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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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Figure 2. EPROM Programming Mode Block Diagram
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Figure 4. 18-Pin DIP/SOIC Pin Identification;
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Table 2. 18-Pin DIP/SOIC Pin Assignments; EPROM Programmable Mode

EPROM Programming Mode

Pin # Symbol Function Direction
1 PGM Program Mode input
2-4 GND Ground

5 ADCLRNpp Clear Clock/Program Voltage Input
6-9 D7-D4 Data 7,6,5,4 In/Output
10-13 D3-D0 Data 3,2,1,0 In/Output
14 Vpp Power Supply

15 GND Ground

16 NC No Connection

17 XTAL1 1 MHz Clock input

18 ADCLK Address Clock Input
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PIN DESCRIPTION (Continued)

PB1 1 20
PB2 4
PB3 O
PB4 O
RESET §  20-Pin SSOP
NC O
PA7 O
PA6 O
PAS5 Of
PA4 10 1

O PBO

1 XTAL1
1 XTAL2
[ Vss

B Vee

H NC
=R\
=N

D pA2

2 PA3

Figure 5. 20-Pin SSOP Pin Identification

Table 3. 20-Pin SSOP Pin Assignments

Standard Mode

Pin # Symbol Function Direction
1-4 PB1-PB4 Port B, Pins 1,2,3,4 In/Output
5 RESET Reset Input

6 NC No Connection

7-10 PA7-PA4 Port A, Pins 7,6,5,4 In/Output
11-14 PA3—-PAQ Port A, Pins 3,2,1,0 In/Output
15 NC No Connection

16 Vee Power Supply

17 Vgs Ground

18 XTAL2 Crystal Oscillator Clock Output
19 XTALA Crystal Oscillator Clock Input

20 PBO Port B, Pin 0 In/Output

PRELIMINARY
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Z8E000
ZiLOG Z8PLUS One-Time Programmable Microcontrolier

T,=0°Cto+70°C

Typical
Sym  Parameter Vcc1 Min Max @ 25°C2 Units Conditions Notes
ICCZ Standby Current 3.5V 500 150 nA Stop Mode V| =0V, 5
Vee
5.5V 500 250 nA Stop Mode V| = 0V, 5
Vee
Notes:
1. The V¢ voltage specification of 3.5 V guarantees 3.5 V and the V¢ voltage specification of 5.5 V guarantees 5.0 V £0.5 V.
2. Typical values are measured at Vg = 3.3V and V¢ = 5.0V.
3. All outputs unloaded, I/O pins floating, and all inputs are at V¢ or Vgg level.
4. CL1=CL2=22pF.
5. Same as note 3 except inputs at V.
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Z8E000
Z8PLUS One-Time Programmable Microcontroller ZiLOG

DC ELECTRICAL CHARACTERISTICS (Continued)

