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The Z80S183 is a general-purpose integrated microprocessor. It includes the 
Z8S180 processor, 32 bits of general purpose I/O, an Analog-to-Digital converter 
with eight multiplexed inputs, a Programmable I/O Sequencer, a Digital-to-
Analog converter, a Watch-Dog Timer, two ASCI channels, two timers, a CSI/O 
channel, a Real Time Clock, 2KB of on-chip RAM, and 1KByte of on-chip ROM. 
It is packaged in a 100-pin VQFP.

The Z80S183 includes the following features:

• Code-compatible with Z80 & Z180

• On-chip wait state generator

• Two enhanced UART channels (ASCIs)

• Two 16-bit counters

• Three interrupt request inputs, two with optional edge-triggering

• Real time clock

• Two on-chip oscillators

• DC-to-33 MHz operating frequency @ 5.0V

• DC-to-20 MHz operating frequency @ 3.3V

• Clock divide by 2X or 1X

• Fully static CMOS design with low-power standby

• 2 KB of on-chip RAM

• 1 KB of on-chip ROM

• Eight 10-bit A/D channels

• One 10-bit D/A

• 32 bits of general-purpose I/O

• Low-power PLL oscillator

• Programmable Input/Output Sequencer (PIOS)

• Watch-Dog Timer (WDT)

• Clocked Serial I/O Interface (CSI/O)

• ZiLOG Debug Interface (ZDI)

• Power-down logic

• ASCI Tx complete output

• Economical 100-pin VQFP

• Interrupts on ports A and D
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Figure 1 illustrates the block diagram for the Z8S183. In addition to a Z8S180-
compatible processor, it includes the following modules:

���$KVU�QH�)GPGTCN�2WTRQUG�+�1��Four 8-bit ports are selectively multiplexed with 
on-chip peripheral functions (ASCIs, CSI/O, PRT, PIOS), and are individually 
programmable as inputs or outputs. Each I/O pin can source and sink 15mA.

2TQITCOOCDNG�+�1�5GSWGPEGT��An engine that is independent of the processor, 
that can drive programmable waveforms onto 8 digital outputs, as well as initi-
ating A/D and D/A conversions

6YQ�#5%+�%JCPPGNU��Asynchronous serial channels with baud rate generators, 
modem control, and status.

6YQ����DKV�6KOGTU��Down-counters with interrupt capability. 

%5+�1��Clocked serial I/O can be used for serial memory or peripheral interface.

9CVEJ�&QI�6KOGT��This circuit helps detect code runaway and helps minimize the 
negative effects thereof. A range of time-out values is available. The RESET pin 
can be forced Low at the terminal count of the Watch-Dog Timer.

'KIJV�%JCPPGN�#PCNQI�6Q�&KIKVCN�%QPXGTVGT��A 10-bit converter with eight multi-
plexed inputs. 

&KIKVCN�VQ�#PCNQI�%QPXGTVGT��10-bit resolution.

�-$�QH�1P�%JKR�4#/��Used for stack and other read/write operations. 
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Figure 2 illustrates the Z8S183 pinout. Table 2 describes the processor and device 
pins. Table 2 describes the Asynchronous Serial Communications Interface 
(ASCI) and Clocked Serial I/O (CSI/O) pins. Table 3 describes the Port and 
Programmable I/O Sequencer (PIOS)pins. Table 4 describes the analog pins.
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8&&
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8&&
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5[ODQN 2KP�� (WPEVKQP 6[RG &GUETKRVKQP

#�� � � ���
� ����
��
����
�� ��

#FFTGUU�$WU $KFKTGEVKQPCN��
��UVCVG

6JGUG�NKPGU�UGNGEV�C�NQECVKQP�KP�OGOQT[�QT�+�1�
URCEG�VQ�DG�TGCF�QT�YTKVVGP��6JG�<�5����
FQGU�PQV�FTKXG�VJGUG�NKPGU�FWTKPI�4GUGV�PQT�
GZVGTPCN�DWU�CEMPQYNGFIG�E[ENGU��&TKXG�KU�
QRVKQPCN�FWTKPI�.19�219'4�OQFGU�

%'A176 �� %JKR�'PCDNG�
1WV

1RGP�FTCKP�
QWVRWV

#P�QRGP�FTCKP�QWVRWV��YKVJ�PQ�KPVGTPCN�RWNN�
WR��%CP�DG�WUGF�VQ�GPCDNG�CP�GZVGTPCN�4#/��
CU�FGUETKDGF�KP� 7UKPI�VJG�2QYGT�%QPVTQN�
4GIKUVGT �QP�RCIG ���

&� � ��
����
�� ��

&CVC�$WU $KFKTGEVKQPCN��
��UVCVG

6JGUG�NKPGU�VTCPUHGT�KPHQTOCVKQP�VQ�CPF�HTQO�+�
1�CPF�OGOQT[�FGXKEGU��6JG�<��5����FTKXGU�
VJGUG�NKPGU�QPN[�FWTKPI�YTKVG�E[ENGU�

':6#. �� 1UEKNNCVQT�QT�
%NQEM�+P

+PRWV 6JKU�RKP�ECP�DG�EQPPGEVGF�VQ�C�ET[UVCN�QT�VQ�
CP�GZVGTPCN�ENQEM��+H�C�ET[UVCN�KU�WUGF��VJKU�
UKIPCN�KU�PQV�C�NQIKE�NGXGN�

+06� �� +PVGTTWRV�
4GSWGUV��

+PRWV��CEVKXG�
.QY

6JKU�UKIPCN�ECP�DG�FTKXGP�.QY�KP�CP�QRGP�
FTCKP�HCUJKQP�D[�GZVGTPCN�+�1�FGXKEGU��6JG�
RTQEGUUQT�TGURQPFU�VQ�VJKU�TGSWGUV�CV�VJG�GPF�
QH�VJG�EWTTGPV�KPUVTWEVKQP�E[ENG�KH�KV�KU�
GPCDNGF��CPF�VJG�0/+�CPF�$754'3�UKIPCNU�
CTG�KPCEVKXG��6JKU�RKP�ECP�QPN[�DG�WUGF�KP�<���
����/QFG����KP�YJKEJ�VJG�RTQEGUUQT�
CEMPQYNGFIGU�VJKU�TGSWGUV�D[�KPVGTTWRVKPI�VQ�
NQECVKQP�����*�

+06� � ����
���

+PVGTTWRV�
4GSWGUVU�� �

+PRWVU��CEVKXG�
.QY�QT�GFIG�
VTKIIGTGF

6JGUG�UKIPCNU�CTG�IGPGTCVGF�D[�GZVGTPCN�
FGXKEGU��6JG�RTQEGUUQT�CEMPQYNGFIGU�C�
TGSWGUV�QP�QPG�QH�VJGUG�NKPGU�CV�VJG�GPF�QH�
VJG�EWTTGPV�KPUVTWEVKQP�E[ENG��UQ�NQPI�CU�VJG�
0/+��$754'3��CPF�+06��UKIPCNU�CTG�KPCEVKXG��
6JG�RTQEGUUQT�CEMPQYNGFIGU�QPG�QH�VJGUG�
TGSWGUVU�YKVJ�CP�KPVGTPCN�E[ENG��KP�YJKEJ�C�
HKZGF�XGEVQT�EQTTGURQPFKPI�VQ�QPG�QH�VJG�RKPU�
KU�WUGF�VQ�UGNGEV�CP�KPVGTTWRV�UGTXKEG�TQWVKPG��
6JGUG�RKPU�OC[�DG�RTQITCOOGF�HQT�CEVKXG�
.QY�NGXGN��TKUKPI�QT�HCNNKPI�GFIG�KPVGTTWRVU��
6JG�UVCVG�QH�VJG�GZVGTPCN�+06��CPF�+06��RKPU�
ECP�DG�TGCF�KP�VJG�+PVGTTWRV�'FIG�4GIKUVGT�

+1%5� � ������ +�1�%JKR�
5GNGEVU�� �

1WVRWVU��
CEVKXG�.QY

+H�DKV���QH�VJG�5[UVGO�%QPVTQN�TGIKUVGT�
5%4��
KU����+1%5��IQGU�.QY�HQT�CEEGUUGU�VQ�+�1�
CFFTGUUGU����� ��*��CPF�+1%5��IQGU�.QY�
HQT�CEEGUUGU�VQ����� �(*�
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+14& �� +�1�4GCF 1WVRWV��CEVKXG�
.QY����UVCVG

+14&�.QY�KPFKECVGU�VJCV�VJG�<��5����KU�
TGCFKPI�FCVC�HTQO�C�NQECVKQP�KP�+�1�URCEG��6JG�
CFFTGUUGF�+�1�FGXKEG�WUGU�VJKU�UKIPCN�VQ�ICVG�
FCVC�QPVQ�VJG�RTQEGUUQT�FCVC�DWU��6JG�
<��5����FQGU�PQV�FTKXG�VJKU�NKPG�FWTKPI�
4GUGV��PQT�FWTKPI�DWU�CEMPQYNGFIG�E[ENGU�

+194 �� +�1�9TKVG 1WVRWV��CEVKXG�
.QY����UVCVG

+194�KPFKECVGU�VJCV�DKVU�&� ��JQNF�XCNKF�FCVC�
VQ�DG�UVQTGF�CV�VJG�CFFTGUUGF�+�1�NQECVKQP��
6JG�<��5����FQGU�PQV�FTKXG�VJKU�NKPG�FWTKPI�
4GUGV��PQT�FWTKPI�DWU�CEMPQYNGFIG�E[ENGU�

.('ZVCN �� .QY��
(TGSWGPE[�
%T[UVCN�QT�
%NQEM

+PRWV #�NQY�HTGSWGPE[�ET[UVCN�QT�NKPG�HTGSWGPE[�
KPRWV�ECP�DG�EQPPGEVGF�VQ�VJKU�RKP��HQT�WUG�D[�
VJG�TGCN�VKOG�ENQEM��#�NQY�HTGSWGPE[�ET[UVCN�
ECP�DG�CNUQ�WUGF�YKVJ�VJG�(..�HQT�C�U[UVGO�
ENQEM�

.(:6#. �� .QY�
(TGSWGPE[�
%T[UVCN

1WVRWV #�NQY�HTGSWGPE[�ET[UVCN�ECP�DG�EQPPGEVGF�VQ�
VJKU�RKP��HQT�WUG�D[�VJG�4GCN�6KOG�%NQEM�QT�CU�
VJG�U[UVGO�ENQEM�

/� �� /CEJKPG�E[ENG�
�

1WVRWV��CEVKXG�
.QY

6QIGVJGT�YKVJ�41/4&�QT�4#/4&��/��.QY�
KPFKECVGU�VJCV�VJG�EWTTGPV�E[ENG�KU�VJG�HGVEJ�
E[ENG�QH�CP�KPUVTWEVKQP�GZGEWVKQP�

0/+ �� 0QPOCUMCDNG�
+PVGTTWRV

+PRWV��HCNNKPI�
GFIG�CEVKXG

0/+�JCU�C�JKIJGT�RTKQTKV[�VJCP�+06��CPF�KU�
CNYC[U�TGEQIPK\GF�CV�VJG�GPF�QH�CP�
KPUVTWEVKQP��TGICTFNGUU�QH�VJG�UVCVG�QH�VJG�
KPVGTTWRV�GPCDNG�HNKR�HNQRU��6JKU�UKIPCN�HQTEGU�
RTQEGUUQT�GZGEWVKQP�VQ�NQECVKQP�����*��6JKU�
KPRWV�KPENWFGU�C�5EJOKVV�VTKIIGT�VQ�CNNQY�4%�
TKUG�VKOGU�

12/1&� � �� �� 1RGTCVKPI�
/QFG�5GNGEV�
���

+PRWVU 6JGUG�RKPU�UGNGEV�VJG�DCUKE�QRGTCVKPI�OQFG�QH�
VJG�<��5�����#�TKUKPI�GFIG�QP�12/1&��
OCMGU�VJG�<��5����IGPGTCVG�C�2QYGT�1P�
4GUGV�
214��
12/1&��12/1&� 1RGTCVKPI�/QFG

. . 0QTOCN�

. * 4GUGTXGF
* .� +PVGTPCN�41�GPCDNGF
* * $754'3�KU�IGPGTCVGF

2*+ �� 5[UVGO�%NQEM 1WVRWV 6JKU�QWVRWV�KU�VJG�<��5��� U�OCUVGT�ENQEM��
CPF�KU�RTQXKFGF�HQT�WUG�D[�GZVGTPCN�NQIKE��6JG�
HTGSWGPE[�QH�VJKU�ENQEM�OC[�DG�GSWCN�VQ�QT�
JCNH�QH�VJG�ET[UVCN�QT�KPRWV�ENQEM�HTGSWGPE[��
FGRGPFKPI�QP�CP�KPVGTPCN�TGIKUVGT�DKV�

6#$.'��� �241%'5514�#0&�&'8+%'�2+0�&'5%4+26+105�
%106+07'&�

5[ODQN 2KP�� (WPEVKQP 6[RG &GUETKRVKQP
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29459+6%* �� 2QYGT�5YKVEJ 1WVRWV 6JKU�RKP�KU�C�RQUKVKXG�NQIKE�QWVRWV�EQPVTQNNGF�
D[�DKV���QH�VJG�2QYGT�%QPVTQN�TGIKUVGT��$KV���
TGUGVU�VQ����UQ�VJKU�RKP�IQGU�.QY�CV�CP[�
4GUGV��KPENWFKPI�QPG�KPKVKCVGF�D[�C�TKUKPI�GFIG�
QP�29472�QT�12/1&���5GG� 7UKPI�VJG�
2QYGT�%QPVTQN�4GIKUVGT �QP�RCIG ���

29472 �� 2QYGT�7R +PRWV +H�DKV���KU���KP�VJG�2QYGT�%QPVTQN�4GIKUVGT��C�
TKUKPI�GFIG�QP�2$��%65��29472�TGUGVU�VJG�
RCTV��CU�FGUETKDGF�KP� 7UKPI�VJG�2QYGT�
%QPVTQN�4GIKUVGT �QP�RCIG ���

4#/4& �� 4#/�4GCF 1WVRWV��CEVKXG�
.QY����UVCVG

4#/4&�.QY�KPFKECVGU�VJCV�VJG�RTQEGUUQT�
TGCFU�FCVC�HTQO�C�OGOQT[�NQECVKQP�KP�VJG�
CFFTGUU�TCPIG�QH�GZVGTPCN�4#/��6JG�
<��5����FQGU�PQV�FTKXG�VJKU�NKPG�FWTKPI�
4GUGV��PQT�FWTKPI�DWU�CEMPQYNGFIOGPV�

4#/94 �� 4#/�YTKVG 1WVRWV��CEVKXG�
.QY����UVCVG

4#/94�.QY�KPFKECVGU�&� &��JQNF�FCVC�VQDG�
UVQTGF�CV�C�OGOQT[�NQECVKQP�KP�VJG�CFFTGUU�
TCPIG�QH�GZVGTPCN�4#/��6JG�<��5����FQGU�
PQV�FTKXG�VJKU�NKPG�FWTKPI�4GUGV��PQT�FWTKPI�
DWU�CEMPQYNGFIGOGPV�

4'5'6 �� /CUVGT�4GUGV +PRWV�1WVRWV��
CEVKXG�.QY

6JKU�UKIPCN�KPKVKCNK\GU�VJG�<��5����CPF�QVJGT�
FGXKEGU�KP�VJG�U[UVGO��6JKU�KPRWV�OWUV�DG�
.QY�HQT�C�OKPKOWO�QH�UKZ�U[UVGO�ENQEM�
E[ENGU��CPF�KU�JGNF�.QY�WPVKN�VJG�ENQEM�KU�
UVCDNG��4'5'6�ECP�DG�RTQITCOOGF�CU�CP�
QWVRWV��CNNQYKPI�<��5����VQ�TGUGV�GZVGTPCN�
FGXKEGU��6JG�2QYGT�1P�4GUGV�CPF�9CVEJ�&QI�
6KOGT�
KH�GPCDNGF��DNQEMU�RGTHQTO�C�INQDCN�
TGUGV�D[�HQTEKPI�4'5'6�.QY��6JKU�KPRWV�
KPENWFGU�C�5EJOKVV�VTKIIGT�VQ�CNNQY�4%�TKUG�
VKOGU�

41/4& �� 41/�4GCF 1WVRWV��CEVKXG�
.QY����UVCVG

41/4&�.QY�KPFKECVGU�VJCV�VJG�RTQEGUUQT�
YCPVU�VQ�TGCF�FCVC�HTQO�C�OGOQT[�NQECVKQP�KP�
VJG�CFFTGUU�TCPIG�QH�GZVGTPCN�41/�(NCUJ��6JG�
<��5����FQGU�PQV�FTKXG�VJKU�NKPG�FWTKPI�TGUGV��
PQT�FWTKPI�DWU�CEMPQYNGFIG�E[ENGU�

41/94 �� 41/�9TKVG 1WVRWV��CEVKXG�
.QY����UVCVG

41/94�.QY�KPFKECVGU�VJCV�&� ��JQNF�C�D[VG�
VQ�DG�UVQTGF�CV�VJG�CFFTGUUGF�OGOQT[�
NQECVKQP�KP�VJG�CFFTGUU�TCPIG�QH�GZVGTPCN�(NCUJ�
OGOQT[��6JG�<��5����FQGU�PQV�FTKXG�VJKU�
NKPG�FWTKPI�4GUGV��PQT�FWTKPI�DWU�
CEMPQYNGFIG�E[ENGU�

8&& ����
����
����
������

2QYGT�5WRRN[ 6JGUG�RKPU�ECTT[�RQYGT�VQ�VJG�FGXKEG��6JG[�
OWUV�DG�VKGF�VQ�VJG�UCOG�XQNVCIG�GZVGTPCNN[�

6#$.'��� �241%'5514�#0&�&'8+%'�2+0�&'5%4+26+105�
%106+07'&�

5[ODQN 2KP�� (WPEVKQP 6[RG &GUETKRVKQP
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855 �������
����
������

)TQWPF 6JGUG�RKPU�CTG�VJG�ITQWPF�TGHGTGPEGU�HQT�VJG�
FGXKEG��6JG[�OWUV�DG�VKGF�VQ�VJG�UCOG�
XQNVCIG�GZVGTPCNN[�

9&6�'PCDNG �� 9CVEJ�&QI�
6KOGT�'PCDNG

+PRWV +H�VJKU�RKP�KU�*KIJ��VJG�9CVEJ�&QI�6KOGT�
ECPPQV�DG�FKUCDNGF�D[�UQHVYCTG�PQT�D[�4GUGV��
+H�VJKU�RKP�KU�.QY�CV�RQYGT�WR��VJGUG�VJTGG�
GXGPVU�QEEWT�
– #�2QYGT�1P�4GUGV�FKUCDNGU�VJG�9CVEJ�&QI�
6KOGT�
�#�9&6�4GUGV�FQGU�PQV�EJCPIG�VJG�UVCVWU�
QH�VJG�9&6�
�5QHVYCTG�ECP�GPCDNG�QT�FKUCDNG�KV�CU�
PGGFGF�

:6#. �� %T[UVCN +PRWV�1WVRWV %T[UVCN�QUEKNNCVQT�EQPPGEVKQP��6JKU�RKP�KU�NGHV�
QRGP�KH�CP�GZVGTPCN�ENQEM�KU�WUGF�KPUVGCF�QH�C�
ET[UVCN��6JKU�RKP�FQGU�PQV�ECTT[�C�NQIKE�NGXGN��

5GG� &%�%JCTCEVGTKUVKEU �QP�RCIG �����

<%. �� <&+�%NQEM +PRWV 6JG�ENQEM�HQT�VJG�<K.1)�&GDWIIKPI�+PVGTHCEG��
6JKU�KPRWV�KPENWFGU�C�5EOKVV�VTKIIGT�

<&# �� <&+�&CVC +PRWV�QWVRWV��
QRGP�FTCKP

&CVC�HQT�VJG�<K.1)�&GDWIIKPI�+PVGTHCEG��6JKU�
KPRWV�KPENWFGU�C�5EJOKVV�VTKIIGT�

6#$.'��� �7#46�#0&�%5+�1�2+0�&'5%4+26+105
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%65� �� %NGCT�6Q�5GPF�
�

+PRWV��CEVKXG�
.QY

6TCPUOKV�EQPVTQN�UKIPCN�HQT�#5%+�EJCPPGN���

&%&� �� &CVC�%CTTKGT�
&GVGEV��

+PRWV��CEVKXG�
.QY

4GEGKXG�EQPVTQN�UKIPCN�HQT�#5%+�EJCPPGN���

4:#� � ������ 4GEGKXG�&CVC�
���

+PRWVU #5%+�4GEGKXG�FCVC�

4:5 �� %5+�1�4GEGKXG�
&CVC

+PRWV 4GEGKXG�FCVC�HQT�VJG�%5+�1�EJCPPGN�

6:#� � ������ 6TCPUOKV�&CVC�
����

1WVRWVU #5%+�6TCPUOKV�FCVC��

6:5 �� %5+�1�
6TCPUOKV�&CVC

1WVRWV 6TCPUOKV�FCVC�HTQO�VJG�%5+�1�EJCPPGN�

6#$.'��� �241%'5514�#0&�&'8+%'�2+0�&'5%4+26+105�
%106+07'&�

5[ODQN 2KP�� (WPEVKQP 6[RG &GUETKRVKQP
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This section describes, using text, tables, and figures, how the various parts of the 
Z80S183 operate. This description is presented from the processor outward to the 
peripherals. In the latter parts of this section, refer to the corresponding section of 
“I/O Registers” on page 70, which present the Z80S183’s I/O registers. Cross-
reference links are included in both sections to aid these references.

6#$.'��� �2146�#0&�2+15�2+0�&'5%4+26+105

5[ODQN 2KP�� (WPEVKQP 6[RG &GUETKRVKQP

2#� � ��
����
�� ��

2QTV�# +PRWV�QWVRWVU 6JGUG�RKPU�ECP�DG�EQPHKIWTGF�CU�KPRWVU�QT�
QWVRWVU��YKVJ�QT�YKVJQWV�NGXGN�UGPUKVKXG��
CEVKXG�.QY�KPVGTTWRV�TGSWGUV�ECRCDKNKV[��QP�C�
DKV�D[�DKV�DCUKU�

2$� � ����
�� ��

2QTV�$ +PRWV�QWVRWVU 6JGUG�RKPU�ECP�DG�EQPHKIWTGF�CU�RQTV�KPRWVU�
QT�QWVRWVU��QT�#5%+�QT�%5+�1�UKIPCNU��QP�C�DKV�
D[�DKV�DCUKU�

2%� � ��
����
�� ��

2QTV�% +PRWV�QWVRWVU 6JGUG�RKPU�ECP�DG�EQPHKIWTGF�CU�RQTV�KPRWVU�
QT�QWVRWVU��QT�2TQITCOOCDNG�+PRWV�1WVRWV�
5GSWGPEGT�QWVRWVU��QP�C�DKV�D[�DKV�DCUKU��
#NUQ��2%��ECP�DG�WUGF�CU�C����QT����*\�VKOG�
DCUG�HQT�VJG�TGCN�VKOG�%NQEM�

2&� � ��
����
�� ��

2QTV�& +PRWV�QWVRWVU 6JGUG�RKPU�ECP�DG�EQPHKIWTGF�CU�KPRWVU�QT�
QWVRWVU��YKVJ�QT�YKVJQWV�NGXGN�UGPUKVKXG��
CEVKXG�.QY�KPVGTTWRV�TGSWGUV�ECRCDKNKV[��QT�CU�
KPRWVU�VQ�VJG�#�&�EQPXGTVGT��QP�C�DKV�D[�DKV�
DCUKU��2&��CPF�2&��ECP�CNUQ�CEV�CU�&4'3��
CPF�&4'3��TGURGEVKXGN[�

6#$.'��� �#0#.1)�2+0�&'5%4+26+105
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#%� � ��
����
�� ��
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The Z80S183 is an 8-bit microprocessor that performs certain 16-bit operations. 
In both data sizes, the processor includes an accumulator. Register A is the accu-
mulator for 8-bit operations, and the HL register pair is the accumulator for 16-bit 
operations.

2TQEGUUQT�2TQITCO�4GIKUVGTU

In addition to register A, there are six more 8-bit registers named B, C, D, E, H, 
and L, which can also be operated on as 16-bit register pairs BC, DE, and HL. 
Flag register F completes the basic register bank.

Two of these basic register banks are included in all Z80 and Z180 processors. 
High-speed exchange between these banks can be used by a program internally, or 
one bank can be allocated to the mainline program and the other to interrupt 
service routines. 

Finally, two Index registers IX and IY allow base and displacement addressing in 
memory. IX and IY are not included in the register banks on the Z80 and Z180; 
there is only one copy of each.

/GOQT[�/CPCIGOGPV�7PKV�
//7�

To the 16-bit, 64 KB memory addressing capability of the Z80, all Z180 proces-
sors add a Memory Management Unit (MMU) that expands the addressing capa-
bility to 20 bits (1 MB). With the MMU, the 64 KB logical addressing space can 
be divided into one to three areas of programmable size and location in the 
1-MB physical memory space.

+�1�5RCEG

A separate I/O space includes on-chip and off-chip peripheral devices. On the 
Z80, I/O space included 8-bit addresses and 256 bytes. All Z180 processors 
feature an expanded I/O space with 16-bit addresses and 64 KB. The Z80S183 
includes an extensive set of on-chip peripherals in I/O space, which can be 
augmented by external peripherals.

2TQEGUUQT�%QPVTQN�4GIKUVGTU

In addition to the data-oriented registers described above, the Z80S183 processor 
includes several other control registers. Unlike the registers in I/O space that are 
described in Section 4, these control registers have no addresses, but are used 
implicitly in certain processor operations.

2TQITCO�%QWPVGT�
2%���This 16-bit register tracks program execution by the 
processor, which automatically increments PC while fetching instructions. The 
processor stores PC on the stack when it executes a CALL or RST instruction, or 
an interrupt or TRAP occurs. The processor loads PC with a new value when it 
executes a JUMP, CALL, RST, or RET instruction, and when an interrupt, Trap, or 
Reset occurs. PC resets to 0000.
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5VCEM�2QKPVGT�
52���The processor decrements this 16-bit register by 2, and stores 
a 16-bit value in memory at this updated address, when it executes a PUSH, CALL, 
or RST instruction, and when an interrupt or Trap occurs. The processor fetches a 
16-bit value from memory at the address in SP, and then increments SP by 2, when 
it executes a POP, RET, RETI, or RETN instruction. Software can store the value 
in SP in memory, load SP from memory or another register, or load it with a 
constant/immediate value. Further, software can add or subtract the value in SP to 
or from another register, and can increment or decrement SP. Finally, software can 
exchange the 16-bit value in memory, to which SP currently points, with the 
contents of a 16-bit register. SP resets to 0000B.

(NCIU�
(���The processor includes two Flag registers each containing six bits, 
named Zero (Z), Carry (CF), Sign (S), Parity or Overflow (P/V), Half-Carry (HC) 
and Add/Subtract (N). Certain flags are automatically updated as part of executing 
certain instructions. Subsequent instructions can then use the flags, either as an 
operand (ADC, SBC, DAA), or to determine whether to perform a JUMP, CALL, or 
RET operation. The flags can be saved on the stack with a PUSH instruction, or 
restored from the stack with a POP instruction. The two sets of flag registers are 
paired with the two A accumulators; the current pair is toggled by the 
EX AF,AF’  instruction.

+PVGTTWRV�*KIJ�#FFTGUU�
+���The contents of this register are used as the eight 
high-order address bits, when the processor fetches the address of an interrupt 
service routine from memory, for an interrupt from the INT1  or INT2  pin, or 
from an on-chip peripheral. The I register points at a table of interrupt service 
routine addresses, that starts at a 256-byte boundary in the 64 KB logical address 
space. The I register resets to 0, and can be read or written by the dedicated 
instructions LD A,I  and LD I,A .

4�%QWPVGT�
4���On the Z8018x family processors this register contains a count of 
executed fetch cycles. R resets to 0, and can be read or written by the dedicated 
instructions LD A,R  and LD R,A .

1DUGTXKPI�4GCF�&CVC�HTQO�1P�%JKR�&GXKEGU

Bit 7 of the Output Control Register (OCR, illustrated on page 77) determines 
whether the Z80S183 drives data from on-chip ROM, RAM, and I/O registers, 
onto the D7–D0 pins for debugging and monitoring purposes. When this bit is 0, 
as it is after a reset, the D7–D0 pins remain in high-impedance state during read 
cycles from on-chip devices, saving power.

If software sets this bit to 1 during device initialization, the Z80S183 drives read 
data from on-chip devices onto D7–D0, allowing it to be captured by debugging 
instruments such as logic analyzers.

+NNGICN�+PUVTWEVKQP�6TCRU

Like most processors, the defined instruction set for the Z8018x family does not 
fully cover all possible sequences of binary values. The Op Code maps, in the 
section, “Op Code Map” on page 157, include numerous blank cells. These cells 
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represent Op Code sequences for which no operation is defined, and are 
commonly called illegal instructions.

When a Z80S183 or other Z8018x processor fetches one of these sequences, it 
performs a Trap sequence as follows:

1. The Trap bit is 1 in the Interrupt/Trap Control register.

2. The UFO bit in the Interrupt/Trap If the register is set to 0 if the processor
detected the condition while fetching the second byte of the instruction. The,
UFO bit clears to 1 if in the Interrupt/Trap Control register. If the condition
was detected while fetching the third byte, UFO is 1.

3. The processor decrements the Stack Pointer (SP) by 2 and stores the 16-bit
logical address from PC, in memory at the new SP address. This address points
to the last byte of the illegal Op Code sequence.

4. The processor then clears PC and resumes execution at logical address 0000.

6TCR�*CPFNKPI��The code at logical address 0000B can optionally store the value 
of SP in memory, and then set SP to an area of memory dedicated to its private 
stack.

In all cases, the trap-handling routine stores as many registers among AF, BC, DE, 
HL, IX, and IY as it may use, by pushing them onto the stack. A general-purpose 
routine stores all of these registers, those in the alternate set, the value of I and the 
state of the Interrupt Enable flag. 

Next, the Trap-handling code distinguishes among the four events that can bring 
execution to address 0000B: 

• A Reset

• A Trap

• An RST 0 instruction

• A program error, such as a JUMP to a null pointer

The code detects a Trap by reading the Interrupt/Trap Control register (ITC) and 
checking bit 7 (Trap). If bit 7 is 1, a Trap has occurred, and the code handles it as 
follows:

1. Clears the Trap bit by writing a 0 to bit 7 of the ITC

2. Fetches the PC value stored on the stack

3. Examines bit 6 of the ITC (UFO). 

4. Decrements the PC value by 1, if the UFO bit is 0; otherwise, decrements it by
2, so that it points to the start of the illegal instruction.

The next action of the trap handling routine depends on the application and its 
stage of development. 

'ZVGPFKPI�VJG�+PUVTWEVKQP�5GV��Core software can use illegal instructions as 
extensions to the Z8018x instruction set. To accomplish this, the trap handler must 
fetch and examine each illegal instruction. If an illegal instruction is an extension, 
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the trap handler performs the extended operation that the instruction indicates. It 
then advances the stacked PC value over the instruction, restores the saved 
register values, and returns to the next instruction.

'TTQT�/GUUCIG�XU��4GUVCTV��Except for these extended instructions, the trap 
handling software can perform either of the following actions:

• Output an error message and wait for someone to examine the situation and re-
start the application

• Attempt to restart the application immediately

The former course is more common in the debugging/development stages of an 
application, while the latter may be more appropriate in the production/deploy-
ment stage. In the latter case, software may log the event for future readout, using 
an external storage medium or just in memory.

&'8+%'�#0&�8'45+10�+&�4')+56'45

Three registers (described on page 74), allow software to determine if it is oper-
ating on a Z80S183, as well as the device version. These registers are a mandatory 
feature of the ZDI interface that is described in “ZiLOG Debug Interface” on 
page 180, and are also available in I/O space. 

I/O addresses 003BH and 003CH read as 01 and 00 respectively, indicating that 
the Z80S183 was one of the first devices to incorporate a ZDI interface. I/O 
address 003DH reads as 00 for revision AB, 01 for revision BA, and will feature 
higher values on future revisions.

+06'447265

ZiLOG Z80 and Z180 processors have a rich legacy of sophisticated interrupt 
capabilities. Because of the ack of an I/O Request signal on the Z80S183, its inter-
rupt subsystem is substantially simpler and easier to describe than those of other 
8018x devices. 

The following topics that are significant for other 8018x processors, do not apply 
to the Z80S183:

• INT0 Mode 0 and 2 interrupts,

• Interrupt acknowledge cycles,

• Interrupt daisy chains, 

• Interrupt Pending and Interrupt Under Service bits, and

• RETI instructions.

+PVGTTWRV�4GUQWTEGU�KP�VJG�<��5���

+'(��CPF�+'(���These bits are internal to the processor and can only be affected 
and manipulated by certain specific events:

• A Reset clears IEF1 and IEF2
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• An EI instruction sets IEF1 and IEF2

• A DI instruction clears IEF1 and IEF2

• An NMI sequence copies IEF1 to IEF2, then clears IEF1

• A maskable interrupt clears IEF1 and IEF2

• An LD A,I or LD A,R instruction copies IEF2 to the P/V flag

• An RETN instruction copies IEF2 to IEF1

When IEF1 is 1, RESET and BUSREQ are both High, and no falling edge has 
occurred on NMI, the Z80S183 checks for maskable interrupt requests from 
external pins and on-chip peripherals, as it completes each instruction, or each 
instruction iteration for HALT, the block I/O instructions, block move instructions, 
and block scan instructions.

6JG�+�4GIKUVGT��The Z80S183 uses the contents of this register as A15–8 of the 
logical address for fetching interrupt service routine addresses from memory, in 
response to interrupt requests on INT1 and INT2, and from internal peripherals.

See “Interrupt Registers”, which starts on page 80, for other registers associated 
with interrupts.

6JG�+.�4GIKUVGT��The Z80S183 uses bits 7-5 of this register as A7–5 of the logical 
address for fetching interrupt service routine addresses from memory, in response 
to interrupt requests on INT1 and INT2, and from internal peripherals.

6JG�+PVGTTWRV�6TCR�%QPVTQN�4GIKUVGT�
+6%���2-0 of the ITC are individual Enable 
bits for the INT2, INT1, and INT0 pins, respectively. They reset to 001B, so 
that requests on INT0 can be enabled by an EI instruction after Reset.

+PVGTTWRV�'FIG�4GIKUVGT�
+'4���By reading this register, software can sense the 
current state of the INT2 and INT1 pins, and whether an edge has been detected 
on each. Other bits in the IER select whether each of these pins is low-level sensi-
tive, or rising- and/or falling-edge sensitive.

0QPOCUMCDNG�+PVGTTWRV�
0/+�

TheZ80S183 latches falling edges on the NMI pin. A falling edge clears the DME 
bit in the DMA Status register (DSTAT), disabling the on-chip DMA channels. 
Only a Low on RESET or on BUSREQ takes precedence over NMI. Unless RESET 
or BUSREQ is Low, the Z80S183 checks for a falling edge on NMI as it completes 
each instruction (each instruction iteration of HALT, the block I/O instructions, 
block move instructions, and block scan instructions), and performs an NMI 
sequence if a falling edge has occurred.

An NMI sequence includes 4 steps:

1. The processor copies the state of the IEF1 bit to IEF2.

2. It clears IEF1 to prevent maskable interrupts.

3. It decrements SP by 2, and stores the logical address in the PC in memory at 
the new address in SP. For most interrupts, this value is the address of the 
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instruction the processor would have executed next, had no interrupt occurred. 
If the processor was stopped by HALT or SLP, this value is the address of the 
next instruction. In the event of an incomplete block transfer, block scan, or 
block I/O instruction, this value is the address of the instruction.

4. The processor loads 0066H into PC, and resumes execution from that logical
address.

0/+�*CPFNKPI��NMI routines fall into two categories, based on whether the 
external hardware that drives NMI is capable of producing another falling edge on 
the pin, before the NMI service routine has completed its execution and returned 
to the interrupted process.The case when the NMI is not capable of producing 
another falling edge is called Single Edge Guaranteed. The case when the NMI 
can produce another falling edge is called Repeated Edge Possible. Debug moni-
tors, which may display the state of the interrupt process, fall into the Repeated 
Edge category.

5KPING�'FIG�)WCTCPVGGF���An NMI routine in this category is similar to other 
interrupt service routines. This routine has the option of storing the contents of SP 
in memory and loading SP with the address of a memory area that is dedicated for 
the stack. In any case, this routine stores as many of the registers as it may use 
during its execution. 

4GRGCVGF�'FIG�2QUUKDNG��An NMI routine in this category starts with a PUSH AF 
instruction, then LOAD A from a dedicated location in memory that indicates 
whether the interrupted process is the NMI routine. If this location indicates that 
the process is the NMI routine, it immediately performs a POP AF and then a 
RETN instruction, to return to its former execution.

If the in NMI location is cleared, software sets it to 1. Then, if the NMI routine 
performs either of the following:

• Places a DI instruction in a Save The Registers routine that it shares with other
means of entry, or

• Displays the I register or the interrupt-enable state of the interrupted process,
and allows a user/programmer to change these (in essence, a debug monitor)

it performs LD A,I and PUSH AF instructions. This stores the I register at the 
address in SP plus one, and the interrupt enabled state (IEF2) in the 
P/V flag and in bit 2 of the memory location pointed to by SP.

If the NMI routine uses a common Save The Registers subroutine that it shares 
with other entry points, the save subroutine can perform a DI instruction to 
prevent interruption by maskable interrupts.

The NMI routine has the option to store the SP value in a dedicated location in 
memory, and load SP with the address of a dedicated NMI stack area.

In any case, the NMI routine must PUSH as many other registers as it uses. A 
debug monitor typically performs PUSH operations on all registers in both banks, 
so that it can display them.
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4GGPCDNKPI�6JG�&/#�%JCPPGNU��In an NMI service routine in an application that 
uses the DMA channels, software next reads the DSTAT register and reenables 
any DMA operation that was in progress, as described in the in “NMI and DME” 
on page 42. 

'ZKVKPI�6JG�0/+�4QWVKPG��On completion of its processing, an NMI routine 
restores the saved registers. If the routine used its own stack area, it then restores 
the SP value of the interrupted process. If the routine set an in NMI memory loca-
tion on the way in, it clears this location to 0.

NMI routines that did not save the I register and IEF2 state at the start, can 
conclude with POP AF and RETN instructions. RETN copies the state of IEF2 
back into IEF1, restoring the interrupt enable state of the interrupted process.

NMI routines which saved I and IEF2 at the start, conclude with a POP AF for the 
saved I register and IEF2 bit. Then an LD I,A, followed by a JP V to a POP AF, 
EI, RET sequence. The JP is followed by LD I,A, POP AF, and RET instruc-
tions.

+06��/QFG��

The Z80S183 can only handles interrupts requested on the INT0 pin in Mode 1. 
All Z80S183 applications that enable interrupts and do not tie INT0 High, must 
include an IM 1 instruction before the first EI instruction.

The Z80S183 performs an INT0 interrupt sequence at the end of an instruction 
(each instruction iteration for HALT, the block I/O instructions, block move 
instructions, and block scan instructions), if all of the following are true:

• INT0 is Low

• Bit 0 of the Interrupt/Trap Control register is 1 to enable INT0 

• The IEF1 bit is set to 1 to enable interrupts in general general

• RESET and BUSREQ are both High, and a negative edge on NMI has not been
detected

When all of these conditions occur simultaneously, the Z80S183 responds as 
follows:

1. It clears IEF1 and IEF2 to prevent further interrupts.

2. It decrements SP by 2, and stores the contents of PC in memory at the new
address in SP. This value is typically the address of the instruction the
processor would have executed next, if no interrupt had occurred. If the
processor was stopped by HALT or SLP, this value is the address of the next
instruction. In the event of an incomplete block transfer, block scan, or block
I/O instruction, this value is the address of the instruction.

3. It loads 0038H into PC, and resumes execution from that logical address.

+PVGTTWRV�*CPFNKPI��Any Interrupt Service Routine (ISR) has the initial option of 
saving the contents of SP in memory, and loading SP with the address of a 
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memory area that is dedicated to its stack. Most interrupt service routines do not 
use this option. 

An INT0 ISR must save the contents of the registers it uses, using PUSH and/or 
EX AF,AF’  and EXX instructions.

If the application includes a mechanism for allowing nested interrupts, the ISR 
can begin as specified by that mechanism, leading to an IE  instruction that allows 
the ISR to be interrupted by other interrupts. Most applications do not allow for 
nested interrupts.

The ISR next reads status registers from each device that can request an interrupt 
on INT0 , to identify the cause of the interrupt. The ISR must process each inter-
rupting device according to this status, and the device and application require-
ments. 

Many ISRs read data from interrupting device(s), or write data to interrupting 
device(s). In addition, the ISRs can write registers in these devices, to modify its 
mode, status, or operation.

When interrupt processing is complete, if nested interrupts were allowed, the ISR 
ends as specified by the nesting mechanism. If nested interrupts were not allowed, 
the ISR restores the saved registers and concludes with EI  and RET instructions.

