SMJ34082A

GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A - D3592, SEPTEMBER 1990 — REVISED MAY 1991

® Military Temperature Range (-55°C to
125°C)

® (Class B, High-Reliability Processing

® High-Performance Floating-Point RISC
Processor Optimized for Graphics

® Two Operating Modes
- Floating-Point Coprocessor for
SMJ34020 Graphics System Processor
- Independent Floating-Point Processor

® Direct Connection to SMJ34020
Coprocessor Interface
- Direct Extension to the SMJ34020
Instruction Set
- Multiple SMJ34082A Capability

® Fast Pipelined Instruction Cycle Time
- SMJ34082A-30. . . 66-ns Coprocessor
Mode . . . 65-ns Host-Independent Mode
- SMJ34082A-28 . .. 70-ns Coprocessor

Sequencer Executes Internal or
User-Programmed Instructions

22 64-Bit Data Registers

Comprehensive Floating-Point and Integer
Instruction Set

Internal Programs for Vector, Matrix, and
3-D Graphics Operations

Full IEEE Standard 754-1985 Compatibility

~ Addition, Subtration, Multiplication, and
Comparison

- Division and Square Root

Selectable Data Formats

- 32-Bit Integer

~ 32-Bit Single-Precision Floating-Point
- 64-Bit Double-Precision Floating-Point

External Memory Addressing Capability
- Program Storage (up to 64K Words)

- Data Storage (up to 64K Words)

® 0.8-um EPIC™ CMOS Technology
-~ High-Performance
— Low Power (<2 W)

Mode . . . 70-ns Host-Independent Mode

® Sustained Data Transfer Rates of
120 Mbytes/s (SMJ34082A-30)

description

The SMJ34082A is a high-speed graphics fioating-point processor implementedin Texas Instruments advanced
0.8-um CMOS technology. The SMJ34082A combines a 16-bit sequencer and a 3-operand (source A, source
B, and destination) 64-bit Floating-Point Unit (FPU) with 22 64-bit data registers on a single chip. The data
registers are organized into two files of ten registers each, with two registers for interal feedback. In addition,
it provides an instruction register to control FPU execution, a status register to retain the most recent FPU status
outputs, eight control registers, and a two-deep stack (see functional block diagram).

The SMJ34082A is fully compatible with IEEE Standard 754-1985 for binary floating-point addition, subtraction,
muttiplication, division, square root, and comparison. Floating-point operands can be either in single- or
double-precision IEEE format.

In addition to floating-point operations, the SMJ34082A performs 32-bit integer arithmetic, logical comparisons,
and shifts. Integer operations may be performed on 32-bit 2s complement or unsigned operands. Integer results
are 32-bits long (even for 32 x 32 integer muttiplication). Absolute value conversions, floating-point to integer
conversions, and integer to floating-point conversions are available.

The ALU and the muttiplier are closely coupled and can be operated in parallel to perform sums of products or
products of sums. During multiply/accumulate operations, both the ALU and the multipiier are active and the
registers in the FPU core can be used to feedback products and accumulate sums without tying up locations
in register files A and B.

When used with the SMJ34020, the SMJ34082A operates in the coprocessor mode. The SMJ34020 can control
multiple SMJ34082A coprocessors. When used as a stand-alone or with processors other than the SMJ34020,
the SMJ34082A operates in the host-independent mode. The SMJ34082A is fully programmabile by the user

EPIC is a trademark of Texas Instruments Incorporated.
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and can interface to other processors or floating-point subsystems through its two 32-bit bidirectional buses. In
the coprocessor mode, the TMS340 family tools may be used to develop code for the SMJ34082A. The
TMS34082A Software Tool Kit is used to develop code for host-independent mode applications or for external
routines in the coprocessor mode.

pin descriptions

Pin descriptions and grid assignments for the SMJ34082A are given on the following pages. The pin at location
D4 has been added for indexing purposes.

145-PIN GB PACKAGE

(TOP VIEW)
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Pin Grid Assignments
PIN PIN PIN PIN PIN
NO. NAME NO. NAME NoO. NAME NO. NAME NoO. NAME

A1 NC B15 LAD27 F1 MSD10 K15 RDY P2 NC
A2 LAD1 ct MsD4 F2 MSD9 L1 MSD18 P3 MSD29
A3 LAD3 c2 MSD3 F3 Ve L2 MsD21 P4 MSD31
A4 LADS c3 MSDO F13 CORDY L3 MSD23 P5 MSA1
AS LAD8 c4 Vss F14 ALTCH L13 Vss P6 MSA3
A8 LAD9 cs Ve F15 CAS L14 CIDo P7 MSA8
A7 LAD11 ce LADS G1 MSD13 L15 ciD2 P8 MSA8
A8 LAD12 c7 Vss G2 MSD12 Mt MSD20 P9 MSA10
A9 LAD13 c8 vVee G3 MSD11 M2 MsD24 P10 MSA13
A10 LAD15 co Vss G13 WE M3 Vss P11 MWR
A1 LAD17 c10 Vce G14 EC1 M13 Vee P12 MOE
A2 LAD19 ci LAD21 G15 ECO M14 LCLK1 P13 INTG
A13 LAD22 c12 Vss H1 MSD14 M15 LCLK2 P14 BUSFLT
Al4 LAD24 c13 LAD25 H2 k>) N1 MSD22 P15 RAS
A15 NC Ci4 LAD28 H3 Vss N2 MSD26 R1 NC
B1 MSD1 c15 LAD28 H13 Vss N3 vee R2 MSD27
B2 NC D1 MSD8 H14 LOE N4 MSD28 R3 MSD30
B3 LADO D2 MSDS H15 TDI NS Vss R4 MSA0

LAD2 D3 MSD2 1 MSD15 N8 Voo RS MSA2

LAD4 D4 NG J2 MsD18 N7 MSAS R6 MSA4
B8 LAD7 D13 Vce J3 Ve N8 Vss R7 MSA7
B7 LAD10 D14 LAD28 J13 cc N© Vee R8 TCK
B8 T™S D15 LAD31 J14 MSTR N10 MSA14 RO MSA9
B9 LAD14 Et MSD8 J1s CLK N1 Vss R10 MSAMH
B10 LAD18 E2 MSD7 Kt MSD17 N12 MAE R11 MSA12
BN LAD18 E3 Vss K2 MSD19 N13 LRDY R12 MSA15
B12 LAD20 E13 Vss K3 Vss N14 SF R13 DS/CS
B13 LAD23 E14 LAD30 K13 ciD1 N15 RESET R14 MCE
B14 NC E15 COINT K14 INTR P1 MSD25 R15 NC

*»
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logic symboit
L))
SMJ34082A
FLOATING POINT PROCESSOR
CLK . HOST-INDEPENDENT CLOCK COPROCESSOR INTERRUPTIN._____ COINT
INTR
LCLK1 > LOCALCLOCK 1 | 00 esson INTERRUPT REQUEST |4
Lelk2 L, LOCAL cLOCK 2 | CLOCKS INTERRUPTGRANT|{_______ INTG
MSTR HOST-INDEPENDENT MODE ADDRESSEN|A . MAE
—E‘ COPROCESSOR MODE SELECT CHIPENN. _ WCE
3 PUT EN MOE
CID2-0 —« 3| COPROCESSOR ID EXTERNAL OUTPUTENp. . MOE
MEMORY BUS WRITEENN ___ MWR
RESET ——IN PROCESSOR RESET DATA SPACE EN | DS/CS
CODE SPACE EN ;:]_
BUSFLT BUS FAULT
LRDY LOCAL BUS READY EMULATORCONTROL| o EC1-0
CORDY _q | COPROCESSOR READY
6 ——N| LOCAL ouTPUT EN CLOCK <J—e¢— TCK
RAS I ROW ADDRESS STROBE MODESELECT| o  TMS
) rocaLsus  TEST
SF SPECIAL FUNCTION DATAIN| o . DI
ALTGH —ﬁ ADDRESS LATCH DATA OUT ™0
ADDRESS STROBE
TAS -E: COLUMN ADDRESS STROBE
| READ STROBE CONDITIONCODE| o cc
WTE—S WRITE ENABLE
READY|. ¢ . RDY
| WRITE STROBE
oo | o 0 MSDO
L ] [ ] L] L ]
[ ] [ ] L [ ]
L] [ ] L ] [ ]
LADs1 3 s " meou
° MSAO
* L ]
ADDRESS . .
[ ] [ ]
15 |f———— MSA15

1 This symbol is in accordance with ANSIEEE Std 81-1984.

Texas '@
INSTRUMENTS

C6 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



SMJ34082A

GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A — D3592, SEPTEMBER 1890 ~ REVISED MAY 1891

functional block diagram

LooP
CONFiG COUNTX COUNTY MCADDR
STR COUNTER
CONT -—e— %
tROY —p— Y — +— | I
RESET INTERRUPT| | INTERRUPT]| |[PROGRAM] {16
RESET —p— STACK VECTOR RETURN I:()UNTER
ToE —
CID20 {10 7[16 16 16
CORDY —<¢— 32
BUSFLT ——p— ‘
RAS —— | [ |
SF —_—
RDY — SEQ MUX
LoLKI —p— 16 A6 > MSA15-0
LCLK2 —p— A 11 ’ i
CLK —— __| SEQUENCE| MAPPING ROM (e Pp——— MSD31-0
CONTROL COMPLEX ROM 2
132 7
A INT/EXT |
r‘ MUX
R MSD
uma1—o—4»-"‘;“.}"’= [ 32 > INTF
32 [INSTRUCTION REG] 32
' 3 F 3
| SO —
A 4
32
. $
REGISTER
CONTROL 4
—<&4— MAE
—p— MOE
TO OTHER REGISTERS < REG C REGS REG —»— MCE
BANK BANK| —>— MWH
A ; B —»— DS/TS
}u 64 64 —<4— cC_
—«— INTR
FPU CORE —P— INTG
—e— EC10
PIN FUNCTION CHANGES W/OPERATING MODE {32 l'—| —e— TMS
v —e— TCK
SIGNAL | HOST-INDEPENDENT| COPROCESSOR STATUS ——
NAME MODE MODE 70!
ALTCH OUTPUT - INPUT {3 oo
WE OUTPUT INPUT
CTAS OUTPUT INPUT
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Terminal Functions

PIN
vot DESCRIPTION
NAME NO, ) CcR
I Address Latch, active low. In the coprocessor mode, falling edge of ALTCH latches instruction and status
ALTCH Fi4 (] present on the LAD bidirectional bus (LAD31-0). In the host-independent mode, ALTCH is address
output strobe for memory accesses on LAD31-0.
Bus Fault. Inthe coprocessor mode, BUSFLT high indicates a data fautt on the LAD bus (LAD31-0) during
BUSFLT P14 ] current bus cycle, which in turn causes SMJ34082A not to capture current data on LAD bus. Tied low
if not used or in the host-independent mode.
I Column Address Strobe, active low. In the coprocessor mode, causes SMJ34082A to latch LAD bus data
CAS F15 ol when CAS has a low-to-high transition if LRDY was high and BUSFLT was low at the previous LCLK2
rising edge. In the host-independent mode, this signal is the read strobe output.
CcC J13 I Condition Code Input. In both modes, may be used as an external conditionalinput for branch conditions.
CIDO L14 Coprocessor ID. In the coprocessor mode, used to set a copracessor ID so that a SMJ34020 Graphics
CiD1 K13 i System Processor controlling multiple SMJ34082A coprocessors can designate which coprocessor is
ciD2 L15 being selected by the current instruction. Tied low in the host-independent mode.
CLK J15 | System Clock. In the coprocessor mode, tied low. In the host-independent mode, input is the system
clock.
Coprocessor interrupt Request, active low. In the coprocessor mode, signals an exception not masked
COINT E15 o out in the configuration register. Remains low until the status register is read. In the host-independent
mode, user programmable I/O when LADCFG is low. When LADCFG is high, designates bus cycle
boundaries on LAD31-0.
Coprocessor Ready. In the coprocessor mode, if the SMJ34020 sends an instruction before the
CORDY F13 (o] SMJ34082A has completed a previous instruction, this signal goes low to indicate that the SMJ34020
should wait. In the host-independent mode, user programmable.
o Data Space/Code Space. In both modes, when MEMCFG is low and DS/CS is low, selects program
Ds/CS R13 (o] memory on MSD port. When MEMCFG is low and DS/CS is high, selects data memory on MSD
port. When MEMCFG is high, DS/CS is memory chip select, active low.
Eg? g}i | Emulator Mode Control and Test. In both modes, tied high for normal operation.
Interrupt Grant Output. In the coprocessor mode, INTG is fow. In the host-independent mode, this signal
INTG P13 (o] y . N .
is set high to acknowledge an interrupt request input.
e Interrupt Request Input, active low. in the coprocessor mode, INTR is tied high. In the host-independent
INTR K14 I N S .
mode, causes call to subroutine address in interrupt vector register.

TThe [ s denote the type of buffer ut
ilized in the host-independent mode. If no [ ]'s appear, the buffer type is identical for both modes of operation.

c-8
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Terminal Functions (Continued)

PIN vot DESCRIPTION
NAME NO.

LADO B3

LAD1 A2

LAD2 B4

LAD3 A3

LAD4 BS

LADS A4

LADE cé

LAD7 B8

LADS AS

LAD9 A8

LAD10 B7

LAD11 A7

LAD12 A8

LAD13 A9

LAD14 B9 . . "

LAD15 A10 Local Address and Data Bus. In the coprocessor mode, used by SMJ34020 to m;?m instructions and

LAD16 B10 o data operands to SMJ34082, and used by SMJ34082A to output results. Inthe host-independent mode,

LAD17 At used by the SMJ34082A for address output and data I/O.

LAD18 B11

LAD19 Al12

LAD20 B12

LAD21 (@3]

LAD22 A13

LAD23 B13

LAD24 Al4

LAD25 C13

LAD26 Ci4

LAD27 B15

LAD28 D14

LAD29 (o313

LAD30 E14

LAD31 D1§

LCLK1 M14 I Local Glocks 1 and 2. In the coprocessor mode, two local clocks generated by the SMJ34020, 80 degrees

LCLK2 M15 out of phase, to provide timing inputs to SMJ34082A. In the host-independent mode, tied low.
Local Bus Output Enable, active low. In both modes, enables the local bus (LAD31-0) to be driven at the

oE Hi4 | proper times when low. in addition during the host-independent mode when LADCFG is low, does not
affect ALTCH, CAS, WE, CORDY, or COINT. When LADCFG is high, ALTCH, COINT, and CORDY are
not disabled by LOE high; CAS and WE are disabled.
Local Bus Data Ready. In the coprocessor mode, when LRDY is high, indicates that data is available

LRDY N13 ' on LAD bus. When LRDY is low, indicates that the SMJ34082A should not load data from LAD31-0 and
may also be used in conjunction with BUSFLT. In the host-independent mode, when LRDY is low, the
device is stalled until LRDY is set high again and tied high if not used.

. Memory Address and Data Output Enable, active low. In both modes, with MAE low, the SMJ34082A

MA N12 | can o an address on MSA15-0 and data on MSD31-0. MAE high doss not disable DS/CS,
MCE, MWR, or MOE.

WCE R14 o Memory Chip Enable. in both modes, w[len_MEhﬂG low, active (low) indicates access 1o external
memory on MSD31-0. When MEMCFG is high, MCE low is external code memory chip select.

