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ADVAANCE INFORMATION SPECIFICATION

Z86E03/E06

CMOS Z8® 8-BIT OTP CCP™
CONSUMER CONTROLLER PROCESSORS

FEATURES

B The Z86E03/E06 Devices Have the Following
General Characteristics:

Part ROM RAM Speed
Z86E03 512 bytes 60 8 MHz
Z86E06 1 Kbyte 124 12 MHz

B 18-Pin Package (DIP, SOIC)

B 3.0to 5.5 Volt Operating Range

® Operating Temperature: -40°C to +105°C

m Clock Speeds up to 8 MHz (E03) and 12 MHz (E06)*

B Fast Instruction Pointer: 1.5 pus @ 8 MHz (E03);
1.0 us @ 12 MHz (E06)

m Multiple Expanded Register File Control Registers
and Two SPI Registers (Z86E06 only)

®  One/Two Programmable 8-Bit Counter/Timers,
Each with a 6-Bit Programmable Prescaler

B Six Vectored, Priority Interrupts from
Six Different Sources

R Permanent Watch-Dog Timer Option

®  Power-On Reset Timer

B Programmable Auto Latches

B Two Standby Modes: STOP and HALT

® TwoComparators with Programmable Interrupt Polarity
® 14 Input/Output Lines (Two with Comparator Inputs)

® On-Chip Oscillator that Accepts a Crystal, Ceramic
Resonator, LC, RC, or External Clock Drive.

W Serial Peripheral Interface (SPI} (Z86E06 Only)
B Software Programmable Low EMI Mode

m EPROM Protect Option

GENERAL DESCRIPTION

Zilog's Z86E03/E06 OTP (One-Time Programmable) CCP™
(Consumer Controller Processors) are members of the Z8®
single-chip microcontroller family with enhanced wake-up
circuitry, programmable watch-dog timers and low noise/
EMI options. These enhancements result in a more effi-
cient, cost effective design and provide the user with
increased design flexibility over the standard Z8 micro-
controller core. With 512 and 1K bytes of EPROM and 6C
and 124 bytes of general-purpose RAM, respectively.
These low cost, low power consumption 18-pin CMOS
microcontrollers offer fast execution, efficient use of
memory, sophisticated interrupts, input/output bitmanipu-
lation capabilities, and easy hardware/software system
expansion.

The Z86E03/E06 architecture is characterized by Zilog's
8-bit microcontroller core with the addition of an Expanded
Register File to allow easy access to register mapped
peripheral and |/O circuits. The Z86E03/EQ6 offers a flex-
ible 1/O scheme, an efficient register and address space
structure, and a number of anciliary features that are useful
in many consumer, automotive, and industrial applica-
tions.

For applications demanding poweriul I/O capabilities, the
Z8BEQ3/E06 provides 14 pins dedicated to input and
output. These lines are grouped into two ports and are
configurable under software control to provide timing,
status signals, or parallel /0.
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GENERAL DESCRIPTION (Continued)

Three basic address spaces are available to support this

meets the needs of a variety of sophisticated cortrolle

wide range of configurations: Program Memory, Register applications.
File, and Expanded Register File {Figure 1). The Register
File is composed of 60/124 bytes of General-Purpose  Notes:
Registers, two /O Port registers, and thirteen/fifteen Con-  All Signals with a preceding front slash, °f", are active Log, e g
trol and Status registers. The Expanded Register File  B/W (WORD is active Low); /B/W (BYTE is active Low, ofly).
consists of three control registers in the Z86E03, and four . ional descriptions beld
control registers, a SP! Receive Buffer, and a S compare Power connections follow conventional escriptions belg:
register in the Z86EQ6. Connection Clrcuit Devicf
With powerful peripheral features such as on-board com- Power Vee Voo
parators, counter/timer(s), Watch-Dog Timer (WDT), and Ground GND Ves
serial peripheral interface (E0B only), the Z86E03/E0S
Qutput  Input Vee GND XTAL
Ll . .
Port 3 <l; _ ] A Machine
° Timing & Inst.
Controf
12 A
Counter/r K ALU WDT, POR
Timers 1 L TT
FLAG Prg. Memory
Interrupt 512/1K x
Controf 8-Bit
Register TT
Pointer j
Two Analog . - Program
Register File
Comparators 68/124 . Counter
8-Bit
Serial
Peripheral
Interface
ll 1 Z86E03 has one counterftimer.
* Serial Peripheral Interface for the Z86E06 only.
Port 2
(o]
(Bit Programmable)
Figure 1. Z86E03/E06 Functional Block Diagram
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PIN DESCRIPTION
[i u Table 1. 18-Pin DIP and SOIC Pin identification
P24 ! 18 ] P23 No Symbo! Function Direction
P25 E 2 17 :' P22 1-4 P24-27 Port2,pins4,5,6,7 In/Output
P26 [] 3 16 {1 P21 5 Vv,  PowerSupply
6 XTAL2  Crystal Oscillator Clock Output
P27 L] 4 2865:3 15 |1 P20 7 XTAL1  Crystal Oscillator Clock Input b
an
VoG [ 5 zgep0s 14 |1 GND 810 P3133 Port3 pns1,23 Fixed Input
XTAL2 [: [ DIP 13 :l P36 11-13 P34-36 Port3,pins 4,5,6 Fixed Output
14 GND Ground
x4 7 12 [] P35 15-18 P20-23 Port2,pins0,1,2,3  InfOutput
pat [] 8 1 [J Pas
Pz [] o 10 [] Ps3
Figure 2. 18-Pin DIP Pin Configuration
A\
Pe ] [T e2s l
P26 [T ] ] pat
per [ 286%03 s ] P20
an .
vee [T Z86C06 4 ]an
SOIC |
xmiz [ 0 [T e
xtau [ e
pa2 [ | 10 P33 .

Figure 3. 18-Pin SOIC Pin Configuration
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PIN FUNCTIONS

XTALA1. Crystal 1 (time-based input). This pin connects a
parallel-resonant crystal, ceramic resonator, LC or RC
network or an external single-phase clock to the on-chip
oscillator input.

XTAL2. Crystal 2(time-based output). This pin connects a
parallel-resonant crystal, ceramic resonator, LC or RC
network to the on-chip oscillator output.

Port 2 (P27-P20). Port 2 is an 8-bit, bidirectional, CMOS
compatible 1/O port. These eight 1/O lines can be config-
ured under software control to be an input or output,
independently. Input buffers are Schmitt-triggered ang
contain Auto Latches. Bits programmed as outputs may be
globally programmed as either push-pull or open-drain
(Figure 4a., 4b., and 4c.). Low EMI output buffers can be
globally programmed by the software. In addition, when
the SPt is enabled, P20 functions as data-in (Dl), and P27
functions as data-out (DO) for the SPI (SPI on the Z86E0g
only).

P27 |- - \
P26 |- L
P25 |- -
P24 |- -
Z86E06 }- Port 2 (1/0)
P23 |- -
P21 |- -
P20 - J
Port 2

Open-Drain ]

P21-P26 OF —-——-—D—-—

P21-P26 OUT

1.5 <—» 2.3 Hysteresis @ Vo = 5.0V

P21-P26 IN 4‘

P21-P26
PAD

N [-

"""

Figure 4a. Port 2 Configuration (Z86E06)

Auto Latch
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Open-Drain

P20 OF _J}_ |> L ) |
SPIEN ———i’ P20

PAD

P20 IN
or {Ir
SPIDI
rr———"—"""~"~"7~""77 1
: ] ] : Auto Latch
| |
| |
R 2ag 500K Q
I d
Open-Drain
P27 OUT Standard I-—
p27
SPI DO Sl 1‘
P27 OE Standard

PAD
—_——————
SPI Active SPl }i
SCON

0 SP1 DO Enable
IDZ[ J 1 P27 OUT
*SPI must be enabled with DO.

P27 IN 4‘
N e A

Auto Latch

="

Figure 4b. Port 2 Configuration (Z86E06)
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PIN FUNCTIONS (Continued)

Z86E03

P27

P26

P25

P24

P23

P22

P21

P20

>‘ Port 2 (I/0)

Open-Drain

P20-P27 OE —

P20-P27 OUT

P20-P27 IN

Figure 4c. Port 2 Configuration (Z86E03)

P20-P27

PAD
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Auto Latch. The Auto Latch puts valid CMOS levels on all
CMOS inputs (except P33, P32, P31) that are not externally
driven. Whether this level is 0 or 1 cannot be determined.
A valid CMOS level, rather than a floating node, reduces
excessive supply current flow in the input buffer.

Port 3 (P36-P31). Port 3is a 6-bit, CMOS compatible port.
These six lines consist of three fixed inputs (P31-P33) and
three fixed outputs (P34-P36). Pins P31, P32, and P33 are
standard CMOS inputs (no auto latches) and pins P34,
P35, and P36 are push-pull outputs. Low EM! output
buffers can be globally programmed by the software. Two
on-board comparators can process analog signals on P31
and P32 with reference to the voltage on P33. The analog
function is enabled by programming Port 3 Mode Register
(P3M-bit D1). Pins P31 and P32 are programmable as
falling, rising, or both edge triggered interrupts (IRQ reg-
ister bits 6 and 7). P33 is the comparator reference voltage
input when the analog mode is selected. P33 is a falling
edge interrupt input only.

Note: P33 is available as an interrupt input only in the
digital mode. P31 and P32 are valid interrupt inputs and
P31 is the T,, input when the analog or digital input mode
is selected.

The outputs from the analog comparator can be globally
programmed to output from P34 and P35 by setting PCON
(F) 00 bit DO = 1.

Access to Counter/Timer 1 is made through P31 (T, ) and
P36 (To0)-

In the Z86EQB, pin P34 can also be configured as SPi clock
(SK), input and output, and pin P35 can be configured as
Slave Select (SS) in slave mode only, when the SPI is
enabled (Figures 5a and 5b).

Z86C03/08

—

P36 jme——————~
PSS b—
Py t——

P33 lg——

P32 ftmm——————

P3 f— .
S

Port 3
{V/O or Control)

To1 | 1 =Analog

i

0 = Digital

IRQ2, Tyy, P31 Data Latch

IRQO, P32 Data Latch

R247 = PaM
—
—_
——1ﬂ(i——°
P31 (AN1)
- + AN
P32 (AN2)
b +
P33 (REF)
> .

- —————

“So—————— IRQ1, P33 Data Latch

From STOP-Mode Recovel
Source (Z86C06 onl% I

Figure 5a. Port 3 Configuration
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PIN FUNCTIONS (Continued)

P34

SKIN
SPIEN
SPIMSTR
SPIEN
SKOUT
P34 OUT _\
P31 _I_%Q -
REF
8S
SPIEN

—_———
SPIMSTR [

4—
1>>~i"°

|

N

P35 OUT ——\‘

P32

PCON
l IDOI 0 P34, P35 Standard Output

1 P34, P35 Comparator Output

Nl

Figure 5b. Port 3 Configuration (Z86E06)

Low EMI Emission. The ZB6E03/E06 can be programmed
to operate in a low EMI emission mode in the PCON
register. The oscillator and all /O ports can be pro-
grammed as low EMI emission mode independently. Use
of this feature results in:

B The pre-drivers slew rate reduced to 10 ns (typical).
B LowEMloutputdrivers resistance of 200ohms (typical).

B Low EMI oscillator.

# Internal SCLK/TCLK = XTAL operation fimited to a
maximum of 4 MHz (250 ns cycle time) when the low
EMI oscillator is selected and SCLK = External (SMR
Register Bit D1=1).

