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Ti320327-2
HIGH-PERFORMANCE MICROPROCESSOR

functional block diagram

ADD/DATA CONTROLS & STATUS

BUS INTERFACE CONTROL 4¢P

INSTRUCTIONS } 32
y

MICROCODE ROM
AND
8-BYTE CONTROL LOGIC
QUEUE
Jal
INSTRUCTION N
> DECODER A
v »
2
DISPLACEMENT AND NG )
IMMEDIATE EXTRACTOR . CFG REGISTER
&
s
E
0
REGISTER SET [}
0 INTBASE
0 SB P WORKING
0 FP il REGISTERS
0 SP1
0 SPO
0 PC L Y
RO v v
R1 A4
R2 32-BIT
3 ALU
R4 )
RS <« |
RG |
R7 1
MOD 1
PSR |
|

{i’
Texas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



T1320327-2
HIGH-PERFORMANCE MICROPROCESSOR

PIN FUNCTIONAL DESCRIPTION

PIN
NO.
PIN GRID P NAME /0 DESCRIPTION
ARRAY | CARRIER

A6 1 ADS [¢] Address strobe output. Available to the system for address latch control. Indicates start of
a bus cycle by going low

B6 2 CLK2 | Clock 2 input. One phase of a two-phase clock input

A5 3 CLK1 ! Clock 1 input. One phase of a two-phase clock input

B5 4 NU Reserved for future use. Make no external connection.

A4 5 NU Reserved for future use. Make no external connection.

B4 6 DDIN o] Data Direction In output. Status signal that indicates the direction of data transfer during
a bus cycle, low for read, high for write

A3 7 PFS [¢] Program Flow Status output. Low-going pulse indicates beginning of an instruction
execution.

. B3 8 ST3 (o] Status bit 3 output. Bus cycle status code

A2 9 NU Reserved for future use. Make no external connection.

81 10 $T2 (o] Status bit 2 output. Bus cycle status code

82 11 ST (o] Status bit 1 output. Bus cycle status code

C1 12 STO o} Status bit O (least significant bit) output. Bus cycle status code

c2 13 o o] Interlocked Operation Output. When low, indicates that an interlocked instruction is being
executed

D1 14 NMI ! Nonmaskable Interrupt input. Nonmaskable interrupt request

D2 15 iNT | [nterrupt input. Maskable interrupt request

E1 16 GNDB2 Buffer Ground 2. Ground reference for half of the on-chip drivers connected to output pins

E2 17 D31 10 Data bit 31 of the data bus

F1 18 Vee +5 V supply voltage

F2 19 D30 /0 Data bit 30 of the data bus

G1 20 D29 110 Data bit 29 of the data bus

G2 21 D28 110 Data bit 28 of the data bus

H1 22 D27 110 Data bit 27 of the data bus

H2 23 D26 110 Data bit 26 of the data bus

J1 24 025 110 Data bit 25 of the data bus

J2 25 D24 ] Data bit 24 of the data bus

K1 26 AD23 110 Address bit 23. Multiplexed address/data information

L2 27 AD22 110 Address bit 22. Multiplexed address/data information

K2 28 AD21 110 Address bit 21. Multiplexed address/data information

L3 29 AD20 1/0 Address bit 20. Multiplexed address/data information

K3 30 AD19 /0 Address bit 19, Multiplexed address/data information

L4 31 AD18 110 Address bit 18, Multiptexed address/data information

K4 32 AD17 110 Address bit 17. Multiplexed address/data information

L5 33 AD16 1/0 Address bit 16. Multiplexed address/data information

K5 34 AD15 /0 Address bit 15. Multiplexed address/data information

L6 35 AD14 110 Address bit 14. Multipiexed address/data information

K6 36 AD13 110 Address bit 13. Multiplexed address/data information

L7 37 AD12 1/0 Address bit 12. Multiplexed address/data information

K7 38 AD11 11O Address bit 11. Multiplexed address/data information

L8 39 AD10 /O Address bit 10. Multiplexed address/data information

K8 40 AD9 1/0 Address bit 9. Multiplexed address/data information

L9 41 AD8 /0 Address bit 8. Multiplexed address/data information

K9 42 AD7 1/0 Address bit 7. Multiplexed address/data information

L10 43 AD6 /0 Address bit 6. Multiplexed address/data information

K11 44 ADS 1/0 Address bit 5. Multiplexed address/data information

b
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TI32032T-2
HIGH-PERFORMANCE MICROPROCESSOR

PIN FUNCTIONAL DESCRIPTION

PIN
NO.
TN GRID CHIP NAME [T/0 DESCRIPTION
ARRAY | CARRIER

K10 45 AD4 {{e] Address bit 4. Multiplexed address/data information

J11 46 AD3 1] Address bit 3. Multiplexed address/data information

J10 a7 AD2 110 Address bit 2. Muitiplexed address/data information

H11 48 AD1 1/O Address bit 1. Multiplexed address/data information

H10 49 ADO /0 Address bit O (least significant bit). Multiplexed address/data information

G12 50 BBG (o] Back-Bias Generator supply. Output of on-chip substrate voltage generator

G10 51 GNDL Logic ground. Ground reference for on-chip logic.

