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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
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
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
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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Revision History

Each instance in the following revision history table reflects a change to this document 
from its previous version. For more details, refer to the corresponding pages or appropriate 
links provided in the table.

Date
Revision 
Level Description Page

Feb 
2012

04 Globally updated for style and content. All

Oct 
2008

03 Updated pin descriptions. 11

May 
2008

02 Added LQFP pin diagram (Standard and Programming modes); replaced 
44-pin QFP with 44-pin LQFP for CR #10886.

7, 8

Nov 
2001

01 Original issue. All
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Pin Functions

The Z86E61/Z86E63 MCU is available in variety of package styles, programming modes 
and pin configurations. This section describes the pin signals and configurations for each 
of the 40-pin PDIP, 44-pin PLCC and 44-pin LQFP packages in both Standard and 
EPROM Programming modes.

Pin Signals

Figure 2 shows the pin-outs for the 40-pin PDIP Standard Mode package; Table 25 
describes each pin.

Figure 2. Z86E61/Z86E63 PDIP Pin Diagram, Standard Mode

Table 25. Z86E61/Z86E63 PDIP Pin Description, Standard Mode 

Pin Signal Description I/O

XTAL2 Crystal Oscillator Clock Output

XTAL1 Crystal Oscillator Clock Input

RESET Reset Input

R/W Read/Write Output

1

21

40

20

P24

P23

P22

P21

P20

P33

P34

P17

P16

P15

P35

GND

P32

P00

P01

P02

P 30

P 40

P 50

P 60

P 70 P 01

P 11

P 21

P13

P14

P30

P 73

XTAL1

2XTAL

VCC P 63

P 13

P 72

P 62

P 52

RESET

DS

R/W

AS
Z86E61/E63

PDIP

Standard

Mode
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DS Data Strobe Output

AS Address Strobe Output

P00–P07 Port 0 8-bit General I/O Input/Output

P10–P17 Port 1 8-bit General I/O Input/Output

P20–P27 Port 2 8-bit General I/O Input/Output

P30–P33 Port 3 4-bit Input Input

P34–P37 Port 3 4-bit Output Output

R/RL ROM/ROMless Control Input

GND Ground Input

VCC Power Supply Input

Table 25. Z86E61/Z86E63 PDIP Pin Description, Standard Mode (Continued)

Pin Signal Description I/O
PS014404-0212  Pin Functions
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Port 1 (P17–P10)

Port 1 is an 8-bit, byte programmable, bidirectional, TTL compatible port. It has multi-
plexed Address (A7–A0) and Data (D7–D0) ports. For the Z86E61/Z86E63 MCU, these 
eight I/O lines can be programmed as input or output lines or are configured under soft-
ware control as an address/data port for interfacing external memory. When used as an I/O 
port, Port 1 can be placed under handshake control. In this configuration, Port 3 lines, P33 
and P34, are used as the handshake controls RDY1 and DAV1.

Memory locations greater than 16384 (Z86E61) or 32768 (Z86E63) are referenced 
through Port 1. To interface external memory, Port 1 must be programmed for the multi-

Figure 8. Port 0 Configuration

Z86E61/
Z86E63
MCUs

Port 0 (I/O)

Handshake controls
DAV0  and RDY0

(P32 and P35)

PAD

Auto Latch

R = 500 kΩ

TTL Level Shifter

In

Out

OEN

4

4
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Port 3 (P37–P30)

Port 3 is an 8-bit, CMOS compatible four-fixed input and four-fixed output port. These 
eight I/O lines have four-fixed (P33–P30) input and four-fixed (P37–P34) output ports. 
Port 3, when used as serial I/O, is programmed as serial in and serial out, respectively; see 
Figure 11.

Port 3 is configured under software control to provide the following control functions: 
handshake for Ports 0 and 2 (DAV and RDY); four external interrupt request signals 
(IRQ3–IRQ0); timer input and output signals (TIN and TOUT) Data Memory Select (DM) 
and EPROM control signals (P30 = CE, P31 = OE, P32 = EPM and P33 = VPP).

Table 31 lists the pin assignments for Port 3.

