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 ��,�� ��( ���-.� ��� � �,� /���� 01# �� ������ )�	(Dot Matrix ����� ��

-2 ��+� �3. �� 4��.

- * &6� 
 �� ���� 07� 08, �39' �, �� �* 02�� �� 07:�; <�� ���	
 )�	( . <��

- * &6� 
 �39' �, �� �� ���� 07� =� 0>.�	� �
 ?6+ ����� )�	( �* 0>7'�@�� .

 �A' �0+�� B��!+� ���!� � ���	� �#��; )4�C�� �� ��7. ��D	'	 E� -2� �� ���F,

 $G �� �� ���4�� ����� �� �H # &���� -7�>.�	� �
 �F2 �* I-, <�� �� ���	
 )�	(

-
G �	#	� �-7 * &C�
 . ��,�� ��( �� �%7�� J��-9
 &
�2 $	 *� K, �H # &���� <��

 � &����( ��,	���� =>�� ��*���2�Tape Backup ��, �EH2 ��,�	�(��G �� ��+�  

 �L9
) LAN  ( �CD-ROM Player �	2 �
 �, .

 �� �� �-.� ��	� ����� $G �� �H # &���� <�� $���-��; � $�- ,� �%�	� �* ��NE8
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 K7>6� ���� . ����� �E �� ��� PC �� ��	� �-2 ���� ���G $�O7, )�	C� 

 ��6�.� )�-� �P*�-@ $	Q �-2 �F. R�>@� &'���( )�	( $�F�;�� �� ��77S� �E7'�@

 $�F�;�� <�� ?�	� ��-@�TU ��!+� V�. =� �� ��7. �%��� <�� �* ��	� �7.�W �� 0��� 	L7* 

02�� - F��-� � �	� . �	#� �E���E'� ��, ?��� ���� ����-.���� X7, �E.G �V��

 ��, ���-9
 �� K�>7� ��ELFY 0.�FZ �� �.����+ )NE8
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 <�� �* �02�-.

-2 �
 \L��
 . ��,���-.���� ]6. �E �� V�O.��� � �	^ �� ���1L��* �� ���_��� ��@��^

��-7F. ���#� �� �( B2  �� B7�.

 ��� ������ `��> ��� ��a� 
 � b9� c��2 ���� �� ��( $�-.��� ?�	� ���-�� 

-2 ��!�� �EH2 d��^ �� �,�� ��( - F2	, ��� * ���� �-�-# ���-.���� =� . <��

 &
�2 �* $�-.���Lexmark, IBM, Texas instuments $�F7( �-2 �
 �76� � 

  �� �EH2 0 ��( �LLF'� <7�) Network Printing Alliance  (-.���G �	#	� ��.
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 �'	F%
 &'���( )�	(PC- * �.�H7�8( �� ���-.���� <�� �3. ��	
 ��,��7. �� �	H. ���� .

NPA �� ��1 87( =�  IEEE��  �� f��� �+�^ �� e�H��� =� �� $-7�� ���� �* ��* �g�

 ���PC-,� &7E8� �� ��7F*   . ���-.���� �* -2�� ��2�� �3. �� ��7F* <�� �* �	� V�4

 �L:� &'���( )�	( �� ����� N
�* -��� -�-#)Original  ( -2�� $G �H # &���� � . �

����"
 =� �� ��87� �� �� ���� h�. ��@ <7Y ��-,� B��!+� �7.�W �� 0 . ��7F* <��

 ���-.����IEEE 1284���G �	#	� ��.

���-.����IEEE 1284 ��  Standard Signaling Method for Bi-

directional”“Parallel Pripheral Interface for Personal Computers 

 R��
 �� B����� <��;G �������k-2 [�	C� .



�

��l (G ���	
 ���� �� ��� 2

 $�F, �� ���	
 ���� Parallel Port �� )�YN^� �* 0��,��	7m
�* ��1��	( �� �E� 

�	2 �
 ��2	. $G ��� �� �� � ��	2 �
 &6� 
 ��	7m
�* �� � �-.�	; $G d��^.

