


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Instruction Timings - PIXBLT Expand Instructions

13.5 PIXBLT Expand Instructions
PIXBLT expand instructions include:
[ PIXBLT B,L
® PIXBLT B,XY

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

PIXBLT time = PIXBLT setup time + PIXBLT transfer time

[ ] The setup sequence 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.

PIXBLT setup and transfer timings are in the following tables:

Table Page
13-11 PIXBLT Expand Setup Time ....ccccoceiiiiiiiineeeceeee e 13-32
13-12 PIXBLT Expand Transfer TimingT ..o 13-32

13.56.1 PIXBLT Setup Time

PIXBLT setup time is the overhead incurred by the PIXBLT instructions from
performing initialization, XY conversions, and window operations.

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

® No window checking (W=0)

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)

o A window miss that requests an interrupt

® A window hit

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

13-31
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Table 13-11. PIXBLT Expand Setup Time

Window Operation Corner Adjust
. Array Start | Dimens | Adjust } ) PBH=1 | PBH=0 | PBH=1
Instruction |W=0 | "Fits | Adjust | Adjust | Both | Miss | Hit flpBv=0| 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.

13.56.2 PIXBLT Transfer Timing

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 (W), 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 list that follows the table.

Table 13-12. PIXBLT Expand Transfer Timing?t
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Destination Alignment

Transfer Timing

Short case

(3+2R+G)L + 3

Medium case

Alignment A or C
Alignment B or D

(3+2R+NG)L + 3
(5+2R+NG)L + 3

Long case
Alignment A
Alignment D

[(3+2R+2GP)S + 2V + NG]L+ 3
[(8+2R+2GP)S + 2V + YG + 8]L+ 3

<

<®

T
Ke
L
N
R
S

Subtract any alignment/graphics adjustment from these values

Y.

Number of rows in the array (below)
Number of destination words per row (see page 13-33)

Number of source words involved in set (see page 13-33)

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)
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

Value dependent on selected graphics operations (see Table 13-13)

Number of remaining destination words affected in a given row after
S 32-bit sets are written




Instruction Timings - PIXBLT Expand Instructions

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 (DADDR) 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 PIXBLT treats the array as a se-
ries of L rows of M pixels. These R pixels are spread across NV words in each
row of the destination array. N and 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 PIXBLTs.

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

[
H 1
Leading ' ! Trall
Pixels 4—— Center N-2 Words —» Plxe?g

>
»

-4-=

ﬂ“
u’

1
]

< ' M Pixels
1]

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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-_“.
4
£
]
&

——

Alignment A

Leading  i—— Center N-2 Words——» Tralling

Alignment B

e —]
! Leading «——Center N-2 Words —»! Tralling
) s
| Leading 4——Center N-2 Words——»,  Tralling !

Alignment D - _,_.l

| Leading ——Center N-2 Words——» Tralling

— N Words

=

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 DADDR, the clipped DX 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,D 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 D 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 (S) 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.

13.5.2.4 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 (S), 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 PIXBLT 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 S 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 PIXBLT 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.

i3.5.2.6 Seiected Graphics Options (G)

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 TMS34010 hardware. For instance, plane
masking, transparency, and field insertion are all performed by the TMS34010
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 TMS34010 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

13-36

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.
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13.5.3 PIXBLT Timing Examples

PIXBLT timing is calculated by adding the PIXBLT setup value to the PIXBLT
transfer value:

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

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

Table Page
13-11 PIXBLT Expand Setup TiMe ...cccceecirecrieiiieiieeeeecie e 13-32
13-12 PIXBLT Expand Transfer TimingT .......c.ccoocooiiiirecena .. 13-32

13-13 Timing Values per Word for Graphics Operations (G) 13-36

The following three examples illustrate timing for a PIXBLT B,XY that ex-
pands a 10-by-10 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.

khkkhkhkhhkhkhkhkhkhkhhkhkhkhkhhhhhkhhkkhhkhkdbhhkdhkhhhkhkhkdhkhkhkkkhkhhkxk

* Implied operand setup for PIXBLT B, XY examples *
* (assume that B register and I/O regiser names *
* are equated to with proper registers) *
hhkhkhhhkkkkhhhkhhhhhhkkhkhkhkhkhhkhhhhhhhhhhhhkhhkhkkhkhkhhhhhhkk
MOVI OOO3E2E8h, SADDR ; linear address
MOVI O0O0ADOh, SPTCH ; X extent = 2768 pixels
MOVI 0032010Bh, DADDR ; X=267, Y= 50
MOVI 800h, DPTCH ; X extent = 512 pixels
MOVI 00040000h, OFFSET

CLR WSTART ; ignored

MOVI 01000100h, WEND ; ignored

MOVI OOOAO000OAh, DYDX ; DX=10, DY=10

MOVI 8h, AO

MOVE AO, @PSIZE ; Pixel size = 8 bits

MOVI 14h, AO

MOVE A0, @CONVDP

MOVE A0, QCONVSP ; ignored

CLR AO

MOVE A0, @PMASK

MOVI 0300h, AO

MOVE A0, QCONTROL ; W=0,T=0,PP=0,PBH=1,PBV=1

Figure 13-15. Implied Operand Setup for PIXBLT-Expand Examples
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Figure 13-16. PIXBLT B,XY Timing Example
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Follow these steps to determine the number of machine states consumed in
these PIXBLT examples:

1)

2)

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 PIXBLT is 6 machine
states.

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 (6+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=0),
® No transparency, and
[ ] No plane masking.

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

PIXBLT time = PIXBLT setup time + PIXBLT transfer time
=6 + (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 100 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 50COh, AO
MOVE A0, @CONTROL ; MAX, W=3, T=0

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

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

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

PIXBLT time = PIXBLT setup time + PIXBLT transfer time
=6 + (5+2R+NG)L + 3
=6 + (6+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 14EOh, AO )
MOVE A0, @CONTROL ; XNOR, W=3, T=1

MATTT 11111% an
FUV 4 LiLasi, AU

MOVE AO, @PMASK ; 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+2R+NG)L + 3 -4L
=6 +(5+2x2 +6x6)x10+3 - (4x10)
= 419 states ~

The instruction in this example consumes 419 machine states.

13.5.4 The Effect of Interrupts

13-40

The PIXBLT 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 PIXBLT 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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TMS34010
GRAPHICS SYSTEM PROCESSOR

JANUARY 1986 — REVISED JUNE 1988

® Instruction Cycle Time: FN PACKAGE
— 132 ns . . . (TMS34010-60) (TOP VIEW)
— 160 ns . . . (TMS34010-50) ’:>
— 200 ns . . . (TMS34010-40 2 =
( ) 59'-:35550:58405%8%0
® Fully Programmable 32-Bit General-Purpose 2|2 l% 2R 2PLEREIERR S
Processor with 128-Megabyte Address T T T T eI T T T
Range ADO 6 543 2 1 6867666564636261
LADO[] 10 60 [JHDO
® Pixel Processing, XY Addressing, and LAD1 1 59 [JHD1

Window Checking Built into the Instruction LAD2[] 12 58 [JHD2
Set LAD3 13 7 0HD2
LAD4[] 14 56 (JHD4

& Programmable 1, 2, 4, 8, or 16-Bit Pixel LADS5[] 15 55 [JHDS

Size with 16 Boolean and 6 Arithmetic Pixel LAD6[]16 54 (JHD6
Processing Options (Raster-Ops) LAD7(] 53 (JHD7
Vssl] 52 [JVss

® 30 General-Purpose 32-bit Registers and LAD8[] 19 51 [JHD8

32-bit Stack Pointer LAD9[] 20 so [JHD9
LAD10[] 21 49 [JHD10

® 256-Byte LRU On-Chip Instruction Cache LAD11[] 22 ag (HD11
LAD12[] 23 47 [JHD12
Direct Interfacing to Both Conventional LAD13[) 24 46 QHD13
DRAM and Muitiport Video RAM LAD14[] 25 45 (JHD14
LAD15[] 26 44 (JHD15

® Dedicated 8/16-Bit Host Processor Interface

272829 30 31 32 3334 3536 37 38 3940414243
fanTomTom Tae T W an o Veam Tam Tom Hem B Ve Tem Hem B e R

and HOLD/HLDA Interface

U;QUU!('; $5|ZU)U)|;|8I£>
® Programmable CRT Control (HSYNC, S a3 g g % 25 L3018 lé 3 |E|i %
VSYNC, BLANK) b} Y (R ] a =

High-Level Language Support %

Full Line of Hardware and Software
Development Tools Including a *“C*’
Compiler

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

description

The TMS34010 Graphics System Processor (GSP) is an advanced high-performance CMOS 32-bit
microprocessor optimized for graphics 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 TMS34010 provides user-programmable control of the CRT interface as well as the memory
interface (both standard DRAM and multiport video RAM). The 1-gigabit address space is completely bit-
addressable on bit boundaries using variable width data fields (1 to 32 bits). Additional graphics addressing
modes support 1, 2, 4, 8, and 16-bit wide pixels. The TMS34010 is exceptionally well-supported by graphics
software interface standards such as CGI/VDI, DGIS, and MS-Windows, as well as a full line of hardware
and software support tools. Current support is highlighted in the TMS34010 Third Party Reference Guide
(literature number SPVBO66A).

architecture

The TMS34010 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 d ins inf ion on

in more than one phase of development. The status
of each device is indicated on the pagel(s) specifying
its electrical characteristics.

{i,
TeExas
INSTRUMENTS

Copyright © 1986, Texas Instruments Incorporated

POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001



TMS34010
GRAPHICS SYSTEM PROCESSOR

and a 256-byte instruction cache. On-chip functions include 28 programmable 1/O registers that contain
CRT control, input/output control, and instruction parameters. The TMS34010 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 d et
PIN 1/0 DESCRIPTION
NAME NUMBER
Host Interface Bus Pins
HCS 66 | Host chip select
HDO-HD15 44-51, 563-60 110 Host bidirectional data bus )
HFSO, HFS1 67, 68 | Host function select
AINT 42 o] Host interrupt request
HLDS 63 ! Host lower data select
HUDS 62 | Host upper data select
HRDY 43 (o] Host ready
HREAD 64 1 Host read strobe
HWRITE 65 [ Host write strobe
Local Bus Interface Pins
RAS 38 [0} Local row-address strobe
CAS 39 [0} Local column-address strobe
DDOUT 36 [0} Local data direction out
DEN 37 0 Local data enable
LADO-LAD15 10-17, 19-26 110 Local address/data bus
AL 34 0 Local address latched
LCLK1, LCLK2 28, 29 [e] Local output clocks
UINT1, TINT2 6, 7 | Local interrupt request pins
LRDY 9 | Local ready
TR/QE 41 0 Local shift register transfer or output enable
W 40 (o} Local write strobe
INCLK 5 | Input clock
Hold and Emulation
HOLD 8 | Hold request
RUN/EMU 2 | Run/Not emulate
HLDA/EMUA 33 (¢] Hold acknowledge or emulate acknowledge
Video Timing Signals
BLANK 32 o] Blanking
HSYNC 30 110 Horizontal sync
VCLK 4 | Video clock
VSYNC 31 110 Vertical sync
Miscellaneous
RESET 3 | Reset
Vee 27, 61 | Nominal 5-volt power supply
Vss 1,18, 35, 62 ! Ground

{ip
Texas
INSTRUMENTS

POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001




TMS34010
GRAPHICS SYSTEM PROCESSOR

system block diagram

—
|
|

o e s s . s e s e e

GRAPHICS SYSTEM PROCESSOR CHIP BOUNDARY

1
|
TO '
Hosy o HosTEuR HOST-GRAPHICS GRAPHICS | -—r> CONVENTIONAL
INTERFACE PROCESSOR |
PROCESSOR | DRAMS
|
| PROGRAM AND
O Q I 7 DATA sTORAGE
< GRAPHICS MEMORY BUS >
l L4
PN
I
1 FRAME BUFFER
DRAM- SCREEN- CRT |
REFRESH REFRESH TIMING | =]
CONTROL CONTROL CONTROL | | |,
| VIDEO] o
\ | rams| | CRT
IS . S i MONITOR
i - - |
_ VIO REGISTERS _ |
EXTERNAL | | l
INTERRUPT —_—I_:)
- INTERRUPT INSTRUCTION | INSTRUCTION
REQUESTS
| REGISTERS C:—_———> CACHE — DECODE
RESET —tb |
! i
} i
HOST | HOST '
INTERFACE <:FL'—|'> INTERFACE q: r————q f————
BUS REGISTERS | !
|1 | PROGRAM H
= : { COUNTER |
i1 I STATUS !
SYNC AND Clr'_TL> VIDEO TIMING d: REGISTER 1
BLANKING REGISTERS M L ALU ! |
: | _"j } MICROCONTROL | |
—————————— - GPR FILE A ] Rom ¢
|
LOCAL MEMORY GPR FILE B :
conTROL K |
REGISTERS STACK POINTER |
|
___________ 4
EXECUTION UNIT
V. L_L. cLock
LOCAL MEMORY INTERNAL CLOCK OUTPUTS
CONTROL LOGIC CIRCUITRY CLOCK
AND BUFFERS ¢ INPUTS
|
L - — —_——

