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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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Signal Descriptions

Table 3 describes the Z8 Encore! XP signals. To determine the signals available for the 
specific package styles, see Pin Configurations on  page 8.

Table 3. Signal Descriptions

Signal 
Mnemonic I/O Description

General-Purpose I/O Ports A-H

PA[7:0] I/O Port A[7:0]. These pins are used for general-purpose I/O and support 
5 V-tolerant inputs.

PB[7:0] I/O Port B[7:0]. These pins are used for general-purpose I/O.

PC[7:0] I/O Port C[7:0]. These pins are used for general-purpose I/O. These pins are 
used for general-purpose I/O and support 5 V-tolerant inputs

PD[7:0] I/O Port D[7:0]. These pins are used for general-purpose I/O. These pins are 
used for general-purpose I/O and support 5 V-tolerant inputs

PE[7:0] I/O Port E[7:0]. These pins are used for general-purpose I/O. These pins are 
used for general-purpose I/O and support 5 V-tolerant inputs.

PF[7:0] I/O Port F[7:0]. These pins are used for general-purpose I/O. These pins are 
used for general-purpose I/O and support 5 V-tolerant inputs.

PG[7:0] I/O Port G[7:0]. These pins are used for general-purpose I/O. These pins are 
used for general-purpose I/O and support 5 V-tolerant inputs.

PH[3:0] I/O Port H[3:0]. These pins are used for general-purpose I/O.

I2C Controller

SCL O Serial Clock. This is the output clock for the I2C. This pin is multiplexed with a 
general-purpose I/O pin. When the general-purpose I/O pin is configured for 
alternate function to enable the SCL function, this pin is open-drain.

SDA I/O Serial Data. This open-drain pin transfers data between the I2C and a slave. 
This pin is multiplexed with a general-purpose I/O pin. When the 
general-purpose I/O pin is configured for alternate function to enable the 
SDA function, this pin is open-drain.

SPI Controller

SS I/O Slave Select. This signal can be an output or an input. If the Z8 Encore! XP 
64K Series Flash Microcontrollers is the SPI master, this pin may be 
configured as the Slave Select output. If the Z8 Encore! XP 64K Series Flash 
Microcontrollers is the SPI slave, this pin is the input slave select. It is 
multiplexed with a general-purpose I/O pin.
PS019919-1207  Signal and Pin Descriptions
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Address Space
Overview

The eZ8™ CPU can access three distinct address spaces:

• The Register File contains addresses for the general-purpose registers and the 
eZ8 CPU, peripheral, and general-purpose I/O port control registers.

• The Program Memory contains addresses for all memory locations having executable 
code and/or data.

• The Data Memory consists of the addresses for all memory locations that hold only 
data.

These three address spaces are covered briefly in the following subsections. For more 
information on eZ8 CPU and its address space, refer to eZ8™ CPU Core User Manual 
(UM0128) available for download at www.zilog.com.

Register File

The Register File address space in the 64K Series is 4 KB (4096 bytes). The Register File 
is composed of two sections—control registers and general-purpose registers. When 
instructions are executed, registers are read from when defined as sources and written to 
when defined as destinations. The architecture of the eZ8 CPU allows all general-purpose 
registers to function as accumulators, address pointers, index registers, stack areas, or 
scratch pad memory.

The upper 256 bytes of the 4 KB Register File address space are reserved for control of the 
eZ8 CPU, the on-chip peripherals, and the I/O ports. These registers are located at 
addresses from F00H to FFFH. Some of the addresses within the 256-byte control register 
section are reserved (unavailable). Reading from an reserved Register File addresses 
returns an undefined value. Writing to reserved Register File addresses is not 
recommended and can produce unpredictable results.

