
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Instruction Timings - PIXBLT Instructions 

Example 13-6. XNOR with Transparency and Plane Masking 

Select the pixel processing XNOR operation and enable transparency and 
plane masking: 

MOVI 
MOVE 
MOVI 
MOVE 

l4EOh, AO 
AO. @CONTROL 
llilh, AO 
AO, @PMASK 

XNOR, W=3, T=l 

Use a plane mask 

These instructions, in combination with the implied operand setup in Figure 
13-11, select the following graphics options: 

• Pixel processing XNOR operation (PPOP=05h), 
• No transparency, and 
• No plane masking. 

According to Table 13-10, variable G = 6. 

If plane masking or transparency is enabled, you must consider the array 
alignment in the timing. Alignment type C incurs a read-modify-write at the 
leading edge of each row. The extra read included in the RMW can be used 
by the plane masking or transparency hardware, so an alignment/graphics 
adjustment is necessary. The adjustment negates the effect of the extra read 
cycles in each row that are attributed to the graphics operations. For this 
example, the amount subtracted is 2L (the number of machine states for a 
read cycle times the number of rows). The timing is now calculated as: 

PIXBLT time = PIXBLT setup time+ PIXBL T transfer time - adjustment 
= 9 + 4 + [5+(2+G)N]L + 4 - 2L 
=13 + (5+8x14)x15+4- (2x15) 
= 1772 states 

The instruction in this example consumes 1,772 machine states. 

13.4.4 The Effect of Interrupts on PIXBLT Instructions 

13-30 

The PIXBL T instruction may be interrupted on a destination word boundary 
during the transfer portion of the algorithm. It may also be interrupted at the 
end of any row in the array. The context of the PIXBL T is saved in reserved 
registers. The PBX bit is set in the copy of the ST register that is pushed to 
the stack. The worst case latency caused by an interrupt is 20 machine states 
for the interrupt to be recognized. The time for the context switch must be 
added to this; see Section 8.5.1, Interrupt Latency (page 8-6) for context 
switch timing. 
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13.5 PIXBl.T Expand Instructions 

PIXBLT expand instructions include: 

• PIXBLT B,L 
• PIXBLT B,XY 

To determine PIXBL T expand instruction timing, add a setup time to a transfer 
time: 

PIXBL T time = PIXBL T setup time + PIXBL T transfer time 

• The setup !\equence executes an initialization sequence, performing 
any necessary setup operations and translations. (This includes XY­
to-linear conversion and window preclipping.) The result of the setup 
includes the dimensions of the source array. 

• The transfer sequence performs the actual data transfer from the 
source array to the destination array. 

PIXB L T setup and transfer timings are in the following tables: 

Table Page 
13-11 PIXBLT Expand Setup Time ............................................................. 13-32 
13-12 PIXBLT Expand Transfer Timingt .................................................... 13-32 

13.5.1 PIXBLT Setup Time 

PIXB L T setup time is the overhead incurred by the PIXBL T instructions from 
performing initialization, XY conversions, and window operations. 

Window operations are performed before the PIXBLT transfer begins. Win­
dow options that affect PIXBL T setup timing include: 

• No window checking (W=O) 
• A window clip that requires no change (array fits) 
• A window clip that affects the starting pointer (adjust start) 
• A window clip that affects the array transfer dimensions (dimension 

adjust) 
• A window clip that affects both the starting and ending pointers (adjust 

both) 
• A window miss that requests an interrupt 

• A window hit 

Table 13-11 shows the effect of these options on the PIXBL T setup time. 
Corner adjust operations have no effect on PIXB L T setup timing. 

13-31 
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Table 13-11. PIXBl T Expand Setup Time 

Window Operation Corner Adjust 

Instruction 
Array Start Dimens Adjust PBH-1 PBH-O PBH=1 

W=O Fits Adjust Adjust Both Miss Hit PBV=O PBV=1 PBV=1 

PIXBLT B. L 4 - - - - - - - - -
PIXBLT B.XY 6 9 17 12 21 - - - - -

._"." 

For example. a PIXBLT B.XY with the preclipping option requiring an adjust­
ment to the end corner of the array requires 12 states of setup time. 

13.5.2 PIXBLT Transfer Timing 
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Table 13-12 shows transfer timing for PIXBLT expand instructions. Transfer 
timing is the time required (in addition to the setup time) to execute the actual 
data transfer to memory. Transfer timing is affected by several factors. in­
cluding the number of rows in the adjusted array (L). the number of words 
affected per row (N). graphics operations (G). the four possible destination 
array alignments (A. B. C. and D). and the arrangement of words in source 
rows. These factors are described in the HSt that follows the table. 

Table 13-12. PIXBlT Expand Transfer Timingt 

Destination Alignment Transfer Timing 

Short case (3+2R+G)L + 3 

Medium case 
Alignment A or C (3+2R+NG)L + 3 
Alignment B or 0 (5+2R+NG)L + 3 

Long case 
Alignment A [(3+2R+2GP)S + 2V + NG]L+ 3 
Alignment 0 [(8+2R+2GP)S + 2V + YG + 8]L+ 3 

t Subtract any alignment/graphics adjustment from these values 
Key: 
L Number of rows in the array (below) 
N Number of destination words per row (see page 13-33) 
R Number of source words involved in set (see page 13-33) 
S Number of 32-bit sets in long source rows (DX/32), except for the case 

of an even number of sets; in this case, S is the number of 32-bit sets 
minus 1 (DX/32 - 1) (see page 13-35) 

V Number of source words involved in reading source pixels at end of 
row after all the complete 32-bit sets have been transferred P Current 
pixel size 

G Value dependent on selected graphics operations (see Table 13-13) 
Y Number of remaining destination words affected in a given row after 

S 32-bit sets are written 
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13.5.2.1 Number of Rows in the Array (L) 

The working dimensions (L rows x N words) for the block transfer are deter­
mined by the original destination pointer (DAD DR) and dimensions (DYDX) 
in conjunction with window preclipping. The symbol L is used to represent 
the number of rows in the clipped destination array. 

13.5.2.2 Alignment of Leading and Trailing words in Rows 

After clipping, the data transfer portion of the PIXBL T treats the array as a se­
ries of L rows of M pixels. These R pixels are spread across N words in each 
row of the destination array. Nand L affect the transfer timing. This alignment 
does not vary from row to row because DPTCH is constrained to be a multiple 
of 16 for binary PIXBL Ts. 

Figure 13-13 illustrates a single row of a destination array in memory. The 
PIXBLT algorithm resolves rows into three portions: 

1) The leading edge at the beginning of the row 
2) The center N-2 words of the row 
3) The trailing edge at the end of the row 

Word Boundaries , , , , 
.. ~-----+----N WorcJa----+-----tl~ 

r---~------------------------~___, 

--':"', ---------------------,.-..... 
Leading 
PIxels 

• 

, , , , 
:+--Center N-2 Words-----': , , 
: M Plxell : , , 

TraDing 
Pixels 

Figure 13-13. Pixel Block Alignment in X 

As Figure 13-13 shows, a row of N words includes one word each for the 
leading and trailing parts of the transfer and N-2 words for the center portion. 
PIXBLT expand instructions always transfer the center portion of the row as a 
series of 16 bit words, and are not affected by the alignment of the leading 
word. Thus, the alignment of the trailing words in the row characterize the 
alignment type for the row. Figure 13-14 illustrates the four possible align­
ments (A, B, C, and D) of a row in the destination array. 
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:. N Words .: 
I 
I 

+--Word BoundIlIee----': I 
I I I 

I ----------------
AIgnment A 

----------------I 
leading 

I I 
Trailing I If--Center N-2 Worda---t: 

! 

----------------Algnment B 
----------------

leading 
I I 
If--Center N-2 Words----t; Trailing 

----------------
AlIgnment C 

I ---------------- , 
leading If--Center N-2 Words---+l Trilling 

r------------------------""""I 
Alignment 0 

I -------------------.,-...... 

leading ~ Center N-2 Words ---+l Trailing 

~ N Worda---------ti~ 
I I 

Figure 13-14. Pixel Block Row Alignments 

13.5.2.3 Row Length (N Words per Row) 
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Row length is determined by a combination of the computed array pointer 
value in DADOR, the clipped OX dimension, and the pixel size stored in the 
PSIZE register. The data transfer algorithm breaks down into one of three 
cases, short, medium, or long, according to the number of words N in a row. 
These three cases include: 

Short case. A row of source array pixels is contained in 16 bits or less 
and the expanded data involves only one word of the destination array 
per row (N=1). Alignment does not affect the short case. 

Medium case. A row of source array pixels is contained in 32 bits or 
less but the expanded data involves more than one word of the destina­
tion array per row (N)1). In this case, the array alignment is determined 
by the alignments of the last word in the row. Thus, alignments A,C and 
B,O have equal transfer timings. 

Long case. A row of source array pixels is contained in more than 32 
bits. The expanded data involves multiple words in the destination array 
row. In this case, the array alignment is determined by the alignments 
of the last word in the row. Thus, alignments A and B and alignments 
C and 0 have equal transfer timings. 
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Note that the timings for the short and medium row lengths are not affected 
by the alignment of the first word on each row of the destination array. That 
is, the destination array row transfer can start with either a write or a read­
modify-write. The long case is treated as a series of 32-pixel medium cases 
followed by a short case (if necessary) at the end of each row. Each 32-pixel 
set is expanded and written to the destination in a serial fashion, without op­
timizing for beginning and ending alignments. Thus, the timing for the long 
case becomes a product of the number of 32-pixel sets (8) and the timing for 
each set, plus the timing for expanding any remaining segment of the source 
array (less than or equal to 32 bits) that is left in the row. Note that the re­
maining segment of the source array may have an alignment type (B or C) that 
is different from the preceding 32-bit sets. 

73.5.2.4 Arrangement of Source Rows 

As discussed in the Row Length section, the number of bits in a row of the 
source array affects the time required to perform the PIXBLT transfer algorithm. 
The short and medium cases have explicit timings based on the number of 
words read from the source row, R. Note that the timings for the short and 
medium row lengths are not affected by the alignment of the last word on each 
row of the destination array. That is, the destination array row transfer can 
either end with a write or a read-modify-write. 

The long case is treated as a series of 32-pixel segments. Each 32-pixel set 
is expanded and written to the destination in a serial fashion without opti­
mizing for beginning and ending alignments for the source or destination. The 
final portion of the transfer may be up to a 32-pixel "partial" segment. Thus, 
the timing for the long case becomes a product of the timing for each set and 
the number of 32-pixel sets (8), plus the timing for expanding any remaining 
segment of the source array (up to 32 bits). Note that the alignment of the 
remaining segment of the source array is determined by the original (clipped) 
source array alignment. 

The PIXBL T does not attempt to optimize read operations from the source ar­
ray; therefore, depending on the alignment of the source array, either two or 
three words may need to be read in order to obtain a 32-bit set of source pixels 
for expansion. This value, R, is the number of source words involved in a 
32-bit set of source pixels and may be either two or three. The timings are 
affected by R as wells as the number of such complete 32-bit sets 8 in a 
source row. 

The bits remaining after all of the complete 32-bit sets on a row have been 
moved are transferred. Depending on the number of remaining bits and the 
alignment of the source array, either one, two, or three words may need to be 
read in order to obtain the remaining set of source pixels for expansion. This 
value, V, is the number of of source words read to obtain the final segment 
while Y is is the number of destination words involved for this fragment. 

13-35 
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13.5.2.5 Transfer Direction in X (PBH Bit) 

These PIXBL T instructions proceed a single word of pixels at a time in the di­
rection of increasing X and increasing Y. This corresponds to left-to-right and 
top-to-bottom for the default screen orientation. Setting the PBH and PBV 
bits has no effect. 

!J. ;3.5.2.0 Seiectea Graphics Options tG) 

Graphics operations such as plane masking, transparency, and pixel process­
ing influence PIXBLT transfer timing because the destination pixels must be 
read before they are replaced. However, the effects of these operations are 
performed by different parts of the TMS3401 0 hardware. For instance, plane 
masking, transparency, and field insertion are all performed by the TMS3401 0 
memory controller hardware; any combination of these operations uses 2 ma­
chine states for each word written. Pixel processing, on the other hand, is 
performed by the TMS3401 0 CPU, and requires 2, 4, 5, or 6 states per word 
independent of other operations. The minimum time for any graphics opera­
tion, then, is 2 machine states (one memory cycle) using the replace oper­
ation with plane masking and transparency disabled. These values are shown 
in Table 13-13. 

Table 13-13. Timing Values per Word for Graphics Operations (G) 

Pixel Processing Operation 

Other ADDS,SUB 
Graphics Operation Replace Booleans MAX or SUBS 

or ADD MIN 

No plane masking or 2 4 5 6 
transparency 

Read-modify-write, plane 4 6 7 8 
masking, or transparency 

13.5.2.7 Alignment/Graphics Adjustment 
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An additional adjustment may be necessary when plane masking or transpar­
ency are enabled and the alignment type is B, C, or D. As the second line of 
Table 13-13 shows, if a particular word in a destination row has already been 
read as part of a read-modify-write operation, no additional states are re­
quired to perform plane masking or transparency for that word. Since the 
alignment types with misaligned edges (B, C, and D) already assume a RMW 
(read-modify-write) on their respective edges, the effect of plane masking or 
transparency can be ignored for these edges. That is, after you have calculated 
the timing using the proper value for the graphics operation, you can subtract 
2 states (cases B and C) or 4 states (case D) per row from the row timings for 
the respective alignment cases. Case A requires no adjustment. 



Instruction Timings - PIXBLT Expand Instructions 

13.5.3 PIXBLT Timing Examples 

PIXBL T timing is calculated by adding the PIXBL T setup value to the PIXBL T 
transfer value: 

PIXBLT time = PIXBLT setup time + PIXBLT transfer time 
- alignment adjustment 

PIXBL T setup timings, transfer timings, and the effects of graphics operations 
are listed in the following tables: 

Table Page 
13-11 PIXBLT Expand Setup Time ............................................................. 13-32 
13-12 PIXBL T Expand Transfer Timingt .................................................... 13-32 
13-13 Timing Values per Word for Graphics Operations (G) ................. 13-36 

The following three examples illustrate timing for a PIXBL T B,XV that ex­
pands a 1 0-by-1 0 font (L = 10) into eight bits per pixel with color. The setup 
and transfer timings for these examples are the same, except each uses a dif­
ferent graphics operation. Figure 13-16 illustrates the destination array and 
window used in these examples, as defined by the implied operands in Figure 
13-15. The shaded portion in Figure 13-16 is the destination array. 

*************************************************** 
* Implied operand setup for PIXBLT B, XY examples * 
* (assume that B register and I/O regiser names * 
* are equated to with proper registers) * 
*************************************************** 

MOVI 0003E2E8h, SADDR linear address 
MOVI OOADOh, SPTCH X extent = 2768 pixels 
MOVI 00320l0Bh, DADDR X=267, Y= 50 
MOVI 800h, DPTCH X extent = 512 pixels 
MOVI 00040000h, OFFSET 
CLR WSTART 
MOVI 01000100h, WEND 
MOVI OOOAOOOAh, DYDX 
MOVI 8h, AO 
MOVE AO, @PSIZE 
MOVI 14h, AO 
MOVE AO, @CONVDP 
MOVE AO, @CONVSP 
CLR AO 
MOVE AO, @PMASK 

ignored 
ignored 
DX=10, DY=10 

Pixel size 

ignored 

8 bits 

MOVI 0300h, AO 
MOVE AO, @CONTROL ; W=O,T=O,PP=O,PBH=l,PBV=l 

Figure 13-15. Implied Operand Setup for PIXBLT-Expand Examples 
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~2,188 pix'" per row--+ 

SADOR +-10-+ 
~ 

i r---.--~:~.-_-.-.-.~----~ 
•• e. I: : 

10 : ::: ..... 1 : ..... :1 : : .. . . : ..... . 
DADOR 

N= 12 =8 " PiX-" per word 

Figure 13-16. PIXBLT B,XY Timing Example 

Follow these steps to determine the number of machine states consumed in 
these PIXBl T examples: 

1) Determine the setup time; refer to Table 13-11 (page 13-32). Setup 
time comprehends the machine states consumed by windowing and 
corner adjust operations; 

a) Windowing: Is not enabled for this example. 
b) Corner adjust: PBH and PBV are ignored. 
As Table 13-11 shows, the setup time for this PIXBl T is 6 machine 
states. 

2) Determine the transfer time; refer to Table 13-12 (page 13-32). 
Transfer time comprehends the number and alignment of rows in the 
array, row length, the direction of the move, and the graphics operations. 

a) Number of words per row: The source is part of a packed font. 
The source array starts in the middle of a word and extends into the 
next word, so two words are read for each row of the font (R=2). 

b) Number of rows in the array: The Y dimension is 10 (L = 10). 
c) Neither the leading nor the trailing edges are word aligned, so the 

alignment type is D. 
d) Array alignment The X dimension is 10 pixels wide, but with 

alignment type D, an extra word is involved for both the leading 
and trailing pixels; the pixel size is eight, so 12 divided by 2 (two 
pixels per word) produces N=6. Since the width is less than 32 
pixels (10), but more than one word of the destination is affected, 
this example is a medium case. 
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As Table 13-12 shows, the transfer timing is (5+2R+2GN)L + 3. The 
only variable in the timing for these three examples is the selected 
graphics operations. 

Example 13-7. Replace, No Transparency, No Plane Masking 

The implied operand setup in Figure 13-15 selects the following graphics 
options: 

• Pixel processing replace operation (PPOP=O), 
• No transparency, and 
• No plane masking. 

According to Table 13-13, variable G = 2. The total machine states re­
quired for this instruction are: 

PIXBL T time = PIXBL T setup time 
=6 

+ PIXBL T transfer time 
+ (5+2R+NG)L + 3 

=6 + (5 + 2x2 + 6x2)x10 + 3 
= 219 states 

This examples consumes 219 machine states as it reads, expands, and 
writes these 1 00 pixels. 

Example 13-8. MAX. No Transparency. No Plane Masking 

Select the pixel processing MAX option (be sure to retain the values of the 
W bits and the T bit. which are also in the CONTROL register): 

MOVI 5DCDh, AD 
MOVE AD, @CONTROL ; MAX, W=3, T=D 

These instructions. in combination with the implied operand setup in Figure 
13-15, select the following graphics options: 

• Pixel processing MAX operation (PPOP=14h), 
• No transparency, and 
• No plane masking. 

According to Table 13-13, variable G=5; the timing equation becomes: 

PIXBL T time = PIXBL T setup time 
= 6 

+ PIXBL T transfer time 
+ (5+2R+NG)L + 3 

=6 + (5+2x2+6x5)x10+3 
= 399 states 

The instruction in this example consumes 399 machine states. 
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Example 13-9. XNOR with Transparency and Plane Masking 

Select the pixel processing XNOR operation and enable transparency and 
plane masking: 

MOVI 
MOVE 
MOVI 
MOVE 

l4EOh, AO 
AO, @CONTROL 
.,.".,1- '7101"'1 
.L...I..a. .......... , .t'I.V 

AO, @PMASK 

XNOR, W=3, T=l 

Use a plane mask 

These instructions, in combination with the implied operand setup in Figure 
13-15, select the following graphics options: 

• Pixel processing XNOR operation (PPOP=05h), 
• No transparency, and 
• No plane masking. 

According to Table 13-13, variable G = 6. 

If plane masking or transparency is enabled, you must consider the array 
alignment in the timing. Alignment type D incurs a read-modify-write at the 
leading and trailing edges of each row. The extra read included in the RMW 
can be used by the plane masking or transparency hardware, so an 
alignment/graphics adjustment is necessary. The adjustment negates the 
effect of the extra read cycles in each row that are attributed to the graphics 
operations. For this example, the amount subtracted is 4L (the number of 
machine states for a read cycle times 2 times the number of rows). The 
timing is now calculated as: 

PIXBLT time = PIXBLT setup time+ PIXBLT transfer time - adjust-
ment 

=6 
=6 
= 419 states 

+ (5+2R+NG)L + 3 - 4L 
+ (5 + 2x2 + 6x6)x10+3 - (4x10) 

The instruction in this example consumes 419 machine states. 

