PRELIMINARY DATA SHEET

ZiLOG

/86108

Totally Logical CMOS 8-BiT Low-CosT
2K-ROM MICROCONTROLLERS

FEATURES

Part ROM RAM* Speed Auto Permanent * ROM Mask Options:

Number (KB) (Bytes) (MHz) Latch WDT — System Clock Divisor

786108 2 125 4  Optional Optional — ROM Protect

Note: * General-Purpose — Auto Latch

*  18-Pin DIP and SOIC Packages — Permanent Watch-Dog Timer (WDT)
— RC Oscillator

* 3.0V to5.5V Operating Range _ 32 kHz Operation

R :
Avallable Temperature Ranges ¢ On-Chip Oscillator that Accepts RC, Crystal,

— E =-40°C to +105°C Ceramic Resonator, LC, or External Clock Drive

- S=0CH+70°C * Low-Power Consumption (50 mw)

®* 141n Lin . .
put/ Output Lines ® Fast Instruction Pointer

® Six Vectored, Prioritized Interrupts from Six Different (1.5us @ 4 MH2z)

Sources .
) ®* Fourteen Digital Inputs at CMOS Levels;
®* Two On-Board Comparators Schmitt-Triggered
®* Two Programmable 8-Bit Counter/Timers, * Software Enabled Watch-Dog Timer

Each with 6-Bit Programmable Prescaler
®* Clock-Free WDT Reset
®* Power-On Reset (POR) Timer

®* Programmable Interrupt Polarity
®* Two Standby Modes: STOP and HALT

* Low-Voltage Protection

GENERAL DESCRIPTION

ZiLOG's 786108 is a member of the ZBICU family, of-  cations. Additionally, two on-board comparators process
fering easy software/hardware system expansion. analog signals with a common reference voltage (Figure 1).

For applications demanding powerful 1/0O capabilities, the
Z86108’s dedicated input and output lines are grouped infdote: All Signals with an overline, “”, are active Low. For ex-
three ports. Each portis configurable under software control ample, B/W in which WORD is active Low), and/®/,
to provide timing, status signals, or parallel I/O. in which BYTE is active Low.

wn

Two on-chip counter/timers, with a large number of user se-
lectable modes, off-load the system of administering real-
time tasks such as counting/timing and I/O data communi-
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286108
CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers

ZiLOG

GENERAL DESCRIPTION (Continued)

Power connections follow conventional descriptionsbe-  connection

| Circuit Device
o Power Vee Vbp
Ground GND Vss
Input Vee GND XTAL
N Machine
Port3 N > Timing & Inst.
il Control
Counter/ N
Timers (2) N— ALU
FLAG
Interrupt N Program
Control N— Memory
Register T T
Pointer
Two Analog |1 !
Comparators |N— Program
Register File Counter
AN

) y

S

I/0 11O
(Bit Programmable)

Port 2 Port 0 <

Figure 1. 786108 Functional Block Diagram
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ZiLOG

786108

CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers

PIN DESCRIPTION

P24

P25

P26

P27

XTAL2

XTAL1

P31

P32

P24 [] 1 -/ 18 | ] P23
P25 [] 2 17 [] P22
P26 [ 3 16 |] P21
P27 [] 4 15 |] P20
Vee 5 DIP 14 [] GND
xTAL2 [] 6 13 |[] Po2
xmLr [] 7 12 |] Po1
P31 [] 8 1 [] Poo
P32 [] 9 10 [] P33
Figure 2. 18-Pin DIP
Cs s T
I v [ ]
I E 6 [ 1]
I s [ 1T ]
s ¢ [T ]
LI ]se [ ]
I i ]
I n (]
I ]e o[ ]

Figure 3. 18-Pin SOIC

P23

P22

P21

P20

GND

P02

PO1

POO

P33

Table 1: 18-Pin DIP and SOIC Pin Identification

Pin # Symbol Function Direction
1-4 P24-pP27 Port 2, Pins 4,5, 6, 7 In/Output
5 Ve Power Supply

6 XTAL2 Crystal Oscillator Clock Output

7 XTAL1 Crystal Oscillator Clock Input

8 P31 Port 3, Pin 1, AN1 Input

9 P32 Port 3, Pin 2, AN2 Input

10 P33 Port 3, Pin 3, REF Input
11-13 P00-P02 Port 0, Pins 0, 1, 2 In/Output
14 GND Ground

15-18 P20-P23 Port 2, Pins 0, 1, 2, 3 In/Output

DS001800-28X0898
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286108
CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers

ZiLOG

PIN DESCRIPTION (Continued)

XTAL1, XTAL2. Crystal In, Crystal Out (time-based input
and output, respectively). Thesepinsconnect aRC, parallel -
resonant crystal, LC, or an external single-phase clock to
the on-chip clock oscillator and buffer.

Auto Latch. TheAutoLatch putsvalid CMOSlevelsonall
CMOSinputs(except P33, P32, P31) that arenot externally
driven. After Power-On Reset, the level, whether a0 or 1,
cannot be determined. A valid CMOS levdl, rather than a
floating node, reduces excessive supply current flow in the

input buffer. To changethe Auto L atch state, the auto latch-
esmust beover drivenwith current greater than | 5 y (High

tolow) or 1 | (low to High).

Port 0 (P02—P00). Port 0 is a 3-bit 1/0, bidirectional,
Schmitt-triggered CMOS-compatible I/O port. Thesethree
I/0 lines can be configured under software control to beall
inputs or al outputs (Figure 4).

— ™
- @ =
MCU e Em— > Port 0 (1/0)
e R
IR vy
Open i %
PAD
.
Out
.
1.5 =+—= 2.3 Hysteresis V. @ 5.0V 77
In ﬂ

R == 500 kQ

. Auto Latch

Figure 4. Port 0 Configuration

PRELIMINARY
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286108
ZiLOG CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers

Port 2 (P27-P20). Port2isan8-bit1/O, bit-programmable,  control to be an input or output, independently. Bits pro-
bidirectional, Schmitt-triggered CMOS-compatible /0 grammed as outputs may be globally programmed as either
port. Theseeight 1/O linescan be configured under software  push-pull or open-drain (Figure 5).

