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® Instruction Cycle Time: i
— 132 ns ... (TM$34010-60) (TOP VIEW)
- 160 ns . .. (TMS34010-50) )
—~ 200 ns ... (TM$34010-40) ol IE LAY
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® Fully Programmable 32-Bit General-Purpose o ‘%i% Z T D g |§_" TERIE Y

Processor with 128-Megabyte Address
Range

® Pixel Processing. XY Addressing. and
Window Checking Built into the instruction
Set

® Programmable 1, 2, 4, 8, or 16-Bit Pixel
Size with 16 Boolean and 6 Arithmetic Pixel
Processing Options (Raster-Ops}

® 30 General-Purpose 32-bit Registers and
32-bit Stack Pointer

® 256-Byte LRU On-Chip Instruction Cache

® Direct Interfacing to Both Conventional
DRAM and Multiport Videc RAM

® ODedicated B/16-Bit Host Progessor Interface
and HOLD/HLDA Interface

e Programmable CRT Control {(HSYNC,

VSYNG, BLANK)

¢ High-Leve! Language Support

® Full Line of Hardware and Software
Development Tools Including a "'C"”’
Compiler

® 68-Leaded Packaging (PLCC)
® 5-Volt CMOS Technology

description

LADO
LAD1
LAD2
LAD3
LAD4
LADS
LADE
LAD?
Vss
LADS
LADS
LADTO
LADY
LAD12
LAD13
LAD14
LADIS

3 2 1 6BE7EE6564B36261

2728293031 323334 35363738394011 4243

A AL rara g1 rr)

- o % 4w v |» Wik

SLiBEERR m:>|m| \<|§\o s

SHAdE>lgs2 > 0l0 5 a

i el el P e [l }—~ T
L ]

HLDA

The TMS34010 Graphics System Processor (GSP) is an advanced high-performance CMOS 32-bit
microprocessor optimized for graphics dispiay systems. With a built-in instruction cache, the ability to
simultaneously access memory and registers, and an instruction set designed specifically for raster graphics
operation, the TMS34010 provides user-programmable control of the CRT interface as well as the memory
interface (both standard DRAM and multiport video RAM). The 1-gigabit address space is completely bit-
addressable on bit boundaries using variable width data fields {1 to 32 bits). Additional graphics addressing
modes suppoct 1, 2, 4, 8, and 16-bit wide pixels. The TMS34010 is excepticnally well-supported by graphics
software interface standards such as TIGA, MS-Windows, the X Window System, DGIS, and CGI, as well
as a full line of hardware and software support tools. Current support is highlighted in the TM534070
Third Party Reference Guide (literature number SPVBOSGC).

architecture

The TMS34010 is a CMQS 32-bit processor with hardware support for graphics operations such as PixBlts
Iraster ops) and curve-drawing algorithms. Also included is a complete set of general-purpose instructians
with addsessing tuned to support high-level languages. In addition 1o its ability to address a large external
memary range, the TMS34010 contains 30 general-purpose 32-bit registers, a hardware stack pointer
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and a 266-byte instruction cache. On-chip functions include 28 programmable |/Q registers that contain
CRT control, input/ioutput control, and instruction parameters. The TM534010 directly interfaces to dynamic
RAMSs and video RAMs and generates video monitor control signals. It also accemmodates a conventional
HOLD:HLDA shared access as well as a separate, generalized interface for communicating with any standard
host processor.

pin descriptions

PN 110 DESCRIPTION
MNAME NUMBER
| Host Interface Bus Pins
HCS 6¢€ 1 Heost chip selact
HDO-HD 15 44-51, $3-60 10 Host bidirectional data bus
HESO, HEST B67. B8 | Host function select
HINT 47 0 teost interrupt request
61 1 Host lower data select
62 Haost upper data select
a3 0 Hast ready
61 Has1 read strobe
CEERITE 64 Hasl write strobe
Local Bus Interface Pins
RasS 38 %] Lizcal row-address strobe
Cas 39 o] Locat column-address strobe
SoOouUT 38 8} Local data dirgction out
TER 37 0 Local data enable
LaDO LADYS 1017, 18 26 o] Local address/data bus
LAl 34 G L ocal address latched
LCLK T, - CLK2 28, 29 a Local output clocks
(T, CIn 2 4.7 | L_OC{B-' interrupt request pins
LRDY 9 \ ! Local ready
TRQOF 41 5 Losal shift register tansfer or output enable
W 40 0 Lacal write strobe
wTLK s | hiput clock
Hold and Emulation
i HOLD 3] | Hele request
RUN/EMU 2 | Run/Not emulate
HLDA/EMUA 33 Q Hoid acknowledge or emulate acknowledge
Video Timing Signals
BLANK 32 Q Blanking
HSYNC 30 113 Horizontal sync
VLK 4 I video clock
VSYNC 31 0O Vertical sync
Miscellaneous
RESET 3 : ! Reset
Nele 2761 | Nominat 5volt power supply
fvgg 1. 18, 3%, 62 [ Ground
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system block diagram
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FIGURE 1. TMS$34010 INTERNAL ARCHITECTURE
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The TMS34010 provides single-cycle exzcution of most comman integer arithmetic and Boclean operations
from ots nstruction cache. Additionally, the TMS24010 meorporates a hardware barrel shifter that provides
a single state bidirectional shift and rotate function far 1 to 32 bils.

A microceded local memary contraller supports pipelined memory write operations of variable size fields
that can be performed in parallel with subsequent istruction execution.

TMS34010 graphics processing hardware supports pixe! and pixel-array processing capabilities for hoth
moncchrome and color systems that have a varnety of pixel sizes. The hardware incorporates two-operand
raster operations with Boalean and arithmetic operations, XY addressing. window clipping, window checking
operations, 1 to n bits per pixel transforms, transparency, and plane masking. The architecture further
supports operations on single pixels (FIXT instructions) or on two-dimensional pixel arrays of arbitrary size
{PixBlts).

The TMS34010's flexible graphics processing capabilities allow software-based graphics algorithms without
saorf cing performance. These algorithms include: arbitrary window size, custom incremental curve drawing,
and twoe-operand raster poperalans.

register files

Boolean, arithmetic, byte, and field move instructions operate on data within the TMS334010°s general
purpose register files. The TMS34010 contains thirty-one 32-bit registers, including a system stack pointsr
(SP}. The SF is accessible to both Register File A and B as the sixteenth register. Transfers between registers
and memory are facilitated via a complete set of field MOVE instructions with selectable field sizes. Transfers
between registers are facilitated via the MOVE instruction.

The fitteen general-purpose registers in Register File A are used for high-level language support and assembly
language programming. The fifteen registers in Register File B are dedicated to special functions during
PixBlts and other pixel operations, but can be used as general-purpose registers at other times.
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31(MSB) O{LSH} 31{MSB} 0(LSB)
- -y eyt S S ———
SOURCE ADDRESS
AD 80 } SADDR {PIXBLTS]
Ny l
T T T
a1 81 . SPTCH SOURCE PITCH
I — — }
. DESTINATION ADDRESS
A2 82 ! DADDR {PIXBLTS AND FILLS)
- I [ }
A3 B3 DPTCH DESTINATION PITCH
S SR /S
A4 84 OFFSET OFFSET
, . }
A5 B5 WSTART WINDOW START
i 1
T T
A6 B6 WEND WINDOW END
L 1
A7 87 DYDX DELTA ¥/ DELTA X
l
. ‘ COLORO
A8 B3 COLORO {BINARY PIXBLTS)
N
COLOR1
A9 BO ! COLOR1 {BINARY PIXBLTS, FILLS AND DRAVI
T F T ey
a10 K10| TEMPORARY REG!STER
e }
A1 B11| TEMPORARY REGISTER
i 1
THESE ARE USED AS TEMPORARY
a2 812| TEMPORARY REGISTER STORAGE FOR PIXBLT AND
- ; FILL INSTRUCTIONS.
A13 813 TEMPORARY REGISTER
4 ey J
A14] B14: TEMPORARY REGISTER
3 ! f -
SP STACK POINTER sp STACK PCINTER
L i Il

t T

FIGURE 2. REGISTER FILES A AND B

program counter (PC} -

The TMS34010°'s 32-bit program counter register points to the next instruction-stream word to be fetchec.
Since instruction words are aligned to 16-bit boundaries, the four LSBs of the PC are always zero.

instruction cache :

An on-chip instruction cache contains 256 bytes of RAM and provides fast access to instructions, It operates
autamaticatly and is transparent to software. The cache is divided into four 64-byte segments. Associated
with each segment is a 23 bit segment address register to identify the addresses in memory corresponding
tc the current contents of the cache segment. Each cache segment is further partitioned into eight
subsegments of four wards each. Each subsegment has assaciated with it a present (P} flag to indicate
whether the subsegment contains valid data.
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DATA REGISTERS

SUBSEGMENT O

SUBSEGMENT 2

SUBSEGMENT 1

SUBSEGMENT 3

SUBSEGMENT 4

SUBSEGMENT 5

SUBSEGMENT 6

SUBSEGMENT 7

-— 16 —n!

SUBSEGMENT O

SUBSEGMENT 1

| % SEGMENT 0

WORD 0

SUBSEGMENT 2
| SUBSEGMENT 3 | WORD 1
SUBSEGMENT 3 | ™~ SUBSEGMENT 2
| GUBSEGMENT 4 | ~o WORD 2 | OF SEGMENT 1
SUBSEGMENT 4 ~
~.._| WORD 3
SUBSEGMENT 5 N
T SUBSEGMENT © | la— 16—/
SUBSEGMENT §
SUBSEGMENT 7
| o
SUBSEGMENT 0
SUBSEGMENT 1
SUBSEGMENT 2
SUBSEGMENT 3
F————— P SEGMENT 2
SUBSEGMENT 4
-
SUBSEGMENT 5 MOST
1 RECENTLY-#=
SUBSEGMENT & USED
SUBSEGMENT 7
- - LRU
T STACK
[sessamewro [] - yeer
SUBSEGMENT 1 RECENTLY i
" USED J
SUASEGMENT 2
SUBSEGMENT 3 _
SEGMENT 3

SUBSEGMENT 4

SUBSEGMENT &

SUBSEGMENT 6

SUBSEGMENT 7

FIGURE 3. INSTRUCTION CACHE
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The cache is loaded only when an instruction requested by the TMS34010 is not already contained within
the cache. A least-recently-used (LRU) algorithm is used to determine which of the four segments of the
cache s overwritten with the new data. For this purpose, an internal four-by-two LRU stack is used to
keep track of cache usage.

status register

The status register 1ST) is a special-purpose 32-bit register dedicated to status codes set by the results
of impiait and explicit compare operatiors and parameters used to specify the length and behavior of fields
0 and 1

{7:1_12!}9?’28 27//26 25;2/35/; g'? 720 T})B ’;;5/2/sz5 10' 9'?:1[ 7T 5 ; " 3'F:OT 17] O
| fZ%Q%E%%Z%éﬁ%f 4%1 e e

U i)

o

N Syn b 1E Interrupt enable bit

¢ Carry b FE1  Field extension bit 1

2 Zeo gt FS1  Field size bit 1

Voo Ovedlow Lin FEQ  Field extonsion bit ©
PEX P xBIt executiry FS0  Feeld sice kit O

FIGURE 4, STATUS REGISTER

fields, bytes, pixels, and pixel arrays

& 26-bit address output by the TMS34010 selects a 168-bit word of physical memory: logically, however,
the TMS34010 views memory data as fields addressable at the bit level, Primitive data types supporter
By e TME34010 include: bytes, pixels, two 1- 1o 32-bit fieids, and user-defined pixel arrays.

Fieids O ard 1 are specified independently to be from 1 to 32 bits in length. Bytes are special 8-bit cases
ot the feld data type, whide pixels are 1.2, 4, 8 o1 16 bits in length. In general, fields (including bytes)
Misy siart and terminate on arbitrary bt boundaries; pixels must pack evenly into 16-bit words.

pixel operations

P xelarrays are two-dimensional data types of user-defined width, height, pixel depth (number of bits per
pexel), @nd piteh (gistance between rows). A pixel or pixel array may be accessed by means of either its
memory address or its XY coordinates. Transfers of individual pixels or pixel blocks are influenced by the
pixel processing, transparency, window checking, plane masking, or corner adjust operations selected.

