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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,
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Microcontrollers are crucial in modern electronics,
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Product Status Obsolete
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Data Converters A/D 5x10b

Oscillator Type Internal

Operating Temperature
Mounting Type
Package / Case

Supplier Device Package
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Acronyms Expansion

PDIP Plastic Dual Inline Package
SOIC Small Outline Integrated Circuit
SSOP Small Shrink Outline Package
PC Program Counter

IRQ Interrupt Request

Introduction
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Block Diagram

Figure 1 displays the block diagram of the architecture of Z8 Encore! XP® F0822 Series

devices
Crystal | _ _| On-Chip
Oscillator | | Debugger |_
Y VY N
e78 P&?ENBP
cPU | | Interrupt Con t?osneer WDT with
System Controller RC Oscillator

Memory Buses

Register Bus

Timers UART 12C SPI ADC Flash RAM
Controller Controller
A A A A A
A A
\i
Y Y
IrDA Flash
as
A Memory RAM
\i \i \i \i \i \i
GPIO

Figure 1. Z8 Encore! XP® F0822 Series Block Diagram

CPU and Peripheral Overview

eZ8 CPU Features

Zilog's latest €28 8-hit CPU, meets the continuing demand for faster and more code-effi-
cient microcontrollers. The e28 CPU executes a superset of the original Z8® instruction
Set.

PS022517-0508 Introduction
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PA6/SCL — 1 20 — PCO/T1IN
PA7/SDA — 2 19 — PBO/ANAO
RESET — 3 18 |- PB1/ANAL

Vgg — 4 17 — VREF

XIN — 5 16 |- AVgg

XOUT — 6 15 — AVpp

Vpp —17 14 |- DBG
PAO/TOIN — 8 13 — PA5 / TXDO
PAL/TOOUT — 9 12 — PA4/RXDO
PA2/ DEO — 10 11 |~ PA3/CTSO

Figure 2. Z8F0821 and Z8F0421 in 20-Pin SSOP and PDIP Packages

PCO/TLIN — 1 28 |— PBO/ ANAO
PA6/SCL — 2 27 |- PB1/ANA1L
PA7/SDA — 3 26 — PB2/ANA2
RESET — 4 25 |— PB3/ANA3
Vgs — 5 24 |— PB4/ ANA4

XIN — 6 23 — VREF

XOUT — 7 22 — AVgg

VDD ] 8 21 — AVDD

PC5/MISO — 9 20 — DBG

PC4/MOSI — 10 19 — PC1/T10UT
PC3/SCK — 11 18 |— PA5/ TXDO
PC2/SS — 12 17 — PA4/RXDO
PAO/TOIN —{ 13 16 — PA3/CTSO
PA1/TOOUT — 14 15 |— PA2 / DEO

Figure 3. Z8F0822 and Z8F0422 in 28-Pin SOIC and PDIP Packages

PA6/SCL —{ 1 20 — PCO/T1IN
PA7/SDA —{ 2 19 — PBO
RESET —{ 3 18 |— PB1
Vgg —1 4 17 — No Connect
XIN — 5 16 — AVgg
XOUT — 6 15 — AVpp
Vpp — 7 14 — DBG
PAO/TOIN — 8 13 |— PA5/ TXDO
PAL/TOOUT — 9 12 — PA4/RXDO
PA2/DEO0 — 10 11 |— PA3/CTSO

Figure 4. Z8F0811 and Z8F0411 in 20-Pin SSOP and PDIP Packages

PS022517-0508 Signal and Pin Descriptions



Port A Address
PAADDR (FDOH - Read/Write)
D7P6D5P4D3P2p1Po]

L PortA Address[7:0|]:e .
Selects Port Sub-Registers:
00H = No function
01H = Data direction
02H = Alternate function
03H = Output control (open-

drain)
04H = High drive enable
05H = STOP mode recovery
enable
06H = Pull-up enable
07H-FFH = No function

Port A Control
PACTL (FD1H - Read/Write)
D7p6P5D4D3P2P1P0]
L Port A Control[7:0]
Provides Access to Port
Sub-Registers

Port A Input Data
PAIN (FD2H - Read Only)
D7D6P5D4P3P2P1D0]

L PortA Input Data [7:0]

Port A Output Data
PAOUT (FD3H - Read/Write)
D7p6D5P4D3P2D1Po0]

L PortA Output Data [7:0]

PS022517-0508
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e WDT'sinterna RC oscillator continues to operate.

