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ZR37381

ADVANCE INFORMATION CASCADABLE 16-BIT ARITHMETIC/LOGIC UNIT
FEATURES
m High-speed 16-bit, 8-function ALU m Internal feedback path for accumulation
m Superset combination of four 74381/382-type 4-bit ALUs m Low-power, high-speed CMOS
= Input and output registers for pipelined operation (can be m All status and carry outputs available
transparent) m Pin-for-pin compatible with Logic Devices L4C381
m Easily cascadable with or without carry lookahead
APPLICATIONS
® Add partial sums-of-products from Zoran Digital Filter m Image processing
Processors to: m Adaptive filters
- Create higher sample rate filters m Radar
- Create larger word-length filters a Sonar
- Create larger 2-D kernel filters m High-speed communications

m Digital Video

FUNCTIONAL DESCRIPTION

The ZR37381 is a flexible, high-speed 16-bit Arithmetic and
Logic Unit slice. It combines four 74381/382-type ALUs, a
lookahead carry generator, and miscellaneous interface logic
in a 68-pin package. It is fully functional and performance

compatible with the bipolar 74381/382 designs, but in addition
it contains many new features such as input/output registers to
support high-speed, pipelined architectures and single 16-bit
bus architectures.
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FIGURE 1. ZR37381 BLOCK DIAGRAM
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ZERAN

INTERFACE SIGNAL DESCRIPTION

Name Function Name Function
|
Vce +5V power supply input. FTaB [ A high on this input causes the input operands, °
) : Ao-15 and Bo-15 to bypass the input register,

Vss Power supply ground input. f " A-REG and B-REG, respectively. A low on this

CLK The CLK input strobes the input registers, A-REG ' input causes the input operands to be latched
and B-REG, and the output register F-REG. into the A-REG and B-REG registers upon the

Ao-15 These are the 16 inputs for operand A. They are ::ar;)?e (Zic;?-:nl oé_N(iLo}: ElNhBeri‘s ::z corresponding
passed directly to the inputs of the A operand ‘, ' ’ i
multiplexer when FTag is high. When FTap is ENF ¢ A low on this input enables the output register,
low, these inputs are strobed into the input F-REG, to latch the ALU result upon the rising
register, A-REG, by the rising edge of CLK when edge of CLK. Operation of ENF is independent
ENais also low. " of FTF.

Bo-15 These are the 16 inputs for operand B. They are FTF A high on this input causes the ALU result to
passed directly to the inputs of the B operand bypass the output register, F-REG. A low on
multiplexer when FTag is high. When FTag is this input causes the ALU result to be latched
low, these inputs are strobed into the input into the F-REG register upon the rising edge of
register B-REG, by the rising edge of CLK when CLK when the enable signal, ENF, is low.

ENs is also low. OSa, OSg | These two inputs select the source of A(OPA)

Fo-15 These 16 outputs are the result of the ALU and B(OPB) operands for the ALU, according to
operation. When FTF is high, they propagate - Table 1. The operands labelled "A" and "B"
directly from the internal ALU. When FTF is low I originate at the Ag-15 and Bo-15 device pins
they are the output of the internal pipeline | respectively. The operand "F" is the fedback
register, F-REG, which is strobed by the rising ALU result. The operand "0" has all bits low.
edge of CLK when ENF is low.

C This is the carry input for cascading the ALU to | TABLE

0
process operands larger than 16 bits. It is the OSs OSa oPB OPA
carry input for addition, but inverted carry for 0 Y F A
| subtraction. See Table 3. 0 1 0 A
; 1 0 B 0

C1e This is the ripple carry output for cascading the ; 1 1 B A
ALU to process operands larger than 16 bits. | ]

See Table 3. i So-2 i These three inputs select the arithmetic or
— . : ! ! logical function to be performed according to
‘P This is the active low carry propagate output for 1 Table 2.

using carry lookahead. See Table 3. | }

G This is the active low carry generate output for ' ‘ TABLE 2
using carry lookahead. See Table 3. 1

