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TMS34010
GRAPHICS SYSTEM PROCESSOR

SPVS002C JUMNE 1988 - AEVISED JUNE 1991
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® High-Leve! Language Support

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

¢ G8-Leaded Packaging (PLCC)
5-Volt CMOS Technology

description

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 1o
simultaneously access memaory and registers, and an instruction set designed specifically for raster graphics
operation, the TMS34010 provides user-programmable controi of the CRT interface as well as the memory
interface (bath standard DRAM and multiport video RAM). The 1-gigabit address space is completely bit-
addressable on bit boundaries using variahle width data fields {1 to 32 bits). Additional graphics addressing
modes support 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 CGl, as well
as a full line of hardware and software support teols. Current support is highlighted in the TMS34070
Third Party Reference Guide (literature number SPVBOGEC).

architecture

The TMS34010 is a CMQS 32-bit processor with hardware support for graphics operations such as PixBlts
{raster ops! and curve-drawing algorithms. Also included is a complete set of general-purpose instructions
with addressing 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 256 byte instruction cache. On-chip functions include 28 programmable 1/0 registers that contain
CRT cantrol, input/autput contral, and instruction parameters. The TMS34010 directly interfaces to dynamic
RAMs and video RAMs and generates video monitor control signals. It also accermmadates a conventional
HOLD/HLDA shared access as well as a separate, generalized interface for communicating with any standard

host processor

pin descriptions

PN ;0 DESCRIPTION
NAME NUMBER
Host Interface Bus Pins

HCS 66 [ Host chip selact
HDO-HD 15 44-51, $3-60 10 Host bidirectional data bus
HESO, HESH 87, 68 | Host function select
HINT 47 0 brost interrupt request
HLES 61 | +ost lower data select
-{1.05 G67Z Host upper data select
HRDY 43 0 Hast ready

£l 5 IHast read strobe
SWRITE 65 Hosl wiite strobe

Local Bus Interface Pins
RAS 38 9] Lical row-address strobe
(RS 39 o« Locat column-address strobe
SDOUT 38 9] Local datwa dirpction out
TEN 37 D Lacal data enable
LADO LADTS 1017, 18 26 1O Local address/data bus
LAl 34 G L ocal address lateched
LCLK T, « CLK2 28, 29 @] locel output clocks
(T, 2 6, 7 [ Local interrupt request pins
LRDY 9 I Local ready
TR(F 41 ] ' Local shift register transfer or output enable
W 40 0 Local write strobe
WOLK S | hnput clock
tHold and Emulation
HOLD 3] | Heole request
RUN/ENMU 2 | Run/Not emulate
HLDAEMUA 33 0 Hoid acknowledge or emulate acknowledge
Video Timing Signals
BLANK 32 Q Blanking
HSYNC 30 11 Horizonial sync
VOLK 4 I video clock
VGYNC 31 el Vertical sync
Miscellaneous

ReSET 3 Reset
Veo 27 81 | Nominal 5-volt power supply
Vg 1,18, 3%, 52 | 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 exscution of most comman integer arithmetic and Boolean operations
from s instiuction cache, Additionally, the TMS24010 mceorporates a hardware barrel shifter that provides
a single state bidirectional shift and rotate function far 1 to 32 bils.

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

TMS34010 graphics processing hardware supports pixel and pixel-array processing capabilities for bhoth
moncchrome and color systems that have a variety of pixe! sizes. The hardware incorporates two-operand
raster operations with Boslean 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 arhitrary size
(PixBlts).

The TMS34010's flexibte graphics processing capabilities allow software-based graphics algorithms without
suorl ong performance. These algorithms inclade: arbytrary window size, custom incremental curve drawing,
and two-operand raster operalons.

register files

Boolean, arithmetic, byte, and field move instructions operate on data within the TMS34010's general
purpose register files. The TMS340170 contains thirty-one 32-bit registers, including a system stack pointer
(SP}. The SP is accessible to both Register File A and B as the sixteenth register. Transfers hetween registers
and memory are {acilitated via a complete set of field MOVE instructions with selectable field sizes. Transfers
between registers are facilitated via the MOVE instruction,

The fifteen gencral-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(MSBJ O{LSE} 31(MSB} 0{LSB)
——— e
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AD 80 SADDR {PIXBLTSI
1 {
A1 81 . SPTCH SOURCE PITCH
| P }
: DESTINATION ADDRESS
a2 82 ! DADDR {PIXBLTS AND FILLS)
_ e . . - }
A3 B3 DPTCH DESTINATION PITCH
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’ P I
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COLOR1
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+ : } A
$p STACK POINTER sP | STACK POINTER
L i 1

FIGURE 2. REGISTER FILES A AND B

program caunter (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 1

An on-chip instruction cache contains 256 bytes of RAM and provides fast access to instructions. It operates
automatically and is transparent to software. The cache is divided into four 84-byte segments. Associated
with each segment is a 23 bit segment address register to identify the addresses in memory corresponding
¢ 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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FIGURE 3. INSTRUCTION CACHE
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The cache is loaded only when an instruction requested by the TMS34010 is not already conlained within
the cache. A least-recently-used (LRU) algodithm is used to determine which of the four segments of the
cache 1s 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 (ST) is a special-purpose 32-bit register dedicated to status codes set by the results
ef impiait and explicit compare operatiors and parameters used to specify the length and behavior of fields
O and 1

31 30 29 28 27 26 2% 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 3 8 7 & 5 4 3 2 1 @

4’//// T, I LY

L. 0000, )
1 ///42///////1%//

i "

N Suyn bit IE Intetrupt enable bit

Co Carry b FE1  Field gxtension bit 1

2 Zewo tat F31  Field size bit 1

Voo Qverlow it FEQ  Tield extension bit O
PEX P xBIU executiry F50  Feeld sige bit Q

FIGURE 4. STATUS REGISTER

fields, bytes, pixels, and pixel arrays

A 26-bit address output by the TMS34010 selects a 16-bit word of physical memory: lagically, however,
the TM334010 views memaory data as fields addressable at the bit lsvel, Primitive data types supporteri
by tne TMS34010 include: bytes, pixels, two 1- 1o 32-bit fieids, and user-defined pixel arrays.

Fields O ard 1 are specified independently to be from 1 te 32 bits in length. Bytes are special 8-bit cases
o7 the feld data type, while pixels are 1, 2, 4, 8 or 16 bils in length. In general, fields {including bytes}
migy siart and terminate on artetrary b boundaries; pixels must pack evenly into 16-bit words.

pixel operations

P xel arrays are two-dimensional data types of user-defined width, height, pixel depth (number of bits per
pxell. and pitch (distance between rows). A pixel or pixel array may be accessed by means of either its
memoery address or its XY coordinates. Transfers of individual pixels or pixel blacks are influenced by the
pixel processing. transparency, window checking, plane masking, or corner adjust operations selected.

I/Q registers

The GSP contains an on-chip block of twenty-eight 16-bit 1/O registers mapped intec the TMS34010°s
memory address space. They can be accessed either by the TMS34010‘s CPU or by the host processor
via the host interface. The 170 registers contain control parameters necessary 1o configure the operation
of the following nterfaces: interface to 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 /0O registers also turnish status information on these interfaces.

i
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ADDRESS REGISTER
£ Y N
QCCC001FOh REFCNT DRAM REFRESH COUNT
OCO00001EQR DPYADR DISPLAY ADDRESS
acooo01Doh VCOUNT VERTICAL COUNT
OCO0001CONR HCOUNT HOQRIZONTAL COUNT
QCQ00Q180h DPYTAP DISPLAY TAP POINT
0C00001AOh
0C0000190h nesenveo
oceooo1son | l
0C0000170h
QC0o000160h PMASK PLANE MASK
QC0000150h PSIZE FIXEL SIZE
0CO000140h CONVDP CONVERSION (DESTINATION PITCH)
0C0000130h CONVSP CONVERSION (SOURCE PITCH)
0CO000120h INTPEND | INTERRUPT PENDING
0C0000110h (NTENB | INTERRUPT ENABLE
0C0000100h | HSTCTLH | HOST CONTROL I8 MSB'S)
OCO0000OFON HSTCTLL HOST CONTROL (8 LSB'S)
OCOOO0OEOR | HSTADRH | HOST ADDRESS (16 MSE'S|
0CO0000DOK | HSTADRL | HOST ADDRESS (16 LSB'S)
0CO0000C0h HSTDATA HOST DATA
0CO0000BOh | CONTROL | CONTROL
0CO0000AOh DPYINT | DISPLAY INTERRUPT
0C0000090h | DPYSTRT | DISPLAY START
0CO0B0080h DPYCTL | DISPLAY CONTROL
0CG000070h VTOTAL | VIDEO TOTAL
HCO0B0060N VSBLNK | VERTICAL START BLANK
0CO00D0050hn VEBLNK VERTICAL END BLANK
0Co000040h VESYNC VERTICAL END SYNC
0G000030h HTOTAL | HORIZONTAL TOTAL
0C0000020h HSBLNK | MORIZONTAL START BLANK
OCO000010h HEBLNK HORIZONTAL END BLANK
AC0000000N HESYNG | HORIZONTAL END SYNC

FIGURE 5. IO REGISTERS

host interface registers

The host interface registers are pravided for communications between the TMS34010 and the host
wrzasor The regesters are mapped imo five of the 10 register locations accessible 1o the TMS34010,
Tiese sarie rogesters are mapped into four locations im the GSP interface to the host

One of tne regesters s devoted to hostinterface control functions such as the passing of interrupt requests
3ng 3.0t s1atus codes from nast to TMS34010 and from TMS34010 1o host. Other control functions
coanlan o to the host processor include flushing the instrifction cache, halting the TMS34010, and
Lansmitting 4 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 o indirectly access blocks within the TMS34010% local memory. Two of
the 16 bit registers contain the 32-bit address of the current word location in memory. Ancther 16-bit
regster buffers data transferred to and from the memory by the host processor. The host interface can
Le programmed to automatically increment the pointer address following each transfer to provide the host
with rapid sccess to a block of sequential addresses,

memory interface contral registers

Sixoof the 10 regisiers are dedicated to various tocal memaory interface functions including:
* Frequency and type of DRAM refresh cyoles
* Pixel size
* Masking twrite protection) of individual colar planes
* Various pixel access control parameters

— Window checking mode

Boolean or arithmetic pixel processing operation
— Transparency
— PixBit directicn control

video timing and screen refresh

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

1o honzoria! sync (HSYNCGH, vertical sync (VSYNC), and blanking (BULANK) signals used to drive a video
Tomtarin g graghaos system. These signats are controlled by means of a set of programmable video timing
Coregesters and dre based on the input video clock, VCLK. VCLK does not have io be synchronaus with
respect 1o INCLK, the TMS34010's CPU input clock.

The TMS534010 directly supports multiport video RAMs (VRAMS) by generating the memory-to-register
load cycles necessary to refresh the display being shown on the video monitor. The memory locations
from which display information is taken, as well as the number of herizontal scan lines displayed between
memaory-1o-register load cycles, are programmable. VRAM tap point addresses are alsg fully programmable
10 support horizontal panning.

