A Littelfuse Company

PRELIMINARY PRODUCT SPECIFICATION

Z286C33/C43

CMOS Z8® MCU CONSUMER
CONTROLLER PROCESSOR

FEATURES

ROM RAM* Speed
Device (KB) (Bytes) (MHz)
Z86C33 4 237 12,16
Z86C43 4 236 12,16

Note: *General-Purpose

® 40-Pin DIP, 44-Pin PLCC and QFP Packages (C43)
28-Pin DIP, 28-Pin SOIC, 28-Pin PLCC (C33)

3.0- to 5.5-Voit Operating Range
Clock Free Watch-Dog Timer (WDT) Reset

—40°C to +105°C Operating Range

Expanded Register File (ERF)

B 32 Input/Output Lines (C43)
24 Input/Qutput Lines (C33)

B Vectored, Prioritized Interrupts with
Programmable Polarity

B Two Analog Comparators

B Two Programmable 8-Bit Counter/Timers,
Each with Two 6-Bit Programmable Prescaler

B Watch-Dog Timer (WDT)/Power-On Reset (POR)

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

B RAM and ROM Protect

GENERAL DESCRIPTION

The Z86C33/C43 Consumer Controller Processor
(CCP™) is a member of Zilog's Z8® MCU single-chip fam-
ily with enhanced wake-up circuitry, programmable Watch-
Dog Timers (WDT), and low-noise/EMI options. These en-
hancements result in a more efficient, cost-effective design
and provide the user with increased design flexibility over
the standard Z8 microcontroller core. This low-power con-
sumption CMOS microcontroller offers fast execution, effi-
cient use of memory, sophisticated interrupts, input/output
bit manipulation capabilities, and easy hardware/software
system expansion.

The Z86C33/C43 features an Expanded Register File
(ERF) to allow access to register-mapped peripheral and
/O circuits. Four basic address spaces are available to
support this wide range of configurations: Program Memo-
ry, Register File, Data Memory, and ERF. The Register File
is composed of 236 bytes of general-purpose registers,
four I/0 port registers, and 15 control and status registers.
The ERF consists of three control registers.

For applications demanding powerful /O capabilities, the
Z86C33 provides 24 pins, and the Z86C43 provides 32
pins dedicated to input and output. These lines are config-
urable under software control to provide timing, status sig-
nals, parallel /O with or without handshake, and ad-
dress/data bus for interfacing external memory.

To unburden the system from coping with real-time tasks
such as counting/ftiming and data communication, the
Z86G33/C43 offers two on-chip counter/timers with a large
number of user-selectable modes.

With ROM/ROMless selectivity, the Z86C43 provides both
external memory and pre-programmed ROM, which en-
ables this Z8%® MCU to be used in high-volume applica-
tions, or where code flexibility is required.
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Z86C33/C43
CMOS Z8®MCU Consumer Controller Processor

A Littelfuse Company

GENERAL DESCRIPTION (Continued)

Notes: All signals with a preceding front slash, "/", are ac-  Power connections follow conventional descriptions be-
tive Low. For example, B//W (WORD is active Low); /BW  low:
(BYTE is active Low, only).

Connection Circuit Device
Power Voo Vop
Ground GND Vgg
(C43 Only)
(1)u1tp1u t1 llj"lul Vloc GID XTAL /AS /DS R/W /RESET
Machine
Port 3 <— > Timing & Inst.
il Control
RESET
Counter/ A WDT, POR
Timers (2) N— ALU ﬁ
FLAG
Interrupt Al Prg. Memory
Control N— 4K
Register 1 T
Two Analog | A Pointer
Comparators N—— Program
Register File Counter
AN T

] R V2, '

Port 2 Poto A M Port1

mm FE 3

Addressorl/lO0 =~ =====-s-cee-- !
(Bit Programmable) (Nibble Programmable) Address/Data or /O
(Byte Programmable)

(C43 Only)

Figure 1. Functional Block Diagram
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Z86C33/C43
CMOS Z8®MCU Consumer Controller Processor

A Littelfuse Company

PIN DESCRIPTION

U I N O WO S MO QN
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Figure 2. 28-Pin DIP/SOIC Pin Configuration

Figure 3. 28-Pin PLCC Pin Configuration

Table 1. 28-Pin DIP/SOIC/PLCC Pin Identification

Pin # Symbol Function Direction
1-3 P25-27 Port 2, Pins 5,6,7 In/Output

4-7 P04-07 Port 0, Pins 4,5,6,7 In/Output

8 Vop Power Supply

9 XTAL2 Crystal Oscillator Output

10 XTALA1 Crystal Oscillator Input

11-13 P31-33 Port 3, Pins 1,2,3 Fixed Input
14-15 P34-35 Port 3, Pins 4,5 Fixed Output
16 P37 Port 3, Pin7 Fixed Output
17 P36 Port 3, Pin 6 Fixed Output
18 P30 Port 3, Pin 0 Fixed Input
19-21 P00-02 Port 0, Pins 0,1,2 In/Output

22 VSS Ground

23 P03 Port 0, Pin 3 In/Output
24-28 P20-24 Port 2, Pins 0,1,2,3,4 In/Output
DS97Z28X1203 PRELIMINARY



Z86C33/C43
CMOS Z8®°MCU Consumer Controller Processor A Litfass Compary

PIN DESCRIPTION (Continued)

-/
R/W O 1 403 /DS
P25 O O P24
P26 O 0 P23
P27 O O P22
P04 O O P21
PO5 O 0 P20
P06 O 5 P03
P14 O 0 P13
P15 O 0 P12
PO7H  pIP40-Pin P GND
VCC O O P02
P16 O 1 P11
P17 O 0 P10
XTAL2 O =1 PO1
XTAL1 0 POO
P31 O = P30
P32 o B P36
P33 o O P37
P34 O 0 P35
/AS ] 20 21 b /RESET

Figure 4. 40-Pin DIP Assignments

Table 2. 40-Pin Dual-In-Line Package Pin Table 2. 40-Pin Dual-in-Line Package Pin
Identification Identification

Pin# Symbol Function Direction Pin# Symbol Function Direction

1 R//W Read/Write Output 21 /RESET Reset input

2-4 P25-27 Port 2, Pins 5,6,7 In/Qutput 22 P35 Port 3, Pin 5 Output

5-7 P04-06 Port 0, Pins 4,5,6 In/Output 23 P37 Port3, Pin7 Output

8-9 P14-15 Port 1, Pins 4,5 In/Output 24 P36 Port 3, Pin 6 Output

10 PO7 Port 0, Pin 7 In/Output 25 P30 Port 3, Pin 0 Input

11 Vee Power Supply 26-27 PO00-01  Port 0, Pin 0,1 In/Output

12-13 P16-17 Port 1, Pins 6,7 In/Output 28-29 P10-11  Port1, Pin 0,1 In/Output

14 XTAL2  Crystal, Oscillator Output 30 P02 Port 0, Pin 2 In/Output
Clock 31 GND Ground

15 XTAL1 Crystal, Oscillator Input 32-33 P12-13 Port1,Pin2,3 In/Qutput
Clock 34 P03 Port 0, Pin 3 In/Output

16-18 P31-33  Port 3, Pins 1,2,3 Input 35-39 P20-24 Port2, Pin0,1,2,3,4 In/Output

19 P34 Port 3, Pin 4 Output 40 /DS Data Strobe Output

20 /AS Address Strobe Output
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Z86C33/C43
CMOS Z8®MCU Consumer Controller Processor

A Littelfuse Company
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Figure 5. 44-Pin PLCC PIn Assignments

Table 3. 44-Pin PLCC Pin Identification

Table 3. 44-Pin PLCC Pin Identification

Pin# Symbol Function Direction Pin# Symbol Function Direction
1-2 GND Ground 27 XTAL2 Crystal, Oscillator Clock Output
3-4 P12-13  Port1,Pins 2,3 In/Output 28 XTALA1 Crystal, Oscillator Clock Input
5 P03 Port 0, Pin 3 In/Output 29-31 P31-33 Port 3, Pins 1,2,3 Input
6-10 P20-24  Port 2, Pins 0,1,2,3,4 In/Output 32 P34 Port 3, Pin 4 Output
11 /DS Data Strobe Output 33 /AS Address Strobe Output
12 N/C Not Connected 34 R//RL ROM/ROMIess Control  Input
13 RIW Read/Write Output 35 /RESET Reset Input
14-16 P25-27 Port 2, Pins 5,6,7 In/Output 36 P35 Port 3, Pin 5 Output
17-19 P04-06  Port 0, Pins 4,5,6 In/Output 37 P37 Port 3, Pin 7 Output
20-21 P14-15  Port 1, Pins 4,5 In/Output 38 P36 Port 3, Pin 6 Output
22 P07 Port 0, Pin 7 In/Output 39 P30 Port 3, Pin 0 Input
23,24 V¢ Power Supply 40-41  PO00-01 Port 0, Pins 0,1 In/Output
25-26 P16-17  Port 1, Pins 6,7 In/Output 42-43 P10-11 Port1, Pins 0,1 In/Output
44 P02 Port 0, Pin 2 In/Output
DS97Z28X1203 PRELIMINARY
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CMOS Z8®MCU Consumer Controller Processor re—

PIN DESCRIPTION (Continued)
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Figure 6. 44-Pin LQFP Pin Assignments

Table 4. 44-Bin LOFP Rin Identification

Table 4. 44-Pin LOFP Pin Identification

Pin# Symbol Function Direction Pin# Symbol Function Direction
1-2 P05-06  Port 0, Pins 5,6 In/Output 21 P36 Port 3, Pin 6 Output
3-4 P14-15 Port 1, Pins 4,5 In/Output 22 P30 Port 3, Pin 0 Input

5 P07 Port O, Pin 7 in/Qutput 23-24 P00-01 Port 0, Pins 0,1 In/Output
6-7 Vee Power Supply 25-26 P10-11 Port 1, Pins 0,1 In/Output
8-9 P16-17 Port1Pins 6,7 In/Output 27 P02 Port 0, Pin 2 In/Output
10 XTAL2  Crystal, Oscillator Clock Output 28-29 GND Ground

11 XTAL1  Crystal, Oscillator Clock Input 30-31 P12-13  Port 1, Pins 2,3 In/Output
12-14 P31-33  Port3, Pins 1,2,3 Input 32 P03 Port 0, Pin 3 In/Output
15 P34 Port 3, Pin 4 Output 33-37 P20-24  Port 2, Pins 0,1,2,3,4 In/Qutput
16 /IAS Address Strobe Output 38 /DS Data Strobe Output
17 R//RL ROM/ROMIess Control  Input 39 N/C Not Connected

18 /RESET Reset Input 40 R/W Read/Write Output
19 P35 Port 3, Pin 5 Output 41-43 P25-27  Port 2, Pins 5,6,7 In/Output
20 P37 Port 3, Pin 7 Output 44 P04 Port 0, Pin 4 In/Output
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Z86C33/C43 ,
CMOS Z8®°MCU Consumer Controller Processor A TSitolfass Company

ABSOLUTE MAXIMUM RATINGS

Parameter Min Max Units Notes
Ambient Temperature under Bias —40 +105 C

Storage Temperature -65 +150 C

Voltage on any Pin with Respect to Vgg -0.6 +7 \' 1
Voltage on Vpp Pin with Respect to Vgg -0.3 +7 \Y

Voltage on XTAL1 and /RESET Pins with Respect to Vgg -0.6 Vpp+1 \Y 2
Total Power Dissipation 1.21 W

Maximum Allowable Current out of Vgg 220 mA
Maximum Allowable Current into Vpp 180 mA
Maximum Allowable Current into an Input Pin -600 +600 pA 3
Maximum Allowable Current into an Open-Drain Pin —600 +600 pA 4
Maximum Allowable Output Current Sinked by Any /O Pin 25 mA
Maximum Allowable Output Current Sourced by Any I/O Pin 25 mA

Notes:

1. This applies to all pins except XTAL pins and where otherwise noted.

2. There is no input protection diode from pin to Vpp and current into pin is limited to +600 uA
3. This excludes XTAL pins.

