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GENERAL DESCRIPTION
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The Z86E61/E63 microcontrollers are members of the Z8® single-chip microcon-
troller family with 16K/32 Kbytes of EPROM and 236 bytes of general-purpose
RAM. Offered in 40-pin DIP, 44-pin PLCC or 44-Pin LQFP package styles, these
devices are pin-compatible EPROM versions of the Z86C61/ 63. The ROMIless
pin option is available on the 44-pin versions only.

With 4 Kbytes of ROM and 236 bytes of general-purpose RAM, the Z86E61/E63
offers fast execution, efficient use of memory, sophisticated interrupts, input/out-
put bit manipulation capabilities, and easy hardware/software system expansion.

For applications demanding powerful I/O capabilities, the Z86E61/E63 offers 32
pins dedicated to input and output. These lines are grouped into four ports. Each
port consists of eight lines, and is configurable under software control to provide
timing, status signals, serial or parallel I/O with or without handshake, and an
address/data bus for interfacing external memory.

The Z86E61/E63 can address both external memory and preprogrammed ROM,
making it well suited for high-volume applications or where code flexibility is
required. There are three basic address spaces available to support this configu-
ration: Program Memory, Data Memory, and 236 general-purpose registers.

To unburden the system from coping with real-time tasks such as counting/timing
and serial data communication, the Z86E61/E63 offers two on-chip counter/timers
with a large number of user selectable modes (Figure 1).

Power connections follow conventional descriptions below:

Connection Circuit Device
Power VCC VDD
Ground GND Vss

2
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Port 1 can be placed in high-impedance state along with Port 0, E, ﬁ, and R/V_V,
allowing the MCU to share common resources in multiprocessor and DMA appli-
cations. Data transfers are controlled by assigning P33 as a Bus Acknowledge

input, and P34 as a Bus Request output (Figure 7).

OEN

Out

4

. W

4

-

-
4>

Z86E61
/E63
MCU

Port 0 (1/0)

Handshake controls
DAVO0 and RDY0
(P32 and P35)

L 4
TTL Level Shifter

o

PAD

Figure 6. Port 0 Configuration
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UART OPERATION

Port 3 lines, P37 and P30, are programmed as serial I/0 lines for full-duplex serial
asynchronous receiver/transmitter operation. The bit rate is controlled by Counter/
TimerO.

The Z86E61/E63 automatically adds a start bit and two stop bits to transmitted
data (Figure 10). Odd parity is also available as an option. Eight data bits are
always transmitted, regardless of parity selection. If parity is enabled, the eighth
bit is the odd parity bit. An interrupt request (IRQ4) is generated on all transmitted
characters.

Received data must have a start bit, eight data bits, and at least one stop bit. If
parity is on, bit 7 of the received data is replaced by a parity error flag. Received
characters generate the IRQ3 interrupt request.

Transmitted Data (No Parity) Received Data (No Parity)

|sp| sP| b7|D6|D5| D4|D3| D2| D1|DO| 57| |sp|D7|p6|Ds| p4|D3| D2| D1[D0| 5T

|— Start Bit |— Start Bit
Eight Data Bits Eight Data Bits
Two Stop Bits One Stop Bit

Transmitted Data (With Parity) Received Data (With Parity)

|sp|sP| P [p6|Ds|D4[D3| p2] D1[D0] 57| |sP| P |D6| 5| D4|D3] D2| D1|D0] 57|

N |— Start Bit

L startBit
Seven Data Bits

Parity Error Flag
One Stop Bit

Odd Parity
Two Stop Bits

PS014401-1001

Figure 10. Serial Data Formats

Auto Latch

The Auto Latch puts valid CMOS levels on all CMOS inputs that are not externally
driven. This reduces excessive supply current flow in the input buffer when it is not
driven by any source.