Comparator Inputs. Port 3 Pin P31 and P32 each have a
comparator front end. The comparator reference voltage
pin P33 is common to both comparators. In analog mode,
the P31 and P32 are the positive inputs to the comparators,
and P33 is the reference voltage supplied to both com-
parators. In digital mode, Pin P33 can be used as a P33
register input or IRQ1 source.
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FUNCTIONAL DESCRIPTION

RESET. The device is reset in one of the following condi-
tions:

B Power-On Reset

m Watch-Dog Timer

B STOP-Mode Recovery Source
B Low Voltage Protection

Having the Autc Power-On Reset circuitry built-in, the
Z86EQ3/E06 does not require an external reset circuit. The
reset time is 5 ms (typical) plus 18 ciock cycles.

The device does not re-initialize the WDTMR, SMR, P2M,
or P3M registers to their reset values on a STOP-Mode
Recovery operation.

Program Memory. Z86E03/E06 can address upto512/1K
bytes of internal program memory (Figure 6). The first 12
bytes of program memory are reserved for the interrupt
vectors. These locations contain six 16-bit vectors that
correspond to the six available interrupts. Byte 13 to byte
511/1023 consists of on-chip, user program mask ROM.

EPROM Protect. The 512/1K bytes of Program Memory is
mask programmable. A EPROM protect feature will pre-
vent “dumping” of the EPROM contents by inhibiting
execution of the LDC and LDCI instructions to program
memory in all modes.

EPROM protect is EPROM-programmable. It is selected
by the customer when the ROM code is submitted. Select-
ing ROM protect disables the LDC and LDCI instruc-
tions in all modes. ROM lookup tables are not sup-
ported In this mode.

Expanded Register File (ERF). The register file has been
expanded to allow for additional system control registers
and for mapping of additional peripheral devices and
inputjoutput ports into the register address area. The Z8
register address space RO through R15 isimplemented as

16 groups of 16 registers per group (Figure 7). These
register groups are known as the Expanded Register File

(ERF).

Bits 3-0 of the Register Pointer (RP) select the active ERF
group. Bits 7-4 of the RP register select the working
register group (Figure 7). For the Z86E03, three system
configuration registers reside in the ERF address space
Bank F. For the Z86EQS, three system configuration regis-
ters reside in the ERF address space Bank F, while three
SPI registers reside in Bank C. The rest of the ERF address
space is not physically implemented and is open for future
expansion.

511/1023
Location of On-Chip
First Byte of EPROM
Instruction ~. F----=-=-===---
Executed 12~
After RESET B
" IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
IR
Interrupt Q3
vector g IRQ3
(Lower Byte)
5 ™ IRQ2
Interrupt 4/ adl IRQ2
Vector 3 IRQ1
{Upper Byte) .
2 IRQ1
1 IRQO
0 IRQO

Figure 6. Program Memory Map
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FUNCTIONAL DESCRIPTION (Continued)

REGISTER POINTER
Lrielsfefslz]]o]

Working Register Expanded Reglster
Group Pointer Group Pointer

28 Reg. File

Notes:
General-purpose registers are undefined after
i power-up, and they are not changed after reset.

‘ *Will not be reset with a STOP-Mode Recovery.
| U = Unknown
i t = Resarved

Z8 STANDARD CONTROL REGISTERS
RESET CONDITION

[o7]os |os] 04] p3] 2| b1 oo

REGISTER
FF SPL ujujujujujujuju
FE GPR Ufujujujujujutu
FD AP ofojojoejofjojotgo
FC FLAGS utujujujujujuju
F8 IMR ojujujujujujulu
FA IRQ cjojojojojojo]o
F9 PR ujujujujujujulu
F8 PO1M ulujujojujujuju
* F7 P3M ujujujujuijulo]o
* F& P2M ERERIREREERERER
F5 Reserved
F4 Reserved
F3 PRE1 vfujfujujujuljojo
F2 Tt ufujujujuiuvjulu
F1 TMR olo]ojo]ojofo]e
Fo Reserved
EXPANDED REG.GROUP (F)
REGISTER RESET CONDITION
(F) OF WDTMA ulufjuloft]1]o]1
(F) OF Reserved
{F) 00 Reserved
(F) 0C Reserved
* 1 (Fos SMR ojoj1jojojojo]t
(F) 0A Reserved
(F) 09 Reserved
(F) 08 Resarved
(F) 07 Reserved
{F) 06 Reserved
(F) 05 Reserved
{F) 04 Reserved
(F) 03 Reserved
(F) 02 Reserved
F)o1 Resarved
(F) 00 PCON 1]1f1ju]ujufu]o
EXPANDED REG.GROUP (0)
REGISTER RESET CONDITION
| 9o P3 tpr 1]+ Julufult
(0) 02 P2 UjuJujJujuJujulu
(0) 01 Resarved vlviulufulululu
(0) 00 Resarved vjuluju]ujujuju

Figure 7a. Expanded Register File Architecture (Z86E03)
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Z8 STANDARD CONTROL REGISTERS
RESET CONDITION

IB7[De|Ds|mlDalm|m {oo}

REGISTER
REGISTER POINTER - = m A% N M 1
[7[5|5|4|3|2|1|ﬂ FE GPR vlufvjujujujuju
Register FO AP ojojojolojojolo
w(grr‘::gg Poter I |E%?Sgngolmer FC FLAGS vtujujulujutulu
F8 IMR ojulujujujujuiju
FA IRQ ofojojJolojojotfo
Fo PR vluluju]ujuju]u
F8 POIM vfujujejujujuju
* | 7 P3M vjujujujujutolo
* F6 P2M R RIRARE SN ERE!
F5 PREO ujujujujulujutjo
Fé4 10 vjujujulujujulu
28 Reg. File Fa PRE! ulufufufulu]o]e
F2 Tt ujujuju]ujujuju
F1 T™MR olo]ojojojojelo
FO Reserved
} EXPANDED REG. GROUP (F)
REGISTER RESET CONDITION
* | (FOF WDTMR vlujufoft1fsfois
(F) OE Reserved
(F) oD Reserved
(F) OC Reserved
%] (OB SMR ojojsjojojojojo
(F) OA Reserved
(F) 08 Reserved
{F) 08 Reserved
OF (F) 07 Reserved
00 (F) 08 Reserved
{F) 05 Reserved
(F) 04 Reserved
(F) 03 Reserved
{F) 02 Reserved
(F) 01 Reserved
(Fy 00 PCON tJ1]v]Julujujujo
EXPANDED REG. GROUP (C)
REGISTER RESET CONDITION
(C) 02 SCON vjvjujufojoloto
© o RxBUF utuvly vjviulu
(€) 00 SCOMP ojojojojojojojo
— EXPANDED REG. GROUP (0)
General-purposs registers are undefined after REGISTER RESET CONDITION
power-up, andlheyarenol»changedaherreset. 008 P R PR I I DI
* Will not be reset with a STOP-Mode Recovery
** Will not be reset with 8 STOP-Mode Recovery, except Bit DO. 002 P2 yluvlujulujujuly
U = Unknown ©0 Reserved yjujululujuluiy
1 = Reserved {0) 00 Resarved yjujujupuuiulu

Figure 7b. Expanded Register File Architecture (Z86E06)

|
i
H
|
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FUNCTIONAL DESCRIPTION (Continued)

R253 RP
o706 [os [oeJos oo or o]

Expanded Register Group

Working Register Group

Nota: Default Setting After Resst = 00000000

Figure 8. Register Pointer Register

Register File. The Register File consists of two I/0 port
registers, 60/124 general-purpose registers, and 13/15
control and status registers. The Z86E03 General-Pur-
pose Register file ranges from address 00 to 3F while the
ZBBEOE General-Purpose Register file ranges from ad-

dress 00 to 7F (see Figure 9). The instructions can accels
registers directly or indirectly via an 8-bit address fiely.
This allows a short 4-bit register address using the Reg-
ter Pointer (Figure 9). In the 4-bit mode, the Register File}s
divided into 16 working register groups, each occupyi

16 continuous locations. The Register Pointer addressds
the starting location of the active working-register group.

General-Purpose Registers (GPR). These registers a
undefined after the device is powered up. The registe|
keep their last value after any reset, as fong as the resgt
occursinthe V,; voltage-specified operating range. Notg:
Register R254 has been designated as a general-purpo
register.

Stack. An 8-bit Stack Pointer (R255) used for the intern
stack that resides within the 60/124 general-purpose reg
isters.

-__...{ | 7 Tg s 14 l f3 T2 4y fo |R2s3
The upper nibble of the register file address
o provided by the register pointer specifies
the active working-register group
7F
== 2Z86C06 Only
70
6F
-~ 286C06 Only
60
5F
pr == 286C06 Only
50
4F
- - Z86C06 Only The lower nibble
40 of the register
3F - i fite address
L Sg:c'ifggrvé%z'"g -a——1} provided by the
30 9 p : instruction points
2F to the specified
. register
20
1F
-~ Register Group 1 R15t0 RO
10
oF
Reglster Group 0 ]_ R15t0R4 *
00 /O Ports F msto o

* Expanded Register Group (0) Is selected
in this figure by handling bits D3 to DO as
"0" in Register R253 (RP).

Figure 9. Register Pointer




@Zﬂ_m ADVANCE INFORMATION cﬁﬁgﬁ%"&ﬁ'ﬂgﬁgpﬁg&%

Counter/Timers. There are two 8-bit programmable  prescaler can be driven by internal or external clock
counter/timers (TO-T1), each driven by its own 6-bit pro-  sources, however, the TO prescaler is driven by the internal
grammable prescaler (ZB6EO3 only has T1). The T1  clock only (Figure 10).

0sC
D1(SMR) ¢
Y
+2 Internal Data Bus:
Write * l! Write ‘ lg Read * ﬁ
SMRY* PREO * TO* TO*
Do ) Initial Value Initial Value Current Value
Register Register Register
I\ 1| ]
6-Bit * 8-bit *
] 4" e Down S Down
$——> Intemal Counter Counter > |RQ4/SPI*
Clock
Y
Y +2 b— Tour
External Clock P36
A
Clock
Logic
6-Bit 8-Bit » |RQ5
-l 4 Down Ea Down
\ Counter Counter
Internal Ciock TT TT
Gated Clock PRE1 T1 T
Triggered Clock Initial Value Initial Value Current Value
Register Register Register
TN P
in P31 Write TT me ﬁ Read* U
* Available only in the Z86C06 Internal Data Bus

Figure 10. Counter/Timer Block Diagram

SN Wy

poms oo
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FUNCTIONAL DESCRIPTION (Continued)

The 6-bit prescalers divide the input frequency of the clock
source by any integer number from 1 to 64. Each prescaler
drives its counter, which decrements the value (1 to 256)
that has been loaded into the counter. When the counter
reaches the end of count, a timer interrupt request, RQ4
(TO) or IRQS5 (T1), is generated. Note that IRQ4 is software-
generated in the Z86ED3.

The counters are programmed to start, stop, restart to
continue, or restart from the initial value. The counters can
also be programmed to stop upon reaching zero (single-
pass mode) or to automatically reload the initial value and
continue counting (modulo-n continuous mode).

The counters, but not the prescalers, are read at any time
without disturbing their value or count mode. The clock
source for T1 is user-definable and can be sither the
internal microprocessor clock divided by four, or an exter-

nalfsignal input via Port 3. The Timer Mode register config-
ures the external timer input (P31) as an external clock, a
triggerinputthatcan beretriggerable or non-retriggerable,
or as a gate input for the internal clock. Port 3, line P36
servesasatimeroutput (Tou7) through which TO(E06 only),
T1, or the internal clock can be output. The counterftimers
can be cascaded by connecting the TO output to the input
of T1 (E06 only). The T, mode is enabled by setting PRE1
bit D1 (R243) 10 0.

Interrupts. The Z86EO3/E06 has six different interrupts
fromsixdifferent sources. The interrupts are maskable and
prioritized (Figure 11). The six sources are divided as
follows; three sources are claimed by Port 3 lines P31-P33,
two sources in the counter/timers, and one source for the
SPI. The Interrupt Mask Register globally or singularly
enables or disables the six interrupt requests (Table 2).