T = —40°C to +105°C

1 Typical
Sym Parameter Vcc Min Max @25°C2 Units Conditions Notes
VCH Clock Input High 4.5V 0.7V V__+0.3 25 V  Driven by External Clock
cc cc
Voltage Generator
5.5V 0.7 VCC VCC+0.3 25 V  Driven by External Clock
Generator
VCL Clock Input Low 4.5V v 03 0.2V 1.5 V  Driven by External Clock
ss cc
Voltage Generator
5.5V V_ 03 0.2V 1.5 V  Driven by External Clock
ss cc
Generator
V'H Input High Voitage 4.5V 0.7 VCC VCC+0.3 25 \Y
5.5V 0.7V.. Ve t03 25 \
V, InputLow Voltage 4.5V Ve 03 02V.. 1.5 \
5.5V Vg 0-3 0.2V, 1.5 \YJ
VOH Output High Voltage 4.5V VCC—O.4 4.8 \Y IOH =-2.0mA
5.5V V04 48 Vo, =-20mA
VOL1 Output Low Voltage 4.5V 0.4 0.1 A IOL =+4.0 mA
5.5V 0.4 0.1 Vo1, =+40mA
VOL2 Output Low Voltage 4.5V 1.2 0.5 \ IOL =+12 mA,
5.5V 1.2 0.5 Vol = +12 mA,
Vgru Reset Input High 4.5V 0.5Vee Vee 1.1 \Y
Voltage 55V 0.5Vgg Voo 2.2 Y,
IIL Input Leakage 45V -1.0 2.0 <1.0 HA VIN =0V, VCC
5.5V -1.0 2.0 <1.0 HA V =0V, V.
IOL Output Leakage 4.5V -1.0 20 <1.0 HA VIN =0V, Vcc
5.5V -1.0 20 <1.0 MA V=0V, V.
Ilr Resetinput Current 4.5V -18 -180 -112 mA
5.5V -18 -180 -112 mA
ICC Supply Current 4.5V 7.0 40 mA @ 10 MHz 3,4
5.5V 7.0 40 mA @ 10 MHz 3,4
et Standby Current 4.5V 2.0 1.0 mA HALT Mode V| =0V, 3,4
Vee @ 10 MHz
5.5V 2.0 1.0 mA HALT Mode V=0V, 3.4
Ve @10 MHz
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ZB8E000
ZiLOG Z8PLUS One-Time Programmable Microcontroller

Ta =—-40°C to +105°C

] Typical
Sym Parameter Vcc Min Max @ 25°C2 Units Conditions Notes
ICCZ Standby Current 4.5V 700 250 nA STOP Mode VIN =0V, VCC 5
5.5V 700 250 nA STOP Mode VIN =0V, Vcc 5

Notes:

1. The V¢ voltage specification of 4.5 V and 5.5 V guarantees 5.0 V+0.5 V.

2. Typical values are measured at Vo = 3.3V and V¢ = 5.0V.

3. All outputs unioaded, I/O pins floating, and all inputs are at V¢ or Vgg level.

4. CL1=CL2=22pF.

5. Same as note 3 except inputs at Vec.
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Z8E000

Z8PLUS One-Time Programmable Microcontroller ZiLOG
AC ELECTRICAL CHARACTERISTICS
1 —P =3
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Figure 8. AC Electrical Timing Diagram
Table 5. Additional Timings
TA= -40°C to +105°C
@ 10 MHz

No  Symbol Parameter Vcc1 Min Max Units Notes
1 TpC Input Clock Period 3.5V 100 DC ns 2

5.5V 100 DC ns 2
2 TrC, TfC Clock Input Rise and Fall Times 3.5V 15 ns 2

5.5V 15 ns 2
3 TwC Input Clock Width 3.5V 50 ns 2

5.5V 50 ns 2
4 TwiL Int. Request Input Low Time 3.5V 70 ns 2

5.5V 70 ns 2
5 TwiH int. Request Input High Time 3.5V 5TpC 2

5.5V 5TpC 2
6 Twsm STOP Mode Recovery Width Spec. 3.5V 12 ns

5.5V 12 ns
7 Tost Oscillator Start-Up Time 3.5V 5TpC

5.5V 5TpC
Notes:

1. The Vpp voltage specification of 3.5V guarantees 3.5V. The Vpp, voltage specification of 5.5V guarantees 5.0V £0.5V.

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

14 PRELIMINARY
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ZiLOG

Z38E000
Z8PLUS One-Time Programmable Microcontroller

Z8PLYS CORE

The Z8E000 is based on the ZiILOG Z8%' Core Architec-
ture. This core is capable of addressing up to 64KBytes of
program memory and 4KBytes of RAM. Register RAM is
accessed as either 8- or 16-bit registers, using acombination
of4-, 8-, and 12-bit addressing modes. The architecture sup-

ports up to 15 vectored interrupts from external and internal
sources. The processor decodes 44 CISC instructions, using
six addressing modes. See the Z8"'"S User’s Manual for
more information.

