TMC3032/3033
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Floating-Point Multiplier and ALU
32-Bit, 10 Megaflops

The TMC3032 and TMC3033 are form, fit, and function
compatible with the WTL1032 and WTL1033. Since the
TMC3032 and TMC3033 are built using TRW's
OMICRON-C™ one micron CMOS process, power con-
sumption is greatly reduced. Power supply considerations
are also eased by the requirement for only a single
{+5V) supply voltage.

The TMC3032 is a digital muttiplier which provides the
product of two normalized floating point numbers. These
numbers are expressed in the 32— bit single—precision
format of the IEEE Standard 754, Version 8.0 or 10.0.
When the three internal pipeline registers are enabled,
the data throughput rate of the TMC3032-1 is 10
Megaflops (Million floating point operations per second).
With the pipeline registers disabled, the TMC3032—1
runs at 3 Megaflops. The TMC3032 (like the WTL1032)
operates from a single clock.

The TMC3033 is an arithmetic unit which adds,
subtracts, and compares floating point numbers expressed
in the 32—hit

single —precision format of the |EEE Standard 754. It can
also convert between floating point and a 24 —bit two's
complement integer fixed point representation. When the
three internal pipeline registers are enabled, the data
throughput rate of the TMC3033 -1 is 10 Megaflops.
With the pipeline registers disabled, the TMC3033 -1
runs at 3 Megafiops. The TMC3033 (like the WTL1033)
operates from a single clock.

All data and instruction inputs are registered. Each input
operand enters on a half —width bus on two successive
rising edges of the clock when enabled by the LOAD
controls. The synchronous UNLOAD controls enable or
disable the three —state output buffers and select the
most or least significant output waord.

Instruction and mode registers hold data format and
rounding control signals. Renormalizing, rounding, and
limiting logic ensure proper handling of special cases and
correct output

data formatting.

Features

e Exact Replacements For WTL1032 And WTL1033

¢ |ow—Power CMOS Construction, Single +5Y Power
Supply Operation

¢ 10 Megaflop Throughput Rate With The TMC3032 -1
And TMC3033 -1

o Six Additional Functional Instructions Over The
WTL1033 (TMC3033)

¢ Complete IEEE Compare And Compare Magnitude
Functions {TMC3033)

e Conforms To IEEE Standard 754 Version 80 Or 100
e Available In Commercial And Military Grades

Applications

¢ Matrix Operations And Geometric Transforms

¢ Arithmetic Section In Microprogrammed Array
Processor

Arithmetic Element In Systolic Processor
Graphics And Image Processing

Floating Point Digital Filters And FFTs
Radar And Sanar Signal Processor
Arithmetic Co — Processor

Solids Modeling
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Block Diagram Pipeline Operation
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Functional Description

TMC3032

The TMC3032 consists of four sections: the input stage, the
significand multiplier/exponent adder, the renormalize/roundfimit
block and the output stage.

The input stage accepts instructions for loading data, unloading
{outputting) data, and performing operations. It consists of five
registers {L, A, B, F, and U) and controlisequencing logic to
permit the controlled multiplexing of inputs to the proper
destinations.

The multiplier/adder multipties the significands and adds the

-exponents to produce a “raw” (possibly unnormalized) result.

TRW LSI Products Inc.

It the significand emerging from the multiplier/adder overflows,
the renormalizer right shifts the significand and increments the
exponent. The rounder performs the selected rounding
operation. The limiter replaces overflowing results with a
properly signed infinity or maximum normalized value according
to IEEE convention. In FAST mode, underflowing results are
replaced with zero. In IEEE mode, they are output in wrapped
format with the Underflow or Underflow/Inexact flag.

The output stage consists of registers which are loaded under

the control of Unload Control Up, and three -state output
drivers which are enabled and disabled by Unload Control Uy

J-5
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TMC3033

The TMC3033 consists of five sections: the input stage, the
denormalizer, the arithmetic unit, the renormalizefround/limit
block and the output stage.

The input stage accepts instructions for loading data, unloading
{outputtingl data, and performing operations. It consists of five
registers {L, A, B, F and U} and controlisequencing logic to
permit the controlled multiplexing of inputs to the proper
destinations.