The TMS34010 supparts various screaen resolutions and either interfaced or noninterlaced video. The
TMS340°0 can optonally be programmed 1o synchronize to externally generated sync signals so that
graphics mages created by the TMS34010 can be superimposed upon images created externally. The
cxternal svac imode can alse be used 1o synchronize the video signals generated by two or more TMS34010
chips an a o moltple- TRMS34010 graphics system

interrupt interface registers

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

« Window violation: an attempt has been made te write a pixel to a location inside or outside a
specified window boundary.

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

s Display interrupt: a specified line number In the frame has been displayed on the screen.

A normaskable interrupt oecurs 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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memaory controllerlocal memory interface

The memary control e nuanages the TMS340 10 s mterface Lo the local memory and aatomat.cally performs
the it ahgnment ana maskiig necessary 10 access data located at arbitrary bit boundaries within memory.
The memory contoller operates agtonomousty with respect to the CPUL It has a “"wnite gueue’ one field
(1 1e 32 bits) deep that permits it to complate the memuory cyeles necessary to inserl the field mto memaory
without delaying the cxecution of subsequent instructions. Only when a second memary operation s
recuired before the mamory controller has completed the first operation is the TMS534010 farced to defer
imsiruction execution.

The TMS34C10 directly interfaces 1o all standard dynamic RAMs and, in particular to JEDEC standard
G24K and 256K video HAMSs such as the TMS4161 and TMS4481 Multiport VRAMs, The TMS34010
nremory ntetface consists of a tiple-muliplexed addressidata bus plus the associated control signals.
Row addrogs colum godross, and data are oruliplexed over the same address/data lines DRAM refresh
sosepported warte s CAS

var ety of nrodes inc.uthng CAS belore RAS refresh
TMS34010 memory map
From the programmer’s point of view, the TMS34010 treats data and instructions as residing in the same

NIeIMGry space.

BIT 2321
(LAST BIT tN MEMORY)

ADDRESS l
OFFFEFFFOR [V
INTERRUPT
Ba WORDS VECTORS
OFFFFFCOON
OFFFFFBFOR [ 015 vonDs
RESERVED
OFFFEEQOOR
OFFFFDFFOh i
GENERAL
2261024 WORDS USE
0C0002000h ¥
DCOOD1FFOh 1
512 WORDS RESERVED
0CG000200h
0CODAOTFOR T
. INTERMNAL 1O
32 WORDS REGISTERS
0Co00000CH
GBEFFFFFOh
3x226 WORDS GENERAL
USE
000000000h l
-

BIT O

-
| 6 (FIRST B{T IN MEMORY)

FIGURE 6. MEMORY MAP
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instruction set

The TMS34010 instructions fall into three categories. The graphics instructions manipulate pixel data,
accessed v.a memaory addresses or XY coordinates. They pravide support far graphics operations such
as array and raster ops, pixel processing, windowing, plane masking, and transparency. The move
instructions comprehend bit addressing and field operations; they manipulate tields of data using linear
addressing for transfer o and from memary and the register file. The TMS34010 general-purpase
#IStrUCTions provide a compiete set of arithmetic and Boolean operations on the register file as well as
generel 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
SPVUQO1B). '

The following abbreviations are used below in the opcodes: S (scurce register), D {dastination register},
R {register file select), F (field select), K (censtant), M (cross A/B file boundary), Z {draw option), code
{jump select codel, X {don’t care), N (trap select and stack adjustl, RS {source register), RD (destination
register), xxxx [address displacement!, IL (32-bit immediata operand), and IW {18-bit immediate aperand).

GRAFHICS INSTRUCTIONS

NO.  MINTMUM STATUS
SYNTAX DESCRIPTION WORDS CYCLES 16-BIiT OPCODE BITS
MSB LSB

ADDXY Rs, Rd Add Registers in XY Made 1 1 1110 0005 SSSR DDDD N C Z W
CMPXY Rs, Rd Compare X and ¥ Halves of Registers 1 3 1110 0108 SSSR DDOD N C Z W
CPW Rs, Rd Cumpare Point to Window 1 1 1110 011S S38R ODDD — - — Vv
CVXYL Rs, Rd Convert XY Address 1o Linear Addross 1 3 1110 1005 S5858R CoODD — - — —
DRAV Rs, Rd Draw and Advance 1 t 1111 011S SSSR DDDD — — — V
FILL L Fill Array with Progessed Pixels: Linear 1 T 0000 1111 1100 0000 - - -
FILL XY Fili Array with Processed Pixalg: XY 1 f oQo0 1111 1110 COQ0 — - — W
LINE Z Line Oraw 1 r 1101 1111 Zoo1 1010 — — - v
MOV X Rs, Rd tMove X Half of Register 1 1 1116 1105 S$S5A DDDD <=
MOVY Rs, Ad Move Y Half of Register 1 1 1110 1118 S8R 0DDOD - — -
PIXBLT B.L Fixel Block Transfer: Binary to Linear 1 f Q000 1111 1000 0000 - - -
PIXBLT 8 xY Pixel Block Transfer and Expand: Binary to XY 1 T 0000 1111 1010 ODO0 - — — V
PIXBLT L.L Pixel Biock Transfer: Linear to Linear 1 t 000G 1111 0000 QD00 — - —
PiXBLT L, XY Pixel Block Transfer: Linear to XY 1 t o000 1111 0010 0000 — — — V
PIXBLT XY, L Pixel Block Transfer: XY to Linear 1 1 Q000 1111 0100 O0CO — — — -
PIXBLT XY, XY Pixel Block Transfer: XY to XY 1 1 oo0¢ 1111 0110 OCQO — - — VW
PIXT Rs,*Rd Fixel Transfer: Register to Indirect 1 T 1111 100§ $8SR ODOD — — — -
PIXT Rs,*Rd. XY Pixel Transfer: Aegister to Indirect XY 1 t 1111 000S 888K DDDD - — -
PIXT *Rs. Ro Pixel Transfer: indirect to Register 1 4 1111 101§ 3558 DDDD - — — -
PIXT 'Rs."Rd Pixel Transter: !ndirect 10 indirect 1 t 1111 1108 SS8SR DDDD — - — -
P'XT "Rs. XY. Rd Pixel Transfer: Indirect XY to Register 1 6 1111 0031S SSSR ODDD - — - -
BIXT *Rs. XY, *Rd X¥ Pixel Transfer: Indirect XY to Indirect XY 1 t 1111 0105 SSSR DDDD - -V
SUBXY Rs.Re Subtract Registers in XY Mode 1 1 1110 0098 SS5R DODD N C 2 Vv

“Number of cycles depends an pixal size anfor pixel array size and graphics option selected. See TMS34010 User’s Guide (SPVUQO1A)
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MOVE INSTRUCTIONS

NO.  MINIMUM STATUS
SYNTAX DESCRIPTION WORDS CYCLES 16-BIT OPCODE BITS
MSB LSB

MOVE Hs, *Rd Move Byte: Register to Indirect 1 1 1000 1108 S$SR DODD — — —
MOVE "Rs Rd Move Byte: Indirect to Register 1 T 1000 1115 SSSRDODD N — 2
MOWVE *85 *Ra Maowve Byte: Indirect to Indirect 1 1 1001 1105 S§5SR 0DRD - -
PMOVE Hs, “Rdioiset! Mave Byte: Register to Indirec: with offset. 2 ¥ 1010 1105 $8SR DRDO - — -
MUVB CHsiolfset) Ho Mave Byle: Indirect with oftset. ta Register 2 T 1010 1118 SSSROBROD N - 2
WViUvE "Hsotfset TRaiotisers Move Byte: nd. with offset. (o ind

wizh offser 3 ! 1011 1108 585R DDOD - "~ -
MOVE Ry @Dadoress Move Byte: Register 10 Absolute 3 1 0000 0101 111R S88S -
MUVE @Saddress, Re Muowe Byte: Absoluie 1o Register 3 1 0000 0111 111R DDDD N z
MOVE @Sedoress @0 address Moyve Byte Absolute to Ahsclute 5 1 Qoo 0011 0100 0000 - — —
MCVE Rs Ra Mowve Register to Register 1 1 0100 YIMS SSSR DDOD N — Z
MOVE Ry "Rd,F Mave Finld: Regrster 1o Indirect 1 1 1000 COFS SS%R DDDD — — —
MOVE Rs, "Rd,* Mowve Field: Register to Indirect (pra-dec) 1 f 1010 OOFS SS8SR DODD — — -
MOVE Ry R« F Mave Field: Register to Indirect {post inc 1 1 1001 OOFS SSSR DODD ~ - —
MOWE “Rs Hd b Mave Field: Indirect to Register 1 t 1000 Q1F5 SSSR DDDD N — 27
¥ [OAVES *Hs, R F Maye Field: Indirect {pre-dec] to Register 1 1 1010 O01FS S55R DDDD N rd
MOVE *Rs - Rd,F Mowve Field: Indirect {post-inc! to Register 1 T 1001 O1FS S8SSR DDDD N — Z
MEwE "Rs "Rg F Mave Treld: Indirect to Indirect 1 f 1000 10FS SSSR DDDD - -
MO E "85 - "Raf Move Fiecd Ing. (pre-cec) to ind. (pre-deg) 1 1 1010 10FS SSSR DDOO -
PAUNVE TRy - ARG - F Move Fieka: ind. tpost-ingd to Ind. {pastinc] 1 f 1001 10FS S5SR OODD -
AN E s tRaattsen R Move Field: Register to Indirect with offset. 2 1 1011 O0FS $5SR CDDOD -
MOVE “Rs.otiset Rd.f Mowe Field: Indirect with offset. to Register 2 1 1011 01FS S5SR CODD N — Z
MOVE *Rsioffset, *Rg - F Move Field: Ind, with offsetl. to Ind.