IRQO IRQ2

IRQ1,3,4,5 J ‘

lnterrurt
Edgep [ ¢—— |RQ (D6, D7)
i Select
Al
IRQ
® 00 00 }
IMR
6l
/]
Gilobal IPR
interrupt
Enable l L
Interrupt - PRIORITY
Request LOGIC -
Vector Select

Figure 11. Interrupt Block Diagram
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@ZILCB ADVANCE INFORMATION CONSUNER CONTROLLER PROCESSOR
Table 2. Interrupt Types, Sources, and Vectors

Name Source Vector Location Comments
IRQO IRQO 0,1 External (P32), Rising/Falling Edge Triggered
IRQ 1 IRQ 1 2,3 External (P33), Falling Edge Triggered
IRQ 2 IRQ2, T, 45 External (P31), Rising/Falling Edge Triggered
IRQ 3 IRQ 3 6,7 Software Generated, SP1 Receive
IRQ 4 TO/RQ 4 8,9 Internal for E06 and Software Generated for EO3
RQ5 TI 10, 11 internal

Note:

When enabled, the SPI receive interrupt is mapped to 1RQ3 in the Z86E06.

When more than one interrupt is pending, priorities are
resolved by a programmable priority encoder that is con-
trolled by the Interrupt Priority register. An interrupt ma-
chine cycle is activated when an interrupt request is
granted. This disables all subsequentinterrupts, saves the
Program Counter and Status Flags, and then branches to
the program memory vector location reserved for that
interrupt. All ZB6EO3/EQ6 interrupts are vectored through
locations in the program memory. This memory location
and the next byte contain the 16-bit starting address of the
interrupt service routine for that particular interrupt re-
quest.

To accommodate polled interrupt systems, interrupt in-
puts are masked and the interrupt request register is
polled to determine which of the interrupt requests need
service. In the Z86E06, when the SP1 is disabled, IRQ3 has
no hardware source but can be invoked by software (write
toIRQ3 Register). When the SP1 is enabled, aninterruptwill
be mapped to IRQ3 after a byte of data has been received
by the SPI Shift Register.

An interrupt resutting from AN1 is mapped into iRQ2, and
an interrupt from AN2 is mapped into IRQQ. Interrupts
IRQ2 and IRQD may be rising, falling, or both edge trig-
gered, and are programmable by the user. The software
can poll to identify the state of the pin.

The programming bits for the INTERRUPT EDGE SELECT
are located in the IRQ register (R250), bits D7 and D6. The
configuration is shown in Table 3.

Table 3. IRQ Register

IRQ Interrupt Edge
D7 D6 P31 P32
0 0 F F
0 1 F R
1 0 R F
1 1 RIF RIF
Notes:
F = Falling Edge
R = Rising Edge

2-15
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ADVANCE INFORMATION CoNsuMeR CONTROLLER PROCESSOR

FUNCTIONAL DESCRIPTION (Continued)

Clock. The Z86E03/E06 on-chip oscillator has ahigh-gain,
parallel-resonant amplifier for connection to a crystal, RC,
ceramic resonator, or any suitable external clock source
(XTAL1 = Input, XTAL2 = Output). The crystal should be AT
cut, 10 kHz to 8 MHz/12 MHz max, with a series resistance
(RS) less than or equal to 100 Ohms.

The crystal should be connected across XTAL1 and XTAL2
using the vendor's recommended capacitor values (ca-
pacitance between 10 pF to 300 pF) from each pin directly
to the device ground (pin 14). The layout is important to
reduce ground noise injection.

XTAL1

XTAL1
Ct L I

XTAL2 XTAL2
Ceramic Resonator or LC
Crystai C1,C2=22pF
C1,C2=47pFTYP* N
F =8 MHz L=130puH
F=3MHz

* Preliminary Value Including Pin Parasitics

The RC oscillator option is EPROM-programmable, to be
selected by the customer at the time the Z8 is EPROM
programmed. The RC oscillator configuration must be an
external resistor connected from XTAL1 to XTAL2, with a
frequency-setting capacitor from XTAL1 to ground (Figure
12).

In addition, a special feature has been incorporated into
the Z86E03/E06; in low EMI noise mode (bit 7 of PCON
register=0) with the RC option selected, the oscillator is
targeted to consume considerately less I current at
frequencies of 10 kHz or less.

XTAL1 XTAL1
‘T
XTAL2 XTAL2
RC External Clock
@ 5V Vee (TYP)
C1=33pF*
R=1kQ*
F=9.5 MHz

Figure 12. Oscillator Configuration

Power-On Reset. A timer circuit clocked by a dedicated
on-board RC oscillator is used for the Power-On Reset
(POR) timer function. The POR time allows Ve and the
oscillator circuit to stabilize before instruction execution
begins. The POR timer circuit is a one-shot timer triggered
by one of the three conditions:

W Power-Fail to Power-OK Status
B STOP-Mode Recovery (if D5 of SMR=1)

| WDT Time-out

The POR time is a nominal 5 ms. Bit 5 of the STOP Mode
Register determines whether the POR timer is bypassed
after STOP mode recovery (typical for external clock, and
RC/LC oscillators with fast start up time).

HALT. Will turn off the internal CPU clock but not the XTAL
osciltation. The counterftimers and external interrupts IRQO,
IRQ1, and IRQ2 remain active. The device may be recov-
ered by interrupts either externally or internally generated.
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STOP. This instruction turns off the internal clock and
external crystal oscillation and reduces the standby cur-
rent. The STOP mode is terminated by a RESET only, either
by WDT time-out, POR. SPt compare; or SMR recovery.
This causes the processor to restart the application pro-
gram at address 000C (HEX). Note, the crystal remains
active in STOP mode if bits 3 and 4 of the WDTMR are
enabled. In this mode, only the Watch-Dog Timer runs in
STOP mode.

Inorderto enter STOP or HALT mode, itis necessary tofirst
flush the instruction pipeline to avoid suspending execu-
tion in mid-instruction. To do this, the user executes a NOP
(opcode=FFH)immediately before the appropriate SLEEP
instruction, i.e.: .

FF NOP ; clear the pipeline
6F STOP ; enter STOP mode
or

FF  NOP ; clear the pipeline
7F  HALT ; enter HALT mode

Serial Peripheral Interface (SPI}—Z86E06 Only. The
Z86€06 incorporates a serial peripheral interface for com-
munication with other microcontrollers and peripherals.
The SPI does not exist on the Z86E03. The SP!includes
features such as STOP-Mode Recovery, Master/Slave
selection, and Compare mode. Table 4 contains the pin
configuration for the SP} feature whenitis enabled. The SPI
consists of four registers: SPI Control Register (SCON), SPI
Compare Register (SCOMP), SPI Receive/Buffer Register
(RxBUF), and SPI Shift Register. SCON is located in bank
(C) of the Expanded Register Group at address 02.

Table 4. SPI Pin Configuration

Name Functlon Pin Location
Di Data-In P20
DO Data-Out P27
SS Slave Select P35
SK SP! Clock P34

The SPi Control Register (SCON)(Figure 13)is aread/write
register that controls; Master/Slave selection, interrupts,
clock scurce and phase selection, and error flag. Bit O
enables/disables the SPI with the default being SPI dis-
abled. A 1 in this location will enable the SP!, and a 0 will
disable the SPI. Bits 1 and 2 of the SCON register in Master
mode select the clock rate. The user may choose whether
internal clock is divide-by-2, -4, -8, or -16. In slave mode,
Bit 1 of this register flags the user if an overrun of the RxBUF
Register has occurred. The RxCharOverrun flag is only
reset by writing a 0 to this bit. In slave mode, bit 2 of the

Controt Register disables the data-out /O function. Ifa 1is
written to this bit, the data-out pin is released to its original
port configuration. If a O is written to this bit, the SP1 shifts
outone bit for each bitreceived. Bit 3 of the SCON Register
enables the compare feature of the SPI, with the default
being disabled. When the compare feature is enabled, a
comparison of the value in the SCOMP Register is made
with the value in the RxBUF Register. Bit 4 signals that a
receive character is available in the RxBUF Register.

SCON (C) 02

{o7] 06} s b 03] b2 01 ] 00}

I--— SP! Enable

0 Disable *
1 Enable

p—sa e RxCharOverrun (S}
0 Reset
1 Overrun

CLK Divide (M)
00 TCLK/2
01 TCLK/4
10 TCLK/8
11 TCLKN86

b e 30 SPI Port Enabie (S)
0 SPI DO Port Enabled
1 DO Portto 11O

e Compare Enable
0 Enable
1 Disable *
RxCharA

0 Reset
1 Char. Avail.

Clock Phase
0 Trans/Falt
1 Trans/Rise

CLK Source
0 TCLK

1 Timer 0 Output

Master Slave

0 Stave
(S) Used with Bit D7 equal to 1 Master
(M) Used with Bit D7 equal to 1

* Default Setting After Reset.

Figure 13. SPI Control Register (SCON)
(Z86E06 Only)

If the associated IRQ3 is enzabled, an interrupt is gener-
ated. Bit 5 controis the clock phase of the SPL. A 1in Bit5
allows for receiving data on the clock’s falling edge and
transmitting data on the clock’s rising edge. A 0 allows
receiving data on the clock’s rising edge and transmitting
onthe clock’s falling edge. Tha SPI clock source is defined
in bit 6. A 1 uses Timer0 output for the SP! clock, and a 0
uses TCLK for clocking the SPL. Finally, bit 7 determines
whether the SP! is used as a Master or a Slave. A 1 puts the
SPiinto Master mode and a0 puts the SPI into Slave mode.

2-17
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FUNCTIONAL DESCRIPTION (Continued)

SP1 Operation (Z86E06 only). The SP! is used in one of
two modes: either as system slave, or as system master.
Several of the possible system configurations are shownin
Figure 14.In the siave mode, data transfer starts when the
slave select (SS) pin goes active. Data is transferred into
the slave’s SPI Shift Register through the DI pin, which has
the same address as the RXBUF Register. After a byte of
data has been received by the SPI Shift Register, a
Receive Character Available (RCA/IRQ3) flag and inter-
ruptis generated. The next byte of data will be received at
this time. The RxBUF Register must be cleared, or a
Receive Character Overrun (RxCharOverrun) flag will be
set in the SCON Register, and the data in the RxBUF
Register will be overwritten. When the communication
between the master and slave is complete, the SS goes
inactive.

Unless disconnected, for every bit that is transferred into
the slave through the DI pin, a bit is transferred out through
the DO pin on the opposite clock edge. During slave
operation, the SPI clock pin (SK) is an input. In master
mode, the CPU must first activate a SS through one of it's
l/O ports. Next, datais transferred through the master's DO
pin one bit per master clock cycle. Loading data into the
shift register initiates the transfer. In master mode, the
master’s clock will drive the slave's clock. At the conclu-
sion of a transfer, a Receive Character Available (RCA/
IRQ3) flag and interrupt is generated. Before data is
transferred via the DO pin, the SPI Enable bit in the SCON
Register must be enabled.

SPI Compare (Z86E06 only). When the SPI Compare
Enable bit, D3 of the SCON Register is set to 1, the SPI
Compare feature is enabled. The compare feature is only
valid for slave mode. A compare transaction begins when
the (SS) line goes active. Data is received as if it were a
normal transaction, but there is no data transmitted to
avoid bus contention with other slave devices. When the
compare byte is received, IRQ3 is not generated. Instead,
the data is compared with the contents of the SCOMP
Register. If the data does not match, DO remains inactive
and the slave ignores all data until the (SS) signal is reset.
if the data received matches the data in the SCOMP
register, then a SMR signal is generated. DO is activated
if it is not tri-stated by D2 in the SCON Register, and data
is received the same as any other SPI slave transaction.

When the SPI is activated as a slave, it operates in all
system modes; STOP, HALT, and RUN. Slaves' not com-
paring remain in their current mode, whereas slaves'
comparing wake from a STOP or HALT mode by means of
an SMR.

