ZilLOG

Z86C91

CMOS Z8® ROMLess
Microcontrollers

Product Specification

PS018501-1002

ZiLOG Worldwide Headquarters « 532 Race Street « San Jose, CA 95126-3432
Telephone: 408.558.8500 * Fax: 408.558.8300 « www.ZiLOG.com



PS018501-1002

>

ZiLOG

This publication is subject to replacement by a later edition. To determine whether
a later edition exists, or to request copies of publications, contact:

ZiLOG Worldwide Headquarters
532 Race Street

Campbell, CA 95126-3432
Telephone: 408.558.8500

Fax: 408.558.8300

www.ZiLOG.com

ZiLOG is a registered trademark of ZiLOG Inc. in the United States and in other countries. All other
products and/or service names mentioned herein may be trademarks of the companies with which
they are associated.

Document Disclaimer

© 2002 by ZiLOG, Inc. All rights reserved. Information in this publication concerning the devices,
applications, or technology described is intended to suggest possible uses and may be superseded.
ZiLOG, INC. DOES NOT ASSUME LIABILITY FOR OR PROVIDE A REPRESENTATION OF
ACCURACY OF THE INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED IN THIS
DOCUMENT. ZiLOG ALSO DOES NOT ASSUME LIABILITY FOR INTELLECTUAL PROPERTY
INFRINGEMENT RELATED IN ANY MANNER TO USE OF INFORMATION, DEVICES, OR
TECHNOLOGY DESCRIBED HEREIN OR OTHERWISE. Except with the express written approval
ZiLOG, use of information, devices, or technology as critical components of life support systems is
not authorized. No licenses or other rights are conveyed, implicitly or otherwise, by this document
under any intellectual property rights.



786C91
CMOS Z8® ROMLess Microcontrollers

V4

Table of Contents

PS018501-1002

ZiLOG
Architectural OVEIVIEW . . . . 1
Z86CIOT Features . . .. oo e 1
Pin Description .. ... ..ot 4
PINFUNCLIONS . . . .o e e e e e e e 10
Functional Description. .. ... e 17
Control Registers . ... ...t e 27
Electrical CharacteriStiCs . . . . ..ottt e e e e e e e e e e e e e e 36
Absolute Maximum Ratings . ........... ... .. . 36
Standard Test Conditions . ....... .. e 36
CaPaCItANCE . . oottt e 37
DC Electrical CharacteristiCs . . ... ...ttt i, 37
AC Electrical CharacterisStiCs . ... ... ..ttt 39
Packaging . ... ... 45
Ordering Information . . . ... ... ... . e 48
Part Number Description ......... ... 48
Document Information . ... ... ..t 49
Document Number Description ............ ... .0ttt 49
Customer Feedback Form . ... . e 50
Z86C91 Product Specification ............. ... 50
Customer Information . . ... 50
Product Information . ......... .. ... 50
Return Information . ... ... .. ..., 50
Problem Description or Suggestion ................c.. it 50

iii



786C91
CMOS Z8® ROMLess Microcontrollers

V4

List of Figures

PS018501-1002

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.