0QVG� the Z80 and Z80180 instruction sets include an RETI  instruction, that is used for 
servicing Z80 peripherals. Since the Z80S183 includes no such peripherals, nor does it 
allow them to be connected externally, there is no reason to ever conclude a Z80S183 ISR 
with an RETI . RET is both shorter and faster than RETI , and fills the same function.

+06��CPF�+06�

The Z80S183 performs an INT1  or INT2  interrupt sequence at the end of an 
instruction (each instruction iteration for HALT, the block I/O instructions, block 
move instructions, and block scan instructions), if all of the following are true:

• INT1 and/or INT2 meets the condition specified for it in the Interrupt Edge
Control register (low level, rising edge, falling edge),

• Bit 2 or 1 of the Interrupt/Trap Control register (ITC) is 1 to enable this pin (if
both pins are enabled and both pins meet the specified condition, INT1 takes
precedence over INT2),

• IEF1 is 1, to enable interrupts in general,

• INT0 is High or bit 0 of the ITC is 0,

• RESET and BUSREQ are High, and

• A negative edge on NMI has not been detected.

When all of these conditions occur simultaneously, the Z80S183 responds as 
follows:

1. It clears IEF1 and IEF2 to prevent further interrupts.

2. It decrements SP by 2, and stores the contents of PC in memory at the new
address in SP. Typically, this value is the address of the instruction the
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processor would have executed next, if no interrupt had occurred. If the
processor was stopped by HALT or SLP, this value is the address of the next
instruction. In the event of an incomplete block transfer, block scan, or block
I/O instruction, this value is the address of the instruction.

3. Next, the processor forms a logical memory address using the contents of the
I register as A15–8, bits 7–5 of the IL register as A7–5, and 0 as A4–0 for
INT1 or 2 in A4–0 for INT2.

4. Finally, the processor fetches a 16-bit logical address from memory at that
logical address, loads it into PC, and resumes instruction execution from there.

+06� ��*CPFNKPI��All of the considerations noted for INT0 ISRs in “Interrupt 
Handling” on page 16, also apply to ISRs for INT1 and INT2. One additional 
step is required if the pin is edge-triggered: read the INT2-1 Interrupt Edge 
Register (IECR), and write the value (including 1 in bit 5 or 4) back to the IECR 
to clear the edge-detection logic.

1P�%JKR�+PVGTTWRVU

The Z80S183 performs an interrupt sequence for an on-chip device at the end of 
an instruction (each instruction iteration for HALT, the block I/O instructions, 
block move instructions, and block scan instructions), if all of the following are 
true:

• An interrupting condition has occurred in the device,

• That condition is interrupt-enabled in the device’s registers,

• IEF1 is 1, to enable interrupts in general,

• No higher-priority internal device is requesting an interrupt (see Table 5 below
for the relative priorities of internal devices),

• Neither INT1 nor INT2 is interrupting,

• INT0 is High or bit 0 of the ITC is 0,

• RESET and BUSREQ are both High, and 

• A negative edge on NMI has not been detected.

When all of these conditions occur simultaneously, the Z80S183 responds as 
follows:

1. It clears IEF1 and IEF2 to prevent further interrupts.

2. It decrements SP by 2, and stores the contents of PC in memory at the new
address in SP. Typically, this value is the address of the instruction the
processor would have executed next, if no interrupt had occurred. If the
processor was stopped by a HALT or SLP instruction, this value is the address
of the next instruction. For an incomplete block transfer, block scan, or block
I/O instruction, this value is the address of the instruction.
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3. Next the processor forms a logical memory address using the contents of the I
register as A15–8, bits 7–5 of the IL register as A7–5, and the value
corresponding to the interrupting device as A4–0.

4. Finally, the processor fetches a 16-bit logical address from memory at that
logical address, loads it into PC, and resumes instruction execution from there.

1P�%JKR�+PVGTTWRV�*CPFNKPI��The only difference between handling an on-chip 
interrupt, and the considerations noted for INT0 ISRs in “Interrupt Handling” on 
page 16, is that the ISR for an on-chip device never needs to differentiate among 
several devices connected to an INT pin, only among interrupt sources within the 
device.

/'/14;

Z8018x family processors include a 64 KB logical memory space in which soft-
ware operates, and a 1 MB physical memory address space in which on-chip and 
external memory reside. The Memory Management Unit (MMU) translates 16-bit 
logical addresses to 20-bit physical addresses dynamically, as part of each 
memory access.

/GOQT[�5VTWEVWTG

On the Z80S183, memory is divided into four categories:

• 1 KB of on-chip ROM

6#$.'��� �+06'44726�1((5'65�#0&�24+14+6+'5

&GXKEG 2TKQTKV[ #� ��1HHUGV
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• 2 KB of on-chip RAM

• External ROM or Flash memory using on-chip decoding

• External RAM using on-chip decoding

Table 28 on page 79 describes the System Configuration Register (SCR), which 
includes bits that enable or disable each of these four memory categories. Soft-
ware designers must be cautious when programming this register, to not disable 
the memory in which the current code sequence resides.

On-chip ROM can be enabled or disabled at Reset time, by the state of the 
OPMODE1–0 pins. These pins control the initial state of the on-chip ROM Enable 
bit in the SCR. If on-chip ROM is enabled, it occupies physical addresses 
00000–003FFH.

The last 256 bytes of on-chip RAM are always accessible to the Programmable 
I/O Sequencer (PIOS) module. If processor access to on-chip RAM is enabled, 
another bit in the SCR controls whether A19–16 are included in address decoding 
for on-chip RAM.

The on-chip address decoder for external ROM or Flash memory decodes from 
physical address 00000 through a programmable upper limit. When external 
ROM is enabled, memory accesses at addresses below the upper limit, drive the 
ROMRD or ROMWR pin Low. (Among the capabilities of the ROMWR pin are 
programming of Flash memories.)

The on-chip address decoder for external RAM decodes between programmable 
lower and upper limits. When external RAM is enabled, memory accesses at 
addresses between these two limits, drive the RAMRD or RAMWR pin Low. 

0QVG� If software programs the Memory Chip Select Logic and System Configuration 
Register so that some addresses do not match either the ROM or RAM chip selection, 
accesses to these addresses do not appear on the external bus. Avoid this possibility by 
programming the active chip selects to cover the entire memory address space.
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#FFTGUUKPI�/QFGU

Instructions can specify a memory address in several ways. Z80S183 addressing 
modes include:

4GNCVKXG�#FFTGUUKPI��JR and DJNZ instructions include a signed 8-bit displace-
ment that specifies a range of addresses –126 to +129 from the Op Code, to 
which program control can be transferred.

&KTGEV�#FFTGUUKPI��In this mode, instructions include a 16-bit logical address.

4GIKUVGT�+PFKTGEV�#FFTGUUKPI��In this mode, the address is taken from one of the 
register pairs BC, DE or HL.

+PFGZGF�#FFTGUUKPI��In this mode, instructions include an 8-bit signed displace-
ment from the address in an index register IX or IY.

Other contexts in which memory is accessed include instruction fetching, inter-
rupts, DMA operations, and cycles generated by external masters while BUSACK 
is Low.

/GOQT[�/CPCIGOGPV�7PKV�
//7�

The MMU translates the 16-bit addresses used by software, called logical 
addresses, into 20-bit physical addresses, as part of all memory accesses 
performed by the processor. The MMU has no effect on accesses performed by the 
DMA channels, which include 20-bit address registers. It also has no effect on 
addresses in I/O space, which always have A19–16 0.

The MMU resets to a state in which it has no effect on addresses in processor 
cycles, passing A15–0 through without change and keeping A19–16 0. If an 
application needs 64 KB of memory or less, it ignores the MMU.

Even when the MMU has been programmed to perform active address transac-
tions, it passes A11 0 from the logical to the physical address. The MMU manages 
memory in 4 KB blocks. 

The section titled “MMU Registers” on page 82, describes the registers associated 
with the MMU.

//7�1RGTCVKQP��The MMU compares bits 15–12 of each logical address to two 
4-bit fields in its Common/Base Address Register (CBAR), in an unsigned 
manner. 

If bits 15–12 of a logical address are less than the value in bits 3–0 of the CBAR, 
the MMU considers the address to be in Common Area 0. For these addresses, it 
passes bits 15–12 to the A15-12 pins unchanged, and sets pins A19–16 to 0.

If bits 15–12 of a logical address are greater than or equal to the value in bits 3–0 
of the CBAR, but are less than the value in bits 7–4 of the CBAR, the MMU 
considers the address to be in the Bank Area. For such addresses, it adds the value 
in its 8-bit Bank Base Register (BBR) to bits 15–12 of the logical address, and 
outputs the 8-bit sum on pins A19–12.



12'4#6+10#.�&'5%4+26+10 /'/14;

�� 2TGNKOKPCT[�<��5��� 25�������:/2����

If bits 15–12 of a logical address are greater than or equal to the value in bits 7–4 
of the CBAR, the MMU considers the address to be in Common Area 1. For such 
addresses, it adds the value in its 8-bit Common Base Register (CBR) to bits 15–
12 of the logical address, and outputs the 8-bit sum on A19–12.

0QVG� The value in bits 7–4 of the CBAR must never be less than the value in bits 3–0 of 
the CBAR.

//7�%QPHKIWTCVKQPU��In the general case, the MMU divides the 64 KB logical 
memory space into three parts, with Common Area 0 located at the start of the 
1 MB physical address space, and the Bank Area and Common Area 1 relocatable 
to other parts of the physical address space. These three parts are under control of 
the Bank Base Register and Common Base Register, respectively. 

Certain combinations of values in the CBAR result in the logical address space 
being divided into fewer active areas:

• If the CBAR contains 0, all logical addresses fall into Common Area 1, and
are relocated to a contiguous 64 KB area starting at the address in the CBR
times 4096.

• If CBAR3–0 are 0 but CBAR7–4 are non-zero, the Bank Area and Common
Area 1 are active. Logical addresses less than (CBAR7–4)*4096 are relocat-
ed by the Bank Base Register, while other addresses are related by the Com-
mon Base Register.

• If CBAR7–4 and CBAR3–0 are equal and not 0, Common Area 0 and Common
Area 1 are active. Logical addresses less than (CBAR3–0)*4096 are not re-
located, and map to the start of physical memory. Other addresses are relocated
by the Common Base Register.

6JG�//7�#HVGT�4GUGV��Because the CBAR resets to 11110000B, logical 
addresses 0000–EFFFH are in the Bank Area and F000–FFFFH are in Common 
Area 1 after Reset. But since the BBR and CBR both reset to 0, the MMU passes 
all logical addresses through without change, with A19–16 all 0.

1P�%JKR�41/

Bit 7 in the System Configuration Register (page 79) controls whether physical 
addresses 00000–003FFH access on-chip ROM or external memory. A 1 in this 
bit enables on-chip ROM. At reset, this bit is set to 1 if the OPMOD1 pin is High 
and the OPMOD2 pin is Low. Otherwise, this bit is cleared to 0.

1P�%JKR�4#/

Bits 6–5 in the System Configuration Register control processor access to on-chip 
RAM. If bit 6 is 0, on-chip RAM is disabled. If bits 6–5 are 10, on-chip RAM 
does not decode bits 19–16 of physical addresses, and responds to all physical 
addresses with A15–11 all 1: xF800 through xFFFFH. If bits 6–5 are 11B, on-
chip RAM responds to physical addresses with A19–11 all 1: addresses FF800–
FFFFFH.
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The Programmable I/O Sequencer (PIOS) can always read the last 256 bytes of 
on-chip RAM, regardless of bits 6–5 in the SCR.

'ZVGTPCN�41/�(NCUJ�&GEQFKPI

Bit 4 of the System Configuration Register enables or disables an on-chip address 
decoder for external ROM or Flash memory. When this bit is 1, memory accesses 
at physical addresses less than the upper limit programmed in the ROM Boundary 
Register (ROMBR, page 84), drive the ROMRD or ROMWR pin Low. (The ROMWR 
pin can be used to program Flash memories.)

When SCR bit 4 is 1, ROMRD or ROMWR goes Low for addresses with A19–12 less 
than or equal to the contents of ROMBR, that is, for addresses less than 
(ROMBR+1)*4096. 

'ZVGTPCN�4#/�&GEQFKPI

Bit 3 of the System Configuration Register (page 79) enables or disables an on-
chip address decoder for external RAM. When this bit is 1, memory accesses at 
physical addresses between the lower limit programmed in the RAM Lower 
Bound Register (RAMLBR), and the upper limit programmed in the RAM Upper 
Bound Register (RAMUBR), drive the RAMRD or RAMWR pin Low. These regis-
ters are described on page 86.

When SCR bit 3 is 1, RAMRD or RAMWR goes Low for addresses with A19–12 
greater than or equal to the contents of RAMLBR, and less than or equal to the 
contents of RAMUBR, that is, for addresses A in the range

(RAMLBR)*4096 < A < (RAMUBR+1)*4096

9CKV�5VCVG�)GPGTCVQTU

The Z80S183 includes two registers that control automatic insertion of wait states 
into memory and I/O accesses. The outputs of these two generators are logically 
OR (Low-active OR, positive-logic AND) with the external WAIT pin, such that 
for a given address, the number of wait states taken is the largest number among 
these two facilities and any external wait-state generator.

The DMA/Wait Control register (DCNTL) is shown on page 109, and is present 
on all 8018x family members. DCNTL is one of the DMA registers, but the wait 
states that it controls apply to processor cycles as well as to those generated by the 
DMA channels.

Bits 7–6 select the number of waits states for all memory accesses.

Bits 5–4 select the number of wait states for I/O accesses other than those to 180 
registers. The Z80S183 interprets both fields as a binary number of wait states:

�� 0Q�YCKV�UVCVGU
�� ��YCKV�UVCVG
�� ��YCKV�UVCVGU
�� ��YCKV�UVCVGU
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The Wait State Generator Control register (WSGCR) is described on page 83, and 
is unique to the Z80S183.

Bits 7–6 control the number of wait states for memory accesses in the ROMRD/
ROMWR address range.

Bits 5–4 control the number of wait states for memory accesses in the RAMRD/
RAMWR address range.

Bits 3–2 control the number of wait states for other memory accesses, but these 
cycles do not appear on the external bus.

The Z80S183 interprets these fields as follows:

0Q�&4#/�4GHTGUJ

ZiLOG’s Z80 and Z8018x families have traditionally included dynamic RAM 
refresh logic. This logic is identical on all Z8018x devices including the Z80S183, 
but the Z80S183 does not have a RFSH pin with which to signal refresh cycles, 
nor a Refresh Control Register.

+0276�176276

The Z80S183 includes an I/O space that is distinct from memory space. I/O space 
is accessed by means of IN and OUT instructions rather than LD, PUSH, POP, and 
other instructions that access memory space. The MMU passes addresses in I/O 
space through without change; such addresses always have A19–16 all 0.

+�1�+PUVTWEVKQPU

The original Z80 featured a 256-byte I/O space. The following instructions are 
specific to the Z80’s 256-byte I/O space, and should not be used on the Z80S183 
except to access external I/O devices that do not decode A15–8:

OUT (port), A
IND
INDR
INI
INIR
OTDR
OTIR
OUTD
OUTI

The following instructions ensure that A15–8 are all 0, and can be used to access 
the Z80S183’s on-chip I/O registers, as well as external devices that decode A15–
8 as all 0:

�� 0Q�YCKV�UVCVGU
�� ��YCKV�UVCVG
�� ��YCKV�UVCVGU
�� ��YCKV�UVCVGU
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IN0 r, (port)
OUT0 (port), r
OTDM
OTDMR
OTIM
OTIMR

The following instructions drive A15–0 from the BC register pair, and can be used 
to access the full 64 K-byte I/O space:

IN r, (C)
OUT (C), r

The following instruction can access the entire 64 K-byte I/O space, by pre-
loading the MS 8 bits of the address into A. (This step is unnecessary for external 
devices that do not decode A15-8.)

IN A, (port)

4GNQECVKPI�VJG�������4GIKUVGTU

The section, “Registers Summary” on page 70, describes how the Z80S183’s I/O 
registers are divided into 80180-registers and Z80S183-specific registers. The 
latter registers are always located in the range 0040–007FH. After a reset, the 
80180 Registers are located in the range 0000–003FH, but bits 7–6 of the I/O 
Control Register (page 77) allow software to relocate the 80180 Registers to 
higher addresses:

Relocating the 180 registers is included to ease porting of Z80 applications to the 
Z8018x family.

%CWVKQP� Use this facility with caution because certain tools may assume that the 80180
Registers are located in the 0000– 003FH range. Those tools need to be reconfigured (re-
assembled, recompiled) to allow for relocated 180 Registers.

9TKVG�'PCDNG�.QEM�HQT�%TKVKECN�4GIKUVGTU

Some registers are protected from inadvertent modification by software. Writing a 
0BH to the Watch-Dog Timer Command Register (WDTCR, page 112) sets bit 0 
of the Watch-Dog Timer Master register to 1 (WDTMR, page 111) and enables 
writing to these registers. Writing any other value to WDTCR clears bit 0 of the 
WDTMR to 0 and prevents writing to these registers. 

+1%4�� � ����4GIKUVGT�#FFTGUUGU

�� ���� ���(*
�� 4GUGTXGF��FQ�PQV�RTQITCO
�� ���� ��$(*
�� ��%� ��((*
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The Write Enable state has no effect on reading the registers protected by this 
mechanism, which include.

• System Configuration register (SCR, page 79)

• Power Control register (PCR, page 78)

• Port A-D Data Direction registers (DDRA–D, pages 88–95)

• All Real Time Clock registers (pages 119–123)

+�1�%JKR�5GNGEVU

If bit 2 in the System Control Register (SCR) is 1, the Z80S183 drives the IOCS1 
pin for accesses to I/O addresses 0080–87H, and drives the IOCS2 pin Low for 
accesses to 0088–8FH. If SCR bit 2 is 0, IOCS1 and IOCS2 remain High at all 
times.

+�1�9CKVU

Bits 5–4 of the DMA/Wait Control Register can be used to insert wait states into 
I/O cycles with the Z80S183-specific registers at addresses 0040–007FH, and 
into I/O cycles with external devices. This field is interpreted as a binary number 
of wait states:

+14&�6KOKPI

Bit 5 in the Operating Mode Control Register (OMCR, shown on page 76) 
controls the timing of the IORD signal when software reads from an external I/O 
device. If this bit is 1, as it is after a reset, the Z80S183 drives IORD Low from the 
falling edge of PHI in the T1 clock cycle. If this bit is 0, it drives IORD Low one-
half clock cycle later, from the rising edge of PHI at the start of T2. Both cases are 
illustrated in Figure 3.

0QVG� On other Z8018x family members, bits 7 and 6 in the OMCR control how the M1 
signal affects Z80 peripheral devices. Since the Z80S183 does not have an IORQ pin, it 
cannot be used with Z80 peripherals, and OMCR bits 7–6 do not matter.

(+)74' �� +14&�6+/+0)

�� 0Q�YCKV�UVCVGU
�� ��YCKV�UVCVG
�� ��YCKV�UVCVGU
�� ��YCKV�UVCVGU

2*+

+14& 
1/%4����

+14& 
1/%4����

6� 6� 6Y 6�
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%.1%-�%+4%7+65

The Z80S183 can be clocked in any of three ways:

• By an external TTL- or CMOS-level clock on the EXTAL pin,

• By a crystal connected to its XTAL and EXTAL pins, or 

• By a low-frequency crystal (typically 32.768 KHz) connected to its LFXTAL
and LFEXTAL pins.

An external clock signal must be free of overshoot or ringing, must make contin-
uous, monotonic, and rapid transitions in both directions, and must meet the 
minimum High and Low times specified in “AC Characteristics” on page 167.

%NQEM�5GNGEVKQP

Bits 1–0 of the System Configuration Register, which is shown on page 79, select 
the source of the main device clock (PHI) between the XTAL/EXTAL pins and 
the LFXTAL/LFEXTAL pins, and in the latter case, a multiplier for the clock:

Because these bits reset to 00, an application that requires LFXTAL and 
LFEXTAL must start up using XTAL and EXTAL. The circuit in Figure 6 includes 
a connection that satisfies this need.

&KXKFG�D[���XU��&KTGEV�1RVKQP

Regardless of the source of PHI, bit 7 of the CPU Control Register (CCR, 
described on page 73) controls whether the Z80S183 uses the signal selected by 
bits 1–0 of the SCR directly as PHI, or whether it divides the signal by 2 to obtain 
PHI. 

If CCR bit 7 is 0, as it is after a reset, the part divides the selected signal by 2. This 
mode insulates the part against an asymmetric waveform on the selected signal. If 
CCR bit 7 is 1, the Z80S183 uses the selected signal directly. In this case, if an 
external clock is connected to EXTAL, the clock must meet the minimum High 
and Low times specified in “AC Characteristics” on page 167.

%KTEWKVU

When using a crystal connected to XTAL and EXTAL, locate the crystal as close as 
possible to the pins. This placement minimizes the trace lengths between the 
crystal, the pins, and the two capacitors shown in Figure 4, which illustrates the 
connection of a fundamental mode crystal up to and including 20 MHz. C1 and 
C2 are 20–30 pF, with 22 pF a typical value.

5%4�� � 2*+�UQWTEG

�� :6#.�':6#.
�� .(:6#.�.(':6#.
�� .(:6#.�.(':6#.�VKOGU�����
�� .(:6#.�.(':6#.�VKOGU����
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(+)74' �� (70&#/'06#.�/1&'�%4;56#.�%+4%7+6������/*<

For frequencies above 20 MHz, use a third-overtone crystal and include an LC 
tank circuit to filter the fundamental frequency, as shown in Figure 5. Again, it is 
essential to minimize trace lengths by locating all of the components as close as 
possible to the XTAL and EXTAL pins.

(+)74' �� 6*+4&�18'4610'�%4;56#.� ����/*<

A low-frequency crystal can be connected between the LFXTAL and LFEXTAL 
pins without any other components (see Figure 6). If the LF crystal is used as the 
clock source for the Real Time Clock, it must be exactly 32.768 KHz.

(+)74' �� .19�(4'37'0%;�%4;56#.�%+4%7+6
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%T[UVCN�5RGEKHKECVKQPU

The following specifications apply to fundamental mode crystals up to 20 MHz:

• Fundamental, parallel type (AT cut recommended)

• Load capacitance: CL = C1 = C2 = 20–30 pF (22 pF typical)

• Equivalent Resistance RS < 60 ohms

• CIN = COUT = 15–22 pF

4GFWEGF�1UEKNNCVQT�&TKXG�1RVKQP

Bit 6 in the Clock Control Register, described on page 73, controls the gain of the 
XTAL/EXTAL oscillator. When bit 6 is 0, as it is after a reset, a crystal connected 
to XTAL and EXTAL is driven strongly, to guarantee that oscillation always starts. 
This drive is suitable for traditional crystals packaged in HC–49-type packages, 
but may be too powerful for crystals packaged for miniaturized applications like 
PCMCIA. 

To reduce the gain of the oscillator, write a 1 to bit 6 of the Clock Control 
Register. This action reduces the drive to about 25% of normal mode, and reduces 
the maximum oscillator frequency from 33 to 20 MHz.

4'5'6�%10&+6+105

The effects of Reset on each of the registers in I/O space is described in Tables 
16–131 in the section describing “I/O Registers” on page 70. Among processor 
registers, the following registers and state bits are cleared to 0: PC, SP, I, IEF1, 
IEF2, R, and F. The following are not changed by Reset: A, B, C, D, E, H, L, IX, 
and IY.

The Z80S183 resets itself upon power-up. When power is applied, the device 
detects power rising. When the oscillator starts, the Power On Reset circuitry 

holds the Z80S183 in reset for 216 clock cycles, driving RESET Low to provide a 
reset to external peripherals. This Power On Reset sequence also occurs in 
response to a rising edge on OPMOD1 pin. If bit 6 of the Power Control Register 
(PCR) is 1, in response to a rising edge on PB2/CTS0/PWRUP.

Another possible source of Reset is the Watch-Dog Timer (WDT). See the section 
“Watch-Dog Timer” on page 43, for more information on the WDT.

219'4�/#0#)'/'06

The Z80S183’s low-power modes are controlled by the Standby and Idle/Quick 
bits in the CPU Control Register (page 73), the IOSTOP bit in the I/O Control 
Register (page 77), and execution of SLP and HALT instructions.

The section titled “LOW-POWER Modes” on page 30 describes the LOW-
POWER modes.
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7UKPI�VJG�2QYGT�%QPVTQN�4GIKUVGT

The Power Control Register (PCR, page 78) is unique to the Z80S183, and offers 
additional power control options to the board designer and programmer.

%'A176��This pin can be connected to the CE or CS pin(s) of external RAM, and 
to an external pullup resistor. The Z80S183 drives this pin Low when bit 7 of the 
Power Control Register is 1. Software sets this bit before trying to access external 
RAM. When PCR bit 7 is 0, the Z80S183 does not drive CE_OUT, and the 
external resistor pulls it High, which helps safeguard the RAM against modifica-
tion. Software clears PCR bit 7 to 0 before entering a LOW-POWER mode.

The RAM and the external pullup can be powered from a supply that is active 
when the Z80S183 is not powered, for example, from standby power or from a 
battery.

2$��%65��29472��This pin can be connected to a rising-edge-active wake up 
signal from external logic. To use this feature, software sets bit 6 of the Power 
Control Register to 1 before entering a LOW-POWER mode. When PCR bit 6 is 
1, a rising edge on PB2/CTS0/PWRUP causes a Reset that is identical to a Power 
On Reset. This reset brings the Z80S183 out of the LOW-POWER mode and into 
normal operation. When bit 6 of the PCR is 0, PB2/CTS0/PWRUP cannot cause 
a reset, and can be used for other purposes.

0QVG� A rising edge on the OPMOD1 pin also causes a Power On Reset. Assuming that 
OPMOD1 remains High, the device executes code from on-chip ROM after the Reset. 
After a Power On Reset caused by the PWRUP pin, execution starts in on-chip ROM or 
external memory, depending on the state of OPMOD1.

294596%*��This pin can be connected to a Low-active power switch that 
controls power to external devices (for example, a P-channel FET). It is a direct 
positive-logic output controlled by bit 5 of the Power Control Register, which 
resets to 0 making PWRSWTCH Low, which in turn applies power to the external 
devices. Before entering a LOW-POWER mode, software can write a 1 to bit 5 of 
the PCR, making PWRSWTCH High and removing power from the external 
devices.

6TKUVCVG�#�� ���4#/4&��4#/94��41/4&��41/94��IORD��IOWR��IOCS1-
2��6:5��If bit 4 of the Power Control Register is 1, these pins are 3-stated when 
the Z80S183 is in a LOW-POWER mode. This action completes the 
PWRSWTCH power control mechanism, in that it keeps external memories and 
peripherals from drawing power from these signals. PCR bit 4 resets to 0. To use 
this facility, software sets PCR bits 5 and 4 to 1 before entering a LOW-POWER 
mode.

.19�219'4�/QFGU

The IOSTOP bit in the I/O Control Register (page 77) controls operation of the 
ASCIs, PRTs and CSI/O. When this bit is 0, these peripherals operate normally. 
When this bit is 1, they are disabled, reducing power use. 
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The Standby and Idle/Quick bits in the CPU Control Register (page 73) control 
the mode the Z80S183 enters when it executes an SLP instruction. If the applica-
tion uses the XTAL/EXTAL oscillator and Standby is 1, an SLP instruction stops 
the oscillator. This mode uses less power than any other mode, but requires time to 
restart the oscillator in response to a reset, an interrupt request, or optionally a bus 
request.

When Standby is 1, the Idle/Quick bit controls the number of PHI clocks the 
device waits after reenabling the oscillator and before restarting operation (0 

selects 217 (128K) clocks, and 1 selects 64 clocks).

When Standby is 0, the oscillator runs for the duration of the SLP instruction, but 
clocking is blocked to most of the Z80S183. The Idle/Quick bit controls whether 
the oscillator output is driven onto the PHI pin. A 1 in Idle/Quick disables 
clocking on PHI.

When Standby is 1, the BREXT bit, bit 5 in the CPU Control Register (page 73), 
controls whether the Z80S183 restarts the oscillator in response to a Low on 
BUSREQ, with a 1 enabling this response.

Table 6 below details the interaction of these various bits and states, including the 
conditions that make the Z80S183 leave each LOW-POWER mode and resume 
normal operation.

6#$.'��� �.19�219'4�/1&'5

+PUVTWEVKQP 5VCPFD[ +FNG�3WKEM +15612 /QFG��1RGTCVKQP

QVJGT�VJCP�
*#.6
QT�5.2

: : � 014/#.��6JG�RTQEGUUQT�HGVEJGU�KPUVTWEVKQPU�CPF�
GZGEWVGU�VJGO��RQUUKDN[�UJCTKPI�VJG�DWU�YKVJ�QP EJKR�
&/#U�CPF�GZVGTPCN�OCUVGTU��1P�EJKR�RGTKRJGTCNU�QRGTCVG�
WPFGT�UQHVYCTG�EQPVTQN�

QVJGT�VJCP�
*#.6
QT�5.2

: : � +�1�5612��6JG�RTQEGUUQT��//7��&/#U��CPF�GZVGTPCN�
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In SLEEP, SYSTEM STOP, IDLE, or either STANDBY mode, if the Z80S183 
exits the mode because of NMI or an enabled interrupt with the IEF1 flag 1, the 
device resumes operation by performing the interrupt, with the return address as 
the instruction after the SLP instruction. If the device exits the LOW-POWER 
mode because of an individually-enabled interrupt request, but IEF1 is 0, the 
Z80S183 resumes by executing the instruction after the SLP.

5.2 � � � 5.''2��%NQEMKPI�KU�DNQEMGF�VQ�VJG��RTQEGUUQT�CPF�&/#U��
CPF��TGHTGUJ�NQIKE��UQ�VJCV�DWU�CEVKXKV[�KU�VJG[�CTG�PQV�
IGPGTCVGF�CEVKXG�QP�VJG�DWU��6JG�DWU�ECP�DG�ITCPVGF�VQ�
GZVGTPCN�OCUVGTU��+�1�QRGTCVGU�GZEGRV�HQT�&/#��5.''2�
OQFG�TGXGTVU�VQ�0QTOCN�OQFG�WPFGT�VJG�UCOG�EQPFKVKQPU�
CU�HQT�*#.6�OQFG��GZEGRV�VJCV�VJG�&/#U�ECPPQV�
KPVGTTWRV�

5.2 � � � 5;56'/�5612��6JG�QUEKNNCVQT�EQPVKPWGU�TWPPKPI�CPF�
IGPGTCVKPI�2*+��DWV�ENQEMKPI�KU�DNQEMGF�VQ�OQUV�QH�VJG�
EJKR��$WU�ITCPVKPI�ECP�QEEWT��5;56'/�5612�OQFG�TGXGTVU�
VQ�0QTOCN�OQFG�KH�
4'5'6�QT�0/+ KU�.QY�
+06� ��KU�.QY
#P�GPCDNGF�KPVGTTWRV�KU�TGSWGUVGF�D[�CP�QP�EJKR�RGTKRJ�
GTCN�VJCV�ECP�IGPGTCVG�CP�KPVGTTWRV�EQODKPCVQTKCNN[�

5.2 � � � +&.'��6JG�QUEKNNCVQT�EQPVKPWGU�TWPPKPI�DWV�2*+�KU�DNQEMGF��
CU�KU�ENQEMKPI�VQ�OQUV�QH�VJG�EJKR��$WU�ITCPVKPI�ECP�QEEWT�
KH�VJG�$4':6�DKV�
%%4���KU����+&.'�OQFG�ECP�TGXGTV�VQ�
014/#.�OQFG�WPFGT�VJG�UCOG�EKTEWOUVCPEGU�CU�HTQO�
5;56'/�5612�OQFG��

5.2 � � � 56#0&$;��6JG�:6#.�':6#.�QUEKNNCVQT�KU�UVQRRGF��6JKU�
OQFG�FQGU�PQV�CRRN[�VQ�CRRNKECVKQPU�VJCV�WUG�.(:6#.�
.(':6#.��$WU�ITCPVKPI�ECP�QEEWT�KH�VJG�$4':6�DKV�
%%4���
KU����KP�YJKEJ�ECUG�VJG�FGXKEG�TGCEVKXCVGU�VJG�QUEKNNCVQT��
YCKVU�HQT�����
���-��ENQEMU��ITCPVU�VJG�DWU��CPF�
FGCEVKXCVGU�VJG�QUEKNNCVQT�CICKP�CHVGT�VJG�DWU�TGSWGUV�KU�
PGICVGF��56#0&$;�OQFG�ECP�TGXGTV�VQ�014/#.�OQFG�
WPFGT�VJG�UCOG�EKTEWOUVCPEGU�CU�HTQO�5[UVGO�5VQR�
OQFG��+H�QPG�QH�VJGUG�UVKOWNK�QEEWT�YJKNG�VJG�<��5����KU�
YCKVKPI�HQT����-�ENQEMU�DGHQTG�TGURQPFKPI�VQ�CP�GPCDNGF�
DWU�TGSWGUV��QT�YJKNG�VJG�DWU�KU�ITCPVGF��KV�TG�GPVGTU�
0QTOCN�OQFG�YJGP�VJG�DWU�TGSWGUV�KU�PGICVGF��1VJGTYKUG��
VJG�<��5����TGCEVKXCVGU�VJG�QUEKNNCVQT�CPF�YCKV�HQT�����

���-��ENQEMU�DGHQTG�EQOOGPEKPI�PQTOCN�QRGTCVKQP�

5.2 � � � 56#0&$;�9+6*�37+%-�4'%18'4;��5KOKNCT�VQ�56#0&$;�
OQFG��GZEGRV�VJCV�VJG�<��5����YCKVU�QPN[����ENQEMU�CHVGT�
GPCDNKPI�VJG�QUEKNNCVQT��DGHQTG�ITCPVKPI�VJG�DWU�QT�TGUWOKPI�
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Reduced drive is available on many of the outputs of the Z80S183. These options 
reduce power consumption for applications that do not need the full drive and 
slew rate capability provided in normal mode. Even more importantly for some 
applications, invoking these features results in less noise induced onto power and 
ground.

The following register bits govern the drive strength on various output pins. Each 
of these bits resets to 0, which selects normal/full drive strength for the outputs. 
To save power and reduce noise for outputs that do not need the maximum drive 
and slew rate, software sets the associated bit to 1 during device initialization. 
This action reduces the drive to about 25% of full strength.

6#$.'��� 4'&7%'&�&4+8'�.19�01+5'�%10641.�$+65

+�1�21465

The Z80S183 includes four 8-bit I/O ports called A through D. All four ports 
feature the same basic capabilities. The ports are controlled by three registers for 
each port: a Data Register, a Data Direction Register, and an Output Control 
Register.

The ports differ primarily in interrupt capability and in pin-multiplexing with 
other functions, controlled by an Alternate Function Select (AFS) Register for 
each port. 

The next two sections describe the common characteristics shared by all the ports, 
then the unique capabilities controlled by the AFS register for each port

The section titled, “I/O Port Registers” on page 87, describes the registers associ-
ated with the I/O ports.

&CVC�4GIKUVGTU

Writing to a Data Register affects the data that is driven onto pins that are desig-
nated as outputs in the Data Direction and Output Control Registers. Reading 
from the Data Register returns the states of the pins, for both inputs and outputs. 
The output latches cannot be read separately.

4GIKUVGT�
5JQYP�
QP� $KV 1WVRWV�2KPU

%27�%QPVTQN�4GIKUVGT�
%%4� RCIG �� � 2*+

� +14&��+194

� #�� ���&� �

1WVRWV�%QPVTQN�4GIKUVGT�
1%4� RCIG �� � 2#� �

� 2$� �

� 2%� �

� 2&� �
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These registers determine which pins in each port are inputs and which are 
outputs, and for outputs, select one of three output modes. The following table 
shows the four possible states for each pin:

The totem pole outputs actively drive both High and Low. The classic open-drain 
output only drives Low, and relies on an external pull-up resistor to ensure a High 
voltage when no open-drain driver is driving Low. (This external pull-up also 
avoids excessive current draw by the Z80S183’s receiver and any other CMOS 
receivers that may be connected to the signal. The 11B state is similar but 
connects an internal pull-up resistor of about 15K Ohms, eliminating the need for 
an external pullup.

All four DDRs reset to all 1s and all four OCRs reset to all 0s, so Reset configures 
all port pins as inputs.

The Data Direction Registers can only be written if the Register Write Enable bit 
is 1 in the WDT registers.

2QTV�#�#NVGTPCVG�(WPEVKQP�5GNGEV�
#(5#�

This register controls interrupts from port A. AFSA resets to all zeroes, disabling 
all interrupts from port A. Setting any of these bits to 1 enables the corresponding 
pin to interrupt. When an interrupt is requested by the port and interrupts are 
enabled, the Z80S183 fetches the address of the Interrupt Service Routine (ISR) 
from memory at address (I : IL : 20). The ISR must read the Data Register to 
determine which pin(s) caused the interrupt. Pins selected for interrupts are level-
sensitive and active Low. Regardless of how this register is programmed, software 
must set DDRA for each port pin. Setting a pin as an output, and enabling inter-
rupt for it, allows software to force an interrupt.

2QTV�$�#NVGTPCVG�(WPEVKQP�5GNGEV�
#(5$�

This register controls alternate functions for the port B pins. AFSB resets to all 0s, 
so that all of the pins are assigned to port B. Setting a bit to 1 selects the following 
alternate function for the pin:

&&4 1%4 (70%6+10

� � 6QVGO�RQNG�QWVRWV�
CEVKXG�RWNNWR�
� � 1RGP�FTCKP�QWVRWV�
PQ�KPVGTPCN�RWNNWR�
� � +PRWV
� � 1RGP�FTCKP�QWVRWV�YKVJ�KPVGTPCN�RWNNWR�TGUKUVQT

2$�� %-5
2$�� &%&�
2$�� %65��QT�29472
2$�� 6:#�
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Selecting the alternate function for a pin disables any control of the pin by the 
DDRB register, but the corresponding bit in OCRB must be 0.

2QTV�$�9GCM�.CVEJ�&KUCDNG�(GCVWTG

Most of the inputs on the Z80S183 have weak latch circuits to reduce power 
consumption if an input is not driven by an external device. A weak latch can 
come up in either state at Power On, and thereafter is easily over-driven by an 
external driver, or for bidirectional pins like the Port pins, by an internal driver. 
Typically, the only effect of weak latches is to prevent an input voltage from 
floating in the threshold region, which makes the receiver circuit draw High 
current.

For the PB7–0 pins only, the weak latches can be disabled by setting bit 4 of the 
Output Control Register to 1, (described on page 77). When this bit 4 is 0, as it is 
after a Reset, weak latches are enabled on Port B.

2QTV�%�#NVGTPCVG�(WPEVKQP�5GNGEV�
#(5%�

AFSC resets to all 0s, so that all of the pins are assigned to port C. Setting a bit to 
1 assigns that pin to the Programmable I/O Sequencer (PIOS). In this 
ALTERNATE FUNCTION mode, the DDRC and OCRC registers determine the 
output drive on the pin. This feature allows the PIOS to be used with any of the 
output modes of the normal port function. To use PC0 as a 50 or 60 Hz time base 
for the Real Time Clock, leave AFSC bit 0 at 0, DDRC bit 0 at 1, and OCRC bit 0 
at 0.

2QTV�&�#NVGTPCVG�(WPEVKQP�5GNGEV�
#(5&�

This register controls interrupts from Port D. AFSD resets to all 0s, disabling all 
interrupts from port D. Setting any of these bits to 1 enables the corresponding pin 
to interrupt. When an interrupt is generated by the port and interrupts are enabled, 
the Z180 fetches the address of the Interrupt Service Routine (ISR) from memory 
at (I: IL: 22). The ISR must read the Data Register to determine which pin(s) 
caused the interrupt. Pins selected for interrupts are level-sensitive and active 
Low. Regardless of how this register is programmed, software must set DDRD for 
each port pin. Setting a pin as an output, and enabling interrupt for it, allows soft-
ware to force an interrupt.

0QVG�

1. PD0 and PD1 also function as DREQ0 and DREQ1 respectively. The DMA sec-
tion describes how to take DMA Requests from these pins, which programmed 
inputs in this case.

2$�� 4:#�
2$�� 6:#�
2$�� 4:#�
2$�� 4:5
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To use the A/D capability of Port D, leave the Alternate Function Select Register 
in PORT mode and set the DDRD and OCRD for input.

&/#�%*#00'.5

The Z80S183 includes two DMA channels called DMA0 and DMA1. Both chan-
nels can transfer data between memory and a peripheral in I/O space. addition, 
DMA0 can perform memory-to-memory block transfers, and transfers between 
memory and memory-mapped I/O devices. 

Both DMA channels are of the flowthrough type, in which each byte transferred 
requires two bus cycles—the first to read the source and the second to write the 
destination. As a result, neither memory nor peripherals are subject to any special 
considerations for bus cycles controlled by the DMA channels, because such 
cycles are identical to processor bus cycles. 

