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Understanding Embedded - Microprocessors

Embedded microprocessors are specialized computing
chips designed to perform specific tasks within an
embedded system. Unlike general-purpose
microprocessors found in personal computers, embedded
microprocessors are tailored for dedicated functions within
larger systems, offering optimized performance, efficiency,
and reliability. These microprocessors are integral to the
operation of countless electronic devices, providing the
computational power necessary for controlling processes,
handling data, and managing communications.

Applications of Embedded - Microprocessors

Embedded microprocessors are utilized across a broad
spectrum of applications, making them indispensable in
modern technology. In consumer electronics, they power
devices such as smartphones, tablets, and smart home
appliances, enabling advanced features and connectivity.
In the automotive industry, embedded microprocessors are
critical for engine control units (ECUs), infotainment
systems, and advanced driver-assistance systems (ADAS).
Industrial automation relies on these microprocessors for
controlling machinery, managing production lines, and
ensuring safety protocols. Medical devices, including
diagnostic equipment and patient monitoring systems,
depend on embedded microprocessors for accurate data
processing and reliable performance. Additionally,
embedded microprocessors are used in
telecommunications, aerospace, and defense applications,
where precision and dependability are paramount.

Common Subcategories of Embedded -
Microprocessors

Embedded microprocessors can be categorized into
several common subcategories based on their
architecture, performance, and intended application.
These include:

General-Purpose Microprocessors: Designed for
a wide range of applications, offering a balance of
performance and flexibility.

Application-Specific Integrated Circuits
(ASICs): Custom-designed for specific tasks,
providing optimal performance for particular
applications.

Digital Signal Processors (DSPs): Specialized for
real-time signal processing tasks, ideal for audio,
video, and communication systems.

System on Chip (SoC): Integrates the
microprocessor with other system components, such
as memory and peripherals, on a single chip for
compact and efficient designs.

Types of Embedded - Microprocessors

Details

Product Status Obsolete

Core Processor Z8S180

Number of Cores/Bus Width 1 Core, 8-Bit

Speed 20MHz

Co-Processors/DSP -

RAM Controllers DRAM

Graphics Acceleration No

Display & Interface Controllers -

Ethernet -

SATA -

USB -

Voltage - I/O 5.0V

Operating Temperature 0°C ~ 70°C (TA)

Security Features -

Package / Case 64-DIP (0.750", 19.05mm)

Supplier Device Package 64-DIP
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<���XGTUWU�������%QORCVKDKNKV[��The Z8S180/Z8L180
is descended from two different “ancestor” processors,
ZiLOG’s original Z80 and the Hitachi 64180. The Operat-
ing Mode Control Register (OMCR), illustrated in Figure
8, can be programmed to select between certain Z80 and
64180 differences.

/�'�
/��'PCDNG���This bit controls the /� output and is
set to a 1 during 4'5'6.

When /�'���1, the /� output is asserted Low during op-
code fetch cycles, Interrupt Acknowledge cycles, and the
first machine cycle of an 0/+ acknowledge.

On the Z8S180/Z8L180, this choice makes the processor
fetch a 4'6+ instruction one time. When fetching a 4'6+
from a zero-wait-state memory location, the processor uses
three clock bus cycles. These bus cycles are not fully Z80-
timing compatible.

When /�' � 0, the processor does not drive /� Low dur-
ing the instruction fetch cycles. After fetching a 4'6+ in-
struction with normal timing, the processor goes back and
refetches the instruction using fully Z80-compatible cycles
that include driving /� Low. This option may be required
by some external Z80 peripherals to properly decode the
4'6+ instruction. Figure 9 and Table 5 show the 4'6+ se-
quence when /�' is 0.
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/�6'�
/��6GORQTCT[�'PCDNG���This bit controls the tem-
porary assertion of the /� signal. It is always read back as
a 1 and is set to 1 during 4'5'6.

When /�' is set to�0 to accommodate certain external Z80
peripheral(s), those same device(s) may require a pulse on
/� after programming certain of their registers to complete
the function being programmed.

