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the PWM High and Low Byte registers still contains 0000H after the interrupt, then
the interrupt was generated by a reload.

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

Configure the associated GPIO port pin for the Timer Input alternate function.

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

In CAPTURE Mode, the elapsed time from timer start to capture event is calculated using
the following equation:

Capture Elapsed Time (s) =

(Capture Value — Start Value)xPrescale
System Clock Frequency (Hz)

COMPARE Mode

In COMPARE Mode, the timer counts up to the 16-bit maximum Compare value stored in
the Timer Reload High and Low Byte registers. The timer input is the system clock. Upon
reaching the Compare value, the timer generates an interrupt and counting continues (the
timer value is not reset to 0001H). Also, if the Timer Output alternate function is enabled,
the Timer Output pin changes state (from Low to High or from High to Low) upon Com-
pare.

If the Timer reaches FFFFH, the timer rolls over to 0000H and continue counting.

Observe the following procedure for configuring a timer for COMPARE Mode and initiat-
ing the count:

1

Write to the Timer Control Register to:

— Disable the timer

— Configure the timer for COMPARE Mode
— Set the prescale value

— Set the initial logic level (High or Low) for the Timer Output alternate function, if
required

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

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

If using the Timer Output function, configure the associated GPIO port pin for the
Timer Output alternate function.

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

PRELIMINARY Operation
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Table 48. Watchdog Timer Control Register (WDTCTL)
Bit 7 6 5 4 3 | 2 | 1 | o
Field POR STOP WDT EXT Reserved
RESET See Table 49. 0
R/W R
Address FFOH
Bit Description
[7] Power-On Reset Indicator
POR If this bit is set to 1, a POR event occurred. This bit is reset to 0, if a WDT time-out or Stop

Mode Recovery occurs. This bit is also reset to 0, when the register is read.

[6] Stop Mode Recovery Indicator

STOP If this bit is set to 1, a Stop Mode Recovery occurred. If the STOP and WDT bits are both set to
1, the Stop Mode Recovery occurred due to a WDT time-out. If the stop bit is 1 and the WDT bit
is 0, the Stop Mode Recovery was not caused by a WDT time-out. This bit is reset by a POR or
a WDT time-out that occurred while not in STOP Mode. Reading this register also resets this bit.

[5] Watchdog Timer Time-Out Indicator

WDT If this bit is set to 1, a WDT time-out occurred. A POR resets this pin. A Stop Mode Recovery
due a change in an input pin also resets this bit. Reading this register resets this bit.

[4] External Reset Indicator

EXT If this bit is set to 1, a Reset initiated by the external RESET pin occurred. A POR 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 bits are reserved and must be programmed to 0000.

Table 49. Watchdog Timer Events

Reset or Stop Mode Recovery Event POR STOP  WDT EXT
Power-On Reset 1 0 0 0
Reset through RESET pin assertion 0 0 0 1
Reset through WDT time-out 0 0 1 0
Reset through the OCD (OCTCTL[1] set to 1) 1 0 0 0
Reset from STOP Mode through the DBG Pin driven Low 1 0 0 0
Stop Mode Recovery through GPIO pin transition 0 1 0 0
Stop Mode Recovery through WDT time-out 0 1 1 0

PS022518-1011 PRELIMINARY Watchdog Timer Control Register



Z8 Encore! XP® F0822 Series
Product Specification

OIXYS 117

SDA and SCL Signals

1°C sends all addresses, data and acknowledge signals over the SDA line, most-significant
bit first. SCL is the common clock for the 1°C Controller. When the SDA and SCL pin
alternate functions are selected for their respective GP10O ports, the pins are automatically
configured for open-drain operation.

The master (1°C) is responsible for driving the SCL clock signal, although the clock signal
becomes skewed by a slow slave device. During the Low period of the clock, the slave
pulls the SCL signal Low to suspend the transaction. The master releases the clock at the
end of the Low period and notices that the clock remains Low instead of returning to a
High level. When the slave releases the clock, the 12C Controller continues the transaction.
All data is transferred in bytes and there is no limit to the amount of data transferred in one
operation. When transmitting data or acknowledging read data from the slave, the SDA
signal changes in the middle of the Low period of SCL and is sampled in the middle of the
High period of SCL.

I2C Interrupts

The 12C Controller contains four sources of interrupts: Transmit, Receive, Not Acknowl-
edge and Baud Rate Generator. These four interrupt sources are combined into a single
interrupt request signal to the interrupt controller. The transmit interrupt is enabled by the
IEN and TXI bits of the control register. The Receive and Not Acknowledge interrupts are
enabled by the IEN bit of the control register. BRG interrupt is enabled by the BIRQ and
IEN bits of the control register.