{post-inc ) 2 1 1101 OOFS $SSR DDDD — — —
MOVE *Rstatfser) *Rdiotfset),F Mowve Field: Ind. with offset. to Ind.

witt affset. 3 1 1011 10FS SSSR DDDD — — --
MOVE Rs, @Daddrass F Mave Field: Register to Absclute 3 1 0000 O1F1 100R 5555 — — —
MOVE @Saddress, Rd.F Mowve Field: Absolute to Register 3 t 0000 01F1 101R DDDD N — £
MQOVE @Saddress."Rd ~.F  Move Field; Absolute to Indirect {past-ing) 3 1 1101 O1F0 O0OR DDOD - - - -
MCVE @Saodress, @0address F Mave Field: Absolute 1o Absolute 5 t 0000 C1F1 1100 0000 — -

Tl of tyces depends on (eld size and alignment. See TMS34010 User's Guide 1SPVUQD1BI.
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GENERAL INSTRUCTIONS

NG, MINIMUM STATUS

SYNTAX DESCRIPTION WORDS CYCLES 16-BIT OPCODE BITS
MSB LSB

ABS Rd Store Absolute Value 1 1 0000 Q011 1008 DDOR N — Z O
ADD RBs,Rg Add Registers 1 1 G100 0005 SSS5R DDOD N C Z V
ADDC Rs,Rd Add Register with Carry 1 1 2100 Q015 SSSR DLOD N C Z Vv
ADD: W, Rg Add tmmediate (16 Bits] 2 ? 0000 1011 ODOR DDDD N C Z WV
ADODT IL,Rg Add Immediate (32 Bits) 3 3 0000 10711 O01R DDDD N C Z V
ADDK ¥ ,Rd Add Canstant {5 Bits) 1 1 0001 OOKK KKKR DDDD N € Z V
AND Rs,Rd AND Registers 1 1 0101 0008 SSSR DDDD — — Z —
ANDI IL.Rd AND Immediate 132 Bits) 3 3 00600 1011 100R DDDD - - Z -
ANDN Rs,Re AND Register with Complement 1 1 0101 001§ SSSR DDOD — — 2 —
ANDNI 1L, Rd AND Mot Immediate (32 8its) 3 3 QQ00 10131 100R DROD — — 2 —
BTST K.Rd Test Register Bt - Constant I 1 0001 11KK KKKR 0DCD - — 7 —
BTST Rs.Rd Test Reaster Bl Register 1 z 0100 1015 S55R DDCOD — — 72 —
CLR Rg Clear Register 1 1 0101 0110 DDDR DDOD
CLRC Clear Uarry 1 1 0000 0011 0010 0000 - ©
CMP Rs Rd Compare Registers 1 1 0100 1005 SS55R DDODD N C 2 v
CMPI W ,Ra Compare Immediate (16 Bits) 2 2 000G 1011 QIOR DDDD N C 7 W
CMPLIL Rd Compara Immediate (32 Bits) 3 3 0oO00 1011 OIR DDDD N € Z ¥
DEC Rd Decrement Hegister 1 1 co01 0100 001R DODD — — —~ —
DINT Disable Interrupts 1 3 0000 0011 0110 000D — — — —
DIVS Rs.Rd Divide Registers Signed 1 40 0101 100S SSSR DDDD N — Z V
Divi) Rs.Rd Divide Registers Unsigned 1 37 0101 101§ SSSR DDDD - - Z
EINT Enable Interrupts 1 3 0000 1101 0110 Q000 — — — —
EXGF RdF Exchange Field Size 1 1 1101 Q1F1 QQ0R DODD — — — —
INC Rd Increment Register 1 1 0001 0000 001R DDBDRD — —
MO Rs Rg Leftmaost One 1 1 0110 10vS S585R ©DDD - — Z -
MMM Rs Reg.ster List Move Muttpie Registars fromn: Memory 2 T 0000 1001 101R DDDD - — ~ —
MMTM Ra Register List Mowve Multiple Registers to Memary 2 i 0000 1001 100R ODDDN — — — —
MODS Rs.Rd Modulus Signed 1 40 0110 1108 SSSR DDDD N Z Vv
MODW Rs,Rd Modulus Unsigned 1 35 Q110 1118 SSSR DDDD  — ZV
MOV I'W,Rd Move Immediate {16 Bits) 2 2 o000 1001 110R DDDD N - Z Q
MOVIIL Rd Movg Immediate (32 Bits) 3 3 Q000 1001 1R DDDD N — 2 O
MOVK K,Rd Move Constant (5 Bits) 1 1 0001 10KK KKKR DDDD — — — —
MPYS As,Rd Multiply Registers (Signed 1 5+F—§i 0101 1108 SSSR DDDD N — Z —
MPYU Rs,Rd Multiply Registers (Unsigned) 1 5+ —F—i-l 0101 1118 SSSR DDODD - - Z
NEG Rd Negate Register 1 1 0000 0017 109R DDDD N C 2 ¥V
NEGE Rd Negate Reaqister with Burrow 1 1 Q000 C011 110R DDDD N C 2 WV
NOP Mo operation 1 3 0000 0011 0000 0000
NQT Rd Comgplement Reg:ster 1 1 0000 0011 111R DDDD - — Z -
OR Rs,Rc CR Registers 1 1 0101 0108 SSSR DDCO -- z -
QRIILRd CR Immediate (32 bits) 3 3 0000 10%1 101R BDOD — — Z —
RL K.Rd Rotate Left - Constant 1 1 0011 QOKK KKKR DRDDD — C Z —
RL Rs.Rd Rotate Left - Register 1 1 G110 1008 SSSR DHODD — C zZ —
SETC Set Carry 1 1 0000 1107 1110 0000 — 1 — —
SETF FS3,FE.F Set Field Parameters 1 1,2 o000 01F1 01FS 5888 — — — —
SEXT Rd.F Sign Extend to Long 3 3 0000 O01F% OQOOR DDDD N — Z —

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

SLA K Rd
SLA Rs Bd
SLL K.Ad
S.L As R
SRA K Ro
SAA Rs Ra
SHL K S
SRL Ry Fe
SUB Hs Ra
SUBB R Rag
SUBI W Rd
SUBI IL,Rd
SUBK K. Rd
XOR Rg Rz
xQRl L. Bo
ZEXT Rd.F

SYNTAX

CALL Rs

CALLA Address
CALLR Address
DS5J Ro.Address
DSJED Rd.Address
DSJINE Rd Address
DSJS Hd,Address
EMU

CXGPC Rd
SETPC Rd
CETET R

2hce Adoress
JRoo Adaress
JRcc Address
JUMP Rs

POPST

PUSHST

PUTST Rs

RETI

RETS (N}

REWV Ry

TRAF N

Shitt Left Arithmetic - Canstant
Shift Left Arithmet.c  Aeg:ster
Snift Left Logical - Constant
Shifu Left Logical - Register

Shift Right Amhbmetic Congtam
Snift Right Arithmetic Hegqistor
Shitt Bight Logcal Constant
Shitt Right Logical  Regraer
Subtract Registors

Subtract Registers with Borrow
Subtract Immediate (16 Bits)
Subtract tmmediate (32 Bits)
Subtract Immediate (5 Bits
Exclusively OR Registers
Exclusively OR Immediate Value {32 Bits)

NO. MINIMUM
DESCRIPTION WOHRDS CYCLES
1 3
1 3
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
4 2
3 3
1 1
1 1
3 3
1 1

Zero Extend to Long

msB
0010
0110
Q010
0110
0c10
0110
oo o
0110
0100
0100
0a00
0000
Qa0
0101
000
0000

16-8BIT OPCODE

QOKK
Co0oS
O1KK
0018
1OKK
0108
TT1KK
0118
0108
0118
1011

1101

01KK
0118
10131

01F1

PROGRAM CONTROL AND CONTEXT SWITCHING

Call Subroutine Indirect

Call Subroutine Absolure

Call Subroutine Relative

Decrement Hegister and Skip Jump
Conditionally Decrement Register and Skip Jump
Conditionally Decrement Register and Skip Juma
Decrement Register and Skip Jump - Short
inrtrate Emulation

Exchange Program Caunter witl: Register
Get Program Counter vite Begister

Get Status Register mito Register

sumip Absolute Conditiona

Jumip Relative Conditoral

Jump Relative Conditional - Short

Jump Ingirect

Pop Status Register fram 5tttk

Push Status Register onto Stack

Copy Register into Status

Return from Interrupt

Return from Subroutine

Get Revision Nurnber

NO.  MINIMUM
DESCRIPTION WORDS CYCLES?!
1 5]
3 6
2 5
2 3,2
2 3,2
2 3.2
1 2.3
1 G
1 2
1 1
1 1
3 3.4
2 3,2
1 2.1
1 2
1 8
1 2
1 3
1 11
1 7
1 1
1 16

Software Interrupt

MSB

Coo0
0000
ooQ0
0000
0000
0000
001

nooo
[slalele}
oeoo
0000
1100
100
1100
cooo
Q000
0000
0000
0000
ocoo
00C0
oooo

16-BIT

1001
10
1101
1101
1101
1101
10xx
0001
0001
[slelon}
0001
code
cade
cade
[o[¢ e
[o]elen]
o001
[¢¢lo]]
1001
1001
0000
1001

KXKR
S55A
KKKR
SSSR
KKKR
5SSR
KKKR
S8S3R
SESR
SSSH
111R
OOCR
KKKR
SSSR
110D
0Q1R

LSB
[5]n]e)s]
oooo
GCDD
D0DD
DDDD
pooo
oDDO
DDDo
ooDo
oDon
poDD
DoDD
DoDD
DODD
DoCo
oobh

QPCODE

O01R
0101
0011
100R
101R
110R
xxxR
0000
O001R
O10R
100R
1000
0000
XXX X
011R
1100
1110
101R
0100
011N
Q01R
OQ0ON

LS8
oobh
1111
1111
poDD
DooD
DDDD
oooo
0000
ooon
DooD
DODD
Qo0
0000
XX XX
DDPD
Q000
0000
DoDD
0000
NNNN
jajelele}
NANMN

S5TATUS
BITS
N C Z Vv
N C z Vv
- C 7 -
c z -
N C Z -
N C Z -
c z
Y S
N C 72 v
N C 2 Vv
N C 72 v
N C Z Vv
N C Z V
- - Z
- - 7z _
- - 7 -
STATUS
BITS
N € Z WV
N € 2 W
0O 0 0 O

Twhere two numbers appear, the first number assumes that the Jump s taken, and the second assumes that the jump is not taken.
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hardware and software support for the TMS34010

PART NUMBER

TMS340SDK-PC

TMS5340SPK-PC

SPVZ071

T™™MDS3442203018
TMDS3442213018
TMDS3442553008

TMDSTDB10
TMDS3469%10000
TMDS34693881000

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 Code
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 MS-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 Family Graphics Library: Provides source and object code for the
standard TIGA graphics functions. This package provides a convenient starting
peint for those developing TMS34010 and TMS34020 code for non-TIGA
environments. This product replaces two older products: the TM334010
Math/Graphics Function Library and the TMS534010 Font Library.

TMS340 Famnily C Source Debugger: Pravides symbolic and high-level language
facilities for debugging code for the TMS34010 and TMS34020 written in both
C and TMS340 sssembly language. Runs on any TIGA board.

TIGA Software Porting Kit

The SPK meets the needs of OEM equipment makers who 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 centains the TIGA driver
for MS Windows 3.0, and the complete TMS340 Software Developer’'s Kit
{described abovel.

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 araphics 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 compiler 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
TMS34010 XDS/22 Realtime Hardware Emulator, U.S.
TMS34010 XDS/22 Realtime Hardware Emulator, Europe

i
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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 is asserted low. RESET must remain active low for a minimum of 40 focal clock (LCLK1 and LCLK2)
periods 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 screen-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 one of two modes,
host-present or self-bhootstrap mode.