For example, when a control word is written to the Z80 PIO
to enable interrupts, no enable actually takes place until the
PIO sees an active /� signal. When /�6' =�1, there is no
change in the operation of the /� signal, and /�' controls
its function. When /�6' =�0, the /� output is asserted dur-
ing the next opcode fetch cycle regardless of the state pro-
grammed into the /�' bit. This condition is only momen-
tary (one time) and it is not necessary to preprogram a 1
to disable the function (see Figure 10).

+1%�
+�1�%QORCVKDKNKV[���This bit controls the timing of the
+143 and 4& signals. The bit is set to 1 by 4'5'6.

When +1% =�1, the +143 and 4& signals function the same
as the Z64180 (Figure 11).
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#5%+�6TCPUOKV�5JKHV�4GIKUVGT������W h e n  t h e  A S C I
Transmit Shift Register (654) receives data from the ASCI
Transmit Data Register (6&4), the data is shifted out to the
6:# pin. When transmission is completed, the next byte (if
available) is automatically loaded from 6&4 into 654 and
the next transmission starts. If no data is available for trans-

mission, 654 idles by outputting a continuous High level.
This register is not program-accessible

#5%+�6TCPUOKV�&CVC�4GIKUVGT�����
6&4������+�1�CFFTGUU
����*����*���Data written to the ASCI Transmit Data
Register is transferred to the 654 as soon as 654 is empty.
Data can be written while 654 is shifting out the previous
byte of data. Thus, the ASCI transmitter is double buffered.

(KIWTG ��� #5%+�$NQEM�&KCITCO

+PVGTPCN�#FFTGUU�&CVC�$WU
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never both set to 1 at the same time. 6' is cleared to�0
during 4'5'6 and +15612 mode.

55���������5RGGF�5GNGEV���������
$KVU�� ����55� ,  55�
and 55� select the CSI/O transmit/receive clock source and
speed. 55�, 55� and 55� are all set to 1 during 4'5'6.
Table 11 indicates CSI/O Baud Rate Selection.

After 4'5'6, the %-5 pin is configured as an external clock
input (55���55���55�����). Changing these values causes
%-5 to become an output pin and the selected clock is output
when transmit or receive operations are enabled.

%5+�1�6TCPUOKV�4GEGKXG�&CVC�4GIKUVGT

/PGOQPKE�64&4
#FFTGUU��$*

6KOGT�&CVC�4GIKUVGT�%JCPPGN���.QY
/PGOQPKE�6/&4�.
#FFTGUU��%*

6KOGT�&CVC�4GIKUVGT�%JCPPGN��*

/PGOQPKE�6/&4�*
#FFTGUU��&*

6KOGT�4GNQCF�4GIKUVGT�%JCPPGN���.QY

/PGOQPKE�4.&4�.
#FFTGUU��'*

6KOGT�4GNQCF�4GIKUVGT�%JCPPGN���*KIJ

/PGOQPKE�4.&4�*
#FFTGUU��(*

6CDNG ��� %5+�1�$CWF�4CVG�5GNGEVKQP

55� 55� 55� &KXKFG�4CVKQ

� � � ÷��
� � � ÷��
� � � ÷��
� � � ÷���
� � � ÷���
� � � ÷���
� � � ÷����
� � � 'ZVGTPCN�%NQEM�+PRWV


.GUU�6JCP�÷���

(KIWTG ��� %5+�1�6TCPUOKV�4GEGKXG�&CVC�4GIKUVGT�

(KIWTG ��� 6KOGT�4GIKUVGT�%JCPPGN���.QY

%5+�1�6�4�&CVC

� � � � � � � �

#5%+�4GEGKXG�&CVC

� � � � � � � �

(KIWTG ��� 6KOGT�&CVC�4GIKUVGT�%JCPPGN���*KIJ

(KIWTG ��� 6KOGT�4GNQCF�4GIKUVGT�.QY

(KIWTG ��� 6KOGT�4GNQCF�4GIKUVGT�%JCPPGN���*KIJ

6KOGT�&CVC

� � � � � � � �

6KOGT�4GNQCF�&CVC

� � � � � � � �

6KOGT�4GNQCF�&CVC

� � � � � � � �
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#5%+�':6'05+10�%10641.�4')+56'4�%*#00'.���#0&�%*#00'.���
%QPVKPWGF�

6KOGT�&CVC�4GIKUVGT�%JCPPGN���.QY

/PGOQPKE�6/&4�.
#FFTGUU���*

6KOGT�&CVC�4GIKUVGT�%JCPPGN���*KIJ

/PGOQPKE�6/&4�*
#FFTGUU���*

6KOGT�4GNQCF�4GIKUVGT�%JCPPGN���.QY

/PGOQPKE�4.&4�.
#FFTGUU���

6KOGT�4GNQCF�4GIKUVGT�%JCPPGN���*KIJ

/PGOQPKE�4.&4�*
#FFTGUU���*

(TGG�4WPPKPI�%QWPVGT�
4GCF�1PN[�

/PGOQPKE�(4%
#FFTGUU���*

(KIWTG ��� 6KOGT�&CVC�4GIKUVGT���.QY

(KIWTG ��� 6KOGT�&CVC�4GIKUVGT���*KIJ

(KIWTG ��� 6KOGT�4GNQCF�%JCPPGN���.QY

� � � � � � �� �

6KOGT�&CVC

� � � � � � �� �

6KOGT�&CVC

� � � � � � �� �

4GNQCF�&CVC

(KIWTG ��� 6KOGT�4GNQCF�4GIKUVGT�%JCPPGN���*KIJ

(KIWTG ��� (TGG�4WPPKPI�%QWPVGT

� � � � � � �� �

4GNQCF�&CVC

� � � � � � �� �

%QWPVKPI�&CVC
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The DMA Source Address Register Channel 0 specifies the
physical source address for channel 0 transfers. The register
contains 20 bits and can specify up to 1024 KB memory ad-
dresses or up to 64-KB I/O addresses. Channel 0 source can
be memory, I/O, or memory mapped I/O. For I/O, bits
�� �� of this register identify the Request Handshake sig-
nal.

&/#�5QWTEG�#FFTGUU�4GIKUVGT��%JCPPGN���.QY

/PGOQPKE�5#4�.
#FFTGUU���*

&/#�5QWTEG�#FFTGUU�4GIKUVGT��%JCPPGN���
*KIJ

/PGOQPKE�5#4�*
#FFTGUU���*

&/#�5QWTEG�#FFTGUU�4GIKUVGT�%JCPPGN��$

/PGOQPKE�5#4�$
#FFTGUU���*

If the source is in I/O space, bits � � of this register select
the DMA request signal for DMA0, as follows:

(KIWTG ��� &/#�5QWTEG�#FFTGUU�4GIKUVGT���.QY

(KIWTG ��� &/#�5QWTEG�#FFTGUU�4GIKUVGT���*KIJ

&/#�%JCPPGN���#FFTGUU

� � � � � � �� �

&/#�%JCPPGN���#FFTGUU

� � � � � � �� �

(KIWTG ��� &/#�5QWTEG�#FFTGUU�4GIKUVGT��$

$KV��

#���

$KV��

#��� &/#�6TCPUHGT�4GSWGUV

� � &4'3��
GZVGTPCN�
� � 4&4(�
#5%+��
� � 4&4(�
#5%+��
� � 4GUGTXGF

&/#�%JCPPGN���#FFTGUU

� � � � � � �� �

4GUGTXGF
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Table 16 indicates all DMA transfer mode combinations of
&/�, &/�, 5/�, and 5/�. Because I/O to/from I/O trans-
fers are not implemented, 12 combinations are available.

//1&��/GOQT[�/QFG�%JCPPGN���
$KV�����When chan-
nel 0 is configured for memory to/from memory transfers
there is no Request Handshake signal to control the transfer
timing. Instead, two automatic transfer timing modes are se-
lectable: burst (//1&����) and cycle steal (//1&����).
For burst memory to/from memory transfers, the DMAC
takes control of the bus continuously until the DMA transfer

completes (as indicated by the byte count register = �). In
cycle steal mode, the CPU is provided a cycle for each DMA
byte transfer cycle until the transfer is completed.

For channel 0 DMA with I/O source or destination, the se-
lected Request signal times the transfer ignoring //1&.
//1& is cleared to�0 during 4'5'6.