Not Acknowledge interrupts occur when a Not Acknowledge condition is received from
the slave or sent by the 12C Controller and neither the start or stop bit is set. The Not
Acknowledge event sets the NCKI bit of the 1°C Status Register and can only be cleared
by setting the start or stop bit in the 12C Control Register. When this interrupt occurs, the
I°C Controller waits until either the stop or start bit is set before performing any action. In
an ISR, the NCKI bit should always be checked prior to servicing transmit or receive
interrupt conditions because it indicates the transaction is being terminated.

Receive interrupts occur when a byte of data has been received by the 12C Controller
(Master reading data from Slave). This procedure sets the RDRF bit of the 1°C Status Reg-
ister. The RDRF bit is cleared by reading the 12C Data Register. The RDRF bit is set dur-
ing the acknowledge phase. The 12C Controller pauses after the acknowledge phase until
the receive interrupt is cleared before performing any other action.

Transmit interrupts occur when the TDRE bit of the 1°C Status Register sets and the TXI
bit in the 12C Control Register is set. Transmit interrupts occur under the following condi-
tions when the Transmit Data Register is empty:

*  The I2C Controller is enabled

PS022518-1011 PRELIMINARY Operation
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The 12C Controller loads the contents of the 12C Shift Register with the contents of the
I°C Data Register.

The I1°C Controller shifts the data out of using the SDA signal. After the first bit is
sent, the transmit interrupt is asserted.

If more bytes remain to be sent, return to Step 9.

Software responds by setting the stop bit of the 12C Control Register (or start bit to ini-
tiate a new transaction). In the STOP case, software clears the TXI bit of the 12C Con-
trol Register at the same time.

The I1°C Controller completes transmission of the data on the SDA signal.

The slave can either Acknowledge or Not Acknowledge the last byte. Because either
the stop or start bit is already set, the NCKI interrupt does not occur.

The I°C Controller sends the stop (or restart) condition to the 12C bus. The stop or start
bit is cleared.

Address-Only Transaction with a 10-Bit Address

In situations in which software must determine if a slave with a 10-bit address is respond-
ing without sending or receiving data, a transaction is performed which only consists of an
address phase. Figure 28 displays this address only transaction to determine if a slave with
a 10-bit address will acknowledge.

As an example, this transaction is used after a write has been executed to an EEPROM to
determine when the EEPROM completes its internal write operation and is again respond-
ing to 12C transactions. If the slave does not acknowledge, the transaction is repeated until
the slave is able to acknowledge.

Slave Address _ Slave Address
E 1st Seven Bits Ll ATA 2nd Byte AIA

Figure 28. 10-Bit Address Only Transaction Format

Observe the following procedure for an address-only transaction to a 10-bit addressed
slave:

1.

2
3.
4

PS022518-1011

Software asserts the IEN bit in the 1°C Control Register.
Software asserts the TXI bit of the 1°C Control Register to enable transmit interrupts.
The 12C interrupt asserts, because the 12C Data Register is empty (TDRE = 1).

Software responds to the TDRE interrupt by writing the first slave address byte. The
least-significant bit must be 0 for the write operation.

Software asserts the start bit of the 1°C Control Register.

PRELIMINARY Operation
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The I1°C Controller shifts the address and read bit out the SDA signal.

If the 12C Slave acknowledges the address by pulling the SDA signal Low during the
next High period of SCL, the 12C Controller sets the ACK bit in the 1°C Status Regis-
ter. Continue to Step 7.

If the slave does not acknowledge, the Not Acknowledge interrupt occurs (NCKI bit is
set in the Status Register, ACK bit is cleared). Software responds to the Not Acknowl-
edge interrupt by setting the stop bit and clearing the TXI bit. The 1°C Controller
sends the stop condition on the bus and clears the stop and NCKI bits. The transaction
is complete; ignore the remainder of this sequence.

The I°C Controller shifts in the byte of data from the 1C Slave on the SDA signal.
The 12C Controller sends a Not Acknowledge to the 1°C Slave if the NAK bit is set
(last byte), else it sends an Acknowledge.

The I2C Controller asserts the Receive interrupt (RDRF bit set in the Status Register).

Software responds by reading the 12C Data Register which clears the RDRF bit. If
there is only one more byte to receive, set the NAK bit of the 12C Control Register.

