 23 — — 22 22
So-52, OSA, OSB —_— 48 48 48 — 38 38 38 —_ 28 28 28
FTAB =0, FTF=1
Clock 68 44 63 45 56 34 50 34 34 28 34 28
Co 42 — 42 25 32 — 32 23 26 — 22 22

So0-S2, OSA, OSB 66 48 48 48 46 38 38 38 30 28 28 28
FTAB=1,FTF=0

Ao-A15, Bo-B1s —_ 44 56 44 — 32 46 36 — 28 28 28
Clock 37 — —_ — 28 — — — 26 — —_ —_
Co — — 42 25 — — 32 23 — — 22 22
So0-S2, OSA, OSB — 48 48 48 — 38 38 38 — 28 28 28
FTAB=1,FTF=1
Ao-A1s5, Bo-B1s 65 44 56 44 45 32 46 36 30 28 28 28
Clock (OSA,B=0) 68 44 63 45 56 34 50 34 34 28 34 28
Co 42 — 42 25 32 — 32 23 26 — 22 22

So-S52, OSA, OSB 66 48 48 48 46 38 38 38 30 28 28 28

Guaranteed Minimum Setup and Hold Times With Respect to Clock Rising Edge (ns)

14C381-65 14C381-45 L4C381-30
Input FTAB =0 FTAB=1 FTAB =0 FTAB =1 FTAB=0 FTAB =1
Setup Hold | Setup Hold | Setup Hold | Setup Hold | Setup Hold | Setup Hold
A0-A15, Bo-B1s 10 0 43 0 8 0 33 0 8 0 20 0
Co 25 0 25 0 20 0 20 0 12 0 12 0
So0-S2, OSA, OSB 50 0 50 0 36 0 36 0 20 0 20 0
ENA, ENB, ENF 10 2 10 2 8 2 8 2 8 2 8 2

Three State Enable/Disable Times (ns) (Note 11)  Clock Cycle Time and Pulse Width (ns)

L4C381-65 | L4C381-45 | L4C381-30 L4C381-65 | L4C381-45 | L4C381-30
tEN 22 20 18 Minimum Cycle Time 52 38 26
tois 22 20 18 Highgoing Pulse 20 15 12
Lowgoing Pulse 20 15 12
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16-bit Cascadable ALU

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess
of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

—— e e o

5. Supply current for a given applica-
tion can be accurately approximated
by
NCVF
4

where

N = total number of device outputs
C = capacitive load per output

V = suppy voltage

F =clock frequency

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1 V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5 V (ex-
cept tEN/tDIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IOL and IOH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 uF ceramic capacitor should
be installed between Vcc and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes

" must be brought directly to the DUT

socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured £200 mV
from steady-state voltage with speci-
fied loading.
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Cascading the L4C381

Cascading the 14C381 to 32 bits is
accomplished simply by connecting
the C16 output of the least significant
slice to the Co input of the most sig-
nificant slice. The S0-52, OSA, OSB,
ENA, ENB, and ENF lines are
common to both devices. The Zero
output flags should be logically
ANDed to produce the Zero flag for
the 32-bit result. The OVF and Ci16
outputs of the most significant slice
are valid for the 32-bit result.

Propagation delay calculations for this
configuration require two steps: First
determine the propagation delay from
the input of interest to the C16 output
of the lower slice. Add this number
to the delay from the Co input of the
upper slice to the output of interest

(of the Co setup time, if the F register
is used). The sum gives the overall
input-to-output delay (or setup time)
for the 32-bit configuration. This
method gives a conservative result,
since the C16 output is very lightly
loaded. Formulas for calculation of
all critical delays for a 32-bit system
are shown in Figure 4.

Cascading to greater than 32 bits can
be accomplished in two ways: The
simplest (but slowest) method is to
simply connect the C16 output of each
slice to the Co input of the next more
significant slice. Propagation delays
are calculated as for the 32-bit case,
except that the Co to Ci16 delays for all
intermediate slices must be added to
the overall delay for each path. A
faster method is to use an external

carry-lookahead generator. The Pand
G outputs of each slice are connected
as inputs to the CLA generator, which
in turn produces the Co inputs for
each slice except the least significant.
The C16 outputs are not used in this
case, except for the most significant
one, which is the carry out of the
overall system. The carry in to the
system is connected to the Co input of
the least significant slice, and also to
the carry lookahead generator.
Propagation delays for this configura-
tion are the sum of the time to P, G,
for the least significant slice, the
propagation delay of the carry look-
ahead generator, and the Co to output
time of the most significant slice.
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16-bit Cascadable ALU

FTAB = 0 From To Calculated Specification Limit
Clock = F = Same as 16-bit case
FTF=0 Clock = Other = (Clock = C16) + (Co = Out)
Co = Other = (Co=> C16) + (Co = Out)
S0-S2, OSA, OSB = Other = (S0-S2, OSA, OSB = C16) + (Co => Out)
A B Setuptime = Same as 16-bit case
Co Setup time = (Co = C16) + (Co Setup time)
So-S2, OSA, OSB Setup time = (S0-S2, OSA, OSB = C16) + Co Setup
ENA, ENB, ENF Setup time = Same as 16-bit case
Minimum cycle time = (Clock => C16) + (Co Setup time)
A161A31 B16I831 Aoims Bollhs
CCet{Pab——{Pa - Pg o
! . ; o, 058
A AV ¢
Most @ ‘/ Least
Significant F Significant
Slice Slice
Clock
16
F16-F31 Fo-F1s
FTAB=0 From To Calculated Specification Limit
Clock - F = (Clock = C16) + (Co = F)
FTF=1 Clock — Other = (Clock=> C16) + (Co = Out)
Co - F = (Co= Ci6) +(Co=F)
Co = Other = (Co~ Ci6) + (Co = Out)
So0-S2, OSA, OSB - F = (S0-S2, OSA, OSB = C16) + (Co = F)
So-S2, OSA, OSB = Other = (S0-S2, OSA, OSB =» C16) + (Co => Out)
A B Setuptime = Same as 16-bit case
Co Setuptime = (Co=> Ci6) + (Co Setup time)
So0-S2, OSA, OSB Setup time = (S0-S2, OSA, OSB => C16) + (Co Setup time)
ENA, ENB, ENF Setuptime = Same as 16-bit case
Minimum cycle time = (Clock => C16) + (Co Setup time)
At6-A31 B16-B31 Ao-Ats Bo-B1s
°q °q | Pq Je— clok
l l Co, S0-S2
A\ B ] OSA, OSB
Most @ Least
Significant F Significant
Slice 16 Slice
Fi6-F31 Fo-Fis
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L4C381

FTAB =1 From To Calculated Specification Limit
_ Clock - F = Same as 16-bit case
FIF=0 A, B = Other = (A, B= Ci6) + (Co = Out)
Co = Other = (Co=> Ci6) + (Co = Out)
S0-S2, OSA, OSB = Other = (S0-S2, OSA, OSB = C16) + (Co = Out)
A, B Setuptime = (A, B = C16) + (Co Setup time)
Co Setuptime = (Co = C16) + (Co Setup time)
S0-S2, OSA, OSB Setup time = (S0-S2, OSA, OSB => C16) + (Co Setup time)
ENA, ENB, ENF Setuptime = Same as 16-bit case
Minimum cycle time = (Clock = C16) + (Co Setup time)
(F register accumulate loop)
A16-A31 B16-B31
l l Co, S0-S2
V8 / OSA, OSB
Most Co Least
Significant F Significant
Slice Slice
Clock
16
Fi6-F31 Fo-F1s
FTAB =1 From To Calculated Specification Limit
ETE= 1 A B - F = (A,B=Ci6) + (Co=F)
A, B => Other = (A, B = Ci6) + (Co = Out)
Co - F = (Co= Ci6) + (Co=F)
Co = Other = (Co = Ci16) + (Co = Out)
So0-S2, OSA, OSB - F = (S0-S2, OSA, OSB => C16) + (Co = F)
S0-S2, OSA, OSB = Other = (S0-S52, OSA, OSB =» C16) + (Co => Out)
A, B Setup time = (A, B=Cieé) + (Co Setup time)
Co Setup time = (Co=> C16) + (Co Setup time
S0-S2, OSA, OSB Setup time = (S0-S2, OSA, OSB = C16) + (Co Setup time)
ENA, ENB, ENF Setuptime = Same as 16-bit case
Minimum cycle time = (Clock => C16) + (Co Setup time)
(F register accumulate loop)
A16-A31 B16-B31 Ao-A1s Bo-B1s
l J' Co, So0-S2
AV B / \ A \V4 B OSA, OSB
Most Co 4 G Least
Significant r : Significant
Slice 16 16 Slice
Fie-F3 Fo-F15

)

I
-
—

o
m—
—-——
——
—
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16-bit Cascadable ALU

Ordering Information
Commercial Operating Range (0°C to +70°C)

Performance
Package Style 55 ns 40 ns 26 ns
L4C381 _
68-pin Plastic LCC, }-Lead — )2 L4C381)C55 L4C381jC40 L4C381)C26
68-pin Pin Grid Array — G1 L4C381GC55 L4C381GC40 L4C381GC26
68-pin Ceramic LCC — K3 L4C381KC55 L4C381KC40 L4C381KC26
Military Operating Range (-55°C to +125°C)
Performance
Package Style 65 ns 45 ns 30 ns
L4C381
68-pin Pin Grid Array — G1 L4C381CGM65 L4C381CM45 L4C381CGM30
L4C381GME65 L4C381GME45 L4C381GME30
L4C381GMB45 L4C381GMB30
68-pin Ceramic LCC — K3 L4C381KM65 L4C381KM45 L4C381KM30
L4C381KME65 L4C381KME45 L4C381KME30
L4C381KMB45 L4C381KMB30

lllll
IE;I)
!n"
i
]

————— ~——— ——
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L4C381

Pin Assignments

Pin . Pin .
1K C Function 1K G Function
1 FO2 Ao 35 F10 F8
2 FO1 A1 36 F11 F7
3 E02 A2 37 | Glo Fe
4 EO1 A3 38 | GN Fs
5 DO2 A4 39 | H10 F4
6 | Do1 As 40 | HI1 F3
7 Co2 As 41 J10 F2
8 | Co1 A7 42 i F1
9 BO1 A8 43 K11 Fo
10 | BO2 A9 44 | K10 Co
11 | A02 A10 45 | L10 So
12 BO3 Al 46 | K09 S1
13 A03 A12 47 LO9 S2
14 B04 A3 48 | KO8 OSA
15 | A04 A4 49 LO8 OSB
16 BO5 A15 50 | K07 FTAB
17 | AO05 CLK 51 LO7 ENB
18 | BO6 Vec 52 | K06 ENA
19 A06 GND 53 LO6 Bo
20 B07 Cis 54 K05 B1
21 | A07 P 55 | LOS B2
22 | BO8 G 56 | K04 B3
23 | AO8 ZERO 57 L04 B4
24 B09 OVF 58 | KO3 Bs
25 | A09 ENF 59 | Lo3 B
26 | Al0 FTF 60 LO2 B7
27 B10 OF 61 K02 Bs
28 B11 F1s 62 | KO1 B9
29 C10 F14 63 J02 B1o
30 cn F13 64 JO1 B11
31 | Dio F12 65 | HO2 B12
32 bn F11 66 Ho1 B13 © 1988, Logic Devices Incorporated. Reproduction of any
33 E10 F10 67 G02 B14 portion helieofV\‘/ithout.\fv./ritt.en c?r{sent is prohibited. Information
slen | 6 | e lon | s S P
Devices does not assume any responsibility for use of any
product or circuit described and no patent license rights are
implied.
628 East Evelyn Avenue * Sunnyvale, CA 94086 # Telephone 408-720-8630 ¢ FAX 408-733-7690
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16-bit ALU Slice

L29C101

Features

Description

Q Four-wide 2901 ALU plus carry
look-ahead logic and full 16-bit
data paths

 High speed, low power CMOS
technology

O Fast: 35 ns Commercial, 45 ns
Military clock period

3 Available 100% screened to MIL-
STD-883, Class B

1 Functionally equivalent to
Am29C101 from AMD and to
similar IDT and Cypress devices

J Package styles available:
® 64-pin Plastic DIP
* 64-pin Sidebraze, Hermetic DIP
¢ 68-pin Pin Grid Array
e 68-pin Ceramic LCC (Type C)

The L29C101 is a high- performance,
expandable, 16-bit Arithmetic Logic
Unit slice manufactured using CMOS
technology. Completely code compat-
ible with its 4-bit predecessors, the
part can be used to implement the
arithmetic section of central proces-
sors or many types of programmable
controllers.

The microinstruction set of the
L29C101 is straightforward, yet versa-
tile enough so that the part can be
used to emulate the ALU operations
of most digital computers.

The L29C101 is comprised of func-
tions equivalent to four 2901 bit-slice
ALU’s plus the 2902 carry-look-ahead

logic, all in a single 64-pin device.
Included are a 16-word by 16-bit dual-
port register file, a 16-bit 8-function
ALU, 16-bit shifters, and all the
necessary decoding and control logic.

All status, shift linkage, and carry
functions are cascadable to allow con-
struction of architectures wider than
16-bits if desired. Expanded designs
can take advantage of full carry-look-
ahead for improved performance.

The L.29C101 is fully pin and function
compatible with the Am29C101.

The L29C101 is available in High-Rel
versions that are fully compliant with
MIL-STD-883C, class B.

L29C101 Block Diagram
Bo-B3 1 L29C101 Instruction D i
o e Addr Te 9C101 Instruction Decoding
B Read Addr ¥ lo-ls
16
16 x 16 Register File
—A3 — A Read Addr -
Ao-As Q Register 8] 716154321110
Destination ALU ALU
Latch Latch 16 Control Function Source
Microinstruction Decode
Do-D1s
Vce —» Mux Mux Logic 0
GND ——» |F—> Fi5
16 - Bit > 7
Clock ——» 8 - Function ———» OVR
ALU —— C(n+16)
Carry In Carry-Look-Ahead "‘724—> G, P
lo-ls ———l
Instruction
Decode
LMux / RAM Shift Q shift
R 16
OE(Y)
RAM1s RAMo Qs Qo
Yo-Y15
— . . m .
[ W V7
- N A . Emmy —
- L O 1 & ¥ | [
A WY VAN BN WY
AR ST N WEE e .
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16-bit ALU Slice

L29C101 Architecture

A typical execution cycle for the
L29C101 consists of reading two
operands simultaneously from the
two-port register file, performing an
ALU operation on these operands,
and returning the result to the file.
This entire operation can be com-
pleted in a single clock cycle, provid-
ing high performance and simple
microcode. Optionally, the ALU
operands may be sourced by the
external data port, an auxiliary
register denoted the Quotient or
"Q" register, or forced to zero under
instruction control. Also, the data
returned to the register file and the

Q register may be shifted one bit in
either direction to aid multiplication
and division operations.

Register File

The two-port register file has a ca-
pacity of 16 words of 16 bits each. The
A-port address (A0-A3) specifies the
register to be read from the A-port,
and the B-port address (Bo-B3) speci-
fies the register to the read from the
B-port. Both A and B addresses may
be the same, in which case identical
data will appear at both A and B
ports. In addition, the B-port address
can specify a register location for
writing. Data from the locations
indicated by the A and B addresses

are read from the register file during
the low period of the clock. The data
is applied to two latches which are
transparent during the clock low
period, and hold their state during the
clock high period. The purpose of
these latches is to hold the A and B
ALU operands constant while a
computation result is written back to
the register file at the B address. This
allows for a read-modify-write cycle,
which is useful in applications such as
accumulation. Under control of the
Result Destination Field (Is, I8), data to
be written to the register file is stored
into the register addressed by the B
field on the rising edge of the clock.

Register File

l,> 1 RAM o
-1
RAM15 Y F1s
AN F1a
> F13
> F12
.
.
.
< F3
< F2
F1
Fo
Ia 2 ALU
M B 3-In M 3-In 3-In 3in H 3-In H 3-In [ RAM Shifter
17 >— Destination > Mux H Mux H Mox :7"',& Mux H Mux H Mux (16 x 3-In Mux)
Decode
le >—
D1s D1a D13 e D2 D1 Do
Az > —< B3
A2 - -Bi B2
AAddress > 16-Word by 16-Bit Dual Port RAM —< BAddress
A1 >— < B1
Ao >— Ao-A1s \Q/)E Bo-B1s —< Bo
ﬁm @15
A-Latch > B-Latch
cp >—-> [—
4116 :‘ 1 16
Ao-Ars Bo-Bis

Logic Products

DEVICES INCORPORATED

3-152



L29C101

ALU Control

The ALU is capable of performing
eight operations. These functions are
described in Table 2. The control
inputs I3-I5 select one of three arith-
metic or five logical operations to be
performed on the input operands.
The integral carry-lookahead circuitry
across all 16 ALU bits is functionally
equivalent to the 2902 carry-look-
ahead unit and provides significant
speed advantages.

In the arithmetic mode, the ALU
result is also a function of the Carry In
input. When executing ALU Add or
Subtract instructions, setting the C(n)
input to '1" causes the addition of '1" to
the result. Thus for 2’s complement
operations, C(n) of the least significant
slice would be set to zero for addition,
and to 1" for subtraction. This is be-
cause the L29C101 ALU naturally im-
plements 1’s complement subtraction,

that is, a bitwise complement of one
of the operands. In order to achieve a
2’'s complement result, a '1' must be
added in the least significant position.
This is accomplished using C(n). PASS
and Negate operations are also
available by combining arithmetic
instructions (Add, Subtract) with any
of the operand source options which
set one operand to zero. Tables 5 and
6 show the detailed ALU logic and
arithmetic functions and the operands
selected. Table 5 includes ALU
function selection.

Operand Source Control

As shown in the figure below, each of
the ALU operands is supplied by a
multiplexer, which allows significant
flexibility in the selection of the
operand source. The two 16-bit ALU
inputs are denoted R and S. The R
operand may be sourced by the A
read port of the register file, from the

D input pins, or may be forced to zero.
The S operand may be sourced by the
B read port of the register file, the A
read port, (when the R operand is D
or zero), the Q register, or forced to
zero. Control of the operand selection
multiplexers is encoded into control
field I2-Io, as described in Table 1.

Result Destination Control

The instruction field I6-I8 is encoded
to control the routing of the ALU
result field, denoted F, and the Q
register contents. The encoding is
defined in Table 3. Under instruction
control, the ALU result can be stored
in the register file, the Q register, or
both. A No Operation capability is
also provided during which the result
is not stored in either location. This
field also controls the value presented
at the Y0-Y15 outputs. These outputs
generally reflect the ALU result F, but
for one of the instruction decodes are

ALU Dis Di4 oo D1 Do B1s Bia ese B1 Bo
Qis
A1s . Qi
A4 .
E .
A1 r Q
Ao I 11 1 | @
2-In H 2-In 7 /t 2-In H 2-In 3-In 3-In 3-n H 3-In
Mux H Max H®®° Mux [ Mux Mux Mux 7.. ./t Mux Mux ALU <18
Soutrce _< 17
Operand
Decode —-< le
Ris Ris eee R1 Ro S15 S14 oo S1 so — G
-
16-Bit Arithmetic Logic Unit (ALU) > C(n+16)
F1s F1a cae F1 Fo —> OVR
I —— F1s (Sign)
C(n) F=0
I— < 18
2-In 2-In foes [ 2-In 2-n 1, Dsekgtion —< 17
Mux Mux 4 / Mux Mux Code
—< le
%> > A A
' ! Y '
Yis Y1a cee Y1 Yo
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16-bit ALU Slice

driven by the A port value read from
the register file. This provides the cap-
ability to read data from the register
file while simultaneously performing
an ALU operation. This is useful in
applications such as postincrement
address generation, for example.

In addition to destination control, up
or down shifting of both the register
file and Q register load values are
controlled by the I6-I8 field. Each can
be up or down shifted one position
prior to storing in the destination
register. The RAMo or Qo pins output
the least significant bit of the value
being stored for downshifts, and
accept the bit to be stored in the least
signficant position for upshifts.
Similarly, the RAM15 or Q15 pins
output the most significant bit for

upshifts, and accept the bit to be
stored in the most significant position
for downshifts. Table 3 gives the
various shift actions and data destina-
tions controlled by the I¢-I8 inputs.

Q-Register

signals. They are used in conjunction
with an external carry-lookahead
generator when cascading L29C101
slices beyond 32 bits. The C(n+16) is
the Carry Out signal, which can be
directly connected to the C(n) input
of another L29C101 to implement a
32-bit system. The OVR output
indicates 2’s complement overflow for
addition and subtraction. The logical
definitions of the G, P, C(n+16), and
OVR signals are given in Table 7.

The Q-register is intended primarily
for use as a separate working register
for multiplication and division rou-
tines but it also serves as an accumula-
tor or for temporary storage. The

Q register is loaded via a multiplexer,
which allows either up or downshift
of the Q register contents, or an un-
shifted load of the Q register with the
ALU result.

The MSB of the ALU result (F15) is
provided so that the sign bit may be
examined easily. The Z output is used
for zero detection and is high when all
of the F output bits are low. Itis an
open drain output which may be wire
OR’ed across multiple slices.

Status Outputs

The G and P outputs are low-true
Carry Generate and Carry Propagate

-Register
Q 8 Fis Fia F13 F2 F1 Fo
QIS ° /]
{__j;>§£
Qo
Q-Shifter I_
T -1t 1" 11 r1 11
i
ALU | ]
. 3-n |~ 3-In | 3-In 3-n | 34n [+ 3-In |
Destinat
ge?:d:m i :> Mux (— Mux L1 Mux j”'/: Mux | Mux |+ Mux i
[ [N SN (U R r. ______ —_———
(16 x 3-In Mux)
D1s D1a D13 LN D2 D1 Do
: >QEN Q-Register
Qis Q4 Qi3 Qn2 ove Q Q Qo
Qis Quu Qi3 Qun Q Q @ Qo

'lli’
I!In’
] !
'

—— ———— —
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Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

StOrage tEMPETALUNE ....ccveueiiireiterietes e re e e s e sa s s e b st et s s e srs e e sn sessesnenasenns -65°C to +150°C
Operating ambient teMPErature ...........cccceeruemnininesiniesiesisssssssss s sass s ses s sssssssansenes -55°Cto +125°C
Vcc supply voltage with respect t0 Bround.......ueeceeeiirciieiniienineennenenincee e seesens -0.5Vto+7.0V
Input signal with respect to roUund.........cceiecciiisinenii e s saees -30Vto+7.0V
Signal applied to high impedance OULPUL ........cciciieiiitieitce e enis -30Vto+7.0V
Output current into low outputs .......... ceeerensssnassesarsunsiassnsasaneserasnsassas sras e asanaarans e sesnnasananarersseate 25 mA
LatChUP CUITENE .ttt e e s e b s sa s ea s e s s b e sasnnnnanas > 400 mA

Operating Conditions
To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<5.25V
Active Operation, Military -55°C to +125°C 4.50V<Vcc<5.50V

Electrical Characteristics

Over Operating Conditions

Symbol Parameter Test Conditions Min Typ | Max |Unit
VoH Output High Voltage IoH =-2.0 mA 2.4 Vv
VoL Output Low Voltage loL = 8.0 mA 04 | V
ViH Input High Voltage 2.0 Vcc | V
WiL Input Low Voltage Note 3 0.0 08 | V
hx Input Current Ground < Vi £ Vcc +20 | pA
loz Output Leakage Current Ground £ Vo £ Vcc +20 | pA
los Output Short Current Vo = Ground, VcC = Max, Note 4, 8 -250 | mA
Icc Vcc Current, Dynamic Notes 5, 6 15 30 | mA
Icc2 Vcc Current, Quiescent Note 7 1.0 | mA
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16-bit ALU Slice

Table 1. ALU Source Operand Control

Table 2. ALU Function Control

. ALU Source .
Mnemonic Micro Code Operands Mnemonic Micro Code Fu’:i'tlijon Symbal
Iz | |10 | Ot} g | s 5| 1a | 13 | Octal
Code: Code

AQ L L L 0 A Q ADD LjL|L 0 RPlusS +S

AB L L H 1 A B SUBR LiL|H| 1 S Minus R S-R

Q L H L 2 (0] Q SUBS LIH|L 2 R Minus S R-S

ZB L H H 3 (o) B OR LIH|H| 3 RORS

ZA H L L 4 (0] A AND HiL|L 4 RAND S

DA H L H 5 D A NOTRS H{LIH| 5 RANDS

DQ H H L 6 D Q EXOR H{H|L 6 R EX-OR S
Dz H H H 7 D (0] EXNOR HIH|H| 7 R EX-NOR S

Table 3. ALU Destination Control
) Micro Code RAM Function | Q-Reg. Function Y RAM Shifter Q Shifter
Mnemonic 8 | 171 g;tjz' Shift | Load | shift | Load |°"™"Y| RaMo | RAMIs Q | Qs

QREG L L|L 0 X None None | F=Q F X X
Nor LI L|H 1 X None X None F X X
RAMA LIH|L 2 None | F—>B X None A X X
RAMF Li{HIH| 3 None | F=B X None F X X
RAMqD HiL|L 4 DOWN | F/2= B | DOWN| Q2= Q F Fo IN1s Qo IN1s
RAMD Hi L|H| s DOWN | F/2= B X None F Fo IN1s Qo X
RAMQu Hi H|L 6 up 2F =B UP | 2Q=+Q F INo Fis INo Qis
RAMu HIH|{H| 7 up 2F=>B X None F INo F1s X Q1s
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L29C101

Table 4. Source Operand and ALU Function Matrix

1210 Octal 0 1 2 3 4 5 6 7
ALU
Octal Source
I543 |Btion A Q A B 0,Q 0,B | OA D, A D, Q D, 0
0 Cn)=1L A+Q A+B Q B A D+A D+Q D
R plus S
Cin)=H A+Q+1| A+B+1 Q+1 B+1 A+1 D+A+1 D+Q+1 | D+1
1 Cin)=L Q-A-1| B-A-1 Q-1 B-1 A-1 A-D-1 Q-D-1 |-D-1
S minus R
Cin)=H Q-A B-A Q B A A-D Q-D -D
2 Cn)=1L A-Q-1| A-B-1 -Q-1 -B-1|-A-1 D-A-1 D-Q-1 | D-1
R minus S
Cin)=H A-Q A-B -Q -B -A D-A D-Q D
3 RORS AvQ AvB Q B A DvA DvQ D
4 RANDS AAQ AAQ 0 0 0 DAA DAQ 0
5 RANDS AAQ AAB Q B A DAA DAQ 0
6 REX-ORS AVQ AVB Q B A DVA DVvQ D
7 R EX-NOR S AVQ AVB Q B A DVA DVQ D

DEVICES INCORPORATED
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16-bit ALU Slice

Table 5. ALU Logic Mode Functions Table 6. ALU Arithmetic Mode Functions

s oro Group Function Qetal | cm =0 (Low) C) = 1(High)
40 AAQ I210 Group Function [ Group Function
41 AAB 00 A+Q A+Q+1
45 AND DAA 01 A+B [ADDPlus | A+B+1
46 DAQ 05 ADD D+A one D+A+1
30 AvQ 06 D+Q D+Q+1
31 AvB 02 Q Q+1
35 OR DvA 03 B B+1
36 DvA 04 PASS A Increment A+1
60 AV Q 07 D D+1
61 AVB 12 Q-1 Q
65 EX-OR DVA 13 B-1 B
66 DVQ 14 Decrement | A-1 PASS A
70 AVQ 27 D-1 D
71 AVE 22 —Q- -Q
75 EX - NOR DVA 23 -B-1 | 2'sComp. -B
76 DVQ 24 1'sComp. | —A-1 | (Negate) -A
72 Q 17 -D-1 -D
73 R 10 Q-A-1 Q-A
74 INVERT A 1" B-A-1 B-A
77 D 15 A-D-1 A-D
62 Q 16 Subtract |Q-D-1] Subtract Q-D
63 B 20 |(1’sComp.) [ A-Q-1[(2'sComp.)| A-Q
64 PASS A 21 A-B-1 A-B
67 D 25 D-A-1 D-A
32 Q 26 D-Q-1 D-Q
33 B
34 PASS A
37 D
42 0
43 0
44 ZERO 0
47 0
50 ArQ
51 AAB
55 MASK DAA
56 DAQ
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L29C101

Table 7. Logic Functions for Carry and Overflow Conditions

1543 Function P G C(n+16) OVR
0 R+S 0 ¢ P1.-Pis G15 + P15G14 + P1s P14 G13 + ... Cie Cie V Cis5
1 S-R « Same as R + S equations, but substitute Ri for Ri in definitions —
2 R-S « Same as R+ S equations, but substitute Si for Si in definitions —
3 RvS
4 RAS
5 RAS HIGH HIGH Low LOW
6 RVS
7 RVS
——— Logic Products
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16-bit ALU Slice

Switching Characteristics
Over Commercial Operating Range (Note 9)

Output Enable/Disable Times (Note 11) Cycle Time and Clock Characteristics
Device Input | Output| teN tois Read — Modify — Write Cycle (from
L29C101-35 OF Y 20 17 selection of A, B registers to end of cycle) 35ns
Maximum Clock Frequency to shift Q
(50% duty cycle, | =432 or 632) 30 MHz
Minimum Clock LOW Time 15 ns
Minimum Clock HIGH Time 20 ns
Combinational Propagation Delays (Note 12)
To Output Y Fis C(n+16) G P F=0 OVR RAMo Qo
From Input RAM15 Q15
A,B Address 46 43 35 37 49 41 40 —
D 34 34 27 27 40 29 33 —
Cln) 27 24 20 —_ 28 23 28 —
lo, I, 12 40 40 33 30 42 32 35 —
13,14, 15 41 38 32 28 40 36 38 —
le, 17, I8 20 — —_ — — — 26 26
A bypass ALU
(I = 2XX) 26 — — — — — — —
Clock 38 34 30 30 36 32 34 25
Set-Up and Hold Times Relative to Clock Input (Note 12)
Input Setup Time Hold Time Setup Time Hold Time
Before H—>L After H—L Before L—-H After L-»H
A,B Source Address (Note 14, 15) 24 3 35 —_
B Destination Address (Note 13) 24 «Do Not Change— 0
D — — 26 0
Cn) — — 16 0
lo, I, 12 — —_ 30 0
13,14, I5 —_ —_ 31 0
le, 17, 18 (Note 13) 10 «Do Not Change— 0
RAMo, RAM15, Qo, Q15 —_ — 12 0

Illll
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Switching Characteristics
Over Military Operating Range (Note 9)

Output Enable/Disable Times (Note 11) Cycle Time and Clock Characteristics
Device Input | Output| tEN tois Read — Modify — Write Cycle (from
L29C101-45 OF Y 23 20 selection of A, B registers to end of cycle) 45 ns
Maximum Clock Frequency to shift Q
(50% duty cycle, | = 432 or 632) 25 MHz
Minimum Clock LOW Time 20 ns
Minimum Clock HIGH Time 20 ns
Combinational Propagation Delays (Note 12)
To Output Y F15 C(n+16) G,P F=0 OVR RAMo Qo
From Input RAM15 Q15
A,B Address 52 50 40 38 48 46 43 —_
D 37 36 30 32 40 32 35 —
C(n) 30 28 24 — 29 27 30 —
lo, I, 12 44 43 36 34 46 38 41 —
13, 14, 15 47 44 35 35 45 44 45 —
le, 17, 18 22 — — — — — 30 30
A bypass ALU
(I = 2XX) 27 — — — — — — —
Clock 44 39 32 32 40 36 34 28

Set-Up and Hold Times Relative to Clock Input (Note 12)

Input Setup Time Hold Time Setup Time Hold Time
Before H—>L After H—>L Before L—>H After L->H

A,B Source Address (Note 14, 15) 22 3 40 —

B Destination Address (Note 13) 22 «Do Not Change— 0

D — — 30 0

C(n) — — 20 0

lo, I, 12 — —_ 37 0

13, 14, 15 — — 36 0

le, 17, 18 (Note 13) 10 «Do Not Change— 0

RAMo, RAM15, Qo, Q15 — — 12 2

—— —— ——
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16-bit ALU Slice

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 V and Vcc + 0.6 volts. The
device can withstand indefinite opera-
tion with inputs in the range of -3.0 V
to +7.0 V. Device operation will not
be adversely affected, however, input
current levels will be well in excess of
100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. Supply current for a given applica-
tion can be accurately approximated
by

NCV3F

4

where

N = total number of device outputs
C = capacitive load per output

V =suppy voltage

F = clock frequency

Illll

Ilh
i
§
|1

——— ———

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1 V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5 V (ex-
cept tEN/1DIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IoL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turnon/turnoff times.
As aresult, care must be exercised in
the testing of this device. The follow-
ing measures are recommended:

a. A 0.1 uF ceramic capacitor should
be installed between VcC and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the

point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view of
the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition for tEN is measured
1200 mV from steady-state voltage
with specified loading.

