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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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Asserting any power control bit disables the targeted block regardless of any enable bits 
contained in the target block’s control registers.

Note:
PS022827-1212 P R E L I M I N A R Y Power Control Register Definitions
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Port B3 PB0 Reserved AFS1[0]: 0

ANA0/AMPOUT ADC Analog Input/LPO Output AFS1[0]: 1

PB1 Reserved AFS1[1]: 0

ANA1/AMPINN ADC Analog Input/LPO Input (N) AFS1[1]: 1

PB2 Reserved AFS1[2]: 0

ANA2/AMPINP ADC Analog Input/LPO Input (P) AFS1[2]: 1

PB3 CLKIN External Clock Input AFS1[3]: 0

ANA3 ADC Analog Input AFS1[3]: 1

PB4 Reserved AFS1[4]: 0

ANA7 ADC Analog Input AFS1[4]: 1

PB5 Reserved AFS1[5]: 0

VREF
4 ADC Voltage Reference AFS1[5]: 1

PB6 Reserved AFS1[6]: 0

Reserved AFS1[6]: 1

PB7 Reserved AFS1[7]: 0

Reserved AFS1[7]: 1

Table 15. Port Alternate Function Mapping (Non 8-Pin Parts) (Continued)

Port Pin Mnemonic Alternate Function Description
Alternate Function 
Set Register AFS1

Notes:
1. Because there is only a single alternate function for each Port A pin, the Alternate Function Set registers are not 

implemented for Port A. Enabling alternate function selections automatically enables the associated alternate 
function. See the Port A–D Alternate Function Subregisters (PxAF) section on page 47 for details.

2. Whether PA0/PA6 takes on the timer input or timer output complement function depends on the timer configura-
tion. See the Timer Pin Signal Operation section on page 84 for details.

3. Because there are at most two choices of alternate function for any pin of Port B, the Alternate Function Set 
Register AFS2 is not used to select the function. Alternate function selection must also be enabled. See the Port 
A–D Alternate Function Subregisters (PxAF) section on page 47 for details.

4. VREF is available on PB5 in 28-pin products and on PC2 in 20-pin parts.
5. Because there are at most two choices of alternate function for any pin of Port C, the Alternate Function Set 

Register AFS2 is not used to select the function. Alternate function selection must also be enabled. See the Port 
A–D Alternate Function Subregisters (PxAF) section on page 47 for details.

6. Because there is only a single alternate function for the Port PD0 pin, the Alternate Function Set registers are 
not implemented for Port D. Enabling alternate function selections automatically enables the associated alter-
nate function. See the Port A–D Alternate Function Subregisters (PxAF) section on page 47 for details.
PS022827-1212 P R E L I M I N A R Y External Clock Setup
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Port A–D Alternate Function Subregisters

The Port A–D Alternate Function Subregister, shown in Table 22, is accessed through the 
Port A–D Control Register by writing 02H to the Port A–D Address Register. The Port A–
D Alternate Function subregisters enable the alternate function selection on pins. If dis-
abled, pins functions as GPIO. If enabled, select one of four alternate functions using 
alternate function set subregisters 1 and 2 as described in the the Port A–D Alternate 
Function Set 1 Subregisters section on page 50, the GPIO Alternate Functions section on 
page 37 and the Port A–D Alternate Function Set 2 Subregisters section on page 51. See 
the GPIO Alternate Functions section on page 37 to determine the alternate function asso-
ciated with each port pin. 

Do not enable alternate functions for GPIO port pins for which there is no associated al-
ternate function. Failure to follow this guideline can result in unpredictable operation.

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 22. Port A–D Alternate Function Subregisters (PxAF)

Bit 7 6 5 4 3 2 1 0

Field AF7 AF6 AF5 AF4 AF3 AF2 AF1 AF0

RESET 00H (Ports A–C); 01H (Port D); 04H (Port A of 8-pin device)

R/W R/W

Address If 02H in Port A–D Address Register, accessible through the Port A–D Control Register

Bit Description 

[7:0]
AFx

Port Alternate Function Enabled
0 = The port pin is in normal mode and the DDx bit in the Port A–D Data Direction subregister 

determines the direction of the pin.
1 = The alternate function selected through Alternate Function Set subregisters is enabled. 

Port pin operation is controlled by the alternate function.

Note: x indicates the specific GPIO port pin number (7–0).