DMA transfer can occur as fast as 6 clocks/byte. At 33 MHz, this speed 
corresponds to 5.5 MBPS. Destination/output devices require Edge-Sensitive 
request mode, in which the maximum rate is 9 clocks/byte, or 3.67 MBPS at
33 MHz.

The section, “DMA Registers” on page 98, describes the registers associated with 
the DMA channels.

&/#�$CUKEU

Each channel has two 20-bit address registers and a 16-bit byte count. For DMA0 
the address registers are called the Source and Destination Address Registers 
(SAR and DAR). DMA1’s address registers are called the Memory and I/O 
Address Registers (MAR and IAR). 

Each address register is divided into three Z80S183 I/O registers, called L (Low), 
H (High), and B.

When a DMA channel is operating, it drives A7–0 from the L register and A15–8 
from the H register. For memory addresses (always for MAR) the channel drives 
A19–16 from the least significant four bits of the B register. For I/O addresses 
(always for IAR) the channel uses the least significant three bits of the B register 
to select the source of the DMA Request signal that controls data transfer.

Each byte count register is divided into two Z80S183 I/O registers, called L (Low) 
and H (High).

4GIKUVGT 1P�2CIG $KV 1WVRWV�2KPU

%27�%QPVTQN�4GIKUVGT�
%4%� �� � 2*+
� +14&��+194
� #�� ���&� �

1WVRWV�%QPVTQN�4GIKUVGT�
1%4� �� � 2#� �
� 2$� �
� 2%� �
� � �
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After programming a DMA channel’s address and byte count registers, software 
starts the channel by setting the Enable bit in the DSTAT register (DE0 or DE1). 
As/after the channel transfers each byte, it decrements the byte count register. 
When a channel has decremented the byte count to 0, it goes inactive by clearing 
its Enable bit to 0.

Software can select whether a channel increments or decrements a memory 
address as/after it transfers each byte. DMA0 also features an option to keep a 
memory address fixed. This fixed address option is intended for use with a 
memory-mapped I/O device that provides a DMA Request signal on the 
PD0/AC0/DREQ0 pin.

&/#�4GSWGUVU

An external peripheral, that needs a DMA channel to transfer data for it, must 
provide a DMA request signal to the PD0/AC0/DREQ0 pin for DMA0, and/or to 
the PD1/AC1/DREQ1 pin for DMA1. A DMA request can be connected directly 
to one of these pins if only one external peripheral is serviced by that DMA 
channel. If more than one external device is to use a DMA channel, external selec-
tion logic must be included in the application, to route the current device’s request 
to the channel’s DREQ pin. 

The otherwise-unused bits 19–-16 of the I/O address of a peripheral, select either 
the external DREQ pin or an internal peripheral as the source of each DMA 
channel’s request. For a memory-mapped peripheral (a source or destination of a 
DMA0 memory-to-memory operation that is programmed to use a fixed address), 
the PD0/AC0/DREQ0 pin is always used as the Request signal.

The DMA request signal indicates when an input or source peripheral has a byte 
to be transferred to memory, or when an output or destination peripheral needs a 
byte from memory. 

'FIG��XU��.GXGN�5GPUKVKXG�4GSWGUVU

DMA requests can be programmed to be low-level sensitive or falling-edge sensi-
tive. For an output/destination peripheral, the timing requirements on the DMA 
Request signal dictate falling-edge mode. An input/source peripheral can use 
either an edge- or level-sensitive DMA Request.

Figure 7 illustrates the timing of a level-sensitive DMA Request. DMA operation 
is triggered when the channel samples the DMA request line Low. The channel 
samples the Request line again, at the rising PHI edge that begins the second-last 
clock cycle of the write cycle to the destination. If the Request line is Low at that 
time, as it is at the rightmost down-arrow below, the channel continues on to 
transfer another byte. If the Request is High, as at the leftmost down-arrow below, 
the DMA channel relinquishes use of the bus (to the processor, the other DMA 
channel, or an external master) after completing the write cycle.
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Figure 8 illustrates the timing of an edge-sensitive request. At the first down-
arrow, the DMA channel writes a byte to the destination. However, a new falling 
edge has not occurred by the second-to-last rising PHI edge of the cycle. The 
channel relinquishes the bus to the processor.

By the same sampling point in the subsequent processor cycle, a new falling edge 
has occurred on the Request line, so the DMA channel assumes control of the bus, 
and reads and then writes a byte. 

At the same point in the DMA write cycle, a new falling edge has not yet 
occurred, so the channel returns bus control to the processor. The channel does not 
operate again until the Request line goes High and then Low again, some time 
after the right edge of Figure 8.

4GSWGUV
* * * * * *

����4GSWGUV�KU�UCORNGF�CV
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/GOQT[�VQ�/GOQT[�/QFGU

In a DMA0 memory-to-memory operation, in which both the source and destina-
tion are programmed for address incrementing or decrementing, there is no 
peripheral to supply a request signal to control the transfer. In this case, software 
can select between two modes of operation by programming MMOD, bit 1 of the 
DMA mode register. 

If MMOD is 0, the processor and DMA channel alternate bus cycles until the 
DMA completes the block transfer and decrements the byte count to 0. This 
sequence is called CYCLE STEAL mode. 

If MMOD is 1, the DMA channel performs continuous cycles until the block 
transfer is complete. The processor can perform no other actions during this time. 
This sequence is called BURST mode.

&/#�+PVGTTWRVU

Software can enable interrupts from each DMA channel, which then requests an 
interrupt after decrementing its byte count to 0. When the processor acknowl-
edges this interrupt, it fetches the address of the interrupt service routine from 
memory at (I : IL : 8) for DMA0, or (I : IL : 10) for DMA1.

4GSWGUV

* *
* * * *
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If the interrupt service routine does not have another block of data for the DMA 
channel to transfer, it prevents further interrupts by clearing the interrupt enable 
bit (DSTAT bit 2 for DMA0, bit 3 for DMA1), before it reenables interrupts with 
an EI instruction. If the ISR programs the DMA channel for another transfer, 
interrupts can be reenabled with an EI instruction, after restarting the DMA by 
writing to DCNTL.

5GVVKPI�7R�C�&/#�6TCPUHGT

9TKVG�VJG�#FFTGUU�4GIKUVGTU��For DMA0, this process includes registers SAR0L, 
SAR0H, SAR0B, DAR0L, DAR0H, and DAR0B are included. If the source is 
in I/O space, write SAR0B with a code to select the source of the DMA Request 
for DMA0, as described in Table 8:

If the DMA destination is in I/O space, write DAR0B with a code to select the 
source of the DMA Request for DMA0, as described in Table 9:

For DMA1, software must write registers MAR1L, MAR1H, MAR1B, IAR1L, 
IAR1H, and IAR0B. Write IAR1B with a code to select (with the DIM1 bit in the 
DCNTL) the source of the DMA Request for DMA1, as described in Table 10:

6#$.'��� 5#4�$�8#.7'�(14�#�5174%'�+0�+�1�52#%'

5#4�$�DKVU�� � &/#�4GSWGUV�5QWTEG

��� 2&��#%��&4'3��RKP
��� #5%+��4&4(
��� #5%+��4&4(
��� 4GUGTXGF��FQ�PQV�RTQITCO
�ZZ 4GUGTXGF��FQ�PQV�RTQITCO

6#$.'��� &#4�$�8#.7'�(14�#�&'56+0#6+10�+0�+�1�52#%'

&#4�$�DKVU�� � &/#�4GSWGUV�5QWTEG

��� 2&��#%��&4'3��RKP
��� #5%+��6&4'
��� #5%+��6&4'
��� 4GUGTXGF��FQ�PQV�RTQITCO
�ZZ 4GUGTXGF��FQ�PQV�RTQITCO
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9TKVG�VJG�$[VG�%QWPV�4GIKUVGTU��Write the less-significant byte to BCR0L or 
BCR1L, and the more-significant byte to BCR0H or BCR1H. An all-0 value 
causes the DMA to transfer 65,536 bytes.

(QT�&/#���9TKVG�VJG�&/#�/QFG�4GIKUVGT��Bits 3–2 select the operating mode 
for the source, as described in Table 11. Bits 5–4 select the operating mode for the 
destination, as described in Table 12. For memory-to-memory block transfers, bit 
1 (MMOD) selects between Cycle Steal and Burst modes, as described in 
“Memory-to-Memory Modes” on page 39.

 

9TKVG�VJG�&%06.�4GIKUVGT��If both DMA channels can be used simultaneously, 
software reads DCNTL, modifies the bits noted below for the current DMA 
channel, and writes back the result. Otherwise, software can simply write 
DCNTL. 

Bits 7–4 select the number of waits to insert for Memory and I/O accesses, as 
described in the section “Wait State Generators” on page 23. For DMA0, bit 2 
selects between edge- and level-sensitivity on the DMA Request. For DMA1, bit 
3 selects between edge- and level-sensitivity, and bits 1–0 select the operating 
mode as described in Table 13:

6#$.'���� +#4�$�8#.7'
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��
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9TKVG�VJG�&56#6�4GIKUVGT�VQ�'PCDNG�VJG�&/#�%JCPPGN��If both DMA channels 
can be used simultaneously, software reads DSTAT, modifies the bits noted below 
for the current DMA channel, and writes back the result. Otherwise, software can 
simply write DSTAT. 

For DMA0, write 110 to bits 6–4, and write a 1 to bit 2 if DMA0 interrupts when 
it has decremented its byte count to 0, or a 0 if not.

For DMA1, write a 1 to bit 7, 01 to bits 5–4, and a 1 to bit 3 if DMA1 interrupts 
when the when it has decremented its byte count to 0, or a 0 if not

0/+�CPF�&/'

When software writes to DSTAT to enable either DMA channel, this action also 
sets the DMA Master Enable (DME) bit (bit 0 in DSTAT). A 1 in this bit enables 
operation by either or both DMA channels.

To guarantee that a Non Maskable Interrupt (NMI) is handled promptly, when it 
detects NMI Low the Z80S183 sets DME to 1 to suspend DMA operation. 

The NMI service routine reads DSTAT immediately after saving the registers. For 
each DMA channel, if the DE bit (DSTAT7 or 6) is 1, and the associated device (if 
any) has not overrun or underrun, the service routine clears that channel’s DWE 
bit (DSTAT5 or 4) to 0. Then, if either DWE bit is 0, the routine writes the result 
back to DSTAT. This sequence sets DME again and reenables DMA operation.

&/#�%JCPPGN�%QORNGVKQP

While a DMA channel is operating, software can stop it by reading DSTAT, 
clearing bits 6 and 4 for DMA0, or 7 and 5 for DMA1, and writing the result back 
to DSTAT.

Otherwise, if software enabled the channel to interrupt, when the channel has 
decremented its byte count to 0, an interrupt is requested. 

If software did not enable the DMA channel to interrupt, it can read the Enable bit 
in DSTAT (bit 6 for DMA0, bit 7 for DMA1) to determine whether/when the 
DMA channel finishes transferring the current block of data. In some applications, 
software can use status or an interrupt from the associated peripheral device to 
determine completion of the block transfer.

6#$.'���� &/#��12'4#6+0)�/1&'

&%06.�� � /QFG

�� +PETGOGPV�/GOQT[�#FFTGUU�→�(KZGF�+�1�#FFTGUU
�� &GETGOGPV�/GOQT[�#FFTGUU�→�(KZGF�+�1�#FFTGUU
�� (KZGF�+�1�#FFTGUU�→�+PETGOGPV�/GOQT[�#FFTGUU
�� (KZGF�+�1�#FFTGUU�→�&GETGOGPV�/GOQT[�#FFTGUU
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*CPFNKPI�&/#�+PVGTTWRVU

When the conditions noted in “On-Chip Interrupt Handling” on page 19 are met 
with respect to a DMA interrupt request, the processor fetches the interrupt 
service routine (ISR) address from memory at (I : IL : 8) for DMA0 or (I : IL : 10) 
for DMA1. The ISR performs the following functions, as a minimum:

• Reads the DSTAT to verify that the DE bit is 0 for the DMA channel corre-
sponding to the service routine entry point. If a common ISR is used for both
DMAs, the DSTAT value indicates which DMA channel(s) has (have) com-
pleted operation.

• Reprograms the channel’s registers and restarts it if the channel is to continue
operation.

• Clears the DIE bit for the channel, in the DSTAT register, to prevent another
interrupt for the same DMA completion.

• Concludes with EI and RET instructions, to return to the interrupted process.

9#6%*�&1)�6+/'4

The Watch-Dog Timer (WDT) helps protect against unreliable software, power 
line faults that put the processor into unusual states, and other system-level prob-
lems. 

When the WDT is enabled, software must periodically reload it, to prevent it from 
resetting the processor or the entire application. The time period, within which 

software must reload the WDT, is programmable among 218, 222, 225, or 227 
system clocks.

The registers in the WDT are detailed in “Watch-Dog Timer Registers” on 
page 110. 

Several provisions of the WDT enhance its integrity against runaway execution. 
The WDT can only be reloaded by writing the specific value 4EH to the WDT 
Command register. The WDT can only be disabled by:

• Setting bit 1 of the WDT Master register to 1

• Writing the value 40H to the WDT Command register

• Clearing bit 1 to 0 in the Master register.

Core code at logical address 0000B typically identifies a Reset if the SP contains 
0000B. At reset, two bits in the WDT Master register (WDTMR) help identify 
the cause of the reset. Bit 3 is 1 for a Power On Reset, while bit 2 is 1 for a WDT 
Reset. Reading The WDTMR clears these bits for subsequent reads.

241)4#//#$.'�4'.1#&�6+/'45�
2465�

The Z80S183 includes two Programmable Reload Timers called PRT0 and PRT1. 
Each includes a 16-bit down-counter that can be read at any time, and a reload 
value that can be dynamically programmed. Each PRT can interrupt the processor 
when it counts down to 0 and reloads.
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0QVG� On other 8018x family devices, PRT1 has waveform-generation capability on a 
pin called TOUT, but on the Z80S183 this function is superseded by the more capable 
Programmable I/O Sequencer (PIOS).

“Programmable Reload Timer (PRT) Registers” on page 113, details the PRT 
registers. Reset clears both Timer Downcount Enable bits (TDE1, TDE0) in the 
Timer Control register to 0, which prevents PRT operation.

5VCTVKPI�C�246

To start a PRT:

1. Write the initial down-count value to the Timer Data Registers (TMDR0L and
TMDR0H, or TMDR1L and TMDR1H), 

2. Write the second (and possibly constant) down-count value to the Timer
Reload Registers (RLDR0L and RLDR0H, or RLDR1L and RLDR1H).

3. Read the Timer Control Register (TCR), 

4. Set the appropriate Timer Downcount Enable bit (TDE0 or TDE1) to 1. 

5. Set or clear the corresponding Timer Interrupt Enable bit (TIE0 or TIE1)
depending on whether an interrupt is desired when the count is decremented to
0, and 

6. Write the result value back to the TCR.

The read-modify-write procedure of steps 3-6 ensures that starting one PRT does 
not affect the operation of the other. Applications that only use one PRT can 
simply write the desired value to the TCR instead.

5VQRRKPI�C�246

To stop a running PRT:

1. Read the TCR.

2. Clear the PRT’s TDE bit, and 

3. Write the result value back to the TCR. 

A PRT may be stopped because its timing function is no longer needed, or before 
rewriting the RLDR value as described in the next section.

246�1RGTCVKQP

While a PRT is running, it decrements the down-counter every 20 PHI clocks. 
When it counts down to 0, a PRT automatically performs the following actions:

1. Reloads the TMDR from the RLDR

2. Sets the TIE bit in the TCR to 1

3. Requests an interrupt if the TIE bit in the TCR is 1.
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After reading a TIF bit as 1 in the TCR, software can clear it by reading either half 
of that PRT’s TMDR. However, reading a TMDR, without first reading a TIF bit 
as 1 in the TCR, does not clear the TIF bit.

Software can read a down-counter, from TMDR0L and TMDR0H or TMDR1L 
and TMDR1H at any time. The PRTs ensure that the two 8-bit values read by IN0 
instructions are consistent, provided that software reads TMDR0L or TMDR1L 
first. Reading one of these registers captures the more significant byte of the 
down-counter in a separate 8-bit latch, from which the value is provided when 
software subsequently reads TMDR0H or TMDR1H.

9TKVKPI�CP�4.&4��Software can write a new reload value to RLDR0L and 
RLDR0H or RLDR1L and RLDR1H, while a PRT is running, but there is no hard-
ware safeguard against the down-counter decrementing to 0 between the two 8-bit 
OUT0 instructions needed to write the new reload value. If this occurs, the value 
loaded into the down-counter may be incorrect.

If a new reload value is written in response to a PRT interrupt or to detecting a TIF 
bit 1 in the TCR, and the count values are large enough to prevent this problem, 
software can write the RLDR. Otherwise software must perform the following 
steps to load an RLDR:

1. Reads the Timer Control Register (TCR).

2. Clears the PRT’s TDE bit.

3. Writes the result back to the TCR.

4. Writes the PRT’s RLDR (L and H, in either order).

5. Writes the value from step 1 (with the TDE bit 1) back to the TCR.

*CPFNKPI�246�+PVGTTWRVU

When the conditions noted in “On-Chip Interrupt Handling” on page 19 are met 
with respect to an interrupt request from a PRT, the processor reads the address of 
the interrupt service routine from memory at address (I : IL : 4) for PRT0, or 
(I : IL : 6) for PRT1. The PRT ISR performs the following actions:

1. Save as many registers of the interrupted process as it may use (worst case), by
means of PUSH, EX AF,AF’ , and/or EXX instructions.

2. Read the TCR, verifying that the TIF bit is set to 1.

3. Read the PRT’s TMDRL register to clear the TIF bit, preventing another
interrupt for the same zero-count. 

4. If the RLDR value must be changed for the next down count sequence, the ISR
proceeds as described in “Writing an RLDR”, described previously. 

5. Next, the ISR performs any necessary time-periodic functions in service to the
overall application.

6. When these timer functions are completed, the ISR restores the saved registers,
and returns to the interrupt process using EI and RET instructions.
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If both PRTs are active and both are started and stopped, either at interrupt or 
mainline level, the mainline code that reads, modifies, and writes the TCR must 
protect against conflicts with an ISR for the other PRT. It surrounds the read-
modify-write sequence (steps 1–5 in “Writing an RLDR” on page 45) with DI and 
EI instructions.

246U�CPF�4GUGV��Both TMDRs and both RLDRs reset to FFFFH, and the TCR 
resets to all 0s, which inhibits PRT operation until a TDE bit is set.

4'#.�6+/'�%.1%-�
46%�

The Real Time Clock module operates like a watch chip, maintaining readable 
registers ranging from seconds to centuries. An application that uses the RTC 
must provide it with one of several specific time bases. A 32.768 crystal can be 
connected to the LFXTAL and LFEXTAL pins, or a 50- or 60-Hz clock derived 
from AC power can be connected to the PC0 pin.

The RTC also includes an alarm function. Programmable registers containing 
alarm seconds, minutes, and hours are continually compared to the corresponding 
clock values. When all three registers match, the RTC can interrupt the processor. 
If a Snooze function is required, it must be implemented by software.

The section titled, “Real Time Clock (RTC) Registers” on page 118, describes the 
registers in the RTC. All of them are read/write. After software sets these regis-
ters, the RTC maintains the time provided there is Power On the VDD pins. Reset 
has no effect on the RTC.

0QVG� The Register Write Enable bit must be set as described on page 25, before any of 
the RTC registers can be written.

%QPHKIWTKPI�VJG�46%

First, software must select the time base for the RTC: a 32.768 KHz crystal on the 
EXTAL and LFEXTAL pins, or a 50- or 60-Hz clock on the PC0 pin, in bits 4–3 of 
the RTC Command/Status register. The RTC divides the selected base clock by 
32768, 50, or 60 to produce a 1 Hz clock that increments the Seconds register.

5GVVKPI�VJG�6KOG�CPF�&CVG��

The first step in setting the time and date is to determine them, from a user inter-
face or a network or serial link. Next software must convert the time and date to 
the BCD format used in the RTC registers. The RTC does not include any hard-
ware support for deriving the day of the week from the other values. Finally, soft-
ware writes these values to the RTC Seconds, Minutes, Hours, Day of the Week, 
Date, Month, Year, and Century registers. 

0QVG� the RTC registers increment in Binary Coded Decimal (BCD) format, and values 
written to these registers must be encoded in this format. In most of the RTC registers, bits 
7-4 contains a tens digit and bits 3-0 contain a units digit. Neither field may contain any of 
the values 1010B through 1111B. Most of the RTC registers have further restrictions 
on the range of values that can be written to them, which are noted in “RTC Increment-
ing”, later.
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9TKVKPI�VJG�46%�TGIKUVGTU��While writing a new time and date into the RTC 
registers, there is a slight chance that a 1 Hz clock edge that causes a rollover will 
occur between writes, so that the registers contain the wrong value. To protect 
against this possibility:

1. Write all of the registers starting with the Seconds register.

2. Read the Seconds register.

If the value from step 2 is less than the value written to the Seconds register in step 
1, a rollover occurred and the RTC registers may be wrong: Return to step 1.

4GCFKPI�VJG�46%�TGIKUVGTU��When reading the RTC registers, there is a slight 
chance that a 1Hz clock edge that causes a rollover will fall between reads, so that 
the set of values read is wrong. To protect against this possibility:

3. Read all the registers, starting with the Seconds register, 

4. Read the Seconds register again,

If the Seconds value from step 2 is less than the Seconds value from step 1, a roll-
over occurred: return to step 1.

46%�1RGTCVKQP

46%�+PETGOGPVKPI��This section describes the functions of clocks and calendars.

1. The Seconds register rolls over from 59 to 0, at which time the Minutes
registers is incremented.

2. The Minutes register rolls over from 59 to 0, at which time the Hours register
is incremented.

3. The Hours register rolls over from 23 to 0, at which time the Day of the Week
and Date registers are incremented. The RTC is a 24-hour clock.

4. The Day of the Week register rolls over from 7 to 1.

5. The contents of the Month, Year, and Century registers determine how the
Date register rolls over. When the Date register rolls over, the Month register
is incremented.

– If the Month is 1, 3, 5, 7, 8, 10, or 12, the Date register rolls over from 31
to 1.

– If the Month is 4, 6, 9, or 11, the Date register rolls over from 30 to 1.

– If the Month is 2 and the Year and Century registers indicate a leap year,
the Date register rolls over from 29 to 1. Otherwise it rolls over from 28
to 1.

6. The Month Register rolls over from 12 to 1, at which time the Year register is
incremented.

7. The Year register rolls over from 99 to 0, at which time the Century register is
incremented.
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5GVVKPI�CPF�2QNNKPI�VJG�#NCTO��To set an alarm, write the Alarm Seconds, Alarm 
Minutes, and Alarm Hours registers. The RTC continually compares these values 
with those in the Seconds, Minutes, and Hours registers, and sets the Alarm bit 
(bit 7) in the RTC Control/Status register (RTCCS) whenever all of these registers 
are equal. If the RTC Alarm interrupt is disabled, software can poll bit 7 in the 
RTCCS periodically to detect an Alarm.

*CPFNKPI�CP�#NCTO�+PVGTTWRV��If an interrupt is desired when the RTC sets the 
Alarm bit, sets bit 6 (IE) in the RTC Control/Status register after writing the three 
Alarm registers. Thereafter, when the Alarm bit (RTCCS7) is 1 and the conditions 
in “On-Chip Interrupt Handling” on page 19 have been met with respect to the 
RTC request, the Z80S183 responds by fetching the RTC interrupt service routine 
(ISR) address from memory at address (I : IL :26). Most of this ISR is applica-
tion-dependent, but as a minimum the ISR performs the following actions:

1. Save as many registers of the interrupted process as it may use, using PUSH,
EX AF, AF’ , and/or EXX instructions.

2. Check that the Alarm bit (bit 7) of the RTC Control/Status (RTCCS) register
is 1. If bit 7 is 0, the ISR may log this unknown interrupt, before restoring the
saved register values and returning to the interrupted process using EI  and
RET instructions.

If a future alarm at a different time is desired, the ISR must reprogram the Alarm 
registers with that time. If no future Alarm is required, clear the IE  bit in the value 
read in step 2. If an Alarm is required at the same time tomorrow, increment the 
Alarm time by 1 second, and write that value to the Alarm registers. This action 
prevents a continuing match from setting the Alarm bit immediately.

3. Clear bit 7 in the value read in step 2, and write it back to RTCCS.

4. Restore the saved registers after application-dependent processing is complete,
and return to the interrupted process by means of EI  and RET instructions.

If an Alarm at the same time tomorrow was needed in step 2, when the next RTC 
Alarm interrupt occurs (1 second later) repeat steps 1–4, decrementing the Alarm 
registers back to their original value.

&+)+6#.�#0#.1)�%108'46'4�
&#%�

The Digital-to-Analog Converter converts 10-bit digital values to analog voltages 
using a 10-stage resistor ladder. The DAC output is protected against latch-up and 
can drive output loads.

The AVDD and AGND pins provide the analog power for both the ADC and DAC 
modules. To achieve the specified accuracy, the voltages must be within the spec-
ified tolerances of VDD and VSS respectively. For maximum accuracy, isolate and 
filter AVDD and AGND from power supply noise.

“Digital to Analog Converter (DAC) Registers” on page 124, describes the I/O 
registers associated with the D/A Converter. These registers include a Data 
register containing the eight most significant bits of the digital value, and a 
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Control register (DACCR) which holds the two least significant bits plus configu-
ration and enable bits.

4GHGTGPEG�8QNVCIG�5GNGEVKQP

Bits 5–4 of the Control register select the reference voltage that is multiplied by 
the binary fraction represented by the digital value to be converted to obtain the 
voltage produced on the AOUT pin.

Notes:

1. The DAC and A/D Converter share the PA0/VREF pin as an external ana-
log reference voltage.

2. The reference voltage selected by bits 5–4 must be less than AVDD and 
VDD.

'ZCORNG��If the 10-bit binary value in the Data and Control registers is 1000000000B,
and bits 5–4 are 00B, the voltage on the AOUT pin is 2.1 volts.

2TQITCOOKPI�VJG�&#%��To convert a 10-bit value to an analog voltage:

1. Write the eight most significant bits of the value to the DAC data register.

2. Write the two least significant bits of the value to bits 7–6 of the DAC Control
register, along with the reference voltage selection in bits 5–4, and a 1 in bit 2
to enable analog voltage drive on the AOUT pin.

The voltage on AOUT settles to the programmed value within 1 microsecond after 
step 2.

%QPXGTUKQP�6KOG�9CHHNG��At the time this document was written, there is concern 
about the DAC conversion time in one case. If the selected reference voltage, 
times the fraction represented by the digital value, is within 0.5 volts of AVDD and 
VDD, settling may take longer than 1 microsecond. This issue will be character-
ized and clarified when silicon is available.

#0#.1)�&+)+6#.�%108'46'4�
#&%�

The Analog-to-Digital Converter is a 10-bit successive–approximation converter 
with 8 input pins. Conversion time is 64 PHI clocks, or about 1.92 microseconds 
at 33 MHz. Software determines the completion of a conversion using an interrupt 
or by polling. 

The AVDD and AGND pins provide the analog power for both the ADC and DAC 
modules. To achieve the specified accuracy, the voltages on these pins must be 

&#%%4� � 4GHGTGPEG�8QNVCIG

�� KPVGTPCN�����8
�� KPVGTPCN�����8
�: 2#��84'(�RKP
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within the specified tolerances from VDD and GND respectively. For maximum 
accuracy, isolate and filter AVDD and AGND from power supply noise. 

Though the ADC can operate with small analog reference voltages, noise and 
offset are independent of the reference. Accuracy is maximized for reference volt-
ages close to AVDD and VDD. 

“Analog to Digital Converter (ADC) Registers” on page 126, describes the I/O 
registers associated with the A/D Converter. They include two Control registers, 
ADCC0 and ADCC1, and a Data register from which the software can read the 
most significant eight bits of the digital value when a conversion is complete.

%JCPPGN�5GNGEVKQP

The ADC can divide the voltage on any of the pins in Port D by the reference 
voltage, to produce a 10-bit binary fraction. This fraction can be read from the 
Data register and ADCC1, when the conversion is complete. Bits 2–0 of ADCC1 
select the port pin for each conversion:

4GHGTGPEG�8QNVCIG�5GNGEVKQP

Bits 1–0 of ADCC0 select the reference voltage by which the voltage on the 
selected channel is divided, to produce the 10-bit binary fraction.

Notes:

1. The D/A Converter and ADC share the PA0/VREF pin as an external ana-
log reference voltage.

2. The reference voltage selected by bits 1–0 must be less than AVDD and 
VDD.

#&%%��� � 5GNGEVGF�%JCPPGN
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2TQITCOOKPI�VJG�#&%

To convert the voltage on one of the Port D pins to a 10-bit binary fraction:

1. Write ADCC0 bits 1–0 to select the desired reference voltage, with a 1 in bit
2 to enable the A/D converter.

2. Write ADCC1 bits 2–0 to select the desired Port D pin, with a 1 in bit 3 to start
the conversion. Include a 1 in bit 5 if an interrupt at the end of the conversion
is desired. If so, refer to the next section, “Handling an ADC Interrupt”.

3. Read ADCC1 until bit 4 is 1, indicating polled operation. This operation
indicates that the conversion is complete. Because the conversion always takes
64 clocks, 21 NOP instructions can be substituted for reading ADCC1, but
NOPs require more memory.

4. Read the ADC Data register to obtain the eight most significant bits of the
result. If all 10 bits of the result are needed, read ADCC1 (bits 7–6 are the two
least significant bits).

*CPFNKPI�CP�#&%�+PVGTTWRV

An interrupt takes at least 18 PHI clocks, plus the overhead of saving and 
restoring registers, reenabling interrupts, and returning to the interrupted process. 
Because a complete ADC conversion takes 64 clocks, many Z8S183 applications 
use polling rather than ADC interrupts, for A/D conversions initiated by the 
processor.

A/D interrupts are more useful for A/D conversions initiated by the PIOS module, 
described in “Programmable I/O Sequencer (PIOS)” on page 52. 

Regardless of the initiator, when the conditions noted in “On-Chip Interrupt 
Handling” on page 19 are met with respect to an ADC interrupt request, the 
Z80S183 fetches the address of the ADC interrupt service routine (ISR) from 
memory at (I :  IL : 24). This ISR is application-dependent, but at a minimum it 
must:

1. Save as many registers of the interrupted process as it may use, using of PUSH,
EX AF,AF’ , and/or EXX instructions.

2. Read the Data register into H and ADCC1 into L if all 10 bits are required. If
only the most significant eight bits of the result are required, the ISR reads
ADCC1 into A to clear the conversion complete flag and prevent further
interrupts for the same conversion, and then read the Data register into A.

3. Process the resulting value. This step is application-dependent.

4. Start another conversion, if desired, as in steps 1–2 of “Programming the
ADC”.

5. Restore the registers using POP, EX AF, AF’  and/or EXX instructions.

6. Return to the interrupted process using EI  and RET instructions.
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5CORNKPI�CPF�%QPXGTUKQP

During the first 3 PHI clocks of the 64 required for a complete conversion, the 
ADC samples the voltage on the selected pin. To ensure the accuracy of the 
conversion, the voltage must remain constant during this time. During the last 61 
clocks of the conversion, the pin voltage can change without affecting the result.

4GUVCTVKPI�%QPXGTUKQP

An A/D conversion can be started at any time. If a conversion is in progress and a 
new start command is written to ADCC1, the conversion in progress is aborted 
and a new conversion is initiated. Software must not change bits 2–0 of ADCC1 
while a conversion is in progress, unless the write that changes these bits also 
includes a 1 in bit 3 to start a new conversion.

5CXKPI�2QYGT

When the ADC is not needed, a small amount of power can be saved by clearing 
bit 2 of ASCC0, shutting down the ADC.

241)4#//#$.'�+�1�5'37'0%'4�
2+15�

The Programmable Input/Output Sequencer can be used to create multiple 
complex digital waveforms and trigger A/D and D/A conversions without 
processor intervention. In addition the PIOS can generate processor interrupts at 
selected points during its operation. 

The last 256 bytes of on-chip RAM can be read by the PIOS and can be read and 
written by the processor. Depending on the value of bit 5 in the System Control 
Register, the processor may locate these bytes at addresses FFF00–FFFFFH or 
xFF00–xFFFFH, that is, with or without decoding A19–16.

To the PIOS, this memory area is organized as 64 4-byte entries, each containing:

• A 14- or 16-bit delay value

• A 2-bit entry type

• An 8- or 10-bit data value

• A 6-bit address of the next entry

When the PIOS fetches an entry from RAM, it stops processing if the next-
address field in the entry is zero. Otherwise it loads the entry into internal registers 
and begins counting down the delay value. When the PIOS has counted the delay 
down to zero, it performs the action specified by the rest of the entry. The PIOS 
then fetches a new entry using the Next Address value as A7–2 of the memory 
address. 

The section, “Programmable Input/Output Sequencer (PIOS) Registers” on 
page 129, details the I/O registers in the PIOS, which include:

• A Control register that software can use to configure the PIOS
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• An Address/Type register into which the PIOS fetches control information
from each entry

• Timer Low and High registers, into which the PIOS fetches a 16-bit delay val-
ue from each entry, and then counts it down to zero.

%QPHKIWTKPI�VJG�2+15

Bits 1–0 of the Control register select the clock used to count down the delay 
value in each PIOS entry, among PHI, PHI/256, PHI/1024, or PHI/4096.

Software must not change these bits while the PIOS is running. To ensure an accu-
rate delay in the first entry, software set bits 1–0 to the desired value before setting 
bit 7 to enable PIOS operation. 

Bit 6 of the Control register enables or disables interrupts from the PIOS, if and 
when it encounters interrupt entries.

Other registers that affect the PIOS include:

• The AFSC (“Port C Alternate Function Select (AFSC)” on page 35) controls
which Port C pins are controlled by the PIOS

• The DDRC and OCRC (“Data Direction Registers and Output Control Regis-
ters” on page 34) control Port C pin functions

• The System Configuration Register (SCR, page 79) controls whether the proces-
sor as well as the PIOS can access on-chip RAM, and if so, at what addresses.

%TGCVKPI�2+15�'PVTKGU�KP�1P�%JKR�4#/

Bit 6 of the System Control Register must be 1 to allow the processor to set up 
PIOS entries in on-chip RAM. Each entry includes 4 bytes and starts at an address 
that is a multiple of 4. 

When the processor first enables the PIOS, the PIOS always processes the entry at 
xFF00–3H or FFF00–3H first.

If a new PIOS sequence is needed in the future, software can build the next 
sequence in on-chip RAM while the PIOS is still running its current sequence, 
provided that the total length of both sequences is 64 entries or less. 

To accomplish this task, software builds the next sequence in those parts of the 
PIOS RAM that are not used by the current sequence. Next, software can store the 
first entry of the next sequence at location xFF00–3H or FFF00–3H. When the 
PIOS has completed its current sequence, software can start the next sequence as 
described in “Starting and Polling the PIOS” on page 55.

&KIKVCN�&CVC�1WVRWV�'PVTKGU��Figure 9 illustrates the format of a PIOS Digital 
Data Output entry. The first two bytes contain a delay value, in the units selected 
by bits 1–0 of the PIOS Control register. As with all Z80/180 multi-byte binary 
values, the least significant byte is stored first, at the lower address. An all-0 delay 
value indicates 65,536 clocks. The third byte holds a value that the PIOS is to 
output to Port C after the specified delay. Bits 7–2 of the 4th and last byte hold a 
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non-zero address of the next entry, with 00 in bits 1–0 to identify this entry as a 
Digital Data entry.

(+)74' �� 2+15�&+)+6#.�&#6#�176276�'064;

#PCNQI�&CVC�1WVRWV�'PVTKGU��Figure 10 illustrates the format of a PIOS Analog 
Data Output entry. The first byte, and bits 5–0 of its second byte, contain a delay 
value in the units selected by bits 1–0 of the PIOS Control register. As with all 
Z80/180 multibyte binary values, the least significant byte is stored first, at the 
lower address. An all- zero delay value indicates 65,536 clocks. The third byte 
holds bits 9-2, and bits 7-6 of the 2nd byte contain bits 1-0, of a 10-bit value that 
the PIOS is to output to the D/A Converter after the specified delay. Bits 7-2 of the 
4th and last byte hold a non-zero address of the next entry, with 10 in bits 1-0 
identifying this entry as an Analog Data Output entry. 

(+)74' ��� 2+15�#0#.1)�&#6#�176276�'064;

#PCNQI�&CVC�+PRWV�'PVTKGU��Figure 11 describes the format of a PIOS Analog 
Data Input entry. The first two bytes contain a delay value, in the units selected by 
bits 1-0 of the PIOS Control register. As with all Z80/180 multibyte binary values, 
the least significant byte is stored first, at the lower address. An all-0 delay value 
indicates 65,536 clocks. After the specified delay, bits 2-0 of the third byte hold a 
channel (port D pin) number, the voltage on which is to be converted to a digital 
value. Bits 7-2 of the fourth byte contain the non-zero address of the next entry, 
and 01 in bits 1-0 identify this entry as an Analog Data Input entry.

(+)74' ��� 2+15�#0#.1)�&#6#�+0276�'064;

#FFTGUU�#���

�� �� ����

&GNC[�.5$ &GNC[�/5$ 2QTV�%�&CVC

� �����

��0GZV�#FFTGUU
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�� �� ����
�

&GNC[�.5$ &GNC[����� &CVC����
&
���
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�� �� ����
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+PVGTTWRV�'PVTKGU��Figure 12 illustrates the format of a PIOS Interrupt entry. The 
first two bytes contain a delay value, in the units selected by bits 1-0 of the PIOS 
Control register. As with all Z80/180 multibyte binary values, the least significant 
byte is stored first, at the lower address. An all-0 delay value indicates 65,536 
clocks. The third byte of an Interrupt entry is not used. Bits 7-2 of the fourth byte 
hold the non-zero address of the next entry, with 11 in bits 1-0 identifying this 
entry as an Interrupt entry.

(+)74' ��� 2+15�+06'44726�'064;

'PF�QH�5GSWGPEG�'PVT[��Figure 13 illustrates the format of an entry that identifies 
the end of a PIOS sequence. This type of entry is 0 in bits 7-2 of its fourth byte. 
The other bits in the entry can be any value. When the PIOS fetches such an entry, 
it stops processing immediately, clearing bit 7 of its Control register.

(+)74' ��� 2+15�'0&�1(�5'37'0%'�'064;

5VCTVKPI�CPF�2QNNKPI�VJG�2+15

After software has built a complete PIOS sequence in PIOS RAM, including the 
first entry in addresses xFF00-3H or FFF00-3H, and the PIOS has completed 
any previous sequence, software proceeds as follows:

1. If a change is required to the clock selection, write the new value to the Control
register as a separate step. This action ensures accuracy of the delay associated
with the first entry.

2. Write a 1 to bit 7 of the Control register, maintaining the prior clock selection
in bits 1-0. If the sequence contains one or more Interrupt entries, enable PIOS
interrupts by writing a 1 in bit 6 of this value.

3. The PIOS fetches all bits of each entry simultaneously. While the PIOS runs,
the software can track its progress through the sequence by reading the PIOS
Address/Type register. 

#FFTGUU�#���

�� �� ����

&GNC[�.5$ &GNC[�/5$ PQV�WUGF

� �����

��0GZV�#FFTGUU

#FFTGUU�#���

�� �� ����

PQV�WUGF

� �����

::PQV�WUGF PQV�WUGF � � � � � �
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4. If the Next Address field of an entry is non-zero, the PIOS counts down the
delay value specified in the first two bytes, using the clock selected by bits 1-
0 of the Control register.

0QVG� For a D/A entry, the PIOS automatically loads zeroes into the two most significant 
bits of the delay counter. D/A entries are limited to a 16,383 clock delay, or 65,536 for an 
all-zero value.

5. After the PIOS has counted the delay value down to zero, it performs the action
specified by bits 1-0 of the last byte of the entry:

– Writes an 8-bit value to Port C,

– Writes a 10-bit value to the D/A converter, 

– Starts an A/D conversion on a particular channel, or 

– Requests an interrupt.

6. Software can stop PIOS operation at any time, by clearing bit 7 of the Control
register. Otherwise, when the PIOS reaches an entry with 0 in its Next Address
field, it clears bit 7 of the Control register and stops. Software polls the Control
register to detect when this occurs, or the last active entry in the sequence can
be an interrupt entry.

*CPFNKPI�2+15�+PVGTTWRVU

If bit 6 of the PIOS Control register is 1 and the PIOS fetches an Interrupt entry, it 
requests an interrupt. When the conditions noted in “On-Chip Interrupts” on 
page 18 have been met for this request, the processor fetches the address of the 
PIOS interrupt service routine from memory at address (I : IL :18) The ISR 
performs the following operations:

1. Save as many registers of the interrupted process as it may use (worst case),
using PUSH, EX AF, AF’ , and/or EXX instructions.

2. Read the PIOS Status register and verify that bit 5 (Interrupt Pending), is 1. If
not, the ISR can store logging information in memory if desired, before
restoring the registers and using EI  and RET instructions to return to the
interrupted process.

