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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.
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functions such as monitoring, diagnostics, and control of
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creating efficient, responsive, and intelligent electronic
systems.
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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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The upper nibble of the register pointer (see Figure 16) selects which working reg-
ister group, of 16 bytes in the register file, is accessed out of the possible 256. The 
lower nibble selects the expanded register file bank and, in the case of the Z8 GP 
family, banks 0, F, and D are implemented. A 0H in the lower nibble allows the nor-
mal register file (bank 0) to be addressed. Any other value from 1H to FH 
exchanges the lower 16 registers to an expanded register bank.

Figure 16. Register Pointer

Example: Z8 GP: (See Figure 15 on page 26)
R253 RP = 00h
R0 = Port 0
R1 = Port 1
R2 = Port 2
R3 = Port 3

But if:

R253 RP = 0Dh
R0 = CTRL0
R1 = CTRL1
R2 = CTRL2
R3 = Reserved

R253 RP

D7 D6 D5 D4 D3 D2 D1 D0

Expanded Register
File Pointer

Working Register
PointerDefault Setting After Reset = 0000 0000
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Timers

T8_Capture_HI—HI8(D)0BH
This register holds the captured data from the output of the 8-bit Counter/Timer0. 
Typically, this register holds the number of counts when the input signal is 1.

T8_Capture_LO—L08(D)0AH
This register holds the captured data from the output of the 8-bit Counter/Timer0. 
Typically, this register holds the number of counts when the input signal is 0.

T16_Capture_HI—HI16(D)09H
This register holds the captured data from the output of the 16-bit Counter/
Timer16. This register holds the MS-Byte of the data.

T16_Capture_LO—L016(D)08H
This register holds the captured data from the output of the 16-bit Counter/
Timer16. This register holds the LS-Byte of the data.

Counter/Timer2 MS-Byte Hold Register—TC16H(D)07H 

Field Bit Position Description

T8_Capture_HI [7:0] R/W Captured Data - No Effect

Field Bit Position Description

T8_Capture_L0 [7:0] R/W Captured Data - No Effect

Field Bit Position Description

T16_Capture_HI [7:0] R/W Captured Data - No Effect

Field Bit Position Description

T16_Capture_LO [7:0] R/W Captured Data - No Effect

Field Bit Position Description

T16_Data_HI [7:0] R/W Data
PS023702-1004 P r e l i m i n a r y  Functional Description
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In Demodulation Mode, when set to 0, T16 captures and reloads on detection of 
all the edges. When set to 1, T16 captures and detects on the first edge but 
ignores the subsequent edges. For details, see the description of T16 Demodula-
tion Mode on page 45.

Time_Out
This bit is set when T16 times out (terminal count reached). To reset the bit, write 
a 1 to this location.

T16_Clock
This bit defines the frequency of the input signal to Counter/Timer16.

Capture_INT_Mask
This bit is set to allow an interrupt when data is captured into LO16 and HI16.

Counter_INT_Mask
Set this bit to allow an interrupt when T16 times out.

P35_Out
This bit defines whether P35 is used as a normal output pin or T16 output.

CTR3 T8/T16 Control Register—CTR3(D)03H
Table 15 lists and briefly describes the fields for this register. This register allows 
the T8 and T16 counters to be synchronized.

Table 15.CTR3 (D)03H: T8/T16 Control Register

Field Bit Position Value Description

T16 Enable 7------- R
R
W
W

0*
1
0
1

Counter Disabled
Counter Enabled
Stop Counter
Enable Counter

T8 Enable -6------ R
R
W
W

0*
1
0
1

Counter Disabled
Counter Enabled
Stop Counter
Enable Counter

Sync Mode --5----- R/W 0**
1

Disable Sync Mode
Enable Sync Mode
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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into LO8; if it is a negative edge, data is put into HI8. From that point, one of the 
edge detect status bits (CTR1, D1; D0) is set, and an interrupt can be generated if 
enabled (CTR0, D2). Meanwhile, T8 is loaded with FFh and starts counting again. 
If T8 reaches 0, the timeout status bit (CTR0, D5) is set, and an interrupt can be 
generated if enabled (CTR0, D1). T8 then continues counting from FFH (see 
Figure 23 and Figure 24).