Caution:
PS022827-1212 P R E L I M I N A R Y GPIO Control Register Definitions
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Table 39. IRQ0 Enable High Bit Register (IRQ0ENH)

Bit 7 6 5 4 3 2 1 0

Field Reserved T1ENH T0ENH U0RENH U0TENH Reserved Reserved ADCENH

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 FC1H

Bit Description 

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

[6]
T1ENH

Timer 1 Interrupt Request Enable High Bit

[5]
T0ENH

Timer 0 Interrupt Request Enable High Bit

[4]
U0RENH

UART 0 Receive Interrupt Request Enable High Bit

[3]
U0TENH

UART 0 Transmit Interrupt Request Enable High Bit

[2:1] Reserved
These bits are reserved and must be programmed to 00.

[0]
ADCENH

ADC Interrupt Request Enable High Bit

Table 40. IRQ0 Enable Low Bit Register (IRQ0ENL)

Bit 7 6 5 4 3 2 1 0

Field Reserved T1ENL T0ENL U0RENL U0TENL Reserved Reserved ADCENL

RESET 0 0 0 0 0 0 0 0

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

Address FC2H

Bit Description 

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

[6]
T1ENL

Timer 1 Interrupt Request Enable Low Bit

[5]
T0ENL

Timer 0 Interrupt Request Enable Low Bit
PS022827-1212 P R E L I M I N A R Y Interrupt Control Register Definitions
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delay ensures a time gap between the deassertion of one PWM output to the assertion of its 
complement.

Observe the following steps for configuring a timer for PWM DUAL OUTPUT Mode and 
initiating the PWM operation:

1. Write to the Timer Control Register to:

– Disable the timer

– Configure the timer for PWM DUAL OUTPUT Mode by writing the TMODE 
bits in the TxCTL1 Register and the TMODEHI bit in TxCTL0 Register

– Set the prescale value

– Set the initial logic level (High or Low) and PWM High/Low transition for the 
Timer Output alternate function

2. Write to the Timer High and Low Byte registers to set the starting count value (typi-
cally 0001H). This only affects the first pass in PWM mode. After the first timer reset 
in PWM mode, counting always begins at the reset value of 0001H.

3. Write to the PWM High and Low Byte registers to set the PWM value.

4. Write to the PWM Control Register to set the PWM dead band delay value. The dead-
band delay must be less than the duration of the positive phase of the PWM signal (as 
defined by the PWM high and low byte registers). It must also be less than the dura-
tion of the negative phase of the PWM signal (as defined by the difference between 
the PWM registers and the Timer Reload registers).

5. Write to the Timer Reload High and Low Byte registers to set the reload value (PWM 
period). The reload value must be greater than the PWM value.

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

7. Configure the associated GPIO port pin for the Timer Output and Timer Output Com-
plement alternate functions. The Timer Output Complement function is shared with 
the Timer Input function for both timers. Setting the timer mode to Dual PWM auto-
matically switches the function from Timer In to Timer Out Complement.

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

The PWM period is represented by the following equation:

If an initial starting value other than 0001H is loaded into the Timer High and Low Byte 
registers, the ONE-SHOT Mode equation determines the first PWM time-out period.

PWM Period (s) Reload Value xPrescale
System Clock Frequency (Hz)
-------------------------------------------------------------------------------=
PS022827-1212 P R E L I M I N A R Y Operation



Z8 Encore! XP® F082A Series
Product Specification

85
The timer input can be used as a selectable counting source. It shares the same pin as the 
complementary timer output. When selected by the GPIO Alternate Function registers, 
this pin functions as a timer input in all modes except for the DUAL PWM OUTPUT 
mode. For this mode, there is no timer input available.

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

Timer 0–1 Control Registers: see page 85

Timer 0–1 High and Low Byte Registers: see page 89

Timer Reload High and Low Byte Registers: see page 91

Timer 0–1 PWM High and Low Byte Registers: see page 92

Timer 0–1 Control Registers

The Timer Control registers are 8-bit read/write registers that control the operation of their 
associated counter/timers. 

Time 0–1 Control Register 0

The Timer Control Register 0 (TxCTL0) and Timer Control Register 1 (TxCTL1), shown 
in Table 50, determine the timer operating mode. These registers each include a program-
mable PWM deadband delay, two bits to configure timer interrupt definition and a status 
bit to identify if the most recent timer interrupt is caused by an input capture event.

