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Port A-D Alternate Function Subregisters

The Port A-D Alternate Function Subregister is accessed through the Port A-D Control
Register by writing 02H to the Port A-D Address Register. See Table 22 on page 42. The
Port A-D Alternate Function subregisters enable the alternate function selection on pins.
If disabled, the pins function as GPIOs. If enabled, select one of four alternate functions
using Alternate Function Set subregisters 1 and 2, as described in the the Port A-D Alter-
nate Function Set 1 Subregisters section on page 47 and the Port A-D Alternate Function
Set 2 Subregisters section on page 48. See the GP10 Alternate Functions section on

page 34 to determine the alternate functions associated with each port pin.

A Caution: Do not enable alternate functions for GP1O port pins for which there is no associated Al-

ternate function. Failure to follow this guideline can result in unpredictable operation.

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 AFO
RESET O00H (Ports A-C); 01H (Port D)

R/W R/W

Address | If 02H in Port A-D Address Register, then accessible through the Port A—D Control Register
Bit Description

[7:0] Port Alternate Function Enable

AFX 0 = The port pin is in NORMAL Mode and the DDx bit in the Port A-D Data Direction Subregis-

ter 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).

PS025113-1212
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Table 43. IRQ1 Enable Low Bit Register (IRQ1ENL)

Bit 7 6 5 4 3 2 1 0
Field PA7TENL | PA6CENL | PASENL | PA4ENL | PA3BENL | PA2ENL | PALENL | PAOENL
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

Bit Description

[7] Port A Bit[7] Interrupt Request Enable Low Bit

PA7ENL

[6] Port A Bit[7] or Comparator Interrupt Request Enable Low Bit

PA6CENL

[5:0] Port A Bit[x] Interrupt Request Enable Low Bit

PAXENL See the interrupt port select register for selection of either Port A or Port D as the interrupt

source.

Note: x indicates register bits in the address range 5-0.

IRQ2 Enable High and Low Bit Registers

Table 44 describes the priority control for IRQ2. The IRQ2 Enable High and Low Bit reg-
isters, shown in Tables 45 and 46, form a priority-encoded enabling service for interrupts
in the Interrupt Request 2 Register. Priority is generated by setting the bits in each register.

Table 44. IRQ2 Enable and Priority Encoding

IRQ2ENH[x] IRQ2ENLI[X] Priority Description
0 0 Disabled Disabled
0 1 Level 1 Low
1 0 Level 2 Nominal
1 1 Level 3 High

Note: x indicates register bits in the address range 7-0.

PS025113-1212
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Observe the following steps for configuring a timer for PWM DUAL OUTPUT Mode and
for initiating the PWM operation:

1. Write to the Timer Control Register to:
— Disable the timer

— Configure the timer for PWM DUAL OUTPUT Mode; setting the mode also
involves writing to TMODEHI bit in the TXCTL1 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 write 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 deadband 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 GP1O port pin for the timer output and timer output comple-
ment alternate functions. The timer output complement function is shared with the
timer input function for both timers. Setting the timer mode to DUAL PWM will auto-
matically switch 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:

Reload Value x Prescale

PWM Period (s) =
eriod (s) System Clock Frequency (Hz)

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.

If TPOL is set to 0, the ratio of the PWM output high time to the total period is represented
by:

PS025113-1212 Operation
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Bit Description (Continued)
[6] Timer Input/Output Polarity
TPOL Operation of this bit is a function of the current operating mode of the timer.

ONE-SHOT Mode

When the timer is disabled, the timer output signal is set to the value of this bit. When the timer
is enabled, the timer output signal is complemented on timer reload.

CONTINUOUS Mode

When the timer is disabled, the timer output signal is set to the value of this bit. When the timer
is enabled and reloaded, the timer output signal is complemented.

COUNTER Mode

If the timer is disabled, the timer output signal is set to the value of this bit. If the timer is
enabled the timer output signal is complemented after timer reload.

0 = Count occurs on the rising edge of the timer input signal.

1 = Count occurs on the falling edge of the timer input signal.

PWM SINGLE OUTPUT Mode

0 = Timer output is forced Low (0), when the timer is disabled. The timer output is forced High
(1) when the timer is enabled and the PWM count matches and the timer output is forced
Low (0) when the timer is enabled and reloaded.

1 = Timer output is forced High (1), when the timer is disabled. The timer output is forced
low(0), when the timer is enabled and the PWM count matches and forced High (1) when
the timer is enabled and reloaded.

