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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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Table 12. Reset Status Register (RSTSTAT)

Bit 7 6 5 4 3 2 1 0

Field POR STOP WDT EXT Reserved

RESET See Table 13 0 0 0 0 0

R/W R R R R R R R R

Address FF0H

Bit Description 

[7]
POR

Power-On Reset Indicator
This bit is set to 1 if a Power-On Reset event occurs and is reset to 0, if a WDT time-out or Stop 
Mode Recovery occurs. Reading this register also reset this bit to 0.

[6]
STOP

Stop Mode Recovery Indicator
This bit is set to 1 if a Stop Mode Recovery occurs. If the STOP and WDT bits are both set to 1, 
the Stop Mode Recovery occurs because of a WDT time-out. If the STOP bit is 1 and the WDT 
bit is 0, the Stop Mode Recovery is not caused by a WDT time-out. This bit is reset by a Power-
On Reset or a WDT time-out that occurred while not in STOP Mode. Reading this register also 
resets this bit.

[5]
WDT

Watchdog Timer Time-Out Indicator
This bit is set to 1 if a WDT time-out occurs. A Power-On Reset resets this pin. A Stop Mode 
Recovery from a change in an input pin also resets this bit. Reading this register resets this bit. 
This read must occur before clearing the WDT interrupt.

[4]
EXT

External Reset Indicator
If this bit is set to 1, a reset initiated by the external RESET pin occurred. A Power-On Reset or 
a Stop Mode Recovery from a change in an input pin resets this bit. Reading this register 
resets this bit.

[3:0] Reserved
These registers are reserved and must be programmed to 0000.

Table 13. POR Indicator Values

Reset or Stop Mode Recovery Event POR STOP WDT EXT

Power-On Reset 1 0 0 0

Reset using RESET pin assertion 0 0 0 1

Reset using Watchdog Timer time-out 0 0 1 0

Reset using the On-Chip Debugger (OCTCTL[1] set to 1) 1 0 0 0

Reset from STOP Mode using DBG pin driven Low 1 0 0 0

Stop Mode Recovery using GPIO pin transition 0 1 0 0

 Stop Mode Recovery using WDT time-out 0 1 1 0
PS025113-1212 Reset Register Definitions
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PA0 and PA6 contain two different Timer functions, a timer input and a complementary 
timer output. Both of these functions require the same GPIO configuration, the selection 
between the two is based on the TIMER mode. For more details, see the Timers chapter on 
page 68. 

Direct LED Drive

The Port C pins provide a sinked current output, capable of driving an LED without 
requiring an external resistor. The output sinks current at programmable levels, 3 mA, 
7 mA, 13 mA and 20 mA. This mode is enabled through the LED Control registers.

For proper function, the LED anode must be connected to VDD and the cathode to the 
GPIO pin.

Using all Port C pins in LED drive mode with maximum current may result in excessive 
total current. See the Electrical Characteristics chapter on page 184 for the maximum total 
current for the applicable package.

Shared Reset Pin

On the 20- and 28-pin devices, the Port D0 pin shares function with a bidirectional reset 
pin. Unlike all other I/O pins, this pin does not default to GPIO function on power-up. 
This pin acts as a bidirectional input/output open-drain reset with an internal pull-up until 
the user software reconfigures it as a GPIO PD0. When in GPIO mode, the Port D0 pin 
functions as output only, and must be configured as an output. PD0 supports the high drive 
feature, but not the stop-mode recovery feature.

Crystal Oscillator Override

For systems using a crystal oscillator, the pins PA0 and PA1 are connected to the crystal. 
When the crystal oscillator is enabled, the GPIO settings are overridden and PA0 and PA1 
are disabled. See the Oscillator Control Register Definitions section on page 154. 

5 V Tolerance

In the 20- and 28-pin versions of this device, any pin, which shares functionality with an 
ADC, crystal or comparator port is not 5 V-tolerant, including PA[1:0], PB[5:0] and 
PC[2:0]. All other signal pins are 5 V-tolerant and can safely handle inputs higher than 
VDD even with the pull-ups enabled, but with excess power consumption on pull-up resis-
tor.
PS025113-1212 Direct LED Drive
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Port A–D Address Registers

The Port A–D Address registers select the GPIO port functionality accessible through the 
Port A–D Control registers. The Port A–D Address and Control registers combine to pro-
vide access to all GPIO port controls; see Tables 18 and 19.