3. Clear bit 5 if IP is 1, in the value read in step 2, and write the result back to the
Control register. This action clears the IP bit and prevents further interrupts for
the same PIOS event.

4. Read the Address/Type register, if there is more than one Interrupt entry in the
PIOS sequence, read the Address/Type register to determine which entry
caused this interrupt.

5. Reads ADC Control Register 1 and checks the conversion complete bit if this
interrupt follows the start of an A/D conversion by the PIOS. Assuming that
the delay in the interrupt entry has guaranteed that the conversion is complete,
read the result value from the ADC Result register and, if desired, the two least
significant bits from Control Register 1.

0QVG� Software can use either an A/D interrupt or a PIOS interrupt to signal the comple-
tion of an A/D conversion initiated by the PIOS.
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6. Other processing is application-dependent. If the interrupt marks the end of a
sequence, and another sequence must be run immediately, the ISR can start
that sequence as described above.

7. Restore the saved registers, then use EI and RET instructions to reenable
interrupts and return to the interrupted process.

#5;0%�5'4+#.�%1//70+%#6+105�+06'4(#%'5�
#5%+5�

The ASCIs are asynchronous full-duplex UARTs with the following features:

• 7- or 8-bit data

• Odd, even, or no parity

• One or two Tx Stop bits

• Checking for Parity, Framing, and Overrun errors

• Break Generation and Detection

• Choice of two Baud Rate Generators (BRGs)

• Rx and Tx interrupts

• DCD and CTS pins on ASCI0

• Operation with the on-chip DMA channels

• A MULTIPROCESSOR mode with an extra bit designating address vs. data
characters

The registers associated with the ASCIs are described in section “Async Serial 
Communications Interface (ASCI) Registers” on page 131. Control registers A 
and B (CNTLA0, CNTLA1, CNTLB0, and CNTLB1) and the Extension Control 
registers (ASEXT0, ASEXT1) are typically written one time each, to configure an 
ASCI. The Status registers (STAT0 and STAT1) indicate the current state of each 
ASCI’s Receiver and Transmitter. Under control of this status, software can write 
bytes to be transmitted to the Transmit Data Registers (TDR0 and TDR1), and 
read received bytes from the Receiver Data Registers (RDR0 and RDR1).

$CUKE�%NQEMKPI

Each ASCI uses the same clock for both transmitting and receiving. Because the 
Z80S183 does not include CKA pins for either channel, clocking for each ASCI 
must be derived from one of its two baud rate generators (BRG). Furthermore, bits 
2-0 of each CNTLB register must not be left 111, as they are after a reset.

To use the older version of the BRG, which is compatible with the original ZiLOG 
Z80180:

• Clear bit 3 (BRG Mode) of the Extension Control register, to select the old
BRG.

• Write bit 5 (PS) and bits 2-0 (SS) in the CNTLB register to select the value by
which the old BRG divides the PHI clock to obtain the Basic Clock, as de-
scribed in Table 14.
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To use the newer BRG, which is compatible with the ZiLOG SCC family:

• Set bit 3 (BRG mode) of the Extension Control register, to select the new BRG.

• Write a 16-bit time constant to the Time Constant Low and High registers. This
value is the factor by which the PHI is divided to produce the basic clock, di-
vided by 2, minus 2. The new BRG calculates the basic clock as:

basic clock = PHI / (2 (TC+2)

%NQEM�/QFG��Since neither ASCI has a clock pin on the Z80S183, the 1X ISOCH-
RONOUS mode that can be used on other 8018x family members, cannot be used 
on the Z80S183, and bit 4 (X1 clock) in the Extension Control register must be 0.

If the DR bit (bit 3) in the CNTLB register is 0, the ASCI divides its basic clock 
by 16 to obtain the serial bit rate. If DR is 1, the ASCI divides the basic clock by 
64.

#U[PE�6TCPUOKUUKQP

Figure 14 illustrates a single asynchronous character on the TXA or RXA pin. 
When a transmitter is disabled, or when it has completed sending all characters 
that the software or a DMA channel has provided, the transmitter maintained a 
High on the TxD pin. This state is also called 1 or Mark. 

6#$.'���� �1.&�$4)�&+8+5+10�(#%6145
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(+)74' ��� #0�#5;0%*410175�%*#4#%6'4

When software or a DMA channel provides a character to an idle ASCI trans-
mitter:

1. It drives TXA Low on the next falling edge of the basic clock, to begin a start
bit, and maintains TXA Low for 16 or 64 basic clocks depending on the value
of DR.

2. It switches TXA to the state of the least significant bit (bit 0) of the character,
and holds that for 16 or 64 clocks.

3. It repeats step 2 for each next-more-significant bit of the character, through the
most significant bit (bit 6 or 7) of the character, and for a parity or MP bit if
one of these is enabled.

4. It drives TXA High (1, Mark) again for a stop bit, and maintains it High for at
least 16 or 64 clocks. 

5. It continues this High of another 16 or 64 clocks if bit 0 of its CNTLA register
is 1 to select two Tx stop bits.

The Tx character is now complete. If software or a DMA channel has provided 
another character to send, the transmitter begins another Start bit as described 
above. Otherwise, it maintains a High on TXA High until a character is provided.

#U[PE�4GEGRVKQP

The Receiver has a more complex task. When it is first enabled, or after a char-
acter has been received the receiver samples the RXA pin on the rising edge of 
each basic clock.

1. If RXA is High it remains in this state of waiting for a Start bit. 

2. If the receiver samples RXA Low, it counts off half a bit time (8 basic clocks if
DR is 0, or 32 basic clocks if DR is 1) then samples RXA again. If RXA is High,
the receiver rejects the transient Low state on RXA as not representing a Start
bit, and returns to step 1. The RXA pin is sampled again.

3. If RXA is still Low after half a bit time, it validates the Start bit. The receiver
then counts off the number of basic clocks in a bit—16 if DR is 0, 64 if it is 1,
— and samples RXA for the Least Significant data bit (bit 0). It continues this

6:#
QT�4:#

5VCTV�DKV

&CVC�DKVU

�UV�5VQR�DKV

5VQR�KFNG
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routine for each progressively significant data bit (through bit 6 or 7), and for
a Parity or MP bit if either is enabled.

Finally, the receiver counts off 16 or 64 more basic clocks and samples the first 
Stop bit. If the receiver’s basic clock is close to the clock that the transmitter used 
to send the character, this occurs near the middle of the first Stop bit. If there is no 
noise or other error on the line, the receiver samples the Stop bit as High/1/Mark. 
However, if the receiver’s and transmitter’s clocks were sufficiently different, or if 
there is noise or an error on the line, the receiver samples the stop bit as Low/0/
Space. This latter situation is called a  framing error. When a framing error 
occurs, the receiver sets an error bit that accompanies the character through the 
receiver FIFO. The receiver then sets the FE bit in the STAT register when the 
character becomes the oldest one in the FIFO.

The received character is now complete, and the receiver returns to step 1 and 
samples the line for a new Start bit.

%QODKPGF�'HHGEV�QH�$4)�CPF�%NQEM�/QFG

Combining the operation of the BRGs and the division by 16 or 64 performed by 
the transmitter and receiver, where:

• Serial rate is in bits/second

• PHI is the system clock frequency

• PS is the value written to bit 5 of CNTLB (0 or 1)

• ^ indicates exponentiation (2 to the power)

• SS is the binary value of bits 2-0 of CNTLB (0 thru 6)

• DR is bit 3 of CNTLB (0 or 1)

• TC is the 16-bit value in the ASTCL and ASTCH registers:

1RVKQPU

��QT���&CVC�$KVU��If bit 2 of CNTLA is 0, the transmitter sends, and the receiver 
accumulates, 7 data bits per character. If CNTLA2 is 1, the transmitter sends, and 
the receiver accumulates, 8 data bits per character. 

2CTKV[��If bit 1 of CNTLA is 1, the transmitter accumulates and sends a Parity bit 
after the data bits, and the receiver samples and checks these bits. If CNTLA1 is 
1, a 1 in bit 4 of CNTLB selects odd parity and 0 in bit 4 selects even parity. Odd 
Parity means that a correct character includes an odd number of 1 bits, including 
the Parity bit. Even Parity means that a correct character includes an even number 
of 1 bits. 

1NF�$4)� UGTKCN�TCVG���2*+���

�������25����
��@�55����
�������&4��
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If the receiver samples the Parity bit in the incorrect state for a character, it sets an 
error bit that accompanies the character through the receiver FIFO. The receiver 
then sets the PE bit in the STAT register when the character becomes the oldest 
one in the FIFO.

6TCPUOKV�5VQR�$KVU��If bit 0 of CNTLA is 0, the transmitter sends a minimum of 
one Stop bit between characters. If CNTLA0 is 1, it sends at least two Stop bits 
between characters. Selecting two Stop bits has been known to work around 
timing mismatches between a transmitter and a receiver.

0QVG� The ASCI receivers on the Z80S183 check only one Stop bit, regardless of bit 0 of 
CNTLA. This is also true of ASCI receivers on other current 8018x family members, as 
well as other UARTs, but on the original Z80180, the ASCIs actually checked two Stop 
bits if CNTLA0 was 1.

5VCVWU

$TGCM�%QPFKVKQPU��Break conditions date back to the early days of async commu-
nications using Teletypewriters, which were functionally half-duplex in that text 
could only flow in one direction at a time.

If the operator of a receiving Teletype had a condition, or something to say, and 
wanted to interrupt the data from the other machine, the operator could press a 
Break key. Pressing this key drove the line to the 0/Space state for several char-
acter-times, which switched on a light at the other machine, and stopped its paper 
tape reader if it had been in use.

A Break is still defined as at least two character times of consecutive zeroes on the 
line. A receiver sees this as one or more all-0 characters with Framing errors. 

Software can send a break by setting bit 0 of the Extension Control register. 
Before doing this, software can ensure that any characters previously written to 
the Transmit Data Register have been sent, by monitoring bit 0 of the Extension 
Control register. The duration of a transmitted Break is under software control—
the Break is terminated by clearing the ASEXT bit to 0.

While receiving an all-zero character with a Framing error indicates a Break, bit 1 
of the Extension Control register provides more specific break detection. When 
the receiver detects an all-zero character with a framing error, it sets a Break status 
bit that accompanies the character through the receiver FIFO. The receiver sets bit 
1 in the ASEXT register to 1 when such a character becomes the oldest one in the 
FIFO.

After detecting a break, the receiver does not assemble any further characters until 
the RXA pin returns to High/1/Mark, signalling the end of the Break condition.

4Z�1XGTTWP��The ASCIs in the Z80S183 contain 4-character Rx FIFOs between 
the Rx Shift registers and Receive data registers. If a receiver receives a character 
and there are already 4 characters in the FIFO, an overrun status bit is set that 
accompanies the preceding character through the FIFO. The receiver then sets the 
OVRN bit (bit 6 in the STAT register) to 1 when that character becomes the oldest 
in the FIFO.
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The receiver discards the character that triggers the overrun condition, and subse-
quent characters, until the last good character has come to the top of the FIFO so 
that OVRN is 1, and software writes a 0 to the EFR bit to clear OVRN.

4GEGKXG�5VCVWU��There are four receive status bits in the STAT register and one in 
the Extension Control register. RDRF, bit 7 of STAT, is 1 whenever there is at 
least one received character in the Rx FIFO. RDRF is cleared:

• When the software or a DMA channel has read all characters out of the Rx
FIFO

• By a reset

• In I/O STOP mode

• On ASCI0, when the DCD0 pin is autoenabled and is High.

FE, PE, and OVRN in the STAT register are 1 when a character with a framing 
error or parity error, or the last character before an Rx Overrun, comes to the top 
of the receive FIFO. Similarly, bit 1 in the Extension Control register is 1 when a 
break character comes to the top of the FIFO. 

Any of these bits remain 1 even if the character associated with the condition is 
read out of the receive FIFO. That is, these bits latch an error or exception condi-
tion. All four of these bits are cleared to 0 by reading CNTLA, clearing bit 3 
(Error Flag Reset, or EFR) to 0, and writing the result back to CNTLA.

This action also allows the receiver to put subsequent characters into the receive 
FIFO after an Overrun, and if the receiver is handled by a DMA channel, allows 
the channel to service the receiver again.

/QFGO�%QPVTQN�5VCVWU��The only ASCI modem control or status signals on the 
Z80S183 are DCD0 and CTS0. The state of the DCD0 pin can be read as bit 2 of 
the STAT0 register, and that of CTS0 as bit 5 of CNTLB0. Both bits read as 1 if 
the pin is High/inactive.

Bit 6 in the Extension Control register controls whether DCD0 automatically 
enables and disables the receiver. Bit 5 controls whether CTS0 automatically 
enables and disables the transmitter.

In each case, if one of these ASEXT bits is 0, as it is after a reset, then a Low on 
the pin allows the module to operate. However, while a High disables the module. 
If one of these ASEXT bits is 1, software can read the state of the pin, but this 
state does not affect the hardware.

When ASEXT0 bit 6 is 0, a High on DCD0 forces the status bits RDRF, PE, FE, 
OVRN, and RxBreak to 0. If DCD0 goes Low thereafter, the next read of the 
STAT register still contains a 1 in bit 2 (DCD0). Subsequent reads of STAT indi-
cate current status.

When ASEXT0 bit 5 is 0, a High on CTS0 clears the TDRE bit in STAT. This 
action prevents software or a DMA channel from putting further Tx data into 
TDR. As many as three characters (one from the Tx shift register, two from the
2-stage Tx FIFO) can appear on TDA0 after CTS0 goes High.
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On the Z80S183, data can be transferred to or from either ASCI by either DMA 
channel. Setup for these operations is covered in the following ASCI and DMA 
topics:

“Starting a Transmitter”, later on this page,
“Starting a Receiver” on page 63,
“Handling ASCI Interrupts” on page 64, and
“Setting Up a DMA Transfer” on page 40.

A DMA channel used with an ASCI transmitter must be programmed to use the 
appropriate TDRE flag as its DMA request, and must be set up for edge-sensitive 
DMA request. 

A DMA channel used with an ASCI receiver must be programmed to use the 
appropriate RDRF flag as its DMA request, and can be used in either edge- or 
level-sensitive mode. In this application, software sets both the RIE bit in the 
STAT register, and bit 7 of the Extension Control register, enabling ASCI receive 
interrupts in the event of errors, but not for every received character. 

0QVG� The signal that an ASCI receiver provides as a Request to a DMA channel, is not 
simply RDRF but rather (RDRF and not PE and not FE and not OVRN and not RxBreak). 
DMA operation will be suspended if any of these errors or exceptional conditions occurs. 
This operation is performed so that software can determine the point in the receive data 
stream at which the error or condition occurred.

2TQITCOOKPI�6GEJPKSWGU

5VCTVKPI�C�6TCPUOKVVGT��A Software can enable a transmitter at the same time as 
its associated receiver, or separately, as follows:

1. Write the CNTLB register to set the clocking and basic options.

2. Write the Extension Control register to select the BRG mode and, on ASCI0,
the mode of the CTS0 pin.

3. Set bit 0 (TIE) in the STAT register to enable transmit interrupts, otherwise,
clear it.

4. Set bit 5 to 1 of CNTLA to enable the transmitter.

The TDRE flag is set immediately. If transmit interrupts were enabled in step 3, an 
interrupt occurs immediately.

0QVG� If a DMA channel is to provide data to the transmitter, software can set it up when-
ever transmit data is available, including selecting TDRE as the DMA Request. Edge-sen-
sitivity is required on the DMA request for transmit/output devices. If TDRE is set before 
the DMA channel is started, device software sets up the DMA to not include the first Tx 
character, and then write first character to the TDR, to initialize the ASCI-DMA hand-
shake.

5VCTVKPI�C�4GEGKXGT��A Software can enable a receiver at the same time as its 
associated transmitter, or separately, as follows:

1. Write the CNTLB register to set the clocking and basic options.
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2. Write the Extension Control register to select the BRG mode and, on ASCI0,
the mode of the DCD0 pin. If the receiver is to be handled by a DMA channel,
set bit 7 of the Extension Control register to 1 to block the RDRF flag from
requesting a receive interrupt.

3. Set bit 3 (RIE) in STAT to 1 if receive interrupts are desired, otherwise clear it.

4. Set up the DMA channel if the receiver is to be handled by a DMA channel).
Select the channel, including selecting RDRF as the DMA Request signal.

5. Set the bit 6 in CNTLA to enable the receiver.

RDRF is 1 when there is data in the Rx FIFO. If RDRF interrupts are enabled, an 
interrupt occurs at that time.

2QNNGF�6TCPUOKUUKQP��After starting a transmitter without interrupts enabled, 
while there is data to send:

1. Read the STAT register (preferably more often than once per character-time)
until bit 1 (TDRE) is 1.

2. Write the next character to be transmitted to the TDR. If there is more data to
transmit, return to step 1.

2QNNGF�4GEGRVKQP��After starting a receiver without interrupt enabled:

1. Read the STAT register, at least once per character time, until it detects bit 7
(RDRF).

2. Read a received character from the RDR. 

3. Process process the received character, then return to step 1.

*CPFNKPI�#5%+�+PVGTTWRVU��A 1 in bit 0 (TIE) of an ASCI’s STAT register enables 
transmit interrupts, and a 1 in bit 3 (RIE) enables receive interrupts. If any of 
following are true:

• TIE and TDRE are both 1

• RIE is 1 and any of OVRN, PE, FE, or RxBreak (ASEXT bit 1) are 1

• RIE is 1, bit 7 of the Extension Control register is 0, and RDRF is 1

• RIE is 1, bit 6 in the Extension Control register is 0, and the DCD0 pin is High
for ASCI0

then an ASCI requests an interrupt from the processor. When the conditions listed 
in “On-Chip Interrupt Handling” on page 19 are met with respect to this request, 
the processor fetches the address of the interrupt service routine (ISR) from
(I : IL : 14) for ASCI0, or from (I : IL :16) for ASCI1. 

An ASCI ISR that handles both kinds of interrupts must:

1. Save as many registers as it may use, by means of PUSH, EX EX AF,AF’ , and/
or EXX instructions.

2. Read the STAT register for this ASCI.
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3. If TIE and TDRE in STAT are both 1:

a. If another Transmit character is available, write it to the TDR.

b. If not, clear the TIE bit until another Tx character is available.

4. If RIE in STAT is 1 and any of OVRN, PE, FE, or RxBreak (ASEXT bit 1)
are 1:

a. If bit 7 of the Extension Control register is 1, indicating that a DMA
channel is handling receive data, read the DSTAT register, clear the DE
and DWE bits for that DMA channel, and write the result back to DSTAT.

b. Read the CNTLA register, clear bit 3 (EFR) to 0 and write the result back
to CNTLA

c. Read the associated character from the RDR

d. For PE or FE conditions, applications can discard the character, replace it
with a standard error character, or treat it like other characters.

e. For an OVRN condition (without any other error), most applications
process this last good character normally, as in step 5. An application may
then post an overrun occurred here notification in the received-data
stream.

f. For Break, most applications discard the all-0 character. An application
may post a break occurred here notification in the received-data stream.
The receiver does not assemble more all-0 characters, but waits for RDA
to go High before searching for a new Start bit.

5. If no errors were found in step 4, but RIE is 1, bit 7 of the Extension Control
register is 0, and RDRF is 1, read the next received character from the RDR.
Process it, of which the simplest case is storing it at the next memory location
in a buffer.

6. If for ASCI0, RIE is 1, bit 6 in the Extension Control register is 0, and bit 2 of
STAT is 1, carrier has been lost, and the ASCI receiver does nothing until the
carrier returns. In this case, either clear RIE or set bit 6 in the Extension
Control register, to prevent further interrupts because DCD0 is High.

7. Optionally, at this point software can read STAT again, and return to step 3 if
RIE and RDRF are both 1, or TIE and TDRE are both 1. This option saves on
interrupt overhead.)

8. If the ISR disabled the receive DMA channel in step 4a, it restarts the channel.

9. Finally, the ISR must restore the saved registers, and return to the interrupted
process by means of EI and RET instructions.

/WNVKRTQEGUUQT�/QFG

In this mode, the transmitter sends, and the receiver expects, an extra bit between 
the data and stop bits, that differentiates address from data characters. Other 
manufacturers’ devices have a similar mode called NINE-BIT mode. To enable 
this mode for both the transmitter and receiver, set bit 6 of the CNTLB register as 
part of initializing the ASCI.
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0QVG� MULTIPROCESSOR mode cannot be used with parity generation and checking. 

In MULTIPROCESSOR mode, data is grouped into frames or messages, each 
preceded by an address character, which differs from data characters in that its 
extra bit is 1.

To send a frame:

1. Wait, if necessary, for the TDRE bit (bit 1 of the STAT register) to be 1,
indicating that a new Tx character can be written to the TDR. The next two
steps can be performed in an ASCI Interrupt Service Routine.

2. Read the CNTLB register, set bits 7-6 to 11, and write the result back to
CNTLB. This action sets up the transmitter to send the first character of the
frame with the extra bit 1.

3. Write the address value for the intended destination device to the TDR.

4. For each data character in the frame, again wait, if necessary, for the TDRE bit
(bit 1 of the STAT register) to be 1. The following two steps can be performed
in an ASCI ISR.

5. Read CNTLB, clear bit 7, and write the result back. These actions cause the
transmitter to send the next character with the extra bit 0.

6. Write the next data character to the TDR. If there are more characters in the
frame, return to Step 4.

If bit 6 of CNTLB is 1, to receive a frame in MULTIPROCESSOR mode:

1. Read CNTLA, set bit 7, and write the result back to CNTLA. This process
conditions the receiver to ignore data characters, that contain a 0 in the extra
bit.

2. Wait for the RDRF bit in the STAT register to be 1. The following steps can
be done in an ASCI ISR.

3. Read CNTLA and verify that bit 3 is 1, namely that the next available character
is an address character. If not, read the RDR, discard the data character, and
return to step 2.

4. Read the RDR and check whether the value obtained indicates a frame destined
for this processor (there may be one or more unique addresses for this node,
plus a broadcast and/or group address) If not, discard the character and return
to step 2. The hardware ignores the data characters in the frame.

5. Optionally, store the address character in memory. (The following steps may
vary depending on the address.)

6. Read CNTLA, clear bit 7, and write the result back to CNTLA. This process
conditions the receiver to assemble the following data characters.

7. For each data character in the frame, wait for the RDRF bit in the STAT
register to be 1. The following steps can be processed in an ASCI interrupt
service routine.
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8. Read the data character from the RDR and store it in memory. (If frames are
not a fixed length, software determines the frame length from its content.) If
the frame is not complete, return to step 7.

9. Check the frame for checking or validation information, check it. Most
protocols specify that a receiving node ignores a frame that fails checking/
validation.

10. Process the frame based on its content. This routine is application-dependent.

%.1%-'&�5'4+#.�+0276�176276�/1&7.'�
%5+�1�

The CSI/O allows synchronous communication with serial memories, peripherals, 
and other processors that include compatible interfaces. The CSI/O is a half-
duplex interface that can send or receive 8-bit bytes, but not both simultaneously.

The CSI/O includes separate receive and transmit data pins, RXS and TXS, plus a 
clock pin, CKS, that can be either an input or an output. In either direction, CKS 
switches only during active data characters on the RXS and TXS pins.

The bit rate for the CSI/O can be up to PHI/20 for an internally-generated clock, 
and even faster with an externally-generated clock.

The CSI/O Control (CNTR) and Data (TRDR) registers are described in section 
“Clocked Serial Input/Output Module (CSI/O)” on page 67. 

%NQEM�5GNGEVKQP

After Reset, bits 2-0 of the CNTR are 111B, which conditions the CKS pin to be 
an input. If this Z80S183 is to provide the clock to the other station(s), write bits 
2-0 with one of the values 000–110B depicted in Table 15. This value determines 
the factor by which the CSI/O divides PHI to produce the clock it drives onto 
CKS.

0QVG� Wait at least one bit time after the transmitter clears the TE bit, or the receiver 
clears the RE bit, before changing the baud rate. 

6#$.'���� %5+�1�%.1%-�4#6'�5'.'%6+10

%064���� %-5�$KV�4CVG
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The clock signal on CKS and the data signals on TXS and RXS feature the same 
basic relationship whether this Z80S183 is driving or receiving the clock on CKS, 
and whether it is sending on TXS or receiving on RXS.

Figure 15 illustrates this relationship, along with the state of the flags in the 
CNTR.

(+)74' ��� %5+�1�12'4#6+10

CKS is High between bytes. The CSI/O operates as follows in the four possible 
cases of clock and data sourcing:

1WVRWV�%NQEM��1WVRWV�&CVC��After software writes a byte to be transmitted to the 
TRDR and sets the TE bit in the CNTR, the CSI/O drives CKS Low, and shortly 
thereafter drives bit 0 of the byte onto TXS.

Thereafter, it toggles CKS at the selected clock rate, driving each next-more-
significant bit from each falling edge on TXS, until it has driven bit 7 onto TXS. 
Then the CSI/O clears the TE bit and sets the EF bit in the CNTR. The CSI/O 
drives CKS High to complete the operation.

+PRWV�%NQEM��1WVRWV�&CVC��Software must write the byte to be transmitted to the 
TRDR, and then set the TE bit in the CNTR, before the external clock source 
drives the CKS pin Low for the first bit of the byte.

At each falling edge of CKS, CSI/O drives a bit onto TXS, beginning with bit 0. 
After driving bit 7 onto TXS, the CSI/O clears the TE bit and sets the EF bit in the 
CNTR. 

1WVRWV�%NQEM��+PRWV�&CVC��After software sets the RE bit in the TRDR, the CSI/O 
drives CKS Low, and thereafter toggles CKS at the selected clock rate, for a total 
of eight falling and eight rising edges. At each rising edge on CKS, the CSI/O 
samples one bit of the byte into the TRDR, starting with bit 0. After sampling bit 
7, the CSI/O clears the RE bit and sets the EF bit in the CNTR.

+PRWV�%NQEM��+PRWV�&CVC��Software must set the RE bit in the CNTR, before the 
external clock source drives CKS Low for the first bit of the byte. At each rising 
edge on CKS, the CSI/O samples one bit of the byte into the TRDR, starting with 
bit 0. After sampling bit 7, the CSI/O clears the RE bit and sets the EF bit in the 
CNTR.

%-5
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6TCPUOKVVKPI�C�$[VG��Both the TE and RE bits in the CNTR must be 0 before 
another byte can be sent. At that point, software must:

1. Write the byte to be transmitted into the TRDR.

2. Write a 1 to the TE bit (bit 4) in the CNTR, with the selected clock control
value in bits 2-0. If no interrupt is necessary when the byte has been sent, write
a 0 in bit 6 (EIE) of this register. Otherwise, write a 1 for the interrupt service
routine.

4GEGKXKPI�C�$[VG��Both the TE and RE bits in the CNTR must be 0 before soft-
ware can condition the CSI/O to receive another byte. At that point software must:

1. Write a 1 to the RE bit (bit 5) in the CNTR, with the selected clock control
value in bits 2–0. For polled operation, write a 0 in bit 6 (EIE) of this value.
Otherwise, write a 1 and clear the transmit flag for the Interrupt Service
Routine.

2. Read the CNTR (for polled operation) periodically or in a tight loop, until RE
is 0 and EF is 1. For interrupt-driven operation, the following step is
performed in the interrupt service routine, as described in the next topic.

3. Read the TRDR to acquire the byte and clear the EF flag. If the sending station
is to send more data, return to step 1.

%CPEGNNKPI�6TCPUOKUUKQP�QT�4GEGRVKQP��Software can cancel a byte transmission 
or reception in progress, by writing 0s to the TE and RE bits. Avoid cancellation 
when the Z80S183 is sourcing CKS, because this action may hang the remote 
station’s hardware in mid-byte. When operating with an external clock, software 
may cancel byte transmission or reception after a time-out period expires, indi-
cating that the remote station has nothing more to send, or cannot accept further 
data.

*CPFNKPI�%5+�1�+PVGTTWRVU

If software sets bit 6 (EIE) in the CNTR when it starts a transmit or receive opera-
tion, the CSI/O requests an interrupt when it completes the operation and sets the 
EF bit. When the conditions listed in “On-Chip Interrupt Handling” on page 19 
are met with respect to this request, the processor responds by fetching the address 
of the CSI/O interrupt service routine (ISR) from memory at address (I : IL :12). 
The ISR then:

1. Saves as many registers as it may use, using PUSH, EX AF, AF’ , or EXX
instructions.

2. Reads the CNTR. If the EF bit is 0, the ISR may log this unknown interrupt,
before restoring the registers and returning to the interrupted process using EI
and RET instructions.

0QVG� If the Transmit flag is cleared, read the TRDR. 

3. Process the byte.

a. If if further reception is necessary, write a 1 to RE as in step 1 of
“Receiving a Byte”, previously.
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b. If data is to be sent, write the first byte to the TRDR (this action clears the
EF flag). Then set TE in the CNTR, as in steps 1–2 of “Transmitting a
Byte”, previously. Set the Transmit flag for the next interrupt.

4. If the Transmit flag is set:

a. Write the next byte to the TRDR (this clears EF).

b. Then set TE in the CNTR, as in steps 1-2 of “Transmitting a Byte”,
previously.

5. If there is data to be received, perform a dummy read of the TRDR to clear the
EF flag, then write a 1 to RE as in step 1 of “Receiving a Byte”, previously.
Clear the Transmit flag.

a. If no further data is to be sent or received, perform a dummy read of the
TRDR to clear the EF flag.

6. Restore the saved registers and return to the interrupted process using EI and
RET instructions.

+�1�4')+56'45

“Processor Description” describes the processor registers and the Z80S183’s 
programming model. This section describes the registers in I/O space, that control 
the operation of the overall device and its on-chip peripherals. 

4')+56'45�57//#4;

I/O registers on the Z80S183 are divided into two classes, the 80180 registers and 
other on-chip registers.

The 80180 registers:

• Are located at addresses between 0000 and 003FH

• Can be relocated to 0080–00BFH or 00C0–00FFH

• Require three cycles per I/O instruction

Other on-chip registers:

• Are located at addresses between 0040 and 007FH, and 

• Require four cycles per I/O instruction.

All the on-chip registers on the Z80S183 decode 16-bit I/O addresses and require 
A15-8 to be all 0. These registers must be accessed using IN0 and OUT0 instruc-
tions.

The following table includes all on-chip registers in both classes. I/O addresses 
not described are not used.
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4GIKUVGT�0COG #FFT�
JGZ� 4GIKUVGT�0COG #FFT�
JGZ�

#5%+��%QPVTQN�4GIKUVGT�# �� #5%+��%QPVTQN�4GIKUVGT�# ��
#5%+��%QPVTQN�4GIKUVGT�$ �� #5%+��%QPVTQN�4GIKUVGT�$ ��
#5%+��5VCVWU�4GIKUVGT �� #5%+��5VCVWU�4GIKUVGT ��
#5%+��6Z�&CVC�4GIKUVGT �� #5%+��6Z�&CVC�4GIKUVGT ��
#5%+��4Z�&CVC�4GIKUVGT �� #5%+��4Z�&CVC�4GIKUVGT ��
%5+�1�%QPVTQN�4GIKUVGT �# %5+�1�&CVC�4GIKUVGT �$
246��6KOGT�&CVC�4GIKUVGT�.QY �% 246��6KOGT�&CVC�4GIKUVGT�*KIJ �&
246��6KOGT�4GNQCF�4GIKUVGT�.QY �' 246��6KOGT�4GNQCF�4GIKUVGT�*KIJ �(
6KOGT�%QPVTQN�4GIKUVGT ��
#5%+��'ZVGPUKQP�%QPVTQN�4GI �� #5%+��'ZVGPUKQP�%QPVTQN�4GI ��
246��6KOGT�&CVC�4GIKUVGT�.QY �� 246��6KOGT�&CVC�4GIKUVGT�*KIJ ��
246��6KOGT�4GNQCF�4GIKUVGT�.QY �� 246��6KOGT�4GNQCF�4GIKUVGT�*KIJ ��
(TGG�4WPPKPI�%QWPVGT ��
#5%+��6KOG�%QPUVCPV�.QY �# #5%+��6KOG�%QPUVCPV�*KIJ �$
#5%+��6KOG�%QPUVCPV�.QY �% #5%+��6KOG�%QPUVCPV�*KIJ �&
%NQEM�%QPVTQN�4GIKUVGT �' %27�%QPVTQN�4GIKUVGT �(
&/#��5QWTEG�#FFT�4GIKUVGT�. �� &/#��5QWTEG�#FFT�4GIKUVGT�* ��
&/#��5QWTEG�#FFT�4GIKUVGT�$ �� &/#��&GUV�#FFT�4GIKUVGT�. ��
&/#��&GUV�#FFT�4GIKUVGT�* �� &/#��&GUV�#FFT�4GIKUVGT�$ ��
&/#��$[VG�%QWPV�4GIKUVGT�. �� &/#��$[VG�%QWPV�4GIKUVGT�* ��
&/#��/GOQT[�#FFT�4GIKUVGT�. �� &/#��/GOQT[�#FFT�4GIKUVGT�* ��
&/#��/GOQT[�#FFT�4GIKUVGT�$ �# &/#��+�1�#FFT�4GIKUVGT�. �$
&/#��+�1�#FFT�4GIKUVGT�* �% &/#��+�1�#FFT�4GIKUVGT�$ �&
&/#��$[VG�%QWPV�4GIKUVGT�. �' &/#��$[VG�%QWPV�4GIKUVGT�* �(
&/#�5VCVWU�4GIKUVGT �� &/#�/QFG�4GIKUVGT ��
&/#�9CKV�%QPVTQN�4GIKUVGT �� +PVGTTWRV�8GEVQT�.QY�4GIKUVGT ��
+PVGTTWRV�6TCR�%QPVTQN�4GIKUVGT �� +PVGTTWRV�'FIG�4GIKUVGT ��
4GHTGUJ�%QPVTQN�4GIKUVGT ��
//7�%QOOQP�$CUG�4GIKUVGT �� //7�$CPM�$CUG�4GIKUVGT ��
//7�%QOOQP�$CPM�#TGC�4GIKUVGT �# &GXKEG�+&�.QY �$
&GXKEG�+&�*KIJ �% 4GXKUKQP�+& �&
1RGTCVKPI�/QFG�%QPVTQN�4GIKUVGT �' +�1�%QPVTQN�4GIKUVGT �(
2QTV�#�&CVC�4GIKUVGT �� 2QTV�#�&CVC�&KTGEVKQP�4GIKUVGT ��
2QTV�#�#NVGTPCVG�(WPEVKQP�4GIKUVGT �� 2QTV�#�1WVRWV�%QPVTQN�4GIKUVGT ��
2QTV�$�&CVC�4GIKUVGT �� 2QTV�$�&CVC�&KTGEVKQP�4GIKUVGT ��
2QTV�$�#NVGTPCVG�(WPEVKQP�4GIKUVGT �� 2QTV�$�1WVRWV�%QPVTQN�4GIKUVGT ��
2QTV�%�&CVC�4GIKUVGT �� 2QTV�%�&CVC�&KTGEVKQP�4GIKUVGT ��
2QTV�%�#NVGTPCVG�(WPEVKQP�4GIKUVGT �# 2QTV�%�1WVRWV�%QPVTQN�4GIKUVGT �$
2QTV�&�&CVC�4GIKUVGT �% 2QTV�&�&CVC�&KTGEVKQP�4GIKUVGT �&
2QTV�&�#NVGTPCVG�(WPEVKQP�4GIKUVGT �' 2QTV�&�1WVRWV�%QPVTQN�4GIKUVGT �(
2+15�%QPVTQN�4GIKUVGT �� 2+15�#FFTGUU�6[RG�4GIKUVGT ��
2+15�%QWPVGT�.QY �� 2+15�%QWPVGT�*KIJ ��
9&6�/CUVGT�4GIKUVGT �� 9&6�%QOOCPF�4GIKUVGT ��



+�1�4')+56'45 $#5+%�&'8+%'�4')+56'45

�� 2TGNKOKPCT[�<��5��� 25�������:/2����

$#5+%�&'8+%'�4')+56'45

In these register tables, the abbreviation Resvd denotes Reserved bits, which must 
not be programmed.

#&%�%QPVTQN�4GIKUVGT�� �� #&%�%QPVTQN�4GIKUVGT�� ��
#&%�4GUWNV�4GIKUVGT �� &#%�%QPVTQN�4GIKUVGT ��
&#%�&CVC�4GIKUVGT �# 95)�%QPVTQN�4GIKUVGT �$
41/�$QWPFCT[�4GIKUVGT �% 4#/�.QYGT�$QWPF�4GIKUVGT �&
4#/�7RRGT�$QWPF�4GIKUVGT �' 46%�%QPVTQN�5VCVWU �(
46%�5GEQPFU �� 46%�/KPWVGU ��
46%�*QWTU �� 46%�&C[�QH�VJG�9GGM ��
46%�&CVG �� 46%�/QPVJ ��
46%�;GCT �� 46%�%GPVWT[ ��
46%�#NCTO�5GEQPFU �� 46%�#NCTO�/KPWVGU ��
46%�#NCTO�*QWTU �# 1WVRWV�%QPVTQN�4GIKUVGT �&
2QYGT�%QPVTQN�4GIKUVGT �' 5[UVGO�%QPVTQN�4GIKUVGT �(

6#$.'���� (4''�4700+0)�%1706'4�
����*�

$KV � � � � � � � �
$KV�(KGNF %QWPV
4�9 4
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP

$KV�
(KGNF 4�9 8CNWG &GUETKRVKQP

��� %QWPV 4 6JKU�XCNWG�KU�EQWPVGF�FQYP�D[���GXGT[����
2*+�ENQEMU��KPENWFKPI�FWTKPI�+�1�5VQR�
OQFG�
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6#$.'���� %.1%-�%10641.�4')+56'4�
���'*��%.-%4

$KV � � � � � � � �
$KV�(KGNF 4GUXF .QY�

0QKUG�
:6#.

4GUXF

4�9 ! 4�9 !
4GUGV : � : : : : : :
0QVG��4���4GCF� 9���9TKVG �:���+PFGVGTOKPCVG� !���0QV�#RRNKECDNG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� .QY�0QKUG�
:6#.