ziLoG
786C91 Functional Block Diagram . . .............................. 3
40-Pin DIP Pin Configuration .............. ..ot 4
44-Pin PQFP Pin Configuration ........... ... ... ... .. . o u.... 6
44-Pin PLCC Configuration ................ccitiuintmirnnnnnnn .. 8
Port 0 Configuration ............ .. ... i 11
Port 1 Configuration ............ .. ... i 12
Port 2 Configuration ............. ... ...t 13
Port 3 Configuration .............. ... it 14
Transmitted Data (No Parity) .......... ... ... ... .. .. .. ........ 15
Transmitted Data (With Parity) ............ ... ... ... ... ......... 15
Received Data (No Parity) . ....... ... . i 15
Received Data (With Parity) .......... ... .. ... .. . . ... 15
Program Memory Map . ...ttt 18
DataMemory Map . . ... .ot e 19
Register File . .. ... ... 20
Register Pointer Register . ........... ... ... ... .. .. 21
Register Pointer—Detail ............ ... .. ... .. ... ... .. ... ...... 21
Counter/Timer Block Diagram .................. ... .. .. ........ 23
Interrupt Block Diagram . ........... ... ... ... ... . .. .. .. 25
Oscillator Configuration . .................0.iiiiinenennnnnen.. 26
Serial I/O Register (FOh: Read/Write) . ......... ... ... ... ....... 27
Timer Mode Register (F1h: Read/Write) .. ......................... 28
Counter Timer 1 Register (F2h: Read/Write) ....................... 28
Prescaler 1 Register (F3h: WriteOnly) ............................ 29
Counter/Timer 0 Register (F4h: Read/Write) ....................... 29
Prescaler 0 Register (F5h: Write Only) ........ ... .. ... ... .. .... 30
Port 2 Mode Register (F6h: Write Only) . .......... ... ... ... .... 30
Port 3 Mode Register (F7h: WriteOnly) ........................... 31
Port 0 and 1 Mode Register (F8h: Write Only) ...................... 32
Interrupt Priority Register (FOh: WriteOnly) ....................... 33
Interrupt Request Register (FAh: Read/Write) ...................... 33
Interrupt Mask Register (FBh: Read/Write) ........................ 34
Flags Register (FCh: Read/Write) ............. ... ... .. ... ........ 34
Register Pointer Register (FDh: Read/Write) ....................... 35

iv



PS018501-1002

Figure 35.
Figure 36.
Figure 37.
Figure 38.
Figure 39.
Figure 40.
Figure 41.
Figure 42.
Figure 43.
Figure 44.

786C91
CMOS Z8® ROMLess Microcontrollers

V4

ziLoG
Stack Pointer Register (FEh: Read/Write) .......................... 35
Stack Pointer Register (FFh: Read/Write) .......................... 35
Test Load Diagram . ............ ..ot 37
External 1/0 or Memory Read and Write Timing .................... 39
Additional Timing . .......... ... 42
Input Handshake Timing .. .......... .. .. . ... 43
Output Handshake Timing .. ........ ... ... . . i, 44
40-Pin DIP Package Diagram ............... ... 0iiiiinieinnnn... 45
44-Pin PLCC Package Diagram ............. ... .. ..., 46
44-Pin PQFP Package Diagram .. ............. ... ... .. ..o, 47

\4



786C91
CMOS Z8® ROMLess Microcontrollers

V4

List of Tables

PS018501-1002

Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.

Table 8.
Table 9.
Table 10.
Table 11.

ziLoG
40-Pin DIP Pin Identification ........... .. ... . . . . ... 4
44-Pin PQFP Pin Identification ............... .. ... ... .. ... ....... 6
44-Pin PLCC Configuration ...............c..oiuiiinininennnnnan.. 8
Port 3 Pin Assignments . ..............c.u it 16
Absolute Maximum Ratings ........... .. ... .. ... .. . . ... 36
DC Electrical Characteristics at Standard and External Temperatures . ... 37
External 1/0 or Memory Read/Write Timing—Standard/Extended Tempera-

L1004 40
Clock Dependent Formulas ............ ... ... ... ... ... .. 41
Additional Timing (Standard and Extended Temperature) ............. 42
Handshake Timing (Standard and Extended Temperatures) ............ 44
Ordering Information . ........... ... ... i, 48

vi



786C91
CMOS Z8® ROMLess Microcontrollers

7,

ZiLOG

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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® Six Vectored, Prioritized Interrupts from Eight Different Sources

® Two Programmable 8-Bit Counter/Timers, each with two 6-Bit Programmable
Prescalers

®  On-Chip Oscillator that accepts a Crystal, Ceramic Resonator, LC, or External Clock
® Two Standby Modes: STOP and HALT
® Auto Latches

PS018501-1002 Architectural Overview
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Functional Block Diagrams

