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The eZ8 CPU supports 64KB of Program Memory address space. The Z8F640x family
devices contain 16KB to 64KB of on-chip Flash memory in the Program Memory address
space. Reading from Program Memory addresses outside the available Flash memory
addresses returns FFH. Writing to these unemployments Program Memory addresses pro-
duces no effect. Table 4 describes the Program Memory Maps for the Z8F640x family

products.

Table 4. Z8F640x Family Program Memory Maps

Program Memory Address (Hex) Function

Z8F160x Products

0000-0001 Flash Option Bits
0002-0003 Reset Vector
0004-0005 WDT Interrupt Vector
0006-0007 Illegal Instruction Trap
0008-0037 Interrupt Vectors*
0038-3FFFH Program Memory
Z8F240x Products
0000-0001 Flash Option Bits
0002-0003 Reset Vector
0004-0005 WDT Interrupt Vector
0006-0007 Illegal Instruction Trap
0008-0037 Interrupt Vectors*
0038-5FFFH Program Memory
Z8F320x Products
0000-0001 Flash Option Bits
0002-0003 Reset Vector
0004-0005 WDT Interrupt Vector
0006-0007 Illegal Instruction Trap
0008-0037 Interrupt Vectors*
0038-7FFFH Program Memory

* See Table 22 on page 45 for a list of the interrupt vectors.

PS017610-0404
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Architecture

Figure 65 illustrates a block diagram of the interrupt controller.
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Figure 65. Interrupt Controller Block Diagram

Operation

Master Interrupt Enable

The master interrupt enable bit (IRQE) in the Interrupt Control register globally enables
and disables interrupts.

Interrupts are globally enabled by any of the following actions:

¢ Execution of an El (Enable Interrupt) instruction

¢ Execution of an IRET (Return from Interrupt) instruction

* Writing a 1 to the TRQE bit in the Interrupt Control register

Interrupts are globally disabled by any of the following actions:

¢ Execution of a DI (Disable Interrupt) instruction

* 78 CPU acknowledgement of an interrupt service request from the interrupt

controller
e Writing a 0 to the IRQE bit in the Interrupt Control register
* Reset

PS017610-0404 Interrupt Controller
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Table 28. IRQO Enable Low Bit Register (IRQOENL)

BITS 7 6 5 4 3 2 1 0
EIELD T2ENL T1ENL TOENL UORENL | UOTENL 12CENL SPIENL | ADCENL
RESET 0 0 0 0 0 0 0 0

RIW RIW RIW RIW RIW RIW RIW RIW RIW
ADDR FC2H

T2ENL—Timer 2 Interrupt Request Enable Low Bit
T1ENL—Timer 1 Interrupt Request Enable Low Bit
TOENL—Timer 0 Interrupt Request Enable Low Bit
UORENL—UART 0 Receive Interrupt Request Enable Low Bit
UOTENL—UART 0 Transmit Interrupt Request Enable Low Bit
I2CENL—I%C Interrupt Request Enable Low Bit

SPIENL—SPI Interrupt Request Enable Low Bit
ADCENL—ADOC Interrupt Request Enable Low Bit

IRQ1 Enable High and Low Bit Registers

The IRQ1 Enable High and Low Bit registers (Tables 30 and 31) form a priority encoded
enabling for interrupts in the Interrupt Request 1 register. Priority is generated by setting
bits in each register. Table 29 describes the priority control for IRQ1.

Table 29. IRQ1 Enable and Priority Encoding

IRQLENH[X] IRQ1ENL[x] Priority Description
0 0 Disabled Disabled
0 1 Level 1 Low
1 0 Level 2 Nominal
1 1 Level 3 High

where x indicates the register bits from 0 through 7.

PS017610-0404
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Interrupt Port Select register selects between Port A and Port D for the individual inter-

rupts.

Table 35. Interrupt Edge Select Register (IRQES)

BITS 7 6 5 4 g 2 1 0
FIELD IES7 IES6 IES5 IES4 IES3 IES2 IES1 IESO
RESET 0 0 0 0 0 0 0 0

R/W R/W RIW RIW RIW R/W R/IW R/IW RIW
ADDR FCDH

IESx—Interrupt Edge Select x

where x indicates the specific GPIO Port pin number (0 through 7). The pulse width
should be greater than 1 system clock to guarantee capture of the edge triggered interrupt.
0 = An interrupt request is generated on the falling edge of the PAX/PDx input.

