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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
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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.
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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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Figure 3. 20-Pin PDIP/SOIC/SSOP/CDIP* Pin Configuration

*Windowed Cerdip. These units are intended to be used for 
engineering code development only. ZiLOG does not 
recommend/guarantee this package for production use.

Table 3. 20-Pin PDIP/SOIC/SSOP/CDIP* Pin Identification

Pin # Symbol Function Direction

1–3 P25–P27 Port 2, Bits 5,6,7 Input/Output

4 P07 Port 0, Bit 7 Input/Output

5 VDD Power Supply  

6 XTAL2 Crystal Oscillator Clock Output

7 XTAL1 Crystal Oscillator Clock Input

8–10 P31–P33 Port 3, Bits 1,2,3 Input

11,12 P34. P36 Port 3, Bits 4,6 Output

13 P00/Pref1/P30 Port 0, Bit 0/Analog reference input
Port 3 Bit 0

Input/Output for P00
Input for Pref1/P30

14 P01 Port 0, Bit 1 Input/Output

15 VSS Ground  

16–20 P20–P24 Port 2, Bits 0,1,2,3,4 Input/Output

P25
P26
P27
P07
VDD

XTAL2
XTAL1

P31
P32
P33

P24
P23
P22
P21
P20
VSS
P01
P00/Pref1/P30
P36
P34

1
2
3
4
5
6
7
8
9
10

20
19
18
17
16
15
14
13
12
11

20-Pin
PDIP
SOIC
SSOP
CDIP*

Note:
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Figure 4. 28-Pin PDIP/SOIC/SSOP/CDIP* Pin Configuration

*Windowed Cerdip. These units are intended to be used for 
engineering code development only. ZiLOG does not 
recommend/guarantee this package for production use.

Table 4. 28-Pin PDIP/SOIC/SSOP/CDIP* Pin Identification

Pin Symbol Direction Description
1-3 P25-P27 Input/Output Port 2, Bits 5,6,7
4-7 P04-P07 Input/Output Port 0, Bits 4,5,6,7 
8 VDD Power supply
9 XTAL2 Output Crystal, oscillator clock
10 XTAL1 Input Crystal, oscillator clock
11-13 P31-P33 Input Port 3, Bits 1,2,3
14 P34 Output Port 3, Bit 4
15 P35 Output Port 3, Bit 5
16 P37 Output Port 3, Bit 7
17 P36 Output Port 3, Bit 6
18 Pref1/P30

Port 3 Bit 0
Input Analog ref input; connect to VCC if not used

Input for Pref1/P30
19-21 P00-P02 Input/Output Port 0, Bits 0,1,2
22 VSS Ground
23 P03 Input/Output Port 0, Bit 3
24-28 P20-P24 Input/Output Port 2, Bits 0-4

P24
P23
P22
P21
P20
P03
VSS
P02
P01
P00
Pref1/P30
P36
P37
P35

P25
P26
P27
P04
P05
P06
P07
VDD

XTAL2
XTAL1

P31
P32
P33
P34

1

28-Pin
PDIP
SOIC
SSOP

2
3
4
5
6
7
8
9
10
11
12
13
14

28
27
26
25
24
23
22
21
20
19
18
17
16
15

CDIP*

Note:
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Figure 10. Port 1 Configuration

Port 2 (P27–P20)
Port 2 is an 8-bit, bidirectional, CMOS-compatible I/O port (see Figure 11). These 
eight I/O lines can be independently configured under software control as inputs 
or outputs. Port 2 is always available for I/O operation. A mask option is available 
to connect eight pull-up transistors on this port. Bits programmed as outputs are 
globally programmed as either push-pull or open-drain. The POR resets with the 
eight bits of Port 2 configured as inputs.

Port 2 also has an 8-bit input OR and AND gate, which can be used to wake up 
the part. P20 can be programmed to access the edge-detection circuitry in 
demodulation mode.

OTP Programming
Option

8Z8 GP
OTP Port 1 (I/O)

Pad

In

Out

OEN

Open-Drain
Resistive
Transistor
Pull-up

VCC
PS023702-1004 P r e l i m i n a r y  Pin Functions
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Comparator Inputs
In analog mode, P31 and P32 have a comparator front end. The comparator refer-
ence is supplied to P33 and Pref1. In this mode, the P33 internal data latch and its 
corresponding IRQ1 are diverted to the SMR sources (excluding P31, P32, and 
P33) as indicated in Figure 12 on page 20. In digital mode, P33 is used as D3 of 
the Port 3 input register, which then generates IRQ1.

