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returns FFH. Writing to these unimplemented Program Memory addresses produces no
effect. Table 6 describes the Program Memory maps for the Z8 Encore! XP F0823 Series

products.

Table 6. Z8 Encore! XP F0823 Series Program Memory Maps

Program Memory Address (Hex)

Function

Z8F0823 and Z8F0813 Products

0000-0001 Flash Option Bits
0002-0003 Reset Vector
0004-0005 WDT Interrupt Vector
0006-0007 lllegal Instruction Trap
0008-0037 Interrupt Vectors*
0038-003D Oscillator Fail Traps*
003E-OFFF Program Memory
Z8F0423 and Z8F0413 Products
0000-0001 Flash Option Bits
0002-0003 Reset Vector
0004-0005 WDT Interrupt Vector
0006-0007 lllegal Instruction Trap
0008-0037 Interrupt Vectors*
0038-003D Oscillator Fail Traps*
003E-OFFF Program Memory
Z8F0223 and Z8F0213 Products
0000-0001 Flash Option Bits
0002-0003 Reset Vector
0004-0005 WDT Interrupt Vector
0006-0007 lllegal Instruction Trap
0008-0037 Interrupt Vectors*
0038-003D Oscillator Fail Traps*
003E-07FF Program Memory

Note: *See the Trap and Interrupt Vectors in Order of Priority section on page 55

for a list of the interrupt vectors and traps.
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clock and reset signals, the required reset duration can be as short as three clock periods
and as long as four. A reset pulse three clock cycles in duration might trigger a reset; a
pulse four cycles in duration always triggers a reset.

While the RESET input pin is asserted Low, the Z8 Encore! XP F0823 Series devices
remain in the Reset state. If the RESET pin is held Low beyond the System Reset time-
out, the device exits the Reset state on the system clock rising edge following RESET pin
deassertion. Following a System Reset initiated by the external RESET pin, the EXT sta-
tus bit in the WDT Control (WDTCTL) register is set to 1.

External Reset Indicator

During System Reset or when enabled by the GPIO logic (see the Port A-C Control Reg-
isters section on page 42), the RESET pin functions as an open-drain (active Low) reset
mode indicator in addition to the input functionality. This reset output feature allows an Z8
Encore! XP F0823 Series device to reset other components to which it is connected, even
if that reset is caused by internal sources such as POR, VBO, or WDT events.

After an internal reset event occurs, the internal circuitry begins driving the RESET pin
Low. The RESET pin is held Low by the internal circuitry until the appropriate delay
listed in Table 9 has elapsed.

On-Chip Debugger Initiated Reset

A POR is initiated using the On-Chip Debugger by setting the RST bit in the OCD Control
Register. The OCD block is not reset but the rest of the chip goes through a normal system
reset. The RST bit automatically clears during the System Reset. Following the System
Reset, the POR bit in the Reset Status (RSTSTAT) Register is set.

Stop Mode Recovery

The device enters into STOP Mode when eZ8 CPU executes a STOP instruction. For more
details about STOP Mode, see the Low-Power Modes section on page 30. During Stop
Mode Recovery, the CPU is held in reset for 66 IPO cycles if the crystal oscillator is dis-
abled or 5000 cycles if it is enabled. The SMR delay also included the time required to
start up the IPO.

Stop Mode Recovery does not affect on-chip registers other than the Watchdog Timer
Control Register (WDTCTL) and the Oscillator Control Register (OSCCTL). After any
Stop Mode Recovery, the IPO is enabled and selected as the system clock. If another sys-
tem clock source is required or IPO disabling is required, the Stop Mode Recovery code
must reconfigure the oscillator control block such that the correct system clock source is
enabled and selected.

PS024315-1011 PRELIMINARY Stop Mode Recovery
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The Port A—C High Drive Enable Subregister (Table 25) is accessed through the Port A-C
Control Register by writing 04H to the Port A-C Address Register. Setting the bits in the
Port A—C High Drive Enable subregisters to 1 configures the specified port pins for high-
current output drive operation. The Port A—C High Drive Enable Subregister affects the

pins directly and, as a result, alternate functions are also affected.