Table 50. Timer 0–1 Control Register 0 (TxCTL0)

Bit 7 6 5 4 3 2 1 0

Field TMODEHI TICONFIG Reserved PWMD INPCAP

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

Address F06H, F0EH

Bit Description 

[7]
TMODEHI

Timer Mode High Bit
This bit, along with the TMODE field in the TxCTL1 Register, determines the operating 
mode of the timer. This bit is the most significant bit of the Timer mode selection value. See 
the description of the Timer 0–1 Control Register 1 (TxCTL1) for details about the full timer 
mode decoding.
PS022827-1212 P R E L I M I N A R Y Timer Control Register Definitions
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Watchdog Timer Reload Upper, High and Low Byte Registers

The Watchdog Timer Reload Upper, High and Low Byte (WDTU, WDTH, WDTL) regis-
ters, shown in Tables 60 through 62, form the 24-bit reload value that is loaded into the 
Watchdog Timer when a WDT instruction executes. The 24-bit reload value ranges across 
bits [23:0] to encompass the three bytes {WDTU[7:0], WDTH[7:0], WDTL[7:0]}. Writ-
ing to these registers sets the appropriate reload value. Reading from these registers 
returns the current Watchdog Timer count value.

The 24-bit WDT reload value must not be set to a value less than 000004H.

Table 60. Watchdog Timer Reload Upper Byte Register (WDTU)

Bit 7 6 5 4 3 2 1 0

Field WDTU

RESET 00H

R/W R/W*

Address FF1H

Note: A read returns the current WDT count value; a write sets the appropriate reload value.

Bit Description 

[7:0]
WDTU

WDT Reload Upper Byte
Most-significant byte (MSB); bits[23:16] of the 24-bit WDT reload value.

Table 61. Watchdog Timer Reload High Byte Register (WDTH)

Bit 7 6 5 4 3 2 1 0

Field WDTH

RESET 04H

R/W R/W*

Address FF2H

Note: A read returns the current WDT count value; a write sets the appropriate reload value.

Bit Description 

[7:0]
WDTH

WDT Reload High Byte
Middle byte; bits[15:8] of the 24-bit WDT reload value.

Caution:
PS022827-1212 P R E L I M I N A R Y Watchdog Timer Control Register 
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The baud rate is set by the UART’s Baud Rate Generator and supports IrDA standard baud 
rates from 9600 baud to 115.2 kbaud. Higher baud rates are possible, but do not meet IrDA 
specifications. The UART must be enabled to use the infrared endec. The infrared endec 
data rate is calculated using the following equation:

Transmitting IrDA Data

The data to be transmitted using the infrared transceiver is first sent to the UART. The 
UART’s transmit signal (TXD) and baud rate clock are used by the IrDA to generate the 
modulation signal (IR_TXD) that drives the infrared transceiver. Each UART/Infrared 
data bit is 16 clocks wide. If the data to be transmitted is 1, the IR_TXD signal remains 
low for the full 16 clock period. If the data to be transmitted is 0, the transmitter first out-
puts a 7 clock low period, followed by a 3 clock high pulse. Finally, a 6 clock low pulse is 
output to complete the full 16 clock data period. Figure 17 displays IrDA data transmis-
sion. When the infrared endec is enabled, the UART’s TXD signal is internal to the Z8 
Encore! XP F082A Series products while the IR_TXD signal is output through the TXD 
pin.

Figure 17. Infrared Data Transmission
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16 clock
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The offset compensation is performed first, followed by the gain compensation. One bit of 
resolution is lost because of rounding on both the offset and gain computations. As a 
result the ADC registers read back 13 bits: 1 sign bit, two calibration bits lost to rounding 
and 10 data bits.

Also note that in the second term, the multiplication must be performed before the divi-
sion by 216. Otherwise, the second term incorrectly evaluates to zero.

Although the ADC can be used without the gain and offset compensation, it does exhibit 
nonunity gain. Designing the ADC with sub-unity gain reduces noise across the ADC 
range but requires the ADC results to be scaled by a factor of 8/7.

ADC Compensation Details

High-efficiency assembly code that performs ADC compensation is available for down-
load on www.zilog.com. This section offers a bit-specific description of the ADC compen-
sation process used by this code.