Comparators are powered down by entering Stop Mode. For 
P31–P33 to be used in a Stop Mode Recovery source, these 
inputs must be placed into digital mode.

Comparator Outputs
These channels can be programmed to be output on P34 and P37 through the 
PCON register.

RESET (Input, Active Low)
Reset initializes the MCU and is accomplished either through Power-On, Watch-
Dog Timer, Stop Mode Recovery, Low-Voltage detection, or external reset. During 
Power-On Reset and Watch-Dog Timer Reset, the internally generated reset 
drives the reset pin Low for the POR time. Any devices driving the external reset 
line must be open-drain to avoid damage from a possible conflict during reset con-
ditions. Pull-up is provided internally.

When the Z8 GPTM asserts (Low) the RESET pin, the internal pull-up is disabled. 
The Z8 GPTM does not assert the RESET pin when under VBO.

The external Reset does not initiate an exit from STOP mode.

Functional Description
This device incorporates special functions to enhance the Z8®’ functionality in 
consumer and battery-operated applications.

Program Memory
This device addresses up to 32KB of OTP memory. The first 12 Bytes are 
reserved for interrupt vectors. These locations contain the six 16-bit vectors that 
correspond to the six available interrupts.

RAM
This device features 256B of RAM. See Figure 14.

Note:

Note:
PS023702-1004 P r e l i m i n a r y  Functional Description
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When T8 is enabled, the output T8_OUT switches to the initial value (CTR1, D1). 
If the initial value (CTR1, D1) is 0, TC8L is loaded; otherwise, TC8H is loaded into 
the counter. In SINGLE-PASS Mode (CTR0, D6), T8 counts down to 0 and stops, 
T8_OUT toggles, the timeout status bit (CTR0, D5) is set, and a timeout interrupt 
can be generated if it is enabled (CTR0, D1). In Modulo-N Mode, upon reaching 
terminal count, T8_OUT is toggled, but no interrupt is generated. From that point, 
T8 loads a new count (if the T8_OUT level now is 0), TC8L is loaded; if it is 1, 
TC8H is loaded. T8 counts down to 0, toggles T8_OUT, and sets the timeout sta-
tus bit (CTR0, D5), thereby generating an interrupt if enabled (CTR0, D1). One 
cycle is thus completed. T8 then loads from TC8H or TC8L according to the 
T8_OUT level and repeats the cycle. See Figure 20.

Figure 20. 8-Bit Counter/Timer Circuits

You can modify the values in TC8H or TC8L at any time. The new values take 
effect when they are loaded. 

To ensure known operation do not write these registers at 
the time the values are to be loaded into the counter/timer. 
An initial count of 1 is not allowed (a non-function occurs). An 
initial count of 0 causes TC8 to count from 0 to FFH to FEH.

CTR0 D1

Negative Edge

Positive Edge

Z8® Data Bus

IRQ4

CTR0 D2

SCLK

Z8® Data Bus

CTR0 D4, D3

Clock

T8_OUT

LO8

TC8H TC8L

Clock
Select

8-Bit 
Counter T8

HI8

Caution:
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T16 Transmit Mode
In NORMAL or PING-PONG mode, the output of T16 when not enabled, is depen-
dent on CTR1, D0. If it is a 0, T16_OUT is a 1; if it is a 1, T16_OUT is 0. You can 
force the output of T16 to either a 0 or 1 whether it is enabled or not by program-
ming CTR1 D3; D2 to a 10 or 11.

When T16 is enabled, TC16H * 256 + TC16L is loaded, and T16_OUT is switched 
to its initial value (CTR1, D0). When T16 counts down to 0, T16_OUT is toggled 
(in NORMAL or PING-PONG mode), an interrupt (CTR2, D1) is generated (if 
enabled), and a status bit (CTR2, D5) is set. See Figure 25.

Figure 25. 16-Bit Counter/Timer Circuits

Global interrupts override this function as described in 
“Interrupts” on page 48. 

If T16 is in SINGLE-PASS mode, it is stopped at this point (see Figure 26). If it is 
in Modulo-N Mode, it is loaded with TC16H * 256 + TC16L, and the counting con-
tinues (see Figure 27).