LOCAL MEMORY
INTERFACE BUS

FIGURE 1. TMS34010 INTERNAL ARCHITECTURE

*i’
Texas
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON. TEXAS 77001

A-5



TMS34010
GRAPHICS SYSTEM PROCESSOR

The TMS34010 provides single-cycle execution of most common integer arithmetic and Boolean operations
from its instruction cache. Additionally, the TMS34010 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 TMS34010’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 TMS34010’s general-
purpose register files. The TMS34010 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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AO

A1l

A2

A3

A4

A5

A6

A7

A8

A9

A10

A1l

A12

A1

A14

SP

31(MSB)

0(LSB)

1

3

4

STACK POINTER

program counter (PC)

31(MSB)

BO SAIl)DR

B1 SPTI'CH

B2 DA?DR

B3 DP'II'CH

B4 OFFJSET

B5S WS1'|ART

B6 WE.ND

B7 DYIDX

B8 COLIORO

B9 COLIOR1

B10 TEMPORARIY REGISTER
B11 TEMPORARIY REGISTER
B12 TEMPORARIY REGISTER
B13 TEMPORAR.Y REGISTER
B14 TEMPORARIY REGISTER

sP STACK POINTER
)

0(LSB)

SOURCE ADDRESS
(PIXBLTS)

SOURCE PITCH
DESTINATION ADDRESS
(PIXBLTS AND FILLS)

DESTINATION PITCH
OFFSET

WINDOW START
WINDOW END

DELTA Y/ DELTA X
COLORO
(BINARY PIXBLTS)

COLOR1
(BINARY PIXBLTS, FILLS AND DRAV)
~

THESE ARE USED AS TEMPORARY
> STORAGE FOR PIXBLT AND
FILL INSTRUCTIONS.

FIGURE 2. REGISTER FILES A AND B

The TMS34010’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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SEGMENT START ADDRESS FLAGS DATA REGISTERS
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SUBSEGMENT 0
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SUBSEGMENT 1
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SUBSEGMENT 2
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» SEGMENT 0

SUBSEGMENT 4

SUBSEGMENT 5

SUBSEGMENT 6
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SUBSEGMENT 7

7/

l—— 16 —e!

SUBSEGMENT 0

TT T T T T T T
REGISTER 1||I||
P A S R R

SUBSEGMENT 1

SUBSEGMENT 2

SUBSEGMENT 3 | >~

SUBSEGMENT 4 ~

SUBSEGMENT 5 >

SUBSEGMENT 6

SUBSEGMENT 7

[NJoJolsJw]nw]=]0°

SUBSEGMENT 0

SUBSEGMENT 1

SUBSEGMENT 2

SUBSEGMENT 3

> SEGMENT 2
SUBSEGMENT 4

SUBSEGMENT 5 MOST

SUBSEGMENT 6 USED

SUBSEGMENT 7

[NTeJolsJwe]n][=T92]

SUBSEGMENT 0

LI L L L OO I A
[[[[[ssa recisten s|[[]]] LeasT

USED

SUBSEGMENT 2

SUBSEGMENT 3
SEGMENT 3

SUBSEGMENT 4

SUBSEGMENT &5

SUBSEGMENT 6

SUBSEGMENT 7

[NJoJo[eTw]n]=T0o]

/

FIGURE 3. INSTRUCTION CACHE
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The cache is loaded only when an instruction requested by the TMS34010 is not already contained within
the cache. A least-recently-used (LRU) algorithm is used to determine which of the four segments of the
cache 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.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6

-n

NCZVK

Wk

m
-

N - Sign bit |E - Interrupt enable bit

C - Carry bit FE1 - Field extension bit 1

Z - Zero bit FS1 - Field size bit 1

V - Overflow bit FEO - Field extension bit O
PBX - PixBIt executing FSO - Field size bit O

FIGURE 4. STATUS REGISTER

fields, bytes, pixels, and pixel arrays

A 26-bit address output by the TMS34010 selects a 16-bit word of physical memory; logically, however,
the TMS34010 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 O 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.

1/O registers

The GSP contains an on-chip block of twenty-eight 16-bit I/O registers mapped into the TMS34010’s
memory address space. They can be accessed either by the TMS34010’s CPU or by the host processor
via the host interface. The I/O registers contain control parameters necessary to configure the operation
of the following interfaces: interface to host processor (5 1/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 1/O registers also furnish status information on these interfaces.
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AD%ESS REGI}TER
/ \

0C00001FOh REFCNT
0C00001EOh DPYADR
0C00001D0h VCOUNT
0C00001COh HCOUNT
0C00001BOh DPYTAP
0C00001A0h | ]
0C0000190h | RESERVED |
0C0000180h | |
0C0000170h
0C0000160h PMASK
0C0000150h PSIZE
0C0000140h CONVDP
0C0000130h CONVSP
0C0000120h INTPEND
0C0000110h INTENB
0C0000100h HSTCTLH
0CO0000FOh HSTCTLL
0CO00000EOh HSTADRH
0C00000D0h HSTADRL
0C00000COh HSTDATA
0C00000BOh CONTROL
0CO00000AOh DPYINT
0C0000090h DPYSTRT
0C0000080h DPYCTL
0C0000070h VTOTAL
0C0000060h VSBLNK
0C0000050h VEBLNK
0C0000040h VESYNC
0C0000030h HTOTAL
0C0000020h HSBLNK
0C0000010h HEBLNK
0C0000000h HESYNC

host interface 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 TMS34010.
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 TMS34010 and from TMS34010 to host. Other control functions
available to the host processor include flushing the instruction cache, halting the TMS34010, and

DRAM REFRESH COUNT
DISPLAY ADDRESS
VERTICAL COUNT
HORIZONTAL COUNT
DISPLAY TAP POINT

PLANE MASK

PIXEL SIZE

CONVERSION (DESTINATION PITCH)
CONVERSION (SOURCE PITCH)
INTERRUPT PENDING
INTERRUPT ENABLE

HOST CONTROL (8 MSB’S)
HOST CONTROL (8 LSB'S)
HOST ADDRESS (16 MSB'S)
HOST ADDRESS (16 LSB’S)
HOST DATA

CONTROL

DISPLAY INTERRUPT
DISPLAY START

DISPLAY CONTROL

VIDEO TOTAL

VERTICAL START BLANK
VERTICAL END BLANK
VERTICAL END SYNC
HORIZONTAL TOTAL
HORIZONTAL START BLANK
HORIZONTAL END BLANK
HORIZONTAL END SYNC

FIGURE 5. 1/0 REGISTERS

transmitting a non-maskable interrupt request to the TMS34010.
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The remaining host registers are used for block transfers between the TMS34010 and host processor.
The host uses these registers to indirectly access blocks within the TMS34010’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 1/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

— PixBIt direction control

e o o o

video timing and screen refresh

Fourteen I/0 registers are dedicated to video timing and screen refresh functions. The TMS34010 generates
the horizontal sync (HSYNC), vertical sync (VSYNC), 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
1/0 registers and are based on the input video clock, VCLK. VCLK does not have to be synchronous with
respect to INCLK, the TMS34010’'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 noninterlaced video. The
TMS34010 can optionally be programmed to synchronize to externally generated sync signals so that
graphics images created by the TMS34010 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 TMS34010
chips in a multiple-TMS34010 graphics system.

interrupt interface registers

Two dedicated I/O registers monitor and mask interrupt requests to the TMS34010, 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.

e 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 TMS34010 reset function is controlled by a dedicated pin.
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memory controller/local memory interface

The me‘mory controller manages the TMS34010’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 the memory coniroiier has compieied the first opeiation is the TMS34010 foiced 1o 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 TMS34010 treats data and instructions as residing in the same
memory space.

BIT 2321
(LAST BIT IN MEMORY)
ADDRESS l
OFFFFFFFOh
INTERRUPT
64 WORDS |  vECTORS
OFFFFFCOOh
OFFFFFBFOh [ o >\ oors
RESERVED
OFFFFEO0Oh
OFFFFDFFOh
GENERAL
2261024 WORDS USE
0C0002000h
0C0001FFOh
512 WORDS RESERVED
0C0000200h
0C00001FOh
INTERNAL 1/O
32 WORDS REGISTERS
0C0000000h
OBFFFFFFOh
3x226 WORDS GENERAL
USE
000000000h l
I - 16 | BT

(FIRST BIT IN MEMORY)

FIGURE 6. MEMORY MAP
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instruction set

The TMS34010 instructions fall into three categories. The graphics instructions manipulate pixel data,
accessed via memory addresses or XY 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 TMS340170 User’s Guide (number
SPVUOO1A).

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 A/B 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 1 1 1110 000S SSSR DDDD c zv
CMPXY Rs, Rd Compare X and Y Halves of Registers 1 3 1110 010S SSSR DDDD cC zvVv
CPW Rs, Rd Compare Point to Window 1 1 1110 011S SSSR DDDD - -V
CVXYL Rs, Rd Convert XY Address to Linear Address 1 3 1110 100S SSSR DDDD - - -
DRAV Rs, Rd Draw and Advance 1 t 1111 011S SSSR DDDD - =V
FILL L Fill Array with Processed Pixels: Linear 1 t 0000 1111 1100 0000 - - =
FILL XY Fill Array with Processed Pixels: XY 1 t 0000 1111 1110 0000 - -V
LINE Z Line Draw 1 1 1101 1111 2001 1010 — — — V
MOVX Rs, Rd Move X Half of Register 1 1 1110 110S SSSR DDDD - - =
MOVY Rs, Rd Move Y Half of Register 1 1 1110 111S SSSR DDDD - - -
PIXBLT B,L Pixel Block Transfer: Binary to Linear 1 t 0000 1111 1000 0000 - - =
PIXBLT B, XY Pixel Block Transfer and Expand: Binary to XY 1 t 0000 1111 1010 0000 - -V
PIXBLT L,L Pixel Block Transfer: Linear to Linear 1 t 0000 1111 0000 0000 - — -
PIXBLT L, XY Pixel Block Transfer: Linear to XY 1 t 0000 1111 0010 0000 - =V
PIXBLT XY, L Pixel Block Transfer: XY to Linear 1 t 0000 1111 0100 0000 - - =
PIXBLT XY, XY Pixel Block Transfer: XY to XY 1 1 0000 1111 0110 0000 - =V
PIXT Rs,*Rd Pixel Transfer: Register to Indirect 1 t 1111 100S SSSR DDDD -—_ =
PIXT Rs,*Rd.XY Pixel Transfer: Register to Indirect XY 1 t 1111 000S SSSR DDDD - -V
PIXT *Rs, Rd Pixel Transfer: Indirect to Register 1 4 1111 101S SSSR DDDD - - -
PIXT *Rs,*Rd Pixel Transfer: Indirect to Indirect 1 t 1111 110S SSSR DDDD - - -
PIXT *Rs.XY, Rd Pixel Transfer: Indirect XY to Register 1 6 1111 001S SSSR DDDD - - -
PIXT *Rs.XY,*Rd.XY Pixel Transfer: Indirect XY to Indirect XY 1 t 1111 010S SSSR DDDD - -V
SUBXY Rs,Rd Subtract Registers in XY Mode 1 1 1110 001S SSSR DDDD c z VvV

TNumber of cycles depends on pixel size and/or pixel array size and graphics option selected. See TMS34010 User’s Guide (SPVUOO1A).
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SYNTAX

MOVB Rs, *Rd

MOVB *Rs.Rd

MOVB *Rs, *Rd

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

MOVB Rs,@Daddress
MOVB @Saddress,Rd
MOVB @Saddress, @Daddress
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 *Rs,*Rd,F

MOVE - *Rs, ~ *Rd,F
MOVE *Rs+,*Rd+,F
MOVE Rs, *Rd(offset),F
MOVE *Rs(offset),Rd,F
MOVE *Rs(offset), *Rd +,F

MOVE *Rs(offset), *Rd(offset) F

MOVE Rs,@Daddress,F
MOVE @Saddress,Rd,F
MOVE @Saddress, *Rd +,F
MOVE @Saddress,@Daddress,F

Move Byte:
Move Bvte:
Move Byte:
Move Byte:
Move Byte:
Move Byte:
with offset.
Move Byte:
Move Byte:
Move Byte:

MOVE INSTRUCTIONS

NO. MINIMUM
WORDS CYCLES

DESCRIPTION

Register to Indirect

Indirect to Register

Indirect to Indirect

Register to Indirect with offset.
Indirect with offset. to Register
Ind. with offset. to Ind.