1. Host-Present Mode

If HCS is high at the end of reset, TMS34010 instruction execution is halted and remains halted
until the hast clears the HLT {halt} bit in HSTCTL (host control register}. Following reset, the eight
RAS-only refresh cycles required to initialize the dynamic RAMs are performed automatically by the
TMS34010 memory controf logic. As socn as the eight RAS-anly cycles are completed, the hast is
allowed access to TMS34010 memary. 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 OFFFFFFECHh 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 insialize the DRAMs. Immediately following the eight RAS-only cycles, the TMS34010
tetches the level-O vector address from location QFFFFIFFEOR, 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, simiiarly does not
save the ST er 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 for a minimum of 40 iocal clock periods after power levels have become
stable. At umes other than power up, the TMS34010 is also reset by holding RESET tow for a minirmum
of 40 clock pencds The 40-clock interval is required to bring TMS34010 internal circuitry 1o @ known
mitat 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 low. The specifications for
cermain DRAM and VRAM devices, including the TMS4161, TMS4164 and TMS4464 devices, require that
the RAS signal be driven inactive-high for 100 microseconds during system reset. Holding RESET low for 150
microseconds will cause the RAS signal te remain high for the 100 microseconds required to bring the
memory devices to their initial states. DRAMs such as the TMS34256 specify an nitial RAS high time of
200 microseconds, requiring that RESET be held low for 250 microseconds. [n general, holding RESET

low for ¢ microseconds ensures that RAS remains high initially for ¢ — 50 microseconds,

TeExAs *5“ 17
INSTRUMENTS

FOSYT OFF CF BOZ 1443 @ HOWSTON, TEXAS 27000



TMS34010
GRAPHICS SYSTEM PROCESSOR

SPVS002C - JUNE 1586 REVISED JUNE 1991

suspension of DRAM-refresh cycles during reset

An active-low lej}eifu the RESET pinis considered to be a power-up condition, and DRAM refresh is not
performed untd BRESET gees inactive high. Consequently . the previcus cantents of the local memory may
not be valid after a reset.

initial state following reset
While the RESET pintis asserted law, the TMS34010"s output and bidirectional pins are forced to the states
listed below.

INITIAL STATE OF PINS FOLLOWING A RESET

OUTPUTS DRIVEN QUTPUTS DRIVEN BIDIRECTIONAL
TO HIGH LEVEL TO LOW LEVEL PINS DRIVEN TO
HIGH IMPEDANCE
DoouUt BLANK ASYNC
HRDY VSYNC
DEN HDO-HD15
[y LADD-LAD15
TR/QE
RAS
CAS
W
HINT
HLDA/EMUA

Immediately fallowing reset, all /O registers are cleared (set to Oh), with the possible exception of the
HLT it in the HSTCTL register. The HLT bit is set to 1 if HCS is high just prior te the Jlow-10-high
transition of RESET.

Just prior 1o execution of the first instruction in the reset routine, the TMS34010’s internal registers are

in the following state:

s General-purpose register files A and B are uninitialized.

* The ST is set te QO0DCO10N.
« The PC contains the 32-bit vector fetched from memory address OFFFFFFECH.

TMS34010 local memory interface

The TMS34010 iocal memory interface consists of a triple-multipiexed 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 memory cycle, the address
s output i multiplexed fashion as a row address folloewed by a calumn address. The remainder of the
cycle 15 used 1o transfer data between the TMS334010 and memory.

Texas W 18
INSTRUMENTS

TLA5 M RSO TEXAS 7



TMS34010
GRAPHICS SYSTEM PROGCESSOR

SPWSQ02C — JUNE 1986 - REVISED JUNE 1991

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 arc vransmitted. The associated memery cantrol signals suppart
arectinterfacing to both DRAMs and VRAMs. At the beginning of a typical memory cycle, the address
is output in multiplexed fashion as a row address followed by a column address. The remainder of the

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

ROW COLUMN

TM534010 apoRess | appress | PATA
e ot BT 150 15

[+ 26 TR 14

- 25 29 13

1 24 28 12

1~ 23 27 11

mm ot BFY 14 10

S 21 13 9

i s (T R s 7l B

[~ | 19 i1 7

11 ] 18 G 6

-4 177 g 5

- 1786 4

! 3

H 2

1 3

0

Amaraarreer

T BITE 1256 ; %
I 32-BIT MEMORY ADDRESS I I‘IG-BIT DATA WOHDJ
BIT 31 BITC  BIT 15 BIT 0
{MSB) ILSB) IMS B} {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-memaory, 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 a 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 examgle,
in Figure 7, 16 consecutive address bits (5 through 20) are output on LAD1-LADSB during the row and
column address times. Quiput 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 gccurring.
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~o ol awag rentarss @pply to memory tming in general. A row address is output on LADO-LAD1S at
for the cvcle sod s valid before and after the fall of RAS, Next @ column address s outpat on
200 The cotume address s vaud baefly before and after the falling edge of LAL, butis not vald
the “alling eoge of CAS The coamn address is clocked into an external transparent laich
woooa AAARR7E octal datehy on the falling edge of LAL ta provide the hold time on the column
adaress reauned lor dynamic BAMs and video RAMs. A transparent lateh s required in order that the row
aduress be avalable at the outputs of the tatch during the start of the cycle.

Very large memoty configurations may require external buffering of data lines. The DEN signal serves as
the drive-enable sional to external bidirectional bufters, e.qg., 74A5245 octal buffers. The DDOUT signal
serves as the direction control for the beifers.

When an /0 (egister is addressed by the TMS34010, a special memory read or write cycle is performed
Duning 775 cycle. the external RAS signal falls, but the external CAS remains inactive-high for the duration
ol the ovole

The tinung shown in the first six functional timing diagrams assumes that the LRDY input remains high
Loy the cyele The LRDY oinis pulled low by slower memories reguiring a longer cycle time. The
TMS 34010 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 LADY :s sampled at a high level. The cycle then completes in the manner indicated in the
functional 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 mnput is ignored by the TMS34010 during internal cycles.

A nold:hold acknowiedge capability is also built into the local memory interface to allow external devices
s ceuest contral of tne bus. Alter acknowledging a haold reguest, the TMS34010 releases the bus by
drre g s address-data bus and control outputs inta high impedance.
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write cycle timing
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read cycie timing
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memory-to-register cycle timing
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register-to-memory cycle timing

TMS34010

SPVS002C —

d
e 4 . ]II.IIIlIlilIIII/ llllllllllllllllllllllll
d
(]
[FO)
lllllll ——— = Illlylllllllllil Y SN NI ENPUPE SYR—
w
(Y]
o a
=
o] = ///J
o~
a
o]
. N > ot N N I
—
o] \
+ e S b e
) < | .
)
e}
b4
O e e
||||||||||||| g p——p—r——f————————— =T
o~
o
||||||||||||| > ol A IS
) /
- el i ) i ' ] z [l
x o - M 7A bt = Ia] Z w
a = m [od = (&) F [a) 2
) w - = ]
)
o
<
)

o

5
o

(0

¢,
’00

0

XS
XK
24

)

IS
e

A

IS
R

¥

%

A

’020

g,

IR0
eletenls

(X

.0

.

X

(XX
0’0’0

K/

TeExas JEP

INSTRUMENTS

POST OFFICE BOX 1443 @ HQUSTON, TEXAS 77001

0
o

¢
2

(X2
CRA 0.0.0

(2
&,

o,

RIS
XRIIXKKRID

LRDY 0:0’0‘0’0:




TMS34010

GRAPHICS SYSTEM PROCESSOR

REVISED JUNE 1991

SPYS002C — JUNE 1988

RAS-only DRAM refresh cycle timing
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CAS-before-RAS 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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register-to-memory cycle with one wait state
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absolute maximum ratings over operating free-air temperature range

Supply voltage, VOO - o o o e Y
INput voltage rande . . . . e -0.3Vi10 20V
Off-etate oulpul VaRAge FNGE . . e -2Viw?V

Operaung free-air temperature taNGe . . . . . ... .. 0°C to 70°C
Storage temperature range

Laber BELORT tRone hstod gnder CAbsolute Max mum Ratings'' may cause permanent damage 1o the device. This is @ siress rating
G aegiee o thoss of a0y other cond nons bevond those ndcated in the “Recommended Operating Conditicns”
v e Exposus s W ebaslute-maximum-rated cond-tians (o extenged periods miay affect navice reliatnity

ST e ues are w I esgect e the Vg pins of the chip.

recommended operating conditions

' MIN NOM MAX | UNIT

Voo Supply voltage 4.75 5.0 5.256 A"

ir Vgg Supply voitage! ¢] Q 0] A

[ Ton High-level output current —400 #A

.

N Low-level output current . 2.0t mA

T - o

{ Ta Operating free-air temperature o 70 C

Care should be taken by card designers Lo pravige a minimum inductance path between the Vgg pins and systerm ground in order ta
TmeIe Vgg noise.
TOupu current of 2.0 mA s sufficient 10 diive five 0w pawer Schotiky TTL loads or 10 advanced low-power Schottky TTL loads (worst case).

DC electrical characteristics

PARAMETEAR TEST CONDITIONS MiNT Tyt max?t UNIT
| Highi i All i
8 .
Igh leve j[np.;l mpult;CLK 2.9 VCC+0-3
V48 It . TTL-level 1
48 voltage v excep Vee = 5.0V v
signal
INCLK 3.0 Veg+0.3
Low level input All inputs _03 0.8
Vi voltage, TTL evel except INCLK Y
i signial
l INCLK -0.3 0.8
f Vou High-level autputl woltage, Vo = min, 2.6 v
TTL-level signat lg = max,
VoL Low-level output voltage, Vggo = max, 0.6 v
TTL-level signal loL = max, l
o H_;glh im.pedanc-e leakage current, ver =—max V=28V ig A
i bidirectional pins Vp=0.6V -
All inputs except
| input ent . V|=Vgs to V +20 P
1 nput curr RUN/ERAD S 1= V¥55 cc
Vee = max, 40 MHz 125
Icc Supply current Vog = max, 50 MHz 150 ma
Ve = max, BO MHz 178
I capacitance 10 pF
Qutput capatiance [except 10 oF
address;data lines)

—1 -

St urs shicar 8y Cne’ g Cmax.’ use the appropriate velue specitied under ““Aecommended Operating Canditions.”
L Ty Dedl viilues dre at Ve 5 VL Ta =26°0,
SRUN-ETAL will be no connected in a typical configuration. The nominal pull-up current will be 260 A,

{:} 31
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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 a high-to-low transition on a TTL-compatible output signal, the level at which the output is said 1o
he “no longer igh™ s 2.0 vaolts, and the lavel at which the output is said to be “low’ 15 0.8 volts. For
5 10w -to-high transiton, the ‘evel at which the oulputis sad to be “'no longer fow’ 15 0.8 volts, and the
ievel at which the cutput is said to be “"high'" is 2.0 volis.

