TMC3200, TMC3201
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CMOS Floating-Point Arithmetic Unit and Multiplier

32/34 Bits

The TMC3200, an arithmetic unit, adds and subtracts
floating-point numbers expressed in |EEE 32-hit single-
precision format or extended-range 34-bit format.
Conversions between floating-point and 24-bit two’s-
complement integer fixed-point representations are
provided. Also, an internal accumulate path enhances
performance in high-speed systems. The TMC3201, the
multiplier compatible with the TMC3200, generates a
product of two normalized floating-point numbers. These
devices meet the floating-point format and operations
described in Version 10.0 of IEEE Standard 754. The
TMC3200 and TMC3201 are built using TRW's
OMICRON-C™ one-micron CMOS process.

All data and instruction inputs to the TMC3200 and
TMC3201 are registered. The input operands of the
TMC3200 are selected from the input bus, zero or the
accumulate path. Each input operand enters on a half-
width bus on two consecutive rising edges of the clock.
Controls are provided to determine the operand selection,
the arithmetic operation, the data format and the
rounding mode. Renormalizing, rounding and limiting
functions are provided on both the TMC3200 and
TMC3201 to ensure proper handling of special cases and
to correct output data formatting. Results are output as
two words on successive clock cycles and emerge
through a three-state output port.

Features
¢ |EEE Standard 754 Version 10.0 32-Bit Or
Extended-Range 34-Bit Floating-Point Data Format

|EEE Default Unbiased Round-To-Nearest And
Round-Toward-Zero Modes

Three-Bus Architecture For High Throughput
Automatic Limiting For Overflow/Underflow Cases
Selectable Pipelining

All Inputs And Outputs Are Registered And TTL
Compatible

Low Power CMOS Construction
Standard/Extended Temperature Range
Available In An 88 Pin Grid Array Package

TMC3200

¢ 10 Megaflop Throughput Rate {100ns Pipelined Cycle
Time)

¢ |nternal Accumulator Feedback Path

¢ Integer Two's-Complement 24-Bit Fixed-Point Data
Format Conversions

o Full Conversion Between All Data Formats
o Flexible Data Source Selection

¢ Direct User-Transparent Handling Of Denormalized
Operands

¢ |nput Traps For Infinity And Not-A-Number

TMC3201
¢ 8 Megaflop Throughput Rate (125ns Pipelined Cycle
Time)

¢ |nput Traps For Infinity, Zero, Not-A-Number And
Dencrmalized Numbers

Applications

e Matrix Operations And Geometric Transforms

Arithmetic Element In Microprogrammed Array
Processors

Graphics And fmage Processors
Floating-Point Digital Filters

Fast Fourier Transforms

Radar And Sonar Signal Processors
Solids Modeling
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TMC3200 Functional Block Diagram
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TMC3201 Functional Block Diagram
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TMC3200 Pin Assignments

88 Pin Grid Array — G5 Package

TMC3201 Pin Assignments

88 Pin Grid Array - G5 Package

Pin | Name Pin Name Pin Name Pin Name Pin | Name Pin Name Pin Name Pin Name
Bl | AINg N2 Voo MI3 | NC A2 | BiNg Bl | AN N2 Vop M3 | NC A2 | BiNg
€2 | ANg M3 | DEN uz | vpp BIl | BiNy 2 | AINg M3 | GND L2 | vgp BII | 8Ny
Cl | ANy N3 nana | a3 | vgp AN | BN ¢ ANgg N3 NANA | U3 | g an | iy
02 | ANy Me | oNens | k2 | R BID | BNy 02 | AN M& | NANB | K12 | Pg BIO | BINy
01 | AINp N4 MSC K13 | R A0 | BiNpg D1 | ANy N MSC K3 | Pg AID | BINgg
2 | ANy M5 | 0P a2 | Ry B9 BNy B 1 ANy M5 | lop J2 | Py 89 BIN}4
B ANy N5 ovF J3 | R A9 BIN5 B | ANy N5 QvF N3 | Py A9 BINy5
2| ANy ME | UNF HIZ | Ry 88 BINyg 2| ANgg M6 | UNF H2 | Py BB BIN¢g
Flo| AiNgg N6 | INEX H3 | Ry A8 | ENB Flo| ANig | NG| INEX H13 | Py m | ENB
6 | N7 ZERD 613 | Ry A7 SYNE 61 | f N7 VoD 613 | P A7 | SWC
G2 | GND M7 | GND 612 | Vgp 87 Vop G2 | GND M7 | GND 612 | Vppg B7 VoD
HE | Vg N8 Vop F13 | GND A5 GND # | vpp Ng NC F3 | GND A8 GND
o s, M8 | Ry F2 | OF 86 CLK H2 | GND M| P F2 | OF 85 CLK
a ol NS Res E13 | BiNg A5 | ENA J | GND N9 P15 E3 | BN A | ENA
2| s M3 | Ry E12 | BN B5 | AiNg 2 | v M3 | Py 12 | BN BS | AN
K| M NG | Rp3 D13 | BNy M| AN KI | xIND NIG | Py D13 | BiNy Mo AN
K2 | My MO | Ry 012 | BINg B4 AIN, k2 | RND M0 | Py 012 | BN B4 | ANy
8] M NI Ry C13 | BINg A3 | AiNg 1| GND Nt P C13 | BINg 1N AINg
M Ml | Ry 12 | BiNg B3 AINg 2 | vy M|y C12 | BiNg B3 AlNy
M| Mg N2 | Ry B13 | BiNg A2 | Aing M1 | ADEN N2 | P B13 | BINg 82| AN
M| RN N13 | Ry A3 | BIN Al AINg N1 | BDEN N3 | P A3 [ OBIN Al AlNg
M2 | onD M2 | Ry B12 | BINg B2 AINg M2 | NC m2 | P B2 | BINg B2 | AN
" Input Multiplexers And Registers
1| @ The input section accepts the AIN and BIN operands along
2| O with the 8-bit instruction word which determines the A and B
3N OO o0 source multiplexer action, the arithmetic section operation, the
4o RS rounding mode and data format of the operands. The clock
5| = L o (CLK) is divided by two generating the Most Significant Word
6 ' Top View ( Clock (MSCH} which is used internally for /0 multiplexing and
; o Cavity Up b is also available as an output, the MSC flag.
s| 0
wlo o The AIN and BIN operands each enter on their respective
ulo o 17-bit half-width input buses. Input preload registers latch in
12100 the data on the input buses on the rising edge of CLK. When
1m0 the enable controls (ENA and ENBJ for the operand registers

TMC3200 Functional Description

The TMC3200 consists of five sections: the input multiplexers
and registers, the denormalizer, the arithmetic logic unit (ALU)
and pipeline register, the roundirenormalize/limit block, and the
output registers and drivers.

