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PRODUCT SPECIFICATION

Z86C15

CMOS 78® MCU 8-BIT
KEYBOARD CONTROLLER

FEATURES

ROM RAM* /0 Speed
Device (KB) (Bytes) Lines (MHz)
Z86C15 4 236 32 5

Note: *General-Purpose

B 4.5V to 5.5V Operating Range
m 0°C to 70°C Operating Temperature Range
B Expanded Register File

H Low-Power Consumption: 30 mW @ 5 MHz Typical

B Six Vectored, Priority Interrupts from
Six Different Sources

B Two Programmable 8-Bit Countet/Timers,
Each with 6-Bit Programmable Prescaler

B Power-On Reset (POR) Timer, Hardware Watch-Dog
Timer (WDT)

m Digital Inputs CMOS Levels with
Internal Pull-Up Resistors

B Four Direct Connect LED Drive Ports

B On-Chip RC Oscillator, 4 MHz to 5 MHz

GENERAL DESCRIPTION

The Z86C15 Keyboard Controller is a full-featured member
of the Z8% microcontroller family offering a unique register-
to-register architecture that avoids accumulator bottle-
necks and is more code efficient than RISC processors.

For applications demanding powerful I/O capabilities, the
Z86C15 provides 32 pins dedicated to input and output.
These lines are grouped into four ports, each port consist-
ing of eight lines, and are configurable under software con-
trol to provide timing, status signals, and serial or parallel
I/0O ports.

Two on-chip counter/timers, with a large humber of user-
selectable modes, are available to relieve the system of
administering real-time tasks, such as counting/timing and
I/0 data communications.

Six different internal or external interrupt sources are
maskable and prioritized so a vectored address is provided
for efficient interrupt subroutine handling and multitasking
functions.

The Z86C15 achieves low-EMI by means of several modi-
fications in the output drivers and clock circuitry of the de-
vice.

By means of an expanded register file, the designer has
access to three additional system control registers that
provide extra peripheral devices, I/0O ports, and register ad-
dresses (see Functional Block Diagram, Figure 1).

Power connections follow conventional descriptions
below:

Connection Circuit Device

Power VCC VDD

Ground GND Vgg
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Z86C15

CMOS z8® MCU 8-Bit Keyboard Controller Zilog
GENERAL DESCRIPTION (Continued)
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Figure 1. Z86C15 Functional Block Diagram
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Z86C15
Zilog CMOS z8® MCU 8-Bit Keyboard Controller

PIN IDENTIFICATION

_/

vee [ 1 40 [ P36
cLkouT [ 2 39 [ P31
RCIN [ 3 38 [ P27
P37 [] 4 37 [ P26
P30 [] 5 36 [ P25
RESET [] 6 35 [ P24
AGND [ 7 34 [ P23
*N/C [] 8 33 [ P22
WDTOUT [ 9 32 [ P21
P35 ] 10 zsec15 31 [ P20
GND [ 11 DIP 30 [ P33
P32 [ 12 29 [ P34
poo ] 13 28 [ P17
Po1 [] 14 27 [ P16
Po2 [ 15 26 [ P15
Po3 ] 16 25 [ P14
Po4 [ 17 24 [ P13
pos ] 18 23 [ P12
Pos [ 19 22 [ P11
Po7 [ 20 21 (3 P10

Note: Pin 8 is connected to the chip, although it is used only for testing. This pin must float.

Figure 2. 40-Pin DIP Pin Configuration

Table 1. 40-Pin DIP Identification Table 1. 40-Pin DIP Identification
Pin# Symbol Function Direction Pin# Symbol Function Direction
1 Vee Power Supply Input 10 P35 Port 3, Pin 5 Output
2 CLKOUT Z8 System Clock Output 11 GND Ground Input
3 RCIN RC Oscillator Clock Input 12 P32 Port 3, Pin 2 Input
4 P37 Port 3, Pin 7 Output 13-20 PO07-P00  Port 0, Pins In/Output
5 P30 Port 3, Pin 0 Input 0,1,2,3,4,5,6,7
6 RESET Reset Input 21-28 P17-P10 Port 1, Pins In/Output
7 AGND  Analog Ground 0,1,2,3,4,56.,7
*g N/C Not Connected 29 P34 Port 3, Pin 4 Output
9 WDTOUT Watch-Dog Timer Output 30 P33 Port 3, Pin 3 Input
31-38 P27-P20 Port 2, Pins In/Output
0,1,2,3,4,5,6,7
39 P31 Port 3, Pin 1 Input
40 P36 Port 3, Pin 6 Output
DS97KEY0303 3
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Z86C15

