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12-bit Cascadable Multiplier-Accumulator

Q 12 x 12-bit Multiplier with Pipe- The LMS12 is a high speed 12 x 12-bit

lined 26-bit Output Summer combinatorial multiplier integrated
, with a 26-bit adder in a single 84-pin
9 Susnmer has 26-bit Input Port Fully o kage, Itis an ideal building block
Ep:?:: ndent from Multiplier for the implementation of very high
speed FIR filters for video, RADAR,
Q Cascadable to Form Video Rate FIR  and other similar applications. The
Filter with 3-bit Headroom LMS12 implements the general form
! (A*B) + C. Asaresult, it is also useful
O ABandC Inpglt Reglslters Sepa- implementing polyromial approxi-
g:i{gint;bled or Maximum mations to transcendental functions,
Q 25 MHz Data Rate for FIR Filtering  Architecture
Applications A block diagram of the LMS121s
Q High Speed, Low Power CMOS shown below. Its major features are
Technology discussed inc;ividually in the follow-
ing paragraphs. '
{0 Package Styles Available: 8 paragrap
« 84-pin Plastic LCCJ-Lead Multiplier

* 84-pin Grid Array The A11-A¢ and B11-Bo inputs to the

LMS12 are captured at the rising edge
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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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Applications
The LM512 is designed specifically for The operation of the 5-tap FIR filter its filter weight and A0 as its input

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-
Hon using LM512’s is shown in Fig, 1.

implementation of Fig. 11s depicted in
Table 1. The filter weights ha-hoare
assumed to be latched in the B input
registers of the LMS12 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,, S0 is produced by
the rightmost device, which has ho as

register contents. Each column
represents one clock cycle, with the
data passing a particular point in the
system illustrated across each row.
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- 1ABLE : LT
CLKCycle| 1 | 2 3 4 5 6 7 8 9
Xin) Xn Xni1 | Xns2 Xn+3 Xn+4 Xn45 Xns Xns7 Xns+8
A4 Register Xn | Xns Xna2 Xns Xn+4 Xn+s Xn+s Xna7
Sum 4 h4Xn haXn+1 haXns2 h4Xn+3 héXn4 h4Xn+5 h4Xn+6
A3 Register Xn Xn+1 Xn:2 Xn+3 Xn+4 Xn+5 Xn+8 Xn+7
Sum 3 haXn haXn+1 haXn+2 h3Xn+3 haXn+4 haXn+s haXn+6
+ haXn-1 + h4Xn + haXn+1 + haXn+2 + h4Xn+3 + haXn+4 + haXn+s
A2 Reglster Xn Xnet Xnsz Xn+3 Xn+4 Xn+5 Xn+6 Xne7
Sum 2 h2Xn h2Xn41 h2Xn+2 h2Xn+3 h2Xn+4 h2Xn+5 h2Xn+6
+ haXn-1 + haXn + haXn+1 + h3Xns2 + haXns3 + haXn:4 + haXn:s
+ haXn-2 + hdXn-1 + haXn + hdXnw + haXn+2 + h4Xn+3 + haXn+4
A1 Register Xn Xn+1 Xns2 Xn+3 Xn+4 Xn+s5 Xn+6 Xns7
Sum 1 hiXn hiXn#t h1Xn+2 h1Xn+3 hiXn+4 h1Xn:s h1Xn:+8
+ h2Xn-1 + h2Xn + h2Xn+ + h2Xn+2 + h2Xn+a + h2Xn+4 + h2Xn+5
+haXn-2 | 4+ haXn-t + haXn + haXn+1 +h3Xn2 |+ hsXns3 + haXn4
+ haXn-8 + haXn-2 + haXn-1 + haXn + haXn# + haXns2 + haXns3
Ao Register Xn Xn+1 Xns+2 Xns3 Xn+4 Xn+s Xn4s Xns+7
Sum0 hoXn hoXn+1 hoXn+2 hoXn+3 hoXn+4 hoXn+5 hoXn+6
+ h1Xn-1 +hiXn +-h1Xn+1 + hiXns2 + hiXn+d + h1Xn+4 + hiXns5
+ h2Xn-2 + h2Xn-1 + haXn + h2Xn+1 + h2Xn+2 + h2Xn4+3 + haXn4
+ haXn-3 + haXn-2 + haXn-1 + haXn + haXn+s + haXn+2 + haXnss
+ h4Xn4 + hdXn-a + h4Xn-2 + haXn-1 + haXn + haXn« + hdXn+2
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Storage temperature ....... —-65°C to +150°C
Operating ambient temperature -55°C to +125°C
Voo supply voltage with respect to ground -05Vto+70V
Input signal with respect to ground ... wie —3.0Vio +7.0V
Signal appiied to high impedance output “ ,-30Vto+7.0V
Qutput current into low outputs ., e 26 MA
Latchup current > 400 mA

Mode
Active Operation, Commerdlal
Active Operation, Military

Temperature Range (Ambient) Supply Voltage
0°C to +70°C 475V<Vec <828V
~55°C to +125°C 450V<Vcc <550V