The on-chip RAM always begins at address 000H in the Register File address space. The 
64K Series provide 2 KB to 4 KB of on-chip RAM depending upon the device. Reading 
from Register File addresses outside the available RAM addresses (and not within the 
control register address space) returns an undefined value. Writing to these Register File 
addresses produces no effect. To determine the amount of RAM available for the specific 
64K Series device, see Part Selection Guide on page 2.
PS019919-1207  Address Space
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F61 SPI Control SPICTL 00 137
F62 SPI Status SPISTAT 01 139
F63 SPI Mode SPIMODE 00 140
F64 SPI Diagnostic State SPIDST 00 141
F65 Reserved — XX
F66 SPI Baud Rate High Byte SPIBRH FF 142
F67 SPI Baud Rate Low Byte SPIBRL FF 142
F68-F6F Reserved — XX
Analog-to-Digital Converter 
F70 ADC Control ADCCTL 20 179
F71 Reserved — XX
F72 ADC Data High Byte ADCD_H XX 180
F73 ADC Data Low Bits ADCD_L XX 180
F74-FAF Reserved — XX
DMA 0
FB0 DMA0 Control DMA0CTL 00 167
FB1 DMA0 I/O Address DMA0IO XX 169
FB2 DMA0 End/Start Address High Nibble DMA0H XX 169
FB3 DMA0 Start Address Low Byte DMA0START XX 170
FB4 DMA0 End Address Low Byte DMA0END XX 170
DMA 1
FB8 DMA1 Control DMA1CTL 00 167
FB9 DMA1 I/O Address DMA1IO XX 169
FBA DMA1 End/Start Address High Nibble DMA1H XX 169
FBB DMA1 Start Address Low Byte DMA1START XX 170
FBC DMA1 End Address Low Byte DMA1END XX 170
DMA ADC
FBD DMA_ADC Address DMAA_ADDR XX 171
FBE DMA_ADC Control DMAACTL 00 172
FBF DMA_ADC Status DMAASTAT 00 173
Interrupt Controller
FC0 Interrupt Request 0 IRQ0 00 71
FC1 IRQ0 Enable High Bit IRQ0ENH 00 74
FC2 IRQ0 Enable Low Bit IRQ0ENL 00 74
FC3 Interrupt Request 1 IRQ1 00 72
FC4 IRQ1 Enable High Bit IRQ1ENH 00 75
FC5 IRQ1 Enable Low Bit IRQ1ENL 00 75
FC6 Interrupt Request 2 IRQ2 00 73
FC7 IRQ2 Enable High Bit IRQ2ENH 00 76
FC8 IRQ2 Enable Low Bit IRQ2ENL 00 76
FC9-FCC Reserved — XX

Table 7. Z8 Encore! XP 64K Series Flash Microcontrollers Register File Address Map (Continued)

Address (Hex) Register Description Mnemonic Reset (Hex) Page No
PS019919-1207  Register File Address Map
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PADDR[7:0]—Port Address
The Port Address selects one of the sub-registers accessible through the Port Control reg-
ister.

Port A–H Control Registers
The Port A–H Control registers set the GPIO port operation. The value in the correspond-
ing Port A–H Address register determines the control sub-registers accessible using the 
Port A–H Control register (Table 15). 

PCTL[7:0]—Port Control
The Port Control register provides access to all sub-registers that configure the GPIO Port 
operation.

PADDR[7:0]
Port Control sub-register accessible using the Port A–H Control 
Registers

00H No function. Provides some protection against accidental Port 
reconfiguration

01H Data Direction
02H Alternate Function
03H Output Control (Open-Drain)
04H High Drive Enable
05H Stop Mode Recovery Source Enable
06H-FFH No function

Table 15. Port A–H Control Registers (PxCTL)

BITS 7 6 5 4 3 2 1 0

FIELD PCTL

RESET 00H

R/W R/W

ADDR FD1H, FD5H, FD9H, FDDH, FE1H, FE5H, FE9H, FEDH
PS019919-1207  General-Purpose I/O
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1 = Timer Output is forced High (1) when the timer is disabled. When enabled, the 
Timer Output is forced Low (0) upon PWM count match and forced High (1) upon 
Reload.

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, the Timer Output signal is complemented upon timer 
Reload.

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 rising 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.

When the Timer Output alternate function TxOUT on a GPIO port pin is en-
abled, TxOUT will change to whatever state the TPOL bit is in. The timer does
not need to be enabled for that to happen. Also, the Port data direction sub reg-
ister is not needed to be set to output on TxOUT. Changing the TPOL bit with
the timer enabled and running does not immediately change the TxOUT.

PRES—Prescale value. 
The timer input clock is divided by 2PRES, where PRES can be set from 0 to 7. The 
prescaler is reset each time the Timer is disabled. This insures proper clock division 
each time the Timer is restarted.
000 = Divide by 1
001 = Divide by 2
010 = Divide by 4
011 = Divide by 8
100 = Divide by 16
101 = Divide by 32

Caution:
PS019919-1207  Timers
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Watchdog Timer Refresh
When first enabled, the Watchdog Timer is loaded with the value in the Watchdog Timer 
Reload registers. The Watchdog Timer then counts down to 000000H unless a WDT 
instruction is executed by the eZ8™ CPU. Execution of the WDT instruction causes the 
downcounter to be reloaded with the WDT Reload value stored in the Watchdog Timer 
Reload registers. Counting resumes following the reload operation.

