




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Syntax 

Execution 

Instruction Words 

Operands 

Description 

Machine States 

Instruction Type 

Example 

14-100 

SUB CRS1, CRS2, CRd 

CRs1 - CRS2 ->0 CRd 

CRs1 Coprocessor A register containing the 32-bit minuend integer operand 

CRs2 Coprocessor B register containing the 32-bit subtrahend integer oper-
and 

CRd Coprocessor destination register 

SUB subtracts the contents (integer) of CRS2 from CRs1 and stores the result 
in CRd. 

2 

CEXEC, short 

SUB RA5, RB3, RA7 

This example subtracts the contents of RB3 from RA5 and stores the result in 
RA7. 

TMS34082 Pseudo-ops 



Syntax 

Execution 

Instruction Words 

Operands 

Description 

Machine States 

Instruction Type 

Example 

Load and Subtract, Integer, (A Register - B Register) SU B 

RS1 ->0 CRs1 
RS2 ->0 CRs2 
CRs1 - CRS2 ->0 CRd 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 

010 I 0 o I 0 I 1 I 1 o I 0 I 1 I 0 R I RS1 

o I 1 I 0 o I 0 I 0 I 1 o I 0 I 0 I 0 R I RS2 

Default ID CRs1 CRs2 CRd 

o 

TMS34020 source register for the first (minuend) 32-bit integer value 
to coprocessor 

RS2 TMS34020 source register for the second (subtrahend) 32-bit integer 
value to coprocessor 

CRs1 Coprocessor A register to contain the 32-bit minuend integer operand 

CRS2 Coprocessor B register to contain the 32-bit subtrahend integer 
operand 

CRd Coprocessor destination register 

SUB loads the contents (integer) of RS1 and RS2 into CRs1 and CRs2 respec­
tively, subtracts the contents of CRS2 from CRs1, and stores the result in CRd. 

4 if the first instruction word is long word-aligned 
3 if the first instruction word is not long word-aligned 

CMOVGC, two registers 

SUB AO, B6, RA5, RB3, RA7 

This example loads TMS34020 registers AO and B6 into coprocessor registers 
RA5 and RB3, subtracts the contents of RB3 from RA5, and stores the result 
in RA7. 
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SUB Subtract, Integer, (8 Register-A Register) 

Syntax 

Execution 

Instruction Words 

Operands 

Description 

Machine States 

Instruction Type 

Example 

14-102 

SUB CRs2, CRs1, CRd 

CRS2 - CRS1 - CRd 

CRS1 Coprocessor A register containing the 32-bit subtrahend integer oper-
and 

CRs2 Coprocessor B register containing the 32-bit minuend integer operand 

CRd Coprocessor destination register 

SUB subtracts the contents (integer) of CRS1 from CRS2 and stores the result 
inCRd. 

2 

CEXEC, short 

SUB RB5, RA3, RA7 

This example subtracts the contents of RA3 from RBS and stores the result in 
RA7. 

TMS34082 Pseudo-ops 



Syntax 

Execution 

Instruction Words 

Operands 

Description 

Machine States 

Instruction Type 

Example 

Load and Subtract, Integer, (8 Register -A Register) SUB 

RS1 - CRs1 
RS2 - CRS2 
CRs2 - CRs1 - CRd 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 

01 0 I 0 o I 0 I 1 I 1 o I 0 I 1 I 0 R I RS1 

o I 1 I 0 o I 0 I 1 I 1 01 0 I 0 I 0 R I RS2 

Default ID CRs1 CRs2 CRd 

o 

TMS34020 source register for the first (subtrahend) 32-bit integer val­
ue to coprocessor 

RS2 TMS34020 source register for the second (minuend) 32-bit integer 
value to coprocessor 

CRS1 Coprocessor A register to contain the 32-bit subtrahend integer 
operand 

CRS2 Coprocessor B register to contain the 32-bit minuend integer operand 

CRd Coprocessor destination register 

SUB loads the contents (integer) of RS1 and RS2 into CRs1 and CRs2 respec­
tively, subtracts the contents of CRs1 from CRs2, and stores the result in CRd. 

4 if the first instruction word is long word-aligned 
3 if the first instruction word is not long word-aligned 

CMOVGC, two registers 

SUB B6, AO, RB5, RA3, RA7 

This example loads TMS34020 registers B6 and AO into coprocessor registers 
RB5 and RA3, subtracts the contents of RA3 from RB5, and stores the result 
in RA7. 
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~ ~ B ~'" ~ub!!:.~ct, Double Precision, (A Register - B Register) 

Syntax 

Execution 

Instruction Words 

Operands 

Description 

Machine States 

Instruction Type 

Example 

14-104 

SUBD CRSt, CRs2, CRd 

CRS1 Coprocessor A register containing the minuend 64-bit double-preci­
sion floating-point operand 

CRs2 Coprocessor B register containing the subtrahend 64-bit double-
precision floating-point operand 

CRd Coprocessor destination register 

SUBD subtracts the contents (double-precision value) of CRS2 from CRs1 and 
stores the result in CRd. 

2 

CEXEC, short 

SUBD RA5, RB3, RA7 

This example subtracts the contents of RB3 from RA5 and stores the result in 
RA7. 

TMS34082 Pseudo-ops 



Syntax 

Execution 

Instruction Words 

Operands 

Description 

Machine States 

Instruction Type 

Example 

Subtract, Double Precision, (8 Register-A Register) SUBD 

SUBD CRS2, CRSt, CRd 

CRs2 - CRs1 --;> CRd 

CRS1 Coprocessor A register containing the subtrahend 54-bit double-pre­
cision floating-point operand 

CRs2 Coprocessor B register containing the minuend 54-bit double-preci-
sion floating-point operand 

CRd Coprocessor destination register 

SUBD subtracts the contents (double-precision value) of CRs1 from CRS2 and 
stores the result in CRd. 

2 

CEXEC, short 

SUBD RB5, RA3, RA7 

This example subtracts the contents of RA3 from RB5 and stores the result in 
RA7. 
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~UBF Subtract, Single Precision, (A Register - B Register) 

Syntax 

Execution 

Instruction Words 

Operands 

Description 

Machine States 

Instruction Type 

Example 

14-106 

SUBF CRSt, CRS2, CRd 

CRs1 - CRs2 -+ CRd 

CRS1 Coprocessor A register containing the minuend 32-bitsingle-precision 
floating-point operand 

CRs2 Coprocessor B register containing the subtrahend 32-bit single-preci-
sion floating-point operand 

CRd Coprocessor destination register 

SUBF subtracts the contents (single-precision value) of CRs2 from CRs1 and 
stores the result in CRd. 

2 

CEXEC, short 

SUBF RA5, RB3, RA7 

This example subtracts the contents of RB3 from RA5 and stores the result in 
RA7. 

TMS34082 Pseudo-ops 



Load and Subtract, Single Precision, (A Register - B Register) SUBF 
~~=~~~~_=m_=-= __ "=*~~~~w __ =m~~~=--= __ -= ____ ~ ________ . ____________ ~ ____ ___ 

Execution RS1 - CRs1 
RS2 - CRs2 

Instruction Words 

Operands 

Description 

Machine States 

Instruction Type 

Example 

CRS1 - CRS2 - CRd 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 
o J o[ 0 o 1 0 1 1 1 1 o 1 0 1 1 1 0 R 1 RS1 

o I 1 1 0 0[OJ O I1 1 I 0 1 0 1 0 R 1 RS2 

Default ID CRs1 CRs2 CRd 

TMS34020 source register for the first (minuend) 32-bit single-preci­
sion floating-point value to coprocessor 

TMS34020 source register for the second (subtrahend) 32-bit 
single-precision floating-point value to coprocessor 

CRs1 Coprocessor A register to contain the minuend 32-bit single-precision 
floating-point operand 

CRS2 Coprocessor 8 register to contain the subtrahend 32-bit single-preci-
sion floating-point operand 

CRd Coprocessor destination register 

SU8F loads the contents (single-precision value) of RS1 and RS2 into CRs1 
and CRs2 respectively, subtracts the contents of CRS2 from CRS1, and stores 
the result in CRd. 

4 if the first instruction word is long word-aligned 
3 if the first instruction word is not long word-aligned 

CMOVGC, two registers 

SUBF AO, B6, RA5, RB3, RA7 

This example loads TMS34020 registers AO and 86 into coprocessor registers 
RA5 and R83, subtracts the contents of R83 from RA5, and stores the result 
in RA7. 
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Syntax 

Execution 

Instruction Words 

Operands 

Description 

Machine States 

Instruction Type 

Example 

14-108 

SUBF CRS2, CRSt, CRd 

CRS2 - CRs1 - CRd 

CRS1 Coprocessor A register containing the subtrahend 32-bit single-preci­
sion floating-point operand 

CRs2 Coprocessor B register containing the minuend 32-bit single-precision 
floating-point operand 

CRd Coprocessor destination register 

SUBF subtracts the contents (single-precision value) of CRs1 from CRs2 and 
stores the result in CRd. 

2 

CEXEC, short 

SUBF RB5, RA3, RA7 

This example subtracts the contents of RA3 from RB5 and stores the result in 
RA7. 

TMS34082 Pseudo-ops 



Syntax 

Execution 

Instruction Words 

Operands 

Description 

Machine States 

Instruction Type 

Example 

Load and Subtract, Single Precision, (B Register-A Register) SUBF 

RS1 -+ CRs1 
RS2 -+ CRS2 
CRS2 - CRS1 -+ CRd 

<:;'"l'I' ~ 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 

010 I 0 o I 0 I 1 I 1 o I 0 I 1 I 0 R I RS1 

o 1 1 1 0 010J 1 1 1 1 I 0 I 0 I 0 R I RS2 

Default ID CRs1 CRs2 CRd 

o 

RS1 TMS34020 source register for the first (subtrahend) 32-bit single-pre­
cision floating-point value to coprocessor 

RS2 TMS34020 source register forthe second (minuend) 32-bit single-pre­
cision floating-point value to coprocessor 

CRs1 Coprocessor A register to contain the subtrahend 32-bit single-preci­
sion floating-point operand 

CRs2 Coprocessor B register to contain the minuend 32-bit single-precision 
floating-point operand 

CRd Coprocessor destination register 

SUBF loads the contents (single-precision value) of RS1 and RS2 into CRS1 
and CRS2 respectively, subtracts the contents of CRs1 from CRS2, and stores 
the result in CRd. 

4 if the first instruction word is long word-aligned 
3 if the first instruction word is not long word-aligned 

CMOVGC, two registers 

SUBF B6, AO, RB5, RA3, RA7 

This example loads TMS34020 registers B6 and AO into coprocessor registers 
RB5 and RA3, subtracts the contents of RA3 from RB5, and stores the result 
in RA7. 
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Chapter 15 

Instruction Timin 

This chapter summarizes the timings of the TMS34020 assembly-language 
instruction set. It contains two sections: 

Section Page 

These sections are divided 15.1 Timing for All Instructions 
between MOVE and MOVB Except MOVEs and MOVBs ............ 15-2 

instructions and the remainder of 15.2 Timing for MOVE and 
the instructions. MOVB Instructions . . . . . . . . . . . . . . . . . . .. 15-10 

Please note these characteristics about the timings listed in this book: 

o Numbers identify TMS34020 machine states. 

o All timings assume that the cache is enabled and that the instruction is in 
the cache. 

o Numbers in parentheses identify hidden cycles. 

The TMS34020 may execute some instructions in parallel, "hiding" some 
instruction states. Hidden cycles are memory-write cycles that occur at the 
end of an instruction. The machine states consumed by the instruction that 
the CPU is executing hide the machine states consumed by the write 
cycles. These hidden cycles are not counted against he instruction that in­
curs them, but are counted against subsequent instructions. If an instruc­
tion uses the local bus before all of the hidden cycles have been over­
lapped by subsequent instructions, that instruction must wait for the hid­
den cycles to complete. 

o These timings assume that 

• All memory requests are granted when requested; no higher priority 
memory requests are pending. 

• When the CPU requests page-mode access, the memory grants it. 

• No wait states occur. 

• No retries occur. 
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Timing for AI/Instructions Except MOVEs and MOVBs 
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15.1 Timing for All Instructions Except MOVEs and MOVBs 

This section lists the instructions for all instructions except the MOVE and 
MOVB instructions. Please note that 

Q If the timing for an instruction states that this is a complex instruction, 
than no simple formula is available for providing the timing for the instruc­
tion. The number of machine states consumed by this instruction's execu­
tion will vary depending on the circumstances of its execution. 

Q Instruction timing for graphics instructions varies, depending on the pixel­
processing option you've selected. The timing formulas for graphics in­
structions (such as DRAV and LINE) ask you to add the values shown in 
Table 15-1 into your timing calculations. 

Table 15-1. Effects of Pixel-Processing Options on Graphics Instructions 

Instruction 

ASS 

ADD 

ADDC 

ADDI (short) 

ADDI (long) 

ADDK 

ADDXY 

ADDXYI 

AND 

15-2 

Number of Cycles Required for the Following 
Pixel Sizes 

Pixel-Processing Option 1 

Replace 0(2) 

ADD -

ADDS -
SUB -

SUBS -
MAX -
MIN -

PPCODE 2 (2) 

Number of machine cycles 
consumed by instruction execution 

1 

1 

2 

2 if the immediate data is long-word aligned 
3 if the immediate data is not long~word aligned 

2 if the immediate data is long-word aligned 
3 if the immediate data is not long-word aligned 

20r4 

0(2) 

2 (2) 

3 (2) 

2 (2) 

3 (2) 

3 (2) 

3 (2) 

2 (2) 

8,16,or32 

0(1) 

2 (1) 

3 (1) 

2 (1) 

3 (1) 

3 (1) 

3 (1) 

2 (1) 
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Instruction 

ANDI 

ANON 

ANDNI 

BLMOVE 

BT8T (constant) 

BT8T (register) 

CALL 

CALLA 

CALLR 

CEXEC (long) 

CEXEC (short) 

CLIP 

CLR 

CLRC 

CMOVCG 

CMOVCM (count*+) 

CMOVCM (count-*) 

CMOVCS 

CMOVGC (one register) 

CMOVGC (two registers) 

for AI/Instructions 

Number of machine cycles 
consumed by instruction execution 

2 if the immediate data is long-word aligned 
3 if the immediate data is not long-word aligned 

2 if the immediate data is long-word aligned 
3 if the immediate data is not long-word aligned 

complex instruction 

3 + (1) if the 8P is aligned 
3 + (4) if the 8P is not aligned 

MOVEs and MOVBs 

3 if immediate data is long-word aligned, 4 if 8P is also long-word aligned 
3+(3) if immediate data is not long-word aligned, 4+(3) if SP is also not long­

word aligned 

3 + (1) if the SP is long-word aligned 
3 + (4) if the 8P is long-word not aligned 

2 (1) if the immediate data is long-word aligned 
3 (1) if the immediate data is not long-word aligned 

2 (1) 

complex instruction 

Single: 4 if the immediate data is long-word aligned 
5 if the immediate data is not long-word aligned 

Double: 5 if the immediate data is long-word aligned 
6 if the immediate data is not long-word aligned 

5 + [count-1] if the immediate data is long-word aligned 
6 + [count-1] if it is not 
(count is the number of 32-bit transfers) 

5 + [count-1] if the immediate data is long-word aligned 
6 + [count-1] if it is not 
(count is the number of 32-bit transfers) 

4 if the immediate data is long-word aligned 
5 if it is not 

2 (1) if the immediate data is long-word aligned 
3 (1) if it is not 

3 (1) if the immediate data is long-word aligned 
4 (1) if it is not 
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instruction 

CMOVMC (constant*+) 

CMOVMC (constant*-) 

CMOVMC (register*+) 

CMP 

CMPI (long) 

CMPI (short) 

CMPK 

CMPXY 

CPW 

CVDXYL 

CVMXYL 

CVSXYL 

CVXYL 

DEC 

DINT 

DIVS 

DIVU 

15-4 

Number of machine cycles 
consumed by instruction execution 

5 + [constant-1] if the immediate data is long-word aligned 
6 + [constant-1] if it is not 
(constant is the number of 32-bit transfers) 

5 + [constant-1] if the immediate data is long-word aligned 
6 + [constant-1] if it is not 
(constant is the number of 32-bit transfers) 

5 + [register value-1] if the immediate data is long-word aligned 
6 + [register value-1] if it is not 
(the register value is the number of 32-bit transfers) 

2 if the immediate data is long-word aligned 
3 if it is not 

2 

pitch is a power of 2: 2 
2 powers of 2: 3 
arbitrary: 14 

pitch is a power of 2: 2 
2 powers of 2: 3 
arbitrary: 14 

pitch is a power of2: 2 
2 powers of 2: 3 
arbitrary: 14 

pitch is a power of2: 3 
2 powers of 2: 4 
arbitrary: 15 

3 

Rd Odd: 39 (normal case) 
41 (if result = 80000000h) 
7 (if Rs = 0) 

Rd Even: 40 (normal case) 
41 (if result = 80000000h) 

7 (if Rs = 0 or Rs s Rd) 

Rd Odd: 37 (normal case) 
7 (if Rs = 0) 

Rd Even: 37 (normal case) 

5 (if Rs = 0 or Rs s Rd) 
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Instruction 

DRAV 

Key: P 
CD 

DSJ 

DSJEQ 

DSJNE 

DSJS 

EINT 

EMU 

EXGF 

EXGPC 

EXGPS 

FILLL 

FILLXY 

FLiNE 

FPIXEQ 

FPIXNE 

GETPC 

GETPS 

GETST 

IDLE 

INC 

Timing for AI/Instructions Except MOVEs and MOVBs 

Number of machine cycles 
consumed by instruction execution 

Window option 
inside 

outside 

o 1 
4+P+CD 5 
4+P+CD 3 

Selected pixel-processing option; see Table 15-1. 

.. 

2 3 
4+P+CD 4+P+CD 
5 3 

Complexity of destination pitch. CD = 0 if CONVDP contains a power of 2; CD = 1 if CONVDP con­
tains a sum of powers of 2; CD = 12 if CONVDP contains an arbitrary pitch. 

2 if no jump 
~ 

3 if jump 

2 if no jump 
3 if jump 

2 if no jump 
3 if jump 

2 if no jump 
3 if jump 

3 

8 (more if the TMS34020 enters emulation mode) 

1 if Fa 
2 if F1 

2 

2 (1) 

complex Instruction 

complex instruction 

12 + 3CD + [2 + P]E + 3 

Key: P Selected pixel-processing option; see Table 15-1. If the number of 
hidden cycles is greater than 1, then P = P + (hidden cycles -1). 

E Total number of pixels drawn. 
CD Complexity of destination pitch. CD = a ifCONVDP contains a pow­

er of 2; CD = 1 if CONVDP contains a sum of powers of 2; CD = 
12 if CONVDP contains an arbitrary pitch. 

complex instruction 

complex instruction 

2 

1 

minimum execution time of 1 cycle before taking interrupt 
EMU: 5 cycles min before responds to halt 
NMI mode1: 8 
NMI modea, HINT, DPYINT, WINT, INT1, or INT2: 11 if SP aligned, else 13 
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Timing for AI/Instructions Except MOVEs and MOVBs 

instruction 

JAcc 

JRcc (short) 

JRcc (long) 

JUMP 

LINE 

Key: P 
WV 
Q 
E 
CD 

LlNIT 

LMO 

MMFM 

MMTM 

MODS 

MODU 

Number of machine cycles 
consumed by instruction execution 

3 if no jump, else 4 

1 if no jump, else 2 

2 if no jump, else 3 

2 

Window option 0: 

Window option 1: 

13 + 3CD + [3 +P]E + 2 

13 + 3CD + [3 +P]Q + 2 

Window option 2: 13 + 3CD + [3 +P]E + WV + 2 

Window option 3: 13 + 3CD + [3 +P]E + 3Q + 2 

Selected pixel-processing option; see Table 15-1, but ignore the hidden cycles. 
=3 if there is a window violation, = a otherwise. 
Total number of pixels calculated but not drawn. 
Total number of pixels drawn. 
Complexity of destination pitch. CD = a ifCONVDP contains a powerof2; CD = 1 ifCONVDP con­
tains a sum of powers of 2; CD = 12 if CONVDP contains an arbitrary pitch. 

9 

# registers moved 1 2 3 4 n 
# cycles 6 7 8 9 n+5 

# registers moved 1 2 3 4 n 
long-word aligned 4(1) 6(1) 7(1) 8(1) [4+n](1) 

byte aligned 4(1) 8(1) 9(1) 10(1) [6+n](1) 
bit aligned 4(2) 9(2) 10(2) 11 (2) [7 + n](1) 

Note: Add 1 to all timings if the MMTM instruction is not long-word aligned. 

40 
41 if result = 8000 aOaOh 
3 if Rs = a 
35 
3 if Rs = a 

MOVERs, Rd 

MOVI (long) 

MOVI (short) 

MOVK 

MOVX 

MOVY 

MPYS 

MPYU 

15-6 

2 if immediate data is long-word aligned 
3 if it isn't 

2 

Rs negative: 5 + (field size 1)/2 
Rs positive: 6 + (field size 1 )/2 

5 + (field size 1 )/2 
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Instruction 

MWAIT 

NEG 

NEGB 

NOP 

NOT 

OR 

ORI 

PFILL 

PIXBLT B, L 

PIXBLT B, XV 

PIXBLT L, L 

PIXBLT L, M, L 

PIXBLT L, XV 

PIXBLTXV, L 

PIXBLT XV, XV 

PIXT Rs, *Rd 

PIXT Rs, *Rd.xV 

PIXT*Rs, Rd 

PIXT *Rs, *Rd 

PIXT *Rs.XV, Rd 

PIXT *Rs.XV, *Rd.XY 

Number of machine cycles 
consumed by instruction execution 

minimum of2 

2 if immediate data is long-word aligned 
3 if it isn't 

complex instruction 

complex instruction 

complex instruction 

complex instruction 

complex instruction 

complex instruction 

complex instruction 

complex instruction 

2+P 

Window option 

3 

inside 
outside 

4+P 

6+CS 

o 
4+CD+P 
4+CD+P 

1 
5 
3 

Window option o 1 2 

2 3 
4+CD+P 3+CD+P 
5+CD 3+CD 

3 
inside 

outside 
7+CS+CD+P 5 
7+CS+CD+P 3 

7+CS+CD+P 7+CS+CD+P 
5+CD 3+CD 

Key: P Selected pixel-processing option; see Table 15-1 (page 15-2). 
CD Complexity of destination pitch. CD = 0 if CONVDP contains a power of 2; CD = 1 if CONVDP con­

tains a sum of powers of 2; CD = 12 if CONVDP contains an arbitrary pitch. 
CS 

POPST 

PUSHST 

PUTST 

Complexity of source pitch. CS = 0 if CONVSP contains a power of 2; CS = 1 if CONVSP contains 
a sum of powers of 2; CS = 12 if CONVSP contains an arbitrary pitch. 