12. A dashindicates a propagation
delay or set-up time constraint that
does not exist.

13. Certain signals must be stable
during the entire clock LOW time to
avoid erroneous operation. This is
indicated by the phrase "do not
change."

14. Source addresses must be stable
prior to the clock H=L transition to
allow time to access the source data
before the latches close. The A address
may then be changed. The B address
could be changed if it is not a destina-
tion; i.e., if data is not being written
back into the RAM. Normally A and B
are not changed during the clock
LOW time.

15. The set-up time prior to the clock
L->H transition is to allow time for
data to be accessed, passed through
the ALU, and returned to the RAM. It
includes all the time from stable A
and B addresses to the clock L->H
transition, regardless of when the
clock H=>L transition occurs.
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Ordering Information Pin Assignments
Commercial Operating Range (0°C to +70°C) Pin Function Pin Function
Performance 1 14 33 le
Package Style 35 ns 2 Is 34 Qo
P 35 RAMo
L29C101 3
4 G 36 CcP
H H "
64-pin Plastic DIP (0.9") — P4 L29C101PC35 5 Cin+16) 37 B3
64-pin Sidebraze (0.9") L29C101DC35 6 OVR 38 B2
Hermetic DIP — D4 7 Fis 39 B1
68-pin Ceramic LCC — K3 L29C101KC35 8 Y15 40 Bo
68-pin Pin Grid Array — G1 L29C101GC35 9 Y14 41 Do
10 Y13 42 D1
1 Y12 43 D2
12 Y1 44 D3
Military Operating Range (-55°C to +125°C) 13 Y10 45 D4
14 Y9 46 Ds
Performance 15 Ys 47 De
Package Style 45 ns 16 GND 48 D7
L29C101 17 OE 49 Vec
T 18 Y7 50 Ds
64-pin Sidebraze (0.9") L29C101DM45
Hermetic DIP — D4 L29C101DME45 19 Ye 31 D9
L29C101DMB45 20 Ys 52 D1o
68-pin Ceramic LCC — K3 L29C101KM45 21 Y4 53 Dn
L29C101KME45 22 Y3 54 D12
L29C101KMB45 23 Y2 55 D13
68-pin Pin Grid Array — G1 L29C101GM45 24 Y1 56 D14
L29C101GMEA45 25 Yo 57 D15
L29C101GMB45 26 F=0 58 Ao
27 CIN 59 A1
28 12 60 A2
29 I 61 A3
30 lo 62 RAM15
3 I8 63 Qi1s
32 17 64 13
© 1988, Logic Devices Incorporated. Reproduction of any portion
hereof without written consent is prohibited. Information contained in
this specification is intended as a general product description and is sub-
ject to change without notice. Logic Devices does not assume any re-
sponsibility for use of any product or circuit described and no patent
license rights are implied.

628 East Evelyn Avenue e Sunnyvale, CA 94086 e Telephone 408-720-8630 ¢ FAX 408-733-7690
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32-bit Cascadable Barrel Shifter

LSH32

Features

Description

3 32-bit input, 32-bit output multi-
plexed to 16 lines

3 Full 0-31 position barrel shift
capability

0 Integral priority encoder for 32-bit
floating point normalization

QO Sign-magnitude or two’s comple-
ment mantissa representation

[ 32-bit linear shifts with sign or zero
fill

1 Independent priority encoder
outputs for block floating point

O Package styles available:
¢ 68-pin Plastic LCC, J-Lead

The LSH32 is a 32-bit high speed
shifter designed for use in floating
point normalization, word pack/
unpack, field extraction, and similar
applications. It has 32 data inputs,
and 16 output lines. Any shift con-
figuration of the 32 inputs, including
circular (barrel) shifting, left shifts
with zero fill, and right shift with sign
extend are possible. In addition, a
built-in priority encoder is provided
to aid floating point normalization.

The major features of the LSH32
architecture are discussed in the

e 68-pin Ceramic LCC (Type C) ~ following paragraphs.
e 68-pin Pin Grid Array
LSH32 Block Diagram Sign  Isi-lo
1
32
32:5 L
Priorit b
EncodZ 32
Sla-Slo 57 ]
NORN 32-bit Barrel
NORM Shift Array
Right/Left >
Fill/Wrap »
16 16
A1 16
5
\/
v
$04-SO0 Yis_-yo OE  MS/S

Shift Array

The 32 inputs to the LSH32 are
applied to a 32-bit shift array. The 32
outputs of this array are multiplexed
down to 16 lines for presentation at
the device outputs. The array may be
configured such that any contiguous
16-bit field (including wraparound of
the 32 inputs) may be presented to the
output pins under control of the shift
code field (wrap mode). Alterna-
tively, the wrap feature may be
disabled, resulting in zero or sign bit
fill, as appropriate (fill mode). The
shift code control assignments and the
resulting input to output mapping for
the wrap mode are shown in Table 1.

Essentially the LSH32 is configured as
a left shift device. That is, a shift code
of 000002 results in no shift of the
input field. A code of 000012 provides
an effective left shift of 1 position, etc.
When viewed as a right shift, the shift
code corresponds to the two’s comple-
ment of the shift distance, i.e., a shift
code of 111112 (~110) results in a right
shift of one position, etc.

When not in the wrap mode, the
LSH32 fills bit positions for which
there is no corresponding input bit.
The fill value and the positions filled
depend on the Right/Left (R/L)
direction pin. This pin is a don’t care
input when in wrap mode. For left
shifts in fill mode, lower bits are filled
with zero as shown in Table 2. For
right shifts, however, the SIGN input
is used as the fill value. Table 3
depicts the bits to be filled as a
function of shift code for the right
shift case. Note that the R/L input
changes only the fill convention, and
does not affect the definition of the
shift code.
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32-bit Cascadable Barrel Shifter

Table 1. Wrap mode shift code definitions

In fill mode, as in wrap mode, the shift
Shift Code Y31 Y30 o e Y6 Yi5 * Y1 Yo | codeinputrepresents the number of
shift positions directly for left shifts,
00000 I o e * he hs e ° h lo but the two’s complement of the shift
00001 30 129 o e hs h4 . * lo 131 | coderesultsin the equivalent right
00010 129 128 . . 4 113 . . 129 130 shift. However, for fill mode the R/L
00011 26 127 e e« h13 l2 e e 3 I29 | inputcanbe viewed as the most
. . . . . . . . . . . significant bit of a 6-bit two’s comple-
ment shift code, comprised of R/L

° * ° ° ° * ° ° ° ° ‘ concatenated with the SI4-SIo lines.

. . . * * . . * . * * Thus a positive shift code (R/L = 0)
01111 e 115 114 o I lo . . 18 117 | results in aleft shift of 0-31 positions,
10000 s 14 M3 e lo 131 e e 7 he | andanegativecode (R/L=1)aright
10001 e 13 h2 s I3 130 s s ke s | Shiftofupto32positions. The LSH32

can thus effectively select any contigu-
10010 I3 2 l” ¢ 130 l29 * * hs 14 ous 32-bit field out of a (sign extended
* ¢ * * * * * * * * ° and zero filled) 96-bit "input.”
L L] L] L] L] L] L] L L L L
Output Multiplexer
L L] L] L] L] L] L] L L L] L]
11100 M3 2 h e 120 e e e s 4 | The Shif:tl array outputs ?;:dagpltiﬁd to
a 2:1 multiplexer contro y the
11101 2 h lo ‘ ho s * * 4 I3 Ms/LS selgct line. This multiplexer
1o h o In ° he  h7 o ¢ I3 2 makes available at the output pins
mn o 131 130 e N7 he o * 12 I | ejther the most significant or least
significant 16 outputs of the shift
array.
Table 2. Fill mode shift code definitions (Left shift)
Priority Encoder

Shift Code Y31 Y30 . . Y16 Yis . . Y1 Yo

The 32-bit input bus drives a priority
00000 131 130 . . e 15 . . 1 lo encoder which is used to determine
the first significant position for pur-

00001 130 129 . . s l4 . . lo 0 T E L 4
00010 129 128 . . ha i3 . . 0 0 poses of normahzahgn. T‘he priority
encoder produces a five-bit code
00011 l28 127 e * h3 hz e * 0 0 | representing the location of the first
e . . . . . o . ° . . non-zero bit in the input word. Code
. . . . . . . . . . . assignment is such that the priority
- o . N N o N o o o o encoder output represents the number
of shift positions required to left ali
ot he s ha e I lo * * 0 0 the first};on-zero bi% of the input &
10000 hs T4 h3 e o0 * * Y 0 | word. Prior to the priority encoder,
10001 4 13 h2 . 0 0 . . 0 0 the input bits are individually exclu-
10010 W3 N2  In . 0 0 . . 0 0 sive OR’ed with the SIGN input. This
N o . o N o N N N N . allows normalization in floating point
. . . . . . . . . . R systems using two’s complement
mantissa representation. A negative
* ° ¢ * * * * * ° ° * value in two’s complement represen-
11100 13 12 I . 0 0 . . 0 0 tation will cause the exclusive OR
11101 12 1 lo . 0 0 . . 0 0 gates to invert the input data to the
11110 I lo 0 N 0 0 . N 0 0 encoder. As aresult the leading
11111 o 0 0 . 0 0 . . 0 0 significant digit will always be "1.

This affects only the encoder inputs;

— -
—— -

g
- — —
. ——
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Table 3. Fill mode shift code definitions (Right shift)

Shift Code Y31 Yso . * Y6 Y15 . . Yt Yo
00000 S S . . S S . . S S
00001 S S . . S S . . S 131
00010 S S . . S S . . 131 30
00011 S S ° . S S . . 130 129
L] L] . L] L] L] . L ] . L] L]
. . . . . . . . . . .
L] L] L] L] L] L] ] L ] L] L ] L]
01111 S S S . S S . . hs 7
10000 S S S . S 131 . . 117 le
10001 S S S . 131 130 . . lte 15
10010 S S S . 130 129 . . hs 4
L] L] L] L] L] . L] L] L ] . L]
L] - L] . L] L] L ] ] L] L ] L ] L]
L] . L] L] L] L ] L] L ] e L ] L]
11100 S S S U 120 9 . . I5 14
11101 S S S . 9 Is . . 14 13
11110 S S 131 ° s N7 . . 13 12
11111 S 131 130 . 117 Ie . . 12 I
Table 4. Priority encoder function table
131 130 120 eee 16 15 l4 eee |o Shift Code
1 X X eee X X X eee X 00000
0 1 X ese X X X see X 00001
0 0 1 ses X X X sse X 00010
. L] L] [ RN L] L] L] LE N L] L]
L] L] L] LA N ) L] L] L] LN L] .
0 0 0 ees 1 X X ses X 01111
0 0 0 ese 0 1 X oo X 10000
0 0 0 ees O 0 1 ese X 10001
L ] L] L] LN N L ] L] L] LE N} L] L]
L] . L] oo L] L] L ] LE N ) ] .
0 0 0 eees O 0 0 eee 11111
0 0 0 s 0 0 0 oo 0 11111

the shift array always operates on the
raw input data. The priority encoder
function table is shown in Table 4.

Normalize Multiplexer

The NORM input, when asserted
results in the priority encoder output
driving the internal shift code inputs
directly. Itis exactly equivalent to
routing the SO4-SO0 outputs back to
the SI4-SIo inputs. The NORM input
provides faster normalization of 32-bit
data by avoiding the delay associated
with routing the shift code off chip.
When using the NORM function, the
LSH32 should be placed in fill mode,
with the R/L inpuit low.

Applications Examples

Normalization of mantissas up to 32
bits can be accomplished directly by a
single LSH32. The NORM input is
asserted, and fill mode and left shift
are selected. The normalized mantissa
is then available at the device output
in two 16-bit segments, under the
control of the output data multiplexer
select, the MS/LS.

If it is desirable to avoid the necessity
of multiplexing output data in 16-bit
segments, two LSH32 devices can be
used in parallel. Both devices receive
the same input word, with the MS/LS
select line of one wired high, and the
other low. Each device will then
independently determine the shift
distance required for normalization,
and the full 32 bits of output data will
be available simultaneously.
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32-bit Cascadable Barrel Shifter

Long-Word Normalization
(Multiple Cycles)

Normalization of floating point man-
tissas longer than 32 bits can be ac-
complished by cascading LSH32 units.
When cascading for normalization,
the device inputs are overlapped such
that each device lower in priority than
the first shares 16 inputs with its more
significant neighbor. Fill mode and
left shift are selected, however, inter-
nal normalization (NORM) is not
used. The most significant result half
of each device is enabled to the
output. The shift out (504-500) lines
of the most significant slice are con-
nected to the shift in lines of all slices,

including the first. The exception is
that all SI4 lines are grounded, lim-
iting the shift distance to 16 positions.
The shift distance required for nor-
malization is produced by the priority
encoder in the most significant slice.
The priority encoder will produce the
shift code necessary to normalize the
input word if the leading non-zero
digit is found in the upper 16 bits. If
this is the case, the number of shift
positions necessary to accomplish nor-
malization is placed on the SO4-S00
outputs for use by all slices, and the
appropriate 0-15 bit shift is accom-
plished. If the upper 16 bits are all
zero, then the maximum shift of 15
places is executed. Single clock nor-

Figure 1. Single cycle long-word normalization using LSH32s

malization requiring shifts longer than
16 bits can be accomplished by a
bank-select technique described
below.

Single Cycle Long-Word Normalization

An extension of the above concept is a
single clock normalization of long
words (potentially requiring shifts of
more than 15 places). The arrange-
ment of LSH32s required is shown in
Figure 1. Cascading of LSH32 units is
accomplished by connecting the
SI3-Slo input lines of each unit to the
503-500 outputs of the most signifi-
cant device in the row as before. Es-
sentially the LSH32s are arranged in
multiple rows or banks such that the

lea-las  la7-I32 131-he hs-lo 0
MSBs J'
4 [ tsH32 js ”“ LSH32 4 Lsha32 ’I‘ LSH32
Si3-Slo  SO4-0 Siz-Sle  __ Si3-Slo Si3-Slo
— OF OF Sla OF
—j — —
Priority ‘ ! ‘ J._
Encode laz-132 [ I31-le lo-hs ] =
' !
1
Y Y
2:4 4 LSH32 5 44 LSH32 4 LSH32
Decode SI3-Slo $O4-0 Sla-Slo Sla-Slo
OE OF OE
| i = [ T
Iz1-le | hs-lo 1 -
'{4 LSH32 J{S {4 LSH32
Si3-Slo  SO4-0 Si3-Sle  __
OE I—+ OF
| 71
hs-lo 1] =
/{4 LSH32 ‘J(S
“$1S13-Slo SQ_4-0
Sle OE
l_l v v v
Ye3-Y4s Ya7-Y32 Y31-Y16 Yi5-Yo

IIIII
]
i
]

— i ——
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inputs to successive rows are left-
shifted by 16 positions. The outputs
of each row are multiplexed onto a
three-state bus. The normalization
problem then reduces to selecting
from among the several banks that
one which has the first non-zero bit
of the input value among its 16 most
significant positions. If the most
significant one in the input file was
within the upper 16 locations of a
given bank, the SO4 output of the
most significant slice in that bank will
be low. Single clock normalization
can thus be accomplished simply by
enabling onto the three-state output
bus the highest priority bank in which
this condition is met. In this way the
input word will be normalized
regardless of the number of shift
positions required to accomplish this.
The number of shift positions can be
determined simply by concatenation
of the SO3-500 outputs of the most
significant slice in the selected row

with the encoded Output Enable-bits
determining the row number. Note
that lower rows need not be fully
populated. This is because they
represent left shifts in multiples of 16
positions, and the lower bits of the
output word will be zero filled. In
order to accomplish this zero fill, the
least significant device in each row is
always enabled, and the row select is
instead connected to the SI4 input.
This will force the shift length of the
least significant device to a value
greater than 15 whenever the row con-
taining that device is not selected.
This results in zero fill being accom-
plished by the equivalently positioned
slice in a higher bank, as shown in the
diagram.

Block Floating Point

With a small amount of external logic,
block floating point operations are
easily accomplished by the LSH32.
Data resulting from a vector operation

are applied to the LSH32 with the
NORM-input deasserted. The
504-500 outputs fill then represent
the normalization shift distance for
each vector element in turn. By use of
an external latch and comparator, the
maximum shift distance encountered
across all elements in the vector is
saved for use in the next block opera-
tion (or block normalization). During
this subsequent pass through the data,
the shift code saved from the previous
pass is applied uniformly across all
elements of the vector. Since the
LSH32 is not used in the internal nor-
malize mode, this operation can be
pipelined, thereby obtaining the
desired shift distance for the next pass
while simultaneously applying the
normalization required from the
previous pass.
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32-bit Cascadable Barrel Shifter

Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

StOrage tEMPETALUIE .......ccverrereeerncieeeieieste st s ss s e e saesasssses e st e s enen e e e sanen e aesanssann -65°C to +150°C
Operating ambient teMPErature .........oceveeeiiveiicisrcc e e s -55°C to +125°C
Vec supply voltage with respect to round.........eoeveceeeienesenesesieeee s -05Vto+7.0V
Input signal with respect to ground ..-30Vto+7.0V
Signal applied to high impedance outpuL ..o -30Vto+7.0V
Output current into [OW QUEPULS .......ceevtiririrerrenrere st 25 mA
LatChUp CUITENt ..ttt s s e s ss e s a e s s e a e e e s e sn e s enes > 150 mA
Operating Conditions
To meet specified electrical and switching characteristics
Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<£5.25V
Active Operation, Military -55°C to +125°C 4.50V<Vcec£5.50V
Electrical Characteristics
Over Operating Conditions
Symbol  Parameter Test Conditions Min | Typ | Max |Unit
VoH Output High Voltage IoH =-2.0 mA 2.4 Vv
VoL Output Low Voltage loL = 8.0 mA 05 |V
ViH Input High Voltage 2.0 Veec | V
ViL Input Low Voltage Note 3 08 [ V
hix Input Current Ground < VI < Vcc +20 | pA
loz Output Leakage Current Ground £ Vo £Vcc +20 | pA
los Output Short Current Vo = Ground, Vcc = Max, Note 4, 8 -20 -100 | mA
lcct Vcc Current, Dynamic Notes 5, 6 10 30 [ mA
lcc2 Vcc Current, Quiescent Note 7 1.0 | mA
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SWitChing Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

LSH32-42 LSH32-32
Symbol Parameter Min | Max| Min | Max

tiy I, SIGN Inputs to Y Outputs 42 32
tiso 1, SIGN Inputs to SO Outputs 55 42
tiyN I, SIGN Inputs to Y Outputs, Normalize Mode 75 60
tsiy S, RIGHT/LEFT to Y Outputs 52 40
tMsY MSJ/LS Select to Y Outputs 28 24
tois OFE to Output Disable (Note 11) 20 20
tENA OFE to Output Enable (Note 11) 20 20

Switching Characteristics Over Military Operating Range (Notes 9, 10) (ns)

LSH32-50 LSH32-40
Symbol Parameter Min | Max| Min | Max
tiy 1, SIGN Inputs to Y Outputs 50 40
tiso I, SIGN Inputs to SO Outputs 65 52
tiyN 1, SIGN Inputs to Y Outputs, Normalize Mode 85 75
tsiy SI, RIGHT/LEFT to Y Outputs 62 52
tMsy MS/LS Select to Y Outputs 32 26
toIs OE to Output Disable (Note 11) 22 20
tENA OFE to Output Enable (Note 11) 22 20

Switching Waveforms

I31-lo *
SIGN
Sl4—Slo X
Right/Left

MS/LS \t
tiso
re—tiy, tiyn tsiy
S0O4-SOo0

tsiy

Y31-Yo X

OE
tois —» tENA—>]

High Impedance

—
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32-bit Cascadable Barrel Shifter

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at—0.6 Vand Vcc + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess
of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. Supply current for a given applica-
tion can be accurately approximated
by

NCVF

4

where

N = total number of device outputs
C = capacitive load per output

V =suppy voltage

F =clock frequency

6. Tested with all outputs changing
every cycle and no load, ata 5 MHz
clock rate.

7. Tested with all inputs within 0.1 V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5 V (ex-
cept tEN/DIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IoL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 pF ceramic capacitor should
be installed between Vcc and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and Vcc supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured £200 mV
from steady-state voltage with speci-
fied loading.

DEVICES INCORPORATED

3-172

Logic Products



LSH32

Ordering Information

Pin Assignments

Commer cial Operating Range (0°C to +70°C) Pin Pin
Performance JK| G |Function | },K| G |Function
Package Style 42 ns | 32ns 1 [F02| 122 | 35[F10[ Yazrve
LSH32 2 | FO1 122 36 | F11| Y21/Ys
3 | E02 123 37 | G10| Y20/Y4
68-pin Plastic LCC, }-Lead — ]2 LSH32)C42 LSH32jC32 4 | EO1 124 38 [G11] Y19/Y3
68-pin Pin Grid Array — G1 LSH32GC42 LSH32GC32 5 | D02 125 39 |H10| Yig/Y2
68-pin Ceramic LCC — K3 LSH32KC42 LSH32KC32 6 |DOT| 26 J40 |HI1| Yi7/¥1
7 | C02 127 41| J10 | Yie/Yo
8 | CO1 128 42 | )11 OF
Military Operating R (-55°C to +125°C) 9 | BO1 129 43 | K11 | MS/S
- o
fiflary ©perating Range * 10 | BO2 130 44 | K10 Vcc
Performance 11 | AO2 131 45 | L10 Vcc
Package Style 50 ns 40 ns 12 | BO3 | SIGN 46 | K09 lo
13 | A03 SO4 47 | LO9 I
LSH32 14 | BO4 SO3 48 | KO8 12
68-pin Pin Grid Array — G1 LSH32GM50 LSH32GM40 15 | A04 SO2 49 | LO8 13
LSH32GMES0 LSH32CGME40 16 | BOS SO1 50 | KO7 14
68-pin Ceramic LCC — K3 LSH32KM50 LSH32KM40 17 | AO5 SO0 51 | LO7 I5
LSH32KME50 LSH32KME40 18 | Bo6 | NORM | 52 | Koe le
19 | AO6 Sl4 53 | LO6 17

20 | BO7 SI3 54 | KO5 ls
21 | A07 Sl2 55 | LO5 19
22 | B08 Sh 56 | K04 10
23 | AD8 Slo 57 | Lo4 111
24 |B09 | RL |s58|KO3| h2
25 |[A09 | FW 59 | LO3 113
26 | A10 { Y31/Y1s | 60 | LO2| GND
27 (B10 { Y30/Y14 | 61 [ KO2| GND
28 | B11 [ Y29/Y13 | 62 | KO1 114
29 {C10 | Y28/Y12 | 63 | JO2 I15
30 | C11 | Y27/Y11 | 64 | JO1 e
31 | D10 | Y26/Y10 | 65 | HO2 7
32 D11 | Ya25/Y9 | 66 | HO1 18
33 | E10 | Y24/Ys | 67 | GO2 19
© 1988, Logic Devices Incorporated. Reproduction of any 34 | E11 Y237 68 | Go1 120

portion hereof withoutwritten consentis prohibited. Information
contained in this specification is intended as a general product
description and is subject to change without notice. Logic
Devices does not assume any responsibility for use of any
product or circuit described and no patent license rights are
implied.

628 East Evelyn Avenue ® Sunnyvale, CA 94086 e Telephone 408-720-8630 ¢ FAX 408-733-7690
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Digital Correlator

L10C23

Features

Description

0O High-speed (50 MHz), low power
(125 mW), CMOS 64-bit Digital
Correlator

@ Functionally and pin compatible
with the TRW TDC1023]

2 Bits can be selectively masked

0 Three-state outputs

3 Available 100% screended to MIL-
STD-883, Class B

0 Package styles available:
¢ 24-pin Plastic DIP
* 24-pin Sidebraze, Hermetic DIP
¢ 28-pin Ceramic LCC (Type C)

The L10C23 is a high speed CMOS
64-bit digital correlator. It is pin-for-
pin equivalent to the TDC1023 bi-
polar correlator. The L10C23 operates
over the full military ambient tem-
perature range using advanced CMOS
technology.

The L10C23 produces the 7-bit corre-
lation score of two input words of up
to 64 bits, denoted A and B. The A and
B inputs are serially shifted into two
independently clocked 64-bit regis-

L10C23 Block Diagram

AOUT ¢
AN :IA1|A2| I Ij
CLK A see|Acs

94\

((ﬂ‘..

e

» Mour
]

3-Stage Pipelined
Digital

Summer

L7

E :
Xy ﬁ
Threshold Reg [¢—CLKC

Register

Register

CLKS ‘E

Register
7

Re-Ro

CFL

ters. The A register is clocked on the
rising edge of CLK A, and the B regis-
ter is clocked on the rising edge of
CLKB.

The outputs of the B register drive a
64-bit transparent latch, denoted the
Clatch. The Clatch is controlled by
the LCL (Load C Latch) input. A high
level on the LCL input causes the
Clatch to be transparent, allowing the
contents of the B register to be applied
directly to the correlator array. When
the LCL input is low, the data in the
Clatch is held, so that the B input may
be loaded with a new correlation ref-
erence without affecting the current
reference value stored in C.

Each bit in the A register is exclusive
NOR’ed with the corresponding bit in
the C latch, implementing a single bit
multiplication at each bit position.

The mask register, denoted by M, is a
third 64-bit register, which is serially
loaded from the M input on the rising
edge of CLK M. Bit positions in the

M register which are set to zero mask
the corresponding bits in the A and C
registers from participating in the
correlation score. This can be used to
reduce the effective length of the cor-
relation, or to correlate against only
one channel of a bit-multiplexed data-
stream without deinterleaving the
data.

The output of the masking process is a
64-bit vector which contains ones in
the locations in which A and B data
match, and which are unmasked

(M register contains a 1). This 64-bit
vector is applied to a pipelined digital
summer which calculates the total
number of ones in the vector (the cor-
relation score). The summer network
contains three pipeline stages, which
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Digital Correlator

are clocked on the rising edge of

CLK S. Calculation of a correlation
score therefore requires three clock
cycles, but a new result can be ob-
tained on each cycle once the pipeline
is filled.

Because a portion of the summer logic
is located between the input registers
and the first pipeline register, some
timing restrictions exist between
CLKSand CLK A, CLK B, or CLK M.
CLK S may be tied to an input clock
(usually CLK A) to obtain a continu-
ously updated correlation score,
delayed by three cycles from the data.
Under this condition, CLK S may be
skewed later than CLK A by no more
than tsK to assure that the A register
outputs have not changed before the
S clock occurs.

Alternatively, CLK S may be asyncro-
nous to the input clocks, as long as
data is stable at the pipeline register
inputs prior to the CLK S rising edge.
This condition can be met by assuring
that CLK S occurs at least tPs after the
input clock.

The summer output represents a
count of the number of matching
positions in the input data streams.
This 7-bit result can be inverted
(one’s-complemented) by loading
a'l" into the INV register.

Correlation values which exceed a
predetermined threshold can be
detected via the Threshold register
and Comparator. The Threshold reg-
ister is loaded with a 7-bit value via
the R6-Ro pins at the rising edge of
CLK C and while OE is logic high. To
achieve synchronization with the dig-
ital summer, the Threshold register
contents are fed into pipeline registers
clocked by CLK S. The compare flag
output (CFL) goes high when the
summer output is equal to or greater
than the contents of the Threshold
register.

Cascading the L10C23 devices for
longer correlation lengths and more
bits of reference or data precision is
easily accomplished. The A, B, and M
registers have serial outputs to dir-
ectly drive the corresponding inputs
of succeeding devices. The correlation
scores of multiple devices in such a
system should be added together to
obtain the overall correlation score.

Correlation on data exceeding one bit
of precision can be accomplished by
first calculating single-bit correlation
scores at each bit position, then
adding the results after weighting
them appropriately. Thus, one L10C23
would be used for each bit of preci-
sion in the data.

Logic Devices’ L4C381 16-bit ALU can
be used to assist in adding the outputs
of several L10C23 correlators. When
adding several 7-bit correlation scores,
advantage can be taken of the fact that
the sum of two 7-bit numbers will not
exceed 8 bits. Thus the L4C381 can
simultaneously perform two 7-bit
additions. The first two operands are
applied to A6-A0 and Bé-Bo, with the
result appearing on F7-Fo. The second
pair of operands are applied to
A14-A8 and B14-Bs, with the result
appearing in F15-F8. The unused
inputs are tied to ground. If it can be
guaranteed that at least one of the
input scores will not reach its maxi-
mum value of 64, then this technique
can also be applied in the second tier
of adders. In this case, while the in-
puts have 8 bits of precision, the max-
imum value their sum can assume is
255, which is expressable in 8 bits.

Alternatively, when performing long
correlations on relatively slow data-
streams, one L4C381 can be config-
ured using its feedback mode to accu-
mulate the correlation scores of a
number of L10C23s. To accomplish
this, the outputs of all the correlators
are tied together on a three-state bus.
Each one is sequentially enabled and
clocked into the L4C381, which
accumulates the total resulting score.
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Maximum Ratings
Above which useful life may be impaired (Notes 1, 2, 3, 8)

SLOrage tEMPETALUIE ....ucuvevereiteiniseiteiissesese s esses e rn e sassseaessese e sae s sassae s sbe st asanne st naesas e stsstannas -65°C to +150°C
Operating ambient teMPErature .........uoeecrieeinieiniesessee e -55°C to +125°C
Vcc supply voltage with respect to round ... s -0.5Vto+7.0V
Input signal with respect to GroUNd.........ceceieeeeieeineniineee st et -3.0Vto+7.0V
Signal applied to high impedance OULPUL .......cuieeei e -30Vto+7.0V

Output current into low outputs

Latchup current ...t

Operating Conditions
To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<£5.25V
Active Operation, Military -55°C to +125°C 4.50V<Vee<5.50V

Electrical Characteristics
Over Operating Conditions

Symbol Parameter Test Conditions Min Typ | Max |Unit
VoH Output High Voltage IOH = -2.0 mA 35 \%
VoL Output Low Voltage loL = 4.0 mA 05 |V
VIH Input High Voltage 2.0 Vcc | V
VL Input Low Voltage Note 3 0.0 08 | V
hix Input Current Ground £ VI < Vcc +20 | pA
loz Output Leakage Current Ground < Vo £Vcc +20 | pA
los Output Short Current Vo = Ground, VccC = Max, Note 4, 8 -250 | mA
Icct Vcc Current, Dynamic Notes 5, 6 25 100 | mA
Icc2 Vcc Current, Quiescent Note 7 0.5 | mA

== == Logic Products
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Digital Correlator

Switching Characteristics Over Commercial Operating Range (Notes 9, 10) (ns)

L10C23-50 L10C23-30 L10C23-20
Symbol Parameter Min Max Min Max Min Max
tPABM | A, B, M Clock Period 50 28 20
ts Input Data Setup Time 20 8 8
tH Input Data Hold Time 0 0 0
tPw A, B, M, S, C Clock Pulse Width 20 12 8
toABM | A, B, M Clock to A, B, M Out 25 20 18
trs S Clock Period, A, B, M Clock to S Clock Delay 50 28 20
tsk A, B, M Clock to S Clock Skew (Note 8) 3 3 3
tDR S Clock to R6—Ro 35 30 22
toc S Clock to CFL 25 20 18
tois Output Disable Time (Note 11) 35 16 14
teNA | Output Enable Time (Note 11) 30 18 16

Switching Characteristics Over Military Operating Range (Notes 9, 10) (ns)

L10C23-60 L10C23-35 L10C23-20
Symbol Parameter Min Max Min Max Min Max
tPABM | A, B, M Clock Period 58 33 20
ts Input Data Setup Time 22 10 10
tH Input Data Hold Time 0 0 0
trw A, B, M, S Clock Pulse Width 20 14 8
toABM | A, B, M Clock to A, B, M Out 30 23 18
tes S Clock Period, A, B, M Clock to S Clock Delay 58 33 20
tsk A, B, M Clock to S Clock Skew (Note 8) 3 3 3
tDR S Clock to Re—Ro 40 35 25
toc S Clock to CFL 30 23 18
tDIS Output Disable Time (Note 11) 40 18 16
tENA Output Enable Time (Note 11) 35 20 18

Logic Products
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Switching Waveforms
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Digital Correlator

Notes

1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values
beyond those indicated in the Operat-
ing Conditions table is not implied.
Exposure to maximum rating condi-
tions for extended periods may affect
reliability.