Figure 23. Demodulation Mode Count Capture Flowchart

T8 (8-Bit)
Count Capture

T8 Enable
(Set by User)No

Yes

Edge Present

What Kind
of Edge

T8 HI8

No

Yes

Negative

FFh T8

Positive

T8 LO8
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Figure 28. Ping-Pong Mode Diagram

Initiating PING-PONG Mode
First, make sure both counter/timers are not running. Set T8 into Single-Pass 
mode (CTR0, D6), set T16 into SINGLE-PASS mode (CTR2, D6), and set the 
Ping-Pong mode (CTR1, D2; D3). These instructions can be in random order. 
Finally, start PING-PONG mode by enabling either T8 (CTR0, D7) or T16 (CTR2, 
D7). See Figure 29.

Figure 29. Output Circuit

The initial value of T8 or T16 must not be 1. Stopping the timer and restarting the 
timer reloads the initial value to avoid an unknown previous value.

Enable

TC8

Enable

Timeout

TC16

Ping-Pong
CTR1 D3,D2

Timeout

T16_OUT

MUX

CTR1 D3

T8_OUT

P34

AND/OR/NOR/NAND
Logic

MUX

MUX

MUX

P35

P36

P34_Internal

CTR1 D5, D4

P36_Internal

P35_Internal
CTR1, D2

CTR0 D0

CTR1 D6

CTR2 D0
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FF NOP ; clear the pipeline
6F Stop ; enter Stop Mode

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

Port Configuration Register
The Port Configuration (PCON) register (Figure 32) configures the comparator 
output on Port 3. It is located in the expanded register 2 at Bank F, location 00.

 PCON(FH)00H

Figure 32. Port Configuration Register (PCON) (Write Only)

Comparator Output Port 3 (D0)
Bit 0 controls the comparator used in Port 3. A 1 in this location brings the compar-
ator outputs to P34 and P37, and a 0 releases the Port to its standard I/O configu-
ration.

Port 1 Output Mode (D1)
Bit 1 controls the output mode of port 1. A 1 in this location sets the output to 
push-pull, and a 0 sets the output to open-drain.

D7 D6 D5 D4 D3 D2 D1 D0

Comparator Output Port 3
0 P34, P37 Standard Output*
1 P34, P37 Comparator Output

Port 1
0: Open-Drain
1: Push-Pull*

Port 0
0: Open-Drain
1: Push-Pull*

Reserved (Must be 1)

* Default setting after reset
PS023702-1004 P r e l i m i n a r y  Functional Description
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Port 0 Output Mode (D2)
Bit 2 controls the output mode of port 0. A 1 in this location sets the output to 
push-pull, and a 0 sets the output to open-drain.

Stop-Mode Recovery Register (SMR)
This register selects the clock divide value and determines the mode of Stop 
Mode Recovery (Figure 33). All bits are write only except bit 7, which is read only. 
Bit 7 is a flag bit that is hardware set on the condition of Stop recovery and reset 
by a power-on cycle. Bit 6 controls whether a low level or a high level at the XOR-
gate input (Figure 35 on page 57) is required from the recovery source. Bit 5 con-
trols the reset delay after recovery. Bits D2, D3, and D4 of the SMR register spec-
ify the source of the Stop Mode Recovery signal. Bits D0 determines if SCLK/
TCLK are divided by 16 or not. The SMR is located in Bank F of the Expanded 
Register Group at address 0BH.
PS023702-1004 P r e l i m i n a r y  Functional Description
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Stop Mode Recovery Register 2 (SMR2)
This register determines the mode of Stop Mode Recovery for SMR2 (Figure 36).