6 if the SP is aligned 
7 if it isn't 

2 (1) if the SP is aligned 
2 (2) if it isn't 

3 
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Timing for All Instructions Except MOVEs and MOVBs 

Instruction 

RETI 

RETM 

RETS 

REV 

RL (constant) 

RL (register) 

RMO 

RPIX 

SETC 

SETCDP 

SETCMP 

SETCSP 

SETF 

SEXT 

SLA (constant) 

SLA (register) 

SLL (constant) 

SLL (register) 

SRA (constant) 

SRA (register) 

SRL (constant) 

SRL (register) 

15-8 

':N':~':t::~~ __ .."..,= ...... ,....._,...."."""""..,.",_",","", __ 

Number of machine cycles 
consumed by instruction execution 

52 if SF status bit = 1 
38 if IX status bit = 1 
else 7 

52 if SF status bit = 1 
38 if IX status bit = 1 
else 10 

5 
6 if the stack isn't aligned 

2 if PSIZE = 32 
4 if PSIZE = 16 
5 if PSIZE = 8 
6 if PSIZE = 4 
7 if PSIZE = 2 
8 if PSIZE = 1 

pitch is a power of 2: 4(1) 
2 powers of 2: 6(1) 
arbitrary: 3 (1) 

pitch is a power of 2: 4(1) 
2 powers of 2: 6(1) 
arbitrary: 3(1) 

pitch is a power of 2: 4(1) 
2 powers of 2: 6(1) 
arbitrary: 3(1) 

2 

3 

3 
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Instruction 

SUB 

SUBB 

SUBI (long) 

SUBI (short) 

SUBK 

SUBXY 

SWAPF 

TFILL 

TRAP 

TRAPL 

VBLT 

VFILL 

VLCOL 

XOR 

XORI 

ZEXT 

Timing for All Instructions Except MOVEs and MOVBs 

Number of machine cycles 
consumed by instruction execution 

2 if the immediate data is long-word aligned 
3 if it isn't 

2 

5 

complex instruction 

7 if TRAP 0, else 10 if ST aligned 
else 12 

10 if ST aligned 
else 12 

complex instruction 

complex instruction 

2 (1) 

2 if the immediate data is long-word aligned 
3 if it isn't 
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15.2 Timing for MOVE and MOVe Instructions 

This section contains the timing for MOVE and MOVB instructions. These 
timings are divided into three categories: 

Q Timings for memory-to-register moves (reads) 
Q Timings for register-memory moves (writes) 
Q Timings for memory-to-memory moves 

General assumptions ------------------------

The timing of the move instructions depends on how the accessed field is 
aligned in memory. The following cases of field alignment characterize the 
move instruction timing. 

1) The field is aligned on the boundaries of a long word or on any byte bound­
aries. 

2) At least one end of the field is not aligned to a byte boundary. 

3) The field crosses a long-word boundary, but both ends are aligned on byte 
boundaries. 

4) The field crosses a long-word boundary, and only one end is aligned on 
a byte boundary. 

5) The field crosses a long-word boundary, and neither end is aligned on a 
byte boundary. 

Table 15-2. Cases Table for MOVE and MOVB Timings 

Number of Read Cycles Number of Write Cycles 
Case Number Required Required 

2 2 

2 2 3 

3 3 3 

4 3 4 

5 3 5 

The timing tables refer to these cases. 
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Memory-to-register moves 

Case 

Instruction 1 2 3 4 5 

MOVS*Rs, Rd 4 4 5 

MOVS *Rs(SOffset), Rd 6 6 7 

MOVS @SAddress, Rd 5/6 5/6 6/7 

MOVE*Rs, Rd 3 3 4 4 4 
sign extended: 4 4 5 5 5 

MOVE *Rs+, Rd 3 3 4 4 4 
sign extended: 4 4 5 5 5 

MOVE -*Rs, Rd 4 4 5 5 5 
sign extended: 5 5 6 6 6 

MOVE *Rs(SOffset), Rd 4 4 5 5 5 
sign extended: 6 6 7 7 7 

MOVE@Rs, Rd 4/5 4/5 5/6 5/6 5/6 
sign extended: 5/6 5/6 6/7 6/7 6/7 

Register-to-memory moves 

Case 

Instruction 1 2 3 4 5 

MOVS Rs, *Rd 1 (1) 1 (2) 1 (4) 
big endian 2 2(1) 2(3) 

MOVSRs, *Rd 3(1) 3(2) 3(4) 

MOVSRs,@Rd 2(1 )/3(1) 2(2)/3(2) 2(4)/3(4) 
big end ian 3(1 )/3(1) 3(2)/3(2) 3(4)/3(4) 

MOVERs, *Rd 1 (1) 1 (2) 1 (2) 1 (3) 1 (4) 
big endian 2(1 ) 2(2) 2(2) 2(3) 2(4) 

MOVE Rs, *Rd+ 1 (1) 1 (2) 1 (2) 1 (3) 1 (4) 
2(1) 2(2) 2(2) 2(3) 2(4) 

MOVE Rs, -*Rd 2(1) 2(2) 2(2) 2(3) 2(4) 

MOVE Rs, -*Rd 3(1) 3(2) 3(2) 3(3) . 3(4) 

MOVERs,@Rd 2(1 )/3(1) 2(2)/3(2) 2(2)/3(2) 2(3)/3(3) 2(4)/3(4) 
big endian 3(1 )/3(1) 3(2)/3(2) 3(2)/3(2) 3(3)/3(3) 3(4)/3(4) 
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Memory-to-memory moves ---------------------­

First, look in Table 1S-2 (page 15-10) to find the source alignment (case 1-S) 
and the destination alignment (case1-S). Then, useTable 15-3 to find which 
column to use in the timing table below. 

Table 15-3. Source/Destination Alignment for MOVE and MOVB Timings 

Destination 

Source 1 2 3 4 5 

1 A C C H E 

2 A C C H E 

3 S D D G F 

4 S D D G F 

5 S D D G F 

R/W Cycles 2/2 3/2 2/3 3/3 2/5 3/5 3/4 2/4 

A B C D E F G H 

MOVS *Rs, *Rd 3(1) 4(1) 3(2) 4(2) 3(4) 4(4) 

MOVS *Rs(SOffset), *Rd(DOffset) 5(1) 6(1) 5(2) 6(2) 5(2) 6(4) 

MOVS @SAddress,@DAddress 
even 5(1) 6(1) 5(2) 6(2) 5(4) 6(4) 
odd 7(1) 8(1) 7(2) 8(2) 7(4) 8(4) 

MOVE *Rs, *Rd 3(1) 4(1) 3(2) 4(2) 3(4) 4(4) 4(3) 3(3) 

MOVE *Rs+, *Rd+ 3(1) 4(1) 3(2) 4(2) 3(4) 4(4) 4(3) 3(3) 

MOVE -*Rs, -*Rd 4(1) 5(1) 4(2) 5(2) 4(4) 5(4) 5(3) 4(3) 

MOVE *Rs(SOffsetJ. *Rd+ 5(1) 6(1) 5(2) 6(2) 5(4) 6(4) 6(3) 5(3) 

MOVE *Rs(SOffset). *Rd(DOffset) 5(1) 6(1) 5(2) 6(2) 5(4) 6(4) 6(3) 5(3) 

MOVE @Rs. *Rd+ 
even 4(1) 5(1) 4(2) 5(2) 4(4) 5(4) 5(3) 4(3) 
odd 5(1) 6(1) 5(2) 6(2) 5(4) 6(4) 6(3) 5(3) 

MOVE @Rs, @Rd 
even 5(1) 6(1) 5(2) 6(2) 5(4) 6(4) 6(3) 5(3) 
odd 7(1) 8(1) 7(2) 8(2) 7(4) 8(4) 8(3) 7(3) 

15-12 Instruction Timing 



Appendix A 

Test and Emulation Considerations 

This appendix provides information that you'll need if you're building a 
TMS34020 target system and you plan to use the TMS34020 Emulator. The 
TMS34020 Emulator supports realtime in-circuit emulation; key features 
include 

Q Serial scan-path technology. The emulator uses TI's revolutionary serial 
scan-path technology, eliminating the need for the typical emulator target 
cable, which uses a full device pinout. Instead, the target system needs 
only a 12-pin header to connect between the TMS34020 and the 
TMS34020 emulator board through the emulation target cable. 

Q PC-compatible emulator board. The emulator board is a PC/XT-com­
patible emulator board. It provides a high-speed communication path be­
tween a PC and the TMS34020. 

Q SymboliC debugger with windowed interface. The emulator's symbolic 
debugger provides the following features through its windowed interface: 

• Ability to upload/download application code and emulation setup 
• Software breakpoints on selected instructions 
• Single-step execution 
• Access to registers and memory 
• TMS34020 patch assembler/disassembler 
!:! Benchmark timing 

Section Page 

The remainder of this appendix A.1 Overview of an Emulation System .......... A-2 
contains information about setting A.2 Emulation Connector (12-Pin Header) ....... A-3 

up your target system. A.3 Signal Buffering ........................ A-4 

A.4 Buffer Delays .......................... A-5 

A.5 Design Considerations ................... A-7 
A.6 Mechanical Dimensions .................. A-9 
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A.1 Overview of an Emulation System 

Figure A-1 shows a typical setup using the emulator, target cable, and your tar­
get system. 

Figure A-t. Typical Setup Using the TMS34020 Emulator and Your Target System 

target system 

12-pin connector 

active buffer pod 

target cable 

TMS34020 

Figure A-2 shows how you connect the emulator and target cable to your tar­
get system. 

Figure A-2. Connecting the TMS34020 Emulator to Your Target System 

TMS34020 Emulator board 

active buffer pod 
12-pin header 

TMS34020 
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Emulation Connecter 

A.2 Emulation Connector (12-Pin Header) 

To use the target cable, your target system must have a 12-pin header (2 rows 
of 6 pins) with the connections that are shown in Figure A-3. The header pins 
connect directly to the TMS34020 except when the header is farther than 2 
inches from the TMS34020 (see Section A.3 on page A-4). 

Figure A-3. 12-Pin Header Signals 

Header Dimensions: 
Pin-to-pin spacing: 0.100 inches (X, Y) 
Pin width: 0.025 inches 

Pin length: 

Signal 

EMUO 

EMU1 

EMU2 

EMU3 

LCLK1 

square post 
0.235 inches 
nominal 

Description 

Emulation pin 0 

Emulation pin 1 

Emulation pin 2 

Emulation pin 3 

TMS34020 local clock 1 

EMU1 

EMUO 

EMU2 

PO (+5V) 

EMU3 

LCLK1 

2 GNO 

3 4 GNO 

5 6 GNO 

7 no pin 
(key) 

9 10 GNO 

11 12 GNO 

TMS34020 
Pin Number 

J1 

J3 

K1 

H2 

H1 

PO Presence detect. Indicates that the cable is connected and target sys­
tem is powered up. Tie PO to +5 volts in the target system. 

Although you can use other headers, recommended parts include 

straight header, unshrouded 

right-angle header, unshrouded 

right-angle header, 4-wall shrouded 

DuPont Connector Systems 
part number 67996-112 

DuPont Connector Systems 
part· nu mbe r 68405-112 

AMP, Incorporated 
part number 103167-3 
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A.3 Signal Buffering 

A-4 

It is extrem~ly important to provide high-quality signals between the emulator 
and the TMS34020 on the target system. In many cases, the signal must be 
buffered to produce a high-quality signal. The need for signal buffering and 
placement of the emulation header can be divided into 3 categories: 

o No signal buffering. In this situation, the distance between the header 
and the TMS34020 should be no more than 2 inches. 

I---a to 2 inches--l 
3 

EMUO, EMU1, EMU2 

LCLK1, EMU3 

o Buffered transmission signals. In this situation, the distance between 
the emulation header and the TMS34020 is greater than 2 inches but less 
than 6 inches. The transmission signals-LCLK1 and EMU3-are buff­
ered through the same package. 

I--- 2 to 6 inches ·1 
3 EMU1 EMU2 

LCLK1, EMU3 

o All signals buffered. The distance between the emulation header and the 
TMS34020 is greater than 6 inches but less than 12 inches. All TMS34020 
emulation signals-EMUO, EMU1, EMU2, and EMU3-are buffered 
through the same package. 

~-----66 to 12 inches-------..·I 

LCLK1, EMU3 
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A.4 Buffer Delays 

Buffer 

The absolute maximum propagation delay for both -32 and -40 TMS34020 
devices is 10 ns. The buffer is noninverting, and all emulation signals that are 
buffered should be buffered through the same package. 

The distance between the TMS34020 and the buffers depends on the PWB 
layout and loading on LCLK1. However, Texas Instruments suggests that the 
distance be as short as possible and less than 4 inches. 

When you buffer LCLK1, don't place another device between the buffer output 
and header. Connecting another device to this signal could cause false trigger­
ing of the device due to cable reflections (see Figure A-4). 

Figure A-4. LCLK1 Buffer Restrictions 

LCLK1 

Don't connect any devices be­
tween the buffered LCLK1 
output and the header! 

Figure A-5 shows a portion of logic in the emulator pod. Note that 33-0. resis­
tors are added to EMUO, EMU1, and EMU2; this minimizes cable reflections. 
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Figure A-5. Emulator Pod Interface 

EMU3 (pin 9) 

LCLK1 (pin 11) 

PD (+ 5 V, pin 7) 

GND (pins 2,4,6,10,12) 

no pin (key, pin 8) 

A-6 

EMU1 (pin 1) 

EMUO (pin 3) 

EMU2 (pin 5) 
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Design Considerations 

A.5 Design Considerations 

When designing a TMS34020 target system, please observe these hardware 
and software emulation constraints. Portions of these design considerations 
are advanced information and may not apply to all Texas Instruments emula­
tors. 

a Reset and interrupts. When an emulator is active, the TMS34020 will ser­
vice reset and interrupts only if the emulator is in an execution mode. The 
target system must provide a reset to the TMS34020 before the emulator 
is activated. 

a Host/emulation coordination. If the emulator has stopped execution of 
the TMS34020 (program execution is halted), the TMS34020 will continue 
to respond to host port accesses. If TMS34020 program execution is re­
quired to provide a response to a host access, the host could hang or time­
out. Also, functions such as reset, interrupts, NMI, and HLT will not take 
effect until the emulator is placed back in an execution mode; this could 
also hang the host application if a response is required. Emulators and 
host applications typically use timeouts to keep from hanging if a 
TMS34020 function is not performed properly. If both the emulator and 
host are accessing the TMS34020 memory space at the same time, false 
timeouts could occur in both the emulator and the host. 

Note: 

Both the host and emulator can access the same memory space at effectively 
the same time. Thus, the emulator'S memory display could be inaccurate if 
the host is modifying a memory location within the display range. 

To minimize these conflicts, the host can use 3 bits within HSTCTLL to 
grant access of the TMS34020 to the emulator. These bits are: 

• EMR (emulator request), 
• EMG (emulator grant), and 
• EMIEN (emulator interrupt enable). 

The emulator sets EMR when the emulator requires access to the device. 
If EMIEN is set, a host interrupt is generated via the HINT pin. When the 
host sets EMG, the interrupt is cleared and the emulator performs its pend­
ing function. 

TMS34020 execution will be stopped immediately if an emulation halt con­
dition (such as a breakpoint) is encountered, although emulation access of 
the TMS34020 will not start until EMG is set. The host processor can use 
either the host interrupt or the EMR bit to indicate that an emulator halted 
the TMS34020. 
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When the emulator no longer requires access to the device, the emulator 
clears EMR. Once again, this causes a host interrupt if EMIEN is set. The 
host interrupt is deactivated when the host clears EMG. 

Using this handshake protocol is optional and should be used in applica­
tions that are sensitive to emulation access of the TMS34020. Before at­
tempting to integrate this protocol into your system, consult the TMS34020 
XDS Emulator User's Guide for additional information. 
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Mechanical Dimensions 

A.6 Mechanical Dimensions 

Figure A-6 shows the TMS34020 emulator target cable, which consists of 

Q an emulator connector, 
Q a 3-foot section of jacketed cable, 
Q an active cable pod, 
Q a short section of jacketed cable that connects to the target system, and 
Q a 12-pin connector that connects to the target system's 12-pin header. 

Figure A-6. Target Cable 

3-foot jacketed cable \ 

active cable pod 

emulator connector 

short jacketed cable, 
connects to target system 

\ 

The overall cable length is approximately 3'10". Figure A-7 shows the 
mechanical dimensions for the target cable pod. The cable pod box is noncon­
ductive plastic with 4 recessed metal screws. 

Figure A-7. Pod Dimensions 

Note: All dimensions are in inches and are nominal dimensions unless otherwise spe­
cified. 

A-9 



Mechanical Dimensions 

Figure A-B. 12-Pin Connector Dimensions 

A-10 

(a) Side view 

(b) Top view 

0.100 

I--- 0.20 

I 
0.38 

~ 
-1r- key, pin 8 

---,.,L---..,.--

DO 
DO D. 
DO 
DO 
DO 

0.70 

pins 1,3,5,7,9,1 ~ L pins 2,4,6,8,10," 

Notes: 1) All dimensions are in inches and are nominal dimensions unless otherwise 
specified. 

2) Pin-to-pin spacing on the connector is 0.100 inches in both the X and Y 
planes. 
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bit plane: Hardware used as a storage medium for a bitmap. 

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

blanking signals: Pulses that extinguish the scanning beam during horizon­
tal or vertical retrace periods. 

breakpoint: Point within a routine at which the routine may be interrupted 
by external intervention. 

BSFLTD: Bus-fault data registers (32-bit I/O register, address CODa 0320h). 
The TMS34020's memory controller saves the LAD data into BSFLTD 
when a bus fault occurs on a CPU-initiated memory access. 

BSFLTDL: 16 LSBs of BSFLTD, accessed at address CODa 320h. 

BSFLTDH: 16 MSBs of BSFLTD, accessed at address CODa 330h. 

BSFLTST: Bus-fault status register (16-bit 110 register, address 
CODa 02DOh). The TMS34020's memory controller saves its state in 
BSFLTST before it signals that a bus fault occurred. 

BUSFLT: Bus fault signal. External logic asserts BUSFLT to indicate that a 
fault occurred on the current bus cycle. 

cache memory: A fast, on-chip memory. 

cache hit: The cache contains the requested instruction word. 

cache miss: The cache does not contain the requested instruction word. 

CAD: Computer-aided design. 

CAMD: Column-address mode. Shifts the column address on the RCA bus 
to allow mixing of DRAM and VRAM address matrices. 

CAS: Column-address strobes (CASO-CAS3). Drive the CAS inputs of 
DRAMs and VRAMs. 

CBP: Configuration byte protect (bit 4 of CON FIG register). CBP=O is the 
default; CBP= 1 write-protects the LSbyte of CON FIG until a reset occurs. 

CD: Cache disable (bit 15 of CONTROL register). CD=O (default) enables 
cache operation; CD=1 forces the TMS34020 to ignore the contents of 
the cache and to fetch instructions from memory. 

CF: Cache flush (bit 14 of HSTCTLH register). Setting CF to 1 flushes and 
disables the cache. Normal cache operation resumes when CF is cleared 
to O. 
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clipping: Removing parts of display elements that lie outside a defined 
boundary (the boundary is usually a window or a viewport). 

COLORO: Background color register (BS). Identifies the replacement color 
for a-value pixels in a source array. 

COLOR1: Foreground color register (B9). Identifies the replacement color 
for pixels that will be altered in the destination array. 

column-address time: See data subcyc/e. 

composite video: Color-picture signal plus all blanking and sync signals. 
The signals include luminance and chrominance signals, vertical- and 
horizontal-sync pulses, vertical- and horizontal-blanking pulses, and the 
color-burst signal. 

CONFIG: Configuration register (16-bit I/O register, address COOO 01 AOh). 
Contains fields that selectively enable/disable various aspects of system 
configuration. 

CONTROL: Memory control register (16-bit I/O register, addresses 
COOO OOBOh and COOO 0190h). Controls various aspects of CPU activity. 

CONVOP: Destination pitch conversion factor register (16-bit 110 register, 
address COCO 0140h). Contains a control parameter used for converting 
an XY destination address to a linear address. 

CONVMP: Mask pitch conversion factor register (16-bit I/O register, address 
COCO 01S0h). Contains a control parameter used for converting an XY 
mask address to a linear address. 

CONVSP: Source pitch conversion factor register (16-bit I/O register, 
address COOO 0130h). Contains a control parameter used for converting 
an XY source address to a linear address. 

coprocessor: An additional processor in a system; extends the functionality 
of the main processor. For example, the TMS340S2 is a coprocessor for 
the TMS34020; in a TMS34020 system, the TMS340S2 adds floating­
point capabilities to the TMS34020's functions. 

CSO: Composite-sync direction (bit 2 of DPYCTL register). When the 
CSYNC/HBLNK pin is configured as CSYNC (CVD=O), CSD determines 
if CSYNC is configured as in input (CSD=O) or an output (CSD=1). 

CST: CPU shift-register transfer enable (bit 11 of DPYCTL register). When 
CST =1, the TMS34020 converts pixel accesses into VRAM shift-register 
transfer cycles. 

CVO: Composite video disable (bit 3 of DPYCTL register). Controls the func­
tions of the CSYNC/HBLNK and CBLNKlVBLNK pins. CVD=O selects 
CSYNC and CBLNK; CVD=1 selects HBLNK and VBLNK. 
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DAC: Digital-to-analog converter. 

DADDR: Destination address register (B2). Contains the destination array 
address for graphics instructions. 

data subcycle: Second part of a local-memory cycle, sometimes referred 
to as column-address time. 