Register to Absolute
Absolute to Register
Absolute to Absolute

Move Register to Register

Move Field:
Move Field:
Move Field:
Move Field:
Move Field:
Move Field:
Move Field:
Move Field:
Move Field:
Move Field:
Move Field:
Move Field:

{post-inc)

Move Field:
with offset.
Move Field:
Move Field:
Move Field:
Move Field:

Register to Indirect

Register to Indirect (pre-dec)
Register to Indirect (post-inc)
Indirect to Register

Indirect (pre-dec) to Register
Indirect {post-inc) to Register
Indirect to Indirect

Ind. (pre-dec) to Ind. (pre-dec)
Ind. (post-inc) to Ind. (post-inc)
Register to Indirect with offset.
Indirect with offset. to Register
Ind. with offset. to Ind.

Ind. with offset. to Ind.

Register to Absolute
Absolute to Register
Absolute to Indirect (post-inc)
Absolute to Absolute

NN = = -

NN 2 A @ omea oo a0 a0www

W www N

o

- &+ = & = o = o — = =+ = o4 = - =+ =+ =+ -+

-+

-+ -+ —+ =+

STATUS

16-BIT OPCODE

MsB
1000
1000
1001
1010
1010

1011
0000
0000
0000
0100
1000
1010
1001
1000
1010
1001
1000
1010
1001
1011
1011

1101

1011
0000
0000
1101
0000

TNumber of cycles depends on field size and alignment. See TMS34010 User’s Guide (SPVUOO1A).

1108
1118
1108
1108
1118

1108
0101
0111
0011

LSB
SSSR DDDD —
SSSR DDDD N
SSSR DDDD —
SSSR DDDD —
SSSR DDDD N

SSSR DDDD —
111R SSSS —
111R DDDD N
0100 0000 —

11MS SSSR DDDD N

OOFS
OOFS
O00FS
01FS
O1FS
O1FS
10FS
10FS
10FS
OOFS
O1FS

OOFS

10FS
01F1
01F1
O1F0
O1F1

SSSR DDDD —
SSSR DDDD —
SSSR DDDD —
SSSR DDDD N
SSSR DDDD N
SSSR DDDD N
SSSR DDDD —
SSSR DDDD —
SSSR DDDD —
SSSR DDDD —
SSSR DDDD N

SSSR DDDD

SSSR DDDD
100R SSSS
101R DDDD N
OOOR DDDD —
1100 0000

BITS

o

Il ol |

o

| oo o |
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GENERAL INSTRUCTIONS

NO. MINIMUM STATUS
SYNTAX DESCRIPTION WORDS CYCLES 16-BIT OPCODE BITS
MSB LSB
ABS Rd Store Absolute Value 1 1 0000 0011 100R DDDD N — Z O
ADD Rs,Rd Add Registers 1 1 0100 000S SSSR DDDD N C Z V
ADDC Rs,Rd Add Register with Carry 1 1 0100 001S SSSR DDDD N C Z V
ADDI IW,Rd Add Immediate (16 Bits) 2 2 0000 1011 OOOR DDDD N C Z V
ADDI IL,Rd Add Immediate (32 Bits) 3 3 0000 1011 OO1R DDDD N C Z V
ADDK K,Rd Add Constant (5 Bits) 1 1 0001 OOKK KKKR DDDD N C Z V
AND Rs,Rd AND Registers 1 1 0101 000S SSSR DDDD — — Z —
ANDI IL,Rd AND Immediate (32 Bits) 3 3 0000 1011 100R DDDD — — Z —
ANDN Rs,Rd AND Register with Complement 1 1 0101 001S SSSR DDDD — — Z —
ANDNI IL,Rd AND Not Immediate (32 Bits) 3 3 0000 1011 100R DDDD — — Z —
BTST K,Rd Test Register Bit - Constant 1 1 0001 11KK KKKR DDDD — — Z —
BTST Rs,Rd Test Register Bit - Register 1 2 0100 101S SSSR DDDD — — Z —
CLR Rd Clear Register 1 1 0101 011D DDDR DDDD — — —
CLRC Clear Carry 1 1 0000 0011 0010 0000 — 0 — —
CMP Rs,Rd Compare Registers 1 1 0100 100S SSSR DDDD N C Z V
CMP! IW,Rd Compare Immediate (16 Bits) 2 2 0000 1011 O10R DDDD N C Z V
CMPI IL,Rd Compare Immediate (32 Bits) 3 3 0000 1011 O1MR DDDD N C Z V
DEC Rd Decrement Register 1 1 0001 0100 OO1R DDDD — — — —
DINT Disable Interrupts 1 3 0000 0011 0110 0000 — — — —
DIVS Rs,Rd Divide Registers Signed 1 40 0101 100S SSSR DDDD N — Z V
DIVU Rs,Rd Divide Registers Unsigned 1 37 0101 101S SSSR DDDD — — Z V
EINT Enable Interrupts 1 3 0000 1101 0110 0000 — — — —
EXGF Rd,F Exchange Field Size 1 1 1101 O1F1 OOOR DDDD — — — —
LMO Rs,Rd Leftmost One 1 1 0110 101S SSSR DDDD - — Z —
MMFM Rs,Register List Move Multiple Registers from Memory 2 t 0000 1001 101R DDDD — — —
MMTM Rd,Register List Move Multiple Registers to Memory 2 t 0000 1001 100R DDDD — — — —
MODS Rs,Rd Modulus Signed 1 40 0110 110S SSSR DDDD N — Z V
MODU Rs,.Rd Modulus Unsigned 1 35 0110 111S SSSR DDDD — — Z V
MOVI IW,Rd Move Immediate (16 Bits) 2 2 0000 1001 110R DDDD N — Z O
MOVI IL,Rd Move Immediate (32 Bits) 3 3 0000 1001 11MR DDDD N — Z O
MOVK K,Rd Move Constant {5 Bits) 1 1 0001 10KK KKKR DDDD — — — —
MPYS Rs,Rd Multiply Registers (Signed) 1 5+F—2-1- 0101 110S SSSR DDDD N — Z —
MPYU Rs,Rd Multiply Registers (Unsigned) 1 5+F—§—1 010t 111S SSSR DDDD — — Z —
NEG Rd Negate Register 1 1 0000 0011 101R DDDD N C Z V
NEGB Rd Negate Register with Borrow 1 1 0000 0011 110R DDDD N C Z V
NOP No operation 1 1 0000 0011 0000 0000 — — — —
NOT Rd Complement Register 1 1 0000 0011 111R DDDD — — Z —
OR Rs,Rd OR Registers 1 1 0101 010S SSSR DDDD — — Z —
ORI IL,Rd OR Immediate (32 bits) 3 3 0000 1011 101R DDDD — — Z —
RL K,Rd Rotate Left - Constant 1 1 0011 OOKK KKKR DDDD — C Z —
RL Rs,Rd Rotate Left - Register 1 1 0110 100S SSSR DDDD — C Z —
SETC Set Carry 1 1 0000 1101 1110 0000 — 1 — —
SETF FS,FE,F Set Field Parameters 1 1,2 0000 O1F1 O1FS SSSS — — — —
SEXT Rd,F Sign Extend to Long 1 3 0000 O1F1 OOOR DDDD N — Z —
TNumber of cycles depends on number of registers in list and stack alignment. See TMS34010 User’s Guide (SPVUOO1A).
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NO. MINIMUM STATUS
SYNTAX DESCRIPTION WORDS CYCLES 16-BIT OPCODE BITS
MSB LSB
SLA K,Rd Shift Left Arithmetic - Constant 1 3 0010 OOKK KKKR DDDD N C Z V
SLA Rs,Rd Shift Left Arithmetic - Register 1 3 0110 000S SSSR DDDD N C Z V
SLL K,Rd Shift Left Logical - Constant 1 1 0010 O1KK KKKR DDDD — C Z —
SLL Hs,Kd Shift Lett Logical - Hegister 1 i 0110 001S SSSK DbLLD — C Z2 —
SRA K,Rd Shift Right Arithmetic - Constant 1 1 0010 10KK KKKR DDDD N C Z —
SRA Rs,Rd Shift Right Arithmetic - Register 1 1 0110 010S SSSR DDDD N C Z —
SRL K,Rd Shift Right Logical - Constant 1 1 0010 11KK KKKR DDDD — C Z —
SRL Rs,Rd Shift Right Logical - Register 1 1 0110 011S SSSR DDDD — C Z —
SUB Rs,Rd Subtract Registers 1 1 0100 010S SSSR DDDD N C Z V
SUBB Rs,Rd Subtract Registers with Borrow 1 1 0100 011S SSSR DDDD N C Z V
SUBI IW,Rd Subtract Immediate (16 Bits) 2 2 0000 1011 11MR DDDD N C Z V
SUBI IL,Rd Subtract Immediate (32 Bits) 3 3 0000 1101 OOOR DDDD N C Z V
SUBK K,Rd Subtract Immediate (5 Bits) 1 1 0001 O1KK KKKR DDDD N C Z V
XOR Rs,Rd Exclusively OR Registers 1 1 0101 011S SSSR DDDD — — Z —
XORI IL,Rd Exclusively OR Immediate Value (32 Bits) 3 3 0000 1011 110D DDDD — — Z
ZEXT Rd,F Zero Extend to Long 1 1 0000 O1F1 O001R DDDD — — Z
PROGRAM CONTROL AND CONTEXT SWITCHING
NO. MINIMUM STATUS
SYNTAX DESCRIPTION WORDS CYCLES? 16-BIT OPCODE BITS
MSB LSB

CALL Rs Call Subroutine Indirect 1 6 0000 1001 001R DDDD — — — —
CALLA Address Call Subroutine Absolute 3 6 0000 1101 0101 1111 — — — —
CALLR Address Call Subroutine Relative 2 5 0000 1101 0011 1111 — — — —
DSJ Rd,Address Decrement Register and Skip Jump 2 3,2 0000 1101 100R DDDD — — — —
DSJEQ Rd,Address Conditionally Decrement Register and Skip Jump 2 3,2 0000 1101 101R DDDD — — — —
DSJNE Rd,Address Conditionally Decrement Register and Skip Jump 2 3,2 0000 1101 110R DDDD — — — —
DSJS Rd,Address Decrement Register and Skip Jump - Short 1 2,3 0011 1Dxx xxxR DDDD — — — —
EMU Initiate Emulation 1 6 0000 0001 0000 0000 — — — —
EXGPC Rd Exchange Program Counter with Register 1 2 0000 0001 O001R DDDD — — — —
GETPC Rd Get Program Counter into Register 1 1 0000 0001 O10R DDDD — — — —
GETST Rd Get Status Register into Register 1 1 0000 0001 100R DDDD — — — —
JAcc Address Jump Absolute Conditional 3 3,4 1100 code 1000 0000 — — — —
JRcc Address Jump Relative Conditional 2 3,2 1100 code 0000 0000 — — — —
JRcc Address Jump Relative Conditional - Short 1 21 1100 code XxXXX XXXX — — — —
JUMP Rs Jump Indirect 1 2 0000 0001 O11R DDDD — — — —
POPST Pop Status Register from Stack 1 8 0000 0001 1100 0000 — — — —
PUSHST Push Status Register onto Stack 1 2 0000 0001 1110 0000 — — — —
PUTST Rs Copy Register into Status 1 3 0000 0001 101R DDDD N C Z V
RETI Return from Interrupt 1 1 0000 1001 0100 0000 N C Z V
RETS (N) Return from Subroutine 1 7 0000 1001 O11N NNNN — — — —
REV Rd Get Revision Number 1 1 0000 0000 OO01R DDDD — — — —
TRAP N Software Interrupt 1 16 0000 1001 OOON NNNN O O O O

TWhere two numbers appear, the first number assumes that the jump is taken, and the second assumes that the jump is not taken.

his
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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 T! Professional computers:

DESIGNER TOOLS
Hardware XDS-22 Real Time Emulator (with PC-based Debugger Interface)
PC Software Development Board (with Debugger Interface)
Software 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
Languages C Compiler Package including:
TMS34010 C Compiler
Runtime Support
Systems 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).

