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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.

Applications of "Embedded -
Microcontrollers"

-40°C ~ 105°C (TA)
Surface Mount
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Z8E000
Z8PLUS One-Time Programmable Microcontroller ZiLOG

GENERAL DESCRIPTION (Continued)

Power connections follow conventional descriptions be-
Note: All signals with an overline, , are active Low. For ex- low:
ample, B/W (WORD is active Low, only); B/W (BYTE

w9

is active Low, only). Connection Circuit Device
Power Vee Vbp
Ground GND Vss
Vec GND XTAL RESET

b i

Machine Timing

u & Inst. Control
ALU ]

One 16-bit \;A:
Std. Timer FLAG —l
OTP
Prg. Memory
Interrupt
Control <l|: TT
Register
Pointer \ Program
—/ Counter
RAM
Register File B

il

J i

T T

Figure 1. Functional Block Diagram
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Z8E000
Z8PLUS One-Time Programmable Microcontrolier ZiLOG

PIN DESCRIPTION

-/
PB1 41 18 p PBO
PB2 O M XTAL1
PB3 O 3 XTAL2
PB4 O -] VSS
RESET o 18-PinDIPISOIC | -
PA7 O O PAO
PA6 O 1 pA1
PA5 O H PA2
PA4 H 9 10P pa3

Figure 3. 18-Pin DIP/SOIC Pin Identification

Table 1. 18-Pin DIP/SOIC 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

6-9 PA7-PA4 Port A, Pins 7,6,5,4 In/Output
10-13 PA3-PAO Port A, Pins 3,2,1,0 In/Output
14 Vee Power Supply

15 Vss Ground

16 XTAL2 Crystal Oscillator Clock Output

17 XTALA1 Crystal Oscillator Clock Input

18 PBO Port B, Pin 0 In/Output
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PGM

GND

GND

GND
ADCLR/Vpp
NC

D7

D6

D5

D4

Ooonoonononn

—_

20-Pin SSOP

—_
o

20

11

3 ADCLK
O XTAL1
O NC

3 GND
B Vop

3 NC

1 DO

= D1

3 D2

O D3

Figure 6. 20-Pin SSOP Pin Identification; EPROM Programming Mode

Table 4. 20-Pin SSOP Pin Assignments; EPROM Programming Mode

EPROM Programming Mode

Pin # Symbol Function Direction
1 PGM Program Mode Input
24 GND Ground

5 ADCLR/NVpp Clear Clock/Program Voltage input

6 NC No Connection

7-10 D7-D4 Data 7,6,5,4 In/Output
11-14 D3-D0 Data 3,2,1,0 In/Output
15 NC No Connection

16 Vpp Power Supply

17 GND Ground

18 NC No Connection

19 XTAL1 1 MHz Clock Input

20 ADCLK Address Clock Input

DS003600-28X1098
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Z8E000
Z8PLUS One-Time Programmable Microcontroller

STANDARD TEST CONDITIONS

The characteristics listed below apply for standard test con-
ditions asnoted. All voltages are referenced to Ground. Pos-
itive current flows into the referenced pin (Figure 7).

From CQutput
Under Test

®IT == 150pF

L 1

Figure 7. Test Load Diagram

CAPACITANCE

Ta =25°C, Ve = GND = 0V, f = 1.0 MHz, unmeasured pins returned to GND.

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

DS003600-28X1098 PRELIMINARY 9



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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Z8PLUS One-Time Programmable Microcontroller ZiLOG
RESET PIN OPERATION (Continued)
TCTLHI
D6,D5,D4
3
WDT TAP SELECT
XTAL WDTRST —
fed 16-BIT TIMER P> WDTRST
WATCH-DOG TIMER
SMR
(PBO) - SMR
RECOVERY

Figure 11. Z8E000 Reset Circuitry with WDT and SMR
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Z8E000
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Z8E000 WATCH-DOG TIMER (WDT)

The Watch-Dog Timer is a retriggerable one-shot 16-bit
timer that resets the Z8EO0O0O if it reaches its terminal count.
The WDT is driven by the XTAL2 clock pin. To provide
the longer timeout periods required in applications, the
WDT is only updated every 64th clock cycle. When oper-
ating in the RUN or HALT Modes, a WDT timeout reset is
functionally equivalent to an interrupt vectoring the PC to
0020H and setting the WDT flag to a one state. Coming out
of RESET, the WDT will be fully enabled with its timeout
value set at the maximum value, unless otherwise pro-
grammed during the first instruction. Subsequent execu-
tions of the WDT instruction reinitialize the watch-dog tim-
er registers (C2H and C3H) to their initial values as defined
by bits D6, D5, and D4 of the TCTLHI register (Figure 12).
The WDT cannot be disabled except on the first cycle after
RESET, and if the device enters Stop mode.

