


































































































Registers 

MaBter Interrupt Control Regi8ter 
Address: 000000 

(Read/Write) 

MASTER �I�N�T�E�R�R�U�P�T�~� JJ 
ENABLE (MIE) 

DISABLE LOWER CHAIN (OLe) 

NO VECTOR (NY) 

PORT A VECTOR INCLUDES 
STATUS (PA VIS) 

L RESET 

�~�~� NOT USED (READ RETURNS 1) 

COUNTERITIMEAS VECTOR 
INCLUDES STATUS eCT VIS) 

PORT B VECTOR INCLUDES 
STATUS (P8 VIS) 

Master Configuration Control Regiater 
Address: 000001 

(Read/Write) 

�P�O�R�T�8�~�g�J�J� ENABLE (P8E) 

COUNTERITIMER 1 
ENABLE (CT1E) 

CDUNTERITIMER 2 
ENABLE (CUE) 

PORT C AND COUNTERJ 
TIMER 3 ENABLE 
(peE AND CUE) 

[
L COUNTEAlTIMER LINK 

CONTROLS (LC) 

�~� "W COUNTERfTIMERS INDEPENDENT 
o 1 CIT ,'s OUTPUT GATES CIT 2 
1 0 CIT ,'s OUTPUT TRIGGERS CIT 2 
1 1 CIT "s 00'fiiUT IS CIT 2's 

COUNT INPUT 

PORT A ENABLE (PAE) 

PORT LINK CONTROL (Ple) 
0= PORTS A AND B OPERATE INDEPENDENTl V 
1 _ PORTS A AND B ARE LINKED 

Figure 12. Master Control Registers 
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Registers (Continued) 

Port Mode Specification Registers 
Addresses: 001000 Port A 

001001 Port B 
(Read/Partial Write) 

I~I~I~I~I~I~I~I~I 

PORTTYPE~ SELECTS (PTS) 

~!1 ~~~ 
o 0 BIT PORT 
o 1 INPUT PORT 

L LATCH ON PATTERN MATCH (LPM) 
(BIT MODE) 
DESKEW TIMER ENABLE (OTE) 
(HANDSHAKE MODES) 

PATIERN MODE SPECIFICATION 
BITS (PMS) 1 0 OUTPUT PORT 

1 1 BIDIRECTIONAL 
PORT 

INTERRUPT ON TWO 
BYTES (lTB) 

SINGLE BUFFERED 

~!!.!.~~ 
o DISABLE PATTERN MATCH 
1 "AND"MODE 
o "OR" MODE 
1 "OR· PRIORITY ENCODED 

VECTOR" MODE 
Port Command and Status Registers 

Addresses: 100001 Port A 
101001 Port B 

(Read/Write) 

MODE (5B) 
'---- INTERRUPT ON MATCH ONLY (lMO) 

INTERRUPT UNOER ~J 
SERVICE (IUS) 

INTERRUPT ENABLE (IE) 

INTERRUPT PENDING (IP) 

IUS. IE AND IP ARE 
WRITTEN USING THE 

FOLLOWING COMMAND: 

.I?!.~~! 
o 0 0 NULL CODE 
o 0 1 CLEAR IP • IUS 
o 1 0 SET IUS 
o 1 1 CLEAR IUS 
100SETIP 
1 0 1 CLEAR IP 
110SETIE 
1 1 1 CLEAR IE 

~
I L INTERRUPT ON ERROR (IOE) 

L PATTERN MATCH FLAG (PMF) 
(READ ONLy) 

INPUT REGISTER FULL (IRF) 
(READ ONLy) 

OUTPUT REGISTER EMPTY (ORE) 
(READ ONLy) 

INTERRUPT ERROR (ERR) ----' 
(READ ONLY) 
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Port Handshake Specification Registers 
Addresses: 100000 Port A 

101000 Port B 
(Read/Write) 

1~1~1~1~1~1~1~1~1 

HANDSHAKE TYPE SPECIFICATION J -C DESKEW TIME SPECIFICATION 
BITS (HST) BITS SPECIFIES THE MSB's OF 

Hsn HSTO DESKEW TIMER TIME CONSTANT. 
o ·0 INTERLOCKED HANDSHAKE LSB IS FORCED 1. 
o 1 STROBED HANDSHAKE 
1 0 PULSED HANDSHAKE 
1 1 THREE-WIRE HANDSHAKE 

REQUEST/WAIT SPECIFICATION BITS 
(RWS) 

RWS2 RWS1 RWSO FUNCTION 
-.- REQUESTIWAIT DISABLED 

1 OUTPUT WAIT 
1 INPUT WAIT 
o SPECIAL REQUEST 
1 OUTPUT REQUEST 
1 INPUT REQUEST 

Figure 13. Port $pecifi!;qtionRegiste!"!l 



Registers (Continued) 

Data Path Polarity Registers 
Addresses: 100010 Port A 

101010 Port B 
000101 Port C (4 LSBs only) 

(ReadlWrite) 

"---- DATA PATH POLARITY (DPP) 
0= NON· INVERTING 
1"" INVERTING 

Data Direction Registers 
Addresses: 100011 Port A 

101011 Port B 
000110 Port C (4 LSBs only) 

(Read/Write) 

L-___ DATA DIRECTION (DO) 
0= OUTPUT BIT 
1 =-INPUT BIT 

Special 1/0 Control Registers 
Addresses: 100100 Port A 

101100 Port B 
000111 Port C (4 LSBs only) 

(ReadlWrite) 

10, I 0,1 0,1 0.1 0, I 0, I 0, I 0, I 

'---- SPECIAL INPUT/OUTPUT (SIO) 
0= NORMAL INPUT OR OUTPUT 
1 = OUTPUT WITH OPEN DRAIN OR 

INPUT WITH l's CATCHER 

Figure 14. Bit Path Definition Registers 

Port Data Registers 
Addresses: 00 110 I Port A· 

001110 Port W 
(Read/Write) 

* These registers can be 
addressed directly. 

Figure 15. Port Data Registers 

Port C Data Register 
Address: 00 1111 • 

(ReadlWrite) 

."_~_SBs 
o = WRITING OF CORRESPONDING lSB ENABLED 
1 = WRITING OF CORRESPONDING LS8 INHIBITED 

(READ RETURNS 1) 
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Registers (Continued) 
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Pattern Polarity Registers (PP) 
Addresses: 100101 Port A 

101101 Port B 
(Read/Write) 

Pattern Transition Registers (PT) 
Addresses: 100110 Port A 

10 lllO Port B 
(Read/Write) 

Pattem Mask Registers (PM) 
Addresses: 100111 Port A 

lOll11 Port B 
(Read/Write) 

PM PT PP PATTERN SPECIFICATION 
X BIT MASKED OFF 
X ANY TRANSITION 
o ZERO 
1 ONE 
o ONE-TO ZERO TRANSIT!ON (!oj 
1 ZERO-TO-ONE TRANSITION (I) 

Figure 16. Pattern Definition Registers 

Counter/Timer Command and Status Registers 
Addresses: 011100 Counter/Timer 1 

011101 Counter/Timer 2 
01l11O Counter/Timer 3 
(Read/Write) 

INTERRUPT UNDER SERVICE (IUS) jJ I 
(READJ'WRi'fE) I 

I 
INTERRUPlR~::V¥.~ I I 

INTERRUPT PENDI~) t , 
(AEADlWRITE) 

IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING CODE: 

NULL CODe 0 0 0 

CLEAR IP & IUS 0 0 1 

SET IUS 0 1 0 

CLEAR IUS 0 1 1 

SET IP 1 0 0 

CLEAR IP 1 0 1 

seT IE 1 1 0 

CLEAR IE 1 1 1 

INTERRUPT ERROR (ERR) -------' 
(READ ONLy) 

~~ 
COUNT IN PROGRESS (eIP) 
(READ ONLY) 

TRIGGER COMMAND BIT (Tt.8) 
(WRITE ONLY· READ RETURNS 0) 

GATE COMMAND BIT (GCB) 
(READIWRITE) 

READ COUNTER CONTROL (RCe) 
(READ/SET ONLY -
CLEARED BY READING eeR LSS) 

Figure 17. Counter/Timer Registers 



Registers (Continued) 

Counter/Timer Mode Specification Registers 
Addresses: 001010 Counter/Timer I 

001011 Counter/Timer 2 
001100 Counter/Timer 3 

(Read/Partial Write) 

CONTINUOUS SIN· ~~ GLE CYCLE (eISC) 

EXTERNAL OUTPUT ~ I 
ENABLE (fOE) ~ 

EXTERNAL COUNT 
ENABLE (EGE) 

EXTERNAL TAIGGE:.R 
ENABLE (ETE) 

[
L OUTPUT OUTY CYCLE 

SElECTS (DGS) 

DSC1 DCSO 
o 0 PULSE OUTPUT 
o 1 ONE·SHOT OUTPUT 
1 0 SQUARE-WAVE OUTPUT 
1 1 DO NOl SPECIFY 

RETRIGGER ENABLE BIT (REB) 

EXTERNAL GATE ENABLE (EGE) 

Counter/Timer Current Count Registers 
Addresses: 010000 Counter/Timer l's MSB 

010001 Counter/Timer I's LSB 
010010 Counter/Timer 2's MSB 
010011 Counter/Timer 2's LSB 
010100 Counter/Timer 3's MSB 
010101 Counter/Timer 3's LSB 

MOST-----' 
SIGNIFICANT 

BYTE 

(Read Only) 

'----- LEAST 
SIGNIFICANT 
BYTE 

Counter/Timer Time Constant Registers 
Addresses: 010110 Counter/Timer I's MSB 

010111 Counter/Timer I's LSB 
011000 Counter/Timer 2's MSB 
011001 Counter/Timer 2's LSB 
011010 Counter/Timer 3's MSB 
011011 Counter/Timer 3's LSB 

MOST ------' 
SIGNIFICANT 

BYTE 

(Read/Write) 

'---~LEAST 
SIGNIF:CANT 
BYTE 

Figure 17. Counter/Timer Registers (Continued) 
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Registers (Continued) 

Interrupt Vector Register 
Addresses: 000010 Port A 

000011 Port B 
000100 Counter/Timers 

(Read/Write) 

L ___ INTERRUPT VECTOR 

~9J~_T_ Ve,CTO~ ~ST~.:r~ 

PRIORITY ENCODED VECTOR MODE: 

~~ I:!:? OJ 
x NUMBER OF HIGHEST PRIORITY BIT 

WITH A MATCH 

ALL OTHER MODES: 

~~ 02 01 
ORE IRF PMF NORMAL 

o 0 0 ERROR 

COUNTERIT!M_ER ST~TI,I'§ 

02 0, 
o 0 CIT 3 
o 1 CfT 2 
1 0 CfT 1 
1 1 ERROR 

Current Vector Register 
Address: 011111 

(Read only) 

'---- INTERRUPT VECTOR BASED 
ON HIGHEST PRIORITY 
UNMASKED IP. 
IN NO INTERRUPT PENDING 
ALL 1's OUTPUT. 

Figure 18. Interrupt Vector Registers 
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Register Address Summary 

Address 
(ADrADol 
OOOOOOXX 
OOOOOIXX 
OOOOIOXX 
OOOOIIXX 
OOOIOOXX 
OOOIOIXX 
OOOIIOXX 
OOOIIIXX 

Address 
(AD7-ADOl 
OOIOOOXX 
OOIOOIXX 
OOIOIOXX 
OOIOIIXX 
OOIIOOXX 
OOIIOIXX 
001 I IOXX 
OOllllXX 

Address 
(AD7-ADOl 
OIOOOOXX 
OIOOOIXX 
OIOOIOXX 
OIOOIIXX 
OIOIOOXX 
OIOIOIXX 
OIOIIOXX 
OIOIIIXX 

Main Control Registers 

Register Name 

Master Interrupt Control 
Master Configuration Control 
Port A' 5 Interrupt Vector 
Port B's Interrupt Vector 
Counter/Timer's Interrupt Vector 
Port C's Data Path Polarity 
Port C' 5 Data Direction 
Port C's Special I/O Control 

Most Often Accessed Registers 

Register Name 

Port A's Command and Status 
Port B's Command and Status 
Counter/Timer 1 's Control 
Counter/Timer 2' s Control 
Counter/T imer 3' s Control 
Port A's Data (can be accessed directly) 
Port B's Data (can be accessed directly) 
Port C's Data (can be accessed directly) 

Counter/Timer Related Registers 

Register N arne 

Counter/Timer I's Current Count-MSBs 
Counter/Timer I's Current Count-LSBs 
Counter/Timer 2's Current Count-MSBs 
Counter/Timer 2's Current Count-LSBs 
Counter/Timer 3's Current Count-MSBs 
Counter/Timer 3's Current Count-LSBs 
Counter/Timer I's Time Constant-MSBs 
Counter/Timer I's Time Constant-LSBs 

Counter/Timer Related Registers (Continued) 
Address 
(AD7-ADol 
OIIOOOXX 
OIIOOIXX 

Register N arne 

Counter/Timer 2's Time Constant-MSBs 
Counter/Timer 2's Time Constant-LSBs 

OIIOIOXX Counter/Timer 3's Time Constant-MSBs 
OIIOIIXX 
01 I 100XX 
OIIIOIXX 
OIIIIOXX 
OIIIIIXX 

Address 
(AD7-ADOl 
100000XX 
10000lXX 
1000l0XX 
10001lXX 
100100XX 
10010IXX 
100110XX 
10001lXX 

Address 
(AD7-ADOl 
IOIOOOXX 
10100lXX 
IOIOIOXX 
10101IXX 
101100XX 
10110IXX 
100110XX 
10IIIIXX 

Counter/Timer 3's Time Constant-LSBs 
Counter/Timer I' s Mode Specification 
Counter/Timer 2's Mode Specification 
Counter/Timer 3'g Mode Specification 
Current Vector 

Port A Specification Registers 

Register Name 

Port A's Mode Specification 
Port A's Handshake Specification 
Port A's Data Path Polarity 
Port A's Data Direction 
Port A's Special I/O Control 
Port A's Pattern Polarity 
Port A's Pattern Transition 
Port A's Pattern Mask 

Port B Specification Registers 

Register Name 

Port B's Mode Specification 
Port B's Handshake Specification 
Port B's Data Path Polarity 
Port B's Data Direction 
Port B's SDecial I/O Control 
Port B's Pattern Polarity 
Port B'g Pattern Transition 
Port B's Pattern Mask 
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Timing 

Read Cycle. At the beginning of a read cycle, 
the CPU places an address on the address bus. 
Bits Ao and Al specify a CIO register; the 
remaining address bits and status information 
are combined and decoded to generate a Chip 
Enable (CE) signal that selects the CIO. When 
Read (RD) goes Low, data from the specified 
register is gated onto the data bus. 

Ao-A1 ===X:~ ___ A_DD_._ES_S_VA_L_'D ____ X:= 
\ r= 

( READDATA ~ 

Figure 19. Read Cycle Timing 

Interrupt Acknowl~e. The CIO pulls its 
Interrupt Request (INT) line Low, requesting 
interrupt service from the CPU, if an Interrupt 
Pending (IP) bit is set and interrupts are 
enabled. The CPU responds with an Interrupt 
Acknowledge cycle. When Interrupt Acknowl­
edge (INTACK) goes true and the IP is set, the 

Write Cycle. At the beginning of a write 
cycle, the CPU places an address on the data 
bus. Bits Ao and Al specify a CIO register; the 
remaining address bits and status information 
are combined and decoded to generate a Chip 
Enable (CE) signal that selects the CIO. When 
WR goes Low, data placed on the bus by the 
CPU is strobed into the specified CIO register. 

&0-&1 ===x: ADDRESS VALID >C 
Ci ~ / 
Wii \ I 

Da-D7 < WRITE DATA }--

figure 20. Write Cycle Timing 

CIO forces Interrupt Enable Out (IEO) Low, 
disabling all lower priority devices in the inter­
rupt daisy chain. If the CIO is the highest 
priority device requesting service (IEI is 
High). it places its interrupt vector on the data 
bus and sets the Interrupt Under Service (IUS) 
bit when Read (RD) goes Low. 

lIlT -----~f;rrr----'1 

/f 
'''' 

lEO \.vF-f 
-----

f~ 

Do-D7 -------:,{j;'----~(C~VE~C~TO~R::r-

Figure 21. Interrupt Acknowledge Timing 
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Absolute Maximum Rating 

Voltages on all inputs and outputs 
with respect to GND .......... -0.3 V to +7.0 V 

Operating Ambient 
Temperature ................. As Specified in 

Ordering Information 

Storage Temperature ........ -65°C to + 150 °C 

Standard Test Conditions 

The characteristics below apply for the 
following standard test conditions, unless 
otherwise noted. All voltages are referenced to 
GND. Positive current flows into the refer­
enced pin. Standard conditions are as follows: 

•• v 

2.2K 

Figure 22. Standard Test Load 

DC Characteristics 

Symbol Parameter Min 

VIH Input High Voltage 2.0 

VIL Input Low Voltage -0.3 

VOH Output High Voltage 2.4 

VOL Output Low Voltage 

IlL Input Leakage 

h Output Leakage 

Icc Vee Supply Current 

Stresses greater than those listed under Absolute Maxi· 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

• +4.75 V :5 Vee :5 +5.25 V 

• GND = 0 V 
• TA as specified in Ordering Information 

All ac parameters assume a load capacitance 
of 50 pF max . 

FROM OUTPUT 
UNDER TEST 

•• v 

d···· 
.. PFr 

Figure 23. Open-Drain Test Load 

Max 

Vee +0.3 

0.8 

0.4 

0.5 

± 10.0 

± 10.0 

250 

Unit 

V 

V 

V 

V 

V 

p.A. 

p.A. 

rnA 

Condition 

IaH= -250 p.A 

IaL = +2.0 rnA 

IaL = +3.2 rnA 
0.4 :5 VIN :5 + 2.4 V 

0.4 :5 VOUI :5 +2.4 V 

Vee = 5 V ± 5% unless otherwise specified, over specified temperature range. 

Capacitance 

Symbol Parameter Min Max Unit Test Condition 

CIN Input Capacitance 10 pF 
Unmeasured Pins 

COUI Output Capacitance 15 pF Returned to Ground 
CliO Bidirectional Capacitance 20 pF 

f = 1 MHz, over specified temperature range. 
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CPU Interface Timing 

Number Symbol Parameter Min Max Units Notes· 

1 TcPC PCLK Cycle Time 250 4000 ns 
2 TwPCh PCLK Width (High) 105 2000 ns 
3 TwPCl PCLK Width (Low) 105 2000 ns 
4 TrPC PCLK Rise Time 20 ns 
5-TfPC--- PCLK Fall Time 20--ns 
6 TsIA(PC) INTACK to PCLK t Setup Time 100 ns 
7 ThIA(PC) INTACK To PCLK t Hold Time 0 ns 
8 TsIA(RD) INTACK to RD j Setup Time 200 ns 
9 ThIA(RD) INTACK to RD t Hold Time 0 ns 

lO-TsIA(WR)-- INTACK to WR j Setup Time 200 ns 
11 ThIA(WR) INTACK to WR t Hold Time 0 ns 
12 TsA(RD) Address to RD j Setup Time 80 ns 
13 ThA(RD) Address to RD t Hold Time 0 ns 
14 TsA(WR) Address to WR j Setup Time 80 ns 
15-ThA(WR) --Address to WR t Hold Time 0 ns 
16 TsCEl(RD) CE Low to RD j Setup Time 0 ns 
17 TsCEh(RD) CE High to RD j Setup Time 100 ns 
18 ThCE(RD) CE to RD t Hold Time 0 ns 
19 TsCE1(WR) CE Low to WR j Setup Time 0 ns 
20-TsCEh(WR)- CE High to WR j Setup Time 100 ns 
21 ThCE(WR) CE to WR t Hold Time 0 ns 
22 TwRDl RD Low Width 390 ns 
23 TdRD(DRA) RD j to Read Data Active Delay 0 ns 
24 TdRDf(DR) RD j to Read Data Valid Delay 255 ns 
25-TdRDr(DR)- RD t to Read Data Not Valid Delay 0 ns 
26 TdRD(DRz) RD t to Read Data Float Delay 
27 TwWRI WR Low Width 
28 TsDW(WR) Write Data to WR j Setup Time 
29 ThDW(WR) Write Data to WR t Hold Time 
30 Trc Valid Access Recovery Time 

1. Parameter does not apply to Interrupt Acknowledge trans­
actions. 

2. Float delay is measured. to the time when the output has 
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70 ns 2 
390 ns 

0 ns 
0 ns 

1000· ns 3 

changed,a.S V with minimum de load and maximum de load. 
3. Trc is II'S or 3 repe, whichever is longer. 