Fi1 52 GNDB1 Buffer Ground 1. Ground reference for half of the on-chip drivers connectd to output pins.

F10 53 RDY | READY input. When high, causes the CPU to terminate the bus cycle. when low. causes
the CPU to extend the current bus cycle to provide for a slower memory or peripheral
reference.

E11 54 HOLD | Hold request input. When low, causes the CPU to release the bus for DMA or
multiprocessing purposes.

E10 55 HLDA o Hold acknowiedge output. Applied by the CPU in response to a HOLD input. Low level
indicates that the bus has been released for DMA or multiprocessing purposes.

D11 56 BE3 o} Byte Enable 3 output. When low, (with BEO through BE2) enables data transfers on
individual bus bytes.

D10 57 BEZ o Byte Enable 2 output. When low, (when BEO, BE7 and BE3) enables data transfers on
individual bus bytes

c11 58 BET o Byte Enable 1 output. When low, {with BEO, BEZ and BE3) enables data transfers on
individual bus bytes

c10 59 BED o Byte Enable O output. When low, {with BE1 through BE3) enables data transfers on
individual bus bytes

B11 60 NU | Reserved for future use. Make no external connection.

A10 61 NU Reserved for future use. Make no externat connection.

B10 62 NU Reserved for future use. Make no external connection.

A9 63 RST/ABT| | Reset/Abort input. If held low for one clock cycle and released, causes an abort
command. If held low for longer than one clock cycle, initiates a reset.

B9 64 DS/FLT | /O Data Strobe/Float. Data strobe output or float command input. Function is selected by
E/&TC input.

A8 65 AT/SPC |10 Address Transiation/Coprocessor Control. Used by the CPU as the data strobe output for
coprocessor transfers. Used by coprocessors to acknowiedge completion of an instruction.
Sampled on the trailing edge of reset puise as address transiation strap.

B8 66 NU Reserved for future use. Make no external connection.

A7 67 NU Reserved for future use. Make no external connection.

B7 68 u’s o} User/Supervisor status output. When high, indicates user mode. When low, indicates
supervisor mode.

{i’
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T1320327-2
HIGH-PERFORMANCE MICROPROCESSOR

absolute maximum ratings over recommended operating conditions (unless otherwise noted)

Supply voltage, Vg (see Note 1) . . ... 7V
INput voltage range . . . . . . .. o e -5Vto7V
Output voltage range . .. . ... .. ... -5Vto7V
Continuous total dissipation at {or below)} 70°C free-air temperature . .. ................ 1.5 W
Operating free-air temperature range, TA . . . . . . ..o 0°C to 70°C

NOTE 1: All voltage values are with respect to the common ground.

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Ve 4.75 5 5.25 v
High-level input voltage, V|4 CLK1, Ctk2 Vec-05 Vee 08 v
All other inputs 2 Vcc+0.5
Low-level input voltage, V) CLKT, CLk2 =08 0.3 Y
All other inputs -0.5 0.8
Operating free-air temperature, Tp [¢] 70 °C

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature
{unless otherwise noted)

PARAMETER TEST CONDITION MIN TYPT MAX |uNIT
VoH High-level output voltage loH = —400 xA 24 \
VoL Low-level output voltage oL = 2mA 0.45 \%
AT/SPC V) = 0.4V 50 1000
[ fnput current All other inputs eprt_ v = 0 to Vee +20 pA
CLK1, CLK2, and AT/SPC
lo(offy  Off-state output current Vo = 0.4 Vto V¢e +20 | pA
lcc Supply current Io =0, Ta = 25°C 180 300 | mA

Al typical values are at Vog = SV, Ta = 25°C.

