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Architectural Overview

ZiLOG?’s large 78" family of 8-bit ROMless microcontrollers includes the Z86C91 prod-
uct with 236 bytes of RAM. Each of these devices offer fast execution, efficient use of
memory, sophisticated interrupts, input/output bit manipulation capabilities, and easy
hardware/software system expansion along with low cost and low power consumption.

For applications demanding powerful 1/O capabilities, the Z86C91 offers 24 pins dedi-
cated to input and output. These lines are grouped into four ports. Each port consists of
eight lines and is configurable under software control to proviide timing, status signals,
serial or parallel I/O with or without handshake and an address/data bus for interfacing
external memory. The Z86C91 MCU features three basic address spaces to support this
wide range of configurations: Program Memory, Data Memory, and 236 General Purposes
Registers.

The Z86C91 operates at 16 MHz with a voltage range of 4.5 to 5.5VDC.

To unburden the system from coping with real-time tasks such as counting/timing and data
communication, the Z86C91 offers two on-chip counter/timers with a large number of
user-selectable modes and a full-duplex hardware UART.

The Z86C91 is a ROMless part and offers the use of external memory, which enables this
Z8® MCU to be used in high-volume applications, or where code flexibility is required.

Note: All signals with an Bverline are active Low. For example, B/W, for which WORD
is active Low, and B/W, for which BYTE is active Low.

Power connections follow these conventional descriptions:

Connection Circuit Device
Power VCC VDD
Ground GND Vgg

7.86C91 Features

PS018501-1002

® Asynchronous receiver/transmitter UART
® 40-Pin DIP and 44-Pin PLCC and QFP Packages
® 4.5-to 5.5-Volt Operating Range

® Operating Temperature Ranges:
— Standard: 0°C to 70°C
— Extended: -40°C to 105°C

® 24 Input/Output Lines

Architectural Overview
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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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Port 1 (P17-P10). Port 1 is an 8-bit, TTL- compatible port (Figure 6), with multiplexed
Address (A7—A0) and Data (D7-DO0) ports for interfacing external memory. If more than
256 external locations are required, Port 0 outputs the additional lines.

Port 1 can be placed in the high-impedance state along with Port 0, AS, DS, and R/W,
allowing the Z8 to share common resources in multiprocessor and DMA applications
(Figure 6). A hardware RESET is required to exit this high-impedance state.

Port 1 (/O or AD7—ADO)

Handshake Controls
/DAVO0 and RDYO0
(P33 and P34)

MCU

OEN D O—O[:

Pad

Out
@ _

TTL Level Shifter

\I ®
Auto Latch

- OAPPIDE VTS -

Figure 6. Port 1 Configuration

Pin Functions
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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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0 Reserved (Must be 0)

r4
Working
5 | Register
Pointer
ré
r7
Figure 16. Register Pointer Register
_>{ | 78 514 ‘ 372 1 o [R253
The upper nibble of the register file address
provided by the register pointer specifies
the active working-register group
R239
>
>
>
The lower nibble
of the register
Snecified Worki file address
pecitied vvorking rovided by the
- h - P y
Register Group instruction points
to the specified
3 register
>
R15
< - - - - _ __ __ _ ]
00 1/0 Ports R3

Figure 17. Register Pointer—Detail

PS018501-1002 Functional Description
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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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I

Figure 20. Oscillator Configuration
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—(>o— XTAL1

— XTAL2

External Clock

HALT. HALT turns off the internal CPU clock, but not the XTAL oscillation or the
peripheral clock. The counter/timers and external interrupts IRQO, IRQ1, IRQ2, and IRQ3
remain active. The devices are recovered by interrupts either externally or internally gen-

erated.

STOP. This instruction turns off the internal clock and external crystal oscillation and
reduces the standby current to 10 microamperes or less. The STOP mode is terminated by
a reset, which causes the processor to restart the application program at location 000Ch.

In order to enter STOP (or HALT) mode, it is necessary to first flush the instruction pipe-
line to avoid suspending execution in mid-instruction. Therefore, the user must execute a
NOP (Op Code = rFrh) immediately before the appropriate sleep instruction. For example:

FF NOP
6F STOP
or

FF NOP
7F  HALT

PS018501-1002

; clear the pipeline
; enter STOP mode

; clear the pipeline
; enter HALT mode

Functional Description

26
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R240 SIO

‘D? ‘DG‘D5|D4|D3‘D2‘D1’DO|

Serial Data (DO = LSB)

Figure 21. Serial I/0 Register (FOh: Read/Write)

A Caution:

PS018501-1002

The majority of the control registers are read/write. The rest of
the control are write only. The write-only registers are not
readable. Attempting to read write-only registers will result in
reading non-valid data. Any attempt to use logical or boolean
types of instructions on these registers may corrupt the contents
in the registers involved. Emulator operations on these write-only
registers also reflect what is found on the Z8 device.

Control Registers
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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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Prescaler 1 Register

The Prescaler 1 Register, PRE1, controls clocking functions and is shown in Figure 24.

