16 x 16 multiplier-accumulators

general information
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LMAZ2010/2043
features |

The LMA2010/2043 are high speed, low
. power CMOS  muitiplier-accumulators

(MACs). The LMA2010/LMA2043 are pin
and functionally compatible with the TRW
TDC1010/1043 and AMD Am29510 in
surface mount packages. The LOGIC
Devices LMA1010/1043 offer compatible
pinouts for DIP packages.

The LMA2010/2043 prodiuce the 32-bit
product of two 16-bit numbers. The results
of a series of multiplications may be
accumulated to form a sum of products.
Accumulation Is performed to 35-bit
precision with the multiplier product sign
extended as appropriate.

Data present at the A and B input
registers is latched in on the rising edges
of CLK A and CLK B respsctively, 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
inputs as two's complement (TC high) ot
unsigned magnitude (TC low).. RND, when
high, adds 1 to the most significant bit
position of the least significant half of the

roduct. Subsequent truncation of the 16
east significant bits produces a result
correctly rounded to 16-bit precision.

The ACC and SUB inputs control accu-
mulator operation,  Assertion of ACC
results in addition of the multiplier result

functional diagram

and the accumulator contents, with the
‘result stored in the accumulator register at
the rising edge of CLK R.- ACC and SUB
high results in subtraction "of the
accumulator . contents from the multiplier
product, with the result again stored in the
accumulator register. With ACC low, no
accumulation occurs and the next product
“is foaded directly into the output register.

The . LMA2010/2043 output - (accu-
mulator) register is divided into three
independently controlled sections. - The
least significant result (LSR) and the most
significant result (MSR) registers are 16
bits in length. The extended result register
(XTR) is three bits long. In the LMA2010,
the LSR output pins are multiplexed with
the B inputs.

Each output register has an independent
output enable control. In addition to provid-

ing three state control of the output -

butfers, when OEX, OEM, or OEL are high
and PREL is high data can be preloaded
via the bidirectional output pins into the
appropriate output registers (LMA2010
only). Data present on the outEut pins is
loaded in on the rising edge of CLK R. The
interrelation of the PREL and the enable
ccg}trols is summarized in the preload truth
table. .
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W High-speed (45ns), low-power CMOS
Multiplier-Accumulator

B Replaces TRW TDC1010/TDC1043
and AMD Am29510

B 16 x°16 bit multiplication and 35-bit
product accumulation

B TTL compatible inputs and outputs

B Three-state outputs

B Two's complement and unsigned
magnitude operands

W Accumulator performs accumulation,
subtraction, and rounding

W Accumulator can be preloaded from
external source (LMA2010 only)

W Available in: LCC, low cost plastic LCC,
or Ceramic Leadless Chip Cartier. (For
others see LMA1010/1043)

W Available with full High-Rel screening

PRELOAD TRUTH TABLE
- (LMA 2010 ONLY)
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device pinouts
: FUNCTION-LMA2010/2043
PIN -
J,Ki
1 A6
2 A7
8 A8
4 A9
5 A10
6 Al
7 A12
8 A13
9 Al4
10 Ai5
11 | OEL/NC
12 RND
13 SuB
14 ACC
15 CLKA
16 CLKB
17 Ves
i8 Vee
19 Vee
20 Vee
21 TC
22 OEX
23 PREL/GND
24 OEM
25 CLKR
26 R34
27 R33
28 R32
29 R31
30 R30
31 R29
32 R28
33 R27
34 R26
35 R25
36 R24
a7 R23
38 R22
39 R21
40 R20
41 R19
42 Ri8
43 R17
44 R16
45 R15/B15
46 R14/B14
a7 R13/B13 -
48 R12/B12
49 R11/B11
80 R10/B810
51 RO/B9 .
52 Re/B8
83 GND
54 GND
55 R7/B7
56 R6/B6
87 R5/B5
58 R4/B4
59 R3/B3
60 R2/B2
61 R1/B1
62 RO/BO
63 A0
64 At
65 A2
66 A3
67 A4
_68 A5
NC= No Connection
1) Pins are saq d

kwise from the pin 1 indicalor in the top view

INPUT FORMATS
Fractional Two's Complement
TC=1
AN BN
|16 14 18c»2 1 0o} [15 14 18c>2 1 0]
20 21 22 248 214 245 20 21 22 213 244 245
(Sign) (Sign)
Unsigned Fractlonal
TC=0 :
AN BN
{15 14 13c>2 1 0] [156 14 13cw»2 1 0]
- 21 D2 923 244 245 246 21 22 23 214 D15 Db
Integer Two's Complement -
TC=1 :
AN ) BiN
(158 14 13c>2 1 0] [15 14 13c>2 1 0]
215 214 213 22 21 20 2156 214 213 22 o1 20
(Sign) (Sign)
Unsigned Integer
Towo gned Intege
) AN 7 BN
(15 14 132 1 o] [15 14 132 1 o]
216 214 213 22 21 20 215 214 213 22 21 20
OUTPUT FORMATS
Fractional Two's Complement
XTR MSR : LSR (2010 only)
[34 33 32] [31 30 29t>18 17 16 [15 14 13t>»2 1 0]
.24 23 22 21 20 21 242 243 244 245 216 947 228 22 230
(Sign)
Unsigned Fractional
XTR 7 MSR LSR (2010 only)
(34 33 32| [31 30 200>18 17 16 [15 14 13tp2 1 0]
22 21 20 24 22 28 244 215 246 247 248 249 280 231 2R
Integer Two's Complement
XTR MSR LSR (2010 only) )
(84 33 32| [31 30 20818 17 16§ [15_14 1322 1 0]
=234 283 2% 231 230 22 9218 217 216 215 214 H18 22 of 20
(Sign)
Unsigned Integer
XTR 7 MSR . LSR (2010 only)
(34 33 32| [31 30 20018 17 16 [15 14 13t>2 1 0]
234 233 232 23 2%