 &*��IBM ��E7
 ���� �- �>, �� ��( ���	
 )�	( &
�2 �* �	�(��G c	. �� 

��,��	7m
�*PC/ XT/ AT 0�� �-�� n��-�   . �-2 [C. =7
�-* �E.G �� ��>�

 R��G �� �� �E� ����� ���7��� &��� )�	( �, �- 2��3BC, 378, 278)   �"F,

  )�	C� HEX (�	� -,�	; . �P*�PC R��G �� K1.G � ���	
 )�	( =� �� �, 378

HEX -.� �-2 -7'	� .

 ���	
 )�	(  PC �,�� ��( ��C�� ���� ];� �	o� ?��� =� pL7�	�)Interface   ( 

-.� �-2 �@��^ .����� )�	( =� $�	 %� $G �� $�	� �
 �
� / �, ���� �
	FY �#��;

 ���_��� �-2�� ����� $G �#��; � ����� ��1�7L��� �� �* ��"�� �����* �, �� �L7��

��*. ����� )�	( <���l �+�� TTL� * p
�.�� 09� $-.�	; � <�2	. &��� �* 0��  �'�

- �>, r��; � ���� ��1LF%'��	��� �� ���_��� �� �.

 ?�	� 0�� <EF
 �* 0�� �!O
 ����� s ( ����� <7 �F, ��	7m
�* �	�(��G

-.	2 �-.�	; �	>���( ����� ��1LF%'��	��� . -.�	� �
 �, ����� �� �E� c	FO
 ��

�	2 ���_��� �	>���( p_�� -7'	� ���� ..�� 09� �-.�	�7
 �_�� <�� �7t �� ��%+ ��� * p
�

�	2 ��%+ .�-2 &C�
 pL7�� $�	� �
 �#��; =� ?�	� <7 �F, $�
!F, �� )�	( ��

 $-2 <2�� p_�� �� )  Reset from the Power-on Circuite(��* ���-.� ���.

 J-  * &C�
 =� ?�	� �#��; ��1'� "7�lT c	. �� <7( D �  )D-Type (  �� �*

���� ���� �	�(��G 08(- �>, R���� ��  . �� �� ��( �� ���_��� ���� )�	( <�� �* ����

 p��( � �-.	2 �
 &6� 
 ��7� 08, )�	C� )��	��� � )�YN^� ��	2 �
 ��+� �3.

STROBE0�� ��%+ !7.   . 01# �� ����� ��1 7( �
�.�� 0�� <EF
 0'�@ <�� ��

� �� �-%� ��*���* /m� � �-.�	�� �� ��( 07%Z� �� cN^� ���_��� �� &FY <�� �* -���_

 ?; ��“Not Busy”��7 �
 )�	: .

�	2 �-.�	; $G ��� �� ��� ��2	. ?��� ��-
 ��� �� )�YN^� 0�� <EF
 <7 �F,. <��

 � �-.�� �!O
 �� �'�!�� K, �� ���	
 )�	( � �-2 &C�
 pL7�� �* -,� �
 ���#� ��*

�	8. ���� �1.G �� �H7�G.
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-7 E7
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 &E2���Parallel Printer Adapter (IBM PC/AT) Block Diagram

 ��, &E2 �� �* ����� �	#� �_L��
 ��, ��� $G �� 0a�_@ � )�	( $	7�4�!�� ����

��* -7,�	; �3@N
 �� �1.G �� ���, �.	F. �-%� .&E2 ����l �'�!�� ��-
 -%� p9_: 

 �L7�	� �* �� ���	
 )�	( J-  *IC 74LS573-7 7� �
 ��+� )�	: .
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&E2 �� <7 �F,��u-7 * �
 �-,�8
 �� ��	. J-  * �'�!�� ��-
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 ����� ��, �D��( ���� ���_��� ��	
 )�	( <���F1
 )�	( &'���( �-2 ��_ �* �	o.�F,

0�� ?��� ��-
 . <�� �� ���_��� $�E
� )�	(� �� ����� 07� �l �� �� �#��; 07� 

���� �
 �71
 $�
� �, . �D��( �� ���7>� �� �#��; ��,��-
 $��* ��EQ	* �� <�� �� � �

- E7
 =F* �
 �� �, . �� )�	( <��k ���� * ?; T � 07%Z� ?; � &7E8� ���� ?; 

0�� �-2.