Table 25. Port A—C High Drive Enable Subregisters (PHDEX)

Bit 7 6 5 4 3 2 1 0
Field PHDE7 PHDE6 PHDES PHDEA4 PHDES3 PHDE2 PHDE1 PHDEO
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 04H in Port A-C Address Register, accessible through the Port A—C Control Register
Bit Description

[7:0] Port High Drive Enabled.

PHDEx 0= The Port pin is configured for standard output current drive.

1 = The Port pin is configured for high output current drive.

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

PS024315-1011
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Port A—C Pull-up Enable Subregisters

The Port A-C Pull-up Enable Subregister (Table 27) is accessed through the Port A-C
Control Register by writing 06H to the Port A-C Address Register. Setting the bits in the
Port A—C Pull-up Enable subregisters enables a weak internal resistive pull-up on the
specified Port pins.

Table 27. Port A—C Pull-Up Enable Subregisters (PPUEX)

Bit 7 6 5 4 3 2 1 0
Field PPUE7 PPUE6 PPUES5 PPUE4 PPUE3 PPUE2 PPUE1 PPUEO
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 06H in Port A—-C Address Register, accessible through the Port A—C Control Register
Bit Description

[7:0] Port Pull-up Enabled

PPUEx 0= The weak pull-up on the Port pin is disabled.

1 = The weak pull-up on the Port pin is enabled.

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

PS024315-1011 PRELIMINARY GPIO Control Register Definitions
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Architecture

Figure 8 displays the interrupt controller block diagram.
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Figure 8. Interrupt Controller Block Diagram

Operation

This section describes the operational aspects of the following functions.

Master Interrupt Enable: see page 56

Interrupt Vectors and Priority: see page 57

Interrupt Assertion: see page 57

Software Interrupt Assertion: see page 58

Watchdog Timer Interrupt Assertion: see page 58

Master Interrupt Enable

The master interrupt enable bit (1RQE) in the Interrupt Control Register globally enables
and disables interrupts.

Interrupts are globally enabled by any of the following actions:

e Execution of an Enable Interrupt (EI) instruction

PS024315-1011 PRELIMINARY Architecture
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The Shared Interrupt Select (IRQSS) register (Table 49) determines the source of the
PADXS interrupts. The Shared Interrupt Select register selects between Port A and
alternate 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 49. 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] PA6/Comparator Selection
PABCS 0= PAG is used for the interrupt for PA6CS interrupt request.
1 = The comparator is used as an interrupt for PA6CS interrupt requests.
[5:0] Reserved

These bits are reserved and must be programmed to 000000.

PS024315-1011
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Universal Asynchronous Receiver/
Transmitter

The universal asynchronous receiver/transmitter (UART) is a full-duplex communication
channel capable of handling asynchronous data transfers. The UART uses a single 8-bit
data mode with selectable parity. The features of UART include:

e 8-bit asynchronous data transfer

e Selectable even- and odd-parity generation and checking
* Option of one or two STOP bits

* Separate transmit and receive interrupts

¢ Framing, parity, overrun, and break detection

e Separate transmit and receive enables

e 16-bit baud rate generator (BRG)

e Selectable MULTIPROCESSOR (9-bit) Mode with three configurable interrupt
schemes

* BRG can be configured and used as a basic 16-bit timer

¢ Driver Enable output for external bus transceivers

Architecture

The UART consists of three primary functional blocks: transmitter, receiver, and baud rate
generator. The UART’s transmitter and receiver function independently, but employ the
same baud rate and data format. Figure 10 displays the UART architecture.