2. The products described by this
specification include internal circuitry
designed to protect the chip from
damaging substrate injection currents
and accumulations of static charge.
Nevertheless, conventional precau-
tions should be observed during
storage, handling, and use of these
circuits in order to avoid exposure to
excessive electrical stress values.

3. This device provides hard clamp-
ing of transient undershoot and over-
shoot. Input levels below ground or
above Vcc will be clamped beginning
at-0.6 Vand VcC + 0.6 V. The device
can withstand indefinite operation
with inputs in the range of -3.0 V to
+7.0 V. Device operation will not be
adversely affected, however, input
current levels will be well in excess

of 100 mA.

4. Duration of the output short circuit
should not exceed 30 seconds.

5. Supply current for a given applica-
tion can be accurately approximated
by ,
NCVF

4

where

N = total number of device outputs
C = capacitive load per output

V = suppy voltage

F =clock frequency

6. Tested with all outputs changing
every cycle and no load, at a 5 MHz
clock rate.

7. Tested with all inputs within 0.1 V
of Vcc or Ground, no load.

8. These parameters are guaranteed
but not 100% tested.

9. AC specifications tested with
input transition times less than 3 ns,
output reference levels of 1.5 V (ex-
cept tEN /tDIS test) and input levels of
nominally 0 to 3.0 V. Output loading
is a resistive divider which provides
for specified IOL and IoH plus 30 pF
capacitance.

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off
times. As a result, care must be exer-
cised in the testing of this device. The

following measures are recommended:

a. A 0.1 uF ceramic capacitor should
be installed between Vcc and Ground
leads as close to the Device Under
Test (DUT) as possible. Similar
capacitors should be installed be-
tween device VCC and the tester
common, and device ground and
tester common.

b. Ground and VCC supply planes
must be brought directly to the DUT
socket or contactor fingers.

c. Input voltages should be adjusted
to compensate for inductive ground
and VCC noise to maintain required
DUT input levels relative to the DUT
ground pin.

10. Each parameter is shown as a
minimum or maximum value. Input
requirements are specified from the
point of view of the external system
driving the chip. Setup time, for
example, is specified as a minimum
since the external system must supply
at least that much time to meet the
worst-case requirements of all parts.
Responses from the internal circuitry
are specified from the point of view
of the device. Output delay, for ex-
ample, is specified as a maximum
since worst-case operation of any
device always provides data within
that time.

11. Transition is measured £200 mV
from steady-state voltage with speci-
fied loading.

DEVICES INCORPORATED
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Ordering Information
Commercial Operating Range (0°C to +70°C)

Performance
Package Style 50 ns 30 ns 20 ns
24-pin Plastic DIP (0.3") — P2 L10C23NC50 L10C23NC30 L10C23NC20
24-pin Plastic DIP (0.6") — P1 L10C23PC50 L10C23PC30 L10C23PC20
24-pin Sidebraze (0.3") L10C23HC50 L10C23HC30 L10C23HC20
Hermetic DIP — D2
24-pin Sidebraze (0.6") L10C23DC50 L10C23DC30 L10C23DC20
Hermetic DIP — D1
Military Operating Range (-55°C to +125°C)
Performance
Package Style 60 ns 35ns 20 ns
24-pin Sidebraze (0.3") L10C23HM60 L10C23HM35 L10C23HM20
Hermetic DIP — D2 L10C23HME60 L10C23HME35 L10C23HME20
L10C23HMB60 L10C23HMB35 L10C23HMB20
24-pin Sidebraze (0.6") L10C23DM60 L10C23DM35 L10C23DM20
Hermetic DIP — D1 L10C23DME60 L10C23DME35 L10C23DME20
L10C23DMB60 L10C23DMB35 L10C23DMB20
24-pin Ceramic LCC — K1 L10C23KM60 L10C23KM35 L10C23KM20
L10C23KME60 L10C23KME35 L10C23KME20
L10C23KMB60 L10C23KMB35 L10C23KMB20
Pin Assignments
Pin Pin
P,D,H K Function |P,D,H| K Function
1 1,2 Vcc 13 14 R2
2 3 MIN 14 16 R1
3 4 AIN 15 17 Ro
4 6 BIN 16 (19,20 GND
5 7 CLKC 17 21 CFL
6 8 CLKS 18 22 B out
7 9 INV 19 23 Aout
8 10 OF 20 24 Mour © 1988, Logic Devices Incorporated. Re-
9 11 Ré 21 25 LCL production of any portion hereof without
written consent is prohibited. Information
10 12 Rs 22 26 CLKA contained in this specification is intended as
11 13 R4 23 27 CLKM a general product description and is subject
to change without notice. Logic Devices
12 14 R3 24 28 CLK B does notassume any responsibility for use of
5 NC any product or circuit described and no
patent license rights are implied.
18 NC

628 East Evelyn Avenue ¢ Sunnyvale, CA 94086 e Telephone 408-720-8630 ® FAX 408-733-7690
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Product Selection /Cross Reference Guide

Product Selection

Speed (ns) Power

Part No. Description Com. Mil. (mW) Pins Packages Available
L5380 SCSI Controller 4 Mbytes/s 2 Mbytes/s 50 40/44 DIP, PLCC
L53C80 SCSI Controller 4 Mbytes/s 2 Mbytes/s 50 48/44 DiP, PLCC
Product Cross Reference
LOGIC DEVICES AMD NCR National
L5380 SCSi AM5380 NCR5380 DP5380

NCR5380-40
L53C80 SCsl AM53C80 NCR53C80

Peripheral Products
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CMOS SCSI Bus Controller

L5380/L53C80

Features

Description

[ Asyncronous transfer rate up to
4 Mbytes/sec

O Pin and functionally compatible
with NCR5380, but 2.5x faster

O Low-power CMOS technology

@ On-chip SCSI bus drivers

O Supports arbitration, selection/re-
selection, initiator or target roles

 Programmed or DMA 1/0, hand-
shake or wait state DMA interlock

1 Package styles available:
® 40/48-pin Plastic DIP
¢ 40/48-pin Sidebraze, Hermetic DIP
® 44-pin Plastic LCC, J-Lead

The L5380/ L53C80 are very high per-
formance CMOS controllers which
support the physical layer of the SCSI
(Small Computer System Interface)
bus as defined by the ANSI X3T9.2
committee. Itis pin and functionally
compatible with the NMOS NCR5380,
while offering up to a 2.5x perform-
ance improvement, 10x power reduc-
tion, and lower cost. Replacement of
the NMOS 5380 by the LOGIC De-
vices L5380/L53C80 will result in an
immediate transfer rate improvement
due to REQ/ACK and DRQ/DACK
handshake response times up to 5
times faster than previous devices.

While remaining firmware compatible
with the NCR5380, the L5380/L53C80
provides bug fixes and state machine
enhancements allowing even larger
throughput gains for new designs.

The L5380/L53C80 supports asyncro-
nous data transfer between initiator
and target at up to 4 Mbytes/sec. It
operates in either initiator or target
roles, and offers a choice of program-
med I/O (direct microprocessor mani-
pulation of handshake) or any of
several DMA modes (autonomous
handshake and data transfer opera-
tions). The L5380/L53C80 has

L5380/L53C80 Function Diagram

7 N
D7-Do( CPU DATA BUS
MODE 1D SELECT CURRENT SCSI SCSI INPUT SCSI OUTPUT
REG REG DATA BUS REG DATAREG DATAREG
€8 D]
OR >———
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Az Y VE CONTROL COMPARE P A
At ] N— :]1> LoGic
A0 >—— o Loaic 4
RESET >——>
IRQ *+———1
DMA STATUS
REG SCSI DATABUS SDB7-0
T SDBP
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CMOS SCSI Bus Controller

internal hardware to support arbitra-
tion, and can monitor and generate
interrupts for a variety of error condi-
tions. It provides extensive bus status
monitoring features, and includes
buffers capable of directly driving a
terminated SCSI bus for a compact
implementation.

PIN DEFINITION
A. SCSI Bus

SDB7-0 — SCSI DATA BUS 7-0:
Bidirectional /Active low. The 8-bit
SCSI data bus is defined by these pins.
SDB is the most significant bit. Dur-
ing arbitration phase, these lines con-
tain the SCSI ID numbers of all initia-
tors arbitrating for the SCSI bus; SDB7
represents the initiator with the
highest priority. During the selec-
tion /reselection phase, these lines
contain the ID number of the device
that won the arbitration along with
the ID number of the device to be
selected /reselected.

SDBP — SCSI DATA BUS PARITY:
Bidirectional /Active low. SDBP is the
parity bit of the SCSI data bus. Odd
parity is used, meaning that the total
number of ones on the bus, including
the parity bit, is odd. Parity is always
generated when sending information,
however checking for parity errors
when receiving information is a user
option. Parity is not valid during arbi-
tration phase.

SEL — SELECT:

Bidirectional /Active low. SEL is as-
serted by the initiator to select a
target. Itis also asserted by the target
when reselecting it as an initiator.

BSY — BUSY:

Bidirectional /Active low. BSY is as-
serted to indicate that the SCSI bus is
active.

ACK — ACKNOWLEDGE:

Bidirectional /Active low. ACK is as-
serted by the initiator, during any in-
formation transfer phase, in response

Pin Assignments

L5380 Pin Assignment L53C80 Pin Assignment
Pin Pin Pin Pin
P,D | JK |Function]P,D | J K | Function| | P,D | J,K |Function|P,D | } K | Function
1] 2 Do |23]26| IRQ 1| 1| SDB7 |27 |25 D3
2| 3 |5DB7 |24 |27] IOR 2| 2| RST J28 |26 D2
3| 4 | SDBs | 25 | 28 | READY 3| 3| GND |29 |27 D1
4 | 5 | SDBs | 26 | 29 | DACK 4| 4| BSY |30/ 28 Do
5| 6 | SDB4 | 27 | 30| EOP 5| 5| SEL |32|29| MSG
6 | 7 | SDB3 | 28 | 31| RESET 6| 6 | ATN |33 (30| CD
7| 8 | SDB2 |29 |32| iOW 8 | 7 | RESET | 34 | 31| GND
8 | 9 | SDB1 | 30|33 A0 9| 8| IRQ |35]|32| VO
9 |10 | SDBo |31 |35| Vvcc 10| 9 [ DRQ |36 | 33| ACK
10 | 11 | SDBP | 32 | 36 Al 11 |10 | EOP |37 | 34| REQ
11 |12 | GND | 33|37 A2 12 | 11 | DACK | 38 | 35 | SDBP
12 {14 | SEL |34 |38| D7 13 |12 | GND |39 | 36| GND
13 15 | BSY |35|39| De 14 | 13 | READY | 40 | 37 | SDBo
14 |16 | ACK | 36 | 40 D5 15 | 14 A0 41 | 38| SDB1
15 | 17 | ATN |37 | 41 D4 16 | 15 Al 43 | 39| SDB2
16 | 18 | RST |38 42 D3 17 | 16 A2 44 | 40 | SDB3
17 | 19 O |39 |43 D2 19 | 17 CS |45 | 41| SDB4
18 |20 | GD |40 |44| D1 20 |18 | IOW ] 46 | 42| GND
19 | 21 | MSG 13| GND 21 |19 | IOR |47 | 43| SDBs
20 | 22 | REQ 1 NC 22 |20 D7 | 48 | 44| SDBse
21 | 24 CS 23 NC 23 | 21 D6 7 NC
22 | 25 | DRQ 34| NC 24 | 22 D5 18 NC
25 | 23 | vec | 31 NC
PD= tg;gggcc 26 |24 | Da | a2 NC
JK = 15380/C P,D = L53C80PC
L5380KC L53C80DC
JK = L53C80jC
L53C80KC

to assertion of REQ by the target.
Similarly, ACK is deasserted after
REQ becomes inactive. These two
signals form the data transfer hand-
shake between the initiator and target.
Data is latched by the target on the
lowgoing edge of ACK for target re-
ceive operations.

ATN — ATTENTION:

Bidirectional /Active low. ATN is as-
serted by the initiator after successful
selection of a target, to indicate an in-
tention to send a message to the tar-
get. The target responds to ATN by
entering the MESSAGE OUT phase.

Peripheral Products
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RST — SCSI BUS RESET:
Bidirectional /Active low. RST when
active indicates a SCSI bus reset
condition.

/O — INPUT/OUTPUT:
Bidirectional /Active low. T/Ois con-
trolled by the target and specifies the
direction of information transfer.
When I/0 is asserted, the direction of
transfer is to the initiator. I/O is also
asserted by the target during RESE-
LECTION phase to distinguish it from
SELECTION phase.

C/D — CONTROL/DATA:
Bidirectional /Active low. C/Dis
controlled by the target and when
asserted, indicates CONTROL (com-
mand or status) information is on the
SCSI data bus. DATA is specified
when C/D is deasserted.

MSG — MESSAGE:

Bidirectional /Active low. M5G is
controlled by the target, and when
asserted indicates MESSAGE phase.

REQ — REQUEST:

Bidirectional /Active low. REQ is as-
serted by the target to begin the hand-
shake associated with transfer of a
byte over the SCSI data bus. REQ s
deasserted upon receipt of ACK from
the initiator. Data is latched by the
initiator on the lowgoing edge of REQ
for initiator receive operations.

B. Microprocessor Bus

CS — CHIP SELECT:

Input/Active low. This signal enables
reading or writing of the internal regi-
sters by the microprocessor, using
memory mapped I/O. An alternate
method for reading selected registers
is available for DMA.

DRQ — DMA REQUEST:
Output/Active high. This signal is
used to indicate that the L5380/

L53C80 is ready to execute the next
cycle of a DMA transfer on the micro-
processor bus. For send operations, it
indicates that the output data register
is ready to receive the next byte from
the DMA controller or CPU. For re-
ceive operations, it indicates that the
input data register contains the next
byte to be read by the DMA controller
or CPU.

IRQ — INTERRUPT REQUEST:
Output/Active high. The L5380/
L53C80 asserts this signal to indicate
to the microprocessor that one of the
several interrupt conditions have been
met. These include SCSI bus fault
conditions as well as other events
requiring microprocessor interven-
tion. Most interrupt types are indi-
vidually maskable.

IOR — I/OREAD:

Input/Active low. TOR is used in con-
junction with CS and A2-0 to execute a
memory mapped read of a L5380/
L53C80 internal register. Itis also
used in conjunction with DACK to
execute a DMA read of the SCSI input
data register.

READY — READY:

Output/Active high. Ready is used
rather than DRQ as an alternate
method for controlling DMA data
transfer. This DMA type is termed
blockmode DMA, and must be specifi-
cally enabled by the CPU. In block-
mode DMA, data is throttled by treat-
ing the L5380/L53C80 as wait state
memory. I/O (DMA) cycles are
initiated at the maximum rate sustain-
able by the DMA controller /memory
subsystem, but all cycles are extended
(wait-states inserted) until READY is
asserted by the L5380/L53C80. This is
generally the fastest DMA method
since memory subsystem addressing
can be overlapped with SCSI opera-
tions (flyby mode).

DACK — DMA ACKNOWLEDGE:
Input/Active low. DACK is used in
conjunction with TOR or TOW to
enable reading or writing the SCSI
Input and Output Data Registers
when in DMA mode. DACK resets
DRQ and must not occur simultane-
ously with CS.

EOP — END OF PROCESS:
Input/Active low. This inputis

used to indicate to the L5380/L53C80
that a DMA transfer is to be con-
cluded. The L5380/L53C80 can auto-
matically generate an interrupt in
response to receiving EOP from the
DMA controller.

RESET — CPU BUS RESET:
Input/Active low. This input clears
all internal registers and state ma-
chines. It does not result in assertion
of the RST signal on the SCSI bus and
therefore affects only the local L5380/
L53C80 and not other devices on the
bus.

IOW — I/OWRITE:

Input/Active low. TOW is used in
conjunction with CS and A2-0 to
execute a memory mapped write of a
L5380/L53C80 internal register. Itis
also used in conjunction with DACK
to execute a DMA write of the SCSI
output data register.

A2, A1, Ao — ADDRESS 2,1,0:
Inputs/Active high. These signals, in
conjunction with CS, TOR, and IOW,
address the L.5380/L53C80 internal
registers for CPU read / write opera-
tions.

D7-0 — DATA 7-0:

Bidirectional /Active high. These sig-
nals are the microprocessor data bus.
D7 is the most significant bit.

Peripheral Products
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CMOS SCSI Bus Controller

L5380/L53C80
INTERNAL REGISTERS

Overview

The L5380/L53C80 contains registers
that are directly addressed by the
microprocessor. These registers allow
for monitoring of SCSI bus activity,
controlling the operation of the
L5380/L53C80, and determining the
cause of interrupts. In many cases, a
read-only and a write-only register are
mapped to the same address. Some
addresses are dummy registers which
are used to implement a control op-
eration but do not correspond to a
physical register. The state of the
CPU data bus when writing or
reading these dummy registers is
‘don’t care.’ Tables 1 and 3 show the
address and name of each register as
well as bit definitions.

Register Descriptions
A. WRITE OPERATIONS

The following paragraphs give
detailed descriptions of the function
of each bit in the L5380/L53C80 inter-
nal registers for write operations as
shown in Table 1.

WRITE ADDRESS 0 —
Output Data Register

The Output Data Register is a write-
only register used for sending infor-
mation to the SCSI data bus. During
arbitration, the arbitrating SCSI device
asserts its ID via this register. The
device which wins arbitration also
asserts the “OR” of its ID and the ID
of the target/initiator to be selected /
reselected. In programmed I/0, this
register is written using CS and JOW
with A2-0 =000. In DMA mode, it is
written when IOW and DACK are
simultaneously active, irrespective of
the state of the address lines. Note
that a "1" written to the Output Data
Register becomes a low state when
asserted on the active-low SCSI bus.

WRITE ADDRESS 1 —
Initiator Command Register

The Initiator Command Register is a
read/write register which allows CPU
control of the SCSI signals asserted by
the initiator. Some bits in this register
are not readable, and these positions
are mapped to status bits useful in
monitoring the progress of arbitration.
These, along with the initiation of
systemwide reset and test functions
may also be of use to the target.

R1 Bit 7 - Assert RST

When this bit is set, the L5380/L53C80
asserts the RST line on the SCSI bus,
initializing all devices on the bus to
the reset condition. All logic and
internal registers of the L5380/L53C80
are reset, except for the Assert RST bit
itself, the Testmode bit (R1 bit 6) and
the IRQ (interrupt request) latch. The
IRQ pin becomes active indicating a
SCSI bus reset interrupt. This inter-
rupt is not maskable.

R1 Bit 6 - Testmode

When this bit is set, the L.5380/L53C80
places all outputs including both SCSI
and CPU signals, in a high impedance
state. This effectively removes the de-
vice from the system as an aid to sys-
tem diagnostics. Note that internal
registers may still be written while in
testmode. The L5380/L53C80 returns
to normal operation when Testmode
is reset. The Testmode bit is reset by
writing a 0 to R1 bit 6, or via the
RESET (CPU reset) pin. Testmode is
not affected by the RST (SCSI bus
reset) signal, or by the Assert RST bit
in the Initiator Command Register (R1
bit 7).

R1 Bit 5 - Not Used

R1 Bit 4 - Assert ACK

When this bit is set, ACK is asserted
on the SCSI bus. Resetting this bit de-
asserts ACK. Note that ACK will be
asserted only if the TARGETMODE
bit (R2 bit 6) is reset, indicating that

the L5380/L.53C80 is acting as an ini-
tiator.

R1 Bit 3 - Assert BSY

When this bit is set, BSY is asserted on
the SCSI bus. Resetting this bit deas-
serts BSY. BSY is asserted to indicate
that the device has been selected or
reselected, and deasserting BSY causes
a bus free condition.

R1 Bit 2 - Assert SEL

When this bit is set, SEL is asserted on
the SCSI bus. Resetting this bit deas-
serts SEL. SEL is normally asserted
after a successful arbitration.

R1 Bit1- Assert ATN

When this bit is set, ATN is asserted
on the SCSI bus. Resetting this bit de-
asserts ATN. ATN is asserted by the
initiator to request message out phase.
Note that ATN will be asserted only if
the TARGETMODE bit (R2 bit 6) is
reset, indicating that the L5380/
L53C80 is acting as an initiator.

R1 Bit 0 - Assert Data Bus

When this bit is set, the open drain
SCSI data bus and parity drivers are
enabled and the contents of the
Output Data Register are driven onto
the SCSI data lines. In addition to the
Assert Data Bus bit, enabling of the
SCSI bus drivers requires one of the
following two sets of conditions:

When the L5380/L53C80 is operating
as an initiator, the Targetmode bit (R2
bit 6) must be reset, the I/O pin must
be negated (initiator to target transfer)
and no phase mismatch condition
exist. A phase mismatch occurs when
the MSG, T/D, and I70 bits of the
Target Command Register (R3) do not
match the corresponding SCSI control
lines.

When the L5380/L53C80 is operat-
ing as a target, the Targetmode bit
will be set, and in this case Assert
Data Bus will enable the outputs
unconditionally.

DEVICES INCORPORATED
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The Assert Data Bus bit need not be
set for arbitration to occur; when the
Arbitrate bit (R2 bit 0) is set, and a bus
free condition is detected, the data bus
will be enabled for arbitration inde-
pendent of the state of the Assert Data
Bus bit.

Finally, note that the Testmode bit
(R1 bit 6) overrides all other controls
including Assert Data Bus and
Arbitrate, and disables all outputs.

WRITE ADDRESS 2 —
Mode Register

The Mode register is a read /write
register which provides control over
several aspects of L5380/L53C80
operation. Programmed I/O or two
different types of DMA transfer may
be selected, initiator or target device
operation is accommodated, and
parity checking and interrupts may be
enabled via this register. The function
of each individual bit is described as
follows:

R2 Bit 7 - Blockmode

This bit must be used in conjunction
with DMA Mode (R2 bit 1). It is used
to select the type of handshake
desired between the L5380/L53C80
and the external DMA controller. See
“L5380/L53C80 Data Transfers” for a
complete discussion of the transfer
types supported.

R2 Bit 6 - Targetmode

When this bit is set, the L5380/L53C80
will operate as a SCSI target device.
This enables the SCSI signals I/0,
C/D, M5G, and REQ to be asserted.
When Targetmode is reset, the device
will operate as an initiator. This
enables the SCSI signals ATN and
ACK to be asserted. Targetmode also
affects state machine operation for
DMA transfers, and the conditions
necessary for enabling the SCSI Data
bus drivers. (See Assert Databus,

R1 bit 0).

Table 1. WRITE Register Chart.

Address 0 — Output Data Register
7 6 5 4 3 2 1 0
SDB7 | SDBe | SDBs | SDB4 | SDB3 | SDB2 | SDB1 | SDBo
Address 1 — Initiator Command Register
7 6 5 4 3 2 1 0
ASSERT | TEST ASSERT | ASSERT | ASSERT | ASSERT | ASSERT
RST | MODE ACK BSY SEL ATN | DATA
BUS
Address 2 — Mode Register
7 6 5 4 3 2 1 0
BLOCK | TARGET | ENABLE | ENABLE | ENABLE | MONI- DMA ARBI-
MODE | MODE | PARITY | PARITY | EODMA | TOR MODE | TRATE
CHECK |INT'RUPT|INT'RUPT| BUSY
Address 3 — Target Command Register
7 6 5 4 3 2 1 0
LAST ASSERT | ASSERT | ASSERT | ASSERT
BYTE REQ MSG /D 7o
SENT
Address 4 — ID Select Register
7 6 5 4 3 2 1 0
SDB7 | SDBe | SDBs | SDB4 | SDB3 | SDB2 | SDB1 | SDBo
Address 5 — Start DMA Send
7 6 5 4 3 2 1 0
Address 6 — Start DMA Target Receive
7 6 5 4 3 2 1 0
Address 7 — Start DMA Initiator Receive
7 6 5 4 3 2 1 0
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R2 Bit 5 - Enable Parity Check

When this bit is set, information
received on the SCSI data bus is
checked for odd parity. When Enable
Parity Check is set, the Parity Error
latch will be set whenever data is re-
ceived under DMA control or the
Current SCSI Data Register (Read
Register 0) is read by the CPU. The
state of the parity error latch can be
determined by reading R5 bit 5, and it
can be reset by a read to Address 7.
Note that enable parity check must be
set if parity error interrupts are to be
generated. This interrupt can be
separately masked by the Enable
Parity Interrupt bit (R2 bit 4) while
retaining the state of the parity error
latch for later examination by the
CPU.

R2 Bit 4 - Enable Parity Interrupt

When this bit is set, the L5380/L53C80
will set the interrupt request latch,
and assert IRQ (interrupt request) if it
detects a parity error. Enable Parity
Check (R2 bit 5) must also be set if
parity error interrupts are desired.

R2 Bit 3 - Enable End Of DMA Interrupt

When this bit is set, the L5380/L53C80
will set the interrupt request latch,
and assert IRQ (interrupt request) if it
detects a valid EOP (End of Process)
signal. EOP is normally generated by
a DMA controller to indicate the end
of a DMA transfer. EOP is valid only
when coincident with IOR or IOW
and DACK.

R2 Bit 2 - Monitor Busy

When this bit is set, the L5380/L53C80
continuously monitors the state of the
BSY signal. Absence of BSY fora
period longer than 400 ns (but less
than 1200 ns) will cause the L5380/
L53C80 to set the BSYERR and IRQ
(interrupt request) latches. In addi-
tion, the 6 least significant bits of the
Initiator Command Register are reset,
and all SCSI data and control outputs
are disabled until the BSYERR latch is

reset. This effectively disconnects the
L5380/L53C80 from the SCSI bus in
response to an unexpected disconnect
by another device. It also allows the
CPU to be interrupted when the SCSI
bus becomes free in systems where
arbitration is not used and an EOP
signal is not available.

R2 Bit 1- DMA Mode

When this bit is set, the L5380/
L53C80’s internal state machines
automatically control the SCSI signals
REQ and ACK (as appropriate for
initiator or target operation) and the
CPU signals’ DRQ and READY. DMA
Mode must be set prior to starting a
DMA transfer in either direction. The
DMA Mode bit is reset whenever a
bus free condition is detected (BSY is
not active). This aborts DMA opera-
tions when a loss of BSY occurs, re-
gardless of the state of the Monitor
Busy bit (R2 bit 2.) The DMA Mode
bit is not reset when EOP is received,
but must be specifically reset by the
CPU. EOP does however inhibit addi-
tional DMA cycles from occurring.

R2 Bit 0 - Arbitrate

This bit is set to indicate a desire to
arbitrate for use of the SCSI bus.
Before setting the Arbitrate bit, the
SCSI Output Data Register (Write
Register 0) must be written with the
SCSI ID assigned to the arbitrating
SCSI device. The bit position of

register RO which is set represents the
priority number of the SCSI device,
with bit 7 the highest priority. See the
section on “Arbitration” for a full
discussion of the L5380/L53C80 arbi-
tration procedure.

WRITE ADDRESS 3 —
Target Command Register

The Target Command Register is a
read/write register which allows CPU
control of the SCSI signals asserted by
the target. In addition, this register
contains a read-only status flag useful
in unambiguously determining when
the last byte of a DMA transfer has
actually been sent over the SCSI bus.

When operating as an initiator with
DMA mode set, the ASSERT MSG,
ASSERT C/D, and ASSERT I/0 bits
are used as a template to compare
against the corresponding SCSI
control signals provided by the target.
A phase mismatch interrupt will be
generated on the falling edge of the
REQ input if the template does not
match the state of the signals. There-
fore the CPU should initialize these
bits to the phase of the expected data
transfer. An interrupt then will signal
an intent by the target to change to a
new phase. The SCSI information
transfer phases and their associated
direction of data transfer are given in
Table 2.

Table 2. SCSI Information Transfer Phases

MSG C/D 1/O  Phase Direction

o o0 o Data Out Initiator - Target
0o 0 1 Data In Target - Initiator
o 1 0 Command Initiator - Target
0o 1 1 Status Target - Initiator
1 0 O Unused

1 0 1 Unused

1 1 0 Message Out  Initiator - Target

1 1 1 Message In Target - Initiator
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R3 Bits 74 - Not Used

R3 Bit 3 - Assert REQ

When this bit is set, REQ is asserted
on the SCSI bus. Resetting this bit de-
asserts REQ. Note that REQ will be
asserted only if the TARGETMODE
bit (R2 bit 6) is set, indicating that the
L5380/L53C80 is acting as a target.

R3 Bit 2 - Assert MSG

When this bit is set, MSG is asserted
on the SCSI bus. Resetting this bit de-
asserts MSG. Note that MSG will be
asserted only if the TARGETMODE
bit (R2 bit 6) is set, indicating that the
L5380/L53C80 is acting as a target.
When operating as an initiator, this bit
is compared against the MSG input,
and an interrupt is generated if they
differ at the falling edge of REQ.

R3 Bit 1 - Assert CID

When this bit is set, C/D is asserted
on the SCSI bus. Resetting this bit de-
asserts C/D. Note that C/D will be
asserted only if the TARGETMODE
bit (R2 bit 6) is set, indicating that the
L5380/L53C80 is acting as a target.
When operating as an initiator, this bit
is compared against the C/D input,
and an interrupt is generated if they
differ at the falling edge of REQ.

R3 Bit 0- Assert IJO

When this bit is set, T/O is asserted on
the SCSI bus. Resetting this bit deas-
serts I/O. Note that T/O will be
asserted only if the TARGETMODE
bit (R2 bit 6) is set, indicating that the
L5380/L53C80 is acting as a target.
When operating as an initiator, this bit
is compared against the I/O input,
and an interrupt is generated if they
differ at the falling edge of REQ.

WRITE ADDRESS 4 —
ID Select Register

The ID Select Register is a write-only
register which is used to monitor for
selection or reselection attempts to
the L5380/L53C80. In arbitrating
systems, an ID number is assigned to
each SCSI device by setting a single
bit position of the ID select register.
Each SCSI data pin is inverted and
compared with the corresponding bit
in the ID Select Register. If any
matches are found while a bus free
condition exists and SEL is active, the
L5380/L53C80 will generate an inter-
rupt to indicate a selection or reselec-
tion. During selection or reselection,
parity checking may be enabled by
setting the Enable Parity Check bit (R2
bit 5). This interrupt may be masked
by resetting all bits in this register.

WRITE ADDRESS 5 —
Start DMA Send

This is a dummy register. Writes to
this location are detected and cause
the 1L.5380/L53C80 internal state ma-
chine to execute a DMA send opera-
tion. This location is used for either
initiator or target DMA send. The
DMAMODE bit (R2 bit 1) must be set
prior to writing this location.

WRITE ADDRESS 6 —
Start DMA Target Receive

This is a dummy register. Writes to
this location are detected and cause
the L538/L53C80 internal state ma-
chine to execute a target DMA receive
operation. The DMAMODE bit (R2
bit 1) and the TARGETMODE bit (R2
bit 6) must be set prior to writing this
location.

WRITE ADDRESS 7 —
Start DMA Initiator Receive

This is a dummy register. Writes to
this location are detected and cause
the L5380/L53C80 internal state ma-
chine to execute an initiator DMA
receive operation. The DMAMODE
bit (R2 bit 1) must be set and the
TARGETMODE bit (R2 bit 6) must be
reset prior to writing this location.

IIIII
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B. READ OPERATIONS

The following paragraphs give
detailed descriptions of the function
of each bit in the L5380/L53C80 inter-
nal registers for read operations as
shown in Table 3.

READ ADDRESS 0 —
Current SCSI Data Bus

The Current SCSI Data Bus Register
allows the microprocessor to monitor
the SCSI data bus at any time, by
asserting CS and IOR with address
lines A2-0 = 000. The SCSI data lines
are not actually registered, but gated
directly onto the CPU bus whenever
address 000 is read by the CPU.
Therefore, reads of this location
should only be done when the SCSI
data lines are guaranteed to be stable
by the SCSI protocol. For systems
which implement SCSI bus arbitra-
tion, this location is read to determine
whether devices having higher priori-
ties are also arbitrating. Programmed
I/0 data transfer uses this location for
reading data transferred on the SCSI
data bus. With parity checking
enabled, SCSI data bus parity check-
ing is done at the beginning of the
read cycle for fast error detection.
Note that the SCSI data bus is in-
verted to become active high when
presented to the CPU.

READ ADDRESS 1—
Initiator Command Register

Reading bit 7 or bits 4-0 of the Initia-
tor Command Register simply reflects
the status of the corresponding bit in
the register. Bits 6 and 5 are mapped
to other signals as discussed below:

R1 Bit 6 - Arbitration In Progress

For this bit to be active, the ARBI-
TRATE bit (R2 bit 0) must be set.
When ARBITRATION IN PROGRESS
is set, it indicates that the L5380/
L53C80 has detected a bus free
condition and is currently arbitrating
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for control of the bus. See the section
on “Arbitration” for a complete
discussion of the L5380/L53C80
arbitration mechanism. Resetting the
ARBITRATE bit will reset ARBITRA-
TION IN PROGRESS.