8P Clock (Z86E06 only). The SP! clock maybe driven by
three sources: Timer0, a division of the internal system
clock, or the external master when in slave mode. Bit D6 of
the SCON Register controls what source drives the SPI
clock. A 0 in bit D6 of the SCON Register determines the
division of the internal system clock if this is used as the SP}
clock source. Divide by 2, 4, 8, or 16 is chosen as the
scaler.
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Standard Serlal Setup
ss “
2 4 5\ ‘
dif A
\ \ \ \ \ i
2% 35258 ° 2 %85| |g%87F
Slave Slave Slave Slave
Standard Parailel Setup
ss1 ™
882
5 ss3
3 ss4
sk
do
di feu
A A \ y \ \
28 8°|[2 58 < 43 8°|ls88°
Slave Slave Slave Slave
Setup For Compare
8 J‘
§ sk Ay
do Ay
dif- » .
\ \ A \ i
EER] R EEERD 2%583||as 8T
Slave Slave Slave Slave
L) @ (255) (256)
Up to 256 slaves per SS line |
Three Wire Compare Setup
ss 2|
B o A
2 5 3\
di |- Sy
A \ A \
2% 8°)||a58°F 2858°||[a%8"
Slave Slave Slave Slave

Multiple slaves may have the same address.

Figure 14. SPI System Configuration (Z86E06 Only)
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FUNCTIONAL DESCRIPTION (Continued)

Receive Character Available and Overrun (Z86E06  for clock control in slave mode, bit D1 in the SPI Contrg
Only). When a complete data stream is received, an  Register is used to log any RxCharOverrun (Figure 15 and
interrupt is generated and the RxCharAvail bitin the SCON  Figure 16).

Register is set. Bit 4 in the SCON Register is for enabling
or d|s§b||ng thg RxCharAva.n interrupt. The Rx@harAyall bit No Parameter Min Units
is available for interrupt polling purposes and is resetwhen

the RxBUF Register is read. RxCharAvail is generated in 1 D! to SK Setup 10 ns
both master and slave modes. While in slave mode, if the 2 SK to DO Valid 15 ns
RxBUF is not read before the next data stream is received 3 SS to SK Setup .5 Tsk ns
and loaded into the RxBUF Register, Receive Character 4 SS to DO Valid 15 ns
Overrun (RxCharOverrun) occurs. Since there is no need 5 SK to DI Hold Time 10 ns
Tsk
SK / % / \
—
SS
Do
® e—
Di

Figure 15. SPI Timing (Z86E06 Only)
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J [ SK
I—. P —" DO
Bit Counter SPI Compare Register (SCOMP) o
SMR <4——  /interrupt = D
Control
— — ss
— SPI Shift Register
SPI Receive Buffer (RxBUF)
SPI Control | SPI
l Clock
Y
IRQ3 1 ’

TCLK  SCLK+n

Figure 16. SPI Logic (Z86E06 Only)

PORT Configuration Register (PCON). The PCON con-
figures the ports individually for comparator output on Port
3, low EMI noise on Ports 2 and 3, and low EMI noise
oscillator. The PCON Register is located in the Expanded
Register File at bank F, location 00 (Figure 17).

Comparator Output Port 3 (D0). Bit O controls the com-
parator use in Port 3. A 1 in this location brings the
comparator outputs to P34, and P35 and a 0 rel the

Low EMI OSC (D7). This bit of the PCON Register controls
the low EMI noise oscillator. A 1 in this location configures
the oscillator with standard drive. While a 0 configures the
oscillator with low noise drive, it does not affect the relation-
ship of SCLK and XTAL.

PCON (F) 00

DEEOREDEE)|

Port to its standard 1/O configuration.
Bits D4-D1. These bits are reserved and must be 1.

Low EMI Port2(D5). Port 2is configured as a Low EMI Port
by resetting this bit (D5=0) or configured as a Standard
Port by setting D5=1. The default value is 1.

Low EMI Port 3 (D6). Port 3 is configured as a Low EMI Port
by resetting this bit (D6=0) or configured as a Standard
Port by setting D6=1. The default value is 1.

L—- Comparator Output Port 3
0 P34, P35 Standard Output®
1 P34, P35 Comparator Qutput

Reserved (Must be 1)

0 Port 2 Low EMI
1 Port 2 Standarg*

0 Port 3 Low EMI
1 Port 3 Standard®

Low EM! Osclfator
0 Low EMI
1 Standard”

* Default setting after RESET

Figure 17. Port Configuration Register (PCON)
(Write Only)
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FUNCTIONAL DESCRIPTION (Continued)

STOP-Mode Recovery Register (SMR). This register
selects the clock divide value and determines the mode of
STOP-Mode Recovery (Figure 18). All bits are Write Only
except bit 7, which is Read Only. Bit 7 is a flag bit that is
hardware set on the condition of a STOP recovery and
reset on a power-on cycle. Bit 6 controls whether a low
levelor high levelis required from the recovery source. The
recovery level must be active Low to work with SPI. Bit &
controls the reset delay after recovery. Bits 2, 3, and 4 of
the SMR specify the source of the STOP-Mode Recovery
signal. Bit 1 determines whether the XTAL is divided by 1
or 2. AQin this location uses XTAL divide-by-two, and a 1
uses XTAL. The default for this bit is XTAL divide-by-two.
Bit O controls the divide-by-16 prescaler of SCLK/TCLK.
The SMR is located in bank F of the Expanded Register
Group at address OBH.

SMR (F} 08
{o7] o8] os] 04| 03] 02} 01] oo}

l I— Reserved (Must be 0)
Extemnal Clock Divide Mode

0 = SCLI/TCLK = Extemal/2"
1 = SCLK/TCLK = External/1
Stop Mode Recovery Source
000 PO Only '~
001-100 Reserved

101 P27

110 P2NOR 0:3

mn P2 NOR 0:7

Stop Delay

0 OFF

10ON*

Stop Recovery Leve!

0 LowlLevel *
1 High Level

Stop Flag
0 POR*

* Default setting after RESET.
1 Stop Recovery

Figure 18a. STOP-Mode Recovery Register
(Write Only except bit D7, which is Read Only.)
(Z286E03)

SMR (F)0B
|o7{ o8] 05| p¢] 0] 02 1] o] ’
L— SCLK/TCLK Divide-by-16
| 0 OFF **

10N

External Clock Divide Mode
0 = SCLK/TCLK = External/2*
1 = SCLK/TCLK = External/1

Stop Mode Recovery Source
000 POR Only*

001 POR Only
010 P31

on P32

100 P33

101 P27

10 P2 NOR 0:3
Ll P2 NOR 0:7

Stop Dela

[} 8?=F Y

10ON*

Stop Recovery Lavel

0 Low Level *
1 High tavel

Stop Flag
0 POR*
1 Stop Recovery

* Detault setting after RESET
** Default setting after RESET, and STOP-Mode Recovery.

Figure 18b. STOP-Mode Recovery Register
(Write Only except bit D7, which is Read Only.)
(Z86E06)

SCLK/TCLK Divide-by-16 Select (D0)}—Z86E06 Only.
DO of the SMR controls a divide-by-16 prescaler of SCLK/
TCLK. The purpose of this control is to selectively reduce
device power consumption during normal processor ex-
ecution (SCLK control) and/or HALT mode (where TCLK
sources the counterftimers and interrupt logic).

External Clock Divide Mode (D1). This bit can eliminate
the oscillator divide-by-two circuitry. When this bit is 0,
SCLK (System Clock) and TCLK (Timer Clock) are equal to
the external clock frequency divided by two. The SCLK/
TCLK s equal to the external clock frequency when this bit
is set (D1=1). Using this bit, together with D7 of PCON,
helps further lower-EMI {i.e., D7 (PCON)=0, D1 (SMR=1].
The default setting is 0.
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STOP-Mode Recovery Source (D2,D3,D4). These three
bits of the SMR specify the wake-up source of the STOP-
Mode Recovery (Figure 19 and Table 5).

Table 5. STOP-Mode Recovery Source

SMR Operation
D4 D3 D2 Description of Action

0 © 0 POR recovery only

0 0 1 POR recovery only (EO3 = Reserved)
0o 1 0 P31 transition (EO3 = Reserved)

0o 1 1 P32 transition (EO3 = Reserved)

1 0 0] P33 transition (E03 = Reserved)

1 0 1 P27 transition

1 1 0 Logical NOR of Port 2 bits 0:3

1 1 1 Logical NOR of Port 2 bits 0:7

P31-P33 cannot wake up from STOP Mode if the inputlines
are configured as analog inputs. In the Z86E06, when the
SPl is enabled and the Compare feature is active, a SMR
is generated upon a comparison in the SPI Shift Register
and SCOMP Register, regardless of the above SMR Reg-

ister settings. If SPI Compare is used to wake up the part
from STOP Mode, it is still possible to have one of the other
STOP-Mode Recovery sources active. Note: These other
STOP- Mode Recovery sources must be active level Low
(bit D6 in SMR set to 0 if P31, P32, P33, and P27 selected,
orbitD6in SMR setto 1iflogical NOR of Port 2 is selected).

STOP-Mode Recovery Delay Select (D5). This bit dis-
ables the 5 ms RESET delay after STOP-Mode Recovery.
The default condition of this bitis 1. If the “fast’ wake up is
selected, the STOP-Mode Recovery source needs to be
kept active for at least 5 TpC.

STOP-Mode Recovery Level Select (D). A 1 in this bit
position indicates that a high level on any one of the
recovery sources wakes the device from STOP Mode. A0
indicates low level recovery. The default is 0 on POR
(Figure 19).

Cold or Warm Start(D7). This bit is set by the device upon
entering STOP Mode. It is active High, and is O (cold) on
POR/MWDT RESET. This bit is Read Only. A 1 in this bit
(warm) indicates that the device awakens by a SMR
source.

SMR D4 D3 D2
000
SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2
VDD 101 110 111
P20 P20
1
P27 1
P23 P27
To POR
D RESET
Stop Mode Recovery Edge
Select (SMR)

Figure 19a. STOP Mode Recovery Source (Z86E03)
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FUNCTIONAL DESCRIPTION (Continued)

SMR D4 D3 D2

00 o0
0 01 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SPI
01 0 10 0 10 1 110 11 1
VDD 01 1
P20 P20
P31+ T
P32 P33 P27 1
P23 p27
T POR
D RESE]
!
Stop Mode Recovery Edge
Select (SMR) B P33 Data

— Latch and IRQ1

P33 From Pads

MUX

Digital/Analog Mode
Select (P3M)

*Note: P31, P32 and P33 are not in Analog Mode.

Figure 19b. STOP-Mode Recovery Source (Z86E06)

Watch-Dog Timer Mode Register (WDTMR). The WDT is
a retriggerable one-shot timer that resets the 28 if it
reaches its terminal count. The WDT is initially enablad by
executing the WDT instruction and refreshed on subse-
quent executions of the WDT instruction. The WDT cannot
be disabled after it has been initially enabled. The WDT
circuit is driven by an on-board RC oscillator or external
oscillator from XTAL1 pin. The POR clock source is se-
lected with bit 4 of the WDTMR register.

Note: Execution of the WDT instruction affects the Z (zero),
S (sign), and V (overflow) flags.

Bits0and 1 controlatap circuit that determines the timeout
period (on Z86E0E only). Bit 2 determines whether the
WOT is active during HALT and bit 3 determines WDT
activity during STOP. If bits 3 and 4 of this register are both
setto 1, the WDT is only driven by the external clock during
STOP mode. This feature makes it possible to wake up
from STOP mode from an internal source. Bits 5 through 7
of the WDTMR are reserved (Figure 20). This register Is
accessible only during the first 64 internal system
clock cycles from the execution of the first instruction
after Power-On Reset, Watch-Dog Reset or a STOP
Mode Recovery (Figure 21). After this point, the ragls-

ter cannot be modifled by any means, intentional of
otherwise. The WDTMR cannot be read and is locate§
In bank F of the Expanded Register Group at addres
location OFH.