The denormalizer shifts the smaller exponent’s significand
rightward. This section also executes the "UNWRAP A" and
“FIX A" functions.

The arithmetic unit adds or subtracts the two significands.

The renormalizefroundflimit block shifts the significand as
required to produce the IEEE specified normalized or
denormalized result. Rounding is then performed in this section.
Finally, the results are limited according to [EEE conventions to
eliminate overflow and improper handiing of underflows.

The output stage consists of registers which are loaded by U,
and three-state output drivers which are enabled and disabled
by the Uj.

The TMC3033 arithmetic unit conforms to IEEE Standard 754,
Version 8.0 or 10.0 data format for standard 32-bit arithmetic.
The TMC3033 arithmetic unit needs two clock cycles to
transfer any input or output data word, since the input and
output buses are 16 bits wide.

Power

The TMC3032 and TMC3033 operate from a single +5 Volt
supply. The TMC3032 and TMC3033 do not require a 3 Volt
supply on the Vpp pins. These pins 11, 54} are not connected
and permit operation in sockets wired for the WTL1032 and
WTL1033.

Clock

The TMC3032 and TMC3033 operate on a single,
TTL-compatible clock, CLK. All data are loaded into the
appropriate registers on the rising edge of CLK as controlled
by the LOAD, FUNCTION and UNLOAD commands.

Data Inputs

The TMC3032 and TMC3033 have two 16-bit multiplexed input
data buses, A15_g and By5_g. The Most Significant Word
{MSW) is loaded on the rising edge of CLK which follows the
assertion of a LOAD instruction, LA or LAB. The Least
Significant Word (LSW) is loaded on the next rising edge of
CLK fotlowing the loading of the MSW. If the lgad instructions
are not changed, consecutive rising edges of CLK will load
alternating MSWs and LSWs continuously.

Data Outputs

The TMC3032 and TMC3033 have a single, 16~bit multiplexed
output bus with three-state output drivers. The loading of the
output register is controlled by the Up instruction. Three —state
enable/disable is synchronous and is controlled by the Uj
instruction.

J-6

Controls

The load controls, Ly and L1, determine how data are
transferred into the data input registers, A and B, and the
mode control register. The load controls are read on every
rising edge of CLK. Al data transfers into the A, B and mode
registers take place on the rising edge of CLK following the
load cantrols commanding the data transfer. Since two
consecutive clock cycles are required to load A or B operands
into the data input registers, Ly and L1 must be valid for two
consecutive clock cycles.

Unload control Uy determines how data is transferred into the
output registers. Uq controls the enabling and disabling of the
three-state output drivers. The unload controls are read on the
rising edge of CLK. The state of the output drivers will change
after the next rising edge of CLK following the loading of a
DAB or ENB instruction on Uq. Therefore, two CLK cycles are
required to enable or disable the three-state drivers.

The dual-purpose function controls F3_q and Up select the
operational mode (flow -through or pipeline), the rounding and
underflow modes, and the input data formats (normalized or
wrapped). The mode controls are read on the rising edge of
CLK following an LMODE instruction.

Status Qutputs

The TMC3032 and TMC3033 have three pins which indicate the
presence of exception conditions in the result in the data
output register. These flags are valid while both the MSW and
the LSW are unloaded. Note that these pins are three-state
under the control of the Uj input. If the magnitude of a

TRW LSI Products Inc.
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TMC3033 result is smaller than the smallest normalized IEEE
number, the TMC3033 produces a dencrmalized value (with a
zero exponent). In the {EEE mode, when a TMC3032 product
magnitude is smaller than the smallest normalized IEEE number,
the TMC3032 produces a normalized but unrounded value with
a Inonpositive) “wrapped” exponent. In this case, the UNF and
UNF+INEX {underflow and underflow with inexact result) status
flags can be applied to the TMC3033 along with the product
to generate a properly rounded IEEE “gradual underflow”
numerical representation. In FAST mode, underflowing products

are flushed to zero with the UNF+INEX flag.

Instructions

Function codes 1010 binary through 1111 binary (iisted as

WTL1033 “Reserved” instructions} have been implemented as
absolute value and IEEE Comparison instructions. Comparisons
of infinities follow [EEE Standard 754 Version 8.0 for projective
and affine modes. For IEEE Standard 754 Version 100, the
affine infinity mode should be selected.