{if
Texas
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON. TEXAS 77001

A-17



TMS34010
GRAPHICS SYSTEM PROCESSOR

TMS340 FAMILY HARDWARE AND SOFTWARE SUPPORT

SILICON PART NUMBER
Graphics System Processor 68-Pin PLCC TMS34010FNL
Video System Controller 68-Pin PLCC TMS34061FNL
Color Palette 22-Pin DIP TMS34070NL
64Kx1 Multiport Memory 22-Lead PLCC (120 and 150 ns) TMS4161FML
64Kx1 Multiport Memory 22-Pin DIP (120 and 150 ns) TMS4161NL
64Kx4 Multiport Memory 24-Pin DIP (120 and 150 ns} TiViS448TNL

OPERATING

SOFTWARE TOOLS COMPUTER SYSTEM PART NUMBER

TMS34010 Assembler Package:
Assembler, Linker, Archiver, IBM/TI PC MS-DOS 2.11+ TMDS3440808002

Object Format Converter, Simulator
TMS34010 Assembler Package:

Assembler, Linker, Archiver, VAX VMS TMDS3440200059
Object Format Converter VAX ULTRIX TMDS3440200069
VAX System V TMDS3440200089

HP System V TMDS3440500089

Sun System V TMDS3440550086

Mac 11 MPW TMDS3440560021

Apollo System V TMDS3440570088

TMS34010 C Compiler Package IBM/TI PC MS-DOS 2.11+ TMDS3440805002
VAX VMS TMDS3440205059

VAX ULTRIX TMDS3440205069

VAX System V TMDS3440205089

HP System V TMDS3440505089

Sun System V TMDS3440555086

Mac Il MPW TMDS3440565021

Apollo System V TMDS3440575088

Combination packages:
Assembler, Linker, Archiver, IBM/TI PC MS-DOS 2.11+ TMDS3440804003
Object Format Converter, Simulator,
C Compiler with runtime support

TMS34010 Graphics/Math

A-18

Function Library IBM/TI PC - Source TMDS3440802202
VAX - Source TMDS3440802208
TMS34010 Bit-Mapped Font Library 1BM/TI PC MS-DOS 2.11+ TMDS3440802302
VAX ALL TMDS3440202308
TMS34010 CCITT Function Library IBM/TI PC MS-DOS 2.11+ TMDS3440802102
VAX All TMDS3440202108
TMS34010 8514/A Emulation LibraffMDS- IBM/TIPC, MS-DOS 2.11+
3440
8020
02
TMS34010 PC Debugger Development Package IBM/T) PC MS-DOS 2.11+ TMDS3440806002
(For Internal Use)
TMS34010 PC Debuffer Development Package 1BM/TI PC MS-DOS 2.11+ TMDS3440806003
(For Resale)
HARDWARE TOOLS COMPUTER VERSION PART NUMBER
TMS34010 XDS-22 Real-Time Emulator with BT&T u.s. TMDS3469910000
Europe TMDS3469981000
Color Graphics Controller Board (TMS34061, TMS34070) IBM/TI PC TMDS3471804000
TMS34010 Software Development Board IBM/TI PC TMDS3411804420
DESIGN KITS PART NUMBER
TMS340 Graphics Design Kit, including TMS34061, TMS34070, TMS4161s TMS340GDK
TMS34010 Graphics Design Kit, including TMS34010, TMS34070, TMS4461s, PC Assembler TMS34010GDK
i
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reset

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

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

At the low-to-high transition of the RESET signal, the state of the HCS input determines whether the
TMS34010 will be halted or begin executing instructions. The TMS34010 may be in one of two modes,
host-present or self-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 HLT (halt) bit in HSTCTL (host control register). Following reset, the eight
RAS-only refresh cycles required to initialize the dynamic RAMs are performed automatically by the
TMS34010 memory 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
HLT 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 O 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 TMS34010 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 TMS34010 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. DRAMSs 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 £~ 50 microseconds.

{i’
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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 TMS34010’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
AL LADO-LAD15
TR/QE
RAS
CAS
w
AINT
HLDA/EMUA

Immediately following reset, all /O registers are cleared (set to Oh), with the possible exception of the
HLT bit in the HSTCTL register. The HLT bit is 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 TMS34010’s internal registers are
in the following state:

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

TMS34010 local memory interface

The TMS34010 local memory interface consists of a triple-multiplexed address/data bus on which row
addresses, column addresses, and data are transmitted. The associated memory control signals support
direct interfacing to both DRAMs and VRAMs. At the beginning of a typical 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.

{ip
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TMS34010 local memory interface

The TMS34010 local memory interface consists of a triple-multiplexed address/data bus on which row
addresses, column addresses, and data are transmitted. The associated memory control signals support
direct interfacing to both DRAMs and VRAMSs. 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.

ROW COLUMN

TMS34010 ADDRESS | Appress | PATA
/ LAD15 1+ RF 1AQ 15
LAD14 [+ 26 TR 14
LAD13 [} 25 29 13
LAD12 [} 24 28 12
LAD11 [}~ 23 27 1
LAD10 [+ 22 14 10
LADS [~ 21 13 9
LADS %— {20 12 8
e 19 11 7
- 18 10 6
5
4
3
2
1
0

CUBITS 0:15 722

l 32-BIT MEMORY ADDRESS I I‘IG-BlT DATA WORDI
BIT 31 BIT 0 BIT 15 BIT O
(MSB) (LSB) (MSB) (LSB)

= DRAM-REFRESH BUS STATUS BIT
IAQ = INSTRUCTION ACQUISITION BUS STATUS BIT
TR = VRAM SHIFT-REGISTER-TRANSFER BUS STATUS BIT

FIGURE 7. TRIPLE MULTIPLEXING OF ADDRESSES AND DATA

The following types of memory cycles are supported: read, write, VRAM memory-to-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 (VRAM memory-to-shift-register) cycles, and instruction fetch cycles are

occurring.
{ip
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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
LADO-LAD15. 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 iaich during ihe siait of the cycie.

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/0 register is addressed by the TMS34010, 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 TMS34010 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 TMS34010 releases the bus by
driving its address/data bus and control outputs into high impedance.
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write cycle timing
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TMS34010
read cycle timing
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memory-to-register cycle timing
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register-to-memory cycle timing
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RAS-only DRAM refresh cycle timing
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CAS-before-RAS refresh cycle timing
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internal cycles back to back
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write cycle with one wait state
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read cycle with one wait state
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absolute maximum ratings over operating free-air temperature range'r

Supply voltage, VCC - - - - o oo 7V
Input voltage range . . . . .. ... . -0.3Vto 20V
Off-state output voltage range . ... ......... . . ... ... ... -2Vto7V
Operating free-air temperature range . . ... ... ..ot i e 0°C to 70°C
Storage temperature range . . . . . ..ot it —10°C to 150°C

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-maximum-rated conditions for extended periods may affect device reliability.
Voltage values are with respect to the Vgg pins of the chip.

recommended operating conditions

MIN NOM MAX UNIT
Vece Supply voltage 4.75 5.0 b5.25 \%
Vss Supply voltage'r [0} o] o] \"
lOH High-level output current -400 rA
loL Low-level output current 2.0% mA
Ta Operating free-air temperature o] 70 °C

TCare should be taken by card designers to provide a minimum inductance path between the Vgg pins and system ground in order to
minimize Vgg noise.
tOutput current of 2,0 mA is sufficient to drive five low-power Schottky TTL loads or 10 advanced low-power Schottky TTL loads (worst case).

DC electrical characteristics

ADVANCE INFORMATION

PARAMETER TEST CONDITIONS MINT TYP¥  MmAXx? UNIT
High-level input All inputs 22 Ve +0.3
V|H§ voltage, TTL-level | except INCLK ) cere
) Vece = 6.0V \
signal
INCLK 3.0 Vcc+0.3
Low-level input All input
ow-level inpu inputs —03 08
V|L voltage, TTL-level except INCLK v
signal
INCLK -0.3 0.8
High-level output voltage, \ = min,
Vo igh-level c_)u put voltag cc in 26 v
TTL-level signal loH = max,
Low-level output voltage, Vv = max,
VoL w-leve o. put voltag cc X 0.6 v
TTL-level signal loL = max,
I High-impedance leakage current, Ve =max Vp=28V 20 A
O bidirectional pins ce= V0=06V —20 ¥
I Input current | Al inputs except V|=Vgs to V +20 A
urren — =
| P! RUN/EMUS 1=Vss cc Iz
Vce = max, 40 MHz 125
Ilcc Supply current Vce = max, 50 MHz 150 mA
Vee = max, 60 MHz 175
Cy Input capacitance 10 pF
Output capacitance (except
c 10 F
0 address/data lines) P

TFor conditions shown as “‘min’’ or ‘“max,’’ use the appropriate value specified under ‘’‘Recommended Operating Conditions.”’
*All typical values are at Vec=5 V, Tpo=25°C.
SRUN/EMU will be no-connected in a typical configuration. The nominal pull-up current will be 250 pA.

ADVAHCE IIFOIIMATI?H concerns new pm.dum in i
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NOTE
Advance information notices apply only to the TMS34010-60.

signal transition levels

FIGURE 8. TTL-LEVEL OUTPUTS

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-low 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.

FIGURE 9. TTL-LEVEL INPUTS

Transition times for TTL-compatible inputs are specified as follows. For a high-to-low 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 low’’ 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 10 represents the programmable load of the tester pin electronics,
which are used to verify timing parameters of TMS34010 output signals.

NOILVINHO4NI 3ONVAAY

——

TESTER PIN

ELECTRONICS loL

OUTPUT
VLOAD

Where: IoL = 2.0 mA DC level verification (all outputs)
IoH = 400 pA (all outputs)
VLoAD = 1.5 V DC level verification
0.7 V Timing verification
CT = 65 pF typical load circuit capacitance

FIGURE 10. TEST LOAD CIRCUIT

{i}
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timing parameter symbology

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  L[AL HS  HSYNC or VSYNC

C CAS ICK INCLK

CA Column address LR LRDY

CK  LCLK1 and LCLK2 QE  TR/QE, when used as output enable
CK1 LCLK1 R RAS

CK2 LCLK2 RA Row address

CcS HCS RS  HREAD

D Data RY HRDY

DD DDOUT S HREAD or HWRITE

EN  DEN TR TR/QE, when used as shift register enable
F HFSO, HFS1 VCK VCLK

HK  HLDA/EMUA W W

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

t transition time

w  pulse duration (width)

The following additional letters and symbols and their meaning are:
High

Low

Valid

High impedance

No longer low

No longer high

“-oN<rI

{i}
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ADVANCE
INFORMATION

host interface timing parameters

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 TMS34070 User’s Guide (number
SPVUOO1A).

o om sasmidn b o Ama AF tha hAaa
ig @ Wiit€ (& O OF wi NS

interface registers (see comment 2 on the next page). Similarly, the read strobe is the enabling signal during
a read.

+
T

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(ICK)-

NOILYINHO4NI 3ONVYAQY

TMS34010-50
NO. PARAMETER TMS34010-40 TMS34010-60 UNIT
MIN MAX MIN MAX
1 ¢ Setup time of HWRITE/HREAD high or HFSO, 10 10 ns
su(FV-SL) HFS1 valid to read or write strobel
2 td(wsL-DV) Delay from write strobe | to data in valid, write cycle 2tQ 2tq ns
Delay from read or write strobe low to next
3 1, - 7tq+10 7tq+10
d(SL-SL) read or write strobel Q Q ns
4 tw(SL) Duration of read or write strobe low 80 80 ns
Delay from read or write strobe high to next
5 |t R 60 60
d(SH-SL) read or write strobel ns
6 th(WSH-Dv) Hold time of data in valid after write strobe high, write cycle 10, 10 ns
7 N Hold time of HWRITE/HREAD high or HFSO, 10 10 ns
hiSH-FV) HFS1 valid after read or write strobe high
Hold time of data high impedance after read strobel, 5 §
8 | thRsLDZ) .4 cycle 0 0 ns
Delay from read strobe low to data out valid,
9 |t - 90 20
d(RSL-DV) read cycle with no wait ns
10 | th(RSH-DV) Hold time of data out valid after read strobet, read cycle 0 0 ns
Delay from read strobe high to data out high impedance,
11 td(RSH-DZ) read cycle 308 308 ns
12 th(CSL-RYH) Hold time of HRDY high after HCS!, cycle with wait 0 0 ns
13 td(CSL-RYL) Delay from HCS low to HRDY low, cycle with wait 40 40 ns
14 | tw(RYL) Pulse duration of HRDY low, cycle with wait t i ns
15 td(RYL-RYH) Delay from HRDY! to HRDY high, cycle with wait ot o* ns
Hold time of write strobe low after HRDYT,
16 t - 40 40
h(RYH-WSL) write cycle with wait ns
17 td(RYH-DV) Delay from HRDY1 to data out valid, read cycle with wait 40 40 ns
Hold time of read strobe low after HRDYT,
18 t - 40 40
h{RYH-RSL) read cycle with wait ns

NOTE: Advance information notices apply only to the TMS34010-60.
tParameter 14 is a function of local bus memory contention. This parameter is not tested. Refer to the TMS34070 User’s Guide for details.
tParameter 15 is specified as minimum O ns to indicate that a low-going pulse on HRDY can be arbitrarily narrow.
8These values are derived from characterization and are not tested.