1 = An interrupt request is generated on the rising edge of the PAX/PDx input.

Interrupt Port Select Register

The Port Select (IRQPS) register (Table 36) determines the port pin that generates the
PAX/PDx interrupts. This register allows either Port A or Port D pins to be used as inter-
rupts. The Interrupt Edge Select register controls the active interrupt edge.

Table 36. Interrupt Port Select Register (IRQPS)

BITS 7 6 5 4 3 2 1 0
FIELD | PAD7S | PAD6S | PAD5S | PAD4S | PAD3S | PAD2S | PAD1S | PADOS

RESET 0 0 0 0 0 0 0 0
R/W R/W R/IW R/W R/W R/W R/IW R/IW R/IW
ADDR FCEH

PADxS—PAX/PDx Selection

0 = PAX is used for the interrupt for PAX/PDx interrupt request.

1 =PDx is used for the interrupt for PAX/PDx interrupt request.
where x indicates the specific GPIO Port pin number (0 through 7).

PS017610-0404 Interrupt Controller
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Figures 68 and 69 illustrates the asynchronous data format employed by the UART with-
out parity and with parity, respectively.

! Data Field - Stop Bit(s)
Idle State |
of Line msb
1 | | T 1
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Figure 68. UART Asynchronous Data Format without Parity
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Figure 69. UART Asynchronous Data Format with Parity

Transmitting Data using the Polled Method
Follow these steps 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 GP1O Port pins for
alternate function operation.

3. Write to the UART Control 1 register to enable Multiprocessor (9-bit) mode functions,
if desired.

4. Write to the UART Control O register to:
— Set the transmit enable bit (TEN) to enable the UART for data transmission
— Enable parity, if desired, and select either even or odd parity.

— Set or clear the CTSE bit to enable or disable control from the receiver using the
CTS pin.

PS017610-0404 UART
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Receiving Data using the Polled Method

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

1.

7.

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

Enable the UART pin functions by configuring the associated GPI1O Port pins for
alternate function operation.

Write to the UART Control 1 register to enable Multiprocessor (9-bit) mode functions,
if desired.

Write to the UART Control O register to:

— Set the receive enable bit (REN) to enable the UART for data reception

— Enable parity, if desired, and select either even or odd parity.

Check the RDA bit in the UART Status 0 register to determine if the Receive Data
register contains a valid data byte (indicated by a 1). If RDA is set to 1 to indicate

available data, continue to Step 6. If the Receive Data register is empty (indicated by a
0), continue to monitor the RDA bit awaiting reception of the valid data.

Read data from the UART Receive Data register. If operating in Multiprocessor (9-bit)
mode, first read the Multiprocessor Receive flag (MPRX) to determine if the data was
directed to this UART before reading the data.

Return to Step 6 to receive additional data.

Receiving Data using the Interrupt-Driven Method

The UART Receiver interrupt indicates the availability of new data (as well as error con-
ditions). Follow these steps to configure the UART receiver for interrupt-driven operation:

1.

PS017610-0404

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

Enable the UART pin functions by configuring the associated GPI1O Port pins for
alternate function operation.

Execute a DI instruction to disable interrupts.

Write to the Interrupt control registers to enable the UART Receiver interrupt and set
the desired priority.

Clear the UART Receiver interrupt in the applicable Interrupt Request register.

Write to the UART Control 1 register to enable Multiprocessor (9-bit) mode functions,
if desired.

UART
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Transfer Format PHASE Equals Zero

Figure 77 illustrates the timing diagram for an SPI transfer in which PHASE is cleared to
0. The two SCK waveforms show polarity with CLKPOL reset to 0 and with CLKPOL set
to one. The diagram may be interpreted as either a Master or Slave timing diagram since
the SCK Master-In/Slave-Out (MISO) and Master-Out/Slave-In (MOSI) pins are directly
connected between the Master and the Slave.