WVIOE P12 o Memory Output Enable, active low. In both modes when low, enables output from extemal memory
on to MSD port.

*p
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Terminal Functions (Continued)

PIN vot DESCRIPTION

NAME NO.
MSAQ R4
MSA1 P5
MSA2 A5
MSA3 P8
MSA4 R6
MSA5 N7
MSA6 P7
MSA7 R7 o Memory Address output. Inboth modes, addresses upto 64K words of external program memory and/or
MSAS8 P8 up to 84K words of data memory on the MSD port, depending on setting of DS/CS select.
MSA9 R9
MSA10 P9
MSA11 R10
MSA12 R11
MSA13 P10
MSA14 N10
MSA15 R12
MSDO c3
MSD1 B1
MSD2 D3
MSD3 c2
MSD4 ct
MSDS D2
MSD6 D1
MSD7 E2
MSD8 E1
MSD¢ F2
MSD10 Fi1
MSD11 G3
MSD12 G2
MSD13 G1
MSD14 H1
MSD15 Ji o External Memory Data. Inboth modes, I/Os to external memory. Used to read from or write to external
MSD16 J2 data or program memory on the MSD port.
MSD17 K1
MsSD18 L1
MSD19 K2
MSD20 M1
MSD21 L2
MSD22 N1
MSD23 L3
MSD24 M2
MSD25 Pt
MSD26 N2
MSD27 R2
MSD28 N4
MSD29 P3
MSD30 R3
MSD31 P4
MSTR Ji4 | Host-Independent/Coprocessor Mode Select. In the coprocessor mode, MSTR must be tied low to

operate properly. In the host-independent mode, MSTR must be tied high to operate property.
WWR P11 o Memory Write Enable. In both modes, when low, data on MSD31-0 can be written to external program
or data memory.
TExas Q
INSTRUMENTS
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Terminal Functions (Continued)

PIN vot DESCRIPTION
NAME NO. j
At
Al5
B2
NC gr No Internal Connection. These pins should be left floating.
P2
R1
R15
RAS P15 ' Row Address Strobe, active low. In the coprocessor mode, RAS is high during all of coprocessor
instruction cycle. in the host-independent mode, it is not used.
Ready. Inboth modes, when RDY is low, it causes a nondestructive stall of sequencer and floating-point
RDY Ki5 I operations. All internal registers and status in the FPU core are preserved. Also, no output lines will
change state.
RESET N15 ) Reset, active fow. Inboth modes, resets sequencer output and clears pipeline registers, internal states,
status, and exception disable registers in FPU core. Other registers are unaffected.
Special Function Input. In the coprocessor mode when SF is high, indicates the LAD bus input is an
SF N14 t instruction or data from SMJ34020 registers. When SF is low, indicates the LAD input is a data operand
from memory. In the host-independent mode, not used.
TCK R8 1 Test Clock for JTAG four-wire boundary scan. In both modes, TCK is low for normal operation.
TOI H15 | Test Data Input for JTAG four-wire boundary scan. In both modes, TDI may be left floating.
TDO H2 o Test Data Output for JTAG four-wire boundary scan
T™MS B8 1 Tost Mode Select for JTAG four-wire boundary scan. In both modes, SMJ may be left floating.
cs
c8
c10
D13
Vece jg | 5-V Power Supply. All pins must be connected and used.
M13
N3
N8
N8
Cc4
c7
c8
Cc12
E3
E13
Vss :?3 I Ground Pins. All pions must be connected and used.
K3
L13
M3
N5
N8
N11
WE G13 I Write Enable, active low. Inthe coprocessor mode, the writs strobe from the SMJ34020 toenable a write
[O} to or from the SMJ34082A LAD bus. In the host-independent mode, the SMU34082A write strobe output.

The [ 's denote the type of buffer utilized in the host-independent mode. If no [ I's appear, the buffer type is identical for both modes of operation.

*
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data flow

The SMJ34082A has two bidirectional 32-bit buses, LAD31-0 and MSD31-0. Each bus can be used to pass
instructions and data operands to the FPU core and to outputresults. A separate 16-bitbus, MSA15-0, provides
memory addressing capability on the MSD bus.

When the SMJ34082A is used as a coprocessor for the SMJ34020 Graphics System Processor (GSP), data
for the SMJ34082A can be transferred through the 32-bit bidirectional data bus (LAD31 -0) and may be passed
to any internal registers or to external memory on the memory expansion interface (MSD31-0). When the
SMJ34082A is used as a standalone FPU, it can use both the LAD bus (LAD31-0) and the MSD bus (MSD31-0)
to interface with external data memory or system buses.

In the host-independent mode, the SMJ34082A can be operated with the LAD bus as its single data bus and
the MSD bus as the instruction source, or with data storage on either port and the program memory on the MSD
bus.

The data space/code space (DS/CS) output can be used to control access either to data memory or program
memory on the MSD port. Up to 64K words of code space and 64K words of data space are directly supported.
In the coprocessor mode, both instructions and data are transferred on the LAD bus with the option of
accessing external user-generated programs on the MSD port.

One 32-bit operand can be input to the data registers each clock cycle. A 64-bit double-precision floating-point
operand is input in two cycles. Transfers to or from the data registers can normally be programmed as block
moves, loading one or more sets of operands with a single move instruction to minimize I/O overhead. Several
modes for moving operands and instructions are available. Block transfers up to 512 words between the LAD
and MSD buses can be programmed in either direction.

To permit direct input to or output from the LAD bus in the host-independent mode, other options for controlling
the LAD bus have been implemented. When two 32-bit operands are being selected for input to the FPU core,
one operand may be selected from LAD. On output from the FPU, a result may simultaneously be written to a
register and to the LAD bus.

During initialization in the host-independent mode, a bootstrap loader can bring 65 32-bit words from the LAD
bus and write them out to external program memory on the MSD bus, after which the device begins executing
from the firstmemory location (zero). The firstword is loaded into the configuration register. This option facilitates
the initial loading of program memory on the MSD port upon power-up.

architecture

Because the sequencer, control and data registers, and FPU core are closely coupled, the SMJ34082A can
execute a variety of complex floating-point or integer calculations rapidly, with a minimum of external data
transfers. The internal architecture ofthe FPU core supports concurrent operation of the multiplier and the ALU,
providing several options for storing or feeding back intermediate results. Also, several special registers are
available to support specific calculations for graphics algorithms. Each of the main architectural elements of the
SMJ34082A is discussed below.

The control functions of the SMJ34082A are provided by sequence control logic, register control logic, and bus
interface control logic, together with user-programmed configuration settings stored in the configuration register.
The on-board sequencer selects the next program execution address, either from internal code or from external
program memory. Next-address sources include the program counter, stack, interrupt vector register, interrupt
return register, or address register (for indirect jumps).

COUNTX, COUNTY, and MIN-MAX/LOOPCT registers are used for temporary storage by internal graphics
routines. They may also serve as temporary storage for the user.

C-12
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Aseparate FPU status register is provided, which canbe used by test-and-branch instructions to controi program
execution. Because of the large number of status outputs, branches on status can be easily programmed. The
status register contents are also important when dealing with status exceptions including such conditions as
overflow, underflow, invalid operations (divide by zero), or illegal data formats such as infinity, Not a
Number (NaN), or denormalized operands.

Register control logic permits all data and control registers to be accessed in accordance with applicable
architectural restrictions. Register files A and B can be written to or read from the external buses, as can the
control registers. internal registers C and CT are embedded in the FPU core and can only be accessed by the
FPU internal buses. The C and CT registers cannot be used as sources or destinations for MOVE instructions,
and several registers (listed in Table 1) are not available as sources for FPU operations.

Table 1. linternal Registers

REGISTER ADDRESS REGISTER NAME RESTRICTIONS ON USE
00000 RAO
00001 RA1
00010 RA2
00011 RA3
00100 RA4
00101 RAS
00110 RAS
00111 RA7
01000 RAS
01001 RAS
01010 cT Not a source or destination for moves
01011 cTl Not a source or destination for moves
01100 STATUS Not a source for FPU instructions
01101 CONFIG Not a source for FPU instructions
01110 COUNTX Not a source for FPU instructions
01111 COUNTY Not a source for FPU instructions
10000 RBO
10001 RB1
10010 RB2
10011 RB3
10100 RB4
10101 RBS
10110 RB6
10111 RB7
11000 RBS
11001 RB®
11010 VECTOR Not a source for FPU instructions
11011 MCADDR Not a source for FPU instructions
11100 SUBADDO Not a source for FPU instructions
11101 SUBADD1 Not a source for FPU instructions
11110 IRAREG Not a source for FPU instructions
11111 MIN-MAX/LOOPCT Not a source for FPU instructions

C and CT registers cannot both be used for FPU operand sources in the same instruction.

*»
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register flles A and B, feedback registers C and CT

SMJ34082A contains two register files, each with ten 64-bit registers and two 64-bit feedback registers. Most
instructions will operate on one value from each of the RA and RB register files and retum the resutt to either
the RA or RB files or one of the feedback registers.

When the ONEFILE control bit is high in the configuration register, data written to a register in file RA is
simultaneously written to the corresponding location in file RB. In this mode, the two register files act as a
ten-word, two-read/one-write register file.

REGISTER FILE RA REGISTER FILE RB
63(MSB)  O(LSB) 63(MSB)  0(LSB)
RAO RBO
RA1 RB1
RA2 RB2
RA3 RB3
RA4 RB4
RAS RB5
RAG RB6
RA7 RB7
RA8 RB8
RA9 RB9

FEEDBACK REGISTERS
63(MSB)  0(LSB)

Cc
CcT

Figure 1. Data Registers

Two 64-bitfeedback registers, C and CT, are embedded inthe FPU core. FPU instructions may use the feedback
registers as one of the operands, but the registers cannot be accessed for external moves. The C and CT
registers can be used as either the A or B operand, but both cannot be used as operands during the same
instruction. However, C (or CT) may be used for more than one operand in the same instruction. For example,
C + CT is not a valid instruction, but C + C is.

The CT feedback register is used in integer divide operations as a temperary holding register. Any data stored
in CT will be lost during an integer divide.

internal control/status register definitions

configuration register definition

The configuration register (CONFIG) is a special 32-bit register that the user loads to configure the SMJ34082A
for exception handling, IEEE mode (vs. fast mode), rounding modes, and data-fetch operations. The
configuration register is initialized to 'FFE00420’ hex.

C-14
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Table 2. Configuration Register Definition

BIT NO. NAME DESCRIPTION
31 MIVAL Multiplier invalid operation (I) exception mask. initialized to 1 (enabled).
30 MOVER Muttiplier overflow (V) exception mask. Initialized to 1 (enabled).
29 MUNDER Multiplier underflow (U) exception mask. Initialized to 1 (enabled).
28 MINEX Multiplier inexact (X) exception mask. Initialized to 1 (enabled).
27 MDIVO Divide by zero (DIV0) exception mask. Initialized to 1 (enabled).
26 MDENORM | Multiplier denormal (DENORM) exception mask. initialized to 1 (enabled).
25 AIVAL ALU invalid operation (l) exception mask. Initialized to 1 (enabled).
24 AOVER ALU overflow (V) exception mask. Initialized to 1 (enabled).
23 AUNDER ALU underflow (U) exception mask. Initialized to 1 (enabled).
22 AINEX ALU inexact (X) exception mask. Initialized to 1 (enabled).
21 ADENORM | ALU denormal (DENORM) exception mask. Initialized to 1 (enabled).
11-20 N/A Reserved, set to all Os.
10 REVISION Revision number, read only. Setto 1.
When low, CAS, WE, CORDY, COINT, and ALTCH are active signals not affected by LOE. When high, LOE high
places CAS and WE in high impedance, as well as the LAD bus. COINT, which defines the LAD cycle boundaries,
9 LADCFG is controlled by bit 1 of the LAD move instruction instead ofthe set mask instruction. COINT will remain highunless
aLAD move instruction {with bit 1 high) is in progress. The setting ot this bit has no effectin the coprocessor mode.
Initialized to 0.
When high, MCE becomes code space chip enable and DS/CS becomes data space chip enable (eliminates need
8 MEMCFG | for external inverter). When low, MCE is chip select for external code and data space. DS/CS functions as an
address bit which selects code space (when low) or data space (when high). Initialized to 0.
7 N/A Reserved for later use. Initialized to 0. Must be loaded with 0.
6 ONEFILE When high, causes simultaneous write to both register files (for example, to both RAD and RBO at once). The
register files act as a single two-read, one-write register file. Initialized to 0.
5 PIPES2 When high, makes FPU output registers transparent. When low, registers are enabled. Initialized to 1.
4 PIPES1 When high, makes FPU internal pipeline registers transparent. When fow, registers are enabled. Initialized to 0.
When high,fast mode is selected (all denormalized inputs and outputs are 0). When low, IEEE mode is selected.
3 FAST Initialized to 0.
2 LOAD Load order. 0 = MSH, then LSH; 1 = LSH, then MSH. Initialized to 0.
1 RND1 Rounding mode select 1. Initialized to 0.
0 RNDO Rounding mode select 0. Initialized to 0.

LSH denotes ieast-significant half of a 84-bit word, MSH denotes most-significant half of a 84-bit word.

The mask bits serve as exception detect enables for the exception masks listed above. Setting the bit high
(logic ’1’) enables the detection of the specific exception. When an enabled exception occurs, the ED bit in the
status register will be set high and can be used to generate interrupts. The fast bit allows the SMJ34082A to
control the handling of denormalized numbers. When the fast bit is set high, all denormalized numbers input to
the device are flushed to zero, and all denormalized results are aiso flushed to zero (this is also called 'sudden
underflow’). When the fast bit is low, IEEE mode is selected. Denormalized numbers may be generated by (or
input to) the ALU. Denormalized numbers must first be wrapped before being used as operands for multiply or

divide instructions.

The LOAD bitdefines the expected order of double-precision operands. Atreset, this bit will defaultto Qindicating
that the most significant 32 bits are transferred first. If the bitis setto a 1, thenthe expected order of 64-bit data
transfers starts with the least significant 32 bits.

The RNDO and RND1 bits select the IEEE rounding mode, as shown in Table 3.

*p
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status register definition

Table 3. Rounding Mode

BND1 - RNDO ROUNDING MODES
c0 Round towards nearest
01 Round toward zero (truncated)
10 Round towards infinity (round up)
11 Round towards negative infinity (round down)

The loating-point status register (STATUS) is a 32-bit register used for reporting the exceptions that occur during
SMJ34082A operations and status codes set by the results of implicit and explicit compare operations. The
status register is cleared upon reset, except for the INTENED flag, which is set to 1 in the coprocessor mode.