CMOS z8® MCU 8-Bit Keyboard Controller Zilog
PIN IDENTIFICATION (Continued)
|_
3
Z
0o855% 385k 8K
Z 0o oo O > 0o o oo o
| raraa a0
/6 5 4 3 2 1 44 43 42 41 40
RESET [] ® 39 [ NC
AGND [] 38 [] P24
*N/C [] 37 Q0 P23
WDTOUT [] 10 36 [] P22
P35 ] 1 35 [1 P2t
GND [ 12 nggés 34 [1 P20
P32 [ 13 33 [l Pa3
Poo [] 14 32 ] P34
Po1 [] 15 31 1 P17
Po2 ] 16 30 |1 P16
NG [ 17 29 [l P15
\ 18 19 20 21 22 23 24 25 26 27 28 )
| NN [ NN Gy NN [ NN G NN R NN G NN G NN G SN G SN g S
N < W0 © B © ~ N OO < Q
EEfEEEEancaanaz2
*Note: Pin 9 is connected to the chip, although it is used
only for testing. This pin mustfloat.
Figure 3. 44-Pin PLCC Pin Assignments
Table 2. 44-Pin PLCC Pin Identification Table 2. 44-Pin PLCC Pin Identification
Pin# Symbol Function Direction Pin# Symbol Function Direction
1 Vee Power Supply Input 17 N/C Not Connected
2 CLKOUT Z8 System Clock  Output 18-22 P07-P03 Port 0, Pins 3, 4, 5, In/Output
3 RCIN RC Oscillator Clock Input 6,7
4 P37 Port 3, Pin 7 Output 23-27 P14-P10 Port 1, Pins 0, 1, 2, In/Output
5 P30 Port 3, Pin 0 Input 3,4
6 N/C Not Connected 28 N/C Not Connected
7 RESET Resel Input 29-31 P17-P15  Port1,Pins 5,6, 7 In/Output
3 AGND Analog Ground 32 P34 Port 3, Pin 4 Output
e N/C Not Connected 33 P33 Port 3, Pin 3 Input
10 WDTOUT Watch-Dog Timer OUtpUt 34-38 P24-P20 Port 2, Pins 0, 1, 2, In/Output
11 P35 Port 3, Pin 5 Output 39 NG il 40 .
12 GND Ground Input 40-42 P27-P25 POtt ZOlllr']eCtSe 6, 7 In/Output
13 P32 Port 3, Pin 2 Input 43' P31' P°rt3’ PT”S1 2 O, I” ;’p“
14-16  P02/P00  Port0, Pins 0, 1,2 In/Output ort S, i npu
44 P36 Port 3, Pin 6 Output
4 DS97KEY0303
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Z86C15

Zilog CMOS z8® MCU 8-Bit Keyboard Controller
|_
3
pd
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>8P 2o8geaeyd
é 44 43 42 41 40 3938 37 36 35 34 )
RESET [TT | 1 O 33 1171 Nne
AGND [T11T] 2 32 —IT1 1 P24
NC T 3 31 —I1 1 P23
WDTOUT [I1 | 4 30 —TT1 P22
GND LTI} 6 QFP 28 [—T1—1 P20
Ps2 II 7 27 |—I1— P33
Poo LT} 8 26 [—TT 1 P34
Po1 C_TIT1T—4 9 o5 I—T1T—1 P17
Po2 TT] 10 24 111 P16
N 23 [—TT 1 P15
\ 121314151617 1819202122
N OV O N O ~ N < O
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[T o Wy o W n W o« TR o WY o M NN o B o H” 4
*Note: Pin 3 is connected to the chip, although it is used
only for testing. This pin must float.
Figure 4. 44-Pin QFP Pin Assignments
Table 3. 44-PIN QFP Pin Identification Table 3. 44-PIN QFP Pin Identification
Pin# Symbol Function Direction Pin# Symbol Function Direction
1 RESET Reset Input 27 P33 Port 3, Pin 3 Input
2 AGND Analog Ground 28-32  P24-P20 Port 2, Pins 0, 1, 2, In/Output
*3 N/C Not Connected 3,4
4 WDTOUT  Watch-Dog Timer ~ Output 33 N/C Not Connected
5 P35 Port 3, Pin 5 Output 34-36 P27-P25 Port 2, Pins 5, 6, 7 In/Output
6 GND Ground Input 37 P31 Port 3, Pin 1 Input
7 P32 Port 3, Pin 2 Input 38 P36 Port 36 Output
8-10  P02-P00 Port 0, Pins 0, 1,2  In/Output 39 VvCC Power Supply Input
11 N/C Not Connected Input 40 CLKOUT Z8 System Clock Output
12-16  P07-P03 Port 0, Pins 3,4,5,6,7 In/Output 41 RCIN RC Oscillator Clock Input
17-21  P14-P10 Port 1, Pins 0,1,2,3,4In/Output 42 P37 Port 3, Pin 7 Output
22 N/C Not Connected 43 P30 Port 3, Pin 0
23-25 P17-P15 Port 1, Pins 5,6,7  In/Output 44 N/C Not Gonnected
26 P34 Port 3, Pin 4 Output
DS97KEY0303 5
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Z86C15
CMOS z8® MCU 8-Bit Keyboard Controller Zilog

ABSOLUTE MAXIMUM RATINGS

Symbol Description Min Max Units Stresses greater than those listed under Absolute Maxi-
mum Ratings may cause permanent damage to the de-

Vee Supply Voltage” —03 +7.0 v vice. This is a stress rating only; operation of the device at
Tstg Storage Temp —65 +150 °C any condition above those indicated in the operational sec-
Ta Oper Ambient 0 +105 °C tions of these specifications is not implied. Exposure to ab-

Temp solute maximum rating conditions for extended periods

*Voltage on all pins with respect to GND. may affect device reliability.

STANDARD TEST CONDITIONS

The characteristics listed here apply for standard test con-
ditions as noted. All voltages are referenced to GND. Pos- From Output ° °
itive current flows into the referenced pin (Test Load). Under Test

@IT -1~ 150 pF

Figure 5. Test Load Diagram

CAPACITANCE
Tp=25°C; Vo = GND = 0V; f = 1.0 MHz; unmeasured pins returned to GND.

Parameter Max
Input Capacitance 12 pF
Output Capacitance 12 pF
I/0 Capacitance 12 pF
FREQUENCY

Frequency 4 MHz — 5 MHz
Tolerance +10%

Frequency tolerance limit only applies to the packaged device and not die or wafer.