13.5.4 The Effect of Interrupts 
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The PIXBL T instruction may be interrupted on a destination word boundary 
during the transfer portion of the algorithm. It may also be interrupted at the 
end of any row in the array. The context of the PIXBL T is saved in reserved 
registers. The PBX bit is set in the copy of the ST register that is pushed to 
the stack. The worst case latency caused by an interrupt is 20 machine states 
for the interrupt to be recognized. The time for the context switch must be 
added to this; see Section 8.5.1, Interrupt Latency (page 8-6) for context 
switch timings. 
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• Instruction Cycle Time: 
- 132 ns ... (TMS34010-60) 
- 160 ns ... (TMS34010-50) 
- 200 ns ... (TMS34010-40) 

• Fully Programmable 32-Bit General-Purpose 
Processor with 12S-Megabyte Address 
Range 

• Pixel Processing, XV Addressing, and 
Window Checking Built into the Instruction 
Set 

• Programmable 1, 2, 4, S, 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 Video RAM 

• Dedicated S/16-Bit Host Processor Interface 
and HOLD/HLDA Interface 

• Programmable CRT Control (HSVNC, 
VSVNC, BLANK) 

• High-Level Language Support 

• Full Line of Hardware and Software 
Development Tools Including a "c" 
Compiler 

• 6S-Leaded Packaging (PLCC) 

• 5-Volt CMOS Technology 

description 

TMS34010 
GRAPHICS SYSTEM PROCESSOR 

JANUARY 1986 - REVISED JUNE 1988 

FN PACKAGE 

(TOP VIEWI 

987654321~~OO~~~~~ 

60 

The TMS34010 Graphics System Processor (GSP) is an advanced high-performance CMOS 32-bit 
microprocessor optimized for graphics display 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 TMS3401 0 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 support 1, 2, 4, 8, and 16-bit wide pixels. The TMS3401 0 is exceptionally well-supported by graphics 
software interface standards such as CGIIVDI, DGIS, and MS-Windows, as well as a full line of hardware 
and software support tools. Current support is highlighted in the TMS3401 0 Third Party Reference Guide 
(literature number SPVB066A). 

architecture 

The TMS3401 0 is a CMOS 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 to its ability to address a large external 
memory range, the TMS34010 contains 30 general-purpose 32-bit registers, a hardware stack pointer 

This dacument contlinl inform.tiaR Db products 
in mare th.n .no 'ph .... , d ..... pm .. !. n.mlUo 
of lOCh .... ice is .ndicotad .n tho pogo(s) opacifying 
its eiactricil cheracteristics. TEXAS • 

INSTRUMENTS 
POST OFFICE BOX 1443 • HOUSTON, TeXAS 77001 

Copyright © 1986, Texas Instruments Incorporated 

A-3 



A-4 

TMS34010 
GRAPHICS SYSTEM PROCESSOR 

and a 256-byte instruction cache. On-chip functions include 28 programmable 110 registers that contain 
CRT control, input/output control, and instruction parameters. The TMS3401 0 directly interfaces to dynamic 
RAMs and video RAMs and generates video monitor control Signals. It also accommodates a conventional 
HOLD/HLDA shared access as well as a separate, generalized interface for communicating with any standard 
host processor. 

pin deSCiiptiiiiiS 

PIN 

NAME NUMBER 

HCS 66 

HDO·HD15 44-51, 53-60 

HFSO, HFSl 67,68 

RlliIT 42 

HLDS 63 

HUDS 62 

HRDY 43 

HREAD 64 

HWRITE 65 

RAS 38 

CAS 39 

DDOUT 36 

DEN 37 

LADO-LAD15 10-17, 19·26 

LAL 34 

LCLK1, LCLK2 28,29 

LlNTl, LlNT2 6, 7 

LRDY 9 

TR/QE 41 

W 40 

INCLK 5 

HOLD 8 

RUNIEMU 2 

HLDA/EMUA 33 

BLANK 32 

HSYNC 30 

VCLK 4 

VSYNC 31 

RESET 3 

VCC 27,61 

VSS 1, 18,35,52 

110 

I 

1/0 

I 

0 
I 

I 

0 
I 

I 

0 
0 

0 
0 

1/0 

0 
0 
I 

I 

0 
0 
I 

I 

I 

0 

0 
1/0 

I 

1/0 

I 

I 

I 

DESCRIPTION 

Host Interface Bus Pins 

Host chip select 
I 

Host bidirectional data bus ) 

Host function select 

Host interrupt request 

Host lower data select 

Host upper data select 

Host ready 

Host read strobe 

Host write strobe 

Local Bus Interface Pins 

Local row-address strobe 

Local column-address strobe 

Local data direction out 

Local data enable 

Local address/data bus 

Local address latched 

Local output clocks 

Local interrupt request pins 

Local ready 

Local shift register transfer or output enable 

Local write strobe 

Input clock 

Hold and Emulation 

Hold request 

Run/Not emulate 

Hold acknowledge or emulate acknowledge 

Video Timing Signals 

Blanking 

Horizontal sync 

Video clock 

Vertical sync 

Reset 

Nominal 5-volt power supply 

Ground 

TEXAS • 
INSTRUMENTS 

Miscellaneous 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77001 
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GRAPHICS SYSTEM PROCESSOR 