J-20

are LOW and AN and BIN are selected by MUX A and MUX
B, the data present in the preload registers and the data
present on the input bus are simultaneously loaded into the
operand registers on the rising edge of internal MSCI. The
Most Significant Word (MSW) must be present on the rising
edge of CLK which generates the falling edge of MSCI, and
the Least Significant Word (LSW) must be present on the rising
edge of CLK which generates the rising edge of MSCI. The

TRW LS| Products Inc.
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synchronization contral {SYNC) allows the user to align the
MSCI signal with the desired phase of CLK. Initially, SYNC
must be LOW to align the falling edge of MSC! with the rising
edge of CLK and HIGH to align the rising edge of MSCI with
CLK. After initial synchronization, alignment of CLK and MSCI
will remain set as fong as SYNC is held HIGH. The pipefine
register contents are loaded into the operand register B on the
rising edge of MSC! when ENB is LOW and the feedback
accumulate path is selected.

The 8-bit instruction ts loaded into the instruction register on
the rising edge of CLK and must be input at the same time as
the MSW of the operands with which it is associated. The
instruction word must be held through both load cycles IMSW
and LSW input) of the data to which it applies. The instruction
word is divided into four fields: one to control the operand
source multiplexers (So_p), one to select the data format
(M9_4), one to control the arithmetic operation performed
(Mg_3) and one to controf the rounding method (Mp). Operand
A can be selected from twa possible sources: AIN or zero. The
B operand can be selected from three possible sources: BIN,
the accumulate path or zero. The input and output data
formats may differ and be selected from 32-bit floating-point,
34-bit floating—point or 24-hit integer fixed—point formats.
The arithmetic operation performed is selected from A + B, A
- B, B-A -A - B, and CONVB (Convert B to a different
data format). The rounding method is either IEEE

round -to—-nearest {which gives an unbiased error over a
sequence of operations} or IEEE round -toward-zero, also
known as truncation.

The input traps test AIN and BIN for the special cases of
infinity and Not-A-Number (NAN). Internal flags which identify
these cases are generated. If NAN is found, the NANA or
NANB flag is set immediately and the output will be NAN
with the Invalid Operation {IOP) flag. Infinity minus infinity
produces a NAN output and sets the 0P flag.

Table 1. Multiplexer A And Multiplexer B Control
L ______________________________ __________________]

S0 A Operand B Operand
000 AN BIN

Ui} AIN U

010 1] BIN

o AN 0

100 Magnitude (AIN) Magnitude (BIN)
10 Magnitude {AIN) Magnitude {U)
110 0 Magnitude (BIN)
m Magnitude (AIN} i}

Note 1 The Magnitude function wns off the sign bit and applies to

floating - point operands only

TRW LS! Products Inc.

Denormalizer

This section prepares the operands by denormalizing

[right -shifting) the smaller exponent’s significand. This section
outputs the larger incoming exponent, the sign and the input
trap status flags.

Arithmetic Block

The ALU adds or subtracts the two significands which were
output from the denormalizer section. The ALU output,
exponent, sign and 0P flag are transferred to the pipeline
register on the rising edge of internal MSCI if the Feedthrough
{FT} control is LOW. When FT is HIGH, the pipeline register is
transparent.

Round/Renormalize/Limit Block

The TMC3200 supports the |EEE default “unbiased
round-to-nearest” when My fround) is LOW. When My is
HIGH, the device implements “round -toward-zero” which
truncates the result. The rounding adder operates on the
output generated from the arithmetic section and outputs the
result to the renormalizer.

The renormalizer shifts the rounded significand as necessary
and adjusts the exponent. The resulting exponent is examined
for overflow or underflow of the output data format. The
renormalizer is disabled when converting from floating-point to
integer and when converting from 34-bit to 32-bit IEEE
denormalized “gradual underflow” format.

The limiter replaces overflowing results with a signed infinity
{full -scale positive or negative integer in fixed mode). If the
output is not in the “gradual underflow” mode, underflowing
numbers are replaced with zero. A NAN output is triggered
whenever an illegal operation finfinity minus infinity or NAN
plus any number) is executed. In all other cases, the limiter
will pass the result unchanged. The output from the
round/renormalize/limit section is connected to the output
register and also may be the input to register B through the
accumulate path {U bus), a 34-bit feedback path.

Output Register And Drivers

The output section contains a 34-bit output result register, a
6-bit output flag register, the output multiplexer and the
output drivers.

The output registers are clocked by internal MSCI. The

contents of the registers are the 34-bit output from the limit
section and the output flags. NANA and NANB are set when
their particufar input operand is NAN and will remain set until

T~ 2
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a new legal aperand is loaded. The arithmetic section results
that are flushed to NANs set the IOP flag but not the NAN
flags. The remaining flags become valid with their
corresponding results and remain as long as the associated
result is in the output register. The flag outputs are always
enabled independent of the Output Enable [OF) control,

Table 2. Instruction Decoding

TRwy

The output muitiplexer passes either the MSW or LSW of the
result to the output drivers. The output multiplexer selects the
MSW when MSC is HIGH and the LSW when MSC is LOW.
The output drivers are enabled when OF is LOW and in the
high-impedance state when OF is HIGH.

