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Revision History

Each instance in Table 1 reflects a change to this document from its previous revi-
sion. To see more detail, click the appropriate link in the table.

Table 1. Revision History of this Document

Revision
Date Level

Page
Section Description #

December 02

Changed low power consumption, STOP and HALT mode current values, 1,2,10

2004 deleted mask option note, clarified temperature ranges in Tables 6 and 8 11,12,
and 10. Added new Tables 9 and 10. Also added Characterization datato 13,14,
Table 11 and changed Program/Erase Endurance value in Table 12. 15
Removed Preliminary designation All
March 03 Minor change to Table 9 Electrical Characteristics. Added 20, 28 and 40- 11,90
2005 pin CDIP parts in the Ordering Section.
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— Port 1: 0-3 pull-up transistors
— Port 1: 4-7 pull-up transistors
— Port 2; 0-7 pull-up transistors
— EPROM Protection

— WDT enabled at POR

General Description

PS023803-0305

The ZGP323H is an OTP-based member of the MCU family of infrared microcon-
trollers. With 237B of general-purpose RAM and up to 32KB of OTP, ZiLOG®'s
CMOS microcontrollers offer fast-executing, efficient use of memory, sophisti-
cated interrupts, input/output bit manipulation capabilities, automated pulse gen-
eration/reception, and internal key-scan pull-up transistors.

The ZGP323H architecture (Figure 1) is based on ZiLOG's 8-bit microcontroller
core with an Expanded Register File allowing access to register-mapped peripher-
als, input/output (I/0) circuits, and powerful counter/timer circuitry. The Z8® offers
a flexible I/0O scheme, an efficient register and address space structure, and a
number of ancillary features that are useful in many consumer, automotive, com-
puter peripheral, and battery-operated hand-held applications.

There are three basic address spaces available to support a wide range of config-
urations: Program Memory, Register File and Expanded Register File. The regis-
ter file is composed of 256 Bytes (B) of RAM. It includes 4 I/O port registers, 16
control and status registers, and 236 general-purpose registers. The Expanded
Register File consists of two additional register groups (F and D).

To unburden the program from coping with such real-time problems as generating
complex waveforms or receiving and demodulating complex waveform/pulses, the
Z8 GP OTP offers a new intelligent counter/timer architecture with 8-bit and
16-bit counter/timers (see Figure 2). Also included are a large nhumber of user-
selectable modes and two on-board comparators to process analog signals with
separate reference voltages.

Note: All signals with an overline, _ are active Low. For example,
B/W, in which WORD is active Low, and B/W, in which BYTE is
active Low.

Power connections use the conventional descriptions listed in Table 3.

General Description
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Table 3. Power Connections
Connection Circuit Device
Power Vee Vbp
Ground GND Vsg
P00, Register File <€«— Prefl/P30
P01 256 x 8-Bit «— P31
P02
P03 <— P32
1/0 Nibble Port 0 Port 3 P33
i | ol or »
Programmable P04 4 Register Bus Egg
P05 Internal
P06 Address Bus —> P36
P07 —» P37
— OoTP ®
Upto 32K x 8 28" Core
[ Internal
P10
P11 Data Bus
P12
8 >
/o Byte_| P13 Port 1 |« XTA
Programmable P14 Machine
P15 Expanded Timing & N
P16 Expanded Register Bus instruction | <> RESET
P17 Register Control
— File
P20€—>
P21€—> Voo
P22<€—> Power Vss
P23—>
O Bit | pojeq—p] o2
Programmable
P25<a— Power-On
P26-€—> Reset
P27-€—>
Watch-Dog Counter/Timer 8 Counter/Timer 16 2 Comparators Low Voltage High Voltage
Timer 8-Bit 16-Bit Detection Detection

Note: Refer to the specific package for available pins.

Figure 1. Functional Block Diagram

PS023803-0305 General Description
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Table 11. GP323HA DC Characteristics (Continued)

Tp=-40°C to +125°C

Symbol Parameter Vee Min  Typ(7) Max  Units Conditions Notes
Vuvbp Vcc High Voltage 2.7 \Y,
Detection
Notes:
1. All outputs unloaded, inputs at rail.

abhowd

~N O

. CL1 =CL2 =100 pF.

. Oscillator stopped.

. Oscillator stops when V¢ falls below Vgg limit.

