@ Hanns HMA510

16 x 16-Bit CMOS Parallel

January 1994 Multiplier Accumulator
Features Description
« 16 x 16-bit Parallel Multiplication with Accumulationto The HMA510 is a high speed, low power CMOS 16 x 16-bit
a 35-Blt Result parallel multiplier accumulator capable of operating at 45ns
« High-Speed (45ns) Multiply Accumulate Time clocked multiply-accumulate cycles. The 16-bit X and Y
. Low Power CMOS Operation: operands may be specified as either two's complement or
pe : unsigned magnitude format. Additional inputs are provided
- lccsp = 500uA Maximum for the accumulator functions which include: loading the
- lgcop = 7.0mA Maximum at 1.0MHz accumulator with the current product, adding or subtracting
+ HMA510 is Compatible with the CY7C510 and the the accumulator contents and the current product, and pre-
IDT7210 loading the accumulator registers from the external inputs.
« Supports Two's Complement or Unsigned Magnitude Al inputs and outputs are registered. The registers are all
Operations positive edge triggered, and are latched on the rising edge of
« TTL Compatible inputs/Outputs the.assgciated chck signal. The 35-bit acgumulatgr c_)gtput
. Th State Output register is broken into three parts. The 16-bit least significant
ree-State Outputs product (LSP), the 16-bit most significant product (MSP),
and the 3-bit extended product (XTP) registers. The XTP
Ordering Information and MSP registers have dedicated output ports, while the
9 LSP register shares the Y-inputs in a multiplexed fashion.
TEMPERATURE The entire 35-bit accumulator output register may be pre-
PART NUMBER RANGE PACKAGE loaded at any time through the use of the bidirectional output
HMA510JC-45 0°Cto +70°C | 68 Lead PLCC ports and the preloaded control.
HMAS510JC-55 0°C to +70°C 68 Lead PLCC
HMA510GC-55 0°C to +70°C 68 Lead PGA
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CAUTION: These devices are sensitive 1o electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2806.2
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Pinouts
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HMA510

Pin Descriptions

NAME

PLCC
PIN NUMBER

TYPE

DESCRIPTION

Vee

17-20

The +5V power supply pins. 0.1uF capacitors between the V¢ and GND pins are
recommended.

GND

63,54

The device ground.

X0-X15

1-10,63-68

X-Input Data. These 16 data inputs provide the multiplicand which may be in two's
complement or unsigned magnitude format.

YO-Y15/
PO-P15

45-52,55-62

170

Y-Input/LSP Qutput Data. This 16-bit port is used to provide the multiplier which
may be in two's complement or unsigned magnitude format. It may also be used for
output of the Least Significant Product {PO-P15) or for preloading the LSP
register.

P16-P3

29-44

1/0

MSP Output Data. This 16-Bit port is used to provide the Most Significant Product
Output (P16-P31). It may also be used to preload the MSP register.

P32-P34

26-28

170

XTP Output Data. This 3-Bit port is used to provide the Extended Product Output
{P32-P34). It may also be used to preload the XTP register.

TC

21

Two's Complement Control. Input data is interpreted as two’s complement when
this control is HIGH. A LOW indicates the data is to be interpreted as unsigned
magnitude format. This control is latched on the rising edge of CLKX or CLKY.

ACC

14

Accumulate Control. When this control is HIGH, the accumulator output register
contents are added to or subtracted from the current product, and the resuit
is stored back into the accumulator output register.

When LOW, the product is loaded into the accumulator output register overwriting
the current contents. This control is also latched on the rising edge of CLKX or
CLKY.

Subtract Control. When both SUB and ACC are HIGH, the accumulator register
contents are subtracted from the current product. When ACC is HIGH and SUB is
LOW, the accumulator register contents and the current product are summed. The
SUB control input is latched on the rising edge of CLKX or CLKY.

12

Round Control. When this control is HIGH, a one is added to the most significant
bit of the LSP. When LOW, the product is unchanged.

PREL

23

Preload Control. When this control is HIGH, the three bidirectional ports may be
used to preload the accumulator registers. The three-state controls (OEX, OEM,
‘OEL) must be HIGH, and the data will be preloaded on the rising edge of CLKP.
When this confrol is LOW, the accumulator registers function in a normal manner.

|

O
m
JaL

11

Y-input/LSP Qutput Port Three-state Control. When OEL is HIGH, the output
drivers are in the high impedance state. This state is required for Y-data input
or preloading the LSP register. When OEL is LOW, the port is enabled for LSP
output.

O
m
=

24

MSP Qutput Port Three-state Control. A LOW on this control line enables the port
for output. When OEM is HIGH, the output drivers are in the high impedance state.
This contral must be HIGH for preloading the MSP register.

OEX

22

XTP Output Port Three-state Control. A LOW on this control line enables the port
for output. When OEX is HIGH, the output drivers are in the high impedance state.
This control must be HIGH for preloading the XTP register.

CLKX

15

X-Register Clock. The tising edge of this clock latches the X-data input register
along with the TC, ACC, SUB and RND inputs.