When the 64K Series devices are operating in DEBUG Mode (through the On-Chip 
Debugger), the Watchdog Timer is continuously refreshed to prevent spurious Watchdog 
Timer time-outs.

Watchdog Timer Time-Out Response
The Watchdog Timer times out when the counter reaches 000000H. A time-out of the 
Watchdog Timer generates either an interrupt or a Reset. The WDT_RES Option Bit 
determines the time-out response of the Watchdog Timer. For information on  
programming of the WDT_RES Option Bit, see Option Bits on page 195.

WDT Interrupt in Normal Operation
If configured to generate an interrupt when a time-out occurs, the Watchdog Timer issues 
an interrupt request to the interrupt controller and sets the WDT status bit in the Watchdog 
Timer Control register. If interrupts are enabled, the eZ8 CPU responds to the interrupt 
request by fetching the Watchdog Timer interrupt vector and executing code from the 
vector address. After time-out and interrupt generation, the Watchdog Timer counter rolls 
over to its maximum value of FFFFFH and continues counting. The Watchdog Timer 
counter is not automatically returned to its Reload Value.

WDT Interrupt in STOP Mode
If configured to generate an interrupt when a time-out occurs and the 64K Series devices 
are in STOP mode, the Watchdog Timer automatically initiates a Stop Mode Recovery and 
generates an interrupt request. Both the WDT status bit and the STOP bit in the Watchdog 
Timer Control register are set to 1 following WDT time-out in STOP mode. For more 
information on Stop Mode Recovery, see Reset and Stop Mode Recovery on page 47.

Table 47. Watchdog Timer Approximate Time-Out Delays

WDT Reload Value WDT Reload Value
Approximate Time-Out Delay

(with 10 kHz typical WDT oscillator frequency)

(Hex) (Decimal) Typical Description

000004 4 400 µs Minimum time-out delay

FFFFFF 16,777,215 1677.5 s Maximum time-out delay
PS019919-1207  Watchdog Timer
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Transmitting Data using the Polled Method
Follow the steps below to transmit data using the polled method of operation:

1. Write to the UART Baud Rate High and Low Byte registers to set the desired baud 
rate.

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

3. If MULTIPROCESSOR mode is desired, write to the UART Control 1 register to 
enable MULTIPROCESSOR (9-bit) mode functions.
– Set the MULTIPROCESSOR Mode Select (MPEN) to Enable 

MULTIPROCESSOR mode.

4. Write to the UART Control 0 register to:
– Set the transmit enable bit (TEN) to enable the UART for data transmission
– If parity is desired and MULTIPROCESSOR mode is not enabled, set the parity 

enable bit (PEN) and select either Even or Odd parity (PSEL).

 

Figure 14. UART Asynchronous Data Format without Parity

Figure 15. UART Asynchronous Data Format with Parity

Start Bit0 Bit1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit7

Data Field
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Idle State

of Line

Stop Bit(s)

1

2

1

0

Start Bit0 Bit1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit7 Parity

Data Field

lsb msb
Idle State

of Line

Stop Bit(s)

1

2

1

0
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Receiver Interrupts
The receiver generates an interrupt when any of the following occurs:

• A data byte has been received and is available in the UART Receive Data register. 
This interrupt can be disabled independent of the other receiver interrupt sources. The 
received data interrupt occurs once the receive character has been received and placed 
in the Receive Data register. Software must respond to this received data available 
condition before the next character is completely received to avoid an overrun error.

In MULTIPROCESSOR mode (MPEN = 1), the receive data interrupts are dependent on 
the multiprocessor configuration and the most recent address byte.

• A break is received

• An overrun is detected

• A data framing error is detected

UART Overrun Errors
When an overrun error condition occurs the UART prevents overwriting of the valid data 
currently in the Receive Data register. The Break Detect and Overrun status bits are not 
displayed until after the valid data has been read.