Table 18. Port A–D GPIO Address Registers (PxADDR)

Bit 7 6 5 4 3 2 1 0

Field PADDR[7:0]

RESET 00H

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

Address FD0H, FD4H, FD8H, FDCH

Bit Description 

[7:0]
PADDR

Port Address
The port address selects one of the subregisters accessible through the Port Control Register.

Table 19. Port Control Subregister Access

PADDR[7:0] Port Control Subregister accessible using the Port A–D Control registers

00H No function. Provides some protection against accidental port reconfiguration.

01H Data Direction

02H Alternate Function

03H Output Control (open-drain)

04H High Drive Enable

05H Stop Mode Recovery Source Enable

06H Pull-Up Enable

07H Alternate Function Set 1

08H Alternate Function Set 2

09H–FFH No function
PS025113-1212 GPIO Control Register Definitions
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Port A–D Output Control Subregisters

The Port A–D Output Control Subregister, shown in Table 23, is accessed through the Port 
A–D Control Register by writing 03H to the Port A–D Address Register. Setting the bits in 
the Port A–D Output Control subregisters to 1 configures the specified port pins for open-
drain operation. These subregisters affect the pins directly and, as a result, alternate func-
tions are also affected.

Table 23. Port A–D Output Control Subregisters (PxOC)

Bit 7 6 5 4 3 2 1 0

Field POC7 POC6 POC5 POC4 POC3 POC2 POC1 POC0

RESET 0 0 0 0 0 0 0 0

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

Address If 03H in Port A–D Address Register, accessible through the Port A–D Control Register

Bit Description 

[7:0]
POCx

Port Output Control
These bits function independently of the Alternate function bit and always disable the drains, if 
set to 1.
0 = The drains are enabled for any OUTPUT Mode (unless overridden by the Alternate func-

tion).
1 = The drain of the associated pin is disabled (OPEN-DRAIN mode).

Note: x indicates the specific GPIO port pin number (7–0).
PS025113-1212 GPIO Control Register Definitions
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Interrupt Request 1 Register

The Interrupt Request 1 (IRQ1) Register, shown in Table 36, stores interrupt requests for 
both vectored and polled interrupts. When a request is sent to the Interrupt Controller, the 
corresponding bit in the IRQ1 Register becomes 1. If interrupts are globally enabled (vec-
tored interrupts), the Interrupt Controller passes an interrupt request to the eZ8 CPU. If 
interrupts are globally disabled (polled interrupts), the eZ8 CPU can read the Interrupt 
Request 1 Register to determine if any interrupt requests are pending.

Table 36. Interrupt Request 1 Register (IRQ1)

Bit 7 6 5 4 3 2 1 0

Field PA7I PA6CI PA5I PA4I PA3I PA2I PA1I PA0I

RESET 0 0 0 0 0 0 0 0

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

Address FC3H

Bit Description 

[7]
PA7I

Port A7
0 = No interrupt request is pending for GPIO Port A.
1 = An interrupt request from GPIO Port A.

[6]
PA6CI

Port A6 or Comparator Interrupt Request
0 = No interrupt request is pending for GPIO Port A or comparator.
1 = An interrupt request from GPIO Port A or comparator.

[5]
PAxI

Port A Pin x Interrupt Request
0 = No interrupt request is pending for GPIO Port A pin x.
1 = An interrupt request from GPIO Port A pin x is awaiting service.

Note: x indicates the specific GPIO port pin number (5–0).
PS025113-1212 Interrupt Control Register Definitions
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Shared Interrupt Select Register

The shared interrupt select (IRQSS) register determines the source of the PADxS inter-
rupts. See Table 48. The shared interrupt select register selects between Port A and alter-
nate sources for the individual interrupts. 

Because these shared interrupts are edge-triggered, it is possible to generate an interrupt 
just by switching from one shared source to another. For this reason, an interrupt must be 
disabled before switching between sources.

Table 48. Shared Interrupt Select Register (IRQSS)

Bit 7 6 5 4 3 2 1 0

Field Reserved PA6CS Reserved

RESET 0 0 0 0 0 0 0 0

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

Address FCEH

Bit Description 

[7] Reserved
This bit is reserved and must be programmed to 0.

[6]
PA6CS

PA6/Comparator Selection
0 = PA6 is used for the interrupt caused by PA6CS interrupt request.
1 = The comparator is used for the interrupt caused by PA6CS interrupt request.

[5:0] Reserved
These registers are reserved and must be programmed to 000000.
PS025113-1212 Interrupt Control Register Definitions
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reload. For the timer output to make a state change at a ONE-SHOT time-out (rather than 
a single cycle pulse), first set the TPOL bit in the Timer Control Register to the start value 
before enabling ONE-SHOT Mode. After starting the timer, set TPOL to the opposite bit 
value.