CPU Interface Timing 

"eLK 

Ao-Ai 

~E~~ ------+--i-{ 

WK 

DO-D7 
WRITE _____ ...J ~----D-AT-A-V-AL-'D-----
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Interrupt Timing 

Number Symbol Parameter Min Max Units 

31 TdPM(INT) Pattern Match to INT Delay (Bit Port) 2 TcPC 
+ ns 

32 TdACK(lNT) ACKIN to INT Delay (Port with Handshake) 10 TcPC 
+ns 

33- TdCI(INT) - Counter Input to INT Delay (Counter Mode) ----- 2-- TcPC 

34 TdPC(INT) PCLK to INT Delay (Timer Mode) 3 

4. The delay is from DAV 1 for 3-Wire Input Handshake. 
The delay is from DAC I for 3-Wire Output Handshake. 

INPUTeS) PATTERN MATCHES 
PATTERN MATCH ~ 

BIT PORT ------------'----------

56 

ACKIN 
NOTE 4 

COUNTER 
INPUT 

PCLK 

.. @------

32 

J3 

34 

+ns 
TcPC 
+ns 

Notes· 
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Interrupt Acknowledge Timing 

Number Symbol Parameter Min Max Units Notes* 

35 TsIA(RDA) INTACK to RD J (Acknowledge) Setup Time 350 ns 5 

36 TwRDA RD (Acknowledge Width) 350 ns 
37 TdRDA(DR) RD J (Acknowledge) to Read Data Valid Delay 255 ns 

38 TdIA(IEO) INTACK J to IEO J Delay 350 ns 5 
39-TdIEI(IEO)- IEI to IEO Delay l50---ns---5-

40 TsIEI(RDA) lEI to RD J (Acknowledge) Setup Time 100 ns 5 
41 ThIEl(RDA) lEI to RD I (Acknowledge) Hold Time lOa ns 
42 TdRDA(INT) RD J (Acknowledge) to INT I Delay 600 ns 

NOTES: 

5. The parameters for the deVices in any parhcular daisy cham 
must meet the following constraint: The delay from INTACK 1 to 
RD I must be greater than the sum of T dIA(IEO) for the highest 
priority per:pheral. TsIEl(RDA) for the lowest prionty 

peripheral, and TdIE1(IEO) for each penpheral separating them 
in the cham. 

'Timings arE" preliminary ar:d subject to change. 

RD 

DO-D7 

lEI 

lEO 

INT --;It----
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Handshake Timing 

Number Symbol Parameter Min Max Units Notes* 

1 TsDI(ACK) Data Input to ACKIN I Setup Time 0 ns 

2 ThDI(ACK) Data Input to ACKIN I Hold Time- ns 
Strobed Handshake 

3 TdACKf(RFD) ACKIN I to RFD I Delay 0 ns 

4 TwACKI ACKIN Low Width-Strobed Handshake ns 

5-TwACKh ACKIN High Width-Strobed Handshake ns 

6 TdRFDr(ACK) RFD I to ACKIN I Delay 0 ns 

7 TsDO(DAV) Data Out to DAV I Setup Time 25 ns 

8 TdDAVI(ACK) DAV I to ACKIN I Delay 0 ns 

9 ThDO(ACK) Data Out to ACKIN I Hold Time 2 TcPC 

lO-TdACK(DAV)--ACKIN I to DAV I Delay 2 TcPC 

11 ThDI(RFD) Data Input to RFD I Hold Time- 0 ns 
Interlocked Handshake 

12 TdRFDf(ACK) RFD I to ACKIN I Delay- 0 ns 
Interlocked Handshake 

13 TdACKr(RFD) ACKIN I (DAV 1) to RFD I Delay- 0 ns 
InterlGCked and 3-Wire 
Handshake 

14 TdDAVr(ACK) DAV I to ACKIN I (RFD I)-Interlocked 0 ns 
and 3-Wire Handshake 

15-TdACK(DAV)--ACKIN I (RFD 1) to DAV I Delay----O ns 
Interlocked and 3-Wire 
Handshake 

16 TdDAVIf(DAC) DAV I to DAC I Delay-Input 
3-Wire Handshake 0 ns 

17 ThDI(DAC) Data Input to DAC I Hold Time- 0 ns 
3-Wire Handshake 

18 TdDACOr(DAV) DAC I to DAV I Delay-Input 
3-Wire Handshake 0 ns 

19 TdDAVIr(DAC) DAV I to DAC I Delay-Input 0 ns 
3-Wire Handshake 

20-TdDAVOf(DAC)- DAV I to DAC I Delay-Output 0 ns 
3-Wire Handshake 

21 ThDO(DAC) Data Output to DAC I Hold Time- 2 TcPC 
3-Wire Handshake 

22 TdDACIr(DAV) DAC I to DAV I Delay-Output 2 TcPC 
3-Wire Handshake 

23 TdDAVOr(DAC) DAV I to DAC I Delay-Output 0 ns 
3-Wire Handshake 

NOTES: 
1. This time can be extended through the use of the deskew timers. *Timings are preliminary and subject to change. 
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Strobed Handshake 

INPUT 

OUTPUT 

Interlocked Handshake 

-, ~:~ ~.-.~ t 
RPD 8F~~r,....+{i)--, .....;.-1'_'-_-_-_-_-_-_-_-_-_-_-_-

DATA 

OUTPUT ACKIN 
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3-Wire Handshake 

DATA 

DAY 
INPUT 

INPUT 

AFD 
OUTPUT 

DAC 
OUTPUT 

DATA 

DAC 
INPUT 

OUTPUT 

AFD 
INPUT 

DAY 
OUTPUT 
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Counter/Timer Timing 

Number Symhol 

1 

2 

3 

4 

TcCI 

TCIh 

TwCIl 

TlCI 

Parameter 

Counter Input Cycle Time 

Counter Input High Width 

Counter Input Low Width 

Counter Input Fall Time 

Min Max Units Notes· 

500 ns 

230 ns 

230 ns 

20 ns 

5-TrCI ---~ Counter Input Rise Time--------------20 ---ns -----

6 TsTl(PC) Trigger Input to PCLK j Setup Time 

7 TsTI(CI) 

(Timer Mode) 

Trigger Input to Counter Input j Setup Time 
(Counter Mode) 

ns 

ns 

8-TwTI----Trigger Input Pulse Width (High or Low)--------- ns------

9 TsGI(PC) Gate Input to PCLK j Setup Time 
(Timer Mode) 

10 TsGI(CI) Gate Input to Counter Input j Setup Time 
(Counter Mode) 

II--ThGI(PC)--Gate Input to PCLK j Hold Time (Timer Mode) 

12 ThGI(Cl) Gate Input to Counter Input I Hold Time 

13 

14 

NOTES: 

TdPC(CO) 

TdCI(CO) 

(Counter Mode) 

PCLK to Counter Output Delay (Timer Mode) 

Counter Input to Counter Output Delay 
(Counter Mode) 

1. These parameters must be met to guarantee trigger or gate are 
valid for the next counter/timer cycle. 

PCLK 

PCLKI2 
(INTERNAL) 

COUNTER 
INPUT 

TRIGGER 
INPUT 

GATE 
INPUT 

COUNTER 
OUTPUT 

ns 

ns 

____ ns--- 1--

ns 

ns 

ns 
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REQUEST WAIT Timing 

Number Symbol Parameter Min Max Units Notes· 

TdRD(REQ) RD I to REQ I Delay ns 

2 TdRD(WAIT) RD I to WAIT I Delay ns 

3 TdWR(REQ) WR I to REQ I Delay ns 

4 TdWR(WAIT) WR I to WAIT I Delay ns 
5-TdPC(REQ)---PCLK I to REQ t Delay ------------ ns 

6 TdPC(WAIT) PCLK I to WAIT t Delay ns 

7 TdACK(REQ) ACKIN I to REQ t Delay TcPC 
+ns 

8 TdACK(W AIT) ACKIN I to WAIT t Delay TcPC 
+ns 

NOTES: 
1. The delay is from DA V 1 for 3~ Wire Input Handshake. "Timings are preliminary dnd subject to change. 

The delay is from DAC t for 3-Wire Output Handshake. 

PCLK 

REQ 
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Reset Timing 

Number Symbol 

I 

2 

3 

TdRD(WR) 

TdWR(RD) 

TwRES 

Parameter 

Delay from RD t to WR I for No Reset 

Delay from WR t to RD I for No Reset 

Minimum Width of RD and WR both Low 
for Reset 

Min Max 

50 

50 

250 

RESET 
INTERNAL ____________________ ~r 

Miscellaneous Port Timing 

Number Symbol Parameter Min 

I TrI Any Input Rise Time 

2 TfI Any Input Fall Time 

3 Twl's I's Catcher High Width 250 
4--TwPM--- Pattern Match Input Valid (Bit Port)----- 750 

5 TsPMD Data Latched on Pattern Match Setup Time 

6 ThPMD 

NOTES: 

(Bit Port) 

Data Latched on Pattern Match Hold Time 
(Bit Port) 

0 

1000 

Max 

100 

100 

Units 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

L If the input is programmed inverting, a Low-going pulse of the 
same width will be detected. 

*Timings are preliminary and subject to chanqe. 

ANY INPUT 

1's CATCHER 
INPUT 

PATTERN 
MATCH 

INPUT(S) 

----'[~r -Ll'---'-­
_---....J)~\'___ __ 

__ G>>cFms:HES ~ DATA TO BE .-------
LATCHED TO 

PATTERN MATCH ______ -' ~ _____ _ 

Notes* 

Notes* 
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Ordering Information 

Type Package Temp Clock Description 

Z8536 Bl Plastic 40 pin 01 + 70°C 

l 
Z8536 Counter/Timer and 

B6 Plastic 40 pin -401 + 85°C Parallel 1/0 Unit. 
Dl Ceramic 40 pin 01 + 70°C 4MHz 
D2 Ceramic 40 pin . -551 + 125°C 
D6 Ceramic 40 pin -401 + 85°C 

Z8~36A Bl Plastic 40 pin 01 + 70°C 

! B6 Plastic 40 pin -401 + 85°C 6MHz 
Dl Ceramic 40 pin 01 + 70°C 
D6 Ceramic 40 pin -401 + 85°C 

Packages 

Plastic Ceramic 

14.10~~_ 

_ -fdl-~ 

l~~ .. Q&JL ... 45 ........................ 2:~ ____ __ 48,26 __ _ _ 

0.25 

5258 max r- .. --~----] 

t ~ ~ ~ ~~ ~ ~ ~ ~~ ~-~ ~ ~ ~ ~ ~ ~~ I ~~::EJ:-::: ] 
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FIFO 
Input/Outp~t 
Interface Unit 

Features 

• 128-byte FIFO buffer provides asynchronous 
bidirectional CPU/CPU or CPU/peripheral 
interface, expandable to any width in byte 
increments by use of multiple Z8060 FlO's 

• Interlocked 2-Wire or 3-Wire Handshake 
logic port mode; Z-BUS or non-Z-BUS 
inter/ace. 

• Pattern-recognition logic stops DMA 
transfers and/or interrupts CPU; preset byte 
count can initiate variable-length DMA 
transfers. 

General Description 

The Z8538 FlO provides an asynchronous 
128-byte FIFO buffer between two CPUs or 
between a CPU and a peripheral device. This 
buffer inter/ace expands to a 16-bit or wider 
data path and expands in depth to add as 
many Z8060 FIFOs (and an additional FlO) as 
are needed. 

The FlO manages data transfers by assuming 
Z-BUS, non-Z-BUS microprocessor (a general­
ized microprocessor inter/ace). Interlocked 

I 

Z8538 
FlO 

I 

Vee GND 

Figure 1. Logic Functions 

• Seven sources of vectored/non vectored 
interrupt which include pattern-match, 
byte count, empty or full buffer status; 
a dedicated "mailbox" register with 
interrupt capability provides CPu/CPU 
communication. 

• REQUEST/WAIT lines control high-speed 
data transfers. 

• All functions are software controlled via 
directly addressable read/write registers. 

2-Wire Handshake, and 3-Wire Handshake 
operating modes. These modes inter/ace 
dissimilar CPUs or CPUs and peripherals 
running under differing speeds or protocols, 
allowing asynchronous data transactions and 
improving I/O overhead by as much as two 
orders of magnitude. Figures I and 2 show 
how the signals controlling these operating 
modes are mapped to the FlO pins. 

IAl Vee 

00 IAl 
@ 00 
I!1l © 
II] IiIl 
IfI iii 
I!1l [E] 

IHl I!1l 
[iJ [jj] 

IlJ CD 
Do Il] 

0, Do 

0, 0, 

0, 0, 

0, 0, 

0, 0, 

0, 0, 

0, 0, 

M, 0, 

aND Mo 

Figure 2. Pin Configuration 
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General Description (Continued) 

The FlO supports the Z·BUS interrupt pro· 
tocols, generating seven sources of interrupts 
upon any of. the following events: a write to a 
message register, change in data direction, 
pattern match, status match, over/underflow 
error, buffer full and buffer empty status. Each 
interrupt source can be enabled or disabled, 
and can also place an interrupt vector on the 
port address/data lines. 

The data transfer logic of the FlO has been 

DATA 
BUS 

M, Mo 

128 X8 
FIFO BUFF£R 

specially designed to work with DMA (Direct 
Memory Access) devices for high-speed 
transfers. It provides for data transfers to of 
from memory each machine cycle, while the 
DMA device generates memory address and 
control signals. The FlO also supports the 
variably sized block length, improving system 
throughput when multiple variable length 
messag.es are transferred amongst several 
sources. 

DATA 
BUS 

PORT 1 SID. : PORT 2 SIDR 

Figure 3. FlO Block Diagram 

Functional Description 

Operating Modes. Ports I and 2 operate in 
any of twelve combinations of operating 
modes, listed in Table 2. Port I functions in 
either the Z-BUS or non-Z-BUS microprocessor 
modes, while Port 2 functions in Z-BUS, non­
Z-BUS, Interlocked 2-Wire Handshake, and 
3·Wire Handshake modes. Table I describes 
the sfgnals and their corresponding pins in 
each of these modes. 
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The pin diagrams of the FlO are identical, 
except for two pins on the Port I side, which 
select that port's operating mode. Port 2's 
operating mode is programmed by two bits in 
Port I's Control register O. Table 2 describes 
the combinations of operating modes; Table 3 
describes the control signals mapped to pins 
A-J in the five possible operating modes. 



Functional Description (Continued) 

Control 
Signal Z-BUS Z-BUS Interlocked 3-Wlre 

PIDII Low Byte High Byte Non-Z-BUS HS Port- HS Port-

~ REQIWT REQIWT REQIWT RFDIDAV RFD/DAV 

[i] DMASTB DMASTB DACK ACKIN DAV/DAC 

@] DS DS RD FULL DAC/RFD 

~ R/W RlW WR EMPTY EMPTY 

~ CS CS CE CLEAR CLEAR 

[!] AS AS C/D DATA DIR DATA DIR 

@J INTACK AO INTACK INO INO 

llil lEO Al lEO OUT I OUTI 

[!] lEI A2 lEI OE OE 

W INT A3 INT OUT3 OUT3 

'2 side only. 

Table I. Pin Assignments 

Mode Ml No Bl So Port I Port 2 

0 0 0 0 Z·BUS Low Byte Z· BUS Low Byte 

0 0 Z-BUS Low Byte Non-Z-BUS 

2 0 1 Z-BUS Low Byte 3· Wire Handshake 

0 Z·BUS Low Byte 2· Wire Handshake 

4 0 0 Z-BUS High Byte Z·BUS High Byte 

5 Z-BUS High BJr.te Non-Z-BUS 

6 Z·BUS High Byte 3-Wire Handshake 

1 0 l·BUS High Byte 2-Wire Handshake 

8 0 0 Non-l-BUS loBUS Low Byte 

0 1 Non-l·BUS Non-l-BUS 

JO 0 0 Non-Z·BUS 3-Wire Handshake 

11 0 Non-Z-BUS 2-Wire Handshake 

Table 2. Operating Mod •• 
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Functional Description (Continued) 

Z8002 

SYSTEM 
MEMORY 

68 

FlO 

Z·BUS Z80 BUS 

Figure 4. CPU to CPU Configuration 

zoo 

SYSTEM 
MEMORY 

'1~::;';;::;';;l!} PORT 3 
" <8> 

Z8 0 0 2 

MEMORY 

Z-BUS 

110 

} HANDSHAKE 
SIGNALS 

Figure 5. CPU to 1/0 Configuration 



Pins Common To Both Sides 

Pin Pin Pin Signal 
Signal. Names Numbers Descrlptlon 

MO MO 21 M I and MO program Port I 

MI MI 19 side CPU interface 

+5 Vdc +5 Vdc 40 DC power source 

GND GND 20 DC power ground 

Z-BUS Low Byte Mode 

Pin Number. 
Pin Pin Port Signal 
Signal. Name. 2 Description 

ADO-AD7 DO-D7 11-18 29-22 Multiplexed bidirectional address/data lines, Z-BUS 
(Address/Data) compatible. 

REQ/WAIT A 39 Output, active Low, REQUEST (ready) line for DMA 
(Request/Wait) transfer; WAIT line (open-drain) output for syn-

chronized CPU and FlO data transfers. 

DMASTB B 2 38 Input, active Low. Strobes DMA data to and from 
(Direct Memory the FIFO buffer. 
Access Strobe) 

DS C 3 37 Input, active Low. Provides timing for data trans-
(Data Strobe). fer to or from FlO. 

RlW D 4 36 Input; active High signals CPU read from FlO; 
(Read/Write) active Low signals CPU write to FlO. 

CS E 5 35 Input, active Low. Enables FlO. Latched on the 
(Chip Select) rising edge of AS. 

AS F 6 34 Input, active Low. Addresses, CS and !NTACK 
(Address Strobe) sampled while AS Low. 

INTACK G 33 Input, active Low. Acknowled~ an interrupt. 
(Interrupt Latched on the rising edge of AS. 
Acknowledge) 

lEO H 8 32 Output, active High. Sends interrupt enable to 
(Interrupt lower priority device lEI pin. 
Enable Out) 

lEI 9 31 Input, active High. Receives interrupt enable from 
(Interrupt higher priority device lEO signal. 
Enable In) 

INT 10 30 Output, open drain, active Low. Signals FlO inter-
(Interrupt) rupt request to CPU. 

Table 3. Signal/Pin Descriptions 
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Z-BUS High Byte Mode (Continued) 

Pin Number. 
Pin Pin Port Signal 
Signaia Names 2 Description 

ADO-A~ DO-D7 II-IS 29-22 Multiplexed bidirectional address/data lines, Z-BUS 
(Address/Data) compatible. 

REQ/WAIT A 39 Output, active Low, REQUEST (ready) line for DMA 
(Request/Wait) transfer; WAIT line (open-drain) output for syn-

chronized CPU and FlO data transfers. 

DMASTB B 2 38 Input, active Low. Strobes DMA data to and from the 
(Direct Memory FIFO buffer. 
Access Strobe) 

DS C 3 37 Input, active Low. Provides timing for transfer of data 
(Data Strobe) to or from FlO. 

RM D 4 36 Input. active High. Signals CPU read from FlO; active 
(Read/Write) Low signals CPU write to FlO. 

CS E 5 35 Input, active Low. Enables FlO. Latched on the 
(Chip Select) rising edge of AS. 

AS F 6 34 Input, active Low. Addresses, CS and INTACK are 
(Address Strobe) sampled while AS is Low. 

AO G 7 33 Input, active High. With A I, A2, and A3, addresses 
(Address Bit 0) FlO internal registers. 