CAPTURE Mode

0 = Count is captured on the rising edge of the timer input signal.

1 = Count is captured on the falling edge of the timer input signal.

COMPARE Mode

When the timer is disabled, the timer output signal is set to the value of this bit. When the timer

is enabled and reloaded, the timer output signal is complemented.

GATED Mode

0 = Timer counts when the timer input signal is High (1) and interrupts are generated on the
falling edge of the timer input.

1 = Timer counts when the timer input signal is Low (0) and interrupts are generated on the ris-
ing edge of the timer input.

CAPTURE/COMPARE Mode

0 = Counting is started on the first rising edge of the timer input signal. The current count is
captured on subsequent rising edges of the timer input signal.

1 = Counting is started on the first falling edge of the timer input signal. The current count is
captured on subsequent falling edges of the timer input signal.

PS025113-1212 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. This 24-bit value ranges across bits
[23:0] to encompass the three bytes {WDTU[7:0], WDTH[7:0], WDTL[7:0]}. Writing to
these registers sets the appropriate reload value; reading from these registers returns the
current Watchdog Timer count value.

A Caution: 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 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 FF1H

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

Bit Description
[7:0] WDT Reload Upper Byte
WDTU 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 0 0 0 0 0 1 0 0
R/W R/W* R/W* R/W* R/W* R/W* R/W* 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] WDT Reload High Byte
WDTH Middle byte, bits[15:8] of the 24-bit WDT reload value.

PS025113-1212 Watchdog Timer Control Register Definitions
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The Sample Time Register, shown in Table 67, is used to program the length of active time
for a sample after a conversion has begun by setting the START bit in the ADC Control
Register. The number of system clock cycles required for the sample time varies from sys-
tem to system, depending on the clock period used. The system designer should program

this register to contain the number of system clocks required to meet a 1 us minimum sam-

ple time.
Table 67. Sample Time (ADCST)
Bit 7 6 5 4 3 2 1 0
Field Reserved ST
RESET 0 1 1 | 1 | 1 1 1
R/W R/W R/W
Address F75H
Bit Description
[7:6] Reserved
These bits are reserved and must be programmed to 00.
[5:0] Oh—Fh = Sample-hold time in number of system clock periods to meet 1 ps minimum.
ST

PS025113-1212
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Bit Description (Continued)
[4] State of the Crystal Oscillator at Reset
XTLDIS This bit enables only the crystal oscillator. Selecting the crystal oscillator as the system

clock must be performed manually.
0 = The crystal oscillator is enabled during reset, resulting in longer reset timing.
1 = The crystal oscillator is disabled during reset, resulting in shorter reset timing.

[3:0] Reserved
These bits are reserved and must be programmed to 1111.

Trim Bit Address Space

All available trim bit addresses and their functions are listed in Tables 83 through 90.

PS025113-1212 Trim Bit Address Space
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Because the minimum read time is much less than the write time, however, actual
speed benefits are not always realized.

2. Use as few unique addresses as possible to optimize the impact of refreshing.

PS025113-1212 NVDS Code Interface
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VDD

RS-232

Transceiver Open-Drain 10KQ

Buffer

RS-232 TX DBG Pin

RS-232 RX i

Figure 22. Interfacing the On-Chip Debugger’s DBG Pin with an RS-232 Interface, #2 of 2

DEBUG Mode

The operating characteristics of the devices in DEBUG Mode are:

e The eZ8 CPU fetch unit stops, idling the eZ8 CPU, unless directed by the OCD to ex-
ecute specific instructions

* The system clock operates, unless the device is in STOP Mode

¢ All enabled on-chip peripherals operate, unless the device is in STOP Mode
e Automatically exits HALT Mode

* Constantly refreshes the Watchdog Timer, if enabled

Entering DEBUG Mode

* The device enters DEBUG Mode after the eZ8 CPU executes a Breakpoint (BRK) in-
struction

¢ If the DBG pin is held low during the most recent clock cycle of system reset, the de-
vice enters DEBUG Mode on exiting system reset

Exiting DEBUG Mode

The device exits DEBUG Mode following any of these operations:

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

¢ Power-On Reset

* \/Woltage Brown-Out reset

PS025113-1212 Operation
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DBG «— OAH

DBG <«— Program Memory Address[15:8]
DBG «— Program Memory Address[7:0]
DBG «— Size[15:8]

DBG «— Size[7:0]

DBG «— 1-65536 data bytes

Read Program Memory (0BH). The read program memory command, reads data from
program memory. This command is equivalent to the LDC and LDCI instructions. Data
can be read 1-65536 bytes at a time (65536 bytes can be read by setting size to 0). If the
device is not in DEBUG Mode or if the Flash read protect option bit is enabled, this com-
mand returns FFH for the data.