. Itis strongly recommended to add a filter capacitor (minimum 0.1 pF), physically close to VCC and Vgg pins if operating

voltage fluctuations are anticipated, such as those resulting from driving an Infrared LED.

. Comparator and Timers are on. Interrupt disabled.
. Typical values shown are at 25 degrees C.

Table 12. EPROM/OTP Characteristics

Symbol Parameter Min. Typ. Max. Unit Notes
Erase Time 15 Minutes 1,3
Data Retention @ use years 10 Years 2
Program/Erase Endurance 100 Cycles 1
Notes:

1. For windowed cerdip package only.

2. Standard: 0°C to 70°C; Extended: -40°C to +105°C; Automotive: -40°C to +125°C.
Determined using the Arrhenius model, which is an industry standard for estimating data
retention of floating gate technologies:

AF = exp[(Ea/k)*(1/Tuse - 1/TStress)]
Where:
Ea is the intrinsic activation energy (eV; typ. 0.8)
k is Boltzman’s constant (8.67 x 10-5 eV/°K)
°K =-273.16°C
Tuse = Use Temperature in °K
TStress = Stress Temperature in °K
3. At a stable UV Lamp output of 20mW/CM?

PS023803-0305 DC Characteristics
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AC Characteristics

Figure 8 and Table 13 describe the Alternating Current (AC) characteristics.

1 3

N

_\_/_ -
2—» —» 2 H—\

A 4

»
»

Clock

7 ! <
Tin Zﬁ
N 7
J 6 Ll
IRQN N
8 N
Clock m
Setup ;
Stop
Mode
Recovery W 4
Source = 10 o

Figure 8. AC Timing Diagram

PS023803-0305 AC Characteristics
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oOTp (fe——>

Port 0 (I/O)

Open-Drain

OTP Programming

110 : D

=

Option

~

Pad

Out

In ‘

) »—+

(]

Figure 9. Port 0 Configuration

Port 1 (P17—P10)

=

ZiLOG

Vee

Resistive
Transistor
Pull-up

Port 1 (see Figure 10) Port 1 can be configured for standard port input or output
mode. After POR, Port 1 is configured as an input port. The output drivers are
either push-pull or open-drain and are controlled by bit D1 in the PCON register.

) Note: The Port 1 direction is reset to its default state following an

SMR.

PS023803-0305

Pin Functions
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«— Prefl/P30
« P31
<« P32

e—— P33

I

P31 (AN1)

F Compl
Prefl :
5 -

78 GP Port 3 (I/0)
- » P35
——» P36
——» P37
R247 = P3M
1 = Analog
D1 0 = Digital

o IRQ2, P31 Data Latch

Dig.
An

P32 (AN2)

. Comp2
P33 (REF2) i

N

l

o

o |RQO, P32 Data Latch

- IRQ1, P33 Data Latch

,—O

Figure 12. Port 3 Configuration

Two on-board comparators process analog signals on P31 and P32, with refer-
ence to the voltage on Prefl and P33. The analog function is enabled by program-
ming the Port 3 Mode Register (bit 1). P31 and P32 are programmable as rising,
falling, or both edge triggered interrupts (IRQ register bits 6 and 7). Prefl and P33
are the comparator reference voltage inputs. Access to the Counter Timer edge-
detection circuit is through P31 or P20 (see “T8 and T16 Common Functions—

Pin Functions
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CTRO, DO
A
P34 data — MUX
T8 Out— S
P3M D1
P31 ————

P31:ji:>h__
P30 (Prefl) Compl

P32 —

P32:ji:>h__
P33 Comp2

Out 35 —
T16_Out —

Out 36—
T8/T16_Out—

P37 data —

P3M D1

PCON, DO Voo
CTR2, DO
’ V
Y DD
CTR1, D6 Vop
PCON, DO
Vbp
¥

ZGP323H
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P34

Pad

P35

Pad

P36

Pad

P37

Figure 13. Port 3 Counter/Timer Output Configuration
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Comparator Inputs

In analog mode, P31 and P32 have a comparator front end. The comparator refer-
ence is supplied to P33 and Prefl. In this mode, the P33 internal data latch and its
corresponding IRQ1 are diverted to the SMR sources (excluding P31, P32, and
P33) as indicated in Figure 12 on page 22. In digital mode, P33 is used as D3 of
the Port 3 input register, which then generates IRQ1.