4. Device pin is not atan output Low state.

Stresses greater than those listed under Absolute Maxi-  Total power dissipation should not exceed 1.21 W for the
mum Ratings may cause permanent damage to the de-  package. Power dissipation is calculated as follows:

vice. This is a stress rating only; functional operation of the

device at any condition above those indicated in the oper-  Total Power Dissipation = Vpp x [ Ipp — (sum of lop) 1
ational sections of these specifications is not implied. Ex-
posure to absolute maximum rating conditions for an ex-
tended period may affect device reliability. +sum of (Vo X lg,)

+sum of [ (Vpp — Vor) X loHl
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Z86C33/C43 o
CMOS Z8®MCU Consumer Controller Processor A Littelfuse Company

STANDARD TEST CONDITIONS

The characteristics listed below apply for standard test

conditions as noted. All voltages are referenced to GND. From Output
Positive current flows into the referenced pin (see Under Test®~
Figure 7.)

IT 7= 150pF

Figure 7. Test Load Diagram

CAPACITANCE
Ta=25°C, Voo =GND =0V, f = 1.0 MHz, Unmeasured pins to GND

Parameter Min Max
Input capacitance 0 12 pF
Output capacitance 0 12 pF
I/O capacitance 0 12 pF

DS97Z8X1203 PRELIMINARY



Z86C33/C43
CMOS Z8®MCU Consumer Controller Processor ALittelfuse Company

DC ELECTRICAL CHARACTERISTICS

Ta=0°C Ta = —40°C
Vee to +70°C to +105°C
Typlcal [1]
Sym Parameter Note[3] Min Max Min Max @ 25°C Units Conditions Notes
VCH Clock Input 3.0V 0.7 VCC Vcc+0.3 0.7 VCC Vcc+0.3 1.8 V  Driven by
High Voltage External Clock
Generator
5.5V 0.7V Veet0.3 0.7Vee  Vee+0.3 2.6 V  Driven by
External Clock
Generator
VoL Clock Input 3.0V GND-0.3 0.2Vgs GND-0.3 0.2Vge 1.2 V  Driven by
Low Voltage External Clock
Generator
55V GND-0.3 02Vgs GND-0.3 0.2V 2.1 V' Driven by
External Clock
Generator
ViH Input High 3.0v 0.7 VCC Vcc+0.3 0.7 VCC Vcc+0.3 1.8 \
Voltage 55V 0.7Voe Veot03 0.7Vee Voot03 2.6 v
Vi Input Low 3.0V GND-0.3 0.2Vgs GND-0.3 0.2Vcg 1.1 Vv
Voltage 55V GND-03 0.2Vgs GND-0.3 0.2V 1.6 Vv
VoH1 Output High 3.0V Vge-0.4 Voc-0.4 3.1 V lpy=20mA 8
Voltage 55V  Vgc0.4 Voc0.4 4.8 V lon=-20mA 8
VoL1 Output Low 3.0V 0.6 0.6 0.2 V lg.=+40 mA 8
Voltage 5.5V 0.4 0.4 0.1 V o =+40 mA 8
Voo  Outputlow 3.0V 12 1.2 0.3 V lg=+6mA 8
Voltage 5.5V 1.2 1.2 0.4 V g =+12mA 8
VRH Reset Input 3.0V .8 VCC VCC .8 VCC VCC 1.8 \) 13
HighVoltage “55v 8Vee Voo 8Voc Voo 26 Vv 13
VR Reset Input 3.0V GND-0.3 0.2Vgs GND-0.3 0.2Vgg 1.1 \Y 13
LowVoltage 55y GND-0.3 0.2Vos GND-0.3 0.2Vgg 16 Vv 13
Voir  Reset 3.0V 0.6 0.6 0.3 V o =+1.0mA 13
Output Low 55y 06 06 03 V loL=+1.0mA 13
Voitage
VorrseT Comparator 3.0V 25 25 10 mV 10
Input Offset 5.5V 25 25 10 mvV 10
Voltage
I Input 3.0v -1 2 -1 2 0.004 pA Viy=0V, VCC
Leakage 5.5V -1 2 i 2 0.004 pA Viy=0V,Vge
IOL Output 3.0V -1 1 -1 2 0.004 HA VIN =0V, VCC
Leakage 5.5V -1 1 K 2 0004  pA V=0V, Ve
IIR Reset Input 3.0V -20 -130 -18 -130 -60 pA
Current 5.5V 20 -180 -18 -180 -85 pA
lco Supply 3.0V 20 20 7 mA @ 16 MHz 4
Current 5.5V 25 25 20 mA @ 16 MHz 4
3.0v 15 15 5 mA @ 12 MHz 4
5.8V 20 20 15 mA @ 12 MHz 4
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Z86C33/C43 L (
CMOS Z8®MCU Consumer Controller Processor T

DC ELECTRICAL CHARACTERISTICS (Continued)

Tpo=0°C Tp = -40°C
Vec to +70°C to +105°C
Typical [1]
Sym Parameter Note(3] Min Max Min Max @ 25°C Units Conditions Notes
ICC1 Standby 3.0V 4.5 4.5 2.0 mA VIN =0V, VCC 4
Current @ 16 MHz
(HALT Mode) ~5 5v 8 8 37  mMA V=0V Vgc 4
@ 16 MHz
3.0V 3.4 3.4 1.5 mA Clock Divide-by-4
16 @ 16 MHz
5.5V 7.0 7.0 2.9 mA Clock Divide-by-4
16 @ 16 MHz
locca  Standby 3.0V 8 8 2 PA ViN=0V,Voc 6,11
Current WDT is not
(STOP Running
Mode) 55V 10 10 4 PA VjN=0V,Vgg 6,11
WDT is not
Running
3.0V 500 600 310 WA Viy=0V,Vee 6,11,
WDT is Running 14
5.5V 800 1000 600 BA Viy=0V,Voc 6,11,
WDT is Running 14
VicR,  Input 3.0V 0 VgelOV 0 Vge15V Vv 10
ag’:énon 5.5V 0 Vo100 Vo158V V 10
Voltage
Range
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Z86C33/C43
CMOS Z8®MCU Consumer Controller Processor

A Littelfuse Company

To=0°C Ta =—40°C
Vee to +70°C to +105°C
Typical [1]
Sym Parameter Note[3] Min Max Min Max @ 25°C Units Conditions Notes
laLL Auto Latch 3.0v 0.7 8 0.7 10 3 pA OV<Vy<Vee 9
Low Current —55y 14 15 14 20 5 BA OV<Vp<Vog 9
IALH Ayto Latch 3.0V -0.6 -5 -0.6 -7 -3 MA OV <Vy<Vge 9
High Current 55y 1.0 -8 1.0 10 -6 BA OV<Viy<Vog 9
Viy Ve Low 2.0 3.3 2.8 V 4 MHzmaxInt. 7,15
Voltage CLK Freq.
Protection 2.2 3.1 28 6 MHz max Int. 7,14
Voltage CLK Freq.
VOH \(?L:tput High 3.0V Vcc-0.4 Vcc-0.4 3.1 Vv 'OH =-0.5mA
oltage 50V Vog0.4 Vog0.4 48 V oy =-05mA
(Low EMI CC CC OH
Mode)
VoL Output Low 3.0v 0.6 0.6 0.2 V loL=1.0mA
Voltage 5.0V 0.4 0.4 0.1 V loL=1.0mA
{Low EMI
Mode)

Notes:

1. Typicals are at Vg = 5.0V and 3.3V.

2. GND =0V.

3. The Vpp voltage specification of 3.0V guarantees 3.3V 0.3V with typicals at Vc=3.3V, and the Vpp voltage specification of 5.5V
guarantees 5.0V +0.5V with typicals at Voc-5.0V.

_.
COo® NSO A

13. Z86C43 only.

14. 0°C to 70°C (standard temperature).
15. —40°C to 150°C (extended temperature).

All outputs unloaded, I/O pins floating, inputs at rail.
CL1 = CL2 = 10 pF.

Same as note [4] except inputs at V.
The V| y voltage increases as the temperature decreases and will overlap lower Vg operating region.
Standard Mode (not Low EMI).
Auto Latch (Mask Option) selected.
For analog comparator, inputs when analog comparators are enabled.

11. Clock must be forced Low, when XTAL 1 is clock-driven and XTAL2 is floating.
12. Excludes clock pins.

DS97Z8X1203
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Z86C33/C43 o\
CMOS Z8®MCU Consumer Controller Processor 2 Littolfass Company

AC ELECTRICAL CHARACTERISTICS
External I/O or Memory Read and Write Timing Table (C43 Only)

R/W
Port 0, /DM
—®
(19) ——
Port 1 { A7 -A0 ; D7-D0 IN
(R ~
® —
/AS Z‘
~—0® M
‘ o |
i Y
/DS i
(Read) 3
A
Port1 >< A7 -AQ { D7-D0 OUT k
Q)
} 7D |
r
/DS F
(Write)

Figure 8. External /O or Memory Read and Write Timing Table (Z86C43 Only)
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Z86C33/C43

CMOS Z8®MCU Consumer Controller Processor

A Littelfuse Company

AC CHARACTERISTICS
External I/O or Memory Read and Write Timing Table (C43 Only) (SCLK/TCLK = XTAL/2)

Note Ta=—0°C to 70°C Ta = —40°C to +105°C
[8] 12MHz 16 MHz 12 MHz 16 MHz
No Symbol Parameter Vec Min Max Min Max Min Max Min Max Units Notes
1 TdA(AS) Address Validto/AS 3.0 35 25 35 25 ns 2
Rise Delay 55 35 25 35 25 2
2 TdAS(A) /AS Rise to Address 3.0 45 35 45 35 ns 2
Float Delay 55 45 35 45 35 ns 2
3 TdAS(DR) /AS Rise to Read 3.0 250 180 250 180 ns 1,2
Data Req'd Valid 55 250 180 250 180 ns 2
4  TwAS /AS Low Width 30 55 40 55 40 ns 2
55 55 40 55 40 ns 2
5 TdAS(DS)  Address Float to 3.0 0 0 0 0 ns
/DS Fall 55 0 0 0 0 ns
6 TwDSR /DS (Read) Low 3.0 200 135 200 135 ns 1,2
Width 55 200 135 200 135 ns 1,2
7  TwDSW /DS (Write) Low 30 110 80 110 80 ns 1,2
Width 55 110 80 110 80 ns 1,2
8 TdDSR(DR) /DS Fallto Read Data 3.0 150 75 150 75 ns 1,2
Reqd Valid 5.5 150 75 150 75 ns 1,2
9 ThDR(DS) Read Datato /DS Rise 3.0 0 0 0 0 ns 2
Hold Time 55 0 0 0 0 ns 2
10 TdDS(A) /DS Rise to Address 3.0 45 50 45 50 ns 2
Active Delay 55 55 50 55 50 ns 2
11 TdDS(AS) /DSRiseto/ASFall 3.0 30 35 30 35 ns 2
Delay 55 45 35 45 55 ns 2
12 TdR/W(AS) R/W Validto/AS Rise 3.0 45 25 45 25 ns 2
Delay 55 45 25 45 25 ns 2
13 TdDS(R/W) /DS Rise to R/W 30 45 35 45 35 ns 2
Not Valid 55 45 35 45 35 ns 2
14  TdDW(DSW) Write Data Validto/DS 3.0 55 25 55 25 ns 2
Fall (Write) Delay 55 55 25 55 25 ns 2
15 TdDS(DW) /DS Rise to Write 30 45 35 45 35 ns 2
Data Not Valid Delay 55 45 35 45 35 ns 2
16 TdA(DR) Address Valid to Read 3.0 310 230 310 230 ns 1,2
Data Req'd Valid 5.5 310 230 310 230 ns 1,2
17 TdAS(DS) /AS Rise to /DS 30 65 45 65 45 ns 2
Fall Delay 55 65 45 65 45 ns 2
18 TdDM(AS) /DM Valid to /AS 30 35 30 35 30 ns 2
Fall Delay 55 35 30 35 30 ns 2
PRELIMINARY 13
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Z86C33/C43
CMOS Z8®MCU Consumer Controller Processor

AC CHARACTERISTICS (Continued)

A Littelfuse Company

Note Ta=-0°C to 70°C Ta = —40°C to +105°C
[3] 12 MHz 16 MHz 12 MHz 16 MHz
No  Symbol Parameter Vcc Min Max Min Max Min Max Min Max Units Notes
19 TdDs(DM) /DS Rise to DM 30 45 35 45 35 ns 2
Valid Delay 55 45 35 45 35 ns 2
20 ThDS(AS) /DSValidto Address 3.0 45 35 45 35 ns 2
Valid Home Time 55 45 35 45 35 ns

Notes:
1. When using extended memory timing add 2 TpC.
2. Timing numbers given are for minimum TpC.