WDTMR (F) OF

Igioil_oslwloa] o2{o1] oo

—:"‘- WDTTAPt INTRCOSC XTAL

00 & 512T]
o1 15* 1024 T
10 25 2048 T
11 100 8192T)
WOT During HALT

0 OFF

1 ON*

WOT During STOP

0 OFF

1 ON*

s XTAL1/INT RC Select for WDT
0 On-BoardRC *
1 XTAL

Rasorvad (Must be 0)

* Default setting after RESET
1 Must be 01 for Z86E03

Figure 20. Watch-Dog Timer Mode Register
(Write Only)
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Fitter * OC!
CLK Generator * RESET
Internat ‘ l
RESET B
i :
Mo > ™" WDT 7P SELECT |
CLK Source ,
Select > : i
(WDTMR) ; :
XTAL > 5ms POR 5ms 15ms 25ms 100ms i
Ml— cik . ‘
U WDT/POR Counter Chain ]
Intemnai X CLR
RC 13
0SC. 13
2V Operating
‘ Vee Voltage Det.
| 2V REF §
E From Stop : e
Mode ' i
! Recovery > D 2
Source 12 ns Glitch Filter
' WDT > .
Stop Delay <,
Select (SMR) ~

* Not available on the Z86E03, WDT fixed at 15 ms/1024TpC in the Z86E03.

Figure 21. Resets and WDT
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FUNCTIONAL DESCRIPTION (Continued)

WOT Time Select (D1,D0). Bits 0 and 1 control a tap
circuit that determines the time-out period. Table 6 shows
the different values that can be obtained. The defaultvalue
of D0 and D1 are 1 and 0, respectively. These select bits
are present in the Z86E06 only.

Table 6. Time-Out Period of the WDT (Z86E06 Only)

Time-Out of Time-Out of
D1 Do internal RC OSC XTAL Clock
0 0 5 ms min 256TpC
0 1 15 ms min 512TpC
1 0 25 ms min 1024TpC
1 1 100 ms min 4096TpC
Notes:

TpC = XTAL clock cycie
The default on reset is 15 ms, DO = 1 and D1 = 0.
The values given are for V,, = 5.0V

For the Z86E03, the WDT time-out value is fixed at 1024 TpC (depending
on WDTMR bit D4) period. When writing to the WDTMRin the Z86E03, bit
DO must be 1 and D1 must be 0.

WDT During HALT (D2). This bit determines whether or
not the WDT is active during HALT mode. A 1 indicates
active during HALT. The default is 1.

WOT During STOP (D3). This bit determines whether or
not the WDT is active during STOP mode. Since XTAL
clock is stopped during STOP Mode, unless as specified
below, the on-board RC must be selected as the clock
source to the POR counter. A 1 indicates active during
STOP. The default s 1. If bits D3 and D4 are both setto 1,
the WDT only, is driven by the external clock during STOP
mode.

Clock Source for WDT (D4). This bit determines which
oscillator source is used to clock the internal POR and WDT
counter chain. If the bit is a 1, the internal RC oscillator is
bypassed and the POR and WDT clock source is driven
from the external pin, XTAL1. The default configuration of
this bit is 0, which selects the internal RC oscillator.

Bits 5, 6 and 7. These bits are reserved.

V. Voltage Comparator. An on-board Voltage Compara-
tor checks that V.. is at the required level to ensure correct
operation of the device. Reset is globally driven if V. is
below the specified voltage (typically 2.6V).

Low Voitage Protection (V,,). The Low Voltage Protec-
tion trip point (V,, ) will be less than 3 volts and above 1.8
volts under the following conditions.

Maximum (V,,) Conditions:

Case1: T, = -40° to +105°C, Internal Cloek (SCLK)
Frequency equal or less than 1 MHz

Case 2: T, =—40° to +85°C, Internal Clock (SCLK) Fre-
quency equal or less than 2 MHz

Note: The internal clock frequency (SCLK) is determined by SMR (F)
0BH bit D1,

The device functions normally at or above 3.0V under all
conditions. Below 3.0V, the device is guaranteed to func-
tion normally until the Low Voltage Protection trip point V)
is reached, for the temperatures and operating frequen-
cies in cases 1 and 2 above. The actual low voltage trip
pointis a function of temperature and process parameters
(Figure 22).
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Vee 34
(Volts)
32
3.0
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26 \
\\ VLV (Typical)
24 ‘\
22 P
----- —-------------——-----------—\--------- 2 MHz*
----- B R B T T P s Dt e s b RETS
2.0

-60  -40 -20 0 20 40 60 80 100 120 140

Temperature (°C)
Note: * The typical minimum operating Vcc voltage at that frequency.

Figure 22. Typical Z86E03/E06 V , Voltage vs Temperature
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SPECIAL FUNCTIONS
EPROM Mode

Besides V,,;, and GND (V,), the ZB6EO3/EO6 changes all
its pin functions in the EPROM mode. XTAL2 has no
function, XTAL1 functions as /CE, P31 functions as /OE,
P32 functions as EPM, P33 functions as V,, and P02
functions as /PGM.

EPROM Protect. ROM protect is EPROM-programmable.
Itis selected by the customer at the time the ROM code is
EPROM programmed. The selection of ROM Protect
disables the LDC and LDCI instructions in ali modes. A
ROM look-up table cannot be used in this mode.

Table 7. OTP Programming Table

Application Caution
Please note that when using the device in a noisy efivirc
ment, it is suggested that the voltages on thq EP
/CE, JOE pins be clamped to V. through a diode t Vcc
prevent accidentally entering the OTP mode.
requires both a diode and a 100 pF capacitor.

User Modes. Table 7 shows the programming vollage
each mode of Z86E06.

Programming Modes Ve EPM ICE I0E PGM ADDR DATA '
EPROM READ1 X v, A A Vi, ADDR  Out  4pv
EPROM READ2 X A A A V,, ADDR  Out  5pV
PROGRAM v, X A Vi v, ADDR In v
PROGRAM VERIFY A X v, A A ADDR  Out Vv
EPROM PROTECT v, V., v, vy, A NU NU v
PERMANENT WDT ENABLED A Vy A A A NU NU Vv
GLOBAL AUTO LATCH DISABLED  V, Vi, v, A A NU NU iv
RC OSCILLATOR v, v, vV, v,, v, NU NU v
Notes:

In EPROM Mode, alt Z8 inputs are TTL inputs.

V, = 125V05V

V,, = As per specific Z8 DC specification.

V, = As per specific Z8 DC specification.

X~ = Notused, but must be setto V. V,,, or V, level.
NU = Not used, but must be sst to either V,, or V, tevel.
I, during programming = 40 mA maximum.

I, during programming, verify, or read = 40 mA maximum.
* V. has a tolerance of £0.25V.




Z86E03/E06 CMOS Z28° 8-BiT OTP

@2_“_‘]5 ADVANCE INFORMATION CONSUMER CONTROLLER PROCESSOR

Internal Address Counter. The address of ZB6EO3/E06 is
generated internally with a counter clocked through pin
P01 (Clock). Each clock signal increases the address by
one and the high level of pin POO (Clear) will reset the
address to zero. Figure 16 shows the setup time of the
serial address input.

Programming Waveform. Figures 24, 25and 26 showthe
programming waveforms of each mode. Table 7 shows the
timing of programming waveforms.

Programming Algorithm. Figure 27 shows the flow chart
of the Z86EQ3/EQ6 programming algorithm.

Table 8. Timing of Programming Waveforms

Parameters Name Min Max Units
i Address Setup Time 2 us
2 Data Setup Time 2 us
3 V. Setup 2 us
4 V. Setup Time 2 us
5 Chip Enable Setup Time 2 ys
B Program Pulse Width 0.95 ms
7 Data Hold Time 2 us
8 OE Setup Time 2 ps
9 Data Access Time 200 ns
10 Data Output Float Time 100 ns
ik Overprogram Pulse Width 2.85 ms
12 EPM Setup Time 2 us
13 /PGM Setup Time 2 us
14 Address to JOE Setup Time 2 us
15 Option Program Pulse Width 78 ms

PR, A, e ST

2-29
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Z86EQ3/06 CMOS 280 &ar ot
CONTROLLER PROJESSOF

ADVANCE INFORMATION CONSUMER

P01 = Clock

Intemnal
Address

Data

P00 = Clear / ‘\

SPECIAL FUNCTIONS (Continued)
EPROM Mode

M {2 ,
VAVAVAVAN

Q)
®)
—T)—>

X X

Vih e 0 Min

Vil Invalid XValid x lnvalidX;VaIid‘X

k—+@

Legend:

T1 Reset Clock Width

T2 Input Clock High

T3 input Clock Period

T4 Input Clock Low

T5 Clock to Address Counter Out Delay

30 ns Min
30 ns Min
70 ns Min
30 ns Min
15 ns Max

Figure 23. Z86E03/E06 Address Counter Waveform
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3 2iLAaB ADVANCE INFORMATION CONSUMER CONTROLLER PROCESSOR
VIH
Address VIL X Address Stable X Address Stable X
VIH 0 Min -
Data VIL Invalid XValid Xnvaﬁd XVaIid X
Jok
" ®
vep /
VH 4
EPM ’ \
VIL
5.5V £
-
vece ® r- / Y \
4.5V
VIH
ICE /
VIL l’__/
k4
VIH OMin  fe— ﬁ
ViL
VH £
/PGM ! \
VIL

O

Figure 24. Z86EO03/E07 Programming Waveform

(EPROM Read)

|
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SPECIAL FUNCTIONS (Continued)
EPROM Mode

VH

Address
TS

Address Stable . X

Data

Data Stable {| Data Out Valid §

|

X

- - @
) i
—]

W /

ViH

/0E
VL

ViH

PGM |
w
O ®

@

Program Cycle jae—— Verify Cycle ——»

Figure 25. Z86E03/E06 Programming Waveform
(Program and Verify)




EPM

/PGM

EPROM Protect Permanent Auto Latch
woT Disabled

Figure 26. Z86E03/E06 Programming Waveform
(EPROM Protect and Low EMI Program)

Q2105 ADVANCE INFORMATION (OIS CUDS 2780 OTP
Vik
Address
ViL
VIH
Data Vit
VH
Vpp
v
®
6V
vee
45V
VH
/CE
ViK
ViH
/0E
Vi

RC
Oscillator
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NSUMER CONTROLLER

—
SPECIAL FUNCTIONS (Continued)
EPROM Mode

Addr =
First Location

1

Vee = 6.0V
Vpp =125V

Increment
Address

Program
1 ms Pulse

1

increment N

fy Byte
Pass

Prog.One Pulse ]
3xN ms Duration

No
Last Addr ?

Yes

Vee = Vpp =4.5V

Note:

« To ensure proper operations during the spec.,
Zilog recommends verification over the
V¢ range of the device V. spec.

Fail

Fail

*
Vee= Vpp =55V G)evice Fai|ed)

Figure 27. Z86E03/E06 Programming Algorithm

Fail

Verify All
Bytes

Device Passed
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Z86EOX/EQS CMOS Z28* 8-Brr OTP

ABSOLUTE MAXIMUM RATINGS

Symbol Description Min Max Units
Vee Supply Voltage* -0.3 +7.0 \
Vim Max Input Voltage™ 12 v
. Storage Temp -65 +150 °C
A Oper Ambient Temp 1 °C
Notes:

* Voltage on all pins with respect to GND.

** Applies to Port pins only and must limit current
going into or out of Port pins to 250 pA maximum.

1 See Ordering Information

Stresses greater than those listed under Absolute Maxi-
mum Ratings may cause permanent damage to the de-
vice. This is a stress rating only; operation of the device at
any condition above those indicated in the operational
sections of these specifications is notimplied. Exposure to
absolute maximum rating conditions for extended periods
may affect device reliability.