After the valid data has been read, the UART Status 0 register is updated to indicate the 
overrun condition (and Break Detect, if applicable). The RDA bit is set to 1 to indicate that 
the Receive Data register contains a data byte. However, because the overrun error 
occurred, this byte may not contain valid data and should be ignored. The BRKD bit indi-
cates if the overrun was caused by a break condition on the line. After reading the status 
byte indicating an overrun error, the Receive Data register must be read again to clear the 
error bits is the UART Status 0 register. Updates to the Receive Data register occur only 
when the next data word is received. 

UART Data and Error Handling Procedure
Figure 18 on page 113 displays the recommended procedure for use in UART receiver 
interrupt service routines.

Note:
PS019919-1207  UART
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REN—Receive Enable
This bit enables or disables the receiver.
0 = Receiver disabled.
1 = Receiver enabled.

CTSE—CTS Enable
0 = The CTS signal has no effect on the transmitter.
1 = The UART recognizes the CTS signal as an enable control from the transmitter.

PEN—Parity Enable
This bit enables or disables parity. Even or odd is determined by the PSEL bit. It is over-
ridden by the MPEN bit.
0 = Parity is disabled.
1 = The transmitter sends data with an additional parity bit and the receiver receives an 
additional parity bit. 

PSEL—Parity Select
0 = Even parity is transmitted and expected on all received data. 
1 = Odd parity is transmitted and expected on all received data.

SBRK—Send Break
This bit pauses or breaks data transmission. Sending a break interrupts any transmission in 
progress, so ensure that the transmitter has finished sending data before setting this bit. 
0 = No break is sent.
1 = The output of the transmitter is zero.

STOP—Stop Bit Select
0 = The transmitter sends one stop bit.
1 = The transmitter sends two stop bits.

LBEN—Loop Back Enable
0 = Normal operation.
1 = All transmitted data is looped back to the receiver.

MPMD[1:0]—MULTIPROCESSOR Mode
If MULTIPROCESSOR (9-bit) mode is enabled,
00 = The UART generates an interrupt request on all received bytes (data and address).

Table 57. UART Control 1 Register (UxCTL1)

BITS 7 6 5 4 3 2 1 0

FIELD MPMD[1] MPEN MPMD[0] MPBT DEPOL BRGCTL RDAIRQ IREN

RESET 0

R/W R/W

ADDR F43H and F4BH
PS019919-1207  UART
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1.20 868 1.20 0.01 1.20 576 1.20 0.00

0.60 1736 0.60 0.01 0.60 1152 0.60 0.00

0.30 3472 0.30 0.01 0.30 2304 0.30 0.00

10.0 MHz System Clock 5.5296 MHz System Clock

Desired Rate BRG Divisor Actual Rate Error
Desired 

Rate
BRG 

Divisor Actual Rate Error

(kHz) (Decimal) (kHz) (%) (kHz) (Decimal) (kHz) (%)

1250.0 N/A N/A N/A 1250.0 N/A N/A N/A

625.0 1 625.0 0.00 625.0 N/A N/A N/A

250.0 3 208.33 -16.67 250.0 1 345.6 38.24

115.2 5 125.0 8.51 115.2 3 115.2 0.00

57.6 11 56.8 -1.36 57.6 6 57.6 0.00

38.4 16 39.1 1.73 38.4 9 38.4 0.00

19.2 33 18.9 0.16 19.2 18 19.2 0.00

9.60 65 9.62 0.16 9.60 36 9.60 0.00

4.80 130 4.81 0.16 4.80 72 4.80 0.00

2.40 260 2.40 -0.03 2.40 144 2.40 0.00

1.20 521 1.20 -0.03 1.20 288 1.20 0.00

0.60 1042 0.60 -0.03 0.60 576 0.60 0.00

0.30 2083 0.30 0.2 0.30 1152 0.30 0.00

3.579545 MHz System Clock 1.8432 MHz System Clock

Desired Rate BRG Divisor Actual Rate Error
Desired 

Rate
BRG 

Divisor Actual Rate Error

(kHz) (Decimal) (kHz) (%) (kHz) (Decimal) (kHz) (%)

1250.0 N/A N/A N/A 1250.0 N/A N/A N/A

625.0 N/A N/A N/A 625.0 N/A N/A N/A

250.0 1 223.72 -10.51 250.0 N/A N/A N/A

115.2 2 111.9 -2.90 115.2 1 115.2 0.00

57.6 4 55.9 -2.90 57.6 2 57.6 0.00

38.4 6 37.3 -2.90 38.4 3 38.4 0.00

19.2 12 18.6 -2.90 19.2 6 19.2 0.00

Table 61. UART Baud Rates (Continued)
PS019919-1207  UART
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SPI Baud Rate High and Low Byte Registers
The SPI Baud Rate High and Low Byte registers (Table 68 and Table 69) combine to form 
a 16-bit reload value, BRG[15:0], for the SPI Baud Rate Generator. 