Figure 11. Port 3 Configuration

Table 31. Port 3 Pin Assignments*

Pin I/O CTCI Interrupt P0 HS P1 HS P2 HS UART Ext EPROM

P30 In TIN IRQ3 Serial In CE

P31 In TIN IRQ2 D/R OE

P32 In TIN IRQ0 D/R EPM

P33 In TIN IRQ1 D/R VPP

P34 Out TOUT R/D DM

P35 Out TOUT R/D

P36 Out TOUT R/D

P37 Out TOUT Serial Out

T0 IRQ4

T1 IRQ5

Note: *HS = Handshake Signals; D = Data Available; R = Ready.

Z86E61
Z86E63

MCU

Port 3 
(I/O or Control)
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UART Operation. Port 3 lines, P37 and P30, are programmed as serial I/0 lines for full-
duplex serial asynchronous receiver/transmitter operation. The bit rate is controlled by 
Counter/ Timer0.

The Z86E61/Z86E63 MCU automatically adds a start bit and two stop bits to transmitted 
data; see Figure 12. Odd parity is also available as an option. Eight data bits are always 
transmitted, regardless of parity selection. If parity is enabled, the eighth bit is the odd par-
ity bit. An interrupt request (IRQ4) is generated on all transmitted characters.

Received data must have a start bit, eight data bits, and at least one stop bit. If parity is on, 
bit 7 of the received data is replaced by a parity error flag. Received characters generate 
the IRQ3 interrupt request.

Auto Latch. The Auto Latch puts valid CMOS levels on all CMOS inputs that are not 
externally driven. This reduces excessive supply current flow in the input buffer when it is 
not driven by any source.

P33–P30 inputs differ from the Z86C61/C63 in that there is no clamping diode to VCC
because of the EPROM high voltage detection circuits. Exceeding the VIH maximum speci-
fication during standard operating mode may cause the device to enter EPROM Mode.

Figure 12. Serial Data Formats

SP SP D7 D6 D5 D4 D3 D2 D1 D0 ST
Transmitted Data (No Parity)

Start Bit
Eight Data Bits
Two Stop Bits

SP P D6 D5 D4 D3 D2 D1 D0 STSP
Transmitted Data (With Parity)

Start Bit

Seven Data Bits Seven Data Bits

Two Stop Bits

Odd Parity

SP D7 D6 D5 D4 D3 D2 D1 D0 ST
Received Data (No Parity)

Start Bit
Eight Data Bits

One Stop Bit

SP P D6 D5 D4 D3 D2 D1 D0 ST
Received Data (With Parity)

Start Bit

One Stop Bit

Parity Error Flag

Note:
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Data Memory

The EPROM version can address up to 48 KB (Z86E61) or 32 KB (Z86E63) of external 
data memory (DM) space beginning at location 16384 (Z86E61) or 32768 (Z86E63). The 
ROMless version can address up to 64 KB of external data memory. External data memory 
may be included with, or separated from, the external program memory space. DM, an 
optional I/0 function that can be programmed to appear on pin P34, is used to distinguish 
between data and program memory space; see Figure 14. The state of the DM signal is 
controlled by the type instruction being executed. An LDC opcode references PROGRAM 
(DM inactive) memory, and an LDE instruction references DATA (DM active Low) mem-
ory.

Figure 14. Data Memory Configuration

65535

16384 (E61)
32768 (E63)

16383 (E61)
32767 (E63)

0

External
Data

Not Addressable

Memory
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Register File

The register file consists of four I/0 port registers, 236 general-purpose registers, and 16 
control and status registers, as shown in Figure 15. The instructions can access registers 
directly or indirectly through an 8-bit address field. The Z86E61/Z86E63 MCU also 
allows short 4-bit register addressing using the Register Pointer, which is shown in 
Figure 16. In 4-bit mode, the Register File is divided into 16 working register groups, each 
occupying 16 continuous locations. The Register Pointer addresses the starting location of 
the active working register group.

Figure 15. Register File

LOCATION IDENTIFIERS

R255

R254

R253

R252

R251

R250

R249

R248

R247

R246

R245

R244

R243

R242

R241

R240

R239

R4

R3

R2

R1

R0

General Purpose
Registers

Port 3

Port 2

Port 1

Port 0

Serial I/O

Timer Mode

Timer/Counter1

T1 Prescaler

Timer/Counter0

T0 Prescaler

Port 2 Mode

Port 3 Mode

Port 0–1 Mode

Stack Pointer (Bits 7–0)

Stack Pointer (Bits 15–8)

Register Pointer

Program Control Flags

Interrupt Mask Register

Interrupt Request Register

Interrupt Priority Register

SPL

SPH

RP

FLAGS

IMR

IRQ

IPR

P01M

P3M

P2M

PRE0

T0

PRE1

T1

TMR

SIO

P3

P2

P1

P0
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The actual capacitor value is specified by the crystal manufacturer.