ODIN: Data bus direction input-enable signal. Drives the active-high input 
enables on bidirectional transceivers. 

DDOUT: Data bus direction output-enable signal. Drives the active-low out­
put enables on bidirectional transceivers. 

DGIS: Direct graphics interface standard. 

DIE: Display interrupt enable (bit 10 of INTENB register). Setting DIE to 1 
enables the display interrupt. 

DIP: Display interrupt pending (bit 10 of INTPEND register). DIP is set to 1 
when a display interrupt is requested. 

DINC: Display increment registers (32-bit I/O register, address 
CODa 0240h). Contains the increment value for the DPYNX register. 

DINCL: 16 LSBs of DINC, accessed at address COOO 0240h. 

DINCH: 16 MSBs of DINC, accessed at address COOO 0250h. 

display area: Rectangular portion of the physical display screen in which in­
formation is visibly displayed; does not include the border area. 

display element: Basic graphic element that can be used to construct a dis­
play image. 

display memory: Area of memory used to hold the graphics image output 
to the video monitor. 

display pitch: Difference in memory addresses between two vertically adja­
cent positions on the screen. 

dotclock: Clock that cycles the rate at which video data is output to a CRT. 

DPTCH: Destination pitch register (B3). Defines the linear difference 
between starting addresses of adjacent rows in a destination array. 

DPYADR: Display address register. Provides compatibility with the 
TMS34010. 

DPYCTL: Display control register (16-bit 110 register, address COOO 0080h). 
Controls video timing and VRAM serial-register transfers. 
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DPYINT: Display interrupt register (16-bit I/O register, address 
COOO OOAOh). Identifies the next scan line (in some circumstances, the 
next half scan line) at which a display interrupt can be requested. 

DPYNX: Display next address registers (32-bit I/O register, address 
COOO 0220h). Contains a 32-bit address that is output during a screen-re­
fresh cycle. 

DPYNXL: 16 LSBs of DPYNX, accessed at address COOO 0220h. 

DPYNXH: 16 MSBs of DPYNX, accessed at address COOO 0230h. 

DPYMSK: Display mask register (16-bit I/O register, address COOO 02EOh). 
When midline reload screen refreshes are enabled, DPYMSK deter­
mines which bits of DPYNX & DPYST correspond to the tap-point portion 
of the address output during screen-refresh cycles. 

DPYST: Display start address registers (32-bit I/O register, address 
COOO 0200h). Contains a 32-bit address that points to the pixel at the left 
of the 1 st line displayed on the screen. 

DPYSTL: 16 LSBs of DPYST, accessed at address COOO 0200h. 

DPYSTH: 16 MSBs of DPYST, accessed at address COOO 021 Oh. 

DPYSTRT: Display start address register. Provides compatibility with the 
TMS34010. 

DPYTAP: Display tap-point address register. Provides compatibility with the 
TMS34010. 

DQ: Data in/data out pin for a VRAM. 

DRAM: Dynamic RAM. 

DRAM refresh: Maintenance of data stored in dynamic RAMs. Data are 
stored in DRAMs as electrical charges across a grid of capacitive cells. 
The charge stored in a cell will leak off over time unless the data is 
refreshed. 

DYDX: Delta Y/delta X register (B7). Defines the X and Y dimensions of a 
rectangular destination array. 

EMIEN: Emulator host-interrupt enable (bit 12 of HSTCTLL register). The 
value of EMIEN determines if EMG XOR EMR asserts HINT active low 
(EMIEN=1) or not (EMIEN=O). 

EMG: Emulator handshake (bit 11 of HSTCTLL register). In an emulation 
system, the host sets EMG to 1 to gran the emulator access to TMS34020 
memory. 
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EMR: Emulator handshake (bit 10 of HSTCTLL register). In an emulation 
system, the emulator sets EMR to 1 to request access to TMS34020 
memory. 

ENV: Enable video (bit 15 of DPYCTL register). ENV enables (ENV=1) or 
disables (ENV=O) the video screen. 

field: 1. Group of contiguous bits in a register or memory location, dedicated 
to a particular function or representing a single entity. 2. Software-confi­
gurable data type supported by the TMS3401 0 and TMS34020; the field 
length can be programmed to be any value in the range of 1 to 32 bits. 

fill: Solid coloring or shading of a display surface, often achieved as a pattern 
of horizontal segments. 

frame: 1. Time required to refresh an entire screen. 2. Screen image output 
during a single vertical sweep. 

frame buffer: Portion of memory used to buffer raster data to be output to 
a CRT. Frame buffer contents are often referred to as the bitmap of the 
display and contain the logical pixels corresponding to the points on the 
monitor screen. 

front porch: Portion of a vertical- or horizontal-blanking pulse that precedes 
the leading edge of the vertical- or horizontal-sync pulse. 

GI: Bus grant input. External bus arbitration logic pulls Gllow to enable the 
TMS34020 to gain access to the local-memory bus. 

GKS: Graphics kernel system. Application programmer's standard interface 
to a graphics display. 

gray scale: 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 bitmapped graphics system. The TMS34010 and 
TMS34020 are GSPs. 

HA: Host address input bus (HA5-HA31). A host processor requests an 
address over these lines. 
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HACK: Halt acknowledge (bit 4 of HSTCTLH register). Setting the HLT bit 
halts TMS34020 execution at the next interruptible instruction boundary; 
the TMS34020 sets HACK when the halt actually takes place. 

HBFI: Host-bus-fault interrupt (bit 14 of HSTCTLL register). The TMS34020 
sets HBFI to 1 if a bus fault occurs on a host access. 

HBREN: Host-bus-faultlretry-interrupt (bit 15 of HSTCTLL register). If 
HBREN=1, the TMS34020 interrupts the host when a retry or bus fault 
occurs. 

HBS: Host byte select-bus (HBSO-HBS3). Identify the bytes to be selected 
within a specific word. 

HCOUNT: Horizontal count register (16-bit I/O register, address 
COOO 01 DOh). HCOUNT counts the number of VCLK periods per 
horizontal scan line. 

HCS: Host chip-select signal. A host drives HCS low to latch the current 
address and byte-select requests. 

HOST: Host data strobe signal. 

HEBLNK: Horizontal end blank register (16-bit I/O register, address COOO 
0030h). HEBLNK identifies the endpoint for the horizontal blanking inter­
val. 

HESERR: Horizontal end serration register (16-bit I/O register, address 
COOO 0270h). HESERR determines the endpointforthe composite-sync 
pulse during the serration region of vertical blanking. 

HESVNC: Horizontal end sync register (16-bit I/O register, address 
COOO 0010h). HESYNC identifies the endpoint for horizontal sync. 

HIE: Host interrupt enable (bit 9 of INTENB register). Setting HIE to 1 
enables the host interrupt. 

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. 

HIP: Host interrupt pending (bit 9 of INTPEND register). HIP is set to 1 when 
a host interrupt is requested. 

HINC: Host increment (bit 12 of HSTCTLH register). Setting HINC to 1 
enables the TMS34020 to compare the fetched address to the address 
requested by a host processor, to increment the current address, and to 
prefetch the contents of the next address. 

HINT: Host interrupt signal. 

HLBO, HLB1: Host last byte (bits 5&6 of HSTCTLH register). The HLB code 
tells the TMS34020 which byte of a 32-bit word that a host processor will 
access last. The TMS34020 uses this information to determine the cor­
rect time to prefetch the next word. 
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HLT: Halt TMS34020 program execution (bit 15 of HSTCTLH register). Set­
ting HLT to 1 suspends TMS34020 instruction processing at the next 
instruction boundary. 

HOE: Host output-enable signal. 

hold signal: Signal capable of controlling a processor bus; sentto a bus arbi­
ter to request bus control. Typically, the arbiter grants the request by 
sending a hold-acknowledge signal to the requestor. 

horizontal back porch: Portion of horizontal blanking that follows the trail­
ing edge of the horizontal-sync pulse. 

horizontal-blanking interval: Time during which the display is blanked to 
cover the horizontal retracing of the electron beam on a screen. 

horizontal front porch: Portion of a horizontal-blanking pulse that precedes 
the leading edge of the horizontal-sync pulse. 

horizontal sync: Synchronization signal that enables horizontal retrace of 
the electron beam on a screen. 

host address bus: Lines used by a host processor to identify the address 
of a TMS34020 local-memory location. 

host processor: Main processor in a system. 

HPFW: Host prefetch-after-write enable (bit 10 of HSTCTLH register). When 
host prefetches are enabled (HINC=1), the value of HPFW determines 
if the TMS34020 performs prefetches after reads (HPFW=O) or after 
writes (HPFW=1). 

HRDY: Host ready signal. Driven high when the TMS34020 is ready to com­
plete a host-initiated access. 

HREAD: Host read strobe. Driven low during a host's read request. 

HRYI: Host-retry interrupt (bit 13 of HSTCTLL register). The TMS34020 sets 
HRYI to 1 if it retries a host access. 

HSBLNK: Horizontal start blank register (16-bit I/O register, address 
COOO 0050h). HSBLNK identifies the startpoint for the horizontal blank­
ing interval. 

HSD: Horizontal-sync direction (bit 0 of DPYCTL register). Determines if 
HSYNC is configured as an input (HSD=O) or an output (HSD=1). 

HSTADRL: Host address register. Provides compatibility with the 
TMS34010. 

HSTADRH: Host address register. Provides compatibility with the 
TMS34010. 

HSTCTLH: Host control 1/0 register, high word (16-bit I/O register, address 
COOO 01 OOh). Controls aspects of host-interface communications. 
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HSTCTLL: Host control I/O register, low word (16-bit I/O register, address 
COOO OOFOh). Controls aspects of host-interface communications. 

HSTDATA: Host data I/O register. Provides compatibility with the 
TMS34010. 

HTOTAL: Horizontal total register (16-bit 110 register, address COOO 0070h). 
Number of VCLK periods per horizontal scan line; defines the startpoint 
for the horizontal sync pulse . 

.,-;-;-;;== HWRITE: Host write strobe. Driven low during a host's write request. 

interlaced video: Video system in which odd-numbered scan lines (odd 
field) are interlaced with even-numbered scan lines (even field). The odd 
and even fields constitute one frame. In effect, the number of transmitted 
pictures is doubled; this reduces flicker. 

IHOST: Internal host interface address registers (4 32-bit registers: IHOST1, 
address COOO 0308h; IHOST2, address COOO 03AOh; IHOST3, address 
COOO 03COh; IHOST4, address COOO 03EOh). The TMS34020 uses 
these registers for storing information provided by the host. 

implied operand: A register value that must be supplied for an instruction 
to execute properly. The 8-file registers and several of the I/O registers 
serve as implied operands for the TMS34020's graphics instructions. 

INTENB: Interrupt enable register (16-bit I/O register, address COO a 011 Oh). 
Selective enables /disables external interrupts 1 and 2, the host interrupt, 
the display interrupt, and the window violation interrupt. 

INTPEND: Interrupt pending register (16-bit I/O register, address 
COOO 0120h). Identifies the pending/not pending status of external inter­
rupts 1 and 2, the host interrupt, the display interrupt, and the window vio­
lation interrupt. 

INTIN: Interrupt-in (bit 3 of HSTCTLL register). 

INTOUT: Interrupt-out (bit 7 of HSTCTLL register). 

K: 1) 1024. 2) Approximately 1000. 3) A 5-bit constant for a TMS34020 
instruction. 

Kbyte: Approximately 1000 bytes. 

LAD bus: 32-bit local address/data multiplexed bus (LADO-LAD31). 
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little-endian: An addressing mode in which the "little" or least significant end 
of an address (bit 0) points to the least significant end (bit 0) of a word 
of data. 

long word: 32-bit word. 

look-up table: Table used during scan conversion of a digital image that 
converts color-map addresses into the actual color values displayed. 

LRDY: Local ready signal. External circuitry drives LRDY low to stop the 
TMS34020 from completing a local-memory cycle. 

LRU: Least recently used (cache-replacement algorithm). When a cache 
miss occurs, this algorithm selects the cache segment that will be over­
written, based on the likelihood that the data in the discarded segment 
will not be needed again for some time. The LRU algorithm selects the 
segment that was used least recently. 

LSB: Least significant bit. 

LSbyte: Least significant byte. 

LSW: Least significant word. 

mask: Pattern used to control retention or elimination of portions of another 
pattern. 

Mbyte: Megabyte. 

memory map: Map of memory space, partitioned into functional blocks. 

MPTCH: Mask pitch register (811). Defines the linear difference between 
starting addresses of adjacent rows in a mask array. 

MSB: Most significant bit. 

MSbyte: Most significant byte. 

MSGIN: Message-in (bits 0-2 of HSTCTLL register). 

MSGOUT: Message-out (bits 4-6 of HSTCTLL register). 

MSW: Most significant word. 

NIL: Noninterlaced video enable (bit 14 of DPYCTL register). The value of 
NIL selects interlaced video timing (NIL=O) or noninterlaced video timing 
(NIL=1 ). 
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NMI: Nonmaskable interrupt (bit 8 of HSTCTLH register). A host processor 
sets NMI to send a nonmaskable interrupt to the TMS34020. 

NMIM: Nonmaskable interrupt mode (bit 9 of HSTCTLH register). If 
NMIM=O, the TMS34020 saves the PC and ST contents on the stack 
before executing a nonmaskable interrupt routine. If NMIM=1, the 
TMS34020 discards the PC and ST contents before executing the NMI 
routine. 

nonmaskable interrupt: Interrupt request that cannot be disabled. 

NTSC: National television system committee. Group representing a wide 
range of interests in the television broadcasting and video industry; 
NTSC is instrumental in developing graphics and video standards. 

OFFSET: XV-address offset register (B4). OFFSET contains the linear ad­
dress of the 1st pixel in the XV-coordinate address space. 

operand: Anyone of the quantities entering into or arising out of an opera­
tion. 

origin: Zero intersection of X and Y axes from which all points are calculated. 

palette: Digital look-up table used in a graphics display for translating data 
from the bitmap into the pixel values to be shown on the screen. 

pan: Apparent horizontal or vertical movement of a 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. 

PATTERN: Fill-pattern register (B13). 

PBH: PIXBLT horizontal direction (bit 8 of CONTROL register). PBH=O 
(default) selects left-to-right pixel processing; PBH=1 selects right-to-Ieft 
processing. 

PBV: PIXBLT vertical direction (bit 9 of CONTROL register). PBV=O (default) 
selects top-to-bottom pixel processing; PBV=1 selects bottom-to-top 
processing. 

pending: Requested but not yet performed. For example, a pending inter­
rupt is an interruptthat has been requested but has not yet been seNiced. 

PGA: Pin grid array (type of chip package). 

PGMD: Page-mode signal. Memory decode logic asserts PGMD low if the 
currently addressed memory supports page-mode accesses. 
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phase: The time interval for each clock period in a system is divided into 
phases; one phase corresponds to the time when the clock signal is high, 
the other to the time that the signal is low. 

PHIGS: Programmer's hierarchical interactive graphics standard. 

pipelining: 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 period. 

pitch: Difference in starting addresses of two adjacent rows of pixels in a 
2-dimensional pixel array. 

pixel: Picture element. 1. Smallest controllable point of light on a display 
screen. 2. In a bitmapped display, the logical data structure that contains 
the attributes to be shown at the corresponding physical pixel position on 
a display screen. 

pixel-processing option: Boolean or arithmetic operation for combining 
two pixel values (source and destination); defined by PPOP[CON­
TROL]. 

PIXBLT: Pixel-block transfer. Pixel-array operation in which each pixel is rep­
resented by one or more bits. PIXBLTs are a superset of bitblts and 
include commonly-used Boolean functions as well as integer arithmetic 
and multi-bit operations. 

plane: (also bit plane or color plane) Bitmap layer in a multiple-bit-per-pixel 
display device. If the pixel size is n bits and the bits in each pixel are num­
bered 0 to n-1, plane 0 is made up of O-numbered bits in all the pixels, 
and plane n-1 is made up of n-1-numbered bits in all the pixels. A layered 
graphics display allows planes or groups of planes to be manipulated 
independently of the other planes. 

PMASK: Plane mask registers (32-bit 110 register, address COOO 0160h). 
PMASK contains a mask of Os and 1 s; the 1 s represent protected desti­
nation bits, and the Os represent modifiable destination bits. 

PMASKL: 16 LSBs of PMASK, accessed at address COOO 0160h. 

PMASKH: 16 MSBs of PMASK, accessed at address COOO 0170h. 

PPOP: Pixel-processing operation (bits 10-14 of CONTROL register). 
Selects a method for combining source and destination pixels. You can 
choose from 16 Boolean and 6 arithmetic operations; the default opera­
tion is S~D (source pixels replace destination pixels). 

propagation delay: Time required for a change in logic level at an input to 
a circuit to be translated into a resulting change at an output. 
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protocol: Set of rules, formats, and procedures governing the exchange of 
information. 

pseudo-op: (pseudo-operation) An operation which is not part of the com­
puter's operation repertoire as realized by hardware; hence, an exten­
sion of the set of machine operations. 

PSIZE: Pixel size register (16-bit I/O register, address COOO 0150h). Defines 
the current pixel size as 1 , 2, 4, 8, 16, or 32 bits. 

pulse width: Time interval between specified reference points on the lead­
ing and trailing edges of a pulse waveform. 

QFP: Quad flat package (type of chip package). 

quarter phase: One-fourth of a local-memory cycle. 

FlO, Fl1: Bus request and control signals. These signals identify the type of 
request for use of the bus in a multiprocessor system. 

RAM: Random access memory. A memory from which all information can be 
obtained with approximately the same time delay by choosing an address 
randomly and without first searching through a vast amount of irrelevant 
data. 

RAS: Row-address strobe. Drives the RAS inputs of DRAMs and VRAMs. 

raster: Rectangular grid of picture elements whose intensity levels are 
manipulated to represent images. In a bitmapped display, the bits within 
the frame buffer are mapped to the raster pattern of a display screen. 

raster graphics: Computed graphics in which a display image is composed 
of a pixel array arranged in rows and columns. 

raster-op: Arithmetic or logical combination that takes place during the 
transfer of a pixel array from one location to another. 

raster scan: Grid pattern traced by the electron beam on a display screen. 

RCA: Multiplexed row-/column-address bus (RCAO-RCA 12). Atthe begin­
ning of a memory-access cycle, identifies the row address for DRAMs; 
later in the cycle, the bus identifies the column address. 

RCMO, RCM1: RCAO-RCA 12 row address configuration (bits 1 &2 of 
CONFIG register). Determines which bits of the logical address are 
output on RCAO-RCA 12 at row-address time. 
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ready signal: Signal from a memory or memory-mapped peripheral that 
informs the processor when a memory cycle is about to complete. Slower 
memories and peripherals must extend the length of the memory cycle 
by negating the ready signal (in other words, by sending the processor 
a "not ready" signal) until the cycle can be completed. 

REFADR: Refresh pseudo-address register (16-bit I/O register, address 
COOO 01 FOh). Contains the address output during DRAM-refresh cycles. 

refresh: Method of restoring the charge capacitance to a memory device 
(such as a DRAM or VRAM) or of restoring memory contents. 

request strobe: Any control signal that begins or ends a read request or a 
write request. 

reset: Restore to normal action and initial conditions. 

resolution: Number of visible, distinguishable units in the device coordinate 
space. 

retrace: Line traced by the scanning beam(s} of a display screen as it travels 
from the end of one horizontal (or vertical) line or field to the beginning 
of the next horizontal (or vertical) line or field. 

RGB monitor: Red-green-blue monitor. Type of monitor capable of display­
ing colors; has separate inputs for the three signals that drive the red, 
green, and blue guns of a display. 

relative coordinates: Location of a point relative to the location of another 
point. 

ROM: Read-only memory. 

rotate: Transform an item or display by revolving it around an axis or center 
point. 

row-address time: See address/status subcycle. 

RRO-RR2: Refresh rate (bits 10-12 of CON FIG register). Determines the 
frequency of DRAM refreshes. 

RST: Reset (bit 7 of HSTCTLH register). Setting this bit has the same effect 
as asserting RESET low; however, only the TMS34020 is reset (other 
devices in the system are not affected). 

SADDR: Source address register (80). Contains the source array address 
for graphics instructions. 

SAM: Serial access memory or serial data register. 
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scale: Size change made by multiplying or dividing coordinate dimensions 
by a scale factor (a constant value). 

scan line: Horizontal line traced across a display screen by the electron 
beam in a monitor or similar raster-scan device. 

SCOUNT: Shift clock counter register (16-bit I/O register, address 
COOO 02COh). During horizontal blanking, SCOUNT is loaded with the 
right-justified tap-point value and is then incremented once on the rising 
edge of each SCLK pulse. 

screen refresh: Operation of dumping the contents of the frame buffer to a 
CRT monitor in synchronization with the movement of the electron beam. 

scrolling: Moving a display vertically or horizontally. 

serial register transfer: Transfer between the RAM storage and internal 
serial register in a VRAM. 

SETHCNT: Set horizontal count register (16-bit I/O register, address 
COOO 031 Oh). During external horizontal or composite video, SETHCNT 
is loaded into HCOUNT when HSYNC or CSYNC is pulsed. 

setup time: Minimum amount of time that valid data must be present at an 
input before the device is clocked; ensures proper data acceptance. 

SETVCNT: Set vertical count register (16-bit I/O register, address 
COOO 0300h). During external horizontal or composite video, SETVCNT 
is loaded into VCOUNT when VSYNC or CSYNC is pulsed. 

SF: Special-function signal that drives a VRAM's DSF pin. 

SIZE16: Bus size signal. Memory decode logic may pull SIZE16 low if the 
currently addressed memory or port supports only 16-bit transfers. 

SPTCH: Source pitch register (B1). Defines the linear difference between 
starting addresses of adjacent rows in a source array. 

SRAM: Static RAM. 

SRE: Screen-refresh enable (bit 12 of DPYCTL register). Setting SRE to 1 
when video is enabled (ENV) enables screen-refresh cycles. 

SRINC: Screen-refresh address increment value (bits 5-31 of DINC regis­
ters). Defines the amount by which the address in SRNX is incremented 
after a screen-refresh cycle. 

SRNX: Next screen-refresh address (bits 5-31 of DPYNX registers). Rep­
resents the long-word address that is output during a screen-refresh 
cycle. 

