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Z86D86
28-Pin Low-Voltage OTP Microcontroller

V4

ZiLOG

— Oscillator Operational Mode: Normal High Frequency Operation Enabled
or 32 KHz Operation Enabled

— Port 0: 0-3 Pull-Ups

— Port 0: 4-7 Pull-Ups

— Port 2: 0-7 Pull-Ups

— Port 0: 0-3 Mouse Mode: Normal Mode (.5Vpp Input Threshold) vs.
Mouse Mode (.4Vpp Input Threshold)

® Port 3 does not feature the pull-up option.

General Description

PS008905-0105

The Z86D86 is a 28-pin one-time programmable (OTP) infrared (IR) microcontrol-
ler. Based on a single-chip Z8 microcontroller (MCU) design, the Z86D86 features
237 bytes of general-purpose RAM and 32 KB of OTP ROM. ZiLOG’s CMOS
microcontrollers offer fast executing, efficient use of memory, sophisticated inter-
rupts, input/output bit-manipulation capabilities, automated pulse generation/
reception, and internal key-scan pull-up transistors.

The Z86L.825 architecture is based on ZiLOG's 8-bit microcontroller core, featur-
ing an Expanded Register File to allow access to register-mapped peripherals, 1/0
circuits, and powerful counter/timer circuitry. The Z8 offers a flexible 1/0O scheme,
an efficient register and address space structure, and a number of ancillary fea-
tures that are useful in many consumer, automotive, computer peripheral, and bat-
ter-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 register
file consists of 256 bytes of RAM. It includes 4 1/O port registers, 16 control and
status registers, and 236 general-purpose registers. (Register FEh (SPH) can be
used as a general-purpose register.) The Expanded Register File consists of two
additional register groups (F and D).

The Z86D86 offers a new intelligent counter/timer architecture with 8-bit and 16-
bit counter/timers (Figure 1). Also included are a large number of user-selectable
modes and two on-board comparators to process analog signals with separate
reference voltages (Figure 9 on page 17).
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Table 2. 28-Pin DIP and SOIC Pin Identification (Continued)
28-Pin DIP and SOIC Standard Mode  Direction Description
18 Prefl Input Analog ref input (must be pulled high
externally, if not used)
11 P31 Input IRQ2/modulator input
12 P32 Input IRQO
13 P33 Input IRQ1
14 P34 Output T8 output
15 P35 Output T16 output
17 P36 Output T8/T16 output
16 P37 Output
10 XTAL1 Input Crystal, oscillator clock
9 XTAL2 Output Crystal, oscillator clock
8 Vpp Power supply
22 Vsg Ground

Absolute Maximum Ratings

PS008905-0105

Table 3 lists the absolute maximum ratings for the Z86D86 microcontroller.

Table 3. Absolute Maximum Ratings

Symbol  Description Min Max Units
VMAx Supply Voltage (*) -0.3 +7.0 \%
Tsto Storage Temperature —65° +150° C
Ta Oper. Ambient Temperature 0° 70° C
Notes:

* Voltage on all pins with respect to GND

Stresses greater than those listed under Absolute Maximum Ratings may cause
permanent damage to the device. This rating is a stress rating only. Functional
operation of the device at any condition above those indicated in the operational
sections of these specifications is not implied. Exposure to absolute maximum rat-
ing conditions for an extended period may affect device reliability.
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Standard Test Conditions

The characteristics listed below apply for standard test conditions as noted. All
voltages are referenced to GND. Positive current flows into the referenced pin
(see Figure 4).

From Output
Under Test

O \ 4

/1

@ -

Figure 4. Test Load Diagram

Capacitance

Table 4 lists the capacitance for the Z86D86 microcontroller.