S2 | S1 | So | Function

OVF A high on this output indicates two's complement _

overflow in the ALU. See Table 3. Lo 0 | 0 | O JCLEARF-00..0)
i 0 0 1 |NOT(A)+B

ZERO A high on this output indicates all output bits, | 0 1 o |A+NOT®)
Fo-15 are zero. ! 0 9 1 |A + B

ENa A low on this input enables the input register, 1 0 0 [A XOR B
A-REG, to latch the operand A data on inputs ot (A OR B
Ao-15 upon the rising edge of CLK. Operation of 1 1 0 [A AND B
ENa is independent of FTag. 1 1 1 | PRESET (F-t1...1)

ENs A low on this input enables the input register, — ‘

B-REG, to latch the operand B data on inputs OE . A low on this input enables the ALU result to the
Bo-15 upon the rising edge of CLK. Operation of ‘ three-state driver output pins, Fo.15. A high on
ENg is independent of FTag. ‘ this input disables the Fo.15 output pins.

|
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ALU FUNCTIONAL DESCRIPTION

The ZR37381 operates on two 16-bit operands, A and B, to
produce a single result, F. Three select lines, So-2, control the
ALU function, providing the same 3 arithmetic, 3 logical and 2
initialization functions as the industry-standard 74381 and
74382 4-bit ALUs. Full ALU status is provided, compatible with
both the 74381 and 74382. The carry propagate (P) and gen-
erate (G) signals of the 381 and the ripple carry (C1¢) and over-
flow (OVF) signals of the 382 are all provided. In addition a
ZERO flag indicates a zero ALU result. These signals allow
the ALU to be cascaded to form longer word lengths.

Several features have been added to enhance the industry-
standard functionality. Registers are provided on both the ALU
inputs and the output to support high-speed pipelined architec-
tures and 16-bit bus architectures. These may be bypassed
under user control to replicate the industry-standard
functionality.

An internal feedback path aliows the registered ALU output
result to be routed to the B ALU input for accommodating chain
operations and accumulation. Either the A or B input to the
ALU can be forced to zero, allowing unary functions to be per-
formed on either operand.

ALU Function Selection

The three select signals, So-2, determine the ALU function to be
performed, as shown in Table 2.

ALU Status

The ALU provides a ZERO status bit which is set when all six-
teen output bits are zero. The two's complement overflow
(OVF) and ripple carry (C1¢) status, compatibie with the indus-
try-standard 74382, are provided. The carry propagate (P) and
carry generate (G) bits for look-ahead carry cascading, compat-
ible with the industry-standard 74381, are also provided. The
OVF, C1s, P and G outputs are defined for the three arithmetic
functions only. Their status for the A+B operation is defined in
Table 3. Status for NOT(A)+B and A+NOT(B) is determined by
complementing Aj and B; respectively in Table 3.

Operand Registers

The ZR37381 has two 16-bit input registers, A-REG and
B-REG, to latch operands A and B. The operands are loaded
into these registers on the rising edge of CLK when the respec-
tive enable signal, ENa or ENg, is on. This feature allows the
ZR37381 to be used in pipelined mode or to accept operands
from a single 16-bit bus. Both registers may be bypassed to
emulate the 381/382 exactly by asserting the FTag control sig-
nal high. Even though the registers are bypassed with FTap
asserted, the registers continue to be loaded under control of
the enable signals, ENa and ENg.

Output Register

The ALU combinatorial logic output is latched into the output
register, F-REG, on the rising edge of CLK when the enable
signal, ENF, is asserted low. To emulate the 381/382 exactly,
the output register is bypassed by asserting the FTf control sig-
nal high. Even though the register is bypassed with FTF assert-
ed, the register will continue to be loaded under control of the
enable signal, ENa. The output of the register or the ALU in
bypass mode passes through three-state drivers to reach the
device output pins. The three-state drivers are controlled by
the OE signal; a low on OE enables the outputs, and a high
disables them. These three-state outputs allow the ZR37381
output to be attached to a bus, for example, in a single, bidirec-
tional bus system.