Table 4. Status Register Definition

BIT NO. NAME DESCRPTION
31 N Sign bit (A < B flag for compare)
30 GT A > B (valid on compare)
29 z Zero flag (A = B for compare)
28 \ IEEE overflow flag. The result is greater than the largest allowable value for the specified format.
IEEE invalid operation flag. A NaN has been input to the multiplier or the ALU, or an invalid operation [(0 * 1)
27 | or {e0—c0) o (—o0 +0)] has been requested. This signal also goes high if an operation involves the square root
of a negative number. When (VAL hoes high, the STX pins indicate which port had the NaN.
26 U IEEE underflow flag. The result is inexact and less than the minimum allowable value for the specified format.
In fast mode, this condition causes the result to go to zero.
25 X IEEE inexact flag. The result of an operation is inexact.
24 DIVO Divide by zero. An invalid operation involving a zero divisor has been detected by the multiplier.
23 RND The mantissa of anumber has been increased in magnitude by rounding. tfthe number generated was wrapped,
then the *unwrap rounded’ instruction must be used to property unwrap the wrapped number.
22 DENIN Input to the muttiplier is a denormalized number. When DENIN goes high, the STX pins indicate which porthas
the denormal input.
The multiplier output is wrapped number or the ALU output is adenormalized number. in fast mode, this condition
21 DENORM causes the resuit to go to zero. It also indicates an invalid integer operation with a negative unsigned integer
resutt.
20 STX1 A NaN or a denormalized number has been input on the A port.
19 STX0 A NaN or a denormalized number has been input on the B port.
18 ED Exception detect status signal representing logical OR of all enabled exceptions in the configuration register.
17 UNORD The two inputs of a comparison operation are unordered, i.e.; one or both of the inputs is an NaN.
16 INTFLG Software interrupt flag. Set by external code to signal a software interrupt.
15 INTENHW Hardware interrupt (INTR) enable, active high (initialized to zero)
14 NXOROV N (negative) XOR V (overflow)
13 VANDZB V (overflow) AND Z (NOT zero)
12 INTENED ED interrrupt enable, active high (initialized to zero inthe host-independent mode, one in the coprocessor mode)
11 INTENSW Software interrupt (INTFLG) enable, active high (initialized to zero)
10 ZGT Zn > Zmax {valid for 2-D MIN-MAX instruction)
9 LT Zn < Zmin (valid for 2-D MIN-MAX instruction)
8 YGT Yn > Ymax (vatid for 1-D or 2-D MIN-MAX instruction})
7 YLT Yn < Ymin (valid for 1-D or 2-D MIN-MAX instruction}
8 XGT Xn > Xmax {valid for 1-D or 2-D MIN-MAX instruction)
5 XLT Xn < Xmin {valid for 1-D or 2-D MIN-MAX instruction)
4 HINT Hardware interrupt flag
3-0 N/A Reserved
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indirect address register (MCADDR) definition

“The indirect address register (MCADDR) can be set to point to a memory location for indirect move or jump
operations through the MSD port. MCADDR is cleared upon reset.

31 16 0
XXXXXXXXXXXXXXXIVI INDIRECT ADDRESS

Figure 2. Indirect Address Definition

The function of bit 16 varies, depending on whether the instruction is a MOVE or JUMP. During a MOVE
instruction, bit 16 selects data space when set high, or code space when low. During a JUMP instruction, bit 16
selects an internal instruction when set high, or an external instruction when low.

stack registers (SUBADD1-SUBADDO) definition

The stack contains two subroutine return address registers, SUBADDO and SUBADD1, which serves as a
two-deep LIFO (last-in, first-out) stack. A subroutine jump causes the program counter to be pushed onto the

stack, and a return from subroutine pops the last address pushed on the stack. More than two pushes will
overwrite the contents of SUBADD1.

Bit 31 (Pointer) is set high in the stack location that was written last and reset to zero in the other stack location.
Setting bit 30 (Enable) high enables a write into bit 31 (set or reset the pointer) in either stack location. If bit 31
is zero in both SUBADDO and SUBADD1 (as when the stack has been saved externally and later restored),
SUBADDO can be designated as top of stack by setting bit 31. The stack pointers (bit 31) are cleared uponreset.

Bit 16 (I) is sethigh when the address in a stack location points to an intemal routine, or set low when the address
is for an external instruction.

31 16 0
PIEJX X X X X X X X X X X X x| SUBADDO
P |E|X X X X X X X X X X X X X1 SUBADD1
Figure 3. Stack Definition

interrupt vector register (VECTOR) definition

The interrupt vector register (VECTOR) serves as a pointer to an extemnal program to be executed upon receipt

of an interrupt. Bit 16 (l) is always set low to point to a routine in external code space. The interrupt vector is
cleared on reset.

31 16 0
X X X X X X X X X X X X X X X[ 1] INTERRUPT ADDRESS

Figure 4. Interrupt Vector Definition
interrupt return register (IRAREG) definition

The interrupt return register (IRAREG) retains a copy of the program counter at the time of an external interrupt.
This address is used as the next execution address upon returning from the interrupt. Bit 16 (1) is set high when’
the address in the stack location points to an internal instruction, or set low when the address is for an external
instruction. This register is not affected by the reset signal.
31 16 o
X X X X X X X X X X X x x x x[1] INTERRUPT RETURN ADDRESS

Figure 5. Interrupt Return Definition
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COUNTX and COUNTY registers definition

31

The counter registers (COUNTX, COUNTY) are used to store the current counts of the minimum and maximum
values when executing MIN-MAX instructions. COUNTX and COUNTY are cleared on reset.

16 0

COUNT FOR MAX VALUE I COUNT FOR MIN VALUE

Figure 6. COUNTY and COUNTX Register Definition

The COUNTX register is updated on both the 1-D and 2-D MIN-MAX instruction such that the count of the current
minimum value is in the lower 16 bits of the register and the count of the current maximum value is in the upper
16 bits. The COUNTY register is used only in the 2-D MIN-MAX instruction to keep track of the counts of the
minimum and maximum for the second value of a pair. The COUNTX and COUNTY registers may also be used
for temporary storage when not using the MIN-MAX instructions.

MIN-MAX/LOOPCT register

31

The MIN-MAX/LOOPCT register stores the current values of two separate counters. The LSH contains the
current loop counter, and the MSH is used to hold the current minimum or maximum value of a MIN-MAX
operation. The MIN-MAX/LOOPCT register is cleared upon reset. The MIN-MAX/LOOPCT register may also
be used for temporary storage when not using the MIN-MAX instructions.

16 0

COUNT FOR MIN-MAX VALUE I LOOP COUNT

Figure 7. MIN-MAX/LOOPCT Register Definition

FPU core

The FPU core itself consists of a muttiplier and an ALU, each with an intermediate pipeline register and an output
register (see Figure 8, FPU core functional block diagram). Four multiplexers select the multiplier and ALU
operands from the data registers, feedback registers, or previous multiplier or ALU result. Results are directed
either to the internal feedback registers (C or CT), the 20 data registers in register files RA and RB, or the ten
other miscellaneous registers.

Both the internal pipeline registers and the output registers can be enabled or made transparent (disabled) by
setting the PIPES2-PIPES1 bits in the configuration register. When the device is powered up, the defautt settings
of the internal registers are PIPES2 high (output registers transparent) and PIPES1 low (internal pipeline
registers enabled).

When the FPU core is used for chained operations, the multiplier and ALU operate in parallel. Two data inputs
are provided from the RA and RB input registers, while multiplier and ALU feedback are used as the other two
operands. While in the chained mode, the output registers of the FPU must be enabled to latch feedback
operands. The appropriate registers must be enabled by setting the PIPES2-PIPES1 controls in the
configuration register at the beginning of chained operations, and the PIPES2-PIPES1 control should then be
reinitialized upon termination.

Fully pipelined operation (both pipeiine and output registers enabled) affects timing when writing results back
to the RA and RB register files. To adjust writeback timing, it is possible to issue the NOP (no operation)
instruction to the FPU core when the results are to be retained in the output registers for one or more additional
cycles. The NOP instruction is only effective when the output registers are enabled, as each NOP causes the
output register contents to be retained for one additional cycle.
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TO/FROM CONTROL REGISTER

TO/FROM LAD BUS —g—p—r2
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TS TO/FROM MSD BUS
REGISTERS REGISTERS C REG
) RA9-RA0 RB9-RBO CT REG 4
64 J' 64 64
Y o4
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MULTIPLIER STAGE 1 ALU STAGE 1
MULTIPLIER PIPELINE 64 ALU PIPELINE
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MULTIPLIER STAGE 2 ALU STAGE 2
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MULTIPLIER OUTPUT REG ALU OUTPUT REG
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64 #
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& STATUS REGISTER
32 ]

va

Figure 8. FPU Core Functional Block Diagram
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SMJ34082A operating modes

The SMJ34082A can operate as a stand-alone floating-point processor or a graphics coprocessor to the
SMJ34020 Graphics System Processor. Control of FPU operation is provided either from external program
memory or from the SMJ34020. External instructions are addressed by address lines MSA15-0 and are input
on MSD31-0. SMJ34020 instructions are input on LAD31-0.

Both the MSD and LAD buses can be used for data transfers as well. Combinations of control signals distinguish
instruction fetches from data transfers. A single instruction may be used to transfer data and to perform an
operation within the FPU.

The SMJ34082A supports external code and data storage with the memory expansion interface, MSD31-0. Up
1o 64K 32-bit data operands and 64K instructions may be added externally tothe SMJ34082A. The signal DS/CS
controls whether data space or code space is being accessed, and read/write control is provided with the chip
enable (MCE), outputenable (MOE), address enable (MAE), write enable (MWR), and address lines (MSA15-0).

The SMJ34082A also provides instructions that allow the SMJ34020 to read/write directly from/to external
memory. The external code support permits full utilization of the SMJ34082A features and instruction set.

coprocessor-mode operation

Operation in the coprocessor mode assumes MSTR is low. In this mode, the SMJ34082A acts as a closely
coupled coprocessor to the SMJ34020. The interface between the two devices consists of direct connections
between pins. More than one coprocessor may be connected to the SMJ34020 by setting the appropriate
coprocessor ID (CID2-CIDO). Up to four coprocessors executing in parallel may be used with a single SMJ34020.

in the coprocessor mode, clock signals are provided by LCLK1 and LCLK2 from the SMJ34020. Internally, the
FPU generates a rising clock edge from each LCLK1 edge (rising or falling). Thus, the SMJ34082A actually
operates at twice the LCLK1 input clock frequency.

initialization (coprocessor mode)

Onreset, the SMJ34082A clears all pipeline registers and internal states. The contiguration register and status
register return to their initialization values. When RESET returns highin the coprocessor mode, the SMJ34082A
is in an idle state waiting for the next instruction from the SMJ34020.

LAD bus control (coprocessor mode)

combination of signal inputs distinguishes an instruction from data. SF, ALTCH, CAS RAS, and WE are used
to designate coprocessor functions from other operations on the LAD bus.

Both data and instructions are transferred over the bidirectional LAD bus in the coprocessor mode. A unique

Data may be transferred to or from SMJ34020 registers or memory via LAD31-0. Transfers between the LAD
and MSD buses can also be programmed. A single coprocessor instruction may be used to transfer data to the
SMJ34082A and then perform an FPU operation.

MSD bus control (coprocessor mode)

Use of the MSD bus in the coprocessor mode is optional. External memory on MSD31-0 can be used to store
data, user-programmed subroutines, or both. Different combinations of control signals distinguish between data
memory and code memory. Control signals for MSD and MSA buses operate the same in the host-independent
and coprocessor modes.

interrupt handling (coprocessor mode)

A software interrupt to the SMJ34082A is generated by the set mask extemal instruction. When the interrupt
is granted, the current program counter is stored in the interrupt return register, and a branch to the interrupt
vector address is executed. Software interrupts may be disabled.
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If the exception detect interrupt (ED) is enabled, a SMJ34082A exception causes COINT to go low, signalling
the exception to the SMJ34020. This exception does not cause a branch to the interrupt vector. If its interrupts
are enabled, the SMJ34020 will branch to an interrupt vector to service the SMJ34082A request. Interrupts are
cleared by reading the SMJ34082A status register.

host-Independent mode operation

Operation in the host-independent mode assumes MSTR high. The SMJ34082A has several hardware control
signals, as well as programmable features, which support system functions such as initialization, data transfer,
or interrupts in the host-independent mode. CLK provides the input clock to the SMJ34082A. Details of
initialization, LAD and MSD bus interface control, and interrupt handling are provided in the following sections.

initialization (host-independent mode)

To simplify initialization of external program memory, the SMJ34082A provides a bootstrap loader to perform
an initial program load of 64 instructions. Once invoked, the loader causes the SMJ34082A to read 65 words
from the LAD bus and write 64 words out to the external program memory on the MSD bus, beginning with
location 0. The first word read is used to initialize the configuration register.

This loader is invoked by first setting RESET low, and then INTR low. A separate timing diagram for using the
bootstrap loader is provided (see Figure 34). INTR should be taken low after RESET is already low, as shown
inthe diagram. When the bootstrap loader s started, the FPU core is reset (internal states and status are cleared,
but not data registers) and the stack pointer, program counter, and interrupt vector register are all set to zero.

RESET must be set high again before the loader operation can start (see Figure 34). Once the loader is active,
an external interrupt (signalled by INTR low) will not be granted untit the load sequence is finished. However,
RESET going low terminates the load sequence, regardless of whether the sequence is complete. When the
load sequence is finished, the device begins program execution at external address 0.

LAD bus control (host-independent mode)

Data transfer from the LAD bus (LAD31-0) is controlied primarily by output signals, ALTCH, WE, and CAS.
ALTCH is the address write strobe that signals an address is being output on the LAD bus. The CAS signal is
the read strobe, and WE is the write enable output to memory.

If a bidirectional FIFQ is used instead of memory, CAS can be directly connected to the read clock and WE to
the write clock. The CC input can be used to signal the SMJ34082A when data is ready for input from the FIFO
stack.

Data input on the LAD bus can be written to data registers, control registers, or passed through for output on
the MSD bus. Atternatively, the LAD bus input can be selected directly as an FPU source operand without writing
to a register.

An FPU result can be written to a data register and at the same time be passed out on the LAD bus. When this
is done, the clock period may need to be extended up to 15 ns (SMJ34082-30}) to allow for the propagation delay
from the FPU core to the outputs.

Depending on the specific system implementation, transferring data to and from the LAD bus without intervening
register operations may significantly improve throughput. in the host-independent mode, data moves to and from
internal registers can be minimized at the cost of adjusting the clock period to assure integrity of FPU inputs to
and output from the LAD bus.

+p
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MSD bus control (host-independent mode)

The MSD bus can be used to access either extemal data memory or external code memory, depending onthe
combination of control signals required. If the memory on the MSD portis shared with a host processor, the MAE
and RDY signals can be used to prevent conflicts between the host and the SMJ34082A. When memory on the
MSD port is shared, the host processor can monitor the state of the SMJ34082A memory chip enable (MCE)
to determine when the SMJ34082A is not accessing the memory.

Otherwise, the MAE signal may be tied low (if unused), and the SMJ34082A can use MOE, MCE, MWR, and
DS/CS to control external memory operations into either data space or code space, as selected by DS/CS.

interrupt handling (host-independent mode)

Interrupts to the SMJ34082A can be signalled by setting the interrupt request input (INTR) low. INTR is
associated with the vector inthe interrupt vector register. Software interrupts are signalled by setting the software
interrupt flag in the status register.

