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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"
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Through Hole
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Table 5. 40- and 48-Pin Configuration (Continued)

40-Pin PDIP No  48-Pin SSOP No  Symbol
32 39 P12
33 40 P13
8 9 P14
9 10 P15
12 15 P16
13 16 P17
35 42 P20
36 43 P21
37 44 P22
38 45 P23
39 46 P24
2 2 P25
3 3 P26
4 4 P27
16 19 P31
17 20 P32
18 21 P33
19 22 P34
22 26 P35
24 28 P36
23 27 P37
20 23 NC
40 47 NC
1 1 NC
21 25 RESET
15 18 XTAL1
14 17 XTAL2
11 12,13 Voo
31 24,37, 38 Vss
25 29 Pref1/P30
48 NC
6 NC
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Table 5. 40- and 48-Pin Configuration (Continued)

40-Pin PDIP No 48-Pin SSOP No  Symbol

14 NC
30 NC
36 NC

Pin Functions

XTAL1 Crystal 1 (Time-Based Input)

This pin connects a parallel-resonant crystal or ceramic resonator to the on-chip oscillator
input. Additionally, an optional external single-phase clock can be coded to the on-chip
oscillator input.

XTAL2 Crystal 2 (Time-Based Output)

This pin connects a parallel-resonant crystal or ceramic resonant to the on-chip oscillator
output.

Input/Output Ports

A Caution:

PS020823-0208

The CMOS input buffer for each Port 0, 1, or 2 pin is always connected to the pin, even
when the pin is configured as an output. If the pin is configured as an open-drain output
and no external signal is applied, a High output state can cause the CMOS input buffer
to float. This might lead to excessive leakage current of more than 100 pA. To prevent
this leakage, connect the pin to an external signal with a defined logic level or ensure
its output state is Low, especially during STOP mode.

Internal pull-ups are disabled on any given pin or group of port pins when programmed
into output mode.

Port 0, 1, and 2 have both input and output capability. The input logic is always present
no matter whether the port is configured as input or output. When doing a READ in-
struction, the MCU reads the actual value at the input logic but not from the output buff-
er. In addition, the instructions of OR, AND, and XOR have the Read-Modify-Write
sequence. The MCU first reads the port, and then modifies the value and load back to
the port.

Precaution must be taken if the port is configured as open-drain output or if the port is

driving any circuit that makes the voltage different from the desired output logic. For
example, pins POO—P07 are not connected to anything else. If it is configured as

Pin Description
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ZLP32300 Port 3 (I/O)

<«— Pref1/P30
-« P31

<« P32

«— P33

- » P35

——» P36

- » P37

R247 = P3M

1 = Analog

D1 0 = Digital

I

Dig. l
~o o IRQ2, P31 Data Latch
An

P31 (AN1)
F Comp1
Pref1 . |
' |
P32 (AN2) ;o\*c
~_Comp2 o |RQO, P32 Data Latch
P33 (REF2) >4—Q |
|
\
From Stop Mode R s fSMR ~ - IRQ1, P33 Data Latch
rom Op Viode recovery source o °

PS020823-0208

Figure 10. Port 3 Configuration

Two on-board comparators process analog signals on P31 and P32, with reference to the
voltage on Prefl and P33. The Analog function is enabled by programming the Port 3
Mode Register (bit 1). P31 and P32 are programmable as rising, falling, or both edge trig-
gered interrupts (IRQ register bits 6 and 7). Prefl and P33 are the comparator reference
voltage inputs. Access to the Counter Timer edge-detection circuit is through P31 or P20

Pin Description
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LD R1, 2 ; CTR2—-CTR1
LD RP, #0Dh ; Select ERF D
for access to bank D

; (working
regi ster group 0)
LD RP, #7Dh ; Sel ect
expanded regi ster bank D and wor ki ng ; register
group 7 of bank O for access.
LD 71h, 2
; CTRL2—>regi ster 71h
LD R1, 2

; CTRL2—>regi ster 71h

Register File

) Note:

PS020823-0208

The register file (bank 0) consists of 4 I/O port registers, 237 general-purpose registers, 16
control and status registers (RO-R3, R4-R239, and R240-R255, respectively), and two
expanded registers groups in Banks D (see Table 7 on page 27) and F. Instructions can
access registers directly or indirectly through an 8-bit address field, thereby allowing a
short, 4-bit register address to use the Register Pointer (see Figure 15). In the 4-bit mode,
the register file is divided into 16 working register groups, each occupying 16 continuous
locations. The Register Pointer addresses the starting location of the active working regis-
ter group.