SCK
(CLKPOL = 0)

SCK
(CLKPOL = 1)

} (=

MISO Bit7 D( Bit6

N O A

oy

Figure 77. SPI Timing When PHASE is 0

— Lo

Transfer Format PHASE Equals One

Figure 78 illustrates the timing diagram for an SPI transfer in which PHASE is one. Two
waveforms are depicted for SCK, one for CLKPOL reset to 0 and another for CLKPOL set
to 1.

PS017610-0404 Serial Peripheral Interface



10.

11.

12.

13.

14.
15.

16.

17.

18.
19.
20.

Z8F640x/Z8F480x/Z8F320x/Z8F240x/Z8F160x
Z8 Encore!®

4
115

zZiLoG

The 12C Controller loads the 12C Shift register with the contents of the 1°C Data
register.

After one bit of address is shifted out by the SDA signal, the Transmit interrupt is
asserted.

Software responds by writing the second byte of address into the contents of the 12C
Data register.

The 12C Controller shifts the rest of the first byte of address and write bit out by the
SDA signal.

The 12C slave sends an acknowledge by pulling the SDA signal low during the next
high period of SCL. The 1°C Controller sets the ACK bit in the 12C Status register.

The 12C Controller loads the contents of the 12C Shift register with the contents of the
1°C Data register.

The 12C Controller shifts the data out by the SDA signal. After the first bit has been
sent, the Transmit interrupt is asserted.

Software responds by writing the data to be written out to the 12C Control register.

The 12C Controller shifts out the rest of the second byte of slave address by the SDA
signal.

The I2C slave sends an acknowledge by pulling the SDA signal low during the next
high period of SCL. The 12C Controller sets the ACK bit in the 12C Status register.

The 12C Controller shifts the data out by the SDA signal. After the first bit is sent, the
Transmit interrupt is asserted.

Software responds by asserting the STOP bit of the 1°C Control register.
The I1°C Controller completes transmission of the data on the SDA signal.
The I1°C Controller sends the STOP condition to the 1°C bus.

Reading a Transaction with a 7-Bit Address

Figure 81 illustrates the data transfer format for a receive operation on a 7-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 12C Controller.

Slave Address R=1| A Data A Data A P

Figure 81. Receive Data Transfer Format for a 7-Bit Addressed Slave

The data transfer format for a receive operation on a 7-bit addressed slave is as follows:

PS017609-0803
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128 Pages
512 Bytes per Page

Figure 84. Flash Memory Arrangement

Operation

The Flash Controller programs and erases the Flash memory. The Flash Controller pro-
vides the proper Flash controls and timing for byte programming, Page Erase, and Mass
Erase of the Flash memory. The Flash Controller contains a protection mechanism, via the
Flash Control register (FCTL) to prevent accidental programming or erasure. The Flow
Chart in Figure 85 illustrates basic Flash Controller operation. The following subsections
provide details on the various operations (Lock, Unlock, Byte Programming, Page Erase,

Z8F640x/Z8F480x/Z8F320x/Z8F240x/Z8F160x
Z8 Encore!®

64KB Flash
Program Memory

and Mass Erase) listed in Figure 85.

PS017610-0404

Addresses
FFFFH

FEOOH
FDFFH

FCOOH
FBFFH

FAOOH

05FFH

0400H
03FFH

0200H
O01FFH

0000H

Flash Memory
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( Reset
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Figure 85. Flash Controller Operation Flow Chart

PS017610-0404 Flash Memory
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Flash Control Register Definitions

Flash Control Register

The Flash Controller must be unlocked via the Flash Control register before programming
or erasing the Flash memory. Writing the sequence 731 8cH, sequentially, to the Flash
Control register unlocks the Flash Controller. When the Flash Controller is unlocked, writ-
ing to the Flash Control register can initiate either Page Erase or Mass Erase of the Flash
memory. Writing an invalid value or an invalid sequence returns the Flash Controller to its
locked state. The Write-only Flash Control Register shares its Register File address with
the Read-only Flash Status Register.

Table 85. Flash Control Register (FCTL)

BITS 7 6 5 4 g 2 1 0
FIELD FCMD
RESET 0 0 0 0 0 0 0 0
R/W w w W W w w W W
ADDR FF8H

FCMD—Flash Command

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).