PS024315-1011 PRELIMINARY Universal Asynchronous Receiver/
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Bit Description (Continued)
[2] Baud Rate Control
BRGCTL This bit causes an alternate UART behavior depending on the value of the REN bit in the
UART Control O Register.
When the UART receiver is not enabled (REN=0), this bit determines whether the Baud
Rate Generator issues interrupts.
0 = Reads from the Baud Rate High and Low Byte registers return the BRG Reload Value.
1 = The Baud Rate Generator generates a receive interrupt when it counts down to 0.
Reads from the Baud Rate High and Low Byte registers return the current BRG count value.
When the UART receiver is enabled (REN=1), this bit allows reads from the Baud Rate Reg-
isters to return the BRG count value instead of the Reload Value.
0 = Reads from the Baud Rate High and Low Byte registers return the BRG Reload Value.
1 = Reads from the Baud Rate High and Low Byte registers return the current BRG count
value. Unlike the Timers, there is no mechanism to latch the Low Byte when the High
Byte is read.
[1] Receive Data Interrupt Enable
RDAIRQ 0 = Received data and receiver errors generates an interrupt request to the Interrupt Con-
troller.
1 = Received data does not generate an interrupt request to the Interrupt Controller. Only
receiver errors generate an interrupt request.
[0] Infrared Encoder/Decoder Enable
IREN 0 = Infrared encoder/decoder is disabled. UART operates normally.

1 = Infrared encoder/decoder is enabled. The UART transmits and receives data through
the infrared encoder/decoder.

PS024315-1011 PRELIMINARY UART Control Register Definitions
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passed to the UART. Communication is half-duplex, which means simultaneous data
transmission and reception is not allowed.

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:

System Clock Frequency (Hz)
16 X UART Baud Rate Divisor Value

Infrared Data Rate (bits/s) =

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 Z8
Encore! XP F0823 Series products while the IR_TXD signal is output through the TXD
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Figure 17. Infrared Data Transmission
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Software Compensation Procedure

The value read from the ADC high and low byte registers are uncompensated. The user
mode software must apply gain and offset correction to this uncompensated value for
maximum accuracy. The following formula yields the compensated value:

ADC = (ADC

comp — OFFCAL) + ((ADC

- OFFCAL)*GAINCAL)/2:

uncomp uncomp

where GAINCAL is the gain calibration byte, OFFCAL is the offset calibration byte and
ADCpcomp is the uncompensated value read from the ADC. The OFFCAL value is in
two’s complement format, as are the compensated and uncompensated ADC values.

} Note: 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 division by 218, Otherwise, the second term evaluates to zero incorrectly.

A Caution: Although the ADC can be used without the gain and offset compensation, it does exhibit
non-unity 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 Control Register Definitions

The following sections define the ADC Control registers.

ADC Control Register 0

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

PS024315-1011 PRELIMINARY ADC Control Register Definitions
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Table 81. Flash Control Register (FCTL)

Bit 7 6 5 4 3 2 1 0
Field FCMD
RESET 0 0 0 0 0 0 0 0
R/W w w w w w w w w
Address FF8H
Bit Description
[7:0] Flash Command
FCMD 73H = First unlock command.

8CH = Second unlock command.
95H = Page Erase command (must be third command in sequence to initiate Page Erase).
63H = Mass Erase command (must be third command in sequence to initiate Mass Erase).
5EH = Enable Flash Sector Protect Register Access.

PS024315-1011
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Table 99. Randomized Lot ID Locations

