

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TMS34010 ADVANCE
GRAPHICS SYSTEM PROCESSOR INFORMATION

host interface timing parameters

The timing parameters for host interface signals are shown in the next four figures. The purpose of these
figures and the accompanying table is to quantify the timing relationships among the various signals. The
explanation of the logical relationships among signals will be found in the TMS34070 User’s Guide {(number
SPVUOO1A).

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

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

TMS34010-50
NO. PARAMETER TMS3401040 | rms3a010-60 | unIT
MIN MAX MIN MAX
Setup time of HWRITE/HREAD high or HFSO,
1 | tsu(Fv-sL) - ) 10 10 ns
HFS1 valid to read or write strobel
> 2 td(wsL-Dv) Delay from write strobe | to data in valid, write cycle 2tq 2tq ns
U Delay from read or write strobe low to next
t - +1 7tq+10 s
< 3 d(SL-SL) read or write strobel 7ta+10 a n
> } 4 tw(SL) Duration of read or write strobe low 80 80 ns
2 Delay from read or write strobe high to next
5 t, - 60 60
(@) diSH-SL) 044 or write strobed ns
m 6 | th(wsH-Dv) Hold time of data in valid after write strobe high, write cycle 10 10 ns
— Hold time of HWRITE/HREAD high or HFSO,
2 7 th(SH-FV) . ) ) 10 10 ns
HFS1 valid after read or write strobe high
m Hold time of data high impedance after read strobel, 5 5
O 8 th(RSL-DZ) read cycle 0 0 ns
w Delay from read strobe low to data out valid,
9 1, - 90 90
g d(RSL-DV) read cycle with no wait ns
E' 10 | th(RSH-DV) Hold time of data out valid after read strobef, read cycle 0 0o ns
Delay from read strobe high to data out high impedance,
- 11 ]t X 308 308
o d(RSH-DZ) read cycle ns
Z 12 th(CSL-RYH) Hold time of HRDY high after HCS|, cycle with wait 0 0 ns
13 | t4(cst-RyL) Delay from HCS low to HRDY low, cycle with wait 40 40 ns
14 | tw(RYL) Pulse duration of HRDY low, cycle with wait t t ns
15 | t4(RYL-RYH) Delay from HRDY! to HRDY high, cycle with wait o+ o* ns
Hold time of write strobe low after HRDYT,
16 1 A 40 40
h{RYH-WSL) write cycle with wait ns
17 td(RYH-Dv) Delay from HRDY1 to data out valid, read cycle with wait 40 40 ns
Hold time of read strobe low after HRDY?,
18 t - 40 40 ns
h{RYH-RSL) read cycle with wait

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

tParameter 14 is a function of local bus memory contention. This parameter is not tested. Refer to the TMS34010 User’s Guide for details.
tpParameter 15 is specified as minimum O ns to indicate that a low-going pulse on HRDY can be arbitrarily narrow.

8These values are derived from characterization and are not tested.

i
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general comments on host interface timing
The following general comments apply to host interface timing:

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

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

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

4. Host interface input signals HCS, HUDS, HLDS, HFSO, HFS1, HREAD, and HWRITE are assumed
to be asynchronous with respect to the output clocks LCLK1 and LCLK2.

host interface timing: write cycle with no wait

HFSO, HFS1 m VALID FUNCTION SELECT M

i 1
1 - —— 7 ——]

HREAD
_/L__ 7
[ 3 -
] !
o i
HCS, HWRITE, T
ALDS, AUDS = . r—"-" —l \
le—— 4 —
f—2 —i le—s —
DT KK
HDO-HD15 XXXOXKERXXRUKAY,  VALD PATAIN - XXX
HRDY
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host interface timing: read cycle with no wait

VALID FUNCTION SELECT

HFSO0, HFS1 W

1-nd
- — 71—l
HAWRITE /, f\
] l— 7 —
1 -
3
o ——
ACS, AREAD b\
RLDS. AUDS \ }-——— 5——n
le——a— i 1 1
re—s-9 ja— 10—
8
HDO-HD15 HI-Z = {, vauooataour X
HRDY

host interface timing: write cycle with wait

VALID FUNCTION SELECT
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host interface timing: read cycle with wait

VALID FUNCTION SELECT m
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reset timing

The timing parameters for device reset are shown in the next two figures. The purpose of these figures
is to quantify the timing relationships among the RESET, HCS, and LCLK1 signals. RESET and HCS are
asynchronous inputs that are internally synchronized by latches internal to the TMS34010. The timing
relationships specified for these signals relative to LCLK1 need be met only to guarantee recognition of
a transition of one of these signals at a particular clock edge. The explanation of the logical relationships
among signals will be found in the TMS340170 User’s Guide.

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

TMS34010-50
TMS34010-40
NO. PARAMETER TMS34010-60 UNIT
MIN MAX MIN MAX
Duration of HCS low to configure GSP to run
19 t, 4tq +55 4tq +55
w(CSL) in self-bootstrap mode Q 0 ns
Setup time of HCS low to RESET? to configure
20 |t N 8tq +55 8tq+55
> sulCSL-REH) the GSP to run in self-bootstrap mode Q Q ns
Duration of RESET low to ensure that GSP
21 t, 160t —40 160tq—-40
2 wi(REL) is properly reset a Q ns
Delay from HCSt to RESET high, end of reset,
22 |t X atg-s0t 4tg-50T| ns
; d(CSH-REH) to configure GSP to run in self-bootstrap mode Q Q
Setup time of RESET valid to LCLK1{ to
O | 2 | tsurevckin or oC T vale e a0t Pr ns
m guarantee recognition at a particular clock edge
- 24 " Hold time of RESET valid after LCLK1 low to 10 10t ns
Z h(CK1L-REV) guarantee recognition at a particular clock edge
g | Setup time of ACS valid to LCLK1! to
25 |t . 40% a0% ns
o su(CSV-CK1L) guarantee recognition at a particular clock edge
26 thiCK1L-CSV) Hold time of HCSV Yalid after L(?LK1 low to 10t 10t ns
guarantee recognition at a particular clock edge
E' NOTE: Advance information notices apply only to the TMS34010-60.
w TParameter 22 is the maximum amount by which the RESET low-to-high transition can be delayed after the HCS low-to-high transition
o and still guarantee that the GSP is configured to run in self-bootstrap mode (HLT bit=0) following the end of reset. HCS may be heid
2 low for some time past the low-to-high RESET transition, and will be ignored by the GSP for 17 local clock periods following the clock

edge at which the low-to-high RESET transition is detected. Following completion of the eight RAS-only cycles that automatically follow

reset, however, a low HCS level will be interpreted as a chip select.
+RESET and HCS are asynchronous inputs. The specified setup and hold times of these signals with respect to the high-to-low transition
of LCLK1 need be met only to guarantee that a transition of RESET or HCS is detected by the device at a particular clock edge.

reset: asynchronous timing relationships

A-40
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reset: synchronous timing relationships

Lok m
|

23 m—ef |
| : be—t-24

RESET' >< VALID ><
|

25—t |
| el 26

HCS X: VALID X

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

I
[
s

local bus timing parameters

The following six figures show the timing parameters for the signals of the local memory interface bus,
often simply referred to as the local bus. The purpose of these figures and the accompanying tables is
to quantify the timing relationships among the various signals. The explanation of the logical relationships
among signals will be found in the TMS340710 User’s Guide (number SPVUO0O1).

A number of parameter values are expressed in terms of quarter clock time tq, which is one quarter of
a local clock period, or twice the input clock period, t¢(ICK)-

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

ADVANCE INFORMATION

No. PARAMETER TMS34010-40 | TMS34010-50 | TMS34010-60 |
MIN  MAX MIN  MAX MIN MAX

27 | teuck) Period of INCLK 25 62.5 20 625 16.5 62.5 ns

28 | twickH) Pulse duration of INCLK high gt gt 6.5% ns

29 tw(ICKL) Pulse duration of INCLK low gt 8 6.5% ns

30 | tyick) Transition time (rise and fall) of INCLK 2t 8t 2t 8t 21 8f ns

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

local bus timing: input clock

e— 27—
le—— 28—l I —l - b
i 8 | - 29 >l | 30 \ :-— 30 |
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local bus timing parameters (continued)

Quarter clock time tQ, which appears in the following table, is one quarter of a local output clock period,
or 2t¢(ICK)-

TMS34010-50
NO. PARAMETER TMS34010-40 TMS34010-60 UNIT
MIN MAX MIN MAX
31 | te(cK) Period of local clocks LCLK1 and LCLK2 atcuc.(,f Stc“c'()f ns
32 | tw(CKH) Pulse duration of local clock high 2tq-10 2tg~10 ns
33 | tw(CKL) Pulse duration of local clock low 2tq—-10 2tq-10 ns
34 | th{CK1H-CK2L) Hold time of LCLK2 low after LCLK1 high tq—-10 to-10 ns
35 | thick1L-CK2H) Hold time of LCLK2 high after LCLK1 low tqg—-10 tqg—-10 ns
36 | th(CK2H-CK1H) Hold time of LCLK1 high after LCLK2 high tQ-10 tq—-10 ns
37 | th(CK2L-CK1L) Hold time of LCLK1 low after LCLK2 low tq—-10 tq-10 ns
38 | th(CK1H-CK2H) Hold time of LCLK2 high after LCLK1 high 3tq-10 3tqg-10 ns
39 | th{cK1L-CK2L) Hold time of LCLK2 low after LCLK1 low 3tq-10 3tq-10 ns
40 | th(CK2H-CK1L) Hold time of LCLK1 low after LCLK2 high 3tq-10 3tq-10 ns
41 | th{CK2L-CK1H) Hold time of LCLK1 high after LCLK2 low 3tq-10 3tq-10 ns
42 |y Transition time (rise and fall) of LCLK1 or LCLK2 10 10 ns
43 | tsu(RAV-CK2H) Setup time of row address valid to LCLK21 4tq - 25 4tq-15 ns
44 | tg,(CAV-CK2H) Setup time of column address valid to LCLK21 21q-25 2tq-156 ns
45 | tgu(LRV-CK2H) Setup time of LRDY valid to LCLK2? 30% 30% ns
46 | th(CK2H-LRY) Hold time of LRDY valid after LCLK2 high o¥ [} ns
47 | tsy(RAV-CK1L) Setup time of row address valid to LCLK1) tqQ-25 tq-15 ns
48 | tsy(CAV-CK1H) Setup time of column address valid to LCLK11 tQ-25 tq—-156 ns
49 | tgy(ALH-CK1L) Setup time of TAL high to LCLK1!} 2tq-20 2tq-10 ns