FIGURE 9. TTL-LEVEL INPUTS

Transition times for TTL-compatible inputs are spacified as follows. For a high-to-iow transition an an input
cignal, the level at which the input is said to be “'no longer tugh’* is 2.2 volts, and the level at which the
input s said to be low’ is 0.8 volts. Far a low to high transition on an input signal, the level at which
tRe It is said to be no lorger iowe is 0.8 valis, and the ievel at which the input is said to be "high”
$ 2.2 valts,

test measurement

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

TESTER PIN

ELECTRONICS

-
i

loL |
|
|

[

oUTPUT

1oH —

Where: IgL = 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 CIRCWIT

{i?
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timing parameter symbology

Tining parameter symbols have been created in accordance with JEDEC Standard 100. In order to shorten
the symbols, some of the pin names and other related terminology have been abbreviated as follows:

AL LAL HS  HSYNC or VSYNC

C CAS [CK  INCLK

CA Column address LR LRDY

CK  LCLK1Y and LCLK?Z2 QE  TR/QE. when used as output enable
CK1  LCLKDY R RAS

CK2 LCLKZ RA Row address

CS  HCS RS HREAD

D Data RY HRDY ~

DD DOOUT S HREAD or HWRITE

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

HK  HLDA/EMUA W W

HR HOLD WS HWRITE

Lowercase subscripts and their meaning are:

a access ime

C cycie ume (perigd)

d  gelay time

h held time

sy setup ume

1 transition time

w  pulse duration twidth)}

The following additional letters and symbols and their meaning are:

H  High
L Low
Voo Valid
Z High impedance

No longer low
No lenger high

o

/)
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host interface timing parameters

The timing paramerters for host interface signals are shown in the next four figures. The purpose of these
figures and the accampanying table is to quantify the timing relationships among the various glgna1s. The
explanation of the logical relationships among signals will be found in the TMS34070 User’s Guide {(number

SPVLI0Q1B).

The write strobe referred 1o in the fallowing table is the enabling signal during a write 1o one of the h_OSt
ntertare registors (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 fellowing table, is one quarter of a local output clock period,
or tw:ce the input clack period, tg1ICK])-

TMS34010-560

MS34010-40
NG PARAMETER T TM534010-60 UNIT
MIN MAX MIN MAX
Setup time of HWRITE/BREAD high or HFSO,
1 Te jiFV.SL P . 8 10 10 ns
‘ HFS1 vahd to read or write strobel
_ : —
? tgrwSL-0vy  Delay from write strobe | to data in valid, write cycle 2t0 2t ns
Delay from rean or write strobe low 1o next
3 | wise-sw ) , Ttg+10 T+ 10 ns
read or write strobed
4 ) tyish Duration of read or write strobe low BO 80 ns
Deiay fram read ar write strobe high ta next
.- TS Ly W ‘ ¢ 60 60 ns
! Py read or write strobel
CUWEH D Hold time of date in valid alter write strobe high, write cycle 2 2 ns
Hoid time of =WFRiTE/MHREAD h gh or HFSO,
ImiSH Y . . i . 10 10 ns
' HFS1 wvalid atter read or write strube high
Hold tme of data high impedance after read strobel, §
hiRSL-D7] of 0 ns
read cycle
Delay from read strobe low to data cut valid
L4iASL DY) Y ) ' 90 a0 ns
' read cycle with no wait
| thipSH.nv)  Hold time of data out valid after read strobel, read cycle 0 g ns
Delay from read strobe high to data out high impedance,
11| iRSH DZ) Y § gn ime 305 308 ns
J ' read cycie
12 ThiCSL-RyH; Hold time of HRDY high after HCSI, cycle with wait 0 0 ns
[ LGS Ry Delay from FACS low to HRDY low, cycle with wait 40 40 ns
A T R LY Pulse duration of HRDY lew, cycle with wait 1 ! ns
e T T i
bog tmgyYL RyH; Delay from HRDY L to HRDY high, cycle with wail ot o! ns
N !
! Hald time ol write stroge low after HRDY ",
| WWRYHWSLL . ‘ 40 40 ns
: write cycle with wait
{7 tg:RYH Dy Delay from HRDY! 10 data out valid, read cycle with wait 30 30 ns
. Hold time of read strobe low after HRDY 1,
18 | hiRYH RSLI . : 40 40 ns
[ read cycle with wait

*pParameter 14 is a funclien of local bus mernory contention. This parameter is not tested. Refer to the TMS340170 User's Guide for detaiis.
Zpararmeter 15 15 specified as minimum O ns to indicate that s low-going pulse an HRDY can be arbitrarily narrow.
$These vaiues are derived from characterization and are not tested.

{i’
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general comments on host interface timing

The following general comments apply to host interface timing:

1

The HRDY signal is enahled by an active low level on the HCS input. When HCS is inactive-high,
HROY is forced high regardless 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 contral signals.

A host interface write cycle occurs when _I-ﬁ, HWRITE, and HLDS are low, or when T%
HWRITE, and HUDS are low. The combination of these signals defines a write strobe. 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 cycle oocurs when HGS, 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
cycle. The first of the three signals to make the low-to-high transition ends the cycle. All access
times are specified with respect to the strobing edges that hegin 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, HFSO, HFS1, HREAD, and HWRITE are assumed
to be asynchronous with respect to the output clocks LCLK1 and LCLKZ.

host interface timing: write cycle with no wait

HFS0. HFS1 W VALID FUNCTION SELECT M

e ,
pe-1 "‘J‘ :.—-—7 ————-{I
_ * 1
HREAD /| | | N
[ __% fe—7 -——h[
D .
[} ¥
L |
HCS, HWRITE. '
ALDE. AUDS ___M——— s——=IN_____
—— 4 ——
b2 — O g—
XA OTOOK) S OEAN AN
HOO-HD15 ‘!!020!0!0?&0&!0!0?0&‘ VALD DATAIN XXX RN

HADY

j
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host interface timing: read cycle with no wait

YRR

HFS0, HFS1 W VALID FUNCTION SELECT
’ i
e ot 7 —}
HWRITE /| | | {\
| { b 7 —
pe- 7 -l I
l bmo— 3
P | I
FCS. ARERD i “1§<;:
HCS, HREAD, ' f
HLDOS. AUDS ——_—u—— 5 i
} lL-— D 1
j =9 bt 10 ~ant—
P 3
HDO-HD15 HI-Z VALID DATA OUT
b 4
HRDY

hast interface timing: write cycle with wait

HF S0 HFS)

VALID FUNCTION SELECT

_ I_%

K

. ll-- 7 =
| jou 3 | ]
I [ !
-———4 [l 4 o
HWRITE, [ i Jlf
HLD5. HUDS P | L—ﬁ—’-%
o ] -
|y 3 T ]
e a -l
ATS N 4k7r l\
| |
|
13 | pot—— 5 i
12_+.._._....| Hh—.t_ 1 ————
| I-—m——-l
HRDY } 1 ! L/ I
|
T e —— bt
pon— 2 —amy ]
v’v.v’v v.v’v‘v.v’v‘v’v. m
HOO HDTS (XX IOKRIIIE? VALID DATA IN

TExAs “?
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host interface timing: read cycle with wait

HFSQ. HFS

HREAD,

I
w

HRDY

HDO-HD1S

VALID FUNCTION SELECT

RSO
SRR

|

!

VALID 3
DATA OUT

Tkwﬁs‘?

INSTRUMENTS

FUSYOFEOE BGa 0 aad @ nCUSTON TEXAS Z/001



TMS34010
GRAPHICS SYSTEM PROCESSOR

SPVS002C - JUNE 1986 - REVISED JUNE 1951

reset timing

The timing parameters for device reset are shown in the next two figures. The purpose of these figures
Is to quantify the timing relationships among the RESET, HCS, and LCLK1 signals. RESET and HCS are
asyrmchranous 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 to 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 1) which appears in the following table, is one quarter of a local output clock periad,
or twice the input clock period, tC{ICK)-

TMS34010-50
TMS34010-40

NO. PARAMETER TMS34010-60 UNIT
| MIN MAX MIN MAX ]
Buration of HCS low to configure GSP to run
19 Lo : 410+ 66 4tn+56 ns
B wiCEL in sell-bootswrap mode a a
o ; X Setup time of HCS low 10 RESETT to configure
20 Su{TSL REH; Bt + 55 Big+55 ns

the GSP to -un jn self-bootstrap mode

) Duratior of RESET low to ensure that GSP
“V | twiREL 1601 - 40 160t - 40 ns
15 properly reset

Delay trem HCS1 to RESET high, end of reset,

| o 1AL S REH) tc canfigure GSP 10 run in seif-bootstrap made ata 50T “ta 507 ne

.[ 25 D imevexon Setup time of _RE_SFT valis to L.CLKH to a0t a0 s
] X guarantee recognition at a particular clock edge

} - T N Hold time of RESET valid ahe(‘LCLK1 low to 1ot 10t s
guarantee recognition at a particular clock edge

25 | suicsvecxay Setup time of HCS valid 1o LCLK 1! 10 a0t a0? ne

Juarantee recognition at a particular clock edge

96 th{CK AL CSVI Hold time of HCS- \-/alld after LCLK1 low to 103 10t ns
guarantee recognition at a particular clock edge

"Parameter 22 is the maximum amount by which the REGET low-tg-high transition can be delayed after the HCS low-10-high transition
ana Sl guarantee that the GSP is configured to run in self-bootstrap mode (HLT hit=0) following the end of reset. HCS may be held
w fovsome tme past the low-to-mign RESET transition, and will be ignored by the GSP for 17 local clack periods following the elack
¢Oge db whnach the 1ow-to-high RESET transition is detected. Following completion of the eight RAS-only cycles that automatically follow
ninet however. 3 low HCS level will be interpreted as a chip select.
PRESET and HTS are asynchronous inputs. The specified setup and hold times of these signals with respect to the high-to-low transition
ot LCLET neec be met only to guarantee that a transition of RESET or IG5 is detected by the device st a particular clock edge.

reset: asynchronous timing relationships

| b 92—

| |
! 3
[ — e
RESET Bt 20 I/
i'= el

21
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reset: synchronous timing relationships

HCS X VALID }(

TRESET and HCS are asynchronous puts. The specidiegd setup and hold times of RESET or HCS with respect ta the high-to-low LCLKT
ansitior riast be met only 1o quarariee that & RLSCT or HCS transition is detected by the device 2t a particular clock edge.

local bus timing parameters

The following six figures show the timing parameters for the signals of the local memory interface bus,
often simply referred to as the local bus. The purpase of these figures and the accompanying tables is
to gquantify the tinung refationships among the varicus signals. The explanation of the logical relationships
among signals will be tound in the TMS340710 User’s Guide (number SPVU0018).

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 clock period, Lo(ICK)-

Input ciock INCLK is divided internally by 8 to produce output clocks LCLK1 and LCLK2. Transitions of
the other iacal 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 LCLKZ2 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 clock INCLK and
transitions of the output clocks LCLK1 and LCLKZ.