6 DS97KEY0303
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Z86C15
CMOS z8® MCU 8-Bit Keyboard Controller

DC CHARACTERISTICS

Vge = 5.0V +10% @ 0°C to +70°C

Typical
Sym Parameter Min Max @ 25°C  Unit Condition Notes
Vcy  Clock Input High Voltage 0.7 Vee Vee +0.3V 2.5 V  Driven by External Clock
Generator
VeLo  Clock Input Low Voltage GND —0.3 0.2 Vge 1.5 V  Driven by External Clock
Generator
Viy Input High Voltage 0.7Vge Vee + 0.3 25 \
ViL Input Low Voltage GND -0.3 0.2Veg 1.5 \
Vry  Reset Input High Voltage 0.8 V¢ Vee 21 \Y
VgL  Reset Input Low Voltage GND —-0.3 0.2 Vg 1.7 \Y
Von  Output High Voltage Vee —0.4 3.1 V log=—2.0mA
Von  Output High Voltage Vee 0.6 V lop=—2.0mA 1
VoL Output Low Voltage 0.8 V lgL=4mA 1
VoL  Output Low Voltage 0.4 V  lo,=4 mA
loL Output Low 10 20 MA v, =VCC 22V 1
I Input Leakage —1 1 <1 pA Viy =0V, 525V 2
loL Output Leakage —1 1 <1 pA V=0V, 525V
lcc Ve Supply Current 12 6 mA @ 5.0 MHz
POR Power On Reset 80 160 120 ms
lcc1  Standby Current 4 2.0 mA HALT Mode V| = 0V, Vcc @
5 MHz
lcco  Standby Current 20 pA  STOP Mode V| = 0V
Rp Pull Up Resistor 6.76 14.04 104 Kohm
Rp Pull Up Resistor (P26-P27) 1.8 3 2.4 Kohm
Rp Pull Up Resistor (Reset) 40 80 60 Kohm

Notes:

1. Ports P37-P34. These may be used for LEDs or as general-purpose outputs requiring high sink current.

2. Input pin without pull-up resistor.
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CMOS z8® MCU 8-Bit Keyboard Controller

Zilog

AC ELECTRICAL CHARACTERISTICS
Additional Timing Table

T = 0°C to +70°C

Vee 5 MHz
No Symbol Parameter Note [4] Min Max Units Notes
1 TpC Input Clock Period 5.0v 125 100000 ns 1
2 TrC,TfC  Clock Input Rise & Fall Times 5.0V 25 ns 1
3 TwC Input Clock Width 5.0V 37 ns 1
4 TwTinL  Timer Input Low Width 5.0V 70 ns 1
5 TwTinH  Timer Input High Width 5.0V 2.5TpC 1
6 TpTin Timer Input Period 5.0v 4TpC 1
7 TrTin Timer Input Rise & Fall Timer 5.0V 100 ns 1
8A TwiL Int. Request Low Time 5.0V 70 ns 1,2
8B TwiL Int. Request Low Time 5.0V 3TpC 1,3
9 TwiH Int. Request Input High Time 5.0V 3TpC 1,2
10  Twsm STOP Mode Recovery Width Spec 5.0V 20 ns Reg. SMR - D5=0
5.0V 5TpC Reg. SMR- D5=1
11 Tost Oscillator Startup Time 5.0V 5TpC 4
12 Twdt Watch-Dog Timer Delay Time 5.0V 2 ms 5
5.0V 4 ms 6
5.0V 8 ms 7
5.0V 32 ms 8
13 POR Power On Reset Delay 5.0V 84 196 ms
Notes:
1. Timing Reference uses 0.7 VCC for a logic 1 and 0.2 VCC for a logic 0.
2. Interrupt request via Port 3 (P31-P33).
3. Interrupt request via Port 3 (P30).
4. SMR-D5 =0.
5. D1 =0, DO =0.(Reg. WDTMR)
6. D1 =0, DO =1 (Reg. WDTMR)
7. D1 =1, DO =0.(Reg. WDTMR)
8. D1 =1, DO = 1.(Reg. WDTMR)
8 DS97KEY0303
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Z86C15
Zilog CMOS z8® MCU 8-Bit Keyboard Controller

AC ELECTRICAL CHARACTERISTICS

Clock

TIN

IRQN i \

Clock

Setup
Stop
Mode
Recovery
Source

10}
r ©

N

Figure 6. Additional Timing Diagram
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CMOS z8® MCU 8-Bit Keyboard Controller

Zilog

PIN FUNCTIONS

RCIN. This pin, connected between a precision resistor
and the power supply, forms the precision RC oscillator.

lines can be configured under software control as a nibble
input port, or as a nibble open-drain output port. Inputs

have standard CMOS (Figure 7). Port P00-P03 has
CLKOUT. This pin is the system clock of the Z8%® MCU
and runs at the frequency of the RC oscillator. 10.4 Kohm (£35%,) pull-up resistor when configured as in-
puts.
Port 0 (P0O7-P00). Port 0 is an 8-bit, nibble-programmabile,

bidirectional, CMOS-compatible 1/0O port. These eight 1/0

Z86C15

> Port 0

\
J

/O
(Open-Drain Output)

(a) Port POO-P0O3 _% 10.4 Kohm
Input % 9@ . Pad
OEN
Output
(b) Port PO4-P07
Input Dq OQ L g Pad
OEN
Output
Figure 7. Port 0 Configuration
10 DS97KEY0303
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Zilog CMOS z8® MCU 8-Bit Keyboard Controller

Port 1 (P17-P10). Port 1 is an 8-bit, byte programmable, put port or as an open-drain output port. Inputs have stan-

bidirectional, CMOS-compatible 1/O port. These eight I/O0  dard CMOS input levels (Figure 8).

lines can be configured under software control as a byte in-

786C15 Port 1

— I/0
(Open-Drain Output)

Pad

OEN '
Output

Figure 8. Port 1 Configuration

DS97KEY0303
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CMOS z8® MCU 8-Bit Keyboard Controller

Zilog

PIN FUNCTIONS (Continued)

Port 2 (P27-P20). Port 2 is an 8-bit, bit-programmable, bi- puts (Figure 9). P26 and P27 have 2.4 Kohm (+25%) pull-
directional, CMOS-compatible 1/0O port. These eight 1/0 up resistors and are capable of sourcing 10 mA. P24 and
lines are configured under the software control program for P25 have 10.4 Kohm (£35%) pull-up resistor when config-