SRST: Screen-refresh start address (bits 5-31 of DPYST registers). Con­
tains the address of the pixel at the left of the 1 st line displayed on the 
screen. 
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SSA: Cache segment start address register. 

SSV: Split-shift-register midline-reload enable (bit 6 of DPYCTL register). 
Determines whether split-shift-register midline reload is disabled 
(SSV=O) or enabled (SSV=1 and SRE=1). 

stairstepping: Visual effect in bitmapped display devices; produces images 
by brightening or dimming individual pixels in a pixel array. Also called 
aliasing. 

strobe: Any control signal that begins or ends a memory access. 

subsegment: Block of 410ng words in a cache segment. Each of the 4 cache 
segments contains 8 subsegments, for a total of 32 long words per seg­
ment. 

T: Pixel transparency (bit 5 of CONTROL register). T =1 enables transparen­
cy; T =0 (default) disables transparency. 

tap point: Column address provided to a VRAM during a memory-to-serial­
register cycle. The column address specifies the point at which the shift 
register is to be tapped; in other words, which cell of the serial register 
is to be connected to the VRAM's serial output. 

TM: Transparency mode (bits 0-2 of CONTROL register). Selects the 
transparency mode for pixel operations. 

trace: Line of the graphics display. 

transformation: Geometric alteration of a graphics display, such as scaling, 
translation, or rotation. 

transparency: Pixel attribute that renders a source pixel invisible so that 
portions of the destination array show through portions of the source 
array. 

TR/QE: Transfer/output enable signal. Drives the TR/QE input of VRAMs. 

VCE: Video capture enable (bit 7 of DPYCTL register). Selects memory-to­
register screen-refresh cycles (VCE=O) or register-to memory screen-re­
fresh cycles (VCE=1). 

VCOUNT: Vertical count register (16-bit I/O register, address COOO 01 COh). 
VCOUNT counts the horizontal scan lines in the video display. 

VEBLNK: Vertical end blanking register (16-bit 110 register, address 
COOO 0020h). VEBLNK defines the endpoint for the vertical blanking 
interval. 

Appendix B 



II 

VEN: VRAM internal register load enable (bit 8 of CONFIG register). VEN=1 
enables the TMS34020 to use VRAMs with internal write-mask and color 
registers; VEN=O (default) prohibits this. 

vertical back porch: Portion of vertical blanking that follows the trailing 
edge of the vertical-sync pulse. 

vertical-blanking interval: Time during which the display is blanked to cov­
er the vertical retracing of an electron beam. 

vertical-blanking pulse: Positive or negative pulse developed during verti­
cal retrace, appearing atthe end of each field. Used to blank out scanning 
lines during the vertical-retrace interval. 

vertical front porch: Portion of a vertical-blanking pulse that precedes the 
leading edge of the vertical-sync pulse. 

vertical sync: Synchronization signal that enables vertical retrace of the 
electron beam of a display screen. 

VESYNC: Vertical end sync register (16-bit I/O register, address 
COOO OOOOh). VESYNC defines the endpoint of the vertical-sync pulse; 
in interlaced video, it also defines the endpoint of the 2nd equalization 
region. 

VRAM: Video RAM. A dual-ported memory device for computer graphics 
applications, containing two interfaces: one that allows a processor to 
read/write data from an internal memory array, a second that provides a 
serial stream of screen-refresh data to a display screen. 

VSBLNK: Vertical start blank register (16-bit I/O register, address 
COOO 0040h). VSBLNK defines the startpoint for the vertical blanking 
interval. 

VSD: Vertical sync direction (bit 1 of DPYCTL register). Determines if 
VSYNC is configured as in input (VSD=O) or an output (VSD=1). 

VTOTAl: Vertical total register (16-bit I/O register, address COOO 0060h). 
Number of horizontal scan lines in the display; defines the startpoint for 
the vertical-sync pulse. 

W: Window checking (bits 6&7 of CONTROL register). Selects the action 
that the TMS34020 takes when a pixel operation would write a pixel 
inside or outside defined window limits. 

wait state: Clock period inserted into a memory cycle in order to permit 
accesses of slower memories and slower memory-mapped devices. 

WE: Write enable signal. Drives the WE inputs of DRAMs and VRAMs. 
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WEND: Window ending address register (B6). WEND contains the XV 
address of the most significant pixel of the clipping window. 

WSTART: Window starting address register (B5). WSTART contains the XV 
address of the least significant pixel of the clipping window. 

window: Defined rectangular area of a virtual space on a display screen. 

window checking: Checking a pixel's address to see if it lies inside or out­
side the boundaries of a defined window. 

WVE: Window-violation interrupt enable (bit 11 of INTENB register). Setting 
WVE to 1 enables the window-violation interrupt. 

WVP: Window-violation interrupt pending (bit 11 of INTPEND register). WVP 
is set to 1 when a window-violation interrupt is requested. 

X1 E: External interrupt 1 enable (bit 1 of INTENB register). Setting X1 E to 
1 enables external interrupt 1. 

X2E: External interrupt 2 enable (bit 2 of INTENB register). Setting X2E to 
1 enables external interrupt 2. 

X1 P: . External interrupt 1 pending (bit 1 of INTPEND register). X1 P is set to 
1 wRen an external interrupt 1 is requested. 

X2P: External interrupt 2 pending (bit 2 of INTPEND register). X2P is set to 
1 when an external interrupt 2 is requested. 

VZCNT: Y -zoom count (bits 0-4 of DPVNX registers). Determines when the 
address in SRNX can be incremented. 

VZINC: V-zoom increment value (bits Q-4 of DINC registers). This value 
provides the increment value for the Y -zoom feature; valid values include 
0, 2, 4, 8, 16, and 32. 

V·zoom: TMS34020'feature that aids in display magnification. 

zoom: Scaling a display (or display item) so it is magnified or reduced on the 
screen. 
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TEXAS~ 
INSTRUMENTS 

TMS34020 
Reference Card 

Phone Numbers -------------­

TI Customer Response 
Center (CRe) Hotline: (800) 232--3200 

Graphics Hotline: (713) 274-2340 

General·Purpose Register Files --------­
Register File A Register File B 

bit 31 bit 0 bit 31 bit 0 
MSB LSB MSB LSB 

AO BOSADDR ...•.•.......•. 

A1 B1SPTCfi i 

A2 B2bAbbR/ ••..•• 

A3 B3tiPTCH 

A4 B40FFSET>' 

A5 B5 ,WSTARi' 
A6 B6":W~ND" 

A7 B7/0vbx' 
A8 B8 ·\CdCORO.< 

A9 B9C,OLC>Rt . 

A10 B10iMp.DI?R"· 
A11 B11 :MPTCH> ... 

A12 B12 '<TEJvlPJ/" 

A13 B13 PAITERNt 

A14 ~....:...;.......:...;.......:...;.......:...;......,+""""".,.,.".,""""""""",.B""14 TEMPt < 

··~t~ckpoint~F'y' SP 

t The line instructions use these registers for a different purpose. 
Some graphics instructions use these registers as temporary 
registers. 

Initial State Following Reset ---------­

Immediately following reset, 

\I All I/O registers are cleared to OOOOh. (Possible excep· 
tions are HLT[HSTCTLH], REFADR, and SCOUNT). 

\I General-purpos9' register files A and Bare uninitialized. 

\I The ST is set to 0000 0010h. 

\I The PC is uninitialized. 

\I The cache SSA registers are uninitialized. 

\I The cache LRU stack is set to the sequence 0, 1, 2, 3. 

\I All cache P flags are cleared. 

\I The DRAM refresh-pending counter is set to 9. 

110 Registers -------------

Register Offset HESYNC 0010h 

BSFLTDH 0330h HSTADRH OOEOh 

BSFLTDL 0320h HSTADRL OOOOh 

BSFLTST 0200h HSTCTLH 0100h 

CONFIG 01AOh HSTCTLL OOFOh 

CONTROL 
OOBOh or HSTDATA OOCOh 

0190h 

CONVDP 0140h 
HSBLNK OOSOh 

CONVMP 0180h 
HTOTAL 0070h 

CONVSP 0130h IHOST 
0380hto 

03FOh 
DINCH 0250h 

INTENB 0110h 
DINCL 0240h 

INTPEND 0120h 
DPYADR 01EOh 

PMASKH 0170h 
DPYCTL 0080h 

PMASKL 0160h 
DPYINT OOAOh 

DPYNXH 0230h 
PSIZE 0150h 

DPYNXL 0220h 
REFADR 01FOh 

DPYMSK 02EOh 
SCOUNT 02COh 

DPYSTH 0210h SETHCNT 0310h 

DPYSTL 0200h SETVCNT 0300h 

DPYSTRT 0090h VCOUNT 01COh 

DPYTAP 01BOh VEBLNK 0020h 

HCOUNT 0100h VESYNC OOOOh 

HEBLNK 0030h VSBLNK 0040h 

HESERR 0270h VTOTAL 0060h 

Note: Register address = COOO OOOh + offset. 

CONTROL Register (COOO OOBOh) -------

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 CD 1 PPOP 1 PBH 1 PBvl WiT 1:>'::><:>'::>1 ™ 1 

TM 000 transparency on PBV o PIXBLT processes 
result=O top to bottom 

001 transparency on 1 PIXBLT processes 
source=COLORO bottom to top 

1 00 transparency on PBH o PIXBLT processes 
result=O left to right 

101 transparency on 1 PIXBLT processes 
des1.=COLORO right to left 

T o disables trans. ppop pixel-processing option 
1 enables trans. CD o enables cache 

W 00 no windowing 1 disables cache 
01 window hit 
10 window miss 
11 window clip 
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CONFIG Register (COOO 01AOh) --------

BEN o selects little-end ian CBP 1 write-protects CON-
addressing (default) FIG's LSbyte 

1 selects big-end ian o no write protection 
addressing VEN o system has special-

RCM determines which log- feature VRAMs 
ical address bits are 1 system has no spe-
output at row-address cial-feature VRAMs 
time RR DRAM refresh rate 

/.; .... 

HSD o HSYNC is an input VCE screen-refresh mode 
1 HSYNC is an output 1 mem-to-reg cycles 

VSD o VSYNC is an input o reg-to-mem cycles 

1 VSYNC is an output CST o normal pixel-access 
cycles 

CSD WhenCVD=O, 1 pixel-access cycles o CSYNC is an input become serial-reg is-
1 CSYNC is an output ter-transfer cycles 

CVD selects CYSNC/ SRE o disables automatic 
HBLNK screen refresh 
o selects CSYNC 1 enables screen re-
1 selects HBLNK fresh when ENV=1 

SSV o disables midline NIL o interlaced video 
reload 1 noninterlaced video 
enables midline ENV o blanks screen 
reload when SRE=1 1 enables display 

INTENB Register (COOO 0110h) --------
15 14 13 12 11 10 9 8 7 6 5 4 3 

IE status bit must be enabled before these interrupts are enabled 
X1 E 1 enables int. 1 DIE 1 enables display int. 
X2E 1 enables int. 2 WVE 1 enables window-vio-
HIE enables host int. lation int. 

X1P 
X2P 
HIP 

int. 1 pending 
int. 2 pending 
host int. pending 

3 

6 5 4 3 

DIP display int. pending 

WVP 1 window-violation int. 
pending 

HSTSTLH Register (COOO 0100h) -------

HA o '34020 is running HP o prefetch after any 
CK 1 '34020 is halted FW access 

HLB identifies last byte that 1 prefetch after writes 

host will access HI o disables prefetch & 

o normal operation 
NC autoincrement 

RST 1 enables prefetch & 
1 reset '34020 autoincrement 

NMI o no NMI request CF o no effect 
1 host requests NMI 1 flush cache 

NM o save context when HLT o allow '34020 to run 
1M there's an NMI 1 halt '34020 instruc-

1 discard context lion execution 

HSTSTLL Register (COOO OOFOh) 

MSG message from host to 
IN '34020 

INT 0 no interrupt to 
IN '34020 

1 host interrupt re-
quest to '34020 

MSG message from '34020 
OUT to host 

INT 0 no interrupt to host 
OUT 1 '34020 interrupt re-

quest to host 
EMGI 00 no request, no in-
EMR terrupt 

01 host request from 
EMU, interrupt (if 
enabled) 

EMI 0 no interrupt to host 
EN 1 interrupt to host 
HRY! 0 host access not re-

tried 
1 host access retried 

HBFI 0 host access not 
faulted 

1 host access faulted 
HB If HRYI or HBFI is set, 
REN 0 no interrupt to host 

1 interrupt to host 
10 host released by 

EMU, interrupt (if 
enabled) 

11 host grant to EMU, ' 
no interrupt 

LAD Bus Status Codes -----------

Code Bus Status Type 

0000 Coprocessor cycle misc. 
0001 Emulator operation (OOxx) 
0010 Host cycle 
0011 DRAM refresh 

0100 Video-generated VRAM serial-register trans. VRAM 
0101 CPU-generated VRAM serial-register trans. (01 xx) 
0110 Write-mask load 
0111 Color-register load 

1000 Data access CPU 
1001 Cache fill (1 xxx) 
1010 Instruction fetch 
1011 Interrupt-vector fetch 
1100 Bus-locked operation 
1101 Pixel operation 
1110 Block write 
1111 Reserved 
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MemoryMap -------------- TMS34020 Assembly Language Instruction Set 

Address Range Size Use ABSRd CMPllL,Rd 

FFFF FFEOh 
34 words 

Interrupt & trap 
FFFFFBCOh vectors 

ADD RS,Rd CMPK 

ADDCRs,Rd CMPXYRs,Rd 

FFFF FBAOh 
Reserved for 

FFFF EOOOh 
222 words interrupt & extended 

trap vectors 

ADDI/W,Rd CPWRs,Rd 

ADDlII.,Rd CVDXYLRd 

FFFF DFEOh 
32,512 words 

General use & 
FFFO OOOOh extended trap vectors 

FFEFFFEOh 225-33,024 words 
General use 

COOO 2000h (35,521,408 words) 

ADDKK,Rd CVMXYLRd 

ADDXYRs,Rd CVSXYL RS,Rd 

ADDXYIIL,Rd CVXYLRs,Rd 

COOO 1FEOh 224 words 
Reserved for 1/0 

COOO 0400h registers 

AND RS,Rd DEC Rd 

ANDIIL,Rd DINT 

COOO03EOh 
32 words 1/0 registers 

COOO OOOOh 

BFFF FFEOh 3x225-32K words 
General use 

00100000h (100,630,528 words) 

ANDNRs,Rd DIVSRs,Rd 

ANDNIIL,Rd DIVURs,Rd 

BLMOVES,D DRAVRs,Rd 

OOOF FFEOh 
32,768 words 

General use & 
OOOOOOOOh extended trap vectors 

BTSTK,Rd DSJ Rd,Address 

BTSTRs,Rd DSJEQ Rd,Address 

CALLRs 
DSJNE Rd,Address 

Interrupt Priorities -------------
CALLA Addr 

DSJS Rd,Address 

Interrupt Priority Source Description CALLR Addr 
EINT 

RESET 1 externall Device reset 
internal 

BF 2 external Bus fault interrupt 

NMI 3 internal Nonmaskable interrupt 

HI 4 internal Host interrupt. 

CEXEC size,instruction[.IDJ 
EMU 

CEXEC size,instruction[.IDJ 
EXGF Rd,F 

CLIP 
EXGPC Rd 

CLRRd 
EXGPS Rd 

FILLL 
01 5 internal Display interrupt CLRC 

FILLXY 
WV 6 internal Window violation interrupt 

INT1 7 external External interrupt 1 

INT2 8 external External interrupt 2 

CMOVCG Rdj [.Rd2 [sizeJJ, 
command[.IDJ FLiNE {O 11} 

CMOVCM *Rd+, transfers, FPIXEQ 
size,command[. IDJ 

FPIXNE 
SS 9 internal Single-step interrupt 

ILLOP 10 internal lIIegal-opcode interrupt 
CMOVCM *Rd,transfers,size, 

GETPCRd 
command[.IDJ 

CMOVCS command[.IDJ 
GETPSRd 

Vector Address Map 

Trap# Address Oesc. Trap# Address Oesc. 

-32768 OOOFFFEOh Appllca- 12 FFFFFE60h Re-
ta to tion to to served 
-1 OOOOOOOOh specific 15 FFFFFOEOh 

CMOVGC RS,command[.IDJ 
GETSTRd 

CMOVGC RSj,R~,size,com-
IDLE 

mand[.IDJ INC 

CMOVMC *Rs+,transfers, JAcc Address 
size,command[.IDJ JRcc Address 

0 FFFFFFEOh RESET 16 FFFF FOEOh Appllca-
to to tlon CMOVMC -*Rs,transfers,size, JRcc Address 

1 FFFFFFCOh INn 29 FFFFFC40h specHic command[.IDJ 
JUMPRs 

2 FFFFFFAOh INT2 30 FFFFFC20h ILLOP CMOVMC *Rs+,Rd,size,com-

3 FFFFFF80h Re-
Appllca-

to to served 
31 FFFFFCOOh tlon 

7 FFFFFEOOh specific 

mand[.IDJ LINE {O 11} 

CMPRs,Rd LlNIT 

8 FFFFFEEOh NMI 32 FFFFFBEOh SS CMPIIW,Rd LMORs,Rd 

9 FFFFFECOh HI 33 FFFFFBCOh BF 

10 FFFFFEAOh 01 34 FFFFFBAOh Appllca-
to to tlon 

11 FFFFFE80h VW 32767 FFFOOOOOh specific 
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TMS34020 Assembly Language Instruction Set ---­
(continued) 

MMFM RS,[.Listj NEGBRd 

MMTM RS,[.Listj NOP 

MODS RS,Rd NOTRd 

MODURs,Rd OR RS,Rd 

MOVBRs,*Rd ORIIL,Rd 

MOVB*Rs,Rd PFILLXV 

MOVB *Rs(Offsef),Rd PIXBLTB,L 

MOVB *Rs(SOffsef), PIXBLTB,XV 
*Rd(DOffset) 

MOVB Rs,@DAddress 

MOVB @SAddress,Rd 

PIXBLTL,L 

PIXBLT L,M,L 

MOVB @SAddress, 
PIXBLTL,XV 

@DAddress PIXBLTXV,L 

MOVE RS,Rd PIXBLT XV,XV 

MOVE Rs, *Rd[.F] PIXTRs,*Rd 

MOVE Rs,-*Rd[.F] PIXT Rs, *Rd .XV 

MOVE Rs, *Rd+[.F] PIXT*Rs,Rd 

MOVE *Rs,Rd[.F] PIXT *Rs, *Rd 

MOVE -*Rs,Rd[.F] PIXT *Rs.XV,Rd 

MOVE *Rs+,Rd[.F] PIXT *Rs.XV, *Rd.XV 

MOVE *Rs,*Rd[.F] POPST 

MOVE -*Rs,-*Rd[.F] PUSHST 

MOVE *Rs+,*Rd+ PUTSTRs 

MOVE Rs,*Rd(Offset)[.F] RETI 

MOVE *Rs(Offsef),Rd[.F] RETM 

MOVE *Rs(Offsef), *Rd+[.F] RETS [NJ 

MOVE *Rs(SOffset), REVRd 
*Rd(DOffset)[.F] 

RLK,Rd 
MOVE RS,@DAddress[.F] 

RLRs,Rd 
MOVE @SAddress,Rd[.F] 

RMO 
MOVE @SAddress,*Rd+[.F] 

RPIXRd 
MOVE @SAddress, 

@DAddress[.F] SETC 

MOVI/W,Rd SETCDP 

MOVIIL,Rd SETCMP 

MOVKK,Rd SETCSP 

MOVXRs,Rd SETF FS,FE,F 

MOVYRs,Rd SEXT Rd,F 

MPVSRs,Rd SLAK,Rd 

MPVURs,Rd SLARs,Rd 

MWAIT SLLK,Rd 

NEGRd SLLRs,Rd 
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TMS34020 Assembly Language Instruction Set 
(continued) 

SRAK,Rd SWAPF RS,Rd,O 

SRARs,Rd TFILLXY 

SRLK,Rd TRAPN 

SRLRs,Rd TRAPL 

SUB RS,Rd VBLT 

SUBBRs,Rd VFILL 

SUBI/W,Rd VLCOL 

SUBIIL,Rd XORRs,Rd 

SUBKK,Rd XORIIL,Rd 

SUBXVRs,Rd ZEXTRd,F 

Boolean Pixel-Processing Options 

00000 

00001 

00010 

00011 

00100 

00101 

00110 

00111 

01000 

01001 

01010 

01011 

01100 

01101 

01110 

01111 

Source -+ Destination 

Source AND Destination -+ Destination 

Source AND -Destination -+ Destination 

Os -+ Destination 

Source OR -Destination -+ Destination 

Source XNOR Destination -+ Destination 

-Destination -0> Destination 

Source NOR Destination -+ Destination 

Source OR Destination -+ Destination 

Destination -+ Destination 

Source XOR Destination -+ Destination 

-Source AND Destination -+ Destination 

15 -+ Destination 

-Source OR Destination -+ Destination 

Source NAND Destination -+ Destination 

-Source -+ Destination 

Arithmetic Pixel-Processing Options 

10000 Source + Destination -+ Destination 

10001 ADDS(Source, Destination) -+ Destination 

10010 Destination - Source -+ Destination 

10011 SUBS(Source, Destination) -+ Destination 

10010 MAX (Source, Destination) -+ Destination 

10101 MIN (Source, Destination) -+ Destination 
10110--11111 Reserved 

Status Register -------------

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 
Note: Shaded portions are reserved. 
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12-pin connector, mechanical dimensions, A-10 

12-pin header, A-3 

3-wire interface, 11-1 

A-file registers (AO-A14), 4-6 
initial state following reset, 6-23 

ABS instruction, 13-32 

ABS (,34082 pseudo-op), 14-9, 14-1 0 

ABSD (,34082 pseudo-op), 14-11 

ABSF (,34082 pseudo-op), 14-12, 14-13 

absolute addresses, 13-3 

ADD instruction, 13-33 

ADD (,34082 pseudo-op), 14-14, 14-15 

ADDC instruction, 13-34 

ADDD (,34082 pseudo-op), 14-16 

ADDF (,34082 pseudo-op), 14-17, 14-18 

ADDI 
16-bit (short) version, 13-35 
32-bit (Iong)version, 13-36 

ADDK instruction, 13-37 

address/status portion (local-memory cycle), 8-8, 
8-12 

addressing 
address latch, 2-11 
autoincrementing (for host accesses), 4-59, 4-60, 