“

Instruction Select Mode, Round Select
Mg_3 Ma_g
000 001 010 om 100 107 10 m
A+B A+B A+B A+B A+B A+B A+B A+B
00 FZ 'Fz Fz ’FZ F4 'Fz F4 ’Fz F4 ’F4 F4 'F4 Fz ’F4 FZ ’F4
Round Trunc Round Trunc Round Trunc Round Trune
A-B A-B CONVB CONVB A-B A-B CONVB CONVB
01 FZ ‘FZ F2 ’FZ FZ ’F4 FZ ’F4 F4 ’F4 F4 'F4 F4"F2 F4"F2
Round Trunc X X Round Trunc Round Trunc
B-A B-A CONVB CONVB B-A B-A CONVB CONVB
10 FZ 'F2 FZ ’FZ | ’Fz | 'Fz F[’F4 F4 'F4 | ’F4 |-» F4
Round Trunc X X Round Trunc X X
-A-B -A-B CONVB CONVB -A-8B -A-B CONVB CONVB
n FZ 'Fz Fz 'Fz Fz > F2 »| Fd"F,‘ F4 'F4 F4”| F4"|
Round Trunc Trunc Trunc Round Trunc Trunc Trunc
Notes
1. Mg = Round 3. Fg and Fy are 32-bit and 34-bit floating - point formats respectively
m; ; g;r}\g‘?? 44 \n[egers ifixed - pont)
Ma - Negaie B x = Don't care
My - Negate A

2. Far floatng-point 1o fixed - paint conversions
round - toward -zero is implemented

TMC3201 Functional Description

The TMC3201 consists of four sections: the input registers, the
significand multiplier/exponent adder and pipeline register, the
renormalize/round/limit block, and the output registers and
drivers.

Input Section

The input section accepts the AIN and BIN operands along
with a 2-bit instruction word which determines the data
format of the operands and the rounding mode. CLK is divided
by two generating MSCI which is used internally for 10
multiplexing and is also available as an output, the MSC flag.

J-22

5

6. Round = Round-to nearest
7. Trune = Round -toward -zero
8

For ail CONVB iconvert B) instructions, the A-operand field is ignored

The AIN and BIN operands each enter on their respective
17-bit half -width input buses. Input preload registers latch in
the data on the input buses on the rising edge of CLK. When
the enable controls {ENA and ENBJ for the operand registers
are LOW, the data present in the preload registers and the
data present on the input bus are simultaneousty loaded into
the operand registers on the rising edge of internal MSCI. The
MSW must be present on the rising edge of CLK which
generates the falling edge of MSCI, and the LSW must be
present on the rising edge of CLK which generates the rising
edge of MSCI. SYNC allows the user to align the MSCI signal
with the desired phase of CLK. Initially, SYNC must be LOW to
align the falling edge of MSCI with the rising edge of CLK and
HIGH to align the rising edge of MSCI with CLK. After initial
synchronization, alignment of CLK and MSCI will remain set as
long as SYNC is held HIGH.

TRW LSI Products Inc.
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The 2-bit instruction is loaded into the instruction register on
the rising edge of CLK and must be input at the same time as
the MSW of the operands with which it is associated. The
instruction word must be held through both load cycles IMSW
and LSW input) of the data to which it applies. The Extended -
Range control [XTND) selects the data format and Round (RND)
controls whether round-to-nearest or IEEE

round —toward -zero 1S used.

The input traps test AIN and BIN for the special cases of
infinity, zero, NAN and denormalized numbers. If NAN is found,
the NANA or NANB flag is set immediately and the product
output will be the product NAN with the 0P fiag.
Multiplication of zero times infinity aiso produces a NAN output
and sets the 10P flag. The TMC3201 is not able to process
denormalized operands and will set the appropriate ADEN or
BDEN flag. The product output in this case will be zero
corresponding to the “fast” implementation of IEEE Standard
754,

Significand Multiplier/Exponent Adder

Floating - point multiplication consists of multiplying the fraction
fields and adding the exponent fieids. Since the TMC3201
operates only on normalized numbers, the 23 bits of each input
fraction field are input to the multiplier array with the implicit
“hidden bit" lwhich is always a one) added. This output is
latched by the pipeline register which follows the multiplier
array.

The A and B exponent fields are added generating a
two's-complement product exponent. The result is passed
through the pipeline registers and the exponent adjust section
performs further processing before final output.

The significand product, the exponent sum, the instructions, the
I0P flag and the product sign are latched into the pipeline
register on the rising edge of internal MSCI if FT is LOW.

Renormalize/Round/Limit Section

The significand is renormalized and passed to the rounding
adder. If AND is LOW, the TMC3201 will round-to-nearest
according to the IEEE default standard. If RND is HIGH, the
significand is truncated {IEEE round -toward -zerol.

The product exponent is checked for overflow or values
greater than or equal to 255 for IEEE 32-bit format or 517 for
extended-range 34-bit format. Underflow has occurred if the
exponent is less than or equal to zero in 32-bit format or
-512 in extended-range 34-bit format.

TRW LSI Products Inc.

The limiter forces the significand and exponent fields to
appropriate signed infinities, zero or NAN. Overflow cases are
forced to signed infinities, underflow and zero cases are forced
10 a signed zero, and illegal operation cases are forced to
NAN. Also, the two status flags Overflow {OVH and Underflow
(UNF} are generated for output in this section. The output of
this section is a 34-bit field, interpreted as either IEEE 32-hit
or extended-range 34-bit data.

Output Register And Drivers

The output section contains a 34-bit output product register, a
4-bit output flag register, the output multiplexer and the
output drivers.

The output registers are clocked by internal MSCI. The
contents of the registers are the 34-bit output from the limit
section along with the output flags. The flags are valid while
the result is held in the output register except for the NANA,
NANB, ADEN and BDEN flags. These operand trap flags are
set when their particular input operand is a NAN or a
denormalized number and will remain set until a new legal
operand is loaded. The flags are always enabled independent
of the OF control.

The output multiplexer passes either the MSW or LSW 1o the
output drivers. The output multiplexer selects the MSW when
MSC is HIGH and the LSW_when MSC is LOW. The output
drivers are enabled when OF is LOW and in the
high-impedance state when OF is HIGH.

(J__

Signal Definitions

Power

Vpp, GND  The TMC3200 and TMC3201 operate from a
single +5 Volt supply. All power and ground

lines must be connected.