1/0. Port 2 can be programmed as bit-by-bit independently, ured as inputs.
as input or output, or configured to provide open-drain out-

Port 2

Z86C15 -— >
(/0)

OEN
Open-Drain
(a) Ports P20-P23 Pad
Input DO—{ |

10.4 Kohm

OEN
Open-Drain |
(b) Ports P24-P25 I_
Pad
Input DO—{ |

% 24K
OEN
Open-Drain
(c) Ports P26-P27 Pad
Ianﬁ b |

Figure 9. Port 2 Configuration

12
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CMOS z8® MCU 8-Bit Keyboard Controller

Port 3 (P37-P30). Port 3 is an 8-bit, CMOS-compatible
four-fixed-input (P33-P30) and four-fixed-output (P37-
P34) 1/0 port. Port 3 outputs have 10.4 Kohm pull-up resis-
tances and are capable of directly driving up to four LEDs
of output. (Voltage on Port 3 is 2.8V @ 20 mA.)

Port 3 is configured under software control to provide the
following control functions: four external interrupt request
signals (IRQO-IRQ3); timer input and output signals (TIN
and TOUT - Figure 10).

RESET (input, active Low). When activated, RESET initial-
izes the Z86C15. When RESET is deactivated, program
execution begins from the internal program location at
000CH. Reset pin has a 10.4 Kohm (£35%) pull-up resis-
tor. When this pin is pulled Low, it takes 150 ms for the
Z86C15 to initialize (POR).

Z86C15

Port 3
> (VO or
Control)

(a) Port 3 P34-P37

Output

Pad

(b) Port 3 P30-P33

Input M

10.4 Kohms

Pad

Figure 10. Port 3 Configuration

DS97KEY0303
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Zilog

FUNCTIONAL DESCRIPTION

Program Memory. The 16-bit program counter address-
es 4 KB of program memory space at internal locations
(Figure 11).

The first 12 bytes of program memory are reserved for the
interrupt vectors. These locations have six 16-bit vectors
that correspond to the six available interrupts.

Byte 12 to byte 4095 consists of on-chip, mask
programmed ROM. Addresses 4096 and greater are
reserved.

65535
Reserved
4096
. 4095
Location of On-Chip
First Byte of ROM
Instruction
Executed ~F ------—--—-—- =
After RESET 12 |
11 IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
7 IRQ3
Interrupt Q
Vector 6 IRQ3
(Lower Byte) \
5 ™ IRQ2
4 - IRQ2
Interrupt —"
Vector 3 IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
0 IRQO

Figure 11. Program Memory Map

Register File. The register file consists of four 1/0 port reg-
isters, 236 general-purpose registers and 15 control and
status registers (R0-R3, R4-239 and R240-R255, respec-
tively), plus two system configuration registers in the ex-
panded register group. The instructions access registers
directly or indirectly via an 8-bit address field. This allows
a short, 4-bit register address using the Register Pointer
(Figure 12). In the 4-bit mode, the register file is divided
into 16 working register groups, each occupying 16 contin-
uous locations. The Register Pointer addresses the start-
ing location of the active working register group.

1

I 7 r6 15 r4 I 3 r2 r1 r0 R253
(Register Pointer)

The upper nibble of the register file address

provided by the register pointer specifies
the active working-register group.
} R15 to RO

[ FF
Fo

7F

70
B6F

80
5F

50

4F
b The lower nibble

40 of the register

3F . ) file address
Spem_ﬂed Working «@—}— provided by the
30 Register Group instruction points

2F to the specified
—— register.

1F

e Register Group 1
10
OF

R15 to RO

Register Group O R15 to R4

/O Ports R3 to RO

00

Figure 12. Register Pointer Register

Note: Register Bank EO-EF is only accessed through
working register and indirect addressing modes.

The 4 KB program memory is mask programmable. A
ROM protect feature prevents “dumping” of the ROM con-
tents by inhibiting execution of LDC, LDCI, LDE, and LDEI
instructions to Program Memory in all modes.

The ROM Protect option is mask-programmable, to be se-
lected by the customer at the time when the ROM code is
submitted.

Expanded Register File. The register file has been ex-
panded to allow for additional system control registers,
and for mapping of additional peripheral devices along
with 1/0 ports into the register address area. The Z8 regis-
ter address space RO through R15 has now been imple-
mented as 16 groups of 16 registers per group (Figure 13).
These register groups are known as the Expanded Regis-
ter File (ERF). Bits 7-4 of the RP Register select the work-
ing register group. Bits 3-0 of the RP Register select the
expanded register group (Figure 13). Two system configu-
ration registers reside in the Expanded Register File at
Bank F. The rest of the Expanded Register is not physical-
ly implemented and is open for future expansion

14
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Z86C15

CMOS z8® MCU 8-Bit Keyboard Controller

REGISTER POINTER

Z8 STANDARD CONTROL REGISTERS

l7]6ls]4]s]z][1]0l REGISTER
% FF SPL
Working Register Expanded Register .
Group Pointer Group Pointer % FE SPH
% FD RP
% FC FLAGS
% FB IMR
% FA IRQ
% F9 IPR
% F8 PO1M
* % F7 P3M
* % F6 P2M
Z8 Reg. File
%FE % F5 PREO
%FO % F4 To
% F3 PRE1
% F2 T1
% F1 TMR
% FO Reserved
EXPANDED REG. GROUP (F)
' REGISTER
— * % (F) OF WDTMR
%7F
% (F) OE Reserved
% (F) 0D Reserved
% (F) 0C Reserved
* % (F) OB SMR
% (F) OA Reserved
Reserved % (F) 09 Reserved
% (F) 08 Reserved
%0F % (F) 07 Reserved
%00 % (F) 06 Reserved
% (F) 05 Reserved
% (F) 04 Reserved
% (F) 03 Reserved
% (F) 02 Reserved
% (F) 01 Reserved
% (F) 00 Reserved
EXPANDED REG. GROUP (0)
REGISTER
% (0) 03 P3
% (0) 02 P2
% (0) 01 P1
Note: * Will not be reset with a N o
STOP Mode Recovery % (0) 00 0
Figure 13. Expanded Register File Architecture
DS97KEY0303 15
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Zilog

FUNCTIONAL DESCRIPTION (Continued)

Counter/Timers. There are two 8-bit programmable
counter/timers (TO-T1), each driven by its own 6-bit pro-
grammable prescaler. The T1 prescaler can be driven by
internal or external clock sources, however, the TO pres-
caler is driven by the internal clock only (Figure 14).