The following data bit definitions are used:

0–9, a–f = bit indices in hexadecimal
s = sign bit
v = overflow bit
– = unused

Input Data

MSB LSB

s b a 9 8 7 6 5 4 3 2 1 0 – – v  (ADC) ADC Output Word; if v = 
1, the data is invalid

s 6 5 4 3 2 1 0 Offset Correction Byte

s s s s s 7 6 5 4 3 2 1 0 0 0 0  (Offset) Offset Byte shifted to align 
with ADC data

s e d c b a 9 8 7 6 5 4 3 2 1 0  (Gain) Gain Correction Word

Note:

Caution:
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4. Round the result and discard the least significant two bytes (equivalent to dividing by 
216).

–

=

5. Determine the sign of the gain correction factor using the sign bits from Step 2. If the 
offset-corrected ADC value and the gain correction word both have the same sign, 
then the factor is positive and remains unchanged. If they have differing signs, then 
the factor is negative and must be multiplied by –1.

6. Add the gain correction factor to the original offset corrected value.

+

=

7. Shift the result to the right, using the sign bit determined in Step 1, to allow for the 
detection of computational overflow.

#3 #3 #3 #3

#3 #3 #3 #3

0x00 0x00 0x80 0x00

#4 MSB #4 LSB

#5 MSB #5 LSB

#5 MSB #5 LSB

#1 MSB #1 LSB

#6 MSB #6 LSB

S → #6 MSB #6 LSB
PS022827-1212 P R E L I M I N A R Y Operation
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Figure 22 displays a basic Flash Controller flow. The following subsections provide 
details about the various operations displayed in Figure 22.

Figure 22. Flash Controller Operation Flow Chart
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Debugger. Writing an invalid value or an invalid sequence returns the Flash Controller to 
its locked state. The Write-only Flash Control Register shares its Register File address 
with the read-only Flash Status Register.
PS022827-1212 P R E L I M I N A R Y Flash Control Register Definitions
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Watchdog Timer Calibration Data

Table 100. Watchdog Calibration High Byte at 007EH (WDTCALH)

Bit 7 6 5 4 3 2 1 0

Field WDTCALH

RESET U U U U U U U U

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

Address Information Page Memory 007EH

Note: U = Unchanged by Reset. R/W = Read/Write.

Bit Description 

[7:0]
WDTCALH

Watchdog Timer Calibration High Byte
The WDTCALH and WDTCALL bytes, when loaded into the Watchdog Timer reload regis-
ters result in a one second time-out at room temperature and 3.3 V supply voltage. To use 
the Watchdog Timer calibration, user code must load WDTU with 0x00, WDTH with WDT-
CALH and WDTL with WDTCALL.
PS022827-1212 P R E L I M I N A R Y Zilog Calibration Data
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On-Chip Debugger

The Z8 Encore! XP F082A Series devices contain an integrated On-Chip Debugger 
(OCD) that provides advanced debugging features including:

• Single pin interface

• Reading and writing of the register file

• Reading and writing of program and data memory

• Setting of breakpoints and watchpoints

• Executing eZ8 CPU instructions

• Debug pin sharing with general-purpose input-output function to maximize pins avail-
able to the user (8-pin product only)

Architecture
The on-chip debugger consists of four primary functional blocks: transmitter, receiver, 
auto-baud detector/generator and debug controller. Figure 23 displays the architecture of 
the on-chip debugger.

Figure 23. On-Chip Debugger Block Diagram
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[3]
WDFEN

Watchdog Timer Oscillator Failure Detection Enable
1 = Failure detection of Watchdog Timer oscillator is enabled.
0 = Failure detection of Watchdog Timer oscillator is disabled.

[2:0]
SCKSEL

System Clock Oscillator Select
000 = Internal precision oscillator functions as system clock at 5.53 MHz.
001 = Internal precision oscillator functions as system clock at 32 kHz.
010 = Crystal oscillator or external RC oscillator functions as system clock.
011 = Watchdog Timer oscillator functions as system.
100 = External clock signal on PB3 functions as system clock.
101 = Reserved.
110 = Reserved.
111 = Reserved.

Bit Description (Continued)
PS022827-1212 P R E L I M I N A R Y Oscillator Control Register Definitions
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When using the external RC oscillator mode, the oscillator can stop oscillating if the 
power supply drops below 2.7 V, but before the power supply drops to the Voltage Brown-
Out threshold. The oscillator resumes oscillation when the supply voltage exceeds 2.7 V.

Figure 29. Typical RC Oscillator Frequency as a Function of the External Capacitance
with a 45 k Resistor
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Table 119 lists additional symbols that are used throughout the Instruction Summary and 
Instruction Set Description sections.