MCU % Port 2 (IO)

Open Drain

= o=

PAD

Ot

1.5 =— 2.3 Hysleresis Ve @ 5.0V 75

Auto Latch

Figure 5. Port 2 Configuration

Port 3 (P33-P31). Port 3 is a 3-bit, Schmitt-triggered  input lines can also be used as the interrupt sources
CMOS-compatible port with three fixed input (P33-P31)RQO0-IRQ3 and as the timer input signaj\T(Figure 6).
lines. These three input lines can be configured under soft-

ware control as digital inputs or analog inputs. These three

DS001800-28X0898 PRELIMINARY 5



286108
CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers

ZiLOG

PIN DESCRIPTION (Continued)

MCLU - Part 3

R4 = Faid

| o7 ] 3 hneo

0 = Digital

P31 [AN1)

PaZ (ANZ)
>_|_'°
P33 (REF]

FAD

i

DIG.
FaD |—'k [ . g Dala Latch

RO, Ty

IR

v o
ata Latch
oAD |_K I_-F e RO )

-

P

| - Data Laich

IRG 0,1,2 = Faling Edpe Datection
1RG5 = Rising Edge Delection

Figure 6. Port 3 Configuration

Comparator Inputs. Twoanalog comparatorsareaddedto
Port 3 inputs for interface flexibility. Typical applications
for these on-board comparators are; Zero crossing detec-
tion, A/D conversion, voltage scaling, and threshold detec-
tion.

The dual comparator (common inverting terminal) features
a single power supply that discontinues power in STOP

is 5.0V. Before the comparator outputs are valid, two NOP
delays are required after enabling the analog comparators.

Interrupts are generated on either edge of Comparator 2's
output, or on the falling edge of Comparator 1's output. The
comparator output may be used for interrupt generation,
Port 3 data inputs, ofJ through P31. Alternately, the com-

parators may be disabled, freeing the reference input (P33)

Mode. The common voltage range is 0-4V when the V for use as IRQ1 and/or P33 input.

6 PRELIMINARY DS001800-28X0898



ZiLOG

286108
CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers

ABSOLUTE MAXIMUM RATINGS

Parameter Min Max Units Notes
Ambient Temperature under Bias -40 +105 C

Storage Temperature —65 +150 C

Voltage on any Pin with Respect to Vgg -0.7 +12 \% 1
Voltage on Vpp Pin with Respect to Vgg -0.3 +7 \Y

Voltage on Pin 7 with Respect to Vgg -0.7 vV .t \Y 2
Total Power Dissipation 462 mw

Maximum Current out of Vgg 84 mA

Maximum Current into Vpp 84 mA

Maximum Current into an Input Pin —600 +600 A 3
Maximum Current into an Open-Drain Pin —600 +600 A 4
Maximum Output Current Sinked by Any 1/0O Pin 12 mA

Maximum Output Current Sourced by Any I/O Pin 12 mA

Total Maximum Output Current Sinked by Port 2 70 mA

Total Maximum Output Current Sourced by Port 2 70 mA

Notes:

1. This applies to all pins except where otherwise noted. Maximum current into pin must be +600pA.

2. There is no input protection diode from pin to A
3. This excludes Pin 6 and Pin 7.
4. Device pin is not at an output Low state.

Stressesgreater than thoselisted under Absolute Maximum
Ratings may cause permanent damage to the device. This
ratingisastressrating only. Functional operation of thede-
vice at any condition above those indicated in the opera-
tional sections of these specificationsisnot implied. Expo-

sureto absolute maximum rating conditionsfor an extended
period may affect device reliability.

Total Power dissipation = Vpp X [Ipp — (sum of Igy)]
+ sum of [(Vpp — Vou) X loHl
+ sum of (Vg X Igp).

STANDARD TEST CONDITIONS

The characteristicslisted bel ow apply for standard test con-
ditionsasnoted. All voltagesarereferencedto Ground. Pos-
itive current flows into the referenced pin (Figure 7).

Froamn Qutput
Under Test *

@} == 1s0pF

Figure 7. Test Load Diagram

CAPACITANCE

Ta=25°C, Ve = GND =0V, f = 1.0 MHz, unmeasured pins returned to GND.

Parameter Min Max
Input capacitance 0 15 pF
Output capacitance 0 20 pF
I/O capacitance 0 25 pF
DS001800-28X0898 PRELIMINARY 7



286108
CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers ZiLOG

DC CHARACTERISTICS

Table 1. DC Characteristics®

T,=0°Cto T ,=-40°Cto
+70°C +105°C Typical
Symbol Parameter VCC Min Max Min Max @ 25°C Units Conditions Notes
VeH Clock Input High 3.0V 0.8Vce Veet0.3 0.8Vee Vect03 1.7 V  Driven by External
Voltage Clock Generator