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

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

LRDY is a synchronous input sampled during the low-to-high transition of LCLK2. The specified setup and hold times must be met for
the device to operate properly.
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local bus timing: output clock and LRDY signal
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TMS34010 ADVANCE
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TMS34010-40 TMS34010-50 TMS34010-60
NO. PARAMETER "N MAX NN WMAX P MAX UNIT
50 | tg(RL-RL) Delay from RAS! to RAS! 8tg ! stgt 8tqf ns
Setup time of row address
1 | — -20 tg-1 tqQ—
51 | tsuRAV-RL 440 RASL ta-2 Q-15 Q-15 ns
Hold time of row address valid
52 | th(RL- — -20 tq-10 tQ-5
hIRL-RAV) oo FAS low tg-2 Q Q ns
63 tw(RH) Pulse duration, RAS high 3tq—20 3tg-10 3tq-5 ns
54 | tw(RL) Pulse duration, RAS low 5tq - 20 510~ 10 5tq—-10 ns
Setup time of column address
65 |t 5 — 0.5tq~20 0.5tq-10 0.5tq— 10
SU(CAV-ALL) | 14 1o TALL Q Q Q ns
Hold time of column address
56 | th(ALL-CAV) valid after TAT low 0.5tqg—-15 0.5tq—-10 0.5tqg-10 ns
Hold time of RAS high
67 th(ALH-RH) after TAT high 2tq-20 2tq-10 2tq—-10 ns
Hold time of LAL low
- - -1 -1
> 58 th(RL-ALL) after FAS low 6tq—-20 6tq—-10 6tq-10 ns
Hold time of RAS low
2 59 | thCLAL o puer ORE Jow 3tq-20 3tq-10 3tq-10 ns
> Hold time of W high after
2 60 th(RH-WH)  after RAS high, shift register 2tq-20 2tg-10 2tq-10 ns
o transfer follows read
m 61 ¢ Setup time of column address 20 tn—10 tr—1
_ SU(CAV-CL) | 1o TASL Q Q Q-10 ns
2 Hold time of LAL low
2 - -20 4tq-10 4tq-10
m | 52 [heLA o BT low 4q-2 Q Q ns
o Hold time of TAL low
- . -15 .6tq-10 0.5tq -1
o o) 83 I thicH-ALL) after CAS high, write cycle 0.5tq-1 0.5tq Q-10 ns
g Hold time of CAS high
- sy .6tq — .5tq—1 .5tq —
> 64 th(ALL-CH) after TAT low 0.5tq—-156 0.5tq-10 0.5tq-10 ns
- Hold time of RAS high
— 65 |t - 2.5tq-15 2.5tq-10 2.5tq-10
o h(CH-RH) ¢ TAS high Q 5tq Q ns
2 66 | tw(cL) Pulse duration, CAS low 3.5tq~25 3.5tg—10 3.5tq-10 ns
Hold time of CAS high
67 th(RL-CH) after RAS low 2tq-20 2tq~10 2tq-10 ns
Delay time from RAS low
68 td(RL-CL) t0 TS low 2tq+20 2tq+10 2tq+10 ns
Hold time of W high after
69 th(CH-WH)  CAS high, shift register 1.6t~ 15 1.6t~ 10 1.5tq-10 ns
transfer follows read
Hold time of CAS low
7 —_— . -2 .5t -1 5.5t~ 1
0 th(RL-CL} after RAS low 5.5tq—-25 5.5t~ 10 tq—10 ns
71 tw(CH) Pulse duration, CAS high 4.5tq- 15 4.5tq-10 4.5tq-10 ns
Hold time of TAL low after
72 - . - .5tq—1 0.5t~ 1
th(WH-ALL) W high, write cycle 0.5t 15 0.5tq-10 Q-10 ns
Setup time of W high to CAS!,
73 | tsu{WH-CL) end of write 4.5t 15 4.5tq-10 4.5t9 - 10 ns
NOTE: Advance information notices apply only to the TMS34010-60.
TThis is a functional minimum and is not tested.
TEXAS bi
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local bus timing: the RAS, CAS, and LAL outputs
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local bus timing parameters (continued)

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

or 2te(ICK)-
TMS34010-50
NO. PARAMETER TMS34010-40 TMS34010-60 UNIT
MIN MAX MIN MAX
Setup time of W low to RAS!, shift register
74 t, - tqQ- -10
su(WL-RL) transfer cycle Q-20 to ns
Hold time of W low after RAS low, shift
th(RL- - -1
s hRL-WL) register transfer cycle ta-20 tq-10 ns
Setup time of TR/QE low to RAS!, shift
76 t, - - ~-10
su(TRL-RL) register transfer cycle ta-20 ta-1 ns
Hold time of TR/QE low after RAS low, shift
7 R - P
7 thiRL-TRL) register transfer cycle 4tq-20 4q-10 ns
Hold time of TR/QE low after CAS low, shift
g 78 th(CL-TRL) register transfer cycle 2q-20 2tq-10 ns
< 79 |+ Setup time of TR/QE high to RAS?, shift . -10 ns
> SUTRH-RH) o ister transfer cycle Q-20 Q
2 Setup time of TR/QE high to CAS?, shift
0 ? - 1.5tq-25 1.5tg-10
O 8 SU(TRH-CH) register transfer cycle a Q ne
m NOTES: 1. Advance information notices apply only to the TMS34010-60.
E 2. Parameters 81 and 82 intentionally omitted.
"1 | local bus timing parameters: shift register transfer cycle
E | @ | @ | e | e | a1 | a2 a3 a4 | a1 | a2 |
LADO-
> ROW
= o5 X row X oo X X
o
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CAS \_ {
75 !
74 | |
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locai bus timing parameters (continued)

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

or 2tc(ICK)-
TMS34010-50
TMS34010-40
NO. PARAMETER TMS34010-60 UNIT
MIN MAX MIN MAX
Access time from RAS low to data
83 | ta(RL- 5.5tq - 40" 5.5t0~251| ns
a(RL-DV) in valid, read cycle 5ta a
84 | tgy(CH-ALH) Setup time of CAS high to LALt 0.5tq- 15 0.5tg- 10 ns
85 | tgy(ENH-ALH) Setup time of DEN high to TALT 0.5tq—-15 0.5tq-10 ns
Access time from CAS low to data
86 | ta(CL- .51g - 407 3.5tq-251
a(CL-DV) in valid, read cycle 351 Q-25 ns
Hold time of data in valid after CASt,
87 t N 0 o ns
h(CH-DV} read cycle
Hold time of row address high impedance after
88 | th(cH- 1.5tg~10% 1.5tq-10¥ ns
h(CH-RAZ) CAS high, end of read cycle Q a Z
Hold time of TR/QE low after CAS low, O
89 | - 3.5tg-25 3.5tq-10 ns
h(CL-QEL) read cycle Q Q ;
Setup time of column address high impedance
90 |t . — tq-10% tg-10%
SUlCAZ-QEL)  , TR/GEL, read cycle Q Q ns g
Hold time of data in valid after TR/QET,
91 | th(QEH-DV) 0 o} ns o
read cycle
Delay time from CAS! to TR/QE low, o
92 td(CL-QEL) tq+20 tq+10 ns LL
read cycle Z
03 |4 Access time from TR/QE low to data 2.5t 401 25tn—251| ns —
alQEL-DV) 4, yaiid, read cycle =ta =t Wl
Hold time of row address high impedance o
94 |y K —_—— 1.51g-10% 1.5tq - 10% ns
h(QEH-RAZ} after TR/QE high, end of read cycle Q=10 Q Z
95 | twiQEL) Pulse duration, TR/GE low, read cycle 2.5tq - 25 2.5t9-10 ns <
96 . Delay time from CAS low 1420 t+10 >
" — ns
d(CL-ENL) 1 BEN low, read cycle a Q (]
97 4 Hold time of data in valid after DEN?, o o n <
- s
h(ENH-DV) read cycle
Setup time of column address high impedance
98 t . _— ~10% —10%
SU(CAZ-ENL)  BENI, read cycle 1q-10 to-10 ns
99 4 Hold time of next row address high impedance 1.5t 10% 1.5t — 10 ns
h(ENH-RAZ)  ¢or BEN high, end of read cycle i -t
100 | ¢ Access time from DEN low to data in valid, 2 5t —a0! 2.5t - 251 ns
alENLDV) g cycle ~ta >t
101 ¢ Hold time of DDOUT high after DEN high, 3te— 20 at 10 ns
PENH-DDH}Y .4 follows write cycle Q a
Setup time of DDOUT low to DENI,
102 | t - -20 tq-10
su{DDL-ENL) read cycle tQ Q ns
NOTE: Advance information notices apply only to the TMS34010-60.
T44q is added to these values for each wait state inserted.
*These values are derived from characterization and are not tested.
i
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local bus timing: read cycle
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local bus timing parameters (continued)

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

or 2tc(ICK)-
TMS34010-40 TMS34010-50
NO. PARAMETER TMS34010-60 UNIT
MIN MAX MIN MAX
Hold time of DDOUT low after DEN high,
103 |t - 1.5t9-15 1.6tq-10
h(ENH-DDL) . 4 cycle Q Q ns
104 | tgy(DV-WL) Setup time of data out valid to W/, write cycle tQ—20 tQ-15 ns
105 |4 Hold time of data out valid after W low, 4t 20 - 10 ns
h(WL-DV) write cycle a Q
106 | tgy(WL-RH) Setup time of W low to RAS!, write cycle 2tq—-20 2tq-10 ns
Hold time of data out valid after RAS low,
- -2 -
107 | th(RL-DV) write cycle 7tq-20 7tg-10 ns
108 | ¢ Hold time of data out valid after CAS high, 1.5t 15 1.6t 10 ns Z
h(CH-DV) write cycle >t ta o
— — —-—
109 | tgu(WL-CH) Setup time of W low to CAS!, write cycle 2.5tq - 25 2.5tq- 10 ns ||—
110 1+ Hold time of data out valid after CAS low, 5t — 20 5t 10 ns <
h{CL-DV) write cycle Q Q E
11 ¢ Hold time of data out valid after W high, 1.5t 15 1.5t 10 ns I
h(WH-DV) write cycle -t ->ta o
12 | tyw(wt) Pulse duration, W low 2.5tq-25 2.5tq-10 ns L
113 | th(CL-WL) Hold time of W low after CAS low, write cycle | 3.5tq—25 3.6tq-10 ns Z
Setup time of column address valid to Wt,
114 : 4.5tq 30 4.5tq-15 L
SulCAV-WH) e cycle 5ta Q ns O
1156 | th(RL-WL) Hold time of W low after RAS low, write cycle | 5.5tq—25 5.5t - 10 ns Z
Setup time of row address valid to W1, <
116 |t X .6tq — .5t -1
su(RAV-WH) cycle 6.6tq - 35 6.5t9 - 15 ns >
117 | tsu(ENL-WH) Setup time of DEN low to Wi, write cycle tq—-20 tq-10 ns Q
118 | th(WH-ENL) Hold time of DEN low after W high, write cycle| 1.5tq—15 1.6tg-10 ns <
119 | ¢ Setup time of DDOUT high to DEN{, 3tq 20 at 10 ns
su(DDH-ENL)  \1ite foliows read Q Q
NOTE: Advance information notices apply only to the TMS34010-60.
i
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local bus timing: write cycle -
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local bus timing parameters {continued)