system block diagram 

TO{ 

~~~-GAAPHr~SVSTEMP~cEswRcHlPW~D~y---: 

HOST HOST US 
PROCESSOR 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 

CONTROL 1 
1 
1 ~________________________ _ ___ J 

r----------------------------------------
1 1/0 REGISTERS 

EXTERNAL 1 .------------, 

INTERRUPT -L.L, .I 
REQUESTS .....,...-r>"1 INTERRUPT V.L--.... INSTRUCTION 

I i REGISTERS 'T I"'" 
RESET -1.L 1 II 1 

1 1 1 

CACHE 

HOS' *1 I HOST .l 
INTERFACE INTERFACE..... ....---- ----I 

BUS 1 1 REGISTERS i I PROGRAM ..... 1 _--I 
1 1 1 1 COUNTER 1 
1 1 1 1 I-~==---I 1 #1 1 ! 1 STATUS 1+0---1 

SYNC AND VIDEO TIMING........ 1 r-......;.R=E;.;:G=IS:..:.T,:ER:':""'--I 1 
BLANKING I REGISTERS T Ll ALU I 

L __________ J 1 GPR FILE A I 
LOCAL MEMOR~ 

CONTROL 
REGISTERS 

1 t-------i 1 I GPR FILE B I 
1 1 
1 STACK POINTER 1-+---1 
1 1 L ___________ J 

EXECUTION UNIT 

~ 
LOCAL MEMORY 
CONTROL LOGIC 

INSTRUCTION 
DECODE 

MICRO CONTROL 
ROM 

INTERNAL CLOCK 
CIRCUITRY 

AND BUFFERS 
~--' 

------------l}-------------------------J 
LOCAL MEMORY 
INTERFACE BUS 
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A-6 

The TMS3401 0 provides single-cycle execution of most common integer arithmetic and Boolean operations 
from its instruction cache. Additionally, the TMS3401 0 incorporates a hardware barrel shifter that provides 
a single-state bidirectional shift and rotate function for 1 to 32 bits. 

A microcoded local memory controller 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 both 
monochrome and color systems that have a variety of pixel sizes. The hardware incorporates two-operand 
raster operations with Boolean 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 (PIXT instructions) or on two-dimensional pixel arrays of arbitrary size 
(PixBlts). 

The TMS3401 O's flexible graphics processing capabilities allow software-based graphics algorithms without 
sacrificing performance. These algorithms include: arbitrary window size, custom incremental curve drawing, 
and two-operand raster operations. 

register files 

Boolean, arithmetic, byte, and field move instructions operate on data within the TMS3401 O's general­
purpose register files. The TMS3401 0 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 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 fifteen 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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OILSB) 

SOURCE ADDRESS 
IPIXBLTS) 

SOURCE PITCH 

DESTINATION ADDRESS 
IPIXBL TS AND FillS) 

DESTINATION PITCH 

OFFSET 

WINDOW START 

WINDOW END 

DELTA YI DELTA X 

COlORO 
IBINARY PIXBl TS) 

COlOR1 
IBINARY PIXBlTS, FilLS AND DRAV) 

A10 B10 TEMPORARY REG)STER 

A11 B11 TEMPORARY REGISTER 

A12 B12 TEMPORARY REGISTER 
THESE ARE USED AS TEMPORARY 
STORAGE FOR PIXBL T AND 
FilL INSTRUCTIONS. 

A13 B13 TEMPORARY REGISTER 

A14 B14 TEMPORARY REGISTER 

SP STACK POINTER SP STACK POINTER 

FIGURE 2. REGISTER FILES A AND B 

program counter (PC) 

The TMS3401 O's 32-bit program counter register points to the next instruction-stream word to be fetched. 
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 
automatically 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 
to the current contents of the cache segment. Each cache segment is further partitioned into eight 
subsegments of four words each, Each subsegment has associated 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 TMS3401 0 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 is 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 
of implicit and explicit compare operations and parameters used to specify the length and behavior of fields 
o and 1. 

98765432 0 

N . Sign bit 
C • Carry bit 
Z - Zero bit 
V . Overflow bit 

PBX - Pix Bit executing 

FSl 

IE - Interrupt enable bit 
FE 1 - Field extension bit 1 
FS 1 . Field size bit 1 
FEO - Field extension bit 0 
FSO • Field size bit 0 

FIGURE 4. STATUS REGISTER 

fields, bytes, pixels, and pixel arrays 

FSO 

A 26-bit address output by the TMS3401 0 selects a 16-bit word of physical memory; logically, however, 
the TMS3401 0 views memory data as fields addressable at the bit level. Primitive data types supported 
by the TMS34010 include: bytes, pixels, two 1- to 32-bit fields, and user-defined pixel arrays. 

Fields 0 and 1 are specified independently to be from 1 to 32 bits in length. Bytes are special 8-bit cases 
of the field data type, while pixels are 1, 2, 4, 8 or 16 bits in length. In general, fields (including bytes) 
may start and terminate on arbitrary bit boundaries; pixels must pack evenly into 16-bit words. 

pixel operations 

Pixel arrays are two-dimensional data types of user-defined width, height, pixel depth (number of bits per 
pixel), and pitch (distance 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 I/O registers mapped into the TMS3401 0' s 
memory address space. They can be accessed either by the TMS3401 O's CPU or by the host processor 
via the host interface. The I/O registers contain control parameters necessary to configure the operation 
of the following interfaces: interface to host processor (5 I/O registers), interface to local memory (6 
registers), video timing and screen refresh functions (15 registers), and externally and internally generated 
interrupts (2 registers). The I/O registers also furnish status information on these interfaces. 
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ADDRESS 
,--"'--. 

host interface registers 
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FIGURE 5. I/O REGISTERS 

The host interface registers are provided for communications between the TMS34010 and the host 
processor. The registers are mapped into five of the I/O register locations accessible to the TMS3401 O. 
These same registers are mapped into four locations in the GSP interface to the host. 

One of the registers is devoted to host interface control functions such as the passing of interrupt requests 
and 3-bit status codes from host to TMS3401 0 and from TMS34010 to host. Other control functions 
available to the host processor include flushing the instruction cache, halting the TMS34010, and 
transmitting a non-maskable interrupt request to the TMS3401 O. 

TEXAS "!1 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77001 



TMS34010 
GRAPHICS SYSTEM PROCESSOR 

The remaining host registers are used for block transfers between the TMS3401 0 and host processor. 
The host uses these registers to indirectly access blocks within the TMS3401 O's local memory. Two of 
the 16-bit registers contain the 32-bit address of the current word location in memory. Another 16-bit 
register buffers data transferred to and from the memory by the host processor. The host interface can 
be programmed to automatically increment the pointer address following each transfer to provide the host 
with rapid access to a block of sequential addresses. 

memory interface control registers 

Six of the I/O registers are dedicated to various local memory interface functions including: 

• Frequency and type of DRAM refresh cycles 
• Pixel size 
• Masking (write protection) of individual color planes 
• Various pixel access control parameters 

- Window checking mode 
- Boolean or arithmetic pixel processing operation 
- Transparency 
- Pix Bit direction control 

video timing and screen refresh 

Fourteen I/O registers are dedicated to video timing and screen refresh functions. The TMS3401 0 generates 
the horizontal sync (HSYNC), vertical sync (VSYNCL and blanking (BLANK) signals used to drive a video 
monitor in a graphics system. These signals are controlled by means of a set of programmable video timing 
I/O registers and are based on the input video clock, VCLK. VCLK does not have to be synchronous with 
respect to INCLK, the TMS3401 O's CPU input clock. 

The TMS34010 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 horizontal scan lines displayed between 
memory-to-register load cycles, are programmable. VRAM tap point addresses are also fully programmable 
to support horizontal panning. 

The TMS34010 supports various screen resolutions and either interlaced or non interlaced video. The 
TMS34010 can optionally be programmed to synchronize to externally generated sync signals so that 
graphics images created by the TMS3401 0 can be superimposed upon images created externally. The 
external sync mode can also be used to synchronize the video signals generated by two or more TMS3401 0 
chips in a multiple-TMS34010 graphics system. 

interrupt interface registers 

Two dedicated I/O registers monitor and mask interrupt requests to the TMS3401 0, including two externally 
generated interrupts and three internally generated interrupts. An internal interrupt request can be generated 
on one of the following conditions: 

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

• Host interrupt: the host processor 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 nonmaskable interrupt occurs when the host processor sets a particular control bit in the host interface 
registers. The TMS3401 0 reset function is controlled by a dedicated pin. 
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memory controller/local memory interface 
I 

The memory controller manages the TMS3401 O's interface to the local memory and automatically performs 
the bit alignment and masking necessary to access data located at arbitrary bit boundaries within memory. 
The memory controller operates autonomously with respect to the CPU. It has a "write queue" one field 
(1 to 32 bits) deep that permits it to complete the memory cycles necessary to insert the field into memory 
without delaying the execution of subsequent instructions. Only when a second memory operation is 
required before ihe rnernory (;oniruiit:H hi:l::i GUIIIJ,Jieitlu the filst ope.-ation is the Trv1S3401 0 forced to defer 
instruction execution. 

The TMS34010 directly interfaces to all standard dynamic RAMs and, in particular to JEDEC standard 
64K and 256K video RAMs such as the TMS4161 and TMS4461 Multiport VRAMs. The TMS34010 
memory interface consists of a triple-multiplexed address/data bus plus the associated control signals. 
Row address, column address, and data are multiplexed over the same address/data lines. DRAM refresh 
is supported with a variety of modes including CAS-before-RAS refresh. 

TMS34010 memory map 

From the programmer's point of view, the TMS3401 0 treats data and instructions as residing in the same 
memory space. 
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FIGURE 6. MEMORY MAP 
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The TMS3401 0 instructions fall into three categories. The graphics instructions manipulate pixel data, 
accessed via memory addresses or XV coordinates. They provide support for 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 fields of data using linear 
addressing for transfer to and from memory and the register file. The TMS34010 general-purpose 
instructions provide a complete set of arithmetic and Boolean operations on the register file as well as 
general program control 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 TMS34010 User's Guide (number 
SPVU001A). 

The following abbreviations are used below in the opcodes: S (source register), D (destination register), 
R (register file select), F (field select), K (constant), M (cross AlB file boundary), Z (draw option), code 
(jump select code), X (don't care), N (trap select and stack adjust), RS (source register), RD (destination 
register), xxxx (address displacement), IL (32-bit immediate operand), and IW (16-bit immediate operand). 

GRAPHICS INSTRUCTIONS 

NO. MINIMUM STATUS 

SYNTAX DESCRIPTION WORDS CYCLES 16-BIT OPCODE BITS 

MSB LSB 

ADDXY Rs, Rd Add Registers in XY Mode 1110 ODDS SSSR DODD N C Z V 

CMPXY Rs, Rd Compare X and Y Halves of Registers 3 1110 010S SSSR DODD N C Z V 

CPW Rs, Rd Compare Point to Window 1 1110 011S SSSR DODD v 
CVXYL Rs, Rd Convert XV Address to Linear Address 3 1110 100S SSSR DODD 

DRAV Rs, Rd Draw and Advance t 1111 011S SSSR DODD V 

FILL L Fill Array with Processed Pixels: Linear 0000 1111 1100 0000 

FILL XY Fill Array with Processed Pixels: XY 0000 1111 1110 0000 v 
LINE Z Line Draw 1101 1111 Z001 1010 V 

MOVX Rs, Rd Move X Half of Register 1110 11 OS SSSR DODD 

MOVY Rs, Rd Move Y Half of Register 1110 111S SSSR DODD 

PIXBLT B,L Pixel Block Transfer: Binary to Linear 0000 1111 1000 0000 

PIXBLT B,XY Pixel Block Transfer and Expand: Binary to XY 0000 1111 1010 0000 V 

PIXBLT L,L Pixel Block Transfer: Linear to Linear 0000 1111 0000 0000 

PIXBLT L,XY Pixel Block Transfer: Linear to XY 0000 1111 0010 0000 V 

PIXBLT XY, L Pixel Block Transfer: XY to Linear 0000 1111 0100 0000 

PIXBLT XY,XY Pixel Block Transfer: XY to XY 0000 1111 0110 0000 V 

PIXT Rs,"Rd Pixel Transfer: Register to Indirect 1111 1 ODS SSSR DODD 

PIXT Rs, "Rd.XY Pixel Transfer: Register to Indirect XY 1111 ODDS SSSR DODD v 
PIXT "Rs, Rd Pixel Transfer: Indirect to Register 4 1111 101S SSSR DODD 

PIXT "Rs,"Rd Pixel Transfer: Indirect to Indirect t 1111 11 OS SSSR DODD 

PIXT "Rs.XY, Rd Pixel Transfer: Indirect XY to Register 6 1111 001S SSSR DODD 

PIXT "Rs.XY, "Rd.XY Pixel Transfer: Indirect XY to Indirect XY 1111 010S SSSR DODD V 

SUBXY Rs,Rd Subtract Registers in XY Mode 1110 001S SSSR DODD N C Z V 

tNumber of cycles depends on pixel size and/or pixel array size and graphics option selected. See TMS3401 0 User's Guide (SPVU001 AI. 
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MOVE INSTRUCTIONS 

NO. MINIMUM 

SYNTAX DESCRIPTION WORDS CYCLES 16-BIT OPCODE 

STATUS 

BITS 

MOVB RS,*Rd 
MOVB *Rs.Rd 

MOVB *Rs,*Rd 
MOVe Rs, *Rd(offset) 

MOVB *Rs(offset),Rd 

Move *Rs(offset), *Rd(offset) 

MOVB Rs,@Daddress 

Move @Saddress,Rd 

MOVB @Saddress,@Oaddress 

MOVE RS,Rd 

MOVE Rs, *Rd,F 

MOVE Rs, - *Rd,F 

MOVE Rs,*Rd+,F 

MOVE *Rs,Rd,F 

MOVE - *Rs,Rd,F 

MOVE *Rs+,Rd,F 

Move Byte: Register to Indirect 

Move Bvte: Indirect to Register 

Move Byte: Indirect to Indirect 
Move Byte: Register to Indirect with offset. 

Move Byte: Indirect with offset. to Register 

Move Byte: Ind. with offset. to Ind. 

with offset. 

Move Byte: Register to Absolute 

Move Byte: Absolute to Register 
Move Byte: Absolute to Absolute 

Move Register to Register 

Move Field: Register to Indirect 

Move Field: Register to Indirect (pre-dec) 

Move Field: Register to Indirect (post-inc) 

Move Field: Indirect to Register 

Move Field: Indirect (pre-dec) to Register 

Move Field: Indirect (post-inc) to Register 

MOVE *Rs, *Rd,F Move Field: Indirect to Indirect 

MOVE - *Rs, - *Rd,F Move Field: Ind. (pre-dec) to Ind. (pre-dec) 

MOVE *Rs+,*Rd+,F Move Field: Ind. (post-inc) to Ind. (post-inc) 

MOVE Rs, * Rd(offset),F Move Field: Register to Indirect with offset. 
MOVE *Rs(offset),Rd,F Move Field: Indirect with offset. to Register 

MOVE *Rs(offset), *Rd + ,F Move Field: Ind. with offset. to Ind. 

(post-inc) 

MOVE *Rs(offset).*Rd(offset),F Move Field: Ind. with offset. to Ind. 

with offset. 
MOVE Rs,@Daddress,F Move Field: Register to Absolute 

MOVE @Saddress,Rd,F Move Field: Absolute to Register 

MOVE @Saddress,*Rd+,F Move Field: Absolute to Indirect (post-inc) 

MOVE @Saddress,@Oaddress,F Move Field: Absolute to Absolute 

2 
2 

3 

3 
3 
5 

1 

1 

2 
2 

2 

3 
3 

3 
3 

5 

MSB LSB 

1000 110S SSSR DODD - - - -

1000 IllS SSSR DODD N - Z 0 

1001 110S SSSR DODD - - - -

1010 110S SSSR DODD - - - -

1010 IllS SSSRDDDD N - Z 0 

1011 110S SSSR DODD - - - -

00000101 l11R SSSS - - --

00000111 l11R DODD N - Z 0 

0000 0011 0100 0000 - - - -

0100 llMS SSSR DODD N - Z 0 

1000 OOFS SSSR DODD - - - -

1010 OOFS SSSR DODD - - - -

1001 OOFS SSSR DODD - - - -

1000 01FS SSSR DODD N Z 0 
1010 01FS SSSR DODD N - Z 0 

1001 01FS SSSR DODD N - Z 0 

1000 10FS SSSR DODD - - - -

1010 10FS SSSR DODD - - - -

1001 10FS SSSR DODD - - - -

1011 OOFS SSSR DODD - - - -

1011 01FS SSSR DODD N - Z 0 

1101 OOFS SSSR DODD - - - -

1011 10FS SSSR DODD - - - -

0000 01Fl 100R SSSS - - - -

000001Fl 101R DODD N - Z 0 

1101 01FO OOOR DODD - - --

000001Fl 11000000 - - --

tNumber of cycles depends on field size and alignment. See TMS3401 0 User's Guide (SPVUOOI A). 
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SYNTAX 

ABS Rd 

ADD Rs,Rd 

ADDC Rs,Rd 

ADDllW,Rd 

ADDllL,Rd 

ADDK K,Rd 

AND Rs,Rd 

ANDllL,Rd 

ANON Rs,Rd 

ANDNllL,Rd 

BTST K,Rd 

BTST RS,Rd 

CLR Rd 

CLRC 

CMP Rs,Rd 

CMPllW,Rd 

CMPllL,Rd 

DEC Rd 

DINT 

DIVS Rs,Rd 

DIVU Rs,Rd 

EINT 

EXGF Rd,F 

LMO RS,Rd 

MMFM Rs,Register List 

MMTM Rd,Register List 

MODS Rs,Rd 

MODU RS,Rd 

MOVllW,Rd 

MOVllL,Rd 

MOVK K,Rd 

MPYS Rs,Rd 

MPYU Rs,Rd 

NEG Rd 

NEGB Rd 

NOP 

NOT Rd 

OR Rs,Rd 

ORllL,Rd 

RL K,Rd 

RL RS,Rd 

SETC 

SETF FS,FE,F 

SEXT Rd,F 

TMS34010 
GRAPHICS SYSTEM PROCESSOR 

GENERAL INSTRUCTIONS 

DESCRIPTION 

Store Absolute Value 

Add Registers 

Add Register with Carry 

Add Immediate (16 Bitsl 

Add Immediate (32 Bits) 

Add Constant (5 Bits) 

AND Registers 

AND Immediate (32 Bits) 

AND Register with Complement 

AND Not Immediate (32 Bits) 

Test Register Bit - Constant 

Test Register Bit - Register 

Clear Register 

Clear Carry 

Compare Registers 

Compare Immediate (16 Bits) 

Compare Immediate (32 Bits) 

Decrement Register 

Disable Interrupts 

Divide Registers Signed 

Divide Registers Unsigned 

Enable Interrupts 

Exchange Field Size 

Leftmost One 

Move Multiple Registers from Memory 

Move Multiple Registers to Memory 

Modulus Signed 

Modulus Unsigned 

Move Immediate (16 Bits) 

Move Immediate (32 Bits) 

Move Constant (5 Bits) 

Multiply Registers (Signed) 

Multiply Registers (Unsigned) 

Negate Register 

Negate Register with Borrow 

No operation 

Complement Register 

OR Registers 

OR Immediate (32 bits) 

Rotate Left - Constant 

Rotate Left - Register 

Set Carry 

Set Field Parameters 

Sign Extend to Long 

NO. 

WORDS 

1 

2 

3 

3 

1 
3 

2 

3 

1 

2 
2 

1 

2 

3 

3 

1 

MINIMUM 

CYCLES 

1 

2 

3 

1 

3 

3 

2 

2 

3 
1 

3 
40 

37 

3 

1 

t 

40 

35 

2 

3 

16-BIT OPCODE 

STATUS 

BITS 

MSB LSB 

0000 0011 looR DODD N Z 0 

0100 OOOS SSSR DODD N C Z V 

0100 001S SSSR DODD N C Z V 

0000 1011 OOOR DODD N C Z V 

0000 1011 001R DODD N C Z V 

0001 OOKK KKKR DODD N C Z V 

0101 OOOS SSSR DODD Z 
0000 1011 100R DODD Z 

0101 001S SSSR DODD Z 
0000 1011 100R DODD Z 
0001 l1KK KKKR DODD Z 
0100 101S SSSR DODD Z 
0101 0110 DOOR DODD 

0000 0011 0010 0000 0 

0100 100S SSSR DODD N C Z V 

0000 1011 010R DODD N C Z V 

0000 1011 011R DODD N C Z V 

0001 0100 001R DODD 

0000 0011 0110 0000 

0101 100S SSSR DODD N 

0101 101S SSSR DODD 

0000 1101 0110 0000 

1101 01Fl OOOR DODD 

0110 101S SSSR DODD 

0000 1001 101R DODD 

0000 1001 100R DODD 

0110 110S SSSR DODD N 

0110 111S SSSR DODD 

0000 1001 110R DODD N 

0000 1001 l11R DODD N 

0001 10KK KKKR DODD 

Z V 

Z V 

Z 

Z V 

Z V 

Z 0 
Z 0 

5+ FSl 0101 110S SSSR DODD N Z 
2 

5+ F~l 0101 111S SSSR DODD Z 

3 

1,2 

3 

0000 0011 101R DODD N C Z V 

0000 0011 110R DODD N C Z V 

0000 0011 0000 0000 

0000 0011 l11R DODD Z 

0101 010S SSSR DODD 

0000 1011 101R DODD 

0011 OOKK KKKR DODD 

0110 100S SSSR DODD 

0000 1101 1110 0000 

0000 01 Fl 01 FS SSSS 

0000 01Fl OOOR DODD N 

Z 
Z 

C Z 
C Z 

Z 

tNumber of cycles depends on number of registers in list and stack alignment. See TMS34010 User's Guide (SPVU001A). 
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SYNTAX 

SLA K,Rd 

SLA Rs,Rd 

SLL K,Rd 

SLL HS,Hd 

SRA K,Rd 

SRA RS,Rd 

SRL K,Rd 

SRL Rs,Rd 

SUB RS,Rd 

SUBB RS,Rd 

SUBIIW,Rd 

SUBIIL,Rd 

SUBK K,Rd 

XOR RS,Rd 

XORIIL,Rd 

ZEXT Rd,F 

SYNTAX 

CALL Rs 

CALLA Address 

CALLR Address 

DSJ Rd,Address 

DSJEQ Rd,Address 

DSJNE Rd,Address 

DSJS Rd,Address 

EMU 

EXGPC Rd 

GETPC Rd 

GETST Rd 

JAcc Address 

JRcc Address 

JRcc Address 

JUMP Rs 

PO PST 

PUSHST 

PUTST Rs 

RETI 

RETS IN) 

REV Rd 

TRAP N 

DESCRIPTION 

Shift Left Arithmetic - Constant 

Shift Left Arithmetic - Register 

Shift Left Logical - Constant 

:Shift Lett Logical Heglster 

Shift Right Arithmetic - Constant 

Shift Right Arithmetic - Register 

Shift Right Logical - Constant 

Shift Right Logical - Register 

Subtract Registers 

Subtract Registers with Borrow 

Subtract Immediate (16 Bits) 

Subtract Immediate 132 Bits) 

Subtract Immediate 15 Bits) 

Exclusively OR Registers 

Exclusively OR Immediate Value 132 Bits) 

Zero Extend to Long 

NO. MINIMUM 

WORDS CYCLES 

2 

3 

1 

3 

3 
3 

2 

3 

1 

3 

16-BIT OPCODE 

MSB LSB 

STATUS 

BITS 

0010 OOKK KKKR DODD N C Z V 

0110 ODDS SSSR DODD N C Z V 

0010 01KK KKKR DODD C Z 

OnO 00"15 SSSH DODD C Z 

0010 10KK KKKR DODD N C Z 

0110 010S SSSR DODD N C Z 

0010 11 KK KKKR DODD C Z 

0110 011S SSSR DODD C Z 

0100 010S SSSR DODD N C Z V 

0100 011S SSSR DODD N C Z V 

0000 1011 111R DODD N C Z V 

0000 1101 ODOR DODD N C Z V 

0001 01KK KKKR DODD N C Z V 

0101 011S SSSR DODD Z 

0000 1011 1100 DODD Z 
0000 01Fl 001R DODD Z 

PROGRAM CONTROL AND CONTEXT SWITCHING 

DESCRIPTION 

Call Subroutine Indirect 

Call Subroutine Absolute 

Call Subroutine Relative 

Decrement Register and Skip Jump 

Conditionally Decrement Register and Skip Jump 

Conditionally Decrement Register and Skip Jump 

Decrement Register and Skip Jump Short 

Initiate Emulation 

Exchange Program Counter with Register 

Get Program Counter into Register 

Get Status Register into Register 

Jump Absolute Conditional 

Jump Relative Conditional 

Jump Relative Conditional - Short 

Jump Indirect 

Pop Status Register from Stack 

Push Status Register onto Stack 

Copy Register into Status 

Return from Interrupt 

Return from Subroutine 

Get Revision Number 

Software Interrupt 

NO. MINIMUM STATUS 

BITS WORDS CYCLESt 16-BIT OPCODE 

3 

2 

2 

2 

2 

1 

3 

2 

MSB LSB 

6 0000 1001 001R DODD 

6 0000 1101 0101 1111 

5 0000 1101 0011 1111 

3,2 0000 1101 100R DODD 

3,2 0000 1101 101R DODD 

3,2 0000 1101 110R DODD 

2,3 0011 lDxx xxxR DODD 

6 0000 0001 0000 0000 

2 0000 0001 001R DODD 

0000 0001 010R DODD 

0000 0001 100R DODD 

3,4 11 00 code 1000 0000 

3,2 1100 code 0000 0000 

2,1 1100 code xxxx xxxx 

2 0000 0001 011R DODD 

B 0000 0001 1 1 00 0000 

2 0000 0001 1110 0000 

3 0000 0001 101R DODD N C Z V 

11 0000 1001 0100 0000 NeZ V 

7 0000 1001 011N NNNN 

1 0000 0000 001R DODD 

16 0000 1001 OOON NNNN 0 0 0 0 

tWhere two numbers appear, the first number assumes that the jump is taken, and the second assumes that the jump is not taken. 
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development systems and software support 

Texas Instruments, together with third party suppliers, offers a full range of hardware and software 
development tools for the TMS34010. The support environment is aimed at four areas of support with 
the key tools based on the IBM PC, DEC VAX, SUN, MAC II, APOLLO and TI Professional computers: 

DESIGNER 

Hardware 

Software 

Languages 

Systems 

TOOLS 

XDS-22 Real Time Emulator (with PC-based Debugger Interface) 

PC Software Development Board (with Debugger Interface) 

Assembly Language Package, including: 

Assembler, Linker, Archiver, ROM Object Format Converter, Software Simulator (PC only) 

Graphics/Math Function Library 

Bit-Mapped Font Library 

CCITT Data Compression/Decompression Function Library 

8514A Emulation Function Library 

C Compiler Package including: 

TMS34010 C Compiler 