55V 0.8Vce Veet0.3 0.8Vee Vect0.3 2.8 V  Driven by External
Clock Generator

VoL Clock Input Low 3.0V Vgg-0.3 0.2Vee Vgs0.3 0.2V 0.8 V  Driven by External
Voltage Clock Generator
5.5V VSS_0'3 0.2 VCC VSS_0'3 0.2 VCC 1.7 V Driven by External
Clock Generator
\m Input High Voltage 3.0V 0.7 Vgc Veet0.3 0.7 Ve Vect0.3 1.8 \Y, 2
5.5V 0.7 Vce Vecet0.3 0.7 Ve Vect0.3 2.8 \Y, 2
Vi Input Low Voltage 3.0V Vgg—0.3 0.2Vcc Vgs—0.3 0.2V 0.8 \ 2
5.5V Vgg-0.3 0.2Vee Vgs—0.3 0.2V 15 \Y, 2
VOH Output ngh 3.0V VCC—O.4 VCC—0.4 3.0 Vv IOH =-2.0mA
Voltage 5.5V V04 Vce—0.4 4.8 V  lgy=-2.0mA
Vor1 Output Low Voltage 3.0V 0.8 0.8 0.2 V g =+4.0mA
5.5V 0.4 0.4 0.1 V g =+4.0mA
VoL2 Output Low Voltage 3.0V 1.0 1.0 0.8 V gL =+12mA
5.5V 0.8 0.8 0.3 V gL =+12mA
Voeeser Comparator Input 3.0V 25 25 10 mV
Offset Voltage 5.5V 25 25 10 mV
Viv Vcc Low Voltage 2.0 2.8 2.6 V  Int. CLK Freq
Auto Reset @ 4 MHz Max.
1.8 3.0 2.6 V  Int. CLK Freq
@ 4 MHz Max.
he Input Le_akage 3.0v -10 1.0 -1.0 1.0 HA VN =0V, Ve
(Input Bias Current "5 5y 10 1.0  -1.0 1.0 LA VN =0V, Ve
of Comparator)
lov Output Leakage 3.0v -1.0 1.0 -1.0 1.0 HA  V|N =0V, Ve
55V -1.0 1.0 -1.0 1.0 HA VN =0V, Ve
Vicr Comparator Input 0 Vee—-1.0 0 Vee—1.5 \%
Common Mode
Voltage Range
lcc Supply Current 3.0v 35 3.5 15 mA All Output and I/O 3,5
(SCLK=XTAL/2) Pins Floating
@ 2 MHz
5.5V 7.0 7.0 3.8 mA All Outputand /O 3,5
Pins Floating
@ 2 MHz
3.0v 5.8 5.8 2.5 mA All Output and I/O 3,5
Pins Floating @
4 MHz
5.5V 9.0 9.0 4.0 mA All Output and I/O 3,5
Pins Floating @
4 MHz
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786108

ZiLOG CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers
Table 1. DC Characteristics® (Continued)
T.=0°Cto T =-40°Cto
+70°C +105°C Typical
Symbol Parameter Vcc Min Max Min Max @ 25°C Units Conditions Notes
lcct Standby Current 3.0v 25 2.5 0.7 mA HALT Mode V= 3,5
(SCLK=XTAL/2) OV, Vee @ 2 MHZ
5.5V 4.0 4.0 25 mA HALT Mode Vi = 3,5
0V, Vec @ 2 MHz
3.0V 4.0 4.0 1.0 mA HALT Mode VIN = 3,5
oV, VCC @ 4 MHz
5.5V 5.0 5.0 3.0 mA HALT Mode Vi = 3,5
0V, Vec @ 4 MHz
lcc Supply Current 3.0v 3.5 3.5 15 mA All Output and I/O 4
(SCLK=XTAL/1) Pins Floating @
1 MHz
5.5V 7.0 7.0 3.8 mA All Output and I/O 4
Pins Floating @
1 MHz
3.0v 5.8 5.8 25 mA All Output and I/O 4
Pins Floating @
2 MHz
5.5V 9.0 9.0 4.0 mA All Output and I/O 4
Pins Floating @
2 MHz
3.0v 8.0 8.0 3.0 mA All Output and I/O 4
Pins Floating @
4 MHz
5.5V 11.0 11.0 4.4 mA All Output and I/O 4
Pins Floating @
4 MHz
lcc Standby Current 3.0v 3.0 3.0 0.7 mA HALT Mode V= 4
(SCLK=XTAL/1) OV, Vee @ 2 MHz
5.5V 4.0 4.0 25 mA HALT Mode V= 4
0V, Vec @ 2 MHz
3.0V 4.0 4.0 0.9 mA HALT Mode VIN = 4
oV, VCC @ 4 MHz
5.5V 5.0 5.0 2.8 mA HALT Mode V= 4
0V, Vee @ 4MHz
lceo Standby Current 3.0v 10 20 1.0 WA STOP Mode V= 7
0V,Vcc WDT is not
Running
5.5V 10 20 1.0 MA STOP Mode Vi = 5
0V,Vcc WDT is not
Running
laLL Auto Latch Low 3.0v 12 8.0 3.0 MA OV <V|y<Vcc
Current 5.5V 30 32 16 pA 0OV<Vy<Vce
DS001800-Z28X0898 PRELIMINARY 9



286108
CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers ZiLOG

DC CHARACTERISTICS (Continued)

Table 1. DC Characteristics® (Continued)

TA: 0°Cto TA: —40°C to
+70°C +105°C Typical
Symbol Parameter Vcc Min Max Min Max @ 25°C Units Conditions Notes
lALH Auto Latch High 3.0v -8 -5.0 -1.5 MA OV <V|y<Vcc
Current 5.5V ~16 —20 80 pA 0OV<Vy<Vce

Notes:
1. VSS =0V = GND,
The device operates down to V. The minimum operational V¢ is determined on the value of the voltage V,, at the ambient
temperature. The V| increases as the temperature decreases.
Ve = 3.0V to 5.5V, typical values measured at V¢ = 3.3V and V¢ = 5.0V.
. Port 0, 2, and 3 only.
. SCLK=XTAL/2.
. SCLK=XTAL/1.
. Inputs at power rail and outputs are unloaded.

b wWN
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286108
ZiLOG CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers

AC ELECTRICAL CHARACTERISTICS

Clock

TIN

IR

Figure 8. AC Electrical Timing Diagram
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286108
CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers ZiLOG

AC ELECTRICAL CHARACTERISTICS (Continued)