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

or 2tc(ICK)-

TMS34010-50
TMS34010-40
NO. PARAMETER TMS34010-60 UNIT
MIN MAX MIN MAX
120 | tsu(HRV-CK2H) Setup time of HOLD valid to LCLK21 501 40t ns
121 | th(CK2H-HRv) Hold time of HOLD valid after LCLK2 high of of ns
122 |+ Setup time of HLDA/EMUA output valid o - 20 ¢ 10
Su(HKV-CK2L) potore LCLK2! Q a ne
123 | th(ck2L-HKL) Hold time of HLDA/EMUA low, after LCLK2 low tq-15 tq-15 ns
Delay from LCLK2 high to LAD pins high
124 |t - * ¥
diCK2H-DZ) impedance, bus release 30 30 ns
125 | tgy(RH-CK1H) Setup time of RAS high to LCLK11 tq-20 tQ-10 ns
Hold time of RAS driven high after LCLK1
126 |t K tg-10% -10%
h(CK1H-RH} high, bus release Q tQ-10 ns g
Delay from LCLK2 high to RAS high impedance, —
127 |t - * ¥
d(CK2H-R2Z)  pi6 release 30 30 ne E
128 | tgy(ALH-CK2H) Setup time of LAL high to LCLK2t tq-20 tqg-10 ns E
129 |4 Hold time of TAL driven high after LCLK11, 5t 5
NICKIL-ALH) g release ns g
Delay from LCLK1 low to LAL high impedance,
130 | tgickiL-aL2) elay from ow to igh impedance 301 30t ns LL
bus release Z
Setup time of CAS, W, and TR/GE high =
131 | ¢t X . - . -
su{CH-CK1H) 0 LCLK11 0.5tq-156 0.5tq-10 ns w
Hold time of CAS, W, and TR/QE Q
132 | - tg-10% tg-10¥
h(CKTH-CH) i after LCLK1 high, bus release Q a ns 2
Delay from LCLK2 high to CAS, W, and TR/QE <
133 |t - 30% 30+
d(CK2H-C2Z) high impedance, bus release ns >
134 | tgu(ENH-CK2H) Setup time of DEN or DDOUT high to LCLK 1! tq-20 tQ-10 ns Q
135 | 4 Hold time of DEN and DDOUT high after to— 10t tn—10% <
K - - ns
RICKZH-ENH) | ¢ k14, bus release Q a
Delay from LCLK1 low to DEN and DDOUT
136 | t, - 30+ 30+
d(CKI1L-ENZ) high impedance, bus release ne
Hold time of LAD bus high impedance
137 | ¢ - -5# -5¥
hCK2H-DZ)  apier LeLK2! 5 ° e
Hold time of RAS, CTAS, W, LAL, and TR/QE
138 | ¢ - ’ T -5t -5%
hICK2H-RZ) i impedance after LCLK11 5 ns
Delay from LCLK1 high to RAS, CAS, W, LAL,
139 |t X —_— 30 30
d(CK1H-RH) and TR/QE driven high, resume bus control ns
Hold time of RAS high after LCLK2 high,
140 |t - tq-15 tq-10
h(CK2H-RH) resumes bus control Q aQ ne
Hold time of CTAS, W, and TR/QE high
141 |t - —5% —5%
h(CK2H-CH) after LCLK2 high, resume bus control ns
NOTE: Advance information notices apply only to the TMS34010-60.
tHOLD is a synchronous input sampled during the low-to-high transition of LCLK2. The specified setup and hold times must be met for
the device to operation properly.
#These values are derived from characterization and are not tested.
T *IP
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GSP releases control of local bus
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GSP resumes control of local bus
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local bus timing parameters (continued)

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

or 2t¢(ICK)-
TMS34010-50
TMS34010-40
NO. PARAMETER TMS34010-60 UNIT
MIN MAX MIN MAX
Hold time of DEN, DDOUT high impedance
142 | 4 X -57 -5t ns
h(CK2H-ENZ) after LCLK2 high, resume bus control
Delay from LCLK2 high to DEN, and DDOUT
143 | t, - 30 30 ns
d(CK2H-ENH) driven high, resume bus control
Setup time of row address valid to RASI,
144 |t | 2tq-25 2tq-15 ns
sulRAV-RL)  cag.pefore-RAS refresh o a
Hold time of row address valid after RAS low,
145 | ¢ - p—— _— tqg—-20 tq-10 ns
hRL-RAV)  £R5-before-RAS refresh Q Q
Pulse duration, RAS high, start of
146 | t, — _— 4tq-20 4tq-10 ns
> wiRH) TAS-before-RAS refresh Q Q
U Pulse duration, RAS low, CAS-before-RAS
< 147 | tw(RL) refresh 4tq-20 4tq - 10 ns
> 128 |+ Setup time of row address valid to LAL!, to—20 015 ns
= SURAV-ALL)  £25 before-RAS refresh a a
c ) Hold time of row address valid after LAL low,
m 149 | t N —_— —— 2tq-20 2tq-10 ns
ALL-RAV] £ betore-RAS refresh a Q
2 150 | ¢ Hold time of RAS high after LAL low, ta - 20 tn—10 s
- hIALL-RH) CAS-before-RAS refresh Q Q
(@) Setup time of RAS high to TAL!,
151 |t - _— i tq-20 tq-10 ns
o SulRH-ALH)  TRS-before-RAS refresh a a
g Setup time of CAL high to CAS!,
152 |t - _— s tq—-20 tqo—-10 ns
> SUlALH-CLl £ pefore-RAS refresh a a
= Setup time of CAS low to [ALI,
— 153 | t, - — I, tQ-20 tq—-10 ns
o su(CL-ALL) CAS-before-RAS refresh a Q
Setup time of RAS high to CASI,
2 - —— — 2tq-2 2tq-10
184 | tsulRH-CL) CAS-before-RAS refresh Q-20 Q ne
Setup time of CAS low to RAS!,
155 | t, - . _— 21q-20 2tq-10 ns
55 | sulCL-RL AT before-RAS refresh a a
Hold time of CAS low after RAS low,
156 | t - 4.5tq—25 4.5t1—-10 ns
h(RL-CL) TAS-before-RAS refresh a a
Pulse duration, CAS low,
— 6.5t —25 6.5t - 10 S
157 | twicl) TAS-before-RAS refresh Q Q=Y "
Setup time of CAS high to RASI,
158 | t, - _— —_— 3.5tq - 15 3.5t - 10 ns
SU(CH-RL) CAS-before-RAS refresh ta 'a
NOTE: Advance information notices apply only to the TMS34010-60.
TThese values are derived from characterization and are not tested.
TEXAs bi
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TMS343010
CAS-before-RAS DRAM refresh cycle timing
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local bus timing parameters (continued)

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

NOILVINHO4NI 3ONVAQY

or 2tg(ICK)-
TMS34010-50
TMS34010-
NO. PARAMETER 3 40 TMS34010-60 UNIT
MIN MAX MIN MAX
Hold time of RAS high after LCLK2 high, all
159 | th(CK2H-RH) cycles except internal and tQ-15 tq-10 ns
CAS-before-RAS refresh
Setup time of RAS low to LCLK24, all cycles
160 |t - tq-20 tq-10
su(RL-CK2L) except internal and CAS-before-RAS refresh Q Q ns
Hold time of RAS high after LCLK1 low,
— — - tq—10
161 | thicKIL-RH) CAS-before-RAS refresh ta-18 a ns
Setup time of RAS low to LCLK11,
162 |t - — tqQ—-20 tq-10 ns
SU(RL-CK1H) CAS-before-RAS refresh a Q
Hold time of RAS low after LCLK1 low,
163 |t X tq-15 tg-10 ns
h(CKIL-RL) all cycles except internal a a
Setup time of RAS high to LCLK 11,
164 | tsuRH-CK1H) all cycles except internal ta-20 ta-10 ns
Hold time of CAL high after LCLK2 low,
165 - 0.5t -15 0.5t - 10 ns
6 th(CK2L-ALH) all cycles except internal Q Q
Setup time of LAL low to LCLK11,
166 - 0.5tq-15 0.5t - 10 ns
66 | tsulALL-CKIH) cycles except internal Q Q
167 |4 Hold time of TAL low after LCLK2 low, 15 - 10 ns
hHCK2L-ALL) all cycles except internal Q Q
Setup time of TAL high after LCLK21,
168 | t. - tqQ-20 tq-10 ns
Su(ALH-CK2H) all cycles except internal a Q
Hold time of CAS high after LCLK1 high,
169 |t - tq-15 tqg-10 ns
hCKTH-CH}  EAT.before-RAS refresh Qa a
Setup time of CAS low to LCLK{,
- tq-20 tQ-10 S
170 | tsuicL-cK1L) CAS-before-RAS refresh Q a n
Hold time of CAS high after LCLK2 low,
171 | th{CK2L-CH) cycles except internal, tqQ-15 tqg—-10 ns
DRAM refresh and CAS-before-RAS refresh
Setup time of CAS low to LCLK21,
172 | tgy(CL-CK2H) all cycles except internal, DRAM refresh, tQ-20 ta-10 ns
and CAS-before-RAS refresh
Hold time of CAS low after LCLK2 low, all
173 | ¢ - 0.5tq-15 0.5tq—-10 ns
h{CK2L-CL} cycles except internal and DRAM refresh Q Q
Setup time of CAS high to LCLK11, all
174 |t - 0.5tq—-15 0.5tq—-10 ns
Su(CH-CK1H} cycles except internal and DRAM refresh Q Q
Hold time of W high after LCLK1 high
' tqg—-15 tq—-10 ns
175 | thiCKIH-WHITR shift register transfer Q Q
Setup time of W low to LCLK1!,
- tq-20 tq-10 ns
176 | tsuWL-CK1LITR shift register transfer a Q