Runtime Support 

Window Management Support 

Image Processing Support 

Graphics Interfaces and Standards 

Debugger Adaptation Software 

Further support is provided through a network of Regional Technology Centers (RTCs). 
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TMS340 FAMILY HARDWARE AND SOFTWARE SUPPORT 
SILICON 

Graphics System Processor 68-Pin PLCC 
Video System Controller 68-Pin PLCC 
Color Palette 22-Pin OIP 
64Kx 1 Multiport Memory 22-LeQd PLCC (120 and 150 ns) 
64Kx 1 Multiport Memory 22-Pin DIP (120 and 150 ns) 
64Kx4 Multiport Memory 24-Pin DIP (l2U and 1 bO nsl 

SOFTWARE TOOLS 
TMS34010 Assembler Package: 

Assembler, Linker, Archiver, 
Object Format Converter, Simulator 

TMS34010 Assembler Package: 
Assembler, Linker, Archiver, 
Object Format Converter 

TMS34010 C Compiler Package 

Combination packages: 
Assembler, Linker, Archiver, 
Object Format Converter, Simulator. 

C Compiler with runtime support 
TMS34010 Graphics/Math 

Function Library 

TMS34010 Bit-Mapped Font Library 

TMS34010 CCITT Function Library 

COMPUTER 

IBMITI PC 

VAX 
VAX 
VAX 
HP 
Sun 

Mac 11 
Apollo 

IBM/TI PC 
VAX 
VAX 
VAX 
HP 

Sun 
Mac II 
Apollo 

IBM/TI PC 

IBM/TI PC - Source 
VAX - Source 

IBM/TI PC 
VAX 

IBM/TI PC 
VAX 

OPERATING 
SYSTEM 

MS-DOS 2.11 + 

VMS 
ULTRIX 

System V 
System V 
System V 

MPW 
System V 

MS-DOS 2.11 + 
VMS 

ULTRIX 
System V 
System V 
System V 

MPW 
System V 

MS-DOS 2.11 + 

PART NUMBER 
TMs34010FNL 
TMS34061 FNL 
TMS34070NL 
TMS4161FML 
TMS4161NL 
TMS446iNi.. 

PART NUMBER 

TMDS3440808002 

TMDS3440200059 
TMDS3440200069 
TMDS3440200089 
TMDS3440500089 
TMDS3440550086 
TMDS3440560021 
TMDS3440570088 
TMDS3440805002 
TMDS3440205059 
TMDS3440205069 
TMDS3440205089 
TMDS3440505089 
TMDS3440555086 
TMDS3440565021 
TMDS3440575088 

TMDS3440804003 

TMDS3440802202 
TMDS3440802208 

MS-DOS 2.11 + TMDS3440802302 
ALL TMDS3440202308 

MS-DOS 2.11 + TMDS3440802102 
All TMDS3440202108 

TMS34010 8514/A Emulation Libraif,MDS- IBM/TIPC, 
3440 

MS-DOS 2.11 + 

TMS34010 PC Debugger Development Package 
(For Internal Use) 

TMS3401 0 PC Debutfer Development Package 
(For Resale) 

HARDWARE TOOLS 
TMS34010 XDS-22 Real-Time Emulator with BT&T 

Color Graphics Controller Board (TMS34061, TMS34070) 
TMS34010 Software Development Board 

DESIGN KITS 

IBM/TI PC 

IBMITI PC 

COMPUTER 

IBMITI PC 
IBM/TI PC 

TMS340 Graphics Design Kit, including TMS34061, TMS34070, TMS4161s 

8020 
02 

MS-DOS 2.11 + TMDS3440806002 

MS-DOS 2.11 + TMDS3440806003 

VERSION 
U.S. 

Europe 

PART NUMBER 
TMDS346991 0000 
TMDS3469981000 
TMDS3471804000 
TMDS3411804420 

TMS34010 Graphics Design Kit, including TMS34010, TMS34070, TMS4461 s, PC Assembler 

PART NUMBER 
TMS340GDK 

TMS34010GDK 
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Reset puts the TMS3401 0 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 local clock (LCLKl and LCLK2) 
periods to ensure that the TMS3401 0 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 signal, the state of the HCS input determines whether the 
TMS34010 will be halted or begin executing instructions. The TMS3401 0 may be in one of two modes, 
host-present or self-bootstrap mode. 

1 . Host-Present Mode 

If HCS is high at the end of reset, TMS34010 instruction execution is halted and remains halted 
until the host clears the HL T (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 control logic. As soon as the eight RAS-only cycles are completed, the host is 
allowed access to TMS34010 memory. At this time, the TMS34010 begins to automatically perform 
DRAM refresh cycles at regular intervals. The TMS34010 remains halted until the host clears the 
HL T bit. Only then does the GSP fetch the level-O vector address from location OFFFFFFEOh and begin 
executing its reset service routine. 

2. Self-Bootstrap Mode 

If HCS is low at the end of reset, the TMS34010 first performs the eight RAS-only refresh cycles 
required to initialize the DRAMs. Immediately following the eight RAS-only cycles, the TMS34010 
fetches the level-O vector address from location OFFFFFFEOh, 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 
is unnecessary. A TRAP 0 instruction, which uses the same vector address as reset, similarly does not 
save the ST or PC values. 

asserting reset 

A reset is initiated by asserting the RESET input pin at its active-low level. To reset the TMS3401 0 at power 
up, RESET must remain active low for a minimum of 40 local clock periods after power levels have become 
stable. At times other than power up, the TMS3401 0 is also reset by holding RESET low for a minimum 
of 40 clock periods. The 40-clock interval is required to bring TMS34010 internal circuitry to a known 
initial 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 
certain 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 to 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. In general, holding 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 pin is considered to be a power-up condition, and DRAM refresh is not 
performed until RESET goes inactive high. Consequently, the previous contents of the local memory may 
not be valid after a reset. 

initial state following reset 

While the RESET pin is asserted low, the TMS3401 O's output and bidirectional pins are forced to the states 
listed below. 

INITIAL STATE OF PINS FOLLOWING A RESET 

OUTPUTS DRIVEN OUTPUTS DRIVEN BIDIRECTIONAL 

TO HIGH LEVEL TO LOW LEVEL PINS DRIVEN TO 

HIGH IMPEDANCE 

DDOUT BLANK HSYNC 

HRDY VSYNC 

DEN HDO-HD15 
LA[ LADO-LAD15 

'fR/QE 

RAS 

CAS 

W 
HINT 

HLDA/EMUA 

Immediately following reset, all I/O registers are cleared (set to Oh), with the possible exception of the 
HL T bit in the HSTCTL register. The HL T bit is set to 1 if HCS is high just prior to the low-to-high 
transition of RESET. 

Just prior to execution of the first instruction in the reset routine, the TMS3401 O's internal registers are 
in the following state: 

• General-purpose register files A and Bare uninitialized. 
• The ST is set to 00000010h . 
• The PC contains the 32-bit vector fetched from memory address OFFFFFFEOh. 

TMS34010 local memory interface 

A-20 

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 memory cycle, the address 
is output in multiplexed fashion as a row address followed by a column address. The remainder of the 
cycle is used to transfer data between the TMS34010 and memory. 
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TMS34010 local memory interface 

The TMS3401 0 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 memory cycle, the address 
is output in multiplexed fashion as a row address followed by a column address. The remainder of the 
cycle is used to transfer data between the TMS34010 and memory. 

BIT 31 
(MSB) 

TMS34010 
ROW 

ADDRESS 

Ri' 
26 
25 
24 
23 
22 
21 

-20--
19 
18 
17 
16 
15 

BIT 0 
(LSB) 

Ri' = DRAM-REFRESH BUS STATUS BIT 

COLUMN 
ADDRESS 

lAO 
fR 
29 
28 
27 
14 
13 

9 

BIT 15 
(MSB) 

lAO = INSTRUCTION ACOUISITION BUS STATUS BIT 

DATA 

15 
1 
1 
12 
11 
1 
9 
8 
7 
6 
5 
4 
3 
2 

fR = VRAM SHIFT-REGISTER-TRANSFER BUS STATUS BIT 

BIT 0 
(LSB) 

FIGURE 7. TRIPLE MULTIPLEXING OF ADDRESSES AND DATA 

The following types of memory cycles are supported: read, write, VRAM memory-to-shift-register, VRAM 
shift-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 machine 
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 internal 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 external 
multiplexing hardware unnecessary, while supporting a wide variety of memory configurations. For example, 
in Figure 7, 16 consecutive address bits (5 through 20) are output on LAD1-LAD8 during the row and 
column address times. Output along with the address are bus status signals that indicate when DRAM 
refresh cycles, screen refresh IVRAM memory-to-shift-register) cycles, and instruction fetch cycles are 
occurring. 
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A-22 

The following remarks apply to memory timing in general. A row address is output on LADO-LAD15 at 
the start of the cycle, and is valid before and after the fall of RAS. Next a column address is output on 
LA DO-LAD 1 5. The column address is valid briefly before and after the falling edge of LAL, but is not valid 
at the falling edge of CAS. The column address is clocked into an external transparent latch 
(e.g., a 74AS373 octal latch) on the falling edge of LAL to provide the hold time on the column 
address required for dynamic RAMs and video RAMs. A transparent latch is required in order that the row 
address be avaiiabie at the outputs of the iatc.;h duriny ilre star"t of the cycle. 

Very large memory configurations may require external buffering of data lines. The DEN signal serves as 
the drive-enable signal to external bidirectional buffers, e.g., 74AS245 octal buffers. The DDOUT signal 
serves as the direction control for the buffers. 

When an I/O register is addressed by the TMS3401 0, a special memory read or write cycle is performed. 
During this cycle, the external RAS signal falls, but the external CAS remains inactive-high for the duration 
of the cycle. 

The timing shown in the first six functional timing diagrams assumes that the LRDY input remains high 
during the cycle. The LRDY pin is pulled low by slower memories requiring 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 
TMS34010 inserts an additional state, called a "wait" state, into the cycle. Wait states continue to be 
inserted until LRDY is 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 
provide examples of cycles extended by wait states. 

The LRDY input is ignored by the TMS3401 0 during internal cycles. 

A hold/hold acknowledge capability is also built into the local memory interface to allow external devices 
to request control of the bus. After acknowledging a hold request, the TMS3401 0 releases the bus by 
driving its address/data bus and control outputs into high impedance. 
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write cycle timing 

DDOUT ! r I I I I I I I I! I 
I I I I I I I I I I I I 

~,~!~ 
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read cycle timing 

I Q1 i Q2 i Q3 I Q4 , Q1 I Q2 I Q3 i Q4 I Q1 
I I I I I I I I I 

I i I, 'VI "'--::~----!.I\ I lV' 
LCLK1 V I 1\ . I ! \ I . 
iii I I iii i i 
I I' II I I' I I I' I' , 
I !\ ' I I , 

LCLK2 I IV I i '''-i-I _1~_---t'VI I l\ I I i r 
I " -I I I I '-+-1 --!,f--~r 
I I I ,I I I I I', I 

~"u,,' i ~!~?$> I i ~i Ie 
I I I 'I' , ' I, I , 
I' I I ',I,' I I 'I' I , 

I I\. I 'I V t, , 
RAS II II 'I 'I I I I 'I I , 

. , I' I I I I , 
, I I 'I I I , I' I I 
, , I 'I' " I I , V I I 'I\.' I , 'I v' I LAL , I , I I' , , I I I , 

I I 'I. I I, I , 
I I I I I' " I I 
, I I 'I' I I I 
, I I , , 'I I 

CAS: I I : 1\ !: v 
, I I , , I I , 

W : ! ! (HIGH) : I! I 
, I I' " I , I I I I, , 

I I I I l I 'v ) 
TAllIE, I I' I,\. I ", 

, I " I," , I I I I, ,I 
, I I , , I, " I 

DEN I VI I, I 1\1 I 'v' I I 
, I' I 

, I I 'I, I" , V I 'I' ,I 'V-II 
DDOUT i ~ II !\., I I ". 

. .. I i I I I 
, ii' , , , , i 

'III'I~ 
LRDY~ ~ 
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memory-to-register cycle timing 

i Ql , Q2 ,Q3 Q4' Ql Q2' Q3 , Q4 , Ql i 
I 'I I I" I 

lClKl V :" IV"--i---~~,! I 'VI ! 
, ' , I, I '" 

, " " I ' , , ' ,I,' " I' I 

lClK2 1-1 __ .;oV,.--I!f----i.i\ I 'I' V! i\ I: V-
, ' I 'I I" I' , 

~oo~'" ! X ~w ~ : : """~"'~: ~ I , I ,', I , ,', I 

'I ' '~ , I' I " "I " II 
RAS I, I, I I I ' , 'V' I i , . I I I I I . " I, , , ~--+,--+,--+,-----;,-----4----~ 

, , I '" ' , ,', ' Vi , , ,,~, I ' 'I' I 
lAl'l ' I I, I I I I' 'V, I I , I I I I , I 

I I, i Iii I I 
, I I' I , ,I I 
, I ,'" I , 

CAS: ! ! f\ : : : IV I : 
I I , I, I 
, I , " I I 
I I " I I I I IHIGH), ,) , I 

iN I ' I I 
I I I I 
, I I I 
I ' I I 

~ 
, , 'V ' II TR/QE I ' . 

,''----+-----i--+---i---~'------4 , , ' " 
I ' " 

DDOUT I ~ I I, I : I I I 
, ,r , ',I', '" I I I I I' I , I 

~I 
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register-to-memory cycle timing 

A-26 

DDOUT i ~ I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

LRDY~~ 
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RAS"-only DRAM refresh cycle timing 

I 01 i 02 I 03 i 04 i 01 ! 02 I 03 04 I 01 i 
Vi r--+! ---I.~ ! Vr---I-I --"';'1\ Vi! 

I I '---4-1--1--1 I I I I I 
I I I I I I I I I I 

LCLK1 

I I I I I I ! I I I I V,--+-I ----1."� I I IV I !\ I I Ii ;-
LCLK2 I--........f' I ! \ I - I I \ I I If 

I I I I...f-l ----i,l----I'l I I I I I 

LADO-LAD15 t--------t: ~'-----r~O---lW ~:: : +, .. ,;:: ~ 
I I I I I I I I I I I 
I I I I I I I I I I I 

RAS! ! ~ !! I! VI! ! 
I I I '---+I--tI-+----+---~I~-----l'1 I I 
I I I I I I I I I 

LALV ! ! ! f\ ! I V ! 
I I I I I I I I 
I I I I I I I 
I I I I I I I i-----;,--IHIGH)-l --+I--;---+-----;----i'I---;-1 -t--i-I ---+,--

CAS I i I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 

i-----;,--IHIGHI--+, -+--+--"""T---;,---,r-+-i-I ---+, --
I i I I I I 
I I I I I I 
I I I I I I 

w 

i---II--IHU;JHI--+I--i--+----i----iII---;--+--i-I---+!--
TR/OE I I I I 

I I I I 
I I I I 

: IJ ! I I 
DEN i V I I I 

I I I I I 

I V !! I ! 
DDOUT ! i I I I I I 
i_I I I I I 
I I I I I I I 

~l 
LRDY~_ 
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CAS-before-RAS refresh cycle timing 

LCLK1 

LCLK2 

02 I 03 I 04 i 01 02 i 03 I 04 I 01 
1 

I 
I 

01 
I I I I I 

r---~--~~ I I r---~--~ I 

1\ I V j\ I V V I I I I I I I 

r---!~----;~I iii I I~ i V V iii I I V I I I I-----r I . I I . I I '-+-1 --I-----r 
I I I I I I I I I I I I I I 

LADO.LAD15! !-----( ~: 'Ow: : ~ : : ""~.~ : k= 
I I I I I I I I I I 

i I I l I I II IVI I 
RAS I I I 1\ I I . I 

I 1 II 1 1 1 1 
1 1 1 
I 1 1 I 
~ 1 k r--~I -----

LAL V I 1\ V I 
1 1 1 I I 
I 1 1 I 1 

1 1 1 

CAS ~! ----~~'-__ _+!----~--+-~----~~----~----~~~ ! I 
I 1 1 I I 1 1 I 

W 1-1 ----+---IHIGHI 1 I 
1 I 1 I 
1 1 1 1 
1 I I 1 
1 I I 1 
1 I I I 

TRtOE i-I -----+---IH GHI---!-+-+---+---+---+~I--iI-----I---
1 I 1 
1 I 1 
1 1 1 

DDOUT ! I I I I I I ! 
1 1 1 1 1 1 I I 
1 1 1 1 1 1 1 1 

LRDY ! 
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internal cycles back to back 

I r i 
I 01 I 02 I 

LCLK1 V I 

1\ I 
I 

I I I 
I I I 
I I 

I 
LCLK2 I V I 

I J J I I 
I J J 

LADO-LAD15 ! 
J 

: >< I I I 
J I I 
I I (HIGH) 

RAS I I I 
I I I 
I I I 
I I I 

V I I 
LAL I I 

I I 
J I I 
J I I 
I I I 

I I (HIGH) 
CAS J I i 

I I I 
I J I 
I I 

I (HIGH) 
W I i 

J I 
J ! J 
I (HIGH) 

TR/QE I i 
I I 
I I 
I I 
i V DEN I 

I 
I J I 
I I I 
i V DDOUT I 

I 
I I I 

LRDY 

03 
I 

04 J 01 02 

I V I 
I 
I 
I I 
I I 

f\1 I 

V I 
I I I J I I I 

I I J I 

: : 
I 

UNDE~INED : 
I J I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I J I 
I I J I 
I I I I 

J I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I 
I I 
J I 
I I I 
I I 
I I 
I I 
J I I 
J I 
J I 
J I 
I I I 
I I 
I I 
I I 
J I I 
J I 
J I 
J I 
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i I i 
I 03 04 J 01 I 

1\ I V I 
I I 
I I 

I I I 
I J I J I 
I J I J I 
I f\1 J 

V-I J 

J I I I I I I 
I I I I 

: : 
I x= ; 

I I I I 
I I I I 
I I I I 
I I I I 
I J I I 
I I I I 
I I I I 
I I I I 
I I I 
I I I 
I I I 
I I I 

I I I 
I I I 
I I I 
I I I 

I I I 
I I I 
I I I 
I I I 

I I I 
I I I 
I I I 
I I I 

I I I 
I I I 
I I I 
I I I 

I I I 
I 

I I I 
I I I 
I I I 
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write cycle with one wait state 

r--WA1T STATE----"1 

1 01 02/ 03 1 04 I 01 I 02 I 03 I 04 I 01 '02 , 03 04 1 01 02 

LCLK1 yr. -r--'r\ 
I I '--'-~ f\ I '--!-~ f\ I '--'-~ 

I I I I 
I r-+I_~ 

LCLK2 I 

DDOUT! r, !! I II! I I! I I V I I I I I I I I I I I 
I I I I I I I I I I I I I 
I I I I I I I I I I I I I 

LRDy~~!~I~ 
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read cycle with one wait state 

lClK1 

lClK2 

lADO-lAD7 

RAS 

lAl 

CAS 

W 

TR/OE 

DEN 

DDOUT 

lRDY 

iWAIT STATE, 

I 01 04 02 03 04 03 04 I 01 02 

I I 
I I I I 

I 
I 

I 
I I I I 
I I I I I 
I I I ! I ~ 

I I 
I I I 1\ I I I I f\ I V I V I I V I V I I 
I I I I I I I 
I I I I I I I I I I I I I 
I I I I I I I I I I I I I 

i X :ROW ~ 
I 
I 
I 
I 

I I I I I I I I I I I I I 
I I I I I I I I I I I I I 

I I I I I I I I 
I I I I I I I I I I I 
I I I I I I 
I I I I 
I I I I I I I I 
I I I I I I I I 

Y I I \: I I I 

V I I I I I 
I I I I I 

I I I I I I I I 
I I I I I I I I 

I I I I I I I I 
I I 1\ I I I I: I I I I I I 

I I I I I I 
I I I I I I 
I I I I I I 
I I I I I {HIGH) I 
I I I I I I 
I I I I I I 
I I I I I I I 
I I I I I 1\ I: I I I I I 
I I I I I 
I I I I I I I 
I I I I I I I 

! 
I I I I 

~ ~ V I I I 
I I I 
I I I 

I I I I I I I 
I I I I I I I 

I I I 
I 

I 
I I I 

I I I I 
I I I 

I I I I I I I I I I I I I I 
I I I I I 

i~!~~ _g~1i~~_ i~E 
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register-to-memory cycle with one wait state 

A-32 

,WAITSTATEi 

I Q1 Q2 I Q3 I Q4 I Q1 Q2 I Q3 I Q4 I Q1 I Q2 I Q3 I Q4 I Q1 I Q2 

LCLK1 --V 
I 
I 
I 

LCLK2 I 

i\. i i / IW--V 
I I I 
I I I 

I 
I 

I 
I 
I 

i\. i i / IW--V 
I I I 
I I I 

I 
I 
I 

i\. i i / 
I~ 
I I I 
I I I 
I I 

I 
I 

I I I I I 

~oou" i ~:-w ~~r; _-:-_-,-_--:-:"_N_OE_F .... r_E_O--:-_-..._--:I,..-_*= 

I I I I I I I I I I 
I I I II I II I I 

- I!\ I I I I I 
RAS I I 1\ I I I I I I I 

I I I I I I I I I I 
I I I I I I I I I I 

j; I I I \.tl_-+-I _-+-_!---+I __ l~-+_-'----fl" ,..-;1--LAL I I I I I I I I I 
I I I I I I. I 

I I I I I I i I I I 

I I I I ~I I I I l I 
I I I I I I /'1 I CAS I I I I. I I I I I ~-+I-~--4--4I--4I~-~-~ I I 
I I I I I I I 
I I I I I I I 

W I I I 
I I I I 
I I I I 
I I I I 
I ~ I I 

TR/QE! 1\ I V 
I I I I 
I I I I 
I I I I 

OOOUTI I I I I I I I I I I I I I 
I I I I I I I 

I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 

LROY~HirH~_!~ ~ 
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absolute maximum ratings over operating free-air temperature range t 

Supply voltage, Vee ......................................................... 7 V 
Input voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 20 V 
Off-state output voltage range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 2 V to 7 V 
Operating free-air temperature range ...................................... ooe to 70 0 e 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 10 °e to 1 50 °e 

tStresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only. Functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" 
section of this specification is not implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 
Voltage values are with respect to the VSS pins of the chip. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.75 5.0 5.25 V 

VSS Supply voltage t 0 0 0 V 

10H High-level output current -400 p.A 

10L Low-level output current 2.0~ mA 

TA Operating free-air temperature 0 70 °c 

t Care should be taken by card designers to provide a minimum inductance path between the V SS pins and system ground in order to 
minimize VSS noise. 
~Output current of 2.0 mA is sufficient to drive five low-power Schottky TTL loads or 10 advanced low-power Schottky TIL loads (worst case). 

DC electrical characteristics 

PARAMETER TEST CONDITIONS MINt TYpt MAXt 

High-level input All inputs 
2.2 VCC+ 0.3 

VIH§ voltage, TTL-level except INCLK 
VCC = 5.0 V 

signal 
INCLK 3.0 VCC+0.3 

Low-level input All inputs 
-0.3 0.8 

VIL voltage, TIL-level except INCLK 

signal 
INCLK -0.3 0.8 

VOH 
High-level output voltage, VCC = min, 

2.6 
TTL -level signal 10H = max, 

VOL 
Low-level output voltage, VCC = max, 

0.6 
TTL-level signal IOL = max, 

High-impedance leakage current, I VO=2.8 V 20 
10 

bidirectional pins 
Vcc=max 

I VO-0.6 V -20 

II Input current I All inputs except 
VI=VSS to VCC ±20 

RUN/EMU§ 

VCC - max, 40 MHz 125 

ICC Supply current VCC = max, 50 MHz 150 

VCC = max, 60 MHz 175 

CI Input capacitance 10 

Co 
Output capacitance (except 

10 
address/data lines) 

tFor conditions shown as "min" or "max," use the appropriate value specified under "Recommended Operating Conditions." 
~AII typical values are at VCC=5 V, TA=25°C. 
§RUN/EMU will be no-connected in a typical configuration. The nominal pull-up current will be 250 .p.A. 

UNIT 

V 

V 

V 

V 

p.A 

I'A 

mA 

pF 

pF 

z o 
ti 
::i! 
a: o 
LL 
Z -w 
(.) 
Z 

~ c 
<r: 

ADVANCE INFORMATION conc.ml now products in 
tho umplin. or praproducti .. ph ••• of ..... I.pm.nt 
Characteristic data and other specifications are 
subject to cllan .. without noticL 
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NOTE 

Advance information notices apply only to the TMS34010-60. 

signal transition levels 

===~- - - -~===~:g ~ J _____ ~0.8V 
0.6V 

FIGURE 8. TTL-LEVEL OUTPUTS 

ADVANCE 
INFORMATION 

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

For a high-to-Iow transition on a TTL-compatible output signal. the level at which the output is said to 
be "no longer high" is 2.0 volts, and the level at which the output is said to be "low" is 0.8 volts. For 
a low-to-high transition, the level at which the output is said to be "no longer low" is 0.8 volts, and the 
level at which the output is said to be "high" is 2.0 volts. 

---r===\,--- 2.2 V 

=:1-----\:.:=.0.8 V 

FIGURE 9. TTL-LEVEL INPUTS 

Transition times for TTL-compatible inputs are specified as follows. For a high-to-Iow transition on an input 
signal, the level at which the input is said to be "no longer high" is 2.2 volts, and the level at which the 
input is said to be "low" is 0.8 volts. For a low-to-high transition on an input signal, the level at which 
the input is said to be "no longer !ow" is 0.8 volts, and the level at which the input is said to be "high" 
is 2.2 volts. 

test measurement 

The test load circuit shown in Figure 1 0 represents the programmable load of the tester pin electronics, 
which are used to verify timing parameters of TMS34010 output signals. 

TESTER PIN 
ELECTRONICS 

._..., 
I 
I 
I 
I 

VLOAD 
I OUTPUT 

>--1~-----r--O UNDER 

Where: IOL = 2.0 mA DC level verification (all outputs) 
IOH = 400 p.A (all outputs) 
VLOAD = 1.5 V DC level verification 

0.7 V Timing verification 
CT = 65 pF typical load circuit capacitance 

I TEST 
I 
I 
I 
I 

._-1 

FIGURE 10. TEST LOAD CIRCUIT 
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timing parameter symbology 
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Timing 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 ICK INClK 
CA Column address lR lRDY 
CK lClK 1 and lClK2 OE TR/OE, when used as output enable 
CK1 lClK1 R RAS 
CK2 lClK2 RA Row address 
CS HCS RS HREAD 
D Data RY HRDY 
DD DDOUT S HREAD or HWRITE 
EN DEN TR TR/OE, when used as shift register enable 
F HFSO, HFSl VCK VClK 
HK HlDA/EMUA W Vii 
HR HOLD WS HWRITE 

lowercase subscripts and their meaning are: 

a access time 
c cycle time (period) 
d delay time 
h hold time 
su setup time 

transition time 
w pulse duration (width) 

The following additional letters and symbols and their meaning are: 

H High 
l low 
V Valid 
Z High impedance 
i No longer low 
~ No longer high 
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host interface timing parameters 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

The timing parameters for host interface signals are shown in the next four figures. The purpose of these 
figures and the accompanying table is to quantify the timing relationships among the various signals. The 
explanation of the logical relationships among signals will be found in the TMS34010 User's Guide (number 