DBG «— OBH

DBG «— Program Memory Address[15:8]
DBG «— Program Memory Address[7:0]
DBG «— Size[15:8]

DBG «— Sizel[7:0]

DBG — 1-65536 data bytes

Write Data Memory (OCH). The write data memory command, writes data to data mem-
ory. This command is equivalent to the LDE and LDEI instructions. Data can be written
1-65536 bytes at a time (65536 bytes can be written by setting size to 0). If the device is
not in DEBUG Mode or if the flash read protect option bit is enabled, the data is discarded.

DBG «— OCH

DBG «— Data Memory Address[15:8]
DBG «— Data Memory Address[7:0]
DBG «— Size[15:8]

DBG «— Sizel[7:0]

DBG <« 1-65536 data bytes

Read Data Memory (ODH). The read data memory command, reads from data memory.
This command is equivalent to the LDE and LDEI instructions. Data can be read from 1 to
65536 bytes at a time (65536 bytes can be read by setting size to 0). If the device is not in
DEBUG Mode, this command returns FFH for the data.

DBG <«— ODH

DBG «— Data Memory Address[15:8]
DBG «— Data Memory Address|[7:0]
DBG «— Size[15:8]

DBG «— Sizel[7:0]

DBG — 1-65536 data bytes

Read Program Memory CRC (OEH). The read program memory CRC command, com-
putes and returns the cyclic redundancy check (CRC) of program memory using the 16-bit
CRC-CCITT polynomial. If the device is not in DEBUG Mode, this command returns
FFFFH for the CRC value. Unlike the other OCD read commands, there is a delay from
issuing of the command until the OCD returns the data. The OCD reads program memory,
calculates the CRC value and returns the result. The delay is a function of program mem-

On-Chip Debugger Commands
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Table 96. OCD Control Register (OCDCTL)

Bit 7 6 5 4 3 2 1 0
Field DBGMODE | BRKEN | DBGACK Reserved RST
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R R R/W
Bit Description
[7] DEBUG Mode
DBGMODE The device enters DEBUG Mode when this bit is 1. When in DEBUG Mode, the eZ8 CPU
stops fetching new instructions. Clearing this bit causes the eZ8 CPU to restart. This bit is
automatically set when a BRK instruction is decoded and breakpoints are enabled. If the
Flash read protect option bit is enabled, this bit can only be cleared by resetting the device. It
cannot be written to 0.
0 = The Z8 Encore! FO830 Series device is operating in NORMAL Mode.
1 =The Z8 Encore! FO830 Series device is in DEBUG Mode.
[6] Breakpoint Enable
BRKEN This bit controls the behavior of the BRK instruction (opcode O0H). By default, breakpoints
are disabled and the BRK instruction behaves similar to an NOP instruction. If this bit is 1
when a BRK instruction is decoded, the DBGMODE bit of the OCDCTL register is automati-
cally set to 1.
0 = Breakpoints are disabled.
1 = Breakpoints are enabled.
[5] Debug Acknowledge
DBGACK  This bit enables the debug acknowledge feature. If this bit is set to 1, the OCD sends a
Debug acknowledge character (FFH) to the host when a breakpoint occurs.
0 = Debug acknowledge is disabled.
1 = Debug acknowledge is enabled.
[4:1] Reserved
These bits are reserved and must be programmed to 0000.
[0] Reset
RST Setting this bit to 1 resets the Z8F04xA family device. The device goes through a normal

Power-On Reset sequence with the exception that the On-Chip Debugger is not reset. This
bit is automatically cleared to 0 at the end of the reset sequence.

0 = No effect.

1 = Reset the Flash read protect option bit device.

PS025113-1212
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When selecting a new clock source, the primary oscillator failure detection circuitry and
the Watchdog Timer Oscillator failure circuitry must be disabled. If POFEN and WOFEN
are not disabled prior to a clock switch-over, it is possible to generate an interrupt for a
failure of either oscillator. The failure detection circuitry can be enabled anytime after a
successful write of OSCSEL in the Oscillator Control Register.

The Internal Precision Oscillator is enabled by default. If the user code changes to a differ-
ent oscillator, it may be appropriate to disable the IPO for power savings. Disabling the
IPO does not occur automatically.

