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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
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® 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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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 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
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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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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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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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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

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.

Control Registers
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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

33



786C91

CMOS Z8® ROMLess Microcontrollers

4
L4 ]| 38

ZiLOG

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

Figure 43. 44-Pin PLCC Package Diagram

PS018501-1002 Packaging

786C91

CMOS Z8® ROMLess Microcontrollers

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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DETAIL A

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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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.
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