HALT

Turns off the internal CPU clock but not the XTAL oscillation. The counter/timers and 
external interrupts IRQ0, IRQ1, IRQ2, and IRQ3 remain active. The devices are recovered 
by interrupts, either externally or internally generated. An interrupt request must be exe-
cuted (enabled) to exit HALT Mode. After the interrupt service routine, the program con-
tinues from the instruction after the HALT.

STOP

This instruction turns off the internal clock and external crystal oscillation, and reduces the 
standby current to 5 µA (typical) or less. The STOP Mode is terminated by a reset, which 
causes the processor to restart the application program at address 000Ch.

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 = 0FFH) immediately before the appropriate SLEEP instruction, as shown in the 
following code segment.

FF NOP ; clear the pipeline
6F STOP ; enter STOP Mode
 or
FF NOP ; clear the pipeline
7F HALT ; enter HALT Mode

Figure 19. Oscillator Configuration

XTAL1

XTAL2

XTAL1

XTAL2

External ClockLC Clock

Pin 11Pin 11

C1

C2

Pin 11

C1

C2

Pin 11 L

Ceramic Resonator
or Crystal

XTAL1

XTAL2

Note:
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User MODE 2: EPROM Program

The Z86E61/Z86E63 MCU’s Program function conforms to the Intelligent programming 
algorithm. The device is programmed with VCC, at 6.0 V and VPP = 12.5 V. Programming 
pulses are applied in 1 ms increments to a maximum of 25 pulses before proper verifica-
tion. After verification, a programming pulse of three times the duration of the cycles nec-
essary to program the device is issued to ensure proper programming. After all addresses 
are programmed, a final data comparison is executed and the programming cycle is com-
plete. Timing for the Z86E61/Z86E63 MCU programming cycle is shown in Figure 21.

Figure 20. EPROM Read Timing

Address Address Stable Address Stable

VIH

VIL

VIH

VIL
Data Invalid

0 Min

Valid ValidInvalid

VPP

EPM

VH

VIL

VIH

VIL

VIH

VIL

VIH

VIL

VIH

VIL

0 Min

VCC
5 V

CE

OE

PGM

12

9

3
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DC Characteristics

Table 35 lists voltage and direct current characteristics for the Z86E61/Z86E63 MCU 
under differing conditions. Be advised that ICC2 requires loading TMR (F1Hh) with any 
value prior to STOP execution. Use the following sequence:

LD TMR,#00
NOP
STOP

Table 35. Direct Current Characteristics 

Symbol Parameter Min Max
Typical 
@ 25°C Units Conditions

Max Input Voltage 7 V IIN < 250 µA.

Max Input Voltage 13 V P33–P30 Only.

VCH Clock Input High Voltage 3.8 VCC + 0.3 V Driven by External Clock 
Generator.

VCL Clock Input Low Voltage –0.3 0.8 V Driven by External Clock 
Generator.

VIH Input High Voltage 2.0 VCC + 0.3 V

VIL Input Low Voltage –0.3 0.8 V

VOH Output High Voltage 2.4 V IOH = –2.0 mA.

VOL Output Low Voltage 0.4 V IOL = +2.0 mA.

VRH Reset Input High Voltage 3.8 VCC + 0.3 V

VRL Reset Input Low Voltage –0.3 0.8 V

IIL Input Leakage –10 10 µA VIN = 0 V,  5.25 V.

IOL Output Leakage –10 10 µA VIN = 0 V,  5.25 V.

IIR Reset Input Current –50 µA VCC = +5.25 V; VRL = 0 V.

ICC Supply Current 50 25 mA @ 16 MHz.

60 35 mA @ 20 MHz.