Working register group EO—EF can only be accessed through working registers and indi-
rect addressing modes.

Functional Description

24



Table 8. CTR1(0D)01h T8 and T16 Common Functions
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Field Bit Position Value Description
Mode T------- RW 0% TRANSMIT Mode
1 DEMODULATION Mode
P36_Out/ -6------ R/W TRANSMIT Mode
Demodulator_Input 0* Port Output
1 T8/T16 Output
DEMODULATION Mode
0* P31
1 P20
T8/T16_Logic/ --54---- R/W TRANSMIT Mode
Edge Detect 00** AND
01 OR
10 NOR
11 NAND
DEMODULATION Mode
00** Falling Edge
01 Rising Edge
10 Both Edges
11 Reserved
Transmit_Submode/ ----32-- R/W TRANSMIT Mode
Glitch_Filter 00* Normal Operation
01 PING-PONG Mode
10 T16_Out=0
11 T16_Out =1
DEMODULATION Mode
00* No Filter
01 4 SCLK Cycle
10 8 SCLK Cycle
11 Reserved
Initial T8 Out/ — ------ 1- TRANSMIT Mode
Rising Edge R/W 0% T8 OUT is 0 Initially
1 T8 OUT is 1 Initially
DEMODULATION Mode
R 0* No Rising Edge
1 Rising Edge Detected
w 0 No Effect
1 Reset Flagto 0

PS020823-0208

Functional Description
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Initial_T8_Out/Rising_Edge

In TRANSMIT mode, if 0, the output of T8 is set to 0 when it starts to count. If 1, the out-
put of T8 is set to 1 when it starts to count. When the counter is not enabled and this bit is
setto 1 or 0, T8 _OUT is set to the opposite state of this bit. This ensures that when the
clock is enabled, a transition occurs to the initial state set by CTR1, DI.

In DEMODULATION mode, this bit is set to 1 when a rising edge is detected in the input
signal. In order to reset the mode, a 1 should be written to this location.

Initial_T16 Out/Falling _Edge

In TRANSMIT mode, if it is 0, the output of T16 is set to 0 when it starts to count. If it is
1, the output of T16 is set to 1 when it starts to count. This bit is effective only in Normal
or PING-PONG mode (CTR1, D3; D2). When the counter is not enabled and this bit is set,
T16_OUT is set to the opposite state of this bit. This ensures that when the clock is
enabled, a transition occurs to the initial state set by CTR1, DO.

In DEMODULATION mode, this bit is set to 1 when a falling edge is detected in the input
signal. In order to reset it, a 1 should be written to this location.

Modifying CTRI (D1 or D0) while the counters are enabled causes unpredictable output
from T8/16 OUT.

CTR2 Counter/Timer 16 Control Register—CTR2(D)02h
Table 9 lists and briefly describes the fields for this register.

Table 9. CTR2(D)02h: Counter/Timer16 Control Register

Field Bit Position Value Description
T16_Enable 7------- R (0 Counter Disabled
1 Counter Enabled
W 0 Stop Counter
1 Enable Counter
Single/Modulo-N -6------ R/W TRANSMIT Mode
(0 Modulo-N
1 Single Pass
DEMODULATION Mode
0 T16 Recognizes Edge
1 T16 Does Not Recognize
Edge
Time_Out --5----- R (0 No Counter Timeout
1 Counter Timeout
Occurred
w 0 No Effect

—_

Reset Flagto 0

PS020823-0208
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Table 9. CTR2(D)02h: Counter/Timer16 Control Register (Continued)

