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What is "Embedded - Microcontrollers"?
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systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
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microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
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range of applications, providing tailored solutions for
different performance and complexity needs.
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each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Architectural Overview 

ZiLOG’s Z86E02 SL1925 Microcontroller (MCU) is a One-Time Programmable 
(OTP) member of ZiLOG’s single-chip Z8® MCU family that allows easy software 
development, debug, prototyping, and small production runs not economically 
desirable with masked ROM versions. 

For applications demanding powerful I/O capabilities, the Z86E02 SL1925’s dedi-
cated input and output lines are grouped into three ports, and are configurable 
under software control to provide timing, status signals, or parallel I/O. One on-
chip counter/timer, with a large number of user-selectable modes, offload the sys-
tem of administering real-time tasks such as counting/timing and I/O data commu-
nications. 

Z86E02 SL1925 Features 

• 3.5V to 5.5V Operating Range @ 0°C to +70°C 

• 4.5V to 5.5V Operating Range @ -40°C to +105°C 

• 14 Input/Output Lines 

• Six Vectored, Prioritized Interrupts (3 falling edge, 1 rising edge, 1 timer, 1 soft-
ware) 

• Program Options: 
– Low Noise 
– ROM Protect 
– Auto Latch 
– Watch-Dog Timer (WDT) 
– RC Oscillator 

• One Programmable 8-Bit Counter/Timer, with 6-bit Programmable Prescaler 

• WDT/Power-On Reset (POR) 

• On-Chip Oscillator that accepts XTAL, Ceramic Resonance, LC, RC, or External
Clock 

• Clock-Free WDT Reset 

Table 1.  Z86E02 SL1925 Features

Device OTP (KB) RAM* (Bytes) Speed (MHz) 
Z86E02 SL1925 0.5 61 8 

Note: *General-Purpose. 
PS014802-0903
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Figure 2.  EPROM Programming Mode Block Diagram 
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PIN DESCRIPTION 

Pin diagrams and identification for the device are displayed in Figure 3 through 
Figure 6, and in Table 2 through Table 5. 

Figure 3.  18-Pin DIP/SOIC Configuration, STANDARD Mode 

Table 2. 18-Pin DIP/SOIC Pin Identification, STANDARD Mode 

Pin # Symbol Function Direction 
1-4 P24-P27 Port 2, Pins 4-7 Input/Output 

5 VCC 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 1 AN2 Input 

10 P33 Port 3, Pin 3, REF Input 

11-13 P00-P02 Port 0, Pins 0-2 Input/Output 

14 GND Ground 

15-18 P20-P23 Port 2, Pins 0-3 Input/Output 
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4 TWTINL Timer Input Low Width 3.5V 100 ns 1

5.5V 70 ns 1

5 TWTINH Timer Input High Width 3.5V 5TpC 1

5.5V 5TpC 1

6 TPTIN Timer Input Period 3.5V 8TpC 1

5.5V 8TpC 1

7 TRTIN, TTTIN Timer Input Rise and Fall Time 3.5V 100 ns 1

5.5V 100 ns 1

8 TWIL Interrupt Request Input Low 
Time 

3.5V 100 ns 1,2

5.5V 70 ns 1,2

9 TWIH Interrupt Request Input High 
Time

3.5V 5TpC 1,2

5.5V 5TpC 1,2

10 TWDT Watch-Dog Timer Delay Time 
before Time-out

3.5V 10 ms

5.5V 5 ms

11 TPOR Power-On Reset Time 3.5V 4 36 ms

5.5V 2 18 ms

1. Timing reference is 0.7 VCC for a logic 1 and 0.2 VCC for a logic 0 
2. Interrupt request through Port 3 (P33-P31) 

Table 10. AC Electrical Characteristics, Standard Mode and Temperature  (Continued)

No Symbol  Parameter 

TA = 0°C to +70°C 

NotesVCC

8MHz 

Min Max Units
PS014802-0903
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LOW EMI Mode at Standard Temperature
Table 12 describes timing characteristics in LOW EMI mode at standard tempera-
ture for the timing diagram noted in Figure 8.