I/O registers

The GSP contains an on-chip block of twenty-eight 16-bit 1/O registers mapped into the TMS34010's
memory address space. They can be accessed either by the TMS$34010°s CPU or by the host processor
via the host interface. The I/O registers contain control parameters necessary 1o configure the operation
of the following interfaces: interface 1o host processor (6 I/O registers), interface to local memory (6
registers), video timing and screen refresh functions [15 registers), and externally and internally generated
mterrupts (2 registers). The 11O registers also turnish status information on these interfaces.
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ADDRESS REGISTER

4 Y a
0CC0001FOh REFCNT | DRAM REFRESH COUNT
0CO0001EOh DEYADR DISPLAY ADDHRESS
0C00001D0h VCOUNT VERTICAL COUNT
0C00G01CON HCOUNT HORIZONTAL COUNT
QC0000180h DPYTAP DISPLAY TAP POINT
0C00001AOh |
GCO0000190h _RESERVEI;—
0ce000180n | ]
0C0000170h
0C0000160h PMASK PLANE MASK
0C0000150h PSIZE PIXEL SIZE
0C0000140h CONVDP | CONVERSION (DESTINATION PITCH)
0C0000130h CONVSP CONVERSION (SOURCE PITCH)
0CO0C0120h INTPEND INTERRUPT PENCING
0C0000110h INTENB INTERRUPT ENABLE
0C0000100h HSTCTLH | HOST CONTROL |8 MSB'S!
0CO00GOFOh HSTCTLL | HOST CONTROL (8 LSB'S)
OCO00GOEOh HSTADRH | HOST ADDRESS {16 MSB'S|

0Co0000D0OK HSTADRL HOST ADDRESS {16 LSB'S)
0C00000C0Oh HSTDATA HOST DATA
0C00000BONR CONTROL CONTROL

0CQO000ACK DPYINT DISPLAY INTERRUPT
GCo0Q0090h DPYSTRT DISPLAY START
0Co0COO80H DPYCTL DISPLAY CONTROL
0CG000070h VTOTAL VIDED TOTAL
0C0000060h VSBLNK VERTICAL START BLANK
0CO000050n VEBLNK VERTICAL END BLANK
QC0000040h VESYNC VERTICAL END SYNC
0C0000030h HTOTAL HORIZONTAL TOTAL
0C0000020h HSBLNK HORIZONTAL START BLANK
OCO000010h HEBLNK HORIZONTAL END BLANK
QCo000000h HESYNC HORIZONTAL END SYNC

FIGURE 5. IO REGISTERS

host interface registers

The host interface registers are provided for communications between the TMS34010 and the host
wronizasor The registers are mapped imo five of the 10 register locations accessible 10 the TMS34010

Trese & regesters are mapped nto four locations in the GSP interface to the host

One af tne regesters 1 devoted to host interface control functions such as the passing of interrupt requests
ang 3.0t status codes from nast to TMS34010 and from TMS34010 to host. Other control functions
swilan 2 to the host processor include flushing the instrifction cache, halting the TMS34010, and
ansimitting d non maskable mterrupt request to the TMS34010.
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The remaining host registers are used for block transfers between the TMS34010 and host processor.
The host uses these registers 1o indirectly access blocks within the TMS34010%s lacal memory. Two of
the 16-bit registers contain the 32-bn address of the current word location in memory. Another 16-bit
regster buffers data ransferred to and frem the memory by the host processor. The host interface can
Le programmed to automatically mncrement the pointer address following each transter to provide the host
with rapid sceess 1o 4 block of seguental addresses,

memory interface control registers

Six of the 10 regisiers are dedicated to various tocal memory interface functions including:
* Frequency and type of CRAM refresh cycles
* Pixel size
* Masking (write protection) of individual colar planes
* Various pixel access control parameters

— Window checking mode

Boolean or arithmetic pixel processing operation
— Transparency
- PixBit direction control

video timing and screen refresh

Fourteen V0 registers are dedicated to video timing and screen refresh functions. The TMS34010 generates

1o honizorial sync (RSYNCH vertical syne (VSYNCH, and blarking {BLANK) signals used to drive a video
Toriterin g grapghas system. These signats are controlled by means of a set of programmable video timing
i Coregosters and are based on the Input videas clock, VCLK. VCLK does not have 1o be synchronous with
respect to INCLK, the TMS34010's CPU input clock.

The TM334010 directly supports multiport video RAMs (VRAMS) by generating the memory-to-register
load cycles necessary to refresh the display being shown on the videe monitor. The memory locations
from which display information is taken, as well as the number of horizontal scan lines displayed between
memory-to-register load cycles, are programmable. VRAM tap point addresses are also fully programmable
10 support horizontal panning.

The TMS34010 supparts various screen resolutions and either interiaced or noninterlaced video. The
TMS34010 can aptonally be programmed 1o synchronize to externally generated sync signals so that
giraphics mrages created by the TMS34010 can be superimposed upon images created externally. The
external syno imode can alss be used to synchronize the video signals generated by two or more TMS34010
chips an o omoltple TMS34010 graphics system,

interrupt interface registers

Two dedicated /O registers monitor and mask interrupt requests to the TMS34010, including two externally
gererated interrupts and three internally geénerated interrupts. Aninternal interrupt request can be generated
on one of the follcwing conditions:

= Window vialation: an attempt has been made to write a pixel to a location inside or outside a
specitied window boundary.

* Host interrupt: the host pracessor has set the interrupt request bit in the host control register.

* Display interrupt: a specified line number in the frame has been displayed on the screen.

A normaskable interrupt cccurs when the host processor sets a particular control bit in the host interface
registers. The TMS34010 reset function is controlled by a dedicated pin.

{i’
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memory controllerlocal memory interface

The memary control e manages the TMS340 10 s mterface o the local memory and auatomat.cally performs
the it ahgnment ano masking necessary 10 access dota located at arbitrary bit boundaries within memory,
The memuory cont:oller operates autonomaousty with respect to the CPUL It has a “"wrnite gueue’ one field
(1 1c 32 Lits) deep that permits it to complate the memuory cyeles necessary 1o insert the field mto memory
without delaying the cxecution of subsequent instractions. Only when a sccond memaory operation s
required before the memaory controller has completed the first operation is the TM334010 forced 1o defer
Imstruction execution.

The TM334G10 directly interfaces 1o all standard dynamic RAMs and, in particular to JEDEC standard
GAK and 256K video HAMs such as the TMS54161 and TMS4461 Multiport VRAMs. The TMS34010
nremaory Mettace consisis of a tnipte-multiplexed address/data bus plus the associated control signals.
Ruw address colum audress, and dato are oeultiplexed over the same address/data lines DRAM refresh
mosenponted werh sovan ety of nrodes imcouding CAS beloie RAS relresh

TMS34010 memory map
From the programmer’s peint of view, the TMS34010 treats data and instructions as residing in the same

Memnery space.

BIT 2321
(LAST BIT IN MEMORY)

ADDRESS |
OFFFFFFFOR [T
INTERRUPT
654 WORDS VECTORS
OFFFFFCOOH
CFFFFFBFOR 517 WORDS
RESERVED
OFFFFEQQCh
OFFFFDFFOh 3
GENERAL
226 _.1024 WORDS USE
0C0002000h i
0COO01FFOh 1
RVED
512 WORDS RESE
0CO000200h
0CODOO0TFOh T
_ INTERNAL 110
32 WORDS REGISTERS
0C00D0000hK
OBFFFEFFOh
24226 WORDS GENERAL
USE
000000000h l

BIT O

- 1 —————— -
l 16 (FIRST BYT IN MEMORY)

FIGURE 6. MEMORY MAP

i
Texas b 10
INSTRUMENTS

SGT QR T A0K 1467 8 HOUSTON TEXAS 27000



TMS34010
GRAPHICS SYSTEM PROCESSOR

SPVS002C JUNE 1886 -- HEWVISED JUNE 1991

instruction set

The TMS334010 instructions fall into three categories. The graphics instructions manipulate pixel data,
accessed via memory addresses or XY coordinates. They provide support for graphics operatiens such
as array and raster ops, pixel processing, windowing, plane masking, and transparency. The move
iastructions comprehend bit addressing and feld operations; they manipulate tields of data using linear
sddressing for transfer to and from memary and the register file. The TMS34010 general-purpose
mstruciions provide a compiete set of arithmetic and Boolean operations on the register file as well as
genergl program contral and data processing. Partial timing information is provided in the table below.
The two values given for jump instructions in the Minimum Cycles column indicate the jump and no-jump
conditions, respectively. Full timing information can be obtained in the TMS34070 User's Guide (number
SPVUGO1B}. :

The following abbreviations are used below in the opcodes: S (source register), D {dastination register),
R (register file select), F (field select), K (constant), M (cross A/B file boundary}, Z {draw option), code
ljump select code), X {don‘t care), N (trap select and stack adjustl, RS {source register), RD (destination
register], xxxx (zddress displacementi. IL {32-bit immediata operand), and IW {16-bit immediate operand!.

GRAFPHICS INSTRUCTIONS

NO. MINTMUM STATUS
SYNTAX DESCRIPTION WORDS CYCLES 16-BIT OPCODE BITS
MsB LSB

ADDXY Rs, Rd Add Repisters in XY Made 1 1 1110 000S SSSR DDDD N C Z Vv
CMPXY Rs, Rd Compare X and ¥ Halves of Hé’gisters 1 3 1110 0105 SSSR DODD N C Z Vv
CPW Rs, Rd Cumpare Point to Window 1 1 1110 ©11S 3S5R 0ODD — - s
CVXYL Rs, Rd Convort XY Address 1o Linear Addross 1 3 1119 100S S8SR GROD - - — —
DRAV Rs, Rd Draw and Advance 1 t 1111 0118 S8SR DDDD — — — Vv
FiLL L Fill Array with Processed Pixels: Linear 1 T 0000 1111 1100 0000 - -— .-
FILL X¥ Fili Array with Processed Pixals: XY 1 f o0Qo0 1111 1110 ©O0Q0 — - — W
LINE Z Line Oraw 1 i 1101 1111 Zoor 1010 - — - v
MOV X Rs, Rd Move X Half of Register 1 1 1110 110S SS5SR DDDD -
MOVY Rs, Rd Maove Y Half of Register 1 1 1110 111§ SSSR DOOD - — -
PIXBLT B,L Fixel Block Transfer: Binary to Linear 1 f Q000 1111 1000 00QQ - - -
PIXBLT B8 XY Pixel Block Transfer and Expand: Binary to XY 1 T Q000 1111 1010 0000 - — —
PIXBLT L.L Pixel Biock Transter: Linear to Linear 1 t 000C 1111 0QOC QD00 — - —
PIXBLT L, XY Pixel Block Transfer: Linear to XY 1 t o000 1111 Q010 000G — — — V
PIXBLT XY, L Pixel Biock Transfer: XY to Linear 1 t Qo000 1111 0100 0000 — — — -
PIXBLT XY, XY Pixel Block Transfer; XY to XY 1 1 0000 1111 0110 OCOOD — - — Vv
PIXT Rs,*Rd Pixel Transfer: Register to Indirect 1 T 1111 100§ SSSR DDOD — — — -
PIXT Rs,*Rd. XY Pixel Transter: Aegister to Indirect XY 1 t 1111 000S S8SSSR DDDD -~ — -V
PIXT *Rs, Ro Pixel Transfer: Indirect to Register 1 4 1111 101S S85SR DDDD - — — -
PIXT *Rs."Rd Pixel Transter: Indirect to indirect 1 t 1111 1105 S8SS5R DDODD — - — -
PXT *Rs XY. Rd Fixel Transfer: Indirect XY to Register 1 6 1111 0035 S§5R DODD — — - -
PIXT "Rs. XY "Rd x¥ Pixel Transfer: Indirect XY to Indirect XY 1 1 1111 0105 SSSR DODD - -V
SUBXY Rs.Ro Subtract Registers in XY Mode 1 1 1110 001S SSSR DODD N C 2 Vv

"Number ot cycles depends an pixal size anfor pixel array size and graphics option selected. See TMS334010 User’s Guide (SPVU001A)
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MOVE INSTRUCTIONS