Note: P33-P30 inputs differ from the Z86C61/C63 in that there is no
clamping diode to V¢ because of the EPROM high voltage
detection circuits. Exceeding the VIH maximum specification
during standard operating mode may cause the device to enter
EPROM mode.
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ADDRESS SPACE
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Program Memory. The Z86E61/E63 can address 48 Kbytes (E61) or 32 Kbytes
(E63) of external program memory (Figure 11). The first 12 bytes of program
memory are reserved for the interrupt vectors. These locations contain six 16-bit
vectors that correspond to the six available interrupts. For EPROM mode, byte 13
to byte 16383 (E61) or 32767 (E63) consists of on-chip EPROM. At addresses
16384 (E61) or 32768 (E63) and above, the Z86E61/E63 executes external pro-
gram memory fetches. In ROMless mode, the Z86E61/E63 can address up to 64
Kbytes of program memory. Program execution begins at external location 000C
(HEX) after a reset.

65535
External
16384 (E61) ROM and RAM
32768 (E63)
16383 (E61)
2767 (E
32767 (E63) On-Chip PROM
Location of 12
First Byte of /
Instruction 11 IRQ5
Executed
After RESET 10 IRQ5
9 IRQ4
8 IRQ4
Interrupt 7 IRQ3
Vector
6 IRQ3
(Lower Byte) \
5 & IRQ2
Interrupt 4/ IRQ2
Vector
IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
0 IRQO

Figure 11. Program Memory Configuration

Data Memory (DM)

The EPROM version can address up to 48 Kbytes (E61) or 32 Kbytes (E63) of
external data memory space beginning at location 16384 (E61) or 32768 (E63).
The ROMIless version can address up to 64 Kbytes of external data memory.
External data memory may be included with, or separated from, the external pro-
gram memory space. DM, an optional I/0 function that can be programmed to
appear on pin P34, is used to distinguish between data and program memory

18
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65535

External

Data

Memory
32768 (E63)
16384 (E61)
16383 (E61)
32767 (E63)

Not Addressable
0

Figure 12. Data Memory Configuration
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(single pass mode) or to automatically reload the initial value and continue count-
ing (modulo-n continuous mode).

The counter, 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
internal microprocessor clock divided-by-four, or an external signal input through
Port 3. The Timer Mode register configures 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. Port 3 line P36 also serves as a timer output
(TOUT) through which TO, T1, or the internal clock can be output. The counter/
timers are cascaded by connecting the TO output to the input of T1.

Internal Data Bus

ST AR BT

oscC PREO
T Initial Value Initial Value Current Value
Register Register Register
“ Y Y
Al \l
6-Bit 8-Bit |
o ——— | +4 || Down 2 Down
Counter Counter
»—P» Internal > IRa4
Clock ®—P Serial /0
' Clock
External Clock 2 ;ggT
Clock
Logic
6-Bit 8-Bit
-  +4 Down T Down IRQS
Counter Counter 'j
Internal Clock * *
Gated Clock PRE1 T1 T
Triggered Clock Initial Value Initial Value Current Value
Register Register Register

wich A wieh A rerh Y

Internal Data Bus

Figure 15. Counter/Timers Block Diagram

Interrupts

The Z86E61/E63 has six different interrupts from eight different sources. The

interrupts are maskable and prioritized. The eight sources are divided as follows:
four sources are claimed by Port 3 lines P33-P30, one in Serial Out, one in Serial
In, and two in the counter/timers (Figure 16). The Interrupt Mask Register globally

PS014401-1001
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XCLK

A clock is required to clock the RESET signal into the registers before program-
ming.

A constant clock can be applied, or the XCLK input can be toggled a minimum of
12 cycles before any programming or verify function begins. The maximum clock
frequency to be applied when in the EPROM mode is 12 MHz.

RESET

The reset input can be held to a constant Low or High value throughout normal
programming. It must be held High to program the EPROM protect option bit.
Also, any time the RESET input changes state the XCLK must be clocked a mini-
mum of 12 times to clock the RESET through the reset filter.