R243 PRE1
‘D?‘ D6 | D5 | D4‘ DS‘ D2] D1| DO‘

J_ Count Mode

0 T1 Single Pass
1 T1 Modulo-N

Clock Source

0 T1 External Timing Input
Ty Mode

1T1 Internal

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

Figure 24. Prescaler 1 Register (F3h: Write Only)

Counter/Timer 0 Register

The Counter/Timer 0 Register, TO is shown in Figure 25.

R244 TO
‘D7 ‘DG‘D5| D4’D3‘D2‘D1‘DO‘

| TO Initial Value
(When Written)
(Range 1-256 Decimal
01-00 Hex)
TO Current Value
(When Read)

Figure 25. Counter/Timer 0 Register (F4h: Read/Write)

Prescaler 0 Register

The Prescaler 0 Register PREO controls clocking functions and is shown in Figure 26.

PS018501-1002 Control Registers
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R253 RP

‘D? ‘DG‘D5|D4|D3’D2‘D1‘D0’

0 Reserved (Must be 0)

r4

r5 | Working
Register

6 Pointer

r7
Figure 34. Register Pointer Register (FDh: Read/Write)

Stack Pointer High Register

The Stack Pointer High Register, SPH, controls pointer functions in the upper byte when
the external stack is used and is shown in Figure 35.

R254 SPH
‘D7 ‘DG‘D5| D4’D3’D2‘D1‘DO‘

Stack Pointer Upper
Byte (SP15 - SP8)

Figure 35. Stack Pointer Register (FEh: Read/Write)

Stack Pointer Low Register

The Stack Pointer Low Register, SPL, controls pointer functions in the lower byte and is
shown in Figure 36.

R255 SPL
‘D? ‘D6‘D5| D4’D3‘D2‘D1’DO‘

Stack Pointer Lower
Byte (SP7 - SPO)

Figure 36. Stack Pointer Register (FFh: Read/Write)

PS018501-1002 Control Registers
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Electrical Characteristics

Absolute Maximum Ratings

Stresses greater than the Absolute Maximum Ratings listed in Table 16 may cause perma-
nent damage to the device. This rating is a stress rating only. Functional operation of the
device at any condition above those indicated in the operational sections of these specifi-
cations is not implied. Exposure to absolute maximum rating conditions for an extended
period may affect device reliability.

Table 16. Absolute Maximum Ratings

Symbol Parameter Min Max Units
Vee Supply Vol‘cage1 -0.3 +7.0 \Y%
Tsto Storage Temperature —65 +150 C

Ta Operating Ambient Temperature 2 C
Notes:

1. Voltages on all pins with respect to GND.
2. See Ordering Information.

Standard Test Conditions

The characteristics listed below apply for standard test conditions as noted. All
voltages are referenced to Ground. Positive current flows into the referenced pin
(Figure 37).

PS018501-1002 Electrical Characteristics
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From Output
Under Test
@ — 150 pF
I
Figure 37. Test Load Diagram
Capacitance
Ty =25°C, Ve = GND = 0V, f = 1.0 MHz, unmeasured pins returned to GND.
Parameter Min Max
Input capacitance 0 12 pF
Output capacitance 0 12 pF
1/O capacitance 0 12 pF
DC Electrical Characteristics
Table 17. DC Electrical Characteristics at Standard and External Temperatures
= ° + O = - [} + (o]
Ty =0°C to +70°C Ty =-40°C to +105°C Typica12
Sym Parameter Min Max Min Max @25°C Units  Conditions
Max Input 7 7 \' Ijy <200pA
Voltage
Veg  Clock Input 3.8 Ve 3.8 Ve \Y Driven by
High Voltage External Clock
Generator
Note:
1. All inputs driven to 0V, V¢ and outputs floating.
2. VCC =50V

PS018501-1002 Electrical Characteristics
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Table 17. DC Electrical Characteristics at Standard and External Temperatures (Continued)

Ty =0°C to +70°C Ty =-40°C to +105°C )
Typical
Sym Parameter Min Max Min Max @25°C Units  Conditions
Vcr,  Clock Input -0.3 0.8 -0.3 0.8 \Y% Driven by
Low Voltage External Clock
Generator
Vig Input High 2.0 Ve 2.0 Ve \%
Voltage
Vi, Input Low -0.3 0.8 -0.3 0.8 v
Voltage
Vou Output High 2.4 24 v Iopg =-2.0 mA
Voltage
Vou Output High  Voc—100mV Voe—100mV \% Ioy = -100 pA
Voltage
Voi, Output Low 0.4 0.4 v Iogp=+2mA
Voltage
Vry Reset Input 3.8 Ve 3.8 Ve v
High Voltage
VgL, Reset Input -0.3 0.8 -0.3 0.8 v
Low Voltage
Iy, Input Leakage —2 2 -2 2 LA Testat 0V, Ve
Ior,  Output -2 2 -2 2 LA Testat 0V, Ve
Leakage
Il Reset Input -80 -80 LA Vg1 =0V
Current
Icc  Supply Current 35 35 24 mA @ 16 MHz(")
Icc1  Standby 7 7 4.5 mA HALT Mode
Current VIN =0V, VCC
@ 16 MHz
Iccp  Standby 10 10 1 LA STOP Mode
Current VIN =0V, VCC
Q)
Ior1, Autolatch Low -10 10 -14 14 LA
Current
Note:

1. All inputs driven to 0V, V¢ and outputs floating.

2. VCC =50V

PS018501-1002
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Table 18. External I/O or Memory READ/WRITE Timing—Standard/Extended

40

Temperature
Tp=-0°Cto70°C T, =-40°C to
@ 16 MHz 105°C @ 16 MHz

No Symbol Parameter Min Max Min Max Units Notes
1 TpA(AS) Address Valid to AS Rise Delay 25 25 ns 2,3
2 TpAS(A) AS Rise to Address Float Delay 35 35 ns 2,3
3 TpAS(DR) AS Rise to Read Data Req’d Valid 180 180 ns 1,23
4 TywAS AS Low Width 40 40 ns 2,3
5 TpAS(DS)  Address Float to DS Fall 0 0 ns
6 TwDSR DS (Read) Low Width 135 135 ns 1,2,3
7 TwDSW DS (WRITE) Low Width 80 80 ns 1,2.3
8 TpDSR(DR) DS Fall to Read Data Req’d Valid 75 75 ns 1,23
9 Ty DR(DS) Read Data to DS Rise Hold Time 0 0 ns 2,3
10 TpDS(A) DS Rise to Address Active Delay 50 50 ns 2,3
11 TpDS(AS) DS Rise to AS Fall Delay 35 35 ns 2.3
12 TpR/W(AS) R/W Valid to AS Rise Delay 25 25 ns 2.3
13 TpDS(R/W) DS Rise to R/W Not Valid 35 35 ns 2.3
14 TpDW(DSW) WRITE Data Valid to DS Fall 25 25 ns 2,3

(WRITE) Delay
15 TpDS(DW) DS Rise to WRITE Data Not Valid 35 35 ns 2,3

Delay
16 TpA(DR) Address Valid to Read Data Req’d 230 230 ns 1,23

Valid
17 TpAS(DS)  ASRise to DS Fall Delay 45 45 ns 2.3
18 TpDI(DS) Data Input Setup to DS Rise 60 60 ns 1,2.3
19 TpDM(AS) DM Valid to AS Rise Delay 30 30 ns 2.3

Notes:
1. When using extended memory timing add 2 TpC.
2. Timing numbers provided are for minimum TpC.
3. See Clock Cycle Dependent Characteristics table

PS018501-1002 Electrical Characteristics
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Additional Timing

Figure 39 illustrates the timing characteristics of the Z86C91 MCU with respect to system

clock functions. See Table 20 for descriptions of the numbered timing parameters in the

figure.

Clock
Tin
lRQN -
o o
Figure 39. Additional Timing
Table 20. Additional Timing (Standard and Extended Temperature)
Ty =0°C to +70°C T, =-4 0°C to +105°C
16 MHz 16 MHz

No Sym Parameter Min Max Min Max Units Notes
1 TpC Input Clock Period 62.5 1000 62.5 1000 ns 1
2 TgrC,TgC Clock Input Rise & Fall Times 10 10 ns 1
3 TyC Input Clock Width 25 25 ns 1
4  TwInlL Timer Input Low Width 75 75 ns 2
5 TwTiyH Timer Input High Width 3TpC 3TpC 2
Notes:

1. Clock timing references use 3.8V for a logic one and 0.8V for a logic 0.
2. Timing references use 2.0V for a logic 1 and 0.8V for a logic 0.

3. Interrupt references request via Port 3.

4. The interrupt request via Port 3 (P31-P33).

5. The interrupt request via Port 3 (P30).

PS018501-1002
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Table 20. Additional Timing (Standard and Extended Temperature) (Continued)
T, =0°C to +70°C T, =-4 0°C to +105°C
16 MHz 16 MHz

No Sym Parameter Min Max Min Max Units Notes
6 TpTiy Timer Input Period 8TpC 8TpC 2
7 TrTin.TeTyy  Timer Input Rise & Fall Timer 100 100 ns 2
8A TwlIL Interrupt Request Low Time 70 70 ns 2,4
8B TwlIL Interrupt Request Low Time 3TpC 3TpC 2,5
9 TwIH Interrupt Request Input High Time 3TpC 3TpC 2,3

Notes:
1. Clock timing references use 3.8V for a logic one and 0.8V for a logic 0.
2. Timing references use 2.0V for a logic 1 and 0.8V for a logic 0.
3. Interrupt references request via Port 3.
4. The interrupt request via Port 3 (P31-P33).
5. The interrupt request via Port 3 (P30).

Data In Data In Valid Next Data In Valid
® ))j

) @ , (( .
DAV _/ Delayed DAV Y
(Input) _________55_______'

RDY \ / Delayed RDY %
X (

(Output) e

)

4

Figure 40. Input Handshake Timing

PS018501-1002 Electrical Characteristics