ICC1 Standby Current 15 5 mA HALT Mode @ 16 MHz; 
VIN = 0 V, VCC

20 10 mA HALT Mode @ 20 MHz; 
VIN = 0 V, VCC

ICC2 Standby Current 20 5 µA STOP Mode
VIN = 0 V, VCC
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AC Characteristics

Figure 27 displays the timing characteristics for the Z86E61/Z86E63 MCU. The circled 
numbers in this figure reference a description in Table 36 of each symbol, its parameter 
and its frequency range for these 16 MHz and 20 MHz parts.

Figure 27. External I/O or Memory Read/Write Timing

9

D7–D0 IN

10

15

11

13

3
16

8

6

7

D7–D0 OUT

14

17

17

2

12

18

1

4

A7–A0

A7–A0

DS
(Write)

Port 1

DS
(Read)

AS

Port 1

Port 0, DM

R/W
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Additional timing characteristics are shown in Figure 30 and described in Table 39.

Figure 30. Additional Timing

Table 39. Additional Timing 

No. Symbol Parameter

TA = 0°C to +70°C

Units Notes

16 MHz1 20 MHz

Min Max Min Max

1 TpC Input Clock Period 62.5 1000 50 1000 ns 1

2 TrC,TfC Clock Input Rise & Fall Times 10 15 ns 1

3 TwC Input Clock Width 21 37 ns 1

4 TwTINL Timer Input Low Width 50 75 ns 2

5 TwTINH Timer Input High Width 5 TpC 5 TpC 2

6 TpTIN Timer Input Period 8 TpC 8 TpC 2

7 TrTIN,TfTIN Timer Input Rise & Fall times 100 100 ns 2

Notes: 
1. Clock timing references use 3.8 V for a logic 1 and 0.8 V for a logic 0.
2. Timing references use 2.0 V for a logic 1 and 0.8 V for a logic 0.
3. Interrupt request through Port 3 (P33–P31).
4. Interrupt request through Port 30.
5. Interrupt references request through Port 3.

8

Clock

TIN

IRQN

9

6

5
4

7

2 2

3

3

1

7
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Figure 33. Counter/Timer 1 Register (F2H: Read/Write)

Figure 34. Prescaler 1 Register (F3H: Write Only)

Figure 35. Counter/Timer 0 Register (F4H: Read/Write)

R242 T1

T1 Initial Value (when written)
Range: 1–256 decimal, 01–00 hex

D7 D6 D5 D4 D3 D2 D1 D0

Count Mode
0: T1 Single pass
1: T1 Modulo N

Clock Source
0: T1 Internal
1: T1 External timing input (T    Mode)

Prescaler Modulo
Range: 1–64 decimal, 01–00 hex

D7 D6 D5 D4 D3 D2 D1 D0

IN

R243 PRE1

R244 T0

T0 Initial Value (when written)
  Range: 1–256 decimal, 01–00 hex
T0 Current Value (when read)

D7 D6 D5 D4 D3 D2 D1 D0
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Figure 39. Port 0 and 1 Mode Register (F8H: Write Only)

R248 P01M

P00–P00 Mode
00: Output
01: Input
1x: A11–A8
Stack Selection
0: External
1: Internal
P17–P10 Mode
00: Byte output
01: Byte input
10: AD7–AD0
11: High-impedance AD7–DA0, AS, DS,
       R/W, A11–A8, A15–A12,  if selected

External Memory Timing
0: Normal
1: Extended

P07–P04 Mode
00: Output
01: Input
1x: A15–A12

D7 D6 D5 D4 D3 D2 D1 D0
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Figure 40. Interrupt Priority Register (F9H: Write Only)

Figure 41. Interrupt Request Register (FAH: Read/Write)

R249 IPR

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

IRQ0, IRQ2 Priority (Group B)
0: IRQ2 > IRQ0
1: IRQ0 > IRQ2

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

Reserved (must be 0)

D7 D6 D5 D4 D3 D2 D1 D0

R250 IRQ

IRQ0 = P32 input (D0 = IRQ0)
IRQ1 = P33 input
IRQ2 = P31 input
IRQ3 = P30 input, serial input
IRQ4 = T0 serial output
IRQ5 = T1
Reserved (must be 0)

D7 D6 D5 D4 D3 D2 D1 D0
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Figure 45. Stack Pointer Register (FEH: Read/Write)

Figure 46. Stack Pointer Register (FFH: Read/Write)

R254 SPL

Stack Pointer Low Byte
Byte (SP15–SP8)

D7 D6 D5 D4 D3 D2 D1 D0

R255 SPH

Stack Pointer High Byte
Byte (SP7–SP0)

D7 D6 D5 D4 D3 D2 D1 D0
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Z8 Instruction Set

This section discusses the addressing modes, symbols, flags, condition codes and instruc-
tion formats that apply to the Z8 instruction set. A summary of the Z8 instruction set fol-
lows on page 55.