In the event of an FPU status exception in the host-independent mode, an interrupt is generated that causes
a branch to an exception handler routine. The address of the exception handler is stored in the interrupt vector
register by the user prior to execution of the FPU program. interrupts may be disabled by setting the appropriate
bits in the status register.
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absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)f

Supply voltage, Voo (SeeNOte 1) .. ..o e i i 6V
INput voltage ranNge, V| .. ..o i e -03VtoBV
Off-state OUtPUL VORAGE FBNGE . ... ...ttt ittt it e eaaaaans -2Vto8 VvV
Operating free-air (minimum) and case (maximum) temperaturerange .................. -55°C 10 125°C
Storage temperature raNge ... ...t e —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions beyond those indicated under “‘recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage leveis are with respect to ground (Vgs).

recommended operating conditions

PARAMETER MIN NOM MAX | UNIT
Vco Supply voltage 4.5 5 55 \
Vss Supply voltage (see Note 2) Y A
ViH High-level input voltage 2.4 Vco+0.3 v
ViL Low-level input voltage -0.3 0.8 v
loH High-level output current -8 mA
loL Low-level output current 8 mA
SMJ34082A-28 71
Coprocessor mode g a2 A-30 76| MHz
fclock  Glock frequency SMI34062A-28 143
Host-independent Mode -
SMJ34082A-30 154
TaA Operating free-air temperature ’ ~55 °C
Tc Operating case temperature 125 °C

NOTE 2: inorderto minimize noise on Vgg, care shouid be taken to provide a minimum-inductance path between the Vg g pins and system ground.

electrical characteristics over recommended operating free-air (minimum) and case (maximum)
temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPF MAX| UNIT
VOH High-level output voitage Ve =45V, loH =—-8 MA 2.6 \
VoL Low-level output voltage Ve =45V, loL =8 mA 0.6 \
. - B Vcc =45V, Vo=28V 10
lo High-impedance bidirectional pins output current Voo =45V, Vo =06V _T HA
h Input current V|=VgstoVce 10 HA
Dynamic Vcc =55V 325 mA
Icc¥  Supply current V| = Vyumax or Vjgymin,  loH =loL =0 50
CC PRly Qui nt 1= Vi H OH = oL mA
Vi=02VorVgc-02V, loH=loL=0 50
Ci Input capacitance 10 pF

o typical values are at Voo =5 V and Tp = 25°C.
Icc is measured at maximum clock frequency. Inputs are presented with random logic highs and lows to assure the toggling of intemal nodes.
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coprocessor mode (MSTR low)

switching characteristics over recommended ran
case (maximum) temperature range (unless otherwise noted)

ges of supplyfvol'mge and operating free-air (minimum) and

propagation delay times
SMJ34082A-28 | SMJ34082A-30
PARAMETER FIGURE MIN MAX MIN MAX UNIT
tH(ATCL-CORV) Propagation delay time, ALTCH low to CORDY valid 1 40 40
I(ATCH-LADV) Propagation delay time, ALTCH high to LAD data valid 16 35 35
th(CASL-LADV) Propagation delay time, CAS low to LAD data valid 14 30 25
to(CASH-LADZ) Propagation delay time, CAS high to LAD disabled 14 30 25
Propagation delay time, LCLK1 T or { to DS/CS low
'P(LOT-DCSUML it MEMCFG low 17,21, 23 25 2
Propagation delay time, LCLK1 T or { to DS/CS high 17,19, 21,
'P(LCI-DCSHIML  ith MEMCFG low 23,24, 26 2 2
Propagation delay time, LCLK1 T or | to DS/CS low 18, 20, 22,
tp(LC1-DCSLIMH with MEMCFG high 25,27 30 2 2
Propagation delay time, LCLK1 T or | to DS/CS high 18, 20, 22,
'p(LCI-DCSHIMH (it MEMCFG high 25, 97 21 2 2
—_— 17-19,
tp(LC1-MCEL) Propagation delay time, LCK1 T or { to MCE low 21.27 21 2 21
Propagation delay time, LCLK1 T or 1 to MCE high 17,19, 21,
'PILOT-MCEHIML iy MEMCFG low 23 23 2 28
Propagation delay time, LCLK1 T or | to MCE high 18, 22, 25,
IPILCT-MCEHIMH it MEMCFG high 27 15 2 5
17,18, ns
p(LC1-MOEL) Propagation delay time, LCLK1 T or | to MOE tow 21-23, 26, 10 35 10 35
27
17,18,
tp(LC1-MOEH) Propagation delay time, LCLK1 T or { to MOE high 21-23, 26, 3 13 3 13
27
Propagation delay time, LCLK1 T or | to MSA address
tH(LC1-MSAV) valis 9 v 17-27 25 25
Propagation defay time, LCLK1 T or | to MSD data 19, 20-22,
'p(LC1-MSDV) valid 24,25 40 40
. . e 19-22, 24,
tp(LC1-MWRL) Propagation delay time, LCLK1 T or | to MWR low Py 10 35 10 35
to(LG1-MWRH) Propagation delay time, LCLK1 T or 4 to MWR high 20‘2225' 24, 3 13 3 13
tb(LC1H-COIL) Propagation delay time, LCLK1 T to COINT low 12 23 20
t(LC1H-COIH) Propagation delay time, LCLK1 T to COINT high 12 23 20
I(LC1H-LADV) Propagation delay time, LCLK1 T to LAD data valid 16 28 23
Propagation delay time, MSD data valid to LAD data
tH(MSDV-LADV) e y 26,27 30 25
{p(RASH-LADXZ) Propagation delay time, RAS high to LAD disabled 16 30 25

See Parameter Measurement Information for foad circuit, voltage waveforms, and timing diagrams. The device parameters are measured for
PIPES2 high and PIPES1 low. No other pipeline settings are specified.
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A — D3592, SEPTEMBER 1930 - REVISED MAY 1991

coprocessor mode (MSTR low)

switching characteristics over recommended ranges of supply voltage and
case (maximum) temperature range {uniess otherwise noted) (continued)

1()pera‘ting free-air (minimum) and

enable and disable times
SMJ34082A-28 | SMJ34082A-30
PARAMETER FIGURE MIN  MAX MIN  MAX | UNIT
ton(LOEL-LADZX) Enable time, LOE low to LAD enabled 16 2 17 2 17
ten({MAEL-MSAZX) Enable time, MAE low to MSA enabled 21,22 2 17 2 17 ns
ten(MAEL-MSDZX) Enable time, MAE low to MSD enabled 22 2 17 2 17
'dis(LOEH-LADXZ) Disable time, LOE high to LAD disabled 16 2 17 2 17
tdis(MAEH-MSAXZ)  Disable time, MAE high to MSA disabled 21,22 2 17 2 17 ns
dis(MAEH-MSDXZ) __Disable time, MAE high to MSD disabled 21 2 17 2 17
valid times
SMJ34082A-28 | SMJ34082A-30
PARAMETER FIGURE MIN _ MAX MIN _ MAX | UNIT
20-22, 24,
tv(MWRH-MSA) Valid time, MSA address after MWR high 25 0 0
20-22, 24,
ty(MWRH-MSD) Valid time, MSD data output after MWR high 25 0 0 ns
17-22,
ty(LC1-MSA) Valid time, MSA address valid after LCK Tor | 24-97 3 3
tv(LC1L-COR) Valid time, CORDY valid after LCLK1 low 11 0 0

timing requirements over recommended ranges of suppl:
(maximum) temperature range (unless otherwise noted)

clock period and pulse duration

yrvoltage and operating free-air (minimum) and case

SMJ34082A-28 | SMJ34082A-30
PARAMETER FIGURE MIN  MAX| MIN MAX| UNIT
10, 17-22,
te(Ley) Clock period, LCLK1 {1/fcjock) with PIPES1 low 24-27 170 162 ne
tc(LC2) Clock period, LCLK2 (1/f¢jock) with PIPEST low 10 170 162
tw(LC1H) Pulse duration, LCLK1 high 10 78 72
tw(LC1L) Pulse duration, LCLK1 low 10 78 72
tw(LC2H) Pulse duration, LCLK2 high 10 76 72
tw(LC2L) Pulse duration, LCL_’S low 10 76 72
tw(DCSH)MH Pulse duration, DS/CS high with MEMCFG high 20, 25,27 5 5 ns
tw(RSTL) Pulse duration, RESET low 12 35 30
tw{MCEH) Pulse duration, MCE high 18, 25,27 5 5
— 17, 18,23,
tw(MOEH) Pulse duration, MOE high 28,27 5 5
tw(MWRH) Pulse duration, MWR high 20, 24,25 5 5

See Parameter Measurement Information for load circuit, voltage waveforms, and timing diagrams. The device parameters are measured for
PIPES2 high and PIPES1 low. No other pipeline settings are specified.
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

D3592, SEPTEMBER 1990 —~ REVISED MAY 1991 — SGUS012A

coprocessor mode (MSTR low)

timing requirements over recommended ranges of supply voltage and operating free-air (minimum) and case
(maximum) temperature range (unless otherwise noted;,(continued)'r

transition times

SMJ34082A-28 | SMJ34082A-30
PARAMETER FIGURE MIN MAX MIN  MAX | UNIT
fLC1) Transition time, LCLK1 10 15 15
H(LCc2) Transition time, LCLK2 10 15 15 ns
setup and hold times
SMJ34082A-28 | SMJ34082A-30
PARAMETER FIGURE MIN __ MAX MIN  MAX | YNIT
tsu(BUS-LC2H) Setup time, BUSFLT valid before LCLK2 T 1 20 13
tsu(cc-LC1) Setup time, CC valid before LCLK1 T or 12 7 7
tsu(LAD-ATCL) Setup time, LAD address valid before ALTCH low 13-186, 23 17 17
tsu(LAD-CASH) Setup time, LAD address valid before CTAS high 13 1255 2. 15 15
tsu(LRD-LC2H) Setup time, LRDY valid before LCLK2 T 11 20 20
tsu(MSD-LC1) Setup time, MSD data valid before LCLK1 T or 4 17,18,23 12 12 ns
tsu(RASH-ATCL) Setup time, RAS high before ALTCH low 13-15,23 35 30
tsu(RDYL-LC1) Setup time, RDY low before LCLK1 T or | 12 20 15
tsu(RSTH-LC1) Setup time, RESET high before LCLK1 T or L 12 50 50
su(SF-ATCL) Setup time, SF valid before ALTCH low 13-18, 23 15 15
tsu(WEL-CASL) Setup time, WE low for data write before CAS low 13,16 15 15
h(ATCH-SF) Hold time, SF valid after ALTCH high 13-15,23 15 12
th(ATCL-LAD) Hold time, LAD address valid after ALTCH low 13-18,23 21 17
13, 15,24,

th(CASH-LAD) Hold time, LAD data valid after CAS high 25 0 0
th(CASH-SF) Hold time, SF valid after CAS high 13-15,23 15 15
th(LG1-CC) Hold time, CC valid after LCLK1 T or 12 5 5
th(LC1-MSD) Hold time, MSD input data valid after LCLK1 T or . 17,18,23 4 4 ns
th(LC1-RDY) Hold time, RDY valid after LCLK1 Tor | 12 5 5
th(LC1H-LC2L) Hold time, LCLK2 low after LCLK1 high 10 20 20
th(LC2H-BUS) Hold time, BUSFLT valid after LCLK2 high 1 5 5
h(LC2H-LC1H) Hold time, LCLK1 high after LCLK2 high 10 20 20
th(LC2H-LRD) Hold time, LRDY valid aﬂ:;ELKZ high " 5 5
th(WEH-SF) Hold time, SF valid after WE high 13 20 20

See Parameter Measurement Information for load circuit, voltage waveforms, and timing diagrams. The device parameters are measured for
PIPES2 high and PIPES1 low. No other pipeline settings are specified.
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A - D3592, SEPTEMBER 1990 - REVISED MAY 1891

coprocessor mode (MSTR low)

timing requirements over recommended ranges of supply voltage and operating free-air (minimum) and case
(maximum) temperature range (unless otherwise noted) (continued)

delay times
SMJ34082A-28 | SMJ34082A-30
PARAMETER FIGURE MIN _ MAX MIN _ MAX | UNIT
Delay time, DS/CS high to MCE low with MEMCFG
{d(DCSH-MCEL)MH _ high 18,22 4 4
td(DCSH-MWRL) Delay time, DS/CS high to MWR Jow 19, 24 5
Delay time, MCE high to DS/CS low with MEMCFG
4(MCEH-DCSL)MH  high 20 4 4
td(MCEH-MWRL) Delay time, MCE high to MWR low 25 5 5
1d(MOEH-MWRL) Delay time, MOE high to MWR low 19 5 5
. N 20-22, 24, ns
td(MSAV-MWRL) Delay time, MSA valid to MWR low 25 4 4
td(MSDZ-MOEL) Delay time, MSD disabled to MOE low 21,22 2 2
d(MWRH-MCEL)MH__ Delay time, MWR high to MCE low with MEMCFG high 25 5 5
d(MWRH-MOEL}) Delay time, MWR high to MOE low 18,21,22 5 5
{d(MWRH-MSDVZ) Delay time, MWR high to MSD disabled 21 1 12 1 9
4(MWRL-MSDZX) Delay time, MWR low to MSD enabled 21,22 1 13 1 13

See Parameter Measurement Information for load circuit, voltage waveforms, and timing diagrams. The device parameters are measured for
PIPES2 high and PIPES1 low. No other pipeline settings are specified.
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

D3592, SEPTEMBER 1990 - REVISED MAY 1891 — SGUS012A

host-independent mode (MSTR high)

switching characteristics over recommended ranges of supply voltage and operating free-air (minimum) and
case (maximum) temperature range (unless otherwise noted)t

propagation delay times
SMJ34082A-28 | SMJ34082A-30
PARAMETER FIGURE MIN _ MAX MIN _ MAx| UNIT
tp(CLKH-ATCH) Propagation delay time, CLK T to ALTCH high 29,30 10 10
Ip(CLKH-ATCL) Propagation delay time, CLK T to ALTCH low 29,30 28 28
. . e 29,31, 32,
to(CLKH-CASH) Propagation delay time, CLK T to CAS high 34-38 10 10
. — 29, 31, 32,
tp(CLKH-CASL) Propagation delay time, CLK T to CAS low 3438 28 28
. . —— 29-31, 33,
tp(CLKH-COIH) Propagation delay time, CLK T to COINT high 35, 36, 46 20 20
. S 20-31, 33,
tp(CLKH-COIL) Propagation delay time, CLK T to COINT low 35, 36, 46 20 20
15(CLKH-CORH) Propagation delay time, CLK T to CORDY high 46 20 17
1p(CLKH-CORL) Propagation delay time, CLK T to CORDY low 46 20 17
Propagation delay time, CLK T to DS/CS high with 36, 38, 40,
tp(CLKH-DCSHMH  MEMCFG high 42-44 1 10 1 10
Propagation delay time, CLK T to DS/CS high with 35, 37, 39,
p(CLKH-DCSHIML  MEMCFG low 41,45, 48 23 20
Propagation delay time, CLK T to DS/CS low with 36, 38, 40,
'p(CLKH-DCSLIMH  MEMCFG high 42-44 1 2 1 20
Propagation delay time, CLK 1 to DS/CS low with 37,41,
p(CLKH-DGSLIML  MEMCFG low 4547 2 20
tp(CLKH-ITGH) Propagation delay time, CLK T to INTG high+ 47 20 15
to(CLKH-ITGL) Propagation delay time, CLK T to INTG low 47 25 20
29, 30, ns
t(CLKH-LADV) Propagation detay time, CLK T to LAD valid 33-35, 43, 35 35
44
Propagation delay time, CLK T to MCE high with 386, 38,
p(CLKH-MCEH)MH  MEMCFG high 42-48 1 10 1 10
Propagation delay time, CLK T to MCE high with 37,39, 41,
p(CLKH-MCEH)ML  MEMCFG low 45-47 1 20 1 20
N 35-39,
tH(CLKH-MCEL) Propagation delay time, CLK T to MCE low 41-47 1 23 1 20
I 37,38,
t(CLKH-MOER) Propagation detay time, CLK T to MOE high 41-47 1 1" 1 A
J— 37,38,
tp(CLKH-MOEL) Propagation delay time, CLK T to MOE low 41-47 10 35 10 35
tp(CLKH-MSAV) Propagation delay time, CLK T to MSA address valid 3547 20 20
t(CLKH-MSDV) Propagation delay time, CLK T to MSD data valid :;Sg,jg, 40 40
_ 35, 36,
to(CLKH-MWRH) Propagation delay time, CLK T to MWR high 40-42 1 10 1 10
S 35, 36,
tp(CLKH-MWRL) Propagation delay time, CLK T to MWR low 3942 10 35 10 35