Table 12. AC Electrical Timing, Standard Mode at Extended Temperature 

No Symbol Parameter 

TA = 0°C to +70°C 

Units NotesVCC 

1MHz 4MHz 

Min Max Min Max 

1 TPC Input Clock Period 3.5V 1000 DC 250 DC ns 1

5.5V 1000 DC 250 DC ns 1

2 TRC,TFC Clock Input Rise and 
Fall Times

3.5V 25 25 ns 1

5.5V 25 25 ns 1

3 TWC Input Clock Width 3.5V 500 125 ns 1

5.5V 500 125 ns 1

4 TWTINL Timer Input Low 
Width

3.5V 70 70 ns 1

5.5V 70 70 ns 1

5 TWTINH Timer Input High 
Width

3.5V 3TpC 3TpC 1

5.5V 3TpC 3TpC 1

6 TPTIN Timer Input Period 3.5V 4TpC 4TpC 1

5.5V 4TpC 4TpC 1

7 TRTIN, TTTIN Timer Input Rise and 
Fall Time

3.5V 100 100 ns 1

5.5V 100 100 ns 1

8 TWIL Interrupt Request 
Input Low Time 

3.5V 70 70 ns 1,2

5.5V 70 70 ns 1,2

9 TWIH Interrupt Request 
Input High Time

3.5V 3TpC 3TpC 1,2

5.5V 3TpC 3TpC 1,2

10 TWDT Watch-Dog Timer 
Delay Time before 
Time-out

3.5V 10 10 ms

5.5V 5 5 ms
PS014802-0903
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LOW EMI Mode at Extended Temperature 
Table 13 describes timing characteristics in LOW EMI mode at extended tempera-
ture for the timing diagram noted in Figure 8. 

11 TPOR Power-On Reset 
Time

3.5V 2 18 2 18 ms

5.5V 2 18 2 18 ms

1. Timing reference is 0.7 VCC for a logic 1 and 0.2 VCC for a logic 0 
2. Interrupt request through Port 3 (P33-P31) 

Table 13. AC Electrical Timing, Low EMI Mode at Extended Temperature 

No Symbol Parameter 

TA = 0°C to +70°C 

Units NotesVcc 

1MHz 4MHz 

Min Max Min Max 

1 TPC Input Clock Period 4.5V 1000 DC 250 DC ns 1

5.5V 1000 DC 250 DC ns 1

2 TRC,TFC Clock Input Rise and 
Fall Times

4.5V 25 25 ns 1

5.5V 25 25 ns 1

3 TWC Input Clock Width 4.5V 500 125 ns 1

5.5V 500 125 ns 1

4 TWTINL Timer Input Low 
Width 

4.5V 70 70 ns 1

5.5V 70 70 ns 1

5 TWTINH Timer Input High 
Width 

4.5V 3TpC 3TpC 1

5.5V 3TpC 3TpC 1

6 TPTIN Timer Input Period 4.5V 4TpC 4TpC 1

5.5V 4TpC 4TpC 1

7 TRTIN, TTTIN Timer Input Rise and 
Fall Time 

4.5V 100 100 ns 1

5.5V 100 100 ns 1

Table 12. AC Electrical Timing, Standard Mode at Extended Temperature  (Continued)

No Symbol Parameter 

TA = 0°C to +70°C 

Units NotesVCC 

1MHz 4MHz 

Min Max Min Max 
PS014802-0903
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Figure 9.  Port 0 Configuration 

Port 2, P27–P20. Port 2 is an 8-bit, bit programmable, bidirectional, Schmitt-trig-
gered CMOS-compatible I/O port. These eight I/O lines can be configured under 
software control to be inputs or outputs, independently. Bits programmed as out-
puts can be globally programmed as either push-pull or open-drain (Figure 10). 
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Figure 11.  Port 3 Configuration 

Comparator Inputs. Two analog comparators are added to input of Port 3, P31, 
and P32, for interface flexibility. The comparators reference voltage P33 (REF) is 
common to both comparators. 