Observe the following steps for configuring a timer for ONE-SHOT Mode and for initiat-
ing the count:

1. Write to the Timer Control Register to:

– Disable the timer

– Configure the timer for ONE-SHOT Mode

– Set the prescale value

– Set the initial output level (High or Low) if using the timer output Alternate func-
tion

2. Write to the Timer High and Low Byte registers to set the starting count value.

3. Write to the Timer Reload High and Low Byte registers to set the reload value. 

4. If appropriate, enable the timer interrupt and set the timer interrupt priority by writing 
to the relevant interrupt registers.

5. If using the timer output function, configure the associated GPIO port pin for the timer 
output alternate function.

6. Write to the Timer Control Register to enable the timer and initiate counting.

In ONE-SHOT Mode, the system clock always provides the timer input. The timer period 
is calculated with the following equation:

CONTINUOUS Mode

In CONTINUOUS Mode, the timer counts up to the 16-bit reload value stored in the 
Timer Reload High and Low Byte registers. The timer input is the system clock. Upon 
reaching the reload value, the timer generates an interrupt, the count value in the Timer 
High and Low Byte registers is reset to 0001H and the counting resumes. Additionally, if 
the timer output alternate function is enabled, the timer output pin changes state (from 
Low to High or from High to Low) at timer reload.

Observe the following steps for configuring a timer for CONTINUOUS Mode and for ini-
tiating the count:

1. Write to the Timer Control Register to:

One-Shot Mode Time-Out Period (s) Reload Value Start Value–  Prescale
System Clock Frequency (Hz)

-------------------------------------------------------------------------------------------------=
PS025113-1212 Operation
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tion and reload events. The user can configure the timer interrupt to be generated only 
at the input deassertion event or the reload event by setting the TICONFIG field of the 
TxCTL1 Register.

5. Configure the associated GPIO port pin for the timer input alternate function.

6. Write to the Timer Control Register to enable the timer.

7. Assert the timer input signal to initiate the counting.

CAPTURE/COMPARE Mode

In CAPTURE/COMPARE Mode, the timer begins counting on the first external timer 
input transition. The acceptable transition (rising edge or falling edge) is set by the TPOL 
bit in the Timer Control Register. The timer input is the system clock. 

Every subsequent acceptable transition (after the first) of the timer input signal, captures 
the current count value. The capture value is written to the timer PWM High and Low 
Byte registers. When the capture event occurs, an interrupt is generated, the count value in 
the Timer High and Low Byte registers is reset to 0001H and the counting resumes. The 
INPCAP bit in the TxCTL1 Register is set to indicate that the timer interrupt is caused by 
an input capture event.

If no capture event occurs, the timer counts up to the 16-bit compare value stored in the 
Timer Reload High and Low Byte registers. Upon reaching the compare value, the timer 
generates an interrupt, the count value in the Timer High and Low Byte registers is reset to 
0001H and counting resumes. The INPCAP bit in the TxCTL1 Register is cleared to indi-
cate that the timer interrupt has not been caused by an input capture event.

Observe the following steps for configuring a timer for CAPTURE/COMPARE Mode and 
for initiating the count:

1. Write to the Timer Control Register to:

– Disable the timer

– Configure the timer for CAPTURE/COMPARE Mode.

– Set the prescale value.

– Set the capture edge (rising or falling) for the timer input.

2. Write to the Timer High and Low Byte registers to set the starting count value (typi-
cally 0001H).

3. Write to the Timer Reload High and Low Byte registers to set the compare value.

4. Enable the timer interrupt and set the timer interrupt priority by writing to the relevant 
interrupt registers.By default, the timer interrupt are generated for both input capture 
and Reload events. The user can configure the timer interrupt to be generated only at 
the input capture event or the reload event by setting TICONFIG field of the TxCTL1 
Register.

5. Configure the associated GPIO port pin for the timer input alternate function.
PS025113-1212 Operation
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Timer Control Register Definitions

This section defines the features of the following Timer Control registers.

Timer 0–1 High and Low Byte Registers: see page 83

Timer Reload High and Low Byte Registers: see page 85

Timer 0–1 PWM High and Low Byte Registers: see page 86

Timer 0–1 Control Registers: see page 87

Timer 0–1 High and Low Byte Registers

The Timer 0–1 High and Low Byte (TxH and TxL) registers, shown in Tables 50 and 51, 
contain the current 16-bit timer count value. When the timer is enabled, a read from TxH 
causes the value in TxL to be stored in a temporary holding register. A read from TxL 
always returns this temporary register content when the timer is enabled; however, when 
the timer is disabled, a read from the TxL reads the TxL Register content directly.