4�9 � +H�VJKU�DKV�KU����VJG�QUEKNNCVQT�QRGTCVGU�KP�
C�.QY�0QKUG�OQFG��KP�YJKEJ�VJG�ICKP�KU�
TGFWEGF�CPF�VJG�QWVRWV�FTKXG�KU�TGFWEGF�
VQ�CDQWV�����QH�PQTOCN�QRGTCVKQP��6JKU�
OQFG�ECP�DG�WUGF�HQT�2%/%+#�
CRRNKECVKQPU��KP�YJKEJ�VJG�ET[UVCN�YQWNF�
QVJGTYKUG�DG�FTKXGP�YKVJ�VQQ�OWEJ�
RQYGT��6JKU�OQFG�NKOKVU�VJG�ET[UVCN�
HTGSWGPE[�VQ����/*\�CV�8&&����8�
CPF����/*\�CV�8&&����8�

6#$.'���� %27�%10641.�4')+56'4�
���(*��%%4

$KV � � � � � � � �
$KV�(KGNF :��

:6#.
5VCPF�
D[

$4':6 .02*+ +FNG�
3WKEM

4GUXF .0%6. .0#�&

4�9 4�9 4�9 4�9 4�9 4�9 ! 4�9 4�9
4GUGV � � � � � : � �
0QVG��4���4GCF� 9���9TKVG� :���+PFGVGTOKPCVG� !���0QV�#RRNKECDNG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� :��:6#. 4�9 �
�

6JG�ET[UVCN�HTGSWGPE[�KU�FKXKFGF�D[���
6JG�ET[UVCN�HTGSWGPE[�KU�WUGF�FKTGEVN[�

��� 5VCPFD[��
+FNG�
3WKEM

4�9 ��

��
��
��

5.2�KPUVTWEVKQP�GPVGTU�5NGGR�QT�5[UVGO�
5VQR�OQFG
+156125.2�GPVGTU�+FNG�OQFG
+156125.2�GPVGTU�5VCPFD[�OQFG
+156125.2�GPVGTU�3WKEM�4GEQXGT[�
5VCPFD[�OQFG

� $4':6 4�9 � <��5����JQPQTU�$WU�4GSWGUVU�KP�5VCPFD[�
OQFG

� .02*+ 4�9 � 2*+�.QY�PQKUG�OQFG������QH�PQTOCN�FTKXG
� .0%6. 4�9 � +14&�CPF�+194�.QY�PQKUG�OQFG������QH�

PQTOCN�FTKXG
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� .0#�& 4�9 � #�����&����.QY�PQKUG�OQFG������QH�
PQTOCN�FTKXG

6#$.'���� 4'(4'5*�%10641.�4')+56'4�
����*��4%4

$KV � � � � � � � �
$KV�(KGNF 4'(' 4'(9 4GUXF %[ENG
4�9 4�9 4�9 ! 4�9
4GUGV � � : : : : � �
0QVG��4���4GCF �9���9TKVG� :���+PFGVGTOKPCVG� !���0QV�#RRNKECDNG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� 4'(' 4�9 � 6JG�<��5����IGPGTCVGU�4GHTGUJ�E[ENGU
� 4'(9 4�9 �

�
��ENQEM�4GHTGUJ�E[ENGU
��ENQEM�4GHTGUJ�E[ENGU

��� %[ENG 4�9 ��
��
��
��

4GHTGUJ�E[ENG�GXGT[����2*+�ENQEMU
4GHTGUJ�E[ENG�GXGT[����2*+�ENQEMU
4GHTGUJ�E[ENG�GXGT[����2*+�ENQEMU
4GHTGUJ�E[ENG�GXGT[����2*+�ENQEMU

0QVG��$GECWUG�VJG�<��5����JCU�PQ�4(5*�RKP��CNYC[U�RTQITCO�VJKU�TGIKUVGT�YKVJ�CNN�0U�

6#$.'���� &'8+%'�+&�.19�
���$*�

$KV � � � � � � � �
$KV�(KGNF .5�D[VG�QH�&GXKEG�+&
4�9 4
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &GXKEG�+&�
.5�D[VG

4�9 ��* .5$�QH�VJG�&GXKEG�+&�XCNWG�WUGF�VQ�KFGPVKH[�
C�<��5����XKC�VJG�<&+�KPVGTHCEG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP
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6#$.'���� &'8+%'�+&�*+)*�
���%*�

$KV � � � � � � � �
$KV�(KGNF /5�D[VG�QH�&GXKEG�+&
4�9
4GUGV � � � � � � � 1�
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &GXKEG�+&�
/5�D[VG

4�9 �� /5$�QH�VJG�&GXKEG�+&�XCNWG�WUGF�VQ�
KFGPVKH[�C�<��5����XKC�VJG�<&+�KPVGTHCEG

6#$.'���� 4'8+5+10�+&����&*�

$KV � � � � � � � �
$KV�(KGNF 4GXKUKQP�+&
4�9 4
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 4GXKUKQP�
+&

4 ��
��

+FGPVKHKGU�TGXKUKQP�#$�QH�VJG�<��5����
+FGPVKHKGU�TGXKUKQP�$#�
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6#$.'���� 4'8+5+10�+&�
���&*�

$KV � � � � � � � �
$KV�(KGNF 4GXKUKQP�+&
4�9 4
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 4GXKUKQP�
+&

4 �� +FGPVKHKGU�VJG�TGXKUKQP�QH�VJG�<��5����

6#$.'���� 12'4#6+0)�/1&'�%10641.�4')+56'4�
���'*��1/%4

$KV � � � � � � � �
$KV�(KGNF /�' /�6' +1% 4GUGTXGF
4�9 4�9 9 4�9 !
4GUGV � � � : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG�!���0QV�#RRNKECDNG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� /�' 4�9 �

�

/��KU�FTKXGP�.QY�FWTKPI�TGHGVEJ�QH�4'6+�
KPUVTWEVKQPU�CPF�+06��CEMPQYNGFIG�E[ENGU�

<���RGTKRJGTCN�EQORCVKDNG��
/��KU�FTKXGP�.QY�KP�CNN�QREQFG�HGVEJGU��
+06��CEMPQYNGFIG�E[ENGU��CPF��UV�E[ENG�
QH�0/+�CEMPQYNGFIG�

� /�6' 9 �

�

#HVGT�C���KU�YTKVVGP�VQ�VJKU�DKV��VJG�PGZV�1R�
%QFG�HGVEJ�CUUGTVU�/��.QY��

#WVQOCVKECNN[�TGVWTPU�VQ���UVCVG��
/�'�IQXGTPU�QRGTCVKQP�QH�/�

� +1% 4�9 �

�

+14&�KU�FTKXGP�.QY�HTQO�TKUKPI�GFIG�CV�
UVCTV�QH�6��E[ENG�
<���EQORCVKDNG�
+14&�KU�FTKXGP�.QY�HTQO�HCNNKPI�GFIG�KP�6��
E[ENG�
������EQORCVKDNG�
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6#$.'���� +�1�%10641.�4')+56'4�
���(*��+1%4

$KV � � � � � � � �
$KV�(KGNF +1# +1562 4GUGTXGF
4�9 4�9 4�9 !
4GUGV � � � : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� +1# 4�9 ��

��
��
��

����TGIKUVGTU�CTG�NQECVGF�CV���������(*
&Q�PQV�RTQITCO�VJKU�XCNWG
����TGIKUVGTU�CTG�NQECVGF�CV��������$(*
����TGIKUVGTU�CTG�NQECVGF�CV���%����((*
&Q�PQV�RTQITCO�VJKU�XCNWG

� +1562 4�9 �
�

0QTOCN�QRGTCVKQP
%NQEMKPI�KU�DNQEMGF�VQ�VJG�#5%+U��246U��
CPF�%5+�1��FKUCDNKPI�VJGUG�WPKVU�

6#$.'���� 176276�%10641.�4')+56'4�
���&*��1%4

$KV � � � � � � � �
$KV�(KGNF 41/' 4GUGTXGF 2QTV�$�

9GCM�
.CVEJ�
&KUCDNG

2QTV�#�
.QY�
0QKUG

2QTV�$�
.QY�
0QKUG

2QTV�%�
.QY�
0QKUG

2QTV�&�
.QY�
0QKUG

4�9 4�9 ! 4�9 4�9 4�9 4�9 4�9
4GUGV � : : � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG�!���0QV�CRRNKECDNG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� 41/
'OWNCVQT
OQFG

4�9 �

�

4GCF�FCVC�HTQO�KPVGTPCN�FGXKEGU�FQGU�PQV�
CRRGCT�QP�&�����6JKU�HGCVWTG�UCXGU�RQYGT�
4GCF�FCVC�HTQO�KPVGTPCN�FGXKEGU�KU�FTKXGP�
QPVQ�&�����HQT�OQPKVQTKPI�D[�CP�GZVGTPCN�
NQIKE�CPCN[\GT�QT�QVJGT�KPUVTWOGPVCVKQP�

� 2QTV�$�
9GCM�
.CVEJ�
&KUCDNG

4�9 �

�

9GCM�NCVEJGU�QP�2QTV�$�CTG�GPCDNGF��CU�
VJG[�CTG�QP�QVJGT�RKPU�YKVJ�KPRWV�
ECRCDKNKV[��9GCM�NCVEJGU�UCXG�RQYGT�D[�
RTGXGPVKPI�HNQCVKPI�XQNVCIG�NGXGNU�
9GCM�NCVEJGU�QP�2QTV�$�CTG�FKUCDNGF��VQ�
CNNQY�SWCUK�CPCNQI�WUG�QH�VJGUG�RKPU�

��� 2QTV�#�&�
.QY�
0QKUG

4�9 � &TKXG�QP�VJG�EQTTGURQPFKPI�2QTV�KU�TGFWEGF�
VQ�����QH�KVU�EWTTGPV�ECRCDKNKV[��6JKU�
UGVVKPI�UCXGU�RQYGT�CPF�TGFWEGU�U[UVGO�
PQKUG��YJKNG�UNKIJVN[�KPETGCUKPI�UYKVEJKPI�
VKOGU�
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6#$.'���� 219'4�%10641.�4')+56'4�
���'*��2%4

$KV � � � � � � � �
$KV�(KGNF %'176 4GUGV�

QP�↑�QH�
29472

294
59%*

.2/�
#FFT�
%VTN

4GUXF

4�9 4�9 4�9 4�9 4�9 !
4GUGV � � � � : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG�!���0QV�#RRNKECDNG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� %'176 4�9 �
�

%'176�RKP�KU�PQV�FTKXGP
%'176�RKP�KU�FTKXGP�.QY

� 4GUGV�QP�
↑�QH�
29472

4�9 �
�

29472�RKP�ECPPQV�4GUGV
4KUKPI�GFIG�QP�29472�4GUGVU�VJG�
<��5���

� 294
59%*

4�9 &KTGEV�RQUKVKXG�NQIKE�QWVRWV

� .2/�
#FFTGUU�
%QPVTQN

4�9 �

�

.QY�RQYGT�OQFGU�FQ�PQV�CHHGEV�#������
4#/4&��4#/94��41/4&��41/94��
+14&��+194��+1%5�����6:5
6JGUG�RKPU�CTG���UVCVGF�KP�CP[�.19�
219'4�OQFG
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6#$.'���� 5;56'/�%10(+)74#6+10�4')+56'4�
���(*��5%4

$KV � � � � � � � �
$KV�(KGNF 1PEJKR�

41/�
'PCDNG

1PEJKR�
4#/�
'PCDNG

4#/�
*KIJ�
'PCDNG

41/%5�
'PCDNG

4#/%5�
'PCDNG

+1%5�
'PCDNG

%NQEM�5GNGEV

4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV 12/1

&�
� � � � � � �

0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� 1P�EJKR�
41/�
'PCDNG

4�9 �
�

#FFTGUUGU������ ���((*�CTG�QHH�EJKR
#FFTGUUGU������ ���((*�CTG�KP�QP�EJKR�
41/�

� 1P�EJKR�
4#/�
'PCDNG

4�9 �

�

1P�EJKR�4#/�KU�PQV�CEEGUUKDNG�VQ�VJG�
RTQEGUUQT
1P�EJKR�4#/�KU�CEEGUUKDNG�VQ�VJG�
RTQEGUUQT

� 4#/�
*KIJ�
'PCDNG

4�9 �

�

1P�EJKR�4#/�KU�CV�Z(��� Z((((*��
CFFTGUUGU�#������CTG�PQV�FGEQFGF�HQT�QP�
EJKR�4#/
1P�EJKR�4#/�KU�CV�((��� (((((*

� 41/%5�
'PCDNG

4�9 � 41/%5�RKP�KU�GPCDNGF�CEVKXG

� 4#/%5�
'PCDNG

4�9 � 4#/%5�RKP�KU�GPCDNGF�CEVKXG

� +1%5�
'PCDNG

4�9 � 6JG�+1%5��CPF�+1%5��RKPU�CTG�GPCDNGF�
CEVKXG

��� %NQEM�
5GNGEV

4�9 ��
��
��
��

2*+�VCMGP�HTQO�':6#.
2*+�VCMGP�HTQO�.(':6#.
2*+���.(':6#.�VKOGU�����
2*+���.(':6#.�VKOGU����
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See the Interrupts section, which starts on page 13, for more about these registers.
6#$.'���� +06'44726�8'%614�.19�4')+56'4�
����*��+.

$KV � � � � � � � �
$KV�(KGNF +.��� 4GUXF
4�9 4�9 !
4GUGV � � � : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG�!���0QV�#RRNKECDNG

$KV
2QUKVKQP

$KV�
(KGNF 4�9 8CNWG &GUETKRVKQP

��� +.��� 4�9 6JG�RTQEGUUQT�WUGU�VJGUG�DKVU�CU�#��
��
CNQPI�YKVJ�VJG�EQPVGPVU�QH�VJG�+�
TGIKUVGT�CU�#������YJGP�HGVEJKPI�CP�
KPVGTTWRV�UGTXKEG�TQWVKPG�CFFTGUU�HQT�
+06�����#5%+�����246�����&/#�����
QT�VJG�%5+�1�

6#$.'���� +06'44726�64#2�%10641.�4')+56'4�
����*��+6%

$KV � � � � � � � �
$KV�(KGNF 6TCR 7(1 +'(� 4GUXF +06��

GP
+06��
GP

+06��
GP

4�9 49�% 4 4 ! 4�9 4�9 4�9
4GUGV � : � : � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG�!���0QV�#RRNKECDNG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� 6TCR 49�% � +NNGICN�+PUVTWEVKQP�6TCR��9TKVKPI�C���VQ�
VJKU�DKV�ENGCTU�KV��YTKVKPI�C���JCU�PQ�
GHHGEV�

� 7(1 4 �
�

+PUV�UVCTVGF�CV�UVCEMGF�2%��
+PUV�UVCTVGF�CV�UVCEMGF�2%��

� +'(� 4 %WTTGPV�UVCVG�QH�KPVGTTWRV�GPCDNG
� +06��GP 4�9 +06��KPVGTTWRV�GPCDNG
� +06��GP 4�9 +06��KPVGTTWRV�GPCDNG
� +06��GP 4�9 +06��KPVGTTWRV�GPCDNG
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6#$.'���� +06����+06'44726�'&)'�4')+56'4�
����*��+'%4

$KV � � � � � � � �
$KV�(KGNF +06� +06� +06�

'FIG�
+06�
'FIG

+06��/QFG�5GN +06��/QFG�5GN

4�9 4 4 49�% 49�% 49 49
4GUGV : : � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� +06� 4 +06��RKP�UVCVG����KU�.QY
� +06� 4 +06��RKP�UVCVG����KU�.QY
� +06��'FIG 49�% �

�
4��GFIG�PQV�FGVGEVGF��9��PQ�GHHGEV
4��GFIG�FGVGEVGF��9��ENGCT�VJKU�DKV

� +06��'FIG 49�% �
�

4��GFIG�PQV�FGVGEVGF��9��PQ�GHHGEV
4��GFIG�FGVGEVGF��9��ENGCT�VJKU�DKV

��� +06��/QFG 49 ��
��
��
��

.QY�.GXGN�+PVGTTWRV
4KUKPI�'FIG�+PVGTTWRV
(CNNKPI�'FIG�+PVGTTWRV
$QVJ�'FIGU�+PVGTTWRV

��� +06��/QFG 49 ��
��
��
��

.QY�.GXGN�+PVGTTWRV
4KUKPI�'FIG�+PVGTTWRV
(CNNKPI�'FIG�+PVGTTWRV
$QVJ�'FIGU�+PVGTTWRV
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See “Memory Management Unit (MMU)” on page 10, for more about these regis-
ters.

6#$.'���� %1//10�$#5'�4')+56'4�
����*��%$4

$KV � � � � � � � �
$KV�(KGNF $CUG�QH�%QOOQP�#TGC��
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� %QOOQP���
#TGC�$CUG

4�9 +H�VJG�EQORCTKUQP�QH�DKVU�������QH�C�
NQIKECN�CFFTGUU�KPFKECVGU�VJCV�VJG�
CFFTGUU�KU�KP�%QOOQP�#TGC����VJKU�
XCNWG�
UJKHVGF�NGHV����DKVU��VKOGU�
������KU�CFFGF�VQ�VJG�NQIKECN�CFFTGUU�
VQ�HQTO�VJG�RJ[UKECN�CFFTGUU�

6#$.'���� $#0-�$#5'�4')+56'4�
����*��$$4

$KV � � � � � � � �
$KV�(KGNF $CUG�QH�$CPM�#TGC
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� $CPM�#TGC�
$CUG

4�9 +H�VJG�EQORCTKUQP�QH�DKVU��� ���QH�C�
NQIKECN�CFFTGUU�KPFKECVGU�VJCV�VJG�
CFFTGUU�KU�KP�VJG�$CPM�#TGC��VJKU�XCNWG�

UJKHVGF�NGHV����DKVU��VKOGU�������KU�
CFFGF�VQ�VJG�NQIKECN�CFFTGUU�VQ�HQTO�
VJG�RJ[UKECN�CFFTGUU�
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See “Memory”, which starts on page 19, for more detail about these registers.

6#$.'���� %1//10�$#0-�#4'#�4')+56'4�%
���#*��%$#4

$KV � � � � � � � �
$KV�(KGNF $CPM�%QOOQP���$QWPFCT[ %QOOQP���$CPM�$QWPFCT[
4�9 4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� $CPM�
%QOOQP���
$QWPFCT[

4�9 +H�DKVU��� ���QH�C�NQIKECN�CFFTGUU�CTG�
ITGCVGT�VJCP�QT�GSWCN�VQ�VJKU�XCNWG��
VJG�CFFTGUU�KU�KP�%QOOQP�#TGC���

��� %QOOQP���
$CPM�
$QWPFCT[

4�9 +H�DKVU��� ���QH�C�NQIKECN�CFFTGUU�CTG�
NGUU�VJCP�VJKU�XCNWG��VJG�CFFTGUU�KU�KP�
%QOOQP�#TGC���

0QVG��+H�DKVU�����QH�VJKU�TGI���DKVU�������QH�C�NQIKECN�CFFTGUU���DKVU�����QH�VJKU�TGI��
VJG�CFFTGUU�KU�KP�VJG�$CPM�#TGC��&Q�PQV�RTQITCO�VJKU�TGIKUVGT�UQ�VJCV�DKVU����� �DKVU���
���#NN�EQORCTKUQPU�CTG�WPUKIPGF�

6#$.'���� 9#+6�56#6'�)'0'4#614�%10641.�4')+56'4�
���$*��95)%4

$KV � � � � � � � �
$KV�(KGNF 41/�9CKVU 4#/�9CKVU 1VJGT�9CKVU 4GUGTXGF
4�9 4�9 4�9 4�9 !
4GUGV � � � � � � : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 41/�9CKVU 4�9

��
��
��
��

6JKU�HKGNF�FGVGTOKPGU�JQY�OCP[�YCKV�
UVCVGU�CTG�KPUGTVGF�HQT�OGOQT[�
CFFTGUUGU�VJCV�CEVKXCVG�41/%5�
0Q�9CKV�UVCVGU
��9CKV�UVCVG
��9CKV�UVCVGU
��9CKV�UVCVGU

��� 4#/�9CKVU 4�9

��
��
��
��

6JKU�HKGNF�FGVGTOKPGU�JQY�OCP[�YCKV�
UVCVGU�CTG�KPUGTVGF�HQT�OGOQT[�
CFFTGUUGU�VJCV�CEVKXCVG�4#/%5�
0Q�9CKV�UVCVGU
��9CKV�UVCVG
��9CKV�UVCVGU
��9CKV�UVCVGU
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��� 1VJGT�9CKVU 4�9

��
��
��
��

6JKU�HKGNF�FGVGTOKPGU�JQY�OCP[�YCKV�
UVCVGU�CTG�KPUGTVGF�HQT�OGOQT[�
CFFTGUUGU�VJCV�FQ�PQV�CEVKXCVG�GKVJGT�
41/%5�PQT�4#/%5��
6JGUG�E[ENGU�
FQ�PQV�CEVKXCVG�CP[�EQPVTQN�UKIPCNU�
CPF�VJWU�CTG�PQV�XKUKDNG��
0Q�9CKV�UVCVGU
��9CKV�UVCVG
��9CKV�UVCVGU
��9CKV�UVCVGU

6#$.'���� 41/�$170&�4')+56'4�
���%*��41/$4

$KV � � � � � � � �
$KV�(KGNF 41/�7RRGT�$QWPF
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP

$KV�
(KGNF 4�9 8CNWG &GUETKRVKQP

��� 41/�
7RRGT�
$QWPF

4�9 +H�DKV���QH�VJG�5[UVGO�%QPHKIWTCVKQP�
4GIKUVGT�KU����CU�KV�KU�CHVGT�C�TGUGV��
OGOQT[�CEEGUUGU�CV�CFFTGUUGU�YKVJ�
#������NGUU�VJCP�QT�GSWCN�VQ�VJKU�XCNWG��
CEVKXCVG�41/4&�QT�41/94

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP
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6#$.'���� 4#/�.19'4�$170&�4')+56'4�
���&*��4#/.$4

$KV � � � � � � � �
$KV�(KGNF 4#/�NQYGT�$QWPF
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 4#/�NQYGT�
$QWPF

4�9 +H�DKV���QH�VJG�5[UVGO�%QPHKIWTCVKQP�
4GIKUVGT�KU1��OGOQT[�CEEGUUGU�CV�
CFFTGUUGU�YKVJ�#�� ���ITGCVGT�VJCP�
QT�GSWCN�VQ�VJKU�XCNWG��NGUU�VJCP�QT�
GSWCN�VQ�VJG�XCNWG�KP�4#/7$4��CPF�
ITGCVGT�VJCP�VJG�XCNWG�KP�41/$4��
CEVKXCVG�4#/4&�QT�4#/94�

6#$.'���� 4#/�722'4�$170&#4;�4')+56'4�
���'*��4#/7$4

$KV � � � � � � � �
$KV�(KGNF 4#/�7RRGT�$QWPF
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 4#/�NQYGT�
$QWPF

4�9 +H�DKV���QH�VJG�5[UVGO�%QPHKIWTCVKQP�
4GIKUVGT�KU����OGOQT[�CEEGUUGU�CV�
CFFTGUUGU�YKVJ�#�� ���ITGCVGT�VJCP�
QT�GSWCN�VQ�VJKU�XCNWG��NGUU�VJCP�QT�
GSWCN�VQ�VJG�XCNWG�KP�4#/7$4��CPF�
ITGCVGT�VJCP�VJG�XCNWG�KP�41/$4��
CEVKXCVG�4#/4&�QT�4#/94�
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6#$.'���� 4#/�722'4�$170&�4')+56'4�
���'*��4#/7$4

$KV � � � � � � � �
$KV�(KGNF 4#/�7RRGT�$QWPF
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 4#/�7RRGT�
$QWPF

4�9 +H�DKV���QH�VJG�5[UVGO�%QPHKIWTCVKQP�
4GIKUVGT�KU����CU�KV�KU�CHVGT�C�TGUGV��
OGOQT[�CEEGUUGU�CV�CFFTGUUGU�YKVJ�
#������NGUU�VJCP�QT�GSWCN�VQ�VJKU�
XCNWG��ITGCVGT�VJCP�QT�GSWCN�VQ�VJG�
XCNWG�KP�4#/.$4��CPF�ITGCVGT�VJCP�
VJG�XCNWG�KP�41/$4��CEVKXCVG�4#/4&�
QT�4#/94�
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See “I/O Ports” on page 33, for more about these registers.

6#$.'���� 2146�#�&#6#�4')+56'4�
����*��&4#

$KV � � � � � � � �
$KV�(KGNF 2#� 2#� 2#� 2#� 2#� 2#� 2#� 2#�
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 2#��� 4�9 9TKVKPI�VQ�VJKU�TGIKUVGT�UGVU�VJG�FCVC�
VJCV�KU�FTKXGP�QPVQ�VJQUG�RKPU�COQPI�
2#�����VJCV�CTG�FGUKIPCVGF�CU�QWVRWVU�
KP�VJG�&CVC�&KTGEVKQP�CPF�1WVRWV�
%QPVTQN�4GIKUVGTU��4GCFKPI�HTQO�VJG�
&CVC�4GIKUVGT�TGVWTPU�VJG�UVCVG�QH�RKPU�
2#�����HQT�DQVJ�KPRWVU�CPF�QWVRWVU��
6JG�QWVRWV�NCVEJGU�ECPPQV�DG�TGCF�
DCEM�UGRCTCVGN[�
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6#$.'���� 2146�#�&#6#�&+4'%6+10�4')+56'4�
����*��&&4#

$KV � � � � � � � �
$KV�(KGNF 2#��FKT 2#��FKT 2#��FKT 2#��FKT 2#��FKT 2#��FKT 2#��FKT 2#��FKT
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 2#����FKT 4�9

�

�

�

�

6QIGVJGT�YKVJ�1WVRWV�%QPVTQN�
4GIKUVGT�#��VJGUG�DKVU�FGVGTOKPG�
YJKEJ�RKPU�COQPI�2#����CTG�KPRWVU�
CPF�YJKEJ�CTG�QWVRWVU��CPF�HQT�
QWVRWVU��QPG�QH�VJTGG�QWVRWV�OQFGU��
6JG���RQUUKDNG�UGVVKPIU�HQT�GCEJ�RKP�
CTG�
YKVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�VQVGO�RQNG�QWVRWV�
YKVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�QRGP�FTCKP�QWVRWV�
YKVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�KPRWV�
YKVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�QRGP�FTCKP�QWVRWV�YKVJ�CP�
KPVGTPCN�RWNNWR�TGUKUVQT�

6#$.'���� 2146�#�#.6'40#6'�(70%6+10�5'.'%6�4')+56'4�
����*��#(5#

$KV � � � � � � � �
$KV�(KGNF 2#��KPV 2#��KPV 2#��KPV 2#��KPV 2#��KPV 2#��KPV 2#��KPV 2#��KPV
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 2#����KPV 4�9 #���KP�QPG�QH�VJGUG�DKVU�OCMGU�VJG�
EQTTGURQPFKPI�RKP�C�.QY�CEVKXG�
KPVGTTWRV�TGSWGUV�NKPG�
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6#$.'���� 2146�#�176276�%10641.�4')+56'4�
����*��1%4#

$KV � � � � � � � �
$KV�(KGNF 2#��QE 2#��QE 2#��QE 2#��QE 2#��QE 2#��QE 2#��QE 2#��QE
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 2#����QE 4�9 6QIGVJGT�YKVJ�&CVC�&KTGEVKQP�4GIKUVGT�
#��VJGUG�DKVU�FGVGTOKPG�YJKEJ�RKPU�
COQPI�2#����CTG�KPRWVU�CPF�YJKEJ�
CTG�QWVRWVU��CPF�HQT�QWVRWVU��QPG�QH�
VJTGG�QWVRWV�OQFGU��6JG�HQWT�
EQPHKIWTCVKQPU�HQT�GCEJ�RKP�CTG�
FGUETKDGF�KP�6CDNG����

6#$.'���� 2146�$�&#6#�4')+56'4�
����*��&4$

$KV � � � � � � � �
$KV�(KGNF 2$� 2$� 2$� 2$� 2$� 2$� 2$� 2$�
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 2$��� 4�9 9TKVKPI�VQ�VJKU�TGIKUVGT�UGVU�VJG�FCVC�
VJCV�KU�FTKXGP�QPVQ�VJQUG�RKPU�COQPI�
2$�����VJCV�CTG�FGUKIPCVGF�CU�QWVRWVU�
KP�VJG�&CVC�&KTGEVKQP�CPF�1WVRWV�
%QPVTQN�4GIKUVGTU��4GCFKPI�HTQO�VJG�
&CVC�4GIKUVGT�TGVWTPU�VJG�UVCVG�QH�RKPU�
2$�����HQT�DQVJ�KPRWVU�CPF�QWVRWVU��
6JG�QWVRWV�NCVEJGU�ECPPQV�DG�TGCF�
UGRCTCVGN[�
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6#$.'���� 2146�$�&#6#�&+4'%6+10�4')+56'4�
����*��&&4$

$KV � � � � � � � �
$KV�(KGNF 2$��FKT 2$��FKT 2$��FKT 2$��FKT 2$��FKT 2$��FKT 2$��FKT 2$��FKT
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 2$����FKT 4�9

�

�

�

�

6QIGVJGT�YKVJ�1WVRWV�%QPVTQN�
4GIKUVGT�$��VJGUG�DKVU�FGVGTOKPG�
YJKEJ�RKPU�COQPI�2$����CTG�KPRWVU�
CPF�YJKEJ�CTG�QWVRWVU��CPF�HQT�
QWVRWVU��QPG�QH�VJTGG�QWVRWV�OQFGU��
6JG�HQWT�RQUUKDNG�UGVVKPIU�HQT�GCEJ�
RKP�CTG�
YKVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�VQVGO�RQNG�QWVRWV�

YKVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�QRGP�FTCKP�QWVRWV�

YKVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�KPRWV�

YKVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�QRGP�FTCKP�QWVRWV�YKVJ�CP�
KPVGTPCN�RWNNWR�TGUKUVQT�
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6#$.'���� 2146�$�#.6'40#6'�(70%6+10�5'.'%6�4')+56'4�
����*��#(5$

$KV � � � � � � � �
$KV�(KGNF 2$��CNV 2$��CNV 2$��CNV 2$��CNV 2$��CNV 2$��CNV 2$��CNV 2$��CNV
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� 2$��CNV 4�9 �
�

6JG�2$��4:5�RKP�KU�2$�
6JG�2$��4:5�RKP�KU�4:5

� 2$��CNV 4�9 �
�

6JG�2$��4:#��RKP�KU�2$�
6JG�2$��4:#��RKP�KU�4:#�

� 2$��CNV 4�9 �
�

6JG�2$��6:#��RKP�KU�2$�
6JG�2$��6:#��RKP�KU�6:#�

� 2$��CNV 4�9 �
�

6JG�2$��4:#��RKP�KU�2$�
6JG�2$��4:#��RKP�KU�4:#�

� 2$��CNV 4�9 �
�

6JG�2$��6:#��RKP�KU�2$�
6JG�2$��6:#��RKP�KU�6:#�

� 2$��CNV 4�9 �
�

6JG�2$��%65��29472�RKP�KU�2$�
6JG�2$��%65��29472�RKP�KU�%65��QT�
29472

� 2$��CNV 4�9 �
�

6JG�2$��&%&��RKP�KU�2$�
6JG�2$��&%&��RKP�KU�&%&�

� 2$��CNV 4�9 �
�

6JG�2$��%-5�RKP�KU�2$�
6JG�2$��%-5�RKP�KU�%-5

0QVG��#���KP�CP[�QH�VJGUG�DKVU�FKUCDNGU�EQPVTQN�QH�VJG�RKP�D[�VJG�&&4$�TGIKUVGT��DWV�VJG�
EQTTGURQPFKPI�DKV�KP�1%4$�is ��KP�VJKU�ECUG�
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6#$.'���� 2146�$�176276�%10641.�4')+56'4�
����*��1%4$

$KV � � � � � � � �
$KV�(KGNF 2$��QE 2$��QE 2$��QE 2$��QE 2$��QE 2$��QE 2$��QE 2$��QE
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 2$����QE 4�9 6QIGVJGT�YKVJ�&CVC�&KTGEVKQP�4GIKUVGT�
$��VJGUG�DKVU�FGVGTOKPG�YJKEJ�RKPU�
COQPI�2$����CTG�KPRWVU�CPF�YJKEJ�
CTG�QWVRWVU��CPF�HQT�QWVRWVU��QPG�QH�
VJTGG�QWVRWV�OQFGU��6JG�HQWT�
EQPHKIWTCVKQPU�HQT�GCEJ�RKP�CTG�
FGUETKDGF�KP�6CDNG����

6#$.'���� 2146�%�&#6#�4')+56'4�
����*��&4%

$KV � � � � � � � �
$KV�(KGNF 2%� 2%� 2%� 2%� 2%� 2%� 2%� 2%�
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 2%��� 4�9 9TKVKPI�VQ�VJKU�TGIKUVGT�UGVU�VJG�FCVC�
VJCV�KU�FTKXGP�QPVQ�VJQUG�RKPU�COQPI�
2%�����VJCV�CTG�FGUKIPCVGF�CU�QWVRWVU�
KP�VJG�&CVC�&KTGEVKQP�CPF�1WVRWV�
%QPVTQN�4GIKUVGTU��4GCFKPI�HTQO�VJG�
&CVC�4GIKUVGT�TGVWTPU�VJG�UVCVG�QH�RKPU�
2%�����HQT�DQVJ�KPRWVU�CPF�QWVRWVU��
6JG�QWVRWV�NCVEJGU�ECPPQV�DG�TGCF�
UGRCTCVGN[�
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6#$.'���� 2146�%�&#6#�&+4'%6+10�4')+56'4�
����*��&&4%

$KV � � � � � � � �
$KV�(KGNF 2%��FKT 2%��FKT 2%��FKT 2%��FKT 2%��FKT 2%��FKT 2%��FKT 2%��FKT
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 2%����FKT 4�9

�

�

�

�

6QIGVJGT�YKVJ�1WVRWV�%QPVTQN�
4GIKUVGT�%��VJGUG�DKVU�FGVGTOKPG�
YJKEJ�RKPU�COQPI�2%����CTG�KPRWVU�
CPF�YJKEJ�CTG�QWVRWVU��CPF�HQT�
QWVRWVU��QPG�QH�VJTGG�QWVRWV�OQFGU��
6JG�HQWT�RQUUKDNG�UGVVKPIU�HQT�GCEJ�
RKP�CTG�
YKVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�VQVGO�RQNG�QWVRWV�
YKVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�QRGP�FTCKP�QWVRWV�
YKVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�KPRWV�
YKVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�QRGP�FTCKP�QWVRWV�YKVJ�CP�
KPVGTPCN�RWNNWR�TGUKUVQT�
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6#$.'���� 2146�%�#.6'40#6'�(70%6+10�5'.'%6�4')+56'4�4
���#*��#(5%

$KV � � � � � � � �
$KV�(KGNF 2%��CNV 2%��CNV 2%��CNV 2%��CNV 2%��CNV 2%��CNV 2%��CNV 2%��CNV
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 2%����CNV 4�9 9TKVKPI�C���VQ�CP[�QH�VJGUG�DKVU�
CUUKIPU�VJG�EQTTGURQPFKPI�RKP�VQ�VJG�
2TQITCOOCDNG�+�1�5GSWGPEGT�
2+15���
+P�VJKU�OQFG�VJG�&&4%�CPF�1%4%�
TGIKUVGTU�UVKNN�FGVGTOKPG�VJG�QWVRWV�
FTKXG�QH�VJG�RQTV��UQ�VJCV�VJG�2+15�ECP�
WUG�CP[�QH�VJG�RQTV�QWVRWV�OQFGU��6Q�
WUG�2%��CU�C����QT����*\�VKOG�DCUG�
HQT�VJG�4GCN�6KOG�%NQEM��NGCXG�#(5%�
DKV���\GTQ��&&4%�DKV���QPG��CPF�1%4%�
DKV���\GTQ�

6#$.'���� 2146�%�176276�%10641.�4')+56'4�
���$*��1%4%

$KV � � � � � � � �
$KV�(KGNF 2%��QE 2%��QE 2%��QE 2%��QE 2%��QE 2%��QE 2%��QE 2%��QE
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 2%����QE 4�9 6QIGVJGT�YKVJ�&CVC�&KTGEVKQP�4GIKUVGT�
%��VJGUG�DKVU�FGVGTOKPG�YJKEJ�RKPU�
COQPI�2%����CTG�KPRWVU�CPF�YJKEJ�
CTG�QWVRWVU��CPF�HQT�QWVRWVU��QPG�QH�
VJTGG�QWVRWV�OQFGU��6JG�HQWT�
EQPHKIWTCVKQPU�HQT�GCEJ�RKP�CTG�
FGUETKDGF�KP�6CDNG����
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6#$.'���� 2146�&�&#6#�4')+56'4�
���%*��&4&

$KV � � � � � � � �
$KV�(KGNF 2&� 2&� 2&� 2&� 2&� 2&� 2&� 2&�
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 2&��� 4�9 9TKVKPI�VQ�VJKU�TGIKUVGT�UGVU�VJG�FCVC�
VJCV�KU�FTKXGP�QPVQ�RKPU�COQPI�2&�����
VJCV�CTG�FGUKIPCVGF�CU�QWVRWVU�KP�VJG�
&CVC�&KTGEVKQP�CPF�1WVRWV�%QPVTQN�
4GIKUVGTU��4GCFKPI�HTQO�VJG�&CVC�
4GIKUVGT�TGVWTPU�VJG�UVCVGU�QH�RKPU�
2&�����HQT�DQVJ�KPRWVU�CPF�QWVRWVU��
6JGTG�KU�PQ�YC[�VQ�TGCF�DCEM�VJG�
QWVRWV�NCVEJGU�UGRCTCVGN[�

6#$.'���� 2146�&�&#6#�&+4'%6+10�4')+56'4�
���&*��&&4&

$KV � � � � � � � �
$KV�(KGNF 2&��FKT 2&��FKT 2&��FKT 2&��FKT 2&��FKT 2&��FKT 2&��FKT 2&��FKT
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 2&����FKT 4�9

�

�

�

�

6QIGVJGT�YKVJ�1WVRWV�%QPVTQN�
4GIKUVGT�&��VJGUG�DKVU�FGVGTOKPG�
YJKEJ�RKPU�DGVYGGP�2&����CTG�KPRWVU�
CPF�YJKEJ�CTG�QWVRWVU��CPF�HQT�
QWVRWVU��QPG�QH�VJTGG�QWVRWV�OQFGU��
6JG�HQWT�RQUUKDNG�UGVVKPIU�HQT�GCEJ�
RKP�CTG�
9KVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�VQVGO�RQNG�QWVRWV�
9KVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�QRGP�FTCKP�QWVRWV�
9KVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�KPRWV�
9KVJ���KP�VJG�EQTTGURQPFKPI�1%4�DKV��
UGNGEVU�QRGP�FTCKP�QWVRWV�YKVJ�CP�
KPVGTPCN�RWNNWR�TGUKUVQT�
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���'*��#(5&

$KV � � � � � � � �
$KV�(KGNF 2&��KPV 2&��KPV 2&��KPV 2&��KPV 2&��KPV 2&��KPV 2&��KPV 2&��KPV
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 2&����KPV 4�9 #���KP�QPG�QH�VJGUG�DKVU�OCMGU�VJG�
EQTTGURQPFKPI�RKP�C�.QY�CEVKXG�
KPVGTTWRV�TGSWGUV�NKPG�
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6#$.'���� 2146�&�176276�%10641.�4')+56'4�
���(*��1%4&

$KV � � � � � � � �
$KV�(KGNF 2&��QE 2&��QE 2&��QE 2&��QE 2&��QE 2&��QE 2&��QE 2&��QE
4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 2&����QE 4�9 6QIGVJGT�YKVJ�&CVC�&KTGEVKQP�4GIKUVGT�
&��VJGUG�DKVU�FGVGTOKPG�YJKEJ�RKPU�
COQPI�2&����CTG�KPRWVU�CPF�YJKEJ�
CTG�QWVRWVU��CPF�HQT�QWVRWVU��QPG�QH�
VJTGG�QWVRWV�OQFGU��6JG�HQWT�
EQPHKIWTCVKQPU�HQT�GCEJ�RKP�CTG�
FGUETKDGF�KP�6CDNG����
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See section “DMA Channels” on page 36, for more about these registers.

6#$.'���� &/#��5174%'�#&&4'55�4')+56'4�.19�
����*��5#4�.

$KV � � � � � � � �
$KV�(KGNF .5�D[VG�QH�&/#��5QWTEG�#FFTGUU
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &/#��
5QWTEG�
#FFTGUU�.5�
D[VG

4�9 .5$�QH�VJG�5QWTEG�#FFTGUU�HQT�&/#�
EJCPPGN���

6#$.'���� &/#��5174%'�#&&4'55�4')+56'4�.19�
����*��5#4�.

$KV � � � � � � � �
$KV�(KGNF .5�D[VG�QH�&/#��5QWTEG�#FFTGUU
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &/#��
5QWTEG�
#FFTGUU�.5�
D[VG

4�9 .5$�QH�VJG�5QWTEG�#FFTGUU�HQT�&/#�
EJCPPGN���
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6#$.'���� &/#��5174%'�#&&4'55�4')+56'4�*+)*�
����*��5#4�*

$KV � � � � � � � �
$KV�(KGNF /KFFNG�D[VG�QH�&/#��5QWTEG�#FFTGUU
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &/#��
5QWTEG�
#FFTGUU�
OKFFNG�D[VG

4�9 $KVU������QH�VJG�5QWTEG�#FFTGUU�HQT�
&/#�EJCPPGN���

6#$.'���� &/#��5174%'�#&&4'55�4')+56'4�$�
����*��5#4�$

$KV � � � � � � � �
$KV�(KGNF 4GUGTXGF /5�RCTV�QH�&/#��5QWTEG�#FFT
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� /5�RCTV�QH�
&/#��
5QWTEG�
#FFTGUU

4�9

:���
:���
:���
QVJGT

+H�VJG�5QWTEG�/QFG�HKGNF�KP�VJG�
&/1&'�TGIKUVGT�KU�����KPFKECVKPI�CP�
+�1�UQWTEG��VJGUG�DKVU�UGNGEV�YJKEJ�
UQWTEG�FGXKEG�JCPFUJCMG�NKPG�EQPVTQNU�
FCVC�VTCPUHGT��CU�HQNNQYU�

&4'3��RKP
#5%+��4&4(
#5%+��4&4(
4GUGTXGF��FQ�PQV�RTQITCO

1VJGTYKUG��VJGUG�DKVU�EQPVCKP�#������
QH�VJG�&/#��5QWTEG�CFFTGUU�
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6#$.'���� &/#��&'56+0#6+10�#&&4'55�4')+56'4�.19�
����*��&#4�.

$KV � � � � � � � �
$KV�(KGNF .5�D[VG�QH�&/#��&GUVKPCVKQP�#FFTGUU
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &/#��
&GUVKPCVKQP�
#FFTGUU�.5�
D[VG

4�9 .5$�QH�VJG�&GUVKPCVKQP�#FFTGUU�HQT�
&/#�EJCPPGN���

6#$.'���� &/#��&'56+0#6+10�#&&4'55�4')+56'4�*+)*�
����*��&#4�*

$KV � � � � � � � �
$KV�(KGNF /KFFNG�D[VG�QH�&/#��&GUVKPCVKQP�#FFTGUU
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &/#��
&GUVKPCVKQP�
#FFTGUU�
OKFFNG�D[VG

4�9 $KVU������QH�VJG�&GUVKPCVKQP�#FFTGUU�
HQT�&/#�EJCPPGN���
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6#$.'���� &/#��&'56+0#6+10�#&&4'55�4')+56'4�$�
����*��&#4�$

$KV � � � � � � � �
$KV�(KGNF 4GUGTXGF /5�RCTV�QH�&/#��&GUVKPCVKQP�

#FFTGUU
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� /5�RCTV�QH�
&/#��
&GUVKPCVKQP�
#FFTGUU

4�9

:���
:���
:���
QVJGT

+H�VJG�&GUV�/QFG�HKGNF�KP�VJG�&/1&'�
TGIKUVGT�KU�����KPFKECVKPI�CP�+�1�
FGUVKPCVKQP��VJGUG�DKVU�UGNGEV�YJKEJ�
FGUVKPCVKQP�FGXKEG�JCPFUJCMG�NKPG�
EQPVTQNU�FCVC�VTCPUHGT��CU�HQNNQYU�

&4'3��RKP
#5%+��6&4'
#5%+��6&4'
4GUGTXGF��FQ�PQV�RTQITCO

1VJGTYKUG�VJGUG�DKVU�EQPVCKP�#������
QH�VJG�&/#���&GUVKPCVKQP�CFFTGUU�

6#$.'���� &/#��$;6'�%1706�4')+56'4�.19�
����*��$%4�.