The WDT instruction should be executed often enough to
provide some margin before allowing the WDT registers to
get near 0. Because the WDT timeout periods are relatively
long, a WDT reset will occur in the unlikely event that the
WDT times out on exactly the same cycle that the WDT in-
struction is executed.

The WDT and SMR flags are the only flags that are affected
by the external RESET pin. RESET clears both the WDT
and SMR flags. A WDT timeout sets the WDT flag. The
STOP instruction sets the SMR flag. This behavior enables
software to determine whether a pin RESET occurred,
whether a WDT timeout occurred, or whether a return from
STOP Mode occurred. Reading the WDT flag does not reset
it to zero. The user must clear the WDT flag via software.
Failure to clear the WDT flag can result in undefined be-
havior.

DS003600-28X1098
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Z8E000
Z8PLUS One-Time Programmable Microcontroller

OSCILLATOR OPERATION

The Z8E000 MCU uses a Pierce oscillator with an internal
feedback circuit (Figure 14). The advantages of this circuit
are low cost, large output signal, low power level in the crys-
tal, stability with respect to V¢ and temperature, and low
impedances (not disturbed by stray effects).

One draw back to the oscillator is the requirement for high
gain in the amplifier to compensate for feedback path losses.
The oscillator amplifies its own noise at start-up until it set-
tles at the frequency that satisfies the gain/phase require-
ments(AxB=1,where A=V _/V;isthe gain of theamplifier
and B=V,/V is the gain of the feedback element). The total
phase shift around the loop is forced to zero (360 degrees).
VIN must be in phase with itself. The amplifier/inverter
thereby provides a 180-degree phase shift, forcing the feed-
back element to provide the other 180 degrees of phase shift.

Rj is a resistive component placed from output to input of
the amplifier. The purpose of this feedback is to bias the am-
plifier in its linear region and to provide the start-up tran-
sition.

Capacitor C,, combined with the amplifier output resis-
tance, provides a small phase shift. It will also provide some
attenuation of overtones.

Capacitor C;, combined with the crystal resistance, pro-
vides additional phase shift.

C, and C; can affect the start-up time if they increase dra-
matically in size. As C; and C, increase, the start-up time
increases until the oscillator reaches a point where it does
not start up any more.

It is recommended for fast and reliable oscillator start-up
(over the manufacturing process range) that the load capac-
itors be sized as low as possible without resulting in over-
tone operation.

r_

I

I

|

I Vi R Vo
I

L

YW |
o — — —

= C, - C,

.l

Figure 14. Pierce Oscillator
with Internal Feedback Circuit

Layout

Traces connecting crystal, caps, and the Z8E0QO0 oscillator
pins should be as short and wide as possible, to reduce par-
asitic inductance and resistance. The components (caps,
crystal, resistors) should be placed as close as possible to
the oscillator pins of the Z8E00O.

The traces from the oscillator pins of the IC and the ground
side of the lead caps should be guarded from all other traces
(clock, V¢, address/data lines, system ground) to reduce
cross talk and noise injection. Guarding is usually accom-
plished by keeping other traces and system ground trace
planes away from the oscillator circuit, and by placing a
Z8E000 device Vg ground ring around the traces/compo-
nents. The ground side of the oscillator lead caps should be
connected to a single trace of the Z8E000 Vg (GND) pin.
The ground side of these caps should not be shared with any
other system ground trace or components except at the
Z8E000 device Vgg pin. The objective is to prevent differ-
ential system ground noise injection into the oscillator (Fig-
ure 15).

Indications of an Unreliable Design

There are two major indicators that are used in working de-
signs to determine their reliability over full lot and temper-
ature variations. They are:

Start-up Time. [fstart-up time is excessive, or varies wide-
ly from unit to unit, there is probably a gain problem. C,
and C, require reduction if the amplifier gain is not adequate
at frequency, or crystal R’s are too large.

Output Level. The signal at the amplifier output should
swing from ground to V¢ to indicate adequate gain in the
amplifier. As the oscillator starts up, the signal amplitude
grows until clipping occurs. At this point, the loop gain is
effectively reduced to unity, and constant oscillation is
achieved. A signal of less than 2.5 volts peak-to-peak is an
indication that low gain can be a problem. Either C;or C,
should be made smaller or a low-resistance crystal should
be used.

Circuit Board Design Rules

The following circuit board design rules are suggested:

® To prevent induced noise, the crystal and load capacitors
should be physically located as close to the Z8E000 as
possible.