Output Input VCC GND XTAL AS DS RMW RESET

it b1 ittt

Machine Timing
Port 3 A
\‘_
{} & Instruction Control
ALU RESET
Counter/ <||:
Timers (2) j\
FLAG
Interrupt
P K ’: Register
Control Pointer
Register File
Program
UART C ﬁ Counter

Port 2 Port 0 < :> Port 1

Wi 8 8 g

) lfe} _Address or IO Address/Data
(Bit Programmable) (Nibble Programmable)

Figure 1. Z86C91 Functional Block Diagram

PS018501-1002 Architectural Overview
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Vee g1 40 | P36
XTAL2 2 39 g P31
XTAL1 H3 38 | P27
P37 4 378 P26
P30 &5 36 g P25
RESET O 6 353 P24
rR'W Q7 348 P23
DS 8 33| P22
AS 9 32 g P21
P35 10 31 g P20
GND O 11 30 g P33
P32 12 29 g P34
P00 13 28 |@ P17
Po1 4 14 27 8 Pl6
P02 15 26 @ P15
P03 f 16 258 P14
P04 417 2483 P13
P05 f 18 23 3 P12
P06 19 223 Pll
P07 § 20 21 g P10
Figure 2. 40-Pin DIP Pin Configuration
Table 12. 40-Pin DIP Pin Identification
Pin # Symbol Function Direction
1 Vee Power Supply Input
2 XTAL2 Crystal, Oscillator Clock Output
3 XTALI1 Crystal, Oscillator Clock Input
4 P37 Port 3, Pin 7 Output
5 P30 Port 3, Pin 0 Input
6 RESET Reset Input
7 R/W Read/Write Output
8 DS Data Strobe Output
9 AS Address Strobe Output
10 P35 Port 3, Pin 5 Output

Pin Description

4
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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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3332 31302928 27262524 23
RESE_T 34 22 B GND
R/ﬂ 3 35 21 B P24
DS o 36 20 p P23
AS 37 19 P22
P35 38 18| P21
GND H 39 17 B P20
P32 H 49 16 | P33
P00 o 44 15p P34
POl H 45 14| p17
G‘;?é o 43 13 pis
O 44 12 | P15
N 1°2 3456 7891011
gbouoooopoooo
NSO ANO — A o<
[cleleE=N-=) — e e —
EEAEAEA (ZD oA A A
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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C3EEE885R8R
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/6 5 43 2 14443424140
RESET {7 ¢ 39p NIC
R/W O 38 38p P24
DS 9 37pb P23
AS o 10 3Bp P22
P35 d 11 35\ P21
GND 12 34pP P20
P32 413 33| P33
Po0 O 14 32k P34
P01 15 31 P17
P02 16 30 P16
GND 17 293 P15
18 19 20 21 22 23 24 25262728
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Figure 4. 44-Pin PLCC Configuration
Table 14. 44-Pin PLCC Configuration
Pin # Symbol Function Direction
1 Vee Power Supply Input
2 XTAL2 Crystal, Oscillator Clock Output
3 XTALI1 Crystal, Oscillator Clock Input
4 P37 Port 3, Pin 7 Output
5 P30 Port 3, Pin 0 Input
6 N/C Not Connected
7 RESET Reset Input
8 R/W Read/Write Output
9 DS Data Strobe Output
10 AS Address Strobe Output
11 P35 Port 3, Pin 5 Output
12 GND Ground Vg Output

Pin Description

V4

ZiLOG

8



PS018501-1002

786C91

CMOS Z8® ROMLess Microcontrollers

Table 14. 44-Pin PLCC Configuration (Continued)

Pin # Symbol Function Direction

13 P32 Port 3, Pin 2 Input

14-16 P00-P02 Port 0, Pins 0-2 Input/Output
17 GND Ground Output

18-22 P03-P07 Port 0, Pins 3-7 Input/Output
23-27 P10-P14 Port 1, Pins 0-4 Input/Output
28 N/C Not Connected

29-31 P15-P17 Port 1, Pins 5-7 Input/Output
32 P34 Port 3, Pin 4 Output

33 P33 Port 3, Pin 3 Input

34-38 P20-P24 Port 2, Pins 0-4 Input/Output
39 N/C Not Connected

40-42 P25-P27 Port 2, Pins 5-7 Input/Output
43 P31 Port 3, Pin 1 Input

44 P36 Port 3, Pin 6 Output

Pin Description

7,
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The following paragraphs describe the function of each available Z86C91 pin.