SPVU001A). 

The wriie :;iaue reierfed to in the following tab;e is the enabling signa: dUiing a vV'i:ta to one of the host 
interface registers (see comment 2 on the next page). Similarly. the read strobe is the enabling signal during 
a read. 

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. tc(lCK). 

TMS3401 0-40 
TMS3401 0-50 

PARAMETER TMS3401 0-60 UNIT 

MIN MAX MIN MAX 

tsu(FV-Sll 
Setup time of HWRITE/HREAD high or HFSO. 

10 10 
HFS 1 valid to read or write strobel 

ns 

td(WSl-DVI Delay from write strobe l to data in valid. write cycle 2tO 2tO ns 

tdlSl-Sll 
Delay from read or write strobe low to next 

7tO+l0 7tO+l0 
read or write strobel 

ns 

tWISll Duration of read or write strobe low 80 80 ns 

tdiSH-Sll 
Delay from read or write strobe high to next 

60 60 ns 
read or write strobe! 

thIWSH-DVI Hold time of data in valid after write strobe high, write cycle 10, 10 ns 

thISH-FVI 
Hold time of HWRITE/HREAD high or HFSO. 

10 10 ns 
HFS1 valid after read or write strobe high 

thIRSl-DZI 
Hold time of data high impedance after read strobel, O§ O§ 
read cycle 

ns 

tdIRSl-DVI 
Delay from read strobe low to data out valid, 

90 90 
read cycle with no wait 

ns 

th(RSH-DVI Hold time of data out valid after read strobet. read cycle 0 0 ns 

td(RSH-DZI 
Delay from read strobe high to data out high impedance, 

30§ 30§ ns 
read cycle 

thICSl-RYHI Hold time of HRDY high after HCSl, cycle with wait 0 0 ns 

tdlCSl-RYll Delay from HCS low to HRDY low. cycle with wait 40 40 ns 

tw(RYll Pulse duration of HRDY low. cycle with wait t t ns 

tdIRYl-RYHI Delay from HRDY l to HRDY high. cycle with wait 0* 0* ns 

Hold time of write strobe low after HRDYt, 
thIRYH-WSll write cycle with wait 40 40 ns 

tdIRYH-DVI Delay from HRDYt to data out valid. read cycle with wait 40 40 ns 

th(RYH-RSll 
Hold time of read strobe low after HRDYt, 

read cycle with wait 
40 40 ns 

NOTE: Advance information notices apply only to the TMS34010-60. 
t Parameter 14 is a function of local bus memory contention. This parameter is not tested. Refer to the TMS34010 User's Guide for details. 
t:parameter 15 is specified as minimum 0 ns to indicate that a low-going pulse on HRDY can be arbitrarily narrow. 
§These values are derived from characterization and are not tested. 
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general comments on host interface timing 

The following general comments apply to host interface timing: 

1. The HRDY signal is enabled by an active-low level on the HCS input. When HCS is inactive-high, 
HRDY 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 control signals. 

2. 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 strobe. In either case, 
the last of the three signals to make the high-to-Iow 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 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-Iow 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 begin and end the cycle. 

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

4. 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 LCLK2. 

host interface timing: write cycle with no wait 

HFSO, HFS1 W< VALID FUNCTION SELECT ~ 

1-1 -'I 14--7 ---i 
I I t 

HREAD =07~1~ ~7~ '-__ _ 

I I.. 3 ~ _I 
______ 1 I fr' ) 

HCS, HWRITE, -J\.l i ~ -5---.l' 
HLDS,HUDS I~ _ ~ ~~~. __ __ 

I '---4 . I 
I--2 -' --; \--6--' 

I I 

HDO.HD15 ~ VALID DATA IN ~ 

HRDY 
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host interface timing: read cycle with no wait 

HFSO. HFS1 ~ VALID FUNCTION SELECT ~ 
1 ~ I r-- 1 I ~ 7----..( 

HWRITE ~ 1 1 r 
~ i 1 1.-7 ---1\.'-----

14"1--1 I.. 31 .. I 
-----01.1 1 1 I 

HCS. HREAD. ~ ! I' ~ 
HLDS. HUDS 1 \. .f r-- 5 -----i \."' __ _ 

1 L..---- 4 ---i 14" 11-1 
1 1--;-9 j,...1 O...-!+-

to-- 8"t VALID DATA OUT ~,.--------HDO-HD15 --HI-Z 

HRDY 

host interface timing: write cycle with wait 

A-38 

HFSO.HFS1 ~ _________ V_A_LI_D_F_U_N_C_TI_O_N_S_E_LE_C_T ______ ~~ 
~1 I 
r- -r !- 7--1 

~I ! 1 J\ ~ I--t- 1 t- 7 --l '----
I 1~"~----------3-------~1---~"~1 
I 1 1 

HWRITE. ~ ------1{1 1~1"~---------4----------~~{t1 . 
HLDS.HUDS ~ ______________ ~ I _!~ 

I i ~5--t 
I ~1"~---------3-----------+1--------~ .. ~: 

HCS ---~}J:"'-------4------"'11 l\-
II ~13 1 t-- 5-----t 

HRDY 

HDO-HD15 

I ....... _--16 -------.. oj I I 
12~ '--14------1 I 

1 X Jlf I 
I I I 1 I 
I I.. 15 "I ~I 6 
""-2":"; 

~~------V-A-L-ID-D-A-T-A-I-N-----~~ 
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host interface timing: read cycle with wait 

HFSO. HFS1 ~:..-_______ V_A_L_ID_F_U_N_C_TI_O_N_S_E_LE_C_T ________ ..2~ 
I- 1-.J I.-7--l 
1 1 1 1 

1 1 
HWRITE .If 1 1 l' ---./ ~1-l l.-7--l \'----

1 I" 3 I -I 
1 I.. 4 ... : 1 ! 

HREAD. ----..,;tl
l 
~ 1: ~ 

HLDS. HUDS - - r--- 5 ---i '----
II.. 3 1 "'1 
1 I'" 4 .11 1 

HCS -----,jN ,l,f C 
11---+-13 r--1S--f :5---1 

12 --r---' I" 14-----1 1 1 
1 ~~ IAr------+I~I-----------

1 r~: +: :: 
1 I" 15 rl 1 ~11 I--s -----, J-17-l 10-k--"'n 

HDO-HD15 -----------1_ DA~~L~UT ]J.------

HRDY 

TEXAS .." 
INSTRUMENTS 

A-39 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77001 



» 
~ » 
:2 
o 
m 
:2 
." o 
:::D s: 
~ o 
:2 

TMS34010 ADVANCE 
INFORMATION GRAPHICS SYSTEM PROCESSOR 

reset timing 

NO. 

19 

20 

21 

22 

23 

24 

25 

26 

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 
asynchronous inputs that are internally synchronized by latches internal to the TMS34010. The timing 
relationships specified for these signals relative to LCLK 1 need be met only to guarantee recognition of 
a transition of one of these signals at a particular clock edge. The explanation of the logical relationships 
dr.-iong signa;s wi;; be found in the ilviS340iO U:if1r':; Guiut:J. 

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, tc(lCK). 

TMS3401 0·40 
TMS3401 0·50 

PARAMETER TMS34010·60 UNIT 

MIN MAX MIN MAX 

twICSL) 
Duration of HCS low to configure GSP to run 

4tO+55 4tO+55 ns 
in self-bootstrap mode 

tsuICSL-REH) 
Setup time of HCS low to RESETt to configure 

8tO+55 8tO+55 
the GSP to run in self-bootstrap mode 

ns 

Duration of RESET low to ensure that GSP 
twIREL) is properly reset 

160tO-40 16OtO-40 ns 

tdICSH-REH) 
Delay from HCSt to RESET high, end of reset, 

4tO-50t 4tO-50t ns 
to configure GSP to run in self-bootstrap mode 

tsuIREV-CK 1 L) 
Setup time of RESET valid to LCLK H to 

40t 40* 
guarantee recognition at a particular clock edge 

ns 

Hold time of RESET valid after LCLK 1 low to 
10* 10* thlCKl L-REV) 

guarantee recognition at a particular clock edge 
ns 

Setup time of HCS valid to LCLK H to 
40* 40* 

tsuICSV-CKl L) guarantee recognition at a particular clock edge 
ns 

thlCKl L-CSV) 
Hold time of HCS valid after LCLK 1 low to 

10* 10* 
guarantee recognition at a particular clock edge 

ns 

NOTE: Advance information notices apply only to the TMS3401 0-60. 
tparameter 22 is the maximum amount by which the RESET low-ta-high transition can be delayed after the HCS low-ta-high transition 

and still guarantee that the GSP is configured to run in self-bootstrap mode IHL T bit = 0) following the end of reset. HCS may be held 
low for some time past the low-to-high RESET transition, and will be ignored by the GSP for 17 local clock periods following the clock 
edge at which the low-to-high RESET transition is detected. Following completion of the eight RAS-only cycles that automatically follow 
reset, however, a low HCS level will be interpreted as a chip select. 

*RESET and HCS are asynchronous inputs. The specified setup and hold times of these signals with respect to the high-to-Iow transition 
of LCLK 1 need be met only to guarantee that a transition of RESET or HCS is detected by the device at a particular clock edge. 

reset: asynchronous timing relationships 
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TMS34010 
GRAPHICS SYSTEM PROCESSOR 

reset: synchronous timing relationships 

LCLK1J i\ __ -----'r 
23;------t I 

I I !-----+- 24 

RESETt ____ -JX V;UD X,..-----
25-T-----1 I 

I l-----!-- 26 

HCSt ____ -JX VALID X,..----
tRESET and HCS are asynchronous inputs. The specified setup and hold times of RESET or HCS with respect to the high-ta-Iow LCLK 1 
transition must be met only to guarantee that a RESET or HCS transition is detected by the device at a particular clock edge. 

local bus timing parameters 

NO. 

27 

28 

29 

30 

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 purpose of these figures and the accompanying tables is 
to quantify the timing relationships among the various signals. The explanation of the logical relationships 
among signals will be found in the TMS34010 User's Guide (number SPVU001). 

A number of parameter values are expressed in terms of quarter clock time ta, which is one quarter of 
a local clock period, or twice the input clock period, tc(lCK). 

Input clock INCLK is divided internally by 8 to produce output clocks LCLK 1 and LCLK2. 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 LCLK 1 and LCLK2 introduces 
significant propagation delays from the transitions of INCLK to the corresponding transitions of LCLK 1 
and LCLK2. While the frequency of INCLK is precisely eight times the frequency of LCLK 1 or LCLK2, no 
timing relationship other than the frequency is specified between transitions of input clock INCLK and 
transitions of the output clocks LCLKl and LCLK2. 

TMS340 1 0-40 TMS34010-50 TMS3401 0-60 
PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

tc(lCK) Period of INCLK 25 62.5 20 62.5 16.5 62.5 ns 

twIlCKH) Pulse duration of INCLK high 8* 8* 6.5* ns 

tw(lCKL) Pulse duration of INCLK low 8* 8* 6.5* ns 

tt(lCK) Transition time Irise and fall) of INCLK 2t 8 t 2t 8 t 2t 8 t ns 

NOTE: Advance information notices apply only to the TMS34010-60. 
tThese values are based on computer simulation and are not tested. 
*This pulse width is tested at 1.4 volts. 

local bus timing: input clock 
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GRAPHICS SYSTEM PROCESSOR 

local bus timing parameters (continued) 

ADVANCE 
INFORMATION 

Quarter clock time tQ. which appears in the following table. is one quarter of a local output clock period. 
or 2tc(lCK). 

TMS3401 0-40 
TMS3401 0-50 

• w". ...................... ........ ..,...."'."'-v ... ... .... 
MIN MAX MIN MAX 

31 tc(CK) Period of local clocks LCLK1 and LCLK2 8tc(lCK) t Stc(lCK) t ns 

32 tw(CKH) Pulse duration of local clock high 2tO-10 2tO-10 ns 

33 tw(CKL) Pulse duration of local clock low 2tO-10 2tO-10 ns 

34 thICK 1 H-CK2L) Hold time of LCLK2 low after LCLK 1 high to-lO to-10 ns 

35 th(CK1 L-CK2H) Hold time of LCLK2 high after LCLK1 low to-lO to-lO ns 

36 th(CK2H-CK 1 H) Hold time of LCLK 1 high after LCLK2 high ta- 1O ta-lO ns 

37 th(CK2L-CK 1 L) Hold time of LCLK 1 low after LCLK2 low to-lO to-lO ns 

38 thICK 1 H-CK2H) Hold time of LCLK2 high after LCLK 1 high 3tO-10 3tO-10 ns 

39 thICK 1 L-CK2L) Hold time of LCLK2 low after LCLK 1 low 3tO-10 3tO-10 ns 

40 th(CK2H-CK 1 L) Hold time of LCLK 1 low after LCLK2 high 3tO-10 3tO-10 ns 

41 th(CK2L-CK 1 H) Hold time of LCLK 1 high after LCLK2 low 3tO-10 3tO-10 ns 

42 tt Transition time (rise and fall) of LCLK 1 or LCLK2 10 10 ns 

43 tsu(RAV-CK2H) Setup time of row address valid to LCLK2t 4tO-25 4tO-15 ns 

44 t su(CAV-CK2H) Setup time of column address valid to LCLK2t 2tO-25 2tO-15 ns 

45 tsu(LRV-CK2H) Setup time of LRDY valid to LCLK2t 30 t 30 t ns 

46 th(CK2H-LRV) Hold time of LRDY valid after LCLK2 high 0+ 0+ ns 

47 tsu(RAV-CK 1 L) Setup time of row address valid to LCLK 1 j to-25 to-15 ns 

48 tsu(CAV-CK 1 H) Setup time of column address valid to LCLK 1t to-25 to-15 ns 

49 tsu(ALH-CK 1 L) Setup time of LAL high to LCLK 11 2tO-20 2tO-10 ns 

NOTE: Advance information notices apply only to the TMS3401 0-60. 
tThis is a functional minimum and is not tested. This par~meter can also be specified as 4tO' 
tLRDY is a synchronous input sampled during the low-to-high transition of LCLK2. The specified setup and hold times must be met for 
the device to operate properly. 
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local bus timing: output clock and LRDY signal 
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TMS34010 
GRAPHICS SYSTEM PROCESSOR 

NO. PARAMETER 
TMS3401 0-40 

MIN MAX 

50 tdIRL-RL) Delay from RAS~ to lti$~ 8tat 

51 tsulRA V-RL) 
Setup time of row address 

ta- 2O 
valid to RAS~ 

52 
Hold time of row address valid 

tQ-20 th~RL-P .. 4.V' after RAS low 

53 twlRHI Pulse duration, RAS high 3ta-2O 

54 twIRL) Pulse duration, RAS low 5ta-2O 

55 
Setup time of column address 

tsuICAV-ALL) valid to LAL~ 0.5ta- 2O 

56 
Hold time of column address 

0.5ta- 15 thIALL-CAV) valid after LAL low 

57 thIALH-RH) 
Hold time of RAS high 

2ta-2O 
after LAL high 

58 
Hold time of LAL low 

6ta-2O thIRL-ALL) after RAS low 

59 
Hold time of RAS low 

3ta-2O thICL-RL) after~low 

Hold time of W high after 

60 thIRH-WH) after RAS high, shift register 2ta-2O 
transfer follows read 

61 tsuICAV-CL) 
Setup time of column address 

ta- 2O 
valid to ~~ 

62 
Hold time of [A[ low 

4ta-2O thICL-ALL) after CAS low 

63 
Hold time of LAL low 

0.5ta- 15 thICH-ALLI after ~ high, write cycle 

64 thIALL-CH) 
Hold time of CAS high 

0.5ta- 15 
after LAL low 

65 thICH-RH) 
Hold time of RAS high 

2.5ta- 15 
after~high 

66 twlCL) Pulse duration, ~ low 3.5ta- 25 

67 thIRL-CH) 
Hold time of ~ high 

2ta-2O 
after iiAS low 

68 tdIRL-CL) 
Delay time from RAS low 

2ta+2O 
to~low 

Hold time of W high after 

69 thICH-WH) CAS high, shift register 1.5ta- 15 

transfer follows read 

70 
Hold time of CAS low 

5.5ta- 25 thIRL-CL) after RAS low 

71 twlCH) Pulse duration, CAS high 4.5ta- 15 

72 
Hold time of LAL low after 

0.5ta- 15 thIWH-ALL) Vii high, write cycle 

73 tsuIWH-CL) 
Setup time of W high to CAS~, 

4.5ta- 15 
end of write 

NOTE: Advance information notices apply only to the TMS34010-60. 

tThis is a functional minimum and is not tested. 

TMS3401 0-50 

MIN MAX 

8tat 

ta- 15 

tQ-lO 

3ta-1O 

5ta-1O 

0.5ta- 1O 

0.5ta- 1O 

2ta-1O 

6ta-1O 

3ta-1O 

2ta-1O 

ta-1O 

4ta-1O 

0.5ta- 1O 

0.5ta- 1O 

2. 5ta- 1O 

3.5ta- 1O 

2ta-1O 

2ta+ 10 

1.5ta- 1O 

5.5ta- 1O 

4.5ta- 1O 

0.5ta- 1O 

4.5ta- 1O 
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ADVANCE 
INFORMATION 

TMS3401 0-80 
UNIT 

MIN MAX 

8tat ns 

ta- 15 ns 

ta- 5 n. 

3ta-5 ns 

5ta-1O ns 

0.5ta- 1O ns 

0.5ta- 1O ns 

2ta-1O ns 

6ta-1O ns 

3ta-1O ns 

2ta-1O ns 

ta- 1O ns 

4ta-1O ns 

0.5ta- 1O ns 

0.5ta- 1O ns 

2.5ta- 1O ns 

3.5ta- 1O ns 

2ta-1O ns 

2ta+1O ns 

1.5ta- 1O ns 

5.5ta- 1O ns 

4.5ta- 1O ns 

0.5ta- 1O ns 

4.5ta- 1O ns 
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local bus timing: the RAS. CAS. and LAL outputs 
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local bus timing parameters (continued) 

ADVANCE 
INFORMATION 

Quarter clock time tQ. which appears in the following table. is one quarter of a local output clock period. 
or 2tc(lCK). 

NO. PARAMETER 

74 tsuIWL-RL) 
Setup time of W low to RAS.!.. shift register 

transfer cycle 

75 thIRL-WL) 
Hold time of W low after RAS low. shift 

register transfer cycle 

76 tsuITRL-RL) 
Setup time of Tfi/OE low to RAS.!., shift 

register transfer cycle 

77 thIRL-TRL) 
Hold time of TR/OE low after RAS low, shift 

register transfer cycle 

78 thICL-TRL) 
Hold time of TRIOE low after CAS low, shift 

register transfer cycle 

79 tsuITRH-RH) 
Setup time of TR/OE high to RASt, shift 

register transfer cycle 

80 tsuITRH-CH) 
Setup time of TR/'IlE high to CASt, shift 

register transfer cycle 

NOTES: 1. Advance information notices apply only to the TMS34010-60. 
2. Parameters 81 and 82 intentionally omitted. 

TMS3401 0-40 
TMS34010-50 

TMS3401 0-60 UNIT 

MiN iviAX Mit .. MAX 

to-20 to-lO ns 

to-20 to-10 ns 

to-20 to-lO ns 

4tO-20 4tO-10 ns 

2tO-20 2tO-10 ns 

to-20 to-10 ns 

1.5tO-25 1.5tO-10 ns 

." I local bus timing parameters: shift register transfer cycle o 
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local bus timing parameters (continuedl 

TMS34010 
GRAPHICS SYSTEM PROCESSOR 

Quarter clock time tQ, which appears in the following table, is one quarter of a local output clock period, 
or 2tc(lCK). 

NO. PARAMETER 

83 
Access time from liAS low to data 

ta(RL-DVI in valid, read cycle 

84 tsu(CH-ALHI Setup time of ~ high to LAL t 

85 tsuIENH-ALHI Setup time of DEN high to LAL t 

86 
Access time from CAS low to data 

ta(CL-DVI in valid. read cycle 

87 th(CH-DVI 
Hold time of data in valid after ~t, 
read cycle 

88 th(CH-RAZI 
Hold time of row address high impedance after 

CAS high, end of read cycle 

89 thICL-OELI 
Hold time of TR/OE low after ~ low, 

read cycle 

90 tsuICAZ-OELI 
Setup time of column address high impedance 

to TR/OE., read cycle 

91 thIOEH-DVI 
Hold time of data in valid after TR/OEt, 

read cycle 

92 td(CL-OELI 
Delay time from CAS. to TR/QE low, 

read cycle 

93 
Access time from 'i'ii/QE low to data 

ta(OEL-DVI in valid, read cycle 

94 th(OEH-RAZI 
Hold time of row address high impedance 

after TR/OE high, end of read cycle 

95 tw(OELI Pulse duration, 'i'ii/OE low, read cycle 

96 td(CL-ENLI 
Delay time from ~ low 

to DEN low, read cycle 

97 thIENH-DVI 
Hold time of data in valid after DEN I , 

read cycle 

98 lsuICAZ-ENLI 
Setup time of column address high impedance 

to DEN I, read cycle 

99 thIENH-RAZI 
Hold time of next row address high impedance 

after DEN high, end of read cycle 

100 ta(ENL-DVI 
Access time from DEN low to data in valid, 

read cycle 

101 th(ENH-DDHI 
Hold time of DDOUT high after DEN high, 

read follows write cycle 

102 tsu(DDL-ENLI 
Setup time of DDOUT low to DEN I, 

read cycle 

NOTE: Advance information notices apply only to the TMS3401 0-60. 
t 4tO is added to these values for each wait state inserted. 
*These values are derived from characterization and are not tested. 

TMS3401 0-40 
TMS3401 0-50 

TMS3401 0-60 UNIT 

MIN MAX MIN MAX 

5.5tO-401 5.5tO-251 ns 

0.5tO-15 0.5tO-l0 ns 

0.5tO-15 0.5tO-l0 ns 

3.5tO-401 3.5tO-251 ns 

0 0 ns 

1.5tO -10* 1.5tO-l0* ns 

3.5tO-25 3.5tO-l0 ns 

to-l0* to-IO* ns 

0 0 ns 

to+20 to+l0 ns 

2.5tO-401 2.5tO-251 ns 

1.5tO-l0* 1.5tO-IO* ns 

2.5tO-25 2.5tO-l0 ns 

to+20 to+l0 ns 

0 0 ns 

to-l0* to-l0* ns 

1.5tO-l0* 1.5tO-l0* ns 

2.5tO -401 2.5tO-251 ns 

3tO-20 3tO-l0 ns 

to-20 to-1O ns 
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local bus timing: read cycle 
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ADVANCE 
INFORMATION 

local bus timing parameters (continued) 

TMS34D1D 
GRAPHICS SYSTEM PROCESSOR 

Quarter clock time tQ, which appears in the following table, is one quarter of a local output clock period, 
or 2tc(lCK). 

NO. PARAMETER 
TMS34010-40 

TMS3401 0-50 

TMS3401 0-60 UNIT 

MIN MAX MIN MAX 

103 th(ENH-DDLI 
Hold time of DDOUT low after DEN high, 

1.5'0- 15 1.5tO-l0 
read cycle 

ns 

104 tsu(DV-WLI Setup time of data ou' valid to W I, write cycle to-20 to-15 ns 

105 
Hold time of data out valid after W low, 

4tO-20 4tO-l0 th(WL-DVI ns 
write cycle 

106 tsu(WL-RHI Setup time of W low to RAS I, write cycle 2tO-20 2tO-l0 ns 

107 th(RL-DVI 
Hold time of data out valid after RAS low, 

write cycle 
7tO-20 7tO-l0 ns 

108 th(CH-DVI 
Hold time of data out valid after CAS high, 

1.5tO-15 1.5tO-l0 
write cycle 

ns 

109 tsu(WL-CHI Setup time of W low to CASI, write cycle 2.5tO-25 2.5tO-l0 ns 

110 th(CL-DVI 
Hold time of data out valid after CAS low, 

write cycle 
5tO-20 5tO-l0 ns 

111 th(WH-DVI 
Hold time of data out valid after W high, 

write cycle 
1.5tO-15 1.5tO-l0 ns 

112 tw(WLI Pulse duration, W low 2.5tO-25 2.5tO-l0 ns 

113 th(CL-WLI Hold time of W low after CAS low, write cycle 3.5tO-25 3.5tO-l0 ns 

114 tsu(CAV-WHI 
Setup time of column address valid to Wf, 

4.5tO-30 4.5tO -15 
write cycle 

ns 

115 th(RL-WLI Hold time of W low after RAS low, write cycle 5.5tO-25 5.5tO-l0 ns 

116 tsu(RAV-WHI 
Setup time of row address valid to WI, 

6.5tO-35 6.5tO-15 ns 
write cycle 

117 tsu(ENL-WHI Setup time of l5Eiii low to W., write cycle to-20 to-lO ns 

118 th(WH-ENLI Hold time of DEN low after W high, write cycle 1.5tO-15 1.5tO -10 ns 

119 tsuIDDH-ENLI 
Setup time of DDOUT high to DEN I, 

3tO-20 3tO-l0 ns 
write follows read 

NOTE: Advance information notices apply only to the TMS34010-60. 
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local bus timing: write cycle 
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ADVANCE 
INFORMATION 

local bus timing parameters (continued) 

TMS34010 
GRAPHICS SYSTEM PROCESSOR 

Quarter clock time tQ, which appears in the following table, is one quarter of a local output clock period, 
or 2tc(lCK). 

TMS3401 0·40 
TMS34010·50 

NO. PARAMETER TMS34010·60 UNIT 

MIN MAX MIN MAX 

120 tsu(HRV.CK2H) Setup time of HOLD valid to LCLK21 50 t 40t ns 

121 th(CK2H.HRV) Hold time of HOLD valid after LCLK2 high ot ot ns 

122 
Setup time of HLDA/EMUA output valid 

ta- 2O ta- 1O tsu(HKV·CK2L) before LCLK21 ns 

123 th(CK2L·HKL) Hold time of HLDA/EMUA low, after LCLK2 low ta- 15 ta- 15 ns 

124 td(CK2H·DZ) 
Delay from LCLK2 high to LAD pins high 

30 t 30 t 
impedance. bus release 

ns 

125 tsu(RH·CKl H) Setup time of RAS high to LCLK 1 I ta- 2O to-lO ns 

126 thICK 1 H·RH) 
Hold time of RAS driven high after LCLK 1 

to-lOt to-lOt ns 
high, bus release 

127 td(CK2H·RZ) 
Delay from LCLK2 high to RAS high impedance, 

30 t 30 t ns 
bus release 

128 tsu(ALH.CK2H) Setup time of LAL high to LCLK2 I to-20 to-l0 ns 

129 thICK 1 L·ALH) 
Hold time of LAL driven high after LCLK11, 

-5 t -5t 
bus release 

ns 

130 td(CK 1 L·ALZ) 
Delay from LCLK 1 low to LAL high impedance, 

30 t 30 t ns 
bus release 

131 tsu(CH·CK 1 H) 
Setup time of CAS, W, and TR/OE high 

to LCLK1t 
0.5tO-15 0.5tO-l0 ns 

132 thICK 1 H·CH) 
Hold time of CAS, W, and TR/OE 

high after LCLK 1 high, bus release 
to-lOt to-lOt ns 

133 td(CK2H-CZ) 
Delay from LCLK2 high to CAS, W, and TR/OE 

30 t 30 t ns 
high impedance, bus release 

134 tsu(ENH-CK2H) Setup time of DEN or DDOUT high to LCLK 11 to-20 to-l0 ns 

135 th(CK2H-ENH) 
Hold time of DEN and DDOUT high after 

LCLK 11, bus release 
to-lOt to-lOt ns 

136 td(CKl L·ENZ) 
Delay from LCLK 1 low to DEN and DDOUT 

30 t 30 t 
high impedance, bus release 

ns 

137 th(CK2H-DZ) 
Hold time of LAD bus high impedance 

after LCLK21 
-5~ -5~ ns 

138 th(CK2H-RZ) 
Hold time of RAS, CAS, W, LAL, and TRICE 

high impedance after LCLK 1 I 
-5~ -5 t ns 

139 td(CK 1 H-RH) 
Delay from LCLKl high to RAS, CAS, W, LAL, 

and TR/OE driven high, resume bus control 
30 30 ns 

140 th(CK2H·RH) 
Hold time of RAS high after LCLK2 high, 

resumes bus control 
to-15 to-l0 ns 

141 th(CK2H-CH) 
Hold time of CAS, W, and TRICE high 

after LCLK2 high, resume bus control 
-5 t -5t ns 

NOTE: Advance information notices apply only to the TMS34010-60. 
tHOLD is a synchronous input sampled during the low-to-high transition of LCLK2. The specified setup and hold times must be met for 
the device to operation properly. 

tThese values are derived from characterization and are not tested. 
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TMS34010 
GRAPHICS SYSTEM PROCESSOR 

GSP releases control of local bus 

Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

\'----~If ~ II I L-___ _ 

I I I 
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-----~ I I I I I I I 10..-__ _ 
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I I I I I I I 