Table 4. Capacitance

Parameter Max

Input capacitance 12 pF
Output capacitance 12 pF
I/O capacitance 12 pF

Note: Tp =25 °C, Vcc =GND =0V, f = 1.0 MHz, unmeasured
pins returned to GND.
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DC Characteristics
Table 5 lists the direct current (DC) characteristics.
Table 5. DC Characteristics
Tp=0°Cto +70°C
Symbol Parameter Vee Min Max Units Conditions Notes
VeH Clock Input High Voltage 23V 08Vee Vect+03V Driven by External

Clock Generator
55V 0.8Vee Vec+03V Driven by External
Clock Generator
Ve Clock Input Low Voltage 23V Vgs03 0.2Vee V Driven by External
Clock Generator
55V Vgg0.3 0.2Vee V Driven by External
Clock Generator

\m Input High Voltage 23V 0.7Vee Vect+03V
55V 0.7 Vee Veet 0.3V
Vi Input Low Voltage 23V Vgs0.3 02Vee V
55V Vgs—0.3 0.2V V
VoH1 Output High Voltage 2.3V V04 \Y lop =—0.5mA
55V V0.4 \Y% lon =-0.5mA
Von2 Output High Voltage 2.3V V0.8 \ lop =—7 MA
(P36, P37, POO, and P0O1) 55V V0.8 \ lon = -7 MA
VoL Output Low Voltage 23V 0.4 Vv lor =1.0 mA
55V 0.4 \Y% loL = 4.0 mA
VoL2 Output Low Voltage 23V 0.8 \Y oL = 5.0 mA 1
55V 0.8 \% oL =7.0 mA 1
VolLo Output Low Voltage 23V 0.8 \ loL =10 mA
(POO, P01, P36, and P37) 55V 0.8 \ loL =10 mA
Voreser Comparator Input Offset Voltage 2.3 V 25 mv
55V 25 mvV
VREE Comparator Reference Voltage 2.3V 0 Vee— \Y
1.75
55V 0 Vee— \
1.75
e Input Leakage 23V -1 1 MA  V|y=0y Ve
55V -1 1 MA  V|N =0y Vee
|o|_ Output Leakage 23V -1 1 HA V|N = Ov, VCC
55V -1 1 |JA V|N = Ov, VCC
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— Port 0 (1/0)

Z786D86
MCU

¥

- EPROM Vcc
Open-Drain Option

H 200 KOhms +50%

110 resistive transistor
pull-ups

Pad

Out

0.4 Vee *EPROM Selectable
Trip Point Buffer

Figure 6. Port 0 Configuration

Port 2 (P27-P20)

Port 2 is an 8-bit, bidirectional, CMOS-compatible I/O port. These eight I/O lines
can be independently configured under software control as inputs or outputs. Port
2 is always available for I/O operation. A mask option is available to connect eight
200 KQ (£50%) pull-up transistors on this port. Bits programmed as outputs are
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T16 Common Control Register” on page 39). Other edge-detect and IRQ modes
are described in Table 7.

Table 7. Pin Assignments

Pin I/O cIT Comp. Int.
Prefl RF1

P31 IN IN AN1 IRQ2
P32 IN AN2 IRQO
P33 IN RF2 IRQ1
P34 ouT T8 AO1

P35 ouT T16

P36 ouT T8/16

P37 ouT AO2

P20 I/0 IN

Port 3 also provides output for the counter/timers and the AND/OR logic. Control
is performed by programming bits D5-D4 of CTR1 and bit 0 of CTR2.

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 8 on page 15. 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 outputs can be programmed to output on P34 and P37 through the PCON
register (Figure 9).
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CTRO, DO
P34 data PCON, DO v
o DD
T8 Out MUX ¢ T
MUX o——e— 0O
] Pad
P31 + P34
Pref; _ —
Comp, -
CTR2, DO /77
y Voo
Out35____|
MUX o—‘»—O[:
T16_Out Pad
P35
CTR1, D6 /77
y Voo
Out 36 ——
MUX 9—»—01:
T8/16_Out Pad
P36
PCON, DO /77
{ Voo
P37 data
MUX o—»—O[:
Pad
p32__ > P37
Pref, | 4‘>
Comp, ]
/7

v
Figure 9. Port 3 Counter/Timer Output Configuration
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The Z86D86 incorporates special functions to enhance the Z8's functionality in
consumer and battery-operated applications.

Program Memory

The Z86D86 family addresses 32 KB of internal program memory. The first twelve
bytes are reserved for interrupt vectors. These locations contain the five 16-bit
vectors that correspond to the five available interrupts.