NO.  MINIMUM STATUS
SYNTAX DESCRIPTION WORDS CYCLES 16-BIT OPCODE BITS
MSB Ls8
MOVB Rs, *Rd Move Byte: Register to Indirect 1 1 1000 1105 SSSR DO0G — — —
MOVE *Rs Rd Move Byte: Indirect to Registar 1 T 1000 1115 SSSRDODD N — 2
MOVE "Rs. *Rd Mawve Byte: Indirect to lndirect 1 1 1001 110S S$SSR DODD -~ -
PO E Ao, "Adiottset Mave Byte: Register to Indirect with offset, 2 1 101Q 1310% SSSR DDBDO - — -
MU B Hs olfset) Hg Mave Bytle: Indirect with offset to Register 2 T 1010 1118 SS55R DEOD N — 7

WOvE "Ryotfset "Rojotfsers Move Byte: 'nd. with offset. o ind

with offses 3 1 1011 1108 558R DRDD ~ -~ -
MOVE Ry, @Dadoress Move Byte: Register 10 Absolute 3 1 o000 0101 111R SSSS -
MUVER @Saddress. Re Mowue Byte: Absolute 1o Register 3 1 0000 0131 111R DDDD N Z
MOVE @Ssacress @Caddress Move Byte Absolute to Abisolute 5 1 oGo0 0011 0100 0000 - — —
MOVE Rs Rg Maowve Register to Register 1 1 0100 YIMS 58SR DDGD N — Z
MOVE fis, "Rd,F Mave Finld: Register 1o Indirect 1 t 1000 COFS S8SR DODD — — —
MOYE Rs,  "Rd.- tMove Field: Register to Indirect (pre-dec) 1 f 1010 QOFS SSSR DDODO — — —
MOYE Ry “Re= F Mave Field: Register to Indirect {post inc) 1 1 1001 OOFS S§8SR DDOD — — —
MOYE “Rs Hd b Maove Fleld: Indirect to Register 1 1 1000 QMFS SSSR DDDD N — 2
MOVE  Rs R F Maye Held: Indirect {pre-dec] to Register 1 f 1010 C1FS S55SR DDDD N z
MOVE "Rs - Ry, b Mowe Field: Indirect {post-inc] ta Register 1 T 1001 O1FS S5SR DDDD N - 2Z
MEWE *Rs "Rd F Move Teld: Indirect to Indirect 1 f 1000 10FS SSSR DDDD - -
MOVE  *Bs - *Raf Move Fied Ind. pre-gec) to ind. (pre-dec) 1 1 1010 10FS S3SR DDDO -
RAONE TRy - TRd - F Meve Fiets: ind, tpost-ingd to Ind. {post-inc] 1 1 1001 10FS SSSRDDDOD -
SMOVE As rPdetisen F Move Field: Register to Indirect with offset. 2 1 1011 OOFS S5SR LOOC -
MUVE “As.oliset) Rd.F Move Field: Indirect with offsel. to Register 2 1 1011 O01FS SS5SRCODD N — Z
MOVE T Rainifseu, "Ra - F Move Field: ind. with offsel. to Ind.

(post-inci ’ 2 1 1101 OOFS SS5SR DDDD — — —
MOVE *Rsioffser) "Rdiotfset)F Movc Field: Ind. with offset. to Ind.

withh affser. 3 1 1911 10FS SSSR DDDD — — —
MOVE Rs, @Daddress,F Maove Field: Register to Absclute 3 1 0000 O1F1 1Q00R 8555 — — —
MOVE @Saddress.Rd.F Move Field: Absolute to Register 3 1 0000 O1F1 101IRDDDD N — Z
MCVE @Saddress. "Rd + ,F Moye Field; Absolute to Indirect {past-ing) 3 1 1101 01F0 OQOR DCOD -- - -
MCVE @Saodress @0address ' Move Field: Absclute to Absolute 5 1 0000 O1F1 1100 CO0O0 — -

Trgrrber ol oyces degends an t'eld size and alignment, See TMS34010 User's Guide {SPVUODTEIL,

o < o
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GENERAL INSTRUCTIONS

NO. MINIMUM STATUS

SYNTAX DESCRIPTION WORDS CYCLES 16-BIT OPCODE BITS
MSB LSB

ABS Rd Store Absolute Value 1 1 0000 0011 1008 DO N — Z O
AOD Bs.Ra Add Registers 1 1 0100 0005 SS5R DDDD N C 72 W
ADDRC Rs Rd Add Register with Carry 1 1 0100 0015 SSSR DROD N C 2 VvV
ADD: W, Rg Adc lmmediate (16 Bits] 2 2 0000 1011 ODOR DDDD N C 7 W
ADDT IL,Ra Add Immediate (32 Bits) 3 3 0000 1011 OO01R BDDD N C Z WV
ADDK ¥, Rd Add Canstant {5 Bits) 1 1 0001 OQOKK KKKR DDDD N C Z V
AND Rs,Rd AND Registers 1 1 0101 000S SSSR BDDRD — = Z —
ANDI IL.Rd AND Immediate 132 Bits) 3 3 0000 1011 100R DDDD - - Z —
ANDN Rs,Ro AND Register with Complement 1 1 0101 001S SSSR DDGD - — Z —
ANDRNI 1L Rd AND Not Immediate (32 Bits) 3 3 Qo0 1011 100R DDDD - — 2 -
BTST K.Rd Test Register Bit - Conslant I 1 0001 11KK KKKR DODD - — Z —
BYST Rs.Rd Test Regster Bl Register 1 2 0100 101S SSSR DDOD — — 72 —
CLR Ag Clear Register 1 1 0107 0110 DDDR DDRDD
CLRC Clear Carry 1 1 Q000 4011 0010 0OOC - ©
CMP Rs Rd Compare Registers 1 1 0100 100% SSSR DDODD N C 2 Vv
CMPI W, Ra Compare Immediate (16 Bits) 2 2 000G 1011 QIOR DDDD N C 7 W
CMPLIL Rd Compare Immediate (32 Bits) 3 3 0000 1011 QTR DDDD N € 7 v
DEC Rd Decrement Register 1 1 ceo1 C100 O01R DDDD — — — —
DINT Disable Interrupts 1 a 0000 0C11 0110 0000 — — — —
DIVS Rs.Rd Divide Registers Signed 1 40 0101 1005 SSSR DDDD N — Z W
Divi) Rs,Rd Divide Registars Unsigned 1 37 0101 1018 $SSR DDDD - - Z V¥
EINT Enable Interrupts 1 3 oo 1101 0110 Q000 — — — —
EXGF Rd F Exchange Field Size 1 1 1101 O1F1 QO0OR DDDD — — — —
INC Rd Increment Register 1 1 0001 0000 DO1R DODD — —
MO Rs Rg Leftrnost One 1 1 0110 105 58SR pDED - — 7 -
MMFPM Rs Reg.ster List Move Multgie Registers from Memory 2 1 0000 1001 101R DODD - — ~ —
MMTM Rd Register List Move Multiple Registers to Memary 2 i 000C 100t 100R ODRD — — — —
MODS Rs.Rd Modulus Signeg 1 40 0110 1108 SSSR DDDD N rARY
MOOU Rs,Rd Modulus Unsigned 1 356 Q110 1118 SSS5R DD — - Z V
MOV W, R Move Immediate (16 Bits) 2 2 o000 1001 110R DDDD N - Z Q
MOVIIL Rd Move lmmediate (32 Bits) 3 3 0000 10401 111R DDDD N — Z2 O
MOVE K, Rd Move Constant (5 Bits) 1 1 0001 10KK KKKR DDDD — — — —
MPYS As,Rd Multiply Registers 1Signed) 1 5+ F—gl 0101 1105 S55R DDDD N — Z —
MPYU Rs,Rd Multiply Registers [Unsigned 1 5+ 52—‘ 0101 111§ SSSR DDOD — - Z
NEG Rd Negate Register 1 1 000C 00117 107R DDDOD N C 2 V
NEGE Rd Negate Register with Burraw 1 1 0000 C011 110R DDDD N C 2 V
NOP Mo operation 1 1 0000 0C1Y 0000 0000
NOT Rd Complement Register 1 1 00GC 0011 111R DRCD — — Z —
OR Rs,Ra CR Registers 1 1 0101 0105 SSSR DDDOO - z -
CRI 1L Rd CR Immediate (32 hits) 3 3 0000 101 101R BDDD - — Z —
RL K.Rd Rotate Left - Constant 1 1 0011 OOKK KKKR DEDD — C 2 —
RL Rs.Rd Rotate Left - Register 1 1 0110 1005 S8SSR DODD — C Z —
SETC Set Carry 1 1 0000 1101 1110 0000 - 1 — —
SETF F5,FEF Set fField Parameters 1 1.2 Q000 01F1 O1FS S§5S8 — — — —
SEXT Rd.F Sign Extend to Long 1 3 0000 01F1 QUOR DODDD N — Z —

TNumber of cycles depends on number of registers in list and stack alignment. See TMS34010 User's Guide [SPVUDD1B),

{i;
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NO. MINIMUM STATUS
SYNTAX DESCRIPTION WORDS CYCLES 16-BIT OPCODE BITS
M5B 1.SB
SLA K Rd Shift Left Arithmetic - Canstant 1 3 0010 QOKK KKKR DDDD N C 7 Vv
SLA Rs Bd Shift Left Arithmet.c  Regster 1 3 0110 COOS SSSA DOBD N C 2 v
5Lt k.Rd Snift Left Logical - Constant 1 H 0010 01KK KKKR DCDD cC z -
S.L Rs Rc Sh:f Left Logical - Regist 1 1 0110 0015 SS5SR DOOD c z -
SRA K Ru Shift Right Ambmetic Constam 1 1 0010 10KK KKKR DDDD N & 7 -
SAA Rs Ra Snift Rignt Anthmetc Hegistor 1 1 110 0108 SS8SS5R DROCOD N C 7 -
SHL K Sa Stift Right Lagcal Constant 1 1 0010 11KK KKKR ©0DDOD c z
SRL Rs Ao Shite Right Laogical  Regster 1 1 0110 ©11S 8SSR DDDOD - € 72 -
SUB Hs Ra Subtract Registors 1 1 0100 0105 SSSR DDOD N € 72 v
SUBB Rs Rdg Subtract Registers with Borrow 1 1 0100 Q115 S8SR pDOD N C zZ WV
SUBIH W Rd Subtract Immediate (16 Bus) 2 2 Qoo0c 10711 111R DODD N C 2 v
SUBI L Rd Subtract Immediate (32 Bits) 3 K] 0000 1101 DQCR DODD N € Z V
SUBK K. Rd Subtract Immediate (5 Bits) 1 1 aao01 OVKK KKEKR DODD N C Z WV
XOR Rs, Rz Exclusively OR Registers 1 1 0101 011S S5SR DODD — -~ Z
®ORI L Re Exclusively OR Immediate Value {32 Bits} 3 3 co00 1031 110D poo — — 7 —
ZEXT g F Zero Extend 1o Long 1 1 0000 O1F1 ODTR ODOD - - Z —
PROGRAM CONTROL AND CONTEXT SWITCHING
NO.  MINIMUM STATUS
SYNTAX DESCRIPTION WORDS CYCLEST 16-BIT GPCODE BITS
MSB LsSB

CALL Rs Call Subroutine Indicect 1 6 ceod 1601 00YR DDDD — - —
CALLA Address Call Subroutine Absolute 3 coQo 1101 0101 1111 — —~ — —
CALLR Address Call Subroutine Relative 2 5 oCO0 1101 0011 1111 - - — —
D84 Ro.Adcress Decrement Register and Skip Jump 2 3,2 0000 11071 100R DDDD — — — —
D5JEQ Ra. Aaddress Conditionally Decrement Register and Skip Jump 2 3,2 0000 1101 101R DDOD — - — —
DSJINE Rd Address Conditionally Decrement Register and Skip Jump 2 3,2 0000 1101 110R pPDDD - — - —
DSJS Rd, Address Decrement Register and Skip Jump - Short 1 2.3 0011 1Dxx xxxR DODOD — - -
EMU Intbate Emulation 1 5] noon Q00 0000 0000 - - — —
CXGPC Rd Exchange Program Counter with Register 1 2 Qoo 0001 0O01R LDDD - - =
SETPC Rd Get Program Counter vito Begister 1 1 oooco 0001 OI1CR DDDD - - -
CETET R Getl Status Register mito Register 1 1 0000 000Y 100R DODD - — -
riee Adoress sumip Absglute Conditiona 3 3.4 1100 code 1000 Q000 -
JReo Adaress Jump Relative Conditoral 2 3,2 1100 code Q000 0000 - — - —
JRcc Address Jump Relative Conditional - Short 1 2.1 1100 cade  xxXX  KXXX  — - -
JUMP Rs Jump Indirect 1 2 ooC0 QCGOY Q11R DDDPD — - -
POPST Pop Status Register fram Statk 1 8 0000 0001 1100 Q000 - — — —
PUSHST Push Status Register onto Stack 1 2 Q000 0001 1110 Q000 — —~ — —
PUTST Rs Copy Register into Status 1 3 0000 0001 101R DDDD N € Z Vv
RETI Return from Interrupt 1 11 Q000 1001 0100 Q000 N C 2 W
RETS (N} Return from Subrouting 1 o000 1001 O11IN NNNN - — — —
REV Ry Get Revisian Number 1 1 0000 0000 O001R DCRDD — — —
TRAP I Software Interrupt 1 16 QOO0 1001 OOON NNNN O O 0 O

TWrgre two rumbers appedr, the first number assumes that the jump s taken, and the second assumes that the jump s not taken.
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hardware and software support far the TMS34010

PART NUMBER

TMS340SDK-PC

TMS3405PK-PC

SPVZO71

TMDS3442203018
TMDS3442213018
TMDS3442553008

TMDSTDB10
TMDS3469810000
TMDS3469981000

DESCRIPTION

TMS340 Software Developer's Kit

The SDK meets the needs of those developers of TIGA-compatible software
applications and drivers who must develop custom extensions to the standard
TIGA graphics library, Included in this package are the TMS340 Family Cocde
Generation Tools, TIGA Software Developer's Package, TMS340 Family Graphics
Library, and TMS340 C Source Debugger. The software runs on the IBM PC-AT
and compatible M5-DOS machines.