$KV � � � � � � � �
$KV�(KGNF .5�D[VG�QH�&/#��$[VG�%QWPV
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &/#��$[VG�
%QWPV�.5�
D[VG

4�9 .5�D[VG�QH�VJG�$[VG�%QWPV�HQT�&/#�
EJCPPGN���
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6#$.'���� &/#��$;6'�%1706�4')+56'4�*+)*�
����*��$%4�*

$KV � � � � � � � �
$KV�(KGNF /5�D[VG�QH�&/#��$[VG�%QWPV
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &/#��$[VG�
%QWPV�/5�
D[VG

4�9 /5�D[VG�QH�VJG�$[VG�%QWPV�HQT�&/#�
EJCPPGN���

6#$.'���� &/#��/'/14;�#&&4'55�4')+56'4�.19�
����*��/#4�.

$KV � � � � � � � �
$KV�(KGNF .5�D[VG�QH�&/#��/GOQT[�#FFTGUU
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &/#��
/GOQT[�
#FFTGUU�.5�
D[VG

4�9 .5�D[VG�QH�VJG�/GOQT[�#FFTGUU�HQT�
&/#�EJCPPGN���

6#$.'���� &/#��/'/14;�#&&4'55�4')+56'4�*+)*�
����*��/#4�*

$KV � � � � � � � �
$KV�(KGNF /KFFNG�D[VG�QH�&/#��/GOQT[�#FFTGUU
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &/#��
/GOQT[�
#FFTGUU�
OKFFNG�D[VG

4�9 $KVU������QH�VJG�/GOQT[�#FFTGUU�HQT�
&/#�EJCPPGN���
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6#$.'���� &/#��/'/14;�#&&4'55�4')+56'4�$�
���#*��/#4�$

$KV � � � � � � � �
$KV�(KGNF 4GUGTXGF &/#��/GOQT[�#FFTGUU������
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &/#��
/GOQT[�
#FFTGUU����
��

4�9 $KVU�������QH�VJG�&/#��/GOQT[�
CFFTGUU�

6#$.'���� &/#��+�1�#&&4'55�4')+56'4�.19�
���$*��+#4�.

$KV � � � � � � � �
$KV�(KGNF .5�D[VG�QH�&/#��+�1�#FFTGUU
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &/#��+�1�
#FFTGUU�.5�
D[VG

4�9 .5�D[VG�QH�VJG�+�1�#FFTGUU�HQT�&/#�
EJCPPGN���

6#$.'���� &/#��+�1�#&&4'55�4')+56'4�*+)*�
���%*��+#4�*

$KV � � � � � � � �
$KV�(KGNF /5�D[VG�QH�&/#��+�1�#FFTGUU
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &/#��+�1�
#FFTGUU�/5�
D[VG

4�9 $KVU������QH�VJG�+�1�#FFTGUU�HQT�&/#�
EJCPPGN���
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6#$.'���� &/#��+�1�#&&4'55�4')+56'4�$�
���&*��+#4�$

$KV � � � � � � � �
$KV�(KGNF #NV' #NV% 4GUGTXGF &/#��+�1�*CPFUJCMG�

5GNGEV
4�9 4�9 4�9 ! 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� #NV' 4�9 � 5GV�VJKU�DKV�QPN[�YJGP�DQVJ�&/#�
EJCPPGNU�CTG�RTQITCOOGF�HQT�VJG�
UCOG�+�1�UQWTEG�QT�+�1�FGUVKPCVKQP��+P�
VJKU�ECUG��C�EJCPPGN�GPF�EQPFKVKQP�

D[VG�EQWPV������QP�EJCPPGN���UGVU�
DKV���
#NV%���YJKEJ�VJGP�GPCDNGU�
EJCPPGN�� U�TGSWGUV�CPF�DNQEMU�
EJCPPGN�� U��5KOKNCTN[��C�EJCPPGN�GPF�
EQPFKVKQP�QP�EJCPPGN���ENGCTU�DKV���

#NV%���YJKEJ�VJGP�GPCDNGU�EJCPPGN�
� U�TGSWGUV�CPF�DNQEMU�EJCPPGN�� U��
6Q�WUG�VJKU�HGCVWTG�YKVJ�GZVGTPCN�
TGSWGUVU��VJG�TGSWGUV�HTQO�VJG�FGXKEG�
OWUV�DG�TQWVGF�QT�EQPPGEVGF�VQ�DQVJ�
VJG�&4'3��CPF�&4'3��RKPU�

� #NV% 4�9 +H�DKV���
#NV'��KU����VJKU�DKV�JCU�PQ�
GHHGEV��9JGP�DKV���
#NV'��KU���CPF�VJKU�
DKV�KU����VJG�4GSWGUV�UKIPCN�UGNGEVGF�
D[�DKVU�����KU�PQV�RTGUGPVGF�VQ�
EJCPPGN����DWV�EJCPPGN��	U�4GSWGUV�
QRGTCVGU�PQTOCNN[��9JGP�#NV'�KU���
CPF�VJKU�DKV�KU����VJG�4GSWGUV�UGNGEVGF�
D[�5#4������QT�&#4������KU�PQV�
RTGUGPVGF�VQ�EJCPPGN����DWV�EJCPPGN�
�	U�TGSWGUV�QRGTCVGU�PQTOCNN[��6JKU�
DKV�ECP�DG�YTKVVGP�VQ�UGNGEV�YJKEJ�
EJCPPGN�QRGTCVGU�HKTUV��DWV�RGTHQTO�
VJKU�QRGTCVKQP�QPN[�YJGP�DQVJ�
EJCPPGNU�CTG�UVQRRGF�
DQVJ�&'��CPF�
&'��CTG����
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��� &/#��+�1�
*CPFUJCMG�
5GNGEV

4�9

���
���
���
QVJGT

���
���
���
QVJGT

+H�DKV�&+/��KP�VJG�&%06.�TGIKUVGT�KU����
KPFKECVKPI�CP�+�1�UQWTEG��VJGUG�DKVU�
UGNGEV�YJKEJ�UQWTEG�JCPFUJCMG�UKIPCN�
EQPVTQNU�VJG�VTCPUHGT�

&4'3��RKP
#5%+��4&4(
#5%+��4&4(
4GUGTXGF��FQ�PQV�RTQITCO

+H�&+/��KU����KPFKECVKPI�CP�+�1�
FGUVKPCVKQP��VJGUG�DKVU�UGNGEV�YJKEJ�
FGUVKPCVKQP�JCPFUJCMG�UKIPCN�EQPVTQNU�
VJG�VTCPUHGT��CU�HQNNQYU�

&4'3��RKP
#5%+��6&4'
#5%+��6&4'
4GUGTXGF��FQ�PQV�RTQITCO

6#$.'���� &/#��$;6'�%1706�4')+56'4�.19�
���'*��$%4�.

$KV � � � � � � � �
$KV�(KGNF .5�D[VG�QH�&/#��$[VG�%QWPV
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &/#��$[VG�
%QWPV�.5�
D[VG

4�9 .5�D[VG�QH�VJG�$[VG�%QWPV�HQT�&/#�
EJCPPGN���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP
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6#$.'���� &/#��$;6'�%1706�4')+56'4�*+)*�
���(*��$%4�*

$KV � � � � � � � �
$KV�(KGNF /5�D[VG�QH�&/#��$[VG�%QWPV
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &/#��$[VG�
%QWPV�/5�
D[VG

4�9 /5�D[VG�QH�VJG�$[VG�%QWPV�HQT�&/#�
EJCPPGN���

6#$.'���� &/#�56#675�4')+56'4�
����*��&56#6

$KV � � � � � � � �
$KV�(KGNF &'� &'� &9'� &9'� &+'� &+'� 4GUGTX

GF
&/'

4�9 4�9 4�9 9 9 4�9 4�9 ! 4�9
4GUGV � � : : � � : �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� &'� 4�9 &/#�EJCPPGN���GPCDNG��6JKU�DKV�ECP�
QPN[�DG�YTKVVGP�YJGP�&9'��KU���KP�C�
YTKVG�QRGTCVKQP��&/#�EJCPPGN���
ENGCTU�VJKU�DKV�YJGP�KV�EQWPVU�KVU�D[VG�
EQWPV�FQYP�VQ���

� &'� 4�9 &/#�EJCPPGN���GPCDNG��6JKU�DKV�ECP�
QPN[�DG�YTKVVGP�YJGP�&9'��KU���KP�C�
YTKVG�QRGTCVKQP��&/#�EJCPPGN���
ENGCTU�VJKU�DKV�YJGP�KV�EQWPVU�KVU�D[VG�
EQWPV�FQYP�VQ���

��� &9'��� 9 �

�

9TKVKPI�C���VQ�QPG�QH�VJGUG�DKVU�OCMGU�
VJG�<��5����ECRVWTG�VJG�XCNWG�QH�VJG�
EQTTGURQPFKPI�&'�DKV�
9TKVKPI�C���VQ�QPG�QH�VJGUG�DKVU�FQGU�
PQV�CHHGEV�VJG�UVCVG�QH�VJG�
EQTTGURQPFKPI�&/#�EJCPPGN��6JGUG�
DKVU�CNYC[U�TGCF�CU����

��� &+'��� 4�9 +PVGTTWRV�GPCDNG�HQT�&/#�EJCPPGNU���
���+H�QPG�QH�VJGUG�DKVU�KU����VJCV�&/#�
EJCPPGN�KPVGTTWRVU�YJGP�KV�FGETGOGPVU�
KVU�D[VG�EQWPV�VQ���
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� &/' 4 �

�

1RGTCVKQPU�QH�DQVJ�&/#�EJCPPGNU�CTG�
FKUCDNGF��4GUGV�CPF�C�PQPOCUMCDNG�
KPVGTTWRV�DQVJ�ENGCT�VJKU�DKV��
1RGTCVKQP�QH�C�&/#�EJCPPGN�VJCV�JCU�
KVU�&'�DKV���KU�GPCDNGF��6JKU�DKV�KU�UGV�
YJGP�C���KU�YTKVVGP�VQ�C�&'�DKV��CPF�C�
��KU�YTKVVGP�VQ�VJG�EQTTGURQPFKPI�&9'�
DKV�KP�VJG�UCOG�YTKVG�QRGTCVKQP�

6#$.'���� &/#�/1&'�4')+56'4�
����*��&/1&'

$KV � � � � � � � �
$KV�(KGNF 4GUGTXGF &/#��&GUV�

/QFG
&/#��5QWTEG�
/QFG

//1& 4GUXF

4�9 ! 4�9 4�9 4�9 !
4GUGV : : � � � � � :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG�!���0QV�#RRNKECDNG

$KV
2QUKVKQP

$KV�
(KGNF 4�9 8CNWG &GUETKRVKQP

��� &/#��
&GUV�
/QFG

4�9

��
��
��

��

6JKU�HKGNF�EQPVTQNU�QRGTCVKQP�QH�VJG�
FGUVKPCVKQP�UKFG�QH�&/#�EJCPPGN���
/GOQT[�YTKVG��CFFTGUU�KPETGOGPV
/GOQT[�YTKVG��CFFTGUU�FGETGOGPV
/GOQT[�
QT�OGOQT[�OCRRGF�+�1��YTKVG��
HKZGF�CFFTGUU
+�1�YTKVG��HKZGF�CFFTGUU

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP
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6#$.'���� &/#�/1&'�4')+56'4�
����*��&/1&'

$KV � � � � � � � �
$KV�(KGNF 4GUGTXGF &/#��&GUV�

/QFG
&/#��5QWTEG�
/QFG

//1& 4GUGTX
GF

4�9 4�9 4�9 4�9
4GUGV : : � � � � � :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP

$KV�
(KGNF 4�9 8CNWG

&GUETKRVKQP
$KV

��� &/#��
&GUV�
/QFG

4�9

��
��
��

��

6JKU�HKGNF�EQPVTQNU�QRGTCVKQP�QH�VJG�
FGUVKPCVKQP�UKFG�QH�&/#�EJCPPGN���
/GOQT[�YTKVG��CFFTGUU�KPETGOGPV
/GOQT[�YTKVG��CFFTGUU�FGETGOGPV
/GOQT[�
QT�OGOQT[�OCRRGF�+�1��YTKVG��
HKZGF�CFFTGUU
+�1�YTKVG��HKZGF�CFFTGUU

��� &/#��
5QWTEG�
/QFG

4�9

��
��
��

��

6JKU�HKGNF�EQPVTQNU�QRGTCVKQP�QH�VJG�UQWTEG�
UKFG�QH�&/#�EJCPPGN���
/GOQT[�TGCF��CFFTGUU�KPETGOGPV
/GOQT[�TGCF��CFFTGUU�FGETGOGPV
/GOQT[�
QT�OGOQT[�OCRRGF�+�1��TGCF��
HKZGF�CFFTGUU
+�1�TGCF��HKZGF�CFFTGUU

� //1& 4�9

�

�

9JGP�VJG�5QWTEG�CPF�&GUV�/QFG�HKGNFU�
CDQXG�CTG�DQVJ��Z��KPFKECVKPI�OGOQT[�VQ�
OGOQT[�QRGTCVKQP��PQ�FGXKEG�TGSWGUV�

VJCV�KU��&4'3���EQPVTQNU�FCVC�VTCPUHGT�QP�
&/#�EJCPPGN����+P�VJKU�ECUG��VJKU�DKV�
UGNGEVU�DGVYGGP�VYQ�OQFGU�
%[ENG�5VGCN�OQFG��VJG�&/#
U��CPF�
RTQEGUUQT�CNVGTPCVG�DWU�E[ENGU�
$WTUV�OQFG��&/#��WUGU�VJG�DWU�
EQPVKPWQWUN[�VQ�EQORNGVG�VJG�DNQEM�
VTCPUHGT�
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6#$.'���� &/#�9#+6�%10641.�4')+56'4�
����*��&%06.

$KV � � � � � � � �
$KV�(KGNF /GOQT[�9CKVU +�1�9CKVU 4GSWGUV�5GPUG�

���
&/#��/QFG

4�9 4�9 4�9 4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� /GOQT[�
9CKVU

4�9

��
��
��
��

6JKU�HKGNF�EQPVTQNU�JQY�OCP[�YCKV�
UVCVGU�CTG�KPLGEVGF�KPVQ�&/#�CPF�
RTQEGUUQT�OGOQT[�E[ENGU�
0QPG
�
�
�

��� +�1�9CKVU 4�9

��
��
��
��

6JKU�HKGNF�EQPVTQNU�JQY�OCP[�YCKV�
UVCVGU�CTG�KPLGEVGF�KPVQ�&/#�CPF�
RTQEGUUQT�+�1�E[ENGU�
0QPG
�
�
�

��� 4GSWGUV�
5GPUG����

4�9

�

�

'CEJ�QH�VJGUG�DKVU�EQPVTQNU�JQY�VJG�
EQTTGURQPFKPI�&/#�EJCPPGN�UCORNGU�
KVU�4GSWGUV�UKIPCN�
GZEGRV�YJGP�&/#�
� U�5QWTEG�CPF�&GUV�/QFG�HKGNFU�CTG�
DQVJ��Z�
.GXGN�UGPUG��VJG�&/#�UCORNGU�KVU�
4GSWGUV�CICKP�FWTKPI�VJG��PF�E[ENG�
HQT�GCEJ�D[VG
'FIG�UGPUG��CPQVJGT�HCNNKPI�GFIG�KU�
PGGFGF�QP�VJG�4GSWGUV�NKPG�DGHQTG�VJG�
&/#�EJCPPGN�VTCPUHGTU�CPQVJGT�D[VG
5GG�UGEVKQP���YJKEJ�UVCTVU�QP�RCIG�
����HQT�VKOKPI�QH�DQVJ�ECUGU�

��� &/#��
/QFG

4�9

��
��
��
��

6JKU�HKGNF�EQPVTQNU�VJG�FKTGEVKQP�QH�
DQVJ�VTCPUHGT�CPF�CFFTGUU�UVGRRKPI�QP�
&/#�EJCPPGN���
+PETGOGPVKPI�/GOQT[�CFFTU�VQ�+�1
&GETGOGPVKPI�/GOQT[�CFFTU�VQ�+�1
+�1�VQ�KPETGOGPVKPI�/GOQT[�CFFTU
+�1�VQ�FGETGOGPVKPI�/GOQT[�CFFTU
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See “Watch-Dog Timer” on page 43, for more about these registers.
6#$.'���� 9#6%*�&1)�6+/'4�/#56'4�4')+56'4�
����*��9&6/4

$KV � � � � � � � �
$KV�(KGNF 'PCDNG 2GTKQF�5GNGEV &TKXG�

4GUGV
2QYGT�
1P�
4GUGV

9&6�
4GUGV

5VCVG�
%JCPIG�
'PCDNG

4GI�
9TKVG�
'PCDNG

4�9 4 4�9 4�9 4% 4% 4�9 4
4GUGV � � � 214�

�
214�
�

9&6 � �

0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� 9&6�
'PCDNGF

4 +H�VJKU�TGCF�QPN[�DKV�KU�1�VJG�9CVEJ��
&QI�6KOGT�KU�GPCDNGF��

��� 2GTKQF�
5GNGEV

4�9

��
��
��
��

6JG�HKGNF�UGNGEVU�JQY�NQPI�UQHVYCTG�
ECP�NGCXG�VJG�9CVEJ�&QI�6KOGT�
WPCVVGPFGF��DGHQTG�KV�TGUGVU�VJG�RCTV�
����
���������2*+�ENQEMU
����
�����������2*+�ENQEMU
����
������������2*+�ENQEMU
����
�������������2*+�ENQEMU

� &TKXG�4GUGV 4�9 +H�VJKU�DKV�KU�1��CU�KV�KU�CHVGT�C�2QYGT�
1P�4GUGV��GZRKTCVKQP�QH�VJG�9&6�
FTKXGU�VJG�4GUGV�RKP�.QY��VQ�TGUGV�
GZVGTPCN�FGXKEGU��9&6�GZRKTCVKQP�
TGUGVU�VJG�<��5����TGICTFNGUU�QH�VJKU�
DKV�

� 2QYGT�1P�
4GUGV

4% #�2QYGT�1P�4GUGV�UGVU�VJKU�DKV��
6JKU�
KPENWFGU�C�214�UGSWGPEG�ECWUGF�D[�C�
TKUKPI�GFIG�QP�VJG�12/1&��QT�
29472�RKP���4GCFKPI�VJKU�TGIKUVGT�
ENGCTU�VJKU�DKV�

� 9&6�4GUGV 4% 9&6�GZRKTCVKQP�UGVU�VJKU�DKV��4GCFKPI�
VJKU�TGIKUVGT�ENGCTU�KV�

� 5VCVG�
%JCPIG�
'PCDNGF

4�9 9JGP�VJKU�DKV�KU����YTKVKPI���*�VQ�VJG�
9&6�%QOOCPF�TGIKUVGT�FKUCDNGU�VJG�
9&6��CPF�YTKVKPI�$�*�VQ�KV�GPCDNGU�
VJG�9&6��5WEJ�EJCPIGU�QPN[�DGEQOG�
GHHGEVKXG�CHVGT�VJKU�DKV�KU�ENGCTGF�
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� 4GIKUVGT�
9TKVG�'PCDNG

4 9JGP�VJKU�TGCF�QPN[�DKV�KU�1��CU�KV�KU�
CHVGT�C�TGUGV��VJG�5[UVGO�
%QPHKIWTCVKQP�4GIKUVGT��RQTV�&CVC�
&KTGEVKQP�4GIKUVGTU��VJG�2QYGT�
%QPVTQN�4GIKUVGT��CPF�CNN�QH�VJG�4GCN�
6KOG�%NQEM�TGIKUVGTU�ECP�DG�YTKVVGP��
9JGP�VJKU�DKV�KU�0��VJGUG�TGIKUVGTU�CTG�
TGCF�QPN[�

6#$.'���� 9#6%*�&1)�6+/'4�/#56'4�4')+56'4�
����*��9&6/4

$KV � � � � � � � �
$KV�(KGNF 'PCDNG 2GTKQF�5GNGEV &TKXG�

4GUGV
2QYGT�
1P�
4GUGV

9&6�
4GUGV

5VCVG�
%JCPIG�
'PCDNG

4GI�
9TKVG�
'PCDNG

4�9 4 4�9 4�9 4% 4% 4�9 4
4GUGV � � � 214�

�
214�
�

9&6 � �

0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� 9&6�
'PCDNGF

4 +H�VJKU�TGCF�QPN[�DKV�KU���VJG�9CVEJ��
&QI�6KOGT�KU�GPCDNGF��

��� 2GTKQF�
5GNGEV

4�9

��
��
��
��

6JKU�HKGNF�UGNGEVU�JQY�NQPI�UQHVYCTG�
ECP�NGCXG�VJG�9CVEJ�&QI�6KOGT�
WPCVVGPFGF��DGHQTG�KV�TGUGVU�VJG�RCTV�
����
���������2*+�ENQEMU
����
�����������2*+�ENQEMU
����
������������2*+�ENQEMU
����
�������������2*+�ENQEMU

� &TKXG�4GUGV 4�9 +H�VJKU�DKV�KU����CU�KV�KU�CHVGT�C�2QYGT�
1P�4GUGV��GZRKTCVKQP�QH�VJG�9&6�
FTKXGU�VJG�4'5'6�RKP�.QY��VQ�TGUGV�
GZVGTPCN�FGXKEGU��9&6�GZRKTCVKQP�
TGUGVU�VJG�<��5����TGICTFNGUU�QH�VJKU�
DKV�

� 2QYGT�1P�
4GUGV

4% #�2QYGT�1P�4GUGV�UGVU�VJKU�DKV��
6JKU�
KPENWFGU�C�214�UGSWGPEG�ECWUGF�D[�C�
TKUKPI�GFIG�QP�VJG�12/1&��QT�
29472�RKP���4GCFKPI�VJKU�TGIKUVGT�
ENGCTU�VJKU�DKV�

� 9&6�4GUGV 4% 9&6�GZRKTCVKQP�UGVU�VJKU�DKV��4GCFKPI�
VJKU�TGIKUVGT�ENGCTU�KV�

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP
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� 5VCVG�
%JCPIG�
'PCDNGF

4�9 9JGP�VJKU�DKV�KU����YTKVKPI���*�VQ�VJG�
9&6�%QOOCPF�TGIKUVGT�FKUCDNGU�VJG�
9&6��CPF�YTKVKPI��$�*�VQ�KV�GPCDNGU�
VJG�9&6�

� 4GIKUVGT�
9TKVG�'PCDNG

4 9JGP�VJKU�TGCF�QPN[�DKV�KU����CU�KV�KU�
CHVGT�C�TGUGV��VJG�5[UVGO�
%QPHKIWTCVKQP�4GIKUVGT��RQTV�&CVC�
&KTGEVKQP�4GIKUVGTU��VJG�2QYGT�
%QPVTQN�4GIKUVGT��CPF�CNN�QH�VJG�4GCN�
6KOG�%NQEM�TGIKUVGTU�ECP�DG�YTKVVGP��
9JGP�VJKU�DKV�KU����VJGUG�TGIKUVGTU�CTG�
TGCF�QPN[�

6#$.'���� 9#6%*�&1)�6+/'4�%1//#0&�4')+56'4�
����*��9&6%4

$KV � � � � � � � �
$KV�(KGNF 9&6�%QOOCPF
4�9 9
4GUGV P�C P�C P�C P�C P�C P�C P�C P�C
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 9&6�
%QOOCPF

9

�$*

��*
�'*
$�*

5QHVYCTG�ECP�YTKVG�VJG�HQNNQYKPI�
XCNWGU�VQ�VJKU�TGIKUVGT��VQ�CHHGEV�VJG�
UVCVWU�QH�VJG�9&6�CPF�<��5����
5GV�4GIKUVGT�9TKVG�'PCDNG�
9&6/4�
DKV���
&KUCDNGU�9&6�KH�9&6/4�DKV���KU��
4GNQCFU�4GUVCTVU�9&6
'PCDNGU�9&6�KH�9&6/4�DKV���KU��

9TKVKPI�CP[�XCNWG�QVJGT�VJCP��$*�VQ�
VJKU�TGIKUVGT�ENGCTU�VJG�4GIKUVGT�9TKVG�
'PCDNG�DKV�

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP
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See section “Programmable Reload Timers (PRTs)” on page 43, for more about 
these registers.
6#$.'���� 246��6+/'4�&#6#�4')+56'4�.19�
���%*��6/&4�.

$KV � � � � � � � �
$KV�(KGNF .5�$[VG�QH�246��%QWPVGT
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� .5�D[VG�QH�
246��
%QWPVGT

4�9 6JG�.5���DKVU�QH�VJG�246��FQYP�
EQWPVGT�

6#$.'���� 246��6+/'4�&#6#�4')+56'4�*+)*�
���&*��6/&4�*

$KV � � � � � � � �
$KV�(KGNF /5�$[VG�QH�246��%QWPVGT
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� /5�D[VG�QH�
246��
%QWPVGT

4�9 6JG�/5���DKVU�QH�VJG�246��FQYP�
EQWPVGT�

6#$.'���� 246��4'.1#&�4')+56'4�.19�
���'*��4.&4�.

$KV � � � � � � � �
$KV�(KGNF .5�$[VG�QH�246��4GNQCF�8CNWG
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� .5�D[VG�QH�
246��
4GNQCF�
8CNWG

4�9 6JG�.5���DKVU�QH�VJG�XCNWG�VJCV�KU�
NQCFGF�KPVQ�VJG�246��FQYP�EQWPVGT��
YJGP�KV�KU�FGETGOGPVGF�VQ���
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6#$.'���� 246��6+/'4�&#6#�4')+56'4�.19�
���%*��6/&4�.

$KV � � � � � � � �
$KV�(KGNF .5�$[VG�QH�246��%QWPVGT
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� .5�D[VG�QH�
246��
%QWPVGT

4�9 6JG�.5���DKVU�QH�VJG�246��FQYP�
EQWPVGT�

6#$.'���� 246��6+/'4�&#6#�4')+56'4�*+)*�
���&*��6/&4�*

$KV � � � � � � � �
$KV�(KGNF /5�$[VG�QH�246��%QWPVGT
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� /5�D[VG�QH�
246��
%QWPVGT

4�9 6JG�/5���DKVU�QH�VJG�246��FQYP�
EQWPVGT�

6#$.'���� 246��4'.1#&�4')+56'4�.19�
���'*��4.&4�.

$KV � � � � � � � �
$KV�(KGNF .5�$[VG�QH�246��4GNQCF�8CNWG
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� .5�D[VG�QH�
246��
4GNQCF�
8CNWG

4�9 6JG�.5���DKVU�QH�VJG�XCNWG�VJCV�KU�
NQCFGF�KPVQ�VJG�246��FQYP�EQWPVGT��
YJGP�KV�KU�FGETGOGPVGF�VQ���
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6#$.'���� 246��4'.1#&�4')+56'4�*+)*�
���(*��4.&4�*

$KV � � � � � � � �
$KV�(KGNF /5�$[VG�QH�246��4GNQCF�8CNWG
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� /5�D[VG�QH�
246��
4GNQCF�
8CNWG

4�9 6JG�/5���DKVU�QH�VJG�XCNWG�VJCV�KU�
NQCFGF�KPVQ�246� U�FQYP�EQWPVGT��
YJGP�KV�KU�FGETGOGPVGF�VQ���

6#$.'���� 6+/'4�%10641.�4')+56'4�
����*��6%4

$KV � � � � � � � �
$KV�(KGNF 6+(� 6+(� 6+'� 6+'� 4GUXF 6&'� 6&'�
4�9 4 4 4�9 4�9 ! 4�9 4�9
4GUGV � � � � : : � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG�!���0QV�#RRNKECDNG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 6+(��� 4 1PG�QH�VJGUG�UVCVWU�DKVU�KU�UGV�YJGP�C�
246�FGETGOGPVU�KVU�FQYP�EQWPVGT�VQ�
���+V�KU�ENGCTGF�YJGP�UQHVYCTG�JCU�
TGCF�VJKU�TGIKUVGT�CPF�GKVJGT�D[VG�QH�
VJG�6/&4�

��� 6+'��� 4�9 +H�QPG�QH�VJGUG�DKVU�KU����VJG�
EQTTGURQPFKPI�246�TGSWGUVU�CP�
KPVGTTWRV�YJGP�KVU�FQYP�EQWPVGT�JCU�
EQWPVGF�FQYP�VQ���CPF�KV�JCU�UGV�VJG�
6+(�DKV�

��� 6&'��� 4�9 �
�

6JG�EQTTGURQPFKPI�246�KU�UVQRRGF�
6JG�EQTTGURQPFKPI�246�KU�TWPPKPI�



+�1�4')+56'45 241)4#//#$.'�4'.1#&�6+/'4�
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6#$.'���� 246��6+/'4�&#6#�4')+56'4�.19�
����*��6/&4�.

$KV � � � � � � � �
$KV�(KGNF .5�$[VG�QH�246��%QWPVGT
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� .5�D[VG�QH�
246��
%QWPVGT

4�9 6JG�.5���DKVU�QH�246� U�FQYP�
EQWPVGT�

6#$.'���� 246��6+/'4�&#6#�4')+56'4�*+)*�
����*��6/&4�*

$KV � � � � � � � �
$KV�(KGNF /5�$[VG�QH�246��%QWPVGT
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� /5�D[VG�QH�
246��
%QWPVGT

4�9 6JG�/5���DKVU�QH�246� U�FQYP�
EQWPVGT�

6#$.'���� 246��4'.1#&�4')+56'4�.19�
����*��4.&4�.

$KV � � � � � � � �
$KV�(KGNF .5�$[VG�QH�246��4GNQCF�8CNWG
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� .5�D[VG�QH�
246��
4GNQCF�
8CNWG

4�9 6JG�.5���DKVU�QH�VJG�XCNWG�VJCV�KU�
NQCFGF�KPVQ�246� U�FQYP�EQWPVGT��
YJGP�KV�KU�FGETGOGPVGF�VQ���
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6#$.'���� 246��4'.1#&�4')+56'4�*+)*�
����*��4.&4�*

$KV � � � � � � � �
$KV�(KGNF /5�$[VG�QH�246��4GNQCF�8CNWG
4�9 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� /5�D[VG�QH�
246��
4GNQCF�
8CNWG

4�9 6JG�/5���DKVU�QH�VJG�XCNWG�VJCV�KU�
NQCFGF�KPVQ�246� U�FQYP�EQWPVGT��
YJGP�KV�KU�FGETGOGPVGF�VQ���
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See the section titled “Real Time Clock (RTC)” on page 46, for more about these 
registers.
6#$.'���� 46%�%10641.�56#675�4')+56'4�
���(*��46%%5

$KV � � � � � � � �
$KV�(KGNF #NCTO +' 4GUXF %NQEM�5GNGEV 4GUXF
4�9 4�9 4�9 ! 4�9 !
4GUGV � � : � � : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG�!���0QV�#RRNKECDNG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� #NCTO 4�9 6JG�46%�UGVU�VJKU�DKV�YJGP�VJG�JQWTU��
OKPWVGU��CPF�UGEQPFU�TGIKUVGTU�GSWCN�
VJG�RTQITCOOGF�CNCTO�XCNWG��
5QHVYCTG�ECP�UGV�VJKU�DKV�VQ����DWV�
GKVJGT�
�YCKV�C�UGEQPF�DGHQTG�FQKPI�UQ�QT
�EJCPIG�VJG�#NCTO�XCNWG�DGHQTG�
FQKPI�UQ��VQ�RTGXGPV�VJG�EQPVKPWKPI�
OCVEJ�HTQO�TGUGVVKPI�#NCTO�

� +' 4�9 +H�VJKU�DKV�KU����VJG�46%�TGSWGUVU�CP�
KPVGTTWRV�YJGP�VJG�#NCTO�DKV�KU����+H�
VJG�UGTXKEG�TQWVKPG�HQT�VJKU�KPVGTTWRV�
ENGCTU�#NCTO�D[�OGVJQF�C��CDQXG��KV�
ENGCTU�VJKU�DKV�FWTKPI�VJG�OCVEJ�
UGEQPF�VQ�CXQKF�HWTVJGT�KPVGTTWRVU�

��� %NQEM�5GNGEV 4�9 �Z

��

��

6JG�46%�VCMGU�KVU�ENQEM�HTQO�VJG�
.(:6#.�CPF�.(':6#.�RKPU��YJKEJ�
OWUV�DG�EQPPGEVGF�VQ�C��������-*\�
ET[UVCN�
6JG�46%�VCMGU�KVU�ENQEM�HTQO�VJG�2%��
RKP��YJKEJ�OWUV�DG�RTQITCOOGF�CU�
CP�KPRWV�CPF�EQPPGEVGF�VQ�C����*\�
NKPG�HTGSWGPE[�
6JG�46%�VCMGU�KVU�ENQEM�HTQO�VJG�2%��
RKP��YJKEJ�OWUV�DG�RTQITCOOGF�CU�
CP�KPRWV�CPF�EQPPGEVGF�VQ�C����*\�
NKPG�HTGSWGPE[�
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6#$.'���� 46%�%10641.�56#675�4')+56'4�
���(*��46%%5

$KV � � � � � � � �
$KV�(KGNF #NCTO +' 4GUXF %NQEM�5GNGEV 4GUXF
4�9 4�9 4�9 ! 4�9 !
4GUGV � � : � � : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG�!���0QV�#RRNKECDNG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� #NCTO 4�9 6JG�46%�UGVU�VJKU�DKV�YJGP�VJG�JQWTU��
OKPWVGU��CPF�UGEQPFU�TGIKUVGTU�GSWCN�
VJG�RTQITCOOGF�CNCTO�XCNWG��
5QHVYCTG�ECP�YTKVG�C���VQ�VJKU�DKV�VQ�
���DWV�UJQWNF�EJCPIG�VJG�#NCTO�XCNWG�
DGHQTG�FQKPI�UQ��VQ�RTGXGPV�VJG�
EQPVKPWKPI�OCVEJ�HTQO�UGVVKPI�#NCTO�
CICKP�

� +' 4�9 +H�VJKU�DKV�KU����VJG�46%�TGSWGUVU�CP�
KPVGTTWRV�YJGP�VJG�#NCTO�DKV�KU����

��� %NQEM�5GNGEV 4�9 �Z

��

��

6JG�46%�VCMGU�KVU�ENQEM�HTQO�VJG�
.(:6#.�CPF�.(':6#.�RKPU��YJKEJ�
OWUV�DG�EQPPGEVGF�VQ�C��������-*\�
ET[UVCN�
6JG�46%�VCMGU�KVU�ENQEM�HTQO�VJG�2%��
RKP��YJKEJ�OWUV�DG�RTQITCOOGF�CU�
CP�KPRWV�CPF�EQPPGEVGF�VQ�C����*\�
NKPG�HTGSWGPE[�
6JG�46%�VCMGU�KVU�ENQEM�HTQO�VJG�2%��
RKP��YJKEJ�OWUV�DG�RTQITCOOGF�CU�
CP�KPRWV�CPF�EQPPGEVGF�VQ�C����*\�
NKPG�HTGSWGPE[�
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$KV � � � � � � � �
$KV�(KGNF � 5GEQPFU
4�9 4 4�9
4GUGV � 0% 0% 0% 0% 0% 0% 0%
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 5GEQPFU 4�9 +PETGOGPVGF�D[�VJG�46%�QPEG�RGT�
UGEQPF��$%&���*�KU�HQNNQYGF�D[���

6#$.'���� 46%�/+076'5�4')+56'4�
����*��46%/+0

$KV � � � � � � � �
$KV�(KGNF � /KPWVGU
4�9 4 4�9
4GUGV � 0% 0% 0% 0% 0% 0% 0%
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� /KPWVGU 4�9 +PETGOGPVGF�D[�VJG�46%�YJGP�VJG�
5GEQPFU�TGIKUVGT�KPETGOGPVU�HTQO�
��*�VQ����6JKU�$%&�TGIKUVGT�CNUQ�
KPETGOGPVU�HTQO���*�VQ���

6#$.'���� 46%�*1745�4')+56'4�����*��46%*4

$KV � � � � � � � �
$KV�(KGNF � � *QWTU
4�9 4 4 4�9
4GUGV 0% 0% 0% 0% 0% 0% 0% 0%
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� *QWTU 4�9 +PETGOGPVGF�D[�VJG�46%�YJGP�VJG�
/KPWVGU�TGIKUVGT�KPETGOGPVU�HTQO���*�
VQ����6JKU�$%&�TGIKUVGT�KPETGOGPVU�
HTQO���*�VQ���
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6#$.'���� 46%�&#;�1(�6*'�9''-�4')+56'4�
����*��46%&#;

$KV � � � � � � � �
$KV�(KGNF � � � � � &C[
4�9 4 4 4 4 4 4�9
4GUGV � � � � � 0% 0% 0%
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &C[ 4�9 +PETGOGPVGF�D[�VJG�46%�YJGP�VJG�
*QWTU�TGIKUVGT�KPETGOGPVU�HTQO���*�
VQ����6JKU�TGIKUVGT�KPETGOGPVU�HTQO���
VQ���

6#$.'���� 46%�&#6'�4')+56'4�
����*��46%&#6

$KV � � � � � � � �
$KV�(KGNF � � &CVG
4�9 4 4 4�9
4GUGV � � 0% 0% 0% 0% 0% 0%
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &CVG 4�9 +PETGOGPVGF�D[�VJG�46%�YJGP�VJG�
*QWTU�TGIKUVGT�KPETGOGPVU�HTQO���*�
VQ����6JKU�$%&�TGIKUVGT�KPETGOGPVU�
HTQO���*����*��QT���*�VQ����
FGRGPFKPI�QP�VJG�OQPVJ�CPF�
HQT�
(GDTWCT[��VJG�[GCT�CPF�EGPVWT[�
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6#$.'���� 46%�/106*�4')+56'4�
����*��46%/1

$KV � � � � � � � �
$KV�(KGNF � � � /QPVJ
4�9 4 4 4 4�9
4GUGV � � � 0% 0% 0% 0% 0%
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� /QPVJ 4�9 +PETGOGPVGF�D[�VJG�46%�YJGP�VJG�&CVG�
TGIKUVGT�KPETGOGPVU�VQ����6JKU�$%&�
TGIKUVGT�KPETGOGPVU�HTQO���*�VQ���

6#$.'����� 46%�;'#4�4')+56'4�
����*��46%;4

$KV � � � � � � � �
$KV�(KGNF ;GCT
4�9 4�9
4GUGV 0% 0% 0% 0% 0% 0% 0% 0%
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� ;GCT 4�9 +PETGOGPVGF�D[�VJG�46%�YJGP�VJG�
/QPVJ�TGIKUVGT�KPETGOGPVU�HTQO���*�
VQ����6JKU�$%&�TGIKUVGT�KPETGOGPVU�
HTQO���*�VQ���
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6#$.'����� 46%�%'0674;�4')+56'4�
����*��46%%

$KV � � � � � � � �
$KV�(KGNF � � %GPVWT[
4�9 4 4 4�9
4GUGV � � 0% 0% 0% 0% 0% 0%
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� %GPVWT[ 4�9 +PETGOGPVGF�D[�VJG�46%�KP�C�$%&�
HCUJKQP��YJGP�VJG�;GCTU�TGIKUVGT�
KPETGOGPVU�HTQO���*�VQ����

6#$.'����� 46%�#.#4/�5'%10&5�4')+56'4�
����*��#.#4/5

$KV � � � � � � � �
$KV�(KGNF � #NCTO�5GEQPFU
4�9 4 4�9
4GUGV � 0% 0% 0% 0% 0% 0% 0%
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� #NCTO�
5GEQPFU

4�9 6JG�UGEQPFU�EQORQPGPV�QH�VJG�#NCTO�
VKOG�
$%&��

6#$.'����� 46%�#.#4/�/+076'5�4')+56'4�
����*��#.#4//

$KV � � � � � � � �
$KV�(KGNF � /KPWVGU
4�9 4 4�9
4GUGV � 0% 0% 0% 0% 0% 0% 0%
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� ;GCT 4�9 +PETGOGPVGF�D[�VJG�46%�YJGP�VJG�
/QPVJ�TGIKUVGT�KPETGOGPVU�HTQO����VQ�
���6JKU�TGIKUVGT�KPETGOGPVU�HTQO����VQ�
��

6#$.'����� 46%�#.#4/�*1745�4')+56'4�
���#*��#.#4/*

$KV � � � � � � � �
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See “Digital/Analog Converter (DAC)” on page 48, for more about these regis-
ters.