TA= 0°C to +70°C Tp=-40°C to +105°C
2 MHz 4 MHz 2 MHz 4 MHz
No Symbol Parameter Vcc Min Max Min Max Min Max Min Max Units Notes
1 TpC Input Clock Period 3.0V 500 DC 250 DC 500 DC 250 DC ns 1
5.5V 500 DC 250 DC 500 DC 250 DC ns 1
2 TrC,TfC Clock Input Rise 3.0V 25 15 25 15 ns 1
and Fall Times  55v 25 15 25 15 ns 1
3 TwC Input Clock Width 3.0V 240 120 240 120 ns 1
5.5V 240 120 240 120 ns 1
4 TwTinL Timer Input Low 3.0V 100 100 100 100 ns 1
Width 55V 70 70 70 70 ns 1
5 TwTinH Timer Input High 3.0V 5TpC 5TpC 5TpC 5TpC 1
Width 5.5V 5TpC 5TpC 5TpC 5TpC 1
6 TpTin Timer Input Period 3.0V 8TpC 8TpC 8TpC 8TpC 1
5.5V 8TpC 8TpC 8TpC 8TpC 1
7 TrTin, Timer Input Rise 3.0V 100 100 100 100 ns 1
TfTin  and Fall Time 5.5V 100 100 100 100 ns 1
8 TwiL Int. Request Input 3.0V 100 100 100 100 ns 1,2
Low Time 55V 70 70 70 70 ns 1,2
9 TwlH Int. Request Input 3.0V 5TpC 5TpC 5TpC 5TpC 1
High Time 5.5V 5TpC 5TpC 5TpC 5TpC 1,2
10 Twdt  Watch-Dog Timer 3.0V 25 25 25 25 ms
Delay Time Before 55v 10 10 8 8 ms
Timeout
11 Tpor Power-On Reset 3.0V 6 30 6 30 4 30 4 30 ms
Time 5.5V 3 15 3 15 2 15 2 15 ms
Notes:

1. Timing Reference uses 0.7 V¢ for a logic 1 and 0.2 V¢ for a logic 0.
2. Interrupt request through Port 3 (P33-P31)

12 PRELIMINARY DS001800-28X0898



ZiLOG

286108
CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers

SYSTEM CLOCK (SCLK) DIVISOR OPTION

The Z8° MCU can be programmed to operate in
SCLK=XTAL/1modeby meansof amask ROM bit option.
Use of thisfeature resultsin:

® Interna system clock (SCLK/TCLK) operation limited
to a maximum of 4 MHz—250 ns cycle time.

® Oscillator divide-by-two circuitry eliminated.

Application Precautions:
1. Emulator does not support the 32 kHz operation.

2. The WDT only runs in Stop Mode if the permanent
WDT option is selected.

3. The registers %FE (GPR) and %FF (SPL) are reset to
OOHex after Stop Mode recovery or any reset.

Must wait two NOPS before analog comparator

4.
The SCLK=XTAL/1 mode is mask-programmable tobe se-  gutputs are valid after enabling analog mode.
lected by the customer at the time the ROM code is submit-

ted; otherwise SCLK=XTAL/2.

5. Must disable interrupts, enable the analog comparator,
and then clear IRQ3 to IRQO when switching from
digital to analog mode.

DS001800-28X0898 PRELIMINARY 13



286108
CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers ZiLOG

FUNCTIONAL DESCRIPTION

RESET. Upon power-up, the Power-On Reset circuit waits  execution at address %000C (Hex) (Figure 9). The device
for Teor Ms(plus 18 clock cycles), and then startsprogram ~ control registers’ reset value is shown in Table 2.

INT D5 =TAL O5C
POR T T
(Cold Start)
PR ! Delay Line 18 CLK Chip
] D_’ Tegr Ms [ | ResetFilter [ * Reset
P27 I
[Slop Mode)
Figure 9. Internal Reset Configuration
Table 2. Control Registers
Reset Condition
Addr. Reg. D7 D6 D5 D4 D3 D2 D1 DO Comments
03H (3)* Port 3 U U U U U U U U
02H (2)* Port 2 U U U U U U U U
OOH (0)* Port 0 U U U U U U U U
FFH(255) SPL 0 0 0 0 0 0 0 0
FEH (254) GPR 0 0 0 0 0 0 0 0
FDH (253) RP 0 0 0 0 0 0 0 0
FCH (252) FLAGS U U U U U U U U
FBH (251) IMR 0 U U U U U U U
FAH (250) IRQ U U 0 0 0 0 0 0 IRQ3is used for positive
edge detection
F9H (249) IPR U U U U U U U U
F8H (248)* PO1M U U U 0 U U 0 1
F7H (247)* P3M U U U U U U 0 0
F6H (246)* P2M 1 1 1 1 1 1 1 1  Inputs after reset
F5H (245) PREO U U U U U U U 0
F4H (244) TO U U U U U U U U
F3H (243) PRE1 U U U U U U 0 0
F2H (242) T1 U U U U U U U U

F1H (241) TMR 0 0 0 0 0 0 0 0

Note: *Registers are not reset after a Stop-Mode Recovery using the P27 pin. A subsequent reset will cause these control registers
to be reconfigured as shown. The user must avoid bus contention on the port pins, which may affect device reliability.

14 PRELIMINARY DS001800-28X0898



286108
ZiLOG CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers

Program Memory. TheZ8 canaddressupto 2KB of inter-  Register File. The Register File consists of three 1/0O port
nal program memory (Figure 10). Thefirst 12 bytesof pro-  registers, 125 general-purpose registers, and 14 control and
gram memory are reserved for theinterrupt vectors. These  status registers (RO, R2—R3, R4-R127, and R241-R255, re-
locations contain six 16-bit vectors that correspond to the  spectively; see Figure 11).

six available interrupts. Bytes 0—2047 are on-chip mask-

programmed ROM.