 ���-.���� 09� -�-# &'���( ��1��	(IEEE 1284 �  ��� 0>�. B��������k- �>,  .

 ���-.���� <��T- * �
 \��%� �- �>, ��� v�2 �� �* �� ���7LFY �	
 :

1. Compatibility Mode.   
2. Nibble Mode. (Protocol not Described in this Document) 
3. Byte Mode. (Protocol not Described in this Document) 
4. EPP Mode (Enhanced Parallel Port). 

5. ECP Mode (Extended Capabilities Mode).

 ����� �"�-F, �� �* -.	2 �@��^ ��	^ ��H.�# &���� � �,�	���� ��* �	� <�� I-,

 ���-.���� &'���( )�	( �� <7 �F, � - 2��)SPP  ( - 2�� ��2�� ������ !7. . ��, �	


Compatibility,Nibble � Byte )�	( �� �	#	
 ���-.���� ��,��!+� 0�� �� ?6+  

 ��,�	
 �E7'�@ �� �-  * �
 ���_��� ���-.���� &'���(EPP � ECP ��!+� 0�� �� ��7. 

 )�	( �� $� �F, �E7'�@�� �-.- 
��7. - * &FY ���87� 0Y�� �� -.�	�� �* �_Y�x


-.��� ������ !7. ���-.���� &'���(.Compatibility Mode  �� “Centronics Mode”

 ���%
 ��Y�� �� �+�oE� )�	C� �� ���� -.�	� �
 ?6+50 Kbyte/s )  �P*�-@150 kb/s 

 (- * &6� 
.

 ��, �	
 �� �E� �� -��	HO
 �F2 ���� 0+���� ���� ��@ �, ��”&H7. ” ��”0��� ” ���_���

-7 * .Nibble Mode  &H7. =� -.�	� �
  )k 07�  (L7�� �� �� &6� 
 ��	7m
�* �� �H.�# p

- *.Byte Mode  �+�^�� 07:	C; �� )���� �	#� �1���* �� �x%� ��� �* ( ����

 0��� =� ����)�07�  (- * �
 ���_���.

 ��+�� �	H1� � ��+�� �%�	� &'���( ��1��	( )Enhanced and Extended( � ��!+� 0��

 0���-
 ��O�� ���� �� �_Y�x
hand shaking�� -  * �
 ���_� . =� $�����+ ����
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 �� ���_��� �� ��"�� pL7�� �, �� �� ��( =� �� 0���Compatibility Mode -��� ��!+� V�.  

-,� V�O.� �� ��� &@��
.

������ )�	( ��� �� 0��� =� <�2	..

l��. �� 0�� �	S8
 07%Z� �� �� ��( ��G �E �� ����� . ��

���� X7, -2�� �	S8
 �� ��(� �� 0�� �� �-2 ��2	. ���� � ���A( �F. �

��� �
.

u�$��� ���� ���(Strobe)  <7(� ( 0'�@ ��Low .  �� ��( �� <��

 ���� e	o; ��� �H�%
 J��� �* -.�F1+ �
) ��1 7(l �� � (���� ����.

k� $-.�����Strobe  0'�@ �� high ��-@ �� /( T �7.�W��E7
 

 �E7.�
� ��Strobe 0'�@ �� Low��+� �	� ) .V	� V-� �� 08��.(

- * �
 ��-9
 �� )�	( 0Y�� )�7LFY <�� . ��1��	(ECP & EPP <7F, �� �H��6� 

 �� �E7'�@ �� �-  * �
 &FY &E2hand shaking [#	
 <�� �* �-  * �
 ���_��� 

�	2 �
 0Y�� B��!+� . ��-@ - .�	� �
 �1��	( <��� �� l-  * &6� 
 �7.�W �� 0����"
  .