Field Bit Position Value Description
T16 _Clock ---43--- R/W 00** SCLK
01 SCLK/2
10 SCLK/4
11 SCLK/8
Capture INT Mask ----- 2-- R/W 0** Disable Data Capture Int.
1 Enable Data Capture Int.
Counter INT _Mask ~  ------ 1- R/W 0 Disable Timeout Int.
1 Enable Timeout Int.
P35 Qut  ------- 0 R/W 0* P35 as Port Output
1 T16 Output on P35

*Indicates the value upon Power-On Reset.
**|Indicates the value upon Power-On Reset. Not reset with a Stop Mode Recovery.

PS020823-0208

T16_Enable
This field enables T16 when set to 1.

Single/Modulo-N

In TRANSMIT mode, when set to 0, the counter reloads the initial value when it reaches
the terminal count. When set to 1, the counter stops when the terminal count is reached.

In DEMODULATION mode, when set to 0, T16 captures and reloads on detection of all
the edges. When set to 1, T16 captures and detects on the first edge but ignores the subse-
quent edges. For details, see T16 DEMODULATION Mode on page 41.

Time_Out

This bit is set when T16 times out (terminal count reached). To reset the bit, write a 1 to
this location.

T16_Clock
This bit defines the frequency of the input signal to Counter/Timer16.

Capture_INT_Mask
This bit is set to allow an interrupt when data is captured into LO16 and HI16.

Counter_INT_Mask

Set this bit to allow an interrupt when T16 times out.

Functional Description
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When T8 is enabled, the output T8 OUT switches to the initial value (CTR1, D1). If the
initial value (CTR1, D1) is 0, TC8L is loaded; otherwise, TC8H is loaded into the counter.
In SINGLE-PASS mode (CTRO, D6), T8 counts down to 0 and stops, T8 _OUT toggles,
the time-out status bit (CTRO, D5) is set, and a time-out interrupt can be generated if it is
enabled (CTRO, D1). In MODULO-N mode, upon reaching terminal count, T8 OUT is
toggled, but no interrupt is generated. From that point, T8 loads a new count (if the

T8 OUT level now is 0), TC8L is loaded; if it is 1, TC8H is loaded. T8 counts down to 0,
toggles T8 OUT, and sets the time-out status bit (CTRO, D5), thereby generating an inter-
rupt if enabled (CTRO, D1). One cycle is thus completed. T8 then loads from TC8H or
TCS8L according to the T8 _OUT level and repeats the cycle, see Figure 18.

Z8 Data Bus CTRO D2
A
Positive Edge T
| )
Negative Edge I IRQ4
1 v
HI8 LO8

? ? CTRO D1

CTRO D4, DBT

Clock i
Clock 8-Bit
SCLK —» Select "|  Counter T8 > T8 OUT
TC8H TC8L

Z8 Data Bus f ?

Figure 18. 8-Bit Counter/Timer Circuits

You can modify the values in TC8H or TC8L at any time. The new values take effect
when they are loaded.

A Caution: 7o ensure known operation do not write these registers at the time the values are to be
loaded into the counter/timer. An initial count of 1 is not allowed (a non-function oc-
curs). An initial count of 0 causes TCS8 to count from 0 to FFh to FEh.

) Note: The letter h denotes hexadecimal values.

Transition from 0 to FFh is not a timeout condition.

PS020823-0208 Functional Description
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Initiating PING-PONG Mode

First, make sure both counter/timers are not running. Set T8 into SINGLE-PASS mode
(CTRO, D6), set T16 into SINGLE-PASS mode (CTR2, D6), and set the PING-PONG
mode (CTR1, D2; D3). These instructions can be in random order. Finally, start PING-
PONG mode by enabling either T8 (CTRO, D7) or T16 (CTR2, D7), see Figure 26.