Operand Selection

Feature enhancements added to the industry-standard 381/382
ALUs are the ability to force one of the operands (either A or B)
to zero and the ability to feedback the ALU output to the B
input. The two operand select signals, OSa and OSg, control
multiplexers immediately preceding the ALU inputs. Operand
selection is shown in Table 1.

When both operand select lines are low, the ZR37381 is con-
figured as a chain calculation ALU. The registered ALU output
is fed back to the B input of the ALU. This aliows accumulation
to be performed by providing new operands at the A input port.
The accumulator can be preloaded from the A input by setting
OSa high and OSp low. The accumulator may be cleared by
setting the function select lines to CLEAR (SoS1So = 000). This
feedback is not affected by the state of the FTr controf signal.

TABLE 3. ALU Status Flags
Bit Carry Generate = gi = AiB; fori=0,1,...,15
Bit Carry Propogate = pj = Aj + B; fori=0,1,...,15
Po = po
Pi = pi(Pi-1) fori=1,2,...,15
and
Go =go
Gi = gi + pi(Gi-1) fori=1,2,...,15
Ci = (Gi-1) + (Pi-1)(Ci-1) fori=1,2,...,15
then
§ = NOT(G1s)
P = NOT(P15s)
Cie =G15+P15Cis
OVF =Ci5 XORC1s
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ZR37381
ABSOLUTE MAXIMUM RATINGS

Temperature Under Bias.........c.cccccceeererennnene. -55°C to +125°C DC Output Current, into Outputs

Storage Temperature.............c..ceeveverevenerevenans -65°C to +150°C  (notto exceed 200 MA total)...........c.cccocvveiieieinnnn, 20mA/output
Supply Voltage to Ground Potential Latch-up Trigger Current..........ccccceeeievciinienenenecnnnenn. >200mA
CONtINUOUS. ..ot e -0.5V to

+7.0V NOTE: Stresses above those listed under ABSOLUTE MAXIMUM RATINGS
may cause permanent device failure. Functionality at or above these

DC Voltage APP“Gd to limits is not implied. Exposure to absolute maximum ratings for extend-
Outputs for High Output State............................ -0.5V to +7.0V ed periods may affect device reliability.
DC Input Voltage............ccceeuiiiinniiiiinnciinees -0.5V to +5.5V

OPERATING RANGE

Commercial Devices Military Devices
Temperature........c..ccccoivvienineeiiienenineen e, 0°C < TaA< +70°C Temperature........ccocceviviiiineniineeninnenne, -565°C < Ta<+125°C
Supply Voltage.......ccccocvriiiiicncciciiinone, 4.75V < Vcc £5.25V Supply Voltage...........ccoecveerieieriniiieinneininne. 4.5V <Vcc 5.5V
]
DC CHARACTERISTICS