RESET

This section describes the Z8EO00 reset conditions, reset
timing, and register initialization procedures. Reset is gen-
erated by the Reset Pin, Watch-Dog Timer (WDT), and
Stop-Mode Recovery (SMR).

A system reset overrides all other operating conditions and
puts the Z8E00O into a known state. To initialize the chip’s
internal logic, the RESET input must be held Low for at least
30 XTAL clock cycles. The control registers and ports are

reset to their default conditions afterareset fromthe RESET
pin. The control registers and ports are not reset to their de-
fault conditions after wakeup from Stop Mode or WDT tim-
eout.

During RESET, the program counter is loaded with 0020H.
I/0O ports and control registers are configured to their default
reset state. Resetting the Z8E000 does not affect the con-
tents of the general-purpose registers.

RESET PIN OPERATION

The Z8E000 hardware RESET pin initializes the control
and peripheral registers, as indicated in Table 6. Specific
reset values are indicated by 1 or 0, while bits whose states
are unchanged are indicated by the letter U.

RESET must first be held Low until the oscillator stabilizes.
From than point, the pin then must be held for an additional
30 XTAL clock cycles to be sure that the internal reset is
complete. The RESET pin has a Schmitt-Trigger input with
atrip point. There is no High side protection diode. The user
should place an external diode from RESET to V. The

internal pull-up resistor on theRESET pin is approximately
500 K€, typical.

Program execution starts 10 XTAL clock cycles after RE-
SET has returned High. The initial instruction fetch is from
location 0020H. Figure 9 indicates reset timing.

After a reset, the first routine executed must be one that ini-
tializes the TCTLHI control register to the required system
configuration. This routine is then followed by initialization
of the remaining control registers.

Table 6. Control and Peripheral Register Reset Values

Register Bits

(HEX) Register Name 7 6 5 4 3 1 0 Comments

FF Stack Pointer 0 0 U U U U U U Stack pointer is not affected by RESET

FE Reserved

FD Register Pointer U U U U 0 0 0 0 Registerpointeris not affected by RESET

FC Flags U U U U U u * * OnlyWDT& SMR flags are affected by RESET

FB Interrupt Mask 0 0 0 0 0 O O O Alinterrupts masked by RESET

FA InterruptRequest 0 O 0 0 0 0 O O Allinterrupt requests cleared by RESET

F9-FO Reserved

EF-EQ0  Virtual Copy Virtual Copy of the Current Working Register Set

DF-D8 Reserved

D7 PortBSpec. Func. 0 0 O 0O O 0 O O Deactivates all port special functions after RESET

D6 PortB Directional 0 0 0 0O 0 O O 0 Defines allbits as inputs in PortB after RESET
Control

D5 PortB Output U U U U U U U U Output register not affected by RESET

DS003600-28X1098
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Z8E000
Z8PLUS One-Time Programmable Microcontroller ZiLOG

RESET PIN OPERATION (Continued)

Table 6. Control and Peripheral Register Reset Values

Register Bits
(HEX) Register Name 7 6 5 4 3 2 1 0 Comments
D4 PortB Input U U U U U U U U Currentsample of the input pin following RESET
D3 PotASpec.Func. 0 0 0O O O O O O Deactivates all port special functions after RESET
D2  PortA Directional 0 0 0 0O 0 0 0O O Defines all bits as inputs in PortA after RESET
Control
D1 PortA Output U U U U U U U U Outputregister not affected by RESET
DO PortA Input U U U U U U U U Currentsample of the input pin following RESET
CF Reserved
CE Reserved
CD Reserved
CC Reserved
CB  T3VAL u Uu Uu u u uuu
CA  T2VAL u Uu U u u uuu
C9 T3AR Uu U U uUu U uuu
Ccs T2AR u Uu U uUu uuuu
Cc7 Reserved
C6 Reserved
C5 Reserved
C4 Reserved
C3  WDTHI 111 1 111
C2 WDTLO Tt 1 1 1 1 1 1 1
C1 TCTLHI 1 1 1 1 1 0 0 0 WDTEnabledin HALT Mode, WDT timeout at

maximum value, STOP Mode disabled
Co TCTLLO 0 0 0 0 O O O O Standard timeris disabled