Al H S 32 Input, active High. With AO, A2, and A3, addresses 
(Address Bit I) FlO internal registers. 

A2 9 31 Input, active High. With Ao, AI, and A3, addresses 
(Address Bit 2) FlO internal registers. 

A3 !O 30 Input, active High. With AO, AI, and A2, addresses 
(Address Bit 3) FlO internal registers. 

Table 3, Signal/Pin Descriptions (Continued) 
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Non-Z-BUS Mode 

Pin Numbers 
Pin Pin Pori Signal 
Signal. Names , Description 

DO-D7 DO-D7 11-18 29-22 Bidirectional data bus. 
(Data) 

REQ/WT A 39 Qutput, actIve Low, REQUEST (ready) line for DMA 
(Request/Walt) transfer; WAIT line (open-drain) output for syn-

chronized CPU and FlO data transfer. 

DACK B 2 38 Input, active Low. DMA acknowledge. 
(DMA Acknowledge) 

Jill C 3 37 Input, active Low. Signals CPU read from FlO. 
(Read) 

WR D 4 36 Input, active Low. Slgnals CPU write to FlO. 
(Write) 

CE E 5 35 Input, active Low. Used to select FlO. 
(Chip Select) 

cii5 F 6 34 Input, actIve High. IdentIfies control byte on DO-D7; 
(Control/Data) actIve Low identIfies data byte on DO-D7. 

INTACK G 33 Input, active Low. Acknowledges an interrupt. 
(Interrupt 
Acknowledge) 

lEO H 8 32 Output, actIve High. Sends interrupt enable to 
(Interrupt lower priority device lEI pin. 
Enable Out) 

lEI 9 31 Input, active High. Receives interrupt enable from 
(Interrupt higher priority device lEO signal. 
Enable In) 

INT JO 30 Output, open drain, active Low. Signals FlO interrupt 
(Interrupt) to CPU. 

Table 3. Signal/Pin Descriptions (Continued) 
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Port 2 - II 0 Port Mode 

Pin Pin Pin Signal 
Signal. Names Numbers Mode Description 

Do-D7 DO-D7 29-22 2-Wire HS· Bidirectional data bus. 
(Data) 3-Wire HS 

RFDIDAV A 39 2-Wire HS . Output, RFD active High~nals peripherals that FlO 
(Ready for Data/Data 3-Wire HS is ready to receive data. DAV active Low signals 
Available) that FlO is ready to send data to peripherals. 

ACKIN B 38 2-Wire HS Input, active Low. Signals FlO that output data is 
(Acknowledge Input) received by peripherals or that input data is valid. 

DAVIDAC B 38 3-Wire HS Input; DA V (active Low) signals that data is valid on 
(Data AvailablelData bus. DAC (active HIgh) signals that output data is 
Accepted) accepted by peripherals. 

FULL C 37 2-Wire HS Output, open dram, active High. Signals that FlO 
buffer is full. 

DAC/RFD C 37 3-Wire HS Direction controlled by internal programming. Both 
(Data Accepted/Ready active High. DAC (an output) signals that FlO has 
for Data) received data from peripheral; RFD (an input) signals 

that the listeners are ready for data. 

EMPTY D 36 2-Wire HS Output, open drain, active High. Signals that FIFO 
3-Wire HS buffer is empty. 

CLEAR E 35 2-Wire HS Programmable input or output, active Low. Clears all 
3-Wire HS data from FIFO buffer. 

DATA DIR F 34 2-Wire HS Programmable input or output. Active High signals 
(Data Direction) ',:,-Wire HS data input to Port 2; Low signals data output from 

Port 2. 

INa G 33 2-Wire HS Input line to DO of Control Register 3. 
3-Wire HS 

OUT] H 32 2-Wire HS Output line from D] of Control Register 3. 
3-Wire HS 

OE 31 2-Wire HS Input, active Low. When Low, enables bus drivers. 
(Output Enable) 3-Wire HS When High, floats bus drivers at high impedance. 

OUT3 30 2-Wire HS Output line from D3 of Control register 3. 
3-Wire HS 

·Handshake 

Table 3. Signal/Pin D .. criptlons (Continued) 

Reset 

The FlO can be reset under either hardware 
or software control by one of the follOWing 
methods: 

• By forcing both AS and DS Low simultane­
ously in Z-BUS mode (normally illegal). 

• By forcing RD and WR Low simultaneously 
in non-Z-BUS mode. 

• By writing a 1 to the Reset bit in Control 
register 0 for software reset. 

In the Reset state, all conti-ol bits are cleared 
to O. Only after clearing the Reset bit (by 
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writing a 0 to it) can the other command bits 
be programmed. This action is true for both 
sides of the FlO when programmed as a CPU 
interface. 

For proper system control, when Port 1 is 
reset, Port 2 is also reset. In addition, all Port 
2's outputs are floating and all inputs are 
ignored. To initiate the data transfer, Port 2 
must be enabled by Port 1. The Port 2 CPU 
can determine when it is enabled by reading 
Control register 0, which reads "floating" data 
bus if not enabled and "OIH" if enabled. 



CPU Interfaces 

The FlO is designed to work with both 
Z-BUS- and non-Z-BUS-type CPUs on both Port 
1 and Port 2. The Z-BUS configuration inter­
faces CPUs with time-multiplexed address and 
data information on the same pins. The zaOOl, 
za002, and za are examples of this type of 
CPU. The AS (Address Strobe) pin is used to 
latch the address and chip select information 
sent out by the CPU. The RlW (Read/Write) 
pin and the DS (Data Strobe) pin are used 
for timing reads and writes from the CPU to 

the FlO (Figures 6 and 7). 
The non-Z-BUS configuration is used for 

CPUs where the address and data buses are 
separate. Examples of this type of CPU are the 
zao and 8080. The RD (Read) and WR (Write) 
pins are used to time reads and writes from the 
CPU to the FlO (Figures 9 and 10). The C/O 
(Control/Data) pin is used to directly access 
the FIFO buffer (CiD = 0) and to access the 
other registers (C/D = 1). Read and write to all 

\'-______ 1 

Figure 6. Z-BUS Read Cycle Timing 

ADO-AD7 ----« Ae~~~Dss k .... ___ DA_TA_F_RO_M_C_PU __ --J)>----

\ c 
\ _____ ---JI 

Figure 7. Z-BUS Write Cycle Timing 

73 



CPU Interfaces (Continued) 

registers except the FIFO buffer l are two-step 
operations, described as follows (Figure 8). 
First, write the address (C/D= 1) of the register 
to be accessed into the Pointer Register (State 
0); second, read or write (C/D= 1) to the 
register pointed at previously (State I). Con­
tinuous status monitoring can be performed in 
State I by continuous Control Read operations 
(C/D= 1). 

1 The FIFO buffer can also be accessed by this two~step operation. 

RESET "" 0 

WRTO PTR 
(ClO:: 1) 

Figure 8. Register Access in Non-Z-BUS Mode 

C/ii==::>< ___________ C 
D._D7 ______________________________ «::T~O~C=PU~}______ 

\~ ___________________ r_ 
\ ..... _____ 1 

Figure 9. Non-Z-BUS Read Cycle Timing 

x X eli) 
----' 

( FROM CPU ) D.-D7----C=::::~~==)_---
\ I 

\ I 
Figure 10. Non-Z-BUS Write Cycle Timing 

WAIT Operation 

When data is output by the CPU, the 
REOIWT (WAIT) pin is active (Low) only when 
the FIFO buffer is full, the chip is selected, 
and the FIFO buffer is addressed. WAIT goes 
inactive when the FIFO buffer is not full. 

When data is input by the CPU, the 
REO/WT pin becomes active (Low) only when 
the FIFO buffer is empty, the chip is selected, 
and the FIFO buffer is addressed. WAIT goes 
inactive when the FIFO buffer is not empty. 
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Interrupt Operation 

The FlO supports the prioritized daisy 
chain interrupt protocol for both Z-BUS and 
non-Z-BUS operating modes (for more details 
refer to the Z-BUS Summary). 

Each side of the FlO has seven sources of 
interrupt. The priorities of these devices are 
fixed in the folloWing order (highest to lowest): 
Mailbox Message, Change in Data Direction, 
Pattern Match, Status Match, Overflow/ 
Underflow Error, Buffer Full, and Buffer 
Empty. Each interrupt source has three bits 
that control how it generates the interrupt. 
These bits are Interrupt Pending (IP), 
Interrupt Enable (IE), and Interrupt Under 
Service (IUS). 

In addition, each side of the FlO has an 
interrupt vector and four bits controlling the 
FlO interrupt logic. These bits are Vector 
Includes Status (VIS), Master Interrupt Enable 
(MIE), Disable Lower Chain (DLC), and No 

Vector (NV). 
A typical Interrupt Acknowledge cycle for 

Z-BUS operation is shown in Figure II and for 
non-Z-BUS operation in Figure 12. The only 
difference is that in Z-BUS mode, INTACK is 
latched by AS, and in non-Z-BUS mode 
INTACK is not latched. 

When MIE = I, reading the vector always 
includes status, independent of the state of the 
VIS bit. In this way, when VIS = 0, all infor­
mation can be obtained with one additional 
read, thus conserving vector space. When 
MIE = 0, reading the vector register returns 
the unmodified base vector so that it can be 
verified. 

In non-Z-BUS mode, IPs do not get set while 
in State I. Therefore, in order to minimize 
interrupt latency, the FlO should be left in 
State 0. 

ADo-AD7 ~ _____ --( VECTOR }---

\1.-__ --1;--
lEI / __ ....J 

INT / --------' 
Figure II. Z-BUS Interrupt Acknowledge Cycle 
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Interrupt Operation (Continued) 

DO-D? ------------{ 

iNfACK~ ~ 
\.'1..... ______ ---J' 

\'I.... __ ---J! 
lEI / ___ ....J 

INT / _______ ....J 

Figure 12. Non-Z-BUS Interrupt Acknowledge Cycle 

CPU to CPU Operation 

DNA Operation. The FlO is particularly well 
suited to work with a DMA in both Z-BUS and 
non-Z-BUS modes. A data transfer between the 
FlO and system memory can take place during 
every machine cycle on both sides of the FlO 
simultaneously. 

In Z-BUS mode, the DMASTB pin (DMA 
Strobe) is used to read or write into the FIFO 
buffer. The RIW (ReadlWrite) and DS (Data 
Strobe) signals are ignored by the FlO; 

however, the CS (Chip Select) signal is not 
ignored and therefore must be kept invalid. 
Figures 13 and 14 show typical timing. 

In Non-Z-BUS mode, the DACK pin (DMA 
Acknowledge) is used to tell the FlO that its 
DMA request is granted. After DACK goes 
Low, every read or write to the FlO goes into 
the FIFO buffer. Figures 15 and 16 show 
typical timing. 

DATA FROM FtO TO MEMORY 

M--------~\~ ______ ~! 

AIW 

\\.-___ -Jr--'. 
Figure 13. Z-BUS FlO to Memory Data Transaction 
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CPU to CPU Operation (Continued) 

AID BUS DATA FROM MEMORY TO FlO 

\'--___ ~r_ 

\ ........ _---J! 
Figure 14. Z-BUS Memory to FlO Data Transaction 

ADDRESSES ===>< _____ M_EM_O_R_Y_A_O_OR_E_SS_O_F_W_R_'T_E ____ -J)(~ ____________________ _ 

D:~: ________ ~~(rD:A;'TA~F~R~O~M~F~'O~T~O~M;E;M~O;'RY~}-------(~ ______________ -J}--

MEMORY 
WRITE 

110 
READ 

OACK ~~ ________________________________________________ __ 

Figure 15. Non-Z-BUS FlO to Memory Transaction 

ADDRESSES ===>< MEMORY ADDRESS OF READ XI. ________________________ _ 

DABTUA. ________ (-!~D~U~A~FR~O!M~J)~------~(C==========:}-MEMORY TO FlO • r . . 

MEMORT~ / 
READ ,~. __________ _J. \\...-_-J! 
I'O~ / 

WRITE '~ ______ J \'--_-J! 
DACK ~I._ ____________________________________________ _ 

Figure 16. Non-Z-BUS Memory to FlO Data Transaction 
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CPU to CPU Operation (Continued) 

The FlO provides a special mode to enhance 
its DMA transfer capability. When data is 
written into the FIFO buffer, the REQ/WT 
(REQUEST) pin is active (Low) until the FIFO 
buffer is fuJI. It then goes inactive and stays 
inactive until the number of bytes in the FIFO 
buffer is equal to the value programmed into 
the Byte Count Comparison register. Then the 
REQUEST signal goes active and the sequence 
starts over again (Figure 17). 

"EQ 

CD CD 
ACTIVE ---',--,------,0 

CD CD 
INACTIVE -''''-t---f...;;.-----ir- NUMBER OF BYTES IN FIFO 

EMPTY fUll 

NUMBER IN BYTE COUNT COMPARISON REGISTER 

NOTES: 
1. FIFO empty. 
2. REQUEST eMbled. FlO requests DMA transfer. 
3. DMA transfers data into the flO. 
4. FIFO full. REQUEST inactive. 
S. The FIFO empties from the opposite port until the number 

of bytes in the FIFO buffer is the same as the number pro· 
grammed in the Byte Count Comparison register. 

Figure 17. Byte Count Control: Write to FlO 

Message Registers. Two CPUs can communi­
cate through a dedicated "mailbox" register 
without involving the 128 x 8 bit FIFO buffer 
(Figure 19). This mailbox approach is useful 

REGISTER 

When data is read from the FlO, the 
R'EQIWT pin (REQUEST) is inactive until the 
number of bytes in the FIFO buffer is equal to 
the value programmed in the Byte Count Com­
parison register. The REQUEST signal then 
goes active and stays active until the FIFO buf­
fer is empty. When empty, REQUEST goes 
inactive and the sequence starts over again 
(Figu~e 18). 

CD 
ACTive -+---------r--

CD CD CD 
INACTIVE ...:::+---.....jj;....---+=--,-----

FJLL EMPTY 

NUMBER IN BYTE COUNT COMPARISON REGISTER 

NOTES: 
1. FIFO empty. 
2. CPU/DMA fills FIFO buffer from the opposite port. 
3. Number of bytes in FIFO buffer is the same as the number 

of bytes programmed in the Byte Count Comparison register. 
4. REQUEST goes active. 
5. DMA transfers data out of FIFO until it is empty. 

Figure 18. Byte Count Control: Read from FlO 

for transferring control parameters between 
the interfacing devices on either side of the 
FlO without using the FIFO buffer. For 
example, when Port l's CPU writes to the 

ADDRESS MESSAGE 
REGISTER 
ADDRESS 

78 

"e" REGISTER "8" 

PORT 1 1l~~~~~81~ POT"oT 1 ~~~~ MESSAGROUT , ~ 

REGISTER PORT 2 ME=:~: IN 

REGISTER 

PORT 1 MESSAGE 
MESSAGE IN REGISTER 

RI!GISTER It:lf;!f;!~ PORT 2 
E. TO 

REGISTER PORT 1 
ADDRESS 

"8" 

NOTE: Usable only for CPU/CPU interface. 

Figure 19. Message Register Operation 

PORT 2 
MESSAG.OUT 

REGISTER 



CPU to CPU Operation (Continued) 

Message Out register, Port 2's message IP is 
set. If interrupts are enabled, Port 2's CPU is 
interrupted. Port 2's message IP status is 
readable from the Port I side. When Port 2's 
8PU reads the data from its Message In regis­
ter, the Port 2 IP is cleared. Thus, Port I's 
8PU can read when the message has been 
read and can now send another message or 
follow whatever protocol that is set up between 
the two CPU's. The same transfer can also be 
made from Port 2's CPU to Port l's CPU. 

CLEAR (Empty) FIFO OperatiOD. The CLEAR 
FIFO bit (active Low) clears the FIFO buffer of 
data. Writing a 0 to this bit empties the FIFO 
buffer, inactivates the REQUEST line, and 
disables the handshake (if programmed). The 
8LEAR bit does not affect any control or data 
register. To remove the CLEAR state, write a 1 
to the CLEAR bit. 

In CPU/CPU mode, under program control, 
only one of the ports can empty the FIFO by 

writing to its Control Register 3, bit 6. The 
Port I CPU must program bit.7 in Control 
Register 3 to determine which port controls the 
CLEAR FIFO operation (0 = Port 1 control; 
1 = Port 2 control). 

Direction of Data Transfer OperatioD. The 
Data Direction bit controls the direction of data 
transfer in the FIFO buffer. The Data Direction 
bit is defined as 0 = output from CPU and 
1 = input to CPU. This bit reads correctly 
when read by either port's CPU. For example, 
if Port I's CPU reads a 0 (CPU output) in its 
Data Direction bit, then Port 2's CPU reads a 1 
(input to CPU) in its Data Direction bit. 

In CPU/CPU mode, under program control, 
only one of the ports can control the direction 
of data transfer. The Port 1 CPU must program 
bit 5 in Control Register 3 to determine which 
port controls the data direction (0 = Port 1 
control; 1 = Port 2 control). Figure 20 shows 
FlO data transfer options. 

(J'ROGR .... REGtBTERS FOR OPERATIItG IIODE. 
PORT2CONFlIIURATlON,DATATR"NSFl!RCONT1IOL,IlTC·1 

l&A .. ' ..... ulONA .. Y 
OF TttE8ECONDlTION5: OF 'NII!II!COtIDITIONI' 
·DMAR.OCKLeNGTHR~lSTEtt~O 'CPU COIIIIPLETES BUFFER DUMP 
"FKlPAmRNIiATCHIItTERRUPT 'FIOPATTEIINMATCI1INTEIIRUPT 
"BYTE COUNT DIIIAIILEB RI!O "FlOBYl'£COUHTINTPIItIPT 

I 'F\OFulll£rnptylNTERRUPT 

I I 
l ) 

.......... /'" I 

" "".II'" I 
, / I 

S:" .",,,,,mB ~.,"~",. CONTlIOL VIAIiESSo\IIEREOISTERS COfITIIOI. 

'::~~": ------------ r::::.. ... ~:.r~ 
CPU Cl'U 

I I 

TRANBFERBDATABYT1;· 
AT .... TIIIIEUNT1L 
flFOBUFFERIS 
Full 0fI Etnpty 

\ I 

Y 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I CotlTINUfOR Jll;PRQGRAII PO"T ASQIBT£IIIS WITH NEW BLOCKSOf' COHTIIOL BVTES. 

Figure 20. FlO Data Transfer Options 
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CPU to I/O Operation 

When Port 2 is programmed in the Inter­
locked 2-Wire Handshake mode or the 3-Wire 
Handshake. mode, and Port A is programmed 
in Z-BUS or non-Z-BUS Microprocessor mode, 
the FlO interfaces a CPU and a peripheral 
device. In the Interlocked 2-Wire Handshake 
mode, RFD/DAVand ACKIN strobe data to 
and from Port 2. In the 3-Wire Handshake 
mode, RFD/DAV, DAVIDAC, and DAC/RFD 
signals control data flow. 

Interlocked 2-Wire Handshake. In the Inter­
locked Handshake, the action of the FlO must 
be acknowledged by the other half of the 
handshake before the next action can take 
place. In output mode, Port 2 does not indicate 
that new data is available until the external 
device indicates it is ready for the data. 
Similarly, in input mode, Port 2 does not indi­
cate that it is ready for new data until the data 
source indicates that the previous byte of the 
data is no longer available, therebyacknowl­
edging Port 2's acceptance of the last byte. 
This allows the FlO to directly interface to a 
Z8's port, a CIO's port, a UPC's port, another 
FlO port, or another FIFO Z8060, with no 
external logic (Figures 21 and 22). 

3-Wire Handshake. The 3-Wire Handshake is 
designed for applications in which one output 
port is communicating with many input ports 
simultaneously. It is essentially the same as the 
Interlocked Handshake, except that two signals 
are used to indicate that an input port is ready 
for new data or that it has accepted the present 
data. In the 3-Wire Handshake, the rising 
edge of the RFD status line indicates that the 
port is ready for data, and the rising edge of 
the DAC status line indicates that the data has 
been accepted. With 3-Wire Handshake, the 
lines of many input ports can be bussed 
together with open-drain drivers and the out-
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put port knows when all of the ports are ready 
and have accepted the data. This handshake is 
the same handshake used in the IEEE-488 
Instruments. Since the port's direction can be 
changed under software control, bidirectional 
IEEE-488-type transfers can be performed. 
Figures 23 and 24 show the timings associated 
with 3-Wire Handshake communications. 