T See Parameter Measurement Information for load circuit, voltage waveforms, and timing diagrams. The device parameters are measured for
PIPES2 high and PIPES1 low. No other pipeline settings are specified.
Interrupts are not granted during multicycle instructions.
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SMJ34082A

GRAPHICS FLOATING-POINT PROCESSOR

SGUSO012A - D3592, SEPTEMBER 1990 ~ REVISED MAY 1991

host-independent mode (MSTR high)

switching characteristics over recommended ranges of supply voltage and
case (maximumy) temperature range (unless otherwise noted) (continued)

propagation delay times (continued)

?perating free-air (minimum) and

SMJ34082A-28 | SMJ34082A-30
PARAMETER FIGURE MIN___ MAX MIN MAX | UNIT
J— 30, 33, 43,
o (CLKH-WEH) Propagation detay time, CLK T to WE high 44 10 10
— 30, 33, 43, ns
o (CLKH-WEL) Propagation delay time, CLK T to WE low 44 30 30
enable and disable times
SMJ34082A-28 | SMJ34082A-30
PARAMETER FIGURE MIN __ MAX MIN __ MAX | UNIT
tan(CLKH-LADZX) Enable time, CLK high to LAD enabled 29, 30 5 5
ten(LOEL-LADZX) Enable time, LOE low o LAD enabled 33 2 17 2 17
ton(MAEL-MSAZX) Enable time, MAE low to MSA enabled 41,42 2 17 2 17 ns
ton(MAEL-MSDZX) Enable time, MAE low to MSD enabied 42 2 17 2 17
tdis(CLKH-LADZX) Disable time, CLK high to LAD disabled¥ 29, 30 25 25
dis(LOEH-LADXZ) Disable time, LOE high to LAD disabled 33 2 17 2 17
dis(MAEH-MSAXZ) Disable time, MAE high to MSA disabled 41, 42 2 17 2 17 ns
tdis(MAEH-MSDXZ) _ Disable time, MAE high to MSD disabled 42 2 17 2 17
valid timesk y
SMJ34082A-28 | SMJ34082A-30
PARAMETER FIGURE MIN  MAX MIN MAX UNIT
I(ATCH-LAD) Valid time, LAD output data after ALTCH high 29, 30 2 2
tv(CLKH-MSA) Valid time, MSA address valid after CLK high 3547 3 3
35, 36,
ty(MWRH-MSD) Valid time, MSD data valid after MWR high 40-42 1 1 ns
J— 35
tv(MWRH-MSA) Valid time, MSA address valid after MWR high 40'_3?' 1 1
{(WEH-LAD) Valid time, LAD data valid after WE 90.28,43. 2 2

T see Parameter Measurement Information for load circuit, voltage waveforms, and timing diagrams. The device parameters are measured for

PIPES2 high and PIPES1 low. No other pipeline settings are specified.

vatid only for last write in series. The LAD bus is not placed in high-impedance state between consecutive outputs.
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SMJ34082A

GRAPHICS FLOATING-POINT PROCESSOR

D3592, SEPTEMBER 1990 — REVISED MAY 1991 - SGUS012A

host-independent mode (MSTR high)

timing requirements over recommended ranges of sup)

(maximum) temperature range (unless otherwise noted)
clock period and pulse duration

plytvoltage and operating free-air (minimum) and case

8SMJ34082A-28 | SMJ34082A-30
PARAMETER FIGURE [y max | min— MAx] UNIT
28-31,
(CLK) Clock period time, CLK (1/fclock) with PIPEST low 33.48 78 73 ns
tw(ATCH) Pulse duration, ALTCH high 30 5 5
P 29,31,32,

tw(CASH) Pulse duration, CAS high 35,38 5 5

tw(CLKH) Pulse duration, CLK high 28 17 17

tw(CLKL) Pulse duration, CLK low 28 22 22

tw(DCSH) Pulse duration, DS/CS high 38, 40, 42 5 3

w(ITRL) Pulse duration, INTR low 34, 47 30 30 ns
tw(MCEH) Pulse duration, MCE high 3464'32 5 5

tw(MOEH) Pulse duration, MOE high :173"3:’ 6 [
| tw(MWRH) Pulse duration, MWR high 35,36, 40 6 6

tw(RSTL) Pulse duration, RESET low 34 40 40

__ 30, 33, 43,
tw(WEH) Pulse duration, WE high 44 5 5
transition time
SMJ34082A-28 | SMJ34082A-30
PARAMETER FIGURE MIN MAX MIN MAX UNIT

HCLK) Transition time, CLK 28 15 15 ns

T See Parameter Measurement Information for load circuit, voltage waveforms, and timing diagrams. The device parameters are measured for
PIPES2 high and PIPES1 low. No other pipeline settings are specified.
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A — D3592, SEPTEMBER 1990 — REVISED MAY 1991
e

host-Independent mode (MSTR high)

timing requirements over recommended ranges of supply voltage and operatmg free-air (minimum) and case
(maximum) temperature range (unless otherwise noted) (continued)

setup and hold times
SMJ34082A-28 | SMJ34082A-30
PARAMETER FIGURE MIN_ MAX MIN _ MAx | UNIT

tsu(CC-CLKH) Setup time, CC before CLK high 45 7 7

Setup time, LAD data valid before CLK low for
tsu(LADV-CLKL) immediate data input? 32 15 15
tsu(ITRL-CLKH) Setup time, INTR before CLK high 47 20 18

29, 31,
tsu(LAD-CLKH) Setup time, LAD input data valid before CLK high 34-36 15 13
ns
tsu(LRD-CLKH) Setup time, LRDY before CLK high 48 20 15
37,38,

tsu(MSD-CLKH) Setup time, MSD data valid before CLK high 4347 13 13
tsu(RDYV-CLKH) Setup time, RDY valid before CLK high 48 20 12
tsu(RSTH-CLKH) Setup time, RESET high before CLK high 34 45 45

Setup time, RESET low before INTR low for bootstrap
tsu(RSTLTRL) loader 34 20 20
th(CLKH-CC) Hold time, CC after CLK high 45 3 3
th(CLKH-ITR) Hold time, INTR after CLK high 47 3 3

29,31,35
th(CLKH-LAD) Hold time, LAD input data valid after CLK high ' 36' ’ 5 5
h(CLKH-LRD) Hold time, LRDY after CLK high 48 0 0
) . ) ! 37, 38, ns

th(CLKH-MSD) Hold time, MSD input data valid after CLK high 43-47 4 4
th(CLKH-RDY) Hold time, RDY after CLK high 48 0 0

Hold time, LAD data after CLK low for immediate data
th(CLKL-LAD) inpu 32 5 5

Hold time, RESET low after INTR low for bootstrap
th(ITRL-RSTH) 34 15 15

loader

T See Parameter Measurement Information for load circuit, vottage waveforms, and timing diagrams. The device parameters are measured for
PIPES2 high and PIPES1 low. No other pipeline settings are specified.
1 This mode permits data input that does not meet the minimum setup before CLK high. The clock period for this mode must be extended according

to the equation:

Adjusted clock period = Normal clock period + Data delay + 5 ns
The data delay is the delay from CLK high to valid data. This mode may not be used to input data for divides or square roots.

TExas
INSTRUMENTS

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265

by 1 Cmi ner.com El ectronic-Library Service CopyRi ght 2003

C-31



SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

D3592, SEPTEMBER 1990 - REVISED MAY 1991 — SGUS012A
[

host-independent mode (MSTR high)

timing requirements over recommended ranges of supply voltage and operating free-air (minimum) and case
(maximum) temperature range (unless otherwise noted) (continued)

delay times

SMJ34082A-28 | SMJ34082A-30
PARAMETER FIGURE MIN MAX MIN _ MAX | UNIT
H(ATCHCASL) Delay time, ALTCH high to CAS low 29 5 5
1d(ATCH-WEL) Delay time, ALTCH high to WE low 30 3 3
1d(CASH-ATCL) Delay time, CAS high to ALTCH low 20 3 3
1d{CASH-WEL) Delay time, CAS high to WE low 33 3 3
td(COIL-ATCL) Delay time, COINT low to ALTCH low 29, 30 0 0
td(COIL-CASL) Delay time, COINT low to CAS low 31, 35,36 0 0
4(COIL-WEL) Delay time, COINT low to Vﬂw 33 0 0
Delay time, DS/CS high to MCE low with MEMCFG
W(DCSH-MCELIMH  high 38,42 5 5
td(DCSH-MWRL) Delay time, DS/CS high to MWR low 35,39 4 4
Delay time, MCE high to DC/CS low with MEMCFG

tMCEH-DCSLMH  high . 40 5 5
td(MCEH-MWRL) Delay time, MCE high to MWR low 36 5 5 ns
td(MOEH-MWRL) Delay time, MOE high to MWR fow 39 5 5
td(MSAV-MWRL) Delay time, MSA valid to MWR low i%j: 4 4
1d(MSDZ-MOEL) Delay time, MSD disabled to MOE low 41,42 2 2
td(MWRH-MCEL)MH _ Delay time, MWR high to MCE low with MEMCFG high 38 5 5
Id(MWRH-MOEL) Delay time, MWR high to MOE low 41,42 5 5
'd(MWRH-MSDXZ) Delay time, MWR high to MSD disabled 42 1 12 1 9
{d(MWRL-MSDZX) Delay time, MWR low to MSD enabled 41,42 1 13 1 13
‘d(WEH-ATCL) Delay time, WE high to ALTCH low 28 3 3
td(WEH-CASL) Delay time, WE high to CAS low 31 3 3

See Parameter Measurement Information for load circuit, voltage waveforms, and timing diagrams. The device parameters are measured for
PIPES2 high and PIPES1 low. No other pipeline settings are specified.
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A — D3592, SEPTEMBER 1930 ~ REVISED MAY 1991

EXPLANATION OF LETTER SYMBOLS

This data sheet uses a type of letter symbol based on JEDEC Std-100 and |EC Publication 748-2, 1985, to
describe time intervals. The format is:

Where:
Subscript A

Subscript B

Subscript C

Subscript D

Subscript E

Subscript F

taBC-DE)F

indicates the type of dynamic parameter being represented. One of the following is used:

Switching Characteristics:
p = Propagation delay time
en = Enable time
dis = Disable time

Timing Requirements:
¢ = Clock period
w = Pulse duration
t = Transitiontime
d = Delaytime
su = Setup time
h = Hold time
v = Valid time

indicates the name of the signal or terminal for which a change of state or level (or establishment
of a state or level) constitutes a signal event assumed to occur first, that is, atthe beginning of the
time interval.

indicates the direction of the transistion and/or the final state or level of the signal represented by
B. One or two of the foliowing are used:

High or transition to high

Low or transition to low

A valid steady-state level

Unknown, changing, or “don’t care” level
High-impedance (off) state

NX<rTI
I

indicates the name of the signal or terminal for which a change of state or level (or establishment
of a state or level) constitutes a signal event assumed to occur last, that is, at the end of the time
interval.

indicates the direction of the transition and/or the final state or ievel of the signal represented by
D. One or two of the symbols described in Subscript C are used.

indicates additional information such as mode of operation, test conditions, etc.

The hyphen between the C and D subscripts is omitted when no confusion is likely to occur. For these letter
symbols on this data sheet, the signal names are further abbreviated as follows:

SIGNAL B&D SIGNAL B&D SIGNAL B&D SIGNAL B&D SIGNAL B&D
NAME SUBSCRIPT | NAME SUBSCRIPT | NAME SUBSCRIPT| NAME SUBSCRIPT | NAME SUBSCRIPT
ALTCH ATC CORDY COR LCLK2 Lc2 MSA(0:15) MSA TCK TCK
BUSFLT BFT DC/CS DCS L[OE LOE MSD(0:31) MSD TDI TDI
CAS CAS EC(0:1) EC LRDY LRD MWR MWR TDO TDO
cc cc INTG INT MAE MAE RAS RAS T™MS ™S
CID(0:2) cID INTR TR MSTR MST RDY RDY Vecc/Vss —
CLK CLK LAD(0:31) LAD MCE MCE RESET RST WE WE
COINT COl LCLK1 LC1 MOE MOE SF SF MEMCFG M
Texas ‘v
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

03592, SEPTEMBER 1990 — R?ISED MAY 1991 — SGUSO1£A
L

PARAMETER MEASUREMENT INFORMATION

LOAD CIRCUIT PARAMETERS ¢ loL
TIMING Coap’ | lor [ lon | Vioap
PARAMETERS | (pF) {(mA) | (ma) ™)
tpzH 0 TEST
‘e oz 85 8 -8 3 FROM ouTPUT __ PQINT Vioao
Pz UNDER TEST L
-8
tis Lz 65 8 1.5
tp &5 8 _8 t
CLoAD includes the typical load circuit and distributed capacitance. ‘ loH
¥ ‘.’LQAIQ_‘.E =50 0, where Vo, = 0.8V, o =8 mA.
oL
LOAD CIRCUIT
e N gy
15V HIGH-LEVEL
(See Note A) —_3{1 ov PULSE 1.5v 15V ov
tey ——plE—P— i i
ol —_—— 3V — ty —»
paTA 27V 2.7V | |
INPUT 3y 2173V o iV | | 3v
X 03 ov LOW-LEVEL
tr—» e~ e PULSE i %Y oy
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INPUT RISE AND FALL TIMES
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CONTROL 15V
INPUT {low-level | -
(See Note A) enabling) [ oy
oz ) - |
| Lz |4
IN-PHASE L Vv
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{See Note B) i . VoL+03V,
—— — VoL
I | tsz—Dl e
1 P
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~ — — VOL  WAVEFORM 2 ~15V
{See Note C)
———————— ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

NOTES: A. Phaserelationships between waveforms were chosen arbitrarily. Altinput pulses are supplied by pulse generators having the following
characteristics: PRR = 1 MHz, Z;, =500, t, <6 ns, tf< 6 ns.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
C. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. Fortp 2
and tpz, VoL and Vo are measured values.

Figure 9
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17
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Figure 10. Coprocessor Mode, Input Clocks
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t Q1, Q2, Q3, and Q4 represent the first, second, third, and fourth quarter clocks, respectively, of the LCLK1 clock period.