Note: *The SMR and WDT flags are set indicating the source of the RESET, as shown below:

D1 DO Reset Source
0 RESET Pin
1 SMR Recovery
0 WDT Reset
1 Reserved

- = O O
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ZiLOG

Z8EO000
Z8PLUS One-Time Programmable Microcontroller

WDT During HALT (D7). This bit determines whether or
not the WDT is active during HALT Mode. A “1” indicates
active during HALT. A “0” prevents the WDT from reset-
ting the part while halted. Coming out of reset, the WDT will
be enabled during HALT Mode.

quires use of STOP Mode, bit D3 must be cleared immedi-
ately upon leaving RESET. If bit D3 is set, the STOP in-
struction will execute as a NOP. If bit D3 is cleared, the
STOP instruction will enter Stop Mode. Whenever the

Z8E000 wakes up after having been in STOP Mode, the
‘ ID]’?\I, 1 "11 1 g 1. t .

Z8PLUS One-Time Programmable Microcontroller

ZiLOG

STOP MODE OPERATION

The STOP Mode provides the lowest possible device stand-
by current. This instruction turns off the on-chip oscillator
and internal system clock.

Toenter the STOP Mode, the Z8E00O0 only requiresa STOP
instruction. It is NOT necessary to execute a NOP instruc-
tion immediately before the STOP instruction.

6F STOP ;enter STOP Mode
The STOP Mode is exited by any one of the following resets:
RESET pin or a STOP-Mode Recovery source. Upon reset

generation, the processor will always restart the application
nraoram at addrace NN tharahys cottina tha CTNAD AMAada

The Z8E000 provides a dedicated STOP Mode Recovery
(SMR) circuit. In this case, a low level applied to input pin
PBO will trigger a SMR. To use this mode, pin PB0 (I/O
Port B, bit 0) must be configured as an input before the
STOP Mode is entered. The low level on PBO must be held
for a minimum pulse width Ty, in addition to any oscil-
lator startup time. Program execution starts at address
0020H after PBO is raised back to a high level.

Notes: Use of the PBO input for the STOP mode recovery does
not initialize the control registers.

The STOP Maode current (1~~-) will he minimized







Z8EO000
Z8PLUS One-Time Programmable Microcontroller ZiLOG

OSCILLATOR OPERATION (Continued)

® Ve power lines should be separated from the clock os- ~ ®  Resistance between XTAL1 or XTAL2 and the other

cillator input circuitry. pins should be greater than 10 MC2.
—]  xraur 17} |
a8 Jl
I
Z8E000 =
xTAL2 [16] )
Co
Vss [15]
9]

Clock Generator Circuit

Signals A B
Z8E000

(Parallel Traces
Must Be Avoided)
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)

XTAL1 [E

]
|
|
[
|
|
[ ] zse000 :
[
|
|
t

XTAL2 @

= Board Design Example
(Top View)

Figure 15. Circuit Board Design Rules

Crystals and Resonators Depending on operation frequency, the oscillator can re-
quire the addition of capacitors C; and C, (shown in Figure

17 and Figure 18). The capacitance values are dependent
on the manufacturer’s crystal specifications.

Crystals and ceramic resonators (Figure 16) should have the
following characteristics to ensure proper oscillator opera-

tion:
Crystal Cut AT (crystal only)
Mode Parallel, Fundamental Mode

Crystal Capacitance  <7pF

Load Capacitance 10pF < CL <220 pF,
15 typical

Resistance 100 ohms max
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Z8E000
Z8PLUS One-Time Programmable Microcontroller

ZiLOG

LC OSCILLATOR

The Z8E000 oscillator can use a LC network to generate a
XTAL clock (Figure 18).