) Note: Comparators are powered down by entering Stop Mode. For
P31-P33 to be used in a Stop Mode Recovery source, these
inputs must be placed into digital mode.

Comparator Outputs

These channels can be programmed to be output on P34 and P37 through the
PCON register.

RESET (Input, Active Low)

Reset initializes the MCU and is accomplished either through Power-On, Watch-
Dog Timer, Stop Mode Recovery, Low-Voltage detection, or external reset. During
Power-On Reset and Watch-Dog Timer Reset, the internally generated reset
drives the reset pin Low for the POR time. Any devices driving the external reset
line must be open-drain to avoid damage from a possible conflict during reset con-
ditions. Pull-up is provided internally.

When the Z8 GP asserts (Low) the RESET pin, the internal pull-up is disabled.
The Z8 GP does not assert the RESET pin when under VBO.

) Note: The external Reset does not initiate an exit from STOP mode.

Functional Description

This device incorporates special functions to enhance the z8® functionality in
consumer and battery-operated applications.

Program Memory

This device addresses up to 32KB of OTP memory. The first 12 Bytes are
reserved for interrupt vectors. These locations contain the six 16-bit vectors that
correspond to the six available interrupts.

RAM
This device features 256B of RAM. See Figure 14.

PS023803-0305 Functional Description
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The counter/timers are mapped into ERF group D. Access is easily performed
using the following:

LD RP, #0Dh ; Select ERF D
for access to bank D

; (working
register group 0)
LD RO, #xx ; load CTRO
LD 1, #xx ; load CTR1
LD R1, 2 ; CTR2—->CTR1
LD RP, #0Dh ; Select ERF D
for access to bank D

; (working
register group 0)
LD RP, #7Dh ; Select
expanded register bank D and working ; register
group 7 of bank 0 for access.
LD 71h, 2
; CTRL2—>register 71h
LD R1, 2

; CTRL2—>register 71h

Register File

The register file (bank 0) consists of 4 I/O port registers, 237 general-purpose reg-
isters, 16 control and status registers (RO—R3, R4-R239, and R240-R255,
respectively), and two expanded registers groups in Banks D (see Table 15) and
F. Instructions can access registers directly or indirectly through an 8-bit address
field, thereby allowing a short, 4-bit register address to use the Register Pointer
(Figure 17). In the 4-bit mode, the register file is divided into 16 working register
groups, each occupying 16 continuous locations. The Register Pointer addresses
the starting location of the active working register group.

) Note: Working register group EO—EF can only be accessed through
working registers and indirect addressing modes.

PS023803-0305 Functional Description
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T8/T16_Logic/Edge _Detect

In TRANSMIT Mode, this field defines how the outputs of T8 and T16 are com-
bined (AND, OR, NOR, NAND).

In DEMODULATION Mode, this field defines which edge should be detected by
the edge detector.

Transmit_Submode/Glitch Filter

In Transmit Mode, this field defines whether T8 and T16 are in the PING-PONG
mode or in independent normal operation mode. Setting this field to “NORMAL
OPERATION Mode” terminates the “PING-PONG Mode” operation. When set to
10, T16 is immediately forced to a O; a setting of 11 forces T16 to output a 1.

In DEMODULATION Mode, this field defines the width of the glitch that must be fil-
tered out.

Initial_T8_ Out/Rising_Edge

In TRANSMIT Mode, if 0, the output of T8 is set to 0 when it starts to count. If 1,
the output of T8 is set to 1 when it starts to count. When the counter is not enabled
and this bit is setto 1 or 0, T8_OUT is set to the opposite state of this bit. This
ensures that when the clock is enabled, a transition occurs to the initial state set
by CTR1, D1.

In DEMODULATION Mode, this bit is set to 1 when a rising edge is detected in the
input signal. In order to reset the mode, a 1 should be written to this location.
Initial_T216 Out/Falling _Edge

In TRANSMIT Mode, ifitis O, the output of T16 is set to 0 when it starts to count. If
itis 1, the output of T16 is set to 1 when it starts to count. This bit is effective only
in Normal or PING-PONG Mode (CTR1, D3; D2). When the counter is not enabled
and this bit is set, T16_OUT is set to the opposite state of this bit. This ensures
that when the clock is enabled, a transition occurs to the initial state set by CTR1,
DO.

In DEMODULATION Mode, this bit is set to 1 when a falling edge is detected in
the input signal. In order to reset it, a 1 should be written to this location.