Figure 11. Coprocessor Mode, Bus Control Signals
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PARAMETER MEASUREMENT INFORMATION

| | | |
I :‘—’r' tsu(RSTH-LCH) }
] |
ALTGH ! | AN 1 |
L ! |
| | | :
RESET w I N G
R * Lol
|
—L—> tumsTL) f T tymsTy
| ; L
o TNL T
|
: P+ thci-co) I : r—’t" th(LC1-CC)
I~ tsuccLc) { [>T tsy(cc-Ley)
| |
RDY , ! l \__ |
: H—N—I thiLci-RDY) | [+ th(LC1-RDY)

|
14> tsy(RDYL-LC1) H—J[" tsu(RDYL-LC1)

N LY

! | l&——» tp(Lcit-com)
:‘—’r tpicincony |

Figure 12. Coprocessor Mode, Control Signals
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LCLK1

LCLK2
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PARAMETER MEASUREMENT INFORMATION
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i H i |
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| ; i |
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I | e
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I i ;
™ ’ H
i . / 1
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t Q1, Q2, Q3, and Q4 represent the first, second, third, and fourth quarter clocks, respectively, of the LCLK1 clock period.

Figure 13. Coprocessor Mode, SMJ34020 GSP to SMJ34082
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PARAMETER MEASUREMENT INFORMATION
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t Q1, Q2, Q3, and Q4 represent the first, second, third, and fourth quarter clocks, respectively, of the LCLK1 clock period.

Figure 14. Coprocessor Mode, SMJ34082A to SMJ34020 GSP Including Coprocessof Internal Cycle
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| { |
1 T
WE / | :
|
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t Q1, Q2, Q3, and Q4 represent the first, second, third, and fourth quarter clocks, respectively, of the LCLK1 clock period.
Figure 15. Coprocessor Mode, DRAM/VRAM Memory to SMJ34082
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ta1, Q2, Q3, and Q4 represent the first, second, third, and fourth quarter clocks, respectively, of the LCLK1 clock period.

Figure 16. Coprocessor Mode, SMJ34082A to DRAM/VRAM Memory
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tThe setting of DS/CS determines whether the value on the MSD bus is an instruction or data.
$MCE dos not toggle at each clock edge.

§ MOE goes high at each clock edge.

NOTE: This example shows a data read followed by an instruction read.

Figure 17. Coprocessor Mode MSD Bus Timing, Memory to SMJ34082A with MEMCFG Low
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NOTE: This example shows a data read followed by an instruction read followed by an instruction read. This option for using DS/CS as data space
chip enable and MCE as code space chip enable is invoked by setting the MEMCFG bit highin the configuration register. When MEMCFG
is high, DS/CS and MCE rise after every clock edge. In this mode, DS/CS and MCE may not both be active (low) at the same time.

Figure 18. Coprocessor Mode MSD Bus Timing, Memory to SMJ34082A with MEMCFG High
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PARAMETER MEASUREMENT INFORMATION
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1 The setting of DS/CS determines whether the value on the MSD bus is an instruction or data.
$MCE does not toggle at each clock edge.

§ MWR goes high at each clock edge.

NOTE: This example shows a data write followed by a code read.

Figure 19. Coprocessor Mode MSD Bus Timing, SMJ34082A to Memory with MEMCFG Low
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le

) te(Lc) =‘
__/ N /
LCLK1
ﬂ“—'f— tH(LC1-MSAV) |
“_’i— tp(LC1-M3AV) | 1 — ty(LC1-MSA)

MSA15-0 )O()O()O()( Anonessour )()( ADDRESS OUT % ADDRESS OUT

| [ i ": & 1y mwrH-MsA)
——— 1, c1-msDV), b

|
MSD31-0 ' DATA OUT XX)( DATA OUT X X DATA OUT

"‘ 'p(Lc1 -DCSH)MH 'd| [ ty(MWRH-MSD)

tp(LCi-| DCSL)MH
ps/cs : m /J{\

]

|

: H——H* td(MCEH-DCSL)MH ﬂ—"' ""(DCSH)MH }
1
]

|
MCE Y r
|
“——’:‘ th(LC1-MWRL) 1 K—b‘-— tH(LC1-MWRH)
{ P i td(MSAV-MWRL) ,

mm T N X PN

|
|
!
[
|
|
1
|

|
Pty mwRH)

MOE /

NOTE: This example shows multiple data writes. Timing for muttiple code writes would be similar. This option for using DS/CS as data space chip
enable and MCE as code space chip enable is invoked by setting the MEMCF G bit high in the configuration register. When MEMCFG is
high, DS/CS and MCE rise after every clock edge. In this mode, DS/CS and MCE may not both be active (low) at the same time.

Figure 20. Coprocessor Mode MSD Bus Timing, SMJ34082A to Memory with MEMCFG High
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t The setting of DS/CS determines whether the value on the MSD bus is an instruction or data.
¥ MCE does not toggle at each clock edge.

§ MOE goes high at each dock edge.

NOTE: This example shows a data write followed by an instruction read.

Figure 21. Coprocessor Mode, MSD Enable/Disable Timing with MEMCFG Low
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NOTE: This example shows a data write followed by an instruction read. Timing for multipie code writes would be similar. This option for using
DS/CS as data space chip enable and MCE as code space chip enable is invoked by setting the MEMCFG bit high in the configuration

register. When MEMCFG is high, DS/CS and MCE rise after every clock edge. In this mode, DS/CS and MGE may not both be active (low)
at the same time.

Figure 22. Coprocessor Mode, MSD Bus Enable/Disable Timing with MEMCFG High
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T Q1, Q2, Q3, and Q4 represent the first, second, third, and fourth quarter clocks, respectively, of the LCLK1 clock period.
tThe setting of DS/CS determines whether the value on the MSD bus in an instruction or data.

§ MCE does not toggle at each rising clock edge.

TMOE goes hiigh at each rising clock edge.

Figure 23. Coprocessor Mode, Jump to External Memory Subroutine with MEMCFG Low
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1 MGE does not toggle at each clock edge.
1 MOE goes high at each clock edge.

Figure 24. Coprocessor Mode, LAD to MSD Bus Transfer Timing with MEMCFG Low
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1
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t DS/CS valid for moves 1o data space; MCE valid for moves to code space. Only one of these would be valid for each move instruction.
¥ This option for using DS/CS as data space chip enable and MCE as code space chip enable is invoked by setting the MEMCFG bit high in the
configuration register.

Figure 25. Coprocessor Mode, LAD to MSD Bus Transfer Timing with MEMCFG High
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

D3592, SEPTEMBER 1990 - REVISED MAY 1991 — SGUS012A
(A

PARAMETER MEASUREMENT INFORMATION
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1 MCE dos not toggle at each clock edge.
MOE goes high at each clock edge.

Figure 26. Coprocessor Mode, MSD to LAD Bus Transfer Timing with MEMCFG Low
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A - D3592, SEPTEMBER 1990 — REVISED MAY 1991

PARAMETER MEASUREMENT INFORMATION
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t DS/CS valid for moves to data space; MCE valid for moves to code space. Only one would be valid for each move instruction.
NOTE: This option for using DS/CS as data space chip enable and MCE as code space chip enable is involved by setting the MEMCFG bit high
in the configuration register.

Figure 27. Coprocessor Mode, MSD to LAD Bus Transfer Timing with MEMCFG High
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

D3592, SEPTEMBER 1990 — REVISED MAY 1991 — SGUS012A

PARAMETER MEASUREMENT INFORMATION
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Figure 28. Host-Independent Mode, Input Clock

:‘—'—tc(CLK) __.: |
| |

| I
ﬂ———#}— tH(CLKH-ATCL) ﬁ-b:— tp(CLKH-ATCH)

l
: I ““‘f—"— 'dls(CLKH-LADXZ)
ﬁ——-J——u— ‘p(CLKH—LADVl

: | nT- tv(ATCH-LAD) H—O:— th(CLKH-LAD)

- —H——N
ten(CLKH-LADZX) : | : | ! !“‘_Nltsu(uxo- CLKH)
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I T
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TAS Dl ’ N\ ' N
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> K—td(cml.-ATCL) 1
p(CLKH-COIL) tp(cmrc.com)—:‘—-ﬂ SINGLE-PRECISION
COINT' \|

DOUBLE-PRECISION

tcoiNT timing is for LADCFG high only. When the LADCFG bitis set high in the configuratin register, COINT is controlled by bit 1 of the LAD move
instruction instead of the set mask instruction.
NOTE: This timing diagram assumes an external address latch to store address for external memory reads. Data input hold time on the latch is
zero; data (or address) output hold time is nonzero.

Figure 29. Host-Independent Mode, LAD Bus Timing for Memory to SMJ34082A
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A — D3592, SEPTEMBER 1990 ~ REVISED MAY 1991

PARAMETER MEASUREMENT INFORMATION
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1 valid only for last write in series. The LAD bus is not placed in high-impedance state between consecutive outputs.
tcoiNT timing is for LADCFG high only. When the LADCFG bit is set high in the configuration register, COINT is controlied by bit 1 of the LAD
move instruction instead of the set mask instruction.
NOTE: This timing diagram assumes an external address latch to store address for external memory reads. Data input hold time is zero. Data
(oraddress) output holdtime is nonzero. Valid only for last write in series. The LAD bus is not placedin high impedance between consecutive
outputs.

Figure 30. Host-Independent Mode, LAD Bus Timing for SMJ34082A to Memory
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

D3592, SEPTEMBER 1990 — REVISED MAY 1991 — SGUS012A
PARAMETER MEASUREMENT INFORMATION
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tcoiNT timing is for LADCFG high only. When the LADCFG bit is set high in the configuration register, COINT is controlled by bit 1 of the LAD
move instruction instead of the set mask instruction.
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|
o
:
|

Figure 31. Host-Independent Mode, LAD Bus Timing Input to SMJ34082A

l¢~—— ADJUSTED cLock PERIODY ——p
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VALID DATA
LAD31-0
——— !
s ‘su(LADiV-CLKL) tp(CLKH-CASH) +ﬂ|
‘{ﬂ:\ ﬂ

]

WE [P to{CLKH-CASL) tw(cAsH) —¢—>

-

1 This mode permits data input which does not meet the minimum setup before CLK high. For immediate data input, CLK must be high for more
than 20 ns. This input mode cannot be used to input data for divides and square roots.

Adjusted clock period = Normal clock period + Data delay + 5 ns
Figure 32. Host-Independent Mode, LAD Bus Timing input of Inmediate Data to SMJ34082A
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A — D3592, SEPTEMBER 1980 — REVISED MAY 1991

PARAMETER MEASUREMENT INFORMATION
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T When the LADCFG bit is high, LOE high ptaces CAS and WE (as well as the LAD bus) in high impedance.

¥ vaid only for LADCFG high. When the LADCFG bit is high in the configuration register,
instead of the set mask instruction.

COINT is controlled by bit 1 of the LAD move instruction

NOTE: Ifthe instruction writes the result of an FPU operation to a register and outputs the result to the LAD bus, in the same cydle, the minimum

clock period must be extended.

Figure 33. Host-Independent Mode, LAD Bus Timing Output from SMJ34082A
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

D3592, SEPTEMBER 1990 — REVISED MAY 1991 — SGUS012A

PARAMETER MEASUREMENT INFORMATION
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t RESET is level sensitive. When RESET is set low, both LAD and MSD buses are placed in high-impedance state. When RESET is released,
the sequencer forces a jump to address 0. If INTR goes low while RESET is low, the loader moves 64 words through to the external memory on
MSD. Timing for the LAD o MSD move is shown in a later diagram, with the exception that the first word on LAD loads the configuration register
and does not pass to the MSD bus.

INTR may be low one or more cycles after RESET goes low. RESET is held low, and then INTR is taken low. The bootstrap loader starts when
RESET is set high, which may involve a delay of one or more cycles after INTR goes low.
NOTE: When the bootstrap loader is invoked, the first data word input on the LAD bus should be the configuration register settings, which will be
written into the configuration register. This allows the user to select the MEMCFG setting, for reading or writing memory on the MSD port,
as well as the LADCFG setting for the LAD bus interface.

Figure 34. Host-Independent Mode LAD Bus Timing, Bootstrap Loader Operation
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A ~ D3592, SEPTEMBER 1990 — REVISED MAY 1991

PARAMETER MEASUREMENT INFORMATION
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tcomT timing is for LADCFG high only. When the LADCFG bit is set high in the configuration register, COINT is controlled by bit 1 of the LAD
move instruction instead of the set mask instruction.
MCE does not toggle at each rising clock edge.

§ MOE goes high at each rising clock edge.

Figure 35. Host-Independent Mode, LAD to MSD Bus Timing with MEMCFG Low
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

03592, SEPTEMBER 1990 — REVISED MAY 1991 — SGUS012A
L
PARAMETER MEASUREMENT INFORMATION
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t comT timing is for LADCFG high only. When the LADCFG bit is set high in the configuration register, COINT is controlled by bit 1 of the LAD
move instruction instead of the set mask instruction.

% DS/CS valid for moves to data space; MCE valid for moves to code space. Only one of these would be valid for each move instruction.
This option for using DS/CS as data space chip enable and MCE as code space chip enable is invoked by setting the MEMCFG bit high in the
configuration register.

Figure 36. Host-Independent Mode, LAD to MSD Bus Transfer Timing with MEMCFG High
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A — D3592, SEPTEMBER 1990 — REVISED MAY 1991

PARAMETER MEASUREMENT INFORMATION
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1t The setting of DS/CS determines whether the value on the MSD bus is an instruction or data.
$ MCE dos not toggle at each rising clock edge.

§ MOE goes high at each rising clock edge.

NOTE; This example shows a data read followed by an instruction read.

Figure 37. Host-Independent Mode MSD Bus Timing, Memory to SMJ34082A with MEMCFG Low
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

D3692, SEPTEMBER 1990 — REVISED MAY 1991 — SGUS012A

PARAMETER MEASUREMENT INFORMATION
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NOTE: This example shows a data read followed by an instruction read followed by an instruction read. This option for using DS/CS as data space
chip enable _aﬂd MCE as code space chip enabie is invoked by setting the MEM_CFG bit high in the configuration register. When MEMCFG
is high, DS/CS and MCE rise after every rising clock edge. In this mode, DS/CS and MCE may not both be active (low) at the same time.

Figure 38. Host-Independent Mode MSD Bus Timing, Memory to SMJ34082A with MEMCFG High
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A — D3592, SEPTEMBER 1930 ~ REVISED MAY 1991

PARAMETER MEASUREMENT INFORMATION
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1 The setting of DS/CS determines whether the value on the MSD bus is an instruction or data.

1 MCE dos not toggle at each rising clock edge.
SMWR goes high at each rising clock edge.
NOTE: This example shows a data write followed by a code read.

Figure 39. Host-Independent Mode MSD Bus Timing, SMJ34082A to Memory with MEMCFG Low
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

D3592, SEPTEMBER 1980 - REVISED MAY 1891 — SGUS012A
A AR

PARAMETER MEASUREMENT INFORMATION
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|
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M+ t4MCEH-DCSLIMH  ¢—Bt- th(pcsH) :
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NOTE: This example shows multiple data writes. Timing for multiple code writes would be similar. This option for using DS/CS as data space chip
enable and MCE as code space chip enable is invoked by setting the MEMCFG bit high in the configuration register. When MEMCFG is
high, DS/CS and MCE rise after every rising clock edge. In this mode, DS/CS and MCE may not both be active (low) at the same time.