Info Page  Memory

Address Address Usage

3C FE3C Randomized Lot ID Byte 31 (most significant)
3D FE3D Randomized Lot ID Byte 30
3E FE3E Randomized Lot ID Byte 29
3F FE3F Randomized Lot ID Byte 28
58 FE58 Randomized Lot ID Byte 27
59 FE59 Randomized Lot ID Byte 26
5A FES5A Randomized Lot ID Byte 25
5B FE5B Randomized Lot ID Byte 24
5C FE5C Randomized Lot ID Byte 23
5D FE5D Randomized Lot ID Byte 22
5E FESE Randomized Lot ID Byte 21
5F FESF Randomized Lot ID Byte 20
61 FE61 Randomized Lot ID Byte 19
62 FE62 Randomized Lot ID Byte 18
64 FEG64 Randomized Lot ID Byte 17
65 FE65 Randomized Lot ID Byte 16
67 FEG67 Randomized Lot ID Byte 15
68 FE68 Randomized Lot ID Byte 14
6A FEBA Randomized Lot ID Byte 13
6B FE6B Randomized Lot ID Byte 12
6D FEGD Randomized Lot ID Byte 11
6E FEGE Randomized Lot ID Byte 10
70 FE70 Randomized Lot ID Byte 9
71 FE71 Randomized Lot ID Byte 8
73 FE73 Randomized Lot ID Byte 7
74 FE74 Randomized Lot ID Byte 6
76 FE76 Randomized Lot ID Byte 5
77 FE77 Randomized Lot ID Byte 4
79 FE79 Randomized Lot ID Byte 3
7A FE7A Randomized Lot ID Byte 2
7C FE7C Randomized Lot ID Byte 1
7D FE7D Randomized Lot ID Byte 0 (least significant)

PS024315-1011
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OCD Status Register

The OCD Status Register reports status information about the current state of the debugger
and the system.

Table 103. OCD Status Register (OCDSTAT)

Bit 7 6 5 4 3 2 1 0
Field DBG HALT FRPENB Reserved

RESET 0 0 0 0 0 0 0 0
R/W R R R R R R R R
Bit Description

[7] Debug Status

DBG 0 = NORMAL Mode.
1 = DEBUG Mode.

[6] HALT Mode
HALT 0 = Not in HALT Mode.
1 = In HALT Mode.

[5] Flash Read Protect Option Bit Enable
FRPENB 0 = FRP bit enabled to allow disabling of many OCD commands.
1 = FRP bit has no effect.

[4:0] Reserved
These bits are reserved and must be 00000 when read.

PS024315-1011 PRELIMINARY On-Chip Debugger Control Register
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Internal Precision Oscillator

The internal precision oscillator (IPO) is designed for use without external components.
You can either manually trim the oscillator for a non-standard frequency or use the auto-
matic factory-trimmed version to achieve a 5.53MHz frequency. The features of IPO
include:

* On-chip RC oscillator that does not require external components
e Output frequency of either 5.53MHz or 32.8kHz (contains both a fast and a slow mode)
* Trimming possible through Flash option bits with user override

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

Operation

An 8-bit trimming register, incorporated into the design, compensates for absolute varia-
tion of oscillator frequency. Once trimmed the oscillator frequency is stable and does not
require subsequent calibration. Trimming is performed during manufacturing and is not
necessary for you to repeat unless a frequency other than 5.53MHz (fast mode) or
32.8kHz (slow mode) is required. This trimming is done at +30°C and a supply voltage of
3.3V, so accuracy of this operating point is optimal.

Power down this 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 151.

Select one of the two frequencies for the oscillator: 5.53MHz and 32.8kHz, using the
OSCSEL bits in the Oscillator Control chapter on page 169.

PS024315-1011 PRELIMINARY Internal Precision Oscillator
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Table 108. Notational Shorthand (Continued)

Notation Description Operand Range

RA Relative Address X X represents an index in the range of +127 to -128
which is an offset relative to the address of the
next instruction

rr Working Register Pair RRp p=0,24,6,8,10, 12, or 14.

RR Register Pair Reg Reg. represents an even number in the range of
OOH to FEH.

Vector Vector Address Vector Vector represents a number in the range of O0H to
FFH.

X Indexed #Index The register or register pair to be indexed is offset

by the signed Index value (#Index) in a +127 to
—128 range.

Table 109 lists additional symbols that are used throughout the Instruction Summary and
Instruction Set Description sections.

Table 109. 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

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.