When configured as a general purpose timer, the SPI BRG interrupt interval is calculated 
using the following equation: 

BRH = SPI Baud Rate High Byte
Most significant byte, BRG[15:8], of the SPI Baud Rate Generator’s reload value.

BRL = SPI Baud Rate Low Byte
Least significant byte, BRG[7:0], of the SPI Baud Rate Generator’s reload value.

Table 68. SPI Baud Rate High Byte Register (SPIBRH)

BITS 7 6 5 4 3 2 1 0

FIELD BRH

RESET 1

R/W R/W

ADDR F66H

Table 69. SPI Baud Rate Low Byte Register (SPIBRL)

BITS 7 6 5 4 3 2 1 0

FIELD BRL

RESET 1

R/W R/W

ADDR F67H

SPI BRG Interrupt Interval (s) System Clock Period (s) BRG[15:0]×=
PS019919-1207  Serial Peripheral Interface
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Write Transaction with a 7-Bit Address
Figure 29 displays the data transfer format for a 7-bit addressed slave. Shaded regions 
indicate data transferred from the I2C Controller to slaves and unshaded regions indicate 
data transferred from the slaves to the I2C Controller.

Figure 29. 7-Bit Addressed Slave Data Transfer Format

Follow the steps below for a transmit operation to a 7-bit addressed slave:

1. Software asserts the IEN bit in the I2C Control register.

2. Software asserts the TXI bit of the I2C Control register to enable Transmit interrupts.

3. The I2C interrupt asserts, because the I2C Data register is empty

4. Software responds to the TDRE bit by writing a 7-bit slave address plus write bit (=0) 
to the I2C Data register.

5. Software asserts the START bit of the I2C Control register.

6. The I2C Controller sends the START condition to the I2C slave. 

7. The I2C Controller loads the I2C Shift register with the contents of the I2C Data 
register. 

8. After one bit of address has been shifted out by the SDA signal, the Transmit interrupt 
is asserted (TDRE = 1). 

9. Software responds by writing the transmit data into the I2C Data register. 

10. The I2C Controller shifts the rest of the address and write bit out by the SDA signal. 

11. If the I2C slave sends an acknowledge (by pulling the SDA signal low) during the next 
high period of SCL the I2C Controller sets the ACK bit in the I2C Status register. 
Continue with step 12.

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 
Acknowledge interrupt by setting the STOP and FLUSH bits and clearing the TXI bit. 
The I2C Controller sends the STOP condition on the bus and clears the STOP and 
NCKI bits. The transaction is complete (ignore the following steps).

12. The I2C Controller loads the contents of the I2C Shift register with the contents of the 
I2C Data register.

S Slave Address W = 0 A Data A Data A Data A/A P/S
PS019919-1207  I2C Controller
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DMA_ADC Address Register
The DMA_ADC Address register (Table 83) points to a block of the Register File to store 
ADC conversion values as displayed in Table 82. This register contains the seven most-
significant bits of the 12-bit Register File addresses. The five least-significant bits are cal-
culated from the ADC Analog Input number (5-bit base address is equal to twice the ADC 
Analog Input number). The 10-bit ADC conversion data is stored as two bytes with the 
most significant byte of the ADC data stored at the even numbered Register File address.

Table 82 provides an example of the Register File addresses if the DMA_ADC Address 
register contains the value 72H.

Table 82. DMA_ADC Register File Address Example

ADC Analog Input Register File Address (Hex)1

0 720H-721H

1 722H-723H

2 724H-725H

3 726H-727H

4 728H-729H

5 72AH-72BH

6 72CH-72DH

7 72EH-72FH

8 730H-731H

9 732H-733H

10 734H-735H

11 736H-737H
1DMAA_ADDR set to 72H.

Table 83. DMA_ADC Address Register (DMAA_ADDR)

BITS 7 6 5 4 3 2 1 0

FIELD DMAA_ADDR Reserved

RESET X

R/W R/W

ADDR FBDH
PS019919-1207  Direct Memory Access Controller



Z8 Encore! XP® 64K Series Flash Microcontrollers
Product Specification

194
PS019919-1207  Flash Memory



Z8 Encore! XP® 64K Series Flash Microcontrollers
Product Specification

202
• 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 39). 