‘ TMS34010-40 | TMS34010-50 | TMS34010-60
PARAMETER uNIT
MIN  MAX MIN  MAX MiN  MAX
Porod of INCLK 26 625 20 625 16.5 62.5 ns
. Fuise durauon of INCLK hgh g! gt 6.5% ns
Yze Lok Pulse duration of INCLK low 8: g+ 6.56% ns
E ) Transition time (rise and falll of INCLK 21 gl 2t at 21 gt ns

TThese values are based an computer simulation and are nat tested.
This pulse width is tested at 1.4 volis.

local bus timing: input clock

[T & S —
b 78—l 30w le— 30— b
| | P29 1

{ip
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local bus timing parameters {continued)

Quarter clock time tg, which appears in the foliowing table, is one quarter of a local output clock pertod,

ar 2tc(ICK}
TMS34010-50
NO. PARAMETER TM534010-40 TMS534010-60 UNIT
- MIN MAX MIN MAX
-L 3 | ecks Feriod of local clocks LCLKY and LCLK2 81(;(|CK)Y 8teyci ns
2 | twICKH) Pulse duration of local clock high 2tq - 10 2t~ 10 ns
BEE WKL) Putse duration of local clock low 2tg - 10 21 - 10 ns
TWCKTH CR2Lp Held time of LCLK2 fow after LCLK high tg- 10 tg- 10 ng
K TL-CKpH) Hela ume of LCLKZ high afier LCLKT low Q- 10 tg - 10 s
TniCK 2K Ck 1y Hole ume af LCLK1 high after LCLKZ high -~ 10 o=~ 10 ns
! 7 RiCK2L-CriL Hold time of LCLKY low afer LCLKZ low 1 - 0 tp- 10 15
TaE ’ UMK k- T H) Hote e of LCLK;HQh after LCLK Y high 314 - 10 ] Jig 1G ns
39 el oxoy Mol ume of LCLK2 low after LCLKT low i métu -10 31 - . TThs |
Tas ! 7@(2*;2;.{ CK{[THOIU ume of LCLKY iow after LCLEI_ﬂg.hﬁ“ 3tn - 10 - 10 nsg
irﬁ 41 hiCK2L-Cr 1y Hoid ume of LELKT high efter LCLK2 low 3tg- 10 - 10 ~ ng
42 |y Transition time (rise and fall) of LCLK1 or LCLK2 I 10 o 1(—)‘Tk_r:5— ]
3 | tsulRAV.CK2Hy Sewp ime of row address valid to LCLK27 4t~ 25 4y - 1% ns
| 4 | tsulCAV-CK 2+ Sctup time of column address valid to LCLK21 210~ 25 2tp- 15 ns
45 | tgui Rv.CK2H) Setup time of LRDY wvalid to LCLK21 30t 30+ ns
Tag : ‘h\CK;.—_LR\m Hoid time of LRDY vatid after LCLK2 high 0¥ ot ns
a7 tsuiRAV-Cx 1) Setup time of row address valid to LCLK1I tg - 25 tg-15 ns
18 | tyuiCAy-Ck 1) Setup time of column address walid 1[}HL7CLK1T 10~ 25 tn-15 L hs
15 | LeyaLH.Cr1yy Setup time of DAL high ta LCLK1I 21g- 20 g 10 “‘L ns
L IS

TThis 1s a functional minicum and is not tesied. This parameter can also be specified as 4tq.
YLRDY 15 a2 syachranous ipal sampled during the bow-to-high transition af LCLK2. The specifiad setup and hold times must be me: for
the JevICH 15 operate properly.

j
Texas {’ 40
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local bus timing: output clock and LRDY signal

Qa1 Q2 Q3 o4 Qa1 Q2 Q3 o4 Qat
re KNl =]
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) A TMS34010-40 TMS34010-60 TMS34010-60
NG PARAMETER UNIT
MIN MAX MIN MAX MIN MAX
50 | 'maLRy  Deay from BASL to RASI gig! 8ta! Bin' ns
61 . ~ Setup time of row address 5 20 . 15 tq 15 s
N sulRAV-RLL g to RASI a a
Hold time of row address vahd
52 | ThiRL. 1q - 20 tg— 10 -5 ns
RIRLBAVE 4 fter BAS low Q a
53 Ly (RH| Pulse duration, RAS high 3tg - 20 3t - 10 dtg-5 ns
54 wiRL) Pulse duration, RAS low Stey - 20 Sig - 10 Bt - 10 ns
Setu: time of column address
55 | ot 0.51g -20 0510 - 10 0.515 10 ns
? sulCAV-ALLL valid to LALI a 2a
Hald time of cetlumn address
56 - CAV — G.51g-15 0.51q- 10 0.510 - 10 ns
HALL-CAVI valid after LAL low a a a
Hold time of RAS high
57 ot A My 2 A - 10 2ty - 10 ns
HiALH-RH) after AL high Lfe) 0 Q a
55 Hold time of LAL low & 20 6t 10 6ig 10 ns
t A _ T — _
AL-ALL after RAS low u Q
=g . Hold time of RAS low 3 20 31 10 F1iq- 10 ns
T - — oy — — —
nCLRL after CAS low a Q
Hold time of W high after
50 THIRH - WH) after RAS high, shift register 21n - 20 2ta—10 21y~ 10 ns
transfer follows read
Setup time of column address
G LAY C i ty - 20 ta- 10 tg—- 10 ns
sulCAY-CL) valig to CAaS) G a Q
Hoid time of LAL low
62 Tmo (L - 41~ 20 410-10 41 - 10 ns
Pll-ALLY alter CAS low Q a 2
Hold time of LAL low
63 T - — 0.5tq - 15 0.5tn—10 0.5t - 10 ns
nCH ALL) after CAS high, write cycle G Q A Q
Hola time of CAS high
64 1 . v N 0.5tn- 156 C.otg - 10 0.5t - 10 ns
MALLEHE ter TAT low @ a
Hold time of RAS high
65 1 — 2.5ty -15 2.81- 10 2.5t - 10 ns
h{CH RH) after CAS high @ a
66 twiCL) Pulse duration, CAS low 3.5tn—25 3.519-10 3.5t - 10 ns
Hold time of CAS high
B7 1 - — 21— 20 2tq - 10 2ty - 10 ns
RAL-CHY Stter BAS low @ Q @
Delay time fram RAS low
68 4(RL- - 2tn+ 20 210+ 10 2t +10 ns
diRL-CLI 16 CAS low ot Q
Haold time of W high after
69 h{CH-WH)  CAS high, shift register 1.6ty - 15 1.5tg - 10 1.8tq - 10 ns
transfer {otlows read
Hold time of CAS low
70 . R 5.5t - 25 5.5tq— 10 5.6t —10 ns
MRLCL afer RAS low Q a a
7Y LwiCH) Pulse duration, CAS high 4. 515-15 4.6t -10C 4.5t~ 10 ns
7 | Hold time of LAL low after 0.51 15 o8t 10 0.5t 10 ns
Z t . — . - . - . -
hiWH-ALL) W high, write cycle Q Q G
Setup time of W high 10 CASI,
73 3 R 4.5t -5 4.51n0 - 10 4.5t - 10 ns
BulWH-CLY ok of write a a a
“Trus 1= a functional mimmum and is not tested.
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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 one quarter of a local output clock period,
or 2tc(ICK)-

TMS34010-50
ND PARAMETER TMS34010-40 TMS34010-60 UNIT

MIN MAX MIN MAX

Setup time of W low to RASI, senal register
R T g ¢ 1n-20 g 10 ns

transfer cyvle

: Hold time of W low alter RAS low, serial .
D OIRRL WL 1n-20 t1o-10 ns
' ' register transier cycle

Setup tme of TR/QF low 1o RASL, serial

tg - 20 tg—10 ns
register transfer cycle

[ 76 | “su(TRL-RLI
i

Holg ume of TR/QE low after RAS low, serial
77 ThiRL-T RL) a1 - 20 41n—10 ns

register transfer cyole

Hold time of TR/QE low after CAS low, serial
78 | TCLTRL 2ty - 20 2tg- 10 ns
’ register transfer, cycle

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

72 U (TRH RH) . 10 - 20 - 10 ns
reqister transter cycle

Setup time of TR/QE high 10 CAST, serial
B0 | tsu(TRR-CH)

1.5t - 25 1.5tq—10 ns
L register transter cycle Q Q

NOTE: Parameters B1 and 82 intentiarally omitted,

local bus timing parameters: VRAM serial register transfer cycle

a1 | o0z | a3 a4 a1 | a2 | a3 Q4|01|02|

LADO- X ROW
coL
LAD15 X ROW X X

5
i
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=
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H |
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N |
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— I ,,\ ] /
LAL / || |
1| |
1| |
| (
1.1
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s ¥ \ L/
I 1
N ! | l
s R ::
|
| 1 T t
w % | J/ i 7 } \_
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|
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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 output clock period,

or 21e{ICK)-
{ T 40 TMS34010-50
NO. PARAMETER TMS34010- TMS34010-60 UNIT
MiN MAX MIN MAX
A ti f R ! t
83 talRL-DV) - ccests ime fram RAS low to data 551 - 40! E5tg- 251 .
] in valid, read cycle
iog4 leyiCH-ALH}  Setup time af CAS high 1o LAL! 0.51q - 15 0.5tg - 10 ns
| 85 | tsuiENH-aLH) Selup time af DTN high to LALT 0.51g- 16 0.51g - 10 ns
: A i ' .
S ta L DY) ccess time from CAS low to data 3_510_40T 151 25 ne
in vahd, read cycle
Hold time of data in valid after CAST, —_]
87 | WMCH-DV) 0 o ns
read cycle
. Hoid time of row address high impedance alter .
i85 | iCHRAZI = 9 1.51g - 107 1.5t 10" ns
i CAS high. eng of reac cvcle ]
: Hald time of TR/QE low after CAS low,
! EEl th{CL-QEL} 3.510- 25 3.5t - 10 ns
; read cycle
Setup time of column address high impedance t
90 t ; R tn - 104 tqg—-10 ns
SUlCAZ-QEL) to TR/QE!L, read cycle Q a
Hold time of data in valid after TR/QET,
91 | th(QEH-DVI 0 0 ns
read cycle
Delay time from CASL ta TRIQE low,
92| dICL-QEL) tgt 20 1q+10| ns
i read cycie
I Acces TR/QE
ess urne from TR/QF low to data
3 1 tLygeL-Dvy 251 - 407 251 24! ns
: altlEL-Dv: in vahd, read cycle a Q
o 1 Hold tirmne of row address high impedance . -]01 151 1ot e
=] t [y —— at . N
o M(}_Eﬁ RAZ) after TR/AE high. end of read cycle Oﬁ u . .
[- 95 twiQEL; Pulse duration, TR/QE low, read cycle 7.5tg - 2% 2.510 - 10 ns
46 Delay time from CAS low 20 th 410
1, - R t + - ns
dCL E_NU to DEN low, read cycle a @
99 ) Hold time of data in valid after DENI, o o ns
RENH-DVI read cycle
r Setup time of column address high impedance
g 1 i aaly tey - 107 g 10% ns
8 su(CAZ-ENL) to DENI, read cycle Q a
Hold time of next row address high impedance . i
3 t . _— 1.5t 10 1.51- 10 ns
? AENH-RAZL per DEN high, end of read cyclc Q a
i Access time from DEN law to data in wvalid, . N
R THENL-DV) 2.5t 407 25y 25 ns
read cycle
Hald time of DDOUT high atter DEN high,
G 1 R . ) Itn- 20 31 - 10 ns
PEENR-DOHI 54 follows write eycle Q o
— T =
102 Setup time of DDOUT low to DENI, a0 tq - 10 ns
t . - -
su(DOL-ENL) read cycle Q
T4, is added to these values for each wait state inserted.
*These values are derived from characterization and ara not tested.
]
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SPYS002C - JUME 1386 -- REVISED JUNE 199)

local bus timing parameters (continued)

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

or 2K ).
TMS34010-30 TMS34010-50
NO. PARAMETER i TMS34010-60 UNIT
MIN MAX MIN MAX
Hald ume of DOOUT fow after DEN high,
103 T RENHOOU oy e 9 161 -15 1.5t - 10 ns
104 | 1 DL Setup time of data out valid to W1, write cycle tq-20 1p-15 ns

— "

r - Hald wme of data out vahd after W olow.