R1 Bit 5 - Lost Arbitration

For this bit to be active, the ARBI-
TRATE bit (R2 bit 0) must be set.
When LOST ARBITRATION is set,
it indicates that the L.5380/153C80
has arbitrated for the SCSI bus (see
R1 bit 6 above) and has detected the
assertion of SEL by another (higher
priority) device. The 1.5380/L53C80
responds to loss of arbitration by
immediately discontinuing the
arbitration attempt. Resetting the
ARBITRATE bit will reset LOST
ARBITRATION.

READ ADDRESS 2 —
Mode Register

Reading the Mode Register simply
reflects the status of the bits in that
register.

READ ADDRESS 3 —
Target Command Register

Reading the Target Command Regi-
ster simply reflects the status of the
bits in that register, except for bit 7,
LAST BYTE SENT.

R3 bit 7 - Last Byte Sent

This read only bit indicates that the
last byte of data loaded into the
L5380/1L.53C80 during a DMA send
operation has actually been trans-
ferred over the SCSI bus. Note that
the end of process flag and the
corresponding interrupt occur when
this byte is loaded into the L5380/
L53C80, but do not reflect whether it
has actually been sent. This bit is not
present in the NCR5380, but is present
in the NCR53C80. Last Byte Sent is
reset when the DMAMODE bit (R2
bit 1) is reset.

READ ADDRESS 4 —
Current SCSI Control Register

The Current SCSI Control Register
provides a means for the CPU to di-
rectly monitor the state of the SCSI
bus control signals. The SCSI control
lines are not actually registered, but
gated directly onto the CPU bus
whenever Address 100 is read by the
CPU. The value of each bit position
represents the complement of the cor-
responding (low true) SCSI Signal Pin.

READ ADDRESS 5 —
DMA Status Register

The DMA Status Register provides a
means for the CPU to determine the
status of a DMA transfer and to
determine the cause of an interrupt. It
also makes available the final two
SCSI bus signals which are not in-
cluded in the Current SCSI Control
Register. The function of each indi-
vidual bit is defined as follows:

R5 Bit 7 - End of DMA

When this bit is set, it indicates that a
valid EOP has been received during a
DMA transfer. A valid EOP occurs
when EOP, DACK, and either IOR or
IOW are simultaneously active for the
minimum specified time. End of
DMA is reset when the DMAMODE
bit (R2 bit 1) is reset.

Note that for DMA send operations,
an END OF DMA status indicates
only that the last byte of the transfer is
loaded into the Output Data Register
of the sending device, not that it has
actually been transferred over the
SCSI bus. For this reason, the L5380/
L53C80 provides an additional status
bit; LAST BYTE SENT (R3 bit 7) which
indicates that this final byte has been
transferred to the receiving end. This
bit is not present in the NCR5380.

Also, note that the DMAMODE bit is
reset automatically whenever a loss of
busy condition is detected, which in
turn resets END OF DMA. Therefore
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the DMA Status Register should be
read prior to resetting the ASSERT
BSY bit (R1 bit 3) at the conclusion of a
DMA transfer.

R5 Bit 6 - DMA Request

This bit reflects the state of the DRQ
(DMA Request) signal. In pro-
grammed I/O, this bit can be polled
by the CPU to determine whether
there is a pending request for byte
transfer. For DMA send operations,
DMA REQUEST is reset when DACK
and TOW are simultaneously asserted.
For DMA receive operations, simulta-
neous DACK and IOR will reset DMA
REQUEST. DMA REQUEST is reset
unconditionally when the
DMAMODE bit (R2 bit 1) is reset.

R5 Bit 5 - Parity Error

This bit can only be set if ENABLE
PARITY CHECK (R2 bit 5) is set.
When enabled, the PARITY ERROR
bit is set if incoming SCSI data in
either initiator or target mode, or
during selection phase, does not
correctly reflect odd parity. PARITY
ERROR can be reset by aread to

the Reset Error /Interrupt Register
(Register 7).

R5 Bit 4 - Interrupt Request

This bit reflects the state of the IRQ
signal. The L5380/L53C80 asserts
IRQ to generate an interrupt to the
CPU. See the section on “Interrupts”
for further information on the possible
sources of interrupts in the L5380/
L53C80. INTERRUPT REQUEST can
be reset by aread to the Reset Error/
Interrupt Register (Register 7).

R5 Bit 3 - Phase Match

When this bit is set, it indicates that
the MSG, C/D, and I/O lines match
the state of the ASSERT MSG, AS-
SERT C/D, and ASSERT I70 bits in
the Target Command Register.
PHASEMATCH is not actually regis-
tered, but represents a continuous
comparison of these three phase bits
to the corresponding internal register

Table 3. READ Register Chart.

Address 0 — Current SCSI Data Bus

7 6 5 4 3 2 1 0
SDB7 | SDBe | SDBs | SDB4 | SDB3 | SDB2 | SDB1 | SDBo
Address 1 — Initiator Command Register
7 6 5 4 3 2 1 0
ASSERT | ARB.IN| LOST | ASSERT | ASSERT [ ASSERT | ASSERT | ASSERT
RST PRO- ARB. ACK BSY SEL ATN DATA
GRESS BUS
Address 2 — Mode Register
7 6 5 4 3 2 1 0
BLOCK | TARGET | ENABLE | ENABLE | ENABLE | MONI- DMA ARBI-
MODE | MODE | PARITY | PARITY | EODMA | TOR MODE | TRATE
CHECK [INT'RUPT|INT'RUPT{ BUSY
Address 3 — Target Command Register
7 6 5 4 3 2 1 0
LAST ASSERT | ASSERT | ASSERT | ASSERT
BYTE REQ MSG C/D (o]
SENT
Address 4 — Current SCSI Control Register
7 6 5 4 3 2 1 0
RST BSY | REQ | MSG | €D 1o SEL | PARITY
Address 5 — DMA Status Register
7 6 5 4 3 2 1 0
END DMA | PARITY | INTER- | PHASE BUSY
OF |REQUEST| ERROR | RUPT | MATCH | ERROR | ATN ACK
DMA REQUEST
Address 6 — Input Data Register
7 6 5 4 3 2 1 0
SDB7 | SDBe | SDBs | SDB4 | SDB3 | SDB2 | SDB1 | SDBo
Address 7 — Reset Error/Interrupt Register
7 6 5 4 3 2 1 0

DEVICES INCORPORATED

Peripheral Products




CMOS SCSI Bus Controller

locations. This bit is intended for use
by the initiator to detect that the target
device has changed to a different
information transfer phase. When the
L5380/L53C80 detects a phase mis-
match, PHASEMATCH is reset, and
information transfer to or from the
SCSI bus is inhibited.

R5 Bit 2 - Busy Error

This bit can only be set if the MONI-
TOR BUSY bit (R2 bit 2) is set. When
set, BUSY ERROR indicates that the
BSY pin has been false for a period at
least equal to a bus settle delay

(400 ns) When the BUSY ERROR con-
dition is detected, all SCSI signal pins
are disabled, and the DMAMODE

bit (R2 bit 1) and bits 0-5 of the
Initiator Command Register are reset.
BUSY ERROR can be reset by a read
to the Reset Error /Interrupt Register
(Register 7).

R5 Bits 1,0 - ATN, ACK

Like the Current SCSI Control Regi-
ster, these bits provide a means for the
CPU to directly monitor the state of
the SCSI bus control signals. The SCSI
control lines are not actually regis-
tered, but gated directly onto the CPU
bus whenever Address 5 is read by the
CPU. The value of each bit position
represents the complement of the cor-
responding (low true) SCSI Signal Pin.

READ ADDRESS 6 —
Input Data Register

This register acts as a temporary
holding register for information
received from the SCSI data bus dur-
ing DMA transfers (DMAMODE bit,
R2 bit 1 is set). In the initiator mode,
the 1.5380/1.53C80 latches the SCSI
data when REQ goes active, while in
the target mode data is latched when
ACK goes active. The contents of this
register represent the negation of the
low-true SCSI data. The contents of
the SCSI Input Data Register are gated

onto the CPU data bus when DACK
and TOR are simultaneously true, or
by a CPU read of location 6. Note that
DACK and CS must never be active si-
multaneously, to prevent conflicting
read operations. Parity may option-
ally be checked on the data as it is
loaded into this register.

READ ADDRESS 7 —
Reset Error/Interrupt Register

This is a dummy register. Reads to
this location are detected and used to
reset the Interrupt Request Latch (IRQ
signal) and the PARITY ERROR,
INTERRUPT REQUEST, and BUSY
ERROR latches (visible as bits 5, 4,
and 2 of Register 5).

INTERRUPTS

The L5380/L53C80 generates inter-
rupts to the CPU by setting the
Interrupt Request Latch, which
directly drives the IRQ (Interrupt
Request) line. The IRQ output will
reflect the state of the Interrupt
Request Latch under all conditions
except when TESTMODE (R1 bit 6) is
active, when it is in a high impedance
state. The Interrupt Request Latch
may be reset by reading Address 7,
the Reset Error/Interrupt Register. A
read of this location also resets several
error condition latches as discussed in
the section on “Internal Registers.”

Interrupts may be caused by any of
six conditions, most of which may be
masked by resetting enable bits in the
appropriate registers. The following
sections describe each interrupt type,
its cause, and how it may be reset.
Upon receiving an interrupt, the CPU
may read the Current SCSI Control
Register (R4) and the DMA Status
Register (R5) to determine the cause of
the interrupt. While the following
discussions indicate the expected

values of these registers following an
interrupt, it is recommended that bits
in these registers which are not
germane to determining the cause of
an interrupt be masked off in firm-
ware prior to implementing a com-
parison. A typical operational se-
quence for an interrupt service routine
is given at the end of this section.

SCSI Bus Reset Interrupt

A SCSI Bus Reset Interrupt occurs
when the SCSI RST signal becomes
active. This may be due to another
SCSI device driving the RST line, or
because the ASSERT RST bit (R1 bit 7)
has been set, causing the L5380/
L53C80 to drive the SCSI RST line.
The value of the SCSI RST line is
visible as R4 bit 7; however, this line is
not latched and therefore may have
changed state by the time the CPU
responds to the interrupt and polls
this location. For this reason a SCSI
Bus Reset Interrupt should be assum-
ed if no other interrupt condition is
active when reading Registers 4 and 5.

The SCSI Bus Reset Interrupt is non-
maskable. The expected read values
for the Current SCSI Control Register
and the DMA Status Register upon
encountering this interrupt are given
in Table 4.

Selection/Reselection Interrupt

A Selection/Reselection Interrupt
occurs when the SCSI SEL signal be-
comes active, the SCSI bus matches
the bit set in the ID Select Register,
and BSY has been false for at least a
bus settle delay. When the /O pinis
as-serted, the interrupt should be
interpreted as a reselection. The
Selection/Reselection Interrupt may
be masked by resetting all bits in the
ID Select Register. The expected read
values for the Current SCSI Control
Register and the DMA Status Register
upon encountering this interrupt are
given in Table 4.
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Loss of Busy Interrupt

A Loss of Busy Interrupt occurs when
the SCSI BSY signal has been inactive
for at least a bus settle delay (400 ns).
The Loss of Busy Interrupt may be
masked by resetting the MONITOR
BUSY bit (R2 bit 2). Resetting MONI-
TOR BUSY also prevents the BUSY
ERROR latch (Read R5 bit 2) from
being set. The expected read values
for the Current SCSI Control Register
and the DMA Status Register upon
encountering this interrupt are given
in Table 4.

Phase Mismatch Interrupt

A Phase Mismatch Interrupt occurs
when the DMAMODE bit (R2 bit 1)

is set, REQ is active on the SCSI bus,
and the SCSI phase signals MSG,
C/D, and I/0 do not match the corre-
sponding bits in the Target Com-
mand Register. This interrupt is
intended for use by the initiator to
detect a change of phase by the target
during a DMA transfer. When
operating as a target, the SCSI phase
lines will normally be asserted via the
Target Command Register, so no
phase mismatch will be generated
unless another SCSI device is errone-
ously driving the phase lines to an
unintended state.

The result of the continuous compari-
son of the SCSI phase lines to the Tar-
get Command Register contents is
visible as the PHASE MATCH bit
(Read R5 bit 3). This flag operates
irrespective of the state of
DMAMODE and REQ. Aslongasa
phase mismatch condition persists,
the L5380/L53C80 is prevented from
recognizing active REQ inputs, and
SCSI output data drivers are disabled.

The Phase Mismatch interrupt is
nonmaskable, however it will only
occur when operating in
DMAMODE. The expected read
values for the Current SCSI Control
Register and the DMA Status Register

upon encountering this interrupt are
given in Table 4.

Parity Error Interrupt

A Parity Error Interrupt occurs when
incorrect parity is detected during a

Table 4. Interrupt Read Values

read of the SCSI bus. Parity checking
occurs under the following conditions:
Parity is checked during a pro-
grammed I/O read of the Current
SCSI Data Register (Read R0), when
CS and TOR are active and the A2-0

Read Address 4 — Current SCSI Control Register

7 6 5 4 3 2 1 0
RST | BSY | REQ | MSG | C/D | 7O | SEL |PARTY
SCSI Bus Interrupt

x [ o [ o] o [ o o | o | o
Selection/Reselection Interrupt

o [ o [ o | x | x [i=mese] 1 | x
Loss of Busy Interrupt

o | o | o] o ] o[ o | o o
Phase Mismatch Interrupt

o [ 1+ [ v [ x [ x [ x | o | x
Parity Error Interrupt

o [ x | x [ x [ x [ x | x | x
End of DMA Interrupt

o | v | x | x | x [ x | o | x

Read Address 5 — DMA Status Register

7 6 5 4 3 2 1 0
END DMA | PARITY | INTER- | PHASE BUSY

OF  [REQUEST| ERROR | RUPT | MATCH | ERROR ATN ACK
DMA REQUEST
SCSI Bus Interrupt

o | o ] o] v ] 1] o [ oo
Selection/Reselection Interrupt

o | o | o | 1 ] x| o | x | o
Loss of Busy Interrupt

o | o | o | 1+ | x [ 1 | o | o
Phase Mismatch Interrupt

o | o ] o] 1T ol x | x | o
Parity Error Interrupt

x | x [ v | v ] x| x | x | x
End of DMA Interrupt

1 | o | o | v | x [ o | o | x

Peripheral Products

DEVICES INCORPORATED

4-15



CMOS SCSI Bus Controller

lines are 000. Parity is also checked
during DMA read operations
(DMAMODE bit, R2 bit 1 is set) when
ACK is active for target receive, or
REQ is active for initiator receive.

The PARITY ERROR latch is set when
parity error checking is enabled and
one of the above parity error condi-
tions is encountered. This latch is
visible as bit 5 of the DMA Status
Register (Read R5). The Parity Error
Interrupt may be masked and setting
of the PARITY ERROR latch pre-
vented by resetting the ENABLE
PARITY CHECK bit (Write R2 bit 5).
The PARITY ERROR latch can be reset
by reading the Reset Error/Interrupt
Register (Read R7). The expected read
values for the Current SCSI Control
Register and the DMA Status Register
upon encountering this interrupt are
given in Table 4.

End of DMA Interrupt

An End of DMA Interrupt occurs
when a valid EOP (End of Process)
signal is detected during a DMA
transfer. EOP is valid when EOP,
DACK, and either IOR or IOW are si-
multaneously asserted for the mini-
mum specified time. EOP inputs not
occurring during I/O read or write
operations are ignored.

The End of DMA latch is set whenever
the DMAMODE bit (R2 bit 1) is set
and a valid EOP is received. This
latch is visible as bit 7 of the DMA
Status Register (Read R5). The End of
DMA Interrupt may be masked by
resetting the ENABLE EODMA
INTERRUPT bit (Write R2 bit 3). This
bit does not affect the END OF DMA
latch, however. The End of DMA
latch can be reset by resetting the
DMAMODE bit'in the Mode Register.
The expected read values for the
Current SCSI Control Register and the
DMA Status Register upon encounter-
ing this interrupt are given in Table 4.
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DATATRANSFERS

The L5380/L53C80 supports pro-
grammed I/O under CPU control or
DMA transfer viaa DMA controller
when transferring information to and
from the SCSI data bus. Programmed
1/0 can be implemented entirely in
firmware or using minimum external
logic for accessing the appropriate
registers. Under DMA control, the
L5380/L53C80’s DMA interface logic
and internal state machines provide
the necessary control of the REQ-ACK
handshake. Each type of transfer is
fully described in the following
sections.

Programmed 1/O

Two forms of programmed I/O are
supported by the L5380/L53C80. For
normal programmed 1/0, the SCSI
handshake is accomplished by setting
bits in the Initiator or Target Com-
mand registers to assert SCSI control
lines, and polling the Current SCSI
Control and DMA Control registers
for the appropriate responses. Since
for this method the control is contain-
ed in firmware, the cycle times are
relatively slow. Itis most appropriate
for transferring small blocks of data
such as SCSI command blocks or
messages, where the overhead of

Table 5. Typical Interrupt Service Routine Polling Service

Read Address 5 > TEMP

: Read DMA Status Reg to variable TEMP

IF TEMP "AND" HEX (10) =0
THEN GO TO NEXT DEVICE

: IRQ not active, so L5380/L53C80
was not the source of this interrupt

TEMP "AND" HEX (AC) — TEMP

: Mask off irrevelant bits

IF TEMP > HEX (7F) THEN
GO TO EODMA

: End of DMA Interrupt

IF TEMP > HEX (1F) THEN
GO TO PARERR

: Parity Error Interrupt

IF TEMP > HEX (07) THEN
GO TO PHASERR

: Phase Mismatch Interrupt

IF TEMP > HEX (03) THEN
GO TO BYSERR

: Loss of Busy Interrupt

Read Address 4 — TEMP

: Read Current SCSI Control Reg

to variable TEMP

TEMP "AND" HEX (06) — TEMP

: Mask off irrevelant bits

IF TEMP = HEX (06) THEN
GO TO RESEL

: Reselection Interrupt

IF TEMP = HEX (02) THEN
GO TO SEL

: Selection Interrupt

IF TEMP = HEX (00) THEN
GO TO RESET

: SCSI Bus Reset Interrupt

Peripheral Products

DEVICES INCORPORATED

4-16




L5380/L53C80

setting up a DMA controller could
be significant.

Pseudo DMA

An alternate method of programmed
1/0 allows the state machines of the
L5380/L53C80 to handle the SCSI
handshake, thereby improving per-
formance in systems which do not
employ a hardware DMA controller.
To implement Pseudo DMA, the
DMAMODE bit is set. The CPU polls
the DRQ bit in the DMA Control
Register to determine when a byte
should be written to or read from the
L5380/L53C80. When reading or
writing, external logic must be used to
decode the L5380/L53C80 location
and produce DACK, since it is used
by the internal state machines. Also,
CS must be suppressed since it may
not be asserted simultaneously with
DACK.

Normal DMA Mode

Normal DMA mode is obtained when
the DMAMODE bit is set but the
BLOCKMOPDE bit is reset. The DMA
process is started by writing to the
Start DMA Send, Start DMA Initiator
Receive, or Start DMA Target Receive
locations as appropriate. Once
started, the internal state machines of
the L5380/L53C80 manage the REQ -
ACK handshake protocol, as well as
the DRQ-DACK handshake with the
DMA controller.

The L5380/L53C80 will assert DRQ
whenever it is ready to transfer a byte
to or from the DMA controller. In re-
sponse to DRQ, the controller asserts
DACK and IOR to read the byte, or
DACK and IOW to write a byte to the
L5380/L53C80. For write operations,
the byte is latched at the rising edge of
the logical AND of DACK and IOW.
The transfer can be terminated by
asserting EOP during a read or write
operation, or by resetting the
DMAMODE bit.

Block DMA Mode

When the BLOCKMODE bit is set, the
DMA handshake is no longer depend-
ent on interlocked DRQ-DACK cycles.
Instead, the DMA controller may be
allowed to free-run, with data flow
throttled by inserting “wait-states” in
the DMA transfer to or from the
L5380/L53C80. Wait-states, which are
idle clock cycles inserted during the
1/0 read or write operation, are in-
serted by the DMA controller until the
READY output of the L5380/L53C80
goes true, allowing the bus cycle to
conclude.

The READY output will be deasserted
under the following conditions: For
send operations, READY will be false
whenever the Output Data Register
contains a byte which has not been
transferred over the SCSI bus. This
allows the DMA controller to access
RAM to fetch the next byte, but
postpones the end of the CPU bus
cycle until the previous byte has been
transferred, freeing the Output Data
Register to receive it.

For receive operations, READY will be
false whenever the Input Data Regi-
ster is empty. This allows the DMA
controller to address the RAM for a
write operation, but postpones the
end of the CPU bus cycle until the
incoming byte is stored in the Input
Data Register and is available on the
CPU bus.

Note that when blockmode is em-
ployed, DACK may optionally remain
asserted throughout the DMA trans-
fer, since it is not used in an inter-
locked DMA handshake. (Its interlock
function is replaced by IOR or IOW.)
Also, DRQ will be asserted in the
normal way when operating in
blockmode. To gain the abovemen-
tioned performance benefits, it should
be used only to initiate the first byte
transfer, with READY used to throttle
succeeding transfers. This methodol-

ogy is compatible with DMA control-
lers such as the Intel 8237 and AMD
Am9516/9517.

In summary, blockmode operation
offers the potential for improved
transfer rates by overlapping the
DMA memory access with the SCSI
transfer. This is of particular value
when used with DMA controllers
capable of “flyby” operation, where
the data is transferred directly from
memory to the peripheral, and does
not pass through the DMA controller
itself. This transfer rate gain is
achieved at the expense of locking up
the CPU bus for a time equal to the
SCSI transit time of the entire block.
This may be strongly preferable in
some systems where net disk access
time is a crucial performance factor.
Also, the time required to arbitrate for
the CPU bus on a byte-by-byte basis
may well be longer than the cycles
wasted waiting for SCSI transfers to
take place, especially with fast periph-
erals which operate from a high speed
sector buffer.

Terminating DMA Transfers

DMA transfers, either normal or
blockmode, may be terminated in a
number of ways. The following sec-
tions describe these methods, along
with providing information about
correct sequencing of various signals
to effect a clean exit from a DMA
process.

EOP Signal

The EOP signal is usually generated
by a DMA controller to indicate that
its transfer counter has decremented
to zero. In order to be recognized by
the L5380/L53C80, it should be as-
serted simultaneously with the DACK
and TOR or IOW signals correspond-
ing to the last byte in the transfer.
Note that in the case of send opera-
tions, asserting EOP indicates to the
L5380/L53C80 that SCSI transfers
should cease after transmission of the

DEVICES INCORPORATED
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byte loaded while EOP is asserted. In
order to determine when this last byte
has actually been sent, the LAST BYTE
SENT flag in the Target Command
Register may be examined. This flag
is not present in the NCR implementa-
tion of the 5380, but is available in the
53C80, a non-pin-compatible variant.
The EOP input does not reset the
DMAMODE bit, but after transmis-
sion of the last byte causes the internal
state machine to return to an idle
condition, so that no further SCSI
handshaking will occur until another
transmission is explicitly initiated.
Note that the NCR version of the 5380,
upon receiving an EOP, will stop
asserting DRQ, but will continue to
issue ACK in response to additional
REQ inputs, potentially causing data
loss if the target initiates another data
transmission without an intervening
phase change. The 1.5380/L53C80
prevents this spurious DMA hand-
shake from occurring.

DMAMode Bit

Resetting the DMAMODE bit in the
Mode Register causes a hard reset of
the internal DMA state machines, and
thus an effective termination of a
DMA transfer. Since unlike the EOP
case the state machine is not allowed
to exit gracefully, care must be taken
in the timing of DMAMODE reset.

For receive operations, the
DMAMODE bit should be reset after
the last DRQ is received, but prior to
asserting DACK to prevent an addi-
tional REQ or ACK from occurring.
For normal DMA mode, resetting this
bit will cause DRQ to go inactive.
However the last byte received
remains in the SCSI Input Data
Register and may be read either by the
normal DACK and TOR DMA read or
using a CPU read of Address 6. For
blockmode DMA, READY will remain
asserted when DMAMOPDE is reset,
allowing the DMA controller to

retrieve the last byte in the normal
fashion. The NCR version of the 5380
fails to keep ready asserted when
DMAMODE is reset, potentially
causing deadlock on the CPU bus.

Bus Phase Mismatch

When operating in DMAMODE as an
initiator, a bus phase mismatch can be
used to terminate a data transfer. If
the C/D, I/0, and MSG lines fail to
match the corresponding bits in the
Target Command Register, it will
prevent recognition of REQ, and will
disable the SCSI data and parity
output drivers. Also, when REQ
becomes active, an interrupt will be
generated. Because REQ is not
recognized, the effect is to stop the
DMA transfer, although the state
machine does not return to idle until
either DMAMODE is reset or a valid
EOP is received.

One caution should be observed when
using phase changes to end DMA
transfers: While this method obviates
the need for the initiator to keep a
transfer counter, it depends on the
target causing a phase change be-
tween any two consecutive informa-
tion transfer phases. Since this is not
required by the protocol, it must be
guaranteed by the target software.
Otherwise the target may begin a new
information transfer without the ini-
tiator recognizing the boundary
between the two.

ARBITRATION

The 15380/L53C80 contains on-chip
hardware to assist in arbitrating for
the SCSI bus. This arbitration logic
cooperates with the host firmware to
effect SCSI arbitration, as described in
the following paragraphs:

The SCSI arbitration timeline begins
with detection of a bus free condition
at time t0. Bus free is defined as BSY

and SEL inactive for at least a bus
settle delay (400 ns). Following the
bus settle delay, the SCSI device must
wait an additional bus free delay of
800 ns, for a total of 1200 ns after to,
prior to driving any signal. Thus a
minimum of 1200 ns must elapse from
initial deassertion of BSY to the begin-
ning of an arbitration attempt. A final
constraint is that arbitration may not
begin if more than a bus set delay
(1800 ns) has elapsed since BSY
became active (arbitration began),
corresponding to 2200 ns after to.

The CPU indicates a desire to arbitrate
by setting the ARBITRATE bit (R2

bit 0.) When ARBITRATE is set, the
1.5380/L53C80 will monitor the state
of BSY and SEL to detect a bus free
condition. The actual implementation
uses an internal delay line to provide
a time reference for detection of a bus
free condition. This delay is nomi-
nally 800 ns during which BSY and
SEL must be inactive. This time
represents the center of the window
between the Bus Settle Delay (400 ns)
and the Bus Free Delay (400 + 800 =
1200 ns). When Bus Free is detected,
the L5380/L53C80 waits for an
additional time of nominally 900 ns
(1700 ns nominal since t0) and asserts
BSY and the contents of the Output
Data Register. This time represents
the center of the 1200 ns—2200 ns
window between the earliest and
latest legal arbitration attempt. Since
the actual delays are process and tem-
perature dependent, they will vary in
practice, but will always remain well
within the specified limits.

Once arbitration has begun (BSY and
the Output Data Register asserted,)
the ARBITRATION IN PROGRESS bit
(R1 bit 6) will be set, allowing the CPU
to detect the fact that arbitration has
begun. The CPU should then wait
one arbitration delay (2.2 us) before
reading the bus to determine whether
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arbitration has been won or lost. The
LOST ARBITRATION bit (R2 bit 7)
will be active if the L5380/L53C80 has
detected SEL active on the SCSI bus,
indicating that another SCSI device
has declared itself the winner of the
arbitration. SEL active also disables
the SCSI output drivers, allowing the
winning arbitrator to proceed with its
transfer.

BUG FIXES/ENHANCMENTS

The NCR5380 and the Am5380 have
some architectural bugs, both pub-
lished and unpublished. The Logic
Devices L5380/L53C80 was designed
to eliminate these bugs while main-
taining pin and architectural compati-
bility. A list of these errors along with
solutions implemented in the L5380/
L53C80 is itemized below.

1. When executing blockmode DMA
send operations, the READY signal is
intended to insert memory wait states
as a mechanism to throttle data
transfer, with the DMA controller in a
free-running loop. The NCR/Am5380
erroneously allows the contents of the
Output Data Register to be overwrit-
ten by subsequent bytes prior to
acknowledgment of the current byte
by the SCSI receiver. This causes loss
of data when operating in blockmode
if the sender's DMA cycle is faster
than the receiver's.

2. Assertion of EOP during
blockmode DMA transfers fails to
cause assertion of READY in the
NCR/Am5380. This may prevent the
CPU from becoming bus master and
can result in lockup of the CPU bus in
anot-ready state. In block DMA send

mode when EOP is received, the
L5380/L53C80 reasserts READY
immediately after transmitting the
final byte. For receive mode, READY
is asserted immediately.

3. When a valid EOP is detected, the
NCR/Am5380 prevents assertion of
additional DRQ's, but continues to
respond to SCSI handshakes. This
means that additional data transmit-
ted without phase change may be lost.
The L5380/L53C80, like the NCR/
Am5380 remains in DMAMODE after
an EOP. However, the internal state
machine returns to an idle condition
and does not respond to additional
SCSI handshake attenpts until another
data transfer is explicitly initiated.

4. When operating as an initiator in
DMAMOPDE, the NCR/Am5380
leaves ACK asserted after receipt of a
valid EOP, requiring the CPU to
deassert it. When a valid EOP is
detected, the L5380/L53C80 deasserts
ACK properly.

5. If the NCR/Am5380 is not termi-
nated on the SCSI side, the floating
RST pin will cause spurious inter-
rupts. The L5380/L53C80 contains
internal high value pullups to set
unterminated SCSI pins to the inactive
state.

6. During DMA send operations,
when a valid EOP signal is received
by the NCR/Am5380, no convenient
indication exists to indicate that the
last byte of data (loaded simultane-
ously with EOP) has in fact been
successfully transmitted. The L5380/
L53C80 provides LAST BYTE status
bit mapped to bit 7 of the Target
Command Register. This bit will be

set after a valid EOP has occurred,
and the final byte has been transmit-
ted successfully.

7. During the reselection phase, the
NCR/AMS5380 may reset the reselec-
tion interrupt if the contents of the
Target Command Register do not
match the current SCSI bus phase.
The L5380/L53C80 does not spuri-
ously reset this interrupt.

8. In the NCR/Am5380, the phase
mismatch interrupt is captured in an
edge triggered fashion on the active
edge of REQ. During reselection, this
interrupt might not be generated even
though a phase change has occurred.
The reason for this is as follows:

¢ The initiator DMAMODE bit must
be set in order to receive a phase-
match interrupt.

¢ However, the DMAMODE bit
cannot be set unless BSY is active.

¢ BSY will be driven active by the
target only after the relesection
has occurred.

* Once BSY has been asserted by
the target, it may then assert REQ
before the initiator has set the
DMAMODE bit, and the initiator
will then fail to generate an
interrupt.