DS (output, active Low). The Data Strobe is activated one time for each external memory
transfer. For a READ operation, data must be available prior to the trailing edge of DS.
For WRITE operations, the falling edge of DS indicates that output data is valid.

AS (output, active Low). The Address Strobe is pulsed one time at the beginning of each
machine cycle for external memory transfer. Address output is through Port 1 for all exter-
nal programs. Memory address transfers are valid at the trailing edge of AS. Under pro-
gram control, AS is placed in the high-impedance state along with Ports 0 and 1, Data
Strobe, and READ/WRITE.

XTAL1 (Crystal 1)Time-Based Oscillator Input. This pin connects a parallel-resonant crys-
tal, ceramic resonator, LC network, or an external single-phase clock to the on-chip oscil-
latorand buffer.

XTAL2 (Crystal 2) Time-Based Oscillator Output. This pin connects a parallel-resonant
crystal, ceramic resonant, LC network to the on-chip oscillator and buffer.

R/W (output, WRITE Low). The READ/WRITE signal is Low when the Z8 writes to
external data memory.

RESET (input, Low). To avoid asynchronous and noisy reset problems, the Z8 is equipped
with a reset filter of four external XTAL clocks (4TpC). If the external RESET signal is
less than 4TpC in duration, reset does not occur.

On the fifth clock after RESET is detected, an internal RST signal is latched and held for
an internal register count of 18 external clocks, or for the duration of the external RESET,
whichever is longer. During the reset cycle, DS is held active Low while AS cycles at a
rate of TpC/2. When RESET is deactivated, program execution begins at location 000Ch.
Power-Up reset time must be held Low for 50 ms, or until V¢ is stable, whichever is
longer.

Port 0 (P00-P07). Port 0 is an 8-bit, nibble programmable, bidirectional, TTL-compatible
port. These eight I/O lines are configured under software control as a nibble 1I/O port
(P03—P00 input/output and PO7—P04 input/output), or as an address port for interfacing
external memory. When used as an I/O port, Port 0 may be placed under handshake con-
trol. In this configuration, Port 3, lines P32 and P35 are used as the handshake control
DAVO0 and RDY0. Handshake signal direction is dictated by the /O direction (input or
output) of Port 0 of the upper nibble P0O4—P07. The lower nibble must indicate the same
direction as the upper nibble.

For external memory references, Port 1 provides address bits A7—A0 (lower nibble) and
Port 0 provides address bits A15—A8 (upper nibble) depending on the required address
space. If the address range requires 12 bits or less, the upper nibble of Port 0 is pro-
grammed independently as /O while the lower nibble is used for addressing. If one or

Pin Functions
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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



PS018501-1002

786C91
CMOS Z8® ROMLess Microcontrollers

4
L4 12

ZiLOG

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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Port 2 (P27-P20). Port 2 is an 8-bit programmable, bidirectional, TTL-compatible I/O port.
These eight 1/0 lines are configured under software control as an input or output, indepen-
dently or globally as an open-drain output. Port 2 is always available for I/O opera-
tion.When used as an 1/O port, Port 2 is placed under handshake control. In this
configuration, Port 3 lines P31 and P36 are used as the handshake control lines DAV2 and
RDY2. The handshake signal assignment for Port 3 lines P31 and P36 is dictated by the
direction (input or output) assigned to P27 (Figure 7). After a RESET, Port 2 is configured
as an input port. The Port 2 output portion of the circuit has open-drain as it’s default con-
figuration.

