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Functional Block Diagrams
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Figure 1. Z86C91 Functional Block Diagram
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Table 12. 40-Pin DIP Pin Identification (Continued)

Pin # Symbol Function Direction

11 GND Ground, Vgg Output

12 P32 Port 3, Pin 2 Input

13-20 P00-PO7 Port 0, Pins 0-7 Input/Output
21-28 P10-P17 Port 3, Pins 0-7 Input/Output
29 P34 Port 3, Pin 4 Output

30 P33 Port 3, Pin 3 Input

31-38 P20-P27 Port 2, Pins 0-7 Input/Output
39 P31 Port 3, Pin 1 Input

40 P36 Port 3, Pin 6 Output

Pin Description

5
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Figure 3. 44-Pin PQFP Pin Configuration
Table 13. 44-Pin PQFP Pin Identification
Pin # Symbol Function Direction
1-5 P03-P07 Port 0, Bits 3-7 Input/Output
6 GND Ground Output
7-14 P10-P17 Port 1, Bits 0-7 Input/Output
15 P34 Port 3, Bit 4 Output
16 P33 Port 3, Bit 3 Intput
17-21 P20-P24 Port 2, Bits 0-4 Input/Output
22 GND Ground Output
23-25 P25-P27 Port 2, Bits 5-7 Input/Output
26 P31 Port 3, Bit 1 Input
27 P36 Port 3, Bit 6 Output
28 GND Ground Output

Pin Description

6
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Table 13. 44-Pin PQFP Pin Identification (Continued)

Pin # Symbol Function Direction

29 Vee Power Supply Input

30 XTAL2 Crystal, Oscillator Clock Output

31 XTALI Crystal, Oscillator Clock Input

32 P37 Port 3, Bit 7 Output

33 P30 Port 3, Bit 0 Intput

34 RESET Reset Input

35 R/W Read/Write Output

36 DS Data Strobe Output

37 AS Address Strobe Output

38 P35 Port 3, Bit 5 Output

39 GND Ground Output

40 P32 Port 3, Bit 2 Input

41-43 P00-P02 Port 0, Bits 0-2 Input/Output
44 GND Ground Output

Pin Description

7
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both nibbles are required for I/O operation, they are configured by writing to the Port 01
mode register (PO1M).

After a hardware RESET, Port 0 is configured as address lines A15—A8, and extended tim-
ing is set to accommodate slow memory access. The initialization routine can include
reconfiguration to eliminate this extended timing mode.

Port 0 can be placed in a high-impedance state along with Port 1, AS, DS and R/W, allow-
ing the Z8 to share common resources in multiprocessor and DMA applications
(Figure 5). A hardware RESET is required to exit this high-impedance state.

—Port 0 (I/0O)
Optional
Handshake Controls

— /DAVO and RDYO
(P32 and P35)

o N

Pad
o —0o—
Out
@ -
TTL Level Shifter
/77
In |
L J
N -

| | Auto Latch

| Py |

| |

; R Approx 500K |

Figure S. Port 0 Configuration

PS018501-1002 Pin Functions
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Location of
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After RESET

Interrupt
Vector
(Lower Byte)

Interrupt
Vector
(Upper Byte)

65535
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CMOS Z8® ROMLess Microcontrollers

External
ROM

1" IRQ5

10 IRQ5

IRQ4

IRQ4

IRQ3

IRQ3

i~ IRQ2

i IRQ2

IRQ1

IRQ1

IRQO

9

8

7

6
N

4
/

3

2

1

0

IRQO

Figure 13. Program Memory Map
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Data Memory (DM). The Z86C91addresses up to 64 KB of external data memory. External
data memory may be included with, or separated from, the external program memory
space. DM, an optional I/O function that is programmed to appear on pin P34, is used to
distinguish between data and program memory space (Figure 14). The state of the DM sig-
nal is controlled by the type of instruction being executed. An LDC Op Code references
PROGRAM (DM inactive) memory, and an LDE instruction references data (DM active
Low) memory. The user must configure Port 3 Mode Register (P3M) bits D3 and D4 for

this mode.