You can modify the values in TC16H and TC16L at any time. The new values take 
effect when they are loaded. 

CTR2 D1

Negative Edge

Positive Edge

Z8® Data Bus

IRQ3

CTR2 D2

SCLK

Z8® Data Bus

CTR2 D4, D3

Clock

T16_OUT

LO16

TC16H TC16L

Clock
Select

16-Bit 
Counter T16

HI16

Note:
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Figure 34. SCLK Circuit

Stop-Mode Recovery Source (D2, D3, and D4)
These three bits of the SMR specify the wake-up source of the Stop recovery 
(Figure 35 and Table 19).

Stop-Mode Recovery Register 2—SMR2(F)0DH
Table 18 lists and briefly describes the fields for this register.

Table 18.SMR2(F)0DH:Stop Mode Recovery Register 2*

Field Bit Position Value Description

Reserved 7------- 0 Reserved (Must be 0)

Recovery Level -6------ W 0†

1
Low
High

Reserved --5----- 0 Reserved (Must be 0)

Source ---432-- W 000†

001
010
011
100
101
110
111

A. POR Only
B. NAND of P23–P20
C. NAND of P27–P20
D. NOR of P33–P31
E. NAND of P33–P31
F. NOR of P33–P31, P00, P07
G. NAND of P33–P31, P00, P07
H. NAND of P33–P31, P22–P20

Reserved ------10 00 Reserved (Must be 0)

Notes:
* Port pins configured as outputs are ignored as a SMR recovery source.
† Indicates the value upon Power-On Reset

SCLK

TCLKSMR, D0

2÷

OSC

16÷
PS023702-1004 P r e l i m i n a r y  Functional Description
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Low-Voltage Detection Register—LVD(D)0Ch 
Voltage detection does not work at Stop mode. It must be 
disabled during Stop mode in order to reduce current. 

Do not modify register P01M while checking a low-voltage 
condition. Switching noise of both ports 0 and 1 together might 
trigger the LVD flag.

Voltage Detection and Flags
The Voltage Detection register (LVD, register 0CH at the expanded register bank 
0Dh) offers an option of monitoring the VCC voltage. The Voltage Detection is 
enabled when bit 0 of LVD register is set. Once Voltage Detection is enabled, the 
the VCC level is monitored in real time. The flags in the LVD register valid 20uS 
after Voltage Detection is enabled. The HVD flag (bit 2 of the LVD register) is set 
only if VCC is higher than VHVD. The LVD flag (bit 1 of the LVD register) is set only 
if VCC is lower than the VLVD. When Voltage Detection is enabled, the LVD flag 
also triggers IRQ5. The IRQ bit 5 latches the low voltage condition until it is 
cleared by instructions or reset. The IRQ5 interrupt is served if it is enabled in the 
IMR register. Otherwise, bit 5 of IRQ register is latched as a flag only.

If it is necessary to receive an LVD interrupt upon power-up at 
an operating voltage lower than the low battery detect 
threshold, enable interrupts using the Enable Interrupt 
instruction (EI) prior to enabling the voltage detection.

Field Bit Position Description

LVD 76543--- Reserved
No Effect

-----2-- R 1
0*

HVD flag set
HVD flag reset

------1- R 1
0*

LVD flag set
LVD flag reset

-------0 R/W 1
0*

Enable VD
Disable VD

*Default after POR

Note:

Note:

Notes:
PS023702-1004 P r e l i m i n a r y  Functional Description
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Figure 40. T8 and T16 Common Control Functions ((0D)01H: Read/Write)

CTR1(0D)01H
D7 D6 D5 D4 D3 D2 D1 D0

Transmit Mode*
R/W 0 T16_OUT is 0 initially*

1 T16_OUT is 1 initially
Demodulation Mode
R 0 No Falling Edge Detection
R 1 Falling Edge Detection
W 0 No Effect
W 1 Reset Flag to 0

Transmit Mode*
R/W 0 T8_OUT is 0 initially*

1 T8_OUT is 1 initially
Demodulation Mode
R 0 No Rising Edge Detection
R 1 Rising Edge Detection
W 0 No Effect
W 1 Reset Flag to 0
Transmit Mode*