ii iL11l 
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I I I I :lIJ I I 
II II "III HI-Z--
I I I I 1-t--t-129 

12~ I r- ~: I J.-+.-I 130 

I I' I II I 

LCLK1 / 
----' 

LADO-LAD15 HI-Z-

RAS / 

--------------~ 

LAL ll1" 133-J...--, I I ~HI-Z-
------------------Vl I I I I 

I I--- 132 -r---! I I 
131-+---1 I II I ~136 

CAS. W /\: ~ I ! HI-Z--
TR/QE ________________ ~. --l--13S--.t1 

I II 
134 --+---1 I I 

, 'I 
DEN. DDOUT ______________________ --:II7 "t-H1-Z -

A-52 TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 1 443 • HOUSTON. TEXAS 77001 



TMS34010 
GRAPHICS SYSTEM PROCESSOR 

GSP resumes control of local bus 

LCLK2 / 

1011021031041 
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TMS34010 
GRAPHICS SYSTEM PROCESSOR 

local bus timing parameters (continued) 

ADVANCE 
INFORMATION 

Quarter clock time tQ, which appears in the following table, is one quarter of a local output clock cycle, 
or 2tc(lCK). 

NO. PARAMETER 

142 thICK2H-ENZI 
Hold time of DEN, ODOUT high impedance 

after LCLK2 high, resume bus control 

143 tdICK2H-ENHI 
Delay from LCLK2 high to DEN, and DDOUT 

driven high, resume bus control 

144 tsuIRAV-RLI 
Setup time of row address valid to RAS I, 

CAS-before-RAS refresh 

145 
Hold time of row address valid after RAS low, 

thIRL-RAVI ~-before-RAS refresh 

146 tw(RH) 
Pulse duration, RAS high, start of 

~-before-RAS refresh 

147 twiRL) 
Pulse duration, RAS low, ~-before-RAS 

refresh 

148 tsu(RAV-ALLI 
Setup time of row address valid to LALI, 

~·before-RAS refresh 

149 
Hold time of row address valid after LAL low, 

thIALL-RAVI ~-before-RAS refresh 

150 th(ALL-RHI 
Hold time of RAS high after LAL low, 

CAS-before-RAS refresh 

151 tsu(RH-ALH) 
Setup time of RAS high to LALI, 

CAS-before·RAS refresh 

152 tsu(ALH-CLI 
Setup time of LAL high to CASI, 

CAS-before·RAS refresh 

153 tsu(CL-ALLI 
Setup time of CAS low to LALI, 

CAS-before-RAS refresh 

154 tsu(RH-CLI 
Setup time of RAS high to CASI, 

CAS-before-RAS refresh 

155 tsu(CL-RLI 
Setup time of ~ low to RASI, 

CAS-before-RAS refresh 

156 thIRL-CLI 
Hold time of CAS low after RAS low, 

CAS-before-RAS refresh 

157 
Pulse duration, CAS low, 

tw(CLI CAS-before-RAS refresh 

158 tsu(CH-RL) 
Setup time of CAS high to RAS I, 

CAS-before-RAS refresh 

NOTE: Advance information notices apply only to the TMS34010-60. 
tThese values are derived from characterization and are not tested. 

TMS34010-40 
TMS3401 0-50 

TMS3401 0-60 UNIT 

MIN MAX MIN MAX 

-5 t -5 t ns 

30 30 ns 

2ta-25 2ta-15 ns 

ta- 2O ta- 1O ns 

4ta-2O 4ta-1O ns 

4ta-2O 4ta-1O ns 

ta- 2O ta- 15 ns 

2ta-2O 2ta-1O ns 

ta- 2O ta- 1O ns 

ta- 2O ta-lO ns 

ta- 2O ta-lO ns 

ta- 2O ta-lO ns 

2ta-2O 2ta-1O ns 

2ta-2O 2ta-1O ns 

4. 5ta- 25 4.5ta- 1O ns 

6. 5ta- 25 6.5ta- 1O ns 

3.5ta- 15 3.5ta- 1O ns 
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GRAPHICS SYSTEM PROCESSOR 
TMS34010 

CAS-before-RAS DRAM refresh cvcle timing 

Q4 Ql I Q2 Q3 Q4 I Ql Q2 Q3 Q4 Ql I 
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TMS34010 
GRAPHICS SYSTEM PROCESSOR 

local bus timing parameters (continued) 

ADVANCE 
INFORMATION 

Quarter clock time tQ, which appears in the following table, is one quarter of a local output clock cycle, 
or 2tc(lCK). 

TMS34010-40 
TMS34010·50 

NO. PARAMETER TMS34010-60 UNIT 

MIN MAX MIN MAX 
-

Hold time of RAS high after LCLK2 high, all 

159 th(CK2H-RH) cycles except internal and ta- 15 ta-lO ns 

CAS-before-RAS refresh 

160 tsu(RL-CK2L) 
Setup time of RAS low to LCLK2., all cycles 

except internal and CAS-before-RAS refresh 
ta- 2O ta- 1O ns 

161 th(CKI L-RH) 
Hold time of RAS high after LCLK 1 low, 

ta- 15 ta- 1O 
CAS-before-RAS refresh 

ns 

162 tsu(RL-CK 1 H) 
Setup time of RAS low to LCLK 1 i, 

ta- 2O ta-lO 
CAS-before-RAS refresh 

ns 

163 thiCK 1 L-RL) 
Hold time of RAS low after LCLKI low, 

all cycles except internal 
ta- 15 ta-lO ns 

164 tsu(RH-CK 1 H) 
Setup time of RAS high to LCLK 11, 

all cycles except internal 
ta- 2O ta-lO ns 

165 th(CK2L-ALH) 
Hold time of LAL high after LCLK2 low, 

0.5ta- 15 0.5ta- 1O 
all cycles except internal 

ns 

166 tsu(ALL-CK 1 H) 
Setup time of LAL low to LCLK11, 

0.5ta- 15 0.5ta- 1O 
all cycles except internal 

ns 

167 
Hold time of LAL low after LCLK2 low, 

th(CK2L-ALL) all cycles except internal 
ta- 15 ta-lO ns 

168 t su(ALH-CK2H) 
Setup time of LAL high after LCLK2i, 

all cycles except internal 
ta- 2O ta- 1O ns 

169 thiCK 1 H-CH) 
Hold time of CAS high after LCLK 1 high, 

CAS-before-RAS refresh 
ta- 15 ta- 1O ns 

170 tsu(CL-CK 1 LI 
Setup time of CAS low to LCLK., 

CAS-before-RAS refresh 
ta- 2O ta- 1O ns 

Hold time of CAS high after LCLK2 low, 

171 th(CK2L-CH) cycles except internal, ta- 15 ta-lO ns 

DRAM refresh and CAS-before-RAS refresh 

Setup time of CAS low to LCLK2i, 

172 tsu(CL-CK2H) all cycles except internal, DRAM refresh, ta- 2O ta- 1O ns 

and CAS-before-RAS refresh 

173 th(CK2L-CL) 
Hold time of CAS low after LCLK2 low, all 

cycles except internal and DRAM refresh 
0.5ta- 15 0.5ta- 1O ns 

174 tsu(CH-CK 1 H) 
Setup time of CAS high to LCLK 11, all 

cycles except internal and DRAM refresh 
0.5ta- 15 0. 5ta- 1O ns 

175 thiCK 1 H-WH)TR 
Hold time of W high after LCLK 1 high, 
shift register transfer 

ta- 15 ta- 1O ns 

176 tsu(WL-CK 1 L)TR 
Setup time of W low to LCLKH, 

shift register transfer 
ta- 2O ta- lO ns 

NOTE: Advance inforrl'ation notices apply only to the TMS3401 0-60. 
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ADVANCE 
INFORMATION 

local bus timing parameters (concluded) 

GRAPHICS SYSTEM PROCESSOR 
TMS34010 

Quarter clock time tQ. which appears in the following table. is one quarter of a local output clock cycle. 
or 2tc(lCK). 

NO. PARAMETER 
TMS34010-40 

TMS34010-50 

TMS34010-60 UNIT 

MIN MAX MIN MAX 

177 thiCK 1 L-WLI 
Hold time of W low after LCLK 1 low. 

shift register transfer 
to-15 to-1O ns 

178 tsuIWH-CK I HI 
Setup time of W high to LCLK 1t, 

to-20 to-1O ns 
shift register transfer 

179 thICK1H-WHI Hold time of W high after LCLK 1 high, write to-15 to-1O ns 

180 tsuIWL-CK1LI Setup time of W low to LCLKU, write to-20 to-l0 ns 

1!!1 thICK2L-WL) Hold time of W low after LCLK2 low, write 0. 5tO-15 0.5tO-l0 ns 

182 tsulWH-CKl H) Setup time of W high to LCLK 1 i, write 0.5tO-15 0. 5tO-l0 ns 

183 thiCK 1 L-TRH) 
Hold time of TR/OE high after LCLK 1 high, 

to-15 to-l0 ns 
shift register transfer 

184 tsuITRL-CKl H) 
Setup time of TR/OE low to LCLKU. 

to-20 to-l0 ns 
shift register transfer 

185 thICK2H-TRL) 
Hold time of TR/OE low after LCLK2 high. 

to-15 to-1O ns 
shift register transfer 

186 tsuITRH-CK2L) 
Setup time of TR/OE high to LCLK2., 

shift register transfer 
to-20 to-1O ns 

187 thlCKl H-OEH) Hold time of TR/OE high after LCLK 1 high, read to-15 to-1O ns 

188 tsu IOEL-CKl L) Setup time of TR/QE low to LCLK H, read to-20 to-1O ns 

189 thICK2L-OEL) Hold time of TR/OE low after LCLK2 low. read 0.5tO-15 0.5tO-l0 ns 

190 tsuIOEH-CK 1 H) Setup time of TR/OE high to LCLK 1t, read 0.5tO-15 0.5tO-l0 ns 

191 thICK2L-ENH) Hold time of DEiii high after LCLK2 low, write to-15 to-1O ns 

192 tsuIENL-CK2H) Setup time of DEN low to LCLK2i, read to-20 to-1O ns 

193 thiCK 1 H-ENL) Hold time of DEN low after LCLK I high. write to-15 to-l0 ns 

194 tsuIENH-CK 1 L) Setup time of DEN high to LCLK H. write to-20 to-1O ns 

195 thICK1H-ENH) Hold time of DEN high after LCLK 1 high, read to-15 to-1O ns 

196 tsuIENL-CKl L) Setup time of DEN low to LCLKU, read to-20 to-1O ns 

197 thICK2L-ENL) Hold time of DEN low after LCLK2 low. read 0.5tO-15 0.5tO-l0 ns 

198 tsuIENH-CK 1 H) Setup time of DEN high to LCLK 1 i, read 0.5tO-15 0.5tO-l0 ns 

199 thICK2L-DDH) Hold time of DDDUT high after LCLK2 low. read to-15 10- 10 ns 

200 tsuIDDL-CK2H) Setup time of DDOUT low to LCLK2i, read to-20 10- 10 ns 

201 thiCK 1 H-DDL) Hold time of DDOUT low after LCLK 1 high, read to-15 10- 10 ns 

202 tsuIDDH-CK I L) Setup time of DDOUT high to LCLK 1 •• read to-20 10- 10 ns 

203 thICK2H-ALH) 
Hold time of LAL high after LCLK2 high. 

to-15 to-1O 
CAS-before-RAS refresh 

ns 

204 tsuIALL-CK2L) 
Setup time of LAL low to LCLK2., 

to-20 10- 10 
CAS-before-RAS refresh 

ns 

NOTE: Advance information notices apply only to the TMS3401 0-60. 
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TMS34010 
GRAPHICS SYSTEM PROCESSOR 

local bus timing: relationship of control signals to clocks 

A-58 

I Q1 I Q2 I Q3 I Q4 I Q2 Q3 I Q4 I Q1 I Q2 I 
LCLK1 Ji"'; ---........ !\."' ___ .....JI If ~ i I I 

1 I I 
1 1 

I "f"1 I I LCLK2 1 /! 1 1 
----;1----' 

1 159 I .. 
1 1 

iN 

i 
1 

182 

I 
1 I 

Ij.-.!....:.J I-t 190 
1 , I 

!-t-189 

I 
1 
I 
I 
I 
I 
I 
1 

I 
I 
1-168 

1 1 I 
1 ~193 1 

1 I' I' 1 1 
I 1 r-r192 1 198 -I t->f- I r------t-194 

I N'- ':-~'195 1 197-1 f.-.I- I: I! 1 
1 I I !----+-196 D' 1* r 

191-l----t L :t r 
1 r--t- 200 I 202 +----i 

199 -+----i I 1 I 
------------~ I 201~T~:-------

DDOUT 'i , 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77001 



ADVANCE 
INFORMATION 

TMS34010 
GRAPHICS SYSTEM PROCESSOR 

video interface timing parameters 

Thetiming parameters forTMS3401 Ovideo interface signals are shown in the nextthree tables and diagrams. 
The video interface includes the following TMS34010 pins: VCLK (video input clock), BLANK 
(blanking), HSYNC (horizontal sync, bidirectional), and VSYNC (vertical sync, bidirectional). HSYNC and 
VSYNC are inputs if external sync mode is enabled; otherwise they are outputs. 

video input clock timing parameters 

NO. PARAMETER 

205 tc(VCK) Period of video input clock VCLK 

206 tw(VCKH) Pulse duration of VCLK high 

207 tw(VCKL) Pulse duration of VCLK low 

208 tt(VCK) Transition time (rise and fall) of VCLK 

NOTE: Advance information notices apply only to the TMS3401 0-60. 
tThis value is determined through computer simulation and is not tested. 

video input clock timing 

TMS3401 0·40 
TMS3401 0·50 

TMS3401 0-60 

MIN MAX MIN MAX 

100 80 

40 30 

40 30 

5t 5 t 

I.. 205 ~I 

1--206 --1 j.,...-207---' 1 

VCLKJ \l Y 
208--1 ~ 208 --; ~ 

"\ ~, I Ir __ _ 
)LI:...._ _----=-Y 

video interface timing parameters: outputs 

TMS3401 040 
TMS3401 0-50 

NO. PARAMETER TMS34010-60 

MIN MAX MIN MAX 

209 td(VCKL-HSL) Delay from VCLK low to HSYNC. VSYNC. or BLANK low 30 30 

210 td(VCKL-HSH) Delay from VCLK low to HSYNC, VSYNC. or BLANK high 30 30 

211 th(VCKL-HSH) Hold time of HSYNC. VSYNC, or BLANK high after VCLKl 0 0 

212 th(VCKL-HSL) Hold time of HSYNC, VSYNC, or BLANK low after VCLKl 0 0 

NOTE: Advance information notices apply only to the TMS34010-60. 

video output timing 

VCLK ~F----:--....J/ ~ / 
I 1-209--\ I ~210 

\"----
HSYNC. 
VSYNC 

IOUTPUTS) 

_'1211--l11 212-ji-i I 
"\! II };r-------------

II i II l' I \...209,.Jl"-------t-1 +1 .. """"".1 210 

..... 211--11 212 ~ I X yr------------

UNIT 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 
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TMS34010 
GRAPHICS SYSTEM PROCESSOR 

ADVANCE 
INFORMATION 

video interface timing: external sync inputs 

TMS34010-50 

NO. PARAMETER TMS340 1 0-40 TMS3401 0-60 

MIN MAX MIN MAX 

213 tsu(HSV-VCKH) Setup time of HSYNC, VSYNC valid to VCLKt 20t 20t 

214 th(VCKH-HSV) Hold time of HSYNC, V5YNC valid after VCLK high 20t 20t 

I 215 I tsu(HSH-VCKH) SetuptlmeofRSYNC, VSYNC high to VCLK: 20' 20' 

NOTE: Advance information notices apply only to the TMS34010-60. 
tSpecified setup and hold times on asynchronous inputs are required only to guarantee recognition at indicated clock edge. 
tThis value is determined through computer simulation. 

VCLK I I 
I I 
I I I 

HSYNC, t---214i ~213----l 1----214------.1 j215--t 

VSyNC--------------~~~ill ______________________________ ~}IT 
(INPUTS) ~ l-

INOTE 1) (NOTE 2) 

UNIT 

ns 

ns 

ns 

NOTES: 1. If the falling edge of the sync signal occures more than thISV-VCH) past VCLK edge A, and at least tsu(SV-VCH) before edge 
B, the transition will be detected at edge B instead of edge A. 

2. If the rising edge of the sync signal occurs more than th(SV.VCH) past VCLK edge C, and at least tsu(SV-VCH) before edge 
D, the transition will be detected at edge D instead of edge C. 
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TMS34010 
GRAPHICS SYSTEM PROCESSOR 

MECHANICAL DATA 

~0.25 (0.010) R MAX 

" IN 3 PLACES 

1.27 (0.050) T.P. 
(SEE NOTE B) 

I 0.94 (0.037) R i 0.69 (0.027) 

I 
I 

SEATING PLANE 

~ 0 , I. "." "."" "" .on .,-11 24.13 (0.950) 

25.27 (0.995) 
25.02 (0.985) 

0.81 (0.032) 1 rO.66 (0.026) 

~11t2 (0.060) MIN 

JL'lo.64 (0.025) MIN 

0.51 (0.020) 
0.36 (0.014) 

LEAD DETAIL 

1 

25.27 ( 
25.02 ( 

24.33 (0.956) 
24.13 (0.950) 
(SEE NOTE A) 

1.22 (0.048) x 
1.07 (0.042) 

NOTES: A. Centerline of center pin each side is within 0,10 (0.004) of package centerline as determined by this dimension. 
B. Location of each pin is within 0,127 (0,005) of true position with respect to center pin on each side. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 
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Appendix B 

System Design Considerations 

Please read these emulation guidelines before starting a system design that 
requires use of an XDS emulator. In-circuit emulators place added constraints 
on the system hardware and software design; the XDS TMS34010 emulator 
minimizes these constraints as much as possible. Many of the emulator signals 
come directly from the device itself keeping the delays to a minimum. The 
information provided in this appendix will allow your design to be compatible 
with the TMS3401 0 XDS emulator. 

Topics in this section include: 

Section Page 
B.1 Pin Loading ................................................................................................ B-2 
B.2 Signal Timing and Delay .......................................................................... B-4 
B.3 Transmission Line Phenomena ................................................................ B-5 
B.4 Host Port Operation .................................................................................. B-5 
B.5 Reset Buffering .......................................................................................... B-5 
B.6 Local Ready Timing .................................................................................. B-6 
B.7 Memory Substitution ................................................................................ B-6 
B.8 Write Protecting Memory ......................................................................... B-6 
B.9 Tracing and Cache .................................................................................... B-7 
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Appendix B - System Design Considerations 

B.1 Pin loading 

B-2 

The loading provided by the emulator differs from the device loading; in some 
cases, this additional loading can cause a system to fail or pass. For instance, 
within the emulator the VCLK and INCLK clocks are buffered by an AS157 
device. If the target clocks are driven by an AS driver over a long distance, the 
system may operate satisfactorily with the emulator's loading. When the de­
vice is used, the clocks can ring, causing the system to faiL 

To minimize ringing caused by the emulator, all the outputs and II0s are ter­
minated with 22-ohm series resistors. Most of the signals are connected di­
rectly to the target connector to minimize the added delays. Table 8-1 shows 
the device loads that are placed on the emulator pins. 

In Table 8-1, pin refers to the emulator target pin. An arrow (-+) indicates 
that the specified device drives the device(s) it the arrow points to. Devices 
in parallel are separated by commas; devices in series are in brackets. As an 
example, consider LADO; the pin connects to a 22-ohm series resistor, and the 
other side of the resistor is connected to an ALS245, AS573, and the 
TMS34010. 

Pin Signal 

1 Vss 
2 RUN/EMU 

3 FfE'S"ET 

4 VCLK 

5 INCLK 

6 DNT1 

7 DNT2 

8 'R('j"[[) 

9 LRDY 

10 LADO 

11 LAD1 

12 LAD2 

13 LAD3 

14 LAD4 

15 LAD5 

16 LAD6 

17 LAD7 

18 \ISS 
19 LAD8 

PO - Pull down 
PU - Pull up 
S - Series resistor 
[] - Devices in series 

I/O 

I 

I 

I 

I 

I 

I 

0 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

pin - Emulator target cable pin 

Table B-1. Loading 

Loading 

pin, 4.7KPU, ALS08 

pin, 4.7KPU, TIBPAL-12, TMS9901, ALS574, A5257 
-+ [ALS08 + AS04 + ALS08 + AS874 + AS04] -+ 
TMS34010 

pin, 330PU, 51 OPD, A5157 -+ TMS34010 

pin .... [AS157] -+ TMS34010 

pin, 4.7KPU -+ [A5257] -+ TM534010 

pin, 4.7KPU -+ [AS257] -+ TMS34010 

pin, 4.7KPU, AS874, TMS34010 

pin, 4.7KPU, [TIBPAL-12] -+ TMS34010 

pin .... [22S] .... ALS245, AS573, TMS34010 

pin .... [22S] -+ ALS245, AS573, TMS34010 

pin -+ [22S] -+ ALS245, AS573, TMS34010 

pin -+ [22S] -+ ALS245, A5573, TMS3401 0 

pin -+ [22S] -+ ALS245, AS573, TMS3401 0 

pin -+ [225] .... ALS245, AS573, TMS34010 

pin -+ [22S] .... ALS245, AS573, TMS3401 0 

pin -+ [22S] -+ ALS245, AS573, TMS34010 

pin -+ [225] -+ AL5245, AS573, TMS34010 
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Table 8-1. loading (Continued) 

Pin Signal I/O Loading 

20 LAD9 I/O pin -+ [22S] .... ALS245. AS573, TMS34010 

21 LAD10 I/O pin -+ [22S] -+ ALS245, AS573. TMS34010 

22 LAD11 I/O pin -+ [22S] .... ALS245. AS573. TMS3401 0 

23 LAD12 I/O pin .... [22S] .... ALS245. AS573. TMS34010 

24 LAD13 I/O pin .... [22S] .... ALS245. AS573. TMS34010 

25 LAD14 I/O pin -+ [22S] .... ALS245. AS573. TMS34010 

26 LAD15 I/O pin -+ [22S] .... ALS245, AS573, TMS3401 0 

27 Vee 
28 LCLK1 0 TMS34010. AS244, AS04 .... [22S] .... pin 

29 LCLK2 0 TMS34010, AS244 -+ [22S] .... pin 

30 HSYNC I/O TMS34010, ALS573 .... [22S] .... pin 

31 VSYNC I/O TMS34010, ALS573 .... [225] .... pin 

32 BLANK 0 TMS34010, ALS573 .... [22S] .... pin 

33 HLDA/EMU 0 TMS34010 .... [AS08 + 10S] -+ pin 

34 LAL 0 TMS34010, 100KPU, AS11, AS04 -+ [22S] .... pin 

35 Vss 
36 DDOUT 0 TMS34010 -+ [TIBPAL-12 + 22S] -+ pin 

37 om 0 TMS34010 -+ [TIBPAL-12 + 22S] .... pin 

38 RAS" 0 TMS34010 AS157, 100KPU .... [22S] .... pin 

39 'CAS 0 TMS34010 .... [TIBPAL-12 + 22S] -+ pin 

40 wmTE 0 TMS34010 .... [TIBPAL-12 + 22S] .... pin 

41 TR/QE 0 TMS34010 .... [TIBPAL-12 + 22S] .... AL244, pin 

42 HINT 

43 HRDY 

44 HAD15 

45 HAD14 

46 HAD13 

47 HAD12 

48 HAD11 

49 HAD10 

50 HAD9 

51 HAD8 

52 Vss 
PO - Pull down 
PU - Pull up 
5 - Series resistor 
[] - Devices in series 

0 
0 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

pin - Emulator target cable pin 

TMS34010 ALS244 -+ [22S] .... pin 

TMS34010 -+ [AS08 + 10S] -+ pin 

TMS34010 .... [22S] .... pin 

TMS34010 .... [22S] .... pin 

TMS34010 .... [22S] .... pin 

TMS34010 .... [22S] .... pin 

TMS34010 .... [22S] .... pin 

TMS34010 .... [22S] .... pin 

TMS34010 .... [22S] .... pin 

TMS34010 .... [22S] .... pin 
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Pin Signal 

53 HAD7 

54 HAD6 

55 HAD5 

56 HAD4 

57 HAD3 

58 HAD2 

59 HAD1 

60 HADO 

61 Vee 
62 HU15S 
63 RmS" 
64 '!mEAD 
65 HWRlTE' 
66 'FfCS" 

67 HFSO 

68 HFS1 

PO - Pull down 
PU - Pull up 
S - Series resistor 
[] - Devices in series 

Table B-1. Loading (Concluded) 

I/O Loading 

I/O TMS34010 .... [22S] .... pin 

I/O TMS34010 .... [22S] .... pin 

I/O TMS34010 .... [22S] .... pin 

I/O TMS34010 .... [22S] .... pin 

I/O TMS34010 .... [22S] .... pin 

I/O TMS34010 .... [22S] .... pin 

I/O TMS34010 .... [22S] .... pin 

I/O TMS34010 .... [22S] .... pin 

I pin, 100KPU, TMS34010 

I pin, 1 OOKPU, TMS3401 0 

I pin. 100KPU, ALS573, TMS34010 

I pin, 100KPU, AS573, TMS34010 

I pin, 4.7KPU .... [AS232 + AS08 
ALSOO, ALS74, TI BPAL-12, LS02 

I pin, 100KPU, ALS573, TMS34010 

I pin, 1 OOKPU, ALS573, TMS3401 0 

pin - Emulator target cable pin 

._ .. 

+ TMS3401 0] .... 

B.2 Signal Timing and Delay 

B-4 

The target cable delays all signal timings by approximately four nanoseconds; 
the following signals impose an additional delay: 

Signal Delay Signal Delay 
VCLK 6ns CAS 12ns 
INCLK 6ns WRITE 12ns 
LlNT1 6ns TR/QE 12ns 
LlNT2 6ns LRDY 12ns 
DDOUT 12ns HRDY 6ns 
DEN 12ns HCS 12ns 

Remember these additional delays when you are calculating system timings. 
The cable delays should cancel out when comparing the signal to the clock; 
for instance, the clock is delayed by four nanoseconds and so is the address. 
The problem comes from setup times required by the TMS34010. For in­
stance, CAS out is delayed by 16 nanoseconds and data-in is delayed by four 
nanoseconds. This 20 nanoseconds must be added to the memory access 
time. For this reason, it is important not to use CAS to control LRDY. Both 
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LRDY and CAS are delayed by 12 nanoseconds; combined, this adds 24 na­
noseconds to the LRDY setup, which violates the device requirements. 

B.3 Transmission Line Phenomena 

Since the XDS target cable is approximately 20 inches long, use of advanced 
CMOS or fast/advanced Schottky-TTL may cause line reflections (ringing 
above input thresholds) on input lines to the XDS. Series termination resistors 
(22 to 68 ohms) can help to eliminate this problem. In some cases where 
significant additional signal length is added to XDS outputs, the series resis­
tors on the XDS may not be sufficient to control reflections. In this case, ad­
ditional corrective actions may be necessary. 

B.4 Host Port Operation 

The emulator host port supports two modes of operation: 

• The first mode blocks the host port while the emulator is in control mode 
(that is, not running) and when the XDS emulator requires its internal 
TMS34010 as a resource. Systems that access the host port when in 
control mode have HRDY inactive when they start an access and remain 
inactive until the emulator is put into run mode. This is a problem for 
PCs because they use DMA cycles to perform DRAM refresh and are 
prevented from performing any further memory cycles. 

• The second mode of operation allows host accesses while the emulator 
is in control mode. When the emulator is halted, a snapshot is taken of 
the I/O registers before transferring control to the user. While halted, the 
host has access to the TMS34010's I/O registers and memory space. 
Data read from the I/O and memory space may not represent the actual 
data as the host can be changing the data through the host port. Data 
written through the XDS user interface to any I/O registers or memory 
locations used by the host port can cause unpredictable results. This 
mode is the typical dual-allocation problem that is prevalent in multiport 
memory systems. 

B.5 Reset Buffering 

The RESET input from the target system is buffered so that reset cannot abort 
a memory cycle that is in progress. This is necessary to prevent corruption of 
the substitution memory. Reset is ANDed with RAS and CAS and clocked on 
the rising edge of LCLK1. If reset is active and RAS and CAS are inactive, then 
reset is applied to the processor. While the RESET input is active, internal 
emulator logic provides CAS-before-RAS refreshes for emulator memory, but 
not for your system memory; target memory is not refreshed during reset. 
Therefore, you shouldn't perform a target reset following a download of object 
code into target memory, because this may destroy the contents of target me­
mory. 
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If the target system also generates a reset during the emulator-TMS3401 0 re­