Symbol Parameter Test Condition Min | Typ | Max | Unit
VoH | Output High Voltage loH = 2.0 mA a5 | v
VoL Qutput Lovo) Voltage loL = 4.0 mA 7 05| V
V\H Input High Voltage 2;0 vee| V
viL Input Low Voltage (Noté 3) 0.0 ] o8] Vv
hix (nput Current Gféund SVINSVece +20 | pA
loz Output Leakage Current rGround <VouT £ Ve 20 | pA
los Output Short Cutrent Vour = Ground, Vcc = Méx (Notes 4, 8) —-250 hA
lcct Ve Current, Dynamic (Notes 5, 6) 7 16 25 | mA
Iccé Yce Current, Quiescent (Note 7) 1.0 | mA
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LMS12-
65 50 40

Symbol Parameter Min Max Min Max Min Max

fce | Clock Period 40 35 30

to Clock to S—FT =1 50 40 35

Clock to S—-FT =0 25 25 | 25

tsc G Data Setup Time 15 10

tsAB | A,BDataSetup Time 15 12 12

tseN | ENA, ENB, ENC Setup Time 15 12 12

tic | C Data Hold Time 5 5

tHAB | A, B DataHold Time 5 5 5
_tHeN | ENA, ENB, ENC Hold Time 5 5 5

tPw | Clock Pulse Width 15 15 12 :
_tENA | Output Enable Time (Note 11) ) 25 , 25 25

tols | Output Disable Time (Note 11} 22 22 ) 22

Symbol Parameter Min Max Min Max Min | Mex
tcP | Clock Period 40 35
to Clock to S-FT =1 50 40
] Clock to S-FT =0 25 25
ts¢ | C Data Setup Time 15 12
tsaB | A, B Data Setup Time 15 12
tseN | ENA, ENB, ENG Setup Time 15 12
tHe | C Data Hold Time 5 5
tHAB | A, B Data Hold Time 5 5
tHEN | ENA, ENB, ENG Hold Time 5 5
trw | Clock Pulse Width 15 15
teNA | Output Enable Time (Note 11) ' 25 25
tois | Output Disable Time (Note 11) 22 22

ABC . .
ENA - tsu,tsc——f—— tSAB, tsc
ENB, ENG .
tsen . -~ tHEN trw {
CLOCK y 3 »*® ;l‘
- tew ,
8 OUTPUTS 3,(
to - -~
= S \,[5_
_ tois - tENA =

ROUTPUTS 7 _ HIGH IMPEDANCE y

-
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1. Maximum Ratings indicate stress
specifications only. Functional oper-
ation of these products at values be-
yond those indicated in the Operating
Conditions table is not implied. Expo-
sure to maximum rating conditions for
extended periods may affect reliability.

2. The products described by this spec-
ification include internal circuitry
designed to protect the chipfrom dam-
aging substrate injection currents and
accumulations of static charge. Never-
theless, conventional precautions
should be observed during storage,
handling, and use of these circuits in
order to avold exposure to excessive
electrical stress values,

3. This device provides hard clamping
of transient undershoot and overshoot.
Input levels below ground or above
vce will be clamped beginning at
-0.6 Vand Vcc + 0.6 V. Thedevicecan
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-
Hioncanbeaccurately approximated by:
NCVZF
where 4
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 withallinputs within0.1 Vof
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- (except tiN/
tDIS test) and input levels of nominally
0t0 3.0 V. Output loading is a resistive
divider which provides for specified
Iot and IoH plus 30 pF capacitance,

This device has high speed outputs
capable of large instantaneous current
pulses and fast turn-on/turn-off imes,
Asaresult, caremustbeexercised inthe
testing of this device. The following
measures are recommended:

a. A0.1uF ceramiccapacitor should be
installed between VcC and Ground
leads as close to the Device Under Test
(DUT) as possible. Similar capacitors
should beinstalled between 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
inputlevels relative to the DUT ground
pin. )

10, Each parameter is shown as a min-
imum or maximum value. Input re-
quirements are specified from the point
of view of the external system driving
the chip. Setup time, for example, isspe-
cified as a minimum since the external
system must supply at least that much
time to meet the worst-case require-
ments of all parts, - Responses from the
internal circuitry are specified from the
point of view of the device. Output
delay, for example, 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 sped-
fied loading.
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ORDERING INFORMATION ™ -~
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Plastlc J-Lead Pin Grid Array
Speed Chip Carrier (J3) (G3)
- | 0°C t0 +70°C — COMMERCIAL SCREENING. - i hg R L
65 ns LMS12Jce5 LMS12GC65
50 ns * * 50 = " 50
40 ns =" 40 "ot 40
..... . =55°C to +125°C — CoMMERCIAL SCREENING. e
85 ns LMS12GM65
50 ns - " 50
| =55°C to +125°C — EXTENDED SGREENING - =% . R
65ns LMS12GMES5
50 ns n " 50
| =55°C to +125°C — MIL-STD-883 COMPLANT . S
65 ns LMS12GMB65
50ns M B 50
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