A-36
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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-low transition is the strobe (write strobe) that begins
the cycie. The first of the three signals to make the low-to-high transition ends the cycie. 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-low transition is the strobe (read strobe) that begins the
cycle. The first of the three signals to make the low-to-high transition ends the cycle. All access
times are specified with respect to the strobing edges that 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

HFSO0, HFS1 W VALID FUNCTION SELECT m
b1 -~ — 7 —|
HREAD /i I
k’ 1 _.= F— 7 —-—-‘
| | 3
- X
HCS, HWRITE,
ALDS, AUDS i ’ r_ 5 —
h&———-4————iﬁ
je—2 —i le—s —=
QOO XD QOO XX
HDOHD15 XXXXXXKEIXKLN VAP DATAIN XXX

HRDY

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

HFSO0, HFS1 m VALID FUNCTION SELECT

=¢-1-ﬂ

fe— 7—]

HWRITE /.1 |-\
| - 7 ——{

-1 -l

| 3
|
|
b

o e—
HCS, HREAD,

HLDS, HUDS ic—— 55— \

le—— 4 — 11
| s
re—s1-9 |a— 10 -=H

e g

HDO-HD15 HI-Z VALID DATA OUT

HRDY

host interface timing: write cycle with wait

HFSO0, HFS1 VALID FUNCTION SELECT

3 )
|
a :
AWRITE, 2' E
HLDS, HUDS \ | 5 |
3 -
s N " R
|
j——13 16 v! je— 5 —)
e e
HRDY Il-\_
|
e [ T— 6
f—2 —ay
\/ V’V‘V‘V".V‘V‘V"’V‘V.
HDO-HD15 (XK KRRRRRRRRY VALID DATA IN
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host interface timing: read cycle with wait

HFSO, HFS1 M VALID FUNCTION SELECT m

|
|
|
HREAD, .\.
ALDS, AUDS } le—5—u]
|
| |
A -

I ]
HRDY ,K_ |
|

| r¢———15 11
e 8 17— 10 —ta—ai
VALID
HDO-HD15 DATA OUT

{ip
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reset timing

The timing parameters for device reset are shown in the next two figures. The purpose of these figures
is 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 LCLK1 need be met only to guarantee recognition of
a transition of one of these signals ata particular clock edge. The explanation of the logical relationships

UC IUUIlU IlI LIIU IIVIOJ‘#UIU Ubel b Uwue

ainong signais \

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(ICK)-

TMS34010-50
TMS34010-40
NO. PARAMETER TMS34010-60 UNIT
MIN MAX MIN MAX
Duration of HCS low to configure GSP to run
19 t, 4tq +55 4tq +55
w(CSL) in self-bootstrap mode Q Q ns
Setup time of HCS low to RESET? to configure
20 t, - 8tq +55 8tq +556
> Su(CSL-REH) the GSP to run in self-bootstrap mode Q Q ns
Duration of RESET low to ensure that GSP
21 t 160tq — 40 160tq — 40
2 W(REL) is properly reset Q Q ns
Delay from HCS? to RESET high, end of reset,
22 |t K 4tq-501 4tg-50T
5 H{CSH-REH) to configure GSP to run in self-bootstrap mode a Q ns
Setup time of RESET valid to LCLK1! to
O | 23 | turevckin o o= valete 40+ 40+% ns
m guarantee recognition at a particular clock edge
Hold time of RESET valid after LCLK1 low to
= 24 |4 K 10% 10%
2 h(CK1L-REV) guarantee recognition at a particular clock edge ns
M Setup time of HCS valid to LCLK1! to
25 |t . 40% 40%
O su(CSV-CK1L} guarantee recognition at a particular clock edge| ns
26 th(CK1L-CSV) Hold time of HCS. \./alid after L(?LK1 low to 10t 10t ns
guarantee recognition at a particular clock edge
2' NOTE: Advance information notices apply only to the TMS34010-60.
== TParameter 22 is the maximum amount by which the RESET low-to-high transition can be delayed after the HCS low-to-high transition
o and still guarantee that the GSP is configured to run in self-bootstrap mode (HLT bit=0) following the end of reset. HCS may be heid
2 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-low transition
of LCLK1 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

21 -l
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reset: synchronous timing relationships

LCLK1 _/——1\&____/—

TRESET and HCS are asynchronous inputs. The specified setup and hold times of RESET or HCS with respect to the high-to-low LCLK1
transition must be met only to guarantee that a RESET or HCS transition is detected by the device at a particular clock edge.

RESET! ><

VALID ><

2
local bus timing parameters (@]
The following six figures show the timing parameters for the signals of the local memory interface bus, |j==
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 E
among signals will be found in the TMS34070 User’s Guide (number SPVUOO1). o
A number of parameter values are expressed in terms of quarter clock time tQ, which is one quarter of o
a local clock period, or twice the input clock period, tc(ICK)- E
Input clock INCLK is divided internally by 8 to produce output clocks LCLK1 and LCLK2. Transitions of ™=
the other local interface output signals are also generated as delays from INCLK transitions. The divide- LL]
down logic that converts INCLK to the internal clocks used to generate LCLK1 and LCLK2 introduces €Q
significant propagation delays from the transitions of INCLK to the corresponding transitions of LCLK1 Z
and LCLK2. While the frequency of INCLK is precisely eight times the frequency of LCLK1 or LCLK2, no <
timing relationship other than the frequency is specified between transitions of input clock INCLK and >
transitions of the output clocks LCLK1 and LCLK2. 0
TMS34010-40 TMS34010-50 TMS34010-60
NO. PARAMETER MIN  MAX MIN  MAX MIN  MAX unIT
27 | tc(IcK) Period of INCLK 25 62.5 20 62.5 16.5 62.5 ns
28 | tw(icKH) Pulse duration of INCLK high 8+ 8+ 6.5% ns
29 | tw(ICKL) Pulse duration of INCLK low 8t 8¥ 6.5% ns
30 | tyick) Transition time (rise and fall) of INCLK 2t 8t 2t 8t 2t 8t 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
— 27—
28—t ! 30— ja— 30— le—
1 | 29— | | 11
INCLK ! !
T {l’
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local bus timing parameters (continued)

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

NOILLVINHO4NI 3ONVAQY

or 2tc(ICK)-
NG PARAMETER TMS34010-40 Iﬂ:::?g:g uNIT
MIN MAX MIN MAX

31 | te(cKk) Period of local clocks LCLK1 and LCLK2 8te(ick) ' 8tcick) ' ns
32 | tw(CKH) Pulse duration of local clock high 2tq-10 2tq-10 ns
33 | tw(ckL) Pulse duration of local clock low 2tq-10 2tq-10 ns
34 | th(CK1H-CK2L) Hold time of LCLK2 low after LCLK1 high tq-10 tg-10 ns
35 | th(CcK1L-CK2H) Hold time of LCLK2 high after LCLK1 low tq—-10 tq-10 ns
36 | th(CK2H-CK1H) Hold time of LCLK1 high after LCLK2 high tq—-10 tq-10 ns
37 | thick2L-ck1L) Hold time of LCLK1 low after LCLK2 low tqg-10 tq-10 ns
38 | th(CK1H-CK2H) Hold time of LCLK2 high after LCLK1 high 3tq—-10 3tq-10 ns
39 | th(cK1L-CK2L) Hold time of LCLK2 low after LCLK1 low 3tq—-10 3tq-10 ns
40 | th(CK2H-CK1L) Hold time of LCLK1 low after LCLK2 high 3tq-10 3tg-10 ns
41 | th(ck2L-CK1H) Hold time of LCLK1 high after LCLK2 low 3tq-10 3tg-10 ns
42 |t Transition time (rise and fall) of LCLK1 or LCLK2 10 10 ns
43 | tsu(RAV-CK2H) Setup time of row address valid to LCLK21 4tq - 25 419 - 15 ns
44 | tgy(CAV-CK2H) Setup time of column address valid to LCLK21 2tq-25 2tqg-15 ns
45 | tsy(LRV-CK2H) Setup time of LRDY valid to LCLK21 30# 30+ ns
46 | th(ck2H-LRV) Hold time of LRDY valid after LCLK2 high of of ns
47 | tsu(RAV-CK1L) Setup time of row address valid to LCLK1! tQ—-25 tg-156 ns
48 | tsy(CAV-CK1H) Setup time of column address valid to LCLK11 tQ—-25 tQ— 156 ns
49 | tgy(ALH-CK1L) Setup time of LAL high to LCLK1! 2tg-20 2tq-10 ns

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

TThis is a functional minimum and is not tested. This parameter can also be specified as 4tQq.

$LRDY is a synchronous input sampled during the low-tc-high transition of LCLK2. The specified setup and hold times must be met for

the device to operate properly.
Texas W2
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local bus timing: output clock and LRDY signal

Q1 Q2 Q3 Qa Q1 Q2 a3 Q4 Q1
- 31 »|
32 :
33 Ll 42—-—: :-—— 42—+ :-—
i
LcL | g N ]
K1 i i
I 11 i
1 41— | |
| = 38 | ]
i | la-35-m ! I
| - 36 ! 0 !
| 20 | -.l =y<-37-h je————— 39—l
il -—{l | | | l—— 33—
LCLK2 | | } x _]1
| i bl
le—— 49— - 48+ I 32 { !
' | |
a7 |
E_ ™ 3 42— -— 42— :-—
I a1 -
: j——— 44 ——» S
LADO- | 1
LAD15 ROW coL !
|
45— @46 -l

LRDY X VALID

N
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GRAPHICS SYSTEM PROCESSOR INFORMATION
TMS34010-40 TMS34010-50 TMS34010-60
NO. PARAMETER UNIT
MIN MAX MIN MAX MIN MAX
50 | td(RL-RL) Delay from RAS! to RAS! siqt 8tq' siqf ns
Setup time of row address
1 X p— -2 -1 -1
5 tsu(RAV-RL) .+ RAS) tq-20 tq-15 tq-15 ns
h - n
52 thiRL-RAV old El_"ﬁ of row address valid tn-20 ta-10 th—-5 ns
TREETTEETT O after RAS low = = =
53 tw(RH) Pulse duration, RAS high 3tq-20 3tq-10 3tq—-5 ns
54 | tw(RL) Pulse duration, RAS low 5tq - 20 5tq—-10 5tq—-10 ns
Setup time of column address
5 . — . - . - . -
5 tsu(CAV-ALL) valid to TALL 0.5tq - 20 0.5t~ 10 0.5tq-10 ns
Hold time of column address
- — . - . -1 . -1
56 th(ALL-CAV) valid after TAL low 0.5t - 15 0.5t - 10 0.5t - 10 ns
Hold time of RAS high
57 th(ALH-RH) after TAL high 2tq-20 2tg-10 2tg-10 ns
Hold time of [AL low
, — - - -1
58 th(RL-ALL) after RAS low 6tq - 20 6étq-10 6tqg—10 ns
Hold time of RAS low
59 t - -20 -10 tqg— 10
hiCL-RL) after CAS low 3o 3t 3ta ne
Hold time of W high after
60 th(RH-WH)  after RAS high, shift register 2tq-20 2tq-10 2tq—-10 ns
transfer follows read
Setup time of column address
1 x -20 - -
61 | tsulCAV-CL) 1410 TASI ta tg-10 tq-10 ns
Hold time of LAL low
- J— -2 -10 -10
62 th(CL-ALL) after CAS low 419 - 20 2% 41q ns
Hold time of CAL low
63 |t N — 0.5t~ 15 0.5tq-10 0.5tq—10
h(CH-ALL) after CAS high, write cycle Q Q Q ns
Hold time of CAS high
64 |t - —_ . -15 . -10 . -10
DALL-CH) o TAT low 0.5t 0.5t 0.51q ns
Hold time of RAS high
65 t - . -1 . -1 . -10
h(CH-RH) after CAS high 2.5tq - 15 2.5t~ 10 2.5tq ns
66 tw(CL) Pulse duration, CAS low 3.5tq - 25 3.5t - 10 3.6t - 10 ns
Hold time of TAS high
" uS— - -1 -1
67 th(RL-CH) after RAS low 2tq-20 2tq-10 2tq-10 ns
Delay time from RAS low
68 td(RL-CL) to TAS low 2tq +20 2tq+10 2tq+10 ns
Hold time of W high after
69 th(CH-WH)  CAS high, shift register 1.6t9—-156 1.5tq-10 1.5tq-10 ns
transfer follows read
Hold time of CAS low
- p—— . - . -1 . -1
70 th(RL-CL) after RAS low 5.5t — 25 5.5t - 10 5.6t - 10 ns
71 tw(CH) Pulse duration, CAS high 4.5tq-15 4.5t - 10 4.5tqg-10 ns
Hold time of CAL low after
72 | ¢ - - .5tq—15 0.5tq—10 0.5tqg-10
h(WH-ALL) W high, write cycle 0-5ta Sta Q ns
Setup time of W high to CAS|,
73 | tsu(WH-CL) end of write 4.5t - 15 4.5tq-10 4.5tq-10 ns
NOTE: Advance information notices apply only to the TMS34010-60.
TThis is a functional minimum and is not tested.
i
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local bus timing: the RAS, CAS, and LAL outputs
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local bus timing parameters (continued)