STANDARD TEST CONDITIONS -

The characteristics listed below apply for standard test
conditions as noted. Allvoltages are referencedto Ground.
Positive current flows into the referenced pin (Figure 28).

150 pF

—

Figure 28. Test Load Configuration

CAPACITANCE
T,=25° C, V. = GND =0V, f = 1.0 MHz, unmeasured pins returned to GND.
Parameter Min Max
Input Capacitance 0 12 pF
Output Capacitance 0 20 pF
}/O Capacitance 0 25 pF

V.. SPECIFICATION
Vg = 3.0V0 5.5V

2-35
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DC ELECTRICAL CHARACTERISTICS
Z86EQ3/E06
T,=0% T,=-40°C
V. to +70°C f0+105°C  Typical
Symbol Parameter Note {3] Min  Max Min Max @25°C Units Conditions Noggs
Vo Clock Input High v 09V, V,+03 0.9V, V03 24 v Driven by External
Voltage Clock Generator
50v 09V, V,+03 09V, V403 39 v Driven by External
Clock Generator
vy Clock Input Low 33v V03 02V, V03 02V, 16 v Driven by Exteral
Voltage Clock Generator
50V V03 02V, V03 02V, 27 v Driven by External
Clock Generator
Vi input High Voltage 3.3V 0.7V, V,+03 0.7V, V+03 18 v
50V 0.7V, V.+03 07V, V403 28 v
v, Input Low Voltage 33V V03 02V, V03 02V, 1.0 v
50v V03 02V, V03 02V, 15 )
Vi Output High Voltage ~ 3.3V V04 V04 31 v ly=-2.0mA |
50V V04 V04 48 v lo=-20mA il
Vo Output Low Voltage 3.3V 08 08 0.2 v I, =+4.0 mA il )
5.0V 04 04 0.1 v o, =+4.0 mA 4l )
Vo Output Low Voltage 3.3V 10 1.0 04 v lq =+6mA, il
3 Pin Max
50V 10 1.0 05 v lo=+12mA, il |
3 Pin Max
Veresr  Comparator Input 3.V 110 0 H mv
Ofiset Voltage 5.0V 110 0 15 mv
Vin Input Common 33V oV V10 oV V15 [;'
Mode Voltage Range 5.0V oV V1w oV Vv {
I Input Leakage 3V -10 10 -10 1.0 B V=0V v,
50v -1.0 10 -10 1.0 WAV =0V.V,
lot Output Leakage 3.3v -0 10 -10 10 PA - V=0V, V,
50V -1.0 1.0 -1.0 10 A V=0V,
lee Supply Current 33v 6 6 - 30 mA @8MHz [45.%1
50v 11.0 1.0 6.0 mA  @8MHz {459l
3V 8.0 8.0 45 mA  @12MHz (45,10,
50V 15 15 9.0 mA @12MH: (45108}
log input Bias Current 33V 300 300 nA {
50V 300 300 nA {
b input Offset Current 3.3V +150 +150 nA [;l
+150 [
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N2La5 ADVANCE INFORMATION CONSUNER CONTROLLER PROCESSOR
T,=0°C T,=-40°C
Vee 10 +70°C 1o +105°C Typlcal
Symbol Parameter Note [3) Min Max Min Max @25°C Units Conditions Notes
Vs P36 5.0V 10 1.0 v I =24 mA
leey Standby Current 3.3V 30 30 13 HALT Mode V,, = 0V, [4,5,12]
V@8 MHz
5.0v 5 5 3.0 mA  HALT ModeV, =0V, {4,512]
V@ 8MH:
33V 45 45 20 mA  HALT ModeV, =0V, [4,5,13]
V@ 12MHz
5.0v 70 70 40 mA  HALT Mode V, = OV, {4,513
V. @ 12MHz
3.3V ) 14 14 0.7 mA  Clock Divide-by-16 {4,5,12]
@ 8 MHz
5.0v 35 35 2.0 mA  Clock Divide-by-16 {4,512}
' @ 8 MHz
33V 20 20 1.0 mA  Clock Divide-by-16 {4,5,13]
@12 MHz
5.0v 45 45 25 mA  Clock Divide-by-16 (4,513}
@12 MHz
5.0v 1.0 1.0 mA  HALTMode @ 12kHz [4,5,11,13]
leco Standby Current .oV 10 20 1.0 pA  STOPModeV, =0V, {6,9]
V, WDT is not Running
5.0v 10 20 30 pA  STOPModeV, =0V, [6,9]
V; WOT is not Running
3V 600 600 400 pA  STOP ModeV, =0V, [6,9,12}
V. WOT is Running
5.0v 1000 1000 800 pA  STOPModeV, =0V, {6,9,12
V. WOT is Running
ha Auto Latch Low 3.3V 7.0 14.0 40 B V<V <V,
Current
5.0v 20.0 300 10 P OV<V <V,
[ Auto Latch High 33V —4.0 -80 -20 M V<V, <V,
Current 5.0V -90 ~16.0 =50 A OV <V,
Toon Power-On Reset 33V 7 24 B 13 ms
5.0v 3 13 14 7 ms
Vi V. Low Voltage 22 28 1.7 30 26 V 6 MHzmax int. CLK Freq. 3]
Protection Voltage
Notes:
I Typ Max Unit Freq [7) For analog comparator inputs when analog
Clock Driven on XTAL 03 50 mA 8 MHz comparators are enabled.
Crystal or Ceramic Resonator 3.0 50  mA 8 MHz [8} Excludes clock pins.
2] Vi =2V=GND [9] Clock must be forced Low when XTAL1 is clock-driven
[3] Vg =30Vto5.5V.The V,, increases as the temperature and XTAL2 is floating.

14]
5]
16)

decreases. Typical values measured at 3.3V and 5.0V.
All ou'puts unloaded, HO pins floating, inputs at rail.
C,,=C_,=100pF

Same as note [4] except inputs at V..

[10] STD mode (not low EMI mode).
[{t1] Low EMI Oscillator enabled.
[12] Z86EO3 only.

[13] ZB6EOS orily.

2-37
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PROCESSOR

CONSUMER CONTROLLER

AC ELECTRICAL CHARACTERISTICS
ZBBEO3/E06

Source

®

Figure 29. Additional Timing

AC ELECTRICAL CHARACTERISTICS

(SCLK/TCLK = EXTERNAL/2)

¥, =0°C To +70°C T, =-40°C To +105°C

Ve, 8MHz™  12MHz™  gMHzt™ 12 MKz
No Symbol Note[3] Min Max Min Max Min Min Max Units Notes
1 TpC Input Ciock Period 3.ov 125 DC 83 DC 125 DC ns [178]

55V 126 DC 83 DC 125 oC ns  [178]
2 TCTC 3.0v 25 15 15 ns 178

5.5V 25 15 15 ns  [1,7.8]
3 TwC Input Clock Width 3.0v 62 41 62 ns 1,78

55v 62 41 62 ns  [1,78]
4 TwTinL Timer Input Low Width 3.0V 100 100 100 ns [178]

5.5V 70 70 70 ns  {1,78]
5  TwTinH Timer input High Width 3.0V 5TpC §TpC 5TpC 5TpC [1.7.8]

5.5V 5TpC 5TpC 5TpC [1,78]
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QZLCB ADVANCE INFORMATION CONSUMER CONTROLLER PROCESSOR
AC ELECTRICAL CHARACTERISTICS (Continued)
(SCLK/TCLK = EXTERNAL/2)
T,=0°CT0+70°C T, =-40°C 70 +105°C
Ve 8 MHZ'™M 12 MHZ™ 8 MHZ™ 12 MHZ'™
No Symbol  Parameter Note[3) Min Max Min Max Min Max Min Max Units Notes
6 TpTin Timer Input Period 3.V 8TpC 8TpC 8TpC 8TpC {1.78
5.5V 8TpC 8TpC 87pC 8TpC 1,78
7 Tiin, Timer Input Rise 3.V 100 100 100 100 ns {1781
TtTin and Fall Timer
55V 100 100 100 100 ns [1.7.8]
g TwiL int. Request Input 3ov 100 100 100 100 ns 11,278
Low Time '
55V 70 70 70 70 ns [127.8]
g TwiH int. Request Input 3.V 5TpC 51pC 5TpC 5TpC 12,78
High Time
5.5V 5TpC 5TpC 5TpC 5TpC [12,7.8}
10 Twsm STOP Mode Recovery 3oV 12 12 12 12 [1,8,10]
Width Spec
55V 12 12 12 12 [1,810]
11 Tost Oscillator Startup Time 3.0V 5TpC 5TpC 5TpC 5TpC ns {1,349
5.5V 5TpC 5TpC 5TpC 5TpC ns 134,91
12 Twdt Watch-Dog Timer
Refresh Time 3.0V 15 15 12 12 ms D0=0[56)
5.5V 5 5 3 3 ms D1=0[56]
3.0v 30 30 25 25 ms D0=11[56)
5.5V 16 16 12 12 ms D1=01[56]
3.0V 60 60 50 50 ms D0=015,6)
5.5V 25 25 30 30 ms D1=1[56}
3.0V 250 250 200 200 ms D0=11[56]
5.5V 120 120 100 100 ms D1=1[56]

Notes:

I

[
(3}
4]
5}
16]
(7
8]

19]

Timing Reference uses 0.7 V. for a logic 1

and 0.2 V for a logic 0.

Interrupt request via Port 3 (P31-P33).

Ve =3.0Vi0 5.5V.

SMR-DS = 0, POR delay is off.

WDTMR Register

Internal RC Oscillator only.

SMR D1 = 0, SCLK = External/2

Maximum frequency for internal system clock is 4 MHz when using
SCLK = EXTERNAL clock mods.

For RC and LC oscillator and for clock-driven oscitiator.

[10] SMR-DS = 1, STOP-Mode Recovery delay is on.
[11} Z86E03 = 8 MHz; Z86E06 = 12 MHz.
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AC ELECTRICAL CHARACTERISTICS
Additional Timing Table (Divide-By-One Mode, SCLK/TCLK = EXT ERNAL)

T,=0°C1t0 +70°C T, =-40°C o +105°C

Veo 4 MHz 4 MHz
No Symbol Parameter Note [6] Min Max Min Max Units  Noteg
1 TpC Input Clock Period v 250 DC 250 OC ns [1,78
5.5V 250 DC 250 DC ns [1.78
2 TCTC Clock Input Rise & Fall Times 3.0V 25 25 ns 178
55V 25 25 ns [1.78
3 TwC Input Clock Width 3oV 125 125 ns {178
5.5V 125 125 ns 11,78
4 TwTinl Timer Input Low Width KXY 100 100 ns [1,78]
5.5V 70 70 ns [1,7.8]
5  TwTinH Timer Input High Width 3.0v 3TpC 3TpC [1,7.8)
5.5V 31pC 31pC (1.7.8}
6 TpTin Timer Input Period v 4TpC 4TpC {1.7.8]
55V 4TpC 4TpC [1.7.8]
7 TiTin, Timer Input Rise & Fall Timer v 100 100 ns {1,781
TfTin 5.5V 100 100 ns [1,7.8]
8 TwlL Int. Request Low Time 3.0V 100 100 ns (1278
5.5V 70 70 ns [1.7.8]
9 TwH int. Request Input High Time 3.0v 31pC 31pC [1.2.7.81
55V 3TpC 31pC (1278
10 Twsm Stop-Mode Recovery Width Spec 3oV 12 12 ns [14]
5.5V 12 12 ns (1.4]
11 Tost Oscillator Startup Time 3.V 5TpC 5TpC [1,389
5.5V 5TpC §TpC (1389

Notes:

{1] Timing Reference uses 0.7 Vo foralogic 1and 0.2 Ve for atngic 0.

[2] Interrupt request via Port 3 (P33-P31).

{3] SMR-D5 = 0.

[4] SMR-DS = 1, POR STOP mode delay is on.

[5] Reg. WDTMR.

[6] Voo =3.0Vt0 5.5V,

{71SMRD1 = 1.