Note: R254 isavailable for general purpose use.

2047 7FFH
Location of On-Chip
First Byte of ROM Location Identifiers
Instruction
Executed 255 Stack Pointer (Bits 7-0 SPL
After RESET 12 [™& OCH ( )
n IRQ5 OBH 254 General-Purpose Register
10 IRQ5 0AH 253 Register Pointer RP
9 IRQ4 09H 252 Program Control Flags Flags
8 IRQ4 08H 251 Interrupt Mask Register IMR
7 IRQ3 07H 250 Interrupt Request Register IRQ
Interrupt
Vector g IRQ3 06H 249 Interrupt Priority Register IPR
(Lower Byte) ™| Q P Yy Reg
5 ™ IRQ2 05H 248 Ports 0-1 Mode POLM
Interrupt A IRQ2 04H 247 Port 3 Mode P3M
\ector
(Upper Byte) 3 IRQ1 03H 246 Port 2 Mode P2M
2 IRQ1 02H 245 To Prescaler PREO
1 IRQO 01H
Q 244 Timer/Counter0 TO
0 IRQO 00H
243 T1 Prescaler PRE1
242 Timer/Counterl T1
Figure 10. Program Memory Map o1 Timer Mode T™R
240
Not Implemented
128
127
General Purpose
Registers
4
3 Port 3 P3
2 Port 2 P2
1 Reserved P1
0 Port 0 PO

Figure 11. Register File

DS001800-28X0898 PRELIMINARY 15



286108
CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers

ZiLOG

FUNCTIONAL DESCRIPTION (Continued)

TheZ8instructions can accessregistersdirectly or indirect-
ly through an 8-bit addressfield. Thisfield allows short 4-
bit register addressing using the Register Pointer. In the 4-
bit mode, theregister fileisdivided into eight working reg-
ister groups, each occupying 16 continuous locations. The
Register Pointer (Figure 12) addresses the starting location
of the active working-register group. Upon power-up, the
genera purpose registers are undefined.

_ 1

| 7 16 5 r4 | r3 r2 rl r0 R253
(Register Pointer)

The upper nibble of the register file address
provided by the register pointer specifies
the active working-register group.

FF
R15 to RO
FO

F

*

70
6F

60
5F

50
4F

The lower nibble
gg of the register
Specified Working -— gﬁaggfﬁi the
30 Register Group instruction points
2F to the specified
register.

20
1F

Stack Pointer. The Z8 has an 8-bit Stack Pointer (R255)
used for theinternal stack that resides within the 125 gen-
eral-purpose registers.

General-Purpose Register (GPR). The general-purpose
register upon device power-up is undefined. The general-
purpose register upon a Stop-Mode Recovery and reset
staysinitslast state. Theregister may not keep itslast state
fromaV,, reset if the V¢ drops below 2.6V.

Note: Register R254 has been designated as a general -purpose
register and is set to O0H after any reset.

Register Group 1 R15 to RO
10
oF Register Group 0 R15to R4
1/0 Ports R3to RO
00
Figure 12. Register Pointer
16 PRELIMINARY DS001800-z8X0898



ZiLOG

286108
CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers

Counter/Timer. There are two 8-bit programmable
counter/timers(TO and T1). Eachtimer isdriven by itsown
6-bit programmableprescaler. The T1 prescaler canbedriv-
en by internal or external clock source; however, the TO can
be driven by the internal clock source only (Figure 13).

The 6-bit prescalers can divide the input frequency of the
clock source by any integer number from 1to 64. Each pres-
caler drives its counter, which decrements the value (1 to
256) that has been loaded into the counter. When both the
counter and prescaler reach the end of count, atimer inter-
rupt request, IRQ4 (TO) or IRQ5 (T1), is generated.

Thecounter can beprogrammed to start, stop, restart to con-
tinue, or restart from theinitial value. The counterscan also
be programmed to stop upon reaching zero (single pass
mode), or automatically reload theinitial valueand continue
counting (modulo-n continuous mode).

Thecounters, not theprescalers, areread at any timewithout
disturbing their value or count mode. The clock source for
T1 is user-definable and can be either the internal micro-
processor clock divided by four, or an external signal input
through Port 3. The Timer Moderegister configuresthe ex-
ternal timer input (P31) asan externa clock, atrigger input
that is retriggerable or non-retriggerable, or as agate input
for theinternal clock.

Internal Data Gus

'l.l".lrﬂei U

Write * l\-L Fleadi TT
D=0
PRED T T
Initial Vahee Inital Walse Counren] Value
FRegiaber Reqister Registear
* ! ! ]
B-Bit 3-8
- Dhowaini E= Down
I : Counter Counter -
ntama
1 ™ Clock
Li
Clock
Logic |
g-Bit i-Bit IR =
—-] .4 [T | — Dirami
\ Colintar Counter
internal Clock Tr TF ‘L
Gaded Clock PEE1 T1 T
Triggered Clock Initial Value Initial Value Current Valus
Extemal Trigger Regiaber Reqister Registear

Ty P31

Winta + Tr

wae? [

Read * u

“Mola: Divide-by-bea T SCLE=XTALM oplion & nel sakis ad

Inbernal Dalta Bus

Figure 13. Counter/Timers Block Diagram
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286108
CMOS 8-Bit Low-Cost 2K-ROM Microcontrollers

ZiLOG

FUNCTIONAL DESCRIPTION (Continued)

Interrupts. The Z8 has six interrupts from six different
sources. Theseinterruptsare maskableand prioritized (Fig-
ure 14). The six sources are divided as follows: the falling
edgeof P31 (AN1), P32 (AN2), P33 (REF), therising edge
of P32 (AN2), and the two counter/timers. The Interrupt
Mask Register globally or individually enables or disables
the six interrupt requests (Table 2).