RAM

The Z86D86 device has 237 bytes of RAM that make up the register file.

16383

Location of

First byte of

Instruction
Executed 12

Not Accessible

On-Chip ROM

Reset Start Address

After RESET 11 IRQ5
10 IRQ5

9 IRQ4

8 IRQ4

7 IRQ3

i I
(Lower Byte) 5 IRQ2
Interrupt 4/ IRQ2
Vector 3 IRQ1
(Upper Byte) ) IRO1
1 IRQO

0 IRQO

Figure 10. Program Memory Map (32K ROM)

Expanded Register File

The register file has been expanded to allow for additional system control regis-
ters and for mapping of additional peripheral devices into the register address
area. The Z8 register address space RO through R15 has been implemented as

PS008905-0105
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SMR2 (OF) DH

D7|D6|D5|D4| D3

D2 |D1 DO

* Default setting after reset

** At the XOR gate input

Z86D86
28-Pin Low-Voltage OTP Microcontroller

7,

ZiLOG

Reserved (must be 0)

Reserved (must be 0)

Stop-Mode Recovery Source

000 = POR Only *

001 = NAND P20, P21, P22, P23

010 = NAND P20, P21, P22, P23, P24, P25, P26, P27
011 = NOR P31, P32, P33

100 = NAND P31, P32, P33

101 = NOR P31, P32, P33, P00, P07

110 = NAND P31, P32, P33, P00, P07

111 = NAND P31, P32, P33, P20, P21, P22

Reserved (must be 0)
Recovery Level **
0=Low*

1 = High

Reserved (must be 0)

Note: If used in conjunction with SMR,
either of the two specified events
causes a Stop-Mode Recovery.

Figure 18. Stop-Mode Recovery Register 2—(0F) ODH: D2-D4, D6 Write Only

PS008905-0105
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| 7 16 5 1 | 3 1 19 |R253
The upper nibble of the register file address
provided by the register pointer specifies
the active working-register group
7F
——
70
6F
——
60
5F
50
4F
The lower nibble
40 of the register
3F Soocifiod Worki file address
pecified Working ided by the
f < | provided by
30 Register Group Instruction points
oF to the specified
I register
20
1F
— Register Group 1 R15 to RO
10
OF Register Group 2 — R15to R4*
00 I/O Ports _—R3toR0*

* RP =00: Selects Register Group 0, Working Register 0

Figure 31. Register Pointer

Stack

The Z86D86 internal register file is used for the stack. An 8-bit Stack Pointer
(R255) is used for the internal stack that resides in the general-purpose registers
(R4-R239). SPH is used as a general-purpose register only when using internal
stacks.

) Note: When SPH is used as a general-purpose register and Port 0 is
in address mode, the contents of SPH are loaded into Port O
whenever the internal stack is accessed.
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Counter/Timer Registers

Register Description

PS008905-0105

Table 8 describes the expanded register group D.

Z86D86

28-Pin Low-Voltage OTP Microcontroller

Table 8. Expanded Register Group D

(D)oCh LvD
(D)0OBh HI8
(D)OAN LO8
(D)0Sh HI16
(D)08h LO16
(D)07h TC16H
(D)06h TC16L
(D)0O5h TC8H
(D)04h TC8L
(D)03h Reserved
(D)02h CTR2
(D)01h CTR1
(D)0OOh CTRO

LBD(D)0OCh—Low Battery Detection Register

Bit 0 enables/disables the Low Battery Detection Circuit. Bit 1 flags if low battery is
detected. Interrupt 5 is triggered when the flag bit is set, given that IRQ5 is not

masked. See Table 9.

Note: The LVD flag will be valid after enabling the detection for 20 uS
(design estimation, not tested in production). LVD does not
work at STOP mode. It must be disabled during STOP mode in
order to reduce current.
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Table 12. HI16(D)0%h

Field Bit Position Description

T16_Capture_HlI 76543210 R Captured Data
W  No Effect

L016(D)08h

This register (Table 13) holds the captured data from the output of the 16-bit
Counter/Timer16. This register holds the LS-Byte of the data.