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

A-56

i
Texas {’
INSTRUMENTS

POST OFFICE BOX 1443 @ HOUSTON. TEXAS 77001



ADVANCE

INFO

RMATION

GRAPHICS SYSTEM PROCESSOR
TMS34010

local bus timing parameters (conciuded)

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

or 2t¢(ICK)-

TMS34010-50
NO. PARAMETER TMS34010-40 TMS34010-60 UNIT
MIN MAX MIN MAX
177 | tickawy) Ho}d time of W low after LCLK1 low, Q15 tq-10 ns
shift register transfer
78 | WO e arer a-20 a-10 e
179 | th{CK1H-WH) Hold time of W high after LCLK1 high, write tq—-15 Q- 10 ns
180 | tgy(wL-CK1L) Setup time of W low to LCLK1!, write tq—-20 tq-10 ns
181 | th{CK2L-WL) Hold time of W low after LCLK2 low, write 0.5t9— 15 0.5t - 10 ns
182 | tgy(WH-CK1H) Setup time of W high to LCLK11, write 0.5tq—- 156 0.5tq-10 ns
193 | WCKILTAN ot g st |0 .
e aw | |3
d time of TRIGE o~ =
avw |~ |k
186 | teu(TRH-CK2U) Se}up tir.ne of TR/QE high to LCLK2!, 1q-20 tg-10 ns E
shift register transfer
187 | th(CK1H-QEH) Hold time of TR/QE high after LCLK1 high, read tq—15 tq-10 ns @)
188 | tsy(QEL-CK1L) Setup time of TR/QE low to LCLK1!, read tq-20 tq-10 ns I'ZL
189 | th(ck2L-QEL) Hold time of TR/QE low after LCLK2 low, read| 0.5tq—15 0.5t - 10 ns —
190 | tgy(QEH-CK1H) Setup time of TR/QE high to LCLK1T, read 0.5tq-15 0.5tq—10 ns L
191 | th(CK2L-ENH} Hold time of DEN high after LCLK2 low, write tQ-15 tg—10 ns U
192 | tsy(ENL-CK2H) Setup time of DEN low to LCLK21, read tq-20 tq—-10 ns Z
193 | th(CK1H-ENL) Hold time of DEN low after LCLK1 high, write tq-15 tqg-10 ns <
194 | tgy(ENH-CK1L) Setup time of DEN high to LCLK1!, write tqg-20 tg—-10 ns B
195 | th(CK1H-ENH) Hold time of DEN high after LCLK1 high, read tq— 15 tQ-10 ns <
196 | tgu(ENL-CK1L) Setup time of DEN low to LCLK1!, read tq—-20 tq~10 ns
197 | th(CK2L-ENL) Hold time of DEN low after LCLK2 low, read 0.5t9-15 0.5t - 10 ns
198 | tgu(ENH-CK1H) Setup time of DEN high to LCLK11, read 0.5tq - 16 0.5t - 10 ns
198 | th(Ck2L-DDH) Hold time of DDOUT high after LCLK2 low, read tQ—-15 tq—-10 ns
200 tsu(DDL-CK2H) Setup time of DDOUT low to LCLK2t, read tQ-20 tq-10 ns
201 | th(CK1H-DDL) Hold time of DDOUT low after LCLK1 high, read tgQ—-15 tq-10 ns
202 | tgy(DDH-CK1L) Setup time of DDOUT high to LCLK1{, read tg—20 tq-10 ns
NOTE: Advance information notices apply only to the TMS34010-60.
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local bus timing: relationship of control signals to clocks
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video interface timing parameters

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

video input clock timing parameters

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

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

video input clock timing (@)
=
e—  —— 205——— <
H—zos—-i :___207__.: 208w :—— 208 ——} — s
- N YN B
L
video interface timing parameters: outputs 2
-—
TMS34010-50 L

™ 010-40
NO. PARAMETER S34 TMS34010-60 UNIT o
MIN  MAX MIN  MAX 2
209 | tg(vCKL-HSL) Delay from VCLK low to HSYNC, VSYNC, or BLANK low 30 30 ns <
210 | tgqvckL-HSH) Delay from VCLK low to HSYNC, VSYNC, or BLANK high 30 30 ns >
211 | th(yCKL-HSH) Hold time of HSYNC, VSYNC, or BLANK high after VCLK{ 0 0 ns D
212 | th(vCKL-HSL) Hold time of HSYNC, VSYNC, or BLANK low after VCLK{ o o ns <

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

video output timing

| f-200-wd | la—st-210
ke 2118 | 2124 :
HSYNC, | i
VSYNC 11 ! |
(OUTPUTS) ] $
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h—211-; = 212 —ja—a|
|
BLANK K_l

XAS *@ A-59

E
INSTRUMENTS

POST OFFICE BOX 1443 ® HOUSTON. TEXAS 77001




TMS34010
GRAPHICS SYSTEM PROCESSOR

ADVANCE
INFORMATION

video interface timing: external sync inputs

TMS34010-50
NoO. PARAMETER TMS34010-40 | TMS34010-60 | UNIT
MIN  MAX MIN  MAX
213 | tgu(HSV-VCKH) Setup time of HSYNC, VSYNC valid to VCLK?T 20t 20t ns
214 | th(vckH-Hsv) Hold time of HSYNC, VSYNC valid after VCLK high 20t 20t ns
215 | tgu(HSH-VCKH) Setup time of HSYNC, VSYNC high to VCLK? 20% 20 ns

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

A B s [ ]
Ve m
; j § —
— [——214 —m| | [—215—
> HSYNC, a—213—m} r——214——d |
VSYNC |
O (INPUTS) {
§ (NOTE 1) (NOTE 2)
o NOTES: 1. If the falling edge of the sync signal occures more than th(sy.vCH) past VCLK edge A, and at least tg,(Sv-VCH) before edge
m B, the transition will be detected at edge B instead of edge A.
2. If the rising edge of the sync signal occurs more than th(gy-vCH) Past VCLK edge C, and at least tg(gv-vCH) before edge
E D. the transition will be detected at edge D instead of edge C.
o
-6-'
’
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MECHANICAL DATA

4,50 (0.177)
4,24 (0.167)
2,79 (0.110)
r———zm (0.095)
i 1.36(0.063) ... 0,25 (0.010) R MAX
[ 1,19 (0.047) < IN 3 PLACES
Nl mlamlamBlalamBaBmBmBoBomb el ol ol el o e———— ol
_£—-1,27 0.050) T.p. I h
(SEE NOTE B) [t ]
—r i !
{ l
{ 1]
1 4
1 1
[t 1]
23,62 (0.930) 0 i 25,27 (0.995)
23,11 (0.910) d h 25,02 (0.985)
(AT SEATING PLANE)
Q ) 24,33 (0.956)
1 1 24,13710.950)
i ] (SEE NOTE A)
1 1]
1 1]
1 1]
1 1]
0 : 037 = S e R A RTA—R-R-2-a-a-a=2=
| 55510027 ° 122 (0.048) , 4.
| i 24,33 (0.956) oo noTE A)—w]] 1,07 (0.042)
| 24,13 (0.950)
| 25,27 {0.995)
SEATING PLANE I 3503 16.985)
0,81 (0.032)

“‘ 0.66 (0.026)
:[-1,52 (0.060) MIN
Il {
i 0,64 (0.025) MIN
0,51 (0.020)

[
0.36 (0.014)

LEAD DETAIL

NOTES: A. Centerline of center pin each side is within 0,10 (0.004) of package centerline as determined by this dimension.
B. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side.

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

System Design Considerations

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

Topics in this section include:

Section
B.1 Pin LOAdING ..o s
Signal Timing and Delay ..............
Transmission Line Phenomena ....
Host Port Operation
Reset Buffering .............
Local Ready Timing
Memory Substitution
Write Protecting Memory .............

Tracing and Cache ...t
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B.1 Pin Loading

B-2

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

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

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

Table B-1. Loading

Pin Signal 1/0 Loading
1 Vss
2 RUN/EMU pin, 4. 7KPU, ALS08
3 RESET | pin, 4.7KPU, TIBPAL-12, TMS9901, ALS574, AS257
— [ALSO8 + ASO4 + ALSO8 + AS874 + AS04] —
TMS34010
4 VCLK I pin, 330PU, 510PD, A5157 — TMS34010
5 INCLK | pin = [AS157] - TMS34010
6 TINT1 ! pin, 4.7KPU = [AS257] = TMS34010
7 TINT2 | pin, 47KPU - [AS257] - TMS34010
8 HOLD | pin, 4.7KPU, AS874, TMS34010
9 LRDY (o} pin, 4.7KPU, [TIBPAL-12] = TMS34010
10 LADO 1/0 | pin = [22S] — ALS245, AS573, TMS34010
11 LAD1 170 pin = [228] = ALS245, AS573, TMS34010
12 LAD2 1/0 | pin = [228] — ALS245, AS573, TMS34010
13 LAD3 1/0 | pin = [228] — ALS245, AS573, TMS34010
14 LAD4 1/0 | pin = [228] - ALS245, AS573, TMS34010
15 LADS 1/0 | pin = [228] - ALS245, AS573, TMS34010
16 LAD6 1/0 | pin = [228] — ALS245, AS573, TMS34010
17 LAD7 1/0 | pin = [22S] — ALS245, AS573, TMS34010
18 VSs
19 LADS8 1/0 | pin = [228] = ALS245, AS573, TMS34010
PD = Pull down
PU = Pull up