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

or 2tg(ICK)-
TMS34010-50
TMS34010-40 .
NO. PARAMETER 3 TMS34010-60 UNIT
MinN MAK Vi MAX
Setup time of W low to RAS!, shift register
74 | t, - -20 tq-10
su(WL-RL) transfer cycle a Q ns
Hold time of W low after RAS low, shift
75 |t R - tq-10
h(RL-WL) register transfer cycle ta-20 Q ns
Setup time of TR/QE low to RAS, shift
76 | t, - tq-20 tq-10
sulTRL-RL) register transfer cycle Q Q ns
Hold time of TR/QE low after RAS low, shift
77 t R 4tq - 20 4tq-10
h(RL-TRL) register transfer cycle Q Q ns
Hold time of TR/QE low after CAS low, shift
78 |t K 2tq-20 2tq-10
g h(CL-TRL) register transfer cycle ta Q ns
< 79 |+ Setup time of TR/QE high to RAS?, shift . 010 ns
> Su(TRH-RH) register transfer cycle a-20 Q
2 Setup time of TR/QE high to CAST, shift
80 |t - 1.5tq—25 1.5tq—10
O su(TRH-CH) register transfer cycle Q Q ns
m NOTES: 1. Advance information notices apply only to the TMS34010-60.
E 2. Parameters 81 and 82 intentionally omitted.
8 i local bus timing parameters: shift register transfer cycle
2 | @@ | o0 | @ | @ | @ | o0 | o3 ¢ | a1 | a2z |
> Lapo
ROW
=} LAD15 X Row X cot X X °
o

2
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I
8
(7]
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74

g

79 —r———q
le—— 78—l la—50—sl
76 77 1
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local bus timing parameters (continued)

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

or 2t¢(ICK)-
TMS34010-50
TMS34010-40
NO. PARAMETER TMS34010-60 UNIT
MIN MAX MIN MAX
Access time from RAS low to data
83 | ta(RL- 5.5tq 40" 5.5t9-25T| ns
a(RL-DV) in valid, read cycle Q Q
84 tsu(CH-ALH)  Setup time of TAS high to LALt 0.5tq-15 0.5t9-10 ns
85 tsu(ENH-ALH) Setup time of DEN high to LALT 0.5tq-15 0.5tq-10 ns
Access time from CAS low to data
6 K 3.5t -401 3.51q-251
8 ta(CL-DV) in valid, read cycle Q-40 Q ns
87 N Hold time of data in valid after CAST, o o ns
h(CH-DV) read cycle
Hold time of row address high impedance after
88 | th(CH- e 1.5tq - 10% 1.5t~ 10% ns
h(CH-RAZ) CAS high, end of read cycle Q Q 2
Hold time of TR/QE low after CAS low, O
89 |t - 3.5t -25 3.5tq-10 ns
hiCL-QEL) read cycle a aQ ;
Setup time of column address high impedance
90 |t . . tq-10% tq-10% ns
su(CAZ-QEL) to TR/QE!, read cycle a Q g
Hold time of data in valid after TR/QE?,
91 | th(QEH-DV) Y Y ns | O
read cycle O
Delay time from CAS! to TR/QE low,
92 td(CL-QEL) iy time from ° ow tqQ+20 tq+10 ns LL
read cycle 2
Access time from TR/QE low to data —
93 |t X 2.5tq-407 2.51q-251
a(QEL-DV) in valid, read cycle Q 'Q ns w
Hold time of row address high impedance o
94 | ¢ - —_— 1.5tq-10% 1.5tq - 10% ns
h(QEH-RAZ) after TR/QE high, end of read cycle Q Q 2
95 | tw(QEL) Pulse duration, TR/QE low, read cycle 2.5tq - 25 2.5tq— 10 ns <
9 |t Delay time from CAS low 10420 th+10 >
- —_ ns
d(CL-ENL) to DEN low, read cycle Q Q Q
97 ¢ Hold time of data in valid after DENt, 0 o <
h(ENH-DV) read cycle ns
Setup time of column address high impedance
98 |t . — tq-10*% tq-10%
Su(CAZ-ENL) 4, BENI, read cycle a Q ns
Hold time of next row address high impedance
99 | 1 X —_— 1.5tq - 10% 1.5tq - 10% n
MENH-RAZ) after DEN high, end of read cycle Q Q S
Access time from DEN low to data in valid
100 |t - ' 2.5tg 401 2.5tg - 251
a(ENL-DV) read cycle Q Q ns
Hold time of DDOUT high after DEN high,
101 t, - 3tq-20 3tqg-10
0 h(ENH-DDH) read follows write cycle Q Q ns
Setup time of DDOUT low to DENI,
2 |t N -2 -1
10 SUDDL-ENL) o cvcle tQ-20 tg-10 ns
NOTE: Advance information notices apply only to the TMS34010-60.
T44q is added to these values for each wait state inserted.
#These values are derived from characterization and are not tested.
{l}
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GRAPHICS SYSTEM PROCESSOR
local bus timing: read cycle

TMS34010
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ADVANCE

INFO

RMATION

TMS34010
GRAPHICS SYSTEM PROCESSOR

local bus timing parameters (continued)

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

or 2te(ICK)-

TMS34010-50
TMS34010-40
NO. PARAMETER TMS34010-60 UNIT
MIN MAX MIN MAX
Hold time of DDOUT low after DEN high,
1 1 N 1.5tq—-15 1.5tq-10
03 | th(ENH-DDL) o0y oycle 5tq 5tq ns
104 | tgy(DV-WL)  Setup time of data out valid to W1, write cycle tq-20 tq—15 ns
105 ¢ Hold time of data out valid after W low, 4 20 &t 10
- - - ns
h(WL-DV} write cycle a a
106 | tsu(WL-RH) Setup time of W low to RAS!, write cycle 2tq - 20 2tq-10 ns
Hold time of data out valid after RAS low,
107 | ¢t N 7tq-20 7tq-10
h(RL-DV) write cycle a Q ne
108 |t Hold time of data out valid after CAS high, 1.5t 15 1.5¢ 10 ns Z
h(CH-DV) write cycle ta =ta o
—
109 | tgu(WL-CH) Setup time of W low to CAS!, write cycle 2.5tq—-25 2.56t9- 10 ns '—
110 | ¢ Hold time of data out valid after CAS low, 5t — 20 5tn - 10 ns <
h(CL-DV) write cycle Q Q E
Hold time of data out valid after W high, m
111 |t N 1.5tq—-15 1.5tq—-10 ns
h(WH-DV) write cycle a Q O
112 | tyw(WL) Pulse duration, W low 2.5tq - 25 2.5tq-10 ns Ll
113 | th(CL-WL) Hold time of W low after CAS low, write cycle | 3.5tqg—25 3.6t - 10 ns E
Setup time of column address valid to W1,
114 |t : 4.510-30 4.5tq-15 ns | Wid
su(CAV-WH) write cycle Q Q o
115 | th(RL-WL) Hold time of W low after RAS low, write cycle | 5.5tq— 25 5.5t - 10 ns 2
Setup time of row address valid to W1, <
A . - 51915
116 | tsu(RAV-WH) write cycle 6.5tq —35 6.5t ns >
117 | tsu(ENL-WH)  Setup time of DEN low to W\, write cycle tq-20 tq—10 ns 0
118 | th(WH-ENL) Hold time of DEN low after W high, write cycle| 1.5tg—15 1.6t - 10 ns <
Setup time of DDOUT high to DEN!,
| -20 3tg-10
119 | tsu(DDH-ENL) write follows read 3t Q ne
NOTE: Advance information notices apply only to the TMS34010-60.
i
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TMS34010
GRAPHICS SYSTEM PROCESSOR

local bus timing: write cycle
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ADVANCE
INFORMATION

TMS34010
GRAPHICS SYSTEM PROCESSOR

local bus timing parameters (continued)

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

or 2t¢(|CK)-
TMS34010-50
TMS34010-40
NO. PARAMETER TMS34010-60 UNIT
MIN MAX MIN MAX
120 | tgu(HRV-CK2H) Setup time of HOLD valid to LCLK21 sot 40t ns
121 | th(cK2H-HRV) Hold time of HOLD valid after LCLK2 high ot ot ns
Setup time of HLDA/EMUA output valid
122 _CK n—2 tq-10
22 | tsu(HKV-CK2L) oo c1k2) Q-20 Q ns
123 | th(CK2L-HKL) Hold time of HLDA/EMUA low, after LCLK2 low tq—-156 tqg-15 ns
Delay from LCLK2 high to LAD pins high
124 | t, - 30+ 30# ns
d(CK2H-DZ) impedance, bus release
125 | tgy(RH-CK1H) Setup time of RAS high to LCLK11t tq—20 tq—-10 ns
Hold time of RAS driven high after LCLK1
126 | - tq-10% tg-10*% ns
h(CK1H-RH) high, bus release Q Q %
Delay from LCLK2 high to RAS high impedance, —
X 30+ 30%
127 | td(CK2H-RZ) bus release ns E
128 | tgy(ALH-CK2H) Setup time of TAL high to LCLK2t tq-20 tq-10 ns E
Hold time of LAL driven high after LCLK11,
129 |t - _5t -5t
h(CKIL-ALH) bus release ns g
Delay from LCLK1 low to AL high impedance,
130 | taick1L-ALZ) elay from ow to igh imp 304 30t ns hred
bus release 2
Setup time of CAS, W, and TR/QE high —
131 |t - 0.5tq—-15 0.5t —10 n
su(CH-CK1H) to LCLK11 Q Q S w
Hold time of CAS, W, and TR/QE (&)
132 | - C tq-10% tg-10¥ ns
PICKTH-CH)  pigh after LCLK1 high, bus release a Q 2
Delay from LCLK2 high to CAS, W, and TR/QE
133 | cKkeHCa) oo o 30+ 30t [ ns <
high impedance, bus release >
134 | tgy(ENH-CK2H) Setup time of DEN or DDOUT high to LCLK1! tq—-20 tq-10 ns Q
135 | ¢ Hold time of DEN and DDOUT high after to—10% t—10% ns <
h(CK2H-ENH} | ¢ |, bus release Q Q
Delay from LCLK1 low to DEN and DDOUT
136 | t, iy 30+ 30+ s
d(CK1L-ENZ) high impedance, bus release n
Hold time of LAD bus high impedance t t
X - -5
137 | h(CK2H-DZ)  pior  cLK2t 5 ne
Hold time of RAS, CAS, W, LAL, and TR/QE
138 | ¢ X J e -5t -5 ns
h(CK2H-RZ) high impedance after LCLK11
Delay from LCLK1 high to RAS, CAS, W, TAL,
139 |t N — 30 30 ns
d(CKTH-RH) and TR/QE driven high, resume bus control
Hold time of RAS high after LCLK2 high,
140 |t N tq—-15 tq-10 ns
h(CKZH-RH)  osimes bus control a a
141 | Hold time of CAS, W, and TR/QE high _st _gt ns
h(CK2H-CH) after LCLK2 high, resume bus control
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.
¥These values are derived from characterization and are not tested.
{i’
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TMS34010
GRAPHICS SYSTEM PROCESSOR

GSP releases control of local bus
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TMS34010
GRAPHICS SYSTEM PROCESSOR

GSP resumes control of local bus
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TMS34010 ADVANCE
GRAPHICS SYSTEM PROCESSOR INFORMATION

local bus timing parameters (continued)

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

or 2tc(ICK)-
TMS34010-50
TMS34010-40
NO. PARAMETER TMS34010-60 UNIT
MIN MAX MIN MAX
Hold time of DEN, DDOUT high impedance
142 |t X -5t -5t ns
h(CK2ZH-ENZ) after LCLK2 high, resume bus control
Delay from LCLK2 high to DEN, and DDOUT
143 |t - 30 30 ns
d(CK2H-ENH) driven high, resume bus control
Setup time of row address valid to RAS!,
144 |t X 2tq-25 2tg-15
su(RAV-RL) CAS-before-RAS refresh a Q ns
145 | ¢ Hold time of row address valid after RAS low, ta - 20 to-10 ns
hiRL-RAV) CAS-before-RAS refresh Q Q
Pulse duration, RAS high, start of