CLKY

16

Y-Register Clock. The rising edge of this clock latches the Y-data input register
along with the TC, ACC, SUB and RND inputs.

CLKP

25

Product Register Clock. The rising edge of CLKP latches the LSP, MSP and XTP
registers. f the preload control is active, the data on the I/0 poris is loaded into
these registers. If preload is not active, the accumulated product is loaded into the
the registers.
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HMAS510

Functional Description

The HMAS510 is a high speed 16 x 16-bit multiplier
accumulator (MAC). It consists of a 16-bit parallel multiplier
follower by a 35-bit accumulator. All inputs and outputs are
registered and are latched on the rising edge of the
associated clock signal. The HMAS510 is divided into four
sections: the input section, the multiplier array, the
accumulator and the output/preload section.

The input section has two 16-~bit operand input registers for
the X and Y operands which are latched on the rising edge
of CLKX and CLKY respectively. A four bit control register
(TC, RND, ACC, SUB) is also included and is latched from
either of the input clock signals.

The 16 x 168 multiplier array produces the 32-bit product of
the input operands. Two's complement or unsigned
magnitude operation can be selected by the use of the TC
control. The 32-bit result may also be rounded through the
use of the RND control. in this case, a ‘1’ is added to the
MSB of the LSP (bit P15). The 32-bit product is zero-filled
or sign-extened as appropriate and passed as a 35-bit
number to the accumulator section.

The accumulator functions are controlled by the ACC, SUB
and PREL control inputs. Four functions may be selected:
the accumulator may be loaded with the current product;
the product may be added to the accumulator contents; the
accumulator contents may be subtracted from the current
product; or the accumulator may be loaded from the
bidirectional ports. The accumulator registers are updated
at the rising edge of the CLKP signal.

The output/preload section contains the accumulator/
output register and the bidirectional ports. This section is
controlled by the signals PREL, OEX, OEM and OEL. When
PREL is high, the output buffers are i_nihigh_i_r_rlpedance
state. When one of the controls OEX, OEM or OEL are also
high, data present at the outputs will be preloaded into the
assoclated register on the rising edge of CLKP. When PREL
is low, the signals m, OEM and OEL are enable controls
for their respective three-state output ports.

PRELOAD FUNCTION TABLE

OUTPUT REGISTERS

PREL | OEX | OEM | OEL | xTP | msP | LsP
) 0 0 ) Q Q Q
) 0 Q Q z
) ) 1 0 Q z Q
0 0 1 1 Q z z
0 1 0 0 z Q Q
0 1 0 1 z Q z
0 1 1 ) z z Q
) 1 1 1 z z z
1 0 o 0 z z z
1 0 0 1 z z PL
1 0 1 ) z PL z
1 0 1 1 z PL PL
1 1 0 0 PL z z
1 1 0 1 PL z PL
1 1 1 o PL PL z
1 1 1 1 PL PL PL

Z = Output Buffers at High Impedance (Disabled).

Q = Output Buffers at LOW Impadanca. Contents of Output Register
Available Through Output Ports,

PL = Output disabled. Preload data supplied to the output pins will be
loaded into the register al the rising edge of CLKP.

ACCUMULATOR FUNCTION TABLE

PREL | ACC SuB P OPERATION
L L X Q Load
L H L Q Add
L H H Q Subtract
H X X PL Preload

2-6




HMA510

INPUT FORMATS
Fractlonal Two's Complement Input

X Y
(15l4131211109876543210][15l41312111098765432lO
220 2-1 22 2-3 24 2-5 2:6 2.7 2-8 29 2-102-112-122-133-142-15 .20 2-1 22 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-102-112-12-13 2-14 2-15
(Sign) (Sign)

Integer Two’s Complement Input
X Y
1514131211109876543210,[l51413121109876543210
2215214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 215214 213 212 211 210 29 28 327 26 25 24 23 22 21 20
(Sign) (Sign)

Unsigned Fractional Input
X Y
L]5]4131211109 8 7 6 5 4 3 2 1 0][1514131211109 § 7 6 5 4 3 2 1 OJ
2-1 22 2-3 24 2-5 36 2-7 3-8 2-9 2-102-112-122-132-14 215 3-16 -1 2-2 2-3 74 2-5 2-6 2-7 2-8 2-9 2-102-112-122-13 2-14 2-152-16

Unsigned Integer Input
X Y
15]41312]1109876543210][151413121]109876543210‘
215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

OUTPUT FORMATS
Two’s Complement Fractional Output

XTP MsP LsP
343332 313020 2827 26 25 24 232221 20 19 18 17 16| [15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

242322 21202-12-22-32-42-52-62-72-82-92-10 2-11 2-12 2-13 2-14  2-152-16 2-17 2-18 2-19 2-20 2-21 2-22 2-23 7-24 2-25 2-26 2-27 2-28 2-29 2-30
(Sign)