 �F, )�	( <7ECP ��1'�.�* �� ���_��� ���.�	� DMA) �3+�@ �� K76�>
 ������ ( ��

 &F%'��	��� �� �E7'�@ �� - * �-7( 0_72 �2�� )�	C� -.�	� �
 ���� �A' �����I/O 

�	2 �F. ���_���.



	

���(&'���( )�	( ��, )�HW� �1 7(

 ����� &'���( )�	(lT2 [7���� �* -2�� �
 ���( -.� �-
G ��� V����� �� ���F.

Παραλλελ Πορτ Πινουτ ∆ιαγραµ

Pin Signal
1 -Strobe
2 Data 0
3 Data 1
4 Data 2
5 Data 3
6 Data 4
7 Data 5
8 Data 6
9 Data 7
10 -Acknowledge
11 Busy
12 Paper Empty
13 +Select
14 -Auto Feed
15 -Error
16 -Init
17 -Slctin
18 Ground
19 Ground
20 Ground
21 Ground
22 Ground
23 Ground
24 Ground
25 Ground
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�� ����� از آ��
��ر ٤-١در �� �� ! ٢٥�$%
 +$0 &/.�ص +�رت +�را*	 را &(�ه�' &$

- * �
 $�7� �1.G �%��� &9
 �� �� �, <7( �
��� �*.

 	
 +��6 +�رت +�را*	٢٥) Female(�د' آ��
��ر &-٤-١�

.در �Cاول و ���ه�ي ز�A، و?�$< =>�:�8 و ا:.�9ت +$%�8ي +�رت &�ازي را&(�ه�' &� آ%$�

IBM-PC Parallel Printer PortRegisters & Pinouts
Registers (- unavailable)
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Pinouts

Register  DB-25     I/O 
Signal Name    Bit      Pin   Direction
===========  ========  =====  =========
-Strobe        ¬C0 1      Output
+Data Bit 0     D0 2      Output
+Data Bit 1     D1 3      Output
+Data Bit 2     D2 4      Output
+Data Bit 3     D3 5      Output
+Data Bit 4     D4 6      Output
+Data Bit 5     D5 7      Output
+Data Bit 6     D6 8      Output
+Data Bit 7     D7 9      Output
-Acknowledge    S6 10       Input
+Busy          ¬S7 11       Input
+Paper End      S5 12      Input
+Select In      S4 13       Input
-Auto Feed     ¬C1 14      Output
-Error          S3 15       Input
-Initialize     C2 16      Output
-Select        ¬C3 17      Output

Ground          - 18-25 -
(Note again that the S7, C0, C1 & C3 signals are inverted)

IBM-PC Parallel Printer Port Female DB-25 Socket external Pin layout
______________________________________________________

/                                                      \
\ 13 12 11 10 9 8 7 6 5 4 3 2 1  /

\                                                    /
\ 25 24 23 22 21 20 19 18 17 16 15 14  /

\________________________________________________/
So it's also the Pin layout on the solder side of the Male DB-25 Cable Connector that plugs into it

D-Type 25 pinكانكتورهاي)Pinouts(در جدول بعد پينهاي خروجي 
 D-Typeهمانطور كه مي دانيد، كانكتور.  مشاهده مي كنيدرا Centronics 36 pinو



��

25 pin متداولترين كانكتور پورت پارالل كامپيوتر است، در حاليكه كانكتور 
Centronicsاستاندارد.  معمولا روي پرينترها ديده مي شودIEEE 1284 در مجموع 

Type A 1284اولين آن .  نوع مختلف از كانكتور را براي پورت پارالل بوجود آورد3
.  مي باشد، كه در پشت كامپيوترها ديده مي شودD-Type 25 pinاست، كه همان 