OE

When the device is placed in EPROM mode, the OE input also serves as the pre-
charge for the sense amp. The precharge signal should be Low for the first half of
the stable address and High for the second half. The PRECHG signal is inverted
from the OE signal so the OE should be High on the first half and Low on the sec-

ond half, or stable address. The EPROM output data should be sampled during
the second half of stable address.

The access time of the EPROM is defined in later sections. This two part calcula-
tion of access time is required because this is a precharged sense amp with a pre-
charge clock.

Table 23.Timing of Programming Waveforms

Parameters Name Min Max Units
1 Address Setup Time 2 us
2 Data Setup Time 2 us
3 Vpp Setup 2 us
4 Ve Setup Time 2 us
5 Chip Enable Setup Time 2 us
6 Program Pulse Width 0.95 ms
7 Data Hold Time 2 us
8 OE Setup Time 2 us
9 Data Access Time 200 ns
10 Data Output Float Time 100 ns

28
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Table 23.Timing of Programming Waveforms (Continued)

Parameters Name Min Max Units
1" Over program Pulse Width 2.85 ms
12 EPM Setup Time 2 us
13 PGM Setup Time 2 us
14 Address to OE Setup Time 2 us
15 Option Program Pulse Width 78 ms
VIH
Address VIL Address Stable >< Address Stable
VIH 0 Min

Data VIL Invalid ><_Valid >< Invalid>< Valid ><
> @H

VH
VPP B
VIL
VH e
EPM %
VIL

vee 45V ™ @ "7 Jf[‘\;

VIH
CE f
VIL
, -
VIH | 0 Min |- J([
CE VIL \
VIH
PGM
VIL
»|(3) =

Figure 18. EPROM Read
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Address Stable X

<)
%ﬁ <(2) T j@ > _4

- /-
Y/ AN

(3) 3 v
] AN

L Jff
7 AN

(> <

N i/

(5>

lXv_7z‘_
® | «J

> -
Program Cycle Verify Cycle

Figure 19. EPROM Program and Verity

PS014401-1001
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VIH
Address Add 008
VIL >ZT ress
VIH
Data VIL >< ><_
VH
v
VPP VIH @
>
6V
vee 45V / @
P>
A =
VIH @
Vs (9]
OE
VIH
VH
VIH - VIH
EPM
VIL / @ @
B s o
VIH
PGM L

@® @®

ROM Protect RAM Protect
Programming Programming

Figure 21. Programming EPROM, RAM Protect, and
16K Size Selection

PS014401-1001
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Tp=0°Cto +70°C

Typical
Sym  Parameter Min  Max @ 25 °C Units Conditions
Max Input Voltage 7 \Y Iin 250 pA
Max Input Voltage 13 \% P33-P30 Only
Vey  Clock Input High Voltage 3.8 Ve + 0.3 \Y Driven by External Clock Generator
Ve Clock Input Low Voltage -0.3 0.8 \ Driven by External Clock Generator
ViH Input High Voltage 20 Ve +03 \Y
VL Input Low Voltage -0.3 0.8 \
Voq  Output High Voltage 24 \ loq =-2.0 MA
VoL  Output Low Voltage 0.4 \ loL = +2.0 mA
Vry  Reset Input High Voltage 3.8 Voo + 0.3 \Y
VR Reset Input Low Voltage -0.3 0.8 \
e Input Leakage -10 10 pA OVV)y+525V
loL Output Leakage -10 10 pA OVV)y+525V
IR Reset Input Current -50 MBA Vg =+525V, Vg =0V
lcc Supply Current 50 25 mA @ 16 MHz
60 35 mA @ 20 MHz
lcc1  Standby Current 15 5 mA  HALT Mode V| =0V, Vcc @ 16 MHz
20 10 mA  HALT Mode V| =0V, Vcc @ 20 MHz
lcco®  Standby Current 20 5 uA  STOP Mode V=0V, Vecc @ 16 MHz
20 5 pA  STOP Mode V=0V, Ve @ 20 MHz

ICC2 requires loading TMR (F1Hh) with any value prior to STOP execution.