- |

>

-

Port 2 (1/0
— rt
MCU [ ort 2 (0)

e

-

< >

Handshake Controls
— /DAV2 and RDY2
> ] (P31 and P36)
Open-Drain I
OEN {>O )
Pad
oo |
Out
® n Auto Latch
TTL Level Shifter
/77

In |

Figure 7. Port 2 Configuration

Pin Functions
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Port 3 (P37-P30). Port 3 is an 8-bit, TTL-compatible port, with four fixed inputs (P33—
P30) and four fixed outputs (P34-P37). Port 3 is configured under software control for
Input/Output, Counter/Timers, interrupt, UART, port handshake, and data Memory func-
tions. Port 3, when used as serial 1/O are programmed as serial in and serial out respec-
tively (Figure 8).

MCU

Port 3 (1/0)
— (I/0 or Handshake)

Figure 8. Port 3 Configuration

For interrupt functions, Port 3 inputs are falling-edge interrupt inputs. Access to Counter/
Timer 1 is made through P31 (Tyy) and P36 (Tqy1). Handshake lines for Ports 0, 1, and 2
are available on P31 through P36.

Port 3 also provides the following control functions: handshake for Ports 0, 1, and 2 (DAV
and RDY); four external interrupt request signals (IRQ3—IRQO0); timer input and output
signals (T and Ty1); Data Memory Select.

P34 output is software-programmed to function as a Data Memory Select (DM). The Port
3 Mode Register (P3M) bit D3,D4 selects this function. When accessing external data
memory, P34 goes active Low; when accessing external program memory, P34 goes High.

An onboard UART is enabled by software setting bit D5 of the Port 3 Mode Register
P3M. When enabled, P30 is the receive input and P37 is the transmit output.

Port 3, lines P30 and P37 are programmed as serial I/O for full-duplex serial asynchronous
receiver/transmitter operation. The bit rate is controlled by Counter/Timer0.

The Z8 automatically adds a start bit and two stop bits to transmitted data. Serial Data for-
mats are shown in Figure 9 and Figure 10. Odd parity is also available by setting bit D7 in
the P3M register. Eight data bits are always transmitted, regardless of parity selection. If
parity is enabled, the eighth bit is the odd parity bit. An interrupt request (IRQ4) is gener-
ated on all transmitted characters.

Pin Functions
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Received data must have a start bit, eight data bits and at least one stop bit. If parity is on,

bit 7 of the received data is replaced by a parity error flag. Received characters generate
the IRQ3 interrupt request.

‘SP| SP‘D?‘DG‘ D5 | D4|D3‘ DZ‘ Dl‘DO|ST‘
J_StartBit

Eight Data Bits

Two Stop Bits

Figure 9. Transmitted Data (No Parity)

‘SP|SP‘ P ‘DG‘ D5 | D4|D3‘ DZ‘ Dl‘DO‘ST‘
J_StartBit

Seven Data Bits

Odd Parity

Two Stop Bits

Figure 10. Transmitted Data (With Parity)

|SP‘D7‘D6‘ D5 | D4‘D3‘ DZ‘ Dl‘ DO‘ST‘
L Start Bit

Eight Data Bits

One Stop Bit

Figure 11. Received Data (No Parity)

|SP‘ P‘DG‘ D5 | D4‘D3‘ DZ‘ Dl‘DO‘ST‘
LStartBit

Seven Data Bits

Parity Error Flag

One Stop Bit

Figure 12. Received Data (With Parity)

Pin Functions
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Table 15. Port 3 Pin Assignments

Pin /0 Control Timer Interrupt POHS P2HS Ext UART

P30 IN IRQ3 Serial In
P31 IN TiN IRQ2 D/R

P32 IN IRQO D/R

P33 IN IRQ1

P34  OUT DM

P35 OouT R/D

P36 OUT Tour R/D

P37 ouT Serial Out
Notes:

HS = Handshake Signals
D DAV (Data Available)
R = RDY (Ready)

Autolatch. The autolatch places valid CMOS levels on all inputs that are not externally
driven. Whether this level is 0 or 1 cannot be determined. A valid CMOS level, rather than
a floating node, reduces excessive supply current flow in the input buffer. Autolatches are
available on Port 0, Port 1, Port 2, and P3 inputs.

