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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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Capacitance

Table 7 lists the capacitances.

DC Characteristics

Table 7. Capacitance

Parameter Maximum

Input capacitance 12pF

Output capacitance 12pF

I/O capacitance 12pF

Note: TA = 25° C, VCC = GND = 0 V, f = 1.0 MHz, unmeasured pins returned to GND

Table 8. DC Characteristics

TA= 0°C to +70°C
Units Conditions NoSymbol Parameter VCC Min Typ Max

VCC Supply Voltage 2.0 3.6 V See Note 5 5
VCH Clock Input High 

Voltage
2.0-3.6 0.8 VCC+0.3 V Driven by External

Clock Generator
VCL Clock Input Low 

Voltage
2.0-3.6 VSS–0.3 0.5 V Driven by External

Clock Generator 
VIH Input High Voltage 2.0-3.6 0.7 VCC VCC+0.3 V
VIL Input Low Voltage 2.0-3.6 VSS–0.3 0.2 VCC V
VOH1 Output High Voltage 2.0-3.6 VCC–0.4 V IOH = –0.5mA
VOH2 Output High Voltage 

(P36, P37, P00, P01)
2.0-3.6 VCC–0.8 V IOH = –7mA

VOL1 Output Low Voltage 2.0-3.6 0.4 V IOL = 1.0mA
IOL = 4.0mA

VOL2 Output Low Voltage 
(P00, P01, P36, P37)

2.0-3.6 0.8 V IOL = 10mA

VOFFSET Comparator Input 
Offset Voltage

2.0-3.6 25 mV

VREF Comparator
Reference
Voltage

2.0-3.6 0 VDD
-1.75

V

IIL Input Leakage 2.0-3.6 –1 1 µA VIN = 0V, VCC
Pull-ups disabled

IOL Output Leakage 2.0-3.6 –1 1 µA VIN = 0V, VCC
ICC Supply Current 2.0

3.6
10
15

mA
mA

at 8.0 MHz
at 8.0 MHz

1, 
1, 
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ICC1 Standby Current

(HALT Mode)
2.0
3.6
2.0
3.6

3
5
2
4

mA VIN = 0V, VCC at 8.0MHz
Same as above
Clock Divide-by-16 at 8.0MHz
Same as above

1, 
1, 
1, 
1, 

ICC2 Standby Current (Stop 
Mode)

2.0
3.6
2.0
3.6

8
10
500
800

µA
µA
µA
µA

VIN = 0 V, VCC WDT is not Running
Same as above
VIN = 0 V, VCC WDT is Running 
Same as above

3
3
3
3

ILV Standby Current
(Low Voltage)

10 µA Measured at 1.3V 4

VBO VCC Low Voltage 
Protection

2.0 V 8MHz maximum
Ext. CLK Freq.

VLVD Vcc Low Voltage 
Detection

2.4 V

VHVD Vcc High Voltage 
Detection

2.7 V

Notes:
1. All outputs unloaded, inputs at rail.
2. CL1 = CL2 = 100 pF.
3. Oscillator stopped.
4. Oscillator stops when VCC falls below VBO limit. 
5. It is strongly recommended to add a filter capacitor (minimum 0.1 µF), physically close to the VDD and VSS pins if o

ating voltage fluctuations are anticipated, such as those resulting from driving an Infrared LED.

Table 8. DC Characteristics  (Continued)

TA= 0°C to +70°C
Units Conditions NoSymbol Parameter VCC Min Typ Max
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AC Characteristics
Figure 8 and Table 10 describe the Alternating Current (AC) characteristics.

Figure 8. AC Timing Diagram
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Table 10.AC Characteristics

TA=0°C to +70°C 
8.0MHz

Watch-Dog 
Timer 
Mode 
Register
(D1, D0)No Symbol Parameter VCC Minimum Maximum Units Notes