Note: Modifying CTR1 (D1 or DO) while the counters are enabled
causes unpredictable output from T8/16_OUT.

CTR2 Counter/Timer 16 Control Register—CTR2(D)02H

Table 17 lists and briefly describes the fields for this register.

Functional Description
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Field

Bit Position

Value

Description

Reserved

---43210

R
w

Always reads 11111
No Effect

*Indicates the value upon Power-On Reset.
**Indicates the value upon Power-On Reset. Not reset with a Stop Mode recovery.

Counter/Timer Functional Blocks

Input Circuit

The edge detector monitors the input signal on P31 or P20. Based on CTR1 D5—
D4, a pulse is generated at the Pos Edge or Neg Edge line when an edge is
detected. Glitches in the input signal that have a width less than specified (CTR1

D3, D2) are filtered out (see Figure 18).

CTR1
D5,D4

P31 ——

P20 —»

MUX

Glitch
Filter

Edge
Detector

Pos
— Edge

——» Neg
Edge

CTR1 j CTR1

D6

Figure 18. Glitch Filter Circuitry

T8 Transmit Mode

Before T8 is enabled, the output of T8 depends on CTR1, D1. Ifitis 0, T8_OUT is

1;ifitis 1, T8 _OUT is 0. See Figure 19.

PS023803-0305
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T8 (8-Bit)
Demodulation Mode

T8 Enable

A

No CTRO, D7

Yes

FFH—> TC8

First

Disable TC8

A

Edge Present

No

Enable TC8

ZGP323H

Product Specification

No

T8_Enable
Bit Set

Edge Present

No

Set Edge Present Status
Bit and Trigger Data
Capture Int. If Enabled

T8 Timeout

Set Timeout Status
Bit and Trigger
Timeout Int. If Enabled

!

Continue Counting

Figure 24. Demodulation Mode Flowchart
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During PING-PONG Mode

The enable bits of T8 and T16 (CTRO, D7; CTR2, D7) are set and cleared alter-
nately by hardware. The timeout bits (CTRO, D5; CTR2, D5) are set every time the
counter/timers reach the terminal count.

Interrupts

The ZGP323H features six different interrupts (Table 19). The interrupts are
maskable and prioritized (Figure 30). The six sources are divided as follows: three
sources are claimed by Port 3 lines P33-P31, two by the counter/timers

(Table 19) and one for low voltage detection. The Interrupt Mask Register (globally
or individually) enables or disables the six interrupt requests.

The source for IRQ is determined by bit 1 of the Port 3 mode register (P3M).
When in digital mode, Pin P33 is the source. When in analog mode the output of
the Stop mode recovery source logic is used as the source for the interrupt. See
Figure 35, Stop Mode Recovery Source, on page 59.

Functional Description
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P33  Stop Mode Recovery Source
0 1 D1 of P3M Register
P31 P32
IRQ Register
—— »  Interrupt Edge _ i Low-Voltage
D6, b7 Select Timer 16 Timer 8 Detection
IRQ2 IRQO IRQ1| IRQ3 IRQ4 IRQ5
\ 4
IRQ
e o o o }
IMR
5
IPR
Global
Interrupt
Enable
Interrupt « Priority
Request Logic A

i

Vector Select

Figure 30. Interrupt Block Diagram

PS023803-0305 Functional Description
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Port 0 Output Mode (D2)

Bit 2 controls the output mode of port 0. A 1 in this location sets the output to
push-pull, and a 0 sets the output to open-drain.

Stop-Mode Recovery Register (SMR)

This register selects the clock divide value and determines the mode of Stop
Mode Recovery (Figure 33). 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 Stop recovery and reset
by a power-on cycle. Bit 6 controls whether a low level or a high level at the XOR-
gate input (Figure 35 on page 59) is required from the recovery source. Bit 5 con-
trols the reset delay after recovery. Bits D2, D3, and D4 of the SMR register spec-
ify the source of the Stop Mode Recovery signal. Bits DO determines if SCLK/
TCLK are divided by 16 or not. The SMR is located in Bank F of the Expanded
Register Group at address 0BH.