RESET (input, Low). Initializes the MCU. RESET occurs through external reset only. Dur-
ing Power-On Reset, the externally-generated reset drives the RESET pin Low for the
POR time. Pull-up is provided internally.

A Caution: RESET depends on oscillator operation to achieve full reset conditions.

PS018501-1002

RESET is a Schmitt-triggered input. During the RESET cycle, DS is held active Low
while AS cycles at a rate of TpC + 2. Program execution begins at location 000Ch, after
the RESET is released.

When program execution begins, AS and DS toggles only for external memory accesses.
The Z8 can only exit Stop Mode by using the RESET pin.The Z8 does reset all registers
on a Stop-Mode Recovery operation out of STOP mode.

Pin Functions
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The Z8 MCU incorporates the following functions that enhance the standard 78® architec-
ture and provide the user with increased design flexibility:

® Reset

®  Program Memory

¢ Data Memory

® Working Register

® General-Purpose Registers
® Stack Pointer

® Counter/Timers

® Interrupts

® Clock

® HALT and STOP Modes

® Port Configuration Register
RESET. The device is reset in the following condition:
¢ External Reset

Automatic Power-On Reset circuitry is not built into this Z8. This Z8 requires an external
reset circuit to reset upon power-up. The internal pull-up resistor is on the RESET pin, so
a pull-up resistor is not required; however, in a high-EMI (noisy) environment, it is recom-
mended that a low-value pull-up resistor be used.

Program Memory. The Z86C91 can address up to 64 KB of external program memory.
The first 12 bytes of program memory are reserved for the interrupt vectors. These loca-
tions contain six 16-bit vectors that correspond to the six available interrupts. Program
execution begins at external location 000Ch after reset. See Figure 13.

Functional Description
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Location of
First Byte of
Instruction
Executed
After RESET

Interrupt
Vector
(Lower Byte)

Interrupt
Vector
(Upper Byte)

65535

786C91

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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255
254
253
252
251
250
249
248
247
246
245
244
243
242
241
240
239

S = N W N
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Stack Pointer (Bits 7-0)

Stack Pointer (Bits 15-8)

Register Pointer

Program Control Flags

Interrupt Mask Register

Interrupt Request Register

Interrupt Priority Register

Ports 0-1 Mode

Port 3 Mode

Port 2 Mode

TO Prescaler

Timer/Counter 0

T1 Prescaler

Timer/Counter 1

Timer Mode

Serial I/O

General Purpose
Registers

Port 3

Port 2

Reserved

Port 0

Figure 15. Register File
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Identifiers
SPL
SPH

RP
FLAGS

IMR
IRQ
IPR
POIM
P3M
P2M
PREO
TO
PREI
Tl
TMR
SIO

P3
P2

Reserved
PO

} Note: Register Bank EO-EF is only accessed through working register and indirect
addressing modes.
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R253 RP
‘D? ‘D6‘D5| D4‘D3’D2‘D1‘DO‘
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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
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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



0OSC

Clock
Logic

-

786C91

CMOS Z8® ROMLess Microcontrollers

I p Internal Clock

External Clock
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Figure 18. Counter/Timer Block Diagram
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Triggered Clock

Write *“ r

7

Al T

Internal Data Bus

Functional Description



PS018501-1002

786C91

CMOS Z8® ROMLess Microcontrollers
/—/"

V(A

ZiLOG

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
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IRQO-IRQ5