The 6-bit prescalers can divide the input frequency of the
clock source by any integer number from 1 to 64. Each
prescaler drives its own counter, which decrements the

When both the counter and prescaler reach the end of
count, a timer interrupt request, IRQ4 (TO) or IRQ5 (T1), is
generated.

The counter can be programmed to start, stop, restart to
continue, or restart from the initial value. The counters can
also be programmed to stop upon reaching zero (single
pass mode) or to automatically reload the initial value and
continue counting (modulo-n continuous mode).

value (1 to 256) that has been loaded into the counter.

RC
OosC

Internal Data Bus

Write * u
TO

Clock Out b
—————————4

vy 1]

Read * ﬁ
TO

PREO
DO (SMR) Initial Value Initial Value Current Value
Register Register Register
+16 l; ! ! |/
6-Bit 8-bit ‘
] -4 Down ] Down
Counter Counter > |RQ4
—® |nternal Clock
Y
22 b g TOUT
External Clock 1 P36
Clock
Logic
6-Bit 8-Bit = |RQ5
- -4 Down -1 Down
\ Counter Counter !
Internal Clock TT T? ]\
Gated Clock PRE1 T T1
Triggered Clock Initial Value Initial Value Current Value
Register Register Register
S (P |
P31 Write Write Read
Internal Data Bus
Figure 14. Counter/Timers Block Diagram
16 DS97KEY0303
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The counters, but not the prescalers, are read at any time
without disturbing their value or count mode. The clock
source for T1 is user-definable and is either the internal
mircoprocessor clock divided by four, or an external signal
input through Port 3. The Timer Mode register configures
the external timer input as an external clock, a trigger input
that can be retriggerable or non-triggerable, or as a gate
input for the internal clock. The counter/timers can be pro-
grammable cascaded by connecting the TO output to the
input of T1. Port 3 lines P36 also serves as a timer output
(TouT) through which TO, T1 or the internal clock are out-
put.

Interrupts. The Z86C15 has six different interrupts from
six different sources. These interrupts are maskable and
prioritized (Figure 15). The six sources are divided as fol-
lows: four sources are claimed by Port 3 lines P33-P30,
and two are claimed by the counter/timers. The Interrupt
Masked Register globally or individually enables or dis-
ables the six interrupts requests.

¥
B
)

] IMR

\O’)

IPR
Gilobal

Interrupt
Enable U

Interrupt [
Request

Priority
Logic

U

Vector Select

|

Figure 15. Interrupt Block Diagram

When more than one interrupt is pending, priorities are re-
solved by a programmable priority encoder that is con-
trolled by the Interrupt Priority register. All interrupts are
vectored through locations in the program memory. When

an interrupt machine cycle is activated an interrupt request
is granted. Thus, this disables all of the subsequent inter-
rupts, saves the Program Counter and status flags, and
then branches to the program memory vector location re-
served 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 request needs service.

EMI. Lower EMI on the Z86C15 is achieved through circuit
modifications. The internal divide-by-two circuit has been
removed to further reduce EMI.

RC Oscillator. The Z86C15 provides an internal capacitor
to accommodate an RC oscillator configuration. A 1% pre-
cision resistor is hecessary to achieve 10% accurate fre-
quency oscillation.

The Z86C15 also accepts external clock from Pin 3 and
Pin 7.

1%
Precision

RCIN

NC CLKOUT

RC Oscillator

RCIN

AGND
External Clock

Figure 16. RC Oscillator Configuration
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FUNCTIONAL DESCRIPTION (Continued)

Watch-Dog Timer. The Z86C15 features a hardware
Watch-Dog Timer activated automatically by power-on
(Figure 17). The WDT is a retriggerable one-shot timer that
resets the Z8 if it reaches its terminal count. The WDT cir-
cuit is driven by an on-board RC oscillator. The Watch-Dog
Timer is programmable for 4,9,18 and 75 ms and must be
refreshed at least once during each time cycle by execut-
ing the instruction WDT (Opcode = %5F), otherwise the
Z86C15 will reset itself if WDTOUT pin 9 is connected to
RESET (Pin 6). Figure 17 shows the block diagrams of
WDT.

The WDTOUT pin can be connected to the RESET pin to
provide an automatic reset with an 18 Tpc delay upon
WDT time-out.

During WDT time-out, the WDTOUT pin goes Low for ap-
proximately 6 Tpc (system clock cycle).

WDT Hot Bit. Bit 7 of the Interrupt Request register (IRQ
register FAH) determines whether a hot start or cold start

WDTMR (F) OF

occurred. A cold start is defined as a reset occurring from
the power-up of the Z86C15 (the default upon power-up is
0). A hot start occurs when a WDT time-out has occurred
(bit 7 is set to 1). Bit 7 of the IRQ register is read-only and
is automatically reset to 0 when accessed.

Watch-Dog Timer Mode Register (WDTMR). The WDT-
MR must be written to within 64 internal system clocks af-
ter that it is write protected.