 0 0 Normal Operation*
0 1 Ping-Pong Mode

 1 0 T16_OUT = 0
1 1 T16_OUT = 1

Demodulation Mode
 0 0 No Filter

0 1 4 SCLK Cycle Filter
 1 0 8 SCLK Cycle Filter

1 1 Reserved
Transmit Mode/T8/T16 Logic

 0 0 AND**
0 1 OR

 1 0 NOR
1 1 NAND

Demodulation Mode
 0 0 Falling Edge Detection

0 1 Rising Edge Detection
 1 0 Both Edge Detection

1 1 Reserved
Transmit Mode

 0 P36 as Port Output *
1 P36 as T8/T16_OUT

Demodulation Mode
 0 P31 as Demodulator Input

1 P20 as Demodulator Input
Transmit/Demodulation Mode

 0 Transmit Mode *
1 Demodulation Mode

* Default setting after reset
**Default setting after reset. Not reset with Stop Mode 
recovery
PS023702-1004 P r e l i m i n a r y  Expanded Register File Control Registers 
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Take care in differentiating the Transmit Mode from 
Demodulation Mode. Depending on which of these two modes 
is operating, the CTR1 bit has different functions.

Changing from one mode to another cannot be performed 
without disabling the counter/timers.

Notes:
PS023702-1004 P r e l i m i n a r y  Expanded Register File Control Registers 
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LVD(0D)0CH

Figure 43. Voltage Detection Register

Do not modify register P01M while checking a low-voltage 
condition. Switching noise of both ports 0 and 1 together might 
trigger the LVD flag.

Expanded Register File Control Registers (0F)
The expanded register file control registers (0F) are depicted in Figures 44 
through  Figure 57.

D7 D6 D5 D4 D3 D2 D1 D0

Voltage Detection 
0: Disable *
1: Enable

LVD Flag (Read only)
0: LVD flag reset *
1: LVD flag set

HVD Flag (Read only)
0: HVD flag reset *
1: HVD flag set

Reserved (Must be 0)

* Default

Note:
PS023702-1004 P r e l i m i n a r y  Expanded Register File Control Registers 
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SMR(0F)0BH

Figure 45. Stop Mode Recovery Register ((0F)0BH: D6–D0=Write Only, D7=Read 
Only)

D7 D6 D5 D4 D3 D2 D1 D0

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

Reserved (Must be 0)

Stop-Mode Recovery Source
000 POR Only *
001 Reserved
010 P31
011 P32
100 P33
101 P27
110 P2 NOR 0–3
111 P2 NOR 0–7

Stop Delay
0 OFF
1 ON * * * *

Stop Recovery Level * * *
0 Low *
1 High

Stop Flag
0 POR * * * * *
1 Stop Recovery * *

* Default setting after Reset
* * Set after STOP Mode Recovery
* * * At the XOR gate input
* * * * Default setting after Reset. Must be 1 if using a crystal or resonator clock source.
* * * * * Default setting after Power On Reset. Not Reset with a Stop Mode recovery.
PS023702-1004 P r e l i m i n a r y  Expanded Register File Control Registers 
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WDTMR(0F)0FH

Figure 47. Watch-Dog Timer Register ((0F) 0FH: Write Only)

Standard Control Registers
R246 P2M(F6H)

Figure 48. Port 2 Mode Register (F6H: Write Only)

D7 D6 D5 D4 D3 D2 D1 D0

WDT TAP INT RC OSC
00 5 ms min.
01* 10 ms min.
10 20 ms min.
11 80 ms min.

WDT During HALT
0 OFF
1 ON *

WDT During Stop
0 OFF
1 ON *

Reserved (Must be 0)

* Default setting after reset

D7 D6 D5 D4 D3 D2 D1 D0

P27–P20 I/O Definition
0 Defines bit as OUTPUT
1 Defines bit as INPUT *

* Default setting after reset
PS023702-1004 P r e l i m i n a r y  Standard Control Registers
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Figure 61. 20-Pin SSOP Package Diagram
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Figure 65. 28-Pin SSOP Package Diagram

SYMBOL
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8KB Standard Temperature: 0° to +70°C

Part Number Description Part Number Description
ZGP323LSH4808C 48-pin SSOP 8K OTP ZGP323LSS2808C 28-pin SOIC 8K OTP