Figure 40. Host-Independent Mode MSD Bus Timing, SMJ34082A to Memory with MEMCFG High
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A ~ D3592, SEPTEMBER 1990 — REVISED MAY 1991

PARAMETER MEASUREMENT INFORMATION
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Y S N S N D N
|
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I [ ! | !
e N 2 %
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| } } | 1 tp(CLKH-DCSH)ML H
| i
___ et | |
DS/cSt ! 3 1N ¢
i 11 M= tp(cLKH-DCSLIML
—ptpcLkHmcey | ! | |
Bia : tprLKH-MCEH)ML ——»
]

—

|
T

|

|
| i r"?_tp(CILKH-MWRH)
—» :‘-td(msnv-qul.) :

|
|
H—ﬂ—tp(ct.xu-mwnl;.) { !
WWR | T !
! { » r'td(usoz-uoe,u
td(MWRH-MOEL) 9 "_"f' tp(CLKH-MOEH)
MOE§ | \I_/I—
¢ » tp(CLKH-MOEL)

tThe setting of DS/CS determines whether the value on the MSD bus is an instruction or data.
$MCE dos not toggle at each rising clock edge.

MOE goes high at each rising clock edge.
NOTE: This example shows a data write followed by an instruction read.

Figure 41. Host-Independent Mode, MSD Enable/Disable Timing with MEMCFG Low
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

D3592, SEPTEMBER 1990 — REVISED MAY 1991 - SGUS012A
—

PARAMETER MEASUREMENT INFORMATION
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= ]
t! Lt
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|
|
s N
td(MsAv-MwRL) ¥ I“"

td(DCSH-MCEL)MH

1p(CLKH-MCEH)MH

MCE i
"" tp(C*.KH—MWRH) |
ip(CLKH-Mwnp l , l
MWR |
MWR w -‘ ﬂ-'d(MSDz-MOE
td(MWRH-MOEl,) H
MOE ‘

ﬂ—ij— tp(CLKH-MOEH)

"'_"?"' tp(CLKH-MOEL)

NOTE: This example shows a data write followed by an instruction read. Timing for multiple code writes would be similar. This option for using
DS/CS as data space chip enable and MCE as code space chip enable is invoked by setting the MEMCFG bit it high in the configuration
register. When MEMCFG is high, DS/CS and MCE rise after every rising clock edge. In this mode, DS/CS and MCE may not both be low

at the same time.

Figure 42. Host-Independent Mode, MSD Bus Enable/Disable Timing with MEMCFG High

*

Texas
INSTRUMENTS

C-64 POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A — D3592, SEPTEMBER 1980 - REVISE-D MAY 1991

PARAMETER MEASUREMENT INFORMATION

:1—-——— te(cLK) —Dt |
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|
MSA15-0 SZ 2 i * R R ? ADDRESS 1 OUT * R ADDRESS 2 OUT ; R R 2 R

Tl —> th(CLKH-MSD) {
—— ] !
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I

i
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MOE$ l | \ '
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E |
ALTCH / | |
I |
rt-—D:— tp(CLKH-LADV)
]

|
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DATA 10UT XX X X ) DATA 2

;
-D: 14— ty(WEH-LAD)
!
|

| |
| |
CAS / ) T
| |
[ L
l“‘_"“‘ tp(cLKH-WEL) ¢ ’l tp(CLKH-WEH)

|

- tw(WEH)

T MCE dos not toggle at each rising clock edge.
MOE goes high at each rising clock edge.

Figure 43. Host-Independent Mode, MSD to LAD Bus Transfer Timing with MEMCFG High
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

03592, SEPTEMBER 1990 — REVISED MAY 1991 — SGUS012A
——— E—————

PARAMETER MEASUREMENT INFORMATION

:‘— te(cLK) —-Nl
CLK ,
“—ﬂ—tv(c:LKH-MSA) |
“—'N— 'p(CLKH-MSAV) !
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ps/cst | ) !
F—"'—"‘ tp(CLKH-MCEL) | P typcsH) |
1 -ﬁl }1- tp(CLKH-MCEH)MH :
|
WMCE" | ' o I
| I !
| | P tymcen) :
MWR 4 0 |
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D a— tp(CLKH-MOEL) i |
. ! | r
MOE DN | | /
] tw(MOEH) ¥ I
| |
ALTGH / | I
|
ﬁ———-—ﬂ- lp(CLKH-LA{DV)

LAD31-0 DATA 1 OUT DATA 2 OUT

)
'ﬂl ¢ ty(WEH-LAD)

| |

! | H
CAS —___/ | : |

|

I

N—'r tp(CLKH-WEH)
N—’:- th(CLKH-WEL) i |
WE AN PN
- tw(WEH)

1t DS/CS valid for moves to data space; MCE valid for moves to code space. Only one would be valid for each move instruction.
NOTE: This option for using DS/CS as data space chip enable and MCE as code space chip enable is involved by setting the MEMCFG bit high
in the configuration register.

Figure 44. Host-Independent Mode, MSD to LAD Bus Transfer Timing with MEMCF High

Exas %

INSTRUMENTS

C-66 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A — D3592, SEPTEMBER 1920 — REVISED MAY 1991

PARAMETER MEASUREMENT INFORMATION
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|

MOE N\
| T
—¥- tsy(CC-CLKH)

i
cc# / N\

|
| |
-» k- th(CLKH-CC)

—

T Dotted line shows DS/CS for MEMCFG high.
¥The CC input is registered on each rising edge of the clock, so the CC bit can be latched one cycle and tested during the next cycle.

Figure 45. Host-Independent Mode, MSD Bus Timing Test Condition (CC) and Branch
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

D3592, SEPTEMBER 1990 — REVISED MAY 1881 — SGUS012A

PARAMETER MEASUREMENT INFORMATION
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1 Dotted line shows DS/CS for MEMCFG high.

% Valid for MEMGFG low only. When MEMCFG low, COINT is set high by the set mask instruction, and it remains high until reset with another set
mask instruction.
The CORDY output is set low by the set mask instruction, and it remains low until reset with another set mask instruction.

|

2
O
m

COINTH

Figure 46. Host-Independent Mode MSD Bus Timing, SET/RESET COINT and CORDY
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A — D3592, SEPTEMBER 1990 — REVISED MAY 1991
Stensesm—

PARAMETER MEASUREMENT INFORMATION

:1—— te(CLK) —N' {
M _/—\_—
CLK | | | i
| tp(CLKH-MSAV) "?‘—“| | |
| | 4P ty(CLKH-MSA)
msa15-0_XX X XXX X XXX XXX vectorour X -+ XZXZZZ

I | [P th(CLKH-MSDV) |
I | tsu(MSD-CLKH) =P 14 | !

| \ . I [
| [P tH(CLKH-DCSLIML _ I
ps/cst } ] \ | .
| : |
i tp(CLKH-MCEL) —f¢———¥ |
| | { 1‘——’1— tp(CLKH-MCEH\lML
MCET + |
MCE : § \;[\ : /: |
| | : l
MWR T t
___/| ' ’ |
I \““—"‘[ tp(CLKH-MOEL) :
! I | {4—— tH(CLKH-MOEH) |
MOE | | \l ' ,{' P
P & th(CLKH-ITR) | I {
| tsu(TRL-CLKH) ! |
NTRE ' : t
[ !
H tWw(ITRL) } tH(CLKHATGL) "1'—"1

11—-——.}— tp(CLKH-ITGH) |

INTG /1/ e \I

1 Dotted lines show DS/CS and MCE for MEMCFG high.

1 NTR is negative-edged triggered.

NOTE: Interrupts are not granted during multi-cycle instructions. This example shows two interrupt requests. The firstis granted immediately; the
second, after the first is finished. INTG remains high after an interrupt is granted until interrupts are reenabled or a return from interrupt
instruction is executed.

Figure 47. Host-Independent Mode, MSD Bus Timing External interrupt to SMJ34082A
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

D3592, SEPTEMBER 1990 - REVISED MAY 1991 — SGUS012A
0

PARAMETER MEASUREMENT INFORMATION

'H— te(cLK) —-b; :
cLK w
tSu(ROYV-CLKH) _,I‘_ﬁn—bi— th(CLKH-RDY) :
RDY \_/ Iﬁ—b:— th(CLKH-LRD)
tsu(LRD-CLKH) —}t—q’ !

LRDY Kl )“

NOTE: When either RDY or LRDY is set low and the setup time before CLK high is observed, the device is stalled for one or more clock cycles,
untit RDY or LRDY is set high again. During a wait state, internal states and status are preserved and output signals do not change. LRDY
can be used in this manner only in the host-independent mode.

Figure 48. Host-Independent Mode, MSD Bus Timing Wait State Timing

PROGRAMMING INFORMATION

programming the SMJ34082A

The SMJ34082A is supported by a software development tool kit, including a C compiler and an assembler.
Program development using the tools is described in the TMS34082A too! kit documentation. Information on
internal instructions and listing of the external instructions are provided in the following sections.

in both the coprocessor and host-independent modes, the SMJ34082A instruction word is 32 bits long. The
number, length, and arrangement of fields in the 32-bit word depends on the operating mode and operation
selected. Internal microcode to the SMJ34082A is not restricted to the same 32-bit instruction formats so certain
internal programs may execute faster than the same operations written with external code can achieve.

in the coprocessor mode, the SMJ34082A can execute instructions both from the SMJ34020 and from the
program memory on the MSD bus (MSD31-0). Inthe host-independent mode the SMJ34082A is controlled from
code input on the MSD bus. Intemal instructions may be executed inthe host-independent mode by performing
a jump to the internal address.
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SMJ34082A

GRAPHICS FLOATING-POINT PROCESSOR

SGUS012A — D3592, SEPTEMBER 1980 — REVISED MAY 1991

PROGRAMMING INFORMATION

internal instructions

The SMJ34082A FPU performs a wide range of internal arithmetic and logical operations, as well as complex
operations (flagged 't’), summarized below. Compiex instructions are multi-cycle routines stored in the internal

program ROM.

One-Operand Operations:
Absolute Value
Square Root
Reciprocall
Conversions:
Integer to Single
integer to Double
Single to Double
Two-Operand Operations:
Add
Subtract
Compare

Matrix Operations:
4x4, 4x4 Multiplyt
1x4, 4x4 Muttiptyt
Graphics Operations:
Backface Testing?
Polygon Clipping®
2-D Linear interpolationt
2-D Window CompareT
2-Plane Clipping 1(x,Y,2)T
2-D Cubic Spline
Image Processing:

1s Complement
2s Complement

Single to Integer
Double to integer
Double to Singie

Multiply
Divide

3x3, 3x3 MultiplyT
1x3, 3x3 Muttiplyt

Polygon EliminationT

Viewport Scaling and Conversiont
3-D Linear Interpolationt

3-D Volume CompareT

2-Piane Color Cligping (R,B,G.)T
3-D Cubic Spline

3x3 ConvolutionT
Chained Operations :
Polynomial Expansion’ Muttiply/Accumulate’
1-D Min/Maxt 2-D Min/Max?
Vector Operations:
Addt Dot Product!
Subtract’ Cross Product!
Magnitudet Normalization
Scaling? Reflectiont

The internal ROM routines may be used in either the coprocessor or host-independent mode. In the coprocessor
mode, the intemnal routines are invoked by SMJ34020 instructions to its coprocessor(s).

Inthe host-independent mode, the internal programs can be called as subroutines by the externally stored code.
External programs can call internal routines by executing a jump to subroutine with bit 16 (internal code select)
set high and the address of the internal routine as the jump address.

The format of the SMJ34082A instruction in the coprocessor mode is shown in Figure 49. The instruction is
issued by the SMJ34020 via the LAD bus.

1 Indicates a complex instruction.
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

D3592, SEPTEMBER 1990 — REVISED MAY 1991 — SGUS012A

PROGRAMMING INFORMATION

31 28 24 20 15 13 8 7 6 5 0
|D|ra[rb]ru|m¢]fpuop[type[slze[o[1|ooooo

Figure 49. SMJ34082A Instruction

The 3-bit ID field identifies the coprocessor for which the instruction is intended. This coprocessor 1D
corresponds to the settings of the CID2-CIDO pins. To broadcast an instruction to all coprocessors, the ID is set

to 4h.

Table 5. Coprocessor ID
ID COPROCESSOR
000 FPUO
001 FPU1
010 FPU2
on FPU3
100 FPU broadcast
101 Reserved
110 Reserved
111 User defined

Four coprocessor addressing modes are defined for the SMJ34082A. The md field indicates the addressing
mode.

Table 6. Addressing Modes

MODE MD FIELD OPERATION
0 00 FPU internal operations with no jump or external moves
1 01 Transfer data to/from SMJ34020 registers
2 10 Transfer data to/from memory (controlied by SMJ34020)
3 1 External instructions

The type and size bits identify the type of operand; as shown below in Table 7. The | bit is used to indicate to
the SMJU34082A that this is a reissue of a coprocessor instruction due to a bus interruption. The least significant
four bits are the bus status bits, which will all be zero to indicate a coprocessor cycle.

Table 7. OPERAND Types

TYPE SIZE OPERAND TYPE
0 0 32-bit integer
0 1 Reserved
1 4] Single-precision floating-point (32-bit)
1 1 Double-precision floating-point (84-bit)

The ra, rb, and rd fields are for the two sources and destination within the FPU. Register addresses dre listed
in Table 1. For the ra and rb fields, only the four least significant bits of the register address are used. The ra
field may only use the RA register file, C, and CT. The RB field may only use the RB register file, C and CT.

The Floating-Point Unit Operation (fpuop) field is the FPU opcode (5 bits) described in Tables 8, 9, and 10.

In the coprocessor mode, the SMJ34082A executes user-defined routines (stored in external memory on the
MSD bus) by executing a jump to external code. For this instruction, the md field (bits 15-13) is set high and the
fpuop field gives the routine number (0-31). The SMJ34082A multipiies the routine number by twoto getthe jump
address. For example, routine number 14 would have a jump address of 28 decimal or 1C hex.
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

SGUSO12A - 0359% SEPTEMBER 1990 — REVISED MAY 1991

PROGRAMMING INFORMATION

The routines are coded using the external instruction format discussed in the next section. The last instruction
should be a jump to internal instruction address OFFFh with the I-bit(internal) set or a return from subroutine
instruction. This puts the FPU in an idle state, waiting for the next instruction from the SMJ34020.