3. The V¢ voltage specification of 3.0V guarantees 3.3V + 0.3V, and the Vpp voltage specification of 5.5V guarantees 5.0V + 0.5V.
Standard Test Load

All timing references use 0.7 Vg for a logic 1 and 0.2 V¢ for a logic 0.

DS97Z8X1203 PRELIMINARY 14
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Additional Timing Diagram

Clock

TIN

IRQN

Clock
Setup

Stop
Mode
Recovery
Source

Figure 9. Additional Timing
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Z86C33/C43
CMOS Z8®MCU Consumer Controller Processor
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AC CHARACTERISTICS
Additional Timing Table (SCLK/TCLK = XTAL/2)

Note T = 0°C to +70°C Tp =—4 0°C to +105°C
[3] 12 MHz 16 MHz 12 MHz 16 MHz
No Symbol Parameter Vec Min Max Min Max Min Max Min Max Units Notes
1 TpC Input Clock Period 3.0V 83 DC 625 DC 83 DC 625 DC ns 1,7
55V 83 DC 625 DC 83 DC 625 DC ns 1,7
30v 250 DC 250 DC 250 DC 250 DC ns 1,8
56V 250 DC 250 DC 250 DC 250 ©DC ns 1,8
2 TrC,TfC Clock Input Rise & 3.0V 15 15 15 15 ns 1
Fall Times 5.5V 15 15 15 15 ns 1
3  TwC input Clock Width 3.0V 41 31 41 31 ns 1
5.5V 41 31 41 31 ns 1
3.0V 125 125 125 125 ns 1,8
5.5V 125 125 125 125 ns 1,8
4  TwTinL  Timer Input Low 3.0v 100 100 100 100 ns 1
Width 55V 70 70 70 70 ns 1
5 TwTinH  Timer Input High 3.0V 5TpC 5TpC 5TpC 5TpC 1
Width 5.5V 5TpC 5TpC 5TpC 5TpC 1
6 TpTin Timer Input Period 3.0V 8TpC 8TpC 8TpC 8TpC 1
5.5V 8TpC 8TpC 8TpC 8TpC 1
7 TrTin, Timer Input Rise & 3.0V 100 100 100 100 ns 1
TfTin Fall Timer 5.5V 100 100 100 100 ns 1
8A TwliL Int. Request Low 3.0V 100 100 100 100 ns 1,2
Time 55V 70 70 70 70 ns 1,2
8B TwiL Int. Request Low 3.0v 5TpC 5TpC 5TpC 5TpC 1,3
Time 5.5V 5TpC 5TpC 5TpC 5TpC 1,3
9 TwlH Int. Request Input 3.0V 5TpC 5TpC 5TpC 5TpC 1,2
High Time 5.5V 5TpC 5TpC 5TpC 5TpC 1,2
10 Twsm Stop-Mode 3.0v 12 12 12 12 ns
Recovery Width 55V 12 12 12 12 ns
Spec
11 Tost Oscillator Startup 3.0V 5TpC 5TpC 5TpC 5TpC 4
Time 5.5V 5TpC 5TpC 5TpC 5TpC 4
D1, DO
[Note]
12 Twdt Watch-Dog Timer 3.0V 7 7 7 7 ms 0,0[5]
Delay Time 55V 35 35 35 35 ms 0,0[5]
before time-out 30V 14 14 14 14 ms 0,1 5]
5.5V 7 7 7 7 ms 0,1[5
3.0v 28 28 28 28 ms 1,0[5]
5.5V 14 14 14 14 ms 1,0[5]
3.0v 112 112 112 112 ms 1,1[5]
5.5V 56 56 56 56 ms 1,1[5]
DS97Z8X1203 PRELIMINARY 16
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Note Tp = 0°C to +70°C
[3] 12 MHz 16 MHz

Ta =—4 0°C to +105°C
12 MHz 16 MHz

No Symbol Parameter Vcc Min Max Min Max Min Max Min Max Units Notes
13 TPOR Power-On Reset 3.0v 3 24 3 24 3 25 3 25 ms

Delay 55V 15 13 15 13 1 14 1 14  ms
Notes: :

1. Timing Reference uses 0.7 V¢ for a logic 1 and 0.2 Vg for a logic 0.

SMR-D5 = 0.
Reg. WDTMR.

ONOOR~LN

Interrupt request via Port 3 (P31-P33).
Interrupt request via Port 3 (P30).

The V¢ voltage specification of 3.0V guarantees 3.3V £ 0.3V, and the Vpp voltage specification of 5.5V guarantees 5.0V £ 0.5V.

Standard Oscillator mode, Pcon RegD7=1.
Maximum frequency for external XTAL Clock is 4MHz when using low EMI oscillator mode, Pcon Reg D7=0.

DS97Z8X1203
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Z86C33/C43 C
CMOS Z8®MCU Consumer Controller Processor T —

AC ELECTRICAL CHARACTERISTICS
Additional Timing Table (Divide-By-One Mode, SCLK/TCLK = XTAL)

TA =0°Cto TA = 40°C to

+70°C +105°C

Vee 8 MHz 8 MHz
No Symbol Parameter Note[6] Min Max Min Max Units Notes
1 TpC Input Clock Period 3.0V 250 DC 250 DC ns 1,7,8
5.5V 250 DC 250 DC ns 1,7,8
3.0V 125 DC 125 DC ns 1,7
5.5V 125 DC 125 DC ns 1,7
2 TrC,TfC Clock Input Rise 3.0v 25 25 ns 1,7
& Fall Times 5.5V 25 25 ns 1,7
3 TwC input Clock Width 3.0V 125 125 ns 1,7,8
5.5V 125 125 ns 1,7,8
3.0V 62 62 ns 1,7
5.5V 62 62 ns 1,7
4  TwTinL Timer Input Low Width 3.0V 100 100 ns 1,7
5.5V 70 70 ns 1,7
5  TwTinH Timer Input High Width 3.0V 3TpC 3TpC 1,7
5.5V 3TpC 3TpC 1,7
6  TpTin Timer Input Period 3.0v 4TpC 4TpC 1,7
55V  4TpC 4TpC 1,7
7 TrTin, Timer Input Rise 3.0V 100 100 ns 1,7
TfTin & Fall Timer 5.5V 100 100 ns 1,7
8A TwiL Int. Request Low Time 3.0V 100 100 ns 1,2,7
5.5V 70 70 ns 1,2,7
8B TwiL Int. Request Low Time 3.0v  3TpC 3TpC 1,3,7
5.5V 3TpC 3TpC 1,3,7
9 TwlH Int. Request Input 3.0v 3TpC 3TpC 1,2,7
High Time 55V  3TpC 2TpC 1,2,7
10  Twsm Stop-Mode Recovery 3.0V 12 12 ns 4
Width Spec 5.5V 12 12 ns 4
11 Tost Oscillator Startup Time 3.0V 5TpC 5TpC 4,9
5.5V 5TpC 5TpC 4,9

Notes:
1. Timing Reference uses 0.7 Vg for a logic 1 and 0.2 V¢ for a logic 0.
Interrupt request via Port 3 (P31-P33).
Interrupt request via Port 3 (P30).
SMR-D5 = 1, POR STOP Mode Delay is on.
Reg. WDTMR.
The V¢ voltage specification of 3.0V guarantees 3.3V £ 0.3V, and the Vpp voltage specification of 5.5V guarantees 5.0V + 0.5V.
SMR D1 =0.
Maximum frequency for external XTAL clock is 4 MHz when using low EMI Oscillator mode Pcon Reg.D7=0.
For RC and LC oscillator, and for oscillator driven by clock driver.

©CoND>ORr®N
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Handshake Timing Diagrams

{(
Data In Data In Valid }{; Next Data In Valid
)
O)
{(
® ' / )
/DAV Delayed DAV
(Input) N {{
Vi
<—@—q
RDY \ / Delayed RDY
(Output) K (L
)
Figure 10. Input Handshake Timing
5(
Data Out Data Out Valid / Next Data Out Valid
. (4
R
Jj
/DAV \ Delayed DAV \K
(Output)
® ® i~
I (i
/ y) 7
RDY Delayed = RDY
(Input) R 7 ((
/)
Figure 11. Output Handshake Timing
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AC ELECTRICAL CHARACTERISTICS
Handshake Timing Table

Ta= 0°Ct0 +70°C T, = —40°C to +105°C
Vcc 12MHz  16MHz 12MHz 16 MHz
Direction
No Symbol Parameter Note [1]] Min Max Min Max Min Max Min Max Data
1 TsDI(DAV) Data In Setup Time 30V 0 0 0 0 IN
55V 0 0 0 0 IN
2 ThDI(RDY) Data In Hold Time 30V © 0 0 0 IN
55V 0 0 0 0 IN
3  TwDAV Data Available Width 30V 155 155 155 155 IN
55V 110 110 110 110 IN
4 TdDAVI(RDY) DAV Fall to RDY Fall 3.0V 0 0 0 0 IN
Delay 5.5V 0 0 0 0 IN
5  TdDAVId(RDY) DAV Out to DAV Fall 3.0V 120 120 120 120 IN
Delay 5.5V 80 80 80 80 IN
6 RDYOd(DAV) RDY Rise to DAV Fall 30V 0 0 0 0 IN
Delay 55V 0 0 0 0 IN
7 TdDO(DAV) Data Out to DAV Fall 3.0V 42 31 42 31 ouT
Delay 55V 42 31 42 31 ouT
8 TdDAVO(RDY) DAV Fallto RDY Fall 30V 0 0 0 0 ouT
Delay 55V 0 0 0 0 ouT
9 TdRDYO(DAV) RDY Fall to DAV Rise 3.0V 160 160 160 160 ouT
Delay 5.5V 115 115 115 115 ouT
10 TwRDY RDY Width 3.0V 110 110 110 110 ouT
55V 80 80 80 80 OouT
11 TdRDYOd(DAV) RDY Rise to DAV Fall 3.0V 110 110 110 110 ouT
Delay 5.5V 80 80 80 80 ouT

Notes:

1. Timing Reference uses 0.7 V¢ for a logic 1 and 0.2 V¢ for a logic 0.
2. The Vg voltage specification of 3.0V guarantees 3.3V £ 0.3V and the Vpp voltage specification of 5.5V guarantees 5.0V 1 0.5V.

ROM Mask options available:

s

Enable autolatches

Enable ROM Protect

Enable RAM Protect

RC or Crystal Clock Source

WDT automatically enabled after reset.