Functional Description
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65535
External
Data
Memory
0

Figure 14. Data Memory Map

Register File. The register file contains three I/O port registers, 236 general-purpose regis-
ters, and 16 control and status registers (Figure 15). The instructions can access registers
directly or indirectly via an 8-bit address field. The Z86C91 also allows short 4-bit register
addressing using the Register Pointer (Figure 16). In the 4-bit mode, the register file is
divided into 16 working register groups, each occupying 16 continuous locations. The
Register Pointer addresses the starting location of the active working register group.

PS018501-1002 Functional Description
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General-Purpose Registers (GPR). General-purpose registers are undefined after the device
is powered up. These registers keep the most recent value after any RESET, as long as the
RESET occurs in the V¢ voltage-specified operating range. General-purpose registers
are not guaranteed to keep their most recent state from if V¢ drops below the minimum
V¢ operating range.

Stack Pointer. The Z86C91 has a 16-bit Stack Pointer (SPH and SPL) used for the external
stack, that resides anywhere in the data memory. An 8-bit Stack Pointer (SPL) is used for
the internal stack that resides within the 236 general-purpose registers. Stack Pointer High
(SPH) is used as a general-purpose register only when using an internal stack.

Counter/Timers. There are two 8-bit programmable counter/timers (TO and T1), each
driven by its own 6-bit programmable prescaler. The T1 prescaler is driven by internal or
external clock sources; however, the TO prescaler is driven by the internal clock only
(Figure 17).

The 6-bit prescalers can divide the input frequency of the clock source by any integer
number from Ito 64. Each prescaler drives its counter, which decrements the value (1 to
256) that is loaded into the counter. When both the counter and prescaler reach the end of
the count, a timer interrupt request, IRQ4 (T0) or IRQ5 (T1), is generated.

The counters are programmed to START, STOP, restart to CONTINUE, or restart from
the initial value. The counters can also be programmed to STOP upon reaching 1 (SIN-
GLE-PASS mode) or to automatically reload the initial value and continue counting
(MODULO-N CONTINUOUS mode).

The counters, but not the prescalers, are read at any time without disturbing their value or
count mode. Reading the prescalers returns the value FFh. The clock source for T1 is
user-definable and is either the internal micro controller clock divide-by-four, or an exter-
nal signal input through Port 3. The maximum frequency of the external timer signal is the
XTAL clock signal divided by 8. The Timer Mode Register configures the external timer
input (P31) as an external clock, a trigger input that is retriggerable or nonretriggerable, or
as a gate input for the internal clock. Port 3 line P36 also serves as an output (TgyT)
through which T0, T1, or the internal clock is output. The counter/timers are cascaded by
connecting the TO output to the input of T1.

Functional Description

22
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Figure 18. Counter/Timer Block Diagram
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Interrupts. The Z8 has six different interrupts from eight different sources. These inter-
rupts are maskable and prioritized. The 8 sources are divided as follows: 4 sources are
claimed by Port 3 lines P33—P30, one in Serial Out, one in Serial In, and 2 are claimed by
counter/timers. The Interrupt Mask Register globally or individually enables or disables
the six interrupt requests. When more than one interrupt is pending, priorities are resolved
by a programmable priority encoder that is controlled by the Interrupt Priority register

All interrupts are vectored through locations in Program Memory. When an interrupt
request is granted, the interrupt machine cycle is activated. This resets the interrupt request
flag and disables all of the subsequent interrupts, except 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 16 bit address of the interrupt service
routine for that particular interrupt request.

To accommodate polled interrupt systems, interrupt inputs are masked and the Interrupt
Request register is polled to determine which of the interrupt requests need service. Soft-
ware initiated interrupts are supported by setting the appropriate bit in the Interrupt
Request Register (IRQ).