146 |t — — 4tq - 20 4tq-10
> w(RH) CAS-before-RAS refresh a Q ne
U Pulse duration, RAS low, CAS-before-RAS
§ 147 | tw(RL) refresh 4tq-20 4tq-10 ns

Setup time of row address valid to LAL!,

148 |t . tq—20 tq-15
Z Su(RAV-ALL) CAS-before-RAS refresh Q a ns
‘ : Hold time of row address valid after LAL low,

149 | - 2tq-20 2tq-10
m h(ALL-RAV) CAS-before-RAS refresh Q Q ns
— — —

2 Hold time of RAS high after LAL low,

1 - — — tq-20 tqo-10
= 50 | th(ALL-RH) &R pefore-RAS refresh Q Q ne
(@] Setup time of RAS high to TAL!,

151 | t, N _— — tq-20 tq-10 ns
X SURH-ALH) 25 before-RAS refresh a Q
2 Setup time of TAL high to CASH,

162 |t X — J— tq—-20 tqg-10 s
> Su(ALH-CL) CAS-before-RAS refresh Q Q "
—'| Setup time of CAS low to LALI,

— 163 | t, - —_— — tq—-20 tq-10
o su(CL-ALL) CAS-before-RAS refresh Q Q ns
Setup time of RAS high to CAS!,
154 - —_— — 2tg -2 2tq-10
2 | 154 | wumncy CAS-before-RAS refresh Q-20 Q ne
Setup time of CAS low to RAS!,
165 | t, - i — 2tq-20 2tq-10 ns
SUlCL-RL) AT before-RAS refresh Q Q
Hold time of CAS low after RAS low,
156 | t - — _— 4.5tq-25 4.519-10
h(RL-CL) CAS-before-RAS refresh Q Q ne
Pulse duration, CAS low,
157 |t — 6.5tq - 25 6.5tq - 10
wiCL) CAS-before-RAS refresh Q Q ns
Setup time of CAS high to RASH,
N — — . -15 3.5tq-10
158 | tsu(CH-RL) CAS-before-RAS refresh 3.5t Q ns
NOTE: Advance information notices apply only to the TMS34010-60.
TThese values are derived from characterization and are not tested.
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GRAPHICS SYSTEM PROCESSOR

TMS34010
CAS-before-RAS DRAM refresh cycle timing
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TMS34010
GRAPHICS SYSTEM PROCESSOR

INFO

ADVANCE
RMATION

local bus timing parameters (continued)

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

or 2tc(ICK)-
TMS34010-50
™ 10-
NO. PARAMETER S34010-40 TMS34010-60 UNIT
MIN MAX ~ MIN MAX
Hold time of RAS high after LCLK2 high, all
159 | th(CK2H-RH) cycles except internal and tg—-15 tqg-10 ns
CAS-before-RAS refresh
Setup time of RAS low to LCLK2/, all cycles
160 |t - — tq-20 tg—-10
SU(RL-CK2L) except internal and CAS-before-RAS refresh Q Q ns
Hold time of RAS high after LCLK1 low,
161 ¢ - —_— J— tq—-15 tq-10
PCKIL-RH) AT before-RAS refresh Q Q ne
Setup time of RAS low to LCLK11,
162 |t - i tq-20 tq—-10
su(RL-CK1H} CAS-before-RAS refresh 0 Q ns
Hold time of RAS low after LCLK1 low,
163 | ¢ - tq-156 tq—-10
> h(CK1L-RL) all cycles except internal Q Q ns
Setup time of RAS high to LCLK11,
164 | t, - tq-20 tq-10
2 Su(RH-CK1H) all cycles except internal Q Q ns
Hold time of LAL high after LCLK2 low,
165 |t - 0.5t - 15 0.5tq-10
5 h(CK2L-ALH) all cycles except internal Q Q ns
Setup time of LAL low to LCLK11,
166 | t - 0.5t9- 156 0.5tg—10
Fn) SU(ALL-CK1H) all cycles except internal Q Q ne
Hold time of CAL low after LCLK2 low,
— 167 | ¢t - -1 ta-
Z h(CK2L-ALL) all cycles except internal to-15 Q-10 ns
T Setup time of LAL high after LCLK21,
168 | t. X tQ-20 tq-10
o SU(ALH-CK2H) all cycles except internal Q Q ne
m 169 | thick1H-CH) Hold time of CAS high after LCLK1 high, tq—15 tq-10 ns
g 3 CAS-before-RAS refresh
> Setup time of CAS low to LCLKL,
170 | t, - — — tqQ—20 tq-10
_-_I su(CL-CK1L) CAS-before-RAS refresh Q ) Q ns
(@) Hold time of CAS high after LCLK2 low,
2 171 | th(CK2L-CH) cycles except internal, tq-15 tq-10 ns
DRAM refresh and CAS-before-RAS refresh
Setup time of CAS low to LCLK2t,
172 | tsu(CL-CK2H) all cycles except internal, DRAM refresh, tQ-20 tq-10 ns
and CAS-before-RAS refresh
Hold time of CAS low after LCLK2 low, all
17 - . -1 0.5t9-10
3 | thiekat-cu cycles except internal and DRAM refresh 0.5t19-16 Q ns
Setup time of CAS high to LCLK 11, all
174 | t, X 0.6t9—15 0.5tq-10
Su(CH-CKTH) cycles except internal and DRAM refresh Q Q ns
Hold time of W high after LCLK1 high,
17 - tQ—-15 tQ-10
5 [ thCKTH-WHITR shift register transfer Q Q ns
Setup time of W low to LCLK1!,
17 - tq—-20 tq-10
6 | tsu(WL-CK1LITR shift register transfer Q Q ns
NOTE: Advance information notices apply only to the TMS34010-60.
i
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ADVANCE
INFORMATION

GRAPHICS SYSTEM PROCESSOR
TMS34010

local bus timing parameters (concluded)

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

or 2tc(ICK)-

TMS34010-50
NO. PARAMETER TMS34010-40 TMS34010-60 UNIT
MIN MAX MIN MAX

Hold time of W | fter LCLK1 low,
177 | thieki-wo) shif(: regiestZr trc«mos‘:vera erte - ta-15 ta-10 ns
178 | okt e et fa-20 fa-10 "
179 | th(CK1H-wH) Hold time of W high after LCLK1 high, write tQ-15 tg-10 ns
180 | tgy(WL-CK1L) Setup time of W low to LCLK14, write tq—20 tq—-10 ns
181 | th{CK2L-WL) Hold time of W low after LCLK2 low, write 0.5tq-15 0.5t - 10 ns
182 | tgy(WH-CK1H) Setup time of W high to LCLK11, write 0.5tq—-15 0.5tg-10 ns
183 | thicKk1LTRH) Hc{ld tim.e of TR/QE high after LCLK1 high, 15 tq-10 ns

shift register transfer 2
N - |5
185 | tickamay "' fme of TRGE low after LCLKZ high, 15 110 . 2

shift register transfer
186 | tou(TRH-CK2L) Seltup tir'ne of TR/QE high to LCLK24, tq-20 -10 ns E

shift register transfer
187 | th(CK1H-QEH) Hold time of TR/QE high after LCLK1 high, read tq-15 tq-10 ns O
188 | tsy(QEL-CK1L) Setup time of TR/QE low to LCLK1{, read tq-20 tq-10 ns I'ZI-
189 | th(CKk2L-QEL) Hold time of TR/QE low after LCLK2 low, read| 0.5tq-15 0.5tg-10 ns —
190 | tsy(QEH-CK1H) Setup time of TR/QE high to LCLK11, read 0.5tg-15 0.5tq-10 ns L
191 | th(CK2L-ENH) Hold time of DEN high after LCLK2 low, write tq-156 tqg-10 ns U
192 | tgy(ENL-CK2H) Setup time of DEN low to LCLK21, read tq-20 tq-10 ns =
193 | th(CK1H-ENL) Hold time of DEN low after LCLK1 high, write tq—-15 tq-10 ns <
194 | tgy(ENH-CK1L) Setup time of DEN high to LCLK1l, write tQ-20 tg-10 ns B
195 | th(CK1H-ENH) Hold time of DEN high after LCLK1 high, read tq-15 tq—-10 ns <
196 | tsy(ENL-CK1L) Setup time of DEN low to LCLK1l, read tq-20 tqg-10 ns
197 | th(CK2L-ENL) Hold time of DEN low after LCLK2 low, read 0.5t9-15 0.5tg-10 ns
198 | tsy(ENH-CK1H) Setup time of DEN high to LCLK11, read 0.5t9-15 0.5t - 10 ns
199 | th(CK2L-DDH) Hold time of DDOUT high after LCLK2 low, read tqg-15 tq-10 ns
200 | tsy(DDL-CK2H) Setup time of DDOUT low to LCLK2T, read tq—-20 tq—-10 ns
201 th(CK1H-DDL) Hold time of DDOUT low after LCLK1 high, read tq-15 tq-—-10 ns
202 | tsy(DDH-CK1L) Setup time of DDOUT high to LCLK1, read tq-20 tqQ-10 ns
204 | teuiaLLcka Eet_up time o@ low to LCLK2{, tq-20 tg-10 ns

CAS-before-RAS refresh

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

GRAPHICS SYSTEM PROCESSOR

local bus timing: relationship of control signals to clocks
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ADVANCE TMS34010
INFORMATION GRAPHICS SYSTEM PROCESSOR

video interface timing parameters

The timing parameters for TMS34010 video interface signals are shownin the next three 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

TMS34010-50
NO. PARAMETER TMS34010-40 TMS34010-60 | UNIT
MIN  MAX MIN  MAX
205 | te(VCK) Period of video input clock VCLK 100 80 ns
206 | tw(VCKH) Pulse duration of VCLK high 40 30 ns
207 | tw(VCKL) Pulse duration of VCLK low 40 30 ns
208 | tyvCK) Transition time (rise and fall) of VCLK 5t 5t ns

NOTE: Advance information notices apply only to the TMS34010-60.
TThis value is determined through computer simulation and is not tested.

video input clock timing
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video interface timing parameters: outputs

ADVANCE INFORMATION

NO. PARAMETER TMS34010-40 ngzz:g.:g UNIT
MIN  MAX MIN  MAX

209 | td(vCKL-HSL) Delay from VCLK low to HSYNC, VSYNC, or BLANK low 30 30 ns

210 | tg(vCKL-HSH) Delay from VCLK low to HSYNC, VSYNC, or BLANK high 30 30 ns

211 | th(vCKL-HSH) Hold time of HSYNC, VSYNC, or BLANK high after VCLK! 0 0 ns

212 | th(vCKL-HSL) Hold time of HSYNC, VSYNC, or BLANK low after VCLK! 0 0 ns

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

video output timing

VCLK ||\_ / / \
| 1
| 209-i la—i-210
be 211w | 212 }
HSYNC, |
VSYNC Il {
OUTPUTS |
{ ’ : pzos-: 210
1-211-; I 212
|
BLANK I\_'

i
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TMS34010 ADVANCE
GRAPHICS SYSTEM PROCESSOR INFORMATION

video interface timing: external sync inputs

TMS34010-50
NO. PARAMETER TMS34010-40 | TMS34010-60 | UNIT
MIN  MAX MIN  MAX
213 | tgy(HSV-VCKH) Setup time of HSYNC, VSYNC valid to VCLK? 20t 20t ns
214 | th(vCKH-HSV) Hold time of HSYNC, VSYNC valid after VCLK high 207 207 ns
215 | tgy(HSH-VCKH) Setup time of HSYNC, VSYNC high to VCLK? 20% 20+ ns

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

A B S (o] D
VCLK \ f

. | |
R j—214 —f | [—215—m
HSYNC, le—213— ——214——i |
VSYNC |
(INPUTS) |
(NOTE 1) INOTE 2)

NOTES: 1. If the falling edge of the sync signal occures more than th(gy.vCH) past VCLK edge A, and at least tgy(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(Sy-VCH) past VCLK edge C, and at least tg(Sv.vCH) before edge
D, the transition will be detected at edge D instead of edge C.