DS97Z28X1203
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PIN FUNCTIONS

/ROMiless (input, active Low). This pin, when connected to
GND, disables the internal ROM and forces the device to
function as a Z86C90 ROMless Z8. (Note that, when left
unconnected or pulled High to Vg, the device functions
normally as a Z8 ROM version) Not available on Z86C33.

Note: When using in ROM Mode in High EMI (noisy) envi-
ronment, the ROMless pins should be connected directly
to Vcc.

/DS (output, active Low). Data Strobe is activated once for
each external memory transfer. For a READ operation,
data must be available prior to the trailing edge of /DS. For
WRITE operations, the falling edge of /DS indicates that
output data is valid. Not available on Z86C33.

1AS (output, active Low). Address Strobe is pulsed once at
the beginning of each machine cycle for external memory
transfer. Address output is from Port 0/Port 1 for all exter-
nal programs. Memory address transfers are valid at the
trailing edge of /AS. Under program control, /AS is placed
in the high-impedance state along with Ports 0 and 1, Data
Strobe, and Read/Write. Not available on Z86C33.

XTAL1 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 resonant, LC, or RC net-
work to the on-chip oscillator output.

R//W (output, write Low). Read/Write, the R/W signal is
Low when the Z86C33/43 is writing to the external pro-
gram or data memory. Not available on Z86C33.

Port 0 (PO0-PQ7). Port 0 is an 8-bit, bidirectional, CMOS-
compatible port. These eight I/O lines are configured un-
der software control as a nibble I/O port (PO3-P00 in-
put/output and PO7-P04 input/output), or as an address
port for interfacing external memory. The input buffers are
Schmitt-triggered and nibble-programmed as outputs and
can be globally programmed as either push-pull or open-
drain. Low EMI output buffers can be globally programmed
by the software. Port 0 is placed under handshake control.
In this configuration, Port 3, lines P32 and P35 are used as
the handshake control /DAVO and RDY0. Handshake sig-
nal direction is dictated by the I/O direction (input or output)
of Port 0 of the upper nibble P04-PQ7. The lower nibble
must have the same direction as the upper nibble.

For external memory references, Port 0 provides address
bits A11-A8 (fower nibble) or A15-A8 (lower and upper nib-
ble) depending on the required address space. If the ad-
dress range requires 12 bits or less, the upper nibble of
Port 0 can be programmed independently as 1/O while the
lower nibble is used for addressing. If one or both nibbles
are needed for I/O operation, they are configured by writ-
ing to the Port 0 mode register.

In ROMIess mode, after a hardware reset, Port O is config-
ured as address lines A15-A8, and extended timing is set
to accommodate slow memory access. The initialization
routine can include reconfiguration to eliminate this ex-
tended timing mode. (In ROM mode, Port 0 is defined as
input after reset.)

Port 0 is set in the High-Impedance Mode if selected as an
address output state along with Port 1 and the control sig-
nals /AS, /DS, and R//W (Figure 12).

DS9728X1203
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PIN FUNCTIONS (Continued)

Open-Drain

MCU

Z86C33/43 <I> (/O or A15 - A)
K ——————
———p

Port 0

Handshake Controls
/DAVQ and RDYOQ
(P32 and P35)

OEN

>

Out

1.5 <4 2.3 Hysteresis @ VCC = 5.0V

Figure 12. Port 0 Configuration

PAD

Auto Latch
(mask option)
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Port 1 (P17-P10). Port 1 is an 8-bit, bidirectional, CMOS-
compatible port (Figure 13), with multiplexed Address (A7-
AQ) and Data (D7-D0) ports. For the Z86C33/43 ROM de-
vice, these eight I/O lines are programmed as inputs or
outputs, or can be configured under software control as an
Address/Data port for interfacing external memory. The in-
put buffers are Schmitt-triggered and byte-programmed as
outputs and can be globally programmed as either push-
pull or open-drain. Low EMI output buffers can be globally
programmed by the software. Note: Port 1 is not available
on Z86C33 and PO1M Register for Z86C33 must have Bit
D4,D3 set as 00.

Note: Low EMI mode is not supported on the emulator for
Port1. Pcon reg. D4 must be 1.

Port 1 may be placed under handshake control. In this con-
figuration, Port 3, lines P33 and P34 are used as the hand-
shake controls RDY1 and /DAV1 (Ready and Data Avail-
able). Memory locations greater than 4095 are referenced
through Port 1. To interface external memory, Port 1 must
be programmed for the muitiplexed Address/Data mode. If
more than 256 external locations are required, Port 0 out-
puts the additional lines.

Port 1 can be placed in the high-impedance state along
with Port 0, /AS, /DS, and R//W, allowing the Z86C33/43 to
share common resources in multiprocessor and DMA ap-
plications.

MCU

Z286C33/43 | |

=9 (P33 and P34)

Port 1
(/O or AD7 - ADO)

Handshake Controls
/DAV1 and RDY1

Open Drain

OEN ><‘r

PAD

Out
1.5 €= 2.3 Hysteresis @ Vg = 5.0V.
In é‘l

I I T

I | Auto Latch

l | (mask option)
| R=500KQ I

Figure 13. Port 1 Configuration
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PIN FUNCTIONS (Continued)

Port 2 (P27-P20). Port 2 is an 8-bit, bidirectional, CMOS-
compatible 1/0 port. These eight I/O lines are configured
under software control as an input or output, independent-
ly. Port 2 is always available for 1/O operation. The input
buffers are Schmitt-triggered. Bits programmed as outputs
may be globally programmed as either push-pull or open-
drain. Low EMI output buffers can be globally programmed
by the software.

Port 2 may be placed under handshake control. In this
Handshake Mode, Port 3 lines P31 and P36 are used as
the handshake controls lines /DAV2 and RDY2. The hand-
shake signal assignment for Port 3 lines P31 and P36 is
dictated by the direction (input or output) assigned to bit 7,
Port 2 (Figure 14).

MCU

Z86C33/43 |-t—P

Port2 (I/O)

Handshake Controls

/DAV2 and RDY2
(P31 and P36)

Open Drain

OEN

P

Out

1.5 2.3 Hysteresis @ VG = 5.0V.

|

| Auto Latch

| (mask option)
|

Figure 14. Port 2 Configuration
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Port 3 (P37-P30). Port 3 is an 8-bit, CMOS-compatible,
four fixed inputs (P33-P30) and four fixed outputs (P34-
P37), and is configured under software control for In-
put/Output, Counter/Timers, interrupt, port handshake,
and Data Memory functions. Port 3, pin 0 input is Schmitt-
triggered, and pins P31, P32, and P33 are standard CMOS
inputs (no Auto Latches). Pins P34, P35, P36, P37 are
push-pull output lines. Low EMI output buffers can be glo-
bally programmed by the software.

Two on-board comparators can process analog signals on
P31 and P32 with reference to the voitage on P33. The an-
alog function is enabled by programming Port 3 Mode
Register (P3M bit 1). For Interrupt functions, Port 3, pin 0
and pin 3 are falling edge interrupt inputs. P31 and P32 are
programmable as rising, falling, or both edge triggered in-
terrupts (IRQ register bits 6 and bit 7). P33 is the compar-
ator reference voltage input when in Analog Mode. Access

to Counter/Timers 1 is made through P31 (TIN) and P36
(TOUT). Handshake lines for Ports 0, 1, and 2 are avail-
able on P31 through P36.

Port 3 also provides the following control functions: hand-
shake for Ports 0, 1, and 2 (/DAV and RDY); four external
interrupt request signals (IRQ3-1RQO); timer input and out-
put signals (TIN and TOUT); Data Memory Select

(/DM, see Table 5, Figure 43).

P34 output can be software-programmed to function as a
Data Memory Select (DM). The Port 3 mode register
(P3M) bit D3, D4 selects this function. When accessing ex-
ternal Data Memory, the P34 goes active Low; when ac-
cessing external program memory, the P34 goes High.

Table 5. Port 3 Pin Assignments

Pin /10 CTCH Analog Int. PO HS P1HS P2 HS Ext
P30 IN IRQ3
P31 IN TN AN1 IRQ2 D/R
P32 IN AN2 IRQO D/R
P33 IN REF IRQ1 D/R
P34 ouT AN1-OUT R/D /DM
P35 ouT R/D
P36 ouT TouT R/D
P37 ouT AN2-OUT
Notes:
HS = Handshake Signals
D = /DAV
R = RDY

Auto Latch. The Auto Latch instruction puts valid CMOS
levels on all CMOS inputs (except P33-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.

Note: Deletion of all Port Auto Latches is available as a
ROM Mask option. The Auto Latch Delete option is select-
ed by the customer when the ROM code is submitted.

Comparator Inputs. Port 3, Pins P31 and P32 each have
a comparator front end. The comparator reference volt-
age, pin P33, is common to both comparators. In analog
mode, the P31 and P32 are the positive inputs to the com-
parators and P33 is the reference voltage supplied to both
comparators. In digital mode, pin P33 can be used as a
P33 register input or IRQ1 source. P34 and P37 outputs
the comparator outputs by software-programming the
PCON Reg. bit DO to 1.

Note: Must add a two NOP delay aifter selecting the P3M
bit D1 to 1 before the comparitor output is valid. IRQO,
IRQ1, and IRQ2 should be cleared in IRQ register when
the comparitor is enabled or disabled to avoid spurious
noise creating a false interrupt.

DS97Z8X1203
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PIN FUNCTIONS (Continued)

/RESET (input, active Low). Initializes the MCU. Reset is
accomplished either through Power-On Reset, Watch-Dog
Timer reset, STOP-Mode Recovery, or external reset. Dur-
ing Power-On Reset and Watch-Dog Reset, the internally
generated reset is driving the reset pin Low for the POR
time. Any devices driving the reset line must be open-
drain to avoid damage from a possible conflict during
reset conditions. RESET does depend on osclliator
operating to achieve full reset conditions except a per-
manently enabled WDT reset. Pull-up is provided inter-
nally.

Note: /RESET pin is not available on Z86C33.

After the POR time, /RESET is a Schmitt-triggered input.
During the reset cycle, /DS is held active Low while /AS cy-
cles at a rate of TpC/2. Program execution begins at loca-
tion 000C (HEX), after the RST is released. For Power-On
Reset, the reset output time is TPOR ms.

Once program execution begins, /AS and /DS toggles only
for external memory accesses. The Z86C33/43 does not
reset WDTMR, SMR, P2M, PCON, and P3M registers on
a Stop-Mode Recovery operation or from a WDT reset out
of STOP Mode.

< P30
T P31
286C33/43 |-— P33 Port 3
- P34 (/0 or Control)
Auto Latch
(mask option)
R = 500K Q
> — P30 Data
P30 2 T Latch IRQ3
R247 = P3M
1 =Analog
| o] |1 o-Digtal
DIG. £
P3\1 (AN1) IRQ2, T|N, P31 Data Latch
4 + =
AN. |
1
— - I
1
LY
P32 (AN2) IRQO, P32 Data Latch
> + I
1
P3£3 (REF) _ i
’ ;
From Stop-Mode Ng———— o IRQ1, P33 Data Latch
Recovery Source I—"

L4

Figure 15. Port 3 Configuration

DS97Z8X1203

PRELIMINARY

26



Z86C33/C43

CMOS Z8®MCU Consumer Controller Processor

A Littelfuse Company

P34 OUT P34
P31 —— ) e PAD
l_ , }
|
REF (P33) ;
]
! 17
i
i T
]
] _4:
P37 OUT —!\: P37
P32 > \o I >o— PAD
+
-
I_
REF (P33)
PCON
| Tog] 0 P34 Pa7 Standard Output 77
1 P34, P37 Comparator Output
Figure 16. Port 3 Configuration
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FUNCTIONAL DESCRIPTION

The Z86C33/43 MCU incorporates the following special
functions to enhance the standard Z8® architecture to pro-
vide the user with increased design flexibility.