1 TpC Input Clock Period 2.0–3.6 121 DC ns 1

2 TrC,TfC Clock Input Rise and 
Fall Times

2.0–3.6 25 ns 1

3 TwC Input Clock Width 2.0–3.6 37 ns 1

4 TwTinL Timer Input 
Low Width

2.0
3.6

100
70

ns 1

5 TwTinH Timer Input High 
Width

2.0–3.6 3TpC 1

6 TpTin Timer Input Period 2.0–3.6 8TpC 1

7 TrTin,TfTin Timer Input Rise and 
Fall Timers 

2.0–3.6 100 ns 1

8 TwIL Interrupt Request 
Low Time

2.0 
3.6

100
70

ns 1, 2

9 TwIH Interrupt Request 
Input High Time

2.0–3.6 5TpC 1, 2

10 Twsm Stop-Mode 
Recovery Width 
Spec

2.0–3.6 12

10TpC

ns 3

4

11 Tost Oscillator 
Start-Up Time

2.0–3.6 5TpC 4

12 Twdt Watch-Dog Timer 
Delay Time

2.0–3.6
2.0–3.6
2.0–3.6
2.0–3.6

5
10
20
80

ms
ms
ms
ms

0, 0
0, 1
1, 0
1, 1

13 TPOR Power-On Reset 2.0–3.6 2.5 10 ms

Notes:
1. Timing Reference uses 0.9 VCC for a logic 1 and 0.1 VCC for a logic 0.
2. Interrupt request through Port 3 (P33–P31).
3. SMR – D5 = 1.
4. SMR – D5 = 0.
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Pin Functions

XTAL1 Crystal 1 (Time-Based Input)
This pin connects a parallel-resonant crystal or ceramic resonator to the on-chip 
oscillator input. Additionally, an optional external single-phase clock can be coded 
to the on-chip oscillator input.

XTAL2 Crystal 2 (Time-Based Output)
This pin connects a parallel-resonant crystal or ceramic resonant to the on-chip 
oscillator output.

Port 0 (P07–P00)
Port 0 is an 8-bit, bidirectional, CMOS-compatible port. These eight I/O lines are 
configured under software control as a nibble I/O port. The output drivers are 
push-pull or open-drain controlled by bit D2 in the PCON register. 

If one or both nibbles are needed for I/O operation, they must be configured by 
writing to the Port 0 mode register. After a hardware reset, Port 0 is configured as 
an input port.

An optional pull-up transistor is available as a mask option on all Port 0 bits with 
nibble select.

Internal pull-ups are disabled on any given pin or group of port 
pins when programmed into output mode.

The Port 0 direction is reset to be input following an SMR.

Notes:
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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Figure 14. Program Memory Map (32K OTP)

Expanded Register File
The register file has been expanded to allow for additional system control regis-
ters and for mapping of additional peripheral devices into the register address 
area. The Z8® register address space (R0 through R15) has been implemented 
as 16 banks, with 16 registers per bank. These register groups are known as the 
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Capture_INT_Mask
Set this bit to allow an interrupt when data is captured into either LO8 or HI8 upon 
a positive or negative edge detection in demodulation mode.

Counter_INT_Mask
Set this bit to allow an interrupt when T8 has a timeout.

P34_Out
This bit defines whether P34 is used as a normal output pin or the T8 output.

T8 and T16 Common Functions—CTR1(0D)01H
This register controls the functions in common with the T8 and T16.

Table 13 lists and briefly describes the fields for this register.

Table 13.CTR1(0D)01H T8 and T16 Common Functions

Field Bit Position Value Description
Mode 7------- R/W 0* Transmit Mode

Demodulation Mode
P36_Out/
Demodulator_Input

-6------ R/W
0*
1

0
1

Transmit Mode
Port Output
T8/T16 Output
Demodulation Mode
P31
P20

T8/T16_Logic/
Edge _Detect

--54---- R/W
00**
01
10
11

00**
01
10
11

Transmit Mode
AND
OR
NOR
NAND
Demodulation Mode
Falling Edge
Rising Edge
Both Edges
Reserved
PS023702-1004 P r e l i m i n a r y  Functional Description
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Figure 24. Demodulation Mode Flowchart
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Do not load these registers at the time the values are to be 
loaded into the counter/timer to ensure known operation. 
An initial count of 1 is not allowed. An initial count of 0 
causes T16 to count from 0 to FFFFH to FFFEH. Transition 
from 0 to FFFFH is not a timeout condition.

Figure 26. T16_OUT in Single-Pass Mode

Figure 27. T16_OUT in Modulo-N Mode

T16 DEMODULATION Mode
The user must program TC16L and TC16H to FFH. After T16 is enabled, and the 
first edge (rising, falling, or both depending on CTR1 D5; D4) is detected, T16 
captures HI16 and LO16, reloads, and begins counting.

If D6 of CTR2 Is 0
When a subsequent edge (rising, falling, or both depending on CTR1, D5; D4) is 
detected during counting, the current count in T16 is complemented and put into 
HI16 and LO16. When data is captured, one of the edge detect status bits (CTR1, 
D1; D0) is set, and an interrupt is generated if enabled (CTR2, D2). T16 is loaded 
with FFFFH and starts again.