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

Pin Signal 1/0 Loading
20 LADS 1/0 pin = [22S] — ALS245, AS573, TMS34010
21 LAD10 1/0 | pin = [228] — ALS245, AS573, TMS34010
22 LAD11 1/0 | pin = [22S] — ALS245, AS573, TMS34010
23 LAD12 1/0 | pin = [228] = ALS245, AS573, TMS34010
24 LAD13 1/0 | pin = [228] — ALS245, AS573, TMS34010
25 LAD14 1/0 | pin = [22S] — ALS245, AS573, TMS34010
26 LAD15 I/0 | pin = [22S] = ALS245, AS573, TMS34010
27 Vee
28 LCLK1 (o] TMS34010, AS244, AS04 — [22S] — pin
29 LCLK2 0 TMS34010, AS244 — [22S] — pin
30 HSYNC 1/0 | TMS34010, ALS573 = [22S] - pin
31 VSYNC 1/0 | TMS34010, ALS573 — [22S] = pin
32 BLANK 0 TMS34010, ALS573 — [22S] — pin
33 HLDA/EMU (o} TMS34010 — [ASO8 + 10S8] — pin
34 LAL o] TMS34010, 100KPU, AS11, AS04 = [22S] = pin
35 Vss
36 DDOUT 0 TMS34010 - [TIBPAL-12 + 22S] = pin
37 DEN o} TMS34010 = [TIBPAL-12 + 22S] = pin
38 RAS 0 TMS34010 AS157, 100KPU — [22S] = pin
39 CAS 0 TMS34010 — [TIBPAL-12 + 22S] — pin
40 WRITE 0 TMS34010 = [TIBPAL-12 + 22S] - pin
41 TR/QE (o} TMS34010 = [TIBPAL-12 + 22S] = AL244, pin
42 HINT (8} TMS34010 ALS244 — [22S] - pin
43 HRDY [0) TMS34010 = [AS08 + 10S] —* pin
44 HAD15 1/0 | TMS34010 - [22S] — pin
45 HAD14 1/0 | TMS34010 — [22S] - pin
46 HAD13 1/0 | TMS34010 = [22S] — pin
47 HAD12 1/0 | TMS34010 — [22S] — pin
48 HAD11 1/0 | TMS34010 — [22S] —* pin
49 HAD10 1/0 | TMS34010 — [22S] - pin
50 HAD9 1/0 | TMS34010 — [22S] —* pin
51 HADS8 1/0 | TMS34010 — [22S] = pin
52 Vgs

PD — Pult down

PU - Pull up

S - Series resistor

[ ] - Devices in series
pin — Emulator target cable pin

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

Pin Signal 1/0 Loading

53 HAD7 i/0 | TMS34010 — [22S] - pin

54 HADG6 1/0 | TMS34010 = [22S] — pin

55 HADS 1/0 | TMS34010 — [22S] — pin

56 HAD4 1/0 | TMS34010 = [22S] - pin

57 HAD3 1/0 | TMS34010 — [22S] — pin

58 HAD2 1/0 | TMS34010 — [22S] — pin

59 HAD1 1/0 ] TMS34010 - [22S] — pin

60 HADO 1/0 | TMS34010 = [22S] — pin

61 Vee

62 HUDS ! pin, 1T00KPU, TMS34010

63 HLDS | pin, T00KPU, TMS34010

64 HREAD | pin, 100KPU, ALS573, TMS34010

65 HWRITE 1 pin, 1T00KPU, AS573, TMS34010

66 HCS ! pin, 47KPU — [AS232 + AS08 + TMS34010] —
ALSOQ0, ALS74, TIBPAL-12, LS02

67 HFSO I pin, 100KPU, ALS573, TMS34010

68 HFS1 ! pin, 100KPU, ALS573, TMS34010

PD - Pull down
PU - Pull up

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

B.2 Signal Timing and Delay

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

Signal Delay Signal Delay
VCLK 6ns CAS 12ns
INCLK ©6ns WRITE 12ns
LINT1 6ns TR/QE 12ns
LINT2 6ns LRDY 12ns
DDOUT 12ns HRDY 6ns
DEN 12ns HCS 12ns

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

B.3 Transmission Line Phenomena

B.4 Host

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

Port Operation

The emulator host port supports two modes of operation:

e The first mode blocks the host port while the emulator is in control mode

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

® The second mode of operation allows host accesses while the emulator
is in control mode. When the emulator is halted, a snapshot is taken of
the 1/0 registers before transferring control to the user. While halted, the
host has access to the TMS34010’s 1/0 registers and memory space.
Data read from the 1/0 and memory space may not represent the actual
data as the host can be changing the data through the host port. Data
written through the XDS user interface to any 1/0O registers or memory
locations used by the host port can cause unpredictable results. This
mode is the typical dual-allocation problem that is prevalent in multiport
memory systems.

B.5 Reset Buffering

The RESET input from the target system is buffered so that reset cannot abort
a memory cycle that is in progress. This is necessary to prevent corruption of
the substitution memory. Reset is ANDed with RAS and TAS and clocked on
the rising edge of LCLK1. If reset is active and RAS and CAS are inactive, then
reset is applied to the processor. While the RESET input is active, internal
emulator logic provides CAS-before-RAS refreshes for emulator memory, but
not for your system memory; target memory is not refreshed during reset.
Therefore, you shouldn’t perform a target reset following a download of object
code into target memory, because this may destroy the contents of target me-
mory.




Appendix B - System Design Considerations

If the target system also generates a reset during the emulator-TMS34010 re-
set, and HCS is high (which, under normal circumstances, would halt the
TMS34010), the emulator reset takes precedence and does not halt the
TMS34010.

B.6 Local Ready Timing

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

B.7 Memory Substitution

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

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

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

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

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

B.8 Write Protecting Memory

B-6

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

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

B-7
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Appendix C
Software Compatibility with Future GSPs

This appendix provides guidelines for writing TMS34010 programs that will
be compatible with future versions of TMS340x0 devices. In some cases,
following these guidelines may not produce the fastest TMS34010 code;
however, your code should run without modification on future GSPs.

These guidelines cover several areas:

Section
C.1 General GUIdEIINES ........ccooreiiiniirircire e et
.2 Graphics Compatibility .........c.ccocu.....

Memory Map Compatibility
I/0O Register and Video Timing Compatibility .......ccccccvevreinniniencnn C-4
Interrupts Compatibility .......c..oovveiiei e e C-4
Host Interface Compatibility .......cccccveiveiirnieeirr e C-5
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C.1 General Guidelines

C.2 Graphics

C-2

Future GSPs may have different instruction execution times than the
TMS34010 has; therefore, timing loops based on TMS34010 instruction
execution time may not be compatible with future GSPs. Even if future
devices are generally faster than the TMS34010, specific cases may run
slower. To avoid this, timing could be based on DPYINT (the display
interrupt) or on an external time source (via LINT1 or TINT2). Note that
if you use DPYINT, you must consider different display resolutions and
refresh rates.

For optimum performance on future GSPs, align data on 32-bit bound-
aries (instead of 16-bit boundaries). This could reduce the number of
memory cycles for future GSPs, and in most cases will have little impact
on the TMS34010. In particular, keeping the stack pointer (SP) aligned
to 32-bit boundaries will speed up subroutine calls and interrupts.

Future GSPs may use the reserved bits in the status register and in the
1/0 registers. During context switches, the values of reserved bits should
be saved and restored as if they were valid; do not assume that these bits
have known values. If you don’t follow this guideline, your code may
inadvertently enable/disable new options or features.

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

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

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

Compatibility

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

Treat the PMASK register as a 32-bit register. The TMS34010 uses only
the 16 bits at address 0C0000160h; however, future GSPs may also use

the 16 bits at address 0C0000170h. Whenever you save/restore the

value at 0C0000160h, you should also save/restore the value at
0C0000170h.

When you save/restore the graphics context (this includes all graphics
operations control registers), you should also save/restore the 1/0 reg-
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isters that are reserved in the TMS34010 1/0 register map (addresses
0C0000130h-0C00001A0N).

At initialization, load register B13 with all 1s. Future GSPs may use B13
as a pattern register; if you don’t set B13 to the suggested value, future
devices may draw a patterned line where the TMS34010 would draw a
solid line.

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

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

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

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

C.3 Memory Map Compatibility

The 32 16-bit words following the TMS34010 1/0 registers (addresses

‘0C0000200h-0C0O0003F0h) are currently reserved. Future GSPs may

use these addresses for additional 1/0 registers, so do not write code that
uses these addresses.

Do not use any reserved addresses in the TMS34010 memory map; fu-
ture GSPs may use these locations. Specifically, address OFFFFEQO0QOh,
which is currently reserved, may be used for system configuration infor-
mation.
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C.4 1/0 Register and Video Timing Compatibility

Future GSPs may use different I/0O registers to control video timing and
VRAM shift register control. The vertical and horizontal counters may
still be accessible at their current locations. DPYADR, DPYCTL,
DPYSTRT, and DPYTAP may have new functions and/or addresses.
HESYNC, HEBLNK, HSBLNK, HTOTAL, VESYNC, VEBLNK, VSBLNK,
and VTOTAL may have similar functions but different addresses. These
video control functions may be redefined so that future GSPs can take
advantage of new advances in video RAM technology.

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

Future GSPs may use different DRAM refresh methods; the TMS34010
provides control every 32 or 64 CPU cycles, and it may be necessary to
have more control.

C.5 Interrupts Compatibility

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

Note:

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

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

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

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

[ ] Traps 3-7 and 12-15 are reserved for future interrupts.

c-4
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C.6 Host Interface Compatibility

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

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

C-5
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Glossary

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

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

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

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

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

background illumination: The average brightness of a screen.

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

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

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

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

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

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

blanking signal: Pulses used to extinguish the scanning beam during hor-
izontal and vertical retrace periods.

D-1
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breakpoint: A place in a routine specified by an instruction, instruction di-
git, or other condition, where the routine may be interrupted by external in-
tervention or by a monitor routine.

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

composite video: The color-picture signal plus all blanking and synchro-
nizing signals. The signal includes luminance and chrominance signals, verti-
cal- and horizontal-sync pulses, vertical- and horizontal-sync pulses,
vertical-and horizontal-blanking pulses, and the color-burst signal.

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

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

display area: The rectangular part of the physical display screen in which
information coded in conformance with a video encoding standard is visibly
displayed. The display area does not include the border area.

display element: A basic graphic element that can be used to construct a
display image.

display memory: The area of memory which is used to hold the graphics
image output to the video monitor.

display pitch: The difference in memory addresses between two pixels that
appear in vertically adjacent positions (one directly above the other) on the
screen.

display unit: A device which provides a visual representation of data.

dot clock: The dot clock cycles the rate at which video data is output to a
CRT monitor.