Table 8. Coprocessor Mode Instructions

FPUOP TMS34020 ASSEMBLER OPCODE DESCRIPTION
00000 ADDx Sum of ra and rb, place in rd
00001 SUBx Subtract b from ra, place result in rd
00010 CMPx Set status bits on result of ra minus 1b
00011 SUBx Subtract ra from rb, place result in rd
00100 ADDAX Absolute value of sum of ra and rb, place result in rd
00101 SUBAx Absolute value of (ra minus rb), place result in rd
00110 MOVE or MOVx Load multiple FPU registers from SMJ34020 GSP or its memory
00111 MOVE or MOVx Save muitiple FPU registers to SMJ34020 GSP or its memory
01000 MPYx Muitiply ra and rb, place resutt in 1d
01001 DiVx Divide ra by rb, place result in rd
01010 INVx Divide 1 by rb, place result in rd
01011 ASUBAX Absolute value of ra minus absolute value of rb, place in rd
01100 reserved
01101 MOVEX Move ra to rd, multiple, for n registers
01110 MOVEx Move rb to rd, muitiple, for n registers
c1111 (see Table 10) Single operand instructions, b field redefined
10000 CPWx Compare point to window (set XLT, XGT, YLT, TGT)
10001 CPVx Compare point to volume (set XLT, XGT, YLT, YGT, ZLT, ZGT)
10010 BACKFx Test polygon for facing direction (backface test)
10011 INMNMXx Setup FPU registers for MNMX 1 or MNMX2 instruction
10100 LINTx Given [X1, Y1, Z1], [X2, Y2, Z2}, and a plane, find [X3, Y3, Z3]
10101 CLIPFx Clip a line to a plane pair boundary (start with point 1)
10110 CLIPRx Clip a line to a plane pair boundary (start with point 2)
10111 CLIPCFx Clip color values to a plane pair boundary (start with point 1)
11000 SCALEx Scale and convert coordinates for viewpoint
11001 MTRANXx Transpose a matrix
11010 CKVTXx Compare a polygon vertex to a clipping volume
11011 CONVx 3x3 convolution
11100 CLIPCRx Clip color values to a plane pair boundary (start with point 2)
11101 OUTC3x Compare a line to a clipping value
11110 CSPLNx Calculate cubic spline for given coefficients
11111 (see Table 11) Vector and matrix instructions, rb field redefined

F denotes single-precision, D denotes double-precision floating-point, x denotes operand type, and a blank designates signed integer
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SMJ34082A
GRAPHICS FLOATING-POINT PROCESSOR

D3592, SEPTEMBER 1990 — REVISED MAY 1991 — SGUS012A

PROGRAMMING INFORMATION

Table 9. Coprocessor Mode Instructions, FPUOP = 01111,

RB TMS834020 ASSEMBLER OPCODE DESCRIPTION
0000 PASS Copy ra to rd
0001 NOT Place 1s complement of ra in rd
0010 1 ABS Place absolute value of ra in rd
0011 NEG Place negated value of ra in rd
0100 CVDF Convert double in ra to single in rd (T and S define ra)
0100 CVFD Convert single in ra to double in rd (T and S define ra)
0101 CvDI Convert double in ra to integer in rd (T and S define ra)
0101 CVFI Convert single in ra to integer in rd (T and S define ra)
o110 CVID Convert integer in ra to double in rd (T and S define ra)
0110 CVIF Convert integer in ra to single in rd (T and S define ra)
0111 VSCLx Muttiply each component of a velocity by a scaling factor
1000 SQARx Place (ra * ra) inrd
1001 SQRTx Extract square root or ra, place in rd
1010 SQRTAX Extract square root of absolute value of ra, place in rd
1011 ABORT Stop execution of any FPU instruction
1100 CKVTXt Initialize check vertex instruction
1101 CHECK Check for previous instruction completion
1110 MOVMEM Move data from system memory to external memory @ MCADDR
1111 MOVMEM Move data to system memory from external memory @ MCADDR

Table 10. Coprocessor Mode Instructions, FPUOP = 11111,

RB TMS34020 ASSEMBLER OPCODE DESCRIPTION
0000 POLYx Polynomial expansion
0001 MACx Mutltiply and accumulate
0010 MNMX1x Determine 1-D minimum and maximum of a series
0011 MNMX2x Determine 2-D minimum and maximum of a series of pairs
0100 MMPYO0x Muitiply matrix elements 0, 1, 2, 3 by vector slement 0
0101 MMPY 1x Multiply matrix elements 4, 5, 6, 7 by vector element 1
0110 MMPY2x Multiply matrix elements 8, 9, 10, 11 by vector element 2
0111 MMPY3x Multiply matrix elements 12, 13, 14, 15 by vector element 3
1000 MADDx Add matrix elements 12, 13, 14, 15 to vector
1001 VADDx Add two vectors
1010 VSUBx Subftract a vector from a vector

1011 VDOTx Compute scalar dot product of two vectors

1100 VCROSx Compute cross product of two vectors

1101 VMAGXx Determine the magnitude of a vector

1110 VNORMx Normalize a vector to unit magnitude

111 VRFLCTx Given normal and incident vectors, find the reflection

F denotes single-precision, D denotes double-precision floating-point, x denotes operand type, and a blank designates signed integer
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PROGRAMMING INFORMATION

external instructions

31

External instructions are 32 bits long, and their formats (number, length, and function of fields) depend on the
operations being selected. Separate formats are provided for data transfers, FPU processing, test and branch
operations, and subroutine calls.

Instructions that control FPU operations can select operands from input registers, internal feedback, or from the
LAD bus (32-bit operations only). The format for an FPU processing instruction is shown in Figure 50.

28 24 20 15 1" 0

oP [ RA ] RB | RD T SEL_OP | INSTRUCTION

Figure 50. FPU Processing External Instruction Format

The op field selects the sequencer operation. Three continue instructions are available to permit control of the
WE and ALTCH strobe outputs, which enable LAD output in the host-independent mode. Thera, rb, and rd fields
are for the two sources and destination in the SMJ34082A register file. The sel_op field selects the source of
the operands: register file or feedback registers. The instruction field designates the operation to be performed.

External instructions and cycle counts are listed in Table 11. Absolute values of operands or results, negated
results, and wrapped number inputs are selectable options. Chained operations, using the multiplier and ALU
in parallel, and other instructions to control program flow and move data are included.

External instruction timing depends on the pipeline registers setting, controlled by the PIPES2-1 bits in the
configuration register. Most FPU processing instructions (with the exception of divide, square root, and
double-precision multiply) execute in one cycle per pipeline stage.

*»
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Table 11. External Instructions and Timing

SMJ34082A ASSEMBLER DESCRIPTION PIPES2-1 PIPES2-1 PIPES2-1 PIPES2-1
OPCODE OF ROUTINE 11 10 01 00
ADD 1(1) 2(1) 2(1) 3(1)
AND Logical AND A, B 1(1) 2(1) 2(1) 3(1)
ANDNA Logical AND NOT A, B 1(1) 2(1) 2(1) 3(1)
ANDNB Logical AND A, NOT B 1(1) 2(1) 2(1) 3(1)
CJMP Conditional jump 1(1) 1(1) (1) 1(1)
CSJR Conditional jump to subroutine (1) 1(1) 1(1) 1(1)
CMP 1(1) 2(1) 2(1) 3(1)
COMPL Pass 1s complement of A 1(1) 2(1) 2(1) 3(1}
DIV
8(8) 8(7) 9(7) 9(7)
13(13) 13(12) 15(12) 15(12)
16(16) 16(15) 17(15) 17(15)
DTOF Convert from DP to SP 1(1) 2(1) 2(1) 3(1)
DTOI Convert from DP to integer 1{1) 2(1) 2(1) 3(1)
DTOU Convert from DP to unsigned integer 1(1) 2(1) 2(1) 3(1)
FTOD Convert from SP to DP 1(1) 2(1) 2(1) 3(1)
FTOI Convert from SP to integer 1(1) 2(1) 2(1) 3(1)
FTOU Convert from SP to unsigned integer 1(1) 2(1) 2(1) 3(1)
ITOD Convert from integer to DP 1{1) 2(1) 2(1) 3(1)
ITOF Convert from integer to SP 1(1) 2(1) 2(1) 3(1)
LD Load n words into register
n+1 n+1 n+1 n+1
2n+1 2n+1 2n+1 2n +1
n+1 n+1 n+1 n+1
LDLCT Load loop counter with value 1(1) 1(1) 1(1) 1(1)
LDMCADDR Load MCADDR with value 1(1) 1(1) 1(1) 1(1)
MASK Set programmable mask 1(1) 1(1) 1(1) 1(1)
MOVA Move A (no status flags active) 1(1) 2(1) 2(1) 3(1)
MOVIM Move n words from LAD bus to MSD bus
n+1 n+1 n+1 n+1
2n+1 2n+1 2n+1 2n+1
n+1 n+1 n+1 n+1
MOVML Move n words from MSD bus to LAD bus
n+1 n+1 n+1 n+1
2n+1 2n+1 2n+1 2n+1
n+1 n+1 n+1 n+1
MOVRR Multiple move, register to register
n+1 n+1 n+1 n+1
2n+1 2n+1 2n+1 2n+1
n+1 n+1 n+1 n+1
MULT.ADD Multiply A4 * By, Add A + B2
1(1) 2(1) 2(1) 3(1)
2(2) 3(2) 3(2) 4(2)
1(1) 2(1) 2(1) 3(1)

DP denotes double-precision, and SP denotes single-precision.
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Tabale 11. External Instructions and Timing (Continued)

SMJ34082A ASSEMBLER DESCRIPTION PIPES2-1 PIPES2-1 PIPES2-1 PIPES2-1
OPCODE OF ROUTINE 11 10 01 00
MULT.NEG Muitiply A1 * B4, Subtract 0 - Aa
SP 1(1) 2(1) 2(1) 3(1)
DP 2(2) 3(2) 3(2) 4(2)
integer 1(1) 2(1) 2(1) 3(1)
MULT Multiply A = B
SP 1(1) 2(1) 2(1) 3(1)
DP 2(2) 3(2) 3(2) 42
integer (1) 2(1) 2(1) 3(1)
MULT.PASS Multiply Ay * By, Add A + 0
SP 1(1) 2(1) 2{(1) 3(1)
bP 2(2) 3(2) 3(2) 4(2)
integer 1(1) 2(1) 2(1) 3(1)
MULT.SUB Multiply A4 * B¢, Subtract A2 ~ B2
SP 1(1) 2(1) 2(1) 3(1)
DP 2(2) 3(2) 3(2) 4(2)
integer 1(1) 2(1) 2(1) 3(1)
MULT.2SUBA Multiply A1 * By, Subtract 2 — Ag
spP 1(1) 2(1) 2(1) 3(1)
DP 2(2) 3(2) 3(2) 4(2)
integer 1(1) 2(1) 2(1) 3(1)
MULT.SUBRL Multiply A1 * B{, Subtract B - A2
SP 1(1) 2(1) 2(1) 3(1)
DP 2(2) 3(2) 3(2) 4(2)
integer 1(1) 2(1) 2(1) 3(1)
NEG Pass —A (2s Complement) 1(1) 2(1) 2(1) 3(1)
NOR Logical NOR A, B (1) 2(1) 2(1) 3(1)
OR Logical OR A, B 1(1) 2(1) 2(1) 3(1)
PASS Pass A (1) 2(1) 2(1) 3(1)
PASS Pass B 1(1) 2(1) 2(1) 3(1)
PASS.ADD Multiply Ay * 1, Add Ao + By
SP 1(1) 2(1) 2(1) 3(1)
DP 2(2) 3(2) 3(2) 4(2)
integer 1(1) 2(1) 2(1) 3(1)
PASS.NEG Multiply A1 * 1, Subtract 0 — Ag
SP (1) 2(1) 2(1) 3(1)
DP 2(2) 3(2) 3(2) 4(2)
integer 1{1) 2(1) 2(1) 3(1)
PASS.PASS Multiply Ay * 1, Add Ag + 0
SP 1(1) 2(1) 2(1) 3(1)
DP 2(2) 3(2) 3(2) 4(2)
integer 1 2(1) 2(1) 3(1)
PASS.SUB Multiply Ay * 1, Subtract Ag ~ Bo
SP : 1{1) 2(1) 2(1) 3(1)
DP 2(2) 3(2) 3(2) 4(2)
integer 1Y) 2(1) 2(1) 3(1)
PASS.2SUBA Muttiply Aq * 1, Subtract 2 ~ Ag
sP 1(1) 2(1) 2(1) 3(1)
[»]4 2(2) 3(2) 3(2) 4(2)
integer () 2(1) 2(1) 3(1)
DP denotes double-precision, and SP denotes single-precision.
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Table 11. External Instructions and Timing (Continued)

CYCLE COUNTS
O oo MBLER prrssiniive PIPES2-1 | PIPES2-1 | PIPES2-1 | PIPES2—1
11 10 ot 00

RTS Return from subroutine 1(1) 1(1) 1(1) 1(1)
SLL Logical shift left A by B bits 1(1) 2(1) 2(1) 3(1)
SQRT Square root of A

SP 11(11) 11(10) 12(10) 12(10)

oP 16(16) 16(15) 17(15) 17(15)

integer 20(20) 20(19) 21(19 21(19)
PASS.SUBRL Multiply A * 1, Subtract By - Ag

SP 1(1) 2(1) 2(1) 3(1)

oP 2(2) 3(2) 3(2) 42)

integer 1(1) 2(1) 2(1) 3(1)
SRA Arithmetic shift right A by B bits 1(1) 2(1) 2(1) 3(1)
SRL Logical shift right A by B bits 1(1) 2(1) 2(1) 3(1)
ST Store n words from register

SP n+1 n+t n+1 n+1

DP 2n+t 2n+1 2n+1 2n+1

integer n+1 n+1 n+1 n+1
suB Subtract A~B 1(1) 2(1) 2(1) 3(1)
SUBRL Subtract B—- A 1(1) 2(1) 2(1) 3(1)
UTOD Convert from unsigned integer to DP 1(1) 2(1) 2(1) 3(1)
UTOF Convert from unsigned integer to SP 1(1) 2(1) 2(1) 3(1)
UWRAPI Unwrap inexact operand 1(1) 2(1) 2(1) 3(1)
UWRAPR Unwrap rounded operand 1(1) 2(1) 2(1) 3(1)
UWRAPX Unwrap exact operand 1(1) 2(1) 2(1) 3(1)
WRAP Wrap denormalized operand 1(1) 2(1) 2(1) 3(1)
XOR Logical exclusive OR A, B 1(1) 2(1) 2(1) 3(1)

DP denotes double-precision, and SP denotes single-precision.
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MECHANICAL DATA
GB pin-grid-array ceramic package
This is a hermetically sealed package.
145-PIN GB 40,1(1.580)
INDEX CORNER 37,8(1.480)
MARKOR CHAMFER\( K
1,27(0.05) X 45 1
(PIN A-1)
40,1(1.580)
(TOP VIEW) 37,6(1.480)
5,72(0.225) __ —v
2,54(0.100) 1,78(0.070)
1,02(0.040)
5,08(0.200) | 0 1,27(0.050) NOM
2,54(0.100) g img of?) DIA (4 PLACES)
DIA TYP (SEE NOTE E)
2,54(0.100) TYP——’1 l&— 2,54(0.100) TYP
I (SEE NOTE D)
RIOODOOOOOOOOOO0OCO
PloOo0O0OOOCORCOOOOO©O0 O]
N|POOPBPOOOOOOOOOO®
M| @O ©©e
L1o@® [oJeXe)
K| ©©©® e o
J|©e06 OO
BO(1.400REF L | 5 6@ (BOTTOMVIEW) ©©©
G|©OO [OXeXC)]
FlO©®© @o0e
E|©@@®© 0O
D|©©O®® 000
cle0P00000OROROOO
B|00O0OOOOOOOOOOO00
A \000000000000000
12345678 9101112131415
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: D. Pins are located within 0,13 (0.005) radius of true position relative to each other at maximum meterial condition and within
0,457 (0.018) radius of the center of the ceramic.
E. Dimensions do not include solder finish.
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