The L5380/L53C80 interrupt latch will
be set if a phase mismatch condition
exists when the later of REQ or
DMAMODE become active. In this
way, the mismatch will always be
detected, even if the target asserts
request before the initiator sets
DMAMODE.
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DMA Interface with 8237 A.
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SWITCHING CHARACTERISTICS
A. CPU Write Timing —(Units measured in ns except where noted)

Commercial Military

2 Mbytes/sec | 4 Mbytes/sec 2 Mbytes/sec

Symbol  Parameter Min | Max Min | Max Min Max
T Address Setup to Write Enable 10 5 10
T2 Address Hold from End of Write Enable 0 0 0
T3 Width of Write Enable 40 20 40
T4 Data Setup to End of Write Enable 20 5 20
T5 Data Hold from End of Write Enable 10 5 10

CPU Write Waveforms

AZ—AO’///////)E— ‘j(///////jj//
T1 ——» [e——T2
cs \ i
T3 ——
iow A S /
T4 —»<—T5
D7—DO////j///////7///)E- ‘;(//////J////f/
B. CPU Read Timing —(Units measured in ns except where noted)
Commercial Military
2 Mbytes/sec | 4 Mbytes/sec 2 Mbytes/sec
Symbol  Parameter Min | Max Min | Max Min Max
T Address Setup to Read Enable 10 5 10
T2 Address Hold from End of Read Enable 0 0 0
T3 Data Access Time from Read Enable 50 20 50
CPU Read Waveforms
nro L L)L) _j(///////////
[—— T1 —» T2
& \ =
IOR X /
T3
or0o /S /[ [ [/ /LS XLLLLLLL L
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C. Arbitration —(Units measured in ns except where noted)
Commercial Military
Symbol  Parameter Min | Max Min Max
T1 BSY False Duration to Detect Bus Free Condition 04ps |1.1us [ 04ps [ 1.7ps
T2 SCSI Bus Clear (High Z) from BSY False 1.1ps 1.1 ps
T3 Arbitrate (BSY and SCSI ID asserted) from BSY False (Bus Free Detected) | 1.2 ps |2.2ps | 0.8 ps | 2.4 ps
T4 SCSI Bus Clear (High Z) from SEL True (Lost Arbitration) 60 60

Arbitration Waveforms

D
/ N
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——T2 ———————»
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DRIVE SCSI ID
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D. DMA Write Initiator Send —(Units measured in ns)

Commercial Military
2 Mbytes/sec | 4 Mbytes/sec 2 Mbytes/sec
Symbol  Parameter Min | Max Min | Max Min Max
The following apply for all DMA Modes

T1 DRQ False from Write Enable (concurrence of

IOW & DACK) 60 30 60
T2 Width of Write Enable (concurrence of TOW & DACK) 60 20 60
T4 Data Setup to End of Write Enable 20 5 20
TS5 Data Hold from End of Write Enable 15 5 15
T6 Concurrent Width of EOP, IOW, and DACK 50 20 50
T9 REQ False to ACK False 90 45 90
T13 End of Write Enable to Valid SCSI Data 65 45 65
T14 | SCSI Data Setup Time to ACK True 60 65 60

The following apply for Normal DMA Mode only
T7 REQ False to DRQ True 60 30 60
T8 DACK False to ACK True (REQ True) 140 140 140
T10 | REQ True to ACK True (DACK False) 70 35 70
The following apply for BLOCKMODE DMA only
T3 IOW Recovery Time 40 20 40
T8 IOW False to ACK True (REQ True) 140 140 140
T10 REQ True to ACK True (IOW False) 70 35 70
™ REQ False to READY True 60 30 60
T12 | IOW False to Ready False 70 35 70
= Peripheral Products
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DMA Write Initiator Send Waveforms
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E. DMA Read Initiator Receive —(Units measured in ns)

Commercial Military
2 Mbytes/sec | 4 Mbytes/sec 2 Mbytes/sec
Symbol  Parameter Min | Max Min | Max Min L Max
The following apply for all DMA Modes
T DRQ False from Concurrence of [OR and DACK 60 30 60
T3 Data Access Time from Concurrence of IOR & DACK 60 20 60
T4 Concurrence Width of EOP, IOR, and DACK 50 20 50
17 REQ True to ACK True 70 35 70
T12 | SCSI Data Setup Time to REQ True 20 5 20
T13 | SCSI Data Hold Time from REQ True 15 5 15
The following apply for Normal DMA Mode only
TS REQ True to DRQ True 60 30 60
T6 DACK False to ACK False (REQ False) 90 45 90
T8 REQ False to ACK False (DACK False) 80 45 80
The following apply for BLOCKMODE DMA only
T2 IOR Recovery Time 40 20 40
T6 IOR False to ACK False (REQ False) 90 45 90
T8 REQ False to ACK False (IOR False) 80 45 80
T9 REQ False to READY True 60 30 60
T10 READY True to CPU Data Valid 15 15 15
T IOR False to Ready False 70 35 70
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DMA Read Initiator Receive Waveforms
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F. DMA Write Target Send —(Units measured in ns)

Commercial Military
2 Mbytes/sec 4 Mbytes/sec 2 Mbytes/sec
Symbol  Parameter Min | Max Min | Max Min Max
The following apply for all DMA Modes

T I&) False from Write Enable (concurrence of

IOW & DACK) 60 30 60
T2 Width of Write Enable (concurrence of [IOW & DACK)| 60 20 60
T4 Data Setup to End of Write Enable 20 5 20
TS5 Data Hold from End of Write Enable 15 5 15
T6 Concurrent Width of EOP, [OW, and DACK 50 20 50
T9 ACK True to REQ False 90 45 90
T13 End of Write Enable to Valid SCSI Data 60 45 60
T14 | SCSI Data Setup Time to REQ True 60 65 60

The following apply for Normal DMA Mode only
T7 ACK False to DRQ True 60 30 60
T8 DACK False to REQ True (ACK False) 130 130 140
T10 | ACK False to REQ True (DACK False) 70 35 70
The following apply for BLOCKMODE DMA only

T3 IOW Recovery Time 40 20 40
T8 IOW False to REQ True (ACK False) 130 130 140
T10 ACK False to REQ True (IOW False) 70 35 70
T11 | ACK True to READY True 60 30 60
T12 | IOW False to Ready False 70 35 70
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DMA Write Target Send Waveforms
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G. DMA Read Target Receive —(Units measured in ns)

Commercial Military

2 Mbytes/sec | 4 Mbytes/sec 2 Mbytes/sec

Symbol  Parameter Min L Max Min | Max Min Max
The following apply for all DMA Modes
T1 DRQ False from Concurrence of IOR and DACK 60 30 60
T3 Data Access Time from Concurrence of TOR & DACK 60 20 60
T4 Concurrence Width of EOP, TOR, and DACK 50 20 50
T7 ACK True to REQ False 90 45 90
T12 | SCSI Data Setup Time to ACK True 20 5 20
T13 | SCSI Data Hold Time from ACK True 15 5 15
The following apply for Normal DMA Mode only
TS ACK True to DRQ True 60 30 60
T6 DACK False to REQ True (ACK False) 70 35 70
T8 ACK False to REQ True (DACK False) 70 35 70
The following apply for BLOCKMODE DMA only
T2 IOR Recovery Time 40 20 40
T6 IOR False to REQ True (ACK False) 70 35 70
T8 ACK False to REQ True (iOR False) 70 35 70
T9 ACK True to READY True 60 30 60
T10 READY True to CPU Data Valid 15 15 15
T11 | IOR False to Ready False 70 35 70
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DMA Read Target Receive Waveforms
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Maximum Ratings
Above which useful life may be impaired

StOrage tEMPETALUTE .....couvviririeieertetise i se e s sr e e s ase sasasse st sen s en e es s s s e sn s snaseas st ebans —-65°C to +150°C
Vcc supply voltage with respect t0 round......ueececeeeiiecrienesieeesnrce s -0.5Vto+7.0V
Output voltage 0.0 to Vcc
INPUL VOIAGE ...oveerintiiintceieicicte ettt et s s e s s sr s s sa s st s s s sa s saa et e s e s s as bt ssnnnnaseenns 00to 5.5V
loL Low Level Output Current (SCSIBUS) .....iueveerireiriieriiieiitene st s stese s s ssesessnenes

loL Low Level Output Current (other pins)

IoH High Level Output Current (Other pins) ...c..ceeeiceeiinenteeeee sttt -4 mA

Operating Conditions
To meet specified electrical and switching characteristics

Mode Temperature Range (Ambient) Supply Voltage
Active Operation, Commercial 0°C to +70°C 475V <Vcc<5.25V
Active Operation, Military -55°Cto +125°C 4.50V<Vec<5.50V

Electrical Characteristics

Over Operating Conditions
Symbol Parameter Test Conditions Min | Typ | Max |Unit
ViL Low Level Input Voltage 0.0 08 | V
VIH High Level Input Voltage 2.0 Vcc | V
VoL Low Level Output Voltage
(SCSI bus) Vcc = min, oL = 48 mA 05 | V
VoL Low Level Output Voltage
(other pins) Vcc = min, loL = 8 mA 05| V
VOH | High Level Output Voltage
(other pins) VccC = min, IOH = -4 mA 3.5 \Y
I Input Current* Vcc = max, Vi =0 - Vcc (SCSI bus) 65 | MA
li Input Current* Vcc = max, Vi = 0 — Vcc (other pins) 20 | pA
Icc Supply Current Vcce = max, VIH = 2.4,
ViL = 0.4, 4 MHz cycle,
no load, no termination 10 20 | mA
lcc Supply Current
Quiescent As above, inputs stable 1.0 | mA

* Not tested at low temperature extreme.
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Ordering Information
Commercial Operating Range (0°C to +70°C)

Performance
Package Style 4 Mbytes/sec 2 Mbytes/sec
40-pin Plastic DIP (0.6") — P3 L5380PC4 L5380PC2
40-pin Sidebraze (0.6") L5380DC4 L5380DC2
Hermetic DIP — D3
48-pin Plastic DIP (0.6") — P5 L53C80PC4 L53C80PC2
48-pin Sidebraze (0.6") L53C80DC4 L53C80DC2
Hermetic DIP — D5
44-pin Plastic LCC, J-Lead — J1 L5380JC4 L5380JC2
L53C80)C4 L53C80JC2
44-pin Ceramic LCC — K2 L5380KC4 L5380KC2
L53C80KC4 L53C80KC2

Military Operating Range (-55°C to +125°C)

Performance
Package Style 2 Mbytes/sec
40-pin Sidebraze (0.6") L5380DM2
Hermetic DIP — D3 L5380DMB2
48-pin Sidebraze (0.6") L53C80DM2
Hermetic DIP — D5 L53C80DMB2
44-pin Ceramic LCC — K2 L5380KM2
L53C80KM2
L5380KMB2
L53C80KMB2

©1988, Logic Devices Incorporated. Reproduction of any
portion hereof without written consentis prohibited. Infor-
mation contained in this specification is intended as a
general product description and is subject to change with-
out notice. Logic Devices does not assume any responsi-
bility for use of any product or circuit described and no
patent license rights are implied.

628 East Evelyn Avenue ¢ Sunnyvale, CA 94086 e Telephone 408-720-8630 » FAX 408-733-7690
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Quality & Reliability

Overview — Commitment to Quality

Management Commitment
Statement

A successful quality program requires
that every employee act as a member
of the quality organization. This
applies particularly to the manage-
ment team who establish acceptable
behavior by their actions. Bill Volz,
President/CEO of Logic Devices
Incorporated encourages active par-
ticipation of all departments in a
quality oriented operation.

At Logic Devices, the quality depart-
ment strives to maintain a proactive
relationship with Manufacturing,
Design, Marketing, and Sales em-
phasizing training and procedural
controls. Training and good commu-
nication allow employees to under-
stand which practices lead to good
quality and reliability and make them
willing participants in the quality
program. This attitude has allowed
Logic Devices to continually improve
the quality of its product line.

Organization
The Quality/Reliability Department

reports directly to the President/CEO.

The quality operation is divided into
two functions:

1. Quality Administration
2. Reliability Engineering

Quality Administration performs all
inspections/Q.A. monitors in
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assembly /test operations including
incoming inspection of all direct
materials. Q.A. Administration also
includes the document control
function.

The Reliability Engineering function is
responsible for assuring that all
products manufactured by Logic
Devices meet our rigid standards for
reliability. Activities that support this
function include qualifications of new
products, reliability monitor testing,
failure analysis, and corrective action.

Documentation

All manufacturing and Q.A. proce-
dures are controlled in the document
control area and are available in
controlled binders located in the ap-
propriate manufacturing areas. In
addition, the program plans for the
quality and reliability functions are
described in individual manuals:

Quality Manual. The quality function
is described in the quality program
plan as outlined in the Quality Man-
ual. The program plan has been
designed to the requirements of
Appendix A of Mil-M-38510.

Reliability Manual. The reliability of
Logic Devices’ products is among the
best in the industry and will continue
to be. The Reliability Manual has been
created to insure that we maintain
high visibility of reliability data. This

manual also describes the reliability
function and goals at Logic Devices.

Mil-Std-883C. All products to be sold
as 883C compliant are manufactured
to this specification. As new revisions
are released, they are evaluated and
changes implemented as required.

Mil-M-38510. This document is
referenced continuously by Mil-Std-
883C and specifically defines program
requirements for compliance to 883C
programs.

Available Processing Flows

Logic Devices offers many processing
flows to provide the best combination
of reliability assurance and cost.
Available flows are:

1. Commercial Plastic Flow.

2. Commercial Plastic Flow with
48 hr burn-in.

3. Commercial Hermetic Flow —
0°to +70°C.

4. Commercial Hermetic Flow —
-55°C to +125°C.

5. Hi Rel Hermetic Flow — 0°C to
+70°C with 48 hr burn-in.

6. Hi Rel 883C Flow — Per Mil-Std-
883C, Methods 5004 and 5005.

7. Hi Rel Extended Flow —
Per Logic Devices Flow
pages 5-14 to 5-17.

DEVICES INCORPORATED
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Overview

Reliability Monitor Program

Logic Devices’ reliability monitor
program is designed for early detec-
tion of any potential reliability prob-
lems and taking appropriate actions
for evaluation and correction. Data
gathered from monitor testing is
evaluated and utilized in a continuous
effort to improve the reliability of
products at Logic Devices.

Test Name Conditions Sample Size/Accept
Early Failure Rate 80 hrs, 125°C 77/1
Latent Failure Rate 2000 hrs, 125°C 77/1
Pressure Cooker 96 hrs, A102* 100/1
Biased Humidity Life 1000 hrs, A101* 77/1
Temperature Cycle 15 cycles, A104* 77/1

*JEDEC STD-22B Test Methods

DEVICES INCORPORATED
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Quality and Reliability

Reliability and Failure Rate

Prediction

The failure rate of semiconductor de-
vices over time is due to a variety of
mechanisms. Most of these are chemi-
cal reactions which eventually de-
grade device functionality beyond
prescribed limits. Determining the
effects of time, temperature, current
flow, applied field, etc. on the rate of
these reactions is central to predicting
reliability of a group of semiconductor
devices. If these effects can be known
or approximated, then failure rates
under actual use conditions can be
extrapolated from data taken under
accelerated stress. This is useful be-
cause the failure rate of modern semi-
conductor devices under commercial
operating conditions is so low that an
inordinate amount of time would be
required to gather a statistically mean-
ingful sample of failed devices.

The usual method of accelerating
stress is to subject the devices to
elevated temperature (i.e., burn-in).
The electrical environment during
burn-in attempts to model actual use
so that the effects of current and volt-
age on failure rate are normalized out.
If the failure rate vs time is assumed
constant, then the remaining parame-
ter of failure rate is temperature.

The expression which relates reaction
rate and temperature is called the
Arrhenius equation, and is given
below:

—_Ea
R(t)=Ce kT
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where

R(t) = reaction rate (failure rate),

C = aconstant,

Ea = activation energy, a parameter
which varies with the failure
mechanism but is generally be-
tween 0.3and 1.3 eV,

k = Boltzmann’s constant;
8.625x 107° eV/degree K,

T = temperature in degrees K.

A more useful equation results from
taking the ratio of the Arrhenius equa-
tion at the elevated stress temperature
and the intended operating tempera-
ture. This will give the failure rate
acceleration factor, denoted lambda
(A). Ais ameasure of the increase in
failure rate of the devices at the higher
temperature relative to that at the
lower temperature.

R (T,

x =
R (T,

—Ea( 11 )
k Tlcc Top

—]
1]

accelerated temperature in
degrees K

operating temperature in

TOp
degrees K

This equation is commonly used for
calculations relating to elevated-

temperature burn-in. In burn-in,
semiconductor devices are operated
for a short period (typically 48 or 160
hours) at a temperature of 125 or
150°C. The acceleration equation is
used to derive an estimate of the
number of hours of high-temperature
exposure necessary to produce the
same numiber of device failures as a
much longer period of operation at
normal temperature.

As an example of the use of the accel-
eration equation, for a failure mecha-
nism with an activation energy of

0.8 eV, a burn-in temperature of
125°C, and an expected operating
junction temperature of 27°C, the
failure rate acceleration with burnin
would be:

08 [.1___1_]
-5\ 398 300

e 8.63x10

=2015

Therefore the expected failure rate
under actual operating conditions
would be 2015 times less than the
failure rate experienced during
burn-in.

Life test data taken from representa-
tive Logic Devices products is kept on
file and is available to customers. This
data allows the calculation of expected
failure rates over time for Logic
products under given operating
conditions. Contact your local Logic
Devices representative for more
information.
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Assembly Flows

KEY:

V
O

©

The following diagrams represent nominal process flows as of the date of issue. Specific

MANUFACTURING
QUALITY ASSURANCE LOT INSPECTION

QUALITY ASSURANCE PERIODIC PROCESS MONITOR

details are available in Logic Devices Manufacturing Instructions.

Quality and Reliability
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Assembly Flows — Commercial Plastic
PLASTIC PLASTIC
0°C to 70°C 0°C to 70°C
Commercial Screening 48 Hour Burn-In
(No Suffix) ("R" Suffix)
SAW
BREAK
2ND OPTICAL

QA 2ND OPTICAL
DIE ATTACH-EPOXY
CURE
WIRE BOND
3RD OPTICAL
QA 3RD OPTICAL
MOLD
POST MOLD CURE
DEFLASH — TRIM/FORM
SOLDER DIP

SINGULATION

CONTINUED

CONTINUED

Quality and Reliability
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Assembly Flows — Commercial Plastic

(Continued
from
previous page)

(Continued
from
previous page)
LOGIC IQA — QAP 1039
TEST 70°C — IOP 1015

BURN-IN 48 HOURS — IOP 1013
TEST 70°C — IOP 1015

QA PDA — 7% MAX

QA TEST 70°C — QAP 1037
EXTERNAL VISUAL — IOP 1005
PACK — 10P 1021

QA FINAL VISUAL — QAP 1029

MARK — IOP 1011
LOAD
FINAL VISUAL/PACK
SHIP TO LOGIC
% RELEASE TO INVENTORY

Quality and Reliability
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Assembly Flows — Commercial Hermetic

HERMETIC HERMETIC

0°C to 70°C -55°C to +125°C
Commercial Screening Commercial Screening

(No Suffix) (No Suffix)

INCOMING INSPECTION

ALL MATERIALS AND PEIECE PARTS ONLY
FROM APPROVED/AUDITED VENDORS
PER APPLICABLE LOGIC, JEDEC, AND
MILITARY SPECIFICATIONS

SAW — IOP 1001

BREAK — 1OP 1002

2ND OPTICAL — IOP 1019

QA 2ND OPTICAL — QAP 1021

DIE ATTACH EPOXY — IOP 1022

BOND — IOP 1010

3RD OPTICAL — IOP 1020

QA 3RD OPTICAL — QAP 1022

SEAL — IOP 1004

TIN PLATE — CERDIP ONLY

MARK — IOP 1011

CONTINUED CONTINUED

ll"l
3
b
||||I
]
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Assembly Flows — Commercial Hermetic

(Continued (Continued
from from
previous page)

previous page)

TRIM — 1OP 1008 (IF APPLICABLE)
TEST 70°C — 1OP 1015
TEST +125°C — IOP 1015
QA TEST +125°C

MIL-STD-883, METHOD 5005

QA TEST -55°C
MIL-STD-883, METHOD 5005

QA TEST 70°C — QAP 1037
EXTERNAL VISUAL — IOP 1005
PACK — IOP 1021

QA FINAL VISUAL — QAP 1029

RELEASE TO INVENTORY

Quality and Reliability
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Assembly Flows — High Reliability

HERMETIC
0°C to 70°C
48Hour Burn-In
("R" Suffix)

CONTINUED

INCOMING INSPECTION

ALL MATERIALS AND PEIECE PARTS ONLY
FROM APPROVED/AUDITED VENDORS
PER APPLICABLE LOGIC, JEDEC, AND
MILITARY SPECIFICATIONS

SAW — 10P 1001
BREAK — IOP 1002

2ND OPTICAL — IOP 1019

QA 2ND OPTICAL — QAP 1021
DIE ATTACH EPOXY — IOP 1022
BOND — IOP 1010

3RD OPTICAL — IOP 1020

QA 3RD OPTICAL — QAP 1022
SEAL — IOP 1004

MARK — IOP 1011

TRIM — IOP 1008 (IF APPLICABLE)

e
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Assembly Flows — High Reliability

(Continued
from
previous page)

TEST 70°C — IOP 1015
BURN-IN 48 HOURS — IOP 1013
TEST 70°C — IOP 1015
QA PDA — 7% MAX
QA TEST 70°C — QAP 1037
EXTERNAL VISUAL — IOP 1005
PACK — IOP 1021
QA FINAL VISUAL — QAP 1029

RELEASE TO INVENTORY

‘III
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Assembly Flows — MIL-STD-883

HERMETIC HERMETIC
-55°C to +125°C -55°C to +125°C
MIL-STD-883 Class B HI-REL Extended

Compliant ("B" Suffix) Screening ("E" Suffix)

INCOMING INSPECTION

ALL MATERIALS AND PIECE PARTS ONLY FROM APPROVED/
AUDITED VENDORS PER APPLICABLE LOGIC, JEDEC, AND
MILITARY SPECIFICATIONS

SAW
PER LOGIC SPECIFICATION

BREAK
PER LOGIC SPECIFICATION

DIE VISUAL INSPECTION
PER MIL-STD-883 METHOD 2010 CONDITION B

DIE VISUAL INSPECTION §7
PER IOP 1006

O QA VISUAL LOT ACCEPTANCE

SAMPLE INSPECTION PER MIL-STD-883
METHOD 2010 CONDITION B. AQL =0.65%

QA VISUAL LOT ACCEPTANCE O
PER IOP 1006
V DIE ATTACH V
PER LOGIC SPECIFICATION
-O QA PROCESS MONITOR

INSPECT FOR DIE POSITION, QUALITY AND
UNIFORMITY OF ATTACH, AND ATTACHMENT
STRENGTH, PER MIL-STD-883 METHOD 2010
AND 2019 CRITERIA

WIRE BOND V
PER LOGIC SPECIFICATION

_© QA PROCESS MONITOR ©_
MONITOR BOND STRENGTH, FAILURE MODE
PER MIL-STD-883 METHOD 2011

4

CONTINUED CONTINUED

Quality and Reliability
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Assembly Flows — MIL-STD-883

(Continued (Continued
from from
previous page)

previous page)

INTERNAL VISUAL INSPECTION
LOW POWER (30x) INSPECTION OF WORKMANSHIP
PER MIL-STD-883 METHOD 2010 CONDITION B

QA LOT ACCEPTANCE

QA SAMPLE INSPECTION OF WORKMANSHIP PER
MIL-STD-883 METHOD 2010: AQL = 0.65%

SEAL
PER LOGIC SPECIFICATION

LEAD FINISH — SOLDER DIP
(GOLD OPTIONAL)
PER MILITARY SPECIFICATION

LEAD FINISH — GOLD & TIN Y7

(SOLDER OPTIONAL)
PER SPECIFICATION

<7 LOT ID - MARK
PER LOGIC SPECIFICATION

TEMPERATURE CYCLE
PER MIL-STD-883 METHOD 1010 CONDITION C

CENTRIFUGE
PER MIL-STD-883 METHOD 2001 CONDITION D

FINE AND GROSS LEAK TEST
PER MIL-STD-883 METHOD 1014
FINE LEAK: CONDITION A OR B

GROSS LEAK: CONDITION C

LEAD TRIM
WHEN APPLICABLE PER LOGIC SPECIFICATION

CONTINUED

CONTINUED

Quality and Reliability
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Assembly Flows — MIL-STD-883

(Continued
from
previous page)

N 1
N AN

CONTINUED

(Continued
from
previous page)

PRE-BURN-IN ELECTRICAL TEST T = 25°C
PER LOGIC SPECIFICATION

PRE-BURN-IN ELECTRICAL TEST T = 125°C
PER LOGIC SPECIFICATION

BURN-IN
PER MIL-STD-883 METHOD 1015

POST-BURN-IN ELECTRICAL TEST T = 25°C
PER LOGIC SPECIFICATION

POST-BURN-IN ELECTRICAL TEST T = 125°C ‘7
PER LOGIC SPECIFICATION

PDA VERIFICATION ()
5% PDA MAX

FINE AND GROSS LEAK TEST
PER MIL-STD-883 METHOD 1014
FINE LEAK: CONDITION AORB

GROSS LEAK: CONDITION C

100% ELECTRICAL TEST T = 125°C
PER LOGIC SPECIFICATION

100% ELECTRICAL TEST T =-55°C
PER LOGIC SPECIFICATION

QA GROUP A ELECTRICAL TEST T = 25°C
PER MIL-STD-883 METHOD 5005
SUBGROUPS 1,7,9. LTPD =2

QA GROUP A ELECTRICAL TEST T = 125°C

PER MIL-STD-883 METHOD 5005

SUBGROUPS 2, 8A, 10. LTPD =2
CONTINUED

DEVICES INCORPORATED
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Assembly Flows — MIL-STD-883

(Continued (Continued
from from
previous page)

previous page)

PE

QA GROUP A ELECTRICAL TEST T = -55°C
R MIL-STD-883 METHOD 5005 SUBGROUPS 3, 8B, 11
LTPD = 2 (B SUFFIX), LTPD = 10 (E SUFFIX)

100% EXTERNAL VISUAL INSPECTION
PER MIL-STD-883 METHOD 2009

FINISHED PRODUCT UNIT PACKAGING
PER LOGIC SPECIFICATION

QA EXTERNAL VISUAL INSPECTION
PER LOGIC SPECIFICATION, AQL =0.10%

TO INVENTORY

\Y

FROM INVENTORY

FINAL MARK
MARK PART NUMBER PER LOGIC OR CUSTOMER SPEC .

ELECTRICAL SAMPLE TEST
T =25°C, AQL = 0.10%

FINAL VISUAL INSPECTION
PER MIL-STD-883 METHOD 2009

FINISHED PRODUCT UNIT REPACKAGING

PER CUSTOMER SPECIFICATION IF DIFFERENT FROM
LOGIC STANDARD PACKAGING

QA FINAL VISUAL INSPECTION
PER LOGIC SPECIFICATION

QA PLANT CLEARANCE
GROUPS A, B, C, D ATTRIBUTES DATA (WHEN REQUIRED)

ISSUE CERTIFICATE OF COMPLIANCE

PACK & SHIP

Quality and Reliability
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Technology and Design Features

Latchup and ESD Protection

Latchup is a destructive phenomenon
which was once common in CMOS
circuits but has now been largely
eliminated by improved circuit design
techniques. Latchup takes place
because of the existence in CMOS of
an inherent p/n/p/norn/p/n/p
structure between VCC and ground.
Either of these two can form a pair of
transistors connected so as to form a
positive feedback loop, with the
collector of one transistor driving the
base of the other. The result is alow-
impedance path from Vcc to ground,
which cannot be interrupted except by
the removal of power. This condition
can be destructive if the area involved
is sufficiently large to dissipate
excessive power. One example of the
formation of such a structure is shown
in Fig. 1. The equivalent circuit is
shown in Fig. 2.

As shown in Fig. 1, the n+ regions
which form the source and drain of an
n-channel MOS transistor, also act as
the emitters of a parasitic npn transis-
tor. The p-well forms the base region,
and the n-substrate is the collector.
The current gain of this transistor is
relatively high because it is formed
vertically and therefore the base width
is quite small. This is especially true
of fine-geometry CMOS processes
which tend to have very shallow
wells to reduce sidewall capacitance.
The p+ region in the well is called a
well tap, and is present to form a low-
resistance connection between the
well and ground. The source region
cannot serve this function because it

forms a diode between the n+ source
and the p-well.

Also shown in Fig. 1 is an additional
parasitic pnp transistor. The source
and drain regions of the p-channel
MOS device form the emitters, the
n-substrate is the base, and the p-well
is the collector. This transistor is a
pnp, and generally has a beta much
less than 1 since it is formed laterally
and the gate region is relatively large.
Like the vertical npn, it can have mul-
tiple emitters. The n+ region tied to
Vcc in the substrate functions simi-
larly to the well tap discussed above.

Note that the base of the npn and the
collector of the pnp are a common re-
gion (the p-well), and similarly the
base of the pnp and the collector of
the npn are common (the n-substrate).
Thus, the pnpn structure necessary for
latchup is formed. Also, due to the
the physical distance between the well
and substrate taps and the base
regions which they attempt to contact,
a small resistance exists between the
base regions and their respective well
taps, denoted Rs (substrate) and Rw
(well).

Latchup begins when a perturbation
causes one of the bipolar transistors to
turn on. An example would be excur-
sion of the output pad below ground
or above Vcc due to transmission-line
ringing. If the pad goes more than

0.7 V below ground, the npn will turn
on since its base is at approximately
ground potential. The npn’s collector
current will cause a voltage drop

across RS, the bulk substrate resis-
tance. This voltage drop turns on
the pnp.

The pnp transistors’ collector current
forces a similar voltage drop across
Rw, the well resistance. This raises
the base voltage of the npn above
ground, and can cause the npn to con-
tinue to conduct even after the output
pad returns to a normal voltage range.
In this case, the current path shifts to
the grounded emitter.

Note that any effect which can cause a
transient turn-on of either transistor
can cause the latchup process. Com-
mon causes include:

1. Ringing of unprotected I/0O pins
outside the ground to VCC region.

2. Radiation-induced carriers gener-
ated in the base of the bipolar
transistors.

3. Hot-powerup of the device, with
inputs driven high before Vcc is
applied.

4. Electrostatic discharge.

Protecting Against Latchup

Latchup, while once a severe problem
for CMOS, is now a relatively well-
understood phenomenon. In order
for latchup to occur, the product of
the current gains of the two parasitic
transistors must exceed 1. Thus, the
primary means for avoiding latchup
is the insertion of structures known
as "guard rings" around all MOS

Technology and Design
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Latchup and ESD Protection

Figure 1. Parasitic transistor structures in parallel CMOS.
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Figure 2. Equivalent circuit for
Latchup path.

Vce

transistors (and other structures)
likely to be subjected to latchup-
causing transients. This includes
output buffer transistors and any
devices which form a part of the ESD
protection network. These guard
rings absorb current which would
otherwise drive the base of the lateral
device, and thus dramatically reduce
its gain.

Since external electrical perturbations
are the dominant cause of latchup in
non-radiation environments, protect-
ing the "periphery" of the chip is most
important. Therefore, since guard
rings require a lot of area, they are
generally used only in critical areas
such as those mentioned above.

As an additional protective measure,
strict rules are enforced in the layout
regarding the positioning of the
substrate and well taps. They are
spaced closely together throughout
the die, reducing the values of Rs and
Rw. This makes it more difficult to
develop the base drive necessary to
regenerate the latchup condition.

Measurement of susceptibility to
latchup is done by connecting a
current source to an input or output of
the device under test. By increasing
the current forced to flow into the pin

and noting the point at which latchup
occurs, ameasure of the device’s
ability to resist latchup-inducing
carrier injection is obtained. Note that
depending on the device, the current
source may require a rather large
voltage compliance in order to
provide an adequate test.

While early CMOS devices had a
latchup trigger current of a few tens
of milliamps, most current Logic
Devices products typically can
withstand more than 1 amp without
latching. As aresult, latchup is no
longer a practical concern, except for
extreme conditions such as driving
multiple inputs high with a low-
impedance source during powerup
of the device.

Electrostatic Discharge

Input protection structures on CMOS
devices are used to protect against
damage to the gate oxides of input
transistors when accumulated static
charge is discharged through a device.
This charge can often reach potentials
of several thousand volts. The input
protection network is designed to
shunt this charge safely to ground or
Vcc, bypassing the delicate MOS tran-
sistors.

DEVICES INCORPORATED
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Latchup and ESD Protection

Several features are required of a
good input protection network. Since
static discharge pulses exhibit very
fast risetimes, it must have a very
fast turnon time. It must be capable
of carrying large instantaneous cur-
rents without damage. It must pre-
vent the voltage at the circuit input
from rising above about 10 V during
the time when the several-thousand-
volt discharge is shunted to ground.
It must not create appreciable delay
for fast edges which are within the
0-5V input range. And finally, it
must be well protected against
latchup caused by inputs which are
driven beyond the supply rails, inject-
ing current into the substrate. Much
research and experimentation has
been devoted to optimizing the
tradeoffs between these conflicting
goals.

All Logic Devices products employ
one of three input protection struc-
tures shown in Fig. 3. Most devices
currently use the Type 1 input protec-
tion. This structure is designed to
absorb very high static discharge en-
ergies and will draw substantial
current from the input pin if driven
beyond either supply rail. Hence, it

Figure 3. Input protection devices.

provides a "hard" clamp. Besides its
advantages for static protection, this
clamp can effectively reduce under-
shoot energy, preventing oscillation of
an unterminated input back above the
0.8 V Vil MAX level. This makes the
circuit ideal for noisy environments
and ill-behaved signals. This input
structure may not be driven to a high
level without power applied to the
device, however. To do so would
result in current flowing through the
diode connected to the devices’ Vcc
rail, and supplying power to the entire
board or system backward through
the device VcC pin. This may over-
stress the bond wire or device metalli-
zation, resulting in failure.