CLEAR FIFO Operation. In CPU-to-I/O 
operation, the CLEAR FIFO operation can be 
performed by the CPU side (Port 1) under soft­
ware control as previously explained. The 
CLEAR FIFO operation can also be performed 
under hardware control by defining the 
CLEAR pin of Port 2 as an input (Control 
Register 3, bit 7 = 1). 

For cascading purposes, the CLEAR pin can 
also be defined as an output (Control Register 
3, bit 7 = 0), which reflects the current state 
of the CLEAR FIFO bit. It can then empty 
other FIOs or initialize other devices in the 
system. 

Data Direction Control. In CPU-to-I/O mode, 
the direction of data transfer can be controlled 
by the CPU side (Port 1) under software con­
trol as previously explained. The data direc­
tion can also be determined by hardware con­
trol by defining the Data Direction pin 
of Port 2 as an input (Control Register 3, 
bitS = 1). 

For cascading purposes, the Data Direction 
pin can also be defined as an output (Control 
Register 3, bit S = 0) pin which reflects the' 
current state of the Data Direction bit. It can 
then be used to control the direction of data 
transfer for other FIOs or for external logic. 

On the Port 2 side, when data direction is 0, 
Port 2 is in Output Handshake mode. When 
data direction is I, Port 2 is in Input Hand­
shake mode. 



CPU to 1/0 Operation (Continued) 

DATA IN ::J< ..... _V_A_"_D_DA_T_A_.JX .... ___ .JX VALID DATA X'-____ _ 

\'-_---JI 
RFD \ ..... _--.11 

figure 21. Interlocked Handshake Timing (Imput) Port 2 Side Only 

DATA OUT ::J< VALID DATA X'-___ -oJX VALID DATA X"' ____ _ 

ACKIN \"' ___ .11 ~ 
DAV---""""'\ / '-__ -oJ '---I 

figure 22. Interlocked Handshake Timing (Output) Port 2 Side Only 

DATA. IN ===>< __ VA_L_ID_D_AT_A_-.JX'-__ ---'X VALID DATA X'-____ _ 

RFD ..J 
OUT 

DAV 
IN 

DAC 

\\... ___ ....JI 

\ ..... __ ....11 

OUT _________ J 

figure 23. Input (Acceptor) Timing IEEE·488 Port: Port 2 Side Only 

DATA OUT ===>< VALID DATA XI-__ ....JX VALID DATA X .... ____ _ 

Do~~ \ I 
DAC IN _________ .J 

\\...--_...11 \\...----

figure 24. Output (Source) Timing IEEE·488 HS Port: Port 2 Side Only 
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Programming 

The programming of the FlO is greatly 
simplified by the efficient grouping of the 
various operation modes in the control 
registers. Since all of the control registers' are 
read/write, the need for maintaining their 
image in system memory is eliminated. Also, 
the read/write feature of the registers aids in 
system debugging. 

Each side of the FlO has 16 registers. All 16 
registers are used by the Port 1 side; Control 
register 2 is not used on the Port 2 side. All 
registers are addressable OH through FH. 

In the Z-BUS Low Byte mode, the FlO allows 
two methods for register addressing u l1der con­
trol of the Right Justify Address (RJA) bit in 
Control register O. When RJA = 0, address 
bus bits 1-4 are used for register addressing 
and bits 5, 6, and 7 are ignored (Table 4). 
When RJA = 1, bits 0-3 are used for the 

NODZ-BUS o,-D, D3 

Z-BUSHlgh Aa 

Z-BUS Lo ... { RIA = 0 .\Dr-AD5 AD, 
RIA = I .\Dr-AD, ADa 

De.criptioD 
Control Register 0 x 0 

Control Register I x 0 

Interrupt Status Register 0 x 0 

Interrupt Status Register I x 0 

Interrupt Status Register 2 x 0 

Interrupt Status Register 3 x 0 

Interrupt Vector Register x 0 

Byte Count Register x 0 

Byte Count Comparison 
Register x 

Control Register 2' x 

Control Register 3 x 

Message Out Register x 

Message In Register x 

Pattern Match Register x 

Pattern Mask Register x 

Data Buller Register x 

x = Don't Care 
• Register is only on Port I side 

register addresses, and bits 4-7 are ignored. 

Control Registers. These four registers specify 
FlO operation. The Port 2 side control 
registers operate only if the Port 2 device is a 
CPU. The Port 2 CPU can control interface 
operations, including data direction, only 
when enabled by the setting of bit 0 in the Port 
1 side of Control Register 2. A 1 in bit 1 of the 
same register enables the handshake logic. 

Interrupt Status Registers. These four 
registers control and monitor the priority 
interrupt functions for the FlO. 

Interrupt Vector Register. This register stores 
the interrupt service routine address. This vec­
tor is placed on Do-D7 when IUS is set by the 
Interrupt Acknowledge signal from the CPU. 
When bit 4 (Vector Includes Status) is set in 
Control Register 0, the reason for the interrupt 

o 
o 
o 
o 
I 

o 
o 
o 
o 

DI 

AI 

ADz 
ADI 

0 

0 

I 

0 

0 
I· 

I 

0 

0 

I 

0 

0 

I 

Do 

Ao 

ADI 
ADo 

0 x 

x 

0 x 

x 

0 x 

I x 

0 x 

x 

0 x 

I x 

0 x 

I x 

0 x 

I x 

0 x 

x 

Table ,. FlO Register Addr ... Summary 
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Programming Continued) 

is encoded within the vector address in bits 1, 
2, and 3. If bit 5 is set in Control register 0, no 
vector is output by the FlO during an Interrupt 
Acknowledge cycle. However, IUS is set as 
usual. 
Byte Count Compare Register. This register 
contains a value compared with the byte count 
in the Byte Count register. If the Byte Count 
Compare interrupt is enabled, an interrupt will 
occur upon compare. 

Message Out Register. Either CPU can place 
a message in its Message Out register. If the 
opposite side Message register interrupt is 
enabled, the receiving side CPU will receive 
an interrupt request, adviSing that a message 
is present in its Message In register. Bit 5 in 
Control Register 1 on the initiating side is set 
when a message is written. It is cleared when 
the message is read by the receiving CPU. 

Message In Register. This register receives a 
message placed in the Message Out register by 
the opposite side CPU. 

Z-Bua 

MASTER !1JI!M~~~ CPU \oa 

NOTES: 
1. Data from master CPU - FlO Port 2. 
2. FlO Port I - DCP. 
3. DCP-RAM. 
4. RAM - SCC. 
5. sec - data carnm. lirie loop. 

Pattern Match Register. This register contains 
a bit pattern matched against the byte in the 
Data Buffer register. When these patterns 
match, a Pattern Match interrupt will be 
generated, if previously enabled. 

Pattern Mask Register. The Pattern Mask 
register may be programmed with a bit pattern 
mask that limits comparable bits in the Pattern 
Match register to non-masked bits (1 = mask). 

Data BuHer Register. This register contains 
the dataJo be read from or written to the 
FIFO buffer. 

Byte Count Register. This is a read-only 
register, containing the byte count for the 
FIFO buffer. The byte count is derived by sub­
tracting the number of bytes read from the buf­
fer from the number of bytes written into the 
buffer. The count is "frozen" for an accurate 
reading by setting bit 6 (Freeze Status register) 
in Control Register 1. This bit is cleared when 
the Byte Count register read is completed. 

Z·8ua 

Figure 25. Typical Application: Node Controller 
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Registers 

Control Register 0 
Address: 0000 
(ReadIW rite) 

Control Register 2* 
Address: 1001 
(ReadlWrite) 

1
0
,1

0

,1
0 

E'IO c'TO~l=RESET 
~1-RT (B~ (B~/UST> ADDRESS (AJA) 

~ ~ ~ ~.g~~~pu } ~ ~ :: 3.WIRE BH~SI/~U PROQRAMS 
_ INTERLOCKED H PORT 2 MODE 

1 =- VECTOR INCLUDES 5 
1 = NO VECTOR STATUS (VIS) 

1 "" DISABLE LO ON INTERRUPT (NV) 

10, I 0, I 0 10 I 5 4 031021 D, 10 0 I 

I ~ :: PORT 'SIDE ENABLED 
_ POAT 2 SIDE ENABLE 

'THIS RE BITS 2-7 NOT US HANDSHAKE 

O'S FRO~I~6~~ ~E:,g: ALL MUST BE PROGRi~MED 0 

T5 ENABLED (MIE) .:~~~ ~NSILOVEFROM 1 = INTERRUP WER OAISV CHAIN (OLC) Control Register 3 
Address: 1010 
(ReadlWrite) 

Control Register I 
Address: 0001 
(ReadlWrite) 

1
0

,1
0 ~'IO ~'IO ~'ID l1;' Ii' lIT: = REQUEST/WAi'f ENABLED 

L 1:::ci1EST 
1 '" START DMA ON B 
1 = STOP DMA ON PA~E COUNT 

1 "" MESSAGE MAIL TERN MATCH 
1 '" ME BOX REGISTER 

_______ - 1 = FR::~G:T:AILBOX REGISTER ~~~L~R SERVICE' 

'READ.ONLV BITS NOT USED (MUST
TUS 

REGISTER COUNT 

1
0

,1
0
,1

0 ~'IO ~'ID ~'IDiID~ PORT 2 SIDE-INPUT 

~ PORT 2 SIDE LINE' (PIN 33)" 

NOT USED (~OUTPUT LINE (PIN 32)" 

PORT 2 SIDE ~:T BE PROGRAMMED 0) 

DATA DIREC;'O TPUT LINE (PIN 30)" 

~ ~ ~:TU;U~OF C~~IT 
~: PORT f SID:~~~PU ______ - 0= PORT 2 SIDE CON~:g~: DATA DIRECTION 

_ CLEAR FIFO BUFFER 

~ O=PORT1SIDE ,~~~~.ONLY BITS 1 = PORT 2 SIDE ~g=~:OLS CLEAR 

v WHEN PORT 2 IS AN 110 PORT OLS 
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BE PROGRAMMED 0) 

, ontrol Registers Figure 26 C 

Interrupt Status Add Register 0 
ress: 0010 

(ReadlWrite) 

NOT USED Inri-It!! 
, :E':T BE PROGRAMMED 0) 

I I AGE INTERR MESSAGE INTERRUPT PENDING (IP) 
M UPT ENAB 

IUS; IE, AND IP A ESSAGE INTERRUPT UN LE (IE) 
THE FOLLOWING RE WRITTEN USING DER SERVICE (IUS) 

NULL CODE COMMAND: 

CLEAR IP & IUS 

o SET IUS 

CLEAR IE 

Figure 27 I , nterrupt Status Registers 



Registers (Continued) 

Interrupt Status Register 1 
Address: 0011 
(ReadIW rite) 

DATA DIRECTION CHANGE INTERRUPT jJ I 
UNDeR SERVICE (IUS) I 

DATA DIRECTION CHANGE INTERRUPT I 

ENABLE (IE) : : 

DATA DIRECTION CHANGE INTERRUPT 
PENDING UP) 

IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 

NULL CODe 0 0 0 

CLEAR IP & IUS 0 0 1 

SET IUS 0 1 0 

CLEAR IUS 0 1 1 

SET IP 1 0 0 

CLEAR lP 1 0 1 

1 1 0 

~~L 1 = PATTERN MATCH FLAG' 

~ PATTERN MATCH INTERRUPT PENDING (lP) 

I I PATTERN MATCH INTERRUPT ENABLED (tE) 

PATTERN MATCH INTERRUPT 

; :: UNDER SERVICE (IUS) 

NOT USEe 
(MUST BE PROGRAMMED 0) 

IUS, IE, AND IP ARE WRITTEN USING 
THE FOLLOWING COMMAND: 

o 0 0 NUll CODe 

o 0 1 CLEAR IP & IUS 

o 1 0 SET IUS 

o 1 1 CLEAR IUS 

1 0 0 SET IP 
SET IE 

CLEAR IE 1 1 1 
1 0 1 CLEAR IP 

1 1 0 SET IE 

1 1 1 CLEAR IE 

Interrupt Status Register 2 
Address: 0100 
(ReadIW rite) 

'READ-ONLY BITS 

UNDER SERVICE (IUS) : L ERROR INTERRUPT PENDING (10) 

I ERROR INTERRUPT ENABl.ED (IE) 

BYTE COUNT COMPARE INTERRUPT jJ I 
BYTE COUNT COMPARE INTERRUPT 

ENABL.E (IE) I I 

BYTE COUNT COMPARE INTERRUPT I I 

~~
L UNDERFLOW ERROR' 

I I ERROR INTERRUPT UNDER SERVICE (IUS) 

PENDING (IP) 

IUS, IE, AND IP ARE WRlnEN USING 
THE FOL.l.OWING COMMAND: 

Interrupt Status Register 3 
Address: a 10 I 
(ReadlWrile) 

NUL.l. CODE 0 0 0 

Cl.EAR IP "'US 0 0 1 

SET IUS 0 1 0 

CL.EAR IUS 0 1 1 

SET IP 1 0 0 

Cl.EAR IP 1 0 1 

SET IE 1 1 0 

Cl.EAR IE 1 1 1 

I I I OVERFL.OW ERROR-

IUS, IE, AND IP ARE WRITIEN USING 
THE FOl.L.OWING COMMAND: 

o 0 0 NUl.L. CODE 

o 0 1 CL.EAR IP " IUS 

o 1 0 SETIUS 

o 1 1 Cl.EAR IUS 

10 0 SETIP 

1 0 1 Cl.EAR IP 

110 SET IE 

1 1 1 CL.EAR IE 

10 , I D. : 0; I 0,1 0, 1 0, l 0, i D. I -READ·ONl. Y BITS 

FULL INTERRUPT UNDER SERVICE IIUS) ~ I I 
FUl.l. INTERRUPT ENABl.E (IE) ~ 

FUL.l. INTERRUPT PENDING (IP) 

IUS, IE, AND IP ARE WRITIEN USING 
THE FOl.l.OWING COMMAND: 

NULL CODE • • 0 

Cl.EAR IP " IUS 0 • 1 

SET IUS 0 1 0 

CLEAR IUS 0 1 1 

SET IP 1 0 0 

CL.EAR IP 1 • 1 

SET IE 1 1 0 

Cl.EAR IE 1 1 1 

~~L BUFFER EMPTY' 

~ EMPTY INTeRRUPT PENDING (IP) 

EMPTY INTERRUPT ENABl.E (IE) 

I :: EMPTY INTERRUPT UNDER SERVICE (IUS) 

BUFFER FULL-

• • 
0 • 
0 1 

0 1 

1 0 

1 • 
1 1 

• 

1 

0 

IUS, IE, AND IP ARE WRITIEN USING 
THE FOL.l.OWING COMMAND: 

NUl.L. CODE 

Cl.EAR IP .. IUS 

SET IUS 

Cl.EAR IUS 

SET IP 

Cl.EAR IP 

SET u:: 

1 1 1 Cl.EAR IE 

-READ-ONl.Y BITS 

Figure 27, Interrupt Status Registers (Continued) 
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Registers (Continued) 

86 

Byte Count Register 
Address: 0 III 

I~I~I~I~I~I~I~I~I 

I II I I I I I 
REFLECTS NUMBER OF BYTES IN BUFFER 

Figure 28. Byte Count Register 

Pattern Match Register 
Address: 1011 
(ReacllWrite) 

I~I~I~I~I~I~I~I~I 

I I I I I II I 
STORES BYTE COMPARED WITH 

BYTE IN DATA BUFFER REGISTER 

Figure 30. Pattern Match Register 

Data Buffer Register 
Address: III I 
(ReacllWrite) 

1~1~1~1~1~1~1~1~1 

I I I I I II I 
CONTAINS THE BYTE TRANSFERRED 

TO OR FROM FIFO BUFFER RAM 

Figure 32. Data Buffer Register 

Message Out Register 
Address: 1011 
(ReacllWrite) 

I~I~I~I~I~I~I~I~I 

I I I I I II I 
STORES MESSAGE SENT TO MESSAGE 

IN REGISTER ON OPPOSITE PORT OF flO 

Figure 34. Message Out Register 

VECTOR STATUS 

Interrupt Vector Regllter 
Address: 0110 
(ReacllWrite) 

I I I I 

1 
NO INTERRUPTS PENDING 

BUFFER EMPTY 

BUFFER FUll 

DVERfUNDERFlOW ERROR 

IYTE COUNT MATCH 

PATTERN MATCH 

DATA DIRECTION CHANGE 

MAILBOX MESSAGE 

o 0 0 

o 0 1 

o 1 0 

o 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

Figure 29. Interrupt Vector Register 

Pattern Mcmk Regilter 
Address: 1110 
(ReacllWrite) 

I~I~I~I~I~I~I~I~I 

I I I I I II I 
IF SET, BITS 0-7 MASK BITS 0-7 

IN PATTERN MATCH REGISTER. 
MATCH OCCURS WHEN ALL 
NON·MASKED BITS AGREE. 

Figure 31. Pattern Mask Register 

Byte Count Comparison Register 
Address: 1000 
(ReacllWrite) 

I~I~I~I~I~I~I~I~I 

I II I I I I I 
CONTAINS VALUE COMPARED TO BYTE COUNT 

REGISTER TO ISSUE INTERRUPTS ON MATCH 
(BIT 7 ALWAYS 0.) 

Figure 33. Byte Count Comparison Register 

Message In Register 
Address: 1100 
(Read Only) 

1~1~1~1~1~1~1~1~1 

I I I I I II I 
STORES MESSAGE RECEIVED FROM MESSAGE 

OUT REOISTER ON OPPOSITE PORT OF CPU 

Figure 35. Message In Register 



Absolute Maximum Ratings 

Voltages on all inputs and outputs 
with respect to GND .......... -0.3 V to + 7.0 V 

Operating Ambient 
Temperature ................. 0°Cto +70°C 

Storage Temperature ........ -65°C to + 150°C 

Standard Test Conditions 

The characteristics below apply for the 
following standard test conditions, unless 
otherwise noted. All voltages are referenced to 
GND. Positive current flows into the refer· 
enced pin. Standard conditions are as follows: 

+5V 

Figure 36. Standard Test Load 

DC Characteristics 

Symbol Parameter Min 

V1H Input High Voltage 2.0 

VIL Input Low Voltage -0.3 

VOH Output High Voltage 2.4 

VOL Output Low Voltage 

IlL Input Leakage 

IOL Output Leakage 

Icc Vee Supply Current 

Stresses greater than those listed under Absolute Maxi· 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition aoove those indicated in the operational sections 
of these speCifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

• +4.75 V ,;; Vee';; +5.25 V 

• GND = 0 V 
• TA as specified in Ordering Information 

Max 

Vcc+ 0.3 

0.8 

0.4 

0.5 

±1O.0 

±1O.0 

250 

FROM OUTPUT 
UNDER TEST 

+5V d2.2K 

50pF r 
Figure 37. Open·Drain Test Load 

Unit 

V 

V 

V 

V 

V 

pA 

p.A 

rnA 

Condition 

IoH = -250 pA 

IoL = +2.0 rnA 

IOL = +3.2 rnA 
0.4 ,;; VIN ,;; +2.4V 

0.4 ,;; VOUT ,;; +i.4V 

Vee:::: 5 V ± 5% unless otherwise specified, over specified temperature range. 
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Capacitance 

Symbol Parameter Min Max Unit Test Condition 

CIN Input Capacitance 10 pF 

COUT Output Capacitance 15 pF Unmeasured Pins 

CliO Bidirectional Capacitance 20 pF 
Returned to Ground 

Inputs 

tr Any Input Rise Time 100 ns 

tf Any Input Fall Time 100 ns 

f = 1 MHz, over specified temperature range. 