If there are more bytes to transfer, return to Step 7.

After the last byte is shifted in, a Not Acknowledge interrupt is generated by the 12C
Controller.

Software responds by setting the stop bit of the 1°C Control Register.
A stop condition is sent to the 1°C Slave, the stop and NCKI bits are cleared.

Read Transaction with a 10-Bit Address

Figure 31 displays the read transaction format for a 10-bit addressed slave. The shaded
regions indicate data transferred from the 1°C Controller to slaves and unshaded regions
indicate data transferred from the slaves to the 1°C Controller.

S |[Slave Address
1st 7 bits

W=0 |A |Slave Address A |S|Slave Address R=1 |A |Data |A |Data |A [P
2nd Byte 1st 7 bits

Figure 31. Receive Data Format for a 10-Bit Addressed Slave

The first seven bits transmitted in the first byte are 11110XX. The two XX bits are the two
most significant bits of the 10-bit address. The lowest bit of the first byte transferred is the
write control bit.

Observe the following procedure for the data transfer procedure for a read operation to a
10-bit addressed slave:

PS022518-1011
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Flash Status Register

The Flash Status Register, shown in Table 85, indicates the current state of the Flash Con-
troller. This register can be read at any time. The read-only Flash Status Register shares its
Register File address with the write-only Flash Control Register.

Table 85. Flash Status Register (FSTAT)

Bit 7 6 s | 4 | 3 | 2 | 1 | o
Field Reserved FSTAT
RESET 0
R/W R
Address FF8H
Bit Description
[7:6] Reserved
These bits are reserved and must be programmed to 00.
[5:0] Flash Controller Status
FSTAT  00_0000 = Flash Controller locked.

00_0001 = First unlock command received.
00_0010 = Second unlock command received.
00_0011 = Flash Controller unlocked.

00_0100 = Flash Sector Protect Register selected.
00_1xxx = Program operation in progress.
01_0Oxxx = Page erase operation in progress.
10_0xxx = Mass erase operation in progress.

PS022518-1011 PRELIMINARY Flash Control Register Definitions
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Exiting Debug Mode

The device exits DEBUG Mode following any of the following operations:

* Clearing the DBGMODE bit in the OCD Control Register to 0

* Power-On Reset

* \/oltage Brown-Out reset

¢ Asserting the RESET pin Low to initiate a Reset

¢ Driving the DBG pin Low while the device is in STOP Mode initiates a System Reset

OCD Data Format

The OCD interface uses the asynchronous data format defined for RS-232. Each character
is transmitted as 1 start bit, 8 data bits (least-significant bit first), and 1 stop bit; see
Figure 37.

T START ’ DO | D1 | D2 ’ D3 ‘ D4 | D5 ‘ D6 | D7 ‘ STOP

Figure 37. OCD Data Format

OCD Autobaud Detector/Generator

To run over a range of baud rates (bits per second) with various system clock frequencies,
the OCD contains an Autobaud Detector/Generator. After a reset, the OCD is idle until it
receives data. The OCD requires that the first character sent from the host is the character
80H. The character 80H has eight continuous bits Low (one start bit plus 7 data bits). The
Autobaud Detector measures this period and sets the OCD Baud Rate Generator accord-
ingly.

The Autobaud Detector/Generator is clocked by the system clock. The minimum baud rate
is the system clock frequency divided by 512. For optimal operation, the maximum rec-
ommended baud rate is the system clock frequency divided by 8. The theoretical maxi-
mum baud rate is the system clock frequency divided by 4. This theoretical maximum is
possible for low-noise designs with clean signals. Table 92 lists minimum and recom-
mended maximum baud rates for sample crystal frequencies.

PS022518-1011 PRELIMINARY Operation
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Bit Description (Continued)

[4] Breakpoint Loop

BRKLOOP This bit determines what action the OCD takes when a BRK instruction is decoded if break-
points are enabled (BRKEN is 1). If this bit is 0, then the DBGMODE bit is automatically set
to 1 and the OCD enter DEBUG Mode. If BRKLOOP is set to 1, then the eZ8 CPU loops on
the BRK instruction.
0 = BRK instruction sets DBGMODE to 1.
1 =eZ8 CPU loops on BRK instruction.