Nested interrupts are supported by enabling interrupts in the interrupt service routine.

Internal interrupt requests are sampled on the falling edge of the last cycle of every
instruction, and the interrupt request must be valid 5TpC before the falling edge of the last
clock cycle of the currently executing instruction.

When the device samples a valid interrupt request, the next 48TpC (external XTAL clock
cycles) are used to prioritize the interrupt, and push the two PC bytes and the FLAG regis-
ter on the stack. The following nine cycles are used to fetch the interrupt vector from
external memory. The first byte of the interrupt service routine is fetched beginning on the
58th TpC cycle following the internal sample point, which corresponds to the 63rd TpC
cycle following the external interrupt sample point.

Functional Description

24
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The Timer Mode Register, TMR, controls timing and counter functions and shown.in

Figure 22.

R241 TMR

‘D7| DG‘ DS‘ D4‘ D3| D2 | Dl‘ DO‘

0 No Function

1Load TO

0 Disable TO Count
1 Enable TO Count

0 No Function

1Load T1

0 Disable T1 Count

1 Enable T1 Count

Ty Modes

00 External Clock Input

01 Gate Input

10 Trigger Input
(Non-retriggerable)

11 Trigger Input
(Retriggerable)

TOUT Modes

00 Not Used

01 TO Out

10 T1 Out

11 Internal Clock Out

Figure 22. Timer Mode Register (F1h: Read/Write)

Counter/Timer 1 Register

The Counter/Timer 1 Register, T1 is shown in Figure 23.

R242 T1

‘D? ‘D6‘D5|D4’D3’D2‘D1’DO‘

T1 Initial Value

(When Written)
(Range 1-256 Decimal
01-00 Hex)

T1 Current Value
(When Read)

Figure 23. Counter Timer 1 Register (F2h: Read/Write)

PS018501-1002
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R245 PREO
‘D?‘ D6 | D5] D4‘ D3‘ DZ‘ Dl‘ DO‘

L Count Mode

0 TO Single Pass
1 TO Modulo-N

Reserved (Must be 0)

Prescaler Modulo
(Range 1-64 Decimal
01-00 Hex)

Figure 26. Prescaler (0 Register (F5Sh: Write Only)

Port 2 Mode Register
The Port 2 Mode Register, P2M, controls Port 2 I/O functions and is shown in Figure 27.

R246 P2M
‘D? ‘DG‘D5|D4’D3 ] D2‘D1’DO‘

| P20-P27 /0 Definition
0 Defines Bit as Output
1 Defines Bit as Input

Figure 27. Port 2 Mode Register (F6h: Write Only)

Port 3 Mode Register
The Port 3 Mode Register P3M controls Port 3 I/O functions and is shown in Figure 28.

Control Registers
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R249 IPR
|D7| D6| D5| D4| D3| D2| D1| Do|

i iR

786C91
CMOS Z8® ROMLess Microcontrollers

7,

ZiLOG

Interrupt Group Priority
Reserved = 000
C>A>B =001

A>B>C =010

A>C>B =011

B>C>A = 100

C>B>A =101

B>A>C =110
Reserved = 111

IRQ1, IRQ4 Priority (Group C)
0 IRQ1>IRQ4
1 IRQ4>IRQ1

IRQO, IRQ2 Priority (Group B)
0 IRQ2>IRQ0O
1 IRQ0>IRQ2

IRQ3, IRQ5 Priority (Group A)
0 IRQ5>IRQ3
1 IRQ3>IRQ5

Reserved (Must be 0)

Figure 30. Interrupt Priority Register (F9h: Write Only)

Interrupt Request Register

The Interrupt Request Register, IRQ, controls interrupt functions and is shown in

Figure 31.