Table 13.L016(D)08h

Field Bit Position Description

T16 _Capture LO 76543210 R Captured Data
W  No Effect

TC16H(D)07h
Table 14 describes the Counter/Timer2 MS-Byte Hold Register.

Table 14. TC16H(D)07h

Field Bit Position Description

T16_Data_Hl 76543210 R/W  Data

TC16L(D)06h
Table 15 describes the Counter/Timer2 LS-Byte Hold Register.

Table 15. TC16L(D)06h

Field Bit Position Description
T16 Data LO 76543210 R/W Data

TC8H(D)05h
Table 16 describes the Counter/Timer8 High Hold Register.
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Table 16. TC8H(D)05h

Field Bit Position Description
T8 Level Hi 76543210 R/W Data
TC8L(D)04h

Table 17 describes the Counter/Timer8 Low Hold Register.

Table 17. TC8L(D)04h

Field Bit Position Description

T8 Level LO 76543210 R/W  Data

CTRO Counter/Timer8 Control Register
Table 18 describes the CTRO (D)00 Counter/Timer8 Control Register.

Table 18.CTRO (D)00 Counter/Timer8 Control Register

Field Bit Position Value Description
T8 Enable e R o* Counter Disabled
1 Counter Enabled
W 0 Stop Counter
1 Enable Counter
Single/Modulo-N -6------- R/W 0 Modulo-N
1 Single Pass
Time_Out --5------ R 0 No Counter Time-Out
1 Counter Time-Out Occurred
w 0 No Effect
1 Reset Flag to 0
T8 _Clock ---43--- R/W 00 SCLK
01 SCLK/2
10 SCLK/4
11 SCLK/8
Capture_INT_MASK ----- 2-- R/W 0 Disable Data Capture Int.
1 Enable Data Capture Int.

PS008905-0105
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T8 (8-Bit)
Demodulation
Mode

T8 Enable
CTRO, D7

FFh TC8

First Edge
Present

Disable T8 Enable TC8

No
T8_Enable Bit Set

Edge Present

T8 Time-out

Set Edge Present Status
Bit and Trigger Data
Capture Int. if enabled

Set Edge Present Status
Bit and Trigger Time
Out Int. if enabled

Y

| Continue Counting |

N

Figure 38. Demodulation Mode Flowchart
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Output Circuit

Figure 43 shows the output circuit.

P34_INTERNAL —»

»

MUX —» P34

CTRO DO
P36_INTERNAL

T8_OUT > —>
AND/OR/NOR/NAND »| Mux |-» P36
T16_OUT — - Logic
cTRLD2 —] MUX ? ﬁ
T CTR1 D6
CTR1 D5, D4
CTR1 D3 P35_INTERNAL —»]

MUX [P35

!

CTR2 DO

»

Figure 43. Output Circuit

Interrupts

The Z86D86 features six different interrupts. The interrupts are maskable and pri-
oritized, as shown in Figure 44. The six sources are divided as follows: three
sources are claimed by Port 3 lines P33-P31, two by the counter/timers, and one
by LBD (seeTable 21). The Interrupt Mask Register, globally or individually,
enables or disables the six interrupt requests.
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For 32-kHz crystal operation, an external feedback resistor (Rf) and a serial resis-
tor (Rd) are required. See Figure 45.

XTAL1 | XTALL XTAL1
C1l L | C1l
= [ =
_Ll XTAL2 XTAL2 XTAL2
Cc2
L
Ceramic Resonator or Crystal LC RC
C1,C2=47pF TYP* C1,C2=22pF @ 3V VCC (TYP)
f=8 MHz
L =130 pH* C1=33pF*
f=3 MHz* R = 1K*

XTAL1 XTAL1

| XTAL2 XTAL2

External Clock

32 kHz XTAL
C1=20pF, C =33 pF

Rd = 56-470K * Preliminary value including pin parasitics
Rf = 10M

Figure 45. Oscillator Configuration

The crystal needs to be connected across XTAL1 and XTAL2 using the recom-
mended capacitors (capacitance greater than or equal to 22 pF) from each pin to
ground. The RC oscillator configuration is an external resistor connected from
XTAL1 to XTALZ2, with a frequency-setting capacitor from XTAL1 to ground (see
Figure 45).