* |f enabled, the WDT continues to operate.

* All other on-chip peripherals continue to operate.

The e28 CPU can be brought out of HALT mode by any of the following operations:
* Interrupt

e WDT time-out (interrupt or reset)

¢  Power-On Reset

* Voltage Brownout reset

» External RESET pin assertion

To minimize currentin HALT mode, all GPIO pinswhich are configured asinputs must be
driven to one of the supply rails (V¢ or GND).

Low-Power Modes
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Interrupt Request 2 Register

The Interrupt Request 2 (IRQ2) Register (Table 27) stores interrupt requests for both
vectored and polled interrupts. When arequest is presented to the interrupt controller, the
corresponding bit in the IRQ2 register becomes 1. If interrupts are globally enabled
(vectored interrupts), the interrupt controller passes an interrupt request to the eZ8 CPU.
If interrupts are globally disabled (polled interrupts), the e28 CPU reads the IRQ2
Register to determine if any interrupt requests are pending.

Table 27. Interrupt Request 2 Register (IRQ2)

BITS 7 6 5 4 3 2 1 0
FIELD Reserved PC3lI PC2I PC1l PCOI
RESET 0

R/W R/W

ADDR FC6H

Reserved—Must be 0

PCxl—Port C Pin x Interrupt Request

0 = No interrupt request is pending for GPIO Port C pin x.

1= Aninterrupt request from GPIO Port C pin x is awaiting service.
Where x indicates the specific GPIO Port C pin number (0 through 3).

IRQO Enable High and Low Bit Registers

PS022517-0508

The IRQO Enable High and Low Bit Registers (Table 29 and Table 30) form a priority
encoded enabling for interrupts in the Interrupt Request 0 Register. Priority is generated
by setting bits in each register. Table 28 describes the priority control for IRQO.

Table 28. IRQO Enable and Priority Encoding

IRQOENH[x] [IRQOENLI[X] Priority Description
0 0 Disabled Disabled
0 1 Level 1 Low
1 0 Level 2 Nominal
1 1 Level 3 High

where x indicates the register bits from 0 through 7.

Interrupt Controller
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The UART is now configured for interrupt-driven data transmission. Because the UART
Transmit Data Register is empty, an interrupt is generated immediately. When the UART
Transmit Interrupt is detected, the associated 1SR performs the following:
1. Writethe UART Control 1 Register to select the outgoing address bit:
—  Set the Multiprocessor Bit Transmitter (MPBT) if sending an address byte, clear it
if sending a data byte.

2. Write the data byte to the UART Transmit Data Register. The transmitter
automatically transfers data to the Transmit Shift Register and then transmits the data.

Clear the UART Transmit Interrupt bit in the applicable Interrupt Request Register.

Execute the IRET instruction to return from the ISR and waits for the Transmit Data
Register to again become empty.

Receiving Data using the Polled Method

Follow the steps below to configure the UART for polled data reception:

1. Writeto the UART Baud Rate High and Low Byte Registersto set the required
baud rate.

2. Enablethe UART pin functions by configuring the associated GPIO Port pins for
alternate function operation.

3. Writeto the UART Control 1 Register to enable Multiprocessor mode functions, if
desired.
4. Writeto the UART Control 0 Register to:
— Set the receive enable bit (REN) to enable the UART for data reception
— Enable parity, if required, and if MULTIPROCESSOR mode is not enabled, and
select either even or odd parity.

5. Check the rpa hit in the UART Status O Register to determine if the Receive Data
Register contains avalid data byte (indicated by 1). If RDA is set to 1 to indicate
available data, continue to step 6. If the Receive Data Register is empty (indicated by
a0), continue to monitor the RDA bit awaiting reception of the valid data.

6. Read datafrom the UART Receive Data Register. If operating in Multiprocessor
(9-bit) mode, further actions may be required depending on the Multiprocessor Mode
bits MPMD[1:0].

7. Returnto step 5 to receive additional data.

Universal Asynchronous Receiver/Transmitter
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Thebaud rateis 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 datarateis calculated using the following equation.

System Clock Frequency (Hz)

Infrared Data Rate (bits/s) = 7=t era T Rate Divisor Value

Transmitting IrDA Data

The data to be transmitted using the infrared transceiver isfirst 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 datato be transmitted is 0, a 3-clock high pulseis
output following a 7-clock low period. After the 3-clock high pulse, a 6-clock low pulseis
output to complete the full 16-clock data period. Figure 18 displays IrDA data transmis-
sion. When the Infrared Endec is enabled, the UART’s TXD signal isinternal to the Z8
Encore! XP® F0822 Series products while the IR_TXD signal is output through the TXD

pin.