PS024315-1011
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Table 118. €28 CPU Instruction Summary (Continued)
Address
Assembly Mo—de Opcode(s) Flags Fetch Instr.
Mnemonic Symbolic Operation  dst src (Hex) C Z S V D H Cycles Cycles
LD dst, rc dst « src r IM OC-FC - - - - — - 2 2
r X(r) c7 3 3
X(r) r D7 3 4
r Ir E3 2 3
R R E4 3 2
R IR ES 3 4
R IM E6 3 2
IR IM E7 3 3
Ir r F3 2 3
IR R F5 3 3
LDC dst, src dst « src r Irr Cc2 - - - = - = 2 5
Ir Irr C5 2 9
Irr r D2 2 5
LDCI dst, src dst « src Ir Irr C3 - - = = - = 2 9
rer+1 Irr Ir D3 2 9
merm+1
LDE dst, src dst « src r Irr 82 - - = = = = 2 5
Irr r 92 2 5
LDEI dst, src dst « src Ir Irr 83 - - - = - - 2 9
rer+1 Irr Ir 93 2 9
merm+1l
LDWX dst, src  dst <« src ER ER 1FE8 - - = = = = 5 4

Note: Flags Notation:

* = Value is a function of the result of the operation.
— = Unaffected.

X = Undefined.

0 = Reset to 0.

1=Setto 1.

PS024315-1011 PRELIMINARY eZ8 CPU Instruction Summary
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Opcode Maps

A description of the opcode map data and the abbreviations are provided in Figure 26.
Figures 27 and 28 provide information about each of the eZ8 CPU instructions. Table 119
lists Opcode Map abbreviations.

Opcode

Lower Nibble
Fetch Cycles Instruction Cycles
4
3.3
Opcode
Upper Nibble —>A CP
R2,R1
First Operand Second Operand
After Assembly After Assembly

Figure 26. Opcode Map Cell Description

PS024315-1011 PRELIMINARY Opcode Maps
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Table 135. Z8 Encore! XP F0823 Series Ordering Matrix (Continued)

L)

; o £ B

£ , 2 £ o &£ S

S ) 2 Fs < 2 j=t

Z s s 5 £ 52 F & S

T g X o £ gL g < 3

o [ 04 = £ 4Gz 4 - &)
Z8 Encore! XP F0823 Series with 1 KB Flash
Standard Temperature: 0°C to 70°C
Z8F0113PB005SG 1KB 256B 6 12 2 0 1 PDIP 8-pin package
Z8F0113QB005SG 1KB 256 B 6 12 2 0 1 QFN 8-pin package
Z8F0113SB005SG 1KB 256B 6 12 2 0 1 SOIC 8-pin package
Z8F0113SHO05SG 1KB 256B 16 18 2 0 1 SOIC 20-pin package
Z8F0113HHO005SG 1KB 256B 16 18 2 0 1 SSOP 20-pin package
Z8F0113PHO005SG 1KB 256B 16 18 2 0 1 PDIP 20-pin package
Z8F0113SJ005SG 1KB 256 B 24 18 2 0 1 SOIC 28-pin package
Z8F0113HJ005SG 1KB 256B 24 18 2 0 1 SSOP 28-pin package
Z8F0113PJ0O05SG 1KB 256B 24 18 2 0 1 PDIP 28-pin package
Extended Temperature: —40°C to 105°C
Z8F0113PB0O05EG 1KB 256B 6 12 2 0 1 PDIP 8-pin package
Z8F0113QB0O05EG 1KB 256B 6 12 2 0 1 QFN 8-pin package
Z8F0113SB0O05EG 1KB 256B 6 12 2 0 1 SOIC 8-pin package
Z8F0113SHOO5EG 1KB 256B 16 18 2 0 1 SOIC 20-pin package
Z8F0113HHOO5EG 1KB 256 B 16 18 2 0 1 SSOP 20-pin package
Z8F0113PHOO5EG 1KB 256 B 16 18 2 0 1 PDIP 20-pin package
Z8F0113SJO005EG 1KB 256B 24 18 2 0 1 SOIC 28-pin package
Z8F0113HJO05EG 1KB 256 B 24 18 2 0 1 SSOP 28-pin package
Z8F0113PJO0O5EG 1KB 256B 24 18 2 0 1 PDIP 28-pin package
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