220 o218 217 216 215 214 013 92 o1 N
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timing diagram
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IS)LATL%T —osv {HIGH IMPEDANCE) 0.5V
switching characteristics
I. LMA2010/2043 Guaranteed Performance - Commerclal Range '
) ' - Suffix: None ] 65 - 55 45 units
PARAMETER _ DESCRIPTION min max | min . max min max min _max
tme Clocked Multiply- o
Accumulate Time -120 65 55 45
i Clock to Output Time 35 30 25 25
tENA Qutput Enable Time __ 35 30 30 30 7
ois Output Disable Time 32 , 30 25 25 ns
D Data/Control Hold Time 3 0 0 0
tup Preload Hold Time 2 0 0 0
tsp. Data/Control Set-Up Time 20 ] 15. 15 10
tsp Preload Set-Up Time 20 , 15 15 10
tpw A, B, C, Clock Pulse Width 20 15 16 15 .

ACTEST CONDITIONS: Input ovels: 010 3V

Output timing refer;noe' jevel: 15V

Il. LMA2010/2043 Guaranteed Performance - Military Range

Output foad: 1.0K< to 5V, 8200 to GND, 60pF to GND

Suffix: None 75 . 65 55
PARAMETER __ DESCRIPTION min __max | min__max | min max | min___ max | UMe
tvo Clocked Multiply- ' _ R
Accumulate Time 140 75 65 55
o " Clock to Output Time 45 35 30 30
tENA Output Enable Time - 40 35 30 30
tois Output Disable Time 40 35 25 , 25 hs
tup Data/Control Hold Time 3 . 0 0 0
tHp Preload Hold Time 3 0 0 0
tsp Data/Control Set-Up Time 25 | 20 15 10
tsp _ Preload Set-Up Time 25 ' 20 . 15 10
thw A, B, C, Clock PulseWidth | 25 | 20 15 15

AC TEST CONDITIONS; Input levels: Oto 3V

Output timing reference level: 1.5V
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Output load: 1,0K2 {0 5V, 8200 to GND, 60pF to GND
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16 x 16 multiplier-accumulators
absolute maximum ratings

LMA2010/2043
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ordering information

Supply Voltage -0.5V7to 7.0V. Ordering Code s&eg)d P‘E.‘.’;‘:f" Os:rr;‘*glgig
Input Voltage OVto5.5V  Tmaz0100C45 45 J2 | Commercial
Output Voltage OVto5.5V  LMA2010KC-45 K3
- LMA2010 JC- orc
Operating Temperature (Ambient) -55°C10 125 °C Lng:o‘l’(%ssss 5 ',Jé Commercial
Storage Temperature -85°C10 150°C  LMA2010KM-55 55 K3 Military
- LMA2010 KMB-55 K3
LMA2010JC-65 65 J2 | commercial
. . = LMA2010 KC-65 K3
recommended operating conditions Dsorokas o T ke | i
LMA2010 KMB-65 K3 _
LMA2010 KM-75 75 K3 Military
PARAMETER DESCRIPTION _ min‘ typ max unit - LMA2010KMB-75 | K3
v S Vot ’ Commercial 475 50 825 V tmg:gf(% 120 ‘:é Commercial
u e —
ce pply Voltag , Military 450 50 55 V  LMA2010KM 140 | K3 Miltary
) - LMA2010 KMB K3
Low Level Y =
low » Output Current 40 mA
[ High Level R .
lon Ol?tput Current : . 26 mA
Commercial 0 25 70 °C
T, etating Temperature -
AvB O P Military 55 25 125 °C
electrical characteristics
PARAMETER DESCRIPTION min typ max unit
ViL Low level Input Voltage 08 V
Vi High Level Input Voltage 7 20 v
VoL Low Level Output Voltage (lo; = 8 mA) ' 05 'V
Vou High Leve! Output Voltage (loy = -2 mA) 35 vV
" Low.Leve! Input Q(Jrrent (ViL=0.4 V) ; 20 pA
m High Level Input Current (Vjy=2.4 V) s 20 pA -
loz Output Current (High-Impedance State) 20 pA
Quiescent 10 mA
lco Supply Current ( )
: (Dynamic) 121 262 mA
1) 5MHz clock rate, TTL Input levels; Vg =5V; Ta=25°C; random Input patterns; no load. 7
2) 5MHz clock; Viy=2.0V, V| = 0.8V, Ve =55V, Ta = -55°C, all outputs todgling every cycle; no load.
N A AN, SN SR,
- AN AR R S
-— SR AN o A —
4 - £ ¥ J a——
3 - A w X A - 4
SN T . . -
DEVICES INCORPORATED .
Information d herein intended as g d lon and is subject to change at any time without notice. LOGIC Devices | ted does not any responsbility for use of

the circuit described, no circuit pa(ent ficenses are Irrphed Hoproducuon of any portion heredf is prohibited,

LOGIC Devices Incorporated 628 East Evelyn Avenue Sunnyvale, California 94086 (408) 720-8630 Telex 172387
© Loglo Devices ncorporated

48