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

B Power-On Reset

B Watch-Dog Timer

B Stop-Mode Recovery Source
B External Reset

B Low Voltage Recovery

Auto Power-On Reset circulitry is built into the Z86C33/43,
eliminating the need for an external reset circuit to reset
upon power-up. The internal pull-up resistor is on the Re-
set pin, so a pull-up resistor is not required; however, in
high EMI (noisy) environment, it is recommended that a
small value pull-up resistor be used.

Note: /RESET pin is not available on Z86C33.

Program Memory. The Z86C33/43 addresses up to 4 KB
of internal program memory and 60 KB of external memory
(Figure 18). The first 12 bytes of program memory are re-
served for the interrupt vectors. These locations contain
six 16-bit vectors that correspond to the six available inter-
rupts. For ROM mode, address 12 to address 4095 con-
sists of on-chip mask-programmed ROM. At addresses
4096 and greater, the Z86C33/43 executes external pro-
gram memory fetches through Port 0 and Port 1 in Ad-
dress/Data mode.

The 4 KB program memory is mask programmable. A
ROM protect feature prevents “dumping” of the ROM
contents by inhibiting execution of LDC, LDCI, LDE,
and LDEI instructions to Program Memory in external
program mode. ROM look-up tables can be used with
this feature.

The ROM Protect option is mask-programmabile, to be se-
lected by the customer when the ROM code is submitted.

65535
External
ROM and RAM
4096
4095
Location of On-Chip
First Byte of ROM
Instruction
Executed SN === === e oo =c==
After RESET 12 [
1 IRQ5
10 IRQ5
9 IRQ4
8 IRQ4
IRQ3
Interrupt
Vector _ g IRQ3
(Lower Byte) N\
5 IRQ2
PW IRQ2
Interrupt
Vector g3 IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
0 IRQO

Figure 17. Program Memory Map
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FUNCTIONAL DESCRIPTION (Continued)

Data Memory (/DM). The Z86C33/43 ROM version can
address up to 60 KB of external data memory beginning at
location 4096. External data memory may be included
with, or separated from, the external program memory
space. /DM, an optional 1/0O function that can be pro-
grammed to appear on pin P34, is used to distinguish be-
tween data and program memory space (Figure 19). The
state of the /DM signal is controlled by the type of instruc-
tion being executed. An LDC opcode references PRO-
GRAM (/DM inactive) memory, and an LDE instruction ref-
erences data (/DM active Low) memory. The user must
configure Port 3 Mode Register (P3M) bits D3 and D4 for
this mode. Available only on Z86C43.

Expanded Register File (ERF). The Z86C33/43 register
file has been expanded to allow for additional system con-
trol registers, and for mapping of additional peripheral de-
vices along with 1/O ports into the register address area.
The Z8 register address space RO through R15 has now
been implemented as 16 groups of 16 registers per group
(Figure 18). These register groups are known as the Ex-
panded Register File (ERF). Bits 7-4 of register RP select
the working register group. Bits 3-0 of register RP select
the expanded register group (Figure 18). Three system
configuration registers reside in the Expanded Register
File at Bank F (PCON, SMR, WDTMR). The rest of the Ex-
panded Register is not physically implemented, and is
open for future expansion.

65535

External

Data

Memory
4096
4095

Not Addressable
0
Figure 18. Data Memory Map
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Z8® STANDARD CONTROL REGISTERS
RESET CONDITION

REGISTER IEIDG' Dsl D4| Dal DZI D1 |Do|
% FF SPL ojojojojojojojo
REGISTER POINTER % FE SPH olololololololo
L7lels]al3]2]1]o] % FD RP oJolo]o]o]oe]o]o
Working Register Expanded Register % FC FLAGS Ujujujujujujuiju
Group Pointer Group Pointer % FB IMR olululululululu
% FA IRQ ojojojojojojojo
% F9 IPR ujujujujujujulu
t| %Fs POTM of1]ojol1]1]o]1
1 %F7 P3M ojoJoJojojo]o]o
*| %Fs P2M MR REERERER ERE
% F5 PREQ upujujujujujujo
Z8 Reg. File % F4 TO ujujujujujujuju
%FF % F3 PRE1 ujujujujujujoijo
%FO % F2 T ufulufu]u]u]ufu
% F1 T™MR ololojoJo]o]o]o
% FO Ressrved
EXPANDED REG. GROUP (F)
REGISTER RESET CONDITION
' * % (F) OF WDTMR ufujujoj1jt1joj1
— % (F) OE Reserved
%7F I »F®op SMR2 ulululuflululo]e
% (F) 0C Reserved
| %mos SMR olo]1jolo]o]o]o
% (F) 0A Reserved
% (F) 09 Reserved
Reserved % (F) 08 Reserved
% (F) 07 Reserved
% (F) 06 Reserved
%0F % (F) 05 Reserved
%00 % (F) 04 Reserved
% (F) 03 Reserved
% (F) 02 Reserved
% (F) 01 Reserved
| %moo PCON [T [ ]o
Notes:
U = Unknown
'T For Z86C90/C89 (ROMIess) Reset condition: "10110110" EXPANDED REG. GROUP (0)
e et  STCF e FecO ot k00 REGISTER RESET GONDITION
X Available only on the Z86C43. . % (0) 03 Pa 11111 11]ulululu
% (0) 02 P2 ujujujujujujuju
I w001 P vlulululu]ululu
% (0) 00 PO ujujujujujujuju

Figure 19. Expanded Register File Archltecture
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FUNCTIONAL DESCRIPTION (Continued)

Register File. The register file consists of four I/O port reg-
isters, 236 general-purpose registers and 15 control and
status registers (R0-R3, R4-239 and R240-R255, respec-
tively), plus three system configuration registers in the ex-
panded register group. The instructions access registers
directly or indirectly through an 8-bit address field. This al-
lows a short, 4-bit register address using the Register
Pointer (Figure 22). In the 4-bit mode, the register file is di-
vided into 16 working register groups, each occupying 16
continuous locations. The Register Pointer addresses the
starting location of the active working register group.

R253 RP

D7] D6

D5| D4

D3

D2| D1]| DO

Default setting after RESET = 00000000

Working Register Group

Figure 20. Register Pointer Register

R253

0 | (Register Pointer)

r7 6 15 rd4 B r2 n
The upper nibble of the register file address
provided by the register pointer specifies
the active working-register group.
FF
FO
EF
80
7F
70
6F
60
5F
50
4F
40
| 3F Specified Working <
Register Group
30
2F
20
1F G
e o o Register Group 1
10 g P
OF
Register Group 0
00 I/O Ports

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

Figure 21. Register Pointer

The lower nibble
of the register
file address
provided by the
instruction points
to the specified
register.

R15to RO

R15 to R4*

R3 to RO*

Expanded Register Group
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General-Purpose Registers (GPR). These registers are
undefined after the device is powered up. The registers
keep their last value after any reset, as long as the reset
occurs in the Vg voltage-specified operating range. It will
not keep its last state from a V| reset if the V¢ drops be-
low 1.8V.

Note: Register Bank EO-EF is only accessed through
working register and indirect addressing modes.

RAM Protect. The upper portion of the RAM’s address
spaces %80F to %EF (excluding the control registers) are
protected from writing. The RAM Protect bit option is
mask-programmable and is selected by the customer
when the ROM code is submitted. After the mask option is
selected, the user activates this feature from the internal
ROM code to turn off/on the RAM Protect by loading either
a 0 or 1 into the IMR register, bit D6. A 1 in D6 enables
RAM Protect.

Stack. The Z86C33/43 external data memory or the inter-
nal register file is used for the stack. The 16-bit Stack
Pointer (R254-R255) is used for the external stack, which
can reside anywhere in the data memory for ROMIless
mode, but only from 4096 to 65535 in ROM mode. An 8-bit
Stack Pointer (R255) is used for the internal stack that re-
sides within the 236 general-purpose registers (R4-R239).
SPH is used as a general-purpose register when using in-
ternal stack only. The Z86C33 uses the 8-bit stack pointer
(R255) for internal stack only.

Note: R254 and R255 are set to 00Hex after any reset or
Stop-Mode Recovery.

Counter/Timers. There are two 8-bit programmable
counter/timers (TO-T1), each driven by its own 6-bit pro-
grammable prescaler. The T1 prescaler is driven by inter-
nal or external clock sources; however, the TO prescaler is
driven by the internal clock only (Figure 23).

The 6-bit prescalers can 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 the count, a timer interrupt re-
quest, IRQ4 (TO) or IRQ5 (T1), is generated.

The counters can be 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 is either the inter-
nal microprocessor clock divide-by-four, or an external sig-
nal input through Port 3. The Timer Mode register config-
ures the external timer input (P31) as an external clock, a
trigger input that can be retriggerable or non-retriggerable,
or as a gate input for the internal clock. The counterftimers
can be cascaded by connecting the TO output to the input
of T1. TIN Mode is enabled by setting R243 PRE1 Bit D1
to 0.
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FUNCTIONAL DESCRIPTION (Continued)

0sC

D1 (SMR)

DO (SMR)

0—‘

+2

[ WS —

+16

Internal Data Bus

vy 1]

Write * lL

Read * ﬁ
T0

y

Clock
Logic

¢—— Internal

Clock

External Clock

i +4

TIN P31

\

Internal Clock
Gated Clock
Triggered Clock

PREQO
Initial Value Initial Value Current Value
Register Register Register
6-Bit 8-bit
Down = Down
Counter Counter IRQ4
+2 }——» TOUT
P36
6-Bit 8-Bit IRQ5
Down =] Down
Counter Counter —1
PRE1 T T1
Initial Value Initial Value Current Value
Register Register Register

wiet T

wio! [

Read 4 U

Internal Data Bus

Figure 22. Counter/Timer Block Dlagram

DS97Z8X1203

PRELIMINARY

33



Z86C33/C43
CMOS Z8®MCU Consumer Controller Processor

A Littelfuse Company

Interrupts. The Z86C33/43 has six different interrupts  Register globally or individually enables or disables the six
from six different sources. These interrupts are maskable,  interrupt requests.

prioritized (Figure 23) and the six sources are divided as

follows: four sources are claimed by Port 3 lines P33-P30,

and two in counter/timers (Table 6). The Interrupt Mask

IRQO IRQ2

IRQ1,3,4,5 i ¢

Interrupt
Edge <+—— |RQ (D6, D7)

Select

1

IRQ
® 6 & 6O }
IMR
6l
/]
Global IPR
Interrupt
Enable lL
Interrupt PRIORITY
Request ‘_C ogic [
Vector Select
Figure 23. Interrupt Block Diagram
Table 6. Interrupt Types, Sources, and Vectors
Vector
Name Source Locatlon Comments
IRQO /DAVO, IRQ0 0,1 External (P32), Rise Fall Edge Triggered
IRQ1, IRQ1 2,3 External (P33), Fall Edge Triggered
IRQ2 /DAV2, IRQ2, TIN 4,5 External (P31), Rise Fall Edge Triggered
IRQ3 IRQ3 6,7 External (P30), Fall Edge Triggered
IRQ4 TO 8,9 internal
IRQ5 T1 10, 11 Internal
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FUNCTIONAL DESCRIPTION (Continued)

When more than one interrupt is pending, priorities are re-
solved 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 action disables all subsequent interrupts,
saves the Program Counter and Status Flags, and then
branches to the program memory vector location reserved
for that interrupt.

All Z86C33/43 interrupts are vectored through locations in
the program memory. This memory location and the next
byte contain the 16-bit address of the interrupt service rou-
tine for that particular interrupt request. To accommodate
polled interrupt systems, interrupt inputs are masked and
the Interrupt Request register is polled to determine which
of the interrupt requests need service.