The FIX A instruction can be used with any user-selected
type of rounding in the TMC3033, whereas the WTL1033
supports only round-toward -zero. When round -toward-zero
is used, the WTL1033 and TMC3033 yield the same fcorrect}
result.

Figure 1. Data Formats

32-bit floating point {IEEE Standard)

SIGN BIT HIDDEN BIT AND BINARY POINT
EXPONENT FIELD SIGNIFICAND FIELD
Y )
) #-
IS|E7|55 so e E1|Eo|1‘ FzzIF21 s e o F"leIF‘le"anl...IFZIF1|FUI

L——M()ST SIGNIFICANT WORD———A— LEAST SIGNIFICANT WORD——)

32-bit floating point values are determined by:

24-bit fixed point two's complement

Exponent Significand Value Name Mnemonic
255 Not all zeros - Not a number NaN

255 Al zeros -8 Infinity INF
1-254 Any (-180.p2E- 127 Normalized number NRM

0 Not all zeros (- 150,26 128 Denormalized number DNRM

0 Zero i-1500 Zero ZERD

Note: The Foq bit of the significand (hidden bit) is always one except for zero and denormalized numbers, when it is zero.

(—SIGN EXTENSION Flilﬂ_h INTEGER FIELD'—\

[s7]s6]

31|Sn[F23|Fzz|Fz1

.o lpz I 3 | FUI ; L—I IMPLICIT BINARY POINT

Note: The 8-bit sign extension is a repeat of bit Fgq, the sign bit of the two's complement representation. Values can range hetween 281

and 223,

Table 1. Load Instructions

Li_g Mnemonic Operation
00 NOP No loading of A, B or mode - Internal registers disabled
01 LAB Load operands A & B into array from A & B registers
10 LA Load only aperand A into array from A register
" LMODE Load only MODE register from F and U registers

TRW LSI Products Inc.

(J__



TMC3032/3033 7z <72
7 ey
Table 2. Unload Instructions
Ui_p Mnemonic Operation

X DAB Disable output driver (Hi-Z state)

0X ENB Enable output driver

X0 UMS Load output register MSW from array

X1 uLs Load output register LSW from array

Table 3. Mode Instructions

F3_po Up Mnemonic Operation

XXXX
XXXX
XX00
XX01
XX10
Xxn
X0XX
X1XX
0XXX
XX

DO > > O M M - O

FLOW
PIPE
RN
RZ
RP
RM
Al

Pl
IEEE
FAST

Pipeline registers are disabled

Pipeline registers are enabled

Round to nearest number, or nearest even number if distances are equal
Round toward zero (truncate product significand)

Round toward positive infinity

Round toward negative infinity

Affine infinity (sign preserved) IEEE Standard 754 Version 8.0 or 10.0
Projective infinity {sign ignored) |EEE Standard 754 Version 8.0

Gradual Underflow {use wrap for exponent underflow, TMC3032 only)
Flush~to-zero (replace underflowing numbers with zero, TMC3032 only)

Table 4. TMC3032 Load Instructions

F3_p Mnemonic Operation

0000 AxB Multiply normalized A times normalized B
0001 WA x B Muitiply wrapped A times B
0010 A x WB Multiply A times wrapped B
oon WA x WB Muttiply wrapped A times wrapped B
01XX - Reserved
XXX - Reserved
Table 5. Status Outputs
—
S9_p Mnemonic Exceptions
000 0K No exceptions
001 INEX Inexact result
010 UNF Exponent underflow
om UNF+INEX Exponent underflow and inexact result
100 - Unused
101 OVF+INEX Exponent overflow and inexact result
1o INV Invalid operands or invalid operation
m DIN Denormalized operand, TMC3032

TRW LS! Products Inc.
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Table 6. TMC3033 Function Instructions

7 7wy

F3_g Mnemonic Operation

0000 WRAP A Convert a “gradual underflow" denormalized A operand (exponent zero) to normalized form with a
negative (wrap-around) exponent. Used before multiplying a denormalized number.

0001 UNWRAP A Convert a normalized A operand with a nonpositive (wrap-around} exponent to a denormalized
number with a zero exponent. Used after an underflowing multiplication. The LSB of the B
operand must contain the Sy finexact) hit from the multiplier STATUS word.