R250 IRQ
‘D7 ‘DG‘D5| D4|D3’D2‘D1‘D0’

IRQO = P32 Input (DO = IRQO)
IRQ1 = P33 Input

IRQ2 = P31 Input

IRQ3 = P30 Input, Serial Input
IRQ4 = TO, Serial Input

Reserved (Must be 0)

Figure 31. Interrupt Request Register (FAh: Read/Write)

Interrupt Mask Register

The Interrupt Mask Register, IMR, controls interrupt functions and is shown in Figure 32.

Control Registers
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R251 IMR
‘D7 ‘DG‘D5| D4|D3’D2‘D1‘D0’

1 Enables IRQ5 - IRQO
(DO = IRQO)

Reserved (Must be 0)

1 Enables Interrupts

Figure 32. Interrupt Mask Register (FBh: Read/Write)

Flags Register

The CPU sets flags in the Flags Register, FLAGS, to allow the user to perform tests based
on differing logical states. The FLAGS Register is shown in Figure 33 .

R252 FLAGS
‘D? ‘DG‘D5|D4‘D3‘D2‘D1‘DO‘

L User Flag F1

User Flag F2

Half Carry Flag

Decimal Adjust Flag

Overflow Flag

Sign Flag

Zero Flag

Carry Flag
Figure 33. Flags Register (FCh: Read/Write)
Register Pointer Register

The Register Pointer Register, RP, controls pointer functions in the working registers and
is shown in Figure 34.

PS018501-1002 Control Registers
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Table 19. Clock Dependent Formulas

Number  Symbol Equation

1 TpA(AS) 0.40 TpC + 0.32
2 TpAS(A) 0.59 TpC - 3.25
3 TpAS(DR)  2.38 TpC + 6.14
4 TwAS 0.66 TpC -1.65
6 TwDSR 2.33TpC - 10.56
7 TwDSW 1.27 TpC + 1.67
8 TpDSR(DR)  1.97 TpC - 42.5
10 TpDS(A) 0.8 TpC

11 TpDS(AS)  0.59 TpC - 3.14
12 TpRW(AS) 0.4 TpC

13 TpDS(RW) 0.8 TpC - 15

14 TpDW(DSW) 0.4 TpC

15 TpDS(DW)  0.88 TpC - 19
16 TpA(DR) 4 TpC - 20

17 TpAS(DS)  0.91 TpC - 10.7
18 TDI(DS) 0.8 TpC - 10

19 TpDM(AS) 0.9 TpC - 26.3

786C91
CMOS Z8® ROMLess Microcontrollers
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Electrical Characteristics
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Figure 42 illustrates the 40-pin DIP package for the microcontroller devices.
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20
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Figure 42. 40-Pin DIP Package Diagram

PS018501-1002

Packaging

E . 150
Q1 1.40 1.91 .055 .075
S 1.52 2.29 .060 .090

ZiLOG
SYMBOL MILLIMETER INCH

MIN MAX MIN MAX
Al 0.51 1.02 | .020 .040
A2 3.18 394 | 125 155
B 0.38 0.53 .015 .021
B1 1.02 1.52 .040 .060
c 0.23 0.38 009 .015

D 52,07 | 52.58 |2.050 |2.070
E 15.24 | 15.75 .600 620
E1 13.59 | 14.22 535 560
2.54 TYP .100 TYP

eA 1549 | 16.76 610 660
L 3.05 3.81 120

CONTROLLING DIMENSIONS : INCH

—— oA ——

45
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Figure 44. 44-Pin PQFP Package Diagram
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SYMBOL MILLIMETER INCH

MIN MAX MIN MAX
Al 0.05 0.25 .002 .010
A2 2.00 2.25 .078 .089
b 0.25 0.45 .010 .018
c 0.13 0.20 .005 .008
HD 13.70 14.15 539 5567
D 9.90 10.10 .390 .398
HE 13.70 14.15 539 .557
E 9.90 10.10 .390 .398
[e] 0.80 BSC .0315 BSC
L 0.60 1.20 .024 [ .047

NOTES:
1. CONTROLLING DIMENSIONS : MILLIMETER
2. LEAD COPLANARITY : MAX .10

.004”
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