7-12-7-15 
big-endian, 3-20-3-25, 4-21, 7-44 
comparison feature (for host accesses), 4-60, 

7-12 
display screen, 4-32, 4-40, 4-46 
implicit addressing, 7-12 
instruction words, in cache, 5-3, 5-5 

Index 

linear addressing, 3-3, 3-15 
litlle-endian, 3-20-3-25, 4-21, 7-44 
local memory, 3-3 

multiplexed addressing, 8-51-8-53 
nonmultiplexed addressing, 8-50 

modes, 13-2-13-9 
absolute addresses, 13-3 
constants, 13-2 
immediate values, 13-2 
register-direct, 13-4 
register-indirect, 13-5 

in XV mode, 13-9 
with offset, 13-6 
with postincrement, 13-7 
with predecrement, 13-8 

multiplexing, 4-22 
pixel arrays, 4-30, 4-79 
prefetching (for host accesses), 4-60, 7-10-7-12 
range, 3-3 
RCA values at row-address time, 4-21 
screen-refresh address, 4-41, 4-42, 4~ 78 
segments within the cache, 5-2, 5-3 
subsegments within a cache segment, 5-2, 5-3 
tap point, 4-44, 4-45 
two 16-bit registers as a 32-bit register, 4-15, 

4-32,4-46,4-75 
window 

end address, 4-90 
start address, 4-91 

XV addressing, 3-14, 4-25, 4-28, 4-34, 4-50, 
4-73,4-90,4-91 

XV-to-linear conversion, 3-15-3-17, 4-28, 4-34, 
4-72,4-83 

ADDXV instruction, 13-38 

ADDXYI instruction, 13-39 

Index-1 



Index 

algorithms 
cache 

control, 5-3 
replacement, 5-4 

display pitch, 3-13 
least-recently-used (cache replacement), 5-4 
XY-to-linear conversion, 3-15 

ALTCH signal, 2-9, 2-11, 8-2, 10-2 

American video standards 
NTSC, 9-27 
RS-170, 9-27 

AND instruction, 13-40 

ANDI instruction, 13-41 

ANDN instruction, 13-42 

ANDNI instruction, 13-43 

ANSI C, 1-11 

applications of the TMS34020, 1-3 

arbitration logic 
examples, 11-15-11-18 
multiprocessor systems, 11-13-11-15 

archiver, 1-11 

arithmetic instructions, 13-24 
ABS, 13-32 
ADD,13-33 
AD DC, 13-34 
ADDI (16 bits), 13-35 
ADDI (32 bits), 13-36 
ADDK,13-37 
ADDXY, 13-38 
ADDXYI, 13-39 
DEC, 13-94 
DIVS, 13-96-13-97 
DIVU, 13-98-13-99 
INC, 13-134 
MODS, 13-152 
MODU, 13-153-13-157 
MPYS, 13-172-13-174 
MPYU, 13-175-13-176 
SUB,13-241 
SUBB, 13-242 
SUBI, 13-243, 13-244 
SUBK, 13-245 
SUBXY, 13-246 

arithmetic pixel-processing options, 4-26 
array sizes for DRAMs, 8-52 

arrays. See pixel arrays 
assembler, 1-11 

assembly-language, tools, 1-10-1-13,3-24 

Index-2 

autoincrementing, 7-12-7-15 
disabled,7-14 
legal HBS combinations, 7-13 
reads and writes, 7-14 
writes only, 7-14 

auxilary graphics instructions 
CLIP, 13-55 
FPIXEQ,13-126-13-127 
FPIXNE,13-128-13-129 
PFILL,13-184-13-189 
RPIX, 13-225 
TFI LL, 13-249-13-252 
VBLT, 13-259-13-261 
VFI LL, 13-262-13-263 
VLCOL, 13-264-13-265 

B-file registers (BO-B14), 4-6, 4-7, 4-8 
COLORO, 4-18, 4-74 
COLOR1, 4-19, 4-74 
DADDR,4-30 
DPTCH,4-34 
DYDX, 4-50 
initial state following reset, 6-23 
MADDR,4-71 
MPTCH,4-72 
OFFSET,4-73 
PATTERN,4-74 
SADDR,4-79 
SPTCH,4-83 
WEND,4-90 
WSTART, 4-91 

background color, 4-18, 4-74 
bandwidth, host interface, 7-34-7-36 
bank selects, 8-57 
BEN bit, 3-20, 4-21, 8-4 

write protecting the bit, 4-22 
BF (bus fault) status bit, 4-3, 6-3, 6-19 
big-end ian addressing, 3-20-3-25 

assembling code for, 3-24-3-25 
default at reset, 3-20, 4-21 
effect of BEN bit, 3-20, 4-21 
host interface, 7-44 
instruction timing, 3-25-3-26 
processors that use it, 3-20 
selecting, 3-20, 4-21 

binary PIXBLTs 
use of COLORO, 4-18 
use of COLOR1 , 4-19 



blanking 
composite blanking, CBLNK, 2-15 
horizontal blanking, 9-9 

ending (HEBLNK), 4-53 
HBLNK,2-15 
starting (HSBLNK), 4-66 

vertical blanking, 9-9 
ending (VEBLNK), 4-86 
starting (VSBLNK), 4-88 
VBLNK,2-15 

BLMOVE instruction, 13-44-13-45 
implied operands 

DADDR,4-30 
SADDR,4-79 

block of pixels. See arrays 

block accesses 
reads 

of TMS34020 memory (by host), 4-59, 4-60 
writes, 4-22 

to TMS34020 memory (by host), 4-59, 4-60 
with mask, 4-22 

block diagram, TMS34020, 1-5 
block-write cycles 

data expansion, 8-42 
data mapping, 8-41 
status code on local-memory cycle, 8-11 

Boolean pixel-processing options, 4-26 

branch instructions, effects on PC, 4-4 
breakpoints, 6-28 

British video standards 
PAL,9-27 

BSFLTD registers, 4-15-4-17, 6-19 

BSFLTDH, 4-15-4-17, 6-19 

BSFLTDL, 4-15-4-17, 6-19 

BSFLTST register, 4-17, 6-19 

BTST 
constant version, 13-46 
register version, 13-47 

buffer delays for emulator connections, A-5 

bulk initialization, 9-47 

bus error/bus fault, 2-11, 7-9 
bus-fault interrupt, 6-19-6-20, 7-9 

service routine, 6-20 
coprocessor cycles, 10-9 
CPU-initiated access, 8-14 
host-initiated access, 8-14 
local-memory cycles, 8-14 
on a host-initiated access, 4-64 

Index 

screen-refresh cycle, 8-14 
use of BSFLST to save memory controller state, 

4-17 
use of BSFLTD to store LAD data, 4-15-4-17 

bus-fault interrupt, priority, 6-7 

bus-locked operation 
and dynamic bus sizing, 8-29 
status code on local-memory cycle, 8-11 

bus-request codes 
access termination, 11-5-11-12 
high-priority request, 11-5-11-12 
low-priority request, 11-5-11-12 
no request, 11-5-11-12 

bus-requests priorities, 2-13, 8-6 

bus size signal (SIZE16), 2-11 
BUSFLT signal, 2-9,2-11,6-2,6-19,7-9,8-2,8-12, 

8-18,10-2 
bus cycle completion codes, 2-12 

byte-select strobes, 4-57, 7-2 
big-endian addressing, 7-44 
little-endian addressing, 7-44 

bytes, 3-1 

C (carry) status bit, 4-3 
C compiler, 1-11, 1-13 

cache, 5-1-5-12 
accessible words, 5-3 
architecture, 5-2 
bypassing the cache, 5-8 
cache fill, status code on local-memory cycle, 

8-11 
cache hit, 5-5 
cache miss, 5-5 

segment miss, 5-6 
subsegment miss, 5-5 

CD (cache disable) bit, 5-8 
CF (cache flush) bit, 5-8 
control algorithm, 5-3 
disabling the cache, 4-27, 5-8 
downloading new code from a host, 5-8 
fetching data after a cache miss, 5-6 
flushing the cache (CF), 4-61, 5-8 
initial state following reset, 6-23 
internal parallelism, 5-10 
least-recently-used algorithm, 5-4 
operation, 5-5-5-8 
organization, 5-2 
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Index 

P flags, 5-2, 5-4 
performance when enabled vs. disabled, 5-9 
reason it's provided, 5-1 
replacement algorithm, 5-4 
segments, 5-2 . 
self-modifying code, 5-8 
setting the CD bit, 5-8 
setting the HLT bit, 5-8 
size, 5-3 
SSA registers, 5-2 
subsegments, 5-2 

CALL instruction, 13-48 

CALLA instruction, 13-49 

CALLR instruction, 13-50 

CAMD signal, 2-9, 2-12, 8-2, 8-18 

capturing a video image, 9-48 

Cartesian coordinates, 3-14, 3-19 

CASO-CAS3 signals, 2-9, 2-12, 8-2, 10-2 

CBLNKlVBLNK signal, 2-10, 2-15, 9-2 
selection, 4-38 

CBP bit, 3-20, 4-22, 8-4 

CD bit, 4-27, 5-8 

CEXEC instruction, 13-51-13-93 

CF bit, 4-57, 4-61, 5-8, 7-4 

CHECK (,34082 pseudo-op), 14-19 
CL30, 1-11 

CLIP instruction, 13-55-13-56 
implied operands, DADDR, 4-30 

CLKIN signal, 2-10, 2-16, 8-2 

clocks 
CLKIN (clock in), 2-16 
LCLK1, LCLK2 (local output clocks), 2-16 
SCLK (serial data clock), 2-15 
VCLK (video clock), 2-15 

CLR instruction, 13-57 

CLRC instruction, 13-58 

CMOVCG instruction, 13-59-13-60 

CMOVCM instruction, 13-61-13-62, 13-63-13-65 

CMOVCS instruction, 13-66 

CMOVGC instruction, 13-67-13-68, 13-69-13-70 

CMOVMC instruction, 13-71-13-73, 13-74-13-77, 
13-78-13-79 

CMP instruction, 13-80 

CMP (,34082 pseudo-op), 14-20, 14-21 
CMPD (,34082 pseudo-op), 14-22 
CMPF (,34082 pseudo-op), 14-23, 14-24 

Index-4 

CMPI instruction, 13-81, 13-82 

CMPK instruction, 13-83 

CMPXY instruction, 13-84 

code 
debugging, single-step mode, 6-28-6-32 
downloading new code from a host, 5-8, 7-32 
restrictions for compatibility between TMS34010 

and TMS34020, 1-17 
self-modifying, effects on instruction cache, 5-8 

COFF,1-11 

color-latch register loads, status code on local-
memory cycle, 8-11 

COLORO register, 4-18, 4-74 

COLOR1 register, 4-19, 4-74 

column address 
bus, 2-12 
mode, 2-12 
strobes, 2-12 

column-address time, 4-21,8-9 

compare instructions, 13-24 
BTST (constant), 13-46-13-50 
BTST (register), 13-47-13-50 
CMP, 13-80 
CMPI,13-81-13-93 
CMPK,13-83-13-93 
CMPXY, 13-84 
CPW, 13-85-13-86 

compatibility 
with future GSPs 

local-memory read & write cycles, 8-19 
status register values, 4-3 

with the TMS34010, 1-16-1-18 
code restrictions, 1-17-1-18 
CONTROL register, 4-24 
DPYADR register, 4-35 
DPYSTRT register, 4-48 
DPYTAP register, 4-49 
HSTADRH register, 4-56 
HSTDATA register, 4-65 
screen-refresh registers, 9-8 

completing a successful local-memory cycle, 8-13 

composite video, 9-15-9-17 
display example, 9-40-9-42 
enabling/disabling, 4-38 
equalization pulses, 9-15-9-16 
serration pulses, 9-15-9-16 
sync direction, 4-37 

condition codes for jump instructions, 13-26 



CON FIG register, 4-20-4-24, 8-4 
BEN bit, 3-20, 4-20, 4-21, 8-4 
CBP bit, 3-20, 4-20, 4-22, 8-4 
RCM bits, 4-20, 4-21, 8-4 
RR bits, 4-20, 4-23, 8-4 
VEN bit, 8-4 
write protecting the register, 4-22 

constants, 13-2 

context-switching instructions, 13-25-13-27 
CALL,13-48 
CALLA, 13-49 
CALLR, 13-50 
RETI,13-217-13-218 
RETS, 13-220 
TRAP L, 13-256-13-258 
TRAP N, 13-253-13-255 

CONTROL register, 4-24-4-28 
CD bit, 4-24,4-27,5-8 
compatibility with TMS3401 0, 4-24 
PBH bit, 4-24, 4-25 
PBV bit, 4-24, 4-26 
PPOP bits, 4-24, 4-26-4-27 
T bit, 4-24, 4-25 
TM bits, 4-24 
VEN bit, 4-22 
W bits, 4-24, 4-25, 6-17 

CONVDP register, 4-28-4-30 
SETCDP instruction, 4-28 
XV-to-linear conversion, 3-15, 3-16 

converting ... 
an XV address to a linear address, 3-15-3-17 
composite video signals to separate signals, 9-34 
pixel access into register transfers, 9-47 
separate video signals to a composite signal, 

9-34 

CONVMP register, 4-28-4-30 
SETCMP instruction, 4-28 
XV-to-linearconversion, 3-15, 3-16 

CONVSP register, 4-28-4-30 
SETCSP instruction, 4-28 
XV-to-linear conversion, 3-15, 3-16 

coprocessor interface, 10-1-10-18 
aborts, 10-17 
general coprocessor commands 

command field, 10-6-10-7 
format, 10-5-10-7 
ID field, 10-5-10-7 
parameter size, 10-6-10-7 

general coprocessor instructions, 10-3-10-4 

local-memory cycles, 10-4,10-8-10-16 
bus faults, 10-9 
ending, 10-9 
inserting wait states, 10-9 
retrying, 10-9 

overview, 10-3 
passing commands to a coprocessor, 10-8 
signals, 10-2-10-18 

ALTCH,10-2 
BUSFL T, 10-2 
CASO-CAS3, 10-2 
LADO-LAD31, 10-2 
LCLK1, LCLK2, 10-2 
LlNTt, LlNT2, 10-2 
LROY, 10-2 
SF, 10-2 
WE,10-2 

status checks, 10-17 
status code on local-memory cycle, 8-10 
system configuration, 10-18 
TMS34082, 14-1-14-7 
TMS34082 pseudo-ops, 10-3 
transferring data, 10-8 

Index 

coprocessor to local memory, 10-15 
coprocessor to TMS34020 register, 10-12 
local memory to coprocessor, 10-14 
sequence, 10-9 
TMS34020 register to coprocessor, 10-11 

CPW instruction, 13-85-13-86 
implied operands 

WEND,4-90 
WSTART, 4-91 

CSD bit, 4-37, 9-6 

CST bit, 4-39, 9-6 
effect on local-memory cyles, 8-30, 8-33, 8-36 

CSVNC signal 
equalization pulses, 9-17 
selecting as input or output, 4-37 
serration pulses, 9-16 

CSVNC/HBLNK signal, 2-10, 2-15, 9-2 
selection, 4-38 

CVD bit, 4-38, 9-6 

CVDF (,34082 pseudo-op), 14-25 

CVDI ('34082 pseudo-op), 14-26 

CVDXVL instruction, 13-87-13-88 
implied operands 

CONVDp, 4-29 
DPTCH,4-34 
PSIZE,4-77 
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CVFD (,34082 pseudo-op), 14-27, 14-28 

CVFI (,34082 pseudo-op), 14-29, 14-30 

CVID (,34082 pseudo-op), 14-31 

CVIF (,34082 pseudo-op), 14-32, 14-33, 14-34 

CVMXYL instruction, 13-89-13-90 
implied operands 

CONVMp, 4-29 
MPTCH,4-72 
PSIZE,4-77 

CVSXYL instruction, 13-91 
implied operands 

CONVSp, 4-29 
PSIZE,4-77 
SPTCH,4-83 

CVXYL instruction, 3-16, 13-92-13-93 
implied operands 

CONVDp, 4-29 
DPTCH,4-34 
OFFSET, 4-73 
PSIZE,4-77 

m 
DADDR register, 4-30 

with DYDX for common rectangle function, 4-30 

data 
access, status code on local-memory cycle, 8-11 
expansion, 8-37 
mapping, during block-write cycles, 8-41 
structures, 3-1-3-32 

bytes, 3-1 
fields, 3-1, 3-3, 3-5 
pixel arrays, 3-1, 3-18-3-19 
pixels, 3-1, 3-10-3-13 
stacks, 3-26 

subcycle (local-memory cycle), 8-12 

data portion (local-memory cycle), 8-8, 8-9 

DDIN signal, 2-9, 2-11,8-2 
DDOUT signal, 2-9, 2-11, 8-2, 8-18 

debugging, A-1 

debugging code in single-step mode, 6-28-6-32 

DEC instruction, 13-94 
delays ... 

buffer delays in emulation, A-5 
recognizing interrupts, 6-11 
to host accesses, 7-37-7-40 
to video synchronization, 9-33 

design considerations, for emulation, A-7 

Index-6 

destination pitch 
CONVDP register, 4-28-4-30 
conversion factor, 4-28-4-30 
DPTCH register, 4-34-4-35 

development tools overview, 1-10-1-13 

DIE bit, 4-69, 6-3 

DINC registers, 3-11, 4-32, 9-7 
SRINC bits, 4-32, 4-33, 9-7 
YZINC bits, 4-32, 4-33, 9-7 

DINCH, DINCL. See DINC registers 

DINT instruction, 13-95 

DIP bit, 4-70, 6-4, 6-17 

direct operands, 13-4 

display 
address output during a screen refresh, 4-42 
blanking ration (DBR), 9-36 
control, 4-36-4-41 
increment value, 4-32 
interrupt 

DPYINT register, 4-41 
enabling, 4-69 
pending indication, 4-70 

mask, 4-44-4-46 
memory, 8-56 

coordinates, 3-13 
dimensions, 3-12 
requirements for hardware, 8-56 
requirements for multiplexed addressing, 8-54 

panning, 9-57 
pitch,3-13 
screen origin 

alternate, 3-12 
default, 3-12 

screen sizes, 9-36 
start address, 4-46-4-48 

display interrupt, 6-17, 9-37 
disabling, 6-6 
enabling, 6-6 
priority, 6-7 
trap number, 6-16 
vector address, 6-8, 6-16 

DIVD (,34082 pseudo-op), 14-35 

DIVF (,34082 pseudo-op), 14-36, 14-37 

DIVS instruction, 13-96-13-97 

D IVS (,34082 pseudo-op), 14-38, 14-39 

D IVU instruction, 13-98-13-99 

dot clock, 9-36 

downloading new code from a host, 5-8 



DPTCH register, 4-34--4-35 
XY -to-linear conversion, 3-15 

DPYADR register, 4-35 

DPYCTL register, 4-36-4-41,8-4,9-5 
CSD bit, 4-36, 4-37, 9-6 
CST bit, 4-36, 4-39, 9-6 
CVD bit, 4-36, 4-38, 9-6 
ENV bit, 4-36, 4-40, 9-6 
HSD bit, 4-36, 9-5 
NIL bit, 4-36, 4-40, 9-6 
SRE bit, 4-36, 4-40, 9-6 
SSV bit, 4-36, 4-38, 9-6 
VCE bit, 4-36, 4-39, 9-6 
VSD bit, 4-36, 4-37, 9-6 

DPYINT register, 4-41-4-42, 6-17 

DPYMSK register, 4-44--4-46, 8-58, 9-8 
and SRST or SRNX, 9-55 

DPYNX registers, 4-42-4-44,9-7 
increment value, 4-32 
SRNX bits, 4-42, 4-43, 9-7 
YZCNT bits, 4-42, 9-7 

DPYNXH, DPYNXL. See DPYNXL registers 

DPYST registers, 4-46-4-48, 9-7 
SRST bits, 4-46 

DPYSTH, DPYSTL. See DPYST registers 

D PYSTRT register, 3-11, 4-48 

DPYTAP register, 4-49 

DRAMNRAM interface, 8-1-8-60 
block-mask local-memory cycles, 8-37-8-43 
DRAM-refresh local-memory cycles, 8-44-8-45 
serial-register transfers, 8-29-8-33 
signals, 2-12, 8-2-8-3 

CAMD,2-12,8-2 
CASD-CAS3, 2-12, 8-2 
PGMD,8-3 
RAS, 2-12, 8-3 
RCAD-RCA 12, 2-12, 8-3 
SF, 2-12, 8-3 
SIZE16,8-3 
TR/QE, 2-12, 8-3 
WE, 2-12,8-3 

write-mask local-memory cycles, 8-34-8-36 

DRAMs 
array sizes, 8-52 
CAS-before-RAS cycles, 4-78 
refreshes, 4-78, 8-6, 8-44 

status code on local-memory cycle, 8-10 
selecting the refresh rate, 4-23 

DRAV instruction, 13-100-13-102 
implied operands 

COLOR1,4-19 
CONTROL, 4-27 
CONVDp, 4-29 
DPTCH,4-34 
OFFSET, 4-73 
PMASK,4-76 
PSIZE,4-77 
WEND,4-90 
WSTART, 4-91 

DSJ instruction, 13-103 

DSJEQ instruction, 13-104-13-105 

DSJNE instruction, 13-106-13-107 

DSJS instruction, 13-108 

DYDX register, 3-18, 4-50--4-52 

Index 

with DADDR for common rectangle function, 
4-30,4-50 

dynamic bus sizing 
and bus-locked operation, 8-29 
data transfers, 8-26 
page mode, 8-28 
SIZE16 signals, 2-11 

EINT instruction, 13-109 

EMG bit, 4-63,7-4, A-7 

EM lEN bit, 4-64, 7-4, A-7 

EMR bit, 4-63, 7-4, A-7 

EMU instruction, 13-110 

EMUQ-EMU3 signals, 2-10, A-3, A-4, A-6 

emulation 
buffer delays, A-5 
design considerations, A-1-A-10, A-7 
emulator connector, A-3 
host communications, 4-63, A-7 
inhibiting the host-interface port, 4-63 
mechanical dimensions 