When more than one interrupt is pending, prioritiesarere-
solved by a programmable priority encoder that is con-
trolled by the Interrupt Priority register. All Z8 interrupts
are vectored through locations in program memory. When
an Interrupt machine cycleisactivated, an interrupt request
isgranted. Theinterrupt request disables all subsequent in-
terrupts, saving the Program Counter and Status Flags. This
request, inturn, branchesto the program memory vector lo-
cation reserved for that interrupt. The above-mentioned
memory location and the next byte contain the 16-bit start-
ing addressof theinterrupt serviceroutinefor that particular
interrupt request.

To accommodate polled interrupt systems, interrupt inputs
aremasked and theinterrupt request register ispolled to de-
termine which of the interrupt requests needs service.

Note:

User must select any Z86C08 mode in ZiLOG's C12
ICEBOX  emulator. Therising edge interrupt is not sup-
ported on the Z86CCPOOZEM emulator, except through

a hardware/software workaround. See the Z86CCP Us-

er's Manual for complete information on the emulator.

Table 3. Interrupt Types, Sources, and Vectors

Vector
Name Source Location Comments
IRQ0O AN2(P32) 0,1 External (F) Edge
IRQ1 REF(P33) 2,3 External (F) Edge
IRQ2  AN1(P31) 4,5 External (F) Edge
IRQ3  AN2(P32) 6,7 External (R) Edge
IRQ4 TO 8,9 Internal
IRQ5 T1 10,11 Internal
Notes:
F = Falling edge triggered

R = Rising edge triggered

R4 - |RGS

it

]

Calihal

IPR

Irferupl
Enahia

|

Inleirupl
Fesqueesi L

FRICGRITY LOGKC

f

1y

Vaglor Salacl

Figure 14. Interrupt Block Diagram
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Clock. Theon-chip oscillator hasahigh-gain, parallel-res-
onant amplifier for connectiontoaRC, crystal, ceramicres-
onator, LC, or any suitable external clock source (XTAL1
= Input, XTALZ2 = Output). The crystal should be AT cut,
4 MHz max, with aseriesresistance (RS) lessthan or equal
to 100 ohms.

Thecrystal shouldbeconnectedacrossX TAL1and XTAL2

instruction. A Low condition on P27 releases the STOP
Mode regardless if configured for input or output.

Program execution under both conditions begins at location
000C (Hex). However, when P27 is used to release the
STOP Mode, the I/O port mode registers are not reconfig-
ured to their default power-on conditions. This condition

prevents any I/O, configured as output when the STOP in-

using the vendor’s crystal recommended capacitors frostruction was executed, from glitching to an unknown state.

each pin directly to device Ground pin 14 (Figure 14).

Note: Choosing the appropriate capacitor depends on the
crystal manufacturer, ceramic resonator and PCB lay-
out. The crystal capacitor loads should be connected
to Vg pin 14 to reduce ground noise injection.

To use the P27 release approach with STOP Mode, use the
following instruction:

LD
NOP
STOP
Note: (X = dependent upon user’s application.)

P2M, #1XXX XXXXB

In order to enter STOP or HALT Mode, it is nhecessary to

Touse a32kHz crystal, the 32 kHz operational mask optidfitst flush the instruction pipeline to avoid suspending ex-
must be selected, and an external resistor R must be c@tution in mid-instruction. To execute this instruction, the
nected across XTAL1 and XTAL2. To use an RC oscillatoryser must perform a NOP (opcode = FFH) immediately be-
the RC oscillator option must be selected. fore the appropriate sleep instruction. The NOP is executed

L . . as follows:
HALT Mode. This instruction turns off the internal CPU

clock (not the crystal oscillation). The counter/timers angg NOP - clear the pipeline

thernal interrupts IRQO, IRQL, IRQ2, and IRQ3 remaina STOP - enter STOP Mode
tive. The device can be recovered by interrupts, either ex-

ternally or internally generated. An interrupt request must’

be executed (enabled) to exit HALT Mode. After the interFF NOP ; Clear the pipeline

rupt service routine, the program continues from the in?F HALT ; enter HALT Mode

struction after the HALT.

Watch-Dog Timer (WDT). The Watch-Dog Timer is en-
STOP Mode. This instruction turns off the internal clock gpjed by instruction WDT. When the WDT is enabled, it
and external crystal oscillation, thereby reducing the stan@annot be stopped by the instruction. With the WDT in-
by current. The STOP Mode can be released by two metbtryction, the WDT should be refreshed once the WDT is
ods. The first method is a RESET of the device by removingnabled within every Twdt period; otherwise, the Z8 resets
Vcc or dropping the ¥¢ below Vi y. The second method jtself. The WDT instruction affects the Flags accordingly:
isif P27 is at a low level when the device executes the STOR=-1, S=0, V=0.

WDT = 5F (Hex)

XTAL1 XTAL1 XTAL1 —D XTAL1
Cl — C1l C1 XTAL1
T = ZRf * = [] *
32 KHz
p XTAL2 XTAL2 XTAL2 XTAL2 XTAL2
Cc2 R C2 Cc2
1 €L €L
= * = * =
32 KHz Crystal Clock Ceramic LC Clock External Clock RC Clock
Resonator
or Crystal % = Use pin 14.

Figure 15. Oscillator Configuration
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ZiLOG

FUNCTIONAL DESCRIPTION (Continued)

Opcode WDT (5FH). Thefirst time Opcode 5FH isexecut-
ed, the WDT is enabled, and subsequent execution clears
the WDT counter. This action has to be performed within
the maximum Ty, pt period; otherwise, the WDT times out

and generates a Reset. The generated Reset is the same as
aPower-On Reset of Tpor plus18 XTAL clock cycles. The

WDT doesnot work (run) in STOP Mode. TheWDT isdis-
abled during and after a Reset, until the WDT is enabled

again.