PS017610-0404 Flash Memory
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Overview
Option Bits allow user configuration of certain aspects of Z8F640x family device opera-
tion. The feature configuration data is stored in the Program Memory and read during
Reset. The features available for control via the Option Bits are:
* Watch-Dog Timer time-out response selection—interrupt or Short Reset.
¢ Watch-Dog Timer enabled at Reset.
* The ability to prevent unwanted read access to user code in Program Memory.
* The ability to prevent accidental programming and erasure of all or a portion of the
user code in Program Memory.
Operation

Option Bit Configuration By Reset

Each time the Option Bits are programmed or erased, the Z8F640x family device must be
Reset for the change to take place. During any reset operation (System Reset, Short Reset,
or Stop Mode Recovery), the Option Bits are automatically read from the Program Mem-
ory and written to Option Configuration registers. The Option Configuration registers con-
trol operation of the Z8F640x family device. Option Bit control of the Z8F640x family
device is established before the device exits Reset and the eZ8 CPU begins code execu-
tion. The Option Configuration registers are not part of the Register File and are not acces-
sible for read or write access.

Option Bit Address Space

The first two bytes of Program Memory at addresses 0000H and 0001H are reserved for
the user Option Bits. The byte at Program Memory address 0000H is used to configure
user options. The byte at Program Memory address 0001H is reserved for future use and
must be left in its unprogrammed state.

PS017610-0404 Option Bits

148



DC Characteristics

Z8F640x/Z8F480x/Z8F320x/Z8F240x/Z8F160x

Z8 Encore!®

Z,

zZiLoG

Table 101 lists the DC characteristics of the Z8F640x family devices. All voltages are ref-
erenced to Vgg, the primary system ground.

Table 101. DC Characteristics

T, =-40°C to 105°C

Symbol |Parameter Minimum| Typical |Maximum |Units|Conditions

Vpp Supply Woltage 3.0 - 3.6 Y

Vi1 |Low Level Input Voltage -0.3 - 0.3*Vpp | V |Forall input pins except RESET,
DBG, and XIN.

V|2 |Low Level Input Voltage -0.3 - 0.2*Vpp | V |For RESET, DBG, and XIN.

Vin1  |High Level Input Voltage | 0.7*Vpp - 55 V |PortA, C, D, E, F and G pins.

Vinz  |High Level Input Voltage | 0.7*Vpp - Vppt0.3 | V |Port B and H pins.

Viyz  |High Level Input Voltage | 0.8*Vpp - Vppt0.3 | V |RESET, DBG, and XIN pins.

Vo1 |Low Level Output \oltage - - 0.4 V'  |Vpp=3.0V, Ig. =2mA
High Output Drive disabled.

Von1 |High Level Output Voltage 24 - - V' |Vpp =3.0V, Igy=-2mA
High Output Drive disabled.

Vo2 |Low Level Output \oltage - - 0.6 V'  |Vpp =33V, Ig_=20mA
High Output Drive enabled.
T =-40°C to +70°C

VorL3z |Low Level Output \oltage - - 0.6 V' |Vpp =33V, Ig_=15mA
High Output Drive enabled.
Ta = 70°C to +105°C

Vonz |High Level Output Voltage 24 - - V' |Vpp =33V, lgy =-20mA
High Output Drive enabled.
T =-40°C to +70°C

Vonz |High Level Output Voltage 24 - - V'  |Vpp =33V, lgy=-15mA
High Output Drive enabled.
Ta = 70°C to +105°C

I Input Leakage Current -5 - +5 pA |Vpp = 3.6V,
V)y = VDD or VSst

I Tri-State Leakage Current -5 - +5 pA |Vpp = 3.6V

Cpap  |GPIO Port Pad Capacitance|  — 8.0% - pF

Cyin | XIN Pad Capacitance - 8.0% - pF

CxouT | XOUT Pad Capacitance - 9.52 - pF

PS017610-0404
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Figure 92 illustrates the typical current consumption in Halt mode while operating at
25°C, 3.3V, versus the system clock frequency.