 مي باشد، كه pin Centronics Connector 36 يا Type B 1284دومين نوع آن 
36 است كه يك IEEE 1284 Type Cنوع سوم آن .  استدر اغلب پرينترها موجود

Conductor Connector شبيه به Centronics است، در حاليكه كمي كوچكتر مي 
 بهتر و خصوصيات الكتريكي )(Latchاين كانكتور داراي ويژگيهاي نصب آسان، لچ. باشد

ه مي توانند  پين اضافي براي سيگنالهايي است ك2همچنين داراي . مناسبتر مي باشد
 براي طراحي هاي جديد در نظر  Type C 1284. اتصال وسيلة جانبي را، چك كنند

گرفته شده است، لذا مي توان انتظار داشت، كه در آينده كانكتورهاي جديدتر ديگري هم 
.عرضه شوند

به جدول صفحة بعد كه خصوصيات سخت افزاري پورت و كانكتورها را مورد بررسي قرار 
 در جلوي نام بعضي از سيگنالها استفاده ”n“در اين جدول از حرف . ، توجه كنيدداده است

.  مي باشد، بكار رفته استActive Lowشده، كه براي توجه دادن به اينكه آن سيگنال 
اين خط .  خواهد شدLow ، اگر در پرينتر خطايي رخ دهد، اين خط nErrorبطور مثال 

 hardware“. ايانگر عملكرد صحيح پرينتر است مي باشد، كه نمhighبصورت نرمال 
inverted” نيز به اين معني است كه سيگنال توسط سخت افزار كارت پارالل معكوس 
به اين پين نسبت ) 1منطق (5v+اگر .  استBusyيك نمونة آن سيگنال . شده است

 خواهد  از ثبات داده، مشاهده7 در بيت 0داده شود، و ثبات وضعيت خوانده شود، مقدار 
.شد

.  استTTLهمانطور كه گفته شد، خروجي پارالل پورت بصورت نرمال در سطح منطقي 
) . Sink and Source( بكشند يا بدهندmA 12غالب پورتهاي پارالل مي توانند حدود 

: خود مقادير زير را هم دارندData Sheetبه هر حال بعضي از آنها در 

Sink 16 mA/Source 4 mA
Sink 12 mA/Source 20 mA

Sink/Source 4 mA
Sink/Source 12 mA
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Assignments of the D-Type 25 pin Parallel Port Connector.

1-1جدول 

Pin 
No 
(D-

Type 
25)

Pin No 
(Centronics)

SPP 
Signal

Direction 
In/out Register Hardware 

Inverted

1 1 nStrobe In/Out Control Yes
2 2 Data 0 Out Data
3 3 Data 1 Out Data
4 4 Data 2 Out Data
5 5 Data 3 Out Data
6 6 Data 4 Out Data
7 7 Data 5 Out Data
8 8 Data 6 Out Data
9 9 Data 7 Out Data
10 10 nAck In Status
11 11 Busy In Status Yes

12 12
Paper-Out 
/ Paper-

End
In Status

13 13 Select In Status

14 14 nAuto-
Linefeed In/Out Control Yes

15 32 nError / 
nFault In Status

16 31 nInitialize In/Out Control

17 36
nSelect-

Printer / 
nSelect-In

In/Out Control Yes

18 - 25 19-30 Ground Gnd
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يشرح پينهاي درگاه مواز) ٤-١
0�� �-2 ��;���( &'���( )�	( ��1 7( =� =�  p_7a� v�2 �� B�� <�� ��.

1.STROBE signal
 �� "7�/STROBE  ��� /'�( ��   )low pulse (  ��� �H�%
 J��� �".�8.D1..D8

 =� �� ���� $�����+ ���� �� "7� <�� �� -7.�	� �
 �F2 �* �0�� Latch �� Register

 =� -7'	� ���� �� �-7 * ���_��� �#��; ��,��!+� 0�� �x%� ��� ��_��.