DRAM refresh: The operation of maintaining data stored in dynamic
RAMs. Data are stored in dynamic RAms as electrical charges across a grid
of capacitive cells. The charge stored in a cell will leak off over time.

execution unit: The portion of a central processing unit that actually exe-
cutes the data operations specified by program instructions.

field: 1. A group of contiguous bits in a register or memory dedicated to a
particular function or representing a single entity. 2. A software-configurable
data type in the TMS34010 whose length can be programmed to be any value
in the range 1 to 32 bits.

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

frame: 1. The time required to refresh an entire screen. 2. The screen image
output during a single vertical sweep.
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frame buffer: A portion of memory used to buffer rasterized data to be
output to a CRT display monitor. The contents of the frame buffer are often
referred to as the bit map of the display and contain the logical pixels corre-
sponding to the points on the monitor screen.

front porch: The portion of a horizontal blanking pulse that precedes the
leading edge of the horizontal sync pulse.

GKS: Graphical Kernel System. An application programmer’s standard in-
terface to a graphics display.

glue logic: The small- and medium-scale-integrated devices necessary to
complete the interface between two or more large or very-large-scale inte-
grated devices.

gray scale: A scale of light intensities from black to white.

GSP: Graphics System Processor. A single-chip device embodying all the
processing power and control capabilities necessary to manage a high-
performance bit-mapped graphics system. The TMS34010 is the first such
device.

high-impedance: The third state of a three-state output driver, in which the
output is driven neither high or low but behaves as an open connection.

hold signal: A signal from a device capable of controlling a processor bus
(for example, a processor or a DMA controller) which the device sends to a
bus arbiter to request control of the bus. Typically, the arbiter signals the
granting of the request by sending a hold-acknowledgement signal to the re-
questing device.

hold time: The minimum amount of time that valid data must be present at
an input after the device is clocked to ensure proper data acceptance.

horizontal blanking interval: The time during which the display is
blanked to cover the horizontal retracing of the electron beam.

horizontal sync: The synchronization signal that enables horizontal retrace
of the electron beam of a CRT display.

icon: A graphic symbol representing a menu item.

interlaced scanning: A system of TV-picture scanning. Odd-numbered
scanning lines, which make up an odd field, are interlaced with the even-
numbered lines of an even field. The two interlaced fields constitute one
frame. In effect, the number of transmitted pictures is doubled, thus reducing
flicker.

lookup table: A table used during scan conversion of the digital image that
converts color-map addresses into the actual color values displayed.

LRU: Least-recently-used cache-replacement algorithm. When a cache miss
occurs, a cache-replacement algorithm selects which cache segment will be
overwritten, based on the likelihood that the data in the discarded segment
will not be needed again for some time. The LRU algorithm selects the seg-
ment which was used least recently.
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mask: A pattern of characters that is used to control the retention or elimi-
nation of portions of another pattern of characters.

memory map: A map of memory space partitioned into functional blocks.

monotonicity: The quality of proceeding in a uniform manner. For exam-
ple, the analog level output from a DAC should increase with each increase in
the value of the digital input code.

multiplexing: Refers to a process of transmitting more than one set of sig-
nals at a time over a single wire or communications link.

NABTS: North American Broadcast Teletext Specification

NAPLPS: Abbreviation for the North American Presentation Level Protocol
Syntax, which is a proposed standard for Videotex services.

nonmaskable interrupt: An interrupt request that cannot be disabled.

NMI: Nonmaskable interrupt. The NMI is an interrupt that is permanently
enabled; it cannot be disabled.

NTSC: Abbreviation for the National Television System Committee, a group
representing a wide range of interests in the television broadcast and video
industry. The NTSC is instrumental in developing standards.

operand: That which is operated upon. An operand is usually identified by
an address part of an instruction.

origin: The zero intersection of X and Y axes from which all points are cal-
culated.

overlay: The plane of a graphics display that can be superimposed on an-
other plane.

pack: To compress data in a storage medium by eliminating redundant in-
formation in such a way that the original data can later be recovered.

palette: A digital lookup table used in a computer graphics display for
translating data from the bit map into the pixel values to be shown on the
display.

pan: Apparent horizontal or vertical movement of a computer graphics screen
(or window) over an image contained in a frame buffer that is too large to be
completely displayed in a single static picture.

phase: The time interval for each clock period in a system is divided into two
phases. One phase corresponds to the time the clock signal is high, and the
other phase corresponds to the time the clock signal is low.

PHIGS: The programmer’s Hierarchical Interactive Graphics Standard

pipelining: A design technique for reducing the effective propagation delay
per operation by partitioning the operation into a series of stages, each of
which performs a portion of the operation. A series of data is typically clocked
through the pipeline in sequential fashion, advancing one stage per clock pe-
riod.
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pitch: The difference in starting addresses of two adjacent rows of pixels in
a two-dimensional pixel array.

pixel: Picture element. 1. The smallest controllabie point of light on a CRT
display screen. 2. In a bit-mapped display, the logical data structure that
contains the attributes to be shown at the corresponding physical pixel posi-
tion on the CRT display screen.

pixel processing operation: A specified Boolean or arithemetic operation
used to combine two pixel values (source and destination).

PixBIt: (Abbreviation of Pixel Block transfer) Operations on arrays of pixels
in which each pixel is represented by one or more bits. PixBIt operations are
a superset of BitBIt operations, and include not only the commonly-used
boolean functions, but also integer arithmetic and other muiti-bit operations.

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

primary colors: A set of three colors from which all other colors may be
regarded as derived; hence, any of a set of visual stimuli from which all colors
may be produced by mixture. Each primary color must be different from the
others, and a combination of two primaries must be capable of producing a
third. In color television, the three primary colors are red, green and blue.

propagation delay: The time required for a change in logic level at an input
to a circuit to be translated into a resulting change at an output.

protocol: A set of rules, formats, and procedures governing the exchange
of information between peer processes at the same level.

pulse width: Pulse width, T,,. The time interval between specified refer-
ence points on the leading and trailing edges of the pulse waveform.

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

raster: A rectangular grid of picture elements whose intensity levels are
manipulated to represent images. In a bit-mapped display, the bits within a
portion of the memory referred to as the frame buffer are mapped to the raster
pattern of a CRT monitor.

raster display: A CRT display generated by an electron beam that illumi-
nates the CRT by sweeping the beam horizontally across the phosphor surface
in a predetermined pattern, providing substantially uniform coverage of the
display area.

raster graphics: Computer graphics in which a display image is composed
of an array of pixels arranged in rows and columns.
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Raster-Op: The arithmetic or logical combination operation that takes place
during the transfer of pixel arrays from one location to another.

raster scan: The grid pattern traced by the electron beam on the face of the
CRT in a television or similar raster-scan display device.

ready signal: A signal from a memory or a memory-mapped peripheral that
informs the processor when it is ready to complete a memory cycie. Slower
memories or memory-mapped peripherals must extend the length of the me-
mory cycle by negating the ready signal (in other words, by sending the pro-
cessor a "not ready” signal until such time as the cycle can be completed.

resolution: The number of visible distinguishable units in the device coor-
dinate space.

refresh: Method which restores charge on capacitance which deteriorates
because of leakage.

reset: To restore to normal action.

resolution: The number of visible distinguishable units in the device coor-
dinate space.

retrace: The line traced by the scanning beam or beams of a picture tube
as it travels from the end of one horizontal line or field to the beginning of the
next line or field.

RGB monitor: Red-Green-Blue Monitor. An RGB monitor is a CRT moni-
tor capable of displaying colors and having separate inputs for the three sig-
nals used to drive the red, green and blue guns of the CRT.

relative coordinates: Location of a point relative to another data point.

rotate: To transform a display or display item by revolving it around a spe-
cified axis or center point.

scale: A size change made by multiplying or dividing the coordinate dimen-
sions by a constant value.

scale factor: The value by which you divide or multiply the display dimen-
sions in a scaling operation.

scaling: Enlarging or reducing all or part of a display image by multiplying
the coordinates of display elements by a constant value.

scan line: A horizontal line traced across a CRT by the electron beam in a
television or similar raster-scan device.

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

scrolling: Moving t
segment: A collection of display elements that can be manipulated as a unit.

sequencing: Control method used to cause a set of steps to occur in a
particular order.
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setup time: The minimum amount of time that valid data must be present
at an input before the device is clocked to ensure proper data acceptance.

shift register transfer: A transfer between the RAM storage and internal
shift register in a video RAM.

sprite: A graphic object of a specified pattern appearing on its plane in a
position determined by a single coordinate pair, specifying the sprite’s location
on the screen in the horizontal and vertical axis.

stairstepping: A visual effect seen in bit-mapped display devices which
produce images by brightening or dimming individual picture elements (or
pixels) contained in a two-dimensional grid of such elements. Stairstepping
(also called aliasing) is the rough or jagged appearance of lines and edges
which are not perfectly horizontal or vertical, resulting from transitions of the
line or edge from one row or column of elements to another.

superimposed: Refers to the process that moves data from one location to
another, superimposing bits or characters on the contents of specified lo-
cations.

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

trace: A line of the graphics display.

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

transparency: When a pixel with the attribute of transparency is written to
the screen, it is effectively invisible, and does not alter that portion of the
screen it is written to. For example, in a pixel array containing the pattern for
the letter A4, all pixels surrounding the A pattern could be given a special value
indicating that they are transparent. When the array is written to the screen,
the A pattern, but not the pixels in the rectangle containing it, would be in-
visible.

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

VDM: Virtual Device Metafile. A standard mechanism for retaining and and
transporting graphics data and control information at the level of the Virtual
Device Interface.

vertical blanking interval: The time during which the display is blanked
to cover the vertical retracing of the electron beam.

vertical blanking pulse: A positive or negative pulse developed during
vertical retrace and appearing at the end of each field. It is used to blank out
scanning lines during the vertical retrace interval.

vertical sync: The synchronization signal that enables vertical retrace of the
electron beam of a CRT display.

video display processor: A microprocessor device dedicated to the tasks
of display memory management (storage, retrieval, and refresh) and gener-
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ation of all required video, control, and synchronization signals required by a
TV display or CRT monitor.

video overlay: The mixing of one video signal with another such that parts
of the image carried by the first signal replace the corresponding parts of the
image carried by the second signal.

video RAM, VRAM: Video Random-Access Memory. A dual-ported me-
mory device for computer graphics applications, containing two interfaces;
one interface to allow a processor to read or write data from an internal mem-
ory array; a second interface to provide a serial stream of screen refresh data
to a CRT display device.

viewport: The specified window on the display surface that marks the limits
of a display.

virtual coordinate system: A coordinate system created by mapping a
portion of the world coordinate system to the space available on your device.

virtual space: Space referenced with the coordinates defined by the appli-
cation.