TMS340 Family Code Generation Tools: Includes a C compiler, TMS340
assembler. linker, archiver, and ROM utility. These software tools generate code
for both the TMS34010 and TMS534020. TMS34082 support is provided.

TIGA Software Developer’s Package: Provides the utilities needed by the
developer to produce TIGA drivers for software applications.

TMS34Q Famity Graphics Library: Provides source and object code for the
standard TIGA graphics functions. This package provides a convenient starting
point for those developing TMS34010 and TMS34020 code for non-TIGA
environments, This product replaces two older products: the TMS34010
Math/Graphics Function Library and the TMS534010 Font Library.

TMS340 Family C Source Debugger: Provides symbolic and high-level language
facilities for debugging code for the TMS34010 and TMS534020 written in both
C and TMS340 assembly language. Runs on any TIGA board.

TIGA Software Porting Kit

The SPK mects the needs of OEM equipment makers whe are porting the TIGA
software interface to their TMS34010- and TMS34020-based hardware
products. This package contains the complete source code necessary to build
and run TIGA on a TMS340-based board. The SPK alsc contains the TIGA driver
for MS Windows 3.0, and the complete TMS340 Software Developer’s Kit
{described above).

TIGA Driver Developer’s Kit

The TIGA DDK meets the needs of those developers of TIGA-compatible software
applications and drivers who do not need to develop custom extensions to the
standard TIGA graphics library. Included in this package are the TIGA application
interface libraries, example programs, and other TIGA-related files and
information. All that is needed in addition 1o the DDK is an IBM-compatible PC,
a TIGA board, and a C compiier for MS-DOS machines.

TMS340 Family C Compiler for VAX/VMS
TMS340 Family C Compiler for VAX
TMS340 Family C Compiler for SUN

TMS34010 TIGA Development Board
TMS24010 XDS/22 Realtime Hardware Emulator, U.S.
TMS34010 XD5/22 Realtime Hardware Emulator, Europe

j
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reset

Reset puts the TMS34010 into a known initial state. it is entered when the input signal at the RESET
pin 1s asserted low. RESET must remain active low for a minimum of 40 focal clock (LCLK1 and LCLK2)
periads to ensure that the TMS34010 has sufficient time to establish its initial internal state.

While RESET remains asserted, all outputs are in a known state, no DRAM-refresh cycles take place, and
no screan-refresh cycles are performed.

At the low-to-high transition of the RESET signat, the state of the HCS input determines whether the
TMS34010 will be halted or begin executing instructions. The TMS34010 may be in ane of two modes,
host-present or self-bhootstrap mode.

1. Host-Present Mode

If HCS is high at the end of reset, TMS34010Q instruction execution is halted and remains halted
until the host clears the HLT {(halt} bit in HSTCTL (host control registert. Following reset, the eight
RAS-only refresh cycles required to initialize the dynamic RAMs are performed automatically by the
TAMS34010 memory control logic. As soon as the eight RAS-only cycles are completed, the host is
allowed access to TMS34010 memaory. At this time, the TMS34010 begins to automatically perform
DRAM refresh cycles at regular intervals. The TMS34010 remains halted until the host clears the
HLT bit. Only then does the GSP fetch the level-Q vectar address from location OFFFFFFECH and begin
executing its reset service routine.

2. 5elf-Bootstrap Maode

It HCS is low at the end of reset, the TMS34C10 first performs the eight RAS-only refresh cycles
required to incialize the DCRAMSs. Immediately following the eight RAS-anly cycles, the TMS34010
tetches the level-O vector address from location OFFFFIFFEOR, and begins executing its reset service
routine.

Unlike other interrupts and software traps, reset does not save previous ST or PC values. This is because
the value of the stack pointer just before a reset is generally not valid, and saving its value on the stack
1s unnecessary. A TRAP O instruction, which uses the same vector address as reset, simifarly does not
save the ST or PC values.

asserting reset

A resetis initiated by asserting the RESET input pin at its active-low level. To reset the TMS34010 at power
up. RESET must remain active low far a minimumn of 40 iocal clock periods after power levels have became
stable. At umes other than power up, the TMS34010 is also reset by holding RESET tow for a minimum
of 40 clack penods The 40-clock interval is required to bring TMS34010 internal circuitry to a known
iit:al state. While RESET remains asserted, the output and bidirectional signals are driven to a known state.

The TMS34010 drives its RAS signal inactive high as long as RESET remains tow. The specifications for
cenan DRAM and VRAM devices, including the TMS4161, TMS4164 and TM34464 devices, require that
the RAS signal be driven inactive-high for 100 microseconds during system reset. Holding RESET low far 150
microseconds will cause the RAS signal 1o remain high for the 100 microseconds required to bring the
memory devices to their initial states. DRAMs such as the TMS4256 specify an initial RAS high time of
200 microseconds, requiring that RESET be held low for 250 microseconds. [n general, hoiding RESET
low for t microseconds ensures that RAS remains high initially for t — 50 microseconds,
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suspension of DRAM-refresh cycles during reset

An active-low level at the RESET pinis considered ta be a power-up condition, and DRAM refresh is nat
performed unt RESET gees inactive high. Consequently . the previcus cantents of the local memory may
not be vald after a reset.

initial state following reset

While the RESET pinis asserted low, the TMS34010°s output and bidirectional pins are forced to the states
listed below.

INITIAL STATE OF PINS FOLLOWING A RESET

QUTPUTS DRIVEN OUTPUTS DRIVEN BIDIRECTIONAL

TO HIGH LEVEL TO LOW LEVEL PINS DRIVEN TO
HIGH IMPEDANCE
DoQUT BLANK HSYNC
HRDY VSYNC
DEN HDO-HD15
tan LADD-LAD15
TR/QE
RAS
CAS
W
HINT
BLDA/EMUA

Immediately fallowing reset, all O registers are cleared (set to Oh), with the possible exception of the
HLT bit in the HSTCTL register. The HLT bit is sct to 1 if HCS is high just prior to the low-to-high
ransition of RESET.

Just prior to execution of the first instruction in the reset routing, the TMS34010’s internal registers are
in the following state:

* General-purpose register files A and B are uninitialized.
* The ST is set 1¢ QO00C010N.
*« The PC contains the 32-bit vector fetched from memory address OFFFFFFEOh.

TMS34010 local memory interface

The TMS34010 local memory interface consists of a triple-multiplexed address/data bus on which row
addresses, column addresses, and data are transmitted. The associated memory control signals support
direct interfacing to both DRAMs and VRAMs. At the beginning of a typical memary cycle, the address
15 output i multiplexed fashion as a row address followed by a column address. The remainder of the
cycle 15 used 1o transfer data between the TMS334010 and memory.
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TMS34010 local memory interface

The TMS34010 lacal memory interface consists of a triple- multiplexed address/data bus on which row

addresses, column addresses, and data are vransmitted. The associated memery cantrol signals support
airectinterfacing to both DRAMSs and VRAMs. At the beginning of a typical memary cycle, the address
is output in multiplexed fashion as a row address followed by a column address. The remainder of the

cycle 1s usec 1o transfer data between the TMS34010 and memary.

ROW COLUMN
TM534010 ADDRESS | ADDRESS DATA
AfF 1AC 15
26 TR 14
25 29 13
24 28 12
23 27 11
22 14 10
21 13 9
20 | 1%
E 11 [
| 18 10
[ 17
!
t
i
|

I 32-BIT MEMORY ADDRESS l I'IG—BIT DATA WDRDJ
BIT 31 BIT O BIT 15 BIT O
{MS8) ILSB) IMSB} {LSB)

RF - DRAM-.REFRESH BUS STATUS BIT
1AQ - INSTRUCTION ACQUISITION BUS STATUS BIT
TR VRAM SHIFT-REGISTER-TRANSFER BUS STATUS BIT

FIGURE 7. TRIPLE MULTIPLEXING OF ADDRESSES AND DATA

The following types of memory cycles are supported: read, write, VRAM memory-to-register, VRAM register-
to-memory, RAS-only DRAM refresh and CAS-before-RAS DRAM refresh. The functional
timing for these cycles is shown in the next six figures. Each memory cycle is a minimum of two maching
states {a state is one local clock period) in duration. The seventh figure indicates the timing signals output
during an internal cycle, i.e., a cycle during which no memory access takes place. An internai cycle is
one state in duration.

During 3 memory cycle, the row address, column address, and data are transmitted over the same physical
bus lines. The manner in which logical addresses are output at the memory interface makes externai
multiplexing hardware unnecessary, while supporting a wide variety of memory configurations. For example,
in Figure 7, 16 consecutive address hits (b through 20) are output on LAD1-LADE during the row and
column address times. Qutput along with the address are bus status signals that indicate when DRAM
refresh cycles, screen refresh (VRAM memory-to-registerl cycles, and instruction fetch cycles are accurring.
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Tee ol oweng rentarks apply 1o memary tming in general, A row address is output on LADQ-LAD1S at
5 ot the cvcte. aod s valid betore aad after the fall of RAS. Next a column aﬂess 15 outpdt on

CAD TR The catume addiess s vand baefly befare and after the falling edge of LAL, but is not valid
Sallg woge of CAS The cowsn sddress is clocked nto an external transparent laich
g.a AAAS373 octzl latch on the faling edge of LAL to pravide the hold time on the column
adzress requined lor dynamic BAMs and video RAMs. A transparent lateh is required in order that the row
aduress e avinlable at the outputs of the fatch during the start of the cycle.

Very large memory configurations may reguire external buffering of data lines. The DEN signal serves as
the drive-gnable sional to external bidirectional buffers, e g., 74A5245 octal buffers. The DROUT signal
serves as the direction control for the bueifers.

When an 1/0 (egister is addressed by the TMS34010, a special memory read or write cycle is performed
Duning tvs cyele, the external RAS signal zlls, but the external CAS remains inactive-high for the duration

ol the cvole

Tha tinnng shown in the first six functional timing diagrams assumes that the LRDY input remains high
Gurg the cycle. e LRDY oin is pulled low by slower memories reguiring a longer cycle time. The
TMS34010 samples the LRDY input at the end of Q1, as indicated in the figures. If LRDY is low, the
1MS3A010 mserts an additional state, called a “wait™ state, into the cycle. Wait states continue to be
mserted until LRDY :s sampled at a high level. The cycle then completes in the manner indicated in the
functenal timing diagrams. A wait state is one local clock period in duration. Three additional timing diagrams

provice examples of cycles extended by wait states.
The LRDY input is ignored by the TMS34010 during internal cycles.