[3] Break When PC == OCDCNTR

BRKPC If this bit is set to 1, then the OCDCNTR Register is used as a hardware breakpoint. When
the program counter matches the value in the OCDCNTR Register, DBGMODE is automati-
cally set to 1. If this bit is set, the OCDCNTR Register does not count when the CPU is run-
ning.
0 = OCDCNTR is setup as counter.
1 = OCDCNTR generates hardware break when PC == OCDCNTR.

[2] Break When OCDCNTR == 0000H

BRKZRO If this bit is set, then the OCD automatically sets the DBGMODE bit when the OCDCNTR
Register counts down to 0000H. If this bit is set, the OCDCNTR Register is not reset when
the part leaves DEBUG Mode.
0 = OCD does not generate BRK when OCDCNTR decrements to 0000H.
1 =0OCD sets DBGMODE to 1 when OCDCNTR decrements to 0000H.

[1] Reserved
This bit is reserved and must be programmed to O.
[0] Reset
RST Setting this bit to 1 resets the Z8 Encore! XP® F0822 Series device. The device goes

through a normal POR sequence with the exception that the OCD is not reset. This bit is
automatically cleared to 0 when the reset finishes.

0 = No effect.

1 = Reset the Z8 Encore! XP® F0822 Series device.

PS022518-1011 PRELIMINARY On-Chip Debugger Control Register
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Figure 45 displays the maximum current consumption in STOP Mode with the VBO and
Watchdog Timer enabled plotted opposite the power supply voltage. All GPIO pins are
configured as outputs and driven High.

Idd (UA)

650

600 1 /
|

550 A

! DUURPUPRE

450

400 |

2.7 3 »
vdd (V)
---:25C 0/70C -40/105C

3.6

Figure 45. Maximum STOP Mode Ipp with VBO Enabled vs. Power Supply Voltage
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Figure 50 and Table 108 provide timing information for the DBG pin. The DBG pin tim-
ing specifications assume a 4 s maximum rise and fall time.

: TCLK :
[ »|
| |
w /
| T1 I
<
| {
DBG | Output Data | >.<:
(Output) | {
| | |
DI T3 | T4
| {
(Input) | {
| |
Figure 50. On-Chip Debugger Timing
Table 108. On-Chip Debugger Timing
Delay (ns)
Parameter Abbreviation Minimum  Maximum
DBG
T, XN Rise to DBG Valid Delay - 15
Ts XN Rise to DBG Output Hold Time 2 -
T3 DBG to X,y Rise Input Setup Time 10 -
Ty DBG to Xy Rise Input Hold Time 5 -
DBG frequency System
Clock/4
PS022518-1011 PRELIMINARY On-Chip Peripheral AC and DC Electrical
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SPI MASTER Mode Timing

Figure 51 and Table 109 provide timing information for SPI MASTER Mode pins. Timing
is shown with SCK rising edge used to source MOSI output data, SCK falling edge used to
sample MISO input data. Timing on the SS output pin(s) is controlled by software.

|
| |

MOSI | | Output Data >.<:
‘Output) | |
|
|

T3
> <>

|
(Input) |

Figure 51. SPI MASTER Mode Timing

Table 109. SPI MASTER Mode Timing

Delay (ns)
Parameter Abbreviation Minimum  Maximum
SPI MASTER
T SCK Rise to MOSI output Valid Delay -5 +5
T, MISO input to SCK (receive edge) Setup Time 20
T3 MISO input to SCK (receive edge) Hold Time 0

PS022518-1011 PRELIMINARY On-Chip Peripheral AC and DC Electrical
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Condition Codes

The C, Z, S, and V flags control 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-bit
field called the condition code (cc), which forms Bits 7:4 of the conditional jump instruc-
tions. The condition codes are summarized in Table 118. Some binary condition codes can
be created using more than one assembly code mnemonic. The result of the flag test oper-
ation decides if the conditional jump is executed.