Clock Failure Detection and Recovery

Primary Oscillator Failure

The Z8F04xA family devices can generate nonmaskable interrupt-like events when the
primary oscillator fails. To maintain system function in this situation, the clock failure
recovery circuitry automatically forces the Watchdog Timer Oscillator to drive the system
clock. The Watchdog Timer Oscillator must be enabled to allow the recovery. Although
this oscillator runs at a much slower speed than the original system clock, the CPU contin-
ues to operate, allowing execution of a clock failure vector and software routines that
either remedy the oscillator failure or issue a failure alert. This automatic switch-over is
not available if the Watchdog Timer is the primary oscillator. It is also unavailable if the
Watchdog Timer Oscillator is disabled, though it is not necessary to enable the Watchdog
Timer reset function outlined in the Watchdog Timer chapter of this document.

The primary oscillator failure detection circuitry asserts if the system clock frequency
drops below 1 KHz £50%. If an external signal is selected as the system oscillator, it is
possible that a very slow but nonfailing clock can generate a failure condition. Under these
conditions, do not enable the clock failure circuitry (POFEN must be deasserted in the
OSCCTL Register).

Watchdog Timer Failure

In the event of failure of a Watchdog Timer Oscillator, a similar nonmaskable interrupt-
like event is issued. This event does not trigger an attendant clock switch-over, but alerts
the CPU of the failure. After a Watchdog Timer failure, it is no longer possible to detect a
primary oscillator failure. The failure detection circuitry does not function if the Watchdog
Timer is used as the primary oscillator or if the Watchdog Timer Oscillator has been dis-
abled. For either of these cases, it is necessary to disable the detection circuitry by deas-
serting the WDFEN bit of the OSCCTL Register.

The Watchdog Timer Oscillator failure detection circuit counts system clocks while look-
ing for a Watchdog Timer clock. The logic counts 8004 system clock cycles before deter-
mining that a failure has occurred. The system clock rate determines the speed at which
the Watchdog Timer failure is detected. A very slow system clock results in very slow
detection times.

PS025113-1212 Operation



Z8 Encore!® FO830 Series
Product Specification

Normal Running

B I E—

OSC is enabled?

Set bit6 in
OSCCTL register
and wait
1.5ms@20MHz

YES

NO

Write to OSCCTL
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E7
18
to unlock OSCCTL
register

Set bit7 in OSCCTL
register and wait
one NOP
instruction(wait
25 us if IPO
bandgap is closed)

Switch to IPO?

IPO is enabled?

NO

WDT OSC is
enabled?

Set bit5 in OSCCTL
register and wait

50us

YES

v

Write to OSCCTL
register:
010 to bits [2:0]
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Write to OSCCTL register:
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register

v
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.

Write to OSCCTL register:
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register

s

Write to OSCCTL register:
011 to bits [2:0]

v

Figure 24. Oscillator Control Clock Switching Flow Chart
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Oscillator Operation with an External RC Network

Figure 26 displays a recommended configuration for connection with an external resistor-
capacitor (RC) network.

VDD
R
XiN
— ]
—

Figure 26. Connecting the On-Chip Oscillator to an External RC Network

An external resistance value of 45kQ is recommended for oscillator operation with an
external RC network. The minimum resistance value to ensure operation is 40k<. The
typical oscillator frequency can be estimated from the values of the resistor (R in kQ) and
capacitor (C in pF) elements using the following equation:

1><106
(04xRxC)+(4xC)

Oscillator Frequency (kHz) =

Figure 27 displays the typical (3.3V and 25°C) oscillator frequency as a function of the
capacitor (C in pF) employed in the RC network assuming a 45 kQ external resistor. For
very small values of C, the parasitic capacitance of the oscillator X,y pin and the printed
circuit board should be included in the estimation of the oscillator frequency.

It is possible to operate the RC oscillator using only the parasitic capacitance of the pack-
age and printed circuit board. To minimize sensitivity to external parasitics, external
capacitance values in excess of 20pF are recommended.

PS025113-1212 Oscillator Operation with an External RC Network
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Figure 27. Typical RC Oscillator Frequency as a Function of External Capacitance
with a 45 kQ Resistor

A Caution: When using the external RC OSCILLATOR Mode, the oscillator can stop oscillating if
the power supply drops below 2.7V but before it drops to the Voltage Brown-Out thresh-
old. The oscillator resumes oscillation when the supply voltage exceeds 2.7 V.