Timing parameter symbols have been created in accordance with JEDEC Standard 100. in order to shorten
the symbols, the pin names have been further abbreviated as follows:

AD A FCLK F

CLK1 CorCt HLDA  HA
CLK2 c2 HOLD HD
DDIN DD uss us

Lowercase subscripts and their meaning are:

c cycle time (period)
dis disable time (H or L to Z)
en enable time (Z to H or L}

f fall time
p propagation delay time

pwr supply voltage stable
r rise time
su setup time
w pulse duration

Parentheses have been omitted except when required for separation of a final subscript representing special
conditions. The columns titled NSC SYMBOL show the symbols used by National Semiconductor for the
parameters shown in the timing requirements and switching characteristics tables.

{if
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Ti132032T1-2
HIGH-PERFORMANCE MICROPROCESSOR

timing requirements over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER FIGUKE NsC MIN MAX | UNIT
SYMBOL

tsuD(RD) Setup time, read data before CLK2!{ 2.1 tDIs 10 ns
thD(RD) Hold time, read data after CLK11 2,1 tDIh 10 ns
tsuHDL Setup time, HOLD Low before CLK2! (see Note 3) 3.4 tHLDa 25 ns
thHD Hold time, HOLD low or high after CLK1t 34,5 1HLDh 0 ns
tsuHDH Setup time, HOLD high before CLK21{ 5 tHLDia 25 ns
tsuFLTL Setup time, FLT low before CLK2! 6 tFLTa 25 ns
tsuFLTH Setup time, FLT high before CLK2| 7 tFLTia 25 ns
tsuRDY Setup time, RDY low or high before CLK2{ 8,9 tRDYs 15 ns
thRDY Hold time, RDY low or high after CLK1!{ 8,9 tRDYh 0 ns
twSPC Pulse duration, SPC low at 0.8 V (both edges) 10 1SPCw 20 ns
tsuAT Setup time, AT/SPC low before CLK11 13 tATSs 1tcC
thaT Hold time, AT/SPC low after CLK11l 13 tATh 2tec
trC Rise time, CLK1 or CLK2 14 tCLr 7] ns
tic Fall time, CLK1 or CLK2 14 toLf 7| ns
teC Clock period 14 tCp 100 5000 | ns
twC1H Pulse duration, CLK1 high 14 tCLh 0.5tcc - 10 ns
twC2H Pulse duration, CLK2 high 14 tcu 0.5t;c-10 ns

Clock puise asymmetry, twC1H-twC2H tCLwas +5 | ns
tC1LC2H Nonoverlap time at 10% of CLK1! and CLK21 14 thOVL({1) 0 7] ns
tc1LC2L Nonoverlap time at 10% of CLK2! and CLK11 14 thOVL(2) 0 7] ns

Nonoverlap asymmetry, tC1LC2H—tC12LCTH thOVLas +4 | ns
tsuABT Setup time, ABT low before CLK21 22,23 tABTSs 20 ns
thABT Hold time, ABT Low after CLK11 22,23 tABTh 0 ns
tpwr Supply voltage stable (above 4.5 V) to RST high 24 tPWR 50 #s
tsuRST Setup time, RST high before CLK11 24, 25 tRSTs 20 ns
twRST Puls duration, RST low at 0.8 V (both edges) 25 tRSTw 64tcc
tsulNT Setup time, INT low before CLK11 26 tINTs 20 ns
twNMI Pulse duration, NMI low at 0.8 V (both edges) 27 INMIw 70 ns
HLX.PFS —La_s_t operand transfer of an instruction to next 28 UXPF Otec

PFS clock cycle

NOTE 3: This setup time is necessary to ensure prompt acknowledgement via HLDA and the ensuing floating of the CPU off the buses.
The time from the receipt of the HOLD signal until the CPU floats is a function of the time HOLD signal goes low, the state of
the RDY input (in MMU systems), and the length of the current MMU cycle.

{i’
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T1320327-2
HIGH-PERFORMANCE MICROPROCESSOR

switching characteristics over recommended ranges of supply voltage and operating free-air

temperature, Cp = 100 pF (unless otherwise noted)