Table 118. 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 (CORZ)=1
0100 4 ov Overflow v=1
0101 5 MI Minus S=1
0110 6 Z Zero Z=1
0110 6 EQ Equal z=1
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 Cc 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
PS022518-1011 PRELIMINARY eZ8 CPU Instruction Notation
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Table 127. eZ8 CPU Instruction Summary (Continued)
Address op
Assembly Symbolic Mode Code(s) Flags Fetch Instr.
Mnemonic Operation dst src (Hex) S V H Cycles Cycles
ADD dst, src  dst < dst + src r r 02 *oox * 2 3
r Ir 03 2 4
R R 04 3 3
R IR 05 3 4
R IM 06 3 3
IR IM 07 3 4
ADDX dst, src  dst < dst + src ER ER 08 ook * 4 3
ER IM 09 4 3
AND dst, src  dst — dst AND src r r 52 * 0 - 2 3
r Ir 53 2 4
R R 54 3 3
R IR 55 3 4
R IM 56 3 3
IR IM 57 3 4
ANDX dst, src  dst «— dst AND src ER ER 58 * 0 - 4 3
ER IM 59 4 3
BCLR bit, dst  dst[bit] — 0 r E2 - - - 2 2
BIT p, bit, dst  dst[bit] «— p r E2 - - - 2 2
BRK Debugger Break 00 - - - 1 1
BSET bit, dst  dst[bit] — 1 r E2 - - - 2 2
BSWAP dst dst[7:0] < dst[0:7] R D5 * 0 - 2 2
BTJ p, bit, src, if src[bit] = p r F6 - - - 3 3
dst PC — PC + X Ir F7 3 4
BTJINZ bit, src, if src[bit] = 1 r F6 - - - 3 3
dst PC — PC + X Ir F7 3 4
BTJZ bit, src, if src[bit] =0 r F6 - - - 3 3
dst PC — PC + X Ir F7 3 4

Note: Flags Notation:

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

— = Unaffected.
X = Undefined.
0 = Reset to 0.
1=Setto1.

PS022518-1011
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6

7

8
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Upper Nibble (Hex)

3.3
CPC
ri,r2

3.4
CpPC
ri,ir2

43
CPC
R2,R1

4.4
CPC
IR2,R1

4.3
CpPC
R1,IM

4.4
CPC
IRL,IM

5.3
CPCX
ER2,ER1

5.3
CPCX
IM,ER1

3.2
C | SRL
R1

3.3
SRL
IR1

5.4
LDWX
ER2,ER1

PS022518-1011
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For more information about the 12C registers, see the 12C Control Register Definitions

section on page 128.
Hex Address: F50

Table 155. I2C Data Register (I2CDATA)

Bit 7 | e | s | a4 | 3 | 2 | 1 0
Field DATA
RESET 0
R/W R/W
Address F50H

Hex Address: F51

Table 156. I2C Status Register (I2CSTAT)

Bit 7 6 5 4 3 2 1 0
Field TDRE RDRF ACK 10B RD TAS DSS NCKI
RESET 1 0
R/W R
Address F51H

Hex Address: F52

Table 157. 12C Control Register (I2CCTL)

Bit 7 6 5 4 3 2 1 0
Field IEN START STOP BIRQ TXI NAK FLUSH FILTEN
RESET 0
RIW R/W R/W RIW | RIW | RIW RIW w R/W
Address F52H
PS022518-1011 PRELIMINARY I2C Control Registers
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Table 192. Port A—C Input Data Registers (PxIN)

Bit 7 6 5 4 3 2 1 0
Field PIN7 PING PINS PIN4 PIN3 PIN2 PIN1 PINO
RESET X
R/W R
Address FD2H, FD6H, FDAH

Hex Address: FDB

Table 193. Port A—C Output Data Register (PxOUT)

Bit 7 6 5 4 3 2 1 0
Field POUT7 POUT6 POUTS5 POUT4 POUT3 POUT2 POUT1 POUTO
RESET 0
R/W R/W
Address FD3H, FD7H, FDBH

Hex Addresses: FDC-FEF
This address range is reserved.

Watchdog Timer Control Registers

For more information about the Watchdog Timer control registers, see the Watchdog

Timer Control Register Definitions section on page 73.

Hex Address: FFO

Table 194. Watchdog Timer Control Register (WDTCTL)

Bit 7 6 5 4 3 | 2 | 1 | o
Field POR STOP WDT EXT Reserved

RESET See Table 49 on page 74. 0

R/W R

Address FFOH
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Flash Control Registers

For more information about the Flash control registers, see the Flash Control Register
Definitions section on page 149.

Hex Address: FF8

Table 198. Flash Control Register (FCTL)

Bit 7 | e | s | 4 | 3 | 2 | 1 | o
Field FCMD
RESET 0
R/W W
Address FF8H

Table 199. Flash Status Register (FSTAT)
Bit 7 6 s | 4 | 3 | 2 | 1 | o
Field Reserved FSTAT
RESET 0
R/W R
Address FF8H

Hex Address: FF9

Table 200. Page Select Register (FPS)
Bit 7 6 | 5 | 4 | 3 | 2 | 1 | o
Field INFO_EN PAGE
RESET 0
R/W R/W
Address FF9H
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