Typical applications for the on-board comparators; Zero crossing detection, AID 
conversion, voltage scaling, and threshold detection. In Analog Mode, P33 input 
functions serve as a reference voltage to the comparators. 

The dual comparator (common inverting terminal) features a single power supply 
which discontinues power in STOP Mode. The common voltage range is 0-4 V 
when the VCC is 5.0V; the power supply and common mode rejection ratios are 90 
dB and 60 dB, respectively. 

Interrupts are generated on either edge of Comparator 2’s output, or on the falling 
edge of Comparator 1’s output. The comparator output is used for interrupt gener-
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A timer circuit clocked by a dedicated on-board RC oscillator is used for a POR 
timer function. The POR time allows VCC and the oscillator circuit to stabilize 
before instruction execution begins. The POR timer circuit is a one-shot timer trig-
gered by one of the four following conditions: 

• Power-bad to power-good status 

• Stop-Mode Recovery 

• WDT time-out 

• WDH time-out (in Halt mode) 

Watch-Dog Timer Reset 
The WDT is a retriggerable one-shot timer that resets the Z8® if it reaches its ter-
minal count. The WDT is initially enabled by executing the WDT instruction and is 
retriggered on subsequent execution of the WDT instruction. The timer circuit is 
driven by an on-board RC oscillator. 

Table 14. Z8® Control Registers Reset Values* 

Reset Condition 

Address  Register D7 D6 D5 D4 D3 D2 Dl D0 Comments 
FFh SPL 0 0 0 0 0 0 0 0 

FDh RP 0 0 0 0 0 0 0 0 

FCh FLAGS U U U U U U U U 

FBh IMR 0 U U U U U U U 

FAh IRQ U U 0 0 0 0 0 0 IRQ3 is used for positive edge detection 

F9h IPR U U U U U U U U 

F8h* P01M U U U 0 U 1 0 1 
F7h* P3M U U U 0 U U 0 0 

F6h* P2M 1 1 1 1 1 1 1 1 Inputs after reset

F3h PRE1 U U U 0 U U 0 0 

F2h T1 U U U 0 U U U U 

F1h TMR 0 0 0 0 0 0 0 0

Note: Registers are not reset after a Stop-Mode Recovery using P27 pin. A subsequent reset causes these control 
registers to be reconfigured as indicated in Table 14 and the user must avoid bus contention on the port pins 
or it may affect device reliability
PS014802-0903
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Program Memory 
The Z86E02 SL1925 addresses up to 512B of internal program memory 
(Figure 13). The first 12 bytes of program memory are reserved for the interrupt 
vectors. These locations contain six 16-bit vectors that correspond to the six avail-
able interrupts. Bytes 0–511 are on-chip one-time programmable EPROM. 

Figure 13.  Program Memory Map 

Register File 
The Register File consists of three I/O port registers, 61 general-purpose regis-
ters, and 14 control and status registers R0, R2-R3, R4–R63, R254 and R241– 
R253, and R255, respectively (Figure 14). General-purpose registers occupy the 
04h to 3Fh address space. I/O ports are mapped as per the existing CMOS Z8. 
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Counter/Timer 
There is one 8-bit programmable counter/timer (T1), driven by its own 6-bit pro-
grammable prescaler. The T1 prescaler is driven by internal or external clock 
sources (Figure 16). 

The 6-bit prescaler divide the input frequency of the clock source by any integer 
number from 1 to 64. Each prescaler drives its counter, which decrements the 
value (1 to 256) that is loaded into the counter. When both counter and prescaler 
reach the end of count, a timer interrupt request IRQ5 (T1) is generated. 