6CDNG ��� 6TCPUHGT�/QFG�%QODKPCVKQPU

&/� &/� 5/� 5/� 6TCPUHGT�/QFG #FFTGUU�+PETGOGPV�&GETGOGPV

� � � � /GOQT[→/GOQT[ 5#4����&#4��
� � � � /GOQT[→/GOQT[ 5#4� ���&#4��
� � � � /GOQT[�→/GOQT[ 5#4��HKZGF��&#4��
� � � � +�1→/GOQT[ 5#4��HKZGF��&#4��
� � � � /GOQT[→/GOQT[ 5#4����&#4� �
� � � � /GOQT[→/GOQT[ 5#4� ���&#4� �
� � � � /GOQT[�→/GOQT[ 5#4��HKZGF��&#4� �
� � � � +�1→/GOQT[ 5#4��HKZGF��&#4� �
� � � � /GOQT[→/GOQT[� 5#4����&#4��HKZGF
� � � � /GOQT[→/GOQT[� 5#4� ���&#4��HKZGF
� � � � 4GUGTXGF
� � � � 4GUGTXGF
� � � � /GOQT[→+�1 5#4����&#4��HKZGF
� � � � /GOQT[→+�1 5#4� ���&#4��HKZGF
� � � � 4GUGTXGF
� � � � 4GUGTXGF

0QVG��* Includes memory mapped I/O.
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The DMA/WAIT Control Register (&%06.) controls the
insertion of wait states into DMAC (and CPU) accesses of
memory or I/O. Also, the register defines the Request signal

for each channel as level or edge sense. &%06. also sets
the DMA transfer mode for channel 1, which is limited to
memory to/from I/O transfers.

/9+���/9+���/GOQT[�9CKV�+PUGTVKQP�
$KVU�� ����T h i s
bit specifies the number of wait states introduced into CPU
or DMAC memory access cycles. /9+� and /9+� are set
to 1 during 4'5'6. 

+9+���+9+���+�1�9CKV�+PUGTVKQP�
$KVU�� ����This bit speci-
fies the number of wait states introduced into CPU or DMAC
I/O access cycles. +9+� and +9+� are set to 1 during 4'5'6. 

0QVG� These wait states are added to the 3-clock I/O cycle that
is used to access the on-chip I/O registers. It is equally
valid to regard these as 0 to 3 wait states added to a 4-
clock external I/O cycle.

&/5���&/5���&/#�4GSWGUV�5GPUG�
$KVU�� ����&/5�
and &/5� specify the DMA request sense for channel 0 and
channel 1 respectively. When reset to�0, the input is level
sense. When set to 1, the input is edge sense. &/5� and
&/5� are cleared to�0 during 4'5'6.

Typically, for an input/source device, the associated &/5
bit should be programmed as�0 for level sense. The device
takes a relatively long time to update its Request signal after
the DMA channel reads data (in the first of the two machine
cycles involved in transferring a byte).

An output/destination device takes much less time to update
its Request signal after the DMA channel starts a 94+6'
operation to it (the second machine cycle of the two cycles
involved in transferring a byte). With zero-wait state I/O cy-
cles, a device cannot update its request signal in the required
time, so edge sensing must be used.

A one-wait-state I/O cycle also does not provide sufficient
time for updating, so edge sensing is again required.

&+/���&+/���&/#�%JCPPGN��� +�1�CPF�/GOQT[�/QFG

$KVU�� ����Specifies the source/destination and address
modifier for channel 1 memory to/from I/O transfer modes.
&+/� and &+/� are cleared to�0 during 4'5'6.