Z-BUS CPU Inteface Timing 

Number Symbol Parameter Min Max Units Notes 

1 TwAS AS Low Width 70 ns 

2 TsA(AS) Address to AS I Setup Time 10 ns 

3 ThA(AS) Address to AS I Hold Time 50 ns 

4 TsCSO(AS) CS to AS I Setup Time 0 ns 

5 -ThCSO(AS) -- CS to AS I Hold Time 60 ns--I-

6 TdAS(DS) AS I to DS I Delay 60 ns 

7 TsA(DS) Address to DS I 120 ns 

8 TsRWR(DS) RJW (Read) to DS I Setup Time 100 ns 

9 TsRWW(DS) RJW (Write) to DS I Setup Time 0 ns 

IO-TwDS DS Low Width 390 ns 

11 TsDW(DSf) Write Data to DS I Setup Time 30 ns 

12 TdDS(DRV) DS (Read) I to Address Data Bus Driven 0 ns 

13 TdDSf(DR) DS I to Read Data Valid Delay 255 ns 

14 ThDW(DS) Write Data to DS I Hold Time 30 ns 

15 -TdDSr(DR)-- DS I to Read Data Not Valid Delay 0 ns 

16 TdDS(DRz) DS I to Read Data Float Delay 70 ns 2 

17 ThRW(DS) RJW to DS I Hold Time 60 ns 

18 TdDS(AS) DS I to AS I Delay 50 ns 

19 Tre Valid Access Recovery Time 1000 ns 3 

NOTES: 
1. Parameter does not apply to Interrupt Acknowledge 

transactions. 
3. This is the delay from DS of one CIa access to DS of another 

FlO access (either read or write). 
2. Float delay is measured. to the time when the output has 

changed 0.5 V from steady state with minimum de load and 
maximum de load. 
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Z-BUS CPU Inteface Timing (Continued) 

Ci 
--'1'--++-# 

RlW 
READ -----H--I 

RlW 
WRITE -----H----+-...,...,---------t---'F'------------

ADo_AD1.j ~-------------t-1:==~=~~E~j~---------
READ 
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Z-BUS CPU Interrupt Acknowledge Timing 

Number Symbol 
20 TsIA(AS) 

21 

22 

ThIA(AS) 

TdDSA(DR) 

Parameter 
INTACK to AS 1 Setup Time 

INTACK to AS 1 Hold Time 

DS (Acknowledge) I to Read Data Valid Delay 

23 TwDSA DS (Acknowledge) Low Width 

Min Max Units Notes 

0 ns 

250 ns 

360 ns 

475 ns 

24-TdAS(IEO)--AS I to lEO! Delay (INTACK Cycle) ------350-ns--4-

25 TdIEI(IEO) lEI to lEO Delay 150 ns 4 

26 TsIEI(DSA) IEI to DS (Acknowledge) ! Setup Time 100 ns 

27 ThIEI(DSA) lEI to DS (Acknowledge) I Hold Time 200 ns 4 

28 TdDS(INT) DS (INTACK Cycle) to INT Delay ns 

29 TdDCST Interrupt Daisy Chain Settle Time ns 4 

NOTES: 
4. The parameters for the devices in any particular daisy chain 

must meet the following constraint: The delay from AS to ISS 
must be greater than the sum of TdAS(lEO) for the highest 

priority peripheral, TsIEl(DSA) for the lowest priority 
peripheral, and TdIEI(IEO) for each peripheral separating them 
in the chain. 

ADo- AD7 

1+------{23i}---_~ 

lEI 

lEO 

90 



Z-BUS Interrupt Timing 

Number Symbol 

30 T dMW(JNT) 

31 TdDC(lNT) 

32 TdPMW(INT) 

33 TdPMR(INT) 

Parameter 

Message Write to INT Delay 

Data Direction Change to INT Delay 

Pattern Match to INT Delay (Write Case) 

Pattern Match (Read Case) to INT Delay 

Min Max Units Not .. 

AS Cycles 5 
+ns 

AS Cycles 6 
+ns 

AS Cycles 
+ns 

AS Cycles 
+ns 

34--TdSC(INT)--Status Compare to INT Delay--------- l--AS Cycles-6-

35 

36 

37 

38 

NOTES: 

TdER(INT) 

TdEM(lNT) 

TdFL(INT) 

TdAS(lNT) 

Error to 00 Delay 

Empty to 00 Delay 

Full to INT Delay 

AS to INf Delay 

5. Write is from the other side of FlO. 

.UUOE WRITE os' 
WRITE MESSAGE 

REGISTER 
OUT 

DATA WRITE os' 
DIRECTION CONTROL 

CHANOE REGISTER 3 

WRITE DATA ,DS 
BUFFER 
REGISTER .. -{ MATCH 
READ DATA os 
BUFFER 
REGISTER 

STATUS WRITE DATA os' 
COMPARE BUFFER 

REGISTER 

+ns 
AS Cycles 

+ns 
AS Cycles 6 

+ns 
AS Cycles 6 

+ns 
AS Cycles 

+ns 

6. Write can be from either side, depending on programming 
of FlO. 

34 

ERROR WRITE DATA os 
BUFFER =-------./I----~®~------·I 
REGISTER 

EMPTY WRITE DATA 
BUFFER ~------~:"ir_--------~~I 
REGISTER 

~Uu. WRITE DATA 
BUFFER 'I·----~®~----.I 
REGISTER 

Ai 

'NT 

91 



Z-BUS Request/Wait Timing 

Number Symbol Parameter Mia Max UDi~ 

I TdDS(WAIT) DS I to WAIT I Delay 

2 TdDSl(WAIT) DSI I to WAIT I Delay 

3 TdACK(WAIT) ACKIN I to WAIT I Delay 

4-TdDS(REO)-- DS I to REO I Delay--------------

5 TdDMA(REO) DMASTB I to REO I Delay 

6 

7 

TdDSl(REQ) 

TdACK(REO) 

DSI I to REO I Delay 

ACKIN I to REO I Delay 

8-TdSU(DMA)- Data Setup Time to DMASTB-------200----

9 TcIH(DMA) pata Hold Time to DMASTB 30 

10 TdDMA(DR) DMASTB I to Valid Data 

II 

12 

TdDMA(DRH) DMASTB I to Data Not Valid 

TdDMA(DR2) DMASTB I to Data Bus Float 

NOTES: 
I. The delay is from DAV I for 3-Wire Input Handshake. The 

delay is from DAC I for 3-Wire Output Handshake. 
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iii DATA 
READ/WRITE BUFFER 

BY OTHER SIDII REGISTER 

HI DATA 
WRITEIREAD BUFFER 

BY OTH.R SID. REGISTER 

RSQ 

DATA 
FROM 

"'0 

DMA8T8 

WRITE 
TO 

"'0 

INPUT' 
OUTPUT 
PORT 

ONIOUT 

DATA 
BUFFER 
REGISTER 

DATA 
BUFFER 
AEGISTER 

o 
70 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes 



Z-BUS Reset Timing 

Number Symbol Parameter 

NOTES: 

2 

3 

TdDSQ(AS) 

TdASQ(DS) 

Tw(AS+DS) 

Delay from DS t to AS j for No Reset 

Delay for AS t to DS j for No Reset 

Minimum Width of AS and DS Both Low for 
Reset 

1. Internal circuitry allow.s for the reset provided by the Z8 
(OS held Low while AS pulses) to be sufficient. 

Non-Z-BUS CPU Interface Timing 

Number Symbol Parameter 

I TsA(RD) Address Setup to RD j 

2 TsA(WR) Address Setup to WR j 

3 ThA(RD) Address Hold Time to RD t 

4 -ThA(WR) --Address Hold Time to WR t 

5 TsCEl(RD) CE Low Setup Time to RD 

6 TsCEI(WR) CE Low Setup Time to WR 

7 ThCEI(RD) CE Low Hold Time to RD 

8 -ThCEI(WR) -- CE Low Hold Time to WR 

9 TsCEh(RD) CE High Setup Time to RD 

10 TsCEh(WR) CE High Setup Time to WR 

II TwRDI RD Low Width 

12 -TdRD(DRA) -- RD j to Read Data Active Delay 

13 TdRDf(DR) RD j to Valid Data Delay 

14 TdRDr(DR) RD t to Read Data Not Valid Delay 

15 TdRD(DRz) RD t to Data Bus Float 

16-TwWRI---WR Low Width 

17 TsDW(WR) Data Setup Time to WR 

18 ThDW(WR) Data Hold Time to WR 

19 Trc Valid Access Recovery Time 

NOTES: 

Min Max Units Notes 

40 

50 

500 

Min 

80 

80 

0 

0 

0 

0 

0 

0 

100 

100 

400 

0 

0 

400 

0 

0 

1000 

ns 

ns 

ns 

Max Units Notes 

ns 

ns 

ns 

----ns----

ns 

ns 

ns 

----ns----

ns 

ns 

ns 

----ns----

300 ns 

ns 

70 ns 2 

----ns----

ns 

ns 

ns 3 

1. Parameter does not apply to Interrupt Acknowledge 
transactions. 

3. This is the delay from PJ5 I or ViR I of one FlO access to 
RD I or WR 1 of another FlO access. 

2. Float delay is measured to the time the output has changed 
0.5 V from steady state with minimum ae load and max­
imum de load. 
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Non-Z-BUS CPU Interface Timing(Continued) 

elDi 

Do-D7 DATA VALID F'OWOITE _____ ..J 1\o ___________ ....J. '--______ _ 

NOIl-Z-BUS CPU Interface Timing 

9 --.l """'-__ _ 
iiii OR WR JJ-: - ..... \'-__ ®_">-..,J-(--9'-__ _ 

Non-Z-BUS Interface Timing 
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Non-Z-BUS Interrupt Acknowledge Timing 

Number Symbol Parameter Min Max Units Notes 

NOTES: 

20 TdIEI(lEO) lEI to lEO Delay 150 

21 TdI(IEO) INTACK j to lEO j Delay 350 

22 TsIEI(RDA) lEI Setup Time to RD (Acknowledge) 200 

23 TdRD(DR) RD j to Vector Valid Delay 300 

ns 

ns 

ns 

ns 

4 

4 

4 

24-TwRD!(IA)--Read Low Width (Interrupt Acknowledge)---400----ns----

25 ThIA(RD) INTACK I to RD I Hold Time 30 

26 ThIEI(RD) lEI Hold Time to RD I 100 

27 

28 

TdRD(INT) 

TdDCST 

RD I to INT 1 Delay 

Interrupt Daisy Chain Settle Time 

ns 

ns 

ns 

ns 4 

4. The parameter for the devices in any particular daisy chain 
must meet the following constraint: The delay from INTACK J 
to RD I must be greater than the sum of TdINA(lEO) for the 

highest priority peripheral, TsIEl(RD) for thE; lowest priority 
peripheral, and TdIEI(IEO) for each peripheral separating them 
in the chain. 

INTACK 

AD 

Do-D7 --------------______ ~------~~~ __ ~~~~--;--------

lEI 

lEO 

INT 
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Non-Z-BUS Interrupt Timing 

Number Symbol Parameter Min Max Units Not .. 

29 TdMW(INT) Message Write to INT Delay ns 5,6 

30 TdDC(INT) Data Direction Change to 00 Delay ns 5,7 

31 TdPMW(INT) Pattern Match (Write Case) to INT Delay ns 5 

32 TdPMR(INT) Pattern Match (Read Case) to INT Delay ns 5 

33 -TdSC(INT)-- Status Compare to INT Delay -------------ns--5,7-

NOTES: 

34 TdER(INT) Error to INT Delay 

35 TdEM(INT) Empty to INT Delay 

36 

37 

TdFL(INT) 

TdSO(INT) 

Full to INT Delay 

State 0 to INT Delay 

5. Delay number is valid for State a only. 
6. Write is from other side of FlO. 

M •• SAOE WRITE \iRU 
WRITE MESSAGE 

REGISTER 
OUT 

DATA WRITE WR4,6 

DIRECTION CONTROL 

CHANaE REGISTER 3 rm

" 

BUFFER 
REGISTER 

PATTERN 
MATCH 

READ DATA 
BUFFER 
REGISTER 

ViR 4 

RD· 

STATUS WRITE DATA ViR-,' 
COMPARE BUFFER 

REGISTER 

ERROR WRITE DATA \YR 4 

BUFFER 
REGtSTEA 

EMPTY WRITE OATA WA,4,1 

BUFFER 
REGISTER 

FULL WRITE DATA WRU 
BUFFER 
REGISTER 

ST1-STo ViR4 _ RD4 

.NT 

96 

ns 5,7 

ns 5,7 

ns 5,7 

ns 

7. Write can be from either side, depending on programming of 
FlO. 

I----®----

1 
I-----®---~ 

7 
I------®-----

1 
I~ 

1 
I~ 

.1 
I~ 

I . ® . 
I 

I. ~ 

7 
I---®---

I 

" 



Non-Z-BUS Request/Wait Timing 

Number Symbol Parameter Min Max Units Notes 

I 

2 

TdRD(WT) 

TdRDl(WT) 

RD I to WAIT Active 

RD I I to WAIT Inactive 

3 TdACK(WT) ACKIN I to WAIT Inactive 

ns 

ns 

ns 

---4-TdRD(REQ)--RD I to REQ Inactive---------------ns 

5 TdRDl(REQ) RDI I to REQ Active 

6 

7 

TdACK(REQ) 

TdDAC(R~ 

ACKIN I to REQ Active 

DACK I to RD I or WR I 

---8-TSU(WR)---Data Setup Time to WR--------------

9 Th(WR) Data Hold Time to WR 

10 TdDMA RD I to Valid Data 

II TdDMA(DRH) RD I to Data Not Valid 

12 TdDMA(DRZ) RD I to Data Bus Float 
NOTES: 
1. The delay is from DA V t for 3-Wire Input Handshake. The 

delay is from DAC f for 3-Wire Input Handshake. 

REA.DJ~ .. ~~ER~~,~m t---------~ 
AD, 

WRITE/READ OF DATA 

0 

2. Only when DACK is active. 

BU':vE~T~EEG~S;;~: ----4---------+-----' 

ACKIN 
INPUT/OUTPUT PORT 

DATA FROM FlO 

AD 

-I® 

70 

ns 

ns 

ns 

--ns 

ns 

ns 

ns 

ns 

~9 
WA· ~ 

FlO WAITE TO DATA --V ,..-------------------
BUFFER REGISTEA~ _. '-___________________ _ 

2 

2 

2 
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Non-Z-BUS Reset Timing 

Number Symbol Parameter Min Max UDlts 

1. TdWR(RD) Delay from WR 1 to RD I 100 ns 

2. TdRD(WR) Delay from RD 1 to WR I 100 ns 

3. TwRD+WR Width of RD and WR, both Low for Reset 500 ns 

Port 2 Side Operation 

Number Symboi 

1. TwCLR 

2. TdOE(DO) 

3. TdOE(DRZ) 

Parameter 

Widih of Clear to Reset FIFO 

OE I to Data Bus Driven 

OE 1 to Data Bus Float 

CLEAR~J; 
INPUT 

98 

':0= ) 

3 

Min Max UDlts 

700 

o 
ns 

ns 

ns 



FlO 2-Wire Handshake Timing 

Number Symbol Parameter Min Max Unit. 

1 TsDI(ACK) Data Input to ACKIN I to Setup Time ns 

2 TdACKf(RFD) ACKIN I to RFD I Delay a ns 

3 TdRFDr(ACK) RFD 1 to ACKIN I Delay a ns 

4 - TsDO(DAV) --Data Out to DAV I Setup Time 25 ns 

5 TdDAVf(ACK) DA V I to ACKIN I Delay a ns 

6 ThDO(ACK) Data Out to ACKIN Hold Time ns 

7 TdACK(DAV) ACKIN I to DAV 1 Delay a ns 

8 - ThDI(RFD) --Data Input to RFD I Hold Time a ns 

9 TdRFDf(ACK) RFD I to ACKIN 1 Delay a ns 

la TdACKr(RFD) ACKIN 1 (DA VI) to RFD 1 Delay- a ns 
Interlocked and 3-Wire Handshake 

II TdDAVr(ACK) DA V 1 to ACKIN 1 (RFD 1) a ns 

12 TdACKr(DAV) ACKIN 1 to DAV I a ns 

2-Wlre Handshak. (Port 2 Sid. Only) Output 

2-Wire Handshake (Port 2 Sid. Only) Input 
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3-Wire Handshake Timing 

100 

Number Symboi Parameter Min Max Units 

1 

2 

3 

TsDI(DAV) 

TdDAVIf(RFD) 

TdDAVf(DAC) 

Data Input to DA V I Setup Time 

DAV I to RFD I Delay 

DAV I to DAC t Delay 

o 
o 

ns 

ns 

ns 

4 -ThDI(DAC) --Data In to DAC t Hold Time --------0 ----08 ----

5 TdDACIr(DAV) DAC t to DAV t Delay 0 08 

6 TdDAVIr(DAC) DAV t to DAC I Delay 0 ns 

7 TdDAVIr(RFD) DAV t to RFD t Delay 0 ns 

8-TdRFDHDAV)-RFD t to DAV I Delay O----ns---

9 TsDO(DAC) Data Out to DAV I 

10 TdDAVOf(RFD) DAV I to RFD I Delay 

11 TdDAVOf(DAC) DAV I to DAC t Delay 

o 
o 

ns 

ns 

ns 

12 -ThDO(DAC) --Data Out to DAC t Hold Time ------------ns ----

13 TdDACOr(DAV) DAC t to DAV t Delay 

14 TdDAVOr(DAC) DAV t to DAC I Delay 

15 TdDAVOr(RFD) DAV t to RFD t Delay 

16 TdRFDO(DAV) RFD t to DAV I Delay 

o 
o 
o 

DATA ~~-:-O_AT_A_VA_L~IO~~ '-_____ JX .... ___ _ 
DAY 

INPUT 

RFD 
OUTPUT 

DAC 
OUTPUT ____ ....: __ ..j 

DATA 

DAC 
INPUT 

RFD 
INPUT 

DAY 
OUTPUT 

3-Wire Handshake Input 

3-Wire Handshake Output 

ns 

ns 

ns 

ns 



Ordering Information 

Type Package Temp Clock Description 

Z8538 BI Plastic 40 pin 01 + 70°C 

! 
Z8538 FlO FIFO Input/Output 

B6 Plastic 40 pin -401 + 85°C Interface Unit. 
DI Ceramic 40 pin 01 + 70°C 4MHz 
D2 Ceramic 40 pin -551 + 125°C 
D6 Ceramic 40 pin 401 + 85°C 

Z8tl38A Bl Plastic 40 pm 01 + 70°C ! B6 Plastic 40 pin 401 + 85°C 6MHz 
Dl Ceramic 40 pin 01 + 70°C 
D6 Ceramic 40 pin -401 + 85°C 

Packages 

Plastic Ceramic 
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Universal 
Peripheral 
Controller 

Features 

• Complete slave microcomputer, for 
distributed processing use. 

• Unmatched power of Z8 architecture and 
instruction set. 

• Three programmable I/O ports, two with 
optional 2-Wire Handshake. 

• Six levels of priority interrupts from eight 
sources: six from external sources and two 
from internal sources. 

• Two programmable 8-bit counter/timers 

General Description 

The Z8590 Universal Peripheral Controller 
(UPC) is an intelligent peripheral controller 
for distributed processing applications (Figure 
3). The UPC unburdens the host processor by 
assuming tasks traditionally done by the host 
(or by added hardware), such as performing 
arithmetic, translating or formatting data, and 
controlling I/O devices. Based on the Z8 
microcomputer architecture and instruction 
set, the UPC contains 2K bytes of internal pro-

DATAl ~ ~;~ 
BUS ......... DB3 

_____ DBz 

_____ DB1 

_____ DBo 

TIM~~~ I ~ AID 
AND RESET l ------.. RD 

____ ViR 

CONTROL { ____ cs 
. WAIT 

Z8590 
UPC 

{ 

INT OR P3s 

MASTER ____ INTACK OR P32 

INTERR~:~ ---- lEI OR P30 

lEO OR P37 

+5V ____ 

PCLK~ 

GND ___ 

>1, ........ j P16 ------

P1s -----­
P' ........ 