! 16-clock !
[<*— period —> ! | |
I I | | |

vl Il

U%F(%g’s Start Bit =0 DataBit0 =1 DataBit1=0 DataBit2=1

DataBit3=1

3-clock
pulse
_>| '<_

I |
I |
' |
IR_TXD |
|
| | |
» 7-Clock

| delay !

|

Figure 18. Infrared Data Transmission

PS022517-0508 Infrared Encoder/Decoder
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|°C Status Register

The Read-only 12C Status register (Table 71) indicates the status of the 12C Controller.

Table 71. I2C Status Register (I2CSTAT)

BITS 7 6 5 4 3 2 1 0
FIELD TDRE RDRF ACK 10B RD TAS DSS NCKI
RESET 1 0

R/W R

ADDR F51H

TDRE—Transmit Data Register Empty

When the I2C Controller is enabled, this bit is 1 when the 12C Data Register is empty.
When this bit is set, an interrupt is generated if the TXI1 bit is set, except when the 1°C
Controller is shifting in data during the reception of a byte or when shifting an address and
the RD bit isset. Thishit is cleared by writing to the I2CDATA register.

RDRF—Receive Data Register Full

Thisbit is set = 1 when the I2C Controller is enabled and the I2C Controller has received a
byte of data. When asserted, this bit causes the 12C Controller to generate an interrupt.
This bit is cleared by reading the 12C Data Register (unlessthe read is performed using
execution of the OCD’s Read Register command).

ACK—Acknowledge

This bit indicates the status of the Acknowledge for the last byte transmitted or received.
When set, this bit indicates that an Acknowledge occurred for the last byte transmitted or
received. Thishit is cleared when IEN = 0 or when a Not Acknowledge occurred for the
last byte transmitted or received. It is not reset at the beginning of each transaction and is
not reset when thisregister is read.

A Caution: Software must be cautious in making decisions based on this bit within a transaction

PS022517-0508

because software cannot tell when the bit is updated by hardware. In the case of write
transactions, the 12C pauses at the beginning of the Acknowledge cycle if the next
transmit data or address byte has not been written (TDRE = 1) and STOP and START
= 0. In this case the ACK bit is not updated until the transmit interrupt is serviced and
the Acknowledge cycle for the previous byte completes. For examples on usage of the
ACK bit, see Address Only Transaction with a 7-bit Address on page 131 and Address
Only Transaction with a 10-bit Address on page 133.

10B—10-Bit Address

This bit indicates whether a 10-bit or 7-bit address is being transmitted. After the START
bit is set, if the five most-significant bits of the addressare 111108, thishit is set. When
set, it isreset once the first byte of the address has been sent.

12C Controller
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Analog-to-Digital Converter

The Analog-to-Digital Converter (ADC) converts an analog input signal to a 10-bit binary
number. The features of the sigma-delta ADC include:

* Fiveanaog input sources are multiplexed with GPIO ports.
* Interrupt upon conversion complete.
¢ Internal voltage reference generator.

The ADC isavailable only in the Z8F0822, Z8F0821, Z8F0422, Z8F0421, Z8R0822,
Z8R0821, Z8R0422 and Z8R0421 devices.

Architecture

Figure 32 displays the three major functional blocks (converter, analog multiplexer, and
voltage reference generator) of the ADC. The ADC converts an analog input signal to its
digital representation. The 5-input analog multiplexer selects one of the 5 analog input
sources. The ADC requires an input reference voltage for the conversion. The voltage ref-
erence for the conversion can be input through the external VREF pin or generated inter-
nally by the voltage reference generator.

Internal Voltage VREF

Reference Generator| 7 |

Analog-to-Digital
Converter

Analog Input
IRQ <€—— Multiplexer

Reference Input - |

— 11 anao
— L AnAL
- — AnA2

|

|

|

| Analog Input & T

| b ——— ANA3
| —11+— ANA4
| I

| } |

| ANAIN[30] |

Lo -

Figure 32. Analog-to-Digital Converter Block Diagram

PS022517-0508 Analog-to-Digital Converter
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ADC Control Register Definitions

ADC Control Register

The ADC Control Register selects the analog input channel and initiates the
analog-to-digital conversion.