P34 Internal —> MUX P34

CTRO DO
T8 OUT o P36_Interna| —Pp
- "I AND/OR/NOR/NAND MUX |—» P36
Logic
T16_OUT —] MUX > 4
CTR1, D2— T CTR1 D6
CTR1 D5, D4 P35_Internal —»  MUX P35
CTR1 D3 >
CTR2 DO
Figure 27. Output Circuit
The initial value of T8 or T16 must not be 1. If you stop the timer and restart the timer,
reload the initial value to avoid an unknown previous value.
During PING-PONG Mode
The enable bits of T8 and T16 (CTRO0, D7; CTR2, D7) are set and cleared alternately by
hardware. The timeout bits (CTR0, D5; CTR2, D5) are set every time the counter/timers
reach the terminal count.
Timer Output
The output logic for the timers is displayed in Figure 27. P34 is used to output T§8-OUT
when DO of CTRO is set. P35 is used to output the value of TI6-OUT when DO of CTR2 is
set. When D6 of CTRI is set, P36 outputs the logic combination of T8-OUT and T16-
OUT determined by D5 and D4 of CTRI1.
Interrupts

The Crimzon ZLP32300 features six different interrupts (see Table 11 on page 45). The
interrupts are maskable and prioritized (see Figure 28). The six sources are divided as fol-
lows: three sources are claimed by Port 3 lines P33—-P31, two by the

PS020823-0208 Functional Description
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counter/timers (see Table 11 on page 45) and one for low-voltage detection. The Interrupt
Mask Register (globally or individually) enables or disables the six interrupt requests.

The source for IRQ is determined by bit 1 of the Port 3 mode register (P3M). When in
DIGITAL mode, Pin P33 is the source. When in ANALOG mode, the output of the Stop
Mode Recovery source logic is used as the source for the interrupt, see Figure 33 on

page 52.
P33  Stop Mode Recovery Source
0 1 D1 of P3M Register
P31 P32
IR% ReDg7|ster S Interrupt Edge , : Low-Voltage
6, Select Timer 16 Timer 8 Detection
IRQ2 IRQO IRQ1 IRQ3 IRQ4 IRQ5
v
IRQ
e o o o }
IMR
5
IPR
Global
Interrupt
Enable
Interrupt — Priority »
Request d Logic

Vector Select

Figure 28. Interrupt Block Diagram

PS020823-0208 Functional Description
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SCLKI/TCLK Divide-by-16 Select (D0)

DO of the SMR controls a divide-by-16 prescaler of SCLK/TCLK (see Figure 32). This
control selectively reduces device power consumption during normal processor execution
(SCLK control) and/or HALT mode (where TCLK sources interrupt logic). After Stop
Mode Recovery, this bit is set to a 0.

OSC

+2
16 ‘v SCLK
SMR, DO TCLK

Figure 32. SCLK Circuit

Stop Mode Recovery Source (D2, D3, and D4)

These three bits of the SMR specify the wake-up source of the Stop recovery (see
Figure 33 and Table 14).

Stop Mode Recovery Register 2—SMR2(F)0Dh
Table 13 lists and briefly describes the fields for this register.

Table 13. SMR2(F)0Dh:Stop Mode Recovery Register 2*

Field Bit Position Value Description
Reserved 7------- 0 Reserved (Must be 0)
Recovery -6------ w of Low

Level 1 High

Reserved --5----- 0 Reserved (Must be 0)

PS020823-0208 Functional Description



Crimzon® ZLP32300
Product Specification

55

Watchdog Timer Mode

PS020823-0208

Watchdog Timer Mode Register (WDTMR)

The Watchdog Timer is a retriggerable one-shot timer that resets the Z8® if it reaches its
terminal count. The WDT must initially be enabled by executing the WDT instruction. On
subsequent executions of the WDT instruction, the WDT is refreshed. The WDT circuit is
driven by an on-board RC-oscillator. The WDT instruction affects the Zero (Z), Sign (S),
and Overflow (V) Flags.