L . ey wiite Cycle o - 20 fta 1o "
16 e

|

VCE | 1 wWLRH Scrup ume of W olow 1o RAS!, wiie tycie 2tg - 20 219 - 10 ns

Haoid trre of data out valic atter BAS low,
1c7 thiRL-OW) write cycle Tt - 20 Tt - 10 ns

hiCH-DV) Hold time of cata out valid after CAS high, 1.5tq-15 1610~ 10 ne
’ wnte cycle ‘

o
m

109 teurwiL CHI Setup time of W low to CAST, write cycle 2.51q - 25 2.5 -10 ns

Hold tme of data out valid after CAS low,

VIO | thcLov) Stq - 20 Btg- 10 ns
wiite cycie
Hold time af data aut vahd after W high,
PUT L tmiwH-Dvy 1.51q - 15 1,510~ 10 ns
write cycle
152 | tpeewo Pulse durauun, W low 2.5t - 25 2.510- 10 ns
N3 T L WL Holg ume of Wlaw alter TAS low, wr te cyule 3.5y - 26 3.810-10 ns
| Sewp e of column sddress valid 1o W
Frve L CAN - WH) P - ° 4.51q - 30 4.5tq-15 ns
F . ' wiite aycle
i V1 R w Hold ume of Wolow alter RAS low, write cycle | B.51q— 26 5.5tq0—-10 ns
! Setup ume of row address valio to W+,
116 5L RAV -WHI 6.5t — 35 6.510- 15 ns
o write cycle
117 | tsuENL WL Setup time of DEN low to WL, write cycle ig-20 tg - 10 ns
118 thiWH-ENL) Hold time of DEN low after W high, write evcie| 1.5tq - 15 1.5t - 10 ns
Set ime of D UT high to DENI,
erup tme o DDOUT high to 310~ 20 310 ns

write follows read

118 | tsutDDH-ENL)

{i!;
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local bus timing: write cycle
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local bus timing parameters {cantinued)

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

or 2te(ICK}-

TMS34010-40

TMS34010-50

NO. PARAMETER TMS34010-60 UNIT
MIN MAX MIN MAX
- 120 LsuHAY CK2R) Setup 1ime of HOLE valid 1o LCLK2Y 50l 407 ns
120 e OK ZH-HRY) Hold time ol HOLD valid ufter LCLK? fugh ol 01 ns y
L
Setup 1me of FLDA/EMUA output valid
122 Te . - 20 tg— 10 ns
SulMKV-CR2LY o fore LCLK 21 ta a
V23 R{CK2L-HKL) Hold time of HLDA/EMUA low, after LCLKZ law tn- 158 tg-16 ns
De! f LK2 h [ i
124 tCK2H-02) elay from LC igh to LAD pins high 30t 301 ns
impedance, bus release
125 | tgulRH-CK1H) 5Setup time of RAS high to LCLK 1! 10 -20 tq— 10 ns
X Hold time of RAS driven high after LCLK1 + s
126 | (O AR RH) tg - 10 tg-10 ns
high, bus release _{
Delay from LCLkZ high to RAS high impedance, .
127 | \diCK2H-RZ) Y 9 shimp 30t 3ot ns
bus refease
| 128 | tsulALH-CK2H) Setup time o LCAL hign 1o LCLK2 | tg - 20 tq-10 j ns
— T
Hold ume of LAL driven high after LCLK1E, t
129 | thiCK1L-ALH) -5} -5 ns
bus release i 41
Del 1 LCLK LAL fi
130 CICK 1 L-ALZ) clay iram 1 low to nigh impedance, 201 a1 s
bus release )
Satup time of CAS, W, and TR/TE high
131 1 . 0.5tq—-15 0.510 - 10 ns
sulCH-CK1H) 16 LCLK11 Q Q
132 | 1 Hold tima of TAS, W, and TR/QE 10% - 10 s
MEKIH-CH) nigh after LCLK 1 high, bus release Q G ]
Delay from LCLK2 high to TAS, W, and TR/QE
133§ t4(CK2H-C2) Y b 30t 30t ns
high impedance, bus release
134 ! ey EnH-CK2H) Setup time of DEN or DDOUT high to LCLK1I tg - 20 19-10 ns
Holo time of BEN and DDOUT nigh after
136 | 1 . tq- 107 10 -0t ns
PICKZH-ENRS LCLK 1!, bus reiease a aQ
Detay from LCLK Y iaw ta DEN and DDOVUT 4‘
*36 | tdICKI1L-ENT) Y - a0t 301 ns
high impedance, bus release
| Holo time of LAD bus tugh impedance 1
137 | thi . -5 -5 ns
PCKZHDZY - aer LELR2Y
Hold time of RAS, TAS, W, LAL, and TR/IE
138 | InCK2ZH-RZ) . -5t -5t ns
high impedance aftar LCLK1!
Delay from LCLK1 high 1o RAS, CAS, W, LAL,
139 | WCKIH-RHI iy "9 30 30 ns
and TR/QE driven high, resume bus cantrol
Hold time of RAS high after LCLK2 high,
140 |1 - 115 1g-10 ns
PCKZH-AH) resumes bus cantrol Q
Hold ume of CAS, W. and TR/GE high + )
ran [T 54 -5 ns
MCKZH-CH| atter LCLKZ high, resume bus control

"HOLD 15 a svnchronous
e gevice 10 gperation

irput sampled during the low to-high transition of LCLKZ2. The specified setup and hold times must be met for

aroperly

*These values are derived from characterization and are not tested.
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GSP releases control of local bus
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GSP resumes control of local bus

T
Lo
—
: l —-I ll-~—137
[ |
) Ll
LADO LAD1S' HI.Z - X
138 ol pt— | |
139‘ 1 } H——H—l 140
Al -
N 1 |H€ |—l
RAS HI Z ) || \
| 142 { p-—
i I —= “-—143
]
[
BEN. DDOUT HI.Z i } !J?i"
133-—| |i-t~ ] 1
139—-1|!<—_.| 141
cas. W L X
TR/OE 138 |
139—-“1-—
|
CAL HI-Z jDF
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local bus timing parameters {continued)

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

or 2tc(ICK)-
TWMS34010-50
NO. PARAMETER TMS34010-40 TMS34010-60 UNIT
MIN MAX MIN MAX
e . Hold time of DEN, DDOUT high impedance - 51 s
4z v . _ —
PICKIH-ENZ! stter LCLK 2 high, resume bus control
143 . Celay from LCLKZ high te OEN, and DDOUT 10 30 s
AHCK2H-ENH) driven high, resume bus control
144 . Setup time of row address valid to RASI, ot 5 i - 15 ns
sUlRAV-RLL £ a5 pefore-RAS refresh e a
i Tag . Hold time of row address valid after RAS low, . 20 tq-10 ne
‘ - ARL-RAV] CAS-before-AAS refresh e
Pulse duration, RAS high, start of
146 | 1y — . 4ty - 20 410-10 ns
wiRH) CAS-before-RAS refresh Q Q
1 Pulse duration, BAS low. CAS-before-TAS
Ca7 | twiRl Jranen 41320 41g - 10 ns
| refresh
Setup time of row address valid to LALIL,
148 t [ R t - 20 tn-15 ns
SUlRAV-ALLI CAS-before-BAS refresh Q @
Hoid unie of row address valid ofter LAL low
149 |t . — — ' 21 - 20 2tn—10 ns
MALL-RAYE 728 before RAS rofresh 0 O
Hold time of RAS high after LAL low,
180 1 . - - 10 -20 tq - 10 ns
i NUALL-RH) CAS-before-RAS refresh Q
[ plsiahiay p—
: Setup time of RAS high to LALI,
RS -5 T IR . — — tnp—20 tg-10 ns
; SUIRH-ALH} CAS-befare-RAS refresh @ Q
Setup time of LAL high to CAS!:,
152 1 . —_ I i — 20 ta -~ 10 ns
SUIALH-CL) CAS-before-RAS refresh Q o
Setup time of CAS low to LALY,
1 t _ R tyy - 20 tn—10 ns
83 sulGL-ALL) CAS-beforg-RAS refresh Q Q
Setup time of RAS high to CASI, i
154 |1 . _ — 2t - 20 2t - 10 ns
SURHCLL TAS netore-RAS refresh a
Setup time of CAS low to RASI,
155 teuiCL. —_— ——— 21n - 20 2ty - 10 ns
| sulCL-AL) CAS-betore-RAS refresh Q
1 p— p—
Hold time of CAS low after RAS low,
56 t . —_— — 4.5tq - 25 4.5t - 10 ns
W hiRL-CL TES-betore-RAS refresh - a a
Pulse duration, CAS low
— N ! 6.5t - 25 6.5t - 10 ns
157 twicy) CAG-before-RAS refresh a
Setup time of CAS high to RASI,
=T == 3.5tq 15 3.510-10 ns
198 | 1sulCHARLY  £15 pofore-RAS refresh a

TThese values are derived fram characterization and are not tested.