WDTMR Period (D1, D0). These bits determine the time-
out period of the WDT.

WDTMR During HALT (D2). This bit determines whether
or not the WDT is active during HALT Mode. The default is
1, and a 1 indicates active during HALT.

WDTMR During STOP (D3). This bit determines whether
or not the WDT is active during STOP Mode. The default
is 1, and a 1 indicates active during STOP.

D7| De| D5]| D4 D3| D2 Dt

WDT TAP  Divider

00 2
01 * 8
10 16
1 32
WDT During HALT
0 OFF
1 ON*
WDT During STOP
0 OFF
1 ON*

Reserved (Must be 0.)

Reserved (Must be 0.)

* Default setting after RESET.

Figure 17. WDT Mode Register
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£%
VCC
T6
| pc |
WOT 35 /
Output
£
>3
Reset /
_BI 18 Tpe I'd_
Internal 4 \ / \
Reset / £S
Reset
ls—— POR —==| Delay —]
* Reset Delay = POR 150 ms +20%
Figure 18. WDT Turn-On Timing After Reset
. 10.4 Kohms
Reset . Reset Circuitry
H __ Internal
. Reset
. |
WDT . Programmable 150 ms
. Counter
: [
. Internal RC
Figure 19. WDT Block Diagram
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FUNCTIONAL DESCRIPTION (Continued)

Power-On-Reset (POR). A timer circuit clocked by a ded-
icated on-board RC oscillator is used for the Power-On Re-
set (POR) timer function. The POR time allows VCC and
the oscillator circuit to stabilize before instruction execu-
tion begins.

The POR timer circuit is a one-shot timer triggered by one
of two conditions:

1. Power fail to Power OK status
2. Stop-Mode Recovery (if D5 of SMR=1)

The POR time is a nominal 150 ms +20%. Bit 5 of the Stop-
Mode Recovery Register determines whether the POR
timer is bypassed after Stop-Mode Recovetry.

HALT. HALT turns off the internal CPU clock, but not the
RC oscillator. The counter/timers and external interrupts
IRQO, IRQ1, IRQ2, and IRQ3 remain active. The Z86C15
is recovered by interrupts, either externally or internally.

STOP. This instruction turns off the internal clock and ex-
ternal crystal oscillation. It reduces the standby current to
10 pA or less. The STOP Mode is terminated by a reset
only (WDT time-out, SMR recovery or external reset). This
causes the processor to restart the application program at
address 000C (HEX). In order to enter STOP (or HALT)
Mode, it is necessary to first flush the instruction pipeline
to avoid suspending execution in mid-instruction. To do
this, the user must execute a NOP (Opcode=FFH) imme-
diately before the appropriate sleep instruction. For exam-
ple:

Stop-Mode Recovery Register (SMR). The SMR is locat-
ed in Bank F of the Expanded Register Group at address
O0BH. This register selects the clock divide value and deter-
mines the mode of Stop-Mode Recovery (Figure 20). All
bits are Write Only, except Bit 7 which is Read Only.

SMR (F) 0B

|D7| D6| D5| D4| D3|D2| D1|D0|

I— SCLK/TCLK Divide-by-16
0 OFF*
1 ON
Reserved

Stop Mode Recovery Source

000 POR Only*
001 Logical NAND
P00-PO3
P30-P33
P24-P26
010 P31
011 P32
100 P33
101 P27
110 NOR P20 through P23
111 NAND P00-P03
P31, P33, P24,
P25, P26
Stop Delay
0 OFF
1 ON*

Stop Recovery Level
0 Low*
1 High

Stop Flag
0 POR/WDT*
1 Stop Recovery

* Default setting after RESET

Figure 20. Stop-Mode Recovery Register

SCLK/TCLK Divide-by-16 Select (D0). DO of the SMR
controls a divide-by-16 prescaler of SCLK/TCLK. The pur-
pose of this control is to selectively reduce device power
consumption during normal processor execution (SCLK
control) and/or HALT Mode (where TCLK sources
counter/timers and interrupt logic).

FF NOP ; Clear the pipeline

6F STOP ; enter STOP Mode
or

FF NOP ; clear the pipeline

7F HALT ; enter HALT Mode
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Stop-Mode Recovery Source (D2, D3, and D4). Bits 2, 3,
and 4 of the SMR register specify the wake-up source of
the Stop-Mode Recovery signal (Table 4 and Figure 21).

Table 4. Stop-Mode Recovery Source

SMR:432 Operation

D4 D3 D2 Description of Action

0 0 0 POR and/or External Reset

Recovery

Logical NAND P00-P03,P30-
P33,P24-P26

P31 Transition

P32 Transition

P33 Transition

P27 Transition

Logical NOR of P20-P23

g g gy g e | =)
ala|lolo| ==
| O = O =0

Logical NAND of P00-P03, P31, P33,
P24, P25, P26

SMR D4 D3 D2
0 0 0
SMR D4 D3

VDD o o

0 1
0 1
P00-PO3,
P30-P33,
P24-P26

P33 P27

D2 SMR D4 D3 D2 SMR D4 D3 D2
1 1.0 0 10
0
1

Stop-Mode Recovery Delay Select (D5). Bit 5 controls
the reset delay after recovery. The default configuration of
this bit is 1, which enables a 150 ms RESET delay after
Stop-Mode Recovery. If this bit is set to 0, the “fast” wake
up is selected and the STOP-Mode Recovery source is
kept active for at least 5 TpC.

Stop-Mode Recovery Edge Select (D6). Bit 6 controls
whether a low level or a high level is required from the re-
covery source. The default configuration of this bit is 0. A
1 indicates that a high level on any one of the recovery
sources wakes the Z86C15 from STOP Mode. A 0 indi-
cates a low level recovery. The default is 0 on POR.