Table 77. ADC Control Register (ADCCTL)

BITS 7 6 5 4 3 2 1 0
FIELD CEN Reserved | VREF CONT ANAIN[3:0]

RESET 0 1 0

R/W R/W

ADDR F70H

PS022517-0508

CEN—Conversion Enable
0 = Conversion is complete. Writing a 0 produces no effect. The ADC automatically
clearsthis bit to 0 when a conversion has been completed.
1 = Begin conversion. Writing a 1 to this bit starts a conversion. If aconversion is
aready in progress, the conversion restarts. This bit remains 1 until the conversion
is complete.

Reserved—Must be 0

VREF

0 = Interna reference generator enabled. The VREF pin must be left unconnected or
capacitively coupled to analog ground (AV SS).

1 =Internal voltage reference generator disabled. An external voltage reference must
be provided through the vREF pin.

CONT

0= SINGLE-SHOT conversion. ADC datais output once at completion of the
5129 system clock cycles.

1 = Continuous conversion. ADC data updated every 256 system clock cycles.

ANAIN—Analog I nput Select

These bits select the analog input for conversion. Not all Port pinsin thislist are available
in all packages for Z8 Encore! XP® F0822 Series. See Signal and Pin Descriptions for
information regarding the Port pins available with each package style.

Do not enable unavailable analog inputs.

0000 = ANAO

0001 = ANA1

0010 = ANA2

0011 = ANA3

0100 = ANA4

Analog-to-Digital Converter
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Addresses
1FFFH

1EOOH
1DFFH

1COO0H
1BFFH

1A00H

O5FFH

0400H
03FFH

0200H
O1FFH

0000H

Figure 33. Flash Memory Arrangement

Information Area

Table 82 on page 155 describes the Z8 Encore! XP® F0822 Series Information Area. This
512-byte Information Areais accessed by setting bit 7 of the Page Select Register to 1.
When access is enabled, the Information Areais mapped into Flash Memory and overlays
the 512 bytes at addresses FE00H to FFFFH. When the Information Area accessis enabled,
LDC instructions return data from the Information Area. CPU instruction fetches always
comes from Flash Memory regardless of the Information Area access bit. Accessto the

Information Areais read-only.

PS022517-0508

Flash Memory
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Table 93. On-Chip Debugger Commands

Enabled when

Command NOT in DEBUG Disabled by
Debug Command Byte mode? Read Protect Option Bit
Read OCD Revision O00H Yes -
Write OCD Counter 01H - -
Register
Read OCD Status 02H Yes -
Register
Read OCD Counter 03H - -
Register
Write OCD Control 04H Yes Cannot clear DBGMODE bit
Register
Read OCD Control 05H Yes -
Register
Write Program Counter 06H - Disabled
Read Program Counter 07H - Disabled
Write Register 08H - Only writes of the peripheral control
registers at address FOOH-FFH are
allowed.
Additionally, only the Mass Erase
command is allowed to be written to the
Flash Control Register.
Read Register 09H - Only reads of the peripheral control
registers at address FOOH-FFH are
allowed.
Write Program Memory 0AH - Disabled
Read Program Memory OBH - Disabled
Write Data Memory OCH - Disabled
Read Data Memory ODH - Disabled
Read Program Memory OEH - -
CRC
Reserved OFH - -
Step Instruction 10H - Disabled
Stuff Instruction 11H - Disabled

PS022517-0508
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Figure 41. Typical Active Mode Ipp Versus System Clock Frequency

Figure 42 displays the maximum active mode current consumption across the full operat-
ing temperature range of the device and versus the system clock frequency. All GPIO pins

are configured as outputs and driven High.
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Figure 42. Maximum Active Mode Ipp Versus System Clock Frequency

Electrical Characteristics

189



Z8 Encore! XP® F0822 Series
Product Specification

] 191

Figure 44 displays the maximum HALT mode current consumption across the full
operating temperature range of the device and versus the system clock frequency. All

GPIO pins are configured as outputs and driven High.

5 10 15 20

System Clock Frequency (MHz)

—--27V---:3.0V 3.3V ——3.6V

Figure 44. Maximum HALT Mode I-c Versus System Clock Frequency

PS022517-0508 Electrical Characteristics
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TheC, Z, S, and V flags contral the operation of the conditional jump (JP cc and JR cc)
instructions. Sixteen frequently useful functions of the flag settings are encoded in a 4-hit
field called the condition code (cc), which forms Bits 7:4 of the conditional jump
instructions. The condition codes are summarized in Table 117. Some binary condition
codes can be created using more than one assembly code mnemonic. Theresult of the flag
test operation decidesif the conditional jump is executed.