4 PORT 1 
P13 ............ 

P12 -........--

P', 
P10 .............. 

P3, __ } 
P3. 

PORT 3 
P31"'--

P% 

P2, ........ j P26 -----
P2s _____ 

P24 _____ 
PORT 2 

P2, 

P2, 

P2, 

P2, 

Figure 1. Z8590 UPC Logic FunctiDns 

each with a 6-bit prescaler. Counter/Timer 
TO is driven by an internal source, and 
Counter/Timer II can be driven by internal 
or external sources. Both counter/timers are 
independent of program execution. 

• 256-byte register file, accessible by both the 
master CPU and UPC, as allocated in the 
UPC program. 

• 2K bytes of on-chip ROM for efficiency and 
versatility. 

gram ROM, a 256-byte register file, three 8-bit 
I/O ports, and two counter/timers. ~ 

The UPC offers fast execution time, an 
effective use of memory, and sophisticated 
interrupt, I/O, and bit manipulation. Using 
a powerful and extensive instruction set 
combined with an efficient internal 
addressing scheme, the UPC speeds 
program execution and efficiently packs 
program code into the on-chip ROM. 

lEO OR P37 3 

lEI OR P30 4 

Ilift OR P3s 5 

INTACK OR P3z 6 

RD 7 

CS 
GND 

DB. 

DB, 

Figure 2, Z8590 UPC Pin Configuration 
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General Description (Continued) 

An important feature of the UPC is an inter­
nal register file containing I/O port and con­
trol registers accessed both by the UPC pro­
gram and indirectly by its associated master 
CPU. This architecture results in both byte 
and programming efficiency, because UPC 
instructions can operate directly on 1/0 data 
without moving it to and from an accumulator. 
Such a structure allows the user to allocate as 
many general purpose registers as the applica­
tion requires for data buffers between the CPU 
and peripheral devices. All general-purpose 
registers can be used as address pOinters, 
index registers, data buffers, or stack space. 

The register file is logically divided into 16 
groups, each consisting of 16 working 
registers. A Register Pointer is used in con­
junction with short format instructions, 
resulting in tight, fast code and easy task 
switching. 

Communication between the master CPU 

and the register file takes place via one group 
of 19 interface registers addressed directly by 
both the master CPU and the UPC, or via a 
block transfer mechanism. Access by the 
master CPU is controlled by the UPC to allow 
independence between the master CPU and 
UPC software. 

The UPC has 24 pins that can be dedicated 
to I/O functions. Grouped logically into three 
8-line ports, they can be programmed in many 
combinations of input or output lines, with or 
without handshake, and with push-pull or 
open-drain outputs. Ports I and 2 are bit­
programmable; Port 3 has four fixed inputs 
and four outputs. 

To relieve software from coping with real­
time counting and timing problems, the UPC 
has two 8-bit hardware counter/timers, each 
with a fixed divide-by-four, and a 6-bit pro­
grammable prescaler. Various counting modes 
may be selected. 

HOST CPU 
UPC MICROCOMPUTER INTERFACE 

PORT I/O INTERFACE , 
DBo-DBr REGISTERS 

(PART OF REGISTER 
FILE) 

[ AIO_ 
PORT RD_ 2 I/O 

TO 
MASTER 

CPU 
WAIT 

", } '" P3", 110 PORT 

iNT '" 
3 P3,_ 

", 

'" 

Figure 3. Functional Block Diagram 
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General Description (Continued) 

In addition to the 40-pin standard configura­
tion, the UPC is available in four special con­
figurations: 

• A 64-pin RAM development version with 
external interface for up to 4K bytes of RAM 
and 36 bytes of internal ROM permitting 
down-loading from the master CPU. 

• A Protopack RAM version with a socket for 
up to 2K bytes of RAM, with 36 bytes of 

internal ROM permitting down-loading from 
the master CPU. 

Pin Description 

AID. Address/Data (input). A Low on this pin 
defines information on the data bus as an 
address. A High defines the information 
as data. 

CS. Chip Select (input, active Low). A Low 
enables the UPC to accept address or data 
information from the master CPU during a 
write cycle or to transmit data to the master 
CPU during a read cycle. This line is usually 
generated from higher bits of the address 
lines. 

Olio-DB,. Data Bus (bidirectional). This bus is 
used to transfer address and data information 
between the master CPU and the UPC. 

Plo-PI7, P2Q-P27, P30-P:J.,. 110 Port Lines 
(bidirectional, TTL compatible). These 24 lines 
are divided into three 8-bit I/O ports and may 
be configured in the following ways under pro­
gram control: 

Plo-PI7. Port 1 (input/output-as output it can 
be push-pull or open-drain). Bit-programmable 
Parallel I/O. 

P2Q-P27' Port 2 (input/output-as output, it can 

Functional Description 

Address Space. On the 40-pin UPC, all 
address space is committed to on-chip 
memory. There are 2048 bytes of mask­
programmed ROM and 256 bytes of register 

• A 64-pin ROM development version with 
external interface for up to 4K bytes of ROM 
and no internal ROM. 

• A Protopack ROM version with a socket for 
2K bytes of ROM and no internal ROM. 

This range of versions and configurations 
makes the UPC compatible with most system 
peripheral device control considerations. 

be push-pull or open-drain). Bit-programmable 
Parallel I/O. 

P30-P:J.,. Port 3 (four inputs, four outputs). 
Parallel I/O, handshake control, timer I/O, or 
interrupt contro!' 

PCLK. Clock (input). TTL-compatible clock 
input, 4 MHz maximum. This signal does not 
need to be related to the master CPU clock. 

RD. Read (input, active Low). A Low enables 
the master CPU to read information from the 
UPC. Raising the voltage on this pin above 
VDD will force the UPC into test mode. 

WAIT. Wait (output, active Low, open-drain). 
When the CPU accesses the UPC register file, 
this signal requests the master CPU to wait 
until the UPC can complete its part of the 
transaction. 

WR. Write (input, active Low). A Low on this 
pin enables the master CPU to write informa­
tion to the UPC. A simultaneous Low on RD 
and WR resets the UPC. It is held in reset as 
long as WR is Low. 

file. I/O is memory-mapped to three registers 
in the register file. Only the Protopack and 
64-pin versions of the UPC can access external 
program memory. See the section entitled 
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Functional Description (Continued) 

"Special Configurations" for complete descrip­
tions of the Protopack and 64-pin versions. 
Program Memory. Figure 4 is a map of the 2K 
on-chip program ROM. Even though the archi­
tecture allows addresses from 0 to 4K, behav­
ior of the device above program address 2047 
(7FFH) is not defined. The lirst 12 bytes of pro­
gram memory are reserved for the UPC 
interrupt vectors. For the Protopack and 64-pin 

20 

LOCATION OF 
FIRST BYTE OF 
INSTRUCTION 
EXECUTED AFTER 
RESET 

47 

.............. 
12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

USER 
ROM 

" 
IRQS LOWER BYTE 

IA05 UPPEA BYTE 

IAQ4l0WEA BYTE 

IRQ4 UPPER BYTE 

tAQ3l0WER BYTE 

IAQ3 UPPER BYTE 

tRQ2l0WER BYTE 

IRQ2 UPPER BYTE 

!AOt LOWER BYTE 

tROt UP PEA BYTE 

IRQ(} LOWER BYTE 

IROO UPPER BYTE 

Figure 4. Program Memory Map 

versions, the address space is extended to 4096 
bytes. In the RAM versions, addresses OCH 
through 2FH are reserved for on-chip ROM. 

Register File. This 256-byte file includes three 
I/O port registers (l-3H), 234 general-purpose 
registers (6-EEH), and 19 control, status and 
special I/O registers (OH, 4H, 5H, and 
FO-FFH). The functions and mnemonics 
assigned to these register address locations 
are shown in Figure 5. Of the 256 UPC 
registers, 19 can be directly accessed by the 
master CPU; the others are accessed indirectly 
via the block transfer mechanism. 

The I/O port and control registers are 
included in the register file without differen­
tiation. This allows any UPC instruction to 
process I/O or control information, thereby 
eliminating the need for special I/O and con­
trol instructions. All general-purpose registers 
can function as accumulators, address 
pointers, or index registers. In instruction exe-
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LOCATION 

FFH 

FEH 

FOH 

FCH 

FBH 

FAH 

F9H 

F8H 

F7H 

FSH 
F5H 

F4H 

F3H 

F2H 

F1H 

FOH 

EFH 

6H 

5H 

4H 

3H 

2H 

1H 

OH 

STACK POINTER 

MASTER CPU INTERRUPT CONTROL 

REGISTER POINTER 

PROGRAM CONTROL FLAGS 

upe INTERRUPT MASK REGISTER 

upe INTERRuPT REQUEST REGISTER 

upe INTERAUPT PRIORITY REGISTER 

PORT 1 MODE 

PORT 3 MODE 

PORT 2 MODE 

To PRESCALER 

TIMER/COUNTER 0 

T1 PRESCAlER 

TIMER/COUNTER 1 

TIMER MODE 

MASTER CPU INTERRUPT VECTOR REG, 

GENERAL-PURPOSE REGISTERS 

DATA INDIRECTION REGISTER 

LIMIT COUNT REGISTER 

PORT 3 

PORT 2 

PORT 1 

DATA TRANSFER CONTROL REGISTER 

IDENTIFIER 
(UPC Side) 

5P 

MIC 

RP 

FLAGS 

IMR 

IRO 

IPR 

P1M 

P3M 

P2M 

PREO 

To 

PRE1 

T, 

TMR 

MIV 

DIND 

LC 

P3 

P2 

P1 

OTC 

Figure 5. Register File Organization 

cutlOn, the registers are read when they are 
defined as sources and written when defined as 
destinations. 

UPC instructions may access registers 
directly or indirectly using an 8-bit address 
mode or a 4-bit address mode and a Register 
Pointer. For the 4-bit addressing mode, the file 
is divided into 16 working register groups, 
each occupying 16 contiguous locations 
(Figure 6). The Register Pointer (RP) addresses 
the starting point of the active working-register 
group, and the 4-bit register designator sup­
plied by the instruction specifies the register 
within the group. Any instruction altering the 
contents of the register file can also alter the 
Register Pointer. The UPC instruction set has a 
special Set Register Pointer (SRP) instruction 
for initializing or altering the pointer contents. 

Stacks. An 8-bit Stack Pointer (SP), register 
R255, is used for addressing the stack, 
residing within the 234 general-purpose 



Functional Description (Continued) 

FFH 
FDH 

0 1 1 1 o 0 0 0 FOH 
EFH 

EO" 
OFH 
DOH 
CFH 
COH 
BFH 
BOH 
AFH 
AOH 
9FH 
90H 
SFH 
80H 
7FH 

THE 4·81T REGISTER} 
POINTER PROVIDES THE 

UPPER NIBBLE OF THE 
REGISTER FilE ADDRESS 
FOR THE 4·81T ADDRESS 

MODE. 

75H \01110101 {

THE lOWER NIBBLE 
OF THE REGISTER FILE 
ADDRESS (0101) IS 
PROVIDED BY THE 
INSTRUCTION. 

70H 
6FH 
60H 
SFH 
SOH 
4FH 
40H 
3FH 
30H 
2FH 
20H 
1FH 
10H 
OFH 

D 

Figure 6. Register Pointer Mechanism 

registers, address location 6H through EFH. 
PUSH and POP instructions can save and 
restore any register in the register file on the 
stack. During CALL instructions, the Program 
Counter is automatically saved on the stack. 
During UPC interrupt cycles, the Program 
Counter and the Flag register are automati­
cally saved on the stack. The RET and IRET 
instructions pop the saved values of the Pro­
gram Counter and Flag register. 

Ports. The UPC has 24 lines dedicated to 
input and output. These are grouped into three 
ports of eight lines each and can be con­
figured under software control as inputs, out­
puts, or special control signals. They can be 
programmed to provide Parallel 1/0 with or 
without handshake and timing signals. All out­
puts can have active pullups and pulldowns, 
compatible with TTL loads. In addition, they 
may be configured as open-drain outputs. 

Port 1. Individual bits of Port I can be con­
figured as input or output by programming 

Port I Mode register (PIM) F8H. This port is 
accessed by the UPC program as general 
register I H. It is written by specifying address 
I H as the destination of any instruction used to 
store data in the output register. The port is 
read by specifying address I H as the source of 
an instruction. 

Port I may be placed under handshake con­
trol by programming Port 3 Mode register 
(P3M) F7H. This configures Port 3 pins P33 
and P34 as handshake control lines DA V j and 
RDYj for input handshake, or RDYj and DAVj 
for output handshake, as determined by the 
direction (input or output) assigned to bit 7 of 
Port I. The Port 3 Mode register also has a bit 
that programs Port I for open-drain output. 

Port 2. Individual bits of Port 2 can be con­
figured as inputs or outputs by programming 
Port 2 Mode register (P2M) F6H. This port is 
accessed by the UPC program as general 
register 2H, and its functions and methods of 
programming are the same as those of Port I. 
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Functional Description (Continued) 

Port 3 pins P31 and P36 are the handshake 
lines DAV2 and RDY2, with the direction (input 
or output) determined by the state of bit 7 of 
the port. The Port 3 Mode register also has a 
bit used to program Port 2 for open-drain 
output. 
Port 3. This port can be configured as I/O or 
control lines by programming the Port 3 Mode 
register. Port 3 is accessed as general register 
3H. The directions of the eight data lines are 
fixed. Four lines, P30 through P33; are inputs, 
and the other four, P34 through P37, are out­
puts. The control functions performed by Port 
3 are listed in Table I. 

Counter/Timers. The UPC contains two 8-bit 
programmable counter/timers, each driven by 
an internal 6-bit programmable prescaler. 

The Tl prescaler can be driven by internal 
or external clock sources. The TO prescaler is 
driven by an internal clock source. Both 
counter/timers operate independently of the 
processor instruction sequence to relieve the 
program from time-critical operations like 
event counting or elapsed-time calculation. TO 
Prescaler register (PREO) F5H and Tl Pre­
scaler register (PREI) F3H can be programmed 
to divide the input frequency of the source 
being counted by any number from 1 to 64. A 

Function Line Direetlon Signal 

( 
P3j In· DAV2IRDY2 

Handshake P33 In DAVj/RDYj 
P34 Out RDYj/DAVj 
P36 Out RDYlDAV2 

UPC Interrupt { P30 In IRQ3 

Request" P3j In IRQ2 
P33 In IRQj 

CounterlTimer { P3j In T7N 
P36 Out TOUT 

( 
P3S Out INT 

Master CPU P32 In INTACK 
P30 In lEI 
P37 Out lEO 

Test Mode P3S Out AID 

"P3Q, P31, and P33 can always be used as UPC interrupt 
request inputs, regardless of the confiquration 
programmed. 

Table I. Port 3 Control Functions 
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counter register (F2H or F4H) is loaded with a 
number from I to 256. The corresponding 
counter is decremented from this number each 
time the prescaler reaches end-of-count. When 
the count is complete, the counter jssues a 
timer interrupt request; IR04 for TO or IROs 
for TI. Loading either counter with a number 
(n) results in the interruption of the UPC at the 
nth count. 

The counters can be started, stopped, 
restarted to continue, or restarted from the ini­
tial value. They can be programmed to stop 
upon reaching end-of-count (Single-Pass 
mode) or to automatically reload the initial 
value and continue counting (Modulo.-n Con­
tinuous mode). The counters and pre scalers 
can be read at any time without disturbing 
their values or changing their counts. The 
clock sources for both timers can be defined as 
anyone of the following: 

• UPC internal clock (4 MHz maximum) 
divided by four. 

• External clock input to Counter/Timer Tl 
via P31 (l MHz maximum). 

• Retriggerable trigger input for the UPC 
internal clock divided by four. 

• Nonretriggerable trigger input for the UPC 
internal clock divided by four. 

• External gate input for the UPC internal 
clock divided by four. 

Interrupts. The UPC allows six interrupts from 
eight different sources as follows: 

• Port 3 lines P30, P32, and P33. 

• The master CPU(3). 

•. The two counter/timers. 

These interrupts can be masked and globally 
enabled or disabled using Interrupt Mask 
Register (IMR) FBH. Interrupt Priority Register 
(IPR) F9H specifies the order of their priority. 
All UPC interrupts are vectored. 

Table 2 lists the UPC's interrupt sources, 
their types, and their vector locations in pro­
gram ROM. Interrupt Request IR06 is 
dedicated to master CPU communications. 



Functional Description (Continued) 

Name 

IRQo 

IRQ] 

IRQ2 

IRQ3 

IRQ4 

IRQS 

Source 
----

EOM, XERR, LERR 

DAV], IRQ] 

DAV2, IRQ2, TIN 

IRQ3, lEI 
TO 

TI 

Vector 
Location Comments 

------

0,1 Internal (RO Blls 0, I, 2) 

2,3 External (P33) j Edge Tnggered 

4,S External (P3]) j Edge Triggered 

6,7 External (P30) j Edge Triggered 

8,9 Internal 

10,11 Internal 

Table 2. Interrupt Types, Sources. and Vector Locations 

Interrupt Requests IRQI, IRQ2, and IRQ3 are 
generated on the falling transitions of external 
inputs P33, P31, and P30, Interrupt Requests 
IRQ4 and IRQs are generated upon the timeout 
of the UPC's two counter/timers. When an 
interrupt request is granted, the UPC enters an 
interrupt machine cycle. This cycle disables all 
subsequent interrupts, saves the Program 
Counter and Status Flags, and branches to the 
program memory vector location reserved for 
that interrupt. This memory location and the 
next byte contain the l6-bit address of the 
interrupt service routine for that particular 
interrupt request. 

The UPC also supports polled systems. To 
accommodate a polled structure, any or all of 
the interrupt inputs can be masked and the 
Interrupt Request register polled to determine 
which of the interrupt requests needs service. 

FollowinCj any hardware reset operation, an 
EI instruction must be executed to enable the 
setting of any interrupt request bit in the 
IRQ register. Interrupts must be disabled prior 
to changing the content of either the IPR 
(F9H) or the IMR (FBH). DI is the only instruc­
tion that should be used to globally dIsable 
in terru pts. 

Master CPU Register File Access. There are 
two ways in which the master CPU can access 
the UPC register file: direct access and block 
access. 

Direct Access. Three UPC registers-the Data 
Transfer Control (OH), the Master Interrupt 
Vector (FOH)' and the Master Interrupt Control 

(FEH)-are mapped directly into the master 
CPU address space. The master CPU accesses 
these registers via the addresses shown in 
Table 3. 

UPC Address 
Decimal Hex Identifier Address 

0 OH DTC xxxI 1000 

5H DIND 
@5" @5H" xxxiiI II 

240 FOH MIV xxx 10000 

254 FEH MIC xxxllllO 

n DSCO xxxOOOOO 
nTI DSCI xxxOOOOI 

n+2 DSC2 xxxOOOIO 

n+3 DSC3 xxxOOO11 

n+4 DSC4 xxxOOIOO 

n+5 DSC5 xxxOO1Ol 

n+6 DSC6 xxxOOllO 

n + 7 DSC7 xxxOOll1 

n+8 DSC8 xxxOIOOO 

n+9 DSC9 xxxOIOOI 

n+ 10 DSCA xxxOIOIO 

n+ II DSCB xxxOlOll 

n+ 12 DSCC xxxOllOO 

n + 13 DSCD xxxOliOI 

n+ l4 DSCE xxxOlllO 

n + IS DSCF xxxOlll1 

x =;; don'l care 

*0 is the value in the IRP x 16 
•• Master CPU accesses the register address 10 Register 5. 

Table 3. Master CPU/UPC Register Map 
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Functional Description (Continued) 

The master CPU also has direct access to !6 
registers known as the DSC (Data, Status, 
Command) registers. The DSC registers are 
numbered 0 through F (DSCO-DSCF). These 
registers can be any 16 contiguous register file 
registers beginning on a 16-byte boundary. 
The base address of the DSC register group is 
designated by the IRP (I/O Register Pointer), 
which is bits D4-D7 of the Data Transfer Con­
trol register (OH). Figure 7 shows how the 
register address is made up of the 4-bit IRP 
field, concatenated with the low order 4-bits of 
the address from the master CPU. 