12-pin connector, A-10 
pod, A-9 
target cable, A-9 

overview of an emulation system, A-2 
pod interface, A-6 
preventing the host from accessing local memory, 

4-63 
requesting local memory, 8-7 
reset and interrupts, A-7 
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signals 
buffering, A-4 
EMUD-EMU3, A-3, A-4, A-6 

status code on local-memory cycle, 8-10 

endian addressing modes. See big-endian address­
ing 

ENV bit, 4-40, 9-6 
equalization pulses, 9-15-9-16 

on CSYNC, 9-17 

European video standards 
PAL (British), 9-27 
SECAM (French), 9-27 

even field (interlaced video), 9-21 

EXGF instruction, 13-111 

EXGPC instruction, 13-112 

EXGPS instruction, 13-113 

extending a local-memory cycle with wait states, 
8-12 

external interrupts, 6-15 
disabling, 6-6 
enabling, 4-69, 6-6 
pending indications, 4-70 
priority, 6-7 
recognition delay, 6-11 
source, 6-15 
vector addresses, 6-8, 6-15 

external synchronization, 9-29-9-35 
composite sync, 9-30-9-35 
conversion, 9-34 
horizontal sync, 9-30-9-35 
interlaced. video, 9-30-9-35 

odd/even field alignment, 9-31-9-35 
noninterlaced video, 9-30-9-35 
vertical sync, 9-30-9-35 

external syncrhonization 
loading the video counters, 9-32 
pulse widths, 9-35 
syncing to VCLK, 9-32 

II 
fast fills, 8-37 

FEO (field extension 0) status bit, 4-2 
FE1 (field extension 1) status bit, 4·2 

features, of the TMS34020, 1-2 
fields, 3-1, 3-3, 3·5-3·9 

alignment in memory, 3-7 
aligned to 1-byte boundary, 3-7 

Index-8 

aligned to 2-byte boundaries, 3-6 
straddling a word and aligned on 2 byte 

boundaries, 3-7 
straddling a word and aligned to 1 byte bound­

ary, 3-8 
straddling a word and not byte aligned, 3-8 

extraction, 3-6 
field 0, 3·5 

FEO (field extension) bit, 3-5, 4-2 
field size decoding, 3-5 
FSO (field size) bits, 3-5, 4-2 
sign-extending, 4-2 
zero-extending, 4-2 

field 1,3·5 
FE1 (field extension) bit, 3-5, 4-2 
field size decoding, 3-5 
FS1 (field size) bits, 3-5 
sign-extending, 4-2 
zero-extending, 4-2 

field extension 
sign-extending, 4-2 
zero-extending, 4-2 

in a general-purpose register, 3~5 
insertion, 3-6, 3-8, 3-9 
pixels, DPYSTRT register, 3-11 
PSIZE register, XY-to-linear conversion, 3-15 
reading, 3-5 
size, 3-5 
starting address, 3-5 
storage in external memory, 3-6 
writing, 3-5 

FILL instructions 
FILL L, 13-114-13-116 

implied operands 
COLOR1,4-19 
CONTROL, 4-27 
DADDR,4-30 
DPTCH,4-34 
DYDX, 4-50 
PMASK,4-76 
PSIZE,4-77 

FILL XV, 13-117-13-120 
implied operands 

COLOR1,4-19 
CONTROL, 4-27 
CONVDP, 4-29 
DADDR,4-30 
DPTCH,4-34 
DYDX, 4-50 
OFFSET,4-73 
PMASK,4-76 
PSIZE,4-77 



WEND,4-90 
WSTART, 4-91 

source address, 4-30, 4-79 

FLiNE instruction, 13-121-13-125 
destination address, 4-30 
implied operands 

COL ORO, 4-18 
COLOR1,4-19 
CONTROL, 4-27 
CONVDp, 4-29 
DADDR,4-30 
DPTCH,4-34 
DYDX, 4-50 
MPTCH,4-72 
PATTERN, 4-74 
PMASK,4-76 
PSIZE,4-77 
SADDR,4-79 
WEND,4-90 
WSTART, 4-91 

source address, 4-79 

flushing the cache, 4-61, 5-8 

foreground color, 4-19, 4-74 

FPIXEQ instruction, 13-126--13-127 
implied operands 

COL ORO, 4-18 
MPTCH,4-72 
PMASK, 4-76 
PSIZE,4-77 

FPIXNE instruction, 13-128-13-129 
implied operands 

COL ORO, 4-18 
MPTCH,4-72 
PMASK,4-76 
PSIZE,4-77 

French video standards 
SECAM,9-27 

general-purpose coprocessor instructions 
CEXEC, 13-51-13-93 
CMOVCG, 13-59-13-60 
CMOVCM, 13-61-,-13-62, 13-63-13-65 
CMOVCS, 13-66 
CMOVGC, 13-67-13-68,13-69-13-70 
CMOVMC, 13-71-13-73, 13-74-13-77, 

13-78-13-79 

general-purpose register files. See register files 

GETCST (,34082 pseudo-op), 14-40 

GETPC instruction, 13-130 

GETPS instruction, 13-131 

GETST instruction, 13-132 

GI signal, 2-9, 2-13, 8-18,11-2 

graphics instructions 
CPW, 13-85-13-86 
CVXYL, 13-92-13-93 
destination address, 4-30 
DRAV, 13-100-13-102 
FILL L, 13-114-13-116 
FILL XY, 13-117-13-120 
FLlNE,13-121-13-125 
interrupts, 6-13-6-14 
LlNE,13-142-13-145 
LlNIT,13-146 
LMO, 13-147 
PIXBLT instructions, 13-190-13-205 
PIXT instructions, 13-206--13-213 
source address, 4-79 

graphics operations 
interrupts, 6-13-6-14 
PIXBLT direction, 4-25, 4-26 
pixel size, 4-77 
pixel-processing operations 

arithmetic options, 4-26 
Boolean options, 4-26 
selecting, 4-26-4-27 

plane masking, 4-75 
transparency, 4-24, 4-25 
window checking, 4-25, 4-90, 4-91 

m 
HA5-HA31 signals, 2-10, 2-14, 7-2, 7-7 

HACK bit, 4-57, 4-57,7-3 

halt latency, 7-39 

halting TMS34020 execution, 7-32 
acknowledging the halt state, 4-57 
HLT bit, 4-61 

HBFI bit, 4-64, 6-5,6-21, 7-5, 7-9 

HBREN bit, 4-64, 6-5, 6-21, 7-5, 7-9 

HBSO-HBS3 signals, 2-10, 2-14, 7-2, 7-7 

HCOUNT register, 4-52-4-53, 9-4 
external synchronization, 9-29 
loading with the SETHCNT value, 4-81 

HCS signal, 2-10, 2-14, 7-2, 7-7 
HOST signal, 7-2 

Index 
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HOST signal, 2-10, 2-14 

HEBLNK register, 4-53-4-54, 9-4 

HESERR register, 4-54-4-55, 9-4 

HESYNC register, 4-55-4-57, 9-4 

HIE bit, 4-69, 6-3 

HINC bit, 4-57, 4-60, 7-4 
effects on address comparison, 7-10 
effects on autoincrementing, 7-13 
effects on prefetching, 7-10 
interaction with HPFW, 4-59, 7-10 

HINT signal, 2-10, 2-14, 4-64, 6-2, 6-21, 7-2, 7-9 

HIP bit, 4-70, 6-4, 6-17 

HLB bits (HLBO-HLB1), 4-57, 4-57, 7-3 
effects on prefetching, 7-11 

HLT bit, 4-57, 4-61, 6-4, 6-22, 7-4 
setting for downloading new code, 5-8 
software reset, 7-32 

HOE signal, 2-10, 2-14,7-2 

horizontal 
back porch; 9-10 
blanking 

minimum duration, screen refreshes, 9-51 
screen refreshes, 9-42 

front porch, 9-10 
vide,? timing (internal), 9-11-9-12 

horizontal blanking, 9-9 
VRAM tap point, 4-80 

horizontal sync, 9-9 
direction, 4-36 

horizontal timing 
HCOUNT register, 4-5.2 
HEBLNK register, 4-53 
HESERR register, 4-54 
HESYNC register, 4-55 
HSBLNK register, 4-66 
HTOTAL register, 4-67 
SETHCNT register, 4-81 
VEBLNK register, 4-86 

host interface, 7-1-7-44 
access delays, 7-37-7-40 
address identification, 4-57, 7-7 
autoincrementing, 7-12-7-15 
bandwidth,7-34 

optimizing, 7-35 
basic communication, 7-7-7-9 
big-end ian addressing, 7-44 
block diagram, 7-6 
buffering messages, 4-62 

/lndex-10 

bus fault indication, 4-64 
byte-select strobes, 2-14, 4-57, 7-7 

illustration, 7-8 
chip-select, 2-14 
completing a host access, 7-16-7-17 
data latch 

output enable, 2-14 
strobe, 2-14 

default cycle, 7-15, 8-7 
downloading new code from host, 7-32 
emulation considerations, A-7 
emulator communications, 4-63 
features that improve performance, 7-10 

address comparison, 4-60-4-61, 7-12 
autoincrementing, 4-60-4-61, 7-12 
host-default cycle, 7-15 
prefetching, 4-59-4-61, 7-10 

halt latency, 7-39 
implicit addressing, 7-12-7-15 
interrupts, 4-58, 4-64, 6-16, 6-21, 7-9 

enabling, 4-69 
HINT, 2-14 
message to host, 4-63 
message to TMS34020, 4-62 
pending indication, 4-70 

little-end ian addressing, 7-44 
messages, 4-62 
multiple-TMS34020 system, 7-40-7-41 
prefetching data, 7-10 
read cycles, 7-8 

back-to-back with autoincrementing, HREAD 
as strobe, 7-23 

back-to-back with prefetching, HCS as strobe, 
7-22 

single read from 110 register, HREAD as 
strobe, 7-20 

single read, 1 wait state, HCS as strobe, 7-21 
single read, HCS as strobe, 7-19 
successive reads to same location, HCS and 

HREAD as strobes, 7-24 
read strobe, 2-14 
registers 

CONFIG, 4-20 
HSTCTLH, 4-57-4-62, 7-3 
HSTCTLL, 4-62-4-65, 7-4 

retry indication, 4-64, 7-9 
signals, 2-13 

BUSFLT, 7-9 
HA5-HA31, 2-14, 7-2, 7-7 
HBSO-HBS3, 2-14,7-2,7-7 



HCS, 2-14,7-2 
HOST, 7-2 
HOST, 2-14 -
HINT, 2-14, 7-2, 7-9 
HOE, 2-14, 7-2 
HRDY, 2-14,7-2 
HREAD, 2-14,7-2 
HWRITE, 2-14,7-2 
LRDY, 7-9 

status code on local-memory cycle, 8-10 
synchronizing host requests, 7-35 
systems with 16-bit memory devices, 7-42-7-43 
timing examples, 7-18-7-31 
TMS34020 acknowledges halt, 4-57 
use of page mode, 8-24 
worst-case delay, 7-37 

bus-master arbitration, 7-38 
CPU cycles, 7-39 
DRAM-refresh cycles, 7-38 
host request syncronization, 7-38 
previous host cycle, 7-38 
screen-refresh cycles, 7-38 

write cycles, 7-9 
back-to-back writes with autoincrementing, 

HWRITE as strobe, 7-29 
back-to-back writes with prefetching & autoin­

crementing, HREAD and HWRITE as 
strobe, 7-31 

back-to-back writes with prefetching, HCS as 
strobe, 7-30 

back-to-back writes, HCS as strobe, 7-28 
single write to 110 register, HWRITE as strobe, 

7-26 
single write, 1 wait state, HCS as strobe, 7-27 
single write, HCS as strobe, 7-25 

write strobe, 2-14 

host interrupt 
disabling, 6-6 
enabling, 6-6 

host-address bus, 2-14, 7-2, 7-7 

host-byte selects, legal combinations for autoincre-
menting, 7-13 

host-interface, bus fault indication, 7-9 

host-present mode, 6-25 

HPFW bit, 4-57, 4-59, 7-3 
effects on autoincrementing, 7-13 
effects on prefetching, 7-10 

interaction with HINC, 4-59, 7-10 

HRDY signal, 2-10,2-14,7-2 
activating for ... 

host reads, 7-16 

Index 

host reads and writes after prefetches, 7-17 
host writes, 7-16 

HREAD signal, 2-10, 2-14, 7-2, 7-7 

HRYI bit, 4-64, 6-5, 7-5, 7-9 

HSBlNK register, 4-66-4-67, 9-4 

HSD bit, 4-36, 9-5 

HSTADRH, HSTADRl, 4-56, 7-5 

HSTCTlH register, 4-57-4-62 
CF bit, 4-61,5-8, 7-4 
HACK bit, 4-57, 7-3 
HBFI bit, 7-9 
HBREN bit, 7-9 
HINC bit, 4-60, 7-4, 7-10, 7-13 
HlB bit, 7-3, 7-11 
HlB bits, 4-57 
HlT bit, 4-61, 5-8, 6-4, 6-22, 7-4, 7-32 
HPFW bit, 4-59, 7-3, 7-10, 7-13 
HRYI bit, 7-9 
NMI bit, 4-58, 6-4, 6-16,7-3 
NMIM bit, 4-59, 6-4, 6-16,7-3 
RST bit, 4-58, 6-4, 7-3 

HSTCTll register, 4-62-4-65 
EMG bit, 4-62, 4-63, 7-4, A-7 
EMIEN bit, 4-62, 4-64, 7-4, A-7 
EMR bit, 4-62, 4-63, 7-4, A-7 
HBFI bit, 4-64, 6-5, 6-21, 7-5 
HBREN bit, 4-62, 4-64, 6-5, 6-21, 7-5 
HBYI bit, 4-62 
HRYI bit, 4-62, 4-64, 6-5, 6-21, 7-5 
INTIN bit, 4-62, 6-5, 6-16, 7-4 
INTOUT, 4-63 
INTOUT bit, 4-62, 6-5, 6-21,7-4 
MSGIN, 4-62, 4-63 
MSGIN bits, 4-62, 6-5, 6-16, 7-4 
MSGOUT, 4-63 
MSGOUT bits, 4-62, 6-5, 6-21, 7-4 

HSTDATA register, 4-65, 7-5 

HSYNC signal, 2-10, 2-15, 9-3 
selecting as input or output, 4-36 

HTOTAl register, 4-67-4-68, 9-4 

HWRITE signal, 2-10, 2-14, 7-2, 7-7 
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D 
I/O registers, 4-9-4-13 

BSFLTD,4-15 
BSFLTST,4-17 
CON FIG, 4-20 
CONTROL, 4-24 
CONVDP, 4-28 
CONVMP, 4-28 
CONVSP, 4-28 
DINC, 4-32 
DPYCTL, 4-36 
DPYINT,4-41 
DPYMSK, 4-44 
DPYNX, 4-42 
DPYST,4-46 
HCOUNT,4-52 
HEBLNK,4-53 
HESERR, 4-54 
HESYNC, 4-55 
host accesses, 8-24 
HSBLNK, 4-66 
HSTCTLH,4-57-4-62 
HSTCTLL, 4-62 
HTOTAL, 4-67 
IHOST,4-68 
in the memory map, 3-2, 3-3 
initial state following reset, 6-23 
INTENB,4-69 
INTPEND,4-70 
memory map, 4-9 
PMASK,4-77 
PMASK registers, 4-75 
REFADR,4-78 
SCOUNT, 4-80 
SETHCNT,4-81-4-82 
SETVCNT, 4-82-4-83 
summary, 4-10 
VCOUNT, 4-84 
VEBLNK,4-86 
VESYNC, 4-87 
VSBLNK,4-88 
VTOTAL, 4-89 

10 assignments, for coprocessors, 10-6 

IDLE instruction, 13-133 

IE (global interrupt enable) status bit, 4-2, 6-3, 6-6 

IHOST registers, 4-68 

illegal opcode interrupt, priority, 6-7 

immediate values, 13-2 

Index-12 

implicit addressing, 7-12-7-15 
implied operands 

B-file registers, 4-7 
summary, 4-8 

COLORO, 4-18, 4-74 
COLOR1, 4-19, 4-74 
CON FIG, 4-20 
CONTROL, 4-24 
CONVDP, 4-28 
CONVMP, 4-28 
CONVSP, 4-28 
DADDR,4-30 
DPTCH,4-34 
DYDX, 4-50 
MADDR,4-71 
MPTCH,4-72 
OFFSET,4-73 
PATTERN,4-74 
PMASK,4-75 
PSIZE,4-77 
SADDR,4-79 
SPTCH,4-83 
WEND,4-90 
WSTART, 4-91 

in-circuit emulation, A-1 
host communications, 4-64 

INC instruction, 13-134 
incrementing ... 

automatically for host accesses, 4-60 
display address, 4-32 
DPYNX, 4-32 
HCOUNT, 4-52 
SCOUNT,4-80 
VCOUNT, 4-84 

incrementing ... , y-zoom value, 4-32, 4-33, 4-42 
indirect operands, 13-5 

in XY mode, 13-9 
with an offset, 13-6 
with postincrement, 13-7 
with predecrement, 13-8 

instruction cache, 5-1-5-12 
accessible words, 5-3 
architecture, 5-2 
bypassing the cache, 5-8 
cache hit, 5-5 
cache miss, 5-5 

segment miss, 5-6 
subsegment miss, 5-5 

CD (cache disable) bit, 5-8 
CF (cache flush) bit, 5-8 
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control algorithm, 5-3 
disabling the cache, 5-8 
downloading new code from a host, 5-8 
fetching data after a cache miss, 5-6 
flushing the cache, 4-61, 5-8 
initial state following reset, 6-23 
internal parallelism, 5-10 
least-recently-used algorithm, 5-4 
operation, 5-5-5-8 
organization, 5-2 
P flags, 5-2, 5-4 
performance when enabled vs. disabled, 5-9 
reason it's provided, 5-1 
replacement algorithm, 5-4 
segments, 5-2 
self-modifying code, 5-8 
setting the CD bit, 5-8 
setting the HLT bit, 5-8 
size, 5-3 
SSA registers, 5-2 
subsegments, 5-2 

instruction set. See TMS34020 instruction set 

instructions 
fetches, status code on local-memory cycle, 8-11 
interrupting execution, 6-13 
timings, 15-1-15-12 

INTENB register, 4-69-4-70, 6-6 
DIE bit, 4-69-4-70, 6-3 
HIE bit, 4-69-4-70, 6-3 
WVE bit, 4-69-4-70, 6-3 
X1 E bit, 4-69-4-70, 6-3 
X2E bit, 4-69-4-70, 6-3 

interlaced video, 9-21-9-28 
composite sync 

equalization region, 9-17 
serration region, 9-17 

display example, 9-40-9-42 
electron beam pattern, 9-22 
even field, 9-21 
external synchronization, 9-31 
odd field, 9-21 
programming vertical registers, 9-24 
selecting, 4-40 
signal combinations, 9-22 

interlist utility, 1-11 

internal interrupts, 6-16-6-18 
display interrupt, 6-17 
host interrupt, 6-16 
iIIegal-opcode interrupt, 6-18 

NMI,6-16 
single-step interrupt, 6-17 
window-violation interrupt, 6-17 

internal parallelism, 5-1 ° 
interrupt, saving information on the stack, 3-29 

interrupts, 6-1-6-32 
actions taken, 6-9, 6-10 
bus-fault interrupt, 6-19-6-20 
delays, 6-11 

sources, 6-12 
disabling, 6-6 
display interrupt, 4-41, 4-69, 4-70, 6-17, 9-37 
during instruction execution, 4-2, 6-3, 6-9 
effects on 

PC, 6-9 
ST, 6-9 

effects on ... 
PC, 4-4 
Sp, 4-5 

emulation considerations, A-7 
enabling, 4-2, 4-69, 6-6 
external interrupts, 4-69, 4-70, 6-15 
graphics instructions, 6-10, 6-13-6-14 
host interrupt, 2-14, 4-64, 4-69, 4-70, 6-16, 6-21 
host interrupts, 4-64 
how many supported?, 6-1 
iIIegal-opcode interrupt, 6-18 
internal interrupts, 6-16 
latency, 6-11 
LlNT1, LlNT2 (local interrupts), 2-16 
nonmaskable interrupt, 4-58, 6-16 
pending interrupts, 4-70 
priorities, 6-7 
processing, 6-9 
registers, 6-2 

HSTCTLH, 4-57, 6-4 
HSTCTLL, 4-62, 6-5 
INTENB, 4-69-4-70, 6-3 
INTPEND, 4-70-4-71, 6-4 
ST, 4-2,6-3 

reset, 6-22-6-27 
host-present mode, 6-25 
self-bootstrap mode, 6-25 

RESET (system reset), 2-16 
service routines, 6-1 ° 

returning, 6-10 
single-stepping through, 6-31 

signals, 6-2 
BUSFLT, 6-2 
HINT,6-2 
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LIIVT1, LIIVT2, 6-2 
RESET, 6-2 

single-step interrupt, 6-17, 6-28 
interaction with other interrupts, 6-30 

traps, 6-8, 6-21 
numbers, 6-16 

vector, fetches, status code on local-memory 
cycle, 8-11 

vector addresses, 6-8, 6-16 
window violation, 4-69, 4-70, 6-17 

INTIN bit, 4-62, 6-5, 6-16, 7-4 

INTOUT bit, 4-62, 4-63,6-5,7-4 

INTPEND register, 4-70-4-71 
DIP bit, 4-70-4-71, 6-4, 6-17 
HIP bit, 4-70-4-71, 6-4, 6-17 
WVP bit, 4-70-4-71, 6-4, 6-17 
X1 P bit, 4-70-4-71,6-4,6-15 
X2P bit, 4-70-4-71, 6-4, 6-15 

INVD (,34082 pseudo-op), 14-41 

INVF (,34082 pseudo-op), 14-42, 14-43 

IX (interruptible instruction executing) status bit, 4-2, 
6-3 

II 
JAcc instruction, 13-135-13-136 

JRcc (long) instruction, 13-139-13-140 

JRcc (short) instruction, 13-137-13-138 

JUMP instruction, 13-141 

jump instructions, 13-25-13-31 
condition codes, 13-26 
DSJ,13-103 
DSJEQ,13-104-13-105 
DSJNE, 13-106-13-107 
DSJS, 13-108 
effects on PC, 4-4 
JAcc, 13-135-13-136 
JRcc (long), 13-139-13-140 
JRcc (short), 13-137-13-138 
JUMP, 13-141 