Vi

| IMR
6

Global

Interrupt IPR

Enable
Interrupt Priority

r1or1

Reguest Logic -

Vector Select

Figure 19. Interrupt Block Diagram

Clock. The on-chip oscillator has a high-gain, parallel-resonant amplifier for connection to
a crystal, LC, ceramic resonator, or any suitable external clock source (XTAL1 = INPUT,
XTAL2 = OUTPUT). The crystal should be AT-cut, IMHz to 20 MHz maximum, with a
series resistance (RS) of less than or equal to 1002 when oscillating from 1 MHz to

16 MHz.

The crystal should be connected across XTAL1 and XTAL2 using the oscillator manufac-
turer’s recommended capacitor (10 pF<CL<300pF) from each pin to ground (Figure 20).
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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
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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.
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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)
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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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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.
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R247 P3M
|D7| D6| D5| D4| D3| D2 | D1| Do|
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0 Port 2 Open Drain
1 Port 2 Push-Pull

Reserved (Must be 0)

0 P32 = Input

0 P35 = Qutput

1 P32 = DAVO/RDYO
P35 = RDY0/DAVO

00 P33 = Input
P34 = Output

01 P33 = I_np_ut}

10 P34 = DM

11 Reserved

0 P31 = Input (T\n)
P36 = Output (TOUT)

1 P31 =DAV2/RDY2
P36 = RDY2/DAV2

0 P30 = Input
P37 = Output

1 P30 = Serial In
P37 = Serial Out

0 Parity Off
1 Parity On

Figure 28. Port 3 Mode Register (F7h: Write Only)

Ports 0 and 1 Mode Register

The Ports 0 and 1 Mode Register, PO1M, controls port and timing functions for Ports 0 and

1 and is shown in Figure 29.
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R248 PO1M
|D7| D6| D5| D4| D3| D2| D1| Do|

P00 - POO Mode
00 Output

01 Input

1x All-A8

Stack Selection
0 External
1 Internal

P17 - P10 Mode

00 Reserved

01 Reserved

10 AD7 - ADO

11 High-Impedance AD7 - ADO
AS, DS,R/W, Al1 - A8
A15 - A12, If Selected

External Memory Timing
0 Normal
1 Extended

P07 - PO4 Mode
00 Output

01 Input
1XA15-Al12

Figure 29. Port 0 and 1 Mode Register (F8h: Write Only)

Interrupt Priority Register. The Interrupt Priority Register, IPR, prioritizes interrupt func-
tions and is shown in Figure 30.
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R249 IPR
|D7| D6| D5| D4| D3| D2| D1| Do|

i iR
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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.
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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)
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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
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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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AC Electrical Characteristics

Figure 38 illustrates the timing characteristics of the Z86C91MCU with respect to external
input/output sources. See Table 18 for descriptions of the numbered timing parameters in

the figure.
R/W >< ><
~(2r :
Port 0, DM >< ><
Port 1 X

o
~ @ @ ~—
PN

7,
I

DS

(Read) ~—G)——

:

/
Port 1 >< A7-AO0 ( D7-D0 OUT
@
DS
Write

Figure 38. External I/O or Memory READ and WRITE Timing
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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
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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
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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

Electrical Characteristics



786C91
CMOS Z8® ROMLess Microcontrollers

4
L4 ]| 43

ziLoG
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
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Data Out Data Out Valid Next Data Out Valid
5 ..............
DAV
(Output)
e
RDY
(Input) N~ 7 - -
Figure 41. Output Handshake Timing
Table 21. Handshake Timing (Standard and Extended Temperatures)
Ty =0°C to +70°C T, =-40°C to +105°C Data
No Symbol Parameter Min Max Min Max Direction
1 T4DI(DAV) Data In Setup Time 0 0 Input
2 TyDI(RDY) Data In Hold Time 145 145 Input
3 TwDAV Data Available Width 110 110 Input
4 TpDAVI(RDY) DAV Fall to RDY Fall Delay 115 115 Input
5 TpDAVId(RDY) DAYV Out to DAV Fall Delay 115 115 Input
6 RDYORp(DAV) RDY Rise to DAV Fall Delay 0 0 Input
7 TpDO(DAV) Data Out to DAV Fall Delay TpC TpC Output
8 TpDAVO(RDY) DAV Fall to RDY Fall Delay 0 0 Output
9 TpRDYO(DAYV) RDY Fall to DAV Rise Delay 115 115 Output
10 TwRDY RDY Width 110 110 Output
11  TpRDYOR(DAV) RDY Rise to DAV Fall Delay 115 115 Output

} Note: All timing references use 2.0V for a logic 1 and 0.8V for a logic 0.