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

window: A specified rectangular area of a virtual space shown on the dis-
play.

window clipping: Allowing text and graphics drawing to occur only within
a specified rectangular window on the screen.

wire frame: A three-dimensional image displayed as a series of line seg-
ments outlining its surface.

zoom: To scale a display or display item so it is magnified or reduced on the
screen.
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ABS instruction 12-35
absolute branch 5-19

absolute operands 12-5

ADD instruction 12-36

add with saturation 7-16
ADDC instruction 12-37

ADDI instruction 12-38, 12-39
ADDK instruction 12-40
addressing 3-2-3-3

addressing modes 12-4
ADDXY instruction 12-41
A-file registers 5-2

airbrush effect 7-23

ALU 1-6

AND instruction 12-42

ANDI instruction 12-43

ANDN instruction 12-44
ANDNI instruction 12-45
antialiasing 7-23
applications 1-8
arithmetic instructions
array pitch 4-16

12-19

B

background color register 5-15
bank selection 11-25

barrel shifter 1-6

B-file registers 5-3, 5-5-5-17

BLANK 2-9,9-3

blanking 2-9, 6-27, 6-29, 6-49, 6-51
block diagram 1-5

Boolean operations 7-17

Boolean pixel processing 6-13
Bresenham line algorithm 7-2, 7-10
BTST instruction 12-46, 12-47

bulk initialization of VRAMs 9-18, 9-26
bus request priorities 11-4

bus request signal 2-10

byte addressing 10-20

bytes 4-1

BO (SADDR) 5-6

B1 (SPTCH) 5-7

B10 (COUNT) 5-17
B11 (INC1) 5-17
B12 (INC2) 5-17
B13 (PATTRN) 5-17
B13 (TEMP) 5-17
B2 (DADDR) 5-8
B3 (DPTCH) 5-10
B4 (OFFSET) 5-11
B5 (WSTART) 5-12
B6 (WEND) 5-13
B7 (DYDX) 5-14
B8 (COLORO) 5-15
B9 (COLOR1) 5-16
C

C bit 5-18

C compiler 1-12
cache disable 6-14
cache hit 5-22
cache miss 5-22

cache replacement algorithm 5-21
CALL instruction 12-48
CALLA instruction 12-49
CALLR instruction 12-50
Cartesian coordinates 4-16
CAS 2-7,11-2
CD bit 5-24,6-11,6-14
CF bit 5-23,5-24,6-32, 6-33
chip select pin 2-5
clearing...

aregister 12-51

the carry bit 12-52
clock timing logic 1-7
CLR instruction 12-51
CLRC instruction 12-52
CMP instruction 12-53
CMPI instruction 12-54, 12-55
CMPXY instruction 12-56
Cohen-Sutherland algorithm 7-30
color planes 7-12
color-expand operation 7-5
COLORO register 5-15
COLOR1 register 5-16
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column address strobe 2-7 refresh cycles 6-11

compare instructions 12-19 refresh interval 6-46
compare point to window 7-3 refresh rate 6-11
context switching instructions 12-29 DRAM refresh 11-11,11-12, 11-25
CONTROL 6-11 DRAV instruction 12-67
CONTROL register 6-11 draw and advance 7-10
CONVDP 7-4 DSJ instruction 12-70
CONVDP register 4-12,6-15 DSJEQ instruction 12-71
conversion factor 6-15, 6-16 DSJNE instruction 12-73
CONVSP 7-4 DSJS instruction 12-75
CONVSP register 4-12,6-16 DUDATE bits 6-19, 6-20
COUNT register 5-17 DXV bit 6-19, 6-22
CPW instruction 12-57 DYDX register 5-14
CVXYL instruction 12-59
E
D
EINT instruction 12-76

DADDR register 5-8 EMU instruction 12-77
data enable pin  2-7 emulation 2-10
data paths 1-6,5-25 enabling interrupts 12-76
data select pins 2-5 ENV bit 6-19
data structures EXGF instruction 12-78

bytes 4-1 EXGPC instruction 12-79

fields 4-1,4-2-4-5 external interlaced video 9-17

pixel arrays 4-1 external interrupts 8-3

pixels 4-1,4-6-4-10 external synchronization 9-15
DDOUT 2-7,11-2 external video 6-19

DEC instruction 12-61

DEN 2-7,11-2

destination address register 5-8

destination conversion factor 6-15 F
destination pitch register 5-10

development tools list 1-3 ; .

DIE bit 6-40 Egobgit 45%1 8

DINT 'instruction 12-62 FE1 bit 5-18

DIP bit 6-41 field size 5-18, 5-19
direct operands 12-6 fields 4-1,4-2-4-5

display interrupt 8-5, 9-13
display memory 9-18
display pitch 4-10, 5-7, 5-10, 6-15,

addressing 4-2
alignment 4-3
extraction 4-2

6-16,9-18 inserti -2, 4-
DIVS instruction 12-63 's?zs:mir_'z 4-2,4-5
DIVU instruction 12-65 fil 7-5
dot rate 9-14 i { - -
DPTCH register 5-10, 6-15 i .;gf;',‘y“‘"?'_‘m‘z 80, 12-84
DPYADR register 6-17 i -
DPYCTL register 6-19 foreground colar register  5-10
DPYINT register 6-23 FSO bits _ 5-
DPYSTRT register 624 FSO bits 5-18
DPYTAP register 6-25 FS1 bits 5-18

DRAM  6-11,11-5 function select pins 2-5
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general-purpose register files 1-5, 5-2-
5-17

GETPC instruction 12-89

GETST instruction 12-90

graphics instructions 12-26

graphics standards 1-2

H

halt latency 10-19

halt program execution 6-35

HCOUNT register 6-26

HCS 2-5,10-2

HDO-HD15 2-6,10-2

HEBLNK register 6-27

HESYNC register 6-28

HFSO, HFS1 2-5,10-2

hidden states 13-2

HIE bit 6-40

HINT 2-6,10-2

HIP bit_ 6-41

HLDA/EMUA 2-10

HLDS 2-5,10-2

HLT bit 5-23, 6-3, 6-32, 6-35

HOLD 2-10

hold and emulation signals 2-4, 2-10
HLDA/EMUA 2-10
HOLD__ 2-10
RUN/EMU 2-10

hold interface 11-18

hold request 11-4

horizontal back porch 9-5

horizontal front porch 9-5

horizontal sync 2-9

horizontal timing 9-12

horizontal timing registers
HCOUNT 6-26,9-4
HEBLNK 6-27,9-4
HESYNC 6-28,9-4
HSBLNK 6-29,9-4
HTOTAL 6-39,9-4

horizontal video timing 9-6, 9-7

host interface  10-1, 10-24
bandwidth 10-22
data transfer 10-8
indirect accesses of local

memory 10-11

reads and writes 10-4
ready signal to host 10-8
registers 6-7

HSTADRH 10-3
HSTADRH register 6-30
HSTADRL 6-31,10-3
HSTCTL 10-3
HSTCTLH 6-32,10-3
HSTCTLL 6-36,10-3
HSTDATA 6-38, 10-3
selection 10-2

signals 10-2

timing examples 10-5

host.interface bus pins 2-3, 2-5

HCS 2-5

HDO-HD15 2-6

HFSO,HFS1 2-5

HINT 2-6
HLDS 2-5
HRDY 2-6
HREAD 2-5
HUDS 2-5
HWRITE 2-5

host interrupt 8-5

host read/write strobes 2-5
host-present mode 8-10, 8-13
HRDY 2-6,10-2,10-8
HREAD 2-5,10-2

HSBLNK register 6-29

HSD bit 6-19

HSTADRH register 6-30
HSTADRL register 6-31
HSTCTLH register 6-32
HSTCTLL register 6-36
HSTDATA register 6-38
ASYNC 2-9, 6-22, 6-26, 9-3
HTOTAL register 6-39

HUDS 2-5,10-2

HWRITE 2-5,10-2

1/0 registers 1-6, 6-1-6-52
addressing 6-2
atreset 6-3
host interface registers 6-7
interrupt interface registers 6-8
latency of writes 6-4
local memory interface registers 6-8
memory map 6-2
summary 6-5
video timing and screen refresh regis-

ters 6-9

IE bit 5-18

illegal opcode interrupts 8-9

illegal operand 8-5
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immediate operands 12-4
implied graphics operands 5-5
INC instruction 12-91

INCLK 2-7,11-2

INCR bit 6-32, 6-34, 10-11
incremental algorithms 7-10

INCW bit 6-32, 6-35, 10-11
INC1 register 5-17
INC2 register 5-17

indirect accesses of local memory
indirect branch  5-19
indirect operands 12-7, 12-8, 12-9,
12-10, 12-11
in XY mode 12-11
with offset 12-8
with postincrement
with predecrement
input clock 2-7
instruction cache 1-6, 5-20-5-25
cache disable 6-14
cache flush 6-33
cache hit 5-22
cache miss 5-22
cache replacement algorithm 5-21
disabling 5-24

12-9
12-10

downloading new code 5-23

flushing 5-23

LRU stack 5-21

operation 5-22

Pflag b5-22

segment miss 5-22

segments 5-21

SSA register 5-21

subsegment miss 5-22
instruction set 12-1

addressing modes 12-4

arithmetic instructions 12-19

compare instructions 12-19

condition codes 12-31

graphics instructions 12-26

jump instructions 12-30

logical instructions 12-19

move instructions 12-20

operand formats 12-4

program control instructions

shift instructions 12-32
instruction words 5-20
INTENB register 6-40
interlaced dlsplay 9 25
interlaced video 9-11, 5-1
internal interrupts 8-5
interrupt interface

12-29
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10-11

registers 6-8
INTENB 6-40, 8-3
INTPEND 6-41, 8-3
interruptible instructions 7-8

interrupts  2-6, 8-1-8-8
display interrupt 6-23, 8-5, 9-
enable bit 5-18

external interrupts 8-3
host interrupt 8-5

13

host interrupt request signal 2-6

IE bit 5-18

illegal opcode interrupts 8-9
illegal operand 8-5
INTENB 6-40

internal interrupts 8-5
interrupt request pins 8-3
interrupt requests 6-37
INTIN bit 6-37
INTOUT bit 6-37
INTPEND 6-41

local interrupt request signals 2-8

nonmaskable interrupt 6-32, 6-33,
8-5

priorities 8-2, 8-5

processing 8-6

registers 8-3

RESET 2-11

stack operations 3-8

vector addresses 8-2

window interrupt 8-5
intersecting rectangles 7-3
INTIN bit 6-36, 6-37
INTOUT bit 6-36, 6-37
INTPEND register 6-12, 6-41