The counter can be programmed to start, stop, restart to continue, or restart from 
the initial value. The counters are also programmed to stop upon reaching zero 
(SINGLE-PASS mode) or to automatically reload the initial value and continue 
counting (MODULO-N CONTINUOUS mode). 

The counter, but not the prescaler, 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 microprocessor clock divided by four, or an external signal input through 
Port 3. The TIMER mode register configures the external timer input (P31) as an 
external clock, a trigger input that is retriggerable or non-retriggerable, or used as 
a gate input for the internal clock. 

Figure 16.  Counter/Timer Block Diagram 

Interrupts 
The Z8® features six interrupts from six different sources. These interrupts are 
maskable and prioritized (Figure 17). The sources are divided as follows: the fall-
ing edge of P31 (AN 1), P32 (AN2), P33 (REF), the rising edge of P32 (AN2), by 
software, and one counter/timer. The Interrupt Mask Register globally or individu-
ally enables or disables the six interrupt requests (Interrupt Types, Sources, and 
Vectors). 
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Figure 17.  Interrupt Block Diagram 

Table 15. Interrupt Types, Sources, and Vectors

Name Source 
Vector 
Location Comments 

IRQ0 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 Software 8,9 Internal 
IRQ5 T1 10,11 Internal 
Note: Note: F = Falling edge triggered: R = Rising edge triggered 

IRQ0 - IRQ5

IRQ

IMR

IPR

6

Priority
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Interrupt
Request

Global
Interrupt
Enable

Vector Select
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Clock 
The Z8® on-chip oscillator features a high-gain, parallel-resonant amplifier for connection 
to an external crystal, LC, RC, ceramic resonator, or any suitable external clock source 
(XTAL1 = INPUT, XTAL2 = OUTPUT). The crystal should be AT-cut, up to 8 MHz max., 
with a series resistance (RS) of less than or equal to 100 Ohms. 

The crystal should be connected across XTAL1 and XTAL2 using the vendor’s crystal rec-
ommended capacitor values from each pin directly to device ground pin 14 on DIP and 
SOIC packages or pins 5 and 6 on SSOP package (Figure 18). 

The crystal capacitor loads should be connected directly to the
Z8® GND pin to reduce Ground noise injection. They should
not connect to system Ground. 

Figure 18.  Oscillator Configuration 

Table 16. Typical Frequency (MHz) vs. RC Values VCC = 5.0 V @ 25°C 

Resistor (R)

Load Capacitor

33 pF 56 pF 100 pF 0.001 µF

A B A B A B A B

1.0 MΩ 0.05 0.03 0.03 0.02 0.02 0.01 0.001 0.001

560 KΩ 0.09 0.04 0.05 0.025 0.03 0.02 0.003 0.002

220 KΩ 0.23 0.11 0.12 0.07 0.07 0.043 0.007 0.005

100 KΩ 0.5 0.19 0.28 0.13 0.15 0.086 0.014 0.01

56 KΩ 0.93 0.28 0.48 0.2 0.27 0.13 0.026 0.02

20 KΩ 2.2 0.57 1.1 0.41 0.71 0.28 0.07 0.05

10 KΩ 3.5 1.0 2.1 0.64 1.4 0.45 0.14 0.08

Note:

C1
XTAL1

XTAL2

LC Clock

C2

C1

C2

External Clock RC Clock

XTAL1

XTAL2

XTAL1

XTAL2

XTAL1

XTAL2

L
RC

Ceramic
Resonator
or Crystal
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Any Low level detected on pin P27 takes the device out of
STOP mode, even if it is configured as an output. It is not edge
triggered.

To enter STOP or HALT mode, it is necessary to first flush the instruction pipeline 
to avoid suspending execution in mid-instruction. The user must execute a NOP 
(Op Code = FFh) immediately before the appropriate SLEEP instruction, such as: 

On the CCP emulator, a software workaround must be used to
enable P27 as the Stop-Mode Recovery source. This
workaround follows. 