Use this sequence:
LD TMR,#00

NOP

STOP

PS014401-1001
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CMOS 78 16K/32K EPROM Microcontroller

Table 27.Clock Dependent Formulas

Number Symbol Equation

1 TdA(AS) 0.40 TpC + 0.32
2 TdAS(A) 0.59 TpC - 3.25
3 TJAS(DR) 2.83 TpC + 6.14
4 TwAS 0.66 TpC - 1.65
6 TwDSR 2.33 TpC - 10.56
7 TwDSW 1.27 TpC + 1.67
8 TdDSR(DR) 1.97 TpC - 42.5
10 TdDS(A) 0.8 TpC

1M TdDS(AS) 0.59TpC-3.14
12 TdR/W(AS) 0.4 TpC

13 TdDS(R/W) 0.8 TpC - 15

14 TdDW(DSW) 0.4 sTpC

15 TdDS(DW) 0.88 TpC - 19
16 TdA(DR) 4 TpC-20

17 TdAS(DS) 0.91 TpC - 10.7
18 TdDM(AS) 0.9 TpC -26.3

7,
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Clock

TIN

Figure 25. Additional Timing
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D6

D5

D4

D3

D2

D1

DO
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POO0 - POO Mode
00 Output

01 Input

1X A11-A8

Stack Selection
0 External
1 Internal

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

External Memory Timing
0 Normal
1 Extended

P07 - P04 Mode
00 Output
01 Input
1X A15-A12

Figure 36. Port 0 and 1 Mode Register (F8,: Write Only)
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Table 32.Instruction Summary (Continued)

Instruction Address Mode Opcode Flags Affected
and Operation dst src Byte (Hex) C z S V D H
if cc is true, c=0-F
PC«dst IRR 30
JR cc, dst RA cB - - - - - -
if cc is true, c=0-F
PC«PC + dst
Range: +127,
-128
LD dst, src r Im rC - - - - - -
dste—src r R ré

R r r9

r=0-F

r X C7

X r D7

r Ir E3

Ir r F3

R R E4

R IR E5

R IM E6

IR IM E7

IR R F5
LDC dst, src r Irr Cc2 - - - - - -
dste—src
LDCI dst, src Ir Irr C3 - - - - - -
dste—src
rer+1,
rre—rr + 1
NOP FF - - - - - -
OR dst, src Note? 471 - * * 0 - -