The frequency stays stable over V¢ and temperature. The
oscillation frequency is determined by the equation:

1

Frequency= ——
2m (LCp)'?

where L is the total inductance including parasitics and C
is the total series capacitance including the parasitics.

Simple series capacitance is calculated using the following
equation:

1/Cr =1/Cy + 1/C,
If C1 = Cz
1/CT =2 C1

C1 =2 CT

A sample calculation of capacitance C; and C, for 5.83-
MHz frequency and inductance value of 27 uH is illustrated
as follows:

1

5.83 (10%6) =
27 [2.7 (1078) Cq] 172

Cy =276 pf
Thus C; =55.2 pfand C, = 55.2 pf.

TIMERS

Two 8-bittimers (T2 and T3), are provided but can only op-
erate in cascade to function as a 16-bit standard timer (Fig-
ure 19).

ENABLE TCTLLO (D5) —ﬁ
-

5 [ P IRQ5 (T23)

E 16-bit DOWN COUNTER
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ZiLOG Z8PLUS One-Time Programmable Microcontroller

PORT A

) T - e T AAN T 1] ~L e






Z8E000

ZiLOG Z8PLUS One-Time Programmable Microcontroller
PORT A
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ZiLOG Z8PLUS One-Time Programmable Microcontroller
0Co TCTLLO

D7 D6 D5 D4 D3 D2 D1

DO

RESERVED (MUST BE 0)

RESERVED (MUST BE 0)

1=T23 16-BIT TIMER ENABLED WITH

AUTO-RELOAD ACTIVE
0=T2 AND T3 TIMERS DISABLED

RESERVED (MUST BE 0)

Note: Timer T23 is a standard 16-bit timer formed by cascading 8-bit timers t3(msb) and t2(Isb).

Figure 20. TCTLLO Register

Each 8-bittimer is equipped with a pair of readable and writ-
able registers, which are both readable and writable. One
of the registers is defined to contain the auto-initialization
value for the timer, while the second register contains the

Anverant ualiia fAarthatimar Whan atimaric anahlad thatim_

Software is allowed to write to any register at any time, but
care should be taken if timer registers are updated while the
timer is enabled. If software updates the count value while
the timer is in operation, the timer will continue counting

hacad 11nan tha caftwara_nndataed valne Qtranoe hehaviar






Z8E000

Z8PLUS One-Time Programmable Microcontroller ZiLOG
PORT B

Port B Description Table 8. Port B Special Functions

Port B is a 5-bit, bidirectional, CMOS-compatible /O port. Input Special Output Special
These five 1/0 lines can be configured under software con- Port Pin  Function Function

trol to be an input or output, independently. Input buffers PBO

Stop Mode R N
are Schmitt-triggered. See Figure 29 through Figure 33 for °p ecovery one

. : Input
diagrams of all five Port B pins. PB1 NcFJ)ne None
In addition to standard input/output capability on all five B2 IRQ3 None
pins of Port B, each pin provides special functionality as in- PB3 None None
dicated in Table 8: PB4 IRQ1/IRQ4 None

Special functionality is invoked via the Port B Special Func-
tion Register. See Figure 28 for the arrangement and control
conventions for this register.