15.000

10.000

ICC in Halt mode (mA)

/

5.000

0.000
0 5 10 15 20

Frequency (MHz)

Figure 92. Nominal Halt Mode ICC Versus System Clock Frequency

PS017610-0404 Electrical Characteristics
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Table 125. Rotate and Shift Instructions

Mnemonic  Operands Instruction

BSWAP dst Bit Swap

RL dst Rotate Left

RLC dst Rotate Left through Carry
RR dst Rotate Right

RRC dst Rotate Right through Carry
SRA dst Shift Right Arithmetic
SRL dst Shift Right Logical

SWAP dst Swap Nibbles

eZ8 CPU Instruction Summary

Table 126 summarizes the eZ8 CPU instructions. The table identifies the addressing
modes employed by the instruction, the effect upon the Flags register, the number of CPU
clock cycles required for the instruction fetch, and the number of CPU clock cycles
required for the instruction execution.

Table 126. eZ8 CPU Instruction Summary

Address Mode Flags

Assembly - Opcode(s) Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) C Z S V D H Cycles Cycles
ADC dst, src dst «— dst + src + C r r 12 * ok Xk Q * 2 3
r Ir 13 2 4
R R 14 3 3
R IR 15 3 4
R IM 16 3 3
IR IM 17 3 4
ADCX dst, src dst «— dst + src + C ER ER 18 * ok Xk Q * 4 3
ER IM 19 4 3
Flags Notation: * = Value is a function of the result of the operation. 0=Resetto 0
- = Unaffected 1=Settol

X = Undefined

PS017610-0404 eZ8 CPU Instruction Set
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Table 126. eZ8 CPU Instruction Summary (Continued)
Assembly 7Address Mode Opcode(s) Flags Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) C Z S V D H Cycles Cycles
LDX dst, src dst < src r ER 84 S 3 2
Ir ER 85 3 3
R IRR 86 3 4
IR IRR 87 3 5
r X(rr) 88 3 4
X(rr) r 89 3 4
ER r 94 3 2
ER Ir 95 3 3
IRR R 96 3 4
IRR IR 97 3 5
ER ER E8 4 2
ER IM E9 4 2
LEA dst, X(src) ~ dst<«src+X r X(r) 98 - - - - - - 3 3
rr X(rr) 99 3 5
MULT dst dst[15:0] « RR F4 - 2 8
dst[15:8] * dst[7:0]
NOP No operation OF - - - - 1 2
OR dst, src dst «— dst OR src r r 42 - * 0 - - 2 3
r Ir 43 2 4
R R 44 3 3
R IR 45 3 4
R IM 46 3 3
IR IM 47 3 4
ORX dst, src dst «— dst OR src ER ER 48 - * 0 - - 4 3
ER IM 49 4 3
Flags Notation: ~ * = Value is a function of the result of the operation. 0=Resetto 0
- = Unaffected 1=Settol
X = Undefined

PS017610-0404
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Packaging

Figure 103 illustrates the 40-pin PDIP (plastic dual-inline package) available for the
Z8F1601, Z8F2401, Z8F3201, Z8F4801, and Z8F6401 devices.

VA_O\V_\V_\V_\V_\V_\V_\V_\V_\V_\V_\V_\V_\V_\V_\V_\V_\V_\V_\VE\
syMBoL MILLIMETER INCH

MIN MAX MIN MAX
— A 0.51 1.02 020 .040
- A2 318 | 394 | 25 | 155
B 0.38 0.53 .015 021
B1 1.02 1.52 .040 .060
) S sy c 0.23 0.38 008 015
! 2 D 52.07 52.58 | 2.050 2.070
! D | E 15.24 15.75 600 .620
E1 13.59 14.22 535 .560

[l 2.54 TYP 100 TYP
€A 15.49 16.76 610 .660
\ £ , L 3.05 3.81 120 150
S ‘ ‘ at 140 | 191 | 055 .075
S 1.52 229 .060 090

;
T
LA A I e

Figure 103. 40-Lead Plastic Dual-Inline Package (PDIP)

PS017610-0404 Packaging
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Problem Description or Suggestion

Provide a complete description of the problem or your suggestion. If you are reporting a specific problem,
include all steps leading up to the occurrence of the problem. Attach additional pages as necessary.

PS017610-0404 Customer Feedback Form
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