Data Inputs

AIN16-.
BIN16-p

AIN and BIN are the 17-bit input ports. AlNqg
and BIN1g are the extension bits for 34-bit
floating—point operation.

Data Outputs

R1g-0 R1g—p is the 17-bit result output port of the
TMC3200. Rqg is the extension bit for 34-bit
floating-point operation.

P1g-0 P1g—0 is the 17-hit product output port of the

TMC3201. Pqg is the extension bit for 34-bit
floating-point operation.

23
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Clock
CLK

Controls
ENA, ENB

SYNC

r,_,
=
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The CLK frequency is twice the data throughput
rate to allow for data multiplexing. Al
operations are with respect to the rising edge
of CLK. CLK is internally divided by two to
generate internal MSCI. The rising edge of MSCI
is coincident with every other rising edge of
CLK.

Enable A (Enable B) enables register A (B} when
LOW. Register A (B} is then loaded with the
output of Multiplexer A (Multiplexer Bl an the
rising edge of internal MSCI.

SYNC causes the falling edge of MSCI to be

coincident with the rising edge of CLK when
LOW for tg before the rising edge of CLK. This
signal must go HIGH for the device to operate
properly. Bringing SYNC LOW with the incoming
MSW and then HIGH during the LSW will
inftialize the device.

Output_Enable controls the three-state outputs.
When OF is LOW, the output drivers are
enabled. When OF is HIGH, the Outputs are in
the high-impedance state. OF does not affect
the flag outputs and must be held LOW for two
CLK cycles to obtain a complete output result.

Feedthrough controls the pipeline register. When
FT is LOW, the pipeline register is enabled.
When FT is HIGH, the pipeline register is
transparent. FT is a DC control.

Enable Instruction enables register | when LOW
for tg before the rising edge of CLK. Register |
is then loaded with an instruction M4-q and
Sp_p. If ENTis held LOW, the instruction waords
must be valid for two cycles of CLK for a valid
aperation. (TMC3200)

Source decoding selects the A and B operands
of the TMC3200 by controlling Multiplexer A and
Multiplexer B.

These contrals finstruction, mode, round seiect)
define the various ways the TMC3200 operates.
When Mg is LOW, the resuft will round-to-

XTND

-
=

Flags
MSC

OVF

UNF

INEX

NANA, NANB

0P

ZERO

' ¥

nearest {roundl. When Mg is HIGH, the result
will round ~toward -zero {truncate). My selects
32 or 34-bit formats. When M1 is LOW, My
and M3 control the A and B operands.

Extended-range 34-bit data format is in effect
when XTND is HIGH. This control signal is
loaded on every rising edge of CLK. (TMC3201)

When Round is LOW, the result will round-to-
nearest. When HIGH, the result will round -

toward-zero or truncate. This control signal is
loaded on every rising edge of CLK. (TMC3201)

Most Significant Word Clock output synchronizes
the data output. When the output is enabled
and MSC is HIGH, the MSW result is present at
the output. When the output is enabled and
MSC is LOW, the LSW result is present at the
output.

Overflow will go HIGH when a floating - point
result exponent exceeds the maximum allowed
ar when a full-scale integer result is available
at the output.

Underflow will go HIGH when a nonzero result
is too small to be a normalized floating - point
number and is available at the output.

Inexact Result will go HIGH when a result
fractional part is not exactly equal to the results
of an infinitely precise calculation and the result
is available at the output.

Not-A-Number A and B flags will go HIGH
when the A and B operand registers contain
non-valid |EEE Standard 754 numbers.

Invalid Operation flag will go HIGH when an
operation is requested which cannot be properly
executed for any reason.

All operations which result in zero cause this

flag to go HIGH when the result is available at
the output. {TMC3200)

TRW LSI Products Inc.
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UEN Benormalize will go HIGH when any result with No Connects
zero exponent and nonzero fraction is available o .
at the output. (TMC3200) NC The pin grid array version of the. TMC3200 has
one pin which is not connected mternally. The
ADEN, BDEN A and B Operand Denormalized will go HIGH pin grid array version of the TMCJ201 hes three
when the contents of the respective operand pins which are not connected internally.

register is not a normalized IEEE Standard /54
number. (TMC3201)

TMC3200 Package Interconnections

Signal Signal
Type Name Function G5 Package
Power Vop Supply Voltage H1, N2, N8, L12, L3, G12, B7
GND Ground G2, M2, M7, F13, AB
Data Input AlNyg_g A Input Data F1, 2, B1, E2, D1, D2, (1, C2,
B1, B2, A1, A2, B3, A3, B4, A4, B2
BINg_g B Input Data B8, A9, BY, A1D, B10, A11, B11, A12, Bi2
A13, 813, C12, €13, D12, D13, E12, E13
Data Output Rig-0 Result Output Data M8, N9, M3, N10, M10, N11, M11, N1Z, N13
M12, K12, K13, J12, 13, H12, H13, G13
Clock CLK Clock B
Controls ENA Enable A Register AS
ENB Enable B Register AB
Nl Enable | Register N1
SYNC Synchronize ALU A7
Sy_g Operand Source H2, J1, J2
My_g Instruction Select 12, M1 m
My_4 Mode Select K1, L1
My Round K2
i3 Output Enable F12
FT Feedthrough G1
Flags MSC MSW Clock N4
ZERQ Zero Result N7
DEN Denormalized Result M3
OVF Overflow NS
UNF Underflow M6
INEX Inexact Result N6
NANA Not-A-Number A N3
NANB Not-A-Number B M
0P Invalid Qperation M5
No Connection NC None M13