$KV�(KGNF � � #NCTO�*QWTU
4�9 4 4 4�9
4GUGV � � 0% 0% 0% 0% 0% 0%
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG
6JKU�TGIKUVGT�ECP�QPN[�DG�YTKVVGP�KH�VJG�4GIKUVGT�9TKVG�'PCDNG�DKV�
9&6/4����KU���

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� #NCTO�*QWTU 4�9 6JG�JQWTU�EQORQPGPV�QH�VJG�#NCTO�
VKOG�
$%&��

6#$.'����� &#%�%10641.�4')+56'4�
����*��&#%%4

$KV � � � � � � � �
$KV�(KGNF &CVC���� 4GH�5GNGEV 4GUXF 1WVRWV�

'PCDNG
4GUXF

4�9 4�9 4�9 ! 4�9 !
4GUGV : : : : : � : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG�!���0QV�#RRNKECDNG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &CVC���� 4�9 6JKU�HKGNF�EQPVCKPU�VJG���.5�D[VGU�QH�
VJG����DKV�FKIKVCN�XCNWG�VJCV�VJG�&#%�
EQPXGTVU�VQ�CPCNQI�

��� 4GHGTGPEG�
8QNVCIG�
5GNGEV

4�9 ��
��
�Z

+PVGTPCN�TGHGTGPEG����8
+PVGTPCN�TGHGTGPEG����8
&#%�TGHGTGPEG�KU�2#��RKP

� 1WVRWV�
'PCDNG

4�9 #���KP�VJKU�DKV�GPCDNGU�VJG�&#%�VQ�
FTKXG�KVU�CPCNQI�TGUWNV�XQNVCIG�QPVQ�
VJG�#176�RKP�

6#$.'����� 46%�#.#4/�*1745�4')+56'4�
���#*��#.#4/*
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6#$.'����� &#%�&#6#�4')+56'4�
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$KV � � � � � � � �
$KV�(KGNF &CVC����
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� &CVC���� 4 9TKVKPI�VQ�VJKU�TGIKUVGT�UGVU�DKVU�����QH�
VJG�FKIKVCN�XCNWG�VJG�&#%�KU�VQ�
EQPXGTV��9KVJ�DKVU�����QH�VJG�&#%%4��
VJKU�XCNWG�KU�C����DKV�DKPCT[�HTCEVKQP�QH�
VJG�UGNGEVGF�TGHGTGPEG�XQNVCIG��(QT�
GZCORNG������������$�OGCPU�VJCV�
VJG�&#%�QWVRWVU�JCNH�QH�VJG�TGHGTGPEG�
XQNVCIG��6JG�&#%�EQPVKPWQWUN[�
EQPXGTVU�VJKU�XCNWG��UQ�TGYTKVKPI�VJKU�
TGIKUVGT�RTQFWEGU�VJG�EQTTGURQPFKPI�
XQNVCIG�QP�#176�YKVJKP�VJG�URGEKHKGF�
EQPXGTUKQP�VKOG�
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See section “Analog/Digital Converter (ADC)” on page 49, for more about these 
registers.

6#$.'����� #&%�%10641.�4')+56'4���
����*��#&%%�

$KV � � � � � � � �
$KV�(KGNF 4GUXF 'PCDNG 4GH�5GNGEV
4�9 ! 4�9 4�9
4GUGV : : : : : � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG�!���0QV�#RRNKECDNG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� 'PCDNG 4�9 6JKU�DKV�GPCDNGU�VJG�#&%�CPF�OWUV�DG�
UGV�RTKQT�VQ�UVCTVKPI�CP�#&%�
EQPXGTUKQP��9JGP�VJKU�DKV�KU����VJG�
#&%�RQYGTU�FQYP�

��� 4GHGTGPEG�
8QNVCIG�
5GNGEV

4�9 �Z
��
��

#&%�4GHGTGPEG�XQNVCIG�KU�2#��RKP
+PVGTPCN�4GHGTGPEG�����8
+PVGTPCN�4GHGTGPEG�����8
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6#$.'����� �#&%�%10641.�4')+56'4���
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$KV � � � � � � � �
$KV�(KGNF 4GUWNV���� +' %% 5VCTV %JCPPGN�5GNGEV
4�9 4 4�9 4 9 4�9
4GUGV : : � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 4GUWNV���� 4 9JGP�C�EQPXGTUKQP�KU�EQORNGVGF��
VJGUG�DKVU�JQNF�VJG�.5�DKVU�QH�VJG�
FKIKVCN�XCNWG

� +' 4�9 +H�VJKU�DKV�KU���YJGP�VJG�#&%�
EQORNGVGU�C�EQPXGTUKQP��CP�KPVGTTWRV�
KU�TGSWGUVGF�

� %QPXGTUKQP�
%QORNGVG�

%%�

4 6JG�#&%�UGVU�VJKU�DKV�YJGP�KV�
EQORNGVGU�C�EQPXGTUKQP��6JKU�DKV�KU�
ENGCTGF�YJGP�UQHVYCTG�YTKVGU�C���VQ�
VJG�5VCTV�DKV��VQ�DGIKP�C�PGY�
EQPXGTUKQP�

� 5VCTV 9 9TKVKPI�C���VQ�VJKU�DKV�ECWUGU�VJG�#&%�
VQ�UVCTV�C�PGY�EQPXGTUKQP��+H�VJG�#&%�
JCF�C�EQPXGTUKQP�KP�RTQITGUU��KV�KU�
CDQTVGF�

��� %JCPPGN�
5GNGEV

4�9

���
���
���
���
���
���
���
���

6JGUG�DKVU�UGNGEV�YJKEJ�RKP�KU�
UCORNGF�HQT�C�EQPXGTUKQP�
2KP�2&�
2KP�2&�
2KP�2&�
2KP�2&�
2KP�2&�
2KP�2&�
2KP�2&�
2KP�2&�
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$KV � � � � � � � �
$KV�(KGNF 4GUWNV����
4�9 4
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 4GUWNV���� 4 #HVGT�VJG�#&%�JCU�EQORNGVGF�C�
EQPXGTUKQP��VJKU�TGIKUVGT�EQPVCKPU�DKVU�
����QH�VJG�TGUWNV�FKIKVCN�XCNWG��9KVJ�
DKVU�����QH�VJG�#&%%���VJKU�XCNWG�KU�C�
���DKV�DKPCT[�HTCEVKQP�QH�VJG�UGNGEVGF�
TGHGTGPEG�XQNVCIG��(QT�GZCORNG��
����������$�OGCPU�VJCV�VJG�
XQNVCIG�QP�VJG�UGNGEVGF�RKP�YCU�JCNH�
QH�VJG�TGHGTGPEG�XQNVCIG�
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See section “Programmable I/O Sequencer (PIOS)” on page 52, for more about 
these registers.
6#$.'����� 2+15�%10641.�4')+56'4�
����*��2+15%4

$KV � � � � � � � �
$KV�(KGNF 'PCDNG +' +2 4GUXF %NQEM�5GNGEV
4�9 4�9 4�9 4�9 ! 4�9
4GUGV � � � : : : � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG�!���0QV�#RRNKECDNG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� 'PCDNG 4�9 #���KP�VJKU�DKV�GPCDNGU�VJG�2+15�
� +' 4�9 #���KP�VJKU�DKV�CNNQYU�VJG�2+15�VQ�

TGSWGUV�CP�KPVGTTWRV�YJGP�KV�
GPEQWPVGTU�CP�GPVT[�KP�KVU�4#/��
FKTGEVKPI�KV�VQ�FQ�UQ�

� +2 4�9 6JG�2+15�UGVU�VJKU�DKV�YJGP�KV�
GPEQWPVGTU�CP� KPVGTTWRV �GPVT[�KP�KVU�
4#/��+PVGTTWRV�UGTXKEG�TQWVKPGU�YTKVG�
C���VQ�VJKU�DKV�VQ�ENGCT�VJG�2+15�
KPVGTTWRV�TGSWGUV�

��� %NQEM�5GNGEV 4�9

��
��
��
��

6JKU�HKGNF�FGVGTOKPGU�VJG�2+15�ENQEM�
HTGSWGPE[
2*+
2*+����
2*+�����
2*+�����
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$KV � � � � � � � �
$KV�(KGNF 0GZV�#FFTGUU 'PVT[�6[RG
4�9 4 4
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� 0GZV�
#FFTGUU

4 5QHVYCTG�ECP�TGCF�VJG�0GZV�#FFTGUU�
XCNWG�HTQO�VJG�4#/�GPVT[�OQUV�
TGEGPVN[�HGVEJGF�D[�VJG�2+15��KP�VJKU�
HKGNF�

��� 'PVT[�6[RG 4 5QHVYCTG�ECP�TGCF�VJG�'PVT[�6[RG�
XCNWG�HTQO�VJG�4#/�GPVT[�OQUV�
TGEGPVN[�HGVEJGF�D[�VJG�2+15��KP�VJKU�
HKGNF�

6#$.'����� 2+15�%1706'4�.19�
����*��2+15%.

$KV � � � � � � � �
$KV�(KGNF .5�D[VG�QH�2+15�%QWPVGT
4�9 4
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� %QWPVGT�.5�
D[VG

4 5QHVYCTG�ECP�TGCF�VJG�.5���D[VGU�QH�
VJG�EWTTGPV�2+15�%QWPVGT�XCNWG�HTQO�
VJKU�TGIKUVGT�

6#$.'����� 2+15�%1706'4�*+)*�
����*��2+15%*

$KV � � � � � � � �
$KV�(KGNF /5�D[VG�QH�2+15�%QWPVGT
4�9 4
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

��� %QWPVGT�/5�
D[VG

4 5QHVYCTG�ECP�TGCF�VJG�/5���D[VGU�QH�
VJG�2+15�%QWPVGT�XCNWG��CV�VJG�VKOG�
VJCV�2+15%.�YCU�NCUV�TGCF��HTQO�VJKU�
TGIKUVGT�
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See section “Clocked Serial Input/Output Module (CSI/O)” on page 67, for more 
detail about these registers.

6#$.'����� #5%+��%10641.�4')+56'4�#�
����*��%06.#�

$KV � � � � � � � �
$KV�(KGNF /2' 4' 6' 4GUGTX

GF
/2$4�
'(4

/1&� /1&� /1&�

4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV � � � � : � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� /WNVK�
RTQEGUUQT�
/QFG�
'PCDNG

4�9 +H�VJKU�DKV�CPF�VJG�/2�DKV�KP�%06.$�CTG�
DQVJ����QPN[�TGEGKXGF�EJCTCEVGTU�
JCXKPI�C���KP�CP�CFFKVKQPCN�DKV�
DGVYGGP�VJG�NCUV�FCVC�DKV�CPF�VJG�UVQR�
DKV�CTG�RNCEGF�KP�VJG�4Z�(+(1��+H�GKVJGT�
VJG�/2�DKV�QT�VJKU�DKV�KU����CNN�TGEGKXGF�
EJCTCEVGTU�CTG�RNCEGF�KP�VJG�4Z�(+(1�

� 4GEGKXG�
'PCDNG

4�9 #���KP�VJKU�DKV�GPCDNGU�VJG�TGEGKXGT��
9TKVKPI�C���UVQRU�TGEGRVKQP�

� 6TCPUOKV�
'PCDNG

4�9 #���KP�VJKU�DKV�GPCDNGU�VJG�VTCPUOKVVGT��
9TKVKPI�C���UVQRU�VTCPUOKUUKQP�

� 4GUGTXGF 4�9 1P�QVJGT�����FGXKEGU�VJKU�DKV�
EQPVTQNNGF�VJG�465��QWVRWV�

� /2�$KV�4EX�
'TTQT�(NCI�
4GUGV

4�9 4GCFKPI�VJKU�DKV�TGVWTPU�VJG�XCNWG�QH�
VJG�OWNVKRTQEGUUQT�
/2��DKV��4GCF�VJKU�
TGIKUVGT�DGHQTG�TGCFKPI�VJG�4&4��
9TKVKPI�C���VQ�VJKU�DKV�ENGCTU�VJG�
1840��('��2'��CPF�$TGCM�&GVGEV�DKVU��
9TKVKPI�C���JCU�PQ�GHHGEV�

� /1&� 4�9 �
�

��DKV�FCVC�
6Z�CPF�4Z�
��DKV�FCVC

� /1&� 4�9 �
�

0Q�RCTKV[�
6Z�CPF�4Z�
2CTKV[�IGPGTCVGF�
6Z���EJGEMGF�
4Z�

� /1&� 4�9 �
�

��5VQR�DKV�VTCPUOKVVGF
��5VQR�DKVU�VTCPUOKVVGF



+�1�4')+56'45 #5;0%�5'4+#.�%1//70+%#6+105�+06'4(#%'�
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All bits in this register are as described in Table 114.

6#$.'����� #5%+��%10641.�4')+56'4�#�
����*��%06.#�

$KV � � � � � � � �
$KV�(KGNF /2' 4' 6' 4GUXF /2$4�

'(4
/1&� /1&� /1&�

4�9 4�9 4�9 4�9 ! 4�9 4�9 4�9 4�9
4GUGV � � � : � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG�!���0QV�#RRNKECDNG

6#$.'����� #5%+��%10641.�4')+56'4�$�
����*��%06.$�

$KV � � � � � � � �
$KV�(KGNF /2$6 /2 %65�

25
2'1 &4 5RGGF�5GNGEV

4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV : � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� /WNVK��
2TQEGUUQT�
$KV�6Z

4�9 +H�VJG�/2�DKV�
DKV����KU����VJKU�DKV�
FGHKPGU�VJG�XCNWG�VQ�UGPF�KP�VJG�/2�
DKV�YKVJ�VJG�PGZV�EJCTCEVGT�YTKVVGP�VQ�
VJG�6TCPUOKV�&CVC�4GIKUVGT�

� /WNVKRTQ�
EGUUQT�
/QFG

4�9 +H�VJKU�DKV�KU����VJG�#5%+�UGPFU��CPF�
GZRGEVU�VQ�TGEGKXG��CP�GZVTC�DKV�CHVGT�
VJG�NCUV�FCVC�DKV��6JG�GZVTC�DKV�KU���KP�
CFFTGUU�EJCTCEVGTU�VJCV�DGIKP�HTCOGU�
CPF���KP�HQNNQYKPI�FCVC�EJCTCEVGTU�

� %65�25 4�9 4GCFKPI�VJKU�RKP�TGVWTPU�VJG�UVCVG�QH�
VJG�%65�RKP�
��KU�.QY����KU�*KIJ���(QT�
YTKVKPI��VJKU�DKV�KU�25��+H�DKVU�� ��KP�
VJKU�TGIKUVGT�CTG�PQV�����CPF�VJG�$4)�
/QFG�DKV�KP�VJG�'ZVGPUKQP�%QPVTQN�
TGIKUVGT�KU����25�FGVGTOKPGU�YJGVJGT�
VJG�2*+�ENQEM�KU�RTGUECNGF�D[����
HQT�
���QT����
HQT����CU�VJG�HKTUV�UVCIG�KP�
#5%+�ENQEMKPI�

� 2CTKV[�'XGP�
1FF

4�9 +H�/1&��
%06.#�DKV����KU����VJKU�DKV�
UGNGEVU�YJGVJGT�RCTKV[�KU�IGPGTCVGF�
CPF�EJGEMGF�CU�GXGP�
HQT����QT�QFF�

HQT����

� &4 4�9 �

�

6JG�#5%+�FKXKFGU�KVU�DCUKE�ENQEM�D[�
���VQ�QDVCKP�KVU�DKV�TCVG��
6JG�#5%+�FKXKFGU�KVU�DCUKE�ENQEM�D[�
���VQ�QDVCKP�KVU�DKV�TCVG�



#5;0%�5'4+#.�%1//70+%#6+105�+06'4(#%'�
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25�������:/2���� 2TGNKOKPCT[�<��5��� ���

All bits in this register are as described in Table 116, except that bit 5 has no func-
tion in write operations on the Z80S183 ASCI1.

� � 5RGGF�
5GNGEV

4�9 ���

QVJGT�

���
���
���
���
���
���
���

&Q�PQV�RTQITCO�VJKU�XCNWG�
+H�VJG�$4)��/QFG�DKV�KU����VJG�QWVRWV�
QH�VJG�PGY�$4)�KU�VJG�DCUKE�ENQEM�QH�
VJG�#5%+��+H�$4)��/QFG�KU����VJGUG�
DKVU�FGVGTOKPG�YJCV�VJG�QWVRWV�QH�VJG�
2TGUECNGT�KU�FKXKFGF�D[��VQ�QDVCKP�
DCUKE�ENQEM�HQT�VJG�#5%+�
WUGF�CU�KU
&KXKFG�D[��
&KXKFG�D[�4
&KXKFG�D[��
&KXKFG�D[���
&KXKFG�D[���
&KXKFG�D[���
6JG�#5%+�FKXKFGU�VJG�DCUKE�ENQEM�D[�
���QT����VQ�QDVCKP�VJG�DKV�TCVG�

6#$.'����� #5%+��%10641.�4')+56'4�$�
����*��%06.$�

$KV � � � � � � � �
$KV�(KGNF /2$6 /2 25 2'1 &4 5RGGF�5GNGEV
4�9 4�9 4�9 4�9 4�9 4�9 4�9
4GUGV : � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

6#$.'����� #5%+��56#675�4')+56'4�
����*��56#6�

$KV � � � � � � � �
$KV�(KGNF 4&4( 1840 2' (' 4+' &%&� 6&4' 6+'
4�9 4 4 4 4 4�9 4 4 4�9
4GUGV � � � � � RKP � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� 4&4( 4 6JG�<��5����UGVU�VJKU�DKV�YJGP�C�
EJCTCEVGT�KU�TGEGKXGF��4GCFKPI�VJG�NCUV�
TGEGKXGF�D[VG�HTQO�VJG�4Z�(+(1�ENGCTU�
VJKU�DKV��5GG�0QVG�DGNQY�

� 1840 4 6JKU�DKV�KU�UGV�YJGP�VJG�NCUV�EJCTCEVGT�
TGEGKXGF�DGHQTG�CP�1XGTTWP�EQPFKVKQP�
EQOGU�VQ�VJG�VQR�QH�VJG�4Z�(+(1��+V�KU�
ENGCTGF�YJGP�C���KU�YTKVVGP�VQ�VJG�
'(4�DKV�KP�%06.���5GG�0QVG�DGNQY�

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP



+�1�4')+56'45 #5;0%�5'4+#.�%1//70+%#6+105�+06'4(#%'�
#5%+��4')+56'45
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This register is as described in Table 118, except that bit 2 has no function for 
Z80S183 ASCI1.

� 2' 4 6JKU�DKV�KU�UGV�KH�RCTKV[�KU�GPCDNGF��CPF�
C�EJCTCEVGT�YKVJ�C�2CTKV[�'TTQT�EQOGU�
VQ�VJG�VQR�QH�VJG�4Z�(+(1��+V�KU�ENGCTGF�
YJGP�C���KU�YTKVVGP�VQ�VJG�'(4�DKV�KP�
%06.���5GG�0QVG�DGNQY�

� (' 4 6JKU�DKV�KU�UGV�KH�C�EJCTCEVGT�YKVJ�C�
(TCOKPI�'TTQT�
QPG�KP�YJKEJ�VJG�5VQR�
DKV�YCU�UCORNGF�CU����EQOGU�VQ�VJG�
VQR�QH�VJG�4Z�(+(1��+V�KU�ENGCTGF�YJGP�
C���KU�YTKVVGP�VQ�VJG�'(4�DKV�KP�
%06.���5GG�0QVG�DGNQY�

� 4+' 4�9 +H�VJKU�DKV�KU����VJG�#5%+�TGSWGUVU�CP�
KPVGTTWRV�YJGP�CP[�QH�VJG�HNCIU�
1840��2'��('��QT�$TGCM�&GVGEV�KU�UGV��
QT�KH�DKV���QH�VJG�'ZVGPUKQP�%QPVTQN�
TGIKUVGT�KU���CPF�RDRF�KU����QT�KH�DKV���
QH�VJG�'ZVGPUKQP�%QPVTQN�TGIKUVGT�KU���
CPF�&%&��KU�.QY�

� &%&� 4 6JKU�DKV�KU���YJGPGXGT�VJG�DCD0�RKP�
KU�*KIJ��9JGP�&%&��IQGU�.QY��VJG�
PGZV�TGCF�QH�VJKU�TGIKUVGT�TGVWTPU�C����
6JG�PGZV�TGCF�TGVWTPU�C���KH�&%&��KU�
UVKNN�.QY��

� 6&4' 4 6JKU�DKV�KU�ENGCTGF�YJGP�UQHVYCTG�
YTKVGU�C�EJCTCEVGT�VQ�VJG�6&4��+V�KU�
UGV�YJGP�VJG�EJCTCEVGT�NGCXGU�VJG�
6&4�HQT�VTCPUOKUUKQP��D[�4GUGV��CPF�
KP�+�1�5VQR�OQFG��+V�KU�ENGCTGF�KH�DKV���
QH�VJG�'ZVGPUKQP�%QPVTQN�TGIKUVGT�KU���
CPF�%65��KU�*KIJ�

� 6+' 4�9 +H�VJKU�DKV�KU����VJG�#5%+�TGSWGUVU�CP�
KPVGTTWRV�YJGP�6&4'�KU���

0QVG��6JG�4&4(��1840��2'��CPF�('�DKVU�CTG�ENGCTGF�D[�4GUGV��FWTKPI�+�1�5VQR�OQFG��
CPF�HQT�#5%+���KH�VJG�&%&�&KUCDNG�DKV�KP�VJG�'ZVGPUKQP�%QPVTQN�TGIKUVGT�KU���CPF�&%&��
KU�*KIJ�

6#$.'����� #5%+��56#675�4')+56'4�
����*��56#6�

$KV � � � � � � � �
$KV�(KGNF 4&4( 1840 2' (' 4+' 4GUGTX

GF
6&4' 6+'

4�9 4 4 4 4 4�9 4 4 4�9
4GUGV � � � � � RKP � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP



#5;0%�5'4+#.�%1//70+%#6+105�+06'4(#%'�
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25�������:/2���� 2TGNKOKPCT[�<��5��� ���

6#$.'����� #5%+��6:�&#6#�4')+56'4�
����*��6&4�

$KV � � � � � � � �
$KV�(KGNF %JCTCEVGT�VQ�6Z
4�9 9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� � 6Z�EJCTCEVGT 4�9 5QHVYCTG�ECP�YTKVG�C�EJCTCEVGT�VQ�DG�
VTCPUOKVVGF�VQ�VJKU�TGIKUVGT��YJGP�VJG�
6&4'�HNCI�KP�56#6��KU���



+�1�4')+56'45 #5;0%�5'4+#.�%1//70+%#6+105�+06'4(#%'�
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��� 2TGNKOKPCT[�<��5��� 25�������:/2����

6#$.'����� #5%+��6:�&#6#�4')+56'4�
����*��6&4�

$KV � � � � � � � �
$KV�(KGNF %JCTCEVGT�VQ�6Z
4�9 9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� � 6Z�EJCTCEVGT 4�9 5QHVYCTG�ECP�YTKVG�C�EJCTCEVGT�VQ�DG�
VTCPUOKVVGF�VQ�VJKU�TGIKUVGT��YJGP�VJG�
6&4'�HNCI�KP�56#6��KU���

6#$.'����� #5%+��4:�&#6#�4')+56'4�
����*��4&4�

$KV � � � � � � � �
$KV�(KGNF 4GEGKXGF�%JCTCEVGT
4�9 4
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� � 4Z�EJCTCEVGT 4�9 9JGP�VJG�4&4(�HNCI�KP�56#6��KU����
UQHVYCTG�ECP�TGCF�C�TGEGKXGF�
EJCTCEVGT�HTQO�VJKU�TGIKUVGT�

6#$.'����� #5%+��4:�&#6#�4')+56'4�
����*��4&4�

$KV � � � � � � � �
$KV�(KGNF 4GEGKXGF�%JCTCEVGT
4�9 4
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� � 4Z�EJCTCEVGT 4�9 9JGP�VJG�4&4(�HNCI�KP�56#6��KU����
UQHVYCTG�ECP�TGCF�C�TGEGKXGF�
EJCTCEVGT�HTQO�VJKU�TGIKUVGT�



#5;0%�5'4+#.�%1//70+%#6+105�+06'4(#%'�
#5%+��4')+56'45 +�1�4')+56'45

25�������:/2���� 2TGNKOKPCT[�<��5��� ���

6#$.'����� #5%+��':6'05+10�%10641.�4')+56'4�
����*��#5':6�

$KV � � � � � � � �
$KV�(KGNF 4&+& &%&��

&KUCDNG
%65��
&KUCDNG

:��
%NQEM

$4)�
/QFG

5VCTV�+' 4Z
$TGCM

6Z
$TGCM�
6Z'PF

4�9 4�9 4�9 4�9 4�9 4�9 4�9 4 4�9
4GUGV � � � � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� 4Z�&CVC�
+PVGTTWRV�
&KUCDNG

4�9 +H�4+'�
56#6�DKV����CPF�VJKU�DKV�CTG�
DQVJ����VJG�#5%+�TGSWGUVU�TGEGKXG�
KPVGTTWRVU�QPN[�YJGP�1840��2'��QT�('�
KU�UGV��+H�4+'�KU���CPF�VJKU�DKV�KU����VJG�
#5%+�CNUQ�TGSWGUVU�KPVGTTWRVU�YJGP�
4&4(�KU�UGV�
HQT�GCEJ�TGEGKXGF�
EJCTCEVGT���+H�4+'�KU���VJKU�DKV�JCU�PQ�
GHHGEV�

� &%&��
&KUCDNG

4�9 �
�

&%&��CWVQ�GPCDNGU�VJG�TGEGKXGT
&%&��JCU�PQ�GHHGEV�QP�VJG�TGEGKXGT

� %65��
&KUCDNG

4�9 �
�

%65��CWVQ�GPCDNGU�VJG�VTCPUOKVVGT
%65��JCU�PQ�GHHGEV�QP�VJG�VTCPUOKVVGT

� :��%NQEM 4�9 � #NYC[U���QP�VJG�<��5����
� $4)�/QFG 4�9 �

�

6JG�55�DKVU�KP�%QPVTQN�4GIKUVGT�$�
FGVGTOKPG�VJG�HCEVQT�D[�YJKEJ�VJG�
2TGUECNGT�QWVRWV�KU�FKXKFGF��VQ�QDVCKP�
VJG�#5%+ U�DCUKE�ENQEM�
6JG�#5%+ U�DCUKE�ENQEM�EQOGU�HTQO�
VJG�PGY�$4)�

� 5VCTV�+' 4�9 +H�VJKU�DKV�CPF�4+'�CTG�DQVJ����VJG�
#5%+�TGSWGUVU�CP�KPVGTTWRV�YJGP�VJG�
UVCTV�QH�C�UVCTV�DKV�KU�FGVGEVGF��HQT�
CWVQ�DCWFKPI��9TKVKPI�C���VQ�VJKU�DKV�
ENGCTU�VJG�KPVGTTWRV�TGSWGUV��

� 4Z$TGCM 4 6JKU�DKV�KU���KH�VJG�TGEGKXGT�JCU�
FGVGEVGF�C�$TGCM�EQPFKVKQP��VJCV�KU��KH�
CNN�DKVU�KP�C�EJCTCEVGT��KPENWFKPI�VJG�
5VQR�DKV��CTG����6JG�CNN���EJCTCEVGT�KU�
RNCEGF�KP�VJG�4Z�(+(1�KH�VJGTG�KU�TQQO��
DWV�VJG�TGEGKXGT�FQGU�PQV�CUUGODNG�
CP[�OQTG�EJCTCEVGTU�WPVKN�VJG�4:#�RKP�
JCU�TGVWTPGF�*KIJ�
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This register is as described in the previous table, except that bits 6–5 have no 
function for Z80S183 ASCI1.

� 6Z$TGCM�
6Z'PF

4�9 9TKVKPI�C���VQ�VJKU�DKV�OCMGU�VJG�
VTCPUOKVVGT�FTKXG�6:#�.QY�VQ�UGPF�C�
$TGCM�EQPFKVKQP��WPVKN�UQHVYCTG�YTKVGU�
C���VQ�VJKU�DKV��6JKU�DKV�TGCFU�CU���
YJKNG�C�EJCTCEVGT�KU�VTCPUOKVVGF��DWV�
DGEQOGU���YJGP�VJG�PWODGT�QH�5VQR�
DKVU�UGNGEVGF�D[�/1&��KP�%06.#�
JCXG�DGGP�UGPV�

6#$.'����� #5%+��':6'05+10�%10641.�4')+56'4�
����*��#5':6�

$KV � � � � � � � �
$KV�(KGNF 4&+& 4GUXF :��

%NQEM
$4)�
/QFG

5VCTV�+' 4Z
$TGCM

6Z
$TGCM�
6Z'PF

4�9 4�9 ! 4�9 4�9 4�9 4 4�9
4GUGV � : : � � � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG�!���0QV�#RRNKECDNG

6#$.'����� #5%+��6+/'�%1056#06�.19�
���#*��#56%�.

$KV � � � � � � � �
$KV�(KGNF .5�$[VG�QH�6KOG�%QPUVCPV
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� � .5�D[VG�QH�
6KOG�
%QPUVCPV

4�9 6JG�.GCUV�5KIPKHKECPV���DKVU�QH�VJG�
#5%+��$CWF�4CVG�)GPGTCVQT U�6KOG�
%QPUVCPV�

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP
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6#$.'����� #5%+��6+/'�%1056#06�*+)*�
���$*��#56%�*

$KV � � � � � � � �
$KV�(KGNF .5�$[VG�QH�6KOG�%QPUVCPV
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� � /5�D[VG�QH�
6KOG�
%QPUVCPV

4�9 6JG�/QUV�5KIPKHKECPV���DKVU�QH�VJG�
#5%+��$CWF�4CVG�)GPGTCVQT U�6KOG�
%QPUVCPV�

6#$.'����� #5%+��6+/'�%1056#06�.19�
���%*��#56%�.

$KV � � � � � � � �
$KV�(KGNF .5�$[VG�QH�6KOG�%QPUVCPV
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� � .5�D[VG�QH�
6KOG�
%QPUVCPV

4�9 6JG�.GCUV�5KIPKHKECPV���DKVU�QH�VJG�
#5%+��$CWF�4CVG�)GPGTCVQT U�6KOG�
%QPUVCPV�

6#$.'����� #5%+��6+/'�%1056#06�*+)*�
���&*��#56%�*

$KV � � � � � � � �
$KV�(KGNF .5�$[VG�QH�6KOG�%QPUVCPV
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� � /5�D[VG�QH�
6KOG�
%QPUVCPV

4�9 6JG�/QUV�5KIPKHKECPV���DKVU�QH�VJG�
#5%+��$CWF�4CVG�)GPGTCVQT U�6KOG�
%QPUVCPV�



+�1�4')+56'45 %.1%-'&�5'4+#.�+�1�
%5+�1��4')+56'45
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%.1%-'&�5'4+#.�+�1�
%5+�1��4')+56'45

See section , which starts on page 67, for more about these registers.

6#$.'����� �%5+�1�%10641.�4')+56'4�
���#*��%064

$KV � � � � � � � �
$KV�(KGNF '( '+' 4' 6' 4GUXF 5RGGF�5GNGEV�
55�
4�9 4 4�9 4�9 4�9 ! 4�9
4GUGV � � � � : � � �
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG!���0QV�#RRNKECDNG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� 'PF�(NCI�

'(�

4 6JG�%5+�1�UGVU�VJKU�DKV�VQ���YJGP�KV�
HKPKUJGU�UGPFKPI�QT�TGEGKXKPI�C�D[VG��+V�
ENGCTU�VJKU�DKV�YJGP�UQHVYCTG�TGCFU�QT�
YTKVGU�VJG�64&4��QP�4GUGV��CPF�
FWTKPI�+�1�5VQR�OQFG�

� 'PF�
+PVGTTWRV�
'PCDNG�
'+'�

4�9 +H�VJKU�DKV�KU����VJG�%5+�1�TGSWGUVU�CP�
KPVGTTWRV�YJGP�KV�EQORNGVGU�UGPFKPI�
QT�TGEGKXKPI�C�D[VG�CPF�UGVU�'(�

� 4GEGKXG�
'PCDNG�
4'�

4�9 9TKVG�C���VQ�VJKU�DKV�VQ�UVCTV�C�%5+�1�
TGEGKXG�QRGTCVKQP��+H�VJG�55�DKVU�CTG�
�����VJG�%5+�1�YCKVU�HQT���ENQEM�
RWNUGU�QP�%-5��1VJGTYKUG��KV�QWVRWVU�
��ENQEM�RWNUGU�QP�%-5��+P�GKVJGT�ECUG��
KV�ENQEMU�FCVC�QP�4:5�KPVQ�VJG�64&4�
CV�GCEJ�TKUKPI�GFIG�QP�%-5��#HVGT�
ECRVWTKPI�VJG��VJ�DKV��KV�ENGCTU�VJKU�DKV�
CPF�UGVU�'(�

� 6TCPUOKV�
'PCDNG�
6'�

4�9 9TKVG�C���VQ�VJKU�DKV�VQ�UVCTV�%5+�1�
VTCPUOKUUKQP��+H�VJG�55�DKVU�CTG������
VJG�%5+�1�YCKVU�HQT���ENQEM�RWNUGU�QP�
%-5��1VJGTYKUG��KV�QWVRWVU���ENQEM�
RWNUGU�QP�%-5��+P�GKVJGT�ECUG��KV�
ENQEMU�FCVC�HTQO�VJG�64&4�QPVQ�6:5�
CV�GCEJ�HCNNKPI�GFIG�QP�%-5��#HVGT�
UGPFKPI���DKVU��VJG�%5+�1�ENGCTU�VJKU�
DKV�CPF�UGVU�'(�
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+05647%6+10�5'6

The Z80S183 includes the 8S180 processor, which is descended from the ZiLOG 
Z80. The 8-bit data bus and 20-bit address space fit well into a wide variety of 
mid-range embedded processing applications. This processor provides signifi-
cantly more computing power than a microcontroller, at a fraction of the system 
cost of a larger microprocessor. 

For details of these instructions see the Z80S183 User Manual, or the Z8S180 or 
Z80185 User Manuals until the Z80S183 UM is available.

� � 5RGGF�
5GNGEV�
55�

4�9

���
���
���
���
���
���
���

+H�VJGUG�DKVU�CTG������CU�VJG[�CTG�CHVGT�
C�4GUGV��VJG�%5+�1�VCMGU�GZVGTPCN�
ENQEMKPI�HTQO�VJG�%-5�RKP��
1VJGTYKUG��KV�FTKXGU�C�ENQEM�QPVQ�%-5��
VJCV�KV�FGTKXGU�HTQO�2*+�CU�HQNNQYU�
2*+���
2*+���
2*+���
2*+����
2*+����
2*+����
2*+�����

6#$.'����� �%5+�1�&#6#�4')+56'4�
���$*��64&4

$KV � � � � � � � �
$KV�(KGNF $[VG�VQ�5GPF�
9��QT�4GEGKXGF�$[VG�
4�
4�9 4�9
4GUGV : : : : : : : :
0QVG��4���4GCF�9���9TKVG�:���+PFGVGTOKPCVG

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP

� � 4�9 5QHVYCTG�YTKVGU�C�D[VG�VQ�VJKU�
TGIKUVGT��DGHQTG�UGVVKPI�VJG�6'�DKV��
CNNQYKPI�VJG�%5+�1�VQ�UGPF�KV��
5QHVYCTG�TGCFU�C�TGEGKXGF�D[VG�HTQO�
VJKU�TGIKUVGT��CHVGT�VJG�%5+�1�UGVU�VJG�
'(�DKV�KP�TGURQPUG�VQ�UQHVYCTG�UGVVKPI�
VJG�4'�DKV�

$KV
2QUKVKQP $KV�(KGNF 4�9 8CNWG &GUETKRVKQP
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6#$.'����� .1#&�+05647%6+10

/PGOQPKE 1RGTCPFU +PUVTWEVKQP

.& FUV�UTE .QCF
212 FUV 2QR
275* UTE 2WUJ

6#$.'����� #4+6*/'6+%�+05647%6+105

/PGOQPKE 1RGTCPFU +PUVTWEVKQP

#&% FUV�UTE #FF�YKVJ�%CTT[
#&& FUV�UTE #FF
%2 #�UTE %QORCTG
%2&
4� $NQEM�5ECP��FGETGOGPVKPI�
CPF�4GRGCV�
%2+
4� $NQEM�5ECP��KPETGOGPVKPI�
CPF�4GRGCV�
&## &GEKOCN�#FLWUV�#EEWOWNCVQT
&'% FUV &GETGOGPV
+0% FUV +PETGOGPV
/.6 TT /WNVKRN[
0') 0GICVG�#EEWOWNCVQT
5$% FUV�UTE 5WDVTCEV�YKVJ�%CTT[
57$ #�UTE 5WDVTCEV

6#$.'����� .1)+%#.�+05647%6+105

/PGOQPKE 1RGTCPFU +PUVTWEVKQP

#0& #�UTE .QIKECN�#0&
%2. %QORNGOGPV�CEEWOWNCVQT
14 #�UTE .QIKECN�14
656 #�UTE 6GUV�CEEWOWNCVQT
:14 #�UTE .QIKECN�'ZENWUKXG�14

6#$.'����� ':%*#0)'�+05647%6+105

/PGOQPKE 1RGTCPFU +PUVTWEVKQP

': #(�#( 'ZEJCPIG�#EEWOWNCVQT�CPF�(NCIU
': &'�*. 'ZEJCPIG�&'�CPF�*.
': 
52��TT 'ZEJCPIG�TGIKUVGT�CPF�VQR�QH�UVCEM�
':: 'ZEJCPIG�TGIKUVGT�DCPMU
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6#$.'����� 241)4#/�%10641.�+05647%6+105

/PGOQPKE 1RGTCPFU +PUVTWEVKQP

%#.. EE�FUV %QPFKVKQPCN�%CNN
%#.. FUV %CNN
&,0< FUV &GETGOGPV�CPF�,WOR�KH�0QP�<GTQ
,2 EE�FUV %QPFKVKQPCN�,WOR
,2 FUV ,WOR
,4 EE �FUV %QPFKVKQPCN�,WOR�4GNCVKXG
,4 FUV ,WOR�4GNCVKXG
4'6 EE %QPFKVKQPCN�4GVWTP
4'6 4GVWTP
4'6+ 4GVWTP�HTQO�+PVGTTWRV
4'60 4GVWTP�HTQO�0QPOCUMCDNG�KPVGTTWRV
456 FUV 4GUVCTV

6#$.'����� $+6�/#0+27.#6+10�+05647%6+105

/PGOQPKE 1RGTCPFU +PUVTWEVKQP

$+6 P�UTE $KV�VGUV
4'5 P�FUV 4GUGV�DKV
5'6 P�FUV 5GV�DKV

6#$.'����� $.1%-�64#05('4�+05647%6+105

/PGOQPKE 1RGTCPFU +PUVTWEVKQP

.&&
4� $NQEM�/QXG��FGETGOGPVKPI�
CPF�4GRGCV�

.&+
4� $NQEM�/QXG��KPETGOGPVKPI�
CPF�4GRGCV�

6#$.'����� 416#6'�#0&�5*+(6�+05647%6+105

/PGOQPKE 1RGTCPFU +PUVTWEVKQP

4. FUV 4QVCVG�.GHV
4.# 4QVCVG�.GHV�#EEWOWNCVQT
4.% FUV 4QVCVG�.GHV�%KTEWNCT
4.%# 4QVCVG�.GHV�%KTEWNCT�#EEWOWNCVQT
4.& 4QVCVG�.GHV�&GEKOCN
44 FUV 4QVCVG�4KIJV
44# 4QVCVG�4KIJV�#EEWOWNCVQT
44% FUV 4QVCVG�4KIJV�%KTEWNCT
44%# 4QVCVG�4KIJV�%KTEWNCT�#EEWOWNCVQT
44& 4QVCVG�4KIJV�&GEKOCN
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Table 142 describes the Flag register. Bits in this register are set and cleared by 
certain instructions as described in the Z80S183 User Manual. Some of the Flags 
are tested by conditional JR, JP, CALL, and RET instructions, and some are used 

5.# FUV 5JKHV�.GHV
54# FUV 5JKHV�4KIJV�#TKVJOGVKE
54. FUV 5JKHV�4KIJV�.QIKECN

6#$.'����� +0276�176276�+05647%6+105

/PGOQPKE 1RGTCPFU +PUVTWEVKQP

+0 #��
P� +PRWV�VQ�#�HTQO�RQTV�P
+0 T��
%� +PRWV�VQ�TGIKUVGT�HTQO�RQTV�KP�$%
+0� T��
P� +PRWV�VQ�T�HTQO�RQTV�P�KP�RCIG��
+0&
4� $NQEM�+PRWV��FGETGOGPVKPI�
CPF�4GRGCV�
+0+
4� $NQEM�+PRWV��KPETGOGPVKPI�
CPF�4GRGCV�
16&/
4� $NQEM�1WVRWV��RCIG����FGETGOGPVKPI�
CPF�

4GRGCV�
16+/
4� $NQEM�1WVRWV��RCIG����KPETGOGPVKPI�
CPF�

4GRGCV�
176 
P���# 1WVRWV�HTQO�#�VQ�RQTV�P
176 
%���T 1WVRWV�HTQO�TGIKUVGT�VQ�RQTV�KP�$%
176� 
P���T 1WVRWV�HTQO�TGIKUVGT�VQ�RQTV�P�KP�RCIG��
176&�
16&4� $NQEM�1WVRWV��FGETGOGPVKPI�
CPF�4GRGCV�
176+�
16+4� $NQEM�1WVRWV��KPETGOGPVKPI�
CPF�4GRGCV�
656+1 P 6GUV�RQTV�
��%��WPFGT�OCUM

6#$.'����� 241%'5514�%10641.�+05647%6+105

/PGOQPKE 1RGTCPFU +PUVTWEVKQP

%%( %QORNGOGPV�%CTT[�(NCI
&+ &KUCDNG�+PVGTTWRVU
'+ 'PCDNG�+PVGTTWRVU
*#.6 *CNV
+/ ����� +PVGTTWRV�/QFG
012 0Q�1RGTCVKQP
5%( 5GV�%CTT[�(NCI
5.2 5NGGR

6#$.'����� 416#6'�#0&�5*+(6�+05647%6+105

/PGOQPKE 1RGTCPFU +PUVTWEVKQP
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by subsequent instructions such as ADC, SBC, and DAA. Accumulator A can also 
perform PUSH and POP instructions on the Flags.