Opcode WDH (4FH). When this instruction is executed it
will enable the WDT during HALT. If not, the WDT will
stop when entering HALT. Thisinstruction does not clear
the counters; however, it does facilitate running the WDT
functionduring HALT Mode. A WDH instruction executed
without executing WDT (5FH) has no effect.

Permanent WDT Mask Option. Only when the Perma-
nent WDT Mask Option is selected isthe WDT hardwired
to be enabled after reset. The WDT will operate in Run
Mode, HALT Mode, and STOP Mode. The Opcode5FH is
used to refresh or clear the WDT counter. The WDT in-
struction (4FH) has no effect.

Note: The internal clock frequency is one-half the external
clock frequency in SCLK = XTAL/2 mode.

Low-Voltage Protection (V). Maximum (V) Condi-
tions: Ty =—40°C, +105°C; Internal Clock Frequency equal
or less than 4 MHz.

The device will function normally at or above 3.0V under
all conditions. Below 3.0V, the device functions normally
until the Low-Voltage Protection trip point (V) is

reached. The device is guaranteed to function normally at
supply voltages above the low voltage trip point for the tem-
peratures and operating frequencies in Cases 1 and 2. The
actual low voltage trip pointis a function of temperature and
process parameters (Figure 16).

1 MHz (Typical)
Temp -40C° 0°C +25°C +70°C +105°C +125°C
Vv 3.0 2.75 2.6 2.3 2.1 1.9

Note: See Figure 17 through Figure 34 for additional temperature
and frequency-based measurements.

ROM Protect. ROM Protect fully shields any 286108
ROM code from being read internallvhen ROM Protect
is selected, ROM look-up tables can be used in this mode.

Vee
(Volts)
3.2
3.0
2.8 \\
2.6 \\
\ V,y (Typical)
2.4 \\
2.2 \\
2.0 \
60 40  -20 0 20 40 60 80 100 120 140
Temperature ( C)
Figure 16. Typical Z86108 V |\, vs. Temperature
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6.0

55

5.0

4.5

4.0

V. (volts) 35

3.0
25
5.5V
2.0
15 3.0v
5.5V
1.0
3.0V
5.5V
-60 -40 -20 0 20 40 60 80 100 120

Temp C)

V_ vs. Temp

oL

VIL vs. Temp co—

Figure 17. V), VoL vs. Temperature
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FUNCTIONAL DESCRIPTION (Continued)

6.0

55

5.5V

5.0

4.5

4.0

V.. (volts) 35

3.0 % 5.5V

25 3.0V
2.0
15 # 3.0v
1.0
-60 -40 -20 0 20 40 60 80 100 120
Temp C)
Vo, vs. Temp
V., vs. Temp co—
Figure 18. V|4, Vou VS. Temperature
| oH
(mA)
2.0 3.0 4.0 5.0 6.0 Vou
! (Volt)
N
-2.0 M
I/
3.0 i
mn

‘=7
11,

T
'40cC

)
1250 25° -40C 125 ] o5

Figure 19. Typical lgy vS. Vou
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Z8 CONTROL REGISTER DIAGRAMS

R241 TMR

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

|— 0 No Function

1 LoadTy

DisableT, Count
Enable Top Count

0

1

0 No Function
1 LoadT;

0

1

DisableT; Count
Enable Ty Count

Tin Modes

00 External Clock Input

01 Gate Input

10 Trigger Input
(Non-retriggerable)

11 Trigger Input
(Retriggerable)

Reserved (must be 0)

Figure 20. Timer Mode Register (F14: Read/Write)

R242 T1

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

T, Initial Value

(when WRITE;

range: 1-256 decimal,
01-00 hex)

T, Current Value
(when READ)

Figure 21. Counter Time 1 Register (F2: Read/Write)

R243 PRE1

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

Count Module
0 T Single Pass
1 T, Modulo

Clock Source

1 T Internal
0 T; External Timing
Input (T ) Mode

Prescaler Modulo
(range: 1-64 decimal;
01-00 hex)

Figure 22. Prescaler 1 Register (F34: Write Only)

R244 TO

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

To Initial Value

(when WRITE;

range: 1-256 decimal,
01-00 hex)

Ty Current Value
(when READ)

Figure 23. Counter/Timer O Register (F4y: Read/Write)

R245 PREO

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

L

Count Module
0 Ty Single Pass
1 Ty Modulo

Reserved (must be 0)

Prescaler Modulo
(range: 1-64 decimal;
01-00 hex)

Figure 24. Prescaler 0 Register (F54: Write Only)

R246 P2M

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

P2,-P2, 1/O Definition
0 Defines bit as OUTPUT

1 Defines bit as INPUT

Figure 25. Port 2 Mode Register (F6: Write Only)

R247 P3M

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

|— 0 Port 2 Open-Drain

1 Port 2 Push-Pull Active

Port 3 Inputs
0 Digital
1 Analog

Reserved (must be 0)

Figure 26. Port 3 Mode Register (F7y: Write Only)
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ZiLOG

Z8 CONTROL REGISTER DIAGRAMS (Continued)

R248 PO1IM

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

|— PO,-PO , Mode

00 = Output
01 = Input

Reserved (must be 1)

Reserved (must be 0)

Figure 27. Port 0 and 1 Mode Register
(F8y: Write Only)

R249 IPR

|D7|D6| D5| D4| D3| D2| Dl| DO|

| |

Interrupt Group Priority
000 Reserved
001 C>A>B
010 A>B>C
011 A>C>B
100 B>C>A
101 C>B>A
110 B>A>C
111 Reserved

IRQ1, IRQ4 Priority (Group C)

0 IRQ1 > IRQ4
1 IRQ4 > IRQ1

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

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

Reserved (must be 0)

Figure 28. Interrupt Priority Register
(F9y: Write Only)

R250 IRQ

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

|— IRQO = P32 Input

IRQ1 = P33 Input
IRQ2 = P31 Input
IRQ3 = P32 Input
IRQ4 = TO
IRQ5 =T1

Reserved (must be 0)