The Type 2 structure employs a series
resistor prior to the two clamp diodes.
This results in a "soft” clamping effect.
This structure will withstand the tran-
sient application of voltages outside
the supply rails for brief periods
without drawing excessive current.

In contrast to the Type 1 structure,
this circuit will provide only a modest
reduction of the energy in an under-
shoot pulse. It is somewhat more
tolerant of power-up sequences which
cause the inputs to be driven before

Vcc is applied, however. In the
course of routine product upgrades,
devices employing this structure are
being redesigned to use a Type 1
input protection.

The Type 3 structure uses a large area
N-channel transistor (part of an open-
drain output buffer) to protect the
input. The drain-well junction of this
device serves the function of a diode
connected between the input and
ground, protecting against negative
excursions of the input. The ava-
lanche breakdown of the output
device serves to protect against
positive pulses, giving the effect of a
zener diode between the input and
ground. This circuit is used only for
inputs which are designed to have
their inputs driven without power
applied. Thelack of a diode to Vcc
prevents sourcing of power from the
inputs to the Ve supply.

Table 1 gives Latchup figures for the
three input protection structures used
in Logic Devices products. Table 2
indicates the input structure used for
each part type.

Type 1

Type 2

Type 3

Illll
)
i)
i
|

—— —— —
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Latchup and ESD

Protection

Table 1. Latchup immunity.

Latchup Current
Structure Immunity

Min Typ
Type 1 400 mA 1000 mA
Type 2 150mA 250 mA
Type 3 400 mA 1000 mA

Table 2. Input structure list by part number.

Device

Input Structure

Device Input Structure
Multipliers/Multiplier Accumulators
LMU08/8U Type 1
LMU557/558 Type 1
LMU12/112 Type 1
LMU16/216 Type 1
LMU17/217 Type 1
LMU18 Type 1
LMA1009/2009 Type 1
LMA1010/2010 Type 1
LMS12 Type 1
Arithmetic/Logic Units
L4C381 Type 1
L29C101 Type 1
Special Functions
LSH32 Type 2
L10C23 Type 1
Pipeline Registers
L29C520/521 Type 1
LPR520/521 Type 2

Register Files
LRFO7
LRFO8

Peripheral Products
L5380
L53C80

16K Static RAMS
L7C167
L7C168/170
L7C171172
L6116

64K Static RAMS
L7C187
L7C164/165/166
L7C161/162
L7C185

Type 2
Type 2

Type 1,3
Type 1,3

Type 1
Type 1
Type 1
Type 1

Type 1
Type 1
Type 1
Type 1
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Technology and Design Features

Power Dissipation in
Logic Devices Products

In calculating the power dissipation of
Logic Devices products, attention
must be given to a number of for-
merly second-order effects which
were generally ignored when dealing
with bipolar and NMOS technologies.
By far the dominant contributor to
power dissipation in most CMOS
devices is the effective current path
from the supply to ground, created by
the repetitive charging and discharg-
ing of the load capacitance. This is
distinct from DC loading effects,
which may also consume power. The
power dissipated in the load capaci-
tance is proportional to CV2F, where
Cis the load capacitance, V is the volt-
age swing, and F is the switching
frequency. This mechanism can
frequently contribute 80% or more of
the total device dissipation of a truly
complementary device operating at a
high clock rate.

The second contributor to the power
dissipation of a CMOS device is the
DC current path between Vcc and
ground present in the input level
translators. These circuits are voltage
amplifiers which are designed to
convert worst case 0.8-2.0 V TTL-
compatible input levels to 0 and 5V
internal levels. With 2.0 V applied to
the input of most level translator
circuits, about 1 mA will flow from
the power supply to ground. A
floating input will at best have similar
results, and may result in oscillations
which can dissipate orders of magni-
tude more power and cause malfunc-
tioning of the device.
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The power dissipation of input level
translators exhibits a strong peak at
about 1.4 V, but is reduced substan-
tially when the input voltage exceeds
3.0 V (see Fig. 1). Fortunately, this
voltage is easy to achieve in practice,
even for bipolar devices with TTL1/0
structures. These generally will pro-

Figure 1.

duce a VOH of at least 3.5 V if not fully
loaded. As aresult, dissipation in the
input structures is usually negligible
compared to other sources.

Two further sources of power dissipa-
tion in CMOS come from the core
logic. The sources of internal power
dissipation are the same as those

1200
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Power Dissipation

discussed for external nodes, namely
repetitive charging of the parasitic
load capacitances on each gate output,
and the power drawn due to a direct
current path to ground when gate
input voltage levels transition through
the linear region. In practice, the
internal voltage waveforms are
characterized by high edge rates and
rail-to-rail swings. For this reason, the
latter source of dissipation is usually
negligible, unless NMOS or other non-
complementary logic design tech-
niques have been used.

The capacitance of typical internal
nodes in CMOS logic circuits are a
few femtofarads. However, there can
be thousands, or tens of thousands

of such nodes. As a result, the core
power dissipation is strongly depend-
ent on the average rate at which these
nodes switch (the "F" in CV2F). Fortu-
nately, for most complex logic circuits,
with non-pathological external stimu-
lus only a small fraction of the logic
nodes switch on any given cycle. For
this reason, internal power is gener-
ally quite small for these device types.
Exceptions include devices containing
long shift registers or other structures
which can exhibit high duty cycles on
most internal nodes. These devices

can dissipate significant power in the
core logic if stimulated with alternat-
ing data patterns and clocked at a
high rate.

To summarize, of the several contribu-
tors to power dissipation, the CV’F
power of the outputs is usually domi-
nant. Because output loading is
system-dependent, it is not possible
for the manufacturer to accurately
predict total power dissipation in
actual use. As a result, Logic Devices
extrapolates measured power dissipa-
tion values to a zero-load environ-
ment, and publishes the resulting
value. This value includes the effects
of worst-case input and power-supply
voltages, temperature, and stimulus
pattern, but not CV2E. This value is
weakly frequency dependent, and the
frequency at which it is measured is
published in the device data sheet.
The maximum value is for worst-case
pattern, and the typical is for a more
random pattern and is therefore more
representative of what would be
experienced in actual practice.

A good estimate of total power dissi-
pation in a particular system under
worst-case conditions can be obtained
by adding the calculated output

power to the typical published figure.
The output power is given by:

z(e3)
2 2

where:

N = the number of device outputs
(divided by 2 to account for the
assumption that on average half
of the outputs switch on any

given cycle)

C = the output load capacitance, per

pin, given in Farads

V = the power supply voltage

F = the clock frequency (divided by
2 to account for the fact that a
registered output can at most
switch at only half the clock

rate).

A less pessimistic estimate, appropri-
ate for complex devices when reason-
able input voltage levels and non-
pathological patterns can be expected,
would neglect the published value
and use only the calculated value as
given above.
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Product Marking Guide

Manufacturers Logo (designator)
Pin 1 mark (optional if there is a notch, tab, etc.)

l———— MIL-STD-883 compliant indicator (optional)

Logic Devices, Inc. part number prefix

Device number

Package code
' Temperature Range

Screening
Fab code
Die stepping (rev)

ESD class
Lead finish (A = solder dip; B =tin; C = gold)

Fabrication date code (year, quarter)

[—- Assembly date code (year, week)

Sublot
Quality Assurance job number

Country of origin
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Product Marking Guide

Plastic Package Marking (Plastic DIP, SOIC, SO}, PLCC)

TOP
e e e e e o
EGEi
) L29C520PC22

SA9A 8903 A

N I N e I N N [ [ N [ N O A |

BOTTOM
6 m

TAIWAN: 1234 A
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Sidebraze Hermetic Package Marking

SIDEBRAZE, CAVITY UP
TOP ONLY

a1

) 29C520DMB22
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NOTE: Package marking may vary due to space limitations.
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Product Marking Guide

Flatpack Package Marking Leadless Chip Carrier Package Marking
HERMETIC MIL HERMETIC MIL
FLATPACK LCcC
TOP TOP

I

= 883C
MB22

SA9A AA

- J/
e mw i

BOTTOM

USA 1234A
8903

HHHHHHHHHHHHF

29C520KMB22

SA9A AA

BOTTOM

USA 1234A

Pin Grid Array Package Marking

HERMETIC MIL
CAVITY UP, PGA

TOP ONLY

SFEE55 883C
L4C381GMB40
SASA A A

USA 1234A 8903

*
£ -_:“_::_:_:‘__::i_‘:;‘- NOTE: Package marking may vary due to space limitations.
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Mechanical Drawings
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Mechanical Drawings

CerDIP — Type C
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Mechanical Drawings

Sidebraze, Hermetic DIP — Type D
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Mechanical Drawings

Sidebraze, Hermetic DIP — Type D
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Mechanical Drawings

Sidebraze, Hermetic DIP — Type D
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Mechanical Drawings
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Mechanical Drawings

Ceramic Pin Grid Array — Type G
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Mechanical Drawings

Plastic J-Lead Chip Carrier — Type )
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Mechanical Drawings

Plastic J-Lead Chip Carrier — Type )

0.050
TYPICAL .
PIN{ 0.045 x 45 0,020
X 0.025

J4 — 28-Pin Plastic )-Lead

0045 X 45° nnnnnnn
° T 0.015
0.435 0.021
480 5% —§ TYPiCAL
|

J 0.167
0.173

0.470
" 0.a05 5 0.099
0.105

J5 — 52-Pin Plastic J-Lead

0.050
TYPICAL 0.045 x oot
—>‘ I‘— PIN 1 45° 8050
0.045 x \ l‘_ 0.025
45°
[}

<

7
g‘p .ol.o
22 212
f=1 o
g8 JQ

" 0.785 >
0.795 so.

Packaging

III”
it
b

——— ——

DEVICES INCORPORATED
7-15




Mechanical Drawings

Ceramic Leadless Chip Carrier — Type K
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Mechanical Drawings

Ceramic Leadless Chip Carrier — Type K
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Mechanical Drawings

Ceramic Leadless Chip Carrier — Type K
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Mechanical Drawings

Plastic DIP — Type P
P1 — 24-Pin Plastic DIP 2
o 1§ oo o o Y o s o e W e B o W
D 0530
o‘*‘.sfo
| SN N N R N U S ) -
1
_ 1.250
1270 SEATING PLANE
0.600
" 0,620 "
4 .
0.008 150
] 0012 ‘>I %
0.120 —>I L— 0.100 _,I L_Mé 0080 0.610
0.140 TYPICAL 0.020 0675
P2 — 24-Pin Plastic DIP
24
e 1 s s 1 s o o W s e Y o W
'y
|_ 0.280
0.300
| NN N U GO S S S A -
1
1.250
- 1270 SEATING PLANE
0.310
" 0.330 "‘
4 ,
0.008 b
o012 \>| 15
0120 I -»I 0.100 L_ __|
2123 . 0325
0.1 TYPICAL 0.365
P3 — 40-Pin Plastic DIP
40
N s o o s Y e e e e e o e o O O ¥ o o |
) 0.530
0550
| SN SN NN NN SN N NN U A SO SN NS NN NN N AN SN ) A W S |
1
2.040
2.070 SEATING PLANE
0.600
"' 0.620 —"I
0.008 150
0012 \4 1
0.016 0610
o 0675

2.9 —4 L— 0.100
TYPICAL

7-19

Packaging

DEVICES INCORPORATED



Mechanical Drawings

Plastic DIP — Type P

P4 — 64-Pin Plastic DIP
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Mechanical Drawings

Plastic DIP — Type P
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Mechanical Drawings

Plastic DIP — Type P
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Mechanical Drawings

Plastic SOIC (Gull-wing) (0.300" wide) — Type U
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Mechanical Drawings

Plastic SOIC (Gull-wing) (0.331" wide) — Type V

V1 — 24-pin Plastic SOIC
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Mechanical Drawings

Plastic SOJ (J-lead) — Type W
W1 — 24-pin Plastic SOJ
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Packaging

Thermal Considerations

The temperature at which a semi-
conductor device operates is one of
the primary determinants of its relia-
bility. This temperature is often refer-
red to as the "junction temperature”,
although this term is more appropri-
ate for bipolar than MOS technologies.
Heat dissipated in the device during
operation escapes through a path
consisting of one or more series
thermal impedances terminating in
the surrounding air (see Fig. 1).

The presence of this nonzero thermal
impedance causes the temperature of
the device to rise above that of the air.
Each of the components of the overall
thermal impedance causes a rise in
temperature which is linearly depend-
ent on the power dissipated in the
device. The coefficient is called 6, and
has the units °C/W. The 6 value for
each thermal impedance represents
the amount of temperature rise across
the impedance as a function of the
power dissipation. Usually, 6 is
given a subscript indicating the two
points between which the impedance

is measured. Thus the junction
temperature of an operating device is
given by:

Tj =T up + (Pd OJA)

where:

Tj = junction temperature of the
device, °C,

T,mp= ambient air temperature, in°C

Pd = power dissipation of the
device, in W,

ja = sum of all thermal imped-

ances between the die and
the ambient air, in °C/W.

The thermal impedance of a given de-
vice is dependent on several factors.
The package type is the predominant
effect; ceramic packages have much
lower thermal impedances than
plastic, and packages with large
surface areas tend to dissipate heat
faster. Another factor which is be-
yond the control of the device manu-
facturer but which is nonetheless im-
portant is the temperature and flow

rate of the cooling air. Secondary
effects include the size of the die, the
method of attaching the die to the
package, and the organization of high
power dissipation elements on the die.

Because all Logic Devices products
are built with low-power CMOS tech-
nology, thermal impedance is less of a
concern than it would be for higher
power technologies. As an example,
consider a typical NMOS multiplier
similar to the LMU16, packaged in a
64-pin plastic DIP. Assuming 1 W
power dissipation and 6, , of 50°C/W,
the actual die temperature would be
50°C above the surrounding air. By
contrast, the Logic Devices LMU16
has a typical power dissipation of
only 60 mW. This device in the same
package would operate at only 3°
above the ambient air temperature.
Since operating temperature has an
exponential relationship to device
failure rate (see Quality & Reliability,
Section 5), the reduction of die tem-
perature available with Logic Devices
low-power CMOS translates to a
marked increase in expectedreliability.

Figure 1.
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Thermal Considerations

To assist the user in calculating
cooling requirements and in making
reliability predictions based on MIL-
HDBK-217, the following table of

estimated 6,, values for Logic Devices

products is provided below:

No. Width Package Approx. No. Width Package Approx. No. Width Package Approx.
Leads (in) Code el A (Still air) Leads (in) Code 9, A (Still air) Leads (in) Code (9l A (Still air)
Plastic Dual-Inline CerDIP, Dual-Inline Plastic SOIC (Gull-Wing)

20 P6 65-80 20 C2 60-75 24 u1 65-80

22 P8 65-80 22 C3 60-75 28 U2 60-75

24 03 P2 60-75 24 0.3 C1 55-70 Plastic SOJ (J-Lead)

24 06 P1 50-70 24 0.6 c4 40-55 24 w1 65-80

28 03 P10 60--80 28 03 C5 55-70 28 W2 60-75

28 0.6 P9 50-80 28 0.6 Cé6 40-55

40 P3 50-60 Pin Grid Array

48 P5 40-60 68 G1 40-60

64 P4 40-60 68 CavDn G2 30-50
Sidebraze, Dual-Inline 84 G3 20-40

20 D7 35-45 Plastic J-Lead Chip Carrier

22 D8 35-45 28 J4 50-70

24 0.3 D2 30-40 44 n 40-60

24 0.6 D1 25-40 68 )2 35-55

28 0.3 D10 30-40 84 )3 35-55

28 0.6 D9 25-40 Ceramic Leadless Chip Carrier

40 D3 25-35 28 K1 40-60

48 Ds 20-40 44 K2 35-60

64 D4 20-30 68 K3 25-50

64 Cav.dn D6 20-30 84 K4 20-40
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Application Note

May 1987

Real-Time Digital Image Transformation

by
Joel H. Dedrick

This application brief describes the design of a special effects generator for commercial broad-
cast television application. It demonstrates efficient realization of real-time pixel filtering, two
dimensional interpolation, first order coordinate transformation, and display memory address
generation. These operations are used in a variety of applications including mechanical and
electrical CAD/CAM, image recognition, machine vision, RADAR/SONAR display processing,
and other similar problems in which two or three dimensional data must be reformatted or

manipulated for display.

Introduction

The television special effects generator
is commonly used to provide a range
of effects for broadcast use. These
include the inclusion of reduced size,
live or frozen inset pictures (e.g.,
"scene of the accident" shots in news
programs) contained anywhere in the
main video shot. Also, causing images
or text (the network logo, a photo-
graph and statistics of an athlete, etc.)
to overlay the main video, and to be
moved around the screen, rotated,
and sized as appropriate.

The design described here can accom-
plish any first order translation (dis-
placement in 2D space), rotation, and
scaling (enlargement or reduction) on
the input image in real time. By first
order we mean that the translation,
rotation, and scaling of the image is
constant throughout the image for a
given direction (X or Y), and thus no
curvature of the image may be pro-
duced. Introducing second or higher
order warping is a straightforward
extension of the concepts presented.
By real time, we mean that the system
is capable of altering the effect gener-
ated throughout its range on a frame-
by-frame basis, effectively provid-
ing for smooth progressions in the

— a_— .  mun .
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translation, rotation, and scaling
operations giving the appearance of
motion of the processed image around
thescreen.

Image Transformation —
A System Overview

The image transformation system
works essentially in two steps: First,
the incoming image is lowpass filtered
in both the vertical and horizontal di-
rections. This is done because the
effect required may include shrinking
the picture. This essentially amounts
to subsampling, or extracting every
“pth pixel sample from the input im-
age to form the output image. Sub-
sampling the input image without
filtering would result in aliasing, since
the new spatial sample rate may be
insufficient to meet the Nyquist
criterion. (The Nyquist criterion for
calculating the required sample rate in
a sampled data system states that the
sampling frequency must be at least
twice that of the highest frequency
component in the signal. Aliasing

is the term for the type of distor-

tion which occurs if this condition is
not met.)

It is important to note that the cutoff
frequency for the lowpass filters

should be selected so that the above
criterion is met, but a lower cutoff
frequency than necessary results in
loss of information (a "smearing" of
the output image). For this reason,
the cutoff frequency, and therefore
the coefficients, of this filter must be
adjusted according to the amount of
scaling desired. This is done inde-
pendently in the horizontal (X) and
vertical (Y) directions.

The second step in the transformation
process is to extract the individual
pixels in the input image in the
specific sequence required to form the
output image.

Simple Transformation
Examples

Some examples of the transformation
process will illustrate the steps re-
quired:

For a simple shrink of an image by a
factor of two in each direction, (Figs. 1
and 2) every other pixel (PIcture ELe-
ment) of the image would be extracted
to form a scan line in the output
image. Since this results in only half
the number of pixels required on the
scanline for television, the remaining
pixels are blanked. Similarly, in the
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vertical direction every other scanline
is skipped, effecting a similar shrink
along the Y axis.

The capability of moving the input
image around the output image plane,
called translation, is accomplished
during the creation of the output im-
age. By controlling on a line-by-line
basis, when the sampling of the input
image begins, and by blanking all
pixels which map to coordinates out-

Figure 1. Normal TV image.

side the input image, translation can
be accomplished. In addition to
scaling, Fig. 2 shows translation of the
(reduced size) input image to the
center of the output image.

A more complex example arises when
the image must be reduced in size as
above, and also rotated 45° (Fig. 3).

In this case, the scan direction (order
in which pixels are displayed to pro-
duce an image) has changed between

the input and output image, as shown
by the arrows in Fig. 3. Because the
in-put image is now being scanned at
an angle rather than in the normal
horizontal direction, the desired
sample points will generally fall in
between the actual locations of avail-
able pixels (Fig. 4). Note that this will
also occur with simple scaling when
the scale factor is not an integer.
Because of this phenomenon, some
type of interpolation will be required

Figure 3. Addition of 45° rotation to the scaled

frames.

image. The arrows show the scan directions in
the input (small arrow) and output coordinate

Figure 2. Same image after 2:1 shrink in both
axes, and translation to center of output frame.

Figure 4. Sample points on one scanline through
the input to form the result in Fig. 3. The black
dots are the input (normal) image samples, the
white dots are the desired sample points for the
scaled and rotated output. The sample rate is
reduced (spacing increased) to shrink the image,

|
|
| and the scan angle causes rotation.
|
|
|
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Real-Time Digital Image Transformation

to calculate the value of a point which
does not fall exactly on a pixel loca-
tion. For the system under discussion,
bilinear interpolation is used for this
calculation.

Imaﬁe Transformation System-
Implementation

The video effects generator block
diagram is shown in Fig. 5. Television
signals are expressed digitally as three
channels of data. One channel, con-
taining luminance or brightness infor-
mation, is sampled at 14.3 MHz. The
other two channels together express
the chrominance or color of the image,
and the aggregate of these also repre-
sents a 14.3 MHz data stream. ltis
common practice to split the datapath
into two halves, one operating on the

luminance channel, and the other op-
erating in an interleaved fashion on
the chrominance channel, with control
information common between the
two. The diagram represents a single
such channel easily capable of sustain-
ing a 14.3 MHz datarate.

Display Memory, Display Address
Counter

The system is composed of several
major blocks as shown in Fig. 5. The
Display Memory contains the output
video image. The address sequence
for this memory is provided by a Dis-
play Address Counter, which counts
in a fixed sequence, scanning the
pixels within a line from left to right,
and sequential lines from the top to
the bottom of the image. The address

Figure 5. Video special effects generator block diagram.

provided to this memory uniquely
selects an individual pixel in the
output image, and is denoted by
(X,Y), respectively the horizontal and
vertical displacement from the upper
left corner.

Coordinate Transformer

The Coordinate Transformer
calculates the address of the pixel
location in the input image, denoted
by (X',Y"), corresponding to the
location currently addressed by the
Display Address Counter. A general
first order transformation from one
2D coordinate space to another can
be implemented as:

X'=aX+bY +c
Y'=dX +eY +f

VIDEO HORIZONTAL VERTICAL
DATA ANTIALIASING BEEEE—— ANTIALIASING _‘——_;
N FILTER FILTER
VIDEO FRAME
COEFFICIENTS
COEFFICIENTS STORE
oy 1 WRITE PORT +
(INTEGER + 4 READ PORTS
FRACTION) READ ACCESS FOUR
——»|  NEAREST-NEIGHBOR
PIXELS TO X, Y ADDRESS
(SUPPLIED IN INTERGER +
FRACTION FORMAT)
COORDINATE T
SYSTEM CONTROLLER TRANSFORMER
CONTROL PANEL/JOYSTICK INTERFACE, > X'ia1 = X+ %’f—' ;
FILTER TRANSFER FUNCTION LOOKUP, Xo Yo av BILINEAR
Vi =Y+ S
COORDINATE TRANSFORM OFFSET, dx  dy' M X, Y INTERPOLATOR
INCREMENT CALCULATION dX  dX (FRACTION
ONLY) l
CLOCK GENERATION AND CONTROL
DISPLAY ADDRESS
COUNTER = ' DISPLAY MEMORY
¢ (SCANLINE ORDER) (INTEGER)
|
CONTROL PANEL j"
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By appropriate choice of the six coeffi-
cients a—f, this set of equations can
map any point in the X,Y (output)
image plane to the corresponding
point in the X',Y" plane if the two
images are related by any combina-
tion of translation, rotation, and

scaling.

However, since the Display Memory
(X,Y) is always scanned in a fixed
order, a generalized transformation as
given above is not required. Signifi-
cant hardware savings can be realized
by taking advantage of the fact that
once the input image point corre-
sponding to the first pixel on an
output image scan line is known, the
locations of successive input points
are related to the first by fixed offsets
inX'and Y'. This is true because
while the input image may be scanned
at any angle, the path through the
input image corresponding to an
output scan line is always a straight
line (for first order transformations).
Thus, generating addresses in the X',Y’
space is reduced to a simple recursion
formula requiring only two additions
and no multiplications. This formula
takes the form:

X\, =X, +dX/dX
Y, =Y, +dY'/dX @

Note here that dX'/dX and dY'/dX
are constants, so a simple program-
mable accumulator suffices to calcu-
late input image addresses once the
starting point for a given scanline is
known.

Figure 6 shows the coordinate trans-
former implemented with two Logic
Devices L4C381 ALU’s. The operand
select function of the L4C381 is used
to feed back the contents of the output
register to the B input, implementing
a programmable-rate increment
function. By allocating one ALU for
X' and one for Y', the recursions in

Eq. (2) are implemented in only two
devices. The B operand register of the
ALUs holds the starting value for the

next scanline, which is passed to the F
register to initialize it. The A operand
register holds the increment value
dX'/dX or dY'/dX which is added to
the accumulator (F register) contents
on each cycle.

As discussed above, the desired pixel
location in general does not corre-
spond to the actual location of a pixel
in the Frame Store. As a result, the
X'Y' address must provide much finer
resolution than the actual pixel grid
used in the image. This is accom-
plished by providing both an integer
and a fraction part of the X' and Y’
displacements. For example, if 10 bits
of integer and 4 bits of fraction (14 bits
each for X' and Y') then a 1024 x 1024
image could be addressed to a spatial
resolution of one sixteenth of a pixel.
This fine resolution is required to
produce adequate interpolation of

the pixel value which is stored in

the Display Memory. The L4C381
implementation of the coordinate

transformer easily meets this require-
ment: Inimplementing a 16-bit
accumulator for both X' and Y, the
L4C381 provides two additional bits
of resolution so that the address
increments in X' and Y' directions can
be specified to a full 16 bits of preci-
sion, even though only 14 bits are
actually used. This is important
because in a recursion formula, small
errors in the desired increment
accumulate with each cycle. The net
effect is quantization error in the
desired angle of rotation. The addi-
tional bits provide finer control over
the desired angle.

Video Frame Store

The Video Frame Store is a RAM
bank which stores the filtered input
image. Itis designed to execute four
simultaneous read operations per
clock cycle. For each address (X',Y")
of the desired location provided by
the Coordinate Transformer, the

Figure 6. Coordinate Transformer. The L4C381 ALU is used as an address

counter with programmable step size.
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Frame Store outputs the values of the
four stored pixel values closest to the
addressed point. In order to accomplish
this, only the integer part of the X',Y'
address need be considered. If I(X') is
taken to mean the integer part of X',
and similarly with Y', then for an
input address X',Y' the desired four
pixel locations are:

I(X), 1(Y") IXX)+1, I(Y")
I(X), ICY)+1 I(X)+1, I(Y)+1

The organization of a memory capable
of executing these simultaneous read
operations is shown in Fig. 7. Pixel
data is assigned to four internal RAM
banks in such a way that adjacent
pixels are never stored in the same
bank, i.e., one bank is assigned to even

row numbers and even column
numbers only, etc.

The X' and Y' addresses are processed
by a set of L4C381 ALU devices in
order to generate internal addresses
used to access the four RAM banks.
The input X' and Y' addresses are each
applied to a pair of ALU’s configured
so as to selectively increment the
address depending on whether it is
even or odd. For example, if the Y' ad-
dress (row number) is even, then the
RAM banks containing data for even
row numbers should be supplied with
this address directly, and those con-
taining odd row numbers should be
supplied with Y'+1. Conversely, if Y'
is odd, it will be incremented for
presentation to the evenrow RAM,

and passed directly to the odd RAM.
As an aside, note that since the data
for any row is distributed between
two RAM banks, the least significant
bit of the address generated above
will be discarded. This is so that data
elements are stored in contiguous
locations in the RAM banks, fully util-
izing the available storage. As a
result, the actual address supplied to
the even and odd row data may be the
same, or may differ by one. ’

The X' address is similarly modified to
produce internal addresses for even
and odd column numbers, and the
resulting four addresses are combined
to access the four RAM banks. The as-
sumption here is that a row and
column address can be concatenated

Figure 7. Video Frame Store. This special purpose memory accepts a desired sample location (X and Y Address) and
reads the four pixel values closest to the desired point.
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Real-Time Digital Image Transformation

to address a RAM bank, i.e., the
internal plane sizes are integral
powers of 2. Once these addresses are
formed, four memory accesses are
executed in parallel. Finally, multi-
plexers route the appropriate data to
the four output ports, with selection of
these muxes again determined by
whether X' and Y’ are even or odd.

Bilinear Interpolation

The four pixel values read from the
Frame Store on each clock cycle are
processed by the Bilinear Interpolator
to produce the actual value written to
the Display Memory. Bilinear inter-
polation is a means for interpolating a
value between sample points in a two
dimensional grid. It operates as
shown in Fig. 8.

The four shaded points P1-P4 in the
figure represent actual pixel values in
the Frame Store. These are the four
closest pixels to the desired point,
denoted by P. P represents location of
the point addressed by (X',Y"). As dis-
cussed above, X' and Y' have both an
integer and fractional part, with the
fractional part of each representing
offsets in the horizontal and vertical
direction between pixels in the Frame
Store. The interpolator is presented
with the four pixel values P1-P4, and
the fractional parts of X' and Y',
denoted dX' and dY'. The interpola-
tion process can then be derived as
follows:

First, the value of an imaginary pixel
located between P1 and P2 is deter-
mined. This point, labeled P' in Fig. 8,
is offset from P1 by dX', the same hori-
zontal offset as the output point P.
Unlike P, however, P' has the same
vertical value as P1 and P2, so it repre-
sents interpolation in the X direction
only. P’ canbe seenin Eq.3tobea
weighted sum of P1 and P2, with the
weights inversely proportional to the
distance of P’ from P1 and P2.

P' = P1(1 - dX) + P2(dX") 3

Note that the weights applied to P1
and P2, namely (1 -dX’) and (dX')
sum to one, resulting in no net ampli-
tude gain through this process.

In a similar way, a point P" can be de-
termined which is a horizontal axis in-
terpolation between P3 and P4 (Eq. 4).

P" =P3(1 - dX") + P4(dX) O]

Having determined P' and P", the final
step is to interpolate between these
two to determine the desired point P,
with the fractional part of the Y axis
address dY' used as the weighting
factor (Eq. 5).

P=P(1-dY)+P"(dY") ®)

By substituting Egs. (1) and (2) into
(3), the following is obtained:

P = P1(1-dX)1-dY)+
P2(dX)(1-dY) +
P3(1 -dX')(dY") +

P4(dX')(dY") 6)

Figure 9 shows the implementation of
the bilinear interpolator. The inputs
are dX' and dY'; the fractional parts of
the coordinate transform address.
Each of these fractions is 4 bits, for a
total of 8 bits. A 256 word lookup
table PROM is used to derive the four
weights required for the interpolation
in parallel. Four LMU112 multipliers
apply these weights to the four pixel
values P1-P4 in parallel. The LMU112
is a 12 x 12 multiplier which is avail-
able in a 48-pin package, due to the
fact that only the 16 most significant
outputs are brought out. Since 16 bits
of information is more than sufficient
for video, it is an appropriate choice to
save space over the more typical 64-
pin implementations of 12 x 12 multi-
pliers. The four weighted pixel values
are then summed using a network of
three L4C381 ALU devices. These
provide the 16-bit add function re-
quired, as well as integrating the

Figure 8. Bilinear Interpolation.
Bilinear interpolation involves first
executing linear interpolations be-
tween two pairs of adjacent points on
successive scanlines, resulting in P'
and P". Then, a final linear interpola-
tion is performed between these two
intermediate results to form an ap-
proximation of the image value at the
desired location P.

P' = P1 (1-dX) + P2 (dX)
P"= P3 (1-dX) + P4 (dX)

P =P' (1-dY) + P (dY)
= P1 (1-dX) (1-dY) +
P2 (dX) (1-dY) +
P3 (1-dX) (dY) +
P4 (dX) (dY)

pipeline registers necessary to main-
tain the desired clock rate.

One final function is performed by the
interpolator: The transformations
available on the input image may
result in portions of the output
display which contain no video data.
A simple instance occurs when the
input image is reduced in size, in
which case the remaining portions of
the display must be blanked. Also,
since the amount of size reduction can
be changed in real time, the pixels to
be blanked must also be set on a
scanline-by-scanline basis. This
requirement is conveniently met by
the L4C381, since its instruction set
contains a force-to-zero function. By
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Figure 9. Bilinear Interpolator. LMU112 12 x 12 multipliers and L4C381 ALUs form a compact implementation of the
equations in Fig. 8. The coefficients are precomputed and stored in PROM.
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L4C381

setting the function control lines of the
last ALU stage to 000 (force-to-zero in-
struction) when writing the nonimage
areas of the display memory, the pixel
data stored in these locations is
blanked. This instruction control is
provided by the system controller.