PS014401-1001



OPCODE MAP

Upper Nibble (Hex)
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Lower Nibble (Hex?5
0 1 2 3 4 6 7 A B c D E F
6.6 6.5 6.5 85 | 105 | 105 | 105 | 105 | 65 6.5 |12/105| 12/0.0| 6.5 |12/10.0| 65
0 DEC | DEC | ADD | ADD | ADD | ADD | ADD [ ADD | LD LD | DINZ| JA LD JP INC
R1 IRT | r1,r2 | r1,1r2 |R2,R1 [IR2, R1|[ R1,1M| R1,1M| r1,R2 |r2,R1 | r1,RA| cc,RA| r1,1M | cc,DA | r1
1 6.5 65 |65 65 | 105 | 105 | 105 | 105
RLC [ RLC |ADC ADC | ADC | ADC | ADC | ADC
R1 IRT |r1,r2 | r1,1r2 |R2,R1 [IR2,R1[R1, 1M |R1, 1M
6.5 66 | 65 0.5 105 [ 105 [ 105 [ 105
2 INC WC | SuB | SUB | SuB | SUB | SUB | BUB
R1 IRT |r,r2 |r1,Ir2 |R2,R1 [IR2, R1| R2, IM[IR1, 1M
6.5 6.1 6.5 65 | 105 | 105 | 105 [ 105
3 JP SRP | SBC | sBc | SBC | SBC | SBC | SBC
IRR1 M|, r2 | 12 |R2,R1 [IR2, R1|R1, 1M [ IR1, 1M
8.5 8.5 65 | 65 105 [105 | 105
4 DA DA OR | OR OR OR OR
R1 IR1 r,r2 |r,Ir2 |R2,R1 [IR2,R1[R1, 1M
105 | 105 6.5 65 |[105 [105 | 105 [ 105
5 | POP | POP [ AND | AND [AND |AND | AND | AND
R1 IR1 r,r2 | r1, 2 [R2,R1 |IR2, R1|R1, 1M [IR1, 1M
65 | 65 6.5 6.5 105 | 105 | 105 [ 105 6.0
6 COM | COM | TCM |TCM | TCM | TCM | TCM [ TCM sToP
R1 R1 [r,r2 [r,I”2 |R2,R1 |IR2, R1| R1, 1M|IR1, 1M
10/12.1 {10112.1 | 6.5 6.5 105 | 105 | 105 | 105 70
7 |PUSH | PUSH | ™™ ™ ™ ™ | ™ ™ HALT
R2 IR2 [ r1,r2 | r,Ir2 [R2,R1 |IR2, R1|RT, 1M |IR1, 1M
10.5 105 | 12.0 [ 180
8 |[DECW |DECW | LDE | LDEI 6.1
RR1 IRT |1, 1m2 |r1, 12 DI
6.5 6.5 120 | 18.0 6.1
9 | RL RL LDE | LDEI £l
R1 IR1 1, Irr2 | r1, Irr2
10.5 105 | 6.5 6.5 105 | 105 | 105 | 10.5 14.0
A |INCW |INCW | CP cP cP CP cP cP RET
RR1 IR1_[rM,r2 |r1, 1”2 |R2,R1]IR2,R1|R1, IM|IR1, 1M
6.5 6.5 6.5 6.5 105 | 105 | 105 | 105
B [CLR [CLR |XOR [XOR | XOR [ XOR [ XOR | XOR 16.0
R1 IR1T  [r1,r2 |r,Ir2 |R2,R1|IR2, R1|R1, 1M |[IR1, 1M IRET
6.5 6.5 120 | 180 105 65
c |RRC |RRC LDC | LDC LD ROE
R1 IR1 1, Irr2 | Ir1, Irr2 r1, x, R2|
6.5 6.5 120 | 180 | 20.0 200 | 105 6.5
D |[SRA SRA | LDC | LDCI | CALL* CALL| LD SCF
R1 IR1 | r1,Im2] Ir1, Ir2| IRR1 DA [r2,x,R
6.5 6.5 6.5 105 | 105 | 105 | 10.5 6.5
E RR RR LD LD LD | LD LD CCF
R1 IR1 r1,IR2 |R2,R1 | IR2, R1[R1, 1M |IR1, 1M
85 | 85 6.5 10.5 6.0
F | SWAP |SWAP LD LD NOP
R1 IR1 Ir, r2 R2, IR1 ' ' ' ' ' ' '
O~
~ ~ \ﬁ/—'
2 2 3 1
Bytes per Instruction
Ibowe& Legend:
pcode R = 8-bit Address
Execution ~ Nibble Pineli r = 4-bit Address
Cycles C'pgége R1 or r1 = Dst Address
Y R2 or r2 = Src Address
Upper
Opcode A 5| . Sequence:
Ni?)ble R1CPRz Mnemonic Opcode, First Operand,
’ Second Operand
First Second Note: Blank areas not defined
Operand Operand