®  Signal lines should not run parallel to the clock oscillator
inputs. In particular, the crystal input circuitry and the in-
ternal system clock output should be separated as much
as possible.

DS003600-28X1098
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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)

Signal C

)

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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Vss

Z8E000
XTAL2

—

XTAL1

1~ Cq 7‘|: C,

Figure 16. Crystal/Ceramic Resonator Oscillator

XTAL1
T
L Z8EOOO
Vss
| XTAL2

Figure 17. LC Clock

In most cases, the R, is zero ohms (0Q), and Ry is infinite.
The set value is determined and specified by the crystal/ce-
ramic resonator manufacturer. Ry can be increased to de-

crease the amount of drive from the oscillator output to the
crystal. R can also be used as an adjustment to avoid clip-
ping of the oscillator signal to reduce noise. Rg can be used
to improve the start-up of the crystal/ceramic resonator. The
ZBE000 oscillator already has an internal shunt resistor in
parallel to the crystal/ceramic resonator.

—-I >0—{ XTAL1

Z8E000
S8

N/C M

XTAL2

Figure 18. External Clock

Figure 16, Figure 17, and Figure 18 recommend that the load
capacitor ground trace connect directly to the Vqq (GND)
pin of the Z8E00O, thereby ensuring that no system noise
is injected into the Z8EOOO clock. This trace should not be
shared with any other components except at the Vg pin of
the Z8E000.

Note: A parallel resonant crystal or resonator data sheet will
specify a load capacitor value that is the series combina-
tion of C; and C,, including all parasitics (PCB and hold-
er).

DS003600-28X1098
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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
-

| 16-bit DOWN COUNTER

B IRQ5 (T23)

osC
8

il

T

T3VAL T3AR

16-bit Standard Timer

T2AR T2VAL

i

(>

:

Internal Data Bus

Figure 19. Timer Block Diagram
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ZiLOG

TIMERS (Continued)

er, when hardware clears a control register bit for a timer
that is configured for single-shot operation, the clearing of
the control bit will override a software write. Reading either
register can be done at any time, and will have no effect on
the functionality of the timer.

When defined to operate as a single 16-bit entity, the entire
16-bit value must reach 0 before an interrupt is generated.
In this case, a single interrupt will be generated, and the in-
terrupt will correspond to the even 8-bit timer. For example,
timers T2 and T3 are cascaded to form a single 16-bit timer,
so the interrupt for the combined timer will be defined to
be that of timer T2 rather than T3 (Figure 20). When a timer
pair is specified to act as a single 16-bit timer, the even timer
registers in the pair (timer T2) will be defined to hold the
timer’s least significant byte. Conversely, the odd timer in
the pair (timer T3) will hold the timer’s most significant

byte.

In parallel with the posting of the interrupt request, the in-
terrupting timer’s count value will be initialized by copying

the contents of the auto-initialization value register to the
count value register.

Note: Any time that a timer pair is defined to act as a single 16-
bit timer, the auto-reload function will be performed au-
tomatically. All 16-bit timers will continue counting
while their interrupt requests are active, and will operate
in a free-running manner.

If interrupts are disabled for a long period of time, it is pos-
sible for the timer to decrement to 0 again before its initial
interrupt has been responded to. This condition is termed a
degenerate case, and hardware is not required to detect it.

When the timer control register is written, all timers that are
enabled by the write will begin counting using the value that
is held in their count register. In this case, an auto-initial-
ization is not performed. All timers can receive an internal
clock source only. Each timer that is enabled will be updated
every 8th XTAL clock cycle.

28 PRELIMINARY
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ZiLOG

READ/WRITE OPERATIONS

The control for each port is done on a bit-wise basis. All
bits are capable of operating as inputs or outputs, depending
upon the setting of the port’s directional control register. If
configured as an input, each bit is provided a Schmitt-trig-
ger. The output of the Schmitt-trigger is latched twice to per-
form a synchronization function, while the output of the
synchronizer is fed to the port input register, which can be
read by software.

A write to a port input register has the effect of updating
the contents of the input register, but subsequent reads will
not necessarily return the same value that was written. If the
bit in question is defined as an input, the input register for
that bit position will contain the current synchronized input
value. Thus, writes to that bit position will be overwritten
on the next clock cycle with the newly sampled input data.
However, if the particular port bit is programmed as an out-
put, the input register for that bit will retain the software-
updated value. The port bits that are programmed as outputs
do not sample the value being driven out.

Any bit in either port can be defined as an output by setting
the appropriate bit in the directional control register. If such
is the case, the value held in the appropriate bit of the port
output register is driven directly onto the output pin.