A noldhold acknowiedge capability is also built into the local memory interface to allow external devices
s ceaquest control of tae bus. After acknowledging a hold request, the TMS34010 releases the bus by
drre g ils address.odata bus and control outputs into high impedance.
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memory-to-register cycle timing
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GRAPHICS SYSTEM PROCESSOR
register-to-memory cycle timing
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RAS-only DRAM refresh cycle timing
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internal cycles back to back
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write cycle with one wait state
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read cycle with one wait state
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absolute maximum ratings over operating free-air temperature range |

Supply voltage, VCC
Input voltage range

Qff-state output voltage range

Operating free-air temperature
Storage temperature range

range

Absolute Max mur Ratings'’ may cause permanent damage 1o the ¢

-10°C to

A

-2Vio?7V
0°C to 70°C

150°C

jevica. This 1s @ Siress rating

e e 0nd those hstod nnder
M e At Grese o0 Ay other cond tons brevond thase ndcated in the " Becommended Oporating Conditicns”
Coito ot vp et Exposuis o sbselutemaxiniumerated cond-tions (o extenced periods may affect oavice reliabiity
SR e des are w o espect ue the VYeg o pins of the chip.

recommended operating conditions

' MIN NOM  MAX | UNIT
P\\’CC Supply veitage 4.75 5.0 5258 W
[ Vgg Supply voitage! [¢] Q o] v
[ Tan High-level output current —400 HA
r O Low-level output current 2.04 ma
F—: Operating free-air temperature &) 70 °C

“Care should be taken by card designers Lo provide a minimum inductance path between the Vgg pins and system ground in order ta

T

mize Yge noise.

TOutpus current of 2.0 mA s sufficient 1o dive five low power Schotiky TTL loads or 10 advanced low-power Schottky TTL loads (worst case).

DC electrical characteristics
PARAMETEA TEST CONDITIONS MinT TYPt  max? UNIT
‘ High i b All
§ . ehT:Lawul I Inpulrrjc:u( 2.2 vec+03
\Y Itage. -leve 1
R Vi) g W EXCEDP VCC _ 50 v V
signal
INCLK 3.0 Veg+0.3
; Low level input All inputs 03 0.8
v voltage, TTL-evel except INCLK v
i signial
l INCLK ~0.3 0.8
! vou Higb-level autpul voltage, VYoo = min, 2.6 N
TTL level signas Igy = max,
I voL Low-level output vcltage, Veg = max, 0.6 v
TTL-level signal loL = max, |
High i | " Vg=28V 20
" ng. m_gedam,te eakage current, Vee = max Q - WA
i bidirectional pins Vp=0.6 V -
All inputs except
| input current P V]|=Vgg to V 120 HA
| apu RUN/ERAU S 1= V55 cc
Voo = max, 40 MHz 128
lcc Suppiy current Veg = max, B0 MHz 160 mh
Vee = max, BO MRz 176
[ i) 1Pl Capacitance B 10 pk
o Jutput capaciiance [except 10 pF
address;data lines)
L i - - . .
S uns shicar as Cne’ o Cmax.’’ use the approprate velue specitied under “*Recoammended Operating Conditions.

Ll Ty DU E WHIgES dIe at \"CC -

5V, Ta=25°C,

SRUN-EMID will be no conrscted in a typical contiguration. The nominal puil-up current will be 250 kA

{i’
TeExas
INSTRUMENTS

MOST OFFICE BO2 1645 ® HOUSTON
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signal transition levels

FIGURE 8. TTL-LEVEL QOUTPUTS

TTL-level outputs are driven to a minimum logic-high level of 2.6 volts and to a maximum logic-low level
af 0.6 volts. Cutput transition times are specified as follows.

For & high-to-low transition o a TTL-comaatible output signal, the level at which the output is said to
he “no longer high™ s 2.0 valts, and the lavel at which the output is said to be “low’ 15 0.8 volts. For
2 low-10-high transition, the evel a1 which the pulput is sad to be 'no longer tow’ 15 0.8 volts, and the
ievel at which the cutput is said 1o be “high'" is 2.0 volis.

FIGURE 9. TTL-LEVEL INPUTS

Transition times for TTL-comeatible inputs are specified as follows. For a high-to-low transition on an input
signal, the level at which ths input is said to be "'ne longer high'' is 2.2 volts, and the level at which the
input s said to be “low s 0.8 valts, For a low 1o high transition on an input signal, the level at which
tne Input is said to be no lorger iow' is .8 valts, and the jevel at which the input is said ta be “high"’
s 2.2 valts

test measurement

The test load circuit shown in Figure 10 represents the programmabie load of the tester pin electrenics,
which are used to verify timing parameters of TMS34010 output signals.

TESTER PIN

ELECTRONICS

-
{

lou |
|
|

|

ouTPUT

Where: gL = 2.0 mA DC level verification (all outputs]
IoH = 400 pA {ail outputs}
VLOAD = 1.5 V DC level verification
0.7 V Timing verification
CT = 65 pF typical load circuit capacitance

FIGURE 10. TEST LOAD CIRCWT

{ip
Texas 32
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timing parameter symbology

Timing parameter symbols have been created in accordance with JEDEC Standard 100 In aorder to shorten
the symbols, some of the pin names and other related terminology have been ahbreviated as fallows:

al LAl HS  HSYNC ar VSYNC

C CAS (CK  INCLK

CA Column address LR LRDY

CK  LCLKY and LCLK2 QE  TR/CAE, when used as output enable
CK1  LCLKY R RAS

CK2 LCLKZ RA Row address

CS  HCS RS  HREAD

D Data RY HRDY N

DD DOOUT S HREAD or HWRITE

EN  DEN TR  TR/QE, when used as shift register enable
F HFSO, HFSA VCK  VCLK

HK  HLDAEMUA W W

HR HOLD WS HWRITE

Lowercase subscripts and their meaning are:

access tme

eyele ume (pericd)
gelay time

hold time

su  setup time

1 transition time

w  pulse duration (width)

o o0

The following additianal letters and symbols and their meaning are:

No longer low
No longer high

H High
L Low
Vo Walid
Z High impedance

{i,
Texas 33
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host interface timing parameters

The timing parameters for host interface signals are shown in the next four figures. The purpo§e of these
figures and the accompanying table is to quantify the timing relationships among the various signals. The
explanatian of the logical relationships among signals will be found in the TMS34070 User’s Guide (number
SPVIIOQ1B).

The write strobe referred to in the following table is the enabling signal during a write to one of the h_OSt
intertace registers (see camment 2 on the next page). Similarly, the read strobe is the enabling signal during
a read.

Quarter clock time tg, which appears in the following table, is one quarter of a tocal output clock period,
or twice the input clack period, tg|CK)-

TMS34010-50

ME34010-40
NO. PARAMETER T TMS34010C-80 UNIT
MIN MAX MIN MAX
Sewp time of HWHRITE/HREAD high or HFSO,
Vo teiFvsL ? _ g 10 10 ns
’ HFS1 valid to read or write strobel
—me — —
? tarwsl-0vy  Delay from write strobe ! to data in valid, write cycle 2tq 2to ns
Delay from ccan or write strobe low 1o next
3| tasLsw ) Tta+10 Tt + 10 ns
read or write strobeld
4 )ty 50 Duration of read or write strabe low BO g0 ns
Deiay from read ar write strabe high to next
[ 8 | TS Sy W ‘ ¢ 60 60 ns
! [ read or write strobel
.6 1 LywisH Dy Hold time of date in valid after write strobe high, write cycle 2 2 ng
[ . x
i Hoid mme of =WHRiTE/HREAD h gh or HFSO,
Tl msH Py o ) 10 10 ns
HFS1 valid afier read or write strube high
Hold tme of data high impedance after read strobel,
& | thiRSL-D7) of of ns
read cycle
Delay fram read strobe low to data out valid,
8 | LRSL DV Y ‘ ) 90 a0 ns
' read cycle with no wait
P1e | typsH-ny)  Hold time of data out valid after read strobel, read cycle 0 Q ns
: Delay from read strobe high 1o data out high impedance,
11| WiRSH D) ! g |hime 30" 30¢ ns
J ! read cycle
12 ThCSL-RyH Hold time of HRDY high after HCSI, gycle with wait 0 0 ns
[ L SL Ry Delay from HTS low to HRDY low, cycie with wait 40 40 ns
i =S Pulse duration of HRDY low, cycle with wait 1 ! ns
— 1 — ]
b 11 RYL RvH; Celay from MRODY, to HRDY high, cycle with wail o ot ns
! Hald time ol write strobe low after HRDY',
& | hRYHWSL) 40 40 ns
: writle cycle with wait
{7 tg;RYH Dy Delay from HRDYT to data out valid, read cycle with wait 30 30 ns
: Hold time of read strobe low after HRDYT,
18 | hiRYH RSLI 40 40 ns

[

read cycle with wait

*parameter 14 s a function of lacal bus memory contention. This parameter is not tested. Refer 10 the TMS340170 User's Guide for details.
“Pararreter 15 is specified as minimum O ns te indicate that a low-going pulse an HRDY can be arbitrarily narrow.
$These values are derived from characterization and are not tested.

{i’
TeEXAS
INSTRUMENTS
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general comments on host interface timing

The following general comments apply to host interface timing:

1

The HRDY signal is enahied by an active low level an the HCS input. When HCS is inactive-high,
HROY is forced high regardiess of the internal state of the device. Low-going transient pulses on
HCS may result in low-going transient pulses on HRDY, but otherwise have no effect unless
accompanied by active levels on other control signals.

A host interface write cycle occurs when HCS, HWRITE, and HLDS are low, or when HCS,
HWRITE, and HUDS are low. The combination of these signals defines a write strebe. In either case,
the last of the three signals to make the high-to-low transition is the strobe {write strobe} that begins
the cycle. The first of the three signals to make the low-to-high transition ends the cycle. Similarly,
a host interface read cycte occurs when HCS, HREAD, and HLDS are low, or when HCS, HREAD,
and HUDS are low. The combination at these signals define a read strobe. In either case, the last
of the three signals to make the high-to-low transition is the strobe (read strobe) that begins the
cyele. The first of the three signals to make the low-to-high transition ends the cycle. All access
times are specified with respect 1o the strobing edges that begin and end the cycle.

. During a host interface read or write, HWRITE and HREAD must not be active-low simultaneously.

Host interface input signals HCS, HUDS, HLDS, HFS0Q, HFS1, HREAD, and HWRITE are assumaed
10 be asynchronous with respect to the output clocks LCLK1 and LCLKZ.

host interface timing: write cycle with no wait

HFSO. HFS1 m{ VALID FUNCTION SELECT M

- 1 2 (PR JU—

|
— I
HREAD /| ] i
e 7 N
-3 l o
i i
HCE. HWRITE, :
ALDS. AUDS ———I\__j }-———5—_-1\__

|

',

H———4—~——'—hi
‘.—2—.{

B

!
ra—6—i

""V‘V.V." V.".V V.'."’ ‘v.v’v‘v‘v.v‘v’v’v‘v \/
HOOHD1S 0!0?0!0!&!0?&0!0!0!020’ VALD DATA N RRXEBIKRN

HRADY

{i’
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host interface timing: read cycle with no wait

HFSO. HFS1 W VALID FUNCTION SELECT m
! |
pet ""1 pt——— 7 -~}
HWHITE /| | l ™\
| { b 7 —f
o 1wl |
| o— 3
[ | |
e i
HCS, AREED, . ;
HLDS. HUDS —_M5L
: !--—4—-—..i 110}
| re—wi-g b= 10 ~am—
HDO-HD15 HI-Z il \.t VALID DATA OUT ¥
HRDY

host interface timing: write cycle with wait

VALID FUNCTION SELECT

HFSD, HFS) m
|

|-—|-1—— 1 i.‘_
|
HREAD f'] l i
it 1 o
[ 3 !
1 " I
- 4 l
HWRITE, l | Jf
HLDE AUDS i % ‘ I 5 |
| | s
| o 3 T ]
e a -
HES N© yr R
[ |
| )
. | }-—.-1—13 16 | po— 65—
| I-—m——-{
HRDY } | ! | I :
b
i - 15— I-l——-?-ﬁ
p— 2 et ]
v’v.v R0 o oo m
HOO DTS XKL VALID DATA IN

TExas “?
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host interface timing: read cycle with wait
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reset timing

The timing parameters for device reset are shown in the next two figures. The purpose of these figures
Is o quantify the timing relationships among the RESET, HCS, and LCLK1 signals. RESET and HCS are
asynchronous inputs that are internally synchronized by latches internal to the TMS34010. The timing
relationships specified for these signals relative to LCLK1 need be met only 10 guarantee recognition of
2 transition of one of these signals at a particular clock edge. The explanation of the logical relationships
among signals will be found in the TMS340710 User's Guide.