J

12-92

12-94,12-96
12-98
12-30

JAcc instruction
JRcc instruction
JUMP instruction
jump instructions
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LADO-LAD15 2-8,11-2
LAL 2-7,11-2
LBL bit 6-32, 6-34
LCLK1,LCLK2 2-8,11-2
LCSTRT bits 6-24
line clipping 7-29
LINE instruction 12-99
linear addressing 4-10
LINT1,LINT2 2-8,8-3,11-2
LMO instruction 12-108
LNCNT bits 6-17, 6-24
local address/data bus 2-8
local memory interface 11-1, 11-30
addressing mechanisms 11-23
hold interface timing 11-18
1/0 register access cycles 11-13
internal cycles 11-13
memory bus request priorities 11-4
read cycle 11-8
read-modify-write operations 11-15
registers 6-8
CONTROL 6-11,11-3
CONVDP 6-15,11-3
CONVSP 6-16,11-3
PMASK 6-43,11-3
PSIZE 6-45,11-3
REFCNT 6-46,11-3
register-transfer cycles 11-9
signals 11-2
timing 11-5-11-22
wait states 11-16
write cycle 11-7

local memory interface pins 2-4, 2-7-2-8

CAS 2-7
DDOUT 2-7
DEN 2-7
INCLK 2-7
LADO-LAD15 2-8
LAL 2-7
LCLK1,LCLK2 2-8
LINT1,LINT2 2-8
LRDY 2-8
RAS 2.7
TR/QE 2-7
w 2.7
local read/write strobes 2-7
logical instructions 12-19
logical pixels 4-6

LRDY 2-8,11-2

M

MAX operation 7-16

memory bus request priorities 11-4

memory map 3-4

message buffers 6-36, 6-37

microcontrol ROM  1-7

midpoint subdivision 7-30

MIN operation 7-16

MMFM instruction 12-109

MMTM instruction 12-111

MODS instruction 12-113

MODU instruction 12-114

MOVB instruction 12-115,12-116, 12-
117,12-118, 12-119, 12-120, 12-121,
12-123,12-124

MOVE instruction 12-126, 12-127, 12-
128, 12-130, 12-132, 12-134, 12-135,
12-137,12-139, 12-141, 12-143, 12-
145,12-147,12-149, 12-1561, 12-153,
12-1565,12-157, 12-1569, 12-160

move instructions 12-20

MOVK instruction 12-161

MOVX instruction 12-162

MOVY instruction 12-163

MPYS instruction 12-164

MPYU instruction 12-166

MSGIN bits 6-36

MSGOUT bits 6-36, 6-37

multiple-GSP systems 9-15

N

N bit 5-18

NEG instruction 12-168

NEGB instruction 12-169

NIL bit 6-19, 6-22

NMI bit 6-32

non-branch 5-19

noninterlaced video 9-9
nonmaskable interrupt 6-8, 6-32, 8-5
nonmaskable interrupt mode 6-33
NOP instruction 12-170

NOT instruction 12-171
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OFFSET register 4-12, 5-11
on-screen memory 9-18
OR instruction 12-172
ORG bit 6-19, 6-20

ORIl instruction 12-173
outcode 7-30

output clocks 2-8

P
P flag 5-22
panning 9-25

PATTRN register 5-17
PBH bit 6-11,6-12
PBV bit 6-11,6-13
PBX bit 5-18
PC 5-19
pick window 7-26
picture elements 4-6
pin descriptions 2-2
pinout 2-2
pitch 7-4
pitch conversion factors 4-12
PixBlt direction 6-13
PIXBLT instruction 12-174,12-179,
12-187, 12-193, 12-200, 12-206
PixBlts 4-15, 7-4
pixel array 4-15
pixel block transfers 4-15, 7-4
pixel processing 6-13, 7-15
pixels 4-1,4-6-4-10
addressing 4-6
on the screen 4-7
pixel size 6-45
PSIZE register 6-45
representation in a register 4-6
size 4-6
storage in memory 4-7
XY addressing 4-8
PIXT instructions 12-213, 12-215, 12-
218, 12-220, 12-222,12-224
plane mask 7-12
plane masking 6-43
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POPST instruction 12-227
postclipping 7-29

PP bit 6-11

PPOP bits 6-13

preclipping 7-29

program control instructions 12-29
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program counter 1-5, 5-19
PSIZE register 4-12, 6-45
PUSHST instruction 12-228
PUTST instruction 12-229

R

RAS 2-7,11-2

REFCNT register 6-46

references 1-11

register file A 5-2

register file B 5-3, 5-5-5-17

register-direct operands 12-6

related documentation 1-12

relative branch  5-19

replace operation 7-18

RESET 2-11, 8-10-8-13
effect on cache 5-21
effect on instruction cache 8-11
effect on TMS34010 registers 8-12
effects on 1/0 registers 6-3
HLT bit 6-35

RETI instruction 12-230

RETS instruction 12-232

REV instruction 12-233

RINTVL bits 6-46

RL instruction 12-234,12-235

row address strobe 2-7

row and column addressing 11-6

ROWADR bits 6-46

RR bit_6-11

RUN/EMU 2-10

S

SADDR register 5-6

scan line counter 6-17

screen origin  4-8, 6-19, 6-20
screen refresh  6-21, 6-24, 9-1-9-27
screen refresh enable 6-19
screen size limits 9-2
screen-refresh address 6-17
screen-refresh cycles 9-18

sSDB 1-12

segment miss 5-22
self-bootstrap mode 8-10, 8-13
self-modifying code 5-23
SETC instruction 12-236

SETF instruction 12-237

SEXT instruction 12-238

shift instructions 12-32



shift register transfer enable pin  2-7
shift register transfers 6-19
sign (N) bit 5-18
SLA instruction 12-239, 12-240
SLL instruction 12-241, 12-242
software development board 1-12
software traps 8-9
source address register 5-6
source conversion factor 6-16
source pitch register 5-7
SP 1-6,3-6,5-2,5-4
SPTCH register 5-7,6-16
SRA instruction 12-243, 12-244
SRE bit 6-19, 6-21
SRFADR bits 6-17, 6-24
SRL instruction 12-245, 12-246
SRSTRT bits 6-24
SRT bit 6-19, 6-21
SSA register 5-21
ST 5-18
stack 3-6-3-11
multiple-register operations 3-8
operation during a subroutine 3-9
operation during interrupts 3-9
structure 3-7
32-bit register operations 3-8
stack pointer 5-2, 5-4
starting address of array 4-15, 7-7
starting corner selection 7-7
status register 1-5, 5-18-5-19
strobes 10-4
SUB instruction 12-247
SUBB instruction 12-248
SUBI instruction 12-249, 12-250
SUBK instruction 12-251
subroutine calls 12-48, 12-49, 12-50
subsegment miss 5-22
subtract with saturation 7-16
SUBXY instruction 12-252

T

Tbit 6-11
tap point register 6-25
TEMP register 5-17
TR/QE 2-7,11-2
transparency 7-11
enabling (T bit) 6-12
TRAP 8-9
TRAP instruction 12-253
traps 8-9
two-dimensional arrays 4-15, 7-4

\"

V bit 5-18
and window checking 7-25

VCLK 2-9,9-3

VCOUNT register 6-23, 6-48

VEBLNK register 6-49

vector addresses 8-2

vertical back porch 9-5

vertical front porch 9-5

vertical sync  2-9

vertical timing registers
VCOUNT 6-48,9-4
VEBLNK 6-49, 9-4
VESYNC 6-50, 9-4
VSBLNK 6-51, 9-4
VTOTAL 6-52,9-4

vertical video timing 9-8-9-12

VESYNC register 6-50

video clock 2-9

video enable 6-19

video timing 9-1-9-27

video timing and screen refresh
display address 6-17, 6-19
display interrupt  6-23
registers 6-9

DPYADR 6-17

DPYCTL 6-19
DPYINT 6-23
DPYSTRT 6-24
DPYTAP 6-25
HCOUNT 6-26, 9-4
HEBLNK 6-27,9-4
HESYNC 6-28, 9-4
HSBLNK 6-29, 9-4
HTOTAL 6-39, 9-4
VCOUNT 6-48,9-4
VEBLNK 6-49, 9-4
VESYNC 6-50, 9-4
VSBLNK 6-51, 9-4
VTOTAL 6-52,9-4

video timing signals 9-3

video timing signals 2-4, 2-9

BLANK 2-9

HSYNC 2-9

VCLK 2-9

VSYNC 2-9

VRAM 11-5

VRAMs 6-9,9-18
bulk initialization 9-26
tap point address 6-25
VSBLNK register 6-51

Index-7




VSYNC 2.9,6-22,9-3
VTOTAL register 6-52

w

W 2-7,11-2
Wbit 6-11,6-12
WEND register 5-13
window checking 4-16, 6-12, 7-25
window clipping 7-27
window end address register 5-13
window hit detection 7-26
window interrupt 8-5
window miss detection 7-27
window start address register 5-12
windows 5-12,5-13

WEND register 5-13

WSTART register 5-12
WSTART register 5-12
WVE bit 6-40
WVP bit 6-41

Index-8

X

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

Y4

Zbit 5-18
ZEXT instruction 12-257



August 1988 Reader Response Card

TMS34010 User’'s Guide

We want to provide you with the best documentation possible - please help us by answering
these questions and returning this card.

Is this manual adequate in helping you to understand the TMS34010 and how to use it
within a system? Please explain.

How do you use this book — did you (or will you) read it from front to back, or do you use
it mainly as a reference?

Are the descriptions of graphics operations (transparency, pixel processing, XY addressing,
etc.) clear and complete?

Is the Instruction Set (Section 12) clear? Is it easy to use as a reference?

What kinds of examples would you like to be included in this manual?

What information would you add to or delete from the Reference Card?

What would you add or change that would make this manual more accurate or easy to read?

Additional comments:

Thank you for taking the time to fill out this card.

Your Name:

Company and Application:
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