(KIWTG ��� &/#�9#+6�%QPVTQN�4GIKUVGT�
&%06.��+�1�#FFTGUU�����*�

$KV

/9+� +9+�

� � � � � � � �

4�9 4�9

&/5� &/5� &+/�

4�9 4�9 4�9

/9+� +9+� &+/�

4�9 4�9 4�9

/9+� /9+� 9CKV�5VCVG

� � �
� � �
� � �
� � �

+9+� +9+� 9CKV�5VCVG

� � �
� � �
� � �
� � �

&/5K 5GPUG

� 'FIG�5GPUG
� .GXGN�5GPUG

6CDNG ��� %JCPPGN���6TCPUHGT�/QFG

&+/� &/+� 6TCPUHGT�/QFG
#FFTGUU�

+PETGOGPV�&GETGOGPV

� � /GOQT[→+�1 /#4�����+#4��HKZGF
� � /GOQT[→+�1 /#4�� ���+#4��HKZGF
� � +�1→/GOQT[ +#4��HKZGF��/#4���
� � +�1→/GOQT[ +#4��HKZGF��/#4�� �
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All 64#2U occur after fetching an undefined second opcode
byte following one of the prefix opcodes (CBH, DDH, EDH,
or FDH) or after fetching an undefined third opcode byte
following one of the double-prefix opcodes (DDCBH or
FDCBH).

The state of the Undefined Fetch Object (7(1) bit in +6%
allows 64#2 software to correctly adjust the stacked PC, de-
pending on whether the second or third byte of the opcode
generated the 64#2. If 7(1���0, the starting address of
the invalid instruction is the stacked 2% �. If 7(1�� 1, the
starting address of the invalid instruction is equal to the
stacked 2% �.

(KIWTG ��� 64#2�6KOKPI �PF�1REQFG�7PFGHKPGF

6� 6� 6� 662 6K 6K 6K 6K 6K 6� 6� 6� 6� 6� 6�6� 6�

#� #���
#���

2*+

&� &�

2% ����*52��

7PFGHKPGF

/4'3

/�

4&

94

6�

52��

1REQFG

2%* 2%.

�PF�1REQFG
(GVEJ�%[ENG

2%�5VCEMKPI
1REQFG
(GVEJ�%[ENG

4GUVCTV�
HTQO�����*
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(KIWTG ��� 64#2�6KOKPI �TF�1REQFG�7PFGHKPGF

6� 6� 6� 6� 6� 662 6� 6K 6K 6� 6� 6� 6� 6� 6�6� 6�

#� #���
#���

2*+

&� &�

2% ����*52��

7PFGHKPGF

/4'3

/�

4&

94

6�

52��

1REQFG

2%��* 2%��.

�TF�1REQFG
(GVEJ�%[ENG 2%�5VCEMKPI

1REQFG
(GVEJ�%[ENG

4GUVCTV

/GOQT[

+:��F��+;��F

6K 6K

4GCF�%[ENG

(TQO�����*
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/PGOQPKE�4%4
#FFTGUU���*�

The Refresh Control Register�(4%4) specifies the interval
and length of refresh cycles, while enabling or disabling the
refresh function.

4'('��4GHTGUJ�'PCDNG�
$KV�����4'('���0 disables the re-
fresh controller, while 4'('�� 1 enables refresh cycle in-
sertion. 4'(' is set to 1 during 4'5'6.

4'(9��4GHTGUJ�9CKV�
$KV�����4'(9 � 0 causes the re-
fresh cycle to be two clocks in duration. 4'(9�� 1 causes
the refresh cycle to be three clocks in duration by adding a
refresh wait cycle (649). 4'(9 is set to 1 during 4'5'6.

%;%������%[ENG�+PVGTXCN�
$KV�������%;%�  a n d  %;%�
specify the interval (in clock cycles) between refresh cycles.
When dynamic RAM requires 128 refresh cycles every 2
ms (or 256 cycles in every 4 ms), the required refresh in-
terval is less than or equal to 15.625 µs. Thus, the underlined
values indicate the best refresh interval depending on CPU
clock frequency. %;%� and %;%� are cleared to�0 during
4'5'6 (see Table 18).

4GHTGUJ�%QPVTQN�CPF�4GUGV��After 4'5'6, based on the
initialized value of 4%4, refresh cycles occur with an inter-
val of 10 clock cycles and be 3 clock cycles in duration.