Writing to the Timer High and Low Byte registers while the timer is enabled is not recom-
mended. There are no temporary holding registers available for write operations; there-
fore, simultaneous 16-bit writes are not possible. If either the timer High or Low Byte 
registers are written during counting, the 8-bit written value is placed in the counter (High 
or Low byte) at the next clock edge. The counter continues counting from the new value.

Table 50. Timer 0–1 High Byte Register (TxH)

Bit 7 6 5 4 3 2 1 0

Field TH

RESET 0 0 0 0 0 0 0 0

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

Address F00H, F08H

Table 51. Timer 0–1 Low Byte Register (TxL)

Bit 7 6 5 4 3 2 1 0

Field TL

RESET 0 0 0 0 0 0 0 1

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

Address F01H, F09H
PS025113-1212 Timer Control Register Definitions
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WDT Reset in Normal Operation

If configured to generate a reset when a time-out occurs, the Watchdog Timer forces the 
device into the System Reset state. The WDT status bit in the Watchdog Timer Control 
Register is set to 1. See the Reset and Stop Mode Recovery chapter on page 21 for more 
information about system reset operations.

WDT Reset in STOP Mode

If configured to generate a reset when a time-out occurs and the device is in STOP Mode, 
the Watchdog Timer initiates a Stop Mode Recovery. Both the WDT status bit and the 
STOP bit in the Watchdog Timer Control Register are set to 1 following WDT time-out in 
STOP Mode. See the Reset and Stop Mode Recovery chapter on page 21 for more infor-
mation about Stop Mode Recovery operations.

Watchdog Timer Reload Unlock Sequence

Writing the unlock sequence to the Watchdog Timer (WDTCTL) Control Register 
address, unlocks the three Watchdog Timer Reload Byte registers (WDTU, WDTH and 
WDTL) to allow changes to the time-out period. These write operations to the WDTCTL 
Register address produce no effect on the bits in the WDTCTL Register. The locking 
mechanism prevents spurious writes to the reload registers. 

The following sequence is required to unlock the Watchdog Timer Reload Byte registers 
(WDTU, WDTH and WDTL) for write access:

1. Write 55H to the Watchdog Timer Control Register (WDTCTL).

2. Write AAH to the Watchdog Timer Control Register (WDTCTL).

3. Write the Watchdog Timer Reload Upper Byte Register (WDTU).

4. Write the Watchdog Timer Reload High Byte Register (WDTH).

5. Write the Watchdog Timer Reload Low Byte Register (WDTL).

All three Watchdog Timer Reload registers must be written in the order listed above. 
There must be no other register writes between each of these operations. If a register write 
occurs, the lock state machine resets and no further writes can occur unless the sequence is 
restarted. The value in the Watchdog Timer Reload registers is loaded into the counter 
when the Watchdog Timer is first enabled and every time a WDT instruction is executed.
PS025113-1212 Operation
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bits can only be set to 1. Thus, sectors can be protected, but not unprotected, via register 
write operations. Writing a value other than 5EH to the Flash Control Register deselects 
the Flash Sector Protect Register and reenables access to the Page Select Register. 
Observe the following procedure to setup the Flash Sector Protect Register from user 
code:

1. Write 00H to the Flash Control Register to reset the Flash Controller.

2. Write 5EH to the Flash Control Register to select the Flash Sector Protect Register.

3. Read and/or write the Flash Sector Protect Register which is now at Register File 
address FF9H.

4. Write 00H to the Flash Control Register to return the Flash Controller to its reset state.

The Sector Protect Register is initialized to 0 on reset, putting each sector into an unpro-
tected state. When a bit in the Sector Protect Register is written to 1, the corresponding 
sector can no longer be written or erased. After setting a bit in the Sector Protect Register, 
the bit cannot be cleared by the user.

Byte Programming

Flash memory is enabled for byte programming after unlocking the Flash Controller and 
successfully enabling either mass erase or page erase. When the Flash Controller is 
unlocked and mass erase is successfully enabled, all of the program memory locations are 
available for byte programming. In contrast, when the Flash Controller is unlocked and 
page erase is successfully enabled, only the locations of the selected page are available for 
byte programming. An erased Flash byte contains all 1’s (FFH). The programming opera-
tion can only be used to change bits from 1 to 0. To change a Flash bit (or multiple bits) 
from 0 to 1 requires execution of either the page erase or mass erase commands.