[8] Maximum frequency for internal system ciock is 4 MHz when using
XTAL divide-by-one mode.

{9] For RC and LC oscillator, and for osciltator driven by clock driver.
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ADVANCE INFORMATION

Z86E0J/EQS CMOS 26° 8-Br OTP
CONSUMER CONTROLLER PROCESSOR

EXPANDED REGISTER FILE CONTROL REGISTERS

SMR (F) 0B

for] pe| ps| o4 HE mm

i1ON

External Clock Divide Mode
0 SCLI/TCLK = External2”
1 SCLK/TCLK = External/t

_— StopModeReeoverySource
000 POROnly*

001 POR Oniytt

010 P31 11

o1 P21t

100 P331t

101 P27

110 P2NORO:3

111 P2NORO:7

Stop Dela
OKgFF Y
1 ON®

* Default setting after RESET.

 Detault satiing after RESET and STOP-Mode Recovery.
1 EO3 reservd; must be 0.

1 £06 only

Figure 30. STOP-Mode Recovery Register
(Write Only except bit D7, which is Read Only)

WDTMR {F) OF

T ‘—— SCLK/TCLK Divide by 18 (E0S)
0 OFF™

rﬂoejjslmlmlozlmm

=

J — WOTTAPt INTRCOSC XTALCLK
00 5 512TpC
ot* 15° 1024 TpC
10 25 2048 TpC
M 100 8192TpC

WDT During HALT
0 OFF
1 ON*

WOT During STOP
0 OFF
1 ON*

. XTALVINT RC Select for WDT

0 On-Board RC *
1 XTAL

Reserved (Must be 0)

* Default setting after RESET.
+ For E08; E03 must beDO=1,D1=0.

Figure 31. Watch-Dog Timer Mode Register

(Write Only)

PCON (F) 00

ECCEEEEE

il

* Default Setting After Reset.

Output PORT 3
0 P34, P35 Standard Output”
1 P34, P35 Comparator Output

Reserved (Must Ba 1)
Low EMI PORT 2

0 Low EMI Noise
1 Standard *

Low EMI PORT 3
0 Low EMI Noise
1 Standard *

Low EM! Oscillator
0 Low EMI Nolse
1 Standard *

Figure 32. PORT Control Register
(Write Only)

SCON (C) 02

EODEEERE

b ———

SP| Enable
0 Disable *
1 Enable

RxCharOverrun (S}
0 Reset
1 Overrun
CLK Divide (M)
00 TCLK?2
01 TCLK/4

10 TCLK/8
11 TCLK/16

DO SPI Port Enable (S)
0 SPI DO Port Enabled
1 DO Portto VO

& Enable
0 Enable
1 Disable *

(S) Used with Bit D7 equat to 0
(M) Used with Bit D7 equal to 1

* Default Setting After Reset.

AxCharAvail

0 Resat

1 Char. Avall.
Clock Phase

0 Trans/Fall
1 Trans/Rise

0 TCLK

1 Timer 0 Output
Mastor Slave

0 Slave

1 Master

Figure 33. SPI Control Register
(Z86E0E Only)
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Z86E0%06 CMOS Z8° 8-Brr O
CONSUMER CONTROLLER PROCESS

EXPANDED REGISTER FILE CONTROL REGISTERS (Continued)

SCOMP (C) 00
{o7] 06| os] o¢] pa| 02 o1] oo}

Figure 34. SPI Compare Register
(Z86E06 Only)

RxBUFF (C) 01
|D7| os| o3| 04] o3| o2} D1l Do]

Figure 35. SPI Receive Buffer
(Z86E06 Only)

Z8 CONTROL REGISTER DIAGRAMS

R 240
Io7|oe|ns|m|na|oz[m|m|

L—_ Reserved

Figure 36. Reserved

R241 TMR
|n1|oe|oslo4[oa|m|m|oo]

T T1LE

No Function (E06 only) *
Load Tp

Disable T 5 Count (E06 only) *
Enable ToCount

No Function

Load T ¢

Disable T y Count
Enable T4Count

—-O =0 ~0 =O

et Ty ModS
00 External Clock Input
01 Gate Input

11 Trigger Input
{Retriggerable)

Tout Mode

00 Not Used

01 ToOUT (E06 only)
10 T{OUT

11 Internal Clock Qut

* Must be 0 for the ZB6EO0S3.

Figure 37. Timer Mode Register
(F1,: Read/Write)

R242 T1
for]osos o fos e ot foo]

I T4 Initial Value

(When Written)
(Range 1-256 Dacima!
01-00 HEX)

T¢ Curent Value
{When READ)

Figure 38. Counter Timer 1 Register
(F2,: Read/Write)

R243 PRE1
=]

L— Count Mode

0 T4 Single Pass
1 T4 Moduio-N

Clock Source
1 T4ntemal
0 TqExternal Timing Input
(Tyy ) Mode
P ter Modulo
(Range: 1-64 Decimat
01-00 HEX)

Figure 39. Prescaler 1 Register
(F3,;: Write Only)

R244 TO
|D7|os|05|o4|m|mlo1|oo|

I To Initial Value

{When Written)
(Range: 1-256 Decimal
01-00 HEX)

Tg Current Value
(When READ)

Figure 40. Counter/Timer 0 Register
(F4,: Read/Write; Z86E06 Only)

R245 PREO
Jor] os] os] o4} Dslozl o1} DOJ
L— Count Mode
0 TgqSingle Pass
1 TgModulo N
Must be 0.
Prascaler Modulo
{Range: 1-64 Decimal
01-00 HEX)

Figure 41. Prescaler 0 Register
(F5,: Write Only; Z86E06 Only)
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R246 PiM R249 IPR
ﬁ7|us|ns|o4|nslmlm|ooj ﬁ[oeloslmloalodmloﬂ
| “T T
; | l
P27 - P2¢ VO Definition
0 Defines Bit as OUTPUT In(t;)'ompl;;;s'eor%z: Ty
1 Defines Bit as INPUT 001 C>A>B
i 010 A>B>C
i . 011 A>C>B
Figure 42. Port 2 Mode Register 100 B>C>A
. 10t C>B>A
(F6,; Write Only) 110 B>A>C
| 111 Reserved
b IRQ1, IRQ4 Priority (Group C)
0 IRQ1 > IRQ4
R247 F3M 1 IRQ4 > IRQ1
e IRQO, RQ2 Priority (Group B)
IETDBIDSINIMIDZ'mlDﬂ 0 IRQ2 > IRQO
H prossasm) I ) 1 IRQO > IRQ2
0 Port 2 Open Drain |R(§) SIF:ggi Fl’ggany {GroupA)
1 Port 2 Push-pull 1 1RQ3 > IRGS
Port 3 Inputs R
§ o Digitar Mods aserved (Must be 0)
! 1 Analog Mode
‘ Reserved (Must be 0)

Figure 43. Port 3 Mode Register
(F7,: Write Only)

R248 POTM
B 0e| os| o4] o3 oz} o1 oo

I —E— Reserved (Must be 0)
Reserved (Must be 1)

Reserved (Must be 0)

Figure 44. Port 0 and 1 Mode Register
(F8,;: Write Only)

Figure 45. Interrupt Priority Register
(F9,;: Write Only)

R250 IRQ
Fnl os| os| o4] 03] Da[ml |>ﬂ
| I

IRQO = P32 Input

IRQ1 = P33 Input

1RQ2 = P31 Input

IRQ:3 = Software Controlled/SP}
JRQ4 = TO (EO03 Software only)
IRQ5=T1

Inter Edge

00 P31l P32}
o1 P31l P32T
10 P31 T P32l
1t P31 TiPa2 Tl

Figure 46. Interrupt Request Register
(FA,: Read/Wrlte)
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Z8 CONTROL REGISTER DIAGRAMS (Continued)

R251 IMR R253 RP
Izlmloslmloalozlm[ﬂ E7|Dslos|o4lnalm|mlﬂ

1 Enables IRQ5-IRQ0 Expanded Registar File Pointer
(g = 1RQ0) Working Register Pointer
Reserved (Must be 0)

1 Enables Int

p

Figure 49. Register Pointer
(FD,: Read/Write)
Figure 47. Interrupt Mask Register
(FB,: Read/Write)
R254 GPR
R252 Flags E7|Ds|os|o4lmlozlo1]§|
fo7fos J os [oefosToe o1 o]

I '_ Figure 50. General Purpose Register
User Flag F1 (FE": Read/Write)
User Flag F2
Half Carry Flag
Decimal Adjust Flag R255 SPL
Overfiow Flag

=]

Sign Flag

Zero Flag l*— Stack Pointer Lower

Canry Fiag Byte (SPq - SP7)
Figure 48. Flag Register Figure 51. Stack Pointer

(FC,: Read/Write) (FF,: Read/Write)




N 2iLa5 ADVANCE INFORMATION

ZB6EOJ/ENS CMOS Z8° 8-Brr OTP

CoNSUMER CONTROLLER PROCESSOR

INSTRUCTION SET NOTATION

Addressing Modes. The following notation is used to
describe the addressing modes and instruction opera-
tions as shown in the instruction summary.

Symbol Meaning

IRR Indirect register pair or indirect working-
register pair address

Irr Indirect working-register pair only

X indexed address

DA Direct address

RA Relative address

IM Immediate .

R Register or working-register address

r Working-register address only

IR Indirect-register or indirect
working-register address

Ir Indirect working-register address only

RR Register pair or working register pair

address

Symbols. The following symbols are used in describing
the instruction set.

Symbol Meaning

dst Destination location or contents

src Source location or contents

cc Condition code

@ Indirect address prefix

SP Stack Pointer

PC Program Counter

FLAGS Flag register (Control Register 252)
RP Register Pointer (R253)

IMR Interrupt mask register (R251)

Flags. Control register (R252) contains the following six

flags:

Symbol Meaning

C Carry flag

Z Zero flag

S Sign flag

\ Overflow flag

D Decimal-adjust flag
H Half-carry flag

Affected flags are indicated by:

Clear to zero

Set to one

Set to clear according to operation
Unaffected

Undefined

TS e i
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CONDITION CODES

Value Mnemonic Meaning Flags Set

1000 Always True '

0111 C Carry C=1

1111 NC No Carry C=0

0110 Z Zero Z=1

1110 NZ Not Zero Z=0

1101 PL Plus $=0

0101 Mi Minus S=1

0100 ov Overflow V=1

1100 NOV No Overflow V=0

0110 EQ Equal Z=1

1110 NE Not Equal Z=0

1001 GE Greater Than or Equatl (SXORV)=0

0001 LT Less than (SXORV) =1

1010 GT Greater Than [ZOR(SXORV)]=0

0010 LE Less Than or Equal [ZOR(S XORV)] =1

11N UGE Unsigned Greater Than or Equal C=0

0111 ULT Unsigned Less Than C=1

1011 UGT Unsigned Greater Than (C=0ANDZ=0)=1

0011 ULE Unsigned Less Than or Equal (CORZ)=1

0000 F Never True (Always False) —
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INSTRUCTION FORMATS
GCF, D1, B RET, NOP,
RCF, RET, SCF
[ ot | opc |

One-Byte Instructions

OPC | MODE CLR, CPL, DA, DEC, opc | MODE ADC, ADD, AND, CP,
mne ] on [0 o] Boiiodt b e[ =] B
RR, ARC, SRA, SWAP dst orj1110] dst
OPC JP, CALL (Indirect)
dst orf11to] e | OPC | MODE ADC, ADD, AND, CP,
o o[ e ] R
oPC SRP VALUE
VALUE
MODE | OPC D
OPC | MODE ADC, ADD, AND, CP, s or|1110} src
st | e OR, SB0 SUB. TCM. ost or[1110] o
MODE | OPC LD, LDE, LDE, MOoDE | OPC LD
dstsrc | sre/dst Lo, LocH dst/src X
ADDRESS
dst/srcl OPC LD
sroldst om[1110] se | cc | OPC »
DAU
ast | orc 13} DAL
VALUE
OPC CALL
dsvCC | OPC DINZ, JR DAU
RA DAL
FFH STOPMALT
6H | 7FH
Two-Byte instructions Three-Byte instructions
INSTRUCTION SUMMARY
Note: Assignment of a value is indicated by the symbol  notation “addr (n)" is used to refer to bit (n) of a given
“ & . For example: operand location. For exarnple:
dst « dst + src dst (7)

indicates that the source data is added to the destination  refers to bit 7 of the destination operand.