Power-On Reset (POR)

PS008905-0105

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 V¢ and the oscilla-
tor circuit to stabilize before instruction execution begins.

The POR timer circuit is a one-shot timer triggered by one of three conditions:
* Power Fail to Power OK status including waking up from V|, Standby

® Stop-Mode Recovery (if D5 of SMR = 1)

* WDT Time-Out

P R E LI M I N ARYY
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HALT

STOP
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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, RC, and LC oscillators).

HALT turns off the internal CPU clock, but not the XTAL oscillation. The counter/
timers and external interrupts IRQO, IRQ1, IRQ2, IRQ3, and IRQ4 remain active.
The devices are recovered by interrupts, either externally or internally generated.
An interrupt request must be executed (enabled) to exit HALT Mode. After the
interrupt service routine, the program continues from the instruction after the
HALT.

This instruction turns off the internal clock and external crystal oscillation and
reduces the standby current to 10 pA or less. STOP Mode is terminated only by a
reset (such as WDT time-out), POR, SMR, or external reset. This termination
causes the processor to restart the application program at address 000CH. To
enter STOP (or HALT) mode, you need to first flush the instruction pipeline to
avoid suspending execution in mid-instruction. To execute this action, you must
execute a NOP (op code = FFH) immediately before the appropriate sleep instruc-
tion. For example:

FF NOP ; clear the pipeline
6F STOP ; enter STOP Mode

or
FF NOP ; clear the pipeline
7F HALT ; enter HALT Mode
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Port Configuration Register (PCON)

The PCON register configures the comparator output on Port 3. It is located in the
expanded register 2 at Bank F, location 00, as shown in Figure 46.

PCON (FH) 00H

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

\— Comparator Output Port 3
0 P34, P37, Standard Output*
1 P34, P37, Comparator Output

Reserved (must be 1)

Port 0
0 = Open-drain
1 = Push-pull*

Reserved (must be 1)

*Default setting after reset

Figure 46. Port Configuration Register (PCON)—Write Only

Comparator Output Port 3 (DO)

Bit O controls the comparator used in Port 3. A 1 in this location brings the compar-
ator outputs to P34 and P37, and a O releases the port to its standard (/O configu-
ration.

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)

PS008905-0105

This register selects the clock divide value and determines the mode of Stop-
Mode Recovery (Figure 47). 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 is required from the recovery source. Bit 5 controls the reset delay after
recovery. Bits D2, D3, and D4, or the SMR register, specify the source of the Stop-
Mode Recovery signal. Bit DO determines if SCLK/TCLK (shown in Figure 48) are
divided by 16 or not. The SMR is located in Bank F of the Expanded Register
Group at address OBH.
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To IRQ1

Figure 49. Stop-Mode Recovery Source

PS008905-0105

SMR D4 D3 D2
0 0O

1
Vee e

SMR D4 D3 D2
010

T
w
[y

S1

SMR D4 D3 D2
011

P32

[

S2

SMR D4 D3 D2
1 00

P33
S3

SMR D4 D3 D2
101

P27 —[F

110
T
P23
P20 i
P27

To RESET and WDT
Circuitry (Active Low)
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Customer Feedback Form
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Z86D86 28-Pin Low-Voltage OTP Microcontroller

If you experience any problems while operating this product, or if you note any inaccura-
cies while reading this product specification, please copy and complete this form, then
mail or fax it to ZiLOG (see Return Information, below). We also welcome your sugges-

tions!

Customer Information

Name Country
Company Phone
Address Fax
City/State/Zip email

Product Information

Serial # or Board Fab #/Rev #

Software Version

Document Number

Host Computer Description/Type

Return Information

Problem Description or Suggestion

PS008905-0105

ZiLOG

System Test/Customer Support
532 Race Street

San Jose, CA 95126-3432
Fax: (408) 558-8300

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

additional pages as necessary.
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