Byte programming can be accomplished using the On-Chip Debugger’s write memory 
command or eZ8 CPU execution of the LDC or LDCI instructions. Refer to the eZ8 CPU 
Core User Manual (UM0128), which is available for download on www.zilog.com, for the 
description of the LDC and LDCI instructions. While the Flash Controller programs the 
Flash memory, the eZ8 CPU idles, but the system clock and on-chip peripherals continue 
to operate. To exit programming mode and lock the Flash, write any value to the Flash 
Control Register, except the mass erase or page erase commands.

The byte at each address within Flash memory cannot be programmed (any bits written 
to 0) more than twice before an erase cycle occurs.

Caution:
PS025113-1212 Operation
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Flash Option Bit Control Register Definitions

This section briefly describes the features of the Trim Bit Address and Data registers.

Trim Bit Address Register

The Trim Bit Address Register, shown in Table 78, contains the target address to access 
the trim option bits. Trim bit addresses in the range 00h–1Fh map to the information area 
at addresses 20h–3Fh, as shown in Table 79.

Trim Bit Data Register

The Trim Bit Data Register, shown in Table 80, contains the read or write data to access 
the trim option bits.

Table 78. Trim Bit Address Register (TRMADR)

Bit 7 6 5 4 3 2 1 0

Field TRMADR: Trim Bit Address (00H to 1FH)

RESET 0 0 0 0 0 0 0 0

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

Address FF6H

Table 79. Trim Bit Address Map

Trim Bit Address
Information Area 

Address

00h 20h

01h 21h

02h 22h

03h 23h

: :

1Fh 3Fh
PS025113-1212 Flash Option Bit Control Register Definitions
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Byte Read

To read a byte from the NVDS array, user code must first push the address onto the stack. 
User code issues a CALL instruction to the address of the byte-read routine (0x2000). At 
the return from the subroutine, the read byte resides in working register R0 and the read 
status byte resides in working register R1. The bit fields of this status byte are defined in 
Table 92. Additionally, the user code should pop the address byte off the stack.

The read routine uses 16 bytes of stack space in addition to the one byte of address pushed 
by the user code. Sufficient memory must be available for this stack usage.

Due to the Flash memory architecture, NVDS reads exhibit a nonuniform execution time. 
A read operation takes between 71 µs and 258 µs (assuming a 20 MHz system clock). 
Slower system clock speeds result in proportionally higher execution times.

NVDS byte reads from invalid addresses (those exceeding the NVDS array size) return 
0xff. Illegal read operations have a 6 µs execution time.

The status byte returned by the NVDS read routine is zero for a successful read. If the sta-
tus byte is nonzero, there is a corrupted value in the NVDS array at the location being 
read. In this case, the value returned in R0 is the byte most recently written to the array 
that does not have an error.

Table 92. Read Status Byte

Bit 7 6 5 4 3 2 1 0

Field Reserved DE Reserved FE IGADDR Reserved

Default 
Value

0 0 0 0 0 0 0 0

Bit Description 

[7:5] Reserved
These bits are reserved and must be programmed to 000.

[4]
DE

Data Error
When reading an NVDS address, if an error is found in the latest data corresponding to this NVDS 
address, this bit is set to 1. NVDS source code steps forward until it finds valid data at this address.

[3] Reserved
This bit is reserved and must be programmed to 0.

[2]
FE

Flash Error
If a Flash error is detected, this bit is set to 1.

[1]
IGADDR

Illegal Address
When NVDS byte reads from invalid addresses (those exceeding the NVDS array size) occur, 
this bit is set to 1.

[0] Reserved
This bit is reserved and must be programmed to 0.
PS025113-1212 NVDS Code Interface
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Internal Precision Oscillator

The Internal Precision Oscillator (IPO) is designed for use without external components. 
The user can either manually trim the oscillator for a nonstandard frequency or use the 
automatic factory-trimmed version to achieve a 5.53 MHz frequency with ± 4% accuracy 
and 45%~55% duty cycle over the operating temperature and supply voltage of the device. 
The maximum start-up time of the IPO is 25 µs. IPO features include:

• On-chip RC oscillator that does not require external components

• Output frequency of either 5.53 MHz or 32.8 kHz (contains both a FAST and a SLOW 
mode)

• Trimming possible through Flash option bits, with user override

• Elimination of crystals or ceramic resonators in applications where high timing accu-
racy is not required

Operation

The internal oscillator is an RC relaxation oscillator with a minimized sensitivity to power 
supply variations. By using ratio-tracking thresholds, the effect of power supply voltage is 
cancelled out. The dominant source of oscillator error is the absolute variance of chip-
level fabricated components, such as capacitors. An 8-bit trimming register, incorporated 
into the design, compensates for absolute variation of oscillator frequency. Once trimmed, 
the oscillator frequency is stable and does not require subsequent calibration. Trimming 
was performed during manufacturing and is not necessary for the user to repeat unless a 
frequency other than 5.53 MHz (FAST mode) or 32.8 kHz (SLOW mode) is required.