{i,
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CAS-before- RAS DRAM refresh cycle timing

LADO
LADYS ROW K UNDEFINED

F 'l ' i
! I | : |
. 146 wl | [ I
108 —bat—eemmd E I I ]
| 150 [ : 151 dat——md
| | 149 ——— [ :
| I
(AL ; ] N N \/
; ; 1k |
: : 1534:--——{ I : i
| [ 156 ——af | |
} 152 —f-—md | [ & _r"”'
3 ) [ 156 I
|
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local bus timing parameters (continued)

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

Cr 21elICK)-
] TM534010 50
NO PARAMETER TMS34010-40 TMS34010-60 UNIT
MIN MAX MIN MAX
Hotdg t:me of RAS high alter LCLK 2 high, all
159 | thiCK2H-RH} cycles except internal and tg-156 - 10 ns
CAS-befare-RAS refresh
Setup tirme of RAS low to LCLK 2!, all cycles
1690 teu t — 20 try- 10 ns
B sutRLCK2L) excent internal and CAS belore-RAS refrash Q B aQ L
61 . Hold time of RAS high after LCLKT low, 15 . 10 ns
) . nela A - B
| MCRILRHY T EEE before A refresh a “ j
Serup time of RAS fow to LCLK 1T,
162 1 . e - Tty - 20 - 10 ns
sulBL-CR ) TEE.betore FAS refiech 0 G
Hold time of RAS low after LCLKT low,
TES | tickIL AL - , - 16 1g- 10 ns
all cycles except internal
Setup time of RAS high 1o LCLKY ",
164 1 5u{RH CK1H) g St 1 - 20 tg-10 ns
' all cycles except internal
Hold tme of LAL high after LCLK 2 low
165 |1 ) ) 0.510-15 0.5t - 10 ns
hCK2L-ALH) all cycles except internal a Q
Setwup time of LAL low to LCLK11,
166 t R ] Q.6t - 15 0.81n - 10 ns
SUIALL-CKIH] all cycles pxcept internal a Q
- Hold time of LAL low after LCLK2 low,
187 | thiCK2ZL-ALL) : tg-15 1g-10 ns
) all cycles except internal
Setup time of LAL high to LCLKZI,
5 . -1
188 | LsutALH-CKZHL g cycles except internal tg 20 g 10 ne
B3 ‘ Hoid time of CAS high after LCLK T high, 15 : 10 s
16 o Kol [IU— J— - -
PERIRLCH EET betore RAS refresh aQ a
170 ~ Setup time of CAS low 1o LCLK 1L, W 20 : 10 s
‘ BSutCLCRILL FRT.uetore BAS refresn ta- a
L S
Hold time of CAS high after LCLKZ law,
V71| hiCK2L-CH) cycles except internal, tq- 15 1g- 10 ns
DRAM refresh and CAS-before-RAS refresh
Setup time of CAS low 10 LCLK2T,
177 tsu{CL-CK2H) all cycles except internal, DBAM refresh, 1q-20 ty— 10 ns
and CAS-before-RAS refresh
173 Hold time of CAS low after LCLK2 low, all 0.51 15 0.5 10 ne
1 . . - . -
hICK2L-CL) cycles except internal and DRAM refresh a a
Setwp time of CAS high to LCLKT, all
174 t “H-CK 0.5t1g - 15 05t ~10 ns
' sulCH-CK1H] cycles excapt imernal and DRAM refresh a a
; Hold time of W high after LCLK1 nigh.
175 - R 1n=-15 tq 10 ns
? l hICKIH-WHITR shift register transier a a
: — e e — - _
{ : Setup time of W low to LCLK1L,
L1766 | R tq - 20 1- 10 ns
| | SulWL-CKILITR i register transfer a Q
+ip 54
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local bus timing parameters {concluded)

Quarter clock time 1, which appears in the fallowing table, is one guarter of a local output clock cycle,

or 21¢{ICK)-
TMS34010-50 o
NO. PARAMETER TMS34010-40 TMS34010-60 UNIT
MIN MAX MIN MAX
7 | ek LWl Hold llm-e of W low after LCLK tow, Q15 tg-10 ns
shift register transfer
Setup time of W high 1o K1t
e 5L WH-CKTH) shwhpleglster tramszr o ‘ te 20 1a-10 ne
""!C_'S’ H-WH) Holg tme of W high after LCLK 1 high, write 1n-19 1q0-10 s
7& LsutWL-CK1L) Setup time of W t_c;\_c‘to LCLKH,'wriU: - 20 th-10 ns" i
181 U CE2L-WL) Hold time of W low after LCLK2 Jow, write 0.510- 15 0.5t~ 10 ns )
Y82 | toLrwWH-CK1H)  Setup time of W high 10 LCLK 1T, write 0.5tq - 15 0.51g - 12 ns
7 | wiewn TR Ho.ld umg of TR/QE high after LCLK1 high, o 15 ra- 10 s
shift register transfer
184 | tenmRLCK1H) Se.tup time of TR/QE low to LCLK 1L, 1020 ‘- 10 ns
shift register transter
185 | tickan TRL Ho.ld umfa of TA/QE low after LCLK2 high, Q- 15 1q-10 ns
shift register transfer
126 | teurRe oKL Setup zi@e of TR/QE high to LCLK 24, 1g-20 o 10 ns
\ shift register transfer
: :h , 'riCKiH-QEH)  Hold time of TR/QF h-gh after LCLK Y hign . read 1n-156 tn - 10 ns
P98 | syi0e kil Setup time of TR/QE low 16 LCLK 1 ., read - 20 to - 10 ns
'EG hCK2L QEL)  Held time of ﬁi/ﬁ low after LCLKZ tow, read O.;to—ﬂs 0.5t~ 10 ns
190 | t5u(QEH-CK1H) Setup time of TR/QE high 1o LCLK 11, read 0.51g-15 0.51g 10 ns
T A W(?hr(VCKzL,ENH] Held ume of DFN high afte;-.‘L‘C-_LK2 low, write 1018 tg 10 ns 1
132 | tgueNL-CK2H) Setup time of DEN low to LCLK2T, read tq - 20 to— 10 ns
133 | inCK1H-gNL}  Hold time of DEN low after LCLKY high, write 1q-15 ta-10 ns
tsulENH-CK1L) Setup time of DEN high to LCLK 1L, write tg- 20 - 10 ns ]
= | V;XHI‘CK‘IH—ENH', Ho!d tirme of DEN high after LCLK 1 high, read 10-15 tg—10 ns
,wtsu‘ENL,CK“. Setup ume of DEN low to LCLK1:, read 1q-20 1q-10 ns
© 87 | yweK2L ENL) Hold tme af mﬂtow after | CLK2 law, read 0.5t 15 Q.51 - 10 ns |
;JE--_LTL’"?H.[ENH-CKIH; Setup tme of DEM high 1o LCLK1T, read 0.5t - 15 0.51g - 10 ns
12¢ 1 1,CK2L-0DHE  Hold ime of DDOUT high after LCLK2 low, read g 16 . g - 10 I
iy LuiDGDL-CK2H) Setup time of DDCOUT low to LCLK 21, read 1q-20 tg- 10 ns
N CKAH-DDL)  Held time of DDOUT low after LCLK 1 high, read tg- 15 19 - 10 ns |
iﬂ | lsulDOH-CK 1L Setup time of DDOUT high 1o LCLK 11, read tq - 20 tn - 10 ns
: 203 ! thCKZH-ALH) ﬂ time Off_lf_high after LCLK 2 high, Q- 15 g 10 s
‘ CAS-before-RAS refresh
204 Yl ALL-CK2LY Setup time 0@ low to LCLK21, 'q-20 tq-10 ns
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

The timing parameters for TMS34010video interface signalsare showninthe next three tables and diagrams.
The video interface includes the following TMS$34010 pins: VCLK {video input clock], BLANK
iblankingl, FSYNC (horizontal sync, bidirectional), and VSYNC {vertical sync, bidirectionall. HSYNC and
VSYNC are inputs if external sync mode is enabled; otherwise they are outputs.

video input clock timing parameters

’ 1040 | TMS34010-50 ]
NO. PARAMETER TM$34010- TMS34010-60 | UNIT
‘ MIN  MAX MIN  MAX
208 Lo WK Period of video input clock VCLK 100 80 ns
208 L (VG H) Puise duration of VCLK high 40 30 ns
207 | twiIVOKRL) Pulse duration ot VCLK low 40 30 ns
—
208 J NIVCK] Transition time {rise and fall) of VCLK 51 5! ns
TThis value is cetermined through computer simulation and is not tested,
video input clock timing
I--———~————205—-———-—--!I
{--—.206—-4i r-___zm_._l ! 203--»1l :-»— 208 —r} !H'—
VCLK [ ' | ! ]
video interface timing parameters: outputs
B TMS34010-50
TMS$34010-40
NO. PARAMETER TMS34010-60 | UNIT
MIN  MAX MIN  MAX
209 | wyvokL-HsL) Delay from VCLK low to HSYNC, VSYNC, or BLANK low 30 30 ns
20 30 30 ns

IqvoKe-HSH) Delay from VCLK low to HSYNC, VBYNC, or BLANK high

it Y CrL-HSH  Hold time of HSYNC, WSYNC, or BLANK high after VCLK!

_ |

2% Lokl Hsy  Held ume of FSYRC, VSYNT, or BUANK low after VCLKI

6]
I

nes

video output timing

VCLK m
|

I 209 | la—mi-210
Hl-zn-l-ll | 212-4-—-1” I
HSYNC, | 11!
VSYNC Il ' Il f
IOUTPUTS) { ng-zog-J i t 210
l---~211--v-lI i 212 -q-—--l| {
|

o
-
P
2]
=

{if
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video interface timing: external sync inputs

i TMS34010-50

‘ NO. PARAMETER TMS34010-40 TMS34010-60 UNIT

| MIN  MAX MIN  MAX

iL 213 | teuiHSV VCKH) Setup time of HSYNC, VSYNC valid to VCLKT 20t 207 ns
T14 | thivCKH ~4Sy)  Hold time of ASYNC, VSYNC valid after VCLK high 20T 207 ns
215 HMSHACKHM) Sewp time of HSYNC, VSYNC high to VCOLKT 203 20% ns

stup a7od Foln tmes on asynchronous inputs are required only to guarantee recognition at indicsted clock edge.
s ve we s detenninegd through computer simmalation,

external sync input timing

t
P 214 ———

|
— | [w—215—8
HSYNC | w213 ',-—-——214—-1
VEYNC - | i
(INPUTS) \!!r |
{NOTE 1) INOTE 2)

NOTES 11 the faling edge of the sync signal occurs more than thgy voH) past VCLK edge A, and at least tgy(sv.wCH) before edge
2. the trarsinon wil he detected at edge B instead of edge A.
L it the rising edge of the sync signal occurs more than thigy . yoH) past VOLK edge C, and at least tg(§v.vCH) belore edge

U, the uansinen will be cetected at edge D instead of edge C.
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4,50 (0.177)
4,24 (0187
2,79 10.110)
!-—-*—z_m (0.035)

| 1.3510.053)

7.18 (0.047}

x 45

23.62 (0.930)
23111030
1AT SEATING PLANE)

:\_ 0.94 (0.037)

| 0.69 {0 027}

i
|
SEATING PLANE

r
—r—rﬂ,27 10.05Q0) T.P.
{SEE NQOTE B)

MECHANICAL DATA

0.25 {0,010} R MAX
IN 3 PLACES

S

imlnlialialclofl-iolieicleTfeolalal-Nol ot

e ieliaifolsimlal sl TaloslalalosNa ]

| " g s g tee gy o gy = g wm g S5 jy e gy g W WSy 2y S Ry dn gy S Ry die gy S )

(=)

24.33 {0.956)

"7 24,13 (0.950]
25,27 (0.99%)

U

4,33

2
2413

10.950)
[SEE NOTE Al

2527
25,02

(0.956!

{0.895)

(0.985)

ISEE NOTE A)#——l

122

1,07

25,02 (0.985]

| ‘
| 0.64 (0 .025) MIN

0.51 (0.020) _|
0.36 (0.014)

LEAD DETAIL

10.048)
{10.042)

NOTES A Cenlernine of center pin each side 15 within ©.10 10 004) of package centerling as determined by this dimens:on
3 Locatw o af @ach pnas witkin 0 127 10.0056! of true position with reepect 1o center pin on gach side

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.

x 45*

{i;
TeExAs
INSTRUMENTS

BLIRT TR CE ul. BRI S TR

59



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.

TI 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
Tl 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 TI PRODUCTS 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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