TRW LSI Products Inc. J-25
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Signal Signal
Type Name Function G5 Package
Power Voo Supply Voltage H1, J2, 12, N2, N7, L12, 113, G12, BY
GND Ground G2, H2, )1, L1, M3, M7, F13, A6
Data Input AlNig_g A Input Data F1, F2, E1, E2, D1, D2, C1, C2, B, B2,
Al, AZ B3, A3, B4, A4, BS
BIN1s-0 B Input Data B8, A9, BS, A0, B10, A11, BI1, A12,
B12, A13, B13, C12, C13, D12, D13, E12, E13
Data Output P16-0 Product Quiput Data M8, N9, M3, N10, M10, N11, M11, N12, N13
M12, K12, K13, )12, J13, H1Z, H13, G13
Clock CLK Clock B6
Controls ENA Enable A Register A5
ENB Enable B Register A8
SYNC Synchronization A7
XTND Extended Precision K1
RND Raund K2
[ Output Enable F12
T Feedthrough Gl
Flags MSC MSW Clock N4
ADEN A Denormalized M1
BDEN B Denormalized N1
OVF Overflow N5
UNF Underflow M6
INEX Inexact N6
NANA Not-A-Number A N3
NANB Not-A-~Number B L)
0P Invalid Operation M5
No Connection NC None M2, N8, M13

Data Format

The TMC3200 arithmetic unit and TMC3201 multiplier conform

to IEEE Standard 754, Version 10.0 data format for 32-hit

arithmetic. These devices also have an extended-range 34-bit
floating -point format. The two additional bits of the extended

format are appended to the exponent field. Any two legal

32-bit operands can be added without generating an overflow

if the 34-bit extended format is used for output. The ALU
accumulate path uses the 34-bit extended format. For both

data formats the arithmetic unit needs only two clock cycles
to transfer a data word since the input and output buses are

17-bit wide.

Standard IEEE 32-Bit Floating—Paint Format

The IEEE Standard 754, Version 10.0 specifies a 37-bit data
format for floating-point arithmetic. In this format the MSB

7 -26

(bit 31) is the sign bit, the next eight hits (bits 30-23) are the
exponent field, and the 23 LSBs are the fractional significand
field (bits 22-0). The "hidden bit” completes the 24-bit
significand.

Sign Bit

The MSB carries the sign information. A HIGH for a sign bit
indicates a negative number and a LOW indicates a positive
number.

Exponent Field

The 8-bit exponent field determines whether the floating - point
number is a signed infinity, a NAN, a zero, a denormalized
number or a normalized floating—paint number.

TRW LSI Products Inc.
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The exponent values 0 and 255 are special. If the exponent
field is all ones (1111 1171, 25510} and the fraction (bits 22-0)
is zero, the number is evaluated as infinity x (1S with S
being the sign bit. Any exponent of 255 with a nonzero
fraction is a NAN. NANs are generally used to communicate
error information and have no numerical value.

When the exponent field is all zeros (0000 0000} and the
fraction is also zero, the number is a true floating-point zero.
Note that this data format allows both positive and negative
zeros which are computationally treated identically. When the
exponent is zero and the fraction is nonzero, the number is a
denormalized floating—point number evaluated as:

Number = (~11S x 26126 x (0.F)

where S is the sign bit, E is the value of the exponent field
(base 10), and F is the value of the fractional field.

If the exponent field is neither all zeros nor all ones, the
floating—point number is normalized and evaluated as:

Number - (-118 x 2E-127 x (1A

Note that the exponent bias has changed from 126 to 127 and
that 1.0 has been added to the fractional field. The exponent
can assume values which run from 126 10 +127 {0 to 254
biased by 127). Note that both exponent fields of zero and one
map onto the exponent value of -126. These provisions ensure
a smooth transition from normalized numbers through gradual
underflow into the denormalized numbers.

Fractional Field

Bits 22-0 comprise the fractional field (mantissal. There is a
hinary point assumed between bit 22 and the implied “hidden”
bit 23. For a nonzero exponent, the hidden bit assumes a value
af “1." For a zero exponent, the hidden bit has a value of “0."
Bit 22 carries a binary weighting of 2-1. The following bits
carry decreasing binary weights down to the LSB (bit 0} which
carries the weight of 2-23 This is identical to treating the
fractional part (bits 22-0] like an integer F multiplied by 2-23
The fractional part of the floating—point number is either

0 + F (in the case of a zero exponent), or 1 + F (in the case
of a nonzero exponent).

The difference between the smallest normalized number
lexponent = 1, fractional part = 0) and the largest
denormalized number {expanent = 0, fractional part= all ones
is one LSB. The smallest normalized number is:

exponent = -126, significand = 1.00..00. The largest
denormalized number is: exponent = - 126,

significand = 0.11..11.

TRW LSI Products Inc.

Extended 34-Bit Floating— Point Format

The 34-bit extended-data format is a superset of the IEEE
32-bit floating-point format because every number represented
in the IEEE 32-bit format can be represented in the 34-bit
format. The MSB (bit 33} is the sign bit; the next ten bits

{hits 32-23) are the exponent field; and the 23 LSBs are the
fractional field.

Sign Bit

The sign bit {(bit 33) signifies the sign of the floating-point
number. If the sign bit is HIGH, the number is negative. If the
sign bit is LOW, the number is positive.

Exponent Field

As in the 32-hit format, the extreme exponents are special.
The exponent field is interpreted as a 10-bit two's-
complement integer which can vary from 10 0000 0000
(-5129g) to 01 1111 11171 {5119p). If the fraction is zero with
an exponent of 511, the floating—point number is a signed
infinity. A nonzero fraction with an exponent of 511 means
that the number is a NAN.

If the exponent is -512, a fraction of zero signifies a true
floating—point zero. As in the 32-bit format, there are both
positive and negative zeros. A nonzero fraction with a -512
exponent signifies a denormalized number.

If the exponent is any value other than -512 or 511, the
exponent value is the 10-bit two's-complement number minus
a bias of 127 and the number is evaluated as:

Number = (118 x 2E-127 x (1.p)

where S is the sign bit, E is the exponent and F is the
fraction to which the hidden bit of 1 is added. Note that the
exponents can be in the range of -638 (-511-127) to 383
(510-127).

Twao's—Complement 24-Bit Integer Format

The TMC3200 converts data between the floating -point
formats and a 24-bit two's—complement integer format which
is sign-extended to 32 bits.

Sign Bit

In the integer format, the bit occupying the position of the
exponent LSB (Eg) is the two's-complement MSBisign bit
whose weighting is -223_ When an integer is output, the sign
extends this bit through the normal 32-bit floating-point sign
and exponent fields. The nine MSBs will be all ones for
negative numbers and zeros for positive numbers.