The user can power down the IPO block for minimum system power.

By default, the oscillator is configured through the Flash option bits. However, the user 
code can override these trim values, as described in the Trim Bit Address Space section on 
page 129.

Select one of two frequencies for the oscillator: 5.53 MHz or 32.8 kHz, using the OSCSEL 
bits described in the Oscillator Control chapter on page 151.

Note:
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Figures 29 and 30 provide information about each of the eZ8 CPU instructions. 

Figure 29. First Op Code Map
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BRK
1.1

SRP
2.2

IM

ADD
2.3

r1,r2

ADD
2.4

r1,Ir2

ADD
3.3

R2,R1

ADD
3.4

IR2,R1

ADD
3.3

R1,IM

ADD
3.4

IR1,IM

ADDX
4.3

ER2,ER1

ADDX
4.3

IM,ER1

DJNZ
2.3

r1,X

JR
2.2

cc,X

LD
2.2

r1,IM

JP
3.2

cc,DA

INC
1.2

r1

NOP
1.2

RLC
2.2

R1

RLC
2.3

IR1

ADC
2.3

r1,r2

ADC
2.4

r1,Ir2

ADC
3.3

R2,R1

ADC
3.4

IR2,R1

ADC
3.3

R1,IM

ADC
3.4

IR1,IM

ADCX
4.3

ER2,ER1

ADCX
4.3

IM,ER1

INC
2.2

R1

INC
2.3

IR1

SUB
2.3

r1,r2

SUB
2.4

r1,Ir2

SUB
3.3

R2,R1

SUB
3.4

IR2,R1

SUB
3.3

R1,IM

SUB
3.4

IR1,IM

SUBX
4.3

ER2,ER1

SUBX
4.3

IM,ER1

DEC
2.2

R1

DEC
2.3

IR1

SBC
2.3

r1,r2

SBC
2.4

r1,Ir2

SBC
3.3

R2,R1

SBC
3.4

IR2,R1

SBC
3.3

R1,IM

SBC
3.4

IR1,IM

SBCX
4.3

ER2,ER1

SBCX
4.3

IM,ER1

DA
2.2

R1

DA
2.3

IR1

OR
2.3

r1,r2

OR
2.4

r1,Ir2

OR
3.3

R2,R1

OR
3.4

IR2,R1

OR
3.3

R1,IM

OR
3.4

IR1,IM

ORX
4.3

ER2,ER1

ORX
4.3

IM,ER1

POP
2.2

R1

POP
2.3

IR1

AND
2.3

r1,r2

AND
2.4

r1,Ir2

AND
3.3

R2,R1

AND
3.4

IR2,R1

AND
3.3

R1,IM

AND
3.4

IR1,IM

ANDX
4.3

ER2,ER1

ANDX
4.3

IM,ER1

COM
2.2

R1

COM
2.3

IR1

TCM
2.3

r1,r2

TCM
2.4

r1,Ir2

TCM
3.3

R2,R1

TCM
3.4

IR2,R1

TCM
3.3

R1,IM

TCM
3.4

IR1,IM

TCMX
4.3

ER2,ER1

TCMX
4.3

IM,ER1

PUSH
2.2

R2

PUSH
2.3

IR2

TM
2.3

r1,r2

TM
2.4

r1,Ir2

TM
3.3

R2,R1

TM
3.4

IR2,R1

TM
3.3

R1,IM

TM
3.4

IR1,IM

TMX
4.3

ER2,ER1

TMX
4.3

IM,ER1

DECW
2.5

RR1

DECW
2.6

IRR1

LDE
2.5

r1,Irr2

LDEI
2.9

Ir1,Irr2

LDX
3.2

r1,ER2

LDX
3.3

Ir1,ER2

LDX
3.4

IRR2,R1

LDX
3.5

IRR2,IR1

LDX
3.4

r1,rr2,X

LDX
3.4

rr1,r2,X

RL
2.2

R1

RL
2.3

IR1

LDE
2.5

r2,Irr1

LDEI
2.9

Ir2,Irr1

LDX
3.2

r2,ER1

LDX
3.3

Ir2,ER1

LDX
3.4

R2,IRR1

LDX
3.5

IR2,IRR1

LEA
3.3

r1,r2,X

LEA
3.5

rr1,rr2,X

INCW
2.5

RR1

INCW
2.6

IRR1

CLR
2.2

R1

CLR
2.3

IR1

XOR
2.3

r1,r2

XOR
2.4

r1,Ir2

XOR
3.3

R2,R1

XOR
3.4

IR2,R1

XOR
3.3

R1,IM

XOR
3.4

IR1,IM

XORX
4.3

ER2,ER1

XORX
4.3

IM,ER1

LDC
2.5

r1,Irr2

LDCI
2.9

Ir1,Irr2

LDC
2.5

r2,Irr1

LDCI
2.9

Ir2,Irr1

JP
2.3

IRR1

LDC
2.9

Ir1,Irr2

LD
3.4

r1,r2,X

PUSHX
3.2

ER2

SRA
2.2

R1

SRA
2.3

IR1

POPX
3.2

ER1

LD
3.4

r2,r1,X

CALL
2.6

IRR1

BSWAP
2.2

R1

CALL
3.3

DA

LD
3.2

R2,R1

LD
3.3

IR2,R1

BIT
2.2

p,b,r1

LD
2.3

r1,Ir2

LDX
4.2

ER2,ER1

LDX
4.2

IM,ER1

LD
3.2

R1,IM