This T16 mode is generally used to measure space time, the length of time 
between bursts of carrier signal (marks).

Caution:

TC16H*256+TC16L Counts

“Counter Enable” Command
T16_OUT Switches to Its 
Initial Value (CTR1 D0)

T16_OUT Toggles,
Timeout Interrupt

TC16H*256+TC16L

TC16H*256+TC16L

TC16H*256+TC16L

T16_OUT Toggles,
Timeout Interrupt

T16_OUT Toggles,
Timeout Interrupt

“Counter Enable” Command,
T16_OUT Switches to Its
Initial Value (CTR1 D0)

TC16_OUT
. . .
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Figure 30. Interrupt Block Diagram
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Any Port 2 bit defined as an output drives the corresponding 
input to the default state. For example, if the NOR of P23-P20 
is selected as the recovery source and P20 is configured as an 
output, the remaining SMR pins (P23-P21) form the NOR 
equation. This condition allows the remaining inputs to control 
the AND/OR function. Refer to SMR2 register on page 59 for 
other recover sources.

Stop Mode Recovery Delay Select (D5)
This bit, if Low, disables the TPOR delay after Stop Mode Recovery. The default 
configuration of this bit is 1. If the “fast” wake up is selected, the Stop Mode 
Recovery source must be kept active for at least 5 TpC.

It is recommended that this bit be set to 1 if using a crystal or 
resonator clock source. The TPOR delay allows the clock 
source to stabilize before executing instructions.

Stop Mode Recovery Edge Select (D6)
A 1 in this bit position indicates that a High level on any one of the recovery 
sources wakes the device from Stop Mode. A 0 indicates Low level recovery. The 
default is 0 on POR.

Cold or Warm Start (D7)
This bit is read only. It is set to 1 when the device is recovered from Stop Mode. 
The bit is set to 0 when the device reset is other than Stop Mode Recovery (SMR).

Table 19.Stop Mode Recovery Source

SMR:432 Operation 

D4 D3 D2 Description of Action

0 0 0 POR and/or external reset recovery

0 0 1 Reserved

0 1 0 P31 transition

0 1 1 P32 transition

1 0 0 P33 transition

1 0 1 P27 transition

1 1 0 Logical NOR of P20 through P23

1 1 1 Logical NOR of P20 through P27

Note:

Note:
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:
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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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CTR3(0D)03H

Figure 42. T8/T16 Control Register (0D)03H: Read/Write (Except Where Noted)

If Sync Mode is enabled, the first pulse of T8 carrier is always 
synchronized with T16 (demodulated signal). It can always 
provide a full carrier pulse.

D7 D6 D5 D4 D3 D2 D1 D0

Reserved
No effect when written
Always reads 11111

Sync Mode
0* Disable Sync Mode**
1 Enable Sync Mode

T8 Enable
R 0* T8 Disabled
R 1 T8 Enabled
W0 Stop T8
W1 Enable T8

T16 Enable
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.

Note:
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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:
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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
PS023702-1004 P r e l i m i n a r y  Expanded Register File Control Registers 
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R249 IPR(F9H)

Figure 51. Interrupt Priority Register (F9H: Write Only)

D7 D6 D5 D4 D3 D2 D1 D0

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
PS023702-1004 P r e l i m i n a r y  Standard Control Registers



Z8 GPTM OTP MCU Family
Product Specification

77
R250 IRQ(FAH)

Figure 52. Interrupt Request Register (FAH: Read/Write)

R251 IMR(FBH)

Figure 53. Interrupt Mask Register (FBH: Read/Write)

D7 D6 D5 D4 D3 D2 D1 D0

IRQ0 = P32 Input
IRQ1 = P33 Input
IRQ2 = P31 Input
IRQ3 = T16
IRQ4 = T8
IRQ5 = LVD

Inter Edge
P31↓ P32↓ = 00
P31↓ P32↑ = 01
P31↑ P32↓ = 10
P31↑↓ P32↑↓ = 11

D7 D6 D5 D4 D3 D2 D1 D0

1 Enables IRQ5–IRQ0
(D0 = IRQ0)

Reserved (Must be 0)

0 Master Interrupt Disable *
1 Master Interrupt Enable * *

* Default setting after reset
* * Only by using EI, DI instruction; DI is required before changing the IMR register
PS023702-1004 P r e l i m i n a r y  Standard Control Registers
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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
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