Functional Description
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Watch-Dog Timer Mode Register (WDTMR)

The Watch-Dog Timer (WDT) is a retriggerable one-shot timer that resets the z8®
CPU if it reaches its terminal count. The WDT must initially be enabled by execut-
ing the WDT instruction. On subsequent executions of the WDT instruction, the
WDT is refreshed. The WDT circuit is driven by an on-board RC-oscillator. The
WDT instruction affects the Zero (Z), Sign (S), and Overflow (V) flags.

The POR clock source the internal RC-oscillator. Bits 0 and 1 of the WDT register
control a tap circuit that determines the minimum timeout period. Bit 2 determines
whether the WDT is active during HALT, and Bit 3 determines WDT activity during
Stop. Bits 4 through 7 are reserved (Figure 37). This register is accessible only
during the first 60 processor cycles (120 XTAL clocks) from the execution of the
first instruction after Power-On-Reset, Watch-Dog Reset, or a Stop-Mode
Recovery (Figure 36). After this point, the register cannot be modified by any
means (intentional or otherwise). The WDTMR cannot be read. The register is
located in Bank F of the Expanded Register Group at address location orh. It is
organized as shown in Figure 37.

WDTMR(OF)OFh

D7 (D6 |D5 |D4 (D3 |D2 |D1 |[DO

WDT TAP INT RC OSC
00 5 ms min.
01* 10 ms min.
10 20 ms min.
11 80 ms min.

WDT During HALT
0 OFF
1 ON*

WDT During Stop
0 OFF
1 ON*

Reserved (Must be 0)

* Default setting after reset

Figure 37. Watch-Dog Timer Mode Register (Write Only)

WDT Time Select (DO, D1)
This bit selects the WDT time period. It is configured as indicated in Table 23.

Functional Description
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CTR1(0OD)01H

|D7 |D6 |D5 |D4 |D3 |D2 |D1 |Do |

* Default setting after Reset
**Default setting after Reset.. Not reset with a Stop-Mode
recovery.

ZGP323H
Product Specification

Transmit Mode*
R/W 0 T16_OUT is 0 initially
1 T16_OUT is 1 initially

Demodulation Mode

R 0 No Falling Edge Detection

R 1 Falling Edge Detection

W 0 No Effect
W 1 ResetFlagto0

Transmit Mode*

R/W 0 T8_OUT is O initially*

1 T8_OUT is 1 initially
Demodulation Mode

R 0 No Rising Edge Detection

R 1 Rising Edge Detection

W 0 No Effect
W 1 ResetFlagto0
Transmit Mode*
0 0 Normal Operation*
0 1 Ping-Pong Mode
1 0 T16_ OUT=0
11 Ti6_ OUT=1
Demodulation Mode
0 O No Filter
0 1 4 SCLK Cycle Filter
1 0 8 SCLK Cycle Filter
1 1 Reserved
Transmit Mode/T8/T16 Logic
0 0O AND*
0 1 OR
1 0 NOR
1 1 NAND

Demodulation Mode
0 0 Falling Edge Detection
0 1 Rising Edge Detection
1 0 Both Edge Detection
1 1 Reserved

Transmit Mode*
0 P36 as Port Output *
1 P36as T8/T16_OUT

Demodulation Mode
0 P31 as Demodulator Input
1 P20 as Demodulator Input
Transmit/Demodulation Mode
0 Transmit Mode *
1 Demodulation Mode

Figure 40. T8 and T16 Common Control Functions ((OD)01H: Read/Write)
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) Notes: Take care in differentiating the Transmit Mode from
Demodulation Mode. Depending on which of these two modes
is operating, the CTR1 bit has different functions.

Changing from one mode to another cannot be performed
without disabling the counter/timers.

PS023803-0305 Expanded Register File Control Registers (0D)
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R250 IRQ(FAH)

D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

IRQO = P32 Input
IRQ1 = P33 Input
IRQ2 = P31 Input
IRQ3=T16
IRQ4=T8

IRQ5 =LVD

Inter Edge

P31y P32l =00
P31l P32T =01
P31T P32l =10
P31ty P32Td =11

Figure 52. Interrupt Request Register (FAH: Read/Write)

R251 IMR(FBH)

D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

1 Enables IRQ5-IRQO
(DO = IRQO)

Reserved (Must be 0)

0 Master Interrupt Disable *
1 Master Interrupt Enable * *

* Default setting after reset
** Only by using El, DI instruction; DI is required before changing the IMR register

Figure 53. Interrupt Mask Register (FBH: Read/Write)

PS023803-0305 Standard Control Registers
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