SMR2(0F)DH

Figure 36. Stop Mode Recovery Register 2 ((0F)DH:D2–D4, D6 Write Only)

If SMR2 is used in conjunction with SMR, either of the specified events causes a 
Stop Mode Recovery.

Port pins configured as outputs are ignored as an SMR or 
SMR2 recovery source. For example, if the NAND or P23–P20 
is selected as the recovery source and P20 is configured as an 
output, the remaining SMR pins (P23–P21) form the NAND 
equation.

D7 D6 D5 D4 D3 D2 D1 D0

Reserved (Must be 0)

Reserved (Must be 0)

Stop-Mode Recovery Source 2
000 POR Only *
001 NAND P20, P21, P22, P23
010 NAND P20, P21, P22, P23, P24, P25, P26, P27
011 NOR P31, P32, P33
100 NAND P31, P32, P33
101 NOR P31, P32, P33, P00, P07
110 NAND P31, P32, P33, P00, P07
111 NAND P31, P32, P33, P20, P21, P22

Reserved (Must be 0)

Recovery Level * *
0 Low *
1 High

Reserved (Must be 0)
Note: If used in conjunction with SMR, either of the two specified events causes a Stop-Mode Recovery.
* Default setting after reset
* * At the XOR gate input

Note:
PS023702-1004 P r e l i m i n a r y  Functional Description
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WDTMR During STOP (D3)
This bit determines whether or not the WDT is active during STOP Mode. 
Because the XTAL clock is stopped during STOP Mode, the on-board RC has to 
be selected as the clock source to the WDT/POR counter. A 1 indicates active 
during Stop. The default is 1.

EPROM Selectable Options
There are seven EPROM Selectable Options to choose from based on ROM code 
requirements. These options are listed in Table 21.

Voltage Brown-Out/Standby
An on-chip Voltage Comparator checks that the VDD is at the required level for 
correct operation of the device. Reset is globally driven when VDD falls below VBO. 
A small drop in VDD causes the XTAL1 and XTAL2 circuitry to stop the crystal or 
resonator clock. If the VDD is allowed to stay above VRAM, the RAM content is pre-
served. When the power level is returned to above VBO, the device performs a 
POR and functions normally.

Table 21.EPROM Selectable Options

Port 00–03 Pull-Ups On/Off

Port 04–07 Pull-Ups On/Off

Port 10–13 Pull-Ups On/Off

Port 14–17 Pull-Ups On/Off

Port 20–27 Pull-Ups On/Off

EPROM Protection On/Off

Watch-Dog Timer at Power-On Reset On/Off
PS023702-1004 P r e l i m i n a r y  Functional Description
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CTR2(0D)02H

Figure 41. T16 Control Register ((0D) 2H: Read/Write Except Where Noted)

D7 D6 D5 D4 D3 D2 D1 D0

0 P35 is Port Output *
1 P35 is TC16 Output

0 Disable T16 Timeout Interrupt*
1 Enable T16 Timeout Interrupt

0 Disable T16 Data Capture Interrupt**
1 Enable T16 Data Capture Interrupt

0 0 SCLK on T16**
0 1 SCLK/2 on T16
1 0 SCLK/4 on T16
1 1 SCLK/8 on T16

R 0 No T16 Timeout**
R 1 T16 Timeout Occurs
W 0 No Effect
W 1 Reset Flag to 0

Transmit Mode
0 Modulo-N for T16*
1 Single Pass for T16

Demodulator Mode
0 T16 Recognizes Edge
1 T16 Does Not Recognize Edge

R 0 T16 Disabled *
R 1 T16 Enabled
W 0 Stop T16
W 1 Enable T16* Default setting after reset

**Default setting after reset. Not reset with Stop 
Mode recovery.
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SMR2(0F)0DH

Figure 46. Stop Mode Recovery Register 2 ((0F)0DH:D2–D4, D6 Write Only)

D7 D6 D5 D4 D3 D2 D1 D0

Reserved (Must be 0)

Reserved (Must be 0)