Note: The above result does not necessarily reflect the actual
output value. If an external error is holding an output pin

either High or Low against the output driver, the soft-
ware read will return the required value, not the actual
state caused by the contention. When a bit is defined as
an output, the Schmitt-trigger on the input will be dis-
abled to save power.

Updates to the output register will take effect based upon
the timing of the internal instruction pipeline; however, this
timing is referenced to the rising edge of the clock. The out-
put register can be read at any time, and will return the cur-
rent output value that is held. No restrictions are placed on
the timing of reads and/or writes to any of the port registers
with respect to the others, but care should be taken when
updating the directional control and special function regis-
ters.

When updating a directional control register, the special
function register should first be disabled. If this precaution
is not taken, spurious events could take place as a result of
the change in port I/O status. This precaution is especially
important when defining changes in Port B, as the spurious
event referred to above could be one or more interrupts.
Clearing of the SFR register should be the first step in con-
figuring the port, and setting the SFR register should be the
final step in the port configuration process. To ensure de-
terministic behavior, the SFR register should not be written
until the pins are being driven appropriately and all initial-
ization has been completed.

30 PRELIMINARY

DS003600-Z28X1098



ZiLOG

Z8E000
Z8PLUS One-Time Programmable Microcontroller

PORT A

Port A is a general-purpose port (Figure 23). Each of its lines
can be independently programmed as input or output via the
Port A Directional Control Register (PTADIR at 0D2H) as
seen in Figure 22. A bit settoa “1” in PTADIR configures
the corresponding bit in Port A as an output, while a bit
cleared to “0” configures the corresponding bit in Port A
as an input.

The input buffers are Schmitt-triggered. Bits programmed
as outputs can be individually programmed as either push-
pull or open drain by setting the corresponding bit in the
Special Function Register (PTASFR, Figure 27.)

PTASFR.bitN {>O
N=0.7 ——l

Register 0D2H
PTADIR Register

|D7|06|05|D4|03|02|D1|D0|

I 1= 0Output

0 = Input

Figure 22. Port A Directional Control Register

PTADIR.bitN
N=0.7

PAO-PA7

[ ® PIN
I )
PTAOUT bitN —o
N=0.7
/77

PTAIN.bitN : AT I
N=0.7 \J

Figure 23. Port A Configuration with Open-Drain Capability and Schmitt-Trigger
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PORT A REGISTER DEFINITIONS

Register ODOH

PTAIN

D7

D6

D5

D4

D3

D2

D1

DO

Register OD1H

Figure 24. Port A Input Value Register

PTAOUT

D7

D6

D5

D4

D3

D2

D1

DO

PORT A BIT N CURRENT INPUT
VALUE

{only updated for pins in

input mode)

PORT A BIT N CURRENT
OUTPUT VALUE

Figure 25. Port A Output Value Register
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PORT B—PIN 0 CONFIGURATION

PTBDIR.bit0
PTBIN.bit0 T {I
S — o@
RESET PTBSFR.bit0
— SMR Flag
PTBDIR.bit0 }O{:
PBO
# . PIN
PTBOUT.bit0 - D)__l:l

Figure 29. Port B Pin 0 Diagram
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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
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PORT B CONTROL REGISTER DEFINITIONS

PORT B BIT N CURRENT INPUT
VALUE

(only updated for pins in

input mode)

RESERVED (MUST BE 0)

PORT B BIT N CURRENT

OUTPUT VALUE

RESERVED (MUST BE 0)

Register 0D4H PTBIN
D7 D6 D5 D4 D3 D2 D1 DO
Figure 33. Port B Input Value Register
Register 0D5H PTBOUT
D7 D6 D5 D4 D3 D2 D1 DO
Figure 34. Port B Output Value Register
Register 0D6H PTBDIR
D7 D6 D5 D4 D3 D2 D1 DO

1=BIT N SET AS OUTPUT

0=BIT N SET AS INPUT

RESERVED (MUST BE 0)

Figure 35. Port B Directional Control Register
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PORT B CONTROL REGISTER DEFINITIONS (Continued)

Register 0D7H PTBSFR

D7 D6 D5 D4 D3 D2 D1 DO

1 = ENABLE PB0 AS SMR INPUT
0 = NO SPECIAL FUNCTIONALITY

RESERVED (MUST BE 0)

1= ENABLE PB2 AS IRQ3 INPUT
0 = NO SPECIAL FUNCTIONALITY

RESERVED (MUST BE 0)

1 = PB4 Interrupts Enabled
0 = PB4 Interrupts Disabled

RESERVED (MUST BE 0)

Figure 36. Port B Special Function Register
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