Figure 29. Interrupt Request Register
(FAY: Read/Write)

R51 IMR

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

1 Enables IRQ5-IRQ0O
(D, =IRQO)

Reserved (must be 0)

1 Enables Interrupts

Figure 30. Interrupt Mask Register (FB: Read/Write)

R252 Flags

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

|— User Flag F1

User Flag F2

Half Carry Flag

Decimal Adjust Flag

Overflow Flag

Sign Flag

Zero Flag

Carry Flag

Figure 31. Flag Register (FCy: Read/Write)

R253 RP

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

|— Reserved (must be 0)

Register Pointer

Figure 32. Register Pointer (FDy: Read/Write)

R255 SPL

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

Stack Pointer Lower
Byte (SR - SR)

Figure 33. Stack Pointer (FFy: Read/Write)
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DEVICE CHARACTERISTICS
Standard Mode

70
60

i ‘\‘\
+25°C

40

Time
(ms)

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
Voltage

Figure 34. Typical WDT Time Out Period vs. Voc Over Temperature
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PACKAGE INFORMATION

, ) symsoL | MILLIMETER INCH
OO Mr1r1rr MIN MAX MIN MAX
1 Al 0.51 0.81 020 032
( El A2 325 | 343 128 135
| B 038 | 053 015 021
SN R NN R N N N N (N S R N |
m ] B 114 165 | 045 | 065
E c 023 | 038 009 015
) D 2235 |2337 | 880 | .20
E 762 | 813 300 320
A £l 622 | 648 | 245 | 255
@ 254 TYP 100 TYP
oA e 787 | 885 | 310 350
L 318 | 381 125 150
at 152 | 165 | .060 065
s 089 | 165 | 035 | .065
— 1
B [ e
| CONTROLLING DIMENSIONS : INCH
U L
Al
- s [E B
Figure 35. 18-Pin DIP Package Diagram
—D
~~c MILLIMETER INCH
SYMBOL
9 1 MIN MAX MIN MAX
P :
H H H H ‘d H H q H ] as ) ] A 2.40 2.65 | 0.094 | 0.104
I Al 0.10 0.30 0.004 0.012
A2 2.24 2.44 0.088 0.096
B 036 | 046 | 0014 | 0018
< E M ¢ 0.23 0.30 0.009 | 0.012
H ™
L D 1140 | 1175 | 0449 | 0.463
£ | 740 7.60 0291 | 0.299
B 1.27 Typ 0.050 TYP
. R T H 10.00 10.65 0.394 0.419
H H H H H H H H H a\ h 0.30 0.50 0.012 0.020
10 18 DETALL A - L 0.60 1.00 | 0.024 | 0.039
o1 0.97 1.07 0.038 0.042
at
i i
o) ]
A2 ‘ A L
- minininial . CoLe QuDIIE
| i / s ' i
A1 J L ’l L ] ﬁ*
B - SEATING PLANE 0-8
DETAIL A

Figure 36. 18-Pin SOIC Package Diagram
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ORDERING INFORMATION

786108 (4 MHz) For fast results, contact your local ZiLOG sale offices for
Standard Temperature assistance in ordering the part(s) desired.

18-Pin DIP 18-Pin SOIC

Z8610804PSC Z8610804PSC
Extended Temperature

18-Pin DIP 18-Pin SOIC

Z8610804PEC Z8610804SEC
CODES
Preferred Package P =DIP

S =S0IC
Preferred Temperature S =0°Cto +70°C
Extended Temperature E = -40°C to +105°C
Speeds 4 =4 MHz
Environmental C = Plastic Standard
Example:

Z 86108 04 P S C is a 286108, 4 MHz, DIP, 0C to +70C, Plastic Standard Flow

L Environmental Flow

Temperature
Package

Speed

Product Number
ZiLOG Prefix

DS001800-28X0898 PRELIMINARY 27
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ZiLOG

Pre-Characterization Product:

The product represented by this CPS is newly introduced and
ZiLOG has not completed the full characterization of the
product. The CPS states what ZiLOG knows about this product
at this time, but additional features or non-conformance with

some aspects of the CPS may be found, either by ZiLOG or its
customers in the course of further application and
characterization work. In addition, ZiL OG cautionsthat delivery
may be uncertain at times, due to start-up yield issues.

© 1998 by ZIiLOG, Inc. All rights reserved. No part of this update or keep current the information contained in this
document may be copied or reproduced in any form or by angocument.

means without the prior written consent of ZiLOG, Inc. The

information in this document is subject to change without noticeZiILOG’s products are not authorized for use as critical
Devices sold by ZiLOG, Inc. are covered by warranty and pategomponents in life support devices or systems unless a specific
indemnification provisions appearing in ZiLOG, Inc. Terms andWritten agreement pertaining to such intended use is executed

Conditions of Sale only.

ZILOG, INC. MAKES NO WARRANTY, EXPRESS,

STATUTORY, IMPLIED OR BY DESCRIPTION,

REGARDING THE INFORMATION SET FORTH HEREIN
OR REGARDING THE FREEDOM OF THE DESCRIBED
DEVICES FROM INTELLECTUAL PROPERTY
INFRINGEMENT. ZILOG, INC. MAKES NO WARRANTY

OF MERCHANTABILITY OR FITNESS FOR ANY

PURPOSE.

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 sustains life whose failure
to perform, when properly used in accordance with instructions
for use provided in the labeling, can be reasonably expected to
result in significant injury to the user.

ZiLOG, Inc.

910 East Hamilton Avenue, Suite 110
Campbell, CA 95008

Telephone (408) 558-8500

ZiLOG, Inc. shall not be responsible for any errors that mayAX 408 558-8300
appear in this document. ZiLOG, Inc. makes no commitment tmternet: http://www.zilog.com
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