Block Access. The master CPU may transmit 
or receive blocks of data via address xxx!!l!!. 
When the master CPU accesses this address, 
the UPC register pointed to by the Data 
Indirection register is read or written. The 
Data Indirection register is incremented, and 
the Limit Count register is decremented, for 
example, when the master CPU issues a read 
or write to address xxx!!!!l while the Data 
Indirection register contains the value 33H. 
The operation causes register 33H to be read 
or written and the Data Indirection register to 
be incremented to 34H. This scheme is well 
suited to Block I/O Instructions and allows the 
master CPU to effiCiently read or write a block 
of data to or from the UPC. 

The Limit Count register (04H) is 
decremented and is used to control the 
number of bytes to be transferred by master 
CPU block accesses. If the master CPU 
attempts a read or write to the UPC after the 
Limit Count register reaches 0, the access is 

Special Configurations 

There are two piggyback and two 64-pin ver­
sions of the UPC. These versions are iden­
tical to the 40-pin UPC with the following 
exceptions: 

• Internal ROM is totally omitted from the 
64-pin development (Z8591) and piggyback 
ROM (Z8593) versions. 
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not completed, the LERR bit (D2) of the Data 
Transfer Control register is set (indicating a 
limit error), and the LERR error causes an 
IRQo interrupt request. 

The IRP field of the Data Transfer Control 
register, the Data Indirection reglster, and the 
Limit Count register are not directly accessible 
to the master CPU and therefore must be set 
by the UPC. This allows the UPC to protect 
itself from master CPU errors and frees the 
master CPU from tracking the UPGs internal 
data layout. 

DTC 
IRP 

~ 

ADDRESS FROM CPU 

I AT A6 As A4 A"j Az A, A() I 

REGISTER 
FILE 

Figure 7. DSC Register Addressing Scheme 

• All but 36 bytes of internal ROM are omitted 
from the 64-pin RAM (Z8592) and Plggyback 
(RAM) (Z8594) versions. 

• The memory address and data lines are buf­
fered and brought out to external pins or to 
the socket on the piggyback. 

• Control lines for the external memory are 
also prOVided. 



Special Configurations (Continued) 

The 54-pin version of the UPC allows the 
user to prototype the system in hardware with 
an actual UPC device and to develop the code 
intended to be mask programmed into the 
on-chip ROM of the 40-pin UPC for the pro­
duction system. The 54-pin or piggyback RAM 
versions of the UPC are extremely versatile 
paris. Memory space can be extended to 4K 
bytes on the 54-pin version by using external 
RAM/ROM for all but 35 bytes of the UPC's 
memory space. This memory can then be 
down-loaded from the master CPU using a 
bootstrap program stored in the 35 bytes 
(C-2F). Figure 8 is a memory map for the 
54-pin RAM version. 