An interrupt resulting from AN1 is mapped into IRQ2, and
an interrupt from AN2 is mapped into IRQO. Interrupts
IRQ2 and IRQO may be rising, falling, or both edge trig-
gered, and are programmable by the user. The software
may poll to identify the state of the pin. When in analog
mode, the IRQ1 is generated by the Stop-Mode Recovery
source selected by SMR Reg. bits D4,D3,D2, or SMR2
D1or DO.

Programming bits for the Interrupt Edge Select is located
in the IRQ Register (R250), bits D7 and D6. The configu-
ration is shown in Table 7.

Table 7. IRQ Register

Clock. The Z86C33/43 on-chip oscillator has a high-gain,
parallel-resonant amplifier for connection to a crystal, LC,
RC, ceramic resonator, or any suitable external clock
source (XTAL1 = Input, XTAL2 = OQutput). The crystal
should be AT cut, 16 MHz max., with a series resistance
(RS) of less than or equal to 100 Ohms when counting
from 1 MHz to 16 MHz.

The crystal should be connected across XTAL1 and
XTAL2 using the vendor's recommended capacitor values
from each pin directly to the device Ground pin to reduce
Ground noise injection into the oscillator. The RC oscillator
option is mask-programmable on the Z86C33/43 and is
selected by the customer at the time when the ROM code
is submitted. (Note that the RC option is available up to 8
MHz.) The RC oscillator configuration must be an external
resistor connected from XTAL1 to XTAL2, with a frequen-
cy-setting capacitor from XTAL1 to Ground (Figure 24).

Note: For better noise immunity, the capacitors should be
tied directly to the device Ground pin (Vgg)-

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

XTAL2

XTAL1
C1 —E |
V8§ * = D
c2
V8§ * =
Ceramic Resonator or LC
Crystal C1,C2=22pF
C1,02=22pF TYP *
f=8MHz L=130uH"*
f=3MHz*

* Preliminary value including pin parasitics
** Device ground pin

XTAL1 _D,_ XTALT
T
VSS** =
XTAL2 — XTAL2
RC External Clock
@ 5V VCC (TYP)
C1=44pF*
R=1.90K*
f=6MHz*

Figure 24. Osclilator Configuration

Power-On-Reset (POR). A timer circuit clocked by a ded-
icated on-board RC oscillator is used for the Power-On Re-
set (POR) timer function. The POR time allows V¢ and
the oscillator circuit to stabilize before instruction execu-
tion begins.

The POR timer circuit is a one-shot timer triggered by one
of three conditions:

1. Power fail to Power OK status.
2. Stop-Mode Recovery (if D5 of SMR=1).
3. WDT time-out.

The POR time is a specified as TPOR. Bit 5 of the STOP-
Mode Register determines whether the POR timer is by-
passed after Stop-Mode Recovery (typical for external
clock, RC/LC oscillators).

HALT. HALT turns off the internal CPU clock, but not the
XTAL oscillation. The countertimers and external inter-
rupts IRQO, IRQ1, IRQ2, and IRQ3 remain active. The de-
vices are recovered by interrupts, either externally or inter-
nally generated. An interrupt request must be enabled and
executed to exit HALT Mode. After the interrupt service
routine, the program continues from the instruction after
the HALT.

In order to enter STOP (or HALT) Mode, it is necessary to
first flush the instruction pipeline to avoid suspending exe-
cution in mid-instruction. To do this, the user must execute

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

STOP. This instruction turns off the internal clock and ex-
ternal crystal oscillation. It also reduces the standby cur-
rent to 10 pA or less. The STOP Mode is terminated by a
reset only, either by WDT time-out, POR, SMR recovery,
or external reset. This causes the processor to restart the
application program at address 000C (HEX).A WDT time
out in STOP Mode will affect all registers the same as if a
Stop-Mode Recovery occurred via a selected Stop-Mode
Recovery source except that the POR delay is enabled
even if the delay is selected for disable.

Note: If permanent WDT is selected, the WDT will run in
all modes and can not be stopped or disabled if on board
RC oscillator is selected to drive the WDT.

Port Configuration Register (PCON). The PCON regis-
ter configures the ports individually; comparator output on
Port 3, open-drain on Port 0 and Port 1, low EMI on Ports
0, 1, 2, and 3, and low EMI oscillator. The PCON register
is located in the expanded register file at Bank F, location
00 (Figure 25).
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FUNCTIONAL DESCRIPTION (Continued)

PCON (FH) 00H

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

I—— Comparator Output Port 3

0 P34, P37 Standard Output*
1 P34, P37 Comparator Output

0 Port 1 Open Drain
1 Port 1 Push-pull Active* 1

0 Port 0 Open Drain
1 Port 0 Push-pull Active*

0 Port0 Low EMI
1 Port 0 Standard*

0 Port1 Low EM!
1 Port 1 Standard* t

0 Port2 LowEMI
1 Port2 Standard*

0 Port3 Low EMI
1 Port3 Standard*

Low EMI Oscillator
0 Low EMI
1 Standard*

* Default Setting After Reset
1 Must be set to one for Z86C33.

Figure 25. Port Configuration Register (PCON)
(Write Only)

Comparator Output Port 3 (DO0). Bit O controls the com-
parator use in Port 3. A 1 in this location brings the com-
parator outputs to P34 and P37, and a O releases the Port
to its standard /O configuration. The default value is 0.

Port 1 Open-Drain (D1). Port 1 can be configured as an
open-drain by resetting this bit (D1=0) or configured as
push-pull active by setting this bit (D1=1). The default val-
ue is 1. Must set D1=1 for Z86C33.

Port 0 Open-Drain (D2). Port 0 can be configured as an
open-drain by resetting this bit (D2=0) or configured as
push-pull active by setting this bit (D2=1). The default val-
ueis 1.

Low EMI Port 0 (D3). Port 0 can be configured as a Low
EMI Port by resetting this bit (D3=0) or configured as a
Standard Port by setting this bit (D3=1). The default value
is 1.

Low EMI Port 1 (D4). Port 1 can be configured as a Low
EMI Port by resetting this bit (D4=0) or configured as a
Standard Port by setting this bit (D4=1). The default value
is 1. Must be set D4=1 for Z86C33.

Note: For emulator, this bit must be set to 1.

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

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

Low EMI OSC (D7). This bit of the PCON Register con-
trols the low EMI noise oscillator. A 1 in this location con-
figures the oscillator, /DS, /AS and R//W with standard
drive, while a 0 configures the oscillator, /DS, /AS and
R//W with low noise drive. The low EMI mode will reduce
the drive of the oscillator (OSC). The default value is 1.
Note: Maximum external clock frequency of 4 MHz when
running in the low EMI oscillator mode.

Low EMI Emission. The Z86C33/43 can be programmed
to operate in a low EMI emission mode in the PCON reg-
ister. The oscillator and all I/O ports can be programmed
as low EMI emission mode independently. Use of this fea-
ture results in:

B The pre-drivers slew rate reduced to 10 ns typical.

m Low EMI output drivers have resistance of 200 Ohms
{typical).

Em Low EMI Oscillator

B Internal SCLK/TCLK= XTAL operation limited to a
maximum of 4 MHz - 250 ns cycle time, when Low EMI
Oscillator is selected and system clock (SCLK = XTAL,
SMR Reg. Bit D1 =1).

Stop-Mode Recovery Register (SMR). This register se-
lects the clock divide value and determines the mode of
Stop-Mode Recovery (Figure 26 and 27). 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 re-
set by a power-on cycle. Bit 6 controls whether a low level
or a high level is required from the recovery source. Bit 5
controls the reset delay after recovery. Bits 2, 3, and 4, or
the SMR register, specify the source of the Stop-Mode Re-
covery signal. Bits 0 and 1 determine the time-out period
of the WDT. The SMR is located in Bank F of the Expand-
ed Register Group at address 0BH.
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FUNCTIONAL DESCRIPTION (Continued)

SMR (FH) 0B
|D7| D6| D5| D4| |:>3| 02| D1 | DOl

I— SCLK/TCLK Divide-by-16

0 OFF**
1 ON

External Clock Divide by 2
0 SCLK/TCLK =XTAL/2*
1 SCLK/TCLK =XTAL

STOP-Mode Recovery Source

000 POR Only and/or External Reset*

001 P30
010 P31
011 P32
100 P33
101 P27
110 P2NOR0-3
111 P2 NOR 0-7

Stop Delay

0 OFF

1 ON*

Stop Recovery Level
0 Low"

1 High

Stop Flag (Read only)
0 POR*

1 Stop Recovery

Note: Not used in conjunction with SMR2 Source

* Default setting after RESET.

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

Figure 26. Stop-Mode Recovery Reglster
(Write Only Except Bit D&, Which Is Read Only)

SMR2 (OF) DH

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

Note: Not used in conjunction with SMR Source

Stop-Mode Recovery Source 2

00 POR only”

01 AND P20,P21,P22,P23

10 AND P20,P21,P22,P23,P24,
P25,P26,P27

Reserved (Must be 0)

Figure 27. Stop-Mode Recovery Register 2
(OF) DH: Write Only)
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SCLK/TCLK Divide-by-16 Select (D0). DO of the SMR
controls a divide-by-16 prescaler of SCLK/TCLK. The pur-
pose of this control is to selectively reduce device power
consumption during normal processor execution (SCLK
control) and/or HALT Mode (where TCLK sources
counter/timers and interrupt logic). This bit is reset to DO =
0 after a Stop-Mode Recovery.

External Clock Divide-by-Two (D1). This bit can elimi-
nate the oscillator divide-by-two circuitry. When this bit is
0, the System Clock (SCLK) and Timer Clock (TCLK) are
equal to the external clock frequency divided by two. The
SCLK/TCLK is equal to the external clock frequency when
this bit is set (D1=1). Using this bit together with D7 of
PCON further helps lower EMI (i.e., D7 (PCON) = 0, D1

(SMR} = 1). The default setting is zero. Maximum external
clock frequency is 4 MHz when SMR Bit D1 = 1 where
SCLK/TCLK = XTAL.

Stop-Mode Recovery Source (D2, D3, and D4). These
three bits of the SMR specify the wake-up source of the
STOP recovery (Figure 28 and Table 8). When the STOP-
Mode Recovery Sources are selected in this register then
SMR2 register bits DO, D1 must be set to zero.

Note: If the Port 2 pin is configured as an output, this out-
put level will be read by the SMR circuitry.

SMR2 D1 DO
00
VOD SMR2 5)1 1|:>o SMR2 I1J1 1Do
P23 P27
SMR D4 D3 D2
0 00
VDD SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2
00 1 100 10 1 11 0 11 1
018 P20 P20

P30

P31 P33 p27

P32

P23 p27
To POR
E RESET
Stop-Mode Recovery Edge
Select (SMR)
To P33 Data
Latch and IRQ1
MUX |

P33 From Pads

Digital/Analog Mode
Select (P3M)

Figure 28. Stop-Mode Recovery Source
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FUNCTIONAL DESCRIPTION (Continued)
Table 8. Stop-Mode Recovery Source

SMR:432
D4 D3 D2

0

Operation
Description of Action

0 POR and/or external reset recovery
1 P30 transition

0 P31 transition (not in Analog Mode)
1 P32 transition (not in Analog Mode)
0 P33 transition (not in Analog Mode)
]

0

1

P27 transition
Logical NOR of P20 through P23
Logical NOR of P20 through P27

2|2 O|O|O|O

=S| =+ O O(—=| =10

Stop-Mode Recovery Delay Select (D5). This bit, if High,
enables the TPOR /RESET delay after Stop-Mode Recov-
ery. The default configuration of this bit is 1. If the “fast”
wake up is selected, the Stop-Mode Recovery source
must be kept active for at least 5 TpC.