J- 2
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Fraction Field

The 23-bit floating-point fraction field becomes the magnitude
portion of the two’s-complement integer. The weighting is
shifted giving the LSB a weighting of one. The numerical
interpretation of an integer is:

2
| = Egx1-22) + X Fyx 1om)
n=0

where Fn is the 23 fraction bits and £g is the exponent LSB.
For integer input, the device ignores the 8 MSBs ifloating -
point sign and seven highest exponent bits) plus the 34- bit
extension bit.

Application Discussion (TMC3200)

Comparisons

One function required of arithmetic systems is the comparison
of two quantities. The device can perform this function by
subtracting one 1EEE or extended -range number from another
(the rounding made is not important for this function). The
ZERO flag and sign output will reflect the results of the
comparison of the operands. Normalized and dengrmalized
numbers and infinities can be compared. The results will be
correct in all meaningful cases: two normalized or denormalized
numbers in any combination, a normalized or denormalized
number and +/~infinity, and even +infinity compared to
~infinity. The I0P flag will be HIGH when there is no
mathematically meaningful order to the inputs. Note that
magnitudes {absolute values) can be compared by using the
magnitude function of the source select segment of the
instruction.

Table 3. Flags For Comparison Results (Operation A — B)

Operand A Operand B Order 10P ZERO Sign
Norm/Denorm Norm/Denorm A>B 0 0 0
Norm/Denorm Norm/Denorm A=-B 0 1 X
Norm/Denorm Norm/Denorm A<B 0 0 1
+00 Norm/Denorm 0 0 0
Norm/Denorm +00 0 0 1
+00 -0 1] 0 0
il +00 0 0 1
+00 +00 1 0 X
-0 -o0 1 0 X

J-28
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Table 4. Flag Interpretation
*

10P ZERO Sign Interpretation
0 0 0 A>8
0 0 1 A<B
0 1 X A-B
1 X X no mathematical order to inputs,
e.g. comparison of two negative infinities.

Reduced Microcode

The control signals are encoded to lower the device pin count.
Because this encoding is relatively light, applications that do
not require the full functionality of the TMC3200 can
permanently connect many of the control signals resulting in a
reduced microcode set.

The IEEE default round-to-nearest mode can be permanently
selected by connecting My to a logic LOW. If the 34-bit
extended-range mode is not used for inputs or outputs (which
would be the situation in IEEE standard systems], M can be
permanently connected to a logic LOW. Note that internal
accumulation is always extended range. If a 32-bit output
format is selected by the operation and mode controls, the
flags and outputs are proper for the IEEE standard, but
internally accumulated results are more accurate than those
obtained by reducing the sum to 32 bits. This treatment can
eliminate overflow or underflow errors in long accumulations. If
magnitude operations are not required, then So can be
permanently connected to a logic LOW.

These suggestions enable the designer to reduce the number
of instruction bits with little loss in functionality.
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TMC3200/3201

' RI.'

Figure 1. IEEE 32-Bit Format

SIGN

'BINAHV POINT

B\” EXPONENT —
HIDDEN BIT

SIGNIFICAND

|
|

FRACTION

[Sjﬁlﬁslfslnlfalleﬁlfe

"'I Fa2 I 1 l qul‘tslﬁsl’n IFIG

29 28 27 2% % M4 1
MOST SIGNIFICANT WORD

— 22 N 2 18 1B 17 16

F15|‘14|’13[‘12lﬁ|lﬁnl Fs lFs I F7 I Fs I Fsl‘a I FJ er I F1 I Fu]

lEAST SIGNIFICANT WORD

msw | fs [l eg1Es | eq | &3] 6 | £ | € | Faz ] For [ Fao [Fro | Fi8 | P17 | Fis
Lsw | sk JFig | Frad Frg [Frg| Fuo [Fro | Fa [ Fe [P | e [ Fs [ Fa | Fs| P2 | o | o
“Not Used % 15 14 13 12 1 1w 9 ] 7 6 5 4 3 2 1 0
Exponent Fraction Value Name
255 Not all zeros -- Not-A-Number
255 All zeros (-1 x o0 Signed infinity
1 through 254 Any =18 x (1p x 2E-127 Normalized Number
0 Not all zeros (18 x (0F) x 2£-128 Denormalized Number
0 All zeros {15 x 08 Zero
Notes
1. It an iliegal operation generates @ NAN, then F - 200000y in the TMC3200 and F = 400000y in the TMC3201.
2. H, the hidden bit, is one except for zero and denormalized numbers when 1t is zero
3. E and F are magnitude representations.
Figure 2. 24-Bit Integer Format
BINARY POINT

24 BIT INTEGER

l

UNUSED
{MSB REPLICATED)

|
1

'zal 23 I 23 I 23 I 23 l 23 ] 3 l ‘5 I 'zsl 'zzl 2t l'zu I hg ] 'm]'n I hs

'tsl'ul'ul'lzl'nl'lol 'sl 'al '7I‘6['51'll '3I 'zI 'Iu

3 30 29 28 27 2 25 24 23 2 21 22 19 18 17 16
ratf————————————— MOST SIGNIFICANT WORD

*Not Used

MSW | sk 1173 a3 | o3 [t23 | 23 ['2s [ Y23 |'23 { Y23 '2z | ' |20 M | s {17 | M6
LSW ok [hs [ha b M2 el fo] da sl e] 5]t a] 2] i}l

I.EAST SIGNIFICANT WOHD 4—>‘ a

1 15 14 13 922 11 1@ 9 B8 7 65 5 4 3 2 t 0
Notes:
22
1= 280+ X2y
=10
2. For fixed-point inputs, the sign bit is bit 23, and bits 31-24 are don't care.
3. For fixed-point outputs, the sign bit is replicated through bits 31-23.