Assignment of a value is indicated by an arrow, as shown in the following example.

dst ← dst + src

This example indicates that the source data is added to the destination data; the result is 
stored in the destination location. 

eZ8 CPU Instruction Classes
eZ8 CPU instructions can be divided functionally into the following groups:

• Arithmetic

• Bit Manipulation

Vector Vector address Vector Vector represents a number in the range of 00H 
to FFH.

X Indexed #Index The register or register pair to be indexed is off-
set by the signed Index value (#Index) in a +127 
to –128 range.

Table 119. Additional Symbols

Symbol Definition

dst Destination Operand

src Source Operand

@ Indirect Address Prefix

SP Stack Pointer

PC Program Counter

FLAGS Flags Register

RP Register Pointer

# Immediate Operand Prefix

B Binary Number Suffix

% Hexadecimal Number Prefix

H Hexadecimal Number Suffix

Table 118. Notational Shorthand (Continued)

Notation Description Operand Range
PS022827-1212 P R E L I M I N A R Y eZ8 CPU Instruction Classes
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UART Timing

Figure 37 and Table 146 provide timing information for UART pins for the case where 
CTS is used for flow control. The CTS to DE assertion delay (T1) assumes the Transmit 
Data Register has been loaded with data prior to CTS assertion.

Figure 37. UART Timing With CTS

Table 146. UART Timing With CTS

Parameter Abbreviation

Delay (ns)

Minimum Maximum

UART

T1 CTS Fall to DE output delay 2 * XIN period 2 * XIN period + 
1 bit time

T2 DE assertion to TXD falling edge (start bit) delay ± 5

T3 End of Stop Bit(s) to DE deassertion delay ± 5

CTS

DE

T1(Output)

TXD

T2(Output)

(Input)

start bit 0 bit 1bit 7 parity stop

end of
stop bit(s)

T3
PS022827-1212 P R E L I M I N A R Y On-Chip Peripheral AC and DC Electrical 
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Z8 Encore! XP F082A Series with 1 KB Flash, 10-Bit Analog-to-Digital Converter

Standard Temperature: 0°C to 70°C

Z8F012APB020SG 1 KB 256 B 16 B 6 14 2 4 1 1 1 PDIP 8-pin package

Z8F012AQB020SG 1 KB 256 B 16 B 6 14 2 4 1 1 1 QFN 8-pin package

Z8F012ASB020SG 1 KB 256 B 16 B 6 14 2 4 1 1 1 SOIC 8-pin package

Z8F012ASH020SG 1 KB 256 B 16 B 17 20 2 7 1 1 1 SOIC 20-pin package

Z8F012AHH020SG 1 KB 256 B 16 B 17 20 2 7 1 1 1 SSOP 20-pin package

Z8F012APH020SG 1 KB 256 B 16 B 17 20 2 7 1 1 1 PDIP 20-pin package

Z8F012ASJ020SG 1 KB 256 B 16 B 23 20 2 8 1 1 1 SOIC 28-pin package

Z8F012AHJ020SG 1 KB 256 B 16 B 23 20 2 8 1 1 1 SSOP 28-pin package

Z8F012APJ020SG 1 KB 256 B 16 B 23 20 2 8 1 1 1 PDIP 28-pin package

Extended Temperature: –40°C to 105°C

Z8F012APB020EG 1 KB 256 B 16 B 6 14 2 4 1 1 1 PDIP 8-pin package

Z8F012AQB020EG 1 KB 256 B 16 B 6 14 2 4 1 1 1 QFN 8-pin package

Z8F012ASB020EG 1 KB 256 B 16 B 6 14 2 4 1 1 1 SOIC 8-pin package

Z8F012ASH020EG 1 KB 256 B 16 B 17 20 2 7 1 1 1 SOIC 20-pin package

Z8F012AHH020EG 1 KB 256 B 16 B 17 20 2 7 1 1 1 SSOP 20-pin package

Z8F012APH020EG 1 KB 256 B 16 B 17 20 2 7 1 1 1 PDIP 20-pin package

Z8F012ASJ020EG 1 KB 256 B 16 B 23 20 2 8 1 1 1 SOIC 28-pin package

Z8F012AHJ020EG 1 KB 256 B 16 B 23 20 2 8 1 1 1 SSOP 28-pin package

Z8F012APJ020EG 1 KB 256 B 16 B 23 20 2 8 1 1 1 PDIP 28-pin package

Table 148. Z8 Encore! XP F082A Series Ordering Matrix
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