PS018501-1002

Electrical Characteristics



Packaging

7.86C91
CMOS Z8® ROMLess Microcontrollers

—

y

Figure 42 illustrates the 40-pin DIP package for the microcontroller devices.

40
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D

Figure 42. 40-Pin DIP Package Diagram
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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 ——
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D1 l~—0.71/0.51
45 .028/.020
6 1 40 1
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o
S
S
0 0.51/0.36
ot 2 % 0.020/0.014 py
0.81/0.66
0.032/0.026
17 29
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S I N Ny B | pES—
IE b R 1.14/0.64
0.045/0.025

NOTES:
1. CONTROLLING DIMENSION : INCH
2. LEADS ARE COPLANAR WITHIN 0.004".
3. DIMENSION : MM
INCH

Figure 43. 44-Pin PLCC Package Diagram
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DIM. FROM CENTER TO CENTER OF RADII

—
ZiLOG
SYMBOL MILLIMETER INCH
MIN MAX MIN MAX
A 4.27 4.57 0.168 0.180
Al 2,41 2.92 0.095 0.115

D/E 17.40 17.65 0.685 0.695

D1/E1 16.51 16.66 0.650 0.656
D2 15.24 16.00 0.600 0.630
g 1.27 BSC 0.050 BSC
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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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Ordering Information

Table 22. Ordering Information

Pin Count Package Order Number
40 DIP Z86C9116PSC
40 DIP Z86C9116PEC
44 PLCC Z86C9116VSC
44 PLCC Z86C9116VEC
44 QFP Z86C9116FEC
44 QFP Z86C9116FSC

Part Number Description

PS018501-1002

ZiLOG part numbers consist of a number of components. For example, part number
786C9116PSC is a 16-MHz 40-pin DIP that operates in the —0°C to +70°C temperature
range, with Plastic Standard Flow. The Z86C9116PSC part number corresponds to the
code segments indicated in the following table.

Z ZiLOG Prefix

86 Z8 Product

C OTP Product

91 Product Number

16 Speed (MHz)

P Package
Temperature

C Environmental Flow

For fast results, contact your local ZiLLOG sales office for assistance in ordering the part

required.

ZiLOG, Inc.

532 Race Street

San Jose, CA 95126-3432
Telephone (408) 558-8500
FAX 408 558-8300
Internet: www.ZiLOG.com

Ordering Information
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Document Information

Document Number Description

PS018501-1002

The Document Control Number that appears in the footer of each page of this document
contains unique identifying attributes, as indicated in the following table:

PS Product Specification

0185  Unique Document Number

01 Revision Number

0802  Month and Year Published

Document Information
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If you experience any problems while operating this product, or if you note any inaccuracies while
reading this Product Specification, please copy and complete this form, then mail or fax it to
ZiLOG (see Return Information, below). We also welcome your suggestions!

Customer Information

Name Country
Company Phone
Address Fax
City/State/Zip E-Mail

Product Information

Serial # or Board Fab #/Rev. #

Software Version

Document Number

Host Computer Description/Type

Return Information

ZiLOG

System Test/Customer Support
532 Race Street

San Jose, CA 95126-3432
Fax: (408) 558-8536

Email: zservice@zilog.com

Problem Description or Suggestion

Provide a complete description of the problem or your suggestion. If you are reporting a specific
problem, include all steps leading up to the occurrence of the problem. Attach additional pages as

necessary.

PS018501-1002 Customer Feedback Form
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KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.
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