TRW LSI Products Inc.
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Figure 3. Extended 34-Bit Format
SIGN

BIT
EXPONENT
HIDDEN BIT

e

SIGNIFICAND

FRACTION

I S Ifel ]E7 I Eslfs I ) | Eal E2| Ey | g | H [Fzz[FulanlfmleIFnIF:sIHleuIﬁalﬁz]’nIFwI Fy l F I F | f5 l F5 IFA I FaLFz l R [Fn
B n T % B A B 10 0
MOST SIGNIFICANT WORD

}4 3

2 N2

19 18

17

M 13 12 n

BINARY POINT

LEAST SIGNIFICANT WORD

4 1

MSW 1 Ey | Eg | €7 | B5 | &5 | Ea | E3 | Ep | Ey [ Eg |Faz | Far | Fao |Fra [ Faa [ Fa7 | Fig
LSW | S \Fig|Fag | Fig [Fro | Fag [ Frio| Fo [ Fa [ F7 | Fs | Fs | Fa | Fa | R [ Fi | o
6 15 4 13 12 11 10 9 8 7 6 5 4 3 2 1 9@
Exponent Fraction Value Name
m Not all zeros -- Not-A-Number
511 All zeros 18 x o0 Signed Infinity
511 through 510 Any =18 x (1p x 2127 Normalized Number
-512 Not all zeros {-15 x {0.R) x 26-126 Denormalized Number
512 All zeros =15 x 00 Zero
Notes
1.1t an illegal operation generates a NAN, then F - 200000y in the TMC3200 and F - 400000y n the TMC3207
8
2t - fZBEg ) Z‘E‘ ftrue exponent = £ -127 as in IEEE Format)
-0
22 22
Significand - 20 + ¥ ?"QSF‘ it £ > -512 Significand - X 2"?3& HE = -512

1=10 1=0
3. H, the hidden bit, is one except for zero and denormalized numbers, when it is zero
4. Fis a magnitude number.
5 Eis a 10-bit twa's-complement number. Note that the IEEE exponent is a subset of the extended-range exponent
6. S, the sign bit, is in the LSW's MSB position.

T
Figure 4. Synchronization Timing Diagram

|
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Figure 5. TMC3200 Non-—Accumulate Mode Without Pipelining Timing Diagram

r_—

=

", 8 NNM ' ' XXX LXK AXXKXXRKKIN_AXXX

INPUT
(AIN, BIN)

& XX 0 ‘ n ﬂ QO AXON__AXXN__AXIN_ ARON__AXN__AXD
ozoxo@m@mmmno@o:oxomoxoxomoxoxo@oxoxomoxozo@m

e X X INPUT FLAGSg X INPUT FLAGS, X INPUT FLAGS; X
]
%ﬁ%&:{xv X X )( QUTPUT FLAGSy X OUTPUT FLAGS; X QUTPUT FLAGS, )(:
' free— ty =]
w / \ / T

MWy

X wwy X wew X w Y

T

L _
Figure 6. TMC3200 Non—Accumulate Mode With Pipelining Timing Diagram

QOO

SOOOO0

QOO

OO XXX AXXX)

@ _ 00 0 | N 0)‘0 OXOXO XX QN AR\ AR\ AN AN AKX

INPUT
(AIN, BIN}

|

ZOZO@ON@NO@NO0N@0“@01010@01‘1’@’1‘1‘@’1’10@’1’3@01010@01010

FLAGS
(NANA/B)

X X

NPUT FLAGS

X

INPUT FLAGS

Xﬁ INPUT FLAGS; x WPUT FLAGS;

X

==

tmm IHEX

)(7 QUTPUT FLAGSy X

OUTPUT FLAGS, )(

OUTPUT FLAGS; )(

I[lP DEM

GUTAUT

®)

=]

(XXX woma X Y _wom X oo o
E ==
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Figure 7. TMC3200 Accumulate Mode Without Pipelining Timing Diagram

CIK

mSel

e X eomy Xy X womy ) owy X wowy X 1wy X wows Y iows X wowy iowy v X" csws X woms X )
INPUT (BINH LSW, LSW,; LSW, LSw,
il 2 5 i

A DPERAND (3¢ BITS) X A X Ll X ] X ] X Ll X A X
B OPERAND (M4 BITS! X 8y X 8 X A By ‘X Ay« By o &y X Ay~ By Ry iy X‘H"w"z"x"‘«)(

MULTIPLEXER B SELECT
Sy WITH S = Sy = Low)

) G G G G € D - D D B €5 S €8 O
A B Ry-By A B BB / V V
Ay ey DR RN RN Ll Y Ny W

Figure 8. TMC3200 Accumulate Mode With Pipelining Timing Diagram

e 4 e X n X w X X X e X e X T XX
““"“"“‘J‘“"s‘ﬂ L] X B X M'%‘X L] X Ao By Ay X Ay v By v Ay XM'%“;'NM|";"§X

MULTIPLEXER 8 SELECT
S WITH S, = §; - LOW

DUTPUT (R} MSW MSW msw Lsw LU LSW MSW LSw L LSW
-------mm
M- B A oBy A8 A-8 / V V V

Ao+ By Ay Ay v By » Ay By s By« Ay o Ag Ay By e Ay e Ay

Figure 9. TMC3201 Multipiication Mode Without Pipelining Timing Diagram

oK rimn‘ﬂ
mm (XRAXKRIO | AXKKXXKKIN | AKRXXKKIN_ AKXXKRXKIN_ AKXXXKXKIN_ AKX
. N
S K
o 0:0:0@03!0@010:0@0:0100:0:0m&%@0:0:0@01010@01010@01010@01010 G
i.?ﬁjv‘:i X 7 INPUT FLAGSq 4_)1( INPUT FLAGS, K INPUT FLAGS, X INPUT FLAGS;

FLAGS
10P, INEX, X X ) OUTPUT FLAGS) X outeur ass, X wreoTAss, X

OVF. UNF)

(OO0 X ot X o X Y ————
E -
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Figure 10. TMC3201 Multiplication Mode With Pipelining Timing Diagram

. £ OIOZOIOZOIOZ QOORXXXXX> IOZOIOZOZOZO QORI AKX ARKXRAXIN__AXXXX

o o 01010@01(0@01010@0}(0010!0@01010@01010@01010@01010@01010@01010@01010@01010

FLAGS |
(NANAS, INPUT FLAGS INPUT FLAGS, WPUT FLAGS, INPUT FLAGS;
A OEN) X X X X X X
g
FiAGS
(1OP, INEX, X X X OUTPUT FLAGS, x OUTPUT FLABS, X oureut Fags, X
OVF. UNFI
I‘ ln*)
w /NN ST
l« —
) |
OUTPUT X X
) <XXX> MsWy 15 b X 1S¥ X uw, )
tenn o
[
o

_
Figure 11. Equivalent Input Circuit
Voo Voo
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1KQ
n+ n+

02 -x n
p WELL » WELL
4

= GND '-T_-' GND
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=
A
1
Q
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Y
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Figure 13. Threshold Levels For Three-State Measurements
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Absolute maximum ratings (beyond which the device may be damaged) !