Cold or Warm Start (D7). This bit is set upon entering
STOP Mode. A 0 (cold) indicates that the device is
awakened by a POR/WDT RESET. A 1 (warm) indicates
that the device is awakened by a SMR source.

SMR D4 D3 D2 SMR D4 D3 D2
1 11 0 11 1

P20 P00-P03,
P31-P33,

P23 P24-P25,
P26

LI

To POR

Stop-Mode Recovery Edge
Select (SMR)

: D RESET

To P33 Data
Latch and IRQ1

P33 From Pads

MUX P

Digital/Analog Mode
Select (P3M)

Figure 21. Stop-Mode Recovery Source
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Z8 CONTROL REGISTER DIAGRAMS

R241 TMR
|D7| D6| D5| D4| D3| D2| D1| D0|

L

0 = No Function
1=Load TO

0 = Disable TO Count
1 =Enable TO Count

0 = No Function
1=Load T1

0 = Disable T1 Count
1 = Enable T1 Count

TIN Modes

00 = External Clock Input
01 = Gate Input

10 = Trigger Input
(Non-retriggerable)

11 = Trigger Input
(Retriggerable)

TOUT Mode

00 = Not Used

01=T0 OUT

10=T1 OUT

11 = Internal Clock Out

Figure 22. Timer Mode Register
(F1H: Read/Write)

R242 T1
|D7| D6|D5|D4|D3|D2|D1 I DO|

T1 Initial Value
(When WRITE)
(Range 1-256 Decimal
01-00 HEX)

T1 Current Value
(When READ)

Figure 23. Counter Timer 1 Register
(F2H: Read/Write)

R243 PRE1
|D7| D6| D5| D4| D3| D2| D1 | D0|

I— Count Mode

0=T1 Single Pass
1=T1 Modulo N

Clock Source
1=TO Internal

(TIN) Mode

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

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

0=TO External Timing Inpu

R244T0
|D7|D6|D5|D4|D3ID2|D‘I|D0|

TO Initial Value
(When WRITE)
(Range: 1-256 Decimal
01-00 HEX)

TO Current Value
(When READ)

Figure 25. Counter/Timer 0 Register
(F4H: Read/Write)

R245 PREO

[o-Toe] o] o] oo o] o] o]

I— Count Mode

0 =Ty Single Pass

1 =Ty Modulo N
Reserved (Must be 0)
Prescaler Modulo
(Range: 1-64 Decimal
01-00 HEX)

Figure 26. Prescaler O Register
(F5H: Write Only)

R246 P2M
|D7| D6| D5| D4| D3| D2| D1 | D0|

P20-P27 1/O Definition

0 Defines Bitas OUTPUT

1 Defines Bit as INPUT

Figure 27. Port 2 Mode Register
(F6H: Write Oonly)

R247 P3M
|D7| D6| D5| D4| D3| D2| D1|D0|

I— 0 Port 2 Pull-Ups Open-Drain

1 Port 2 Pull-Ups Active

Reserved (Must be 0)

Figure 28. Port 3 Mode Register
(F7H: Write Only)
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R248 PO1M
|D7|D6| D5ID4|D3|D2|D1 | D0|

—L P00 - PO3 Mode

00 = Output
01 = Input

Stack Selection
1 = Internal (Must be 1)

P10-P17 Mode
0 = Byte Output
1 = Byte Input

Reserved (Must be 0)

P04 - PO7 Mode
00 = Output
01 = Input

Figure 29. Port 0 and 1 Mode Register
(F8H: Write Only)

R249 IPR
[o7 oo [osox] o=] o o1 0]

T T |

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=1RQ4 > IRQ1

IRQO, IRQ2 Priority (Group B)
0 =1RQ2 > IRQO
1 =1RQO0 > IRQ2

IRQ3, IRQ5 Priority (Group A)
0 = IRQ5 > IRQ3
1=1RQ3 > IRQ5

Reserved (Must be 0)

Figure 30. Interrupt Priority Register
(F9H: Write Only)

R250 IRQ

ID7| D6|D5ID4ID3|D2I D1IDOI

I

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

IRQ2 = P31 Input

IRQ3 = P30 Input

IRQ4 =TO

IRQ5 =T1

Reserved (Must be 0)

WDT Hot Bit
0= POR*
1= WDT TIME OUT

*Default setting after setup.

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

R251 IMR
|D7| D6| D5| D4| D3| D2| D‘||D0|

1 Enables IRQO-IRQ5
(DO = IRQO)

Reserved (Must be 0)

1 Enables Interrupts

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

R252 Flags
|D7| D6| D5| D4| D3| D2| D1| D0|

I— User Flag F1

User Flag F2

Half Carry Flag

Decimal Adjust Flag

Overflow Flag

Sign Flag

Zero Flag

Carry Flag

Figure 33. Flag Register
(FCH: Read/Write)

R253 RP

[oToe] o] oe] o] o or] o]

_L Expanded Register File

Register
Pointer

r7

Figure 34. Register Pointer
(FDH: Read/Write)

R254 GPR
|D7| DGl D5| D4| D3I D2| D1 | D0|

| GPR

Figure 35. General-Purpose Register
(FEH: Read/Write)
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Z8 CONTROL REGISTER DIAGRAMS (Continued)

R255 SPL
|D7| D6| D5| D4| D3| D2| D1 I D0|

Stack Pointer Lower
Byte (SP0-SP7)

Figure 36. Stack Pointer
(FFH: Read/Write)

EXPANDED REGISTER FILE REGISTERS

SMR (F) 0B

|D7| D6| D5| D4| D3| D2| D‘||D0|

LE

* Default setting after RESET

SCLK/TCLK Divide-by-16
0 OFF*
1 ON

Reserved

Stop Mode Recovery Source

000 POR Only*
001 Logical NAND
P00-P03
P30-P33
P24-P26
010 P31
011 P32
100 P33
101 P27
110 NOR P20 through P23
111 NAND P00-P03
P31, P33, P24,
P25, P26
Stop Delay
0 OFF
1 ON*

Stop Recovery Level
0 Low*
1 High

Stop Flag
0 POR/WDT*
1 Stop Recovery

Figure 37. Stop-Mode Recovery Register

WDTMR (F) OF

|D7| D6| D5| D4| D3I D2| D1 | D0|

T ]

* Default setting after RESET.