NSC
PARAMETER FIGURE SYMBOL MIN MAX | UNIT
taA Access time, ADO through AD23 after CLK1? 1 tALy 50 | ns
tyA Valid time, ADO through AD23 after CLK11 1 tALh 10 ns
t0 Access time, ADO through AD23 and 1 toy 50 ns
D24 through D31 after CLK1?!
o Valid time, ADO through AD23 and 1 toh 6 ns
D24 through D31 after CLK11
taBE Access time, BEO through BE3 after CLK2? 1 tBEV 45 | ns
tyBE Valid time, BED through BEJ after CLK21 1 tBEh o] ns
tasT Access time, STO through ST3 after CLK1? 1 tSTv 45 ns
ST Valid time, STO through ST3 after CLK11 1 tSTh o] ns
thADSL Propagation delay time, CLK17 to ADS low 1 tADSa 35| ns
o ADSH Propagation delay time, CLK21 to ADS high 1 tADSia 15 45 | ns
twADS Pulse duration, ADS low at 0.8 V (both edges) 1 tADSw 35 ns
tpDSL Propagation delay time, CLK 11 to DS fow 1 tDSa 45 | ns
tpDSH Propagation delay time, CLK11 to DS high 1 tDSia 1 40 | ns
tAV.ADSH Time interval, ADO through AD23 valid to ADS high 2 tALADSS 25 ns
tdisA Disable time, ADO through AD23 after CLK11 {without MMU) 2 taLf 25 | ns
tdisD Disabie time, D24 through D31 after CLK11 {without MMU) 2 tADf 25| ns
taDD Access time, DDIN after CLK1t 2 tDDINV 65 | ns
tvDD Valid time, DDIN after CLK1T 2 DDINK 0 ns
tdisA Disable time, ADO through AD23 after CLK11 (HOLD low) 3 tALS 251 ns
tdisD Disable time, D24 through D31 after CLK1t (HOLD low) 3 tADf 25 | ns
tgisADS  Disable time, ADS after CLK11 (HOLD tow) 3,4 tADSY 55 | ns
tdisBE Disable time, BEO through BE3 after CLK1t (HOLD low) 3.4 1BEf 65 | ns
t4isDD Disable time, DDIN after CLK 11 (HOLD low) 3,4 tDDINF 55 | ns
tpHAL Propagation delay time, CLK 11 to HLDA low 3.4 tHLDAa 75 | ns
toHAH Propagation delay time, CLK 11 to HLDA high 5 tHLDAIa 75 | ns
tanADS Enable time, ADS after CLK 11 (HOLD high) 5 tADSr 55 | ns
tenBE Enable time, BEO through BE3 after CLK11(HOLD high) 5 tBEr 55| ns
tenDD Enable time, DDIN after CLK11 (HOLD high) 5 t1DDINF 55 | ns
tWADSH-A Valid time, ADO through AD23 after ADS? 6 TALADShH 10 ns
tdisAl1) Disable time, ADO through AD23 after CLK 11 (with MMU) 6 tALMS 25| ns
tdisD Disable time, D24 through D31 after CLK11 {with MMU) 6 tADMF 25| ns
tdisA(2) Disable time, ADO through AD23 after CLK11 (FLT Low) 8 tALF 30| ns
tdisDD Disable time, DDIN after FLT1 6 tDDINF 55 | ns
tenDD Enable time, DDIN after FLT1 7 1DDINF 50 | ns
hSPCL Propagation delay time, CLK11 to SPC low 10 tSPCa 35| ns
thSPCH Propagation delay time, CLK1? to SPC high 10 tSPCia 35| ns
taD Access time, write data (bits ADO through AD15) after CLK1T 10 tDy 50 | ns
WD Valid time, write data (bits ADO through AD15) after CLK11 10 tDh 0 ns

TeEXAS *9
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T132032T-2
HIGH-PERFORMANCE MICROPROCESSOR

switching characteristics (continued)

NSC
PARAMETER FIGURE SYMBOL MIN MAX | UNIT

tdisSPC Disable time, SPC output nonforcing after CLK21t 12 tSPCnf 10| ns
twPFS Pulse duration, PFS low at 0.8 V (both edges) 15 tPFSw 70 ns
toPFSL Propagation delay time, CLK2t to PFS low 15 tPESa 50 | ns
tpPFSH Propagation delay time, CLK21 to PFS high 15 tPFSia 50| ns
tPFS-NS Time interval, PFS clock cycle to next nonsequential fetch 16 PFNS 4atec

INS-PFS Time interval, nonsequential fetch to next PFS clock cycle 17 tNSPF atee

tLoL-C1 Time interval, TLC low to CLK11 18 YLOs 30 ns
WILO Valid time, 1LO low after CLK11 19 YLOh 10 ns
tpILOL Propagation delay time, CLK 11 to ILO low 20 1L 0a 70 ns
tpILOH Propagation delay time, CLK11 to ILO high 20 LOia 70 | ns
taus Access time, U/S after CLK11 21 tusv 70| ns
Wwus Valid time, U/3 after CLK1t 21 tush 10 ns