set, and HCS is high (which, under normal circumstances, would halt the 
TMS34010), the emulator reset takes precedence and does not halt the 
TMS34010. 

The ready logic requires special attention; the target system should not depend 
on having CAS to clear ready. This can cause a deadlock situation if the me­
mory is write protected. In this case, the emulator blocks the CAS output to 
the target and the target system is locked waiting for CAS to release LRDY. 
Thus, if you are working with the emulator and write-protecting memory, your 
ready logic should use a combination of RAS and clock delays instead of CAS. 

B.7 Memory Substitution 

The 256K bytes of substitution memory is implemented with two banks of 
64Kx4 DRAMs. This memory can be mapped on 2K word boundaries. The 
memory can be selected as write-only using the memory protect feature de­
scribed below. When a memory access is made that is mapped into substi­
tution memory the signals are modified as follows: 

• DEN, CAS, WR, and TR/QE are blocked from going active. 

• Ready is accepted from the target to allow adding wait states to the 
substitution memory. 

Ready should not be controlled by DEN, CAS, WR or TR/OE because these sig­
nals are blocked and a deadlock condition would take place. 

All the other signals operate as though a standard memory cycle were taking 
place. Be aware that when you're using substitution memory, it can only be 
accessed by the processor and host port and cannot be accessed when the 
TMS34010 is put into hold. The target system should not drive the LAD bus 
unless CAS and DEN are active. 

B.8 Write Protecting Memory 
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The emulator allows memory to be write-protected in blocks of 2048 words. 
The memory can be external memory as well as the substitution memory. The 
memory write operations are inhibited by blocking the CAS output. As with 
the substitution memory, ready should not be controlled by CAS because a 
deadlock condition will take place. External system memory is only write 
protected from CPU and host accesses and not DMA accesses initiated with 
a HOLD/HOLDA sequence. 
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B.9 Tracing and Cache 

Please note that the breakpoint trace and timing capabilities are used to mon­
itor bus activity. The TMS3401 O's pipelined-cache-based architecture fetches 
the current instruction and the three associated instructions in the cache sub­
segment when a cache miss occurs. This is indicated as four fetches even 
though only one instruction may be executed. Also, when the cache is ena­
bled, code already located in cache does not generate any instruction-fetch 
activity on the memory bus when it is executed. If you want to create a com­
plete trace history, run the TMS34010 with cache disabled. By disabling 
cache, all instructions executed are moved over the external memory bus every 
time they are executed, allowing them to be captured in the trace buffer. 
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Appendix C 

Software Compatibility with Future GSPs 

This appendix provides guidelines for writing TMS34010 programs that will 
be compatible with future versions of TMS340xO devices. In some cases, 
following these guidelines may not produce the fastest TMS34010 code; 
however, your code should run without modification on future GSPs. 

These guidelines cover several areas: 

Section Page 
C.1 General Guidelines .................................................................................... C-2 
C.2 Graphics Compatibility ............................................................................. C-2 
C.3 Memory Map Compatibility ..................................................................... C-3 
C.4 1/0 Register and Video Timing Compatibility ....................................... C-4 
C.5 Interrupts Compatibility ............................................................................ C-4 
C.6 Host Interface Compatibility .................................................................... C-5 

C-1 
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C.1 General Guidelines 

• Future GSPs may have different instruction execution times than the 
TMS34010 has; therefore, timing loops based on TMS3401 0 instruction 
execution time may not be compatible with future GSPs. Even if future 
devices are generally faster than the TMS3401 0, specific cases may run 
slower. To avoid this, timing could be based on DPYINT (the display 
interrupt) or on an external tirile SOiin~e (via LINT1 Oi LINT2). Nota that 
if you use DPYINT, you must consider different display resolutions and 
refresh rates. 

• For optimum performance on future GSPs, align data on 32-bit bound­
aries (instead of 16-bit boundaries). This could reduce the number of 
memory cycles for future GSPs, and in most cases will have little impact 
on the TMS3401 O. In particular, keeping the stack pointer (SP) aligned 
to 32-bit boundaries will speed up subroutine calls and interrupts. 

• Future GSPs may use the reserved bits in the status register and in the 
I/O registers. During context switches, the values of reserved bits should 
be saved and restored as if they were valid; do not assume that these bits 
have known values. If you don't follow this guideline, your code may 
inadvertently enable/disable new options or features. 

Unless otherwise noted in this user's guide, when reserved bits have a 
value of 0, they will cause future GSPs to behave like the TMS34010. 
However, you should not set these bits to 0, because this may incorrectly 
reset a bit. 

• Use the REV instruction to determine which version of the GSP you are 
using. You can use this instruction to decide whether to enable or dis­
able version-dependent code. 

• Instruction cache statistics characteristics (including cache size, loading 
order, number of bytes loaded per cache miss, and time per cache fetch) 
may differ between versions of GSPs. Code should not depend on the 
state of any of these characteristics. 

C.2 Graphics Compatibility 
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• Extend the values in the COLORO and COLOR1 registers to 32 bits. The 
TMS34010 uses only the 16 LSBs of these registers; future GSPs may 
use all 32 bits. 

• Treat the PMASK register as a 32-bit register. The TMS3401 0 uses only 
the 16 bits at address OC0000160h; however, future GSPs may also use 
the 16 bits at address OC0000170h. Whenever you save/restore the 
value at OC0000160h, you should also save/restore the value at 
OC0000170h. 

• When you save/restore the graphics context (this includes all graphics 
operations control registers), you should also save/restore the I/O reg-
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isters that are reserved in the TMS34010 I/O register map (addresses 
OC0000130h-OC00001 AOh). 

• At initialization, load register B13 with all 1 s. Future GSPs may use B13 
as a pattern register; if you don't set B13 to the suggested value, future 
devices may draw a patterned line where the TMS3401 0 would draw a 
solid line. 

• If an instruction uses the CONVSP register, then SPTCH (B1) must 
agree with CONVSP (the 5 LSBs of CONVSP must equal the 1 s com­
plement of 1092 SPTCH, which is given by the LMO of SPTCH). Future 
GSPs may have instructions that use SPTCH to determine the pitch val­
ues instead of using CONVSP; that is, the instruction may perform the 
1092 conversion automatically. 

Set the 11 MSBs of CONVSP to 0; the TMS34010 ignores the values 
of these bits, but future GSPs may use these bits. 

• If an instruction uses the CONVDP register, then DPTCH (B3) must 
agree with CONVDP (the 5 LSBs of CONVDP must equal the 1 s com­
plement of 1092 DPTCH, which is given by the LMO of DPTCH). Future 
GSPs may have instructions that use DPTCH to determine the pitch va­
lues instead of using CONVDP; that is, the instruction may perform the 
1092 conversion automatically. 

Set the 11 MSBs of CONVDP to 0; the TMS34010 ignores the values 
of these bits, but future GSPs may use these bits. 

C.3 Memory Map Compatibility 

• The 32 16-bit words following the TMS3401 0 I/O registers (addresses 
OC0000200h-oC00003FOh) are currently reserved. Future GSPs may 
use these addresses for additional I/O registers, so do not write code that 
uses these addresses. 

• Do not use any reserved addresses in the TMS3401 0 memory map; fu­
ture GSPs may use these locations. Specifically, address OFFFFEOOOh, 
which is currently reserved, may be used for system configuration infor­
mation. 

C-3 
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C.4 I/O Register and Video Timing Compatibility 

• Future GSPs may use different I/O registers to control video timing and 
VRAM shift register control. The vertical and horizontal counters may 
still be accessible at their current locations. DPYADR, DPYCTL, 
DPYSTRT, and DPYTAP may have new functions and/or addresses. 
HESYNC, HEBLNK, HSBLNK, HTOTAL, VESYNC, VEBLNK, VSBLNK, 
and VTOTAL may have simiiar functions but different addresses. These 
video control functions may be redefined so that future GSPs can take 
advantage of new advances in video RAM technology. 

• Code that accesses video timing registers should be separated from other 
code so that you can easily replace it. 

• Future GSPs may use different DRAM refresh methods; the TMS3401 0 
provides control every 32 or 64 CPU cycles, and it may be necessary to 
have more control. 

c.s Interrupts Compatibility 
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• Interrupt service routines should not make assumptions about the state 
of the stack (except for the location of the ST and the PC). Future GSPs 
may push additional parameters or status information on the stack before 
pushing the PC and ST. 

Note: 

You must use RETI to return from an interrupt service routine. This en­
sures that any additional parameters that future GSPs may push on the 
stack will also be popped from the stack, and also ensures that the correct 
internal registers will be restored. 

• PIXBLT interruption may behave differently on future GSPs. An inter­
rupted PIXBLT may store status information on the stack instead of in 
registers, and different information may be stored. 

Note: 

Do not modify values stored in the register file by an interrupted PIXBLT. 
Future GSPs may not use this information or these locations. 

• Opcodes that the TMS34010 flags as illegal may be valid opcodes for 
future GSPs. Therefore, if you want to use a software trap, use the TRAP 
instruction instead of an illegal opcode. 

• Traps 3-7 and 12-15 are reserved for future interrupts. 
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C.6 Host Interface Compatibility 

• Certain features of the TMS3401 0 host interface may need to be imple­
mented in external hardware for future GSPs. However, the host inter­
face registers and their functions wi" remain the same so that TMS3401 0 
code that uses these registers wi" be compatible with future GSPs. 

• Code written for a host processor that accesses the GSP host interface 
may have to be modified to comprehend a modified host interface. 
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Glossary 

aliasing: A stairstep effect on a raster display of a line or arc segment. 

antialiasing: A method for reducing the severity of aliasing effects seen in 
lines and edges drawn on a bit-mapped display device. This method adjusts 
the intensity of a pixel used to represent a portion of a line or edge according 
to the pixel's distance from the line or edge. Antialiasing requires that the 
display device be capable of producing one or more intermediate intensity 
levels between bright and off. 

asynchronous communications: A method of transmitting data in which 
the timing of character placement of connecting transmitting lines is not crit­
ical. The transmitted characters are preceded by a start and followed by a stop 
bit, thus permitting the interval between characters to vary. 

aspect ratio: The ratio of width to height. For the rectangular picture 
transmitted by a television station, the aspect ratio is 4:3. 

back porch: The portion of a horizontal blanking pulse that follows the 
trailing edge of the horizontal synchronizing pulse. 

background illumination: The average brightness of a screen. 

bandwidth: The number of bits per second that can be transferred by a 
device. 

binary array: Alternate name for a two-dimensional bit map in which each 
pixel is represented as single bit. 

BitBlt: Bit aligned block transfer. Transfer of a rectangular array of pixel 
information from one location in a bitmap to another with potential of applying 
1 of 16 boolean operators during the transfer. 

bit map: 1. The digital representation of an image in which bits are mapped 
to pixels. 2. A block of memory used to hold raster images in a device-specific 
format. 

bit plane: Hardware used as a storage medium for a bit map. 

black level: The amplitude of the composite signal at which the beam of the 
picture tube is extinguished (becomes black) to blank retrace of the beam. 
This level is established at 75% of the signal amplitude. 

blanking signal: Pulses used to extinguish the scanning beam during hor­
izontal and vertical retrace periods. 
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breakpoint: A place in a routine specified by an instruction, instruction di­
git, or other condition, where the routine may be interrupted by external in­
tervention or by a monitor routine. 

clipping: Removing parts of display elements that lie outside a given boun­
dary, usually a window or a viewport. 

comDosite video: The color-oicture siamlf ollis ;:III hl;:lnkinn ;:Inn svnr.hrn-
nizing signals. The signal i~clud'es i~~i~a~nc-e ';;nd-chro~-i~a-~~~ ;ig~';I~~-~~rti­
cal- and horizontal-sync pulses, vertical- and horizontal-sync pulses, 
vertical-and horizontal-blanking pulses, and the color-burst signal. 

DAC: Digital-to-analog converter. A device that converts a digital input 
code to an analog output voltage or current. The analog output level repres­
ents the value of the digital input code. 

direct access: Pertaining to the process of obtaining data from, or placing 
data into, storage where the time required for such access is independent of 
the location of the data most recently obtained or placed in storage. 

display area: The rectangular part of the physical display screen in which 
information coded in conformance with a video encoding standard is visibly 
displayed. The display area does not include the border area. 

display element: A basic graphic element that can be used to construct a 
display image. 

display memory: The area of memory which is used to hold the graphics 
image output to the video monitor. 

display pitch: The difference in memory addresses between two pixels that 
appear in vertically adjacent positions (one directly above the other) on the 
screen. 

display unit: A device which provides a visual representation of data. 

dot clock: The dot clock cycles the rate at which video data is output to a 
CRT monitor. 

DRAM refresh: The operation of maintaining data stored in dynamic 
RAMs. Data are stored in dynamic RAms as electrical charges across a grid 
of capacitive cells. The charge stored in a cell will leak off over time. 

execution unit: The portion of a central processing unit that actually exe­
cutes the data operations specified by program instructions. 

field: 1. A group of contiguous bits in a register or memory dedicated to a 
particular function or representing a single entity. 2. A software-configurable 
data type in the TMS3401 0 whose length can be programmed to be any value 
in the range 1 to 32 bits. 

fill: Solid coloring or shading of a display surface, often achieved as a pat­
tern of horizontal segments. 

frame: 1. The time required to refresh an entire screen. 2. The screen image 
output during a single vertical sweep. 
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frame buffer: A portion of memory used to buffer rasterized data to be 
output to a CRT display monitor. The contents of the frame buffer are often 
referred to as the bit map of the display and contain the logical pixels corre­
sponding to the points on the monitor screen. 

front porch: The portion of a horizontal blanking pulse that precedes the 
leading edge of the horizontal sync pulse. 

GKS: Graphical Kernel System. An application programmer's standard in­
terface to a graphics display. 

glue logic: The small- and medium-scale-integrated devices necessary to 
complete the interface between two or more large or very-large-scale inte­
grated devices. 

gray scale: A scale of light intensities from black to white. 

GSP: Graphics System Processor. A single-chip device embodying all the 
processing power and control capabilities necessary to manage a high­
performance bit-mapped graphics system. The TMS34010 is the first such 
device. 

high-impedance: The third state of a three-state output driver, in which the 
output is driven neither high or low but behaves as an open connection. 

hold signal: A signal from a device capable of controlling a processor bus 
(for example, a processor or a DMA controller) which the device sends to a 
bus arbiter to request control of the bus. Typically, the arbiter signals the 
granting of the request by sending a hold-acknowledgement signal to the re­
questing device. 

hold time: The minimum amount of time that valid data must be present at 
an input after the device is clocked to ensure proper data acceptance. 

horizontal blanking interval: The time during which the display is 
blanked to cover the horizontal retracing of the electron beam. 

horizontal sync: The synchronization signal that enables horizontal retrace 
of the electron beam of a CRT display. 

icon: A graphic symbol representing a menu item. 

interlaced scanning: A system of TV-picture scanning. Odd-numbered 
scanning lines, which make up an odd field, are interlaced with the even­
numbered lines of an even field. The two interlaced fields constitute one 
frame. In effect, the number of transmitted pictures is doubled, thus reducing 
flicker. 

lookup table: A table used during scan conversion of the digital image that 
converts color-map addresses into the actual color values displayed. 

LRU: Least-recently-used cache-replacement algorithm. When a cache miss 
occurs, a cache-replacement algorithm selects which cache segment will be 
overwritten, based on the likelihood that the data in the discarded segment 
will not be needed again for some time. The LRU algorithm selects the seg­
ment which was used least recently. 
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mask: A pattern of characters that is used to control the retention or elimi­
nation of portions of another pattern of characters. 

memory map: A map of memory space partitioned into functional blocks. 

monotonicity: The quality of proceeding in a uniform manner. For exam­
ple, the analog level output from a DAC should increase with each increase in 
the value of the digital input code. 

multiplexing: Refers to a process of transmitting more than one set of sig­
nals at a time over a single wire or communications link. 

NABTS: North American Broadcast Teletext Specification 

NAPLPS: Abbreviation for the North American Presentation Level Protocol 
Syntax, which is a proposed standard for Videotex services. 

nonmaskable interrupt: An interrupt request that cannot be disabled. 

NMI: Nonmaskable interrupt. The NMI is an interrupt that is permanently 
enabled; it cannot be disabled. 

NTSC: Abbreviation for the National Television System Committee, a group 
representing a wide range of interests in the television broadcast and video 
industry. The NTSC is instrumental in developing standards. 

operand: That which is operated upon. An operand is usually identified by 
an address part of an instruction. 

origin: The zero intersection of X and Y axes from which all points are cal­
culated. 

overlay: The plane of a graphics display that can be superimposed on an­
other plane. 

pack: To compress data in a storage medium by eliminating redundant in­
formation in such a way that the original data can later be recovered. 

palette: A digital lookup table used in a computer graphics display for 
translating data from the bit map into the pixel values to be shown on the 
display. 

pan: Apparent horizontal or vertical movement of a computer graphics screen 
(or window) over an image contained in a frame buffer that is too large to be 
completely displayed in a single static picture. 

phase: The time interval for each clock period in a system is divided into two 
phases. One phase corresponds to the time the clock signal is high, and the 
other phase corresponds to the time the clock signal is low. 

PHIGS: The programmer's Hierarchical Interactive Graphics Standard 

pipelining: A design technique for reducing the effective propagation delay 
per operation by partitioning the operation into a series of stages, each of 
which performs a portion of the operation. A series of data is typically clocked 
through the pipeline in sequential fashion, advancing one stage per clock pe­
riod. 
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pitch: The difference in starting addresses of two adjacent rows of pixels in 
a two-dimensional pixel array. 

pixel: Picture element. 1. The smallest controllable point of light on a CRT 
display screen. 2. In a bit-mapped display, the logical data structure that 
contains the attributes to be shown at the corresponding physical pixel posi­
tion on the CRT display screen. 

pixel processing operation: A specified Boolean or arithemetic operation 
used to combine two pixel values (source and destination). 

PixBlt: (Abbreviation of Pixel Block transfer) Operations on arrays of pixels 
in which each pixel is represented by one or more bits. PixBlt operations are 
a superset of BitBlt operations, and include not only the commonly-used 
boolean functions, but also integer arithmetic and other multi-bit operations. 

plane: (Also bit plane or color plane.) A plane is a bit-map layer in a display 
device with mUltiple bits per pixel. If the pixel size is n bits, and the bits in 
each pixel are numbered 0 to n-1 , plane 0 is made up of bits numbered 0 from 
all the pixels, and the plane n-1 is made up of bits numbered n-1 from all the 
pixels. A layered graphics display allows planes or groups of planes to be 
manipulated independently of the other planes. 

primary colors: A set of three colors from which all other colors may be 
regarded as derived; hence, any of a set of visual stimuli from which all colors 
may be produced by mixture. Each primary color must be different from the 
others, and a combination of two primaries must be capable of producing a 
third. In color television, the three primary colors are red, green and blue. 

propagation delay: The time required for a change in logic level at an input 
to a circuit to be translated into a resulting change at an output. 

protocol: A set of rules, formats, and procedures governing the exchange 
of information between peer processes at the same level. 

pulse width: Pulse width, T w. The time interval between specified refer­
ence points on the leading and trailing edges of the pulse waveform. 