WDT TAP  Divider

00 2
01 * 8
10 16
1 32
WDT During HALT
0 OFF
1 ON*
WDT During STOP
0 OFF
1 ON*

Reserved (Must be 0.)

Reserved (Must be 0.)

Figure 38. Watch-Dog Timer Mode Register
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PACKAGE INFORMATION

20 1
o T e I o O o Y e I o O o O o O s T e T s Y s T s T e O s 0 s O e B s 0 s 8 | SYMBOL MILLIMETER INCH
MIN MAX MIN MAX
Al 0.51 1.02_| .020 .040
G 6 A2 3.18 384 | 125 | .155
038 | 053 | .015 021
B1 1.02 152 | 040 | .060
023 | 038 | .009 | .015
L g STy R ey VU e gy Sy N Y Ry NG S R SN g 0 fy v gy g S R U g ety gy e D 52.07 52.58 12.050 2.070
o 40 15.24 | 1575 | .600 | .620
5 E1 1359 | 1422 | 535 | .560
@ 2.54 TYP .100 TYP
eA 15.49 | 16.76 | 610 | .660
Q1 L 3.05 381 | 120 | .150
{ Q1 152 | 1.91 1 .060 | .075
. o ] IAZ s 152 | 229 | .060 | .090
igigagigigigigayagagsiaelngninin 01
A1 I
L— S —-J L . A“* B B1 i )
| U |
CONTROLLING DIMENSIONS : INCH ‘Il‘c
[ m— eA ——
Figure 39. 40-Pin DIP Package Diagram
D _
D1 Al
YN s YA
Smnnminonnd i ’ ’ SYMBOL MILLIMETER INCH
| —5 8 MIN MAX MIN MAX
700 (139 ’ =
g o 3 e w A 427 4.57 0.168 0.180
i < o
g H 23 -5 & At 2.41 2.92 0.095 0.115
g o By =
g , i S 0.51/0.36 8 D/E 1740 | 17.65 | o0.685 | 0.595
G- =—=—-— - &t - Jo_ozo/o.ou 82 D1 /E1
d | H = = 16.51 16.66 0.650 0.656
g H = 02 1524 | 1600 | 0600 | 0.630
d u] 0.81/0.66 S
g 0 1 0.032/0.026 = @ 1.27 TYP 0.050 TYP
170 29 &
| - NOTES:
1T Al A A AR =BT -1 1. CONTROLLING DIMENSION : INCH

R 1.14/0.64
0.045/0.025

2. LEADS ARE COPLANAR WITHIN 0.004".

3. DIMENSION : MM
{NCH

Figure 40. 44-Pin PLCC Package Diagram
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PACKAGE INFORMATION (Continued)

pe HD
p—
33 23
H [;I g Ll H H l;l Q LI Q H SYMBOL MILLIMETER INCH
P j MIN MAX MIN MAX
— ! Al 0.05 0.25 .002 .010
:H:E:IE ] A2 2.00 2.25 .078 .08%
]
X b 0.25 0.45 ,010 018
T E———— c 0.13 0.20 .005 .008
— ) HD 13.70 14.15 .539 557
L— t
D 9.90 10.10 .390 .398
—1 X
— . HE 13.70 14.15 .539 .557
w0 ] 3 9.90 10.10 .390 .398
THE 0.80 TYP 0315 TYP
gl L 0.60 1.20 .024 .047
1 11
J b _1 L@ NOTES:
1., CONTROLLING DIMENSIONS : MILLIMETER
2. LEAD COPLANARITY : MAX .10
004"

Figure 41. 44-Pin QFP Package Diagram
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ORDERING INFORMATION

5 MHz 5 MHz
40-Pin DIP 44-Pin PLCC
Z86C1505PSC Z86C1505VSC

5 MHz
44-Pin QFP

Z86C1505FSC

For fast results, contact your local Zilog sales office for assistance in ordering the part desired.

CODES

Package
P = Plastic DIP

V = Plastic Leaded Chip Carrier

F = Quad Flat Pack

Speed
05 =5 MHz

Example:
Z 8C15 05 P S C

I— Environmental Flow
Temperature

Package

Speed

Product Number
Zilog Prefix

Environmental
C = Plastic Standard

Temperature
S =0°Cto +70°C

is a Z86C15, 5 MHz, DIP, 0°C to +70°C, Plastic Standard Flow

© 1997 by Zilog, Inc. All rights reserved. No part of this
document may be copied or reproduced in any form or by
any means without the prior written consent of Zilog, Inc.
The information in this document is subject to change
without notice. Devices sold by Zilog, Inc. are covered by
warranty and patent indemnification provisions appearing
in Zilog, Inc. Terms and Conditions of Sale only.

ZILOG, INC. MAKES NO WARRANTY, EXPRESS,
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document.

Zilog’s products are not authorized for use as critical
components in life support devices or systems unless a
specific written agreement pertaining to such intended use
is executed between the customer and Zilog prior to use.
Life support devices or systems are those which are
intended for surgical implantation into the body, or which
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in accordance with instructions for use provided in the

INFRINGEMENT. ZILOG, INC. MAKES NO WARRANTY  labeling, can be reasonably expected to result in
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Zilog, Inc. 210 East Hacienda Ave.
Campbell, CA 95008-6600
Telephone (408) 370-8000
FAX 408 370-8056
Internet: http://www.zilog.com
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