0010 FLOAT A Convert a 24-bit two's complement integer at the A input to 32-bit normalized floating point.

oon FIX A Convert 32-bit normalized floating point number to 24-bit integer. All rounding modes usable.

0100 A+B Add A and B in 32-bit floating point.

0101 A-B Subtract B from A in 32-hit floating point.

0110 B-A Subtract A from B in 32-bit floating point.

0nmnm (ABS A)+(ABS B} Add the absolute values of A and B in 32-bit floating point.

1000 ABS {A-B) Take the absolute value of the difference between A and B in 32-bit floating point.

1000 ABS (A+B) Take the absolute value of the sum of A and B in 32-bit fioating point.

1010 COMP A B! Compare A and B; result is A-B. Status flags indicate B> A, A=B, A>B.

o -A-B' Subtract B from minus A, 32-bit floating paint.

1100 COMP ABS A, ABS B Compare the absolute values of A and B; result is (ABS Al-(ABS BI. Status flags indicate B> A,
A-B, A>B.

101 {ABS Al-{ABS B)' Subtract the absolute value of B from the absolute value of A in 32-bit fioating point.

110 {ABS B)-(ABS A} Subtract the absolute value of A from the absolute value of B in 32-bit floating point.

m {-ABS A)-(ABS B} Subtract the absolute value of B from minus the absolute value of A 32-bit floating point.

Nue

1 These insteuctions are not implersented onthe WL ALY device

Table 7. TMC3033 Status Outputs for Comparison Operations

$2-0 Mnemonic Comparison Result
000 0P Invalid operation: one operand is not a number.
001 A>B A operand greater than B operand. a
010 A=B A operand equal to B operand.
100 A<B A operand less than B operand.

Table 8. Multiplication Exception Flags and Outputs

A Operand B Operand
ZERO DNRM NRM/WNRM INF NaN
ZERO OK, ZERO 0K, ZERO 0K, ZERO INV, NaN INV, NaN
DNRM 0K, ZERO DIN', ZERO DIN', ZERD 0K, INF INV, NaN
NRM/WNRM 0K, ZERO DIN!, ZERD Sew Nowe 7 0K, INF INV, NaN
INF INV, NaN 0K, INF OK, INF OK, INF INV, NaN
NaN INV, NaN INV, NaN INV, NaN INV, NaN INV, NaN
Notes 1 In FAST mode, DIN becames OK 3 Terms used i this 1able mnclude
7 in the case of NRM WNRM x NRM WNRM 0K No exceptions raised
OVF: Output 1s OVF, - NRM.MAX 1f 1RMRZ and TRESULT > ARM MAX NRM Normalized number
OVF, -NAM MAX 1f IRP.RZ and "RESULT < NRMMAX ONRM Denarmalized number
OVF, - INF +f 1RN,RPH and TRESUL® > NRM MAX WNRM - Wrapped number
OVF, INFf RNRM: and TRESULT < -NRMMAX INEX = Inexact result, output differs from infinite precision value
UNF Output 1s zero with UNF or UNFINEX 1f -TRESULT < ARM MIN (FAST modes TRESULT Normalized, rounded, true result before limiting
Output 1s WNRM with UNF or UNFINEX it ITRESULT  <¢ NRM.MIN 1EEE mode! NRM MAX Maximum allowable positive ncrmalized number,
ELSE. Qutput 1s OK or iNEX wib normiakhzed value 9128 9~ B
NRMMIN < [TRESULT! < NRM.MAX NRM.MIN Minimum allowable positive normalized number, 27148