The notations listed in Table 40 are used to describe addressing modes and instruction 
operations.

The symbols listed in Table 41are used to describe the Z8 instruction set.

Table 40. Instruction Set Notation 

Notation Definition

IRR Indirect register pair or indirect working register pair address.

Irr Indirect working register pair only.

X Indexed address.

DA Direct address.

RA Relative address.

IM Immediate.

R Register or working register address.

r Working register address only.

IR Indirect register or indirect working register address.

Ir Indirect working register address only.

RR Register pair or working register pair address.

Table 41. Instruction Set Symbols

Symbol Definition

dst Destination location or contents.

src Source location or contents.

cc Condition code.

@ Indirect address prefix.

SP Stack Pointer.

PC Program Counter.

FLAGS Flag Register (Control Register 252).

RP Register Pointer (R253).

IMR Interrupt Mask Register (R251).
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LD dst, src
dst ← src

r
r
R

r
X
r
Ir
R
R
R
IR
IR

Im
R
r

X
r
Ir
r
R
IR
IM
IM
R

rC
r8
r9

r = 0 – F
C7
D7
E3
F3
E4
E5
E6
E7
F5

– – – – – –

LDC dst, src
dst ← src

r Irr C2 – – – – – –

LDCI dst, src
dst ← src
r ← r + 1;
rr ← rr + 1

Ir Irr C3 – – – – – –

NOP FF – – – – – –

OR dst, src
dst ← dst OR src

See Note 1 4[ 1 – * * 0 – –

POP
dst ← @SP;
SP ← SP + 1

R
IR

50
51

– – – – – –

PUSH src
SP ← SP – 1;
@SP ← src

R
IR

70
71

– – – – – –

RCF
C ← 0

CF 0 – – – – –

RET
PC ← @SP;
SP ← SP + 2

AF – – – – – –

RL dst R
IR

90
91

* * * * – –

Table 45. Instruction Summary (Continued)

Instruction and Operation

Address Mode
Op Code Byte 

(Hex)

Flags Affected

dst src C Z S V D H

Note: These instructions have an identical set of addressing modes, which are encoded for brevity. The first Op Code 
nibble is found in this instruction set table. The second nibble is expressed symbolically by a ’[ ]’ in this table, 
and its value is found on the left of the applicable addressing mode pair in the Op Code Map in Figure 48.

For example, the op code of an ADC instruction using the addressing modes r (destination) and Ir (source) is 13.
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RLC dst R
IR

10
11

* * * * – –

RR dst R
IR

E0
E1

* * * * – –

RRC dst R
IR

C0
C1

* * * * – –

SBC dst, src
dst ← dst ← src ← C

See Note 1 3[] * * * * 1 *

SCF
C ← 1

DF 1 – – – – –

SRA dst R
IR

D0
D1

* * * 0 – –

SRP dst
RP ← src

Im 31 – – – – – –

STOP 6F 1 – – – – –

SUB dst, src
dst ← dst ← src

See Note 1 2[ ] [ [ [ [ 1 [

SWAP dst R
IR

F0
F1

X * * X – –

TCM dst, src
(NOT dst)
AND src

See Note 1 6[ ] – * * 0 – –

TM dst, src
dst AND src

See Note 1 7[ ] – * * 0 – –

XOR dst, src
dst ← dst
XOR src

See Note 1 B[ ] – * * 0 – –

Table 45. Instruction Summary (Continued)

Instruction and Operation

Address Mode
Op Code Byte 

(Hex)

Flags Affected

dst src C Z S V D H

Note: These instructions have an identical set of addressing modes, which are encoded for brevity. The first Op Code 
nibble is found in this instruction set table. The second nibble is expressed symbolically by a ’[ ]’ in this table, 
and its value is found on the left of the applicable addressing mode pair in the Op Code Map in Figure 48.

For example, the op code of an ADC instruction using the addressing modes r (destination) and Ir (source) is 13.
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