Random Access Memory (RAM): A memory from which all information 
can be obtained at the output with approximately the same time delay by 
choosing an address randomly and without first searching through a vast 
amount of irrelevant data. 

raster: A rectangular grid of picture elements whose intensity levels are 
manipulated to represent images. In a bit-mapped display, the bits within a 
portion of the memory referred to as the frame buffer are mapped to the raster 
pattern of a CRT monitor. 

raster display: A CRT display generated by an electron beam that illumi­
nates the CRT by sweeping the beam horizontally across the phosphor surface 
in a predetermined pattern, providing substantially uniform coverage of the 
display area. 

raster graphics: Computer graphics in which a display image is composed 
of an array of pixels arranged in rows and columns. 
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Raster-Op: The arithmetic or logical combination operation that takes place 
during the transfer of pixel arrays from one location to another. 

raster scan: The grid pattern traced by the electron beam on the face of the 
CRT in a television or similar raster-scan display device. 

ready signal: A signal from a memory or a memory-mapped peripheral that 
informs the processor when it is ready to complete a memory cycle. Slower 
memories or memory-mapped peripherais must extend the length of the me­
mory cycle by negating the ready signal (in other words, by sending the pro­
cessor a "not ready" signal until such time as the cycle can be completed. 

resolution: The number of visible distinguishable units in the device coor­
dinate space. 

refresh: Method which restores charge on capacitance which deteriorates 
because of leakage. 

reset: To restore to normal action. 

resolution: The number of visible distinguishable units in the device coor­
dinate space. 

retrace: The line traced by the scanning beam or beams of a picture tube 
as it travels from the end of one horizontal line or field to the beginning of the 
next line or field. 

RGB monitor: Red-Green-Blue Monitor. An RGB monitor is a CRT moni­
tor capable of displaying colors and having separate inputs for the three sig­
nals used to drive the red, green and blue guns of the CRT. 

relative coordinates: Location of a point relative to another data point. 

rotate: To transform a display or display item by revolving it around a spe­
cified axis or center point. 

scale: A size change made by mUltiplying or dividing the coordinate dimen­
sions by a constant value. 

scale factor: The value by which you divide or multiply the display dimen­
sions in a scaling operation. 

scaling: Enlarging or reducing all or part of a display image by multiplying 
the coordinates of display elements by a constant value. 

scan line: A horizontal line traced across a CRT by the electron beam in a 
television or similar raster-scan device. 

screen refresh: The operation of dumping the contents of the frame buffer 
to a CRT monitor in synchronization with the movement of the electron beam. 

scrolling: Moving text strings or graphics vertically or horizontally. 

segment: A collection of display elements that can be manipulated as a unit. 

sequencing: Control method used to cause a set of steps to occur in a 
particular order. 
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setup time: The minimum amount of time that valid data must be present 
at an input before the device is clocked to ensure proper data acceptance. 

shift register transfer: A transfer between the RAM storage and internal 
shift register in a video RAM. 

sprite: A graphic object of a specified pattern appearing on its plane in a 
position determined by a single coordinate pair, specifying the sprite's location 
on the screen in the horizontal and vertical axis. 

stairstepping: A visual effect seen in bit-mapped display devices which 
produce images by brightening or dimming individual picture elements (or 
pixels) contained in a two-dimensional grid of such elements. Stairstepping 
(also called aliasing) is the rough or jagged appearance of lines and edges 
which are not perfectly horizontal or vertical, resulting from transitions of the 
line or edge from one row or column of elements to another. 

superimposed: Refers to the process that moves data from one location to 
another, superimposing bits or characters on the contents of specified lo­
cations. 

tap point: The column address provided to a VRAM during a memory-to­
shift-register cycle. The column address specifies the point at which the shift 
register is to be "tapped;" in other words, which cell of the shift register is to 
be connected to the serial output of the VRAM. 

trace: A line of the graphics display. 

transformation: Geometric alteration of a graphics display, such as scaling, 
translation, or rotation. 

transparency: When a pixel with the attribute of transparency is written to 
the screen, it is effectively invisible, and does not alter that portion of the 
screen it is written to. For example, in a pixel array containing the pattern for 
the letter A, all pixels surrounding the A pattern could be given a special value 
indicating that they are transparent. When the array is written to the screen, 
the A pattern, but not the pixels in the rectangle containing it, would be in­
visible. 

VOl: Virtual Device Interface. The standard interface between the device­
independent and the device-dependent levels of a graphics system. 

VOM: Virtual Device Metafile. A standard mechanism for retaining and and 
transporting graphics data and control information at the level of the Virtual 
Device Interface. 

vertical blanking interval: The time during which the display is blanked 
to cover the vertical retracing of the electron beam. 

vertical blanking pulse: A positive or negative pulse developed during 
vertical retrace and appearing at the end of each field. It is used to blank out 
scanning lines during the vertical retrace interval. 

vertical sync: The synchronization signal that enables vertical retrace of the 
electron beam of a CRT display. 

video display processor: A microprocessor device dedicated to the tasks 
of display memory management (storage, retrieval, and refresh) and gener-
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ation of all required video, control, and synchronization signals required by a 
TV display or CRT monitor. 

video overlay: The mixing of one video signal with another such that parts 
of the image carried by the first signal replace the corresponding parts of the 
image carried by the second signal. 

video RAM, VRAM: Video Random-Access Memorv. A dual-Dorted me­
mory device for computer graphics applications, containing two· interfaces; 
one interface to allow a processor to read or write data from an internal mem­
ory array; a second interface to provide a serial stream of screen refresh data 
to a CRT display device. 

viewport: The specified window on the display surface that marks the limits 
of a display. 

virtual coordinate system: A coordinate system created by mapping a 
portion of the world coordinate system to the space available on your device. 

virtual space: Space referenced with the coordinates defined by the appli­
cation. 

wait state: A clock period inserted into a memory cycle in order to permit 
accesses of slower memories and slower memory-mapped peripherals. 

window: A specified rectangular area of a virtual space shown on the dis­
play. 

window clipping: Allowing text and graphics drawing to occur only within 
a specified rectangular window on the screen. 

wire frame: A three-dimensional image displayed as a series of line seg­
ments outlining its surface. 

zoom: To scale a display or display item so it is magnified or reduced on the 
screen. 
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ABS instruction 12-35 
absolute branch 5-19 
absolute operands 12-5 
ADD instruction 12-36 
add with saturation 7 -16 
ADDC instruction 12-37 
ADDI instruction 12-38, 12-39 
ADDK instruction 12-40 
addressing 3-2-3-3 
addressing modes 12-4 
ADDXY instruction 12-41 
A-file registers 5-2 
airbrush effect 7 -23 
ALU 1-6 

12-42 
12-43 
12-44 
12-45 

AN D instruction 
ANDI instruction 
ANDN instruction 
ANDNI instruction 
antialiasing 7-23 
applications 1 -8 
arithmetic instructions 
array pitch 4-16 

12-19 

B 

background color register 5-15 
bank selection 11 -25 
barrel shifter 1 -6 
B-file registers 5-3, 5-5-5-17 
BLANK 2-9, 9-3 
blanking 2-9,6-27,6-29,6-49,6-51 
block diagram 1-5 
Boolean operations 7 -1 7 
Boolean pixel processing 6-13 
Bresenham line algorithm 7-2,7-10 
BTST instruction 12-46, 12-47 
bulk initialization of VRAMs 9-18, 9-26 
bus request priorities 11 -4 
bus request signal 2-10 
byte addressing 10-20 
bytes 4-1 
BO (SAD DR) 5-6 
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B1 (SPTCH) 5-7 
B10 (COUNT) 5-17 
B11 (INC1) 5-17 
B12 (INC2) 5-17 
B13 (PATTRN) 5-17 
B13 (TEMP) 5-17 
B2 (DADDR) 5-8 
B3 (DPTCH) 5-10 
B4 (OFFSET) 5-11 
B5 (WSTART) 5-12 
B6 (WEND) 5-13 
B7 (DYDX) 5-14 
B8 (COLORO) 5-15 
B9(COLOR1) 5-16 

c 
Cbit 5-18 
C compiler 1-12 
cachedisable 6-14 
cache hit 5-22 
cache miss 5-22 
cache replacement algorithm 5-21 
CALL instruction 12-48 
CALLA instruction 12-49 
CALLR instruction 12-50 
Cartesian coordinates 4-16 
CAS 2-7,11-2 
CD bit 5-24,6-11,6-14 
CF bit 5-23, 5-24, 6-32, 6-33 
chip select pin 2-5 
clearing ... 

a register 12-51 
the carry bit 12-52 

clock timing logic 1 -7 
CLR instruction 12-51 
CLRC instruction 12-52 
CMP instruction 12-53 
CMPI instruction 12-54, 12-55 
CMPXY instruction 12-56 
Cohen-Sutherland algorithm 7-30 
color planes 7 -12 
color-expand operation 7-5 
COLORO register 5-15 
COLOR1 register 5-16 
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column address strobe 2-7 
compare instructions 12-19 
compare point to window 7-3 
context switching instructions 12-29 
CONTROL 6-11 
CONTROL register 6-11 
CONVDP 7-4 
CONVDP register 4-12,6-15 
conversion factor 6-15, 6-16 
CONVSP 7-4 
CONVSP register 4-12,6-16 
COUNT register 5-17 
CPW instruction 12-57 
CVXYL instruction 12-59 

o 
DADDR register 5-8 
data enable pin 2-7 
data paths 1 -6, 5-25 
data select pins 2-5 
data structures 

bytes 4-1 
fields 4-1, 4-2-4-5 
pixel arrays 4-1 
pixels 4-1,4-6-4-10 

DDOUT 2-7, 11-2 
DEC instruction 12-61 
DEN 2-7,11-2 
destination address register 5-8 
destination conversion factor 6-15 
destination pitch register 5-10 
development tools list 1 -3 
DIE bit 6-40 
DINT instruction 12-62 
DIP bit 6-41 
direct operands 12-6 
display interrupt 8-5, 9-13 
display memory 9-18 
display pitch 4-10,5-7,5-10,6-15, 

6-16,9-18 
DIVS instruction 12-63 
DIVU instruction 12-65 
dot rate 9-14 
DPTCH register 5-10,6-15 
DPYADR register 6-17 
DPYCTL register 6-19 
DPYINT register 6-23 
DPYSTRT register 6-24 
DPYTAP register 6-25 
DRAM 6-11,11-5 
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refresh cycles 6-11 
refresh interval 6-46 
refresh rate 6-11 

DRAM refresh 11-11,11-12,11-25 
DRAV instruction 12-67 
draw and advance 7-10 
DSJ instruction 12-70 
DSJEQ instruction 12-71 
DSJ NE instruction 12-73 
DSJS instruction 12-75 
DUDATE bits 6-19,6-20 
DXV bit 6-19, 6-22 
DYDX register 5-14 

E 

EI NT instruction 12-76 
EMU instruction 12-77 
emulation 2-10 
enabling interrupts 12-76 
ENV bit 6-19 
EXG F instruction 12-78 
EXGPC instruction 12-79 
external interlaced video 9-17 
external interrupts 8-3 
external synchronization 9-15 
external video 6 -19 

F 

FE bit 4-2 
FEO bit 5-18 
FE1 bit 5-18 
field size 5-18, 5-19 
fields 4-1, 4-2-4-5 

addressing 4-2 
alignment 4-3 
extraction 4-2 
insertion 4-2, 4-5 
size 4-2 

fill 7-5 
FILL instruction 12-80, 12-84 
font library 1 -12 
foreground color register 5-16 
FSO 4-2 
FSO bits 5-18 
FS1 4-2 
FS1 bits 5-18 
function select pins 2-5 
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general-purpose register files 1 -5, 5-2-
5-17 

GETPC instruction 12-89 
GETST instruction 12-90 
graphics instructions 12-26 
graphics standards 1-2 

H 

halt latency 10-1 9 
halt program execution 6-35 
HCOUNT register 6-26 
HCS 2-5, 10-2 
HDO-HD15 2-6,10-2 
HEBLNK register 6-27 
HESYNC register 6-28 
HFSO, HFS1 2-5,10-2 
hidden states 13-2 
HIE bit 6-40 
HINT 2-6, 10-2 
HIP bit 6-41 
HLDA/EMUA 2-10 
H LOS 2-5, 10-2 
H L T bit 5-23, 6-3, 6-32, 6-35 
HOLD 2-10 
hold and emulation signals 2-4, 2-10 

'R'I:DA/EMUA 2-10 
HODS 2-10 
RUN/EMU 2-10 

hold interface 11 -18 
hold request 11 -4 
horizontal back porch 9-5 
horizontal front porch 9-5 
horizontal sync 2-9 
horizontal timing 9-12 
horizontal timing registers 

HCOUNT 6-26, 9-4 
HEBLNK 6-27, 9-4 
HESYNC 6-28, 9-4 
HSBLNK 6-29, 9-4 
HTOTAL 6-39,9-4 

horizontal video timing 9-6, 9-7 
host interface 10-1, 10-24 

bandwidth 10-22 
data transfer 10-8 
indirect accesses of local 

memory 1 0-11 
reads and writes 10-4 
ready signal to host 10-8 
registers 6-7 

HSTADRH 10-3 
HSTADRH register 6-30 
HSTADRL 6-31,10-3 
HSTCTL 10-3 
HSTCTLH 6-32, 10-3 
HSTCTLL 6-36, 10-3 
HSTDATA 6-38,10-3 
selection 10-2 

signals 10-2 
timing examples 10-5 

host interface bus pins 2-3, 2-5 
HCS 2-5 
HDO-HD15 2-6 
HFSO,HFS1 2-5 
'RiNi 2-6 
HLDS 2-5 
HRDY 2-6 
H'R'EAi5 2 -5 
Fi1Ji5S 2-5 
HWRITE 2-5 

host interrupt 8-5 
host read/write strobes 2-5 
host-present mode 8-10,8-13 
HRDY 2-6,10-2,10-8 
HREAD 2-5,10-2 
HSBLNK register 6-29 
HSD bit 6-19 
HSTADRH register 6-30 
HSTADRL register 6-31 
HSTCTLH register 6-32 
HSTCTLL register 6-36 
HSTDATA register 6-38 
~ 2-9,6-22,6-26,9-3 
HTOTAL register 6-39 
~ 2-5,10-2 
HWRITE 2-5, 10-2 

I/O registers 1-6,6-1-6-52 
addressing 6-2 
at reset 6-3 
host interface registers 6-7 
interrupt interface registers 6-8 
latency of writes 6-4 
local memory interface registers 6-8 
memory map 6-2 
summary 6-5 
video timing and screen refresh regis-

ters 6-9 
IE bit 5-18 
illegal opcode interrupts 8-9 
illegal operand 8-5 
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immediate operands 12-4 
implied graphics operands 5-5 
INC instruction 12-91 
INClK 2-7,11-2 
INCR bit 6-32,6-34,10-11 
incremental algorithms 7 -10 
I NCW bit 6-32, 6-35, 10-11 
INC1 register 5-17 
INC2register 5-17 
indirect accesses of local memory 10-11 
indirect branch 5-19 
indirect operands 12-7, 12-8, 12-9, 

12-10,12-11 
in XV mode 12-11 
with offset 12-8 
with postincrement 12-9 
with predecrement 12-10 

input clock 2-7 
instruction cache 1 -6, 5-20-5-25 

cache disable 6-14 
cache flush 6-33 
cache hit 5-22 
cache miss 5-22 
cache replacement algorithm 5-21 
disabling 5-24 
downloading new code 5-23 
flushing 5-23 
lRU stack 5-21 
operation 5-22 
P flag 5-22 
segment miss 5-22 
segments 5-21 
SSA register 5-21 
subsegment miss 5-22 

instruction set 12-1 
addressing modes 12-4 
arithmetic instructions 12-19 
compare instructions 12-19 
condition codes 12-31 
graphics instructions 12-26 
jump instructions 12-30 
logical instructions 12-19 
move instructions 12-20 
operand formats 12-4 
program control instructions 12-29 
shift instructions 12-32 

instruction words 5-20 
INTENB register 6-40 
interlaced display 9-25 
interlaced video 9-11, 9-17 
internal interrupts 8-5 
interrupt interface 
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registers 6-8 
INTENB 6-40,8-3 
INTPEND 6-41,8-3 

interruptible instructions 7-8 
interrupts 2-6,8-1-8-8 

display interrupt 6-23,8-5,9-13 
enable bit 5-18 
external interrupts 8-3 
host interrupt 8-5 
host interrupt request signal 2-6 
IE bit 5-18 
illegal opcode interrupts 8-9 
illegal operand 8-5 
INTENB 6-40 
internal interrupts 8-5 
interrupt request pins 8-3 
interrupt requests 6-37 
INTIN bit 6-37 
INTOUT bit 6-37 
INTPEND 6-41 
local interrupt request signals 2-8 
nonmaskable interrupt 6-32, 6-33, 

8-5 
priorities 8-2, 8-5 
processing 8-6 
registers 8-3 
RESET 2-11 
stack operations 
vector addresses 
window interrupt 

3-8 
8-2 
8-5 
7-3 intersecting rectangles 

INTIN bit 6-36,6-37 
INTOUT bit 6-36,6-37 
INTPEND register 6-12, 6-41 

J 

JAcc instruction 
J Rcc instruction 
J U M P instruction 
jump instructions 

K 

12-92 
12-94, 12-96 

12-98 
12-30 

key features of the TMS3401 0 1 -3 
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LADO-LAD15 2-8,11-2 
LAL 2-7,11-2 
LBL bit 6-32, 6-34 
LCLK1,LCLK2 2-8, 11 -2 
LCSTRT bits 6-24 
line clipping 7 -29 
LINE instruction 12-99 
linear addressing 4-10 
LlNT1,LlNT2 2-8,8-3,11-2 
LMO instruction 12-108 
LNCNT bits 6-17,6-24 
local address/data bus 2-8 
local memory interface 11 -1 , 11 -30 

addressing mechanisms 11 -23 
hold interface timing 11 -18 
I/O register access cycles 11-13 
internal cycles 11 -13 
memory bus request priorities 11 -4 
read cycle 11 -8 
read-modify-write operations 11-15 
registers 6-8 

CONTROL 6-11, 11-3 
CONVDP 6-15, 11-3 
CONVSP 6-16, 11 -3 
PMASK 6-43, 11 -3 
PSIZE 6-45, 11-3 
REFCNT 6-46, 11-3 

register-transfer cycles 11-9 
signals 11 -2 
timing 11 -5-11-22 
wait states 11 -1 6 
write cycle 11 -7 

local memory interface pins 2-4, 2-7 -2-8 
CAS 2-7 
DDOUT 2-7 
i5EN 2-7 
INCLK 2-7 
LADO-LAD15 2-8 
ill 2-7 
LCLK1,LCLK2 2-8 
LlNT1,LlNT2 2-8 
LRDY 2-8 
RAS 2-7 
TR/OE 2-7 
W 2-7 

local read/write strobes 2-7 
logical instructions 12-19 
logical pixels 4-6 

LRDY 2-8, 11-2 

M 

MAX operation 7 -16 
memory bus request priorities 11 -4 
memory map 3-4 
message buffers 6-36, 6-37 
microcontrol ROM 1 -7 
midpoint subdivision 7 -30 
MIN operation 7-16 
MMFM instruction 12-109 
MMTM instruction 12-111 
MODS instruction 12-113 
MODU instruction 12-114 
MOVB instruction 12-115,12-116,12-

117,12-118,12-119,12-120,12-121, 
12-123,12-124 

MOVE instruction 12-126,12-127,12-
128,12-130,12-132,12-134,12-135, 
12-137,12-139,12-141,12-143,12-
145,12-147,12-149,12-151,12-153, 
12-155,12-157,12-159,12-160 

move instructions 12-20 
M OVK instruction 12 -161 
MOVX instruction 12-162 
MOVY instruction 12-163 
M PYS instruction 12-164 
MPYU instruction 12-166 
MSGIN bits 6-36 
MSGOUT bits 6-36, 6-37 
multiple-GSP systems 9-15 

N 

N bit 5-18 
NEG instruction 12-168 
NEGB instruction 12-169 
NIL bit 6-19,6-22 
NMI bit 6-32 
non-branch 5-19 
non interlaced video 9-9 
nonmaskable interrupt 6-8, 6-32, 8-5 
nonmaskable interrupt mode 6-33 
NOP instruction 12-170 
NOT instruction 12-171 
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o 
OFFSET register 4-12,5-11 
on -screen memory 9-18 
OR instruction 12-172 
ORG bit 6-19,6-20 
ORI instruction 12-173 
outcode ;-30 
output clocks 2-8 

p 

P flag 5-22 
panning 9-25 
PATTRN register 5-17 
PBHbit 6-11,6-12 
PBV bit 6-11,6-13 
PBX bit 5-18 
PC 5-19 
pick window 7 -26 
picture elements 4-6 
pin descriptions 2-2 
pinout 2-2 
pitch 7-4 
pitch conversion factors 4-12 
PixBlt direction 6-13 
PIXBLT instruction 12-174,12-179, 

12-187,12-193,12-200,12-206 
PixBlts 4-15, 7-4 
pixel array 4-15 
pixel block transfers 4-15, 7-4 
pixel processing 6-13, 7 -15 
pixels 4-1,4-6-4-10 

addressing 4-6 
on the screen 4-7 
pixel size 6-45 
PSIZE register 6-45 
representation in a register 4-6 
size 4-6 
storage in memory 4-7 
XV addressing 4-8 

PIXT instructions 12-213, 12-215, 12-
218,12-220,12-222,12-224 

plane mask 7 -12 
plane masking 6-43 
PMASK register 6-43 
POPST instruction 12-227 
postclipping 7 -29 
PP bit 6-11 
PPOP bits 6-13 
preclipping 7-29 . 
program control instructions 12-29 

Index-6 

program counter 1 -5, 5-19 
PSIZE register 4-12,6-45 
PUSHST instruction 12-228 
PUTST instruction 12-229 

R 

RAS 2-7, 11 -2 
REFCNT register 6-46 
references 1 -11 
register file A 5-2 
register file B 5-3, 5-5-5-17 
register-direct operands 12-6 
related documentation 1 -12 
relative branch 5-19 
re lace operation 7 -18 
RE ET 2-11,8-10-8-13 

effect on cache 5-21 
effect on instruction cache 8-11 
effect on TMS34010 registers 8-12 
effects on I/O registers 6-3 
HLTbit 6-35 

RETI instruction 12-230 
RETS instruction 12-232 
REV instruction 12-233 
RINTVL bits 6-46 
RL instruction 12-234,12-235 
row address strobe 2-7 
row and column addressing 11 -6 
ROWAOR bits 6-46 
RR bit 6-11 
RUN/EMU 2-10 

s 
SAOOR register 5-6 
scan line counter 6-17 
screen orlgm 4-8,6-19,6-20 
screen refresh 6-21,6-24,9-1-9-27 
screen refresh enable 6-19 
screen size limits 9-2 
screen-refresh address 6-17 
screen-refresh cycles 9-18 
SOB 1-12 
segment miss 5-22 
self-bootstrap mode 8-10,8-13 
self-modifying code 5-23 
SETC instruction 12-236 
SETF instruction 12-237 
SEXT instruction 12-238 
shift instructions 12-32 



shift register transfer enable pin 2-7 
shift register transfers 6-19 
sign (N) bit 5-18 
SLA instruction 12-239, 12-240 
SLL instruction 12-241, 12-242 
software development board 1 -1 2 
software traps 8-9 
source address register 5-6 
source conversion factor 6-16 
source pitch register 5- 7 
SP 1 -6, 3-6, 5-2, 5-4 
SPTCH register 5-7,6-16 
SRA instruction 12-243, 12-244 
SRE bit 6-19, 6-21 
SRFADR bits 6-17,6-24 
SRL instruction 12-245, 12-246 
SRSTRT bits 6-24 
SRT bit 6-19, 6-21 
SSA register 5-21 
ST 5-18 
stack 3-6-3-11 

multiple-register operations 3-8 
operation during a subroutine 3-9 
operation during interrupts 3-9 
structure 3-7 
32-bit register operations 3-8 

stack pointer 5-2, 5-4 
starting address of array 4-15, 7 -7 
starting corner selection 7-7 
status register 1 -5, 5-18-5-19 
strobes 10-4 
SUB instruction 12-247 
SUBB instruction 12-248 
SUBI instruction 12-249,12-250 
SUBK instruction 12-251 
subroutine calls 12-48, 12-49, 12-50 
subsegment miss 5-22 
subtract with saturation 7 -16 
SUBXY instruction 12-252 

T 

T bit 6-11 
tap point register 6-25 
TEMP register 5-17 
TR/QE 2-7, 11-2 
transparency 7 -11 

enabling (T bit) 6-12 
TRAP 8-9 
TRAP instruction 12-253 
traps 8-9 
two-dimensional arrays 4-15, 7-4 

v 
V bit 5-18 

and window checking 7-25 
VCLK 2-9, 9-3 
VCOUNT register 
VEBLNK register 
vector addresses 
vertical back porch 
vertical front porch 
vertical sync 2-9 
vertical timing registers 

6-23,6-48 
6-49 
8-2 

9-5 
9-5 

VCOUNT 6-48,9-4 
VEBLNK 6-49,9-4 
VESYNC 6-50,9-4 
VSBLNK 6-51,9-4 
VTOTAL 6-52,9-4 

vertical video timing 9-8-9-12 
VESYNC register 6-50 
video clock 2-9 
video enable 6-19 
video timing 9-1-9-27 
video timing and screen refresh 

display address 6-17,6-19 
display interrupt 6-23 
registers 6-9 

DPYADR 6-17 
DPYCTL 6-19 
DPYINT 6-23 
DPYSTRT 6-24 
DPYTAP 6-25 
HCOUNT 6-26, 9-4 
HEBLNK 6-27,9-4 
HESYNC 6-28, 9-4 
HSBLNK 6-29,9-4 
HTOTAL 6-39,9-4 
VCOUNT 6-48,9-4 
VEBLNK 6-49, 9-4 
VESYNC 6-50,9-4 
VSBLNK 6-51,9-4 
VTOTAL 6-52,9-4 

video timing signals 9-3 
video timing signals 2-4, 2-9 

BLANK 2-9 
HSYNC 2-9 
VCLK 2-9 
VSYNC 2-9 

VRAM 11-5 
VRAMs 6-9, 9-18 

bulk initialization 9-26 
tap point address 6-25 

VSBLNK register 6-51 

Index-7 



VSVNC 2-9, 6-22, 9-3 
VTOTAL register 6-52 

w 
W 2-7,11-2 
Wbit 6-11,6-12 
\AJEND register 5 13 
window checking 4-16, 6-12, 7 -25 
window clipping 7-27 
window end address register 5-13 
window hit detection 7-26 
window interrupt 8-5 
window miss detection 7-27 
window start address register 5-12 
windows 5-12, 5-13 

WEND register 5-13 
WSTART register 5-12 

WSTART register 5-12 
WVE bit 6-40 
WVP bit 6-41 

Index-S 

x 
XOR instruction 12-255 
XORI instruction 12-256 
XV addressing 4-8, 4-10, 4-11, 4-14, 

5-14 
benefits 4-11 
DVDX register 5-14 
format 4-11 
OFFSET register 5-11 
XV -to-linear conversion 4-12, 6-15, 

6-16 
X1 E bit 6-40 
X1 P bit 6-41 
X2E bit 6-40 
X2P bit 6-41 
X3E bit 6-40 
X3P bit 6-41 

z 
Z bit 5-18 
ZEXT instruction 12-257 
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