PARAMETER MEASUREMENT INFORMATIONt

T4 OR T : T : T2 : 3 : T4 :
cLKi I l I I |' 'I I "l I_l l_
! [ | 1 I
CLK2 | | 1 | I I | I I | I I !
| taap| k=1 ta J X I ]
. t T ]
ADO-AD23 . Lx ADDRESS M L DATA ou;r ; I
1 1 1 et 1 . | tvo-e—sl
M L]
D21-D31 1 | X I Ix | DATA OUT ] '
! y 1
o1 leteaosn | L
— ; t
ABs R | ! Loy
tonDSLH P | | ,
! | —Prtwaps ] X » !‘-‘vBE
— — T
BEO-BE3 PX | X vario! I X |
} t {
BE-» j¢- | ) X | ]
DDIN [ T TRIGAT T
| i k—'l—'aST
STO-ST3 X ] VALID ! TR NEXT
| — !‘-‘pDSL ; ] jetsT
DS | | \ { |
| | ! ] le-toDSH
ROY | I (HIGH) [

FIGURE 1. WRITE CYCLE

Tin Figures 1 through 28, time intervals are defined with respect to the following reference points:
For clock signals, the 50% points.
For all other signals, 2 V if the high level is indicated and 0.8 V if the low level is indicated.
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T1320327-2
HIGH-PERFORMANCE MICROPROCESSOR

PARAMETER MEASUREMENT INFORMATION
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FIGURE 2. READ CYCLE
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Ti320327-2
HIGH-PERFORMANCE MICROPROCESSOR

PARAMETER MEASUREMENT INFORMATION

t
1 TX1 % X2 ;T4 v Ti
CLK1 I I I I I l | I
|
|
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3 | | :disA(zHo—Q: [ |
Aa6823 , 1 0 0l e —— ————-
} ! = A} '. (FLOATING)
| 1 |

NOTE: When the CPU is not idling (not in Ti), the HOLD request {(HOLD low) must be active before the tralling edge of CLK2 that appears
two clock cycles before T4 {TX1) and stay low until thypy after the leading edge of CLK1 that precedes T4 (TX2) for the request
to acknowledge.

FIGURE 3. FLOATING BY HOLD TIMING (CPU NOT IDLE INITIALLY)

M
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NOTE: During T1 the CPU is already idling.
FIGURE 4. FLOATING BY HOLD TIMING (CPU INITIALLY IDLE}

{i’
412 Texas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS. TEXAS 75265



T132032T7-2
HIGH-PERFORMANCE MICROPROCESSOR

PARAMETER MEASUREMENT INFORMATION
| 1

'l Ti : Ti | Ti.T4 | T T
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FIGURE 5. RELEASE FROM HOLD
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TI3203212
HIGH-PERFORMANCE MICROPROCESSOR

PARAMETER MEASUREMENT INFORMATION
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FIGURE 6. FLT INITIATED FLOAT CYCLE TIMING
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FIGURE 7. RELEASE FROM FLT TIMING

NOTE: When FLT goes high, the CPU restarts driving DDIN before the MMU releases it. This does not cause any conflict since both CPU
and MMU force DDIN to the same logic level.
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FIGURE 9. READY SAMPLING (CPU INITIALLY NOT READY)
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FIGURE 10. COPROCESSOR WRITE TIMING
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FIGURE 14. CLOCK WAVEFORMS
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FIGURE 15. RELATIONSHIP OF PFS TO CLOCK CYCLES
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FIGURE 16. GUARANTEED DELAY, PFS TO NONSEQUENTIAL FETCH
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FIGURE 17. GUARANTEED DELAY, NONSEQUENTIAL FETCH TO PFS
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FIGURE 19. RELATIONSHIP OF ILO TO LST OPERAND CYCLE OF AN INTERLOCKED INSTRUCTION
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FIGURE 20. RELATIONSHIP OF iLO TO ANY CLOCK CYCLE
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FIGURE 21. RELATIONSHIP TO ANY BUS CYCLE, GUARANTEED VALID INTERVAL

2
2
5
|
=}

}
—_ -+ ; 11
RST/ABT | 1\ i | :
| i 1

FIGURE 22. ABORT TIMING, FLT NOT APPLIED
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FIGURE 24. POWER-ON RESET
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FIGURE 25. NONPOWER-ON RESET
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FIGURE 26. TNT INTERRUPT SIGNAL DETECTION
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FIGURE 27. NMI INTERRUPT SIGNAL TIMING
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FIGURE 28. RELATIONSHIP BETWEEN LAST DATA TRANSFER OF AN INSTRUCTION AND
PFS ON NEXT INSTRUCTION

i
Texas {’
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

4-21