data and the result s stored in the destination location. The
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INSTRUCTION SUMMARY (Continued)
Address Address
Instruction Mode Opcode Flags Affected Instruction Mode Opcode - Flags Affected
and Operation dst src  Byte(Hex) C Z S V D H and Operation dst src Byte(Hex) C Z S V D H
: ADC dst, src t 1] * % %k x 0 % INC dst r 1E - % ok 3k - -
dste-dst + src +C dste—dst + 1 r=0-F
[ R 20
: ADD dst, src t 0] * %k % k% 0 % R 21
dste—dst + src
INCW dst RR A0 - %k k % - -
AND s, stc t S TERFO - et R A
dste—dst AND src
e IRET BF * % % % % %
E}H CALL ds DA D6 S T Rsscas
rf i SPeSP -2 IRR D4 SPe-SP + 1
G 1 @SPPC, PC@SP;
PCedst SP<SP +2;
CCF EF * - - - - . MR
CeNOTC JP cc, dst DA ) - .- - -
CLR dst R B0 o . . . if cc is true, c=0-F
dste-0 R Bi PCedst IRR 30
COM dst R 60 - x %0 - - ;:’:ccfsgzg RA gB o T
T dst [ 1 ' =y
dsteNOT disf R 6 PCe_PC + dst
CP dst, sric t Al * k %k k - - Range: +127,-128
dst - sic
LD dst, src r m o - - . - -
DA dst R 40 * % % X - - dste-src r R 8
dsteDA dst R 41 R 9
=0-F
DEC dst R 00 - %k % k - - roX E;7
dste—dst - 1 IR 01 X r D7
DECW dst RR 80 - % % % - - |fr ‘rf Eg
dste—dst - 1 | 1
Ste—dsf R 8 R R £4
Di 8F - - - .- - R IR E5
IMR(7)=0 R M E6
DJNZr, dst RA A - .- - - R-M &
R R F5
fer-1 r=0-F
itr#0 LDC dst, sric N
PC«PC + dst dste-src
Range: +127, 128
LDCI dst, src O O % T
El o 0 - - - - o dste=src
IMR(7)&1 Te—1 + 1;tremrtr + 1
HALT 7F SR NOP FF
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Address Address
Instruction Mode Opcode Flags Affected Instruction Mode Opcode Flags Affected
and Operation dst src Byte(Hex) C 2 S VDH and Operation dst src Byte(Hex) C Z S V D H
OR dst, st 1 41 - % x 0 - - SUB dst, sic t ) % % % % 1 %
dstedst OF src dste—dst - sic
POP dst R 50 - - - - - SWAP dst R FO X % % X - -
dst(—@SPi iR 51 —] IR F1
PSP +1 ) EN)
PUSH sic R 70 - - - -
SPSP-1; iR n TCM dst, sic t 6 - %%k 0 - -
@SPe-sic (NOT dst) AND stc
RCF CF - ---- T™ dst, src t i - % x 0 - -
Ce0 dst AND src
RET AF - - - - - WDT 5F - XXX - -
PC@SF;
SPeSp 12 YOR dsl, 510 i B ] T x 0 -
dst—dst XOR sfc
RL dst R % ® ok ok ok - - T These instructions have an identical set of addressing modes, which
m‘_[Ei] R 9 are encoded for brevity. The first opcode nibbleis found in the instruction
7 2 set table above. The second nibble is expressed symbolically byaf )
in this table, and its value is found in the following table to the left of the
RLC dst R 10 % % % Xk - - applicable addressing mode pair.
_ IR 11
[@ For example, the opcode of an ADC instruction using the addressing
Eﬁ’ modes r (destination) and Ir (source) is 13.
RR dst R EO0 % % % % - -
@q R B Address Mode Lower
ﬁ dst sre Opcode Nibble
RRC dst R Co * % % % - -
— R ct ' r (2]
L
r Ir (3}
SBC dst, src t Al % % % % 1 %
dstegst-sre—C R R 14
SCF DF 1 - - - -- R IR {5)
Cet
SRA dst R D0 * x x 0 - - R M 61
é_[_[ﬁ R o R M 7]
7
SRP ds!. m K} - - - - -
RPe-sic
STOP 6F 1 - - - - -
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OPCODE MAP
, Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 ] A B c D E F
65 6.5 6.5 6.5 10.5 105 105 105 65 65 [121105§12/100] 65 [12.100] 65
DEC | DEC | ADD | ADD | ADD | ADD | ADD ADD LD Lo DINZ | JR Lo JP INC
R1 IR1 ri.r2 | r, 2 [ R2, R1|IR2, R1| R1, IM IR1,IM} r1,R2 1 r2,R1 | r1,RA | cc,RA] r1, 1M cc, DA 1
65 65 6.5 6.5 105 105 105 10.5
RLC | RLC | ADC | ADC | ADC | ADC ADC | ADC
R1 1Rt .12 ] r, 12| R2,R1}IR2, R1{ R1, IM IR1, IM
6.5 6.5 6.5 6.5 105 105 10.5 10.5
INC INC sus suB SuUB sua sus sSuB
R1 iR1 1,12 1 11,2 | R2, R1]IR2, R1| R1, 1M iR1, M
8.0 6.1 6.5 6.5 105 105 10.5 105
JP SRP | SBC | sBC | sBC | sBC | sBC | sBC
{RR1 M r,r2 ] r,ir2 { R2, R1|IR2, R1| R1, M IR1, IM
85 85 6.5 65 10.5 10.5 10.5 105
DA DA OR OR OR OR OR OR
R1 1R1 ri,r2 | 1,2 | R2, R1}IR2, R1]| R1, 1M IR1, IM
10.5 10.5 6.5 6.5 105 10.5 10.5 10.5 6.0
POP | POP | AND | AND | AND | AND | AND AND wDT
R1 iR1 r,12 ] r,ir2 | R2, R1{IR2, R1]{ R1, IM IR1, IM
6.5 6.5 65 6.5 10.5 105 105 10.5 6.0
CoM fcom | TcM | TcM | Tem | Tom | Tom TCM sTOP
3 R1 IRt rM,12 1 r,r2| R2,R1|IR2, R1| R1. M IR1, IM
é 10/12.1(12/14.1] 65 6.5 105 105 10.8 105 70
[] PUSH |PUSH| ™ ™ ™ ™ ™ ™ HALT
g R2 B2 | r.r2 | r,1r2 | R2, R1[1R2, R1| R1, M | IR1, 1M
Zz 105 | 105 6.1
$ DECW| DECW Dl
§ RR1 | IR1
S 65 | 65 6.1
RL RL Et
R1 IR1
10.5 10.5 6.5 6.5 105 10.5 10.5 105 140
INCW | INCW cP cP cP cP cP CcP RET
RR1 IRt 1,12 | r,ir2 | R2, R1[IR2, R1| R1, IM IR1, IM
6.5 6.5 6.5 6.5 105 105 10.5 105 16.0
CLR | CLR | xXOR | XOR | xOR | XOR | xOR XOR IRET
R1 IR1 1,12 } r1,1r2 | R2, R1|IR2, R1| R1, IM IR1, IM
6.5 6.5 12.0 18.0 10.5 6.5
RRC | RRC | LDC | LDCI LD RCF
R1 IR1 e, fee2 1 1e1, (re2 i, x,R2
65 65 20.0 200 105 65
SRA | SRA CALL* CALL LD SCF
R1 IR1 IRR1 DA Jr2xR1
6.5 6.5 6.5 10.5 10.5 105 10.5 6.5
RR RR LD Lo Lo LD LD CCF
R1 IR1 r1,IR2{ R2, R1{IR2, R1| R1, M IR1, IM
85 8.5 6.5 105 6.0
SWAP | SWAP LD LD NOP
R1 | IRt I, r2 R2, IR1 ' Y
. A I &fM—J
" v ~v"
2 2 3 1
Bytes per instruction
Lower Legend:
Opcode R = 8-bit address
! Nibble o r = 4-bit address
Execution Pipeline Ry or ry = Dstaddress
Cycles : Cycles R, or 1, = Src address
A Sequence:
Upper 10'5/ Opcode, First Operand
Opcode —eA] CPe—1— Mnemonic pcoce. e '
Nibble Ry Ro Second Operand
Note: The blank areas are reserved.
First Second * 2-byte instruction appears
Operand Operand as a 3-byte instruction

ADVANCE INFORMATION mﬁi‘i’g’“mm
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PACKAGE INFORMATION
, , sympoL | MLLIMETER INCH
oo onooool MIN MAX MIN HAX
Y AL 051 | 081 | Do | 032
q ©u a2 325 | 343 | 1es | i35
N B 038 ] 053 | ms | o2
O OO E R B1 14 | 165 | 45 | 065
E 3 023 | 038 | 209 | 015
» D | e23s |e337 | ss0 | seo
3 762 | 813 | 300 | 320
. 3 622 | 648 | 245 | 255 H
B 2.54 TYP 100 TYP i
o oA 787 | 889 | 318 | 350 it
L 318 | 381 | ies | 1s0 i
ot 152 | 165 | 060 | 065 il
s 089 | 165 | 035 | 065 ]
— B0 . }
a A2 i
CONTROLLING DIMENSIONS 1 INCH |
[ : f
! ;,
i
H ® B '
18-Pin DIP Package Diagram
D
0 -
3 - L
8 E
AARAAAARAA i 1
3 H
q ¢ :
TEEEREL i‘—*
10 8 -8
a MILLIMETER INCH
] J'__' syMaaL I~ WAX WN WA
T - 1A A 240 | 265 | 094 | 04
by I i A Jow |0 | wa | o2
. l_. Z A2 22¢ | 244 | 088 | 0%
< s =1 SEATING PLANE 3 0.36 0.46 014 mne
¢ 0.23 0.30 009 o2
D nAc | 7S | 449 | 463
3 740 | 760 | 201 | 299
27 TP 050 TYP
TROLLING DIMENSIONS 1 M4 L] l
SIS IRE COPLANAR VITHIN 004 INCH. M 1000 | 1065 | 394 | 419
" 830 | 040 | 012 | O16
L 060 | 100 | 024 | 039
ot 097 "| 107 £38 042

18-Pin SOIC Package Diagram
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ORDERING INFORMATION
Z86E03 (8 MH2)
Standard Temperature Extended Temperature
18-Pin DIP 18-Pin SOIC 18-Pin DIP 18-Pin SOIC
Z86E0308PSC Z86E0308SSC Z86EQ308PEC Z86EQ308SEC
Z86E06 (12 MHz)
Standard Temperature Extended Temperature
18-Pin DIP 18-Pin SOIC 18-Pin DIP 18-Pin SOIC
Z86E0612PSC Z86E0612SSC Z86=0612PEC Z86E0612SEC

For fast resuits, contact your local Zilog sales office for assistance in ordering the part(s) desired.

CODES

Preferred Package
P = Plastic DIP

Longer Lead Time
S = Plastic SOIC

Preferred Temperature
S$=0°Cto +70°C

Longer Lead Time
E = -40°C to +105°C

Speeds
08 =8 MHz
12= 12 MHz

Environmental
C = Plastic Standard

Example:
Z 86E03 08 P S C is a ZB6EO3, 8 MHz, DIP, 0°C to +70°C, Plastic Standard Flow

I I— Environmental Flow

Temperature
Package

Speed

Product Number
Zilog Prefix
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