Symbol | Parameter } Min Max Units Test Conditions

ViL Input Low Voltage -0.5 0.8 ‘ \

Vi Input High Voltage 20 Vec+05  V -

VoL Output Low Voltage 045 =~V  loL=8mA

VoH Output High Voltage 24 v loH = -2mA o

Icc Power Supply Current ; 100 ' mA | Ta=0°C,Vcc=5V

L Input Leakage Current l +10 uA 0 <ViNn<Vce

Lo Output Leakage Current +10 MA 0.45 < VouTt < Vce

Veu Clock in Low Voltage ‘ -0.5 0.6 \

VecH Clock in High Voltage : 4.0 Voc+05 |V

CiNn Input Capacitance 10 pF . fc=1MHz

Cio 1/0, Clock, and Output Capacitance | 10 pF ; fc = 1MHz o

—
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SWITCHING CHARACTERISTICS (OVER COMMERCIAL OPERATING RANGE)
Guaranteed Maximum Combinational Delays (ns)
TO OUTPUT ZR37381-55 ZR37381-40 ZR37381-26
FROM INPUT Fo-is P,G OVF,Z Cis Fois P,G OVF,Z Cis Fo.is P,G OVF,Z Cis
FTae=0,FTr=0 |
Clock 32 38 53 36 26 30 44 32 | 22 22 26 22
Co - - 34 22 - - 28 2 @ - - 28 18
So-2, OSa, OSB - 42 42 42 - 32 34 35 = - 22 22 22
FTag=0, FTr = 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-2, OSa, OSB 55 42 42 42 40 32 34 35 . 26 22 22 22
FTas=1,FTF=0
Ao-15, Bo-15 - 36 46 37 - 30 40 32 - 22 22 22
Clock 32 - - - 26 - - - 120 - - -
Co - - 34 22 - - 28 20 - - 18 18
So-2, OSa, OSs - 42 42 42 - 32 34 35 - 22 22 22
FTae=1,FTr =1
Ao-15, Bo-15 55 36 46 37 40 30 40 32 26 22 22 22
Co 37 - 34 22 30 - 28 20 22 - 18 18
So-2, 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)
ZR37381-55 } ZR37381-40 ZR37381-26
INPUT FTag=0 FTag=1 FTag=0 FTag=1 FTag=0 FTag=1
Setup Hold | Setup Hoid | Setup Hold | Setup Hold - Setup Hold Setup Hold
Ao-15, Bo-15 8 0 35 0 6 0 28 0 ' 6 0 16 0
Co 21 0 21 o ! 16 ¢} 16 0 8 0 8 0
So-2, OSa, OSs 44 0 44 o] 32 0 32 0 18 0 18 0
ENj, ENg, ENF 8 0 8 0 6 0 6 0 6 0 6 0
Clock Cycle Time and Pulse Width (ns) Three State Enable/Disable Times (ns)
ZR37381-55 | ZR37381-40 | ZR37381-26 ZR37381-55 | ZR37381-40 ZR37381-26
Minimum Cycle Time 43 34 20 ten 20 ‘ 18 16
High-going Pulse 15 10 10 tois 1 20 18 16
Low-going Pulse 15 10 10
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SWITCHING CHARACTERISTICS (OVER MILITARY OPERATING RANGE)

Guaranteed Maximum Combinational Delays (ns)

TO OUTPUT ZR37381-65 ZR37381-45 ZR37381-30
FROM INPUT Foss P,G OVF,Z Cis | Fous P,G OVF,Z Ci | Fois P,G OVF,Z Cris
FTae=0,FTFr=0
Clock 37 44 63 45 28 34 50 34 26 28 34 28
Co - - 42 25 - - 32 23 : - - 22 22
So-2, OSa, OSs - 48 48 48 - 38 38 38 @ - 28 28 28
FTae=0,FTr=1
Clock 68 44 63 45 56 34 50 34 | 34 28 34 28
Co 42 - 42 25 32 - 32 23 | 26 - 22 22
So-2, OSa, OSs 66 48 48 48 46 38 38 38 | 30 28 28 28
FTae=1,FTFr=0
Ao-15, Bo-15 - 44 56 44 - 32 46 36 - 28 28 28
Clock 37 - - - 28 - - - 26 - - -
Co - - 42 25 - - 32 23 . - - 22 22
So-2, OSa, OSB - 48 48 48 - 38 38 38 ; - 28 28 28
FTas=1,FTr=1 1
Ao-15, Bo-15 65 44 56 44 45 32 46 36 ‘ 30 28 28 28
Co 42 - 42 25 32 - 32 23 | 26 - 22 22
So-2, OSa, OS 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)
ZR37381-65 ZR37381-45 ZR37381-30
INPUT FTag=0 FTag=1 FTag=0 FTag=1 FTag=0 ‘ FTag=1
Setup Hold | Setup Hold | Setup Hold | Setup Hold ; Setup Hold Setup Hold
Ao-15, Bo-15 10 0 43 0 8 0 33 o 8 0] 20 0
Co 25 0 25 0 20 0 20 0 12 0 12 0
So-2, OSa, OSB 50 0] 50 0 36 0 36 0 20 0 20 0
ENa, ENg, ENF 10 0 10 o | 8 0 8 0 8 0 8 0
Clock Cycle Time and Pulse Width (ns) Three State Enable/Disable Times (ns)
ZR37381-65 | ZR37381-45 | ZR37381-30 [ ZR37381-65 ZR37381-45 ZR37381-30
Minimum Cycle Time 52 38 26 ten : 22 ‘ 20 18
High-going Pulse 20 15 12 "tois 22 20 18
Low-going Pulse 20 15 12
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PACKAGE INFORMATION
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3. ALL DIMENSIONS ARE IN INCHES.
68-TERMINAL PLASTIC LEADED CHIP CARRIER (PJ) '