JUMPC (,34082 pseudo-op), 14-44 

Kernighan and Ritchie, 1-11 

key features of the TMS34020, 1-2 
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D 
LADO-LAD31 signals, 2-9, 2-11, 8-2,10-2 

connecting to VRAMs, 8-41,8-43 
4-bit VRAMs 

4 bits per pixel, 8-41 
8 bits per pixel, 8-43 

connections to 16-bit host bus, 7-42 
data remapping, 8-42, 8-43 
LAD4 used as 16-bit word select, 8-25 
latching data on the LAD bus, 8-8 
saving data during a bus fault, 4-15 
status code on LADO-LAD3, 8-9, 8-10-8-11 
values for nonmultiplexed addressing, 8-50 
when data is valid, 8-13 
which half used during 16-bit accesses, 8-26 

latency 
halt latency, 7-39 
host requests, 7-37-7-40 
of screen refreshes, 9-50 
recognizing interrupts, 6-11 

LCLK1, LCLK2 signals, 2-10, 2-16, 8-2, 8-18, 10-2 
LCLK1 

effect on external interrupts, 6-15 
used in emulation, A-3, A-4, A-5, A-6 

LCLK2, identifying valid data on LAD bus, 8-12, 
8-18 

least-recently-used (cache replacement) algorithm, 
5-4 

LINE instruction, 13-142-13-145 
destination address, 4-30 
implied operands 

COL ORO, 4-18 
COLOR1,4-19 
COIVVDp, 4-29 
DADDR,4-30 
DPTCH,4-34 
DYDX, 4-50 
MPTCH,4-72 
OFFSET, 4-73 
PATTERIV, 4-74 
PMASK,4-76 
PSIZE,4-77 
SADDR,4-79 
WEIVD,4-90 
WSTART, 4-91 

source address, 4-79 



linear addressing, 3-3-3-4, 3-15 
advantages, 3-19 
array addresses 

destination address (DADDR), 4-30 
source address (SADDR), 4-79 

pixels, 3-11 

UNIT instruction, 13-146 

linker, 1-12 

UNT1, UNT2 signals, 2-10,2-16, 6-2, 6-15, 8-2, 
10-2 
interrupt pending indication, 4-70 
interrupt request, 4-69 

little-end ian addressing, 3-20-3-25 
assembling code for, 3-24-3-25 
default at reset, 3-20, 4-21 
effect of BEN bit, 3-20 
effect of the BEN bit, 4-21 
host interface, 7-44 
processors that use it, 3-20 
selecting, 3-20, 4-21 

LMO instruction, 13-147 

load-write-mask cycles, 8-34 

local-memory interface, 8-1-8-60 
addressing mechanisms, 8-50-8-56 
cycles 

address/status portion, 8-8-8-9 
bus errors/bus faults, 8-14 
completing a successful cycle, 8-13 
data portion, 8-8-8-9 
ending, 8-12-8-14 
extending with wait states, 8-12 
general form, 8-8-8-9 
page mode, 8-15-8-17 
read & write cycles, 8-18-8-24 
retrying, 8-13 
status codes, 8-10-8-11 
with wait states, 8-46-8-48 

display examples, 8-57-8-60 
dynamic bus sizing, 8-25-8-29 
host-default cycles, 7-15, 8-7, 8-49-8-50 
LADO--LAD31 (LAD bus), 2-11 
multiplexed addressing, 8-51-8-53 
nonmultiplexed addressing, 8-50 
page mode, 8-15-8-17 
registers, 8-4-8-5 

CONFIG, 4-20, 8-4 
DPYCTL, 4-36 
PMASK, 4-75, 8-5 
PSIZE,4-77 

REFADR, 4-78, 8-5 
request priorities, 8-6-8-7 
signals, 8-2-8-3 

ALTCH, 2-11, 8-2, 10-2 
BUSFLT, 2-11, 8-2, 8-12, 8-18, 10-2 
CAMD,8-18 
CASO-CAS3, 10-2 
DDIN, 2-11, 8-2 
DDOUT, 2-11, 8-2, 8-18 
G/,8-18 
LADO-LAD31, 2-11, 8-2, 10-2 
LCLK1, LCLK2, 8-12, 8-18, 10-2 
L1NTt, L1NT2, 10-2 
LRDY, 2-11,8-2,8-12,8-18, 10-2 
PGMD, 2-11, 8-3, 8-12, 8-18 
RO, R1, 8-18 
SF, 10-2 
SIZE16, 2-11, 8-3, 8-12, 8-18 
WE,10-2 

logical instructions, 13-24 
AND,13-40 
ANDI,13-41 
ANDN,13-42 
ANDNI,13-43 
LMO,13-147 
NEG,13-178 
NEGB,13-179 
NOT,13-181 
OR,13-182 
ORI,13-183 
RMO,13-224 
XOR,13-266 
XORI,13-267 

loss of bus grant, 8-6 

Index 

LRDV signal, 2-9, 2-11, 7-9, 8-2, 8-12, 8-18, 10-2 
bus cycle completion codes, 2-12 

MADDR register, 4-71-4-72 
SETCMP instruction, 4-71 

major interfaces, 2-8 

masks 
display mask (DPVMSK), 4-44-4-46 
mask array 

address (MADDR), 4-71-4-72 
pitch (MPTCH), 4-72 
XY-to-Iinear conversion factor (CONVMP), 

4-28 
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pitch 
conversion factor, 4-28-4-30 
CONVMP register, 4-28 
MPTCH register, 4-72-4-73 

plane mask (PMASK), 4-75 
write-mask registers (for VRAMs), 4-20, 4-22 

memory 
address space, 3-3 
display memory, 8-56 

coordinates, 3-13 
dimensions, 3-12 

general use, 3-3 
1/0 registers, 3-3 
map of local memory, 3-2 
organization, 3-1-3-32 

addressing, 3-3-3-4 
bank selection, 8-55-8-56 
bytes, 3-1 
fields, 3-1, 3-3, 3-5 
memory map, 3-2 
pixel arrays, 3-1, 3-18-3-19 
pixels, 3-1, 3-10 
stacks, 3-26 

reserved, 3-3 
system memory, 8-56 
vectors, 3-3 

memory-to-serial-registers cycles, 8-30 

memory-to-split-serial-registers cycles, 8-31 

micellaneous instructions, CVDXYL, 13-87-13-88 

midline reload, 4-38, 8-58, 9-55-9-56 
example display memory dimensions, 8-59 

midlines reload, 9-43-9-46 

miscellaneous instructions 
CLR,13-57 
CLRC, 13-58 
CVMXYL, 13-89-13-90 
CVSXYL, 13-91 
REV, 13-221 
SETCDP, 13-227 
SETCMP, 13-228 
SETCSP, 13-229 

MMFM instruction, 3-27,13-148-13-149 

MMTM instruction, 3-27, 13-150-13-151 

MODS instruction, 13-152 

MQDU instruction, 13-153-13-157 

MOVB instructions, 13-154-13-157 

MOVD pseudo-ops instructions, 14-45-14-57 

Index-16 

MOVE instructions, 13-158-13-166 
move instructions 

BLMOVE,13-44-13-45 
byte, 13-20 
field,13-20-13-31 
MMFM,13-148-13-149 
MMTM,13-150-13-151 
MOVB instructions, 13-154-13-157 
MOVE instructions, 13-158-13-166 
MOVI (16 bits), 13-167 
MOVI (32 bits), 13-168 
MOVK,13-169 
MOVX, 13-170 
MOVY, 13-171 
multiple register, 13-20 
register-to-register, 13-19 
summary, 13-19-13-23 
value-to-register, 13-19 
XY,13-19 

MOVEpseudo-ops instructions, 14-58-14-67 

MOVF pseudo-ops instruction, 14-68-14-110 

MOVI instruction 
16-bit (short) version, 13-167 
32-bit (long) version, 13-168 

MOVK instruction, 13-169 

MOVX instruction, 13-170 
MOVY instruction, 13-171 

MPTCH register, 4-72-4-73 
SETCMP instruction, 4-72 
XY-to-linear conversion, 3-15 

MPYD (,34082 pseudo-op), 14-78 

MPYF (,34082 pseudo-op), 14-79, 14-80 
M PYS (,34082 pseudo-op), 14-81, 14-82 

MSGIN bits (MSGINO-MSGIN2), 4-62, 4-62, 4-63, 
6-5,6-16,7-4 

MSGOUTbits (MSGOUTO-MSGOUT2), 4-62, 
4-63,6-5,6-21, 7-4 

multiple-TMS34020 system, 7-40-7-41 

multiplexed addressing, 8-51-8-53 

multiprocessor interface, 11-1-11-20 
3-wire interface, 11-1 
arbitration logic, 11-13-11-15 

2 TMS34020s, 11-15-11-17 
examples, 11-15-11-18 
with a hold device, 11-17-11-20 

bus request codes, 11-5 
bus requests, 11-5 
initializing multiple TMS34020s, 11-19 



local-memory bus 
passing control, 11-6 
releasing control, 11-5 
requesting control, 11-5 

overview, 11-2 
protocols, 11-5 
retries, 11-15 
signals, 2-13, 11-2 

GI, 2-13, 11-2 
RD, R1, 2-13, 11-2 

system configuration, 11-3-11-4 
system with a host processor, 7-40-7-41 
wait states, 11-15 
with a host processor, 11-20 

MWAIT instruction, 13-177 

MVPS instruction, 13-172-13-174 

MVPU instruction, 13-175-13-176 

m 
N (negative) status bit, 4-3 

NEG instruction, 13-178 

NEG (,34082 pseudo-op), 14-83, 14-84 

NEGB instruction, 13-179 

NEGD (,34082 pseudo-op), 14-85 

NEGF (,34082 pseudo-op), 14-86, 14-87 

NIL bit, 4-40, 9-6, 9-18, 9-21 

NMI bit, 4-57, 4-58, 6-4, 6-16, 7-3 

NMIM bit, 4-57, 4-59, 6-4, 6-16, 7-3 

non interlaced video, 9-18-9-20 
display example, 9-38-9-39 
electron beam pattern, 9-18 
programming vertical registers, 9-20 
selecting, 4-40 
signal combinations, 9-18 

nonmaskable interrupt, 6-16 
NMI bit, 4-58 
NMIM bit, 4-59 
priority, 6-7 
saving the context, 4-59 

nonmultiplexed addressing, 8-50 

NOP instruction, 13-180 

NOT instruction, 13-181 

NOT (,34082 pseudo-op), 14-88, 14-89 

object format, 1-11 

object format converter, 1-12 

odd field (interlaced video), 9-21 

OFFSET register, 4-73--4-74 
XV -to-linear conversion, 3-15, 3-16 

on-chip registers 
PC, 4-4 
register files, 4-6 
status register (ST), 4-2 

opcodes, illegal opcodes 
interrupt, 6-18 
range, 6-18 

operand formats, 13-2-13-9 

optimization, 1-11 

OR instruction, 13-182 

ORI instruction, 13-183 

P flags, 5-2, 5-4 
initial state following reset, 6-23 

page mode, 8-15-8-17, 8-18 
dynamic bus sizing, 8-28 
multiple local-memory cycles, 8-15 
read cycle timing, 8-20 
read/write cycle timing, 8-22 
read-modify-write cycle timing, 8-22 
selecting page mode, 8-15 
signal,2-11 
write cycle timing, 8-20 

panning the display, 9-57 

parameter size, for coprocessor data, 10-6 

PATTERN register, 4-74 

PBH bit, 4-25 

PBV bit, 4-26 

PC, 4-4 
and the stack, 3-29 
effects of instruction execution, 4-4 
effects of interrupts, 6-9 
illustration, 4-4 
initial state following reset, 6-23 

pending ... 
interrupts, 4-70, 6-4 
local-memory requests, 8-7 
refresh cycles, 4-23, 8-7 

Index 
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PFILL instruction, 13-184-13-189 
implied operands 

COL ORO, 4-18 
COLOR1,4-19 
DADDR,4-30 
DPTCH,4-34 
DYDX, 4-51 
OFFSET, 4-73 
PATTERN, 4-74 

PGA package pinout, 2-2 

PGMD signal, 2-9,2-11,8-3,8-12,8-18 

pin descriptions, 2-1-2-16 
by category, 2-9-2-16 
D~AM!VRAM interface, 2-9, 2-12 
emulation interface, 2-10 
host interface, 2-9, 2-13 
local-memory interface, 2-9, 2-11-2-16 
major interfaces, 2-8 
multiprocessor interface, 2-9, 2-13 

G/,2-13 
power, 2-16 
summary, 2-9-2-16 
system control, 2-10,2-16 
video interface, 2-15 

pinouts, TMS34020, 2-2-2-7 
PGA package, 2-2-2-7 
QFP package, 2-5-2-7 

pitches (for pixel arrays) 
destination array, 4-28-4-30, 4-34-4-35 
legal pitch values, 4-29-4-30 
mask array, 4-28-4-30, 4-72-4-73 
source array, 4-28-4-30, 4-83-4-84 
XY-to-linear conversion 

destination pitch, 4-34-4-35 
factor 

CONVDP register, 4-28--4-30 
CONVMP register, 4-28--4-30 
CONVSP register, 4-28--4-30 

mask pitch, 4-72-4-73 
source pitch, 4-83-4-84 

PIXBLT instructions, 13-190-13-205 
alternate starting corners, 3-18 
destination address, 4-30 
display pitch, 3-13 
horizontal direction, 4-25 
PIXBLT B,L, implied operands 

COL ORO, 4-18 
COLOR1,4-19 
CONTROL, 4-27 
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DADDR,4-30 
DPTCH,4-34 
DYDX, 4-50 
PMASK,4-76 
PSIZE,4-77 
SADDR,4-79 
SPTCH,4-83 

PIXBLT B,XY, implied operands 
COL ORO, 4-18 
COLOR1, 4-19 
CONTROL, 4-27 
CONVDp, 4-29 
DADDR,4-30 
DPTCH,4-34 
DYDX, 4-50 
OFFSET, 4-73 
PMASK,4-76 
PSIZE,4-77 
SADDR,4-79 
SPTCH,4-83 
WEND,4-90 
WSTART, 4-91 

PIXBLT L,L, implied operands 
CONTROL, 4-27 
DADDR,4-31 
DPTCH,4-34 
DYDX, 4-50, 4-51 
PMASK,4-76 
PSIZE,4-77 
SADDR,4-79 
SPTCH,4-83 

PIXBLT L,M,L, implied operands 
DADDR,4-31 
DPTCH,4-34 
MADDR,4-71 
MPTCH,4-72 
OFFSET, 4-73 
PMASK,4-76 
PSIZE,4-77 
SADDR,4-79 
SPTCH,4-83 

PIXBLT L,XY, implied operands 
CONTROL, 4-27 
CONVDp, 4-29 
CONVSp, 4-29 
DADDR,4-31 
DPTCH,4-34 
DYDX, 4-50, 4-51 
OFFSET, 4-73 
PMASK,4-76 



PSIZE,4-77 
SADDR,4-79 
SPTCH,4-83 
WEND, 4-90 
WSTART, 4-91 

PIXBLT XY,L, implied operands 
CONTROL, 4-27 
CONVDp, 4-29 
CONVSp, 4-29 
DADDR,4-31 
DPTCH,4-34 
DYDX,4-50 
OFFSET, 4-73 
PMASK, 4-76 
PSIZE,4-77 
SADDR,4-79 
SPTCH,4-83 

PIXBLT XY,XY, implied operands 
CONTROL, 4-27 
CONVDp, 4-29 
CONVSp, 4-29 
DADDR,4-31 
DPTCH,4-34 
DYDX,4-51 
OFFSET, 4-73 
PMASK,4-76 
PSIZE,4-77 
SADDR,4-79 
WEND, 4-90 
WSTART, 4-91 

pixel arrays, 3-18 
source address, 4-79 
vertical direction, 4-26 

pixel 
processing 

arithmetic options, 4-26 
Boolean options, 4-26 
selecting, 4-26-4-27 

size, 4-77 

pixel access, conversion to a VRAM serial-register 
transfer, 4-39 

pixel arrays, 3-1,3-18-3-19 
addresses 

destination (DADDR), 4-30 
source (SADDR), 4-79 

binary arrays, 4-18, 4-19 
dimensions, 4-50 
height (DY), 3-18 
illustration, 3-18 
mask address, 4-71 

operations, window checking, 4-90, 4-91 
pitch,3-18 

Index 

destination pitch, 4-28-4-30, 4-34-4-35 
legal values, 4-29 
mask pitch, 4-28-4-30, 4-72-4-73 
source pitch, 4-28-4-30, 4-83-4-84 

size, 4-50 
starting address, 3-18 
width (OX), 3-18 
window checking, 3-19, 4-50, 4-90, 4-91 
XY origin, 3-18 

pixel operations 
color information, 4-18, 4-19 
pattern information, 4-74 
status code on local-memory cycle, 8-11 

pixels, 3-1,3-10-3-13 
DING register, 3-11 
display pitch, 3-13 
extraction, 3-11 
in memory, 3-10 
insertion, 3-11 
linear addressing, 3-11 
on the screen, 3-11 

configurable screen origin, 3-12 
PSIZE register, 3-10 
starting address, 3-10 
storage in memory, 3-10 
valid sizes, 3-10 
within a general-purpose register, 3-10 
XY addressing, 3-11 

PIXT instructions, 13-206-13-213 
implied operands 

CONTROL, 4-27 
CONVDp, 4-29 
CONVSp, 4-29 
DPTCH,4-34 
OFFSET, 4-73 
PMASK,4-76 
PSIZE,4-77 
SPTCH,4-83 
WEND, 4-90 
WSTART, 4-91 

plane masking, PMASK register, 4-75--4-77 
PMASK registers, 4-75-4-77, 8-5 

and VEN, 4-22 
block-write cycle (with mask), 8-40 
enabling load-write-mask cycles, 8-34 
local-memory write cycle (with mask), 8-36 
writing 1 s complement of PMASK to VRAM write-

mask registers, 8-34 
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PMASKH, PMASKL. See PMASK registers 

POPST instruction, 13-214 

power and ground, pins, 2-16 
Vee, 2-16 
Vss, 2-16 

PPOP bits (PPOPO-PPOP4), 4-26-4-27 

prefetching, 7-10-7-12 
accessing the correct address, 7-12 
after reads, 7-10-7-12 
after writes, 7-10-7-12 
enabling, 7-10-7-12 
size of host data bus, 7-11-7-12 

priorities of ... , memory bus requests, 8-6 

program counter. See PC 

program-control instructions, 13-25-13-27 
DINT,13-95 
DSJ,13-103 
DSJEQ,13-104-13-105 
DSJNE,13-106-13-107 
DSJS, 13-108 
EINT,13-109 
EMU, 13-110 
EXGF,13-111 
EXGPC, 13-112 
EXGPS, 13-113 
GETPC, 13-130 
GETPS, 13-131 
GETST,13-132 
IDLE,13-133 
MWAIT, 13-177 
NOP, 13-180 
PO PST, 13-214 
PUSHST, 13-215 
PUTST, 13-216 
RETM, 13-219 
SETC, 13-226 
SETF,13-230-13-231 
SEXT, 13-232 
ZEXT, 13-268 

program-control instuctions, SWAPF, 
13-247-13-248 

PSIZE register, 3-10, 4-77-4-78 

PUSHST instruction, 13-215 

PUTST instruction, 13-216 
single-step interrupt, 6-17 
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QFP package pinout, 2-5 

iii 
RO, R1 signals, 2-9, 2-13, 8-18,11-2 
RAS signal, 2-9, 2-12, 8-3 
RCAO-RCA12 signals, 2-9, 2-12, 8-3, 8-53 

effect of RCM bits, 4-21 
RCM bits (RCMO-RCM1), 4-21, 4-78, 8-4 

effect on local-memory cyles, 8-51,8-52 
write protecting the field, 4-22 

read cycles 
adding wait states, 8-46 
general timing, 8-19-8-24 
initiated by the host, 8-24 
local memory, 8-18 
timing with page mode, 8-20 
VRAM read transfer, 8-30 

read/write cycles, timing with page mode, 8-22 
read-modify-write cycles 

steps in operation, 8-22 
timing with page mode, 8-22 
with dynamic bus sizing, 8-26 

REFADR register, 4-78-4-79, 8-5 
address output to RCA and LAD buses, 8-44 

refreshes 
See also screen refreshes 
address output, 4-42 
automatic screen refreshes, 4-40 
CAS-before-RAS, 8-44 
DRAM refreshes, 4-78 

selecting the refresh rate, 4-23 
host-access delays, 7-38 
pending counter, initial state following reset, 6-23 
pseudo-address, 8-44 
REFADR register, 4-78 
refresh address, 4-78 
VRAM screen refreshes, enabling for VRAMs 

with split serial registers, 4-38 
register files, 4-6-4-8 

file A, 4-6-4-8 
file B, 4-6-4-8 
illustration, 4-6 
register used as auxiliary stack pointer, 3-29 
SP, 4-5, 4-6 
storing registers on the stack, 3-27 

register-direct operands, 13-4 



register-indirect operands, 13-5 
in XV mode, 13-9 
with an offset, 13-6 
with postincrement, 13-7 
with predectement, 13-8 

registers, 4-1-4-14, 4-62-4-92 
cache registers 

data, 5-2, 5-3 
segment start address, 5-2, 5-3 

general-purpose registers, 4-6-4-8 
I/O registers, 4-9-4-13 
program counter (PC), 4-4 
SP,3-26 
stack pointer (SP), 4-5 
status register (ST), 4-2 
STK,3-29 

reserved ... 
bits in the status register, 4-3 
memory, 3-3 

reset, 6-22-6-27 
activity following reset, 6-24 
configuring the TMS34020 at reset 

selecting the endian addressing mode, 4-20, 
4-21 

selecting the row-I column-address mode, 
4-20,4-21 

effects on the cache, 5-4 
emulation considerations, A-7 
host-present mode, 6-25 
how to reset the TMS34020, 6-22-6-27 
initial state following reset 

cache, 6-23 
refresh-pending counter, 6-23 
registers, 6-23 
signals, 6-22 

protecting the addressing-mode configuration, 
4-22 

RESET signal, 2-16 
self-bootstrap mode, 6-25 
software reset 

using NMI, 4-58 
using RST, 4-58 

value of ST, 4-2 

RESET signal, 2-10,6-2,6-22-6-27 
effect on HLT bit, 4-61 
priority, 6-7 

RETI instruction, 6-10,13-217-13-218 
how it differs from RETM, 6-32 
single-step interrupt, 6-17 