Register OD7H PTBSFR

D7 D6 D5 D4 D3 D2 D1 DO

ENABLE PBO AS SMR INPUT
NO SPECIAL FUNCTIONALITY

RESERVED (MUST BE 0)

1
0

ENABLE PB2 AS IRQ3 INPUT
NO SPECIAL FUNCTIONALITY

RESERVED (MUST BE O)

PB4 Interrupts Enabled
PB4 Interrupts Disabled

RESERVED (MUST BE 0)

Figure 28. Port B Special Function Register
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Z8E000

Z8PLUS One-Time Programmable Microcontroller ZiLOG
PORT B—PIN 1 CONFIGURATION
PTBDIR.bit1
PTBIN.bit1 IT
PTBDIR.bit1 o DQ__Q[:
PB1
* - PIN

PTBOUT. bit1 ® D)_‘:

Figure 30. Port B Pin 1 Diagram

36 PRELIMINARY

DS003600-28X1098



Z8E000
Z8PLUS One-Time Programmable Microcontroller

ZiLOG

PACKAGE INFORMATION

, , SyMBOL | MILLIMETER INCH
[ W on W B ow B B am B B s O MIN MAX MIN MAX
{ Al 0st | oet 020 032
( El A2 325 | 343 128 135
T 1 B 038 | 053 | 015 | ot
0 1 B 114 165 | 045 | 0es
E 023 | 038 | .009 15
b 2235 |2337 | 80 | sz0
3 762 | 813 300 320
c 3! 622 | 648 | 245 | 255
@ | 254 Tvp 100 TYP
oA eh 787 | 889 | .310 350
L 318 | 381 125 150
o1 152 | 165 | .060 065
s 089 | 165 | 035 | 065
1 B o e
! CONTROLLING DIMENSIONS ¢ INCH
U L
At
—ed S 5] B
Figure 39. 18-Pin DIP Package Diagram
0
MILLIMETER INCH
SYMBOL . ;
9 1 MIN MAX wN L owax
H H H H H H H H H A 240 265 | 0.094 0.104
y I At 0.10 0.30 0.004 i 0012
a2 2.24 244 | 0088 | 0.09 |
B 0.36 046 | 0014 | 0018
7 ¢ ¢ 0.23 030 | 0009 | 0012
\ 0 1.0 | 1175 | o449 | 0483
€ 7.40 7.60 0291 | 0.299
e 127 TYP 0.050 TYP
T - H 1000 | 1065 | 0.394 I 0.419
H H k H H f} H H H h 0.30 050 | 0.012 | 0.020
10 18 L 0.60 1.00 0.024 | 0.039
Q1 0.97 1.07__| 0038 | 0.042

At

SIS ISR RN I
§ - SEATING PLANE

[
-
—
Q]

i

I

0-§ ~~f
DETAIL A

CONTROLLING DIMENSIONS : MM
LEADS ARE COPLANAR WITHIN .004 INCH.

Figure 40. 18-Pin SOIC Package Diagram

42

PRELIMINARY

DS003600-28X1098



ZiLOG

Z8EO000

Z8PLUS One-Time Programmable Microcontroller

i

ARARRRRARD

-
E H
-
EEEREEEE Y
1 10 T
r Y DETAIL A
i—[ \—f ;‘\2 ‘A
CHH ARy
Pl Al ft
B SEATING PLANE
DETAIL A
CONTROLLING DIMENSIONS : MM \“j
LEADS ARE COPLANAR WITHIN .004 INCH. 0-8
SYMBOL MILLIMETER INCH
MIN NOM MAX MIN NOM MAX
A 1.73 1.85 1.98 0.068 0.073 0.078
Al 0.05 0.13 0.21 0.002 0.005 0.008
A2 1.68 1.73 1.83 0.066 0.068 0.072
8 0.25 0.30 0.38 0.010 0.012 0.015
¢ 0.13 0.15 0.22 0.005 0.006 0.009
D 7.07 7.20 7.33 0.278 0.283 0.289
E 5.20 5.30 5.38 0.205 0.209 0.212
® 0.65 Tvp 0.0256 TYp
H 7.65 7.80 7.90 0.301 0.307 0.311
L 0.56 0.75 0.94 0.022 0.030 0.037
a1 0.74 0.78 0.82 0.029 0.031 0.032

Figure 41. 20-Pin SSOP Package Diagram
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