PIN NUMBER LIST

| PIN# | PIN# | PIN# | PIN# PIN# PIN# PIN# PIN #
' FUNCTION | (PJ,L) | (G) FUNCTION ! (PJ,L) (G) FUNCTION | (PJ, L)} (G) FUNCTION (PJ,L) (G)
Ao 1 60 Vce 18 9 Fs 3 | 26 ENa 52 43
A1 2 61 GND 19 10 F7 36 | 27 Bo 53 44
Az 3 62 Cis 20 11 Fs 37 3 28 B4 54 45
A3 4 63 P 21 . 12 Fs 38 | 29 B2 55 46
A4 5 64 ' G 22 |1 13 Fa 39 | 30 Ba 56 47
As 6 65 ZERO 23 | 14 F3 40 @ 3 B4 57 48
As 7 66 OVF t24 15 Fa2 41 . 32 Bs 58 49
A7 8 67 ENr 25 16 Fi 42 | 33 Bs 59 50
As 9 68 | FT¢ 26 17 Fo 43 | 34 B 60 51
Ag 10 1 OE 27 | 18 Co 44 35 Bs 61 52
A1o 11 2 F1s 28 | 19 So 45 36 Bg 62 53
A1 12 3 F1a 29 20 S 46 37 Bi1o 63 54
A1z 13 4 Fi3 30 21 So 47 . 38 B11 64 55
A3 L 14 5 Fi2 31 | 22 OSa 48 39 B12 65 56
A4 15 6 F11 32 | 23 0Sg 49 40 B3 66 57
Ass 16 7 Fio 33 | 24 FTas 50 41 B1a 67 58
CLK 17 8 Fo 34 | 25 ENg 51 42 Bss 68 59
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ORDERING INFORMATION

{

T T
! T 3 L - Leadless Chip Carrier
' : | ——| PERFORMANCE G - Pin Grid Array
i L | TEMPERATURE RANGE PJ - Plastic Leaded Chip Carrier
| ’ | PACKAGE TEMPERATURE RANGE
| |
‘ ' PART NUMBER C - 0°Ct0+70°C  (Vcc = 4.75V 1o 5.25V)
PREFIX M - -55°C to +125°C (Vcc = 4.5V to 5.5V)
SALES OFFICES
m Western Sales Office m Israel Design Center m Eastern Sales Office
Zoran Corporation Zoran Microelectronics, Ltd Zoran Corporation
3450 Central Expressway Advanced Technology Center 200 Reservoir Street, Suite 300
Santa Clara, CA 95051 USA P.O. Box 2495 Needham Heights, MA 02194 USA
Telephone: 408-720-0444 Haifa, 31024 Israel Telephone: 617-449-5990
Tollfree in USA: 800-556-1234, ext. 99 Telephone: 972-4-533-175 FAX: 617-449-4048
Tollfree in CA: 800-441-2345, ext. 99 FAX: 972-4-521-721
FAX: 408-720-9875
m Japan Operations m Europe Operations
Zoran Corporation Zoran Corporation
Kogetsu Bldg. 4th floor 1, rue de Terre-Neuve
1-5-3, Ebisu, Shibuya-Ku Miniparc du Verger-Bt B
Tokyo 150, Japan Z.A. de Courtaboeuf
Telephone: 81-3-448-1980 91940 LES ULIS, France
FAX: 81-3-448-1690 Telephone: 33.1.64.59.64.64
FAX: 33.1.69.28.18.54
55—
NOTES

—

The material in this data sheet is for information only. Zoran Corporation packaging, etc. Zoran Corporation assumes no liability for damage resuiting from
assumes no responsibility for errors or omissions and reserves the right to the use of information contained in this document.
change, without notice, product specifications, operating characteristics,
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