The POR clock source the internal RC-oscillator. Bits 0 and 1 of the WDT register control
a tap circuit that determines the minimum time-out period. Bit 2 determines whether the
WDT is active during HALT, and Bit 3 determines WDT activity during Stop. Bits 4
through 7 are reserved (see Figure 35). This register is accessible only during the first 60
processor cycles (120 XTAL clocks) from the execution of the first instruction after
Power-on reset, Watchdog Reset, or a Stop Mode Recovery (see Figure 34). After this
point, the register cannot be modified by any means (intentional or otherwise). The
WDTMR cannot be read. The register is located in Bank F of the Expanded Register
Group at address location OFh. It is organized as shown in Figure 35.

WDTMR(0F)0Fh

D7 |D6 (D5 |D4 (D3 |D2 |D1 |DO
WDT TAP INT RC OSC
00 5 ms min.
01* 10 ms min.
10 20 ms min.
11 80 ms min.
WDT During HALT
0 OFF
1 ON*
WDT During Stop
0 OFF
1 ON*

Reserved (Must be 0)

*Default setting after reset

Figure 35. Watchdog Timer Mode Register (Write Only)

Functional Description
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. *CLR2 18 Clock RESET
’—Dw 5 Clock Filter ciK o " RESET
Interna

RESET
Active
High
WDT TAP SELECT
XTAL
Internal POR 5ms 10ms 20ms 80 ms
R CLI*( WDT/POR Counter Chain
Oscillator. CLR1
Low Operating
Vbp Voltage Det.
VBO
WDT
From Stop Vpp
Mode _ _
Recovery 12-ns Glitch Filter
Source D
Stop Delay !
Select (SMR)

* CLR1 and CLR2 enable the WDT/POR and 18 Clock Reset timers respectively upon a Low-to-High
Figure 36. Resets and WDT

WDTMR During STOP (D3)

This bit determines whether or not the WDT is active during STOP mode. A 1 indicates
active during Stop. The default is 1.

EPROM Selectable Options

There are seven EPROM Selectable Options to choose from based on ROM code require-
ments. These are listed in Table 16.

PS020823-0208 Functional Description



CTR3(0D)03H

D7 | D6 | D5

D4

D3

D2

D1

DO

*Default setting after reset.

**Default setting after reset. Not reset with a Stop Mode

Recovery.

Crimzon® ZLP32300
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Reserved
No effect when written
Always reads 11111

Sync Mode
0* Disable Sync Mode**
1 Enable Sync Mode

Tg Enable
R 0* Tg Disabled
R 1 Tg Enabled

WO Stop Tg
W1 Enable Tg

T16 Enable
R 0* T4¢ Disabled
R 1 T16 Enabled

Wo Stop T16
W 1 Enable T4¢

Figure 40. T8/T16 Control Register (0D)03H: Read/Write (Except Where Noted)

) Note:

If Sync Mode is enabled, the first pulse of T8 carrier is always synchronized with T16

(demodulated signal). It can always provide a full carrier pulse.

PS020823-0208
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Expanded Register File Control Registers (0OF)

The expanded register file control registers (OF) are displayed in Figure 42 through

Figure 55 on page 74.

PCON(OF)00H

D7

D6

D5

D4

D3

D2

D1

DO

\— Comparator Output Port 3

*Default setting after reset

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

Port 1
0: Open-Drain
1: Push-Pull*

Port 0

0: Open-Drain
1: Push-Pull *

Reserved (Must be 1)

Figure 42. Port Configuration Register (PCON)(0F)00H: Write Only)

PS020823-0208
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R254 SPH(FEH)

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

General-Purpose Register

Figure 54. Stack Pointer High (FEH: Read/Write)

R255 SPL(FFH)

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

Stack Pointer Low
Byte (SP7-SP0)

Figure 55. Stack Pointer Low (FFH: Read/Write)

PS020823-0208 Functional Description



Table 19. DC Characteristics (Continued)
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Ta= 0 °C to +70 °C