Stop-Mode Recovery Source 2
000 POR Only *
001 NAND P20, P21, P22, P23
010 NAND P20, P21, P22, P23, P24, P25, P26, P27
011 NOR P31, P32, P33
100 NAND P31, P32, P33
101 NOR P31, P32, P33, P00, P07
110 NAND P31, P32, P33, P00, P07
111 NAND P31, P32, P33, P20, P21, P22

Reserved (Must be 0)

Recovery Level * *
0 Low
1 High

Reserved (Must be 0)

Note: If used in conjunction with SMR, either of the two specified events causes a Stop-Mode Recovery.
* Default setting after reset
* * At the XOR gate input
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R248 P01M(F8H)

Figure 50. Port 0 and 1 Mode Register (F8H: Write Only)

D7 D6 D5 D4 D3 D2 D1 D0

P00–P03 Mode
0: Output
1: Input *

Reserved (Must be 0)

P17–P10 Mode
0: Byte Output
1: Byte Input*

Reserved (Must be 0)

P07–P04 Mode
0: Output
1: Input *

Reserved (Must be 0)

* Default setting after reset; only P00, P01 and P07 are available in 20-pin 
configurations.
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Figure 61. 20-Pin SSOP Package Diagram
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4KB Standard Temperature: 0° to +70°C

Part Number Description Part Number Description
ZGP323LSH4804C 48-pin SSOP 4K OTP ZGP323LSS2804C 28-pin SOIC 4K OTP

ZGP323LSP4004C 40-pin PDIP 4K OTP ZGP323LSH2004C 20-pin SSOP 4K OTP

ZGP323LSH2804C 28-pin SSOP 4K OTP ZGP323LSP2004C 20-pin PDIP 4K OTP

ZGP323LSP2804C 28-pin PDIP 4K OTP ZGP323LSS2004C 20-pin SOIC 4K OTP

4KB Extended Temperature: -40° to +105°C

Part Number Description Part Number Description
ZGP323LEH4804C 48-pin SSOP 4K OTP ZGP323LES2804C 28-pin SOIC 4K OTP

ZGP323LEP4004C 40-pin PDIP 4K OTP ZGP323LEH2004C 20-pin SSOP 4K OTP

ZGP323LEH2804C 28-pin SSOP 4K OTP ZGP323LEP2004C 20-pin PDIP 4K OTP

ZGP323LEP2804C 28-pin PDIP 4K OTP ZGP323LES2004C 20-pin SOIC 4K OTP

4KB Automotive Temperature: -40° to +125°C

Part Number Description Part Number Description
ZGP323LAH4804C 48-pin SSOP 4K OTP ZGP323LAS2804C 28-pin SOIC 4K OTP

ZGP323LAP4004C 40-pin PDIP 4K OTP ZGP323LAH2004C 20-pin SSOP 4K OTP

ZGP323LAH2804C 28-pin SSOP 4K OTP ZGP323LAP2004C 20-pin PDIP 4K OTP

ZGP323LAP2804C 28-pin PDIP 4K OTP ZGP323LAS2004C 20-pin SOIC 4K OTP

Note: Replace C with G for Lead-Free Packaging

Additional Components

Part Number Description Part Number Description
ZGP323ICE01ZEM Emulator/programmer ZGP32300100ZPR Programming System
PS023702-1004 P r e l i m i n a r y  Ordering Information



Z8 GPTM OTP MCU Family
Product Specification

93
For fast results, contact your local ZiLOG sales office for assistance in ordering 
the part desired.

Codes
ZG = ZiLOG General Purpose Family

P = OTP

323 = Family Designation

L = Voltage Range

  2V to 3.6V

T = Temperature Range:

S = 0 to 70 degrees C  (Standard)

E = -40 to +105 degrees C (Extended)

A = -40 to +125 degrees C (Automotive)

P = Package Type:

K = Windowed Cerdip
P = PDIP
H = SSOP
S = SOIC

## = Number of Pins

CC = Memory Size

M = Packaging Options

C = Non Lead-Free

G = Lead-Free

E = CDIP 
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