LD
3.3

IR1,IM

RR
2.2

R1

RR
2.3

IR1

MULT
2.8

RR1

LD
3.3

R2,IR1

TRAP
2.6

Vector

LD
2.3

Ir1,r2

BTJ
3.3

p,b,r1,X

BTJ
3.4

p,b,Ir1,X

SWAP
2.2

R1

SWAP
2.3

IR1

RCF
1.2

WDT
1.2

STOP
1.2

HALT
1.2

DI
1.2

EI
1.2

RET
1.4

IRET
1.5

SCF
1.2

CCF
1.2

Op Code
See 2nd

Map
PS025113-1212 Op Code Maps
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AC Characteristics

The section provides information about the AC characteristics and timing. All AC timing 
information assumes a standard load of 50 pF on all outputs.

Table 117. AC Characteristics  

Symbol Parameter

VDD = 2.7 to 3.6 V
TA = 0°C to +70°C

VDD = 2.7 to 3.6 V 
TA = –40°C to 

+105°C

Units ConditionsMin Max Min Max

FSYSCLK System Clock Fre-
quency

– 20.0 MHz Read-only from Flash 
memory

0.03276
8

20.0 MHz Program or erasure of 
the Flash memory

FXTAL Crystal Oscillator 
Frequency

1.0 20.0 MHz System clock frequen-
cies below the crystal 
oscillator minimum 
require an external 

FIPO Internal Precision 
Oscillator Frequency

0.03276
8

5.5296 MHz Oscillator is not adjust-
able over the entire 
range. User may select 
Min or Max value only.

FIPO Internal Precision 
Oscillator Frequency

5.31 5.75 MHz High speed with trim-
ming

FIPO Internal Precision 
Oscillator Frequency

4.15 6.91 MHz High speed without 
trimming

FIPO Internal Precision 
Oscillator Frequency

30.7 33.3 KHz Low speed with trim-
ming

FIPO Internal Precision 
Oscillator Frequency

24 40 KHz Low speed without 
trimming

TXIN System Clock 
Period

50 – ns TCLK = 1/Fsysclk

TXINH System Clock High 
Time

20 30 ns TCLK = 50 ns

TXINL System Clock Low 
Time

20 30 ns TCLK = 50 ns
PS025113-1212 AC Characteristics
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For every 200 writes, a maintenance operation is necessary. In this rare occurrence, the 
write can take up to 58 ms to complete. 

Table 121. Nonvolatile Data Storage

Parameter

VDD = 2.7 to 3.6 V
TA = 0°C to +70°C

VDD = 2.7 to 3.6 V
TA = –40°C to +105°C

Units NotesMin Typ Max Min Typ Max

NVDS Byte Read 
Time

71 – 258 µs With system clock at        
20 MHz

NVDS Byte Pro-
gram Time

126 – 136 µs With system clock at         
20 MHz

Data Retention 10 – – years 25°C

Endurance 100,000 – – cycles Cumulative write 
cycles for entire 
memory

Table 122. Analog-to-Digital Converter Electrical Characteristics and Timing 

Symbol Parameter

VDD = 2.7 to 3.6 V
TA = 0°C to +70°C

VDD = 2.7 to 3.6 V
TA = –40°C to +105°C

Units ConditionsMin Typ Max Min Typ Max

Resolution – 10 – bits

Differential 
Nonlinearity (DNL) 1

–1 – +4 LSB

Integral 
Nonlinearity (INL) 1

–5 – +5 LSB

Gain Error 15 LSB

Offset Error –15 – 15 LSB PDIP package

–9 – 9 LSB Other packages

VREF On chip reference 1.9 2.0 2.1 V

Active Power 
Consumption

4 mA

Power Down 
Current

1 µA

Note: 1When the input voltage is lower than 20 mV, the conversion error is out of spec.