Symbol Parameter Vee Min Typ Max Units Conditions Notes
L Input Leakage 2.0-3.6 -1 1 pA  ViN=0V, Ve
Pull-ups disabled
Rpy Pull-Up Resistance 2.0 225 675 kQ V|y=0V, Pull-ups
3.6 75 275 kQ  selected by
mask option
loL Output Leakage 2.0-3.6 -1 1 A VIN=0V, V(e
lcc Supply Current 2.0 1 3 mA at 8.0 MHz 1,2
3.6 5 10 mA at8.0MHz 1,2
lcct Standby Current 20 0.5 1.6 mA  ViN=0V,Vgcat80 1,2,6
(HALT Mode) 3.6 0.8 2.0 MHz 1,2,6
Same as above
lcco Standby Current 2.0 1.6 8 pA  VIN=0V,VccWDTis 3
(STOP Mode) 3.6 1.8 10 pA  not Running 3
2.0 5 20 pA  Same as above 3
3.6 8 30 pA - Viy=0V,VecWDTis 3
Running
Same as above
ILv Standby Current 1.2 6 WA Measured at 1.3V 4
(Low Voltage)
Vo Ve Low Voltage 1.9 2.0 \Y 8 MHz maximum
Protection Ext. CLK Freq.
Vivb Vcc Low Voltage 2.4 \
Detection
Vuvbp Vcce High Voltage 2.7 \Y
Detection
Notes
1. All outputs unloaded, inputs at rail.
2. CL1=CL2=100 pF.
3. Oscillator stopped.
4. Oscillator stops when V¢ falls below Vg limit.
5. ltis strongly recommended to add a filter capacitor (minimum 0.1 uF), physically close to VDD and Vgg pins if

operating voltage fluctuations are anticipated, such as those resulting from driving an infrared LED.

o

Comparator and Timers are on. Interrupt disabled.

7. Typical values shown are at 25 °C.

PS020823-0208
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Packaging

Package information for all versions of Crimzon ZLP32300 is displayed in Figure 58

through Figure 65.
SEOL | MILUMETER INCH

MIN MAX MIN MAX

Al 038 | 081 | 015 | 032

20 1" A2 3.25 3.68 .128 145
N e s S Y Y B 041 | 051 | 016 | .020
B 147 | 157 | 058 | 082

c 020 | 030 | 008 | .012
£l ) 2565 | 2616 | 1.010 | 1.030

E 749 | 826 | 295 | .325

£l 610 | 665 | 240 | 262

‘—1"—"—"—"—"—"—"—"—"?' = 254 BSC 100 BSC
oA 787 | 914 | 310 | .360

0 L 318 | 343 | 125 | 135

al 142 | 165 | 056 | .065

S 152 | 1.65 | 060 | .065

CONTROLLING DIMENSIONS : INCH

Il
J|

{
IR (e—
FRL LT, S

Figure 58. 20-Pin PDIP Package Diagram

PS020823-0208 Packaging
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D
c MILLIMETER INCH
% 1 N SYWBOL MIN MAX MIN MAX
NAERARERARAARE J oo e o [
Al 0.10 0.30 .004 012
A2 2.24 2.44 .088 .096
B 0.36 0.46 014 018
c c 0.23 0.30 .009 012
D 17.78 18.00 .700 710
_ £ 7.40 7.60 291 .299
\/f//\ E 1.27 BSC .050 BSC
H 10.00 10.65 .394 419
HEHHHEHEEHHHHEH [ o0 o [ ow |
1 14 L 0.61 1.00 024 039
OPTIONAL Q1 0.97 1.09 .038 .043
P1 IDENTIFIER

1

= T
5 CONTROLLING DIMENSIONS : MM
Z Al LEADS ARE COPLANAR WITHIN .004 INCH.
B Seating plane

[l

DETALL A \j .

Figure 61. 28-Pin SOIC Package Diagram

PS020823-0208 Packaging
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Customer Support

PS020823-0208

For answers to technical questions about the product, documentation, or any other issues
with Zilog’s offerings, please visit Zilog’s Knowledge Base at
http://www.zilog.com/kb.

For any comments, detail technical questions, or reporting problems, please visit Zilog’s
Technical Support at http://support.zilog.com.

Customer Support
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