Two’s Complement Integer Output
XTP Msp LSP

343332]L313029282726252423222[2019]817lGlllSMl} 12 11 10 9 8 7 6 543210

234 233 232 231 230 229 228 927 226 225 324 223 222 221 220 219 218 217 216 215 214 213 212 211 210 29 28 27 26 35 24 23 22 21 20
(Sign)

Unsigned Fractional Qutput
XTP MSP LSP

l343332||}l 30292827 26 252423 22 21 20 19 18 17 16J|15 14 13 1211 10 9 8 7 6 5 4 3 2 1 0
222120 2-12-23-32-42-52-672-72-82-92-102-112-122-13 2-14 2-15 2-16  2-17 2-18 2-19 2-20 3-21 3-22 2-23 3-24 3-25 2-26 2-27 2-28 2-29 2-30 3-31 3-32

Unsigned Integer Output
XTP MSP LSP

343332”31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16][151413 1 ]0987654321ﬂ
234 233 232 231 230 229 228 227 226 225 224 223 222 221 220 219 718 217 216 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
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Specifications HMA510

Absolute Maximum Ratings

Operating Conditions

SupplyVoltage . ... ciuiii it e e +B.0V  Operating VoltageRange .. ...........coovent +4.75V 10 +5.25V
Input, Output or /O Voltage Applied ....GND -0.5V to Vg +0.5V  Operating Temperature Range ................u.. 09C 10 +70°C
T ture Range .......... PR ~650C t 500

g emorse e oo, Rellabilty Information

Junction Temperature 1509C (PLCC), +1759C (PGA) Bja evieiiii i 43.20C/W (PLCC), 42.69°C/W (PGA)

Lead Temperature (Soldering, Ten Seconds) ............ +300°C Bic ........................ 15.19C/W (PLCC), 10.0°C/W (PGA)

ESD Classification ......... oot iiiiiiiiia i ennnen Class 1 Maximum Package Power Dissipation at 70°C ...... 1.7W (PLCC)
2.46/W (PGA)

D.C. Electrical Specifications (Vo = 5.0V £5%, Ta = 0°C to +70°C)

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS
Logical One Input Voltage VIH 2.0 - v Vog = 5.25V
Logical Zero Input Voltage ViL - 0.8 v Voo =475V
Output HIGH Voltage VOH 2.6 - v IoH = ~400pA, Vo = 4.75V
Output LOW Voltage VoL - 0.4 \ toL = +4.0mA, Voo = 4.75V
Input Leakage Current ] ~-10 10 pA VIN=Vgc orGND, Vg = 5.25V
Output or /O Leakage Current o -10 10 uA VouT =VYggor GND, Voo = 5.25V
Standby Power Supply Current lccss - 500 pA VIN = Vg or GND, Vi = 5.25V, Outputs Open
Operating Power Supply Current lccop - 7.0 mA t=1.0MHz, VN = VC g or GND

Vo = 5.25V (Note 1)
Capacitance (Ta = +25°C, Note 2)

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS
Input Capacitance CIN - 10 pF FREQ = 1MHz, Vo = Open all Measurements
Output Capacitance Cout - 10 oF are Referenced to Device Ground.
1/Q Capacitance Ci/o - 15 pF

NOTES:

5.0mA/MHz,

1. Operating Supply Current is proportional to frequency, typical rating is

changes.

A.C. Electrical Specifications (vcc = 5.0V 5%, Ta = 00C to +700C)

2. Not testad, but characterized at initial design and at major process/design

HMA510-45 HMAS510-55
PARAMETER SYMBOL MIN MAX MIN MAX | UNITS TEST CONDITIONS

Multiply Accumulate Time TMA - 45 - 55 ns

Output Delay Tp - 25 - 30 ns

3-State Enable Time TENA - 25 - 30 ns Note 1

3-State Disable Time Tois - 25 - 30 ns Note 1

Input Setup Time Ts 18 -~ 20 - ns

Input Hold Time TH 2 ~ 2 - ns

Clock High Pulse Width TPpwH 15 - 20 - ns

Clock Low Pulse Width TpwL 15 - 20 - ns

Output Rise Time TR - 8 - 8 ns From 0.8V to 2.0V
Output Fall Time Te - - ns From 2.0V {0 0.8V

NOTES:

1. Transition is measured at +200mV from steady state voltage with loading
specified in A.C. Test Circuit; V4 = 1.5V, Ry = 50002 and C|_ = 40pF.

2. For A.C. Test Ioad, refer to A.C. Test Circuit with V{ = 2.4V, Ry = 50000
and C|_ = 40pF.

CAUTION: These devices are sensitive to elecirostatic discharge. Proper 1.C. handling procedures should be followed.
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HMAS510

A.C. Test Circuit

DUT

v

Cqe*

*Includes Stray and Jig Capacitance

A.C. Testing Input, Output Waveforms

VOH

aov
15V X X 1.5V
ov voL

A.C. Testing: All Parameters tested as per test circuit.
Input rise and fall limes are driven at 1ns/V.

Timing Diagram

SET-UP AND HOLD TIME
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INPUT 1.5V
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HMA510 TIMING DIAGRAM
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