Figure 47. Opcode Map

*2-byte instruction appears as
a 3-byte instruction

Z86E61/E63
CMOS 78 16K/32K EPROM Microcontroller

y

z

—

LOG

61



Z86E61/E63
CMOS 78 16K/32K EPROM Microcontroller

—

y A

ZiLOG
40 21
| s Y s Y s A s Y s e Y s e s s Y s e Y s Y s Y e Y |
SYMBOL MILLIMETER INCH
MIN MAX MIN MAX
) - Al 0.51 1.02 .020 .040
. A2 3.18 3.94 125 155
B 0.38 0.53 .015 .021
B1 1.02 1.52 .040 .060
S S S S QS S QS S S S S S S C 0.23 0.38 .009 .015
! 20 D 52.07 52.58 2.050 2.070
D E 15.24 15.75 .600 .620
E1 13.59 14.22 535 .560
@ 2.54 TYP 100 TYP
eA 15.49 16.76 610 .660
| £ | L 3.05 3.81 120 150
S Q1 1.40 1.91 .055 .075
S 1.52 2.29 .060 .090
= | A2
CONTROLLING DIMENSIONS : INCH
L C
—
1L e ) # ]
S @ B B
Figure 48. 40-Pin DIP Package Diagram
f— A —=]
L
‘ D —] Al |
01 ~—0.71/051
45 .0287/.020
6 1 40 { _
imininisisinisisisl =il — 9(
[2
. o 4— = SYMEOL MILLIMETER INCH
o
0] ~ MIN MAX MIN MAX
| g @ o
o
H 3 = A 427 4,57 0.168 0.180
% B 0.51/0.36 ° Al 2.41 2.92 0.095 0.115
e 2 %0,020/0.014 022 : : : :
H = D/E 17.40 17.65 0.685 0.695
e
H 0.81/0.66 g D1/E1 16.51 16.66 0.650 0.656
H 10.032/0.026 | =
u| L S D2 15.24 16.00 0.600 0.630
17 029 o
| | L B 1.27 BSC 0.050 BSC
OO0 — [a)
g B R 1.14/0.64
0.045/0.025

NOTES:
1, CONTROLLING DIMENSION : INCH
2. LEADS ARE COPLANAR WITHIN 0,004”.
3. DIMENSION : MM
INCH

Figure 49. 44-Pin PLCC Package Diagram

PS014401-1001
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34 1T

IR

— A2
D r A
33 2377
H H H H I;l H H I;l H I;l Q SYMBOL MILLIMETER INCH
MIN MAX MIN MAX
i T 22 | Al 0.05 0.25 002 010
| E A2 2.00 225 078 1089
I — b 0.25 0.45 010 018
I F— c 0.13 0.20 005 008
T T T T TR t HE HD 13.70 14,15 539 557
| E D 9.90 10,10 390 398
| — HE 13.70 14.15 539 557
| Fr— = 3 9.90 10.10 390 398
o ; F— 12 L B] 0.80 BSC 0315 BSC
H H H H H H H L 0.60 1.20 024 047
1

DETAIL A

NOTES:
1. CONTROLLING DIMENSIONS : MILLIMETER

2. LEAD COPLANARITY : MAX .10
,004”

DETAIL A

Figure 50. 44-Pin LQFP Package Diagram

ORDERING INFORMATION

PS014401-1001

Z86E61

16 MHz 20 MHz

40-Pin DIP 44-Pin PLCC 40-Pin DIP 44-Pin PLCC

Z86E6116PSC Z86E6116VSC Z86E6120PSC Z86E6120VSC

Z86E63

16 MHz 20 MHz

40-Pin DIP 44-Pin PLCC 40-Pin DIP 44-Pin PLCC

Z86E6316PSC Z86E6316VSC Z86E6320PSC Z86E6320VSC

For fast results, contact your local Zilog sales office for assistance in ordering the
part desired.
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Z86E61/E63
CMOS 78 16K/32K EPROM Microcontroller
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ZiLOG

CODES

* Preferred Package
P = Plastic DIP
V = Plastic Chip Carrier

®* Temperature
S=0°Cto+70°C

® Speeds
12 =16 MHz
16 = 20 MHz

® Environmental
C = Plastic Standard

Example:
Z 86E61 16 P S C is a Z86E61, 16 MHz, PLCC, 0 °C to +70 °C, Plastic Standard Flow
L Environmental Flow
Temperature
Package
Speed
Product Number
Zilog Prefix

PS014401-1001