NOILVINHO4NI 3ONVAQVY
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TMS34010
GRAPHICS SYSTEM PROCESSOR

MECHANICAL DATA

4,50 (0.177)
4,24 (0.167)
2,79 (0.110)
2,41 (0.095)
1,35 (0.053) . 0,25 (0.010) R MAX
— x 45
1,19 (0.047) < IN 3 PLACES
(T e E e e el e e N S N e e o B e B e B o beerg—————
_i——-1,27 (0.050) T.P. ] 1]
(SEE NOTE B) 1 i
—r 1 i
g 1]
i 1]
1 1
q Y
i Y
23.62 {0.930 h h 25,27 (0.995)
23,11 (0.910) h h 25,02 (0.985)
(AT SEATING PLANE)
1 ) 24,33 (0.956)
i 1 24,13 (0.950)
1 ] (SEE NOTE A)
q 1]
Q 1]
Q ]
1 1]
d bl d Wd o W W W W W W W WD
\—%%g:g:;;: 1,22 (0.048)  45.
’ 24,33 (0.956) (SEE NOTE A)—e| 1,07 (0.042)

| 24,13 (0.950)

25,27 (0.995)
25,02 (0.985)

|
SEATING PLANE

0.81 (0.032)
‘l ro,se 10.026)
:{-1,52 {0.060) MIN
I {
I 0.64 (0.025) MIN

0.51 (0.020) _|l
0,36 (0.014)

LEAD DETAIL

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.

{i’
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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 TMS34010 XDS emulator.

Topics in this section include:

-
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Section

B.1 Pin Lo@ding ..cccceoiiiieieeieicectce ettt e
Signal Timing and Delay .........cccooniiininienineieeeeee
Transmission Line Phenomena ...
Host Port Operation
Reset Buffering ............
Local Ready Timing
Memory SUDSHTULION ......ccocivieiieciieciee et e e e
Write Protecting Memory
Tracing @and CaChe .......cccoiiiiiiiieeee et
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Appendix B - System Design Considerations

B.1 Pin Loading

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 faii.

To minimize ringing caused by the emulator, all the outputs and I/Os 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 B-1 shows
the device loads that are placed on the emulator pins.

In Table B-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.

Table B-1.. Loading

Pin Signal 1/0 Loading
1 Vss
2 RUN/EMU pin, 4.7KPU, ALS08
3 RESET I pin, 47KPU, TIBPAL-12, TMS9901, ALS574, AS257
— [ALS08 + AS04 + ALS08 + AS874 + AS04] —
TMS34010
4 VCLK ! pin, 330PU, 510PD, A5157 = TMS34010
5 INCLK | pin = [AS157] = TMS34010
6 TINT1 | pin, 4.7KPU - [AS257] = TMS34010
7 TINT2 1 pin, 4.7KPU = [AS257] — TMS34010
8 HOLD | pin, 4.7KPU, AS874, TMS34010
9 LRDY 0 pin, 4.7KPU, [TIBPAL-12] = TMS34010
10 LADO 1/0 | pin = [22S] — ALS245, AS573, TMS34010
11 LAD1 1/0 | pin = [22S] — ALS245, AS573, TMS34010
12 LAD2 1/0 | pin = [22S] — ALS245, AS573, TMS34010
13 LAD3 1/0 | pin = [22S] — ALS245, AS573, TMS34010
14 LAD4 1/0 | pin = [22S] — ALS245, AS573, TMS34010
15 LADS 1/0 | pin = [22S] — ALS245, AS573, TMS34010
16 LAD6 1/0 | pin = [22S] = ALS245, AS573, TMS34010
17 LAD?7 1/0 | pin = [22S] — ALS245, AS573, TMS34010
18 VSS
19 LADS8 1/0 | pin = [22S] — ALS245, AS573, TMS34010
PD = Pull down
PU - Pull up

S - Series resistor
[ 1 — Devices in series
pin = Emulator target cable pin
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Table B-1. Loading (Continued)

Pin Signal /0 Loading
20 LADS 1/0 | pin = [22S] — ALS245, AS573, TMS34010
21 LAD10 1/0 | pin = [22S] = ALS245, AS573, TMS34010
22 LAD11 1/0 | pin = [22S] — ALS245, AS573, TMS34010
23 LAD12 1/0 | pin = [22S] — ALS245, AS573, TMS34010
24 LAD13 1/0 | pin = [22S] — ALS245, AS573, TMS34010
25 LAD14 1/0 | pin = [22S] = ALS245, AS573, TMS34010
26 LAD15 1/0 | pin = [22S] = ALS245, AS573, TMS34010
27 Vee
28 LCLK1 o) TMS34010, AS244, AS04 — [22S] — pin
29 LCLK2 [0} TMS34010, AS244 — [22S] — pin
30 HSYNC 1/0 | TMS34010, ALS573 = [22S] — pin
31 VSYNC 1/0 | TMS34010, ALS573 — [22S] - pin
32 BLANK (o} TMS34010, ALS573 — [22S] - pin
33 HLDA/EMU (0] TMS34010 — [ASO8 + 10S] - pin
34 LAL 0 TMS34010, 100KPU, AS11, AS04 — [22S] = pin
35 Vss
36 DDOUT (o] TMS34010 = [TIBPAL-12 + 22S] — pin
37 DEN 0 TMS34010 — [TIBPAL-12 + 22S] — pin
38 RAS (0] TMS34010 AS157, 100KPU — [22S] —* pin
39 CAS 0 TMS34010 - [TIBPAL-12 + 22S] = pin
40 WRITE 0 TMS34010 - [TIBPAL-12 + 22S] — pin
41 TR/QE (o} TMS34010 — [TIBPAL-12 + 22S8] — AL244, pin
42 HINT (o] TMS34010 ALS244 — [22S] = pin
43 HRDY (o] TMS34010 = [AS08 + 10S] - pin
44 HAD15 1/0 | TMS34010 — [22S] — pin
45 HAD14 1/0 | TMS34010 — [22S] — pin
46 HAD13 1/0 | TMS34010 — [22S] — pin
47 HAD12 1/0 | TMS34010 — [22S] = pin
48 HAD11 1/0 | TMS34010 — [22S] — pin
49 HAD10 1/0 | TMS34010 — [22S] — pin
50 HAD9 1/0 | TMS34010 = [22S] — pin
51 HAD8 1/0 | TMS34010 — [22S] — pin
52 Vss

PD = Pull down

PU - Pull up

S - Series resistor

[ 1 — Devices in series
pin = Emulator target cable pin

B-3
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Table B-1. Loading (Concluded)

Pin Signal 1/0 Loading

53 HAD7 1/0 | TMS34010 — [22S] — pin

54 HADG6 1/0 | TMS34010 — [22S] - pin

55 HAD5 1/0 | TMS34010 — [22S] — pin

56 HAD4 1/0 | TMS34010 — [22S] — pin

57 HAD3 1/0 | TMS34010 — [22S] — pin

58 HAD2 1/0 | TMS34010 — [22S] — pin

59 HAD1 1/0 | TMS34010 — [22S] — pin

60 HADO 1/0 | TMS34010 — [22S] — pin

61 Vee

62 HUDS 1 pin, T00KPU, TMS34010

63 HLDS I pin, 100KPU, TMS34010

64 EAD | pin, T00KPU, ALS573, TMS34010

65 HWRITE | pin, 100KPU, AS573, TMS34010

66 HCS | pin, 4.7KPU — [AS232 + AS08 + TMS34010] -
ALSO00, ALS74, TIBPAL-12, LS02

67 HFSO | pin, 100KPU, ALS573, TMS34010

68 HFS1 | pin, T00KPU, ALS573, TMS34010

PD = Pull down
PU = Pull up

S - Series resistor
[ 1 — Devices in series
pin — Emulator target cable pin

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
LINT1 6ns TR/QE 12ns
LINT2 6ns TRDY 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 1/0 registers before transferring control to the user. While halted, the
host has access to the TMS34010’s 1/O registers and memory space.
Data read from the 1/0 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 |/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.

B-5
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If the target system also generates a reset during the emulator-TMS34010 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 CTAS 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/QE 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

B-6

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 TMS34010’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 TMS340x0 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
C.1 General GUIAEHNES ........ccoociiiiiiiiieiriece e
Graphics Compatibility
Memory Map Compatibility
1/0 Register and Video Timing Compatibility
Interrupts Compatibility ........c.cccoiririniiniie e
Host Interface Compatibility
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ONPLWN
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Appendix C - Software Compatibility with Future GSPs

C.1 General Guidelines

C.2 Graphics

C-2

Future GSPs may have different instruction execution times than the
TMS34010 has; therefore, timing loops based on TMS34010 instruction
execution time may not be compatible with future GSPs. Even if future
devices are generally faster than the TMS34010, specific cases may run
slower. To avoid this, timing could be based on DPYINT (the display
interrupi) or on an exiernal iime souice (via Lin11 of Lin12). Note 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 TMS34010. 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
1/0 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 O, 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.

Compatibility

Extend the values in the COLORO and COLOR?1 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 TMS34010 uses only
the 16 bits at address 0C0000160h; however, future GSPs may also use
the 16 bits at address 0C0000170h. Whenever you save/restore the
value at 0C0000160h, you should also save/restore the value at
0C0000170h.

When you save/restore the graphics context (this includes all graphics
operations control registers), you should also save/restore the 1/0 reg-
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isters that are reserved in the TMS34010 1/0O register map (addresses
0C0000130h-0C00001AOQh).

At initialization, load register B13 with all 1s. 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 TMS34010 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 1s com-
plement of logp 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
logs 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 1s com-
plement of logo 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
logo 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 TMS34010 1/0 registers (addresses
0C0000200h-0C0O0003FO0Oh) are currently reserved. Future GSPs may
use these addresses for additional 1/0 registers, so do not write code that
uses these addresses.

Do not use any reserved addresses in the TMS34010 memory map; fu-
ture GSPs may use these locations. Specifically, address OFFFFEOOOh,
which is currently reserved, may be used for system configuration infor-
mation.
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C.4 1/0 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 TMS34010
provides control every 32 or 64 CPU cycles, and it may be necessary to
have more control.

C.5 Interrupts Compatibility

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 RET! 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.

C-4

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 TMS34010 host interface may need to be imple-
mented in external hardware for future GSPs. However, the host inter-
face registers and their functions will remain the same so that TMS34010
code that uses these registers will 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.

C-5
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Appendix D

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 puilse.

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.

BitBlIt: 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.

D-1
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D-2

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.

composite video: The color-nicture signal plus all blanking and svnchro-
nizing signals. The signal includes luminance and chrominance signals, verti-
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 TMS34010 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).

PixBIt: (Abbreviation of Pixel Block transfer) Operations on arrays of pixels
in which each pixel is represented by one or more bits. PixBlt operaticns are
a superset of BitBit 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 O to n-1, plane 0 is made up of bits numbered O 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,,. 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 musi exiend ihe iength 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.

VDI: Virtual Device Interface. The standard interface between the device-
independent and the device-dependent levels of a graphics system.

VDM: 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 Memory. A dual-ported 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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INC instruction 12-91
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LADO-LAD15 2-8,11-2
LAL 2-7,11-2
LBL bit 6-32, 6-34
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MAX operation 7-16
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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
ouicode 7-30

output clocks 2-8

P
P flag 5-22
panning 9-25

PATTRN register 5-17
PBH bit 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
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12-187, 12-193, 12-200, 12-206
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pixel array 4-15
pixel block transfers 4-15, 7-4
pixel processing 6-13, 7-15
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addressing 4-6
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postclipping 7-29
PP bit 6-11
PPOP bits 6-13
preclipping 7-29
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program counter 1-5,5-19
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PUSHST instruction 12-228
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RAS 2-7,11-2
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related documentation 1-12
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replace operation 7-18

RESET 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 1/0 registers 6-3
HLT bit 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

ROWADR bits 6-46

RR bit__6-11

RUN/EMU 2-10

S

SADDR register 5-6

scan line counter 6-17

screen origin  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

SDB 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 1-12
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 bit 5-18
and window checking 7-25
VCLK 2-9,9-3
VCOUNT register 6-23, 6-48
VEBLNK register 6-49
vector addresses  8-2
vertical back porch 9-5
vertical front porch 9-5
vertical sync  2-9
vertical timing registers
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,
HEBLNK
HESYNC
HSBLNK
HTOTAL
VCOUNT
VEBLNK 6
VESYNC 6-
VSBLNK 6-
VTOTAL 6-5
video timing signals
video timing signals 2-4
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
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VSYNC 2-9,6-22,9-3
VTOTAL register 6-52

ndow checklng 4 16, 6-12,7-25
wnndow 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-8

X

XOR instruction 12-255
XORI instruction 12-256
XY addressing 4-8, 4-10, 4-11, 4-14,
5-14
benefits 4-11
DYDX register 5-14
format 4-11
OFFSET register 5-11
XY -to-linear conversion 4-12, 6-15,
6-16
X1E bit 6-40
X1P bit 6-41
X2E bit 6-40
X2P bit 6-41
X3E bit 6-40
X3P bit 6-41

z

Zbit 5-18
ZEXT instruction 12-257
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