Horizontal/Vertical Anti-aliasing
Filters

Prior to any operation on the data
which involves resampling, a lowpass

filtering pass must be applied to the
data to avoid aliasing distortion. The
filter chosen here is a Finite Impulse
Response (FIR) type.

Figure 10 shows the conventional flow
diagram for an FIR filter. The datais
applied to a delay network, the length
of which corresponds to the desired
filter length. Each delay element
output is weighted (multiplied) by the
appropriate coefficient, and the results
are summed to form the filter output.

Figure 11 shows an alternate, but
equivalent implementation of the
same flow diagram. In this implem-
entation (known as the transpose
form,) the delay elements are distrib-
uted through the summation or
output path, with the input data
distributed simultaneously to all of
the weighting operators. This form of
the flow graph is more convenient for
implementation in LSI form, since it
results in a series of identical func-
tional blocks, each of which performs
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a multiply, add, and delay function.
The dotted line in Fig. 11 illustrates
the repeated function, and Fig. 12
shows an implementation of the flow
diagram for the horizontal filter using
the LOGIC Devices LMSI2.

The LMS12 s a filter building block

especially suited to the transpose form
FIR structure. It provides a 12 x 12 bit
multiplication, and addition of a third
input of 26 bits to the result. Thus the

Figure 10. F.I.R. Filter (Canonical Form).

FIR structure under consideration can
be implemented with no external logic
using this device, saving considerable
real estate over more conventional
implementations using multipliers
and discrete external adders and
delay elements.

The vertical (Y dimension) filter is
formed in a similar way (Fig. 13)
except that a delay equal to the length
of each horizontal scanline is inserted

x(n)

hox(n) +
h1 x(n-1) +
Dy +
h4 x(n-4)

yn) =

Figure 11. F.LR. Filter (Transpose Form).

An alternate formulation of the equation in Fig. 10 allowing implementation by
cascading identical functional blocks. The summation is now distributed across
the filter delay and is therefore inherently pipelined.

LMS12

x(n)
Yh2 Y h1 Yho
z-1 z-1 > ym= hox(n) +
ht x(n-1) +
coe +
h4 x(n-4)

between each LMS512 and its neighbor.
In this way, the input pixels contribut-
ing to a given output sample are
vertically adjacent, i.e., separated in
the input datastream by a number of
samples equal to one less than the
length of one scanline. Since this filter
implementation makes available all of
the coefficient registers independ-
ently, they can be loaded at any time
by the system controller with coeffi-
cients appropriate for the cutoff
frequency desired.
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Figure 12. Horizontal Anti-aliasing Filter.

This realization of the transfer function in Fig. 11 uses the LMS12 filter building block. it is capable of exceeding 25 MHz
data rates for any filter length, while allowing instantaneous coefficient changes.

LOWPASS

FILTERED
VIDEO
ouT

Figure 13. Vertical Anti-aliasing Filter.
A modification of Fig. 12 allows filtering in the vertical direction by inserting a delay equal to the length of a scanline

between each pair of filter taps.

LINE | une
DELAY e DELAY
LOWPASS
FILTERED
VIDEO
out
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Ultra-High Performance FFT Using
DSP 'Designer Chips'

by New high-speed CMOS building blocks provide a clean

Edgar R. Macachor and
Joel H. Dedrick

necessary throughput.

implementation of the FFT for applications where
single-chip DSP microprocessors cannot provide the

Introduction

As single-chip microprocessors for
DSP mature, digital spectrum analysis
for low to medium bandwidth appli-
cation has become widely available at
reasonably low cost. For many real-
time applications however, the single-
chip units do not have the throughput
to do the job. This article shows how
to determine when you’ve outgrown
a single-chip solution, and gives im-
plementation details for an FFT
engine which is 10 to 100 times faster
than the single-chip units studied.

The FFT and Current Single-
Chip DSP Microprocessors

In digital signal processing (DSP), the
Fast Fourier Transform (FFT) is used
to evaluate the Discrete Fourier
Transform (DFT) of a signal. Typi-
cally, the signal is continuous and
periodic in the time domain. To
obtain the DFT of a continuous signal,
the FFT is necessary to reduce the
computation time. For example, if the
original signal is represented as
having real and imaginary compo-
nents and sampled N times during its
full period it takes 4N2 multiplica-
tions and N(4N-2) additions to com-

RN W
AT, BN SR
- -
- -

i
III’

Ry ——

pute the DSP directly. In contrast, the
FFT, in particular the decimation-
in-time algorithm, only requires
(N/2)log,N stages of multiplications
and additions. Each stage is defined
by the basic cell of the FFT, the
butterfly flow graph, and shown in
Fig. 1(a) using the notation of Ref. 1.
By taking advantage of the symmetric
property of the WI\'; term, Fig. 1(b) al-
lows for better computational effi-
ciency. Figure 1(c) is further obtained
to serve as the working model and
shows that four multiplications, three
additions and three subtractions are
required per butterfly. The additions
and subtractions are combined with
the multiplications via a multiplier/
accumulator (subtractor) unit.

The FFT butterfly computation can be
accomplished using presently avail-
able single-chip DSP units. These
current third-generation products can
be categorized into two groups. The
first group contains some on-chip
memory to hold the executable
instructions and the data to be proc-
essed. The TI TMS32010/20 and the
NEC uPD77230 belong to this group.
The architecture of these devices
allows the process to be "optimized"
if both program and data are in the

on-chip memory at all times through-
out the whole process. However, the
computational throughput is still slow
since only two data elements can be
operated on at any given cyde.
Another drawback is that, if the
number of sample data points to be
processed exceeds the on-chip mem-
ory capacity, then data need to be
stored externally. As a result, addi-
tional cycles to fetch data from
external memory further degrade the
computational throughput. Still
another factor is the increase in
software overhead. Since data is now
fetched from external memory,
instructions that would have enabled
parallel processing cannot be taken
advantage of anymore. Therefore, one
has to resort to straight-line coding to
get maximum performance at the ex-
pense of increasing the code size.

The second group of "single-chip"
DSP units require external memory
for program and data storage. The
National LM32900 and the Analog
Devices ADSP2100 belong in this
category. Their architecture allows for
efficient access to both program and
data memory via independent busses.
However, these DSP units still can
only process one set of operands at

Application Note

DEVICES INCORPORATED

8-13




DSP Designer Chips

Figure 1. Butterfly Cell working models

(a)

(b)

(c)

Xm (p) > Xm+1(p)
Wi

Xm (q) » Xm+1(q)
WrN+N/2

Xm (P) (o, Xm+1 (P)

Xm (q) C Xm+1(q)

Wy -1
Xm (p) O— + O xm+1(P)
Xm (q) O X - O xm+1(‘|)
Wi

xm+1(P) = Xm (P) + Xm (q) W;q
= {Re[Xm (p)] + (A-D)} + {Im[Xm (p)] + (B+C)}

Xm+1(q) = Xm (P) - Xm (q) WrN
= {Re[Xm (p)] - (A-D)} + {Im[ Xm (p)] - (B+C)}

A =Re[Xm (q)] * Re[W]
B =Re[W[] * Im[Xm (9]

C=Re[Xm (9)] » Im[W]
D = Im[Xm (q)] * Im[W]

any given cycle. For FFTs involving
32-bit complex data, external memory
fetch cycles degrade the computa-
tional throughput. One method of
improving the performance is by op-
erating two devices in parallel to
handle two sets of operands at a time.
In this case, however, the user is faced
with issues regarding synchronization
and control of the two devices.

Building Block Approach

The "functional building block"
architecture overcomes the limitations
of the "single-chip" DSP units. This
method allows the user flexibility in
achieving the high-throughput
requirement by minimizing the
number of machine cycles per butter-
fly computation. The only penalty is
the typical increase in the number of
components used. However, this
penalty is more than offset by the in-
creased performance. An efficient
functional building block architecture
for high-speed DSP is shown in the
block diagram of Fig. 2. The architec-
ture achieves 2 machine cycles per
butterfly, pipelined for 32-bit complex
data FFT. The detailed implementa-
tion of the butterfly cell is shown in
Fig. 3. The architecture is described as
follows.

In the block diagram of Fig. 2, the
butterfly cell is embedded in the
system, under microprogram control,
to handle the FFT computation. The
overall architecture utilizes both a
general purpose CPU, i.e., a Motorola
68000 or equivalent and functional
building blocks to serve as the FFT co-
processor. The architecture allows for
the execution of four phases to obtain
the DFP. The four phases are: sam-
pling, data formatting, computation,
and outputting the DFP via the DAC.

The analog input signal is first fed
into a pre-processor where it is band-
limited via an anti-aliasing filter. The
input signal can also be split into its
quadrature components at this stage

DEVICES INCORPORATED
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Figure 2. A representative system block diagram DSP
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or this may occur as a result of other
operations such as heterodyning
implemented digitally. The SAM-
PLER converts the analog signal into
its equivalent digital data representa-
tion. The sampling process can be
controlled either by the CPU or the
DMA controller. Reference 2 shows
that the controlling element also
determines the maximum throughput
rate of the sampling process; hence,
the maximum input signal band-
width. After sampling, or at the con-
clusion of other DSP processes, each
of the real and imaginary data
samples is assumed to be stored in
contiguous memory locations in main
memory. Therefore, real data can be
stored in even address and imaginary
data in odd addresses.

)

— -
e s—
= gy
- —— -
——
~——
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Data Formatting

Assume that in the 16-bit system of
Fig. 1 the analog input signal is
sampled 1024 times to represent one
sample period. Furthermore, if all the
samples are real numbers and storage
is to begin at address 0000H, then the
normal data storage sequence is such
that the consecutive samples are
stored in contiguous memory loca-
tions in main memory. This is par-
ticularly true in the case where the
sampling process is treated as a data
block transfer under CPU or DMA
control. However, to be able to
execute an in-place computation of the
decimation-in-time FFT algorithm, the
original data sequence obtained
during the sampling phase must be
restructured. This process involves

address-bit reversal and is illustrated
in Fig. 4.

An algorithm for generating the
addresses in the bit-reverse order is
discussed in Ref. 3. As pointed out, a
highly flexible FFT Address Sequencer
is sometimes required if the data
buffer is not located at address 0000H,
or if the FFT size is variable, due to
the different sizes and fields of the
address bits that need to undergo
bit-reversal. Further complications
are encountered when X(N) data is
complex. As shown in Fig. 2, the
16-bit real and 16-bit imaginary data
in main memory is to be mapped into
a 32-bit field in the COMPLEX DATA
RAM. A general purpose FFT Address
Sequencer can be efficiently imple-
mented with the combination of Logic
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Figure 3. Detailed Butterfly Cell implementation with the control field.
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Devices’ LRF08 multiport register file
and [4C381 16-bit ALU. Because of
their ability to be controlled by
microcode, these two high-speed
CMOS LSI devices provide the
flexibility required of the FFT Address
Sequencer. Also, the overhead time
required to pre-sort the complex data
sequence prior to the computation
phase is reduced.

Handling the Computation

In Figure 1, the butterﬂy operands
Xm(p), Xm(q), and Wy are all complex
variables. The results of the computa-
tions Xm+1(p) and Xm+1(q) are also
complex variables. W, are known
coefficients and stored in a read-only
memory device as part of the COM-

PLEX DATA FILE in Fig. 2. The other
part of the COMPLEX DATA FILE
consist of the input data samples
stored in COMPLEX DATA RAM in
sorted order as defined by the bit-
reversal process. The elements of the
COMPLEX DATA FILE are 32 bits
wide to accommodate the 16-bit real
and 16-bit imaginary components.

The computation phase starts with
the CPU generating a code for the
MICROSEQUENCER. The MICRO-
SEQUENCER interprets this code to
access the first microinstruction in the
MICROPROGRAM MEMORY and
stores it in the MICROINSTRUCTION
REGISTER. The microinstruction is
horizontally organized so that differ-
ent processing blocks can be con-

Figure 4. Normal data sequence during sampling phase and result of re-struc-
turing via address bit reversal. The new data sequence is stored in the complex

data RAM.

ADDRESS BITS SEQUENCE
SRR ';E ;"[“; 'I": Il"‘: "I‘;"l‘sz“h_lo’l CONTENTS AF;:EIB I?E[\)/g;slgif
000000/000000000OGO| X0 ———»X0)
0 0|0 01! X1 X(512)
0 0o 10| X2 X(256)
0 ofo 11 X3 X(768)
| ! | |
0 0lo1 111111 11| xGs11) X(1022)
0 0{1000000000O0[ X512 X(1)
0 01 01| X(513) X(513)
0 o1 10| X(514) X(257)
0 011 11 X(515) X(769)
! ! | !
0———0{1111111100[ X1020) X(255)
0 o1 0 1| x(021) X(767)
0 o1 10| X(1022) X(511)
0 01 11| X(1023)——————> X(1023)

trolled simultaneously; thus executing
one microinstruction in one cycle of
CLOCK?2. The microinstruction field
for controlling the butterfly cell is
shown in Fig. 3 along with the de-
tailed hardware implementation of
the butterfly which consist of Logic
Devices’ LRF08 multiport register file
(2), LPR520 pipeline register (2),
LMA1010 16-bit multiplier /accumula-
tor (2) and L4C381 16-bit ALU (2).

The operands Xm(q) and W are to be
held in the register file temporarlly
while the Xm(p) is passed down the
pipeline register. The computations
are done in a pipelined fashion and
facilitated by the internal pipeline
registers of the LMA1010s and
LA4C381s. The results of the computa-
tions can then be stored back into the
COMPLEX DATA RAM to be used in
the next iteration. This is really the
essence of the in-place computation of
the decimation-in-time FFT algorithm.
The status of the components com-
prising the butterfly cell is outlined in
the state matrix of Fig. 5.

Digging into the Microcode

During state SO, the Address for
storing one of the first set of operands,
Xm(q) is loaded into the Band C
Address Port register of the LRF08s.
Since Xm(q) is composed of 16-bitreal,
Re[Xm(q)], and 16-bit imaginary data,
Im[Xm(q)], the LRFO08s’ registers are
set up such that Re[Xm(q)] will be
stored in register Ro and Im[Xm(q)] in
R1. This is easily done by setting up
the microcode to take advantage of
the simultaneous register access
capability of the LRF08. In this case,
the address bits are B2B1Bo = 000 and
C2C1Co = 001 respectively. During 51,
Xm(q) is written into the LRF08s via
the B and Cinput ports and at the
same time the address for stormg the
real and imaginary part of Wy
Re[W]and Im[W] respechvely, are
also wrxtten into the B and C Address
Port registers. This time the address
bits are B2B1Bo = 010 and C2C1Co=
011. This will allow storage of Re[W]
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Figure 5. Butterfly computation state matrix.

into register R2 and Im[W,’ ] into R3 of
the LRF08s. During S2,
via the B and C input ports and simul-
taneously read out via the Dand E
output ports. The imaginary part of

Xm(q) is also read out of the bi-

directional A-port. In addition, the
address for storing a "new" Xm(q) is
written into the B and C Address Port
registers. Xm(p) is also loaded into the
LPR520 pipeline register. Note that
during this state two sets of complex
operands, Wz and Xm(p), are simulta-
neously accessed from the COMPLEX
DATA FILE. During this state all the
complex data operands for the first
FFT butterfly computation are avail-
able in the working registers. For a

- -
- -
— | ———

'IIII
l
l

18 written

=w°=1

DEVICE SO st $2 $3 s4 S5 S6 s7 S8 S9 $10
LRFO8 LOAD WRITE WRITE WRITE WRITE S3 S4 S3 S4 S3 S4
REGISTER| Xm{q0). Xm(qo). wle. Xmig1) w
FILE WRITE ADR.| LOAD READ LOAD READ
(wile | Im[Xm{qo)] [W,Qh Im [Xmign)]
WRITE ADR.| & [W{]o. |WRITE ADR.| & [W]1
LOAD READ LOAD
Xm{q1) wlo Xm(q2)
WRITE ADR. WRITE ADR.
LRP520 Xm(po) = R1 |Xm(p0) = R2 [Xm(p0) = R3 | Xm(po) — R4
PIPELINE Xm{p1)—3R1 [Xm(p1)—R2 | Xm(p1)—>R3| HOLD [Xm(p1)—>R4| HOLD | Xm(p2) | HOLD
REGISTER Xm(p2) — R1 | Xm(p2)— R2 Xm{p2) —R3 — R4
LMA1010 LOAD  |Im[Xm(q0)] x|{Re[Xm(q0)] x| OUTPUT S5 S6 S5 S6
MACT1 Im [w,[‘]o& |m[wh"]=D Re[wr;]o)— Re[X'].
Im[Xm(qo)] | LOAD | D = Re[X']. | EVALUATE
Re[Wl:]o& S3LOAD. | *NEW"D.
Re[Xm(qO)]
LMA1010 LOAD  [Im [Xm(qo)] x|{Re[Xm(q0)] x| OUTPUT S5 S6 S5 56
MAC2 Re[W Jo& Re[W,L]:B Im[W,:I]o}+ Im[X'].
Im[Xm(qo)] | LOAD = Im[X']. | EVALUATE
Im[W;‘]o& S3 LOAD. | "NEW"B.
Re[Xm{qo)]
L4C381 Re[Xm(po)] |Re[Xm(po)] | S6 S7 S6
ALU1 — Re[X'] =|-Re[X'] =
Re[Xm+1(qo)] Re[Xmﬂ(pD)]
L4C381 Im [Xm(po)] |Im [Xm(po)] | S6 s7 S6
ALU2 —Im[X'] = |- Im[X'] =
Im [Xms1{qo)] | Im [Xm+1(po)]
Xm+‘(q0) Xmﬂ(po) Xmﬂ(ql) Xm+1(ql)

1024-point FFT, the first set of oper-
ands correspond to

Xm(p) = X(0), the first sample
Xm(q) = X(512), the 513th sample
W r
The operands Im[W7
and Im[W ] are latched into't
LMAT1010s input registers during S3.
From Fig. 1(c), note that the Im[Xm(q)]
term is common to the expressions for
B and D. Therefore, B and D can be
simultaneously evaluated during 54
and the result stored in the corre-
sponding LMA1010’s accumulator.

During 56, ALU1 and ALU2 control
bits are set so that both L4C381s will

L Re[W, ]

act as subtractors. The contents of the
MACT and MAC2 output registers are
shifted into the input registers of the
LA4C381s. The other operands are the
real and imaginary components of
Xm(p), Re[Xm(p)] and Im[Xm(p)]
respectively, which has been shifted
down the LPR520 pipeline registers
during states S2, S3, 54 and S5.
Referring to Figs. 1(c), 4, and 5, the
real component of Xm+1(q) is evalu-
ated by ALUT while the imaginary
component is evaluated in ALU2. A
new set of D and B values are also
evaluated. The new D and B values
correspond to the new set of Xm(q)
and W operands loaded into the
MACT and MAC2 input registers
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during S5. The real and imaginary
components of Xm+1(p) are evaluated
in ALUT and ALU2 respectively
during S7. By holding the contents of
the LPR520s, all the operands needed
to obtain Xm+1(q) during S6 are also
available to obtain Xm+1(p) during S7.
The in-place computation is realized
by storing Xm+1(q), during S7, into the
location in COMPLEX DATA FILE
occupied by Xm(q). In the same
manner, Xm+1(p) is loaded into Xm(p)
during S8.

From the state matrix of Fig. 5, note
that a steady state condition occurs
after, the state 56 such that a butterfly
computation is completed every two
cycles after an initial overhead of only
6 cycles. The efficient handling of the
computation is largely aided by the
flexibility of the LRF08 multiport
register file. A good example is illus-
trated during state S3 when the real
and imaginary components of a new
Xm(q) are written into register R4 and
R5 via the B and C data input ports
and at the same time "previous”
Re[Xm(q)], RE[W ] and Im[W ]

are read out of register Ro, R1and

R3 via the output ports A, Dand E
respectively.

Dealing with Overflow, Under-
flow and Precision

Overflow can occur at the front end
when the input signal exceeds the full-
scale range of the ADC. Depending
upon the application, this can be pre-
vented by using an automatic gain
control (AGC) stage within the INPUT
SIGNAL PROCESSOR or a hard
limiting circuit to limit the maximum
excursion of ADC. Another overflow
condition involves exceeding the
dynamic range of the fractional
number representation. If the oper-
ands Xm(p), Xm(q) and W;I are frac-
tions in fractional 2’s-complement
form, then the product of any of two
operands is always a fraction. How-
ever, the FFT also involves accumula-

tion of the product terms and the
addition of two large positive frac-
tions could result in an integer and a
fraction. In this case the highest frac-
tional number represented is exceeded
and an overflow condition occurs.

From Fig. 3, the output of the
LMA1010s are rounded to a 16-bit,
single precision value and applied to
the ALUs. However, the internal
accumulation/subtraction process
uses the full 35-bit double precision
value. Overflow occurs when the
MAC1/MAC2 operands are both —1.0,
i.e., 8000H, and the product is added
to an accumulator containing +1.0.
One way of handling this is to provide
a fixed divide-by-two scale factor by
using the R31-R16 output bits of the
MAG s. Since the bits have the signifi-
cance of 2'to 2714, the dynamic range
is reduced by 1 bit, which might be
unacceptable in certain applications.
Another method is to limit the most
negative number representation of the
coefficient, WI\’I, tobe-1.0+1LSB
(8001H). This guarantees the result of
the multiplication/accumulation to be
less than 2.0. In this case, the MACs
R30-R15 output bits having the sig-
nificance 2° to 27'% are used and the
dy-namic range is improved by 1 bit.
Another potential source of overflow
is at the ALU1 and ALU2 when the
MAC:s outputs are added with the
operands at the output of the LPR520s.

The modified butterfly cell, shown in
Fig. 6, implements block-floating-
point arithmetic to handle the poten-
tial overflows by means of the LSH32
32-bit Barrel Shifter/Normalizer. In
this configuration, for a given stage of
the FFT the ALU’s outputs are fed into
the SHIFT ENCODER LOGIC block.
If either one or both the ALU’s output
is greater than 0.5, a shift code corre-
sponding to the maximum output of
either ALU is generated and latched.
This is done because if either ALU’s
outputs is equal to or greater than 0.5
for the current FFT stage, then an

overflow could occur during the next
stage. To avoid this possibility, the
shift code that is latched during the
current stage is fed into the $14-50
inputs of the LSH32s. Then during
the next stage all the input operands
are uniformly scaled down by shifting
right.

Underflow can occur when two large
negative fractions produce a result
less than the most negative fractional
number that can be represented by the
system. The hardware that handles
the overflow condition at the

Xm+1(p) output can be replicated and
used to handle the underflow condi-
tion at the Xm+1(q) output.

The addition of the LSH32 for input
scaling certainly adds flexibility to the
system at the expense of additional
hardware. However, it may not be
needed in applications where it is
known that overflow or underflow
cannot possibly occur. In this situ-
ation, only the sign bit (R31) and the
15 most significant fractional parts
(R30-R16) at the LMA1010s outputs
are applied to the input of the
LAC381s. Regardless of the presence
or absence of the LSH32s, the conver-
sion to single precision result is
obtained by rounding up the accumu-
lator contents of the LMA1010s.
Rounding up is done automatically by
asserting the RND control bit of the
LMA1010s. The performance rating
of the Logic Devices’ "functional
building block" architecture is shown
in Fig. 7 along with the single-chip
DSP units. Note that although the
instruction cycle time is approxi-
mately the same, the Logic Devices’
architecture is close to an order of
magnitude faster. It is also important
to note that the 100 ns cycle time of
the Logic Devices’ architecture using
high-speed CMOS components is
comparable to architectures imple-
mented with bipolar components with
an added advantage of much lower
power dissipation.
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Figure 6. Modified Butterfly Cell implements block-floating-point arithmetic to handle potential overflows.
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DSP Designer Chips

Figure 7. Performance ratings for different DSP units based on execution time of 1024-point, complex FFT.

INSTRUCTION 1024-POINT SAMPLING
DSP UNIT MEMORY (1) CYCLE TIME COMPLEX FFT RATE (MAX)
TMS32010 (T1) 144 x 16 -D -RAM 200 ns 75.9 ms (2) 13.1 kHz
1536 x 16 -P -ROM
pPD77230 (NEC) 2-512 x 32 -D -RAM 150 ns 10.75 ms (3) 100 kHz
1K x 32 -D -ROM
1K x 32 -P -ROM
LM32900 (NNational) EXTERNAL 100 ns 13.42ms (3) 78 kHz
ADSP2100 (Analog Dev.) EXTERNAL 125 ns 7.2 ms (3) 142 kHz
LOGIC DEVICES (Fig. 3) EXTERNAL 50 ns 0.5 ms 2 MHz
BUILDING BLOCKS
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Technical Article

DESIGN ENTRY

Multiport register file
simplifies and speeds
digital signal processing

A byte-wide eight-register chip with five independent ports
overcomes bit-slice barriers and puts digital data
into registers simultaneously with processing operations.

acceptance in digital signal processing.

However, inflexibility and a small
memory-to-register bandwidth limit their ef-
fectiveness for many applications.

For example, the transfer of data between
registers and memory cannot often occur si-
multaneously with ALU processing.

These limitations can be overcome with a
multiport CMOS register file IC that not only
increases signal-processing bandwidths, but
also adds a new dimension of flexibility.

The file, the LFR08, contains eight registers
of eight bits each and is easily expandable to
more registers and wider words. The device
has five independent parallel ports, each of
which may be individually addressed to access
any of the eight internal registers on a given
clock cycle.

Two of the five ports, B and C, are write-
only memory ports. Two, D and E, are read-

Bit-slice processors have achieved broad

Joel H. Dedrick, Logic Devices Inc.

Joel H. Dedrick, director of product development,
Jjotned Logic Devices in Sunnyvale, Calif., in
January. Earlier he worked with Texas Instru-
ments, where he helped develop CMOS LSI signal
processors and other digital signal-processing
systems for military use. He earned his BSEE
from the University of Nebraska and his MSEE
from Southern Methodist University.

only ports; and the fifth, A, is bidirectional.
With so many ports, microprogrammable dig-
ital signal-processing systems take on new
flexibility.

A closer look

Each of the five parallel ports has an 8-bit
data bus, three address lines, and one or two
control lines (Fig. 1). All address and control-
line inputs are latched on the rising edge of
the clock signal. During the following clock
period, the addressed data is available at the
read ports. Input data is latched on the rising
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Signal Processing: Multiport register chip

edge following application of the address. This
timing allows for efficient use of the LRF08 in
horizontally microcoded architectures with
pipelining.

A logic low on the enable lines of ports D
and E enables the corresponding three-state
outputs, which in turn allows these ports to
produce the contents of the register selected
by address lines 0 through 2.

Input ports Band C are enabled in the same
way. A logic low on their enable lines allows
the selection of the target register for the
write operation on the next rising clock signal
after addressing. The addressing is similarly
performed by B and C port address lines 0
through 2.

Because it is bidirectional, port A is served
not only by address lines 0 through 2 and an
enable line, but also a read/write line. The last
line is latched with all other control lines to
determine when port A will be used for read-
ing or writing. When the read/write line is
high, the A port is in the read mode, and its
enable line functions as a three-state control
line. When the read/write line goes low, the A
port is in the write mode. Here its enable line
functions the same as the port B and C enable
lines for write clock cycles.

The five independent ports of the LRF08
also allow data to be transferred between the
register file and external system memory. The
transfer occurs while arithmetic operations

s e i

1. Five independently accessible port:

s that address eight 8-bit registers make the LRF08 multi-

port register file an extremely flexible chip in digital signal-processing circuits. The two output
ports, D and E, are for reading only; the two input ports B and C, are for writing only; and the A

port is bidirectional.

Electronic Design + May 17, 1984
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are being performed on data in the file and
while the results are being returned to the file.
If a register addressed for reading is the tar-
get of a write operation during the same clock
period, the data at the output port will be the
register contents prior to the write operation.
Since the user can write to and read from any
register during the same clock cycle, any of
the eight registers can be used as accumula-
tors for arithmetic operations.

With this five-port, eight-register flex-
ibility, a word-slice approach to digital signal
processing is available. It is superior to the
traditional bit-slice approach, embodied in
such parts as those in the Am2900 family, and
a closer examination of the two architectures
will show why.

In the bit-slice architecture of the Am2903,
for example, each chip has a slice of the ALU
and register file memory (Fig. 2a). The reg-
isters are in a three-port RAM—two read
ports and one write. The read ports supply
operands to the ALU, and the ALU feeds back
results to the write port for storage.

Writing external data to the registers of a
bit-slice system can be performed in two ways.
The ALU’s output port can be disabled by use
of an off-chip, three-state enable circuit. This
allows the user to write in external data to the
RAM through the feedback line.

Alternatively, off-chip multiplexers can be
used to allow external data into the system
through the two operand ports, A and B. Data
is passed through the ALU and stored through
the feedback line in the three-port RAM.

In many cases, the ALU’s operation must be
suspended, with resulting computational de-
lays, while the external data is brought in.

As for reading data from a bit-slice system,
it can be done at the output of the ALU or at
the ALU’s operand ports. In the latter case,
ALU results are read out at the A and B ports
simultaneously with ALU operations. This
operation is useful for such applications as ad-
dress generation for vector processing. Here,
the address is read to the A port from the
RAM and is simultaneously incremented by
the ALU. The result is stored in the RAM in
place of the old address.

The word-slice system, in contrast, is di-
vided along functional boundaries, with the

| Aol i |
[ R |
| [
h [
| ] Wrte [
I [}
| 3-port ! :
\ RAM !
I bl
[
|
b
I ] |
: ! | rone
PortA) :
} 1
[ !
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! 1
! ]
| [
! |
! |
1 1
! |
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H -4
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~——-r—-——"—""fF~"—7—7° A
[ | |
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2. The bit-slice architecture of pr 8 like the

Am2803 (a) limits the memory-to-ALU bandwidth
and leads to delays when outside data is intro-
duced, because the ALU’s operation may have to be
suspended while the external data is written into
the three-port RAM. Using the LRF08 allows com-
plete overlap of an ALU operand and result trans-
fers with external read/write of the register set (b).
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Signal Processing: Multiport register chip

register file and the ALU partitioned into sep-
arate chips (Fig. 2b).

In the circuit shown, the data flow for
dyadic operations (those that require two
operands) is the same as that in the bit-slice
system: Two operands are sent from the reg-
ister file to the ALU, and the result is fed back
to the register file through a write port. But
there is a significant difference in the way
data enters and leaves the circuit.

The most obvious difference in I/0 organ-
ization is the fact that reading into and writ-
ing out of the register file can now be done
simultaneously with ALU processing. In the
bit-slice approach, the memory buses used for
1/0 are the same as those used for ALU oper-
ations. Thus unless the data is immediately
used as an operand, ALU no-op instructions
must be inserted to prevent register file
read/write operations and ALU processes
from conflicting.

With complex signal-processing algo-
rithms, fetching data with the correct se-
quence and timing to avoid these no-op cycles

is difficult, since only a limited number of in-
dependent address generators are available.
True, the no-op states can be held down by the
use of wide-word or complex (real plus imagi-
nary) memory organizations, but then addi-
tional circuitry is needed to store the data
temporarily, perhaps even rearrange it, for
the ALU. With the completely independent
1/0 ports in the LRF08, all these problems are
eliminated.

A more subtle advantage of the word-slice
approach results from timing considerations
in the design of the processor-memory inter-
face. When data is multiplexed into the ALU
at the operand ports in the bit-slice approach,
provision must be made for sufficient setup
time so that data can propagate through the
ALU before the next rising edge of the clock
signal.

Depending on the complexity of the instruc-
tion being executed, this setup time can range
from 100 ns upward. Since many digital
signal-processing system clock periods are 150
ns or less, a staging register is required be-

Bidirectional buffers

3. Used in a pipeline processor, the multiport register file makes ig ion easy. The
large number of independent ports allows data routing through the system to be software con-
trolled. The dotted lines show system data fiow for a finite-impuise-response filter algorithm.
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Signal Processing: Multiport register chip

tween the external system memory and the
ALU. The LRF08 essentially performs the
function of such a staging register, reducing
effective memory data setup time to 15 ns.

A reconfigurable pipeline processor

Consider the utility of the LRF08 in a recon-
figurable pipeline processor, where two of the
multiport register file ICs are paired with an
ALU and a multiplier-accumulator (Fig. 3).
The outputs of the ALU and multiplier-
accumulator are fed back to their associated
register files, and they may also be selectively
gated onto auxiliary data buses running the
length of the pipeline.

Bidirectional buffers on the data buses
make them reconfigurable. System memory,
which is accessed through ports A and B of
each register file, can also be reconfigured for
greater I/0 bandwidth by the addition of
memory ports to the buses. Likewise, the num-
ber of arithmetic elements, like the ALU and
multiplier-accumulator, can be increased by a
simple extension of each bus.