TRW LSI Products Inc.
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Table 9. Conversion of 32-bit Floating Point to 24-bit Fixed Point
32-Bit Floating Point Operand 24-Bit Result Status
+1XXX_.. XXX x 2* 128 (NaN OR INF) ... OVF
[ ]
[ 3
*
LXK XXX x 2+ 283 0. OVF
SN 1 x 2+ 2 0. M INEX
SN0 x 2+ 2 o.M 0K
L]
L]
L]
+1.000...000 x 20 000. ..0001 oK
L] L]
L ]
-
+1.000...000 x 226 000. . .0000 INEX
L] L ]
® ®
* *
+0.080...001 x 27126 (ONRM) 000. .. 0000 INEX
+0.000....000 x 2~ 126 (zeRp) 000. . . 0000 0K
-0.000...000 x 2~ 126 (zeRQ) 000. ..000C 0K
[ 3 . .
L]
L]
-0t 11 x 27126 (pNRM) 000. ..0000 INEX
-1.000...000 x 2~ 126 000. ..000D INEX
L]
»
[ ] L 2
-1.000...000 x 20 M. 0K
L] L ]
*
*
S N0« 272 1000. ..001 0K
LML x 2t 2 1000. ..001 INEX
~1.000...000 x 2*23 ngje | 1000...000 OVF
L] L]
L]
L ]
-1.000...010 x 2+28 1000. ..000 OVF
S1XXX. XXX x 2% 128 NaN or INP 1000....000 OVF

J0

Note
1. The indicated operation causes the OVF flag but is actually OK.

TRW LSI Products Inc.
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DNRM and WNRM represent numbers in which the fraction is
normalized and the exponent is allowed to wrap through the

biased exponent value of zero.

TRww

Table 10. DNRM and WNRM Floating Point Numbers
(IEEE Mode)

Exponent | Biased Value | Unbiased Value
The multiplier accepts wrapped inputs from the ALU over the 0 0 177
WNRM range. The smaliest positive WNRM s 255 -1 -128
2-126 x 2-23 — 2-148 The multiplier outputs wrapped . . * WNRM
numbers over the DNRM range. The smallest positive result is . N °
9-149 y 9-143 _ 9-298 * ¢ *
234 22 149 DNRM
232 -23 150
. L] .
L] L] L]
. L] L]
85 - - 298
Package Interconnections
Signal Signal
Type Name Function J3 Package A1 Package
Power Vee Positive Supply Voltage AN 58
Ground GND Ground 16 17, 33, 42, 51, 68
Data Inputs As—g A Operand Input Bus 59-64, 1-8, 10, 12 20-32, 34, 36, 38
Bis—g B Operand Input Bus 42-53, 55-58 2-13, 15, 16, 18, 19
Data Qutputs Ci5-0 Result Output Bus 38-32, 30-22 65-59, 57-52, 50-48
Clock CLK Timing Reference 9 35
Controls Lo Load Instructions 13, 14 38 40
Up_g Unload Instructions 20 21 45, 47
Fa_p Mode/Format Select 15, 17-18 41, 43-45
Hags So-p Status Outputs 41-39 1, 67, 66
No Connection NC None 11, 54 14, 37

Figure 2. Input and Output Timing

TRW LSI Products Inc.
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Figure 3. Flowthrough Mode Timing
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Figure 4. Pipeline Mode Timing
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Figure 5. Equivalent Input Circuit Figure 6. Equivalent Output Circuit
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i, \ i
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D P p *=n
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n+ n+
02 & n n X 02
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) >
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Absolute maximum ratings (beyond which the device may be damaged) '

SUPPIY VOIAGE .........ooiiiiiiiriiec ettt s s st —05to +70V

Input Voltage ...........cooovmecrrerrionenrieencnnnn,

........................... —-05 to (Vcc+ 5.5V)

Output
APPHBA VOIAGE ....vvvvvvvvvvveeeces oo eee e ~051to +55V?
Forced current .............. -10 to 60mA 34
Short-circuit duration (single output in HIGH state to ground) 1 Second
Temperature
OPETALING, CASE ..corvvereierieessiesiesereiees et bbb ek e s S ss e  s88 s —55 to 125°C
JURCHION oottt ettt st s bbb s £ 50188258848 58454115000 175°C
Lead, soldering {10 SBCONGS) ...vcorrrieieeiereecrrnie et 300°C
SEOTAGE oo . —65 to +150°C
Notes: 1. Absolute maximum ratings are imiting values applied individually while all other parameters are within specified operating conditions

Functional operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating
Conditions are not exceeded

2. Applied vottage must be current limited to specified range, and measured with respect to GND.
3. Forcing voltage must be limited to specified range.
4. Current is specified as conventional current flowing into the device

Operating conditions

Temperature Range
Standard Military
Parameter Min Nom Max Min Nom Max Units
Vee Supply Voltage 475 50 5.25 450 50 55 v
Ta Ambient Temperature, Still Air 0 70 °C
Tc Case Temperature —-55 125 °C