 �� "7� 0�� <EF
/STROBE �� �� "7� =� �#��; /'�( �A' �-2�H. I�: �L7; 

 -7.�	� �
 �F2 �* �	� -,�	; )��_�
 �-@ �� - L� �	^ �� �� "7� =� � ���	* �	^

 �"��� 07F2� =� �� $G y79C� ����74LS14 �� �-7 * ���_��� ���8
 ��  �#��; =�

-���G 0�-� z	; �%��
 /'�(.

2-9.   D1..D8

 c	. �� �* - �>, ���� �#��; ��, ���( �1 ��TTL - 2�H7
   . �1 72�
 �� �x%� ��) �	o�

 ��P
Indy ( <�� ��	2 �-.�	; )�YN^� 0�� ���� �* ���� �- �>, �+�^ �� �, ���( <��

 4�� /.�-m
� �, ���( )High Impedance ( 87
-.	 ) . 0F>� ��PR/SC �#	� 

-7 *.(

 K, �� �� �1 7( <�� �1 72�
 �� �x%� Latch)0>� � 0_Q (�. �"�� �x%� � -  * �
 .

 �� �1.G $���	; �* 0�� <�� ��E �� `�� <��� <{Fo
Latch �
 [#	
 ��E �� �-7 * 

- * ��* � 72�
 �, ��� �F2 ��!+� 0�� �* �	2 ) .�	� �
 ��87� )�YN^� ���� �� -7.

 �
�.��Portdemo.c-7 * �%#��
 \'� �F7FZ B�� �� (.

/ACKNOWLEDGE

 - * 0+���� �	; fH 
 �� ���YN^� �#��; �L7�� =� ���� ) /'�( �� -%� NP


/STROBE (  /'�( =� -���/ACKNOWLEDGE �E �� $��* ]�8
 ���� 

-���_� �-2 V�O.� 076+	
 �� ���� ��6�.�.��� �#��; =� ����       ��, ���( -7.�	� �
 �F2 �

/STROBE  �  /ACKNOWLEDGE -�- H� K1� ��  ) -7 * &C�
 ( �� �*
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 ?��� �	; )�	C �� )Interface (  `�	; ��ACKNOWLEDGE-,-7
  . <��

-7>�	 � <EF
 0Y�� <���%��� �� �)�	( ��� �� -7.�	� �
 �F2 �* 0�� %
 <�� ��.

BUSY

( -.�	� �
 �#��; pL7�� p��BUSY 4�� �� "7� )�	C� ��  )High Signal (  ����

 e�H��� �� ���� �* -.�F1_� � -,� ���� 0�� ��S2� 0'�@ �� - * ]�8
 �E ��

)Communicate (0>7. . ��7"��� p_7a� �E �� VNY� ���� ���( <�� �� �,�� ��( 4	F%


-  * �
 ���_���  0�� ��#� ��@ ��) .� ��( -, 0*�@ �LF# �� � .( �� -7,�	; �F. ��

 <7
� ��, ���( �� �E� �� ��.G -7.�	� �
 -7 * ���_��� ���( <�� )Ground ( -7 * &C�
.

EOP

 0'�@ �� <7( <�� �� �� ��(High- * �
 ���_��� At�* $-2 V�F� VNY� ����  . �F2 �'�

-7 * ���_��� ��"�� I�-,� ���� ����� <�� �� -7.�	� �
.

ON LINE

 0'�@ �� ���( <�� �� �� ��(High ?; ��� �E �� VNY� ����  )  �-2 z���.�

Selected (- * �
 ���_��� �0��.

PR/SC
�	2 �
 ���_��� ���� <�2	. �� � $-.�	; -C� )�	( �E �� VNY� ���� �� "7� <�� . <��

 )�	C� �'	F%
 0'�@ �� <7(High ) Printer Mode ( -2�� �
 .7.�
� �� �
� �� �E

 �+�^ �� )�	C� )�	( )Bidirectional  (  ��	��� �E7��	: �� ��	2 �
 ���_���

 0'�@ �� <7( <�� ��	2 ���� $-.�	; ����Low  ��� �
  )Scanner Mode.( 

FAULT
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 0'�@ �� <7( <�� �� �� ��( Low  - * �
 ���_��� ����+� |�_�� ���o; �E �� VNY� ����  .