PS025113-1212 Oscillator Operation with an External RC Network
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Table 105. Arithmetic Instructions (Continued)

Mnemonic Operands Instruction
INCW dst Increment Word
MULT dst Multiply
SBC dst, src Subtract with Carry
SBCX dst, src Subtract with Carry using Extended Addressing
SUB dst, src Subtract
SUBX dst, src Subtract using Extended Addressing
Table 106. Bit Manipulation Instructions
Mnemonic Operands Instruction
BCLR bit, dst Bit Clear
BIT p, bit, dst Bit Set or Clear
BSET bit, dst Bit Set
BSWAP dst Bit Swap
CCF — Complement Carry Flag
RCF — Reset Carry Flag
SCF — Set Carry Flag
TCM dst, src Test Complement Under Mask
TCMX dst, src Test Complement Under Mask using Extended
Addressing
™ dst, src Test Under Mask
TMX dst, src Test Under Mask using Extended Addressing
Table 107. Block Transfer Instructions
Mnemonic Operands Instruction
LDCI dst, src Load Constant to/from Program Memory and Auto-
Increment Addresses
LDEI dst, src Load External Data to/from Data Memory and Auto-

Increment Addresses

PS025113-1212
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General Purpose I/O Port Input Data Sample Timing

Figure 33 displays timing of the GPIO port input sampling. The input value on a GPIO
port pin is sampled on the rising edge of the system clock. The port value is available to
the eZ8 CPU on the second rising clock edge following the change of the port value.
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fe——>f
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| |

Port Value
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|
|
Port Pin |
|
|
|

Port Input Data

Register Latch 0 Latched N
|
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Data Register

Port Input Data Register
Port Input Data Value 0 Read
Read on Data Bus <~ by eZ8

Figure 33. Port Input Sample Timing

Table 124. GPIO Port Input Timing

Delay (ns)
Parameter Abbreviation Minimum  Maximum
Ts_porT Port Input Transition to X,y Rise Setup Time (not pictured) 5 -
TH_PORT XN Rise to Port Input Transition Hold Time (not pictured) 0 -
Tsur GPIO port pin pulse width to ensure Stop Mode Recovery (for lus

GPIO port pins enabled as SMR sources)
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read program memory CRC (0EH) 147
read register (09H) 146
read runtime counter (O3H) 145
step instruction (10H) 148
stuff instruction (11H) 148
write data memory (OCH) 147
write OCD control register (04H) 145
write program counter (06H) 146
write program memory (OAH) 146
write register (08H) 146
on-chip debugger (OCD) 139
on-chip debugger signals 12
on-chip oscillator 157
one-shot mode 89
opcode map
abbreviations 181
cell description 180
first 182
second after 1FH 183
operation 100
current measurement 99
voltage measurement timing diagram 100
Operational Description 21, 30, 33, 53, 68, 92, 98,
106, 108, 124, 134, 139, 151, 157, 161
OR 169
ordering information 200
ORX 169
oscillator signals 12

P

p 164

Packaging 199

part selection guide 2

PC 165

peripheral AC and DC electrical characteristics 190
pin characteristics 13

Pin Descriptions 7

polarity 164

POP 168

pop using extended addressing 168
POPX 168

port availability, device 33

port input timing (GP10O) 195
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port output timing, GPIO 196

power supply signals 12

power-on reset (POR) 23

program control instructions 169
program counter 165

program memory 15

PUSH 168

push using extended addressing 168
PUSHX 168

PWM mode 89, 90

PXADDR register 40, 222, 223, 224, 225
PXCTL register 41, 222, 223, 224, 225

R

R 165

r 164

RA
register address 165

RCF 167, 168

register 165
flash control (FCTL) 119, 126, 127, 228
flash high and low byte (FFREQH and FRE-
EQL) 123
flash page select (FPS) 121, 122
flash status (FSTAT) 120
GPIO port A-H address (PxADDR) 40, 222,
223, 224, 225
GPIO port A-H alternate function sub-registers
42
GPIO port A-H control address (PxCTL) 41,
222,223, 224, 225
GPIO port A-H data direction sub-registers 41
OCD control 148
OCD status 150
watch-dog timer control (WDTCTL) 95, 107,
154, 217, 218, 226
watchdog timer control (WDTCTL) 29
watch-dog timer reload high byte (WDTH) 227
watchdog timer reload high byte (WDTH) 96
watch-dog timer reload low byte (WDTL) 227
watchdog timer reload low byte (WDTL) 97
watch-dog timer reload upper byte (WDTU)
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