Note:
PS025113-1212 On-Chip Peripheral AC and DC Electrical 
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Hex Address: F09

Hex Address: F0A

Hex Address: F0B

Hex Address: F0C

Table 139. Timer 1 Low Byte Register (T1L)

Bit 7 6 5 4 3 2 1 0

Field TL

RESET 0 0 0 0 0 0 0 1

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

Address F09H

Table 140. Timer 1 Reload High Byte Register (T1RH)

Bit 7 6 5 4 3 2 1 0

Field TRH

RESET 1 1 1 1 1 1 1 1

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

Address F0AH

Table 141. Timer 1 Reload Low Byte Register (T1RL)

Bit 7 6 5 4 3 2 1 0

Field TRL

RESET 1 1 1 1 1 1 1 1

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

Address F0BH

Table 142. Timer 1 PWM High Byte Register (T1PWMH)

Bit 7 6 5 4 3 2 1 0

Field PWMH

RESET 0 0 0 0 0 0 0 0

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

Address F0CH
PS025113-1212 Timer 0
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Hex Address: FC5

Hex Address: FC6

Hex Address: FC7

Hex Address: FC8

Table 162. IRQ1 Enable Low Bit Register (IRQ1ENL)

Bit 7 6 5 4 3 2 1 0

Field PA7ENL PA6CENL PA5ENL PA4ENL PA3ENL PA2ENL PA1ENL PA0ENL

RESET 0 0 0 0 0 0 0 0

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

Address FC5H

Table 163. Interrupt Request 2 Register (IRQ2)

Bit 7 6 5 4 3 2 1 0

Field Reserved PC3I PC2I PC1I PC0I

RESET 0 0 0 0 0 0 0 0

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

Address FC6H

Table 164. IRQ2 Enable High Bit Register (IRQ2ENH)

Bit 7 6 5 4 3 2 1 0

Field Reserved C3ENH C2ENH C1ENH C0ENH

RESET 0 0 0 0 0 0 0 0

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

Address FC7H

Table 165. IRQ2 Enable Low Bit Register (IRQ2ENL)

Bit 7 6 5 4 3 2 1 0

Field Reserved C3ENL C2ENL C1ENL C0ENL

RESET 0 0 0 0 0 0 0 0

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

Address FC8H
PS025113-1212 Interrupt Controller
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compare - extended addressing 166
compare mode 89
compare with carry 166
compare with carry - extended addressing 166
complement 169
complement carry flag 167, 168
condition code 164
continuous mode 89
Control Registers 14, 17
counter modes 89
CP 166
CPC 166
CPCX 166
CPU and peripheral overview 4
CPU control instructions 168
CPX 166
current measurement

architecture 98
operation 99

Customer Feedback Form 239
Customer Information 239

D
DA 164, 166
data memory 16
DC characteristics 185
debugger, on-chip 139
DEC 166
decimal adjust 166
decrement 166
decrement and jump non-zero 169
decrement word 166
DECW 166
destination operand 165
device, port availability 33
DI 168
direct address 164
disable interrupts 168
DJNZ 169
dst 165

E
EI 168
electrical characteristics 184

GPIO input data sample timing 195
watch-dog timer 194

electrical noise 98
enable interrupt 168
ER 164
extended addressing register 164
external pin reset 25
eZ8 CPU features 4
eZ8 CPU instruction classes 166
eZ8 CPU instruction notation 164
eZ8 CPU instruction set 162
eZ8 CPU instruction summary 171

F
FCTL register 119, 126, 127, 228
features, Z8 Encore! 1
first opcode map 182
FLAGS 165
flags register 165
flash

controller 4
option bit address space 127
option bit configuration - reset 124
program memory address 0000H 127
program memory address 0001H 128

flash memory 108
byte programming 116
code protection 114
configurations 108
control register definitions 118, 126
controller bypass 117
flash control register 119, 126, 127, 228
flash option bits 115
flash status register 120
flow chart 113
frequency high and low byte registers 123
mass erase 117
operation 112
operation timing 114
page erase 117
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