&[PCOKE�4#/�4GHTGUJ�1RGTCVKQP

1. Refresh Cycle insertion is stopped when the CPU is in
the following states:

a. During 4'5'6

b. When the bus is released in response to $754'3

c. During 5.''2 mode

d. During 9#+6 states

2. Refresh cycles are suppressed when the bus is released
in response to $754'3. However, the refresh timer
continues to operate. The time at which the first
refresh cycle occurs after the Z8S180/Z8L180
reacquires the bus depends on the refresh timer. This
cycle offers no timing relationship with the bus
exchange.

3. Refresh cycles are suppressed during 5.''2 mode. If
a refresh cycle is requested during 5.''2 mode, the
refresh cycle request is internally latched (until
replaced with the next refresh request). The latched
refresh cycle is inserted at the end of the first machine
cycle after 5.''2 mode is exited. After this initial
cycle, the time at which the next refresh cycle occurs
depends on the refresh time and offers no relationship
with the exit from 5.''2 mode.

4. The refresh address is incremented by one for each
successful refresh cycle, not for each refresh. Thus,
independent of the number of missed refresh requests,
each refresh bus cycle uses a refresh address
incremented by one from that of the previous refresh
bus cycles.

(KIWTG ��� 4GHTGUJ�%QPVTQN�4GIKUVGT�

4%4��+�1�#FFTGUU�����*�

4GUGTXGF

� � � � � � �

%[E�

%[E�

4'(9

4'('

�
�

6CDNG ��� &4#/�4GHTGUJ�+PVGTXCNU

6KOG�+PVGTXCN

%;%� %;%� +PUGTVKQP�+PVGTXCN 2*+�����/*\ ��/*\ ��/*\ ��/*\ ����/*\

� � ���UVCVGU 
����zU�� 
�����zU�� �����zU ����zU ����zU
� � ���UVCVGU 
����zU�� 
����zU�� ����zU ����zU ����zU
� � ���UVCVGU 
����zU�� 
����zU�� ����zU �����zU �����zU
� � ���UVCVGU 
����zU�� 
�����zU�� �����zU �����zU �����zU

0QVG��*calculated interval.
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//7�%1//10�$#5'�4')+56'4

The Common Base Register (%$4) specifies the base ad-
dress (on 4-KB boundaries) used to generate a 20-bit phys-

ical address for Common Area 1 accesses. All bits of %$4
are reset to�0 during 4'5'6.

//7�%QOOQP�$CUG�4GIKUVGT

/PGOQPKE�%$4
#FFTGUU���*

//7�$#0-�$#5'�4')+56'4

The Bank Base Register ($$4) specifies the base address
(on 4-KB boundaries) used to generate a 20-bit physical ad-

dress for Bank Area accesses. All bits of $$4 are reset to
0 during 4'5'6.

//7�$CPM�$CUG�4GIKUVGT

/PGOQPKE�$$4
#FFTGUU���*

//7�%1//10�$#0-�#4'#�4')+56'4

The Common/Bank Area Register (%$#4) specifies bound-
aries within the Z8S180/Z8L180 64-KB logical address

space for up to three areas; Common Area), Bank Area and
Common Area 1.

//7�%QOOQP�$CPM�#TGC�4GIKUVGT
/PGOQPKE�%$#4
#FFTGUU��#*

(KIWTG ��� //7�%QOOQP�$CUG�4GIKUVGT�
%$4��+�1�#FFTGUU�����*�

$KV

�%$� %$�

4�9

%$�

� � � � � � � �

%$� %$� %$� %$�

4�9

%$�

4�94�94�94�94�94�9

(KIWTG ��� //7�$CPM�$CUG�4GIKUVGT�
$$4��+�1�#FFTGUU�����*�

$KV

�$$� $$�

4�9

$$�

� � � � � � � �

$$� $$� $$� $$�

4�9

$$�

4�94�94�94�94�94�9

(KIWTG ��� //7�%QOOQP�$CPM�#TGC�4GIKUVGT�
%$#4��+�1�#FFTGUU����#*�

$KV

�%#� %#�

4�9

%#�

� � � � � � � �

%#� $#� $#� $#�

4�9

$#�

4�94�94�94�94�94�9
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(KIWTG ��� ���2KP�&+2�2CEMCIG�&KCITCO

(KIWTG ��� ���2KP�3(2�2CEMCIG�&KCITCO