Supply Voltage

-05to +7.0V

Input Voltage -05 to (Vpp + 05V
Output
Applied vohage? -05 to Wpp + D5W
Forced current 34 ~10 to 6.0mA
Short circuit duration {single output in HIGH state to ground) 1 second
Temperature
Operating, case -60 to +136°C
junction 175°C
Lead, soldering (10 seconds) 300°C
Storage -65 to +150°C
Notes:

Operating conditions

1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions.
Functional operation under any of these conditions is NOT implied.

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

L

Temperature Range
Standard Extended
Parameter Min Nom Max Min Nom Max Units
Voo Supply Voltage 475 5.0 5.25 45 5.0 55 v
TA Ambient Temperature, Still Air 0 10 °C
Tc Case Temperature -5 125 °C

J-34
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DC characteristics within specified operating conditions !

Temperature Range
Standard Extended
Parameter Test Conditions Min | Max Min | Max Units
lppa Supply Current, Quiescent Vpp = Max, Vjy = 0V, U_E_= 5V 20 2 mA
Ippy Supply Current, Unloaded Vpp = Max, f = 16MHz, OF = BV 3 30 mA
IppL Supply Current, Loaded? Vpp = Max, f = 16MH;, OF - 0v, Cioap = 40pF 50 50 mA
i Input Current, Logic LOW Vpp = Max, Vjy = OV -1 -1 uh
Iy Input Current, Logic HIGH Vpp = Max, Viy = Vpp 10 10 HA
Vi Input Voltage, Logic LOW 08 08 v
Vi Input Voltage, Logic HIGH TMC3200 21 21 v
TMC3201, (Except CLK} 22 22 v
{CLK) 24 25 v
Vg Output Vohtage, Logic LOW Vpp = Min, Ipp = 4mA 04 04 v
Voy Output Voltage, Logic HIGH Vpg = Min, lgy = -2mA 24 24 v
Izt Hi-Z Output Leakage Current, Output LOW [Vpp = Max, Vpy = OV -40 -40 uA
lgzq Hi-Z Output Leakage Current, Output HIGH|Vpp = Max, Viy = Vpp 0 40 uA
lgs  Short-Circuit Output Current Vpp = Max, Output HIGH, one pin to ground, -100 -100 mA
one second duration max.
Cy  Input Capacitance Tp = 25°C, f = MHz 15 15 pF
Cp  Output Capacitance Tp = 55°C, f = MMz 15 15 pF

Notes:
1. Actual test conditions may vary from those shown, but guarantee operation as specified.

2. Worst case, afl inputs and outputs toggling at specified rate.

TRW LSI Products Inc. J-35



TMC3200/3201

AC characteristics within specified operating conditions

ﬁ

736

Temperature Range

1 7wy

Standard Extended
Parameter Test Conditions Min Max Min Max Units
tcyp  Cycle Time, Pipelined TMC3200, Vpp = Min 100 100 ns
TMC3201, Vpp = Min 126 135 ns
teyy  Cycle Time, Non- Pipelined TMC3200, Vpp = Min 200 200 ns
TMC3201, Vpp = Min 250 2 ns
tpwe Clock Pulse Width, LOW Vpp = Min 20 20 ns
tpwh Clock Pulse Width, HIGH Vpp = Min 2 0 ns
tg  Input Setup Time TMC3208, {Except ENI, ENA, ENB) 15 2 ns
(ENA, ENB) 0 0 ns
(ENT) 5 5 ns
TMC3201, (Except ENA, ENB) 15 20 ns
{ENA, ENB) 0 ns
t  Input Hold Time TMC3200, (Except ENI, ENA, ENB) ns
(ENI, ENA, ENB) 15 15 ns
TMC3201, {Except ENA, ENB) 3 3 ns
{ENA, ENB) 15 15 ns
ip Output Delay Vpp = Min, Cjgpp = 40pF
TMC3200, (Except NANA, NANB) 45 50 ns
(NANA, NANB) 65 80 ns
TMC3207, {Except ADEN, BDEN, NANA, NANB) 45 50 ns
(ADEN, BDEN, NANA, NANB) 100 100 ns
tyg  Output Hold Time Vpp = Max, Cigap = 40pF 10 10 ns
tena  Three-State Output Enable Delay Vpp = Min, Cigap = 40pF
TMC3200 25 % ns
TMC3201 4 50 ns
tg)g  Three-State Qutput Disable Delay! Vpp = Min, Cgpp = 40pF
TMC3200 % 25 ns
TMC3201 0 30 ns

Note:

1. All transitions are measured at a 15V level except for o) and tena

TRW LSI Products Inc.
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Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TMC3200G5C STD-Tp=0°C to 70°C Commercial 88 Pin Grid Array 3200G5C
TMC3200G5A EXT-Tg=—-55°C 1o 125°C High Reliability 88 Pin Grid Array 3200G5A
TMC3201G5C STD-Tp=0°C to 70°C Commercial 88 Pin Grid Array 3201G5C
TMC3201G5A EXT-Tg=-55°C to 125°C High Reliability 88 Pin Grid Array 3201G5A

All parameters contained 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 maffunction of the
component can reasonably be expected to result in personal injury. The user of TRW LS| Products Inc. components in fife support applications assumes all risk of
such use and indemnifies TRW LSI Products Inc. against all damages.
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