Stop-Mode Recovery Edge Select (D6). A 1 in this bit po-
sition indicates that a high level on any one of the recovery
sources wakes the Z86C33/43 from STOP Mode. A 0 indi-
cates low-level recovery. The default is 0 on POR (Figure
27). This bit is used for either SMR or SMR2.

Cold or Warm Start (D7). This bit is set by the device
upon entering STOP Mode. A 0 in this bit (cold) indicates
that the device resets by POR/WDT RESET. A 1 in this bit
(warm) indicates that the device awakens by a Stop-Mode
Recovery source. Note: If the Port 2 pin is configured as an
output, this output level will be read by the SMR2 circuitry.

WDTMR (F) OF

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

* Default setting after RESET

Stop-Mode Recovery Register 2 (SMR2). This register
contains additional Stop-Mode Recovery sources. When
the Stop-Mode Recovery sources are selected in this reg-
ister then SMR Register. Bits D2, D3, and D4 must be 0.

Table 9. Stop-Mode Recovery Source

SMR:10 Operation

D1 DO Description of Action

0 0 POR and/or external reset recovery
0 1 Logical AND of P20 through P23

1 0 Logical AND of P20 through P27

Watch-Dog Timer Mode Register (WDTMR). The WDT
is a retriggerable one-shot timer that resets the Z8 if it
reaches its terminal count. The WDT is initially enabled by
executing the WDT instruction and refreshed on subse-
quent executions of the WDT instruction. The WDT circuit
is driven by an on-board RC oscillator or external oscillator
from the XTAL1 pin. The POR clock source is selected
with bit 4 of the WDT register (Figure 29).

WDT instruction affects the Z (Zero), S (Sign), and V
(Overflow) flags. The WDTMR must be written to within 64
internal system clocks. After that, the WDTMR is write pro-
tected.

Note: WDT time-out while in STOP-Mode will not reset
SMR, PCON, WDTMR, P2M, P3M, Ports 2 & 3 Data Reg-
isters, but the POR delay counter will still be enabled even
though the SMR stop delay is disabled.

WDTTAP INTRC OSC External Clock

00 5ms 256 TpC
01+ 15ms 512 TpC
10 25ms 1024 TpC
1 100 ms 4096 TpC

WDT During HALT

0 OFF

1 ON*

WDT During STOP

0 OFF

1 ON*

XTAL1/INT RC Select for WDT

0 On-Board RC *

1 XTAL

Reserved (Must be 0)

Figure 29. Watch-Dog Timer Mode Register (Write Only)
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/Reset
4,:%:‘( /Clear 18 Clock RESET
CLK Generator RESET
Internal
/RESET
WDT Select
(WDTMR) { wDT TAP sELECT |
CLK Source
Select
(WDTMR)
XTAL v 5msPOR 5ms 15ms 25ms 100ms
ol K WDT/POR Counter Chain
Internal X [CLR
RC OSC.
2V Operating
VDD Voltage Det.
VLV
/WDT
From Stop
Mode o= O—
Recovery 1 ©
Source I'
Stop Delay
Select (SMR)

Figure 30. Resets and WDT
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FUNCTIONAL DESCRIPTION (Continued)

WDT Time Select. (D0,D1). Selects the WDT time period
and is configured as shown in Table 10.

Table 10. WDT Time Select

Timeout of Timeout of
D1 DO Internal RC OSC System Clock
0 0 3.5 ms min 128 SCLK
0 1 7 ms min 256 SCLK
1 0 14 ms min 512 SCLK
1 1 56 ms min 2048 SCLK
Notes:

SCLK = system bus clock cycle
The default on reset is 15 ms.
Values given are for Voo = 5.0V.

WDTMR 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.

WDTMR During STOP (D3). This bit determines whether
or not the WDT is active during STOP Mode. Since XTAL
clock is stopped during STOP Mode, the on-board RC
must be selected as the clock source to the POR counter.
A 1 indicates active during STOP. The default is 1.

Note: If permanent WDT is selected, the WDT will run in
all modes and can not be stopped or disabled if the on
board RC oscillator is selected as the clock source for
WDT.

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 oscil-
lator is bypassed and the POR and WDT clock source is
driven from the external pin, XTAL1. The default configu-
ration of this bit is 0 which selects the Internal RC oscilla-
tor.

WDTMR Register Accessibility. The WDTMR register is
accessible only during the first 60 internal system clock cy-
cles from the execution of the first instruction after Power-
On Reset, watch dog reset or a Stop-Mode Recovery. Af-
ter this point, the register cannot be modified by any
means, intentional or otherwise. The WDTMR cannot be
read and is located in bank F of the Expanded Register
Group at address location OFH (Figure 30).

Note: The WDT can be permanently enabled (automati-
cally enabled after reset) through a mask programming op-
tion. The option is selected by the customer at the time of
ROM code submittal. In this mode, WDT is always activat-
ed when the device comes out of reset. Execution of the
WDT instruction serves to refresh the WDT time-out peri-
od. WDT operation in the HALT and STOP Modes is con-
trolled by WDTMR programming. If this mask option is not
selected at the time of ROM code submission, the WDT
must be activated by the user through the WDT instruction
and is always disabled by any reset to the device.

Low Voltage Protection. An on-board Voltage Compara-
tor checks that Vg is at the required level to ensure cor-
rect operation of the device. Reset is globally driven if Voo
is below the specified voltage (Low Voltage Protection ).
The minimum operating voltage is varying with the temper-
ature and operating frequency, while the Low Voltage Pro-
tection (V| y) varies with temperature only.

The Low Voltage Protection trip voltage (V| y) is less than
3V and above 1.4V under the following conditions.

Maximum (V_y) Conditions:

Case 1: TA = —40°C, +105°C, Internal Clock
Frequency equal or less than 4 MHz
Case 2: TA = —40°C, +85°C, Internal Clock

Frequency equal or less than 6 MHz

Note: The internal clock frequency relationship to the
XTAL clock is dependent on SMR Bit 0 1 setting.

The device functions normally at or above 3.0V under all
conditions. Below 3.0V, the device functions normally until
the Low Voltage Protection trip point (V| y) is reached, for
the temperatures and operating frequencies in Case 1 and
Case 2, above. The device is guaranteed to function nor-
mally at supply voltages above the Low Voltage Protection
trip point. The actual Low Voltage Protection trip point is a
function of temperature and process parameters (Figure
32).
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Figure 31. Typlcal Z86C33/43 Low Voltage Protection vs Temperature
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EXPANDED REGISTER FILE CONTROL REGISTERS

SMR (FH) 08
|D7| D6| DS| D4| D3| 02| D1|DO|

L SCLK/TCLK Divide-by-16
0 OFF*~*
1 ON

External Clock Divide by 2
0 SCLK/TCLK =XTAL/2"
1 SCLK/TCLK =XTAL

— - STOP-Mode Recovery Source
000 POR Only and/or External Reset”
001 P30
010 P3t
011 P32
100 P33
101 P27
110 P2NOR 0-3
111 P2NOR 0-7
Stop Delay
0 OFF
1 ON*

Stop Recovery Level

0 Low"

1 High

Stop Flag (Read only)
0 POR*

1 Stop Recovery
Note: Not used in conjunction with SMR2 Source

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

Figure 32. Stop-Mode Recovery Register
(Write Only Except Bit D7, Which Is Read Only)

SMR2 (OF) DH
|D7| DSl DSl D4| 03| Dz| D1| Do|

— Stop-Mode Recovery Source 2
00 POR only*
01 AND P20,P21,P22,P23
10 AND P20,P21,P22,P23,P24,
P25,P26,P27

Reserved (Must be 0)

Note: Not used in conjunction with SMR Source

Figure 33. Stop-Mode Recovery Register2

WDTMR (F) OF
[ o7] s 05| 04| 03] 02 01 Do

—L WDTTAP INTRC OSC System Clock
00 3.6ms 128 SCLK
01+ 10 ms 256 SCLK
10 14 ms 512 SCLK
1 56 ms 2048 SCLK

WDT During HALT
0 OFF
1 ON™
== WDT During STOP
0 OFF
1 ON*
XTALY/INT RC Select for WDT
0 On-Board RC *
1 XTAL
Reserved (Must be 0)

* Default setting after RESET

Figure 34. Watch-Dog Timer Mode Register
(Write Only)
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Z8 CONTROL REGISTERS

PCON (FH) 00H

|D7| Ds| 05| D4| 03| Dz| D1|DOI

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

0 Port1 Open Drain
1 Port 1 Push-pull Active*

0 Port 0 Open Drain
1 Port0 Push-pull Active*

0 Port0 Low EMI
1 Port 0 Standard”

0 Port1 Low EMI
1 Port1 Standard* t

0 Port2 Low EMI
1 Port2 Standard”

0 Port3 Low EMI
1 Port3 Standard*

Low EMI Oscillator
0 LowEMI
1 Standard”

* Default Setting After Reset
t Must be set to one for Z86C33.

Figure 35. Port Configuration Register (PCON)
(Write Only)

R241 TMR

D7| b6é| D5| D4| D3| D2| D1| DO

I— No Function

Load TO

Disable TO Count
Enable T0 Count

No Function
Load T1

0 Disable T1 Count
1 Enable T1 Count

TIN Modes

00 External Clock Input

01 Gate Input

10 Trigger Input
(Non-retriggerable)

11 Trigger Input
(Retriggerable)

TOUT Modes

00 Not Used

01 TO Out

10 T1 Out

11 Internal Clock Out

-0 —=O

- O

Figure 36. Timer Mode Register
(F14: Read/Write)

R242 T1

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

T1 Initial Value
(When Written)
(Range: 1-256 Decimal
01-00 HEX)
Tq Current Value
(When Read)

Figure 37. Counter/Timer 1 Register
(F2y: Read/Write)

R243 PRE1

|D7 os| os| pa| pa| p2| o1] DO

I— Count Mode

0 T1 Single Pass
1 T1 Modulo N

Clock Source
1 Tlinternal
0 T1iExternal Timing Input
(TIN) Mode

Prescaler Modulo
(Range: 1-64 Decimal
01-00 HEX)

Figure 38. Prescaler 1 Register
(F3y: Write Only)

R244 TO

D7| D&| D5] D4| D3| D2| D1| DO

TO Initial Value
(When Written)
(Range: 1-256 Decimal
01-00 HEX)

TO Current Value
(When Read)

Figure 39. Counter/Timer 0 Register
(F4y: Read/Write)
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Z8 CONTROL REGISTERS (Continued)

R245 PREO

D7| De| D5| D4) D3| D2| D1] Do

|— Count Mode

0 TO Single Pass
1 TO0 Modulo N

Reserved (Must be 0)

Prescaler Modulo
(Range: 1-64 Decimal
01-00 HEX)

Figure 40. Prescaler 0 Register
(FS: Write Only)

R246 P2M

|D7 ps| os| p4| o3| o2| o1] oo

P20 - P27 I/0 Definition
0 Defines Bit as Qutput
1 Defines Bit as Input

Figure 41. Port 2 Mode Register
(F6y: Write Only)

R247 PaM
ID7|DS|D5|D4|D3|DZ|D1|DOI

T L

Port 2 Pull-Ups Open Drain
Port 2 Push-Pull Active

P31, P32 Digital Mode
P31, P32 Analog Mode

P32 = Input

P35 = Qutput

1 P32 =/DAVO/RDYO
P35 = RDY0//DAVO

—_. -0

o

00 P33 = Input
P34 = Output

01 P33 = Input

10 P34 =/DM

11 P33 = /DAVO/RDY0
P34 = RDY1//DAV1

0 P31 = Input (TIN)
P36 = Output (TOUT)

1 P31 =/DAV2/RDY2
P36 = RDY2//DAV2

0 P30 = Input
P37 = Output

Reserved (Must be 0)

Figure 42. Port 3 Mode Register
(F74: Write Only)