TRW LSI Products Inc. J-13
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DC characteristics within specified operating conditions '
Temperature Range
Standard Military
3032/3033 | 3032-1/3033-1 3032 3033
Parameter Test Conditions Min | Max| Min | Max | Min | Max| Min | Max| Units
Vi Input Voltage, Logic HIGH 20 2.0 25 25 v
ViL Input Voltage, Logic LOW 0.8 0.8 0.8 08|V
Vo Output Voltage, Logic HIGH] Ve =Min, lgy=—2mA 24 24 24 24 v
VoL Output Voltage, Logic LOW| Ve =Min, lg =4mA 04 0.4 05 05|V
It Input Leakage Current Veo=Max, Vjy=0 to 5V 10 10 10 10 | pA
Lo Qutput Leakage Current Vee=Max, Vgyr=0to 5V 40 40 40 40 | pA
{Outputs Disabled)
Ciy  Input Capacitance Veg=Max, V=0 to 5V 15 15 15 15 | pF
Cout Output Capacitance Vee=Max, Viy=0to 5V 15 15 15 15 | pF
{Outputs Disabled)
Icca  Supply Current, Quiescent | Veo=Max, V=0V 10 10 10 10 | mA
Iccu  Supply Current, Unloaded | Vee=Max, f=10MHz 40 40 50 40 | mA
Notes: 1. Actual test conditions may vary from those shown, but guarantee operation as specified
2. Contact factory for final values.
AC characteristics within specified operating conditions '
Temperature Range
Standard Military
3032/3033 | 3032-1/3033-1 3032 3033
Parameter Test Conditions Min | Max| Min | Max | Min | Max| Min | Max] Units
tey Clock Cycle Time Vee=Min 62.5 50 60 60 ns
tcy Clock HIGH Time Vig=24v 30 20 25 25 ns
te,  Clock LOW Time Vi =08V 30 20 25 25 ns
tg  Input Setup Time VoH=2.8V, lgy=-1mA 25 15 25 25 ns
ty  Input Hold Time VgL =04V, Ig =5mA 0 2 2 ns
tpg Output Delay Time CLpap =50pF 35 35 40 40 { ns
tyg Output Valid Time See Figure 2 10 10 8 8 ns
tgp Flowthrough Operation Time See Figure 3 375 300 360 360 | ns
t a Total Flowthrough Latency 565 450 540 540 | ns
top Pipelined Time Per Stage See Figure 4 125 100 120 120 | ns
t p Total Pipeline Latency 625 500 800 600 | ns
Notes: 1. Actual test conditions may vary from those shown, but guarantee operation as specified

2. Contact factory for final values

TRW LSI Products inc.
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Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TMC3032J3C STD-Tp=0°C to 70°C Commercial 64 Pin Hermetic Ceramic DIP 3032J3C
TMC3032J3C1 STD-Tp=0°C to 70°C Commercial 64 Pin Hermetic Ceramic DIP 303243C1
TMC3032J3V' MiL-T¢ = —55°C 10 125°C MIL-STD-883 64 Pin Hermetic Ceramic DIP 3032J3V
TMC3033J3C STD-Tp=0°C to 70°C Commercial 64 Pin Hermetic Ceramic DIP 3033J3C
TMC3033J3C1 STD-Tp=0°C to 70°C Commercial 64 Pin Hermetic Ceramic DIP 303343C1
TMC3033J3V' MIL-Tg = —55°C 1o 125°C MIL-STD-883 64 Pin Hermetic Ceramic DIP 3033J3V
TMC3032A1C STD-Tp=0°C to 70°C Commercial 68 Contact Chip Carrier 3032A1C
TMC3032A1C1 STD-Tp=0°C to 70°C Commercial 68 Contact Chip Carrier 30324101
TMC3033A1C STD-Tp=0°C to 70°C Commercial 68 Contact Chip Carrier 3033A1C
TMC3033A1C1 STD-Tp=0°C to 70°C Commercial 68 Contact Chip Carrier 3033A1C1
Note: 1. Contact factory for availability.

All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others.

Life Support Policy — TRW LS| Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of
such use and indemnifies TRW LSI Products Inc. against all damages.
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