Figure 39. OCD Data Format

OCD Auto-Baud Detector/Generator
To run over a range of baud rates (bits per second) with various system clock frequencies, 
the On-Chip Debugger has an Auto-Baud 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 Auto-Baud Detector measures this period and sets the OCD Baud Rate 
Generator accordingly. 

The Auto-Baud 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 
recommended 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 100 lists minimum and recom-
mended maximum baud rates for sample crystal frequencies.

If the OCD receives a Serial Break (nine or more continuous bits Low) the Auto-Baud 
Detector/Generator resets. The Auto-Baud Detector/Generator can then be reconfigured 
by sending 80H.

Table 100. OCD Baud-Rate Limits

System Clock 
Frequency (MHz)

Recommended Maximum Baud 
Rate (kbits/s)

Minimum Baud Rate
(kbits/s)

20.0 2500 39.1

1.0 125.0 1.96

 0.032768 (32 kHz) 4.096 0.064

START D0 D1 D2 D3 D4 D5 D6 D7 STOP
PS019919-1207  On-Chip Debugger
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DBG ← Size[7:0]
DBG → 1-256 data bytes

• Write Program Memory (0AH)—The Write Program Memory command writes data 
to Program Memory. This command is equivalent to the LDC and LDCI instructions. 
Data can be written 1-65536 bytes at a time (65536 bytes can be written by setting size 
to zero). The on-chip Flash Controller must be written to and unlocked for the 
programming operation to occur. If the Flash Controller is not unlocked, the data is 
discarded. If the device is not in DEBUG mode or if the Read Protect Option Bit is 
enabled, the data is discarded.

DBG ← 0AH
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 zero). If the device is not in DEBUG mode or if the Read Protect Option 
Bit is enabled, this command returns FFH for the data.

DBG ← 0BH
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

• Write Data Memory (0CH)—The Write Data Memory command writes data to Data 
Memory. 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 zero). If 
the device is not in DEBUG mode or if the Read Protect Option Bit is enabled, the 
data is discarded.

DBG ← 0CH
DBG ← Data Memory Address[15:8]
DBG ← Data Memory Address[7:0]
DBG ← Size[15:8]
DBG ← Size[7:0]
DBG ← 1-65536 data bytes

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

DBG ← 0DH
DBG ← Data Memory Address[15:8]
PS019919-1207  On-Chip Debugger
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General-Purpose I/O Port Input Data Sample Timing
Figure 50 displays timing of the GPIO Port input sampling. Table 114 lists the GPIO port 
input timing.

Figure 50. Port Input Sample Timing

Table 114. GPIO Port Input Timing

Parameter Abbreviation

Delay (ns)

Min Max

TS_PORT Port Input Transition to XIN Fall Setup Time
(Not pictured)

5 –

TH_PORT XIN Fall to Port Input Transition Hold Time
(Not pictured)

6 –

TSMR GPIO Port Pin Pulse Width to Insure Stop Mode 
Recovery
(for GPIO Port Pins enabled as SMR sources) 

1 µs

System

TCLK

GPIO Pin

Port Value
Changes to 0

0 Latched
Into Port Input

Input Value

GPIO Input
Data Latch

Clock

Data Register

GPIO Data
Read on Data Bus

GPIO Data Register
Value 0 Read
by eZ8 CPU
PS019919-1207  Electrical Characteristics
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General-Purpose I/O Port Output Timing
Figure 51 and Table 115 provide timing information for GPIO Port pins.

Figure 51. GPIO Port Output Timing

Table 115. GPIO Port Output Timing

Parameter Abbreviation

Delay (ns)

Minimum Maximum

GPIO Port pins

T1 XIN Rise to Port Output Valid Delay – 20

T2 XIN Rise to Port Output Hold Time 2 –

XIN

Port Output

TCLK

T1 T2
PS019919-1207  Electrical Characteristics
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Opcode Maps
A description of the opcode map data and the abbreviations are provided in Figure 59 and 
Table 134 on page 262. Figure 60 on page 263 and Figure 61 on page 264 provide 
information on each of the eZ8TM CPU instructions. 

Figure 59. Opcode Map Cell Description

   

CP

3.3

R2,R1

A

4

Opcode
Lower Nibble

Second Operand
After Assembly

First Operand
After Assembly

Opcode
Upper Nibble

Instruction CyclesFetch Cycles
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