A typical application of the circuit shown is

XmlP) X+ 1(P)

X = data value

m = stage index

p and q = index values

W = FFT weighting coefficient
N = order of filter

r = degree of power

Xn()
Xnla) ‘Gf) Ko Q)

Wi

4. In a radix-two decimation-in-time butterfly, the
basic unit of the fast Fourier transform, four real
multiplications and six real additions take place.

Electronic Design - May 17, 1984

the finite-impulse-response (FIR) filter algo-
rithm, frequently encountered in digital sig-
nal processing. For a nonrecursive Nth-order
filter algorithm, each output sample consists
of the sum of the past N points, each weighted
by the appropriate filter coefficient. This can
be expressed as follows:

N-1
Y. = Z h(x-4)
k=0

where:

Y, = the nth output sample

n = the data index

k = the coefficient index

N = order of filter

h, = the kth coefficient

x = the input sample

X,-x = input sample delayed by k sample
periods

A key feature of the FIR filter algorithm is
its linear-phase transfer characteristic. A
necessary and sufficient condition for linear
phase is that the coefficients of the filter be
symmetric or antisymmetric about the center
of the impulse response. Thus, for a filter with
N coefficients, where the first coefficient has
the value h,, coefficient hy_, must equal +h,,
and so on, from h, through hy/s-;, with N
being an even number. Such a filter can be
expressed as:

(N/2)—1
Y. = Zﬂ hi(Xa-x + Xn-nsks1)

The symmetry of the filter coefficients
offers the possibility of computational short-
cuts. By adding the input points correspond-
ing to coefficients that are equal prior to
weighting, the designer can reduce the total
number of multiplications required for each
output point to N/2. Although this reduction
comes at the expense of an extra addition for
each pair of input points, it offers the advan-
tage of a 2:1 adder-to-multiplier ratio, typical
of many signal-processor architectures.

The flow of data to implement the FIR filter
is shown by dotted lines in Fig. 3. It isassumed
that the filter coefficients are stored in the
multiplier register file prior to entering the
kernel (the smallest processing loop or itera-

DEVICES INCORPORATED
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tion). Data enters the system from the mem-
ory ports and is placed in the ALU register
file.

Points corresponding to a single coefficient
are assumed to be read from memory simulta-
neously. If memory limitations preclude
simultaneous readings, the designer can ob-
tain an equivalent throughput by doubling the
kernel length from one to two clock periods
and processing input points four at a time. In
this way adjacent points can be fetched from
memory by a single address generator and a
double-width memory organization.

The addition of the two input values is ac-
complished in the ALU, and the result is fed
back to the multiplier-accumulator register
file. The file performs weighting and accumu-
lation and holds the result until all pertinent
input points have been processed.

Taking on the FFT

Yet another illustration of the flexibility
of the LRFO08 is its use for calculating fast
Fourier transforms, a type of algorithm en-

countered frequently in digital signal pro-
cessing. The fundamental unit of the FFT,
the butterfly, is of interest. One of several
common forms is the radix two, decimation-
in-time butterfly (Fig. 4). -

For complex (real plus imaginary) input
data, the decimation-in-time butterfly re-
quires four real multiplications and six real
additions. The multiplications and two of the
additions are used in the complex multipli-
cation which phase-rotates the lower input,
Xm(q). The remaining four additions combine
the upper input, x,,(p), with the weighted low-
er input to produce the pair of complex output
points, Xm+](p) and Xm+.(q).

For this example, the weighting coeffi-
cients, W, are assumed to be stored in the
multiplier-accumulator register file of Fig. 5
at kernel entry. In practice, the kernel is
usually four or eight butterflies long. It takes
advantage of the extensive symmetry in the
weighting coefficients (+90° and +180° rota-
tions, and reflections about the 45° axes).
Thus, given one coefficient, three others may

Bidirectional buffers

5. The LRF08 multiport register file allows

fi ion of the pipeli itecture for a dif-
imation-in-time FFT butterfly (Fig. 4).

ferent algorithm, in this case, the
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be calculated by sign changes in the real and
imaginary parts of the complex input data.
In this way the butterfly can be computed
efficiently without the. need for a memory
dedicated to storage of the complex weights.

The data flow of the decimation-in-time
butterfly in the figure is heavily pipelined. It
has a net throughput of one complex output
pair for every four clock pulses. The total pipe-
line delay is 12 clock periods. The table (be-
low) shows a symbolic listing of the various
data movements and arithmetic operations.

During the first two clocks of every four-
clock iteration, the real and imaginary parts
of x,,(p) are read from memory to the multi-
plier-accumulator register file. This transfer
of data occurs through the lower 1/0 port. The
last two clocks are used for reading the real
and imaginary parts of x,,(q) from memory to
the ALU register file. The paths of the data
flowing from memory to the register are rep-
resented by dotted lines in the figure.

The second column in the table shows the

complex multiplication of the weighting co-
efficient and the x,,(q) input from the previous
iteration. Results are passed to the ALU reg-
ister file, where the additions needed to pro-
duce the real parts of the output values occur
during the latter half of the iteration. This
transfer of data is accomplished over the
upper bus in the figure, a bus isolated from the
memory port by bidirectional buffers.

The last column in the table shows the final
iteration, when the imaginary portions of the
results are calculated. These results are re-
turned to the multiplier register file through
the C port bus. Finally, the results stored in
the multiplier file are sent out to the upper
memory bus, one word during each of the four
clocks of the iteration.o

How useful? Circle
Immediate design application 556
Within the next year 557
Not applicable 558

Symbolic listing of operations for an
FFT decimation-in-time butterfly iteration

Re [Xm(q)] + Re [Wp]— " RelXm + 1(t)] — output

Multiplier /
Relxm(p)l"”':l'srﬁ' accumulator” Im{Xm(8)] + Im{Xm{t)]—~
file multiplier register file
Multiplier Accumulator IM[Xm + 1(1)] — output
Im[Xm(p)] —register = Im Xm(8)]* ALU IM{Xem(8)) — IMXm(t)] —
file ImWin] — register multiplier register file
file

ALU
Re[Xm(q)l—+register
file

Re{Xm(s)* Im{Wh] —
accumulator
RefXm(f)] + RelXm(s)]
multiplier register file

Re{Xm + 1(U)] — output

ALY
Iml{Xm(Q)l-register
file

Accumulator + Im{Xm(s)]*
Re[Wn]-ALU register file
Re{Xm(r)]— RefXm(s)]—~

multiplier register file

Im{Xm + 1 (U)] — output

Electronic Design + May 17, 1984
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Mulaport register file
streamlmes signal processing

A register-file IC that incorporates five access ports and allows
simultancous use of its eight registers increases flexibility and
throughput in signal-processing applications. But effective use of
the part vequires attention to new design concepts.

Joel H Dedrick, Logic Devices Inc

You can simplify signal- and image-processing system
design by using a 5-port, 8-register IC. The LRF08 lets
you design digital filters that you can reconfigure by
reprogramming rather than by rewiring. Because it
allows simultaneous use of its five ports, the LRF08
eliminates interference between 1/0 or memory trans-
fers and arithmetic operations (see box, “Independent
1/0 ports yield flexibility™).

The simultaneous use of ports is the LRF08's key
feature. For example, while two read ports source
operands to an ALU or multiplier, and a third write
port records the result, the remaining two ports allow
unimpeded data movement to external memory. These
external data accesses don’t interfere with arithmetic
operations, so you don’t need the Wait states or No Op
cycles commonly found in less flexible architectures.
You can thus increase throughput by as much as a factor
of two for some algorithms. In addition, you can expand
the device's eight 8-bit registers for greater word width
or memory depth.

In contrast, most horizontally microprogrammed
systems dedicate independent subsystems to memory-
address and data calculations. Although memory ad-
dressing and data processing have different arithmetic
requirements, both require that the calculations over-
lap efficiently with data storage and retrieval. To
provide efficient overlap, such systems, especially those
requiring data-dependent addressing, often use ad-
dress generators to calculate a new data address on
nearly every cycle while simultaneously storing or
retrieving variables from system memory.

The LRF08's multiport write capability simplifies
address generation, but it’s not limited to that task: It’s
equally well suited to the data-handling and 1/0 por-

EDN NOVEMBER 15, 1984

MEMORY DATA BUS

MEMORY ADDRESS A

——— e

Fig1—Ap comprising the LRF08
register Ille and an ALU uses the file's bidirectional A port for
data transfers. The D'port supplies the memory address as
well as one of the ALU inputs. The E port supplies the
remaining ALU operand while the ALU results return to the
register file through the C port.

tions of programmable-signal or image processors. Ap-
plications such as multiprocessor interfacing and
shared-resource protection can also benefit from the
LRF08's high bandwidth and flexible port structure.
To understand the concepts involved in application of
the register-file IC, consider a data-address generator
used in signal- or image-processing systems (Fig 1).
The address generator, comprising an ALU and
LRF08, uses the register file’s D and E ports to source
ALU operands. The ALU result returns via the C port.
The bidirectional A port then serves as a data port for
transferring register-file values to or from memory.
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Multiport register file
requires new design techniques

Further, the A port’s 3-state capability lets you wire
this port directly to the system data bus. The D port, in
addition to being used as an operand source, supplies
the memory address.

The typical sequence for simple indexing operations
(such as those required for vector addition and subtrac-
tion) is this: The system sources the accumulator regis-
ter contents to the D port and the increment value (eg,
1) to the E port; the ALU performs an addition and
returns the result to the accumulator. (Note that the
register file’s read-before-write operation allows you to
use any register as the accumulator.) Thus, the effec-
tive address presented to memory is the accumulator
value prior to the increment. The address increment
occurs simultaneously with the memory access.

Now consider the addressing requirement that re-

sults when you apply an NxN space-invariant filter to
2-dimensional-image data stored in a linear memory.
Such filtering helps to remove high-frequency noise
from image data. The filtering algorithm consists of
replacing each output-image pixel with the weighted
sum of its neighboring pixels in the input image. In this
case, define a pixel’s neighbors as the pixels contained
in a square, centered on the target pixel, with N pixels
on each side (N odd). You can express this filtering
operation as:

T
gx, Y= X, h(Pix+1iy+j),
j=~£N_2-_l_)i=—( 2—1)

where g(x,y) is the output image, f(x,y) is the input

The LRF08 high-speed CMOS
multiport register file suits signal-
and image-processing systems; it
contains eight 8-bit registers ac-
cessible via five parallel ports (fig-
ure). Designated A through E,
these ports each have eight data
lines, three address inputs, and
either one or two port-control
lines. All address and control sig-
nals are latched on the clock’s
" rising edge, so device activity is
pipelined by one cycle (reads or
writes occur one cycle following
the cycle when corresponding
controls are applied). This pipelin-
ing eliminates the need for dis-
crete registers on microcontrol
ROM outputs for micropro-
grammed applications.

The register file's D, to D; and
E, to E; lines are output ports; DA,
to DA, and EA, to EA; are their
corresponding address inputs. An
address applied to these inputs is
latched at the clock’s rising edge,
and corresponding register con-
tents appear on the data lines.
DOE and EOE are the output-
enable controls for the D and E
ports, respectively; they control
3-state output drivers on the D, to
D; and E, to E; lines. Asserting

Independent I/O ports yield flexibility

these inputs enables the corre-
sponding port for output following
the clock’s next rising edge.

Write operations are processed
in much the same way as read
operations. B, to B; and C, to C;,
are input ports that write data to
the LRFO08's internal registers.
You dictate the destination regis-
ter for write operations with port-
address lines BA, to BA; and CA,
to CA.. The address presented on
these lines at the clock’s rising
edge gets latched and determines
the destination register for a write
operation on the next clock.

Port-enable inputs BPE and
CPE allow selective control of B-
and C-port write operations. To
write to any port, you assert the
corresponding port-enable control
while presenting the write ad-
dress. The control are latched
along with the address lines, and
an inactive port control causes the
device to ignore the correspond-
ing address input and suspend the
write operation on that port during
the next clock period.

The A port forms an interface to
a bidirectional 3-state bus. The
bidirectional A, to A; lines operate
in conjunction with three address

lines (AA, to AA;), a port-enable
control (APE), and a read/write
control (AR/W). The ARW input
controls whether this port oper-
ates as a read or write port during
the next clock cycle: Making this
signal Low causes the A port to
operate identically to the B and C
ports, and you use the address
lines and port-enable control to
handle the write; a High input on
AR/W makes it an output port with
the APE line controlling the 3-
state drivers on the A, to A; data
lines similarly to the D- and E-port
enables.

All ports are independent; the
only usage restriction is that two
ports can't write to the same reg-
ister simultaneously. Two or more
output ports can read a register
simultaneously, though, and any
other combination of address val-
ues and port enables is allowed. A
final feature is useful for read-
modify-write operations: When
you read a register to an output
port during the same cycle in
which you write to it from an input
port, the output data is the register
contents prior to the write.

For further information on the
LRFO08 multiport register file.

EDN NOVEMBER 15, 1984

Technical Articles

DEVICES INCORPORATED

9-12



Technical Article

image, and h(i,j) is the filter's NxN impulse response.

Next, assume that the input image f(x,y) is stored in
memory such that the increasing memory addresses
scan left to right across the image, with the rightmost
pixel of one row followed by the leftmost pixel of the
row below it. Thus, to find the address of a pixel
directly below a target pixel in an n-rowxm-column
image, you need only an address increment of m.
Assume also that the input image f(x,y) is padded with
(N-1)/2 Zero pixels around each border, corresponding
to half the filter impulse response (Fig 2). This padding
provides orderly filter calculations for elements near
the image’s edge.

Fig 3 gives a symbolic listing of the algorithm that
implements the spatial filter. The left side of the Action
column gives the required instruction words in a typical

microprogrammed image-processing system. Looping
and subsequent program flow control occurs simultane-
ously with data manipulation and doesn’t require a
separate microinstruction.

In this example, several assumptions have been
made. First, assume that for every output-image point
g (denoted Gegnrer), the filter function h(,j) is centered
over the corresponding input pixel Fcenrer, and all
pixels covered by h are fetched in a left-to-right,
top-to-bottom sequence. Also assume that the filtering
functions operating on these points execute in a sepa-
rate processing element, and that Fig 4 shows only
address-calculation operations. Finally, assume that
the filter coefficients h(i,j) are stored in a separately
addressed coefficient ROM (the algorithm could fetch
them from RAM with some loss in throughput).

MULTIPLEXERS REGISTERS MULTIPLEXERS __3-STATE OUTPUTS
8
8 \
— " .
L o. . —_/_D—_
..
.

8
A PORT (A, TO A,) D + 8

8
B PORT (8, TO B,) D—J——l/ .

8

CPORT (€, T0C,) [>Af——

/ \

.

8
. . [ D G
.
.

D PORT (D, TO D,)

A >—<

E PORT (E, TO E,)

__/ \

WRITE-
MULTIPLEXER
CONTROLS | peaisteR READ-MULTIPLEX | 3.STATE
ATOE PORT o ENABLES CONTROLS ~ |CONTROLS
aooResses' >0 af—] 3
I
A-E PORT 3
enneters, amwe [>—10 o> ©

T CLOCK

crock [>— l

NOTES:

TPORT ADDRESSES = XA,_,—~ 3 ADDRESS LINES FOR PORT X (X=A-E)

2PORT ENABLES = XOE — OUTPUT-ENABLE CONTROL FOR PORT X (X =D, E)
= XPE — WRITE CONTROL FOR PORT X (X=A.B.C)
= AR/Q —~ READ/WRITE CONTROL FOR PORT A

Five independent access ports in the LRFO8 register file direct data to and from eight registers upon proper manipulation of
port-address and port-enable signals. The A port is bidirectional.
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All five ports
operate independently

The first two instructions (Fig 3) initialize the varia-
bles Fcenter and Geenrer to point to the upper left pixel
in the input and output images, respectively. To accom-
plish this task, an offset is added to the F buffer’s base
address to account for the zero padding.

After initialization, the algorithm loops over all ele-
ments in the output image. For each new point in g,
instruction 3 initializes a temporary index, k, to the
filter function’s upper left corner. This address is
related to Fcenter by the constant offset
—[(N-1)N+m)/2]. To fetch successive input-image
pixels from memory, the system increments k by one at
each step and applies the old value as the memory
address. This process repeats for N cycles, where N
corresponds to the number of pixels along the top of the
filter impulse response h(i,j). When that row is com-
pleted, instruction 5 increments k by the image’s width
(m) to wrap processing back to the left edge of the
impulse response area, on the next line down. This
sequence of operations repeats for the impulse re-
sponse’s N rows until the output pixel’s processing is
complete.

After the algorithm has calculated a particular out-
put pixel, instruction 6 stores the result in g while
Geenter gets updated for the next pass. The LRF08
allows you to overlap address modification with memo-
ry operations by simultaneously reading and writing
the Gcenter register. Instruction 7 implements the
corresponding update of Fcenrer. The process repeats
for each pixel in a row of output array g. When all
elements in the output rows have been processed,
instruction 8 adds the offset (N—1) to correct Fcenrer
for input-image padding; this procedure wraps Fcenrer

CYCLE ACTION

. (N-|)2(N'm;

2 Fl:ENf!l - FMSEAM
GCEN?E! - GIAS!AI’DR
LOOP OVER n ROWS in g
LOOP OVER m PIXELS iN 1 ROW OF g
3 K = Feenren = ((N= DN +m)2]
LOOP OVER N ROWS IN h
LOOP OVER N PIXELS IN 1 ROW OF h

4 FETCH (k). k — k + 1
END LOOP

5 k—k+m

END LOOP
2 STORE g (Geguren) Gcenten ~ Geenren * 1

;CSNYlR - FCENV!R *

END LOOP
8 Feenren = Feenren + (N-1)
END LOOP

Fig 3—A symbolic listing of the spatial fiiter algorithm
shows that looping and other program flow control is per-
formed simuiltaneously with data manipulation and doesn't
require a separate microinstruction.

-5 m {

J(I.M\\ =N ]
R

|e— z—>
3

Hi)

Fig 2—-To perform space-invariant filtering on image data,
replace each pixel in the input image (f(x,y)) with the sum of
its neighboring pixels (centered in an Nx N square) weighted
by h(i)), the filter's impulse response.

into the next line’s first image pixel.

In this application, data is efficiently accessed
through the manipulation of multiple addressing varia-
bles, including several preloaded offsets and base ad-
dresses. The simultaneous use and updating of data
pointers also improves throughput.

Bit reversal complicates FFTs

Now that you're familiar with the LRF08's basic
operation, consider a specific application. To evaluate a
fast Fourier transform (FFT) using a decimation-in-
time algorithm, for example, a system must presort
input data into bit-reversed order. “Bit reversed” re-
fers to the following transformation: For an N-bit
binary word A defined as

A=A 27+ A2 4+ L+ A2 + A2,

you construct the bit-reversed word A by reversing the
coefficients such that the new coefficient for 2% is A,

A= A2+ A28+ L+ A2+ A2

Thus, for this type of FFT algorithm, the system must
provide data to working storage in bit-reversed order
or perform the bit-reversal operation after the
algorithm.

In either case, you can see the necessity for the
efficient generation of bit-reversed addresses. You
could accomplish bit reversal by hardwiring the conduc-
tors for each bit in reversed sequence (eg, at register
inputs). But this rudimentary technique isn’t generally
the most efficient for two reasons: First, the FFT
buffer doesn’t usually require the entire machine ad-
dress space. Instead, the algorithm uses only a small
portion of a larger memory with the effective address
consisting of the buffer base address plus an offset. This
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factor complicates matters because only the offset
portion must undergo bit reversal, while the base
address remains in its usual form.

The second problem stems from the fact that most
systems are required to execute FFTs of varying
length. This flexibility requires the number of offset
bits in the bit-reversal operation to be variable also. In
addition, each offset bit’s resulting position in the
effective address word changes with the FFT's length.

Bit reversal with the LRF08
You can implement bit reversal with the LRF08, but
note that the algorithm used is not widely known, so it
deserves some explanation. The following notation de-
fines desired operations:
® Base=base address of the FFT buffer.
® Offset=offset from base address to obtain effec-
tive address.
® Increment=increment used in indexing through
the buffer (usually 1).
® W=bits in the machine address word.
B=bits in the offset portion of the address
(B=W).
® BRw(x)=bit-reversal operation over W bits ap-
plied to x.
® BRg(x)=bit-reversal operation on x applied over
only the B least significant bits.
® “A=the variable A that has undergone the bit-
reversal operation.
Using these definitions, the desired effective address
becomes

ADDRESS = BR;s (OFFSETs + INCREMENT,-,)
+ BASE. (D

As noted, the difficulty with this form is that the
BRs(x) operation is difficult to implement when x can
vary. An easier-to-handle form of Eq 1 is

ADDRESS = BR,, [BR. (OFFSET,-,)
+ BR. {BRgz (INCREMENT)}] + BASE. (2)

In this form, the only occurrence of the bit-reversal
operation not applied over the entire address word has
a constant (the increment value) as its argument. In
fact, the result of the BRg operation becomes the
argument of a full-width reversal. The resulting value
is also a constant, which serves as a new increment for
an indexing operation carried out in the upper end of
the word. Note also that you generally map variables
into hardware registers, so this operation’s accumula-
tor is represented by the first term inside the square
brackets in Eq 2 (BRwWOFFSET,_;). The increment
that’s added to this accumulator comes from
BRw(BRg(INCREMENT)), which equals 2(W-B)-1

EDN NOVEMBER 15, 1984

MEMORY
CYCLE # ACTION ADDRESS
) INADDR,,

2 ~~INADDR, + ~ K === INADDR , |

~P<c>A>- INADDR, , ,

3 OUTADDR,, + 1 ==~ OUTADDR, , ,
Fig 4—A bit. g op P in a
pipeline fashion. The memory address column shows the
results of the i from the previ iteration of the

action column. )

for an increment of 1.

Now simplify Eq 2 by using K to represent the new
increment value and "INADDR to represent the accu-
mulator.

ADDRESS,-, = BR, [[INADDR, + "K] + BASE. (3)

This relationship establishes an equivalence between
the accumulation of prereversed (over B bits) offset
values as in Eq 1, and the accumulation of a correspond-
ing constant increment value with full-width bit rever-
sal of the result. Eq 2 gives the origin of the new
increment value.

A final note about computational efficiency: If the
FFT buffer’s base address resides on a 2 boundary,
you don't have to add the buffer base address because
the base and offset fields are disjoint. In such a case,
the desired base address undergoes a full-width bit
reversal to become the initial input accumulator value
“INADDR,, and each successive iteration of Eq 3 auto-
matically produces the correct base+offset value.

Special hardware eases bit reversals

The previous discussion demonstrates the need for a
flexible address generator in implementing efficient
FFT designs. With one minor modification, you can
adapt the LRF08-based architecture shown in Fig 1 to
calculate bit-reversed addresses efficiently for an arbi-
trary-length FFT buffer, starting at an arbitrary posi-
tion within the machine space.

To implement this architecture, have the bit-re-
versed ALU output source the register file’s B port.
Note that the system applies the bit reversal over the
full width of the address-generator word. As previously
discussed, Fig 4 is a symbolic listing of the bit-reversed
addressing operation for the special case where the
input buffer resides on a 2 boundary. Each row repre-
sents all operations active during a given clock cycle,
with the algorithm kernel requiring three clocks; the
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Space-invariant image filter
removes high-frequency noise

columns describe the action of the ALU and resulting
memory addresses.

A key factor of Fig 4 is that it gives a cycle-by-cycle
description of the system, which performs two func-
tions at once: It calculates a memory address in the
middle column and then performs a memory read or
write using that value in the next cycle while calculat-
ing the next required address. The system cycles
repeatedly through these three steps.

Look at each cycle in detail. During the first clock
period, the input address calculated during the previ-
ous iteration is sent to memory. The value comes from
the D port (Fig 1) with no ALU operation executed,
and a new input value is fetched. )

During the second clock period, the register file adds
the input-address accumulator 'INADDR,) to the incre-
ment value ("K), where those values follow the notation
in Eq 3. The unit then stores the result simultaneously
in two registers. The updated bit-reverse accumulator
(CINADDR,.) is stored in its original memory location
via the B port. Finally, to effect the required bit-
reversal operation, the register file produces the effec-
tive input address, BRw[" INADDR,+ K], by storing
the sum in a different register via the C port.

In the last clock period, the register file simultane-
ously increments the non-bit-reversed accumulator
OUTADDR, and supplies it as the output buffer ad-
dress. As with the input address, the system should
initialize this accumulator to the buffer’s base address.
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Sales Offices

Corporate Headquarters

Logic Devices Incorporated

628 East Evelyn Avenue
Sunnyvale, CA 94086

Telephone:
(408) 720-8630

(800) 851-0767 (Toll free inside U.S. — except California)

(800) 233-2518 (Toll free inside California)

FAX: (408)733-7690
TLX: 172387
FSCM: 65896

North American Sales Representatives

Company City/State Telephone Company City/State Telephone
ALABAMA CONNECTICUT
Electramark Huntsville, AL (205) 830-4400 TSI Wallingford, CT (203) 269-8853
FAX: (205) 830-4406 FAX: (203) 269-2099
ARIZONA DELAWARE
Luscombe Eng. Scottsdale, AZ (602) 949-9333 Deltatronics Chestnut Hill, PA (215) 248-0294
FAX: (602) 949-9095 FAX: (215) 247-2655
ARKANSAS FLORIDA
Comtech Austin, TX (512) 331-8922 Dyne-A-Mark Clearwater, FL (813) 441-4702
FAX: (214) 550-8113 FAX: (813) 447-4120
NORTHERN CALIFORNIA Ft. Lauderdale, FL (305) 771-6501
Western Region FAX: (305) 772-0114
GNH Mt. View, CA (415) 961-6740 Casselberry, FL (407) 831-2822
FAX: (415) 961-4979 FAX: (407) 834-4524
Reno/Sacramento/N. East Bay Area Palm Bay, FL (407) 725-7470
GNH Jackson, CA (209) 233-3389 FAX: (407) 984-2719
GEORGIA
SOUTHERN CALIFORNIA Electramark Norcross, GA (404) 446-7915
H-Technical Sales  Laguna Hills, CA (714) 583-1488 FAX: (404) 263-6389
FAX: (714) 583-9284 ILLINOIS
San Diego Area Sieger & Assoc. Schaumburg, IL (312) 310-8844
Earle & Associates  San Diego, CA (619) 278-5441 FAX: (312) 310-9530
FAX: (619) 278-5443 INDIANA
CANADA Applied Data Management
Eastern Region Batesville, IN (317) 257-8949
Dynasty Ontario, Canada (613) 723-0725 MAINE
FAX: (613) 723-8820 TSI Waltham, MA (617) 890-5700
Western Region FAX: (617) 890-3913
Dynasty British Columbia (604) 597-0068 MARYLAND
FAX: (604) 597-0043 Advanced Technology Sales
COLORADO Towson, MD (301) 296-9360
Western Region Marketing FAX: (301) 296-9373
Broomfield, CO (303) 469-8088 MASSACHUSETTS
FAX: (303) 469-8585 TSI Waltham, MA (617) 890-5700
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North American Sales Representatives

Company City/State Telepl Company City/State Telephone
MICHIGAN OREGON
C. B. Jensen Troy, Ml (313) 643-0506 Westmark Beaverton, OR (503) 641-8780

FAX: (313) 643-4735 FAX: (503) 641-8738
PENNSYLVANIA (Eastern)

Deltatronics Blue Bell, PA

Applied Data Management

Ann Arbor, Mi (215) 641-9930

FAX: (215) 641-9934

(313) 662-5759
FAX: (313) 579-8510
MINNESOTA PUERTO RICO
Cahill, Schmitz, & Cabhill, Inc. TSI
St. Paul, MN (612) 646-7217
FAX: (612) 646-4484 RHODE ISLAND
MISSISSIPPI TSI
Electramark Norcross, GA (404) 446-7915

(809) 892-4745
(809) 892-1128

San Germain, PR

(617) 890-5700
FAX: (617) 890-3913

Waltham, MA

FAX: (404) 263-6389 TENNESSEE
NEW HAMPSHIRE Electramark Norcross, GA (404) 446-7915
TSI Waltham, MA (617) 890-5700 FAX: (404) 263-6389
FAX: (617) 890-3913 TEXAS
NEW JERSEY (North) Comptech Irving, TX (214) 751-1181
Trionic Great Neck, NY (516) 466-2300 FAX: (214) 550-8113
FAX: (516) 466-2319 Austin, TX (512) 343-0300
NEW JERSEY (South) FAX: (512) 345-2530
Deltatronics Chestnut Hill, PA (215) 248-0294 Houston, TX (713) 492-0005
FAX: (215) 247-2655 FAX: (713) 492-6116
NEW MEXICO UTAH

Western Region Marketing
Salt Lake City, UT

(505) 888-1121
FAX: (505) 883-9044

Q. A. Electronics  Albuguerque, NM

(801) 486-1646

NEW YORK (Metro Area) VERMONT
Trionic Great Neck, NY (516) 466-2300 TSI Waltham, MA (617) 890-5700
FAX: (516) 466-2319 FAX: (617) 890-3913
NEW YORK (Upstate) VIRGINIA
Labtronics Syracuse, NY (315) 455-7314 Advanced Technology Sales
FAX: (315) 355-7316 Richmond, VA (804) 320-8756
OHIO FAX: (804) 320-8761
Applied Data Management WASHINGTON
Cincinnati, OH (513) 579-8108 Westmark Bellevue, WA (206) 454-1944

OKLAHOMA

Comptech Tulsa, OK

FAX: (513) 579-8510

(918) 622-7744
FAX: (918) 660-0340
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AUSTRIA

Cebos Electronic's GES.M.B.H.

Tichtelgasse 10

1120 Vienna

Austria

Tel: 22283-4101 or 4219
FAX: 22287-2007

DENMARK
Distributoren Interelko A/S
Silovej 18
D-2690 Karlsunde
Denmark
Tel: 45-3-140700
FAX: 45-3-146805

FINLAND
QY Comdax AB
Itdlahdenkatu 23 A
00210 Helsinki
Findland
Tel: 90-670277
FAX: 90-6922326

FRANCE
A2M
Hall B
6, Avenue De Gaulle
78150 Le Chesnay
France
Tel: (1) 39-54-91-13
FAX: (1) 39-54-30-61

ISRAEL

PEL

P.O. Box 106

Ramat Hasharon

4700 Israel

Tel: 972-3-482492
-482241

FAX: 972-3-483124

International Distributors

JAPAN

MCM Japan Ltd.

2-11-1 Komazawa Setagaya-ku

Tokyo 154, Japan

Syuukaen Bldg 2F
Tel: 03-487-8477
FAX: 03-487-8825

MCM Japan Ltd. - Tama Sales Office
446-2 Ichinomiya Tama-Shi

Tokyo 206, Japan
R-Court Bldg 3F

Tel: 0423-72-8600
FAX: 0423-72-8603

MCM Japan Ltd. — Registered Office
1-1-6 Sakurashinmachi Setagaya-ku

Tokyo 154, Japan
Maison-L

Tel: 03-705-5612
FAX: 03-705-5616

NORWAY

OTE Komponent
Stromsveien 323

P.O. Box 200

Leirdal, N-1011 Oslo 10
Norway

Tel: (02) 30-66-00
FAX: (02) 32-13-60

SWEDEN

Traco AB

P.O. Box 103

$123 22 Farsta
Sweden

Tel: (0) 8-93-00-00
FAX: (0) 8-94-77-32

SWITZERLAND

Dimos AG
Badenerstr. 701
CH-8048 Ziirich
Switzerland

Tel: (01) 62-61-40
FAX: (01) 62-60-44

UNITED KINGDOM

Abacus Electronics
Abacus House

Bone Lane, Newbury
Berkshire RG14 5SF

England

Tel: (0635) 30680
FAX: (0635) 38670

WEST GERMANY
Neumiiller

EschenstraBe 2

8028 Taufkirchen, Miinich
West Germany

Tel: (089) 61208-0

FAX: (089) 61208-248

Milgray Electronics
Industriegebiet Ost
Heilbronner StraBe 23
7320 Goppingen
West Germany

Tel: (07161) 73054
FAX: (07161) 76855

Milgray Electronics
Werner-von-Siemens-StralRe 6
2358 Kaltenkirchen

West Germany

Tel: (04191) 4011

FAX: (04191) 3888

Milgray Electronics
Goethestr. 28

6252 Diez

West Germany
Tel: (06432) 1073

Milgray Electronics
Stauferstr, 27

8070 Ingolstadt
West Germany
Tel: (0841) 76734
FAX: (0841) 76636
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