FFFH r------------, 

PROGRAM MEMORY 

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

BOOTSTRAP ROM 

~~~------------------~ 
Z·UPC INTERRUPT 

VECTORS 

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

EXTERNAL 
RAM 

} 
INTERNAL 
ROM 

) 
EXTERNAL 
RAM 

Figure 8. UPC RAM Version Memory Map 

64-Pin and Piggyback Pin Functions. Forty of 
the pins on the 54-pin and piggyback versions 
have functions identical to those of the 40-pin 
version. The remaining 24 pins have additional 
functions described below. (Figures 9 through 
11 show fhe 54-pin and piggyback versions' pin 
functions and pin assignments.) 

Ao-All: Program Memory Address Lines (out­
put). These lines are identical in all 54-pin and 
RAM versions in the piggyback. They are used 
to address 4K bytes of external UPC memory. 

00-1>7. Program Data (input). Data is read in 
from the external memory on these lines. The 
RAM version also writes external memory 
through this bus. 

lACK. Interrupt Acknowledge (output, active 
High). This signal is active whenever an inter­
nal UPC interrupt cycle is in process. 

MAS. Memory Address Strobe (output, active 
Low). This address strobe is pulsed once for 
each memory fetch to interface with quasi­
static RAM. 

MOS. Memory Data Strobe (output, active 
Low). This signal is Low during an instruction 
fetch or memory write. 

.. ,.1 BUS 

BUS { 
TIMING 

AND RESET 

CONTROL { 

INTERRUPT { 

UK .... 1 DATA 

EXT 

EXTERNAL { ADD. 
CONTROL 

PCLK 

+5V 

Figure 9. Z85911Z8592 UPC Logic Functions 
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Special Configurations (Continued) 

MR/W. Memory Read/Write (output RAM ver­
sions only). This signal is High when the UPC 
is fetching an instruction and Low when it is 
loading external memory. 

P3, 1 64 +5V 

P3, PCLK 

61 

P2, P32flNTACk 

P2, WR 

P20 

P3, DB, 

P1, 
Z8591 
Z8592 

P1, 16 UPC 

DB, 

P10 

0, MR/W/IACK 

A, 0, 

A, 28 0, 

30 

32 A. 

Figure 10. Z8591/Z8592 UPC Pin Configuration 

Addressing Modes 

The following notation is used to describe the 
addressing modes and instruction operations as 
shown in the instruction summary. 

R 

IR 

Ir 
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Register or working-register address 
Working-register address only 
Indirect-register or indirect working-register 
address 
Indirect working-register address only 

SYNC. Instruction Sync (output, active Low). 
This signal is Low during the clock cycle just 
preceding an opcode fetch. 

+5 V 1 

PCLK 2 

P37/IEO 3 38 P21 

P3011EI 4 37 P26 

P3s1iNT 5 36 P2s 

P3zliNTAtK 6 35 P2. 

RD 7 34 P23 

WR 8 33 P22 

AID 9 32 P21 

CS 10 31 P20 

GNO 11 30 P33 

WAIT 12 29 P34 

DB7 13 28 P17 

DBs 14 27 P16 

DBs 15 26 P1s 

OB4 16 25 Pl. 

DBa 17 24 P13 

DB2 18 23 P12 

DB, 19 22 P11 

DBo 20 21 P10 

·SOCKET FOR 2716 EPROM (2K x 8) OA RAM 

Figure II. Z8593/Z8594 UPC Piggyback 
EPROM/RAM Pin Configuration 

RR 
IRR 

In 
X 
DA 
RA 
1M 

Register pair or working-register pair address 
Indirect register pair or indirect working-register 
pair address 
Indirect working-register pair only 
Indexed address 
Direct address 
Relative address 
Immediate 



Additional Symbols 

cist 
arc 
cc 

Destination location or contents 

Source location or contents 
CondItion code (see list) 

@ Indirect address prefix 

SP Stack Pointer (control register FFH) 
PC Program Counter 
FLAGS Flag register (control register FCH) 

Assignment of a value is indicated by the symbol 
"_". For example, 

dst - dst + src 
indicates that the source data is added to the 
destination data and the result is stored in the 
destination location. The notation "addr(n)" is used 
to refer to bit "n" of a given location. For example, 

RP Register Pointer (control register FDH) dst (7) 
IMR Interrupt Mask register (control register FBH) refers to bit 7 of the destination operand. 

Flags 

Control Register FCH contains the following six 
flags: 

Affected flags are indicated by: 

o Cleared to zero 

Set to one C Carry flag 
Z Zero flag 

S Sign flag 

V Overflow flag 

D Decimal-adjust flag 

H Half-carry flag 

Condition Codes 

Value 

1000 
0111 
IIII 
0110 
1110 
1101 
0101 
0100 
1100 
0110 
1110 
1001 
0001 
1010 
0010 
1111 
0111 
1011 
0011 
0000 

Mnemonic 

C 
NC 
Z 

NZ 
PL 
MI 
OV 

NOV 
EO 
NE 
GE 
LT 
GT 
LE 

UGE 
ULT 
UGT 
ULE 

• Set or cleared according to operation 

Unaffected 

Always true 
Carry 
No carry 
Zero 
Not zero 
Plus 
Minus 
Overflow 
No overflow 
Equal 
Not equal 

X Undefined 

Meaning 

Greater than or equal 
Less than 
Greater than 
Less than or equal 
Unsigned greater than or equal 
Unsigned less than 
Unsigned greater than 
Unsigned less than or equal 
Never true 

C I 
C 0 
Z I 
Z 0 
S 0 
S I 
V I 
V 0 
Z I 
Z 0 

Flags Set 

(S XOR V) ~ 0 
(S XOR V) = I 
[Z OR (S XOR V)) 0 
[Z OR (S XOR V)) I 
C ~ 0 
C ~ I 
(C ~ 0 AND Z ~ 0) 
(C OR Z) ~ I 
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Instruction Formats 

ope 

dst lope 

CCF, 01, EI, !RET, NOP, 
ReF, RET, SCF 

INCr 

One-Byte Instructions 
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ope MODE CLR, CPL, DA, DEC, 

"--,'''-''''''',-,,1<_-, OR 11 1 101 dsllsrc I ~~~~'~~~R~~~~R,POP, 
RRC, SRA, SWAP 

f-------':o~pe"-----II JP, CALL (Indirect) 

"---"""'_---' OR 11 1 1 0 I dsl I 

ope 
VALUE 

ope MODE 

,,' 
MODE ope 
dstlsrc src/dst 

dst/src ope 

SRP 

ADC, ADD, AND, 
ep, OR, ssc, SUB, 
reM, TM, XQR 

LD, LDE, LOEI, 
LDC, LOCI 

LD 
srcldst OR 11 1 1 01 src I 

[j£EJ VALUE 

LD 

DJNZ, JA 

Two-Byte Instructions 

ope MODE ADe. ADD, AND, CP, 

OR 1110 
lD. OR, sac, SUB, 
reM, TM, XOR 

'" OR 1 1 1 0 '" 
ope MODE Ace, ADD, AND, cp, ,,, OR 11 1 1 01 ,,' LD, OR, SSC, SUB, 

reM, TM, XQR 
VALUE 

MODE ope LD 

OR 1 1 1 0 

'" OR 1 1 1 0 ,,, 

MODE ope La 

dSl/src 

ADDRESS 

ope JP 

OA, 

DA, 

ope CALL 

DA, 

DA, 

Three-Byte Instructions 



OpcodeMap 

Lower Nibble (Hex) 

6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5 6,5 

DEC DEC ADD ADD ADD ADD ADD ADD LD 
R, lR, [Lira H2,HI IRa,HI HI,IM IRdM rj,Rl 

6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5 

RLC RLC ADC ADC ADC ADC ADC ADC 
R, lR, n,lrl H2,H, IRa.RI HI,IM rRj,IM 

6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5 

INC INC SUB SUB SUB SUB SUB SUB 
R, lR, fl,lrl H2,HI IRa.RI RdM lRl,IM 

8,0 6,1 6,5 6,5 10,5 10,5 10,5 r---w:-s 
IP SRP SBC SBC SBC SBC SBC SBC 

IRRI 1M eLIra H2.HI IRa,Rl RI,IM 

~~ 8,5 8,5 6,5 6,5 10,5 10,5 10,5 

DA DA OR OR OR OR OR OR 
R, lR, cl,Irz H2,HI IR2,RI HI,IM rHj,IM 

10,5 10,5 6,5 6,5 10,5 10,5 .\0,5 10,5 
pop POP AND AND AND AND AND AND 
R, lR, 0, r~ II,lra R2,Rj IRa.RI HI,IM rHJ,IM 

6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5 

i COM eOM TeM TeM TeM TCM TCM TCM 
R, lR, 1l,Irl H2,HI IRa,RI HI,IM rHj,IM 

!!l 
10112,1 12/14,1 6,5 6,5 10,5 10,5 10,5 10,5 

~ PUSH PUSH TM TM TM TM TM TM 
!.l R, lR, n,irl H2,HI IR2,RI HI,IM IHI,IM 
Z 

~ 10,5 10,5 12,0 18,0 .. DECW DECW LDE LDEI .. RR, lR, rl,lna Ir,,!rra " 6,5 6,5 12,0 ~,o 
~---- -~- -- r---

Rl Rl LDE LDE! 
R, lR, fl,Irn Irl,Irrl 

10,5 10,5 6,5 6,5 10,5 10,5 10,5 10.5 

A INCW INCW CP CP CP CP CP CP 
RR, lR, II,lr:z H2,H, IRa,RI HI,IM IR1,lM 

6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5 

ClR ClR XOR XOR XOR XOR XOR XOR 
R, lR, CI,Irl H2,HI IR1,R, HI,IM IRLtM 

----:--: 
6,5 6,5 12,0 18,0 10,5 

C RRC RRC LDC LDCI LD 
R, lR, r),Irrl hl,Ina Ill, x, R2 

6,5 6,5 12,0 18,0 20,0 20,0 10,5 

D SRA SRA LDC LDCI CALL· CALL LD 
R, JR, Ii,IIII Iri,IHI JRRI DA f2, x, HI 

6,5 6,5 6,5 10,5 10,5 10,5 10,5 

RR RR LD LD LD LD LD 
R, JR, I), II2 Ri,HI IRi,HI Rl.IM IIHI,IM 

6,7 6,7 6,5 10,5 

SWAP SWAP LD LD 
R, JR, Ill, Ii Hi,IRI 

~ ~ "-Bytes per 
Instruction 

Lower 
Opcode 
Nibble 

Execution t Pipeline 
Cycles Cycles 

Upper 
Opcode-+- A Mnemonic 
Nibble 

first 
Operand Operand 

·2·byle instruction; fetch cycle appears as a 3·byte lnstruction 
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LD 
n,R) 

A C D 

12'10,5 12,]0,0 6,5 12/10,0 6,5 

DJNZ JR LD IP INC 
tl,RA ce, RA lLIM cc,DA 

-

-

-

-

-

-

-

--
6,1 

DI 
-

6,1 
E! 

-
14,0 

RET 
-

16,0 

IRET 
-

5,5 

RCF 
-

6,5 
SCF 

-
6,5 

CCF 
-

6,0 
NOP 

'" 
J '-,-' ~ 

Legend: 
H '" 8- Bit Address 

4-511 Address 
R: or r, = Dst Address 
R2 or r. '" Sre Address 

Sequence: 
Opcode, First Operand, Second Operand 

Note: The blank areas are not defined 

I 
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Instruction Summary 

Instruction 
and Operation 

Addr Mode Opcode Flag. Affected 
Byte 

dst arc (Hex) CZSVDH 

ADC ds!,src (No!e 1) 
ds!- ds! + src + C 

ADD dst,src (No!e 1) 
ds! - dst + src 

AND ds!,src (Note 1) 
ds! - ds! AND src 

CALL ds! DA 
SP - SP - 2 IRR 
@SP - PC; PC - ds! 

CCF 
C - NOT C 

CLR ds! 
ds! - 0 

COM ds! 
ds! - NOT ds! 

CP ds!,src 
dst - src 

DA ds! 
ds! - DA dst 

DEC dst 
ds!-ds!-I 

DECW ds! 
ds!-dst-I 

DI 
IMR (7) - 0 

R 
IR 

R 
IR 

(Note 1) 

R 
IR 

R 
IR 

RR 
IR 

DJNZ r,ds! RA 
r - r - 1 
if r ,. 0 

PC-PC+dst 
Range: + 127, -128 

EI 
IMR(7) - I 

INC ds! 
ds!-ds!+1 

INCW ds! 
ds! - ds! + 

R 
IR 

RR 
IR 

10 

00 

50 

D6 
D4 

EF 

BO 
BI 

60 
61 

AD 

40 
41 

00 
01 

80 
81 

8F 

rA 
r=O-F 

9F 

rE 
r=O-F 

20 
21 

AO 
Al 

IRET BF 
FLAGS - @SP; SP - SP + I 
PC - @SP; SP - SP + 2; IMR(7) - 1 

IP cc,ds! 
if cc is true 

PC - ds! 

DA 

IRR 

JR cc,dst RA 
if cc is true, 

PC-PC+ds! 
RJ;nae: + 127. -128 
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cD 
c=O-F 

30 

cB 
c=O-F 

• 0 • 

·0· 
0--

- .. .. 0--

* ... * X - -

Instruction 
and Operation 

Addr Mode Opcode Flag. Affected 
Byte 

dst arc (Hex) C Z S V D H 

LD dst,src 
ds! - src r 

R 

r 
X 
r 
Ir 
R 
R 
R 
IR 
IR 

1M 
R 

X 
r 
Ir 
r 
R 
IR 
1M 
1M 
R 

LDC dst, src r Irr 
dst - src Irr 

LOCI ds!,src Ir Irr 
ds! - src Irr Ir 
r-r + 1; rr-rr + 1 

LDE dst,src r Irr 
dst - src Irr 

LDEI dst, src Ir Irr 
ds! - src Irr Ir 
r - r + 1; rr - rr + 1 

NOP 

OR dst,src (No!e I) 
ds! - ds! OR src 

POP ds! R 
ds! - @SP IR 
SP - SP + 

PUSH src 
SP-SP-I; @SP-src 

RCF 
C-O 

RET 
PC - @SP; SP - SP + 2 

RL ds! _ r=..' R 
~-'1..JIR 

RLC ds! LEJ=E::::iJJ I~ 

RR dst LEl LE3l I~ 

RRC ds! r-=-~ R 
~IR 

R 
IR 

SBC dst,src (No!e I) 
ds! - ds! - src- C 

SCF 
C-I 

SRA ds! LEl~ I~ 

rC ------
r8 
r9 

r=O-F 
C7 
D7 
E3 
F3 
E4 
E5 
E6 
E7 
F5 

C2 
D2 

C3 
D3 

82 
92 

83 
93 

FF 

40 

50 
51 

70 
71' 

CF 

AF 

90 
91 

10 
II 

EO 
EI 

CO 
CI 

3D 

DF 

DO 
DI 

0--

o - - - - -

***t...,-

'" ... 1 * 

I - - - - -

***0--



Instruction Summary (Continued) 

Instruction Addr Mode Opeode Flags Afleeled 
Byle ----and Operation dsl sre (Hex) CZSVDH 

SRP src 1m 31 
RP - src 

SUB cist,src (Note 1) 20 * 1 
dsl - dst - src 

SWAP cist ~ R FO X * * X 
IR Fl 

TCM cist,src (Note 1) 6U 0 
(NOT cist) AND src 

TM cist,src (Note 1) 7L~ * a 
cist AND src 

XOR cist,src (Note 1) BO * a 
dst - cist XOR src 

Registers 

R248 PIM 
Pori 1 Mode Register 

UPC register address (Hex): F8 

P10-Pt7 I/O DEFINITION 
'----- 0 DEFINES BIT AS OUTPUT 

1 DEFINES BIT AS INPUT 

R246 P2M 
Port 2 Mode Register 

UPC register address (Hex): F6 

P2o-P27 110 DEFINITION 
'---- 0 DEFINES BIT AS OUTPUT 

1 DEFINES BIT AS INPUT 

* 

Nole I 
These instructions have an identical set of addressing 

moof-;s, whICh are encoded for b[f~vlty. The first opcode 
nibble IS iound In the lrlstructlOn set table above. The 
spcond mbblp IS expressed symbollcally by a m thiS 
tdble, dnd lls vdluH IS found lrl the followmg table to the 
If'll of the addrpssml) mode 

For tu detcrrrllnt) the 
tht_' ddclresslllq 

Addr Mode Lower 

dst src Ope ode Nibble 
------------ -

Ie 

R R 

R lR 

F 1M 

IR iM 

R247 P3M 
Port 3 Mode Register 

UPC register address (Hex): F7 

L£ Do i D, D, i D, i D, I D, : Do I 

lJ. 

: 4 

5 

§ 

~T 

~ 
II ~L ~ ~g:i; ~~~~ ~~; ~6~I~rAlN 
If;L 0 PORT 1 PUll UPS OPEN DRAIN 

1 PORT 1 PUll UPS ACTIVE 

~ 
0 P35 '" OUTPUT 
1 P35 '" INT 

RESERVED 

o P33 '" INPUT P34 '" OUTPUT 
1 P33 "" D-AV1IRDY1 P34 = ROY1IDAV1 

o P31 '" INPUT (TIN) P36 "" OUTPUT (TOUT) 
1 P31 '" DAV2/RDY2 P36 "" RDY2IDAV2 

'--------~ ~~~ ~ :~~~6K 

P37 '" OUTPUT 
P37'" lEO 

Figure 12. Port Mode Registers 
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Registers (Continued) 

R25lIMR R250 IRQ 
Interrupt Mask Register 

UPC register address (Hex): FB 
Interrupt Request Register 

UPC register address (Hex): FA 
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1~I~i~!~I~I~i~:~1 1~!~i~I~I~I~i~I~1 

II L~~"fj~jj:~ 1 ~~~ lRao = MASTER CPU COMMUNICATIONS 

IRQl '" P33 INPUT 

IRQ2 "" P3l INPUT 

IRQ3 "" P30 INPUT 

IRQ4'" To 

IROS '" T1 

__ ~_-- RESERVED 

-~~----- 1 ENABLES INTERRUPTS 

R249IPR 
Interrupt Priority Register 

UPC register address (Hex): F9 (Write Only) 

I D, i D, ! D; ! D, . D, ! D, : D, ]D.l 

RESERVED Tr~ IRQi, IRQ. 4 PRIORITY (GROUP C) o == IRQi :> IRQ4 
INTERRUPT GROUP PRIORITY 1 == IRQ4 > IRQi 

RESERVED,"" 000 __ 
c·, A"> B '" 001 iRaQ, IRQ2 PRIORITY (GROUP B) 
A,,.B>C == 010 0 == IRQ2 > IROO 
A>C>B=Oli 1=IROO>IRQ2 
B>C>A'" iOO 
C > B > A ,.., 101 IRQ3, IROS PRIORITY (GROUP A) 
8-,A>C '" 110 0 == IROS.> IRQ3 

RESERVED", 11i 1 == IRQ3;>IRQ5 

Figure 13. Interrupt Control Registers 

R254 MIC R240 MIV 
Master CPU Interrupt Control Register 

UPC reqister address (Hex): FE 
Master CPU Interrupt Vector Register 

UPC register address (Hex): FO 

~rID6'D~:04 O~!D~ 

II II II l!LL 0 -
1 END OF MES:,AGE 

~ 
__ () WAIT ENABLE WHEN WRITE 

~ 
I WAIT DISABLE WHEN WRITE l --- 0 ENABLE LOWER CHAIN I 1 DISABLE LOWER CHAIN 

I -- 0 DISABLE DATA TRANSFER 
1 ENABLE DATA TRANSFER 

o VECTOR OUTPUT 

~ 
--- 1 NO VECTOR OUTPUT 

, 0 NO MASTER CPU INTERRUPT PENDING 
I[ 1 MASTER CPU INTERRUPT PENDING 

o NO INTERRUPT UNDER SERVICE 

L --- 1 !NTERRUPT UNDER SERVICE 

_______ 0 INTERRUPT REQUEST DISABLED 
1 INTERRUPT REOUEST ENABLED 

Figure 14. Master CPU Interrupt Registers 

'------ VECTOR DATA (Do '" LSBI 



Registers (Continued) 

R2S2 FLAGS 
Flag Register 

upe register address (Hex): Fe 

I~I~I~I~I~I~I~I~I 

E~~
' LUSERFlAGF' 
L USER FLAG F2 

HALF CARRY FLAG 

DECIMAL ADJUST FLAG 

OVERFLOW FLAG 

SIGN FLAG 

ZERO FLAG 

CARRY FLAG 

R2S3 RP 
Register Pointer 

upe register address (Hex): FD 

I~I~I~I~I~I~I~I~I 

REGISTER POINTER ----.J 
(r4- 17) 

c= DON'T CARE 

R2SS SP 
Stack Pointer 

upe register address (Hex): FF 

I~I~I~I~I~I~I~I~I 

Figure 15. UPC Control Registers 

RODTC 
Data Transfer Control Register 
upe register address (Hex): 00 

(LERR) 

(EOX) 

END OF MESSAGE 

NO TRANSFER ERROR 
TRANSFER ERROR 

NO LIMIT ERROR 
LIMIT ERROR 

DISABLE DATA TRANSFER 
ENABLE DATA TRANSFER 

"(I,,RP)"-______ 1 UO REGISTER POINTER 

R4 LC 
Limit Count Register 

upe register address (Hex): 04 

I~I~I~I~I~I~I~I~I 
LIMIT COUNT VALUE 

'--_____ (RANGE: 0-255 DECIMAL 
OO-FF HEX) 

RS DIND 
Data Indirection Register 

upe register address (Hex): 05 

1~1~1~1~1~1~I~i~1 

Figure 16. Master CPU-UPC Data Transfer Registers 
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Registers (Continued) 

R241 TMR 
Timer Mode Register 

UPC register address (Hex): Fl 

I~I~I~I~I~I~I~I~I 

RESERVED", 00 0 '" NO FUNCTION 
To OUT", 01 1 '" LOAD To 

R243 PREI 
Prescaler 1 Register 

UPC register address (Hex): F3 

1~I~i~!~!~I~i~I~1 

1 '" T1 MODULO. N 11 OUT"" 10 
INTERNAL CLOCK OUT", 11 0 = DISABLE To COUNT 

1 = ENABLE To COUNT 

TOU,MODESj llg~ 
CLOCK SOURCE ~

L ~,!U~TS~N°c:'lEE PASS 

120 

EXTERJ~~ ~~g~~ 0 "" NO FUNCTION 
INPUT", 00 1 = LOAD T1 

TRI:~~= :=~~~ : ~~ 0 = DISABLE T, COUNT 
(NON.RETRIGGERABLE) 1 '" ENABLE T 1 COUNT 

TRIGGER INPUT = 11 
(RETRIGGERABLE) 

o '" EXTERNAL TIMING INPUT 
(TIN) MODE 

1 = T11NTERNAL 

PRESCALER MODULO 
(RANGE: 1-64 DECIMAL 
01-00 HEX) 

R242 TI 
Counter/Timer 1 Register 

UPC register address (Hex): F2 

R244 TO 
CounterlTimer 0 Register 

UPC register address (Hex): F4 

I~I~I~I~I~I~I~I~I 1~!~!~I~!~I~I~I~1 

T11NITIAL VALUE 
'----- (RANGE: 1-256 DECIMAL 

01-00 HEX) 

R245 PRED 
Prescaler 0 Register 

UPC register address (Hex): F5 

[fOB] 0, ID.iD,!D, !D, 10.1 

~LCOUNTMODE 
0= To SINGLE·PASS 
1 = ToMDDULO. N 

RESERveD 

PRESCAlER MODULO 
(RANGE: 1-64 DECIMAL 
01-00 HEX) 

Figure 17. UPC Counter/Timer Registers 

IL-___ r:~~~~~~-~~~~CIMAl 
01-00 HEX) 



Registers (Continued) 

Control Reg'"ter DS 

OOH x x x x o 
Data Transfer Control Register 

04H Not Defined 
Limit Count Register 

aSH Not Defined 
Data IndirectlOn Register 

FaH 
Interrupt Vector Register 

F2H 
TO Register 

F3H 
TO Prescaler 

F4H 
TI Register 

F5H 
T 1 Prescaler 

F6H 
Port 2 Mode 

F7H 
Port 3 Mode 

F8H 
Port I Mode 

F9H 
Interrupt Priority 

FAH 
Interrupt Request 

FBH 
Interrupt Mask 

FCH 
Flag Register 

FDH 
Register Pointer 

FEH 
Master CPU Interrupt 
Control Register 

FFH 
Stack Pointer 

NOTE: X means not defmed. 

o o 

x x 

x x 

a a 

X X 

a X 

a a 

Not Defined 

a a 

Not Defined 

x x x 

Not Defined 

x x x 

o a x 

Not Defined 

a a a 

X X X 

Not Defined 

Not Defined 

a a 0 

Not Defined 

o 

a 

x 

x 

DO 

o 

o 

a 

Comment. 

Disable datA. transfer 
from master CPU 

Stops TO and T 1 

Smgle-Pass mode 
External clock source 

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

a 

a 

X X X 

a a 

Port 2 lines defmed as 
inputs 

Port 1, 2 open drain; 
P3S ~ INT; P30, P31, P32, 
P33 defined as input; P34 , 
P36' P37 defined as output. 

Port 1 lines defined as 
inputs 

Reset Interrupt Request 

Interrupts disabled 

Master CPU mterrupt diS­

abled; Wdlt enable when 
write; lower chain enabled 

Table 4. Control Register ReBet Conditions 
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Absolute Maximum Rating 

Voltages on all pins (except VEE) 
with respect to GND. . . . -0.5 V to + 7.0 V 

Operating Ambient 
Temperature ......... . . . O°C to + 70°C 

Storage Temperature. . .-65°Cto +150°C 

Standard Test Conditions 

The characteristics below apply for the 
following standard test conditions, unless 
otherwise noted. All voltages are referenced to 
GND. Positive current flows into the reference 
pin. Standard conditions are as follows: 

+5 V 

2.2K 

Figure 18. Test Load I 

DC Characteristics 

Symbol Parameter Min Max 

VeH Clock Input High Voltage 2.4 Vee 

VeL Clock Input Low Voltage -0.3 0.8 

VIH Input High Voltage 2.0 Vee 

VIL Input Low Voltage -0.3 0.8 

VOH Output High Voltage 2.4 

VOL Output Low Voltage 0.4 

IlL Input Leakage -10 10 

IOL Output Leakage -10 10 

ICC V cc Supply Current 180 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

• +4.75V::5 Vee::5 +5.25V 

• V ss = GND = 0 V 

• DoC ::5 TA ::5 +70°C 

+5V 

Figure 19. Test Load 2 

Unit Condition Notes 

V 

V 

V 

V 

V 

V 

p.A 

p.A 

rnA 

IOH = -250 p.A 

IOL = +2.0 rnA 

o oS VIN oS + 5.25 V 

o oS VIN oS + 5.25 V 

]. For AO-A]] and 00-07, MDS, SYNC, MAS, and MR/W/IACK on the 54'pin versions. IOH = ]OO"A and IOL = 1.0 rnA. 
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Master CPU Interface Timing 

Number Symbol Parameter Min (ns) Max (ns) Notes· 

TrC Clock Rise Time 20 

2 TwCh Clock High WIdth 105 1855 

3 TfC Clock Fall Time 20 

4 TwCl Clock Low Width 105 1855 

5 TpC Clock Period 250 2000 

6 - TsAlD(WR) - AID to WR I Setup Time 80 

7 TsAlD(RD) AID to RD I Setup Time 80 

8 ThAlD(WR) AID to WR f Hold Time 30 

9 ThAlD(RD) AID to RD f Hold Time 30 

10 TsCSf(WR) CS I toWR I SetupTime 0 

11 - TsCSf(RD) -- CS I to RD I Setup Time 0 

12 TsCSr(WR) CS f to WR I Setup Time 60 

13 TsCSr(RD) CS 1 to RD I Setup Time 60 

14 ThCS(WR) CS to WR I Hold Time 0 

15 ThCS(RD) CS to RD I Hold TIme 0 

16-TsDI(WR)-- Data in to WR I Setup Time 0 

17 Tw(WR) WR Low Width 390 

18 Tw(RD) RD Low Width 390 

19 ThWR(DI) Data in to WR 1 Hold Time 0 

20 TdRD(DI) Data Valid from RD I Delay 

21- ThRD(DI) -- Data Valid to TIiS 1 Hold Time 0 

22 TdRD(DIz) Data Bus Float Delay from RD 1 70 

23 TdRD(DBA ) RD I to Read Data Active Delay 0 

24 TdWR(W) WR I to WAIT I Delay 150 

25 TdRD(W) RD I to WAIT I Delay 150 

26 TdDI(W) Data Valid to WAIT 1 Delay 0 

NOTES 
l. This parameter is dependent on the state of the UPC at the time 4. All output de parameters use test load 1. 

of master CPU access. 'Timings are prelimmary and subject to change. 
J, The timing characteristics given reference 2.0 V as High and 

O.S V as Low. 
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Interrupt Acknowledge Transactions 

Number Symbol 

27 

28 

29 

30 

TsACK(RD) 

TdRD(D1) 

ThRD(ACK) 

ThIEI(RD) 

Parameter 

INTACK ! to RD ! Setup Time 

flO ! to Vector Valid Delay 

RD 1 to IN TACK 1 Hold Time 

lEI to RD I Hold Time 

31 - TwRD1--- RD (Acknowledge) Low Width --------

32 TdlEl(IEO) lEI to lEO Delay 

33 

34 

35 

NOTES, 

TsIEI(RD) 

TdACKj(IEO) 

TdACKr(IEO) 

lEI to RD I Setup Time 

IN TACK I to lEO I Delay 

INTACK 1 to lEO 1 Delay 

2. In case where daisy chain is not used. 
3 The timinq characteristics glven reference 2.0 V as High and 

0.8 V as Low. 

Master CPU Interface Timing 

AID 

cs 

DBo-DB7 

4. All output de 

"Timings are 

Min(ns) Max (ns) 

90 

255 

a 
100 

255 

120 

150 

250 

250 

use test load 1. 
and subject to change. 

WRITE CASE -----+-.y-"-f-------t--Jr't---t+---------

WR 

DBO-DB7-------1-~~~~=i~~~~;:~~--tt--~~-------READ CASE 

RD 
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Interrupt Acknowledge Timig 

Handshake Timing 

Number Symbol Parameter Min (ns) Max (ns) 

TsDl(DA) Data In Setup Time 0 

2 ThDA(Dl) Data In Hold Time 230 

3 TwDA Data Available Width 175 

4 TdDAL(RY) Data Available Low to Ready 20 175 
Delay Time 0 

5 TdDAH(RY) 
Data Available High to Ready 150 

Delay Time 0 

6 TdDO(DA) Data Out to Data Available 50 
Delay Time 

7 TdRY(DA) Ready to Data Available Delay Time 0 205 

I. Input Hand::;hake 3. Output Handshake. 
2. Test Load 1. *Tlmings are preliminary and subject to change. 

Reset Timing 

Number Symbol 

2 

3 

TdRDQ(WR) 

TdWRQ(RD) 

TwRES 

Parameter 

Delay from RD 1 to WR I for No Reset 

Delay from WR 1 to RD I for No Reset 

Minimum Width of WR and RD both Low 
for Reset 

Min (ns) Max (ns) 

40 

50 

250 

4, Internal reset signal IS V2 to 2 dock delays from external reset 
condition. 

*Timings are preliminary and subject to change. 

Notes* 

l,2 

l,2 
2,3 

1,2 
2,3 

2 

2 

Notes* 

4 
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RAM Version Program Memory Timing 

Number Symbol Parameter Min (ns) Max (ns) Notes· 

I TwMAS Memory Address Strobe WIdth 60 5 

2 TdA(MAS) Address Valid to Memory Address Strobe t Delay 30 5 

3 TdMRlW Memory Read/Write to Memory Address Strobe t 30 5 
(MAS) Delay 

4 TdMDS(A) Memory Data Strobe t to Address Change Delay 60 

5 TdMDS Memory Data Strobe t to Memory Read/Write Not 80 
(MR/W) Valid Delay 

6 Tw(MDS) Memory Data Strobe WIdth (Write Case) 160 6 

7 TdDO(MDS) Data Out Valid to Memory Data Strobe I Delay 30 5 

8 TdMDS(DO) Memory Data Strobe t to Data Out Change Delay 30 5 
9 Tw(MDS) Memory Data Strobe Width (Read Case) 230 6 

10 TdMDS(D1) Memory Data Strobe I to Data In Valid Delay 160 7 

11 TdMAS(D1) Memory Address Strobe I to Data In Valid Delay 280 7 

12 ThMDS(D1) Memory Data Strobe t to Data In Hold Time 0 

13 TwSY Instruction Sync Out Width 160 

14 TdSY(MDS) Instruction Sync Out to Memory Data Strobe Delay 200 

15 TwI Interrupt Request via Port 3 Input Width 100 

NOTES: 
5. Delay times are specified for an of 

4 MHz. When operating at a lower 
input clock period must be added to delay time. 

7. Address strobe and data strobe to data in valid delay times 
represent memory system access tlmes and are given for a 
4 MHz mput frequency. 

6. Data strobe width is specified for an input clock frequency of 
4 MHz. When at a lower the Increase in 
three mput must be to specified width. 
Data strobe varies according to the instruction bemg 
executed 

Handshake Timing 

DATA IN ~ DATA IN VALID 

8. All timinq references assume 2.0 V for a logic' 1" and 0,8 V 
for a logiC "0." 

9. All output ae parameters use test load 2. 
• Timings are preliminary and subject to change 

K. 
I~I -----(1Xi}--
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DAY 
INPUT 

RDY 
OUTPUT 

" ~--+-I 1 -8, 1 : y t 
PORT 
READ 

Input Handshake 



Handshake Timing (Continued) 

DATA OUT 

DAY 
OUTPUT 

RDY 
INPUT 

Reset Timing 

DATA OUT VALID 

Output Handshake 

RAM Version Program Memory Timing 

MAS 

AO-A11 

MAlW 
(RAM VERSION 

ONLY) 

MDS 
WRITE CASE 

00-07 
WRITE CASE 

MDS 
READ CASE 

~ 
Or--

)( 
(]~ 

)( 

13 

-
V 
1-- 1--0--J 

ADDRESS VALID 
, 
I 

I-

X 
r~~1 

--(5)-+-1 

I---(i)----- - CDr-
K DATA VALID our 1( -----{9}---1 

-~~~ -, 11 

DATA 'N .,. 

I-------@-~-~-
VALID Jc 
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Ordering Information 

Type Package Temp Clock Description 

Z8590 BI Plastic 40 pin 0/ + 70°C 

! 
Z8590 Universal Peripheral 

B6 Plastic 40 pin -40/ + 85°C Controller 
Dl Ceramic 40 pin 0/ + 70°C 4MHz 
D2 Ceramic 40 pin -55/ + l25°C 
D6 Ceramic 40 pin -40/ + 85°C 

Z8590A BI Plastic 40 pin 0/ + 70°C 

! B6 Plastic 40 pin -40/ + 85°C 6MHz 
Dl Ceramic 40 pin 0/ + 70°C 
D6 Ceramic 40 pin -40/ + 85°C 

Z8591 QI QUIP 64 0/ + 70°C ~ 4MHz External ROM 
Z859lA Ql QUIP 64 0/ + 70°C 6MHz UPC 

Z8592 Ql QUIP 64 0/ + 70°C 

~ 
4MHz External RAM 

Z8592A QI QUIP 64 0/ + 70°C 6MHz UPC 

Z8593 Rl PDP 0/ + 70°C 

~ 
4MHz Piggyback EPROM 

Z8593A Rl PDP 0/ + 70°C 6MHz UPC 

Z8594 Rl PDP 0/ + 70°C ~ 4MHz Piggyback EPROM 
Z8594A Rl PDP 0/ + 70°C 6MHz UPC 
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Packages 

Plastic 

1410ma. r - "'1 
.~. ...... .Glli~ 

~. ,.dt~ r--025-\'. 
l27 i~ 045J _ 254 ell i J' 

~ 4826 -I f..-15_20';'16.68 

r . 52.58m~. l " 

[~~ .. ~.~.~~~~.~~.~.~~.~.~.] 

Quip 64 

" B 

r 
-

" 

1 ~ 

Ceramic 

ill ~ r '5)6'" 1 
=~='=l = ... = .......... :~ ~ 

Q.45. -. 1.27 "".'. Z54_ l. J 
~ 48.26 _ 15,21'. 

5130"''''' : 0 1 
t::::: ::~.~ ~n~~l~ 

PDP 

PIN! -, ---S130MAX ~ 
IDENTIF1(.ATlON 1 

1 ~~~30_96MAx---------l I EA 7~T r-13.~6Sa_'1 4·69 

MJ.j MAX _g"" 
0;; ~j ~ !005 1.01 J 

. !O.50 
14.9(1 __ '1.27"0,38 045 3.17 

J---REF------.I .- rlBOTHENoS JL"O.07 lOI.0_11Typl MIN 

2.54!O,25TVP~ __ 48_;6VP -o.oS,! 
, RIOF 
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