 &P
EOP� �#	��  -.��� �
 �� �� /EY ��-6
 <7( <�� �* -72�� ��2� . <�� �� � %�

 0'�@ �� <7(High 07� �-2��  PLPFAULT  � -.���"7
 �� �� �_: ��-6
 �^	��
 

/EY ��.

RESET

 $��!7
 ) <72�
 ( 0'�@ �� ���( <�� $��� ���� ��Low K73 � ������ �� �#��; pL7�� 

)RESET (- * �
 ..�	� �
 �F2 -7,�	�� �* $�
� �, �� -7Reset-7 * ��O�� ) . ��E ��

 $�� �-: ?�	�PLPIOCRESET�	2 �
 V�O.� .(

EOI
 0'�@ �� ���( <�� �� �� ��(High- * �
 ���_��� � ���* V�F� �,	# �E �� VNY� ����  .

-7 * ���_��� �	; ��	�'� I�-,� ���� ���( <�� �� -7.�	� �
 �F2.
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��T ( ���-.����Centronics
Centronics �
 �� ��( =� �� $�� !7
 =� �� ���� ��6�.� ���� �F�-� ���-.���� =�

-2�� . <�� �� �,�� ��( �P*�hand shake-  * �
 ���_���  . <��hand shake

 &��� �'�� * ��!+� V�. =� 09� ����-.���� &'���( )�	( =� �� ���_��� �� ��
�. )�	C�

0�� ���� ���7( . &E���( �� ���� V����� =� ��� ��Centronics0�� �-2 ����G .

 ��1 7( ��� �-��� �� ����l �� � �
 =Q $��!7
 /m� ��	2 �
 ���� ���� &'���( )�	( 

�. �� 0�� �	S8
 �� ��( ��G �* �- * . ?; �E��	o�Busy 0'�@ �� -���   Low-2�� .

 ��
�.��Strobe�-@ ���� ��  &�� �
 ��%+ �7t ��.G /m� � �- * �
 ��%+ �7.�W��E7
 

- * .�� ��( ?�	� ���� / J-.�� 4�� pH' $�
� �� �H # pL7��Strobe�	2 �
 �-.�	;  . �

 ?; d��^ �� �� ��( $�
� <�� ��Busy0�� ���� `����( �	S8
 �* -.�F1+ �
  . ����

 �_ 
 /'�( =� d��^ �� �0+��A( �� ���� �� ��( �* ��-@ ��T ?; ��� ��7.�W��E7
 

nAck`��A( $NY� - E7
 . �� 0�� �� ��	# �+�: ���� $��!7
 f��	
 �� �x%� ��

 ?; ��� *nAck- * �
 �3. I�: . ��1��	( �� �F2 ��7;� ECP f��� �	
 =� 

Contronics pF, �-,� �
 ���#� ��!+� 0�� �� �* �-7 7� �
 hand shaking �,

 �F2 ���� `�	; ��-,� V�O.�. )�	( ��� �� ���� -��� /�	. �
�.�� ?6+I/O �->�	 � 

 � ��. �� 0�� �	S8
 �� ��( �* ��* -,�	; ��� * ��!+� 0�� �	;Strobe -7'	� 

��* -,�	; . 4	F%
 �	
 <��nAck- * �F. =Q �� .
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��} (   )�	( ��1���G  )Port Addresses(

 ����� &'���( )�	(u���-�
 R��G ���( 0�� �-
G ��� ��-# �� �* �-2�� �
  . ���(

 R��G3BCh �F�-� ��1���* 	g-�� �� f��� �&'���( ��1��	( �+�%
 ���� f��� �� 

-
G �	#	� . �-��� IA@ �1���*	g-�� ��� �� &'���( )�	( �* ���� ��,-%� R��G <��

08 h	> 
 .�� �&'���( )�	( ���� �"�� �����.� $�	 %� $G �� ����
� � �,��	����
 �

 d��^ �� �* ��	2 �
 ���_���BIOS0�� �77S� � K73 � &��� .