Quarter clock time tQ which appears in the following table, is one quarter of a local output clock period,
or twice the input clock period, te(ICK)-

M$34010.40 TMS34010-50
NO. PARAMETER T ) TMS34010-60 UNIT

MIN MAX MIN MAX

Buration of BCS low to cenfigure GSP 1o run
LI ot ) " contie ' 410+ 65 4tq+ 55 ns
! in self-beotsrap mode

: Setup time of HCS low 10 RESETT 1o confi
20 {su{CSL RER: “p o comiaare Btg+ 55 Blg+55 ns
B ~ the GSP to -un in self-bootstrap mode
Duratior of RESET low 1o ensure that GSP
21 L REL: ? 1601 - 40 1601~ 40 ns
' 15 properfy reset

. Delay from HCS1 ta RESET high. end of reset,
.22 L4(C S REH] o d arq - 501 4tg - 60T ns
| te configure GSP 1o run in seif-boutstrap made

Setup time of RESET valic to LCLK 1! to
Quaranige recognition at a particular clock edge
Hald time of RESET valid after LCLK1 low to +
24| CKIL-REV) ) 10t 10 ns
guarantee recognition at a particular clock edge

Setup time of HCS valid to LCLK1! to
guarantee recognition at a particular clock edge

3 : lsuIREV-CK L) 401 401 ns

20 | TeulCsV-nKILY 40t 40t ns

96 thiCK 1L CSV! Hold time of HCS. \.falxd after LCLK1 low to 103 104 ns
guarantee recognition at a particular ¢lock edge

"Parameter 22 15 the maximum anicunt by which the REBET low-ta-high transition can be delayed after the HCS low-to-high transition
ang suioguarantee that the GSP is canfigured to run in self-bootstrap mode (HLT hit=0) following the end of reset. HECS may be held
w for sore 1me past the low-to-Sign RESET transition, snd will be ignored by the GSP far 17 local clock periods following the clock
cage at which the low-to-high FESET transition is detected. Following completion of the eight RAS.only cycles that automatically follow
reset. howewver, 3 low HCS level wili be interpreted as a chip select.
“RESET and HTS are asynchronous inputs, The specified setup and hald times of these signals with respect 1o the high-te-low transition
af LCLKT neec be met only to guarantee that a transition of AESET or FICS is detected by the device at a particular clock edge.

reset; asynchronous timing relationships
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reset: synchronous timing relationships

LCLK1 m

H
23 -jra——af |
| ! 02

RESET” X VALID X

25t |
i Pt 26

n < 1
HOS X VALID }(

TEESET and MCS are asynchronous mputs. The sopecidiad setup and hold times of RESET or HCS with respect to the high-to-low LCLKA
vranstior riast be met only 1o guararies that & BLSET ur HCS transition 15 detected by the device 2t a particular clack edge.

local bus timing parameters

The following six figures show the timing parameters for the signals of the local memory interface bus.
often simply refarred to as the local bus. The purpase of these figures and the accompanying tables is
to quantfy the tinung relationships among the varicus signals. The explanation of the logical relationships
among signals will be found in the TMS34010 User's Guide (number SPVUOO18B).

A number of parameter values are expressed in terms of guarter clock time tQ, which is one quarter of
a iocal clack pericd, or twice the input ctock period, to(ICK)-

nput clock INCLK is divided internally by 8 to produce output clocks LCLK1 and LCLKZ. Transitions of
the other local interface output signals are also generated as delays from INCLK transitions. The divide-
down logic that converts INCLK to the internal clocks used to generate LCLK1 and LCLKZ introduces
significant propagation delays from the transitions of INCLK to the corresponding transitions of LCLK1
and LCLK 2. While the frequency of INCLK is precisely eight times the frequency of LCLK1 or LCLK2, no
timing relationship other than the frequency is specified between transitions of input ¢lock INCLK and
transitions of the output clocks LCLK1 and LCLKZ.

T—TO- PARAMETER TMS340‘19—4D TM534010-50 TMS340103-60 UNIT
MIN  MAX MIN  MAX MiN  MAX
Poaad of INCLK 25 £82.5 20 625 16.5 625 ns
. Fuse durauon of INCLK hgh o gt gt 6.5 ns
bozg L ICKL: Pulse du;;lunon of INCLK low ---——-'-~8: gt 657 ns
E R Transition-t-;me {rise and fall] of INCLK 21 gt 2t gt 21 gt ns

TThese values are based an computer simulation and are not tested.
$This pulse width is tested at 1.4 volts.

local bus timing: input clock

| e ———
la—— 28—l i 30— fa— 30—l bw—
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local bus timing parameters {continued)

Quarter clock time tQ, which appears in the following table, is one quarter of a local output clock period,

ar 2te 1K
TMS34010-50
NO. PARAMETER TMS34010-40 TMS34010-60 UNIT
| S— MIN MAX MIN MAX
.L 3| ok Period of local clocks LCLKY and LCLK2 8‘(;(ICK)’ 8ty ns
3 T (CKH) Puise duration of local clock high 2tg -~ 10 21~ 10 ns
WKL) Puise duration of local clock low 2tg - 10 21 - 10 ns
ThCK 1K CK2L; Helg time of LCLK2 low after LCLK Y high tg- 10 - 10 ns |
CKEL-CKZH) Helg time of LCLKZ high afier LCA[I(—] low ta- 10 tg - 10 ns
TCK2M Ck 114y Hole time of LCLK1 high after LCLKZ high tq-10 to- 10 ns
| HICK2L-CR L Hold time of LCLK T low after LCLKZ low 1o 10 ty- 10 115
Tmer i oy Heohe tme of LCLEZ nigh after LCLKY high 315 - 10 ) g 10 ns

. 39 ML CRaL Hohd ume of LCLKZ low after LCLK T low W31U -10
‘F,,AG SR CK2H-CK 1) Hotd tme of LCLK T iow after LCLKZ high 3t -0
{41 gkl -Cr1H) Hoid ume of LCLK 1 high after LCLKZ low M_HSLO_ 10

a2 1y Transition time (risc and fall) of LCLK 1 or LCLK2 10

3 | tsuiRAV-CK2Hy Sewp ume of row address velid to LCLK2T 4t ~ 256

| 49 | tsulCAV-CK2H) Setup time of column address valid to LCLK21T 210 - 2% 2t - 15 ns

45 | tguiLRy.CcK2H) Setup time of LADY valid to LCLK21 304 | 30+ ns
T8 T tniCr2H-LEY: Hoid time of LRDY valid after LCLK2 high 0¥ of ns
F;d?‘ i tgu|RAV-CX 1Ly Setup time of row address valid to LCLKHL g - 25 tg-15 ns
%19 LsulCAY-CR i) Setup time of column address valid 1o LCLK 11T 1o~ 25 tn-15 ns

ag lSwALH_C-c"].:; Setup time ol CAL high 1o LCLK 1! 21y 20 g 10 ‘J— ns o
L R

TThis 15 a functional minimum and is not tested. This parameter can also be specitied as 41g.
PLATIY 15 2 syachronous ipal sampled during the tow-to-high transition af LCLK2. The specified setup and hold times must be me: for
IME SevICH 12 Operate properly.

‘Qip
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local bus timing: output clock and LRDY signal
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n TMS34010- TMS34010-50 TMS34010-60
NO. PARAMETER 40 UNIT
MIN MAX MIN MAX MIN MAX
50 TGIRL ALl Deiay from RASI 1o RAS! gt 8tg! Bug! ns
Setup time of row address
51 1 FORL —_ tn - 20 th-15 tq - 15 ns
SUIRAV-BL vald to RASI a a
- . Hoeld time of row address valid 20 ' - tq-5 ns
. . T — - _
PIRLBAVE L tter RAS low Qa Q
83 1 Ly (RH) Pulse duration, BAS high 3tq - 20 3iq- 10 dtg-5 ns
54 UalRL) Pulse duration, RAS low Sty - 20 Sty - 10 51 - 10 ns
Setup time of column address
hE s J— 0.51q - 20 .51 10 0.51 10 ns
N sulCAV-ALL] vaiid to LAL! a +a d
Hold time of column address
6 [N CAV I 0.5ty - 15 0.51q- 10 0.510 - 10 ns
FIALL-CAV) valid atter LAL low Q Q a
Hold time of RAS high
57 T RH R 2 .2 21— 10 2t3—- 10 ns
FALHRRL  p TAT high Q- 20 Q a
53 . Hold time of LAL low 6t 20 6t 10 6ty 10 ns
hiRL-ALLY atter RAS low a Q
Hold time of RAS low
548 1 . — 3t - 20 3ta-10 It - 10 ns
nCL-RL after CAS low Q Q a
Hold time of W high after
60 thiRH- WH) after RAS high, shift register 210 - 20 2tn— 10 21y~ 10 ns
transfer follows read
Setup time of column address
G1 LAY O i to - 20 n-10C tg-10 ns
sLCay-CLy valig 1o CAE; G Q Q
Hoid tima of LAL low
62 T (L I 4157 - 20 41010 41-10 ns
PCL-ALL) after CAS low Q Q
Hold 1ime of LAL fow
63 T - _— 0.5t~ 156 06n-10 0.5t - 10 ns
hICH ALL) after CAS high, write cycle G Q ) a
Holg time of CAS high
B4 1 . — - 0.5t 15 0.5tg - 10 Q.5tq - 10 ns
MEALL-CH after LAL low @ Q a
Hold time of RAS high
65 1 — 2.5tnh-15 2.651q- 10 2.5tq-10 ns
niCH RH} after CAS high a Q
66 twiCL) Pulse duration, CAS low 3.5tn—25 3.610-10 3.5t -- 10 ns
Hold time of CAS high
67 t . — iy — 20 2tq - 10 2t - 10 ns
RIRL-CH) atter RAS low Q Q a
Delay time fram RAS low
58 (RL- S 2+ 20 21+ 10 2t + 10 ns
G(RL-CLI 16 TAS low a Q 0]
Hold time of W high atter
69 Ih(CH-WH)  CAS high, shift register 1.6t - 15 1.5t - 10 1.5tq - 10 ns
transfer fotlows read
Hold time of CAS low
7 _ - 5.510-25 5.5t — 10 5.6t —10 ns
O | WRLCL aper RAS low Q Q a
7Y LwiCH) Pulse duration, CAS high 4.510- 15 4.5t -10 4.5t0-10 ns
i Hold time of TAL low after
Y t . — 0.510- 15 0.5619-10 0.51-10 ns
/2 h{WH-ALL) W high, write cycle Q a Q
Setup time of W high 1o CTASI,
73 5 . 4.5t0-16 4.5t - 10 4.510-10 ns
FulWH-CLE g of write Q Q a
“Trus 1 a functional mimmum and is not tested.
Texas P 42
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local bus timing: the RAS, CAS, and LAL outputs
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local bus timing parameters (continued)

Quarter clock time 1), which appears in the following table, is cne quarter of a local output clock period,

or 2tg{ICK)-
TMS34010-50
NOD PARAMETER TMS34010-30 TMS34010-50 UNIT
MIN MAX MIN MAX

Setup time of W low to RASI, serial register
CoA T TsuiwL RL ’ g 1g-20 g 10 ns

tansfoer cyule

o Hold time of W low after RAS low, serial
SR IeRLWL
}*77,,,,7,“,-.-‘

1q - 20 tg— 10 ns
register transier cycle

Setup time of TR/GE lew to RAS!, serial
76| “suTRL-RL e e tg-20 ta-10 "
register transfer cycle

23 AL AL Heolg ume of TR/QE low after RAS low, serial atgy - 20 ag-10 ns
register transfer cyule

Hald time of TR/QE low after CAS low, serial
78 | YuCL-TAL) 2tn - 20 21q- 10 ns
’ register transfer. cycle

Setup time of TR/QE high 1o RAST, serial

79| Leu(TRH-RH) ‘ Q- 20 tq—10 ns
reqister transter cycle

, TR/QE hi CAL :
80 feu(TRI.CH) Setup time of TR/QE high to CAST, serial 161 - 25 1.61g- 10 s
L register transter cycle

NOTE: Parameters 81 and 82 intentiorally omitted.

local bus timing parameters: VRAM serial register transfer cycle
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local bus timing parameters {continued)