ZGP323LSP4008C 40-pin PDIP 8K OTP ZGP323LSH2008C 20-pin SSOP 8K OTP

ZGP323LSH2808C 28-pin SSOP 8K OTP ZGP323LSP2008C 20-pin PDIP 8K OTP

ZGP323LSP2808C 28-pin PDIP 8K OTP ZGP323LSS2008C 20-pin SOIC 8K OTP

8KB Extended Temperature: -40° to +105°C

Part Number Description Part Number Description
ZGP323LEH4808C 48-pin SSOP 8K OTP ZGP323LES2808C 28-pin SOIC 8K OTP

ZGP323LEP4008C 40-pin PDIP 8K OTP ZGP323LEH2008C 20-pin SSOP 8K OTP

ZGP323LEH2808C 28-pin SSOP 8K OTP ZGP323LEP2008C 20-pin PDIP 8K OTP

ZGP323LEP2808C 28-pin PDIP 8K OTP ZGP323LES2008C 20-pin SOIC 8K OTP

8KB Automotive Temperature: -40° to +125°C

Part Number Description Part Number Description
ZGP323LAH4808C 48-pin SSOP 8K OTP ZGP323LAS2808C 28-pin SOIC 8K OTP

ZGP323LAP4008C 40-pin PDIP 8K OTP ZGP323LAH2008C 20-pin SSOP 8K OTP

ZGP323LAH2808C 28-pin SSOP 8K OTP ZGP323LAP2008C 20-pin PDIP 8K OTP

ZGP323LAP2808C 28-pin PDIP 8K OTP ZGP323LAS2008C 20-pin SOIC 8K OTP

Note: Replace C with G for Lead-Free Packaging
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Example

ZG P 323 L S P 48 32 G

Lead Free

Memory Size

Number of Pins

Package Type

Temperature Range

Voltage Range
L =2.0V to 3.6V

Family Designation

OTP

ZiLOG General-Purpose Family
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Precharacterization Product
The product represented by this document is newly introduced and ZiLOG has not 
completed the full characterization of the product. The document states what 
ZiLOG knows about this product at this time, but additional features or nonconfor-
mance with some aspects of the document might be found, either by ZiLOG or its 
customers in the course of further application and characterization work. In addi-
tion, ZiLOG cautions that delivery might be uncertain at times, due to start-up yield 
issues.

ZiLOG, Inc.

532 Race Street

San Jose, CA 95126-3432

Telephone: (408) 558-8500

FAX: 408 558-8300

Internet: http://www.ZiLOG.com
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M
memory, program 23
modulo-N mode

T16_OUT 45
T8_OUT 41

O
oscillator configuration 51
output circuit, counter/timer 47

P
package information

20-pin DIP package diagram 81
20-pin SSOP package diagram 82
28-pin DIP package diagram 85
28-pin SOIC package diagram 84
28-pin SSOP package diagram 86
40-pin DIP package diagram 87
48-pin SSOP package diagram 88

pin configuration
20-pin DIP/SOIC/SSOP 5
28-pin DIP/SOIC/SSOP 6
40- and 48-pin 8
40-pin DIP 7
48-pin SSOP 8

pin functions
port 0 (P07 - P00) 16
port 0 (P17 - P10) 17
port 0 configuration 17
port 1 configuration 18
port 2 (P27 - P20) 18
port 2 (P37 - P30) 19
port 2 configuration 19
port 3 configuration 20
port 3 counter/timer configuration 22
reset) 23
XTAL1 (time-based input 16
XTAL2 (time-based output) 16

ping-pong mode 46
port 0 configuration 17
port 0 pin function 16

port 1 configuration 18
port 1 pin function 17
port 2 configuration 19
port 2 pin function 18
port 3 configuration 20
port 3 pin function 19
port 3counter/timer configuration 22
port configuration register 53
power connections 3
power supply 5
precharacterization product 95
program memory 23

map 24

R
ratings, absolute maximum 10
register 59

CTR(D)01h 33
CTR0(D)00h 31
CTR2(D)02h 35
CTR3(D)03h 37
flag 78
HI16(D)09h 30
HI8(D)0Bh 30
interrupt priority 76
interrupt request 77
interruptmask 77
L016(D)08h 30
L08(D)0Ah 30
LVD(D)0Ch 63
pointer 78
port 0 and 1 75
port 2 configuration 73
port 3 mode 74
port configuration 53, 73
SMR2(F)0Dh 38
stack pointer high 79
stack pointer low 79
stop mode recovery 55
stop mode recovery 2 59
stop-mode recovery 71
stop-mode recovery 2 72
T16 control 67
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