R248 PO1M

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

—E—'— P00 - P03 Mode

00 Output
01 Input*
1X A11-A8

Stack Selection
0 External
1 Internalt*

P10 - P17 Mode
00 Byte Outputt
01 Byte Input*
10 AD7-ADO
11 High-Impedance AD7 - ADO,
/AS, /DS, /R/IW, A11 -A8,
A15 -A12, If Selected

External Memory Timing
0 Normal
1 Extended

P04 - P07 Mode

15 For 288C33 must set 00 Output
2=1 01 input”

D3=0 1X A15-A12
D4=0
*Default after reset

Figure 43. Port 0 and 1 Mode Register
(F84: Write Only)

R249 IPR
| o7 D6| Ds| p4| p3| p2] D1I DOI

T | C |

v Interrupt Group Priority
000 Reserved
001 C>A>B
010 A>B>C
011 A>C>B
100 B>C>A
101 C>B>A
110 B>A>C
111 Reserved

IRQ1, IRQ4 Priority (Group C)
0 IRQ1>IRQ4
1 IRQ4 >IRQ1

IRQO, IRQ2 Priority (Group B)
0 IRQ2>IRQO
1 IRQ0>IRQ2

IRQ3, IRQS Priority (Group A)
0 IRQ5>IRQ3
1 IRQ3>IRQ5

Reserved (Must be 0)

Figure 44. Interrupt Priority Register
(F9y: Write Only)
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R250 IRQ
|D7 os| os| p4| b3 p2] b1 Do]

IRQO = P32 Input
IRQ1 = P33 Input
IRQ2 = P31 Input
IRQ3 = P30 Input
IRQ4 = TO
IRQ5=T1

Inter Edge
P31J P32) =00
P31l P32T =01
P31 T P32 =10
P31 TL P32 Tl =11

Figure 45. Interrupt Request Register
(FAy: Read/Write)

R251 IMR

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

I— 1 Enables IRQO-IRQS

(DO = IRQO)
1 Enables RAM Protect *
1 Enables interrupts

* This option must be selected when ROM code Is
submitted for ROM Masking, otherwise this control bit
is disabled permanently.

Figure 46. Interrupt Mask Register
(FBy: Read/Write)

R252 FLAGS

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

=

User Flag F1 *
User Flag F2 *
Half Carry Flag

Decimal Adjust Flag
Overflow Flag
Sign Flag

Zero Flag

Carry Flag
* Not affected by reset

Figure 47. Flag Register
(FCH: Read/Write)

R253 RP

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

L

Expanded Register File

Figure 48. Register Pointer
(FDy: Read/Write)

R254 SPH

D7| De| D5] D4] D3| D2| D1| DO

L

Stack Pointer Upper
Byte (SP8 - SP15)

Figure 49. Stack Pointer High
(FE4: Read/Write)

R255 SPL

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

Stack Pointer Lower
Byte (SPO - SP7)

Figure 50. Stack Pointer Low
(FFy: Read/Write)

Working Register Pointer
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PACKAGE INFORMATION

14 |
o I e B vm O e 1 o O o e B g W 8 s e B B e B

l—ll—li;l’uul—lu]:ll—lul—ll—lw

b -

JETL T

CONTROLLING DIMENSIONS : INCH

ATTITTIITT L A

—

(,:——‘ SYBOL| OPT ¢ | —MILLIMETER INCH
MIN | MAX | NN | wax
Al 05t | 1.02 | .020 | .040
( [ __— 1 A2 318 | 394 | .125 | 155
] 0,38 | 055 | 015 | .021
I 140 | 1.65 | 055 | .085
02 | 1.4 | 1.40 | 045 | .055
. l c 023 | 038 | 002 | 015
01 | 3658 | 37.54 | 1.440 | 1.470
02 | 3531 | 35.94 | 1,390 | 1.415
3 15.24 | 1575 | .600 | .620
PR INCTINN AN 7T I
02 | 1283 | 13.08 | .505 | .515
3 2.54 TVP 100 TYP
oA 15.49 | 16.76 | .610 | .660
OPTION TABLE L 3.05 | 381 | .20 [ .150
| OPTION | PACKAGE | o |- 152 | 1.91 | .060 [ .07
o1 STANDARD 02 152 | 178 | .060 | .070
0 IDF ot 1.52 | 229 | .080 | .090
S [ 102 | 152 | .040 | .060
Figure 51. 28-Pin DIP Package Diagram
MILLINETER wH |
S MAX [ wx |
¢ A 2.40 284 004 104
B At 0.10 0.30 004 012
2 224 2.4 088 | 098
T » 038. | 0.4 014 018
C 0.23 0.30 DO? 012
] 17.78 18,00 700 J10
H £ 7.40 7.80 1 m
1 ] 1.37 050 Wp
L] 10.00 10,65 394 419
h .30 071 012 028
L 0.61 1.00 024 03
L o 087 | 107 | o | oa
DETAR, A

I L L.

CONTROLLING DIMENSIONS : M

Figure 52. 28-Pin SOIC Package Diagram

LEADS ARE COPLAMAR WITHIN .004 NCH.
1
L
I
~
DETAL A or

DS97Z8X1203

PRELIMINARY

48



Z286C33/C43
CMOS Z8®MCU Consumer Controller Processor

A Littelfuse Company

20 1
=L — SYMBOL MILLIMETER INCH

MIN MAX MIN MAX

Al 0.51 1.02 .020 .040

£l A2 3.18 3.94 125 155

B 0.38 0.53 015 021

B1 1.02 1.52 .040 .060

C 0.23 0.38 008 018

D 52.07 | 52.58 |2.050 |2.070

E 15.24 | 15.75 .600 .620

E1 13.59 | 14.22 535 .560

[ ] 2,54 TYP 100 TYP
A 15.49 | 16.76 .610 .660
L 3.05 3.81 120 150
Q1 1.52 1.91 .060 075
S 1.52 2.29 080 080
|-—' .
CONTROLLING DIMENSIONS : INCH c
b A ————

Figure 53. 40-Pin DIP Package Dlagram

e A
D —
Al
L
n 0.66/05]
45 | .026/.020
T -] =]
035 _[ S g
h 121971067 =13
il 0487.042 T Z ™
1] o
0.51/036
3 0 € _{ 5207614 b2 za
p g
i “g
/
1] O
pas =
T
R Ll4/0.64
0457025
SYMBOL MILLIMETER INCH
NOTES: MIN MAX MIN MAX
1. CONTROLLING DIMENSIONS : INCH A 427 457 168 180
2.LEADS ARE COPLANAR WITHIN .004 IN.
3. DIMENSION © _MM al 2.4 292 | .095 [ a5
NCH D/E 1740 | 1765 | 685 695
DI/E1 16.51 16.66 650 656
D2 15.24 16.00 600 .630
B 1.27 _TYP 050 TYP

Figure 54. 44-Pin PLCC Package Diagram
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HD — ——A
- — A2
[ =4
33 23 T M
EELEEEEELEER -
34 o : [ 22 -
min ; mim] =
oI | i —
o— - —  —- 4+ ——- —m et
s | wim) —
44 o () ] g 12 | ﬁ /
L _ R M—— e A
sEEEEEEEEL: E 15
1 1 1 S
(-
J ‘ J ’ c_———”-.-‘
-] -
ILLIMETER INCH -
SYMBOL /
MIN MAX MIN MAX L
4 i (r‘
A 1,40 1.60 0,055 0,063 | U \
Al 0.05 0.45 | 0.002 0.006 &' 025 [ -
A2 .35 1.45 0.053 0.057 {'_ T
b 0.39 0.45 0.012 0.018
. t DETAIL 4
c 0,09 0,20 0,004 0,008
HD 11,75 12.25 0.463 0.482
D 9,90 10,10 | 0390 0,398
HE 11.75 12.25 0.463 0.482
£ 9,50 10,10 | 0390 0398 1, CONTROLLING DIMENSIONS | mm
0.80 BSC 0,031 BSC 2. MAX, COPLANARITY @ .10mm _
‘. + 0.004"
L 0.45 0.75 0.018 0.030
LE 1.00 REF 0.039 REF
Figure 55. 44-Pin LQFP Package Diagram
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ORDERING INFORMATION

286C33
Standard Temperature
28-Pin DIP 28-Pin SOIC
Z86C3316PSG Z86C33165SG
Z86C3312PSG Z86C33125S6G
286C43
Standard Temperature
40-Pin DIP 44-Pin PLCC
Z86C4312PSG Z86C4316VSG

Extended Temperature
28-Pin DIP 28-Pin SOIC

Z86C3312PEG Z86C3312SEG

Extended Temperature
44-Pin LQFP
Z86C4312AEG

For fast results, contact your local Zilog sales office for assistance in ordering the part desired.

CODES

Z 86C33 16 P S

Environmental Flow

G = Green Plastic Packaging Compound
Temperature

E = -40°C to +105°C

S=0°Cto +70°C

Package

P = Plastic DIP (PDIP)

V = Plastic LCC (PLCC)

S = Small Outline Integrated Chip
A=LQFP

Speed

16 =16 MHz

12 =12 MHz

Product Number

Zilog Prefix

DS97Z8X1203
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Precautions

1.

N

© «

When in ROM Protect Mode, and executing out of
External Program Memory, instructions LDC, LDCI,
LDE, and LDEI cannot read Internal Program Memory

When in ROM Protect Mode, and executing out of
Internal Program Memory, instructions LDC, LDCI,
LDE, and LDEI can read Internal Program Memory.

The device has an oscillator-free WDT reset for the
device pins. When the device is reset from a WDT
timeout, the reset will force the device pins to their
reset default state even if the oscillator is not running.

The Port 3 outputs are reset to High State after Reset,
except after Stop-Mode Recovery, at which time the
outputs remain in the last state.

Extended timing is operable.

P0/P1/P2/P3 is Low-EMI software programmable.
PO/P1/P2 is software programmable for open-drain.
Expanded register PCON is Write-Only.

WDTMR is writeable only within the first 60 internal
system clocks after Reset. Afterward, the WDTMR is
write protected.

11.

12.
13.

14.

15.

16.

. Device functions down to the V, threshold. At

temperatures less than 25°C, the V,, threshold will rise
to a maximum V,, of 3.6V.

Low-EMI is 25 percent of standard pull-down output
driver, and 25 percent of standard pull-up output
driver.

There is no clock filter on Reset pin.

Registers FE Hex (SPH) and FF Hex (SPL) are set to
00 Hex after any reset.

When Low EMI OSC is selected (PCON Reg Bit
D7=0), the output drive of /DS, /AS, and R//W will also
be in Low-EMI Mode.

PO1M Reg Bit D4, D3 must be set to 00 Hex for
Z86C33.

Must add a two NOP delay after selecting the P3M bit
D1 to 1 before the comparitor output is valid. IRQO,
IRQ1, and IRQ2 should be cleared in IRQ register
when the comparitor is enabled or disabled to avoid
spurious noise creating a false interrupt.

Pre-Characterization Product:

The product represented by this CPS is newly introduced
and Zilog has not completed the full characterization of the
product. The CPS states what Zilog knows about this
product at this time, but additional features or non-
conformance with some aspects of the CPS may be found,

either by Zilog or its customers in the course of further
application and characterization work. In addition, Zilog
cautions that delivery may be uncertain at times, due to
start-up yield issues.
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Customer Support

To share comments, get your technical questions answered, or report issues you may be experiencing with our
products, please visit Zilog’s Technical Support page at https://support.zilog.com/.

To learn more about this product, find additional documentation, or to discover other facets about Zilog product
offerings, please visit the Zilog Knowledge Base at https://zilog.com/kb.

This publication is subject to replacement by a later edition. To determine whether a later edition exists, please visit
the Zilog website at https://www.zilog.com/
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