Table 117. Condition Codes

Assembly
Binary Hex Mnemonic Definition Flag Test Operation
0000 0 F Always False -
0001 1 LT Less Than (SXORV)=1
0010 2 LE Less Than or Equal (ZOR(SXORV)) =1
0011 3 ULE Unsigned Less Than or Equal (COR Z2) =1
0100 4 ov Overflow V=1
0101 5 Mmi Minus S=1
0110 6 z Zero Z=1
0110 6 EQ Equal Z=
0111 7 C Carry c=1
0111 7 ULT Unsigned Less Than c=1
1000 8 T (or blank)  Always True -
1001 9 GE Greater Than or Equal (SXORV)=0
1010 A GT Greater Than (ZOR (SXORV))=0
1011 B UGT Unsigned Greater Than (C=0ANDZ=0)=1
1100 C NOV No Overflow V=0
1101 D PL Plus S=0
1110 E NZ Non-Zero Z=0
1110 E NE Not Equal Z=0
1111 F NC No Carry C=0
1111 F UGE Unsigned Greater Than or C=0

Equal

eZ8 CPU Instruction Set
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Opcode Maps

A description of the opcode map data and the abbreviations are provided in Figure 57 and
Table 127 on page 230. Figure 58 on page 231 and Figure 59 on page 232 provide infor-
mation on each of the e28 CPU instructions.

Lov(egrC l?l(ijbeble
Fetch Cycles i Instruction Cycles
4
R
3.3
Upggrc &?beble — > A CcP
R2,R1
i e poa ki

Figure 57. Opcode Map Cell Description

PS022517-0508 Opcode Maps
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Z8F04xx with 4 KB Flash, 10-Bit Analog-to-Digital Converter
Standard Temperature: 0 °C to 70 °C
Z8F0421HH020SC 4KB 1KB 11 16 2 2 1 0 1 SSOP 20-pin package
Z8F0421PH020SC 4KB 1KB 11 16 2 2 1 0 1 PDIP 20-pin package
Z8F04225J020SC 4KB 1KB 19 19 2 5 1 1 1 SOIC 28-pin package
Z8F0422PJ020SC 4KB 1KB 19 19 2 5 1 1 1 PDIP 28-pin package
Extended Temperature: -40 °C to 105 °C
Z8F0421HHO20EC 4KB 1KB 11 16 2 2 1 0 1 SSOP 20-pin package
Z8F0421PH020EC 4KB 1KB 11 16 2 2 1 0 1 PDIP 20-pin package
Z8F0422SJ020EC 4KB 1KB 19 19 2 5 1 1 1 SOIC 28-pin package
Z8F0422PJ020EC 4KB 1KB 19 19 2 5 1 1 1 PDIP 28-pin package

PS022517-0508

Ordering Information
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Z8F04xx with 4 KB Flash
Standard Temperature: 0 °C to 70 °C
Z8F0411HH020SC 4KB 1KB 11 16 2 0 1 0 1 SSOP 20-pin package
Z8F0411PH020SC 4KB 1KB 11 16 2 0 1 0 1 PDIP 20-pin package
Z8F04125J020SC 4KB 1KB 19 19 2 0 1 1 1 SOIC 28-pin package
Z8F0412PJ020SC 4KB 1KB 19 19 2 0 1 1 1 PDIP 28-pin package
Extended Temperature: -40 °C to 105 °C
Z8F0411HHO20EC 4KB 1KB 11 16 2 0 1 0 1 SSOP 20-pin package
Z8F0411PH020EC 4KB 1KB 11 16 2 0 1 0 1 PDIP 20-pin package
Z8F0412SJ020EC 4KB 1KB 19 19 2 0 1 1 1 SOIC 28-pin package
Z8F0412PJ020EC 4KB 1KB 19 19 2 0 1 1 1 PDIP 28-pin package
Z8F08200100KITG Devglopment Kit (20- and
28-pin)
ZUSBSC00100ZACG SIS SIIELCELS
Accessory Kit

ZUSBOPTSCOLZACG Opto-lsolated USB Smart

Cable Accessory Kit

Note: Replace C with G for lead-free packaging.

PS022517-0508

Ordering Information