Quarter clock time tg, which appears in the following table, is one quarter of a lecal output clock period,

or 21¢{ICK)-
[ R 20 TMS34010-50
NO. PARAMETER TMS34010- TMS34010-60 UNIT
MiIN MAX MIN MAX
Access time fram RAS low to data
B3 falRL-DV) in valid, read cycle 5'510440! 551G~ 25 ns
B4 lsuiCH-ALH]  Setup time of CTAS high 10 CAL! 0.5t - 15 0.5tg - 10 ns
j 55 LsuiENH-ALH) Setup time of 0FHN high ta TAL? 0.5tn- 15 0.51n-10 ng
: . Access time from CAS low 10 data .
i falcLov in vahd, read cygle 3'510_401 30— 28 ns
Rold time of data in valid after CAST, _]
& tCH-DV) read cycle o o ns
Hold time of row address high impedance alter s - )
i FF | CHRAD g high. eng of read cvcle 15tg - 107 1.5:g - 10 ns
i Hald time of TR/GE low after CAS low,
| 8% thiCL-QEL) read cycle 3.b1p - 25 3.5t - 10 ns
Setup time of column address high impedance
90| LulCAZ-QELl | TR/GEL read eycle tn - 103 tg - 10* ns
Hold time of data in valid after TR/QET, o
81| thiQer-ovi eycle 0 ns
Delay time from CAS! ta TRQE low,
932 TdICL-QEL ) e 1 tgp t 20 13+ 10 ns
] r cycie
. [ Access time from TR/GE low to data ¥ o
i30T g10EL-DY n vald, read cycle 2.5t - 40 2.0ty 20 ns
. i Haold tirme of row address hegh impedance ’ f )
,id, {ht(}?H—RAZ] after TRIQE high, =ng of read cycie .5tg 0! 1.510 m{ B ns
l[ 95 LW QEL} Pulse duration, TR/QC low, read cycle Z.h51n - 25 2.510 - 10 ns
Delay time trem CAS low
a0 TA(CL-ENL} 1o DEN low, read cycle Q20 e ne
Hold time of data in valid after DENI, 0
ST ) WMENH-DVI eyele 0 ns
r Setup time of column address high impedance t
o8 'sulCAZ-ENL) to DENI, read cycie g 107 @ e ns
99 . Hold time of next row address high impedance 1 6t 1ot 1 81 - 10 e
’ RENHBAZL  per TEN hign, end of read cycle ~ha ~a
: Access time irom DEN law o data in valid, R - et
’ 120 THENL-DV) read cycle 2.5ty 40" 2 Gy 25 ns
' o Hold time of DDOUT high atter DEN high, e 20 10 .
G 1 . . 0 - -
‘ PENH-DDH read follows write cycle Q 0
T —
Setup time of DDOUT low to DENI, 10
102 | tsu(DDL-ENLY cycle tg - 20 ta- ns

T4, is added 1o these values for each wait state inserted.
*These values are derived from characterization and are not tested.
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local bus timing: read cycle
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local bus timing parameters (continued)

Cuarter clock time tq, which appears in the lollowing table, is one quarter of a local output clock period,
or 21c(ICK).

10.40 TMS34010-50
NO. PARAMETER TMS34010- TMS34010-60 UNIT

MIN MAX MIN Max

Hald time of DDOUT tow after DEN high,
103 | th{ENH-DDL) 9 1.51g 16 1.5t~ 10 ns
read cycle

104 | 1 vy Setup time of data out valid to W, write cycle tn— 20 to-15 ns
o i — L
[ _ Hold cme of dota out vald after W low
10D | thewl 0w 4ig - 20 g - 10 ns
wite oycle
. oice 1o AL-RH. Setup ume of W low 10 RAGI, write cycie 2tg - 20 2tq-10 ns

Hoid 1 e of data out valic atter RAS low, 1
1C7 | thRL-OV) wiite cycle 7tg - 20 7tg- 10 ns

Hold time of cata outl vahd after -CE;F; high,
thiCH-DW) e e et e an 15115 1.61q- 10 ns
’ wnte cycle

109 WL CH) Setup time of W low to CAS!, write cycle 2.5tq—-25 2.519-1Q ns

o
o

Hald tme of data out valid after CAS low,

VIO | thicLowv) St — 20 5110 ns
write cyclé
Hold time aof dats aut vahd after W high,
PIT O tw-Dv) 1.5t 18 1.5t~ 10 ns
write cycle
122 | teeeWo Pulse duranien, W low 2.5t — 25 2.51g- 10 ns
R L WL Hole ume of W lgw after CAS low, wr le cycle 3.61p - 28 3.510-10 ns
| Setup trre of column address valid 1o W
P ata 1 Goicav-wH F : N 4 .btg - 30 4.5t - 16 ns
) ) write cycle
S AL Held ume of W low after RAS low, write cycle §.51q— 25 55110 ns
i ! Setup ume of rew address valic to W,
118 Tg 1 RAYV-WH) 6.6t - 35 6.510 - 15 ns
: wrile cycle
17 | tguENL WL Setup time of DEN low to WL, write cycle 1q-20 g - 10 ns
V18 | thiWH-ENL) Hold time of DEN low after W high, write avcie| 1.5tq - 15 1.6t —10 ns
Setup time of DDOUT high to DEN{,
118 | tquDDH-ENLI : 3tq - 20 3tn - 10 ns
1 write follows read

{i’
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local bus timing: write cycle
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local bus timing parameters (continued)

Quarter clock time tg. which appears in the following table, is one quarter of a local ocutput clock period,
or 21c(ICK)-

TMS34010-40

TMS34010-50

abter LCLK 2 hugh, resume bus control

NO. PARAMETER TMS34010-60 UNIT
MIN MAX MIN MAX
iZC LAY CK2H) Setup time of HOLD valid w LCILK2! 501 407 ns
121 K ZH-HRY) Hold nme ol HOLD valid ufter LCLK2 fugh ol of ng i
B
122 . Sewp 1me af HLDAEMUA output valid 20 ¢ 10
2 5 B - - ns
SUKV-CR2LY petore LOLK 21 'a a
23 | mmyck2t-HKLy Hold time of HLDA/EMUA low, after LCLKZ law tq- 18 tg-18 ns
Delay f LCLK2 high to LAD pi lal
124 1 1g{CK2H B2} v rom ohte pins high 304 301t ns
impedance, bus release
125 | toytRH-CK1H} Setup time of RAS high to LCLK11 tn—20 - 10 ns
) Hold ime of RAS driven high after LCLK1
126 | thCK1H RH) 4 tg-10% tg - 107 ns
high, bus release |
Delay from LCLIl<2 high te RAS high impedance,
127 | \diCK2H-RY) Y Y § P 3¢t 30% ns
bus refease
| 128 | toALH-CK2H) Setup time of LAL hign to LCLK21 to - 20 tq-10 l ns
J— T
. Hold tme of LAL driven high after LCLK 11, "
129 | K IL-ALH) -54 -5 s
bus release . _ﬁi
Delay 1 LCLK1 1 to LAL higl d
130 WICK1L-ALZ) y from ow to Jigh impedance, 201 ant ns
bus release
A
Setup time of CAS, W, and TR/TE high
131 1 . 5tq-15 0.5t — 10 ns
SUlCH-CKTHI ) o ety 0.51q Q
Hold time of TAS, W. and TR/QE
132 |1 } , ' tg-~ 10¢% tg-10¥ ns
MCKTH-CHY  igh after LCLK1 high, bus release e Q .
Delay from LCLK2 high to TAS, W, TRAQE
133 | tQoK2HCT igh to CAS, W, and 301 30t | ns
high impedance, bus release
134 !ty EnH-CK2ZH) Setup time of DEN or DDOUT high to LCLK1I tq—20 1g-10 ns <1
Holo time of DEN and DDOUT high after
135 |t - g~ 10} 130t ns
H{CK2H-ENHI LCLK. 1!, bus reiease Q a
Delay f LCLK Y iow to DEN and DDOUT 1
"6 ICK 1L ENZ) elay from iow ta an 0 401 ap! ns
high impedance, bus release
Holg time of LAD bus tugh impedance
137 | thi : -5t ~5l ns
PICKRZHDZY - atrer LOLK 21
Hold time of RAS, CAS, W, TAL, and TR/GE . '
138 | th{CK2H-AZ) L -5 -5 ns
high impedance after LCLK?®1
Delay from LCLK1 high to RAS, TAS, W, LAL,
139 T . R 30 30 ns
dtCKIH-AH) and TR/QE driven high, resume bus cantrol
Hold time of RAS high after LCLK.2 high,
140 T . 1 — 16 1o - 10 s
hICKZH-RH) resumes bus cantrol Q ¢
Hold time of CAS, W. and TR/QE high )
1a1 1 iCK2H-CH) 5% -57 ns

S

"HOLD 15 a synchronous (nput sampied during the low to-high transition of LCLK

e aevice 10 operation groperly.
IThese values are derived from characterization and are not lested.

2. The specified setup and hold times must be met for
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GSP releases control of local bus
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GRAPHICS SYSTEM PROCESSOR
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GSP resumes control of local bus
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local bus timing parameters (continued)

Quarter clock time tg, which appears in the following table, is one guarter of a local output clock cycle,

or 2tc¢(ICK)-
TMS34010-50
NO. PARAMETER TMS34010-40 TMS34010-60 unNIT
MIN MAX MIN MAX
Ves . Hold time of DEN, DDQUT high impedance at 51 e
47 ¢ ) _ —
B rICKZH-ENZ! atter LCLK 2 high, resume bus control
Del + LCLKZ hi - DDOUT
143 | tgickan gnmy oY (oM HCLRE Pigh 1o DER, ang DOO 30 30 | s
driven high, resume bus control
144 . Setup time of row address vabd to RASI, 5 25 24 15
- — - ns
sulRAV-RL) CAS-befare-RAS refresh o Q
as | Hold time of row address valid after RAS low, 2 10 .
' & . _ — - ns
| RIRL-RAV)  ERE before-AAS refresh R a
eg . Pulse duration, RAS high, start of at 20 4 10 s
wilt) TAS-before-RAS refresh Q- a '
L Pulse duration, AES low, CAS-befare-AAS
47| twiRL 41— 20 41g-10 ns
| refresh
148 . Setup time of row address valid to LALI, 20 ¢ 15 "
g N — - - I
SUlRAV-ALLE CAS-pefore-BAS refresh 'Q Q
Hoid time of row address valid after LAL low
149 t . — ’ 2t - 20 2t~ 10 ns
MALL-RAVT =88 before FAS refresh o a
Hold time of RAS high after LAL low,
. B0 1 . - — 10 -20 to-10 ns
[ MALL-RHI CAS-before-RAS refresh Q a
| P —
. Setup time of RAS high to LALI,
151 1 B —_ . 1ty — 20 tg-10 ns
J SUlRH-ALHL - 278 betare RAS refresh a a
Setup time of LAL high te CAS!,
152 1 . [ — - 20 tn—-10 ns
‘ SUlALH-CL) CAS-befare-RAS refresh a Q
Setup time of CAS low to LALI,
163 |t . — I tg - 20 tq-10 ns
sulCL-ALL) CAS-befare-RAS refresh Q a
Setup time of RAS high to CASI,
154 1 , - J— 2tq - 20 21n-10 ns
SURH-CU RS betere BAS refresh a a
Setup time of CAS low 10 RASI,
155 teyiCL- — R 21 - 20 2ty - 10 ns
| BUCLAL RS betore-AAS refresh Q Q
1 p— p—
Hald time of CAS low after RAS low
156 [t . — — ' 4 51— 25 4.5tq—-10 ns
hiRL-CL CAS-before-RAS refresh - a aQ
Pulse duration, CAS low
157 11t R i ) 6.51q — 25 6.5t — 10 ns
wiCL) CAS-before-RAS refresh a a
Setup time of CAS high to RASI,
158 t B - — 3.5t 15 3.610-10 ns
sulCH-RLY CAS-befare-RAS refresh a ©

TThese values are derived fram characterization and are not tested.
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CAS-before-RAS DRAM refresh cycle timing

| ea | e | ez | w3 | ae | a1 | @ | 03 | as | e |

LADO
LADIS ROW X UNDEFINED
A
|

| | be——n 147 ]
- T | I |
RAS | | Ml L/
1 I [ ! i
- 146 o | | I
; 148 —hee——ml EI : !
150 ' ™| ‘|l'1-l-———hl
! ii—————149————-4 T :
: 1
[ | : N I |_/
! i Ik || .
: } 153#4———-{ I : I
|
l .;.___.4 e 63—l
' e — L : e 156 -l !
P 154 I | L - 7
! II“* i 167 —[|
CAS ; ‘\L | |
' |
]