Software Work Around on the Z86CCP01ZEM Emulator 
to Enable P27 as Stop-Mode Recovery Source 

Watch-Dog Timer (WDT) 
The Watch-Dog Timer is enabled by instruction WDT. When the WDT is enabled, 
it cannot be stopped by the instruction. With the WDT instruction, the WDT is 
refreshed when it is enabled within every 1 TWDT period; otherwise, the controller 
resets itself, The WDT instruction affects the flags accordingly; Z = 1, S = 0, V = 0. 

WDT = 5Fh 

FFh NOP ; clear the pipeline

6Fh STOP ; enter STOP mode

or

FFH NOP ; clear the pipeline

7Fh HALT ; enter HALT mode

SWFIXP27: PUSH RP

LD RP, #0Fh

LD R012, #001101X0B X= 1 for LOW EMI Mode

X= 0 for STANDARD Mode

POP RP

Note:

Note:
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Control Registers 
\

Table 17. Timer Mode Register, R241 TMR F1h Bank 0h: READ/WRITE

Bit 7 6 5 4 3 2 1 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

Note: R = Read, W = Write 

Bit 
Position Bit Field R/W

Reset 
Value Description

7-6 Reserved R/W 00 Reserved-must be 0

5-4 TIN Mode R/W 0 TIN Mode
00: External Clock Input
01: Gate Input
10: Trigger Input (non retriggerable)
11: Trigger Input (retriggerable)

3 T1 Count R/W 0 TI Count
0: Disable
1: Enable

2 T1 R/W 0 TI
0: No Function
1: Load T1

1-0 Reserved R/W 0 Reserved - must be 0

Table 18. Counter/Timer 1 Register, R242 T1 F2h Bank 0h: READ/WRITE

Bit 7 6 5 4 3 2 1 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Reset X X X X X X X X

Note: R = Read, W = Write, X = Indeterminate 

Bit 
Position Bit Field R/W

Reset 
Value Description

7-0 T1 R X T1 Current Value

W X T1 Initial Value
Range = 1-256 decimal; 01h-00h
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Table 24. Interrupt Request Register, R250 IPR FAh Bank 0h: READ/WRITE

Bit 7 6 5 4 3 2 1 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

Note: R = Read, W = Write 

Bit 
Position Bit Field R/W

Reset 
Value Description

7-6 Reserved R/W 00 Reserved-must be 0

5 IRQ5 R/W 0 Interrupt
IRQ5 = T1
0: No interrupt pending
1: Interrupt pending

4 IRQ4 R/W 0 Interrupt 
RQ4 = Software generated
0: No interrupt pending
1: Interrupt pending

3 IRQ3 R/W 0 Interrupt 
RQ3 = P32 Input (rising edge)
0: No interrupt pending
1: Interrupt pending

2 IRQ2 R/W 0 Interrupt 
RQ2 = P31 Input 
0: No interrupt pending
1: Interrupt pending

1 IRQ1, R/W 0 Interrupt 
RQ1 = P33 Input 
0: No interrupt pending
1: Interrupt pending

0 IRQ0 R/W 0 Interrupt 
RQ0 = P32 Input 
0: No interrupt pending
1: Interrupt pending

Note: *Selecting a Reserved mode causes an undefined operation.
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Table 29. Stack Pointer Low, R255 SPL FFh Bank 0h: READ/WRITE

Bit 7 6 5 4 3 2 1 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0 0

Note: R = Read, W= Write

Bit 
Position Bit Field R/W

Reset 
Value Description

7-0 Stack R/W 0 Stack Pointer Lower Byte (SP0-SP7)
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Package Information

Figure 20.  18-Pin DIP Package Diagram 

Figure 21.  18-Pin SOIC Package Diagram 
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