%10&+6+10�%1&'5

Table 143 describes the codes used in the Flags Affected columns of the Instruc-
tion Summary Table, Table 146, to indicate how each flag is affected by each type 
of instruction.

Table 144 describes the condition codes that can be used in conditional JP, CALL, 
and RET instructions in assembly language. A subset of these codes can also be 
used in JR instructions, which are shorter and faster than JPs. 

6#$.'����� (.#)�4')+56'4((

$KV � � � � � � � �
0COG 5 < Z *% Z 2�8 0 %(
4GUGV � � Z � Z � � �
0QVG��:���+PFGVGTOKPCVG

$KV�
(KGNF

$KV
2QUKVKQP &GUETKRVKQP

5 � 5KIP�(NCI
< � <GTQ�(NCI

� 4GUGTXGF��FQ�PQV�RTQITCO
*% � *CNH�ECTT[�(NCI

� 4GUGTXGF��FQ�PQV�RTQITCO
2�8 � 2CTKV[�QT�1XGTHNQY�(NCI
0 � #FF�5WDVTCEV�(NCI
%( � %CTT[�(NCI

6#$.'����� (.#)�5'66+0)5�&'(+0+6+105

5[ODQN &GHKPKVKQP

� %NGCTGF�VQ���
� 5GV�VQ��
� 5GV�QT�ENGCTGF�CEEQTFKPI�VQ�VJG�TGUWNV�QH�VJG�QRGTCVKQP

7PCHHGEVGF
: 7PFGHKPGF
8 5GV�KH�1XGTHNQY�QT�7PFGTHNQY
2 5GV�KH�2CTKV[�QT�TGUWNV�KU�'XGP
0< 5GV�KH�VJG�EQWPV�KP�$�QT�$%�KU�PQP�\GTQ
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Table 145 describes other notation used in the subsequent Instruction Summary 
table.

6#$.'����� %10&+6+10�%1&'5

/PGOQPKE &GHKPKVKQP (NCI�5GVVKPIU 8CNKF�KP�,4!

% %CTT[ %(���� ;
0% 0Q�%CTT[ %(���� ;
< � <���� ;
0< 0QP�<GTQ <���� ;
/ /KPWU 5���� 0
2 2QUKVKXG�QT�� 5���� 0
2' 2CTKV[�'XGP 2�8���� 0
21 2CTKV[�1FF 2�8���� 0
8 1XGTHNQY 2�8���� 0
08 0Q�1XGTHNQY 2�8���� 0

6#$.'����� 5;/$1.5

5[ODQN &GHKPKVKQP


CC� 
OP���
+:vF���
+;vF���
$%���
&'���QT�
*.��

$%���
&'���
*.� 6JG���DKV�EQPVGPVU�QH�OGOQT[��CV�VJG�CFFTGUU�RQKPVGF�VQ�

D[�C�TGIKUVGT�RCKT

+:vF���
+;vF� 6JG���DKV�EQPVGPV�QH�OGOQT[�CV�VJG�CFFTGUU�HQTOGF�D[�

CFFKPI�VJG�EQPVGPVU�QH�VJG�KPFGZ�TGIKUVGT�CPF�VJG�UKIPGF�
FKURNCEGOGPV�F�KP�VJG�KPUVTWEVKQP�


OP� 6JG���DKV�EQPVGPV�QH�OGOQT[�CV�VJG�FKTGEV�CFFTGUU�OP

52� 6JG����DKV�EQPVGPVU�QH�OGOQT[�CV�VJG�CFFTGUU�RQKPVGF�VQ�

D[�52��CPF�VJG�PGZV�JKIJGT�CFFTGUU�
vF 5KPEG�F�KU�UKIPGF��KV�YQWNF�DG�OQTG�EQTTGEV�VQ�LWUV�YTKVG��

KPUVGCF��$WV�YG�YTKVG�v�VQ�GORJCUK\G�VJCV�F�KU�UKIPGF�
#( #�EQPECVGPCVGF�YKVJ�(��YKVJ�#�CU�VJG�OQTG�UKIPKHKECPV�

D[VG
D #�DKV�PWODGT�� �
EE #�EQPFKVKQP�EQFG�%��0%��<��0<��5��/��2'��28��8��QT�08
EE #�EQPFKVKQP�EQFG�%��0%��<��QT�0<
F #P���DKV�UKIPGF�FKURNCEGOGPV� ����VQ����
GG #����DKV�TGIKUVGT�$%��&'��*.��52��+:��QT�+;
+'(��� 6JG�RTQEGUUQT U�VYQ�+PVGTTWRV�'PCDNG�(NCIU��5GG�VJG�

+PVGTTWRV�4GIKUVGTU �QP�RCIG ���UGEVKQP�HQT�OQTG�FGVCKN�
OP #����DKV�KOOGFKCVG�FCVC�XCNWG�QT�FKTGEV�CFFTGUU
P #���DKV�KOOGFKCVG�XCNWG�QT�RQTV�PWODGT��� ����QT�� ((*
QR� QR� #�TCPIG�QH�1R�%QFG�XCNWGU��VJCV�KPENWFGU�UQOG�QH�VJG�

XCNWGU�DGVYGGP�VJG�.QY�CPF�*KIJ�XCNWGU��5GG�VJG�0QVG�
2% 2TQITCO�%QWPVGT
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0QVG� The symbol – between Op Codes (op1–op2), in the Op Codes column of the 
Instruction Summary table, indicates all the binary values between the lower and upper 
limits inclusive, that can be formed by incrementing the set of bits that differ between the 
lower and upper value.

'ZCORNG��00–C0 represents 00, 40, 80, and C0, while 40–BF represents all the values in
that range. 

#55'/$.;�.#0)7#)'�5;06#:

For two-operand instructions, Z80 assembly language syntax puts the destination 
operand before the source operand. 

'ZCORNG��LD A,(1234) is a Load instruction, while LD (1234),A is a Store
instruction.

Past Z80 assemblers allowed the destination operand to be omitted (implicit) if the 
Op Code mnemonic only allowed one destination operand, for example, AND L 
instead of AND A,L. Use of these short forms is discouraged because they are a 
source of possible error (the programmer thinks that the implicit destination is 
other than it really is). For the sake of legacy code, all known Z80 assemblers still 
accept the short form.

%CWVKQP� the assembly language uses C ambiguously, to designate one of the 8-bit regis-
ters as well as a condition code to test the Carry flag. This Product Specification uses CF
to designate the Carry flag, and HC to designate the Half-Carry flag (as opposed to the 8-
bit register H).

+05647%6+10�57//#4;

The following table describes each type or class of instruction, using the notation 
described in the preceding sections. In cases where the Address Mode information 
can be both Destination (Dest) and Source code, this information spans both the 
Dest and Source columns (for example, the DEC instruction). The table is sorted 
by the assembly language mnemonics
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Stresses greater than those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. This rating is a stress rating only. Operation of 
the device at any condition outside those indicated in the operational sections of 
these specifications is not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability.

56#0&#4&�6'56�%10&+6+105

Unless otherwise noted, the DC and AC characteristics in this document are 
measured under standard test conditions that include the load circuit illustrated in 
Figure 16. This circuit closely mimics the loading presented by active devices 
such as memories and peripheral devices.

All voltages are referenced to the VSS pins (ground, 0V). Positive current flows 
into the referenced pin.

All AC parameters assume a load capacitance of 100 pF. See “Characteristic 
Curves” on page 178 for the effect of lesser or greater total capacitance on the 
timing. AC timing measurements are referenced to the High and low voltage 
thresholds given in the DC specifications, as indicated in Figures 17 through 25.

6#$.'����� #$51.76'�/#:+/7/�4#6+0)5
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8QNVCIG�QP�CP[�2KP�YKVJ�4GURGEV�VQ�855 ��� �� 8 �

8QNVCIG�QP�8&&�2KP�YKVJ�4GURGEV�VQ�855 ��� � 8

6QVCN�2QYGT�&KUUKRCVKQP 6$& O9
/CZKOWO�%WTTGPV�QWV�QH�855 6$& O#

/CZKOWO�%WTTGPV�KPVQ�8&& 6$& O#

/CZKOWO�%WTTGPV�QP�+PRWV�CPF�QT�+PCEVKXG�1WVRWV�2KP 6$& 6$& z#
/CZKOWO�1WVRWV�%WTTGPV 6$& 6$& O#
Notes:
�� 1RGTCVKPI�VGORGTCVWTG�KU�URGEKHKGF�KP�&%�%JCTCEVGTKUVKEU
�� 6JKU�CRRNKGU�VQ�CNN�RKPU�GZEGRV�YJGTG�PQVGF�QVJGTYKUG��/CZKOWO�EWTTGPV�VJTQWIJ�C�RKP�KU�URGEKHKGF�DGNQY�
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Table 155 and Table 156 describe the DC Characteristics of the Z80S183, for 
temperature ranges TA= 0°C to +70°C and –40°C to +85°C respectively.

6#$.'����� &%�%*#4#%6'4+56+%5��6#����u%�VQ���u%

5[ODQN 2CTCOGVGT %QPFKVKQP /KP 6[R /CZ 7PKVU

8+*� +PRWV�*KIJ�8QNVCIG
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8&&��
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8+*� +PRWV�*KIJ�8QNVCIG

'ZEGRV�4'5'6��':6#.��0/+��
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��� 8&&��
�

8

8+*� +PRWV�*KIJ�8QNVCIG�
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�
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8+.� +PRWV�.QY�8QNVCIG

4'5'6��':6#.��0/+�

��� ��� 8
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GZEGRV�4'5'6��':6#.��0/+�

��� ��� 8

81* 1WVRWV�*KIJ�8QNVCIG +1*��� ����W# ��� 8

+1*��� ���W# 8&&
���

81. 1WVRWV�.QY�8QNVCIG +1.�������O# ���� 8

++. +PRWV�.GCMCIG�
#NN�KPRWVU�GZEGRV�
:6#.��':6#.��.(:6#.��.(':6#.�

8+0�������VQ
8&& ���

��� W#

+1. 1WVRWV�.GCMCIG 8+0�������VQ
8&& ���

��� W#

8+%4 %QORCTCVQT�+PRWV
%QOOQP�/QFG�8QNVCIG�4CPIG

IOL

IOH

From Pin

100 pF
CL

VOL max + VOH min
2
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+&& 5WRRN[�%WTTGPV�
0QTOCN�1RGTCVKQP� ���/*\�
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���/*\�
PQVG��� 6$& 6$&

+&&� 5VCPFD[�%WTTGPV

5[UVGO�5VQR�/QFG�
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5VCPFD[�/QFG� 6$& 6$& W#
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1.  8+*� �8&& ����8��8+.�������8��8&&�������8��PQ�QWVRWVU�NQCFGF�
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GZEGRV�4'5'6��':6#.��0/+�
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++. +PRWV�.GCMCIG�
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8+0�������VQ
8&& ���
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+&& 5WRRN[�%WTTGPV�
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+&&� 5VCPFD[�%WTTGPV

5[UVGO�5VQR�/QFG�

���/*\�
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���/*\�
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5VCPFD[�/QFG� 6$& 6$& µ#
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�� �8+*� �8&& ����8��8+.�������8��8&&�������8��PQ�QWVRWVU�NQCFGF�
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Tables 157 and 158 give the AC Characteristics of the Z80S183, over temperature 
ranges TA = 0°C to +70°C and TA = –40°C to +85°C respectively, for the parame-
ters described in Figures 17 through 25.
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0Q� 5[ODQN� 2CTCOGVGT /KP /CZ /KP /CZ 7PKVU

� H15% %T[UVCN�(TGSWGPE[ �� ����� /*\

� V':%;% 'ZVGTPCN�%NQEM�%[ENG�6KOG�
':6#.� �� &% �� &% PU

� V':* 'ZVGTPCN�%NQEM�*KIJ�6KOG�
':6#.� �� �� PU

� V':. 'ZVGTPCN�%NQEM�.QY�6KOG�
':6#.� �� �� PU

� V':T 'ZVGTPCN�%NQEM�4KUG�6KOG�
':6#.� �� � PU

� V':H 'ZVGTPCN�%NQEM�(CNN�6KOG�
':6#.� �� � PU

� V%*9 2*+�*KIJ�6KOG �� ��

� V%.9 2*+�.QY�6KOG �� ��

� V%;% 2*+�%[ENG�6KOG �� &% �� &% PU

�� V4'5 4'5'6�5GVWR�VQ�2*+�(CNN2 �� � PU

�� V4'* 4'5'6�*QNF�HTQO�2*+�(CNN2 � � PU

�� V4T 4'5'6�(CNN�6KOG1 �� �� OU

�� V4. 4'5'6�.QY�6KOG � � V%;%

�� V4H 4'5'6�4KUG�6KOG1 �� �� OU

�� V+T +PRWV�(CNN�6KOG�
GZEGRV�':6#.��4'5'6�1 �� �� PU

�� V+H +PRWV�4KUG�6KOG�
GZEGRV�':6#.��4'5'6�1 �� �� PU

�� V#8 2*+�4KUG�VQ�#FFTGUU�8CNKF �� � PU

/GOQT[�4GCF

�� V/�. 2*+�4KUG�VQ�/��(CNN �� �� PU

�� V#5/4 #FFTGUU�8CNKF�VQ�
41/4&�QT�4#/4&��(CNN V%*9 � V%*9 �� PU

�� V/4. 2*+�(CNN�VQ�
41/4&�QT�4#/4&��(CNN �� �� PU

�� V965 9#+6�5GVWR�VQ�2*+�(CNN2 �� �� PU

�� V96* 9#+6�*QNF�HTQO�2*+�(CNN2 � � PU

�� V/42. 
41/4&�QT�4#/4&��9KFVJ�.QY �V%;% �� �V%;% �� PU

�� V4&5 4GCF�&CVC�5GVWR�VQ�2*+�4KUG1 �� �� PU

�� V/�* 2*+�4KUG�VQ�/��4KUG �� �� PU

�� V49* 2*+�(CNN�VQ�
41/4&�QT�4#/4&��4KUG �� �� PU
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�� V4&* 4GCF�&CVC�*QNF�HTQO�
41/4&�QT�4#/4&��
4KUG1

� � PU

�� V/4*#% 
41/4&�QT�4#/4&��4KUG�VQ�#FFTGUU�%JCPIG V%.9 �� V%.9 �� PU

/GOQT[�9TKVG

�� V#5/9 #FFTGUU�8CNKF�VQ�
41/94�QT�4#/94��(CNN V%;% �� V%;% ��

�� V9&8 2*+�(CNN�VQ�9TKVG�&CVC�8CNKF �� �� PU

�� V/9&5 9TKVG�&CVC�8CNKF�VQ�
41/94�QT�4#/94��(CNN V%.9 �� V%.9 �� PU

�� V/4. 2*+�4KUG�VQ�
41/94�QT�4#/94��(CNN �� �� PU

�� V/92. 
41/94�QT�4#/94��9KFVJ�.QY V%;%
V%*9 ��

V%;%
V%*9 ��

PU

�� V94* 2*+�(CNN�VQ�
41/94�QT�4#/94��4KUG �� �� PU

�� V9&* 
41/94�QT�4#/94��4KUG�VQ�9TKVG�&CVC�
%JCPIG

V%.9 �� V%.9 �� PU

�� V9&< 2*+�4KUG�VQ�9TKVG�&CVC�(NQCV �� �� PU

�� V/9*#% 
41/94�QT�4#/94��4KUG�VQ�#FFTGUU�%JCPIG V%.9 �� V%.9 �� PU

+�1�4GCF

�� V#5+4 #FFTGUU�8CNKF�VQ�+14&�(CNN�
+1%��� V%*9 �� V%*9 ��

�� #FFTGUU�8CNKF�VQ�+14&�(CNN�
+1%��� V%;% �� V%;% ��

�� V+4. 2*+�(CNN�VQ�+14&�(CNN�
IOC��� �� �� PU

�� 2*+�4KUG�VQ�+14&�(CNN�
+1%��� �� �� PU

�� V+42. +14&�9KFVJ�.QY�
+1%��� �V%;% �� �V%;% ��

�� +14&�9KFVJ�.QY�
+1%��� �V%;%
V%*9 ��

�V%;%
V%*9 ��

�� V49* 2*+�(CNN�VQ�+14&�4KUG �� �� PU

�� V4&* 4GCF�&CVC�*QNF�HTQO�+14&�4KUG1 � � PU

�� V+4*#% +14&�4KUG�VQ�#FFTGUU�%JCPIG V%.9 �� V%.9 �� PU

+�1�9TKVG

�� V#519 #FFTGUU�8CNKF�VQ�+194�(CNN V%;% �� V%;% ��

�� V19&5 9TKVG�&CVC�8CNKF�VQ�+194�(CNN V%.9 �� V%.9 ��

�� V94. 2*+�4KUG�VQ�+194�(CNN �� �� PU

�� V192. +194�9KFVJ�.QY �V%;%
V%*9 ��

�V%;%
V%*9 ��

PU

�� V94* 2*+�(CNN�VQ�+194�4KUG �� �� PU
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�� V9&* +194�4KUG�VQ�9TKVG�&CVC�%JCPIG V%.9 �� V%.9 �� PU

�� V19*#% +194�4KUG�VQ�#FFTGUU�%JCPIG V%.9 �� V%.9 �� PU

$WU�'ZEJCPIG�6KOKPI

�� V$45 $754'3�5GVWR�VQ�2*+�(CNN2 �� �� PU

�� V$4* $754'3�*QNF�CHVGT�2*+�(CNN2 �� �� PU

�� V4.#. $754'3�.QY�VQ�$75#%-�.QY V%;%
V%.9

V%;%
V%.9

�� V$#. 2*+�4KUG�VQ�$75#%-�(CNN �� �� PU

�� V$< 2*+�4KUG�VQ�$WU�(NQCV �� �� PU

�� V4*#* $754'3�*KIJ�VQ�$75#%-�*KIJ � � � � V%;%

�� V$#* 2*+�(CNN�VQ�$75#%-�4KUG �� �� PU

�� V$8 2*+�4KUG�VQ�$WU�8CNKF �� �� PU

+PVGTTWRV�6KOKPI

�� V+065 +06��5GVWR�VQ�2*+�(CNN2 �� �� PU

�� V+06* +06��*QNF�CHVGT�2*+�(CNN2 � � PU

�� V+065 +06� ��5GVWR�VQ�2*+�(CNN�
NGXGN�UGPUG�2 �� �� PU

�� V+06* I06� ��*QNF�CHVGT�2*+�(CNN�
NGXGN�UGPUG�2 � � PU

�� V+06. +06� ��2WNUG�9KFVJ�
GFIG�UGPUG�1 �� �� PU

�� V0/+. 0/+�9KFVJ�NQY1 �� �� PU

&/#�6KOKPI

�� V&435 &4'3� ��5GVWR�VQ�2*+�4KUG�
NGXGN�UGPUG�2 �� �� PU

�� V&43* &4'3� ��*QNF�HTQO�2*+�4KUG�
NGXGN�UGPUG�2 � � PU

�� V&43. &4'3� ��.QY�9KFVJ�
GFIG�UGPUG�1 V%;% V%;%

�� V&43* &4'3� ��*KIJ�9KFVJ�
GFIG�UGPUG�1 V%;% V%;%
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%5+�1�6KOKPI

�� V56&+ %-5�.QY�VQ�6:5�8CNKF �� �� PU

�� V545+ 4:5�8CNKF�VQ�%-5 JKIJ1 �� �� PU

�� V54*+ %-5�*KIJ�VQ�4:5�+PXCNKF1 � � PU

Notes:
�� 6JGUG�VKOKPI�TGSWKTGOGPVU�OWUV�DG�OGV�VQ�CUUWTG�EQTTGEV�FGXKEG�QRGTCVKQP�
�� 6JGUG�5GVWR�CPF�*QNF�VKOGU�OWUV�DG�OGV�VQ�IWCTCPVGG�TGEQIPKVKQP�CV�VJG�ENQEM�GFIG�KP�SWGUVKQP��+H�VJG[�CTG
PQV�OGV�YKVJ�TGURGEV�VQ�C�ENQEM�GFIG��VJG�<��5����OC[�QT�OC[�PQV�TGEQIPK\G�VJG�PGY�UVCVG�QH�VJG�UKIPCN�CV
VJCV�GFIG��+H�KV�FQGU�PQV��CPF�VJG�UKIPCN�TGOCKPU�KP�VJG�UCOG�UVCVG��VJG�<��5����TGEQIPK\GU�VJG�PGY�UVCVG��
ENQEM�RGTKQF�NCVGT�
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� H15% %T[UVCN�(TGSWGPE[ �� ����� /*\

� V':%;% 'ZVGTPCN�%NQEM�%[ENG�6KOG�
':6#.� �� &% �� &% PU

� V%*9 'ZVGTPCN�%NQEM�*KIJ�6KOG�
':6#.� �� �� PU

� V%.9 'ZVGTPCN�%NQEM�.QY�6KOG�
':6#.� �� �� PU

� V':T 'ZVGTPCN�%NQEM�4KUG�6KOG�
EXTAL� �� � PU

� V':H 'ZVGTPCN�%NQEM�(CNN�6KOG�
EXTAL� �� � PU

� V%*9 PHI�*KIJ�6KOG �� �� PU

� V%.9 PHI�.QY�6KOG �� �� PU

� V%;% PHI�%[ENG�6KOG �� &% �� &% PU

�� V4'5 4'5'6�5GVWR�VQ�2*+�(CNN2 �� � PU

�� V4'* 4'5'6�*QNF�HTQO�2*+�(CNN2 � � PU

�� V4T 4'5'6�(CNN�6KOG1 �� �� OU

�� V4. 4'5'6�.QY�6KOG � � V%;%

�� V4H 4'5'6�4KUG�6KOG1 �� �� OU

�� V+T +PRWV�(CNN�6KOG�
GZEGRV�':6#.��4'5'6�1 �� �� PU

�� V+H +PRWV�4KUG�6KOG�
GZEGRV�':6#.��4'5'6�1 �� �� PU

�� V#8 2*+�4KUG�VQ�#FFTGUU�8CNKF �� � PU

/GOQT[�4GCF
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�� V/�. 2*+�4KUG�VQ�/��(CNN �� �� PU

�� V#5/4 #FFTGUU�8CNKF�VQ�
41/4&�QT�4#/4&��
(CNN

V%*9 � V%*9 �� PU

�� V/4. 2*+�(CNN�VQ�
41/4&�QT�4#/4&��(CNN �� �� PU

�� V965 9#+6�5GVWR�VQ�2*+�(CNN2 �� �� PU

�� V96* 9#+6�*QNF�HTQO�2*+�(CNN2 � � PU

�� V/42. 
41/4&�QT�4#/4&��9KFVJ�.QY �V%;%
��

�V%;%
��

PU

�� V4&5 4GCF�&CVC�5GVWR�VQ�2*+�4KUG1 �� �� PU

�� V/�* 2*+�4KUG�VQ�/��4KUG �� �� PU

�� V49* 2*+�(CNN�VQ�
41/4&�QT�4#/4&��4KUG �� �� PU

�� V4&* 4GCF�&CVC�*QNF�HTQO�
41/4&�QT�
4#/4&��4KUG1

� � PU

�� V/4*#% 
41/4&�QT�4#/4&��4KUG�VQ�#FFTGUU�
%JCPIG

V%.9 �� V%.9 �� PU

/GOQT[�9TKVG

�� V#5/9 #FFTGUU�8CNKF�VQ�
41/94�QT�4#/94��
(CNN

V%;% �� V%;% ��

�� V9&8 2*+�(CNN�VQ�9TKVG�&CVC�8CNKF �� �� PU

�� V/9&5 9TKVG�&CVC�8CNKF�VQ�
41/94�QT�
4#/94��(CNN

V%.9 �� V%.9 �� PU

�� V/4. 2*+�4KUG�VQ�
41/94�QT�4#/94��(CNN �� �� PU

�� V/92. 
41/94�QT�4#/94��9KFVJ�.QY V%;%
V%*9 ��

V%;%
V%*9 ��

PU

�� V94* 2*+�(CNN�VQ�
41/94�QT�4#/94��4KUG �� �� PU

�� V9&* 
41/94�QT�4#/94��4KUG�VQ�9TKVG�&CVC�
%JCPIG

V%.9 �� V%.9 �� PU

�� V9&< 2*+�4KUG�VQ�9TKVG�&CVC�(NQCV �� �� PU

�� V/9*#% 
41/94�QT�4#/94��4KUG�VQ�#FFTGUU�
%JCPIG

V%.9 �� V%.9 �� PU

+�1�4GCF

�� V#5+4 #FFTGUU�8CNKF�VQ�+14&�(CNN�
+1%��� V%*9 �� V%*9 ��

�� #FFTGUU�8CNKF�VQ�+14&�(CNN�
+1%��� V%;% �� V%;% ��

�� V+4. 2*+�(CNN�VQ�+14&�(CNN�
+1%��� �� �� PU

�� 2*+�4KUG�VQ�+14&�(CNN�
+1%��� �� �� PU
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�� V+42. +14&�9KFVJ�.QY�
+1%��� �V%;%
��

�V%;%
��

�� +14&�9KFVJ�.QY�
+1%��� �V%;%
V%*9 ��

�V%;%
V%*9 ��

�� V49* 2*+�(CNN�VQ�+14&�4KUG �� �� PU

�� V4&* 4GCF�&CVC�*QNF�HTQO�+14&�4KUG1 � � PU

�� V+4*#% +14&�4KUG�VQ�#FFTGUU�%JCPIG V%.9 �� V%.9 �� PU

+�1�9TKVG

�� V#519 #FFTGUU�8CNKF�VQ�+194�(CNN V%;% �� V%;% ��

�� V19&5 9TKVG�&CVC�8CNKF�VQ�+194�(CNN V%.9 �� V%.9 ��

�� V94. 2*+�4KUG�VQ�+194�(CNN �� �� PU

�� V192. +194�9KFVJ�.QY �V%;%
V%*9 ��

�V%;%
V%*9 ��

PU

�� V94* 2*+�(CNN�VQ�+194�4KUG �� �� PU

�� V9&* +194�4KUG�VQ�9TKVG�&CVC�%JCPIG V%.9 �� V%.9 �� PU

�� V19*#% +194�4KUG�VQ�#FFTGUU�%JCPIG V%.9 �� V%.9 �� PU

$WU�'ZEJCPIG�6KOKPI

�� V$45 $754'3�5GVWR�VQ�2*+�(CNN2 �� �� PU

�� V$4* $754'3�*QNF�CHVGT�2*+�(CNN2 �� �� PU

�� V4.#. $754'3�.QY�VQ�$75#%-�.QY V%;%
V%.9

V%;%
V%.9

�� V$#. 2*+�4KUG�VQ�$75#%-�(CNN �� �� PU

�� V$< 2*+�4KUG�VQ�$WU�(NQCV �� �� PU

�� V4*#* $754'3�*KIJ�VQ�$75#%-�*KIJ � � � � V%;%

�� V$#* 2*+�(CNN�VQ�$75#%-�4KUG �� �� PU

�� V$8 2*+�4KUG�VQ�$WU�8CNKF �� �� PU

+PVGTTWRV�6KOKPI

�� V+065 +06��5GVWR�VQ�2*+�(CNN2 �� �� PU

�� V+06* +06��*QNF�CHVGT�2*+�(CNN2 � � PU

�� V+065 +06� ��5GVWR�VQ�2*+�(CNN�
NGXGN�UGPUG�2 �� �� PU

�� V+06* +06� ��*QNF�CHVGT�2*+�(CNN�
NGXGN�UGPUG�2 � � PU

�� V+06. +06� ��2WNUG�9KFVJ�
GFIG�UGPUG�1 �� �� PU

6#$.'����� #%�%*#4#%6'4+56+%5��6#��� ��u%�61���u%��%.�������2(��
%106+07'&�
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�� V0/+. 0/+�9KFVJ�NQY1 �� �� PU

&/#�6KOKPI

�� V&435 &4'3� ��5GVWR�VQ�2*+�4KUG�
NGXGN�
UGPUG�2

�� �� PU

�� V&43* &4'3� ��*QNF�HTQO�2*+�4KUG�
NGXGN�
UGPUG�2

� � PU

�� V&43. &4'3� ��.QY�9KFVJ�
GFIG�UGPUG�1 V%;% V%;%

�� V&43* &4'3� ��*KIJ�9KFVJ�
GFIG�UGPUG�1 V%;% V%;%

%5+�1�6KOKPI

�� V56&+ %-5�.QY�VQ�6:5�8CNKF �� �� PU

�� V545+ 4:5�8CNKF�VQ�%-5�JKIJ1 �� �� PU

�� V54*+ %-5�*KIJ�VQ�4:5�+PXCNKF1 � � PU

0QVGU�
�� 6JGUG�VKOKPI�TGSWKTGOGPVU�OWUV�DG�OGV�VQ�CUUWTG�EQTTGEV�FGXKEG�QRGTCVKQP�
�� 6JGUG�5GVWR�CPF�*QNF�VKOGU�OWUV�DG�OGV�VQ�IWCTCPVGG�TGEQIPKVKQP�CV�VJG�ENQEM�GFIG�KP�SWGUVKQP��+H�VJG[
CTG�PQV�OGV�YKVJ�TGURGEV�VQ�C�ENQEM�GFIG��VJG�<��5����OC[�QT�OC[�PQV�TGEQIPK\G�VJG�PGY�UVCVG�QH�VJG
UKIPCN�CV�VJCV�GFIG��+H�KV�FQGU�PQV��CPF�VJG�UKIPCN�TGOCKPU�KP�VJG�UCOG�UVCVG��VJG�<��5����TGEQIPK\GU�VJG
PGY�UVCVG�1 QPG�ENQEM�RGTKQF�NCVGT�

6#$.'����� #%�%*#4#%6'4+56+%5��6#��� ��u%�61���u%��%.�������2(��
%106+07'&�
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The capacitance of each pin on the Z80S183 depends on whether the pin is an 
input, output, or both. The total capacitance associated with outputs affects their 
AC characteristics (switching time) as described in “Characteristic Curves” on 
page 178.
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ZiLOG expects Revision BA of the Z80S183 to fix the following problems. The 
errata apply to revision AB of the Z80S183, which is identified by a 0 in the 
Device Revision register, I/O address 003DH.

5EJOKVV�6TKIIGTU

The RESET, NMI, ZCL and ZDA pins are specified to include Schmitt triggers, but 
these were not included on Rev AB. The 50 mS max rise and fall time specified 
for RESET thus becomes much shorter, 50 nS or less. Since RESET is an open-
drain output, perhaps the best workaround is to simply connect a pullup resistor, 
and not drive RESET externally.

0Q�46%�#NCTO

The Alarm function of the Real Time Clock is not operative.

294596%*�0GICVKXG�.QIKE

The PWRSWTCH pin is specified as positive logic, but in Rev AB is implemented 
as negative logic (1 is Low, 0 is High).

1WVRWV�%QPVTQN�4GIKUVGT�4GUGV

The OCR is specified to reset to 0xx0 0000, but instead resets to 0xx1 1000.

0Q�4GUGV�(TQO�12/1&�

A rising edge on OPMOD1 does not trigger a Power On Reset sequence.

2+15�2QTV�+PKVKCNK\CVKQP

The Programmable I/O Sequencer enables Port C outputs when it is enabled. Soft-
ware needs to define the state of Port C outputs before enabling the PIOS, by 
writing to the Port C Data Register.

246�4CEG�%QPFKVKQP

If software writes to the PRT Reload registers while the PRT is operating, and a 
write coincides with a window near the end of the PRT’s countdown cycle, the 
down counter may end up reloaded with the wrong value.

������*\�46%�%NQEM�6CMGP�(TQO�9TQPI�2KP

The RTC specs read that if bit 4 of the RTC Control/Status Register is 1, the RTC 
takes a 50 or 60 Hz clock from the PC0 pin. Rev AB makes the frequency adjust-
ment when this bit is 1, but takes the clock from LFEXTAL, as when the bit is 0.
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4GIKUVGT�9TKVG�'PCDNG�5VCVG�+PFGVGTOKPCVG�#HVGT�4GUGV

The Register Write Enable state that is readable as bit 0 of the Watch-Dog Timer 
Master register is specified to reset to 1. However, its value is indeterminate after 
power up and unchanged by other Resets. Reset-initialization software writes a 
0BH to the Watch-Dog Timer Command Register to set this bit, before writing any 
of the System Configuration, Power Control, Port Data Direction, or Real Time 
Clock registers.

#22.+%#6+10�016'5�&'8'.12/'06�611.5

<+.1)�&'$7)�+06'4(#%'

The Z80S183 includes this serial interface to allow ZiLOG and 3rd-party develop-
ment systems and emulators to control and monitor the processor and other on-
chip resources, during application development and debugging. This 2-wire inter-
face is intended to be a standard feature of ZiLOG processors, obviating the need 
for expensive and cumbersome pods and clip-on emulation equipment.

To use the ZiLOG Developer Studio (ZDS) or equivalent equipment with an 
application or target board, include a standard right angle, 0.1 in spaced, 0.025 in 
square post, six pin header on the board (Berg P/N 75867-131 or equivalent). 
Connect the ZCL and ZDA pins of the Z80S183 to pins 4 and 6 of this header as 
illustrated in Figure 27, which is a top view.

(+)74' ��� <&+�%100'%614�10�6#4)'6�$1#4&

<�5���

<%.

<&#

��

��

8FF
�

��-
)0&

�

�

�

� <&#

<%.



<+.1)�&'$7)�+06'4(#%' 2#%-#)+0)

25�������:/2���� 2TGNKOKPCT[�<��5��� ���

2#%-#)+0)

(+)74' ��� ����2+0�6*+0�3(2

(+)74' ��� ����2+0�83(2�2#%-#)'�&+#)4#/

� ��

��

��

����

��

���

*&
&

' *'

D G

#
#�

#�

&'6#+.�#

.' E

&'6#+.�#
.

� ��ª



14&'4+0)�+0(14/#6+10 2#46�07/$'4�&'5%4+26+10

��� 2TGNKOKPCT[�<��5��� 25�������:/2����

14&'4+0)�+0(14/#6+10
 

For fast results, contact your nearest ZiLOG sale office or the ZiLOG Customer 
Support Center at 877-945-6427 (web site: www.zilog.com) for assistance in 
ordering parts.

2#46�07/$'4�&'5%4+26+10

ZiLOG part numbers consist of a number of components. 

'ZCORNG��

Part number Z80S183 33 A S C, a Z80S183, 33 MHz, Thin Quad Flat Pack, 0 to 
70 C, Plastic Standard Flow, is made up of the codes described in the following 
table.

41/�%1&'�57$/+55+10

41/�%QFG�5WDOKUUKQP�+PUVTWEVKQPU

Outlook Public Folders: All Public Folders: ZiLOG Corporate: 
ROM Submission Forms: Z8S183-4.2.

<��5����
���/*\�

5VCPFCTF�6GORGTCVWTG
����2KP�3(2
<��5�����#5%4ZZZZ

'ZVGPFGF�6GORGTCVWTG
����2KP�3(2
<��5�����#'%4ZZZZ

<�.����
���/*\�

5VCPFCTF�6GORGTCVWTG
����2KP�3(2
<�.�����#5%4ZZZZ

'ZVGPFGF�6GORGTCVWTG
����2KP�3(2
<�.�����#'%4ZZZZ

< <K.1)�RTGHKZ
�5��� 2TQFWEV�0WODGT
�� 5RGGF
# 2CEMCIG
5 6GORGTCVWTG
% 'PXKTQPOGPVCN�(NQY
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To submit a ROM Code:

1. Complete ROM code submission form.

2. Send this form and the hex file (in Intel Hex format) as separate attachments in
an E-mail to: codes@zilog.com. 

52'%+#.�+05647%6+105��
1RVKQPCN�

612/#4-�1(�2#465

To submit a topmark:

1. Check box for default or custom for the preferred package.

2. On default, 9999 indicates ROM number assigned to part by ZiLOG.

3. If custom topmark is selected, enter characters in the space provided. ZiLOG
adds the date code (XXYY BB) as bottom line and align as shown on default
topmark. 

4. If you do not use all the lines on a custom topmark you must leave the top line
blank.

5. For ™ (Trademark) symbol, place lowercase tm.

6. For © (Copyright) symbol, place lowercase c followed by a space.

7. For custom logo, attach BMP, JPEG or GIF file to this form.

8. To use ZiLOG in a custom topmark, type: pZiLOG. The p is a placemark
for the ZiLOG name. 

The Z logo is used when applicable. (See Default)

%QORCP[�0COG��AAAAAAAAAAAAAAAAAAAAAAAAAAA &KUV[�5WDEQP��AAAAAAAAAAAAAAAAAAAAAA &CVG��AAAAAA

<K.1)�2�0�� 2CEMCIG�%QFG�.GIGPF��AAAAAAAAAAAAAAAAAAAAAAAAAA

%JGEMUWO� 4GX��
KPRWV�D[�<K.1)��AAAAAAAAAAAAAAAAAAAAAAAAAAA

%QORCP[�2�0��AAAAAAAAAAAAAAAAAAAAAAAAAAAAA (KNG�2�+PRWV��
KPRWV�D[�<K.1)��AAAAAAAAAAAAAAAAAAAA

'ZRGEVGF�#PPWCN�XQNWOG�KP�7PKVU��AAAAAAAAAA

#RRNKECVKQP��AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

<K.1)�5CNGU�1HHKEG�
QT�[QWT�%KV[�CPF�%QWPVT[��AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

5GPF�41/�8GTKHKECVKQP�VQ��AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

2JQPG��AAAAAAAAAAAAAAAAAAAAAAA '�OCKN��AAAAAAAAAAAAAAAAAAAAAAA (CZ��AAAAAAAAAAAAAAAAAAAAAAAAA

83(2�����2+0 %WUVQO�AAAAA
���%JCT�/CZ��AAAAAAAAAAAAAAAAAAAAAAAAAA &GHCWNV�AAAAAA
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©1999 by ZiLOG, Inc. All rights reserved. Information in this publication 
concerning the devices, applications, or technology described is intended to 
suggest possible uses and may be superseded. ZiLOG, INC. DOES NOT 
ASSUME LIABILITY FOR OR PROVIDE A REPRESENTATION OF ACCU-
RACY OF THE INFORMATION, DEVICES, OR TECHNOLOGY 
DESCRIBED IN THIS DOCUMENT. ZiLOG ALSO DOES NOT ASSUME 
LIABILITY FOR INTELLECTUAL PROPERTY INFRINGEMENT RELATED 
IN ANY MANNER TO USE OF INFORMATION, DEVICES, OR TECH-
NOLOGY DESCRIBED HEREIN OR OTHERWISE. Except with the express 
written approval of ZiLOG, use of information, devices, or technology as critical 
components of life support systems is not authorized. No licenses are conveyed, 
implicitly or otherwise, by this document under any intellectual property rights.

24'%*#4#%6'4+<#6+10�241&7%6

The product represented by this document is newly introduced and ZiLOG has not 
completed the full characterization of the product. The document states what 
ZiLOG knows about this product at this time, but additional features or noncon-
formance with some aspects of the document may be found, either by ZiLOG or 
its customers, in the course of further application and characterization work. In 
addition, ZiLOG cautions that delivery may be uncertain at times, because of 
start-up yield issues.

ZiLOG, Inc.
910 East Hamilton Avenue
Campbell, CA 95008
Telephone (408) 558-8500
FAX 408 558-8300
Internet: HTTP://WWW.ZILOG.COM

&1%7/'06�+0(14/#6+10

%*#0)'�.1)

4GX &CVG 2WTRQUG $[

�� �������� 1TKIKPCN�KUUWG IICODNG
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