. j
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SPVS002C — JUNE 1386 -

REVISED JUNE 1381

local bus timing parameters {continued)

Quarter clock time tQ, which appears in the following table, is ane quarter of a local output clock cycle,

0r 21g{ICK}-
] 0.40 TM534010-50
NO. PARAMETER TMS34010- TMS34010-60 UNIT
MIN MAX MiN MAX
Hold tme of RAS high alter LCLK2 high, all
159 ThiCK2H-RH} cycles except internal and tg- 156 - 10 ns
CAS-befare-RAS refresh
Setup tirne of RAS low to LCLK2!, all cycles
160 tau! — " 1 - 20 ty- 10 ns
- SutAL CK2L) excent internal and CAS before-RAS refresh Q B a
e | Hold time of RAS high after LCLK1 low, 15 - 10
! . — i - - ns
| MERILRHY EES before-RAS refresh ta B 3
162 . Serup time of RAS fow to LCLK 1T, 20 10
Y m—— R - ot s
sulRLCKTIN #75 betore. AAS refiesh ta Q
165 . Hold ume of RAS low after LCLK T low, 15 . 10
. . i - -
hiCKIL-AL) all cycles except internal Q G ns
Setup time of RAS high 1o LCLK1 ",
164 | t5u(RH CK1H) . 1y - 20 tg- 10 ns
all cycles except internal
Held time of LAL high afier LCLK2 low,
TES | thicK2ZL-ALHD ) 0,51 - 15 0.5tn - 10 ns
all cycles except internal
Sewup time of LAL low 10 LCLK11,
166 | tsy(ALL-CK1H} ? Q.5tg-15 0.51q - 10 ns
all cycles except internal
P . Hold time af LAL low after LCLK2 low, 15 ' 10
7 R ta— - ns
NICK2ZL-ALL) all cycles except internal a Q
Setup time of LAL high to LCLKZI,
5 . .
188 | tsutALH-CK2H) all cycles except internal tg 20 tg- 10 ne
B3 . Hoid time of CAS high afrer LCLKT high, 1B . 10
163 0 e [ — - - ns
PEKIRCH  EES before RAS refiesh Q @
. Setup time of CAS low 1o LCLK 1!,
HIO O tsucecrL CAS-befare-RAS refresh tp-20 ta 10 e
ko R
Hold time of CTAS high after LCLKZ low,
171 Th{CK2L CH) cycles except internal, tn- 15 tg - 10 ns
DRAM refresh and CAS-before-RAS refresh
Setup time of CAS low 10 LCLK2T,
172 tsy(CL-CK2H) all cycles except internal, DRAM refresh, tq - 20 ta—10 ns
and CAS-before-RAS refresh
173 . Heold tme of CAS fow after LCLK2 low, all 0.6t 15 0.5t 10 ns
hiCR2L-CL) cycles except internal and DRAM refresh =ta A
Sewp time of CAS high to LCLK11, all
174 | tgy(CH-CK 0.51g - 15 05tp~-10 ns
' sulCH-CKTH cycles except internal and DRAM refresh Q u
o Hold time of W high after LCLK 1 nigh,
175 . . in-15 tg - 10 ns
) 7 I ICKTH-WHITR shift register transler Q a
| e ‘f Setup time of W law to LCLK 1L, 20 10 o
i 6 . . — -
| i SUlWL-CKILITR e egister transfer a Q
i
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TMS34010
GRAPHICS SYSTEM PROCESSOR

REVISED JUNE 1591

local bus timing parameters (concluded)

Quarter clock time tq, which appears in the fallowing table, is one guarter of a local output clock cycle,

or 2t¢(|CK}-
TMS34010-50 T
NQO. PARAMETER TMS34010-40 TMS534010-60 UNIT
MIN MAX MIN MAX
27 | eceLwn Hold nmg of W low after LCLK iow, - 15 tg-10 s
shift register transfer
QK HWH)  Hold tme of Wohigh after LCLK T high, write Q- 16 1n-10 ns
_& Lsu(WL-CK 1L Setup time of W ;;\A-‘to LCLKH./write - 20 tn-10 nsdm
18Y b 4yCKZL-WL Hold time aof W low after LOLK?2 low, write 0.810-15 0.5ty - 10 ns )
182 | tgLrwWH-CK1H) Setup time of W high 10 LCLK 1Y, write 0.5tq - 15 0.51q-10 ns
23 | e TRr Holld u‘mg of TR/GE high after LCLK1 high, 15 t - 10 s
shift register transfer
184 | teurrrLck1H) Seltup tifne of TR/QE low ta LCLK1Y!, 120 - 10 s
shift register transter
185 | tiekzn TR Ho-ld 1imfa of TR/QE low after LCLK2 high, - 15 - 10 ns
shift register transfer
126 | teomRa.CKIL Sefup tirine of TR/QE high to LCLK 21, 1g-20 ‘- 1D ns
{ shift register transfer
' 87 tph.CKiH-QEH)  Hold time of TRAOE hgh after LCLKY hign, read tg-15 tq- 10 ns
.;75’: Lo QE_-CK L) Setup time of TR/QE low 16 LCLK 1 .. read - 20 to-10 ns
'4':‘& hCE2L QFL)  Hold time of 'Trﬁfﬁ low after LCLKZ low, read 0.;1(3—15 0.5t~ 10 ns
190 | t5u(QEH-CK1H] Setup time of TR/AE high 10 LCLK 1T, read 0.51q-15 0.5t~ 10 ns
i a1 I th(CK2L-ENH]  Hoeld tme of IFN high afterr“L«C_LrK2 low, write 1018 ty - 10 ns |
132 | tguENL-CK2H) Setup time of DEN low to LCLK 21, read tq - 20 1g-10 ns
183 | thCK1H-ENL) Hold time of DEN low after LCLKY high, write tg-15 tg-10 as |
TeuIENH-CK1L) Setup time of DEN high to LCLK1L, write 1q - 20 tq-10 ns
WI’mCmH-ENH', Hold tirme of DEN high after LCLK Y high, read 1q-15 tg—10 ns
.—“‘suiENL-CKNI Setup time of DEN low to LCLK1:, read 1 - 20 tq- 10 ng
T ] UCKZL-ENL] Haold time of m’tow aftV;:‘l.CLKZ low, read 0.5t - 16 0.519 - 10 ns |
_#E | SsulENH-CKIH Setup time of BEW high 10 LCLK11, read 0.5 - 15 0.51q - 10 ns
| 'y, CK2L.00H  Hold tme of DDOUT high after LCLK2 low, read 10 15 1q-10 I
e LsuiDDL-CK2RH) Setup time of DDOUT low to LCLK 21, read tq-20 tg- 10 ns
N CK1H-DDL) Held time of DDOUT low after LCLK 1 high, read tg-15 1n-10 ns |
E 207 | wwuiDDH-CK 1L Setup time of DDOUT high 1o LCLK 11, read tq-20 tq- 10 ns
6203 | icamay o of LAL high after LCLK2 high, 15 @10 .
\ CAS-before-RAS refresh
204 | teuaLL CK2L Setup time OE low to LCLK21, Q20 tq-10 o
CAS-before-RAS refresh
+
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local bus timing: relationship of control signals to clocks
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video interface timing parameters

Thet|m|ngparametersforTMSB40‘IOwdeomterfacestgnalsareshownmthenextthreetablesanddlagrams
The video interface includes the following TMS34010 pins: VCLK {video input clock), BLANK
{blanking), HSYNC (horizontal sync, bidirectional), and VSYNC (vertical sync, bidirectionall. HSYNC and

VSYNC are inputs if external sync mode is enabled; otherwise they

video input clock timing parameters

are outputs.

' oag | TMS34010-50 N
NO. PARAMETER TMS34010- TMS34010-60 | UNIT
‘ MIN  MAX MIN  MAX
205 L WK Period of videa input clock VCLK 100 80 ns
206 | twiveKH) Puise duration of YCLK high 40 30 ns
Z07 | TwiIvVCKL) Pulse duration of VCLK low 40 30 ns
—
208 J WVEK) Transition time {rise and fall) ot VCLK 57 51 ns
“This value is cetermined through computer simulation and is not tested.
video input clock timing
}-————205————-:
20 x  h—
:-—205—-? 1' 207 || | 208 :-—— 8 —’} !
VELK l | ! |
video interface timing parameters: outputs
- TMS34010-40 | | 103401050
NO. PARAMETER TMS34010-60 | umIT
MIN  MAX MIN MAX |
WivCKL-HSL)  Delay from VCLK low to HSYNC, VSYNC, or BLANK law 30 30 ns
IdIVEKL-HSH) Delay from VCLK low ta HSYNC, VEYNC, or BLANK high 30 30 ns
Y CrL-HSH  Hold time of HSYNC, WSYNC, or BLANK high after VCLKIL 0 _ns
e | voklnsLy  Held vme of FEVRC, VSYNC, or BUARK low after VCLK | 0 0 L s

video output timing

I 209q1 | la—t210
HI-211--4|| 212II I
HSYNC, I 11!
VSYNC P ' !
| +~t
IOUTPUTS) {Hzog’l i —210
kr21r~1§ 212_+.__.1{
|
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INSTRUMENTS

FOSY OFFCE BOX 1423 & HOUSTOR, TEXAS 77000

57



TMS34010
GRAPHICS SYSTEM PROCESSOR

SPVS002C JUNE 1586 — AEVISED JUNE 1991

video interface timing: external sync inputs

i TMS34010-50
| NO. PARAMETER TMS34010-40 TMS834010-60 UNIT
| MIN  MAX MIN  MAX
|
b3 feuiHSY VOKH)  Setup tirme af HSYNCG, VSYNC valid to VCLKT 20t 20t ng
T4 | thveKH.HSy)  Hold time of HSYNG, VSYNG valid after VOLK high zot 20t rs
115 | el MSkVERH)  Sep time of HSYNC, VSYNC high to VCLKT 203 20t ns
Cspenifisl setup zd rola times on asynchronous inputs are cequired only to guarantee recognition atindicated clock edge
Ty veowe s detenmined through computer simulation,
external sync input timing
A B s C D
VOLK M |
E | ; ' i
|
_ P 214 ———tef | [— 21 5—e=
HSYNC. . [ w— 213 !-——214—“-[
VYNNG I i
(INPUTS) \J!r !
{NOTE 1) (NOTE 2)

NOTES 1 i the falling edge of the sync signal occurs more than thgy.vCH) past VCLK edge A, and at least tgy(gv-vCH) before edge
5. the ransiton wiit he detected at edge B nstead of edge A.

2 it the nising edge of the sync signal oecurs mare than tygy.yoH) past VCLK edge C, and at least tgy(sy.vCH) belore edge
Uothe vansinen will be cetected at edge D instead of edge C.
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4.50 (0.1727
4,24 (0167
2,79 10.110)
"—"—zM (0.095)

| 1.3510.0531

15500531, 4g
Tigoo0a7

23.62 (0.930)
23,1110 0y
1AT SEATING PLANE)

l\ 0.84 {0.037)

I 0.69 (0 027)
]
|

SEATING PLANE

3
—r—|—1.27 10.05Q) T.P.
{SEE NOTE 8)

MECHANICAL DATA

0,25 {0.0710} R MAX
IN 3 PLACES

S

mlelalaliofolimiaclisliaolSfalnf= =B al

1 ]
E ]
: E
1 i
f 1
g ]
) ]
d h 25,27 10.995)
d h 25,02 (0 985)
q 0 24,33 (0.9561
q [l 2413 10.950!
0 ] (SEE NOTE Al
g 1
{ i
[ 1]
g )
(=)
__[ 12210048 4.
24.33 {0.956) 1.07 10.042)
724,13 (0.950) (SEE NOTE A)

25,27 {0.99%}

[ 25.02 (0.985)
0.81.40.0321
0.66 {0 026

‘—] r 1.62 (0.060! MIN

1
T

0,64 (0.025) MIN

0.51 (0.020)
0.36 (0.014)

LEAD DETAIL

NOTES A Centerne of center pin each side 1s within ¢,10 10 004) of package centerling as determined by this dimens+on,

& Lucatw

ool gach s witkia 0 127 10.005; of true position with respect 10 center pin on each side

ALL LINEAR PIMENSIONS ARE [N MILLIMETERS AND PARENTHETICALLY IN INCHES.
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
TI deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.
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