RETM instruction, 6-10,13-219 
how it differs from RETI, 6-32 
single-step interrupt, 6-17 

retries 
coprocessor cycles, 10-9 
local-memory cycles, 8-13 
on a host access, 4-64, 7-9 

RETS instruction, 13-220 
restrictions, 6-10 

REV instruction, 13-221 

RL instruction, 13-222, 13-223 

RMO instruction, 13-224 

rotate/shift instructions 
RL, 13-222, 13-223 
SLA, 13-233, 13-234 
SLL, 13-235, 13-236 
SRA, 13-237, 13-238 
SRL, 13-239, 13-240 

row address 
bus, 2-12 
configuration, 4-21 
strobe, 2-12 
time, 4-21, 8-8 

RPIX instruction, 13-225 

RR bits (RRQ-RR2), 4-23, 4-78, 8-4 
effect on local-memory cyles, 8-44 

RST bit, 4-57, 4-58, 6-4, 7-3 

S (select) bit, 8-25 

SADDR register, 4-79 

scan line duration, 4-67 

SCLK signal, 2-10, 2-15, 9-3 

SCOUNT register, 4-80-4-81 

screen origin 
alternate, 3-12 
default, 3-12 

screen refreshes 
address output during, 4-42 
addressing sequence 

interlaced video, 9-53 
noninterlaced video, 9-53 

automatic refreshes, 4-40 
CAS-before-RAS, 8-44 
disabling,9-49 
during horizontal blanking, 9-42 
effect of the display mask, 4-44 

Index 
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generating addresses, 9-51 
horizontal blanking 

address generation, 9-52 
minimum duration, 9-51 

interlaced video, addressing sequence, 9-53 
latency, 9-50 
memory-to-register cycles, 4-39 
midline reload, 9-43, 9-55 
noninterlaced video, addressing sequence, 9-53 
REFADR register, 4-78 
refresh address, 4-78 
register-to-memory cycles, 4-39 
registers 

DING,4-32 
DPYMSK, 4-44 
DPYNX, 4-42 
DPYST, 4-46 

scheduling, 9-50-9-51 
split-serial-register midline reload, 4-38 

screen sizes, 9-36 

screens, configurable origin, 3-12 

SDB,1-12 

segment miss, 5-6 

self-bootstrap mode, 6-25 

self-modifying code, effects on instruction cache, 5-8 

serial registers, 4-38 
converting pixel access to serial-register transfer 

accesses, 4-39 
register-to-memory cycles, 8-32, 8-33 
split serial registers, 4-38 
transfers, 8-6 

status-code on local-memory cycle, 8-11 

serration, ending (HESERR), 4-54 

serration pulses, 9-15-9-16 
on CSYNC, 9-16 

SETC instruction, 13-226 

SETCDP instruction, 13-227 
implied operands 

GONVDp, 4-29 
DPTGH,4-34 

SETCMP instruction, 13-228 
CONVMP register, 4-28 
implied operands 

GONVMP, 4-29 
MADDR,4-71 
MPTGH,4-72 
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SETCSP instruction, 13-229 
implied operands 

GONVSP, 4-29 
SPTGH,4-83 

SETF instruction, 13-230-13-231 
SETHCNT register, 4-81--4-82, 9-4 

SETVCNT register, 4-82--4-83, 9-5 

SEXT instruction, 13-232 
SF signal, 2-9, 2-12, 8-3, 10-2 

shift instructions, 13-28 

shift/rotate instructions 
RL, 13-222, 13-223 
SLA, 13-233, 13-234 
SLL, 13-235, 13-236 
SRA, 13-237, 13-238 
SRL, 13-239, 13-240 

sign-extending 
field 0, 4-2 
field 1,4-2 

signal buffering, for emulator connections, A-4 

signal descriptions, 2-1-2-16 
by category, 2-9-2-16 
DRAMNRAM interface, 2-12 
host interface, 2-13 
local-memory interface, 2-11-2-16 
major interfaces, 2-8 
multiprocessor interface, 2-13 
pinouts, 2-2-2-7 

PGA package, 2-2-2.-7 
QFP package, 2-5-2-7 

power, 2-16 
system control, 2-16 
video interface, 2-15 

single-step interrupt, 6-17, 6-28 
disabling, 6-6 
enabling, 6-6 
interaction with other interrupts, 6-30 
priority, 6-7 

SIZE16 signal, 2-9, 2-11, 8-3, 8-12, 8-18 
dynamic bus sizing, 8-25 

SLA instruction, 13-233, 13-234 

SLL instruction, 13-235, 13-236 

software development board, 1-12 

software libraries 
8514 adaptor emulation, 1-12 
CCITT data compression, 1-12 
font, 1-12 
math/graphics, 1-12 



software reset, 7-32 
using NMI, 4-58 
using RST, 4-58 

source pitch 
conversion factor, 4-28-4-30 
CONVSP register, 4-28 
SPTCH register, 4-83-4-84 

SP, 3-26, 4-5 
effects of interrupts, 6-9 
illustration, 4-5 
position in the register files, 4-6 

special-function pin, 2-12 

SPTCH register, 4-83-4-84 
XV-to-linear conversion, 3-15 

SQR (,34082 pseudo-op), 14-90, 14-91 
SQRO ('34082 pseudo-op), 14-92 

SQRF (,34082 pseudo-op), 14-93, 14-94 

SQRT (,34082 pseudo-op), 14-95, 14-96 
SQRTO (,34082 pseudo-op), 14-97 

SQRTF (,34082 pseudo-op), 14-98, 14-99 

SRA instruction, 13-237, 13-238 

SRE bit, 4-40, 9-6 
effect on local-memory cyles, 8-31,8-32 

SRINC bits, 9-7, 9-52, 9-53, 9-54, 9-55 
SRINC value, 4-32, 4-33 

S RL instruction, 13-239, 13-240 

SRNX bits, 9-7, 9-52, 9-53, 9-54, 9-55 

SRNX value, 4-42, 4-43 

SRST bits, 9-52, 9-53, 9-54, 9-55 

SRST value, 4-46 

SS (single-step) status bit, 4-2,6-3,6-6,6-17 
clearing, 6-29 
setting, 6-28 

SSA registers, 5-2 
illustration, 5-3 
initial state following reset, 6-23 

SSV bit, 4-38, 9-6 
effect on local-memory cyles, 8-31,8-58 

ST,4-2-4-3 
and the stack, 3-29 
BF bit, 6-3 
definitions of status bits, 4-2--4-4 
IE bit, 6-3, 6-6 
illustration showing bit positions, 3-5, 4-2 
initial state following reset, 6-23 
instructions that change it, 6-29 
IX bit, 6-3 

SS bit, 6-3, 6-6, 6-17 
value at reset, 4-2 

stack pointer. See SP 
stacks, 3-26-3-32 

. auxiliary stacks, 3-29-3-32 
growing toward higher addresses, 3-31 
growing toward lower addresses, 3-30 

system stack, 3-26-3-29 
instructions that pop values, 3-27 
instructions that push values, 3-27 

Index 

saving information during a subroutine call, 
3-29 

saving information during an interrupt, 3-29 
saving register values, 3-27-3-29 

standards, video 
NSTC, 9-27 
PAL,9-27 
RS-170, 9-27 
SECAM,9-27 

starting corner, selecting, 4-30, 4-79 
status bits, 4-2 
status codes 

bus cycle completion, 2-12 
local-memory cycles 

block write, 8-11 
bus-locked operation, 8-11 
cache fill, 8-11 
color-latch register load, 8-11 
coprocessor cycle, 8-10 
data access, 8-11 
DRAM refresh, 8-10 
emulator operation, 8-10 
host cycle, 8-10 
instruction fetch, 8-11 
interrupt-vector fetch, 8-11 
pixel operation, 8-11 
serial-register transfer, 8-11 
write-mask load, 8-11 

status register. See ST 
strobes 

byte-select strobes, 7-7 
chip-select, 7-7 
read strobe, 7-7 
write strobe, 7-7 

SUB instruction, 13-241 
SUB (,34082 pseudo-op), 14-100-14-103 

SUBB instruction, 13-242 
SUBO (,34082 pseudo-op), 14-104-14-105 
SUBF (,34082 pseudo-op), 14-106-14-109 
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SUBI instruction, 13-243, 13-244 

SUBK instruction, 13-245 

subroutines 
effects on PC, 4-4 
effects on SP, 4-5 
saving information on the stack, 3-29 

subsegment miss, 5-5 

SUBXY instruction, 13-246 

SWAPF instruction, 13-247-13-248 

symbolic debugger, A-1 

sync signals 
composite sync, CSYNC, 2-15, 4-37 
ending 

horizontal sync, 4-52 
vertical sync, 4-87 

horizontal sync 
ending (HESYNC), 4-55 
HSYNC, 2-15, 4-36 

vertical sync, VSYNC, 2-16, 4-37 

system 
configuration 

with a coprocessor, 10-18 
with multiple processors, 11-3 

configuration (CON FIG register), 4-20-4-24 
considerations, bus faults, 6-20 
control, signals, 2-16 

CLKIN, 2-16, 8-2 
LCLK1, LCLK2, 2-16,8-2 
LlNTt, LlNT2, 2-16, 8-2 
RESET, 2-16 

control (CONTROL register), 4-24--4-28 
design 

connecting an emulator to a target system, 
A-2, A-3 

emulation considerations, A-1-A-10 
multiple processors, 11-1 

with multiple TMS34020s, 7-40-7-41 

system memory, 8-56 

D 
T bit, 4-25 

tap point, 4-44 

target cable, mechanical dimensions, A-9 

target system, setup with XDS emulator, A-2 

test and emulation, A-1-A-1 0 
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TFILL instruction, 13-249-13-252 
implied operands 

COLOR 1, 4-19 
CONTROL, 4-27 
CONVDp, 4-29 
DADDR,4-31 
DPTCH,4-34 
OFFSET, 4-73 
PMASK,4-76 
PSIZE,4-77 
SADDR,4-79 
WEND,4-90 
WSTART, 4-91 

TIGA,1-13 
TM bits (TMQ-TM2), 4-24 
TMS34010, registers not used by TMS34020 

DPYADR,4-35 
D PYSTRT, 4-48 
DPYTAP, 4-49 
HSTADRH, 4-56 
HSTDATA, 4-65 

TMS34020 
applications, 1-3 
architecture, 1-4-1-9 
block diagram, 1-5 
compatibility with the TMS3401 0, 1-16-1-18 
development tools, 1-10 
in a graphics system, 1-14 
instruction set, 13-1-13-31 

addressing modes, 13-2-13-9 
arithmetic instructions, 13-24 
compare instructions, 13-24 
condition codes for jumps, 13-26 
context-switching instructions, 13-25-13-27 
jump instructions, 13-25-13-31 
logical instructions, 13-24 
move instructions, 13-19-13-23 
operand formats, 13-2-13-9 
program-control instructions, 13-25-13-27 
shift instructions, 13-28 
summar, 13-9-13-18 
XY instructions, 13-29 

internal functions, 1-5 
key features, 1-2-1-3 
major interfaces, 1-8 
overview, 1-1-1-18 

TMS34020 Emulator, A-1 
TMS34082,14-1-14-7 

key features, 14-2-14-7 
overview, 14-2-14-7 



pseudo-ops, 10-3 
See also Chapter 14 
format, 14-3-14-5 
register operands, 14-6-14-7 

sample graphics system, 1-14 

TMS44C251 (1M VRAM), 1-15 

TR/QE signal, 2-9, 2-12, 8-3 

transceivers, used in host interface, 7-6 

transparency 
enabling, 4-25 
modes 

on destination=COLORO, 4-24 
on resu!t=O, 4-24 
on source=COLORO, 4-24 

selecting a mode, setting the TM bits, 4-24 
T bit, 4-25 

TRAP L instruction, 13-256-13-258 

TRAP N instruction, 13-253-13-255 

traps, 6-21 
how many supported?, 6-1 
vector locations, 6-8 ;::-

V (overflow) status bit, 4-3 

VBLT instruction, 13-259-13-261 
enabling the VRAM block-write feature, 4-22 
implied operands 

DADDR,4-31 
DPTCH,4-34 
DYDX, 4-51 
PMASK,4-76 
PSIZE,4-77 
SADDR,4-79 

use of VRAM block-write feature, 8-39, 8-40, 
8-41 

Vcc, 2-10 

VCE bit, 4-39, 9-6 
effect on local-memory cyles, 8-30, 8-31,8-32 

VCLK signal, 2-10, 2-15, 9-3 

VCOUNT register, 4-84-4-86, 6-17, 9-5 
external synchronization, 9-29 
loading with the SETVCNT value, 4-82 

VEBLNK register, 4-86-4-87, 9-5 
interlaced video, 9-26 

vector addresses, 6-8 

VEN bit, 4-22, 8-4 
effect on local-memory cyles, 8-34, 8-36 

vertical 
back porch, 9-10 
front porch, 9-10 
video timing (internal), 9-13-9-14 

vertical blanking, 9-9 
interlaced video, 9-23 
NTSC and PAL standards, 9-27 

vertical sync, 9-9 
direction, 4-37 

vertical timing 
SETVCNT register, 4-82 
VCOUNT,4-84 
VESYNC register, 4-87 
VOTAL register, 4-89 
VSBLNK register, 4-88 

VESYNC register, 4-87-4-88,9-5 
interlaced video, 9-25 

VFILL instruction, 13-262-13-263 

Index 

enabling the VRAM block-write feature, 4-22 
implied operands 

DADDR,4-31 
DPTCH,4-34 
DYDX, 4-51 
PMASK,4-76 
PSIZE,4-77 

use of VRAM block-write feature, 8-39, 8-40, 
8-41 

video 
American vs. European, 9-21,9-27 
capture enable, 4-39 
capture feature, 9-48 
composite video, 9-15-9-17 

enabling/disabling, 4-38 
control 

CSYNC direction (CSD bit), 4-37 
HSYNC direction (HSD bit), 4-36 
selecting CBLNK or VBLNK, 4-38 
selecting CSYNC or HBLNK, 4-38 
VSYNC direction (VSD bit), 4-37 

display interrupt, 9-37 
display mask, 4-44-4-46 
display next address, 4-42 
enabling the display, 4-40 
equalization region, 9-15-9-17 
external synchronization, 9-29-9-35 
horizontal timing, 9-11-9-12 
interlaced video, 9-21-9-28 
interlaced video (selecting), 4-40 
midline reload, 9-55 
midlines reload, 9-43-9-46 
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noninterlaced video, 9-18-9-20 
non interlaced video (selecting), 4-40 
registers, 9-4-9-8 

DINC,9-7 
DPYCTL,9-5 
DPYMSK,9-8 
DPYNX,9-7 
DPYST, 9-7 
HCOUNT, 9-4 
HEBLNK,9-4 
HESERR,9-4 
HESYNC,9-4 
HSBLNKi 9-4 
HTOTAL,9-4 
SETHCNT, 9-4 
SETVCNT, 9-5 
VCOUNT, 9-5 
VEBLNK,9-5 
VESYNC,9-5 
VSBLNK,9-5 
VTOTAL,9-5 

screen refreshes, 9-55 
disabling, 9-49 
generating addresses, 9-51 
scheduling, 9-50-9-51 

serration region, 9-15-9-17 
signals, 2-15, 9-2 

CBfiiiRJVBLNK, 2-15, 9-2 
CSYNCIHBLNK, 9-2 
HSYNC, 2-15,9-3 
SCLK, 2-15, 9-3 
VCLK, 2-15, 9-3 
VSYNC, 2-16, 9-3 

standards 
NTSC,9-27 
PAL, 9-27 
RS-170, 9-27 
SECAM,9-27 

start address for display, 4-46-4-48 
timing examples, 9-38-9-42 
timing registers 

DPYCTL, 4-36 
HCOUNT, 4-52 
HEBLNK, 4-53 
HESERR, 4-54 
HESYNC, 4-55 
HSBLNK, 4-66 
HTOTAL, 4-67 
SCOUNT, 4-80 
SETHCNT, 4-81-4-82 
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SETVCNT, 4-82-4-83 
VCOUNT, 4-84 
VEBLNK, 4-86 
VESYNC, 4-87 
VSBLNK, 4-88 
VTOTAL, 4-89 

vertical timing, 9-13-9-14 
VRAM control, 9-42 

video control logic 
horizontal blanking 

HEBLNK, 4-53 
HSBLNK, 4-66 

horizontal timing, HCOUNT, 4-52 
scan line duration, 4-67 
serration, HESERR, 4-54 
sync signals 

HESYNC, 4-55 
VESYNC, 4-87 

vertical blanking 
VEBLNK, 4-86 
VSBLNK, 4-88 

video timing, 9-1-9-58 

VLCOL instruction, 13-264-13-265 
implied operands, COLOR1, 4-19 

VRAMs, 9-42 
1M VRAMs, 1-15,2-12,9-55 
alternate write transfers, 8-33 
automatic screen refreshes, 4-40 
big-endian addressing, 3-25 
block-write cycles, 8-37 

data mapping, 8-41 
with mask, 8-37, 8-40 
without mask, 8-37, 8-39 

block-write modes, 4-22 
bulk initialization, 9-47 
control, 9-42 
data expansion, 8-37 
display mask, 4-45 
fast fills, 8-37 
load-color-register cycles, 8-37, 8-38 
load-write-mask cycles, 8-34 
memory-to-register cycles, 4-40 
memory-to-serial register cycle, 8-30 
memory-to-split-serial register cycle, 8-31 
midline reload, 4-38 
pseudo-write transfer, 8-32 
screen refreshes, 4-38, 4-39, 4-40 

during horizontal blanking, 9-42 
serial registers, 4-38 



serial-register transfer cycles, 4-39 
adding wait states, 8-48 

telling the TMS34020 that the graphics system 
contains special-function VRAMS, 4-22 

TMS44C251, 1-15 
write cycles, with mask, 8-36 
write transfers, 8-32 
write-mask cycles, 8-34 

VSBLNK register, 4-88-4-89, 9-5 
interlaced video, 9-26 

VSD bit, 4-37, 9-6 

Vss, 2-10 

VSVNC signal, 2-16, 9-3 
pin number, 2-10 
selecting as input or output, 4-37 

VTOTAL register, 4-89-4-90, 9-5 
interlaced video, 9-26 

W bits (WO-W1), 4-25, 6-17 

wait states, 8-46-8-48 
coprocessor cycles, 10-9 
extending a local-memory cycle, 8-12 

WE signal, 2-9, 2-12, 8-3,10-2 

WEND register, 4-90-4-91 

window checking 
defining a window 

end address (WEND), 4-90 
start address (WSTART), 4-91 

effect of DVDX, 4-50 
modes, selecting, 4-25 
pixel arrays, 3-19 
W bits (Wo-W1), 4-25 
window-violation interrupt, 6-17 

window-violation interrupt, 4-25, 6-17 
disabling, 6-6 
enabling, 4-69, 6-6 
pending indication, 4-70 
priority, 6-7 

worst-case, delays to host accesses, 7-37 
bus-master arbitration, 7-38 
CPU cycles, 7-39 
DRAM-refresh cycles, 7-38 
host request synchronization, 7-38 
previous host cycle, 7-38 
screen-refresh cycles, 7-38 

write cycles 
adding wait states, 8-46 
block-write cycles 

data mapping, 8-41 
with mask, 8-40 
without mask, 8-39 

general timing, 8-19-8-24 
initiated by the host, 8-24 

Index 

local memory, 8-18 
serial-register-to-memory cycles, 8-32, 8-33 
timing with page mode, 8-20 
VRAM block-write cycles, 8-37 
with mask, 8-36 

write masks 
loads, status code on local-memory cycle, 8-11 
local-memory cycles, 8-34 

write-enable signal, 2-12 

write-per-bit (block write) operation, 4-22 

write-with-mask, 4-22 

WSTART register, 4-91-4-92 

WVE bit, 4-69, 6-3 

WVP bit, 4-70,6-4,6-17 

II 
X1 E bit, 4-69, 6-3 

X1 P bit, 4-70, 6-4, 6-15 

X2E bit, 4-69, 6-3 

X2P bit, 4-70, 6-4, 6-15 

XDS emulator, 1-12,4-63, A-1 

XOR instruction, 13-266 

XORI instruction, 13-267 
XV addressing, 3-14 

array addresses 
destination address (DADDR), 4-30 
source address (SADDR), 4-79 

benefits, 3-14 
configurable screen origin, 3-11 
coordinate range, 3-14 
format illustration, 3-14 
general-purpose registers, 3-14 
instructions that use it, 3-15 
limits, 4-50 
mapping to on-screen memory, 3-12 
OFFSET register, 4-73 
origin, 3-14 
pixels, 3-11, 3-14 
window checking, 3-14 
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XY instructions, 13-29 
ADDXY, 13-38 
ADDXYI,13-39 
CMPXY, 13-84 
CVXYL,13-92-13-93 
FILL XV, 13-117-13-120 

XY-to-linear conversion, 3-15-3-17 
automatic conversion, 3-15 
calculating the Y component, 3-15 
CVXYL instruction, 3-16 
formula, 3-15 
pitch 

actual pitch, 3-15 
conversion factors, 3-15,3-16 
destination pitch, 4-28, 4-34 
mask pitch, 4-28, 4-72 
source pitch, 4-28, 4-83 

Index-28 

process, 3-17 

Y-zoom,4-32 
increment value, 4-33, 4-42 

V-zoom feature, 9-56-9-57 

YZCNT bits (YZCNTo-YZCNT4), 4-42, 9-7, 9-56 
YZINC bits (YZINCO-YZINC4), 4-32, 4-33, 9-7 

Z (zero) status bit, 4-3 
zero-extending 

field 0, 4-2 
field 1,4-2 

ZEXT instruction, 13-268 
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