LPT1 R��G ���( �� ��
�. �	o� 378h �E7'�@ �� ���� �
 |N^� LPT2 ��  

278h�	2 �
 ���� 0H>.  .278h & 378h �� &'���( )�	( J��_��� ���� �87F, 

-2 ��+� �3. . I�@“h” �� R��G �* �0�� � %
 <�� �� �� H
�}

)hexadecimal (0��.

Address Notes:
3BCh - 3BFh Used for Parallel Ports which were incorporated 

on to Video Cards - Doesn't support ECP 
addresses

378h - 37Fh Usual Address For LPT 1
278h - 27Fh Usual Address For LPT 2

Port Addresses ��-#� �l ( �1��	( R��G

 �	2 �
 <2�� �-��� �� ��	7m
�* �* ����BIOS(Basic Input Output 

System) ��1
�. �� �� �H.�# &���� � �- * �
 ]�8
 �� �	#	
 ��1��	( ��-%� 

LPT1, LPT2, LPT3- * �
 [>� 
 �1.G �� �� . BIOS  R��G ��-���3BCh �� 

�.G -2 0+�� �L'���( )�	( �� �- * �
 ��� * �LPT1- * �
 ~�+  . $�E
 �� /m�

378h ���G pL7�� [>Q�� $G �� �-2 0+�� $G �� �L'���( )��* �� �- * �
 	O�># 

��� -,�	; [6' �� �-%� . $�E
 �� �� � %�3BCh $G V�. �-8. 0+�� ����* LPT1

 �� �� �'� ��	� -,�	;3BCh -�-# $�E
 V�. �02�� �	#� �L'���( )��* LPT2

	� -,�	;�. 	O�># ��	
 )�	( <��;G278h )�	( �� ���8
 � 7��� ��* �	� -,�	; 

��* -,�	; �^ �� &H� . �� �x%� �* 0�� <�� �- * �
 �-7�7( �F* �� �L{>
 �* �!7Q



�	

���,�m
�# &'���( )�	( ��1���* $�-.���)jumper ( �F2 �� ��* -.� ��+� �3. �� ��

 ��� �� )�	( �� �-,� �
 ���#�LPT1, LPT2, LPT3-7 * K73 � . R��G V�-* ��@

LPT1 ��1���* �P*� �� �0�� 378h � LPT1 � 278h� LPT20��  . �"�� �x%� �
�

3BCh $�	 %� �� LPT1 � 278h $�	 %� ��LPT2-.�7 �
 �3. �� .

 �� [6L
 �H.�# &����LPT3, LPT2, LPT1 �* ���� �.�>* �.��". [#	
 -��H. 

�� �� �L7�� - ,�	; �
-  * &C�
 �	; ��	7m
�* �� ?��� ��-
 ?�	�  . )���� [Lt�

 �� �� ���( R��GLPT1- ,� �
 0H>.  . R��G $��* �-7( ���� -7.�	� �
 �F2 �

LPT1 �� Lookup Table ?�	� �-2 �71
 BIOS-7 * �%#��
  . ����BIOS

� �:�; $�E
 �� �� R��G $G �-,-7
 0H>. �F2 J-2 &C�
 pL7�� �� �� ����G �

-,� �
 ���� K72�� ��2�� ������ $G �� K7.�	� �
 �
 �* ��3+�@ . �#	� ��� ��-# ��

-7 *:

Start Address Function
0000:0408 LPT1's Base Address
0000:040A LPT2's Base Address
0000:040C LPT3's Base Address
0000:040E LPT4's Base Address (Note 1)

LPT Addresses in the BIOS Data Area ��-#� �u(

 ?79
 �� �� �1.G �K7.�	� �
 �
 �* -,� �
 B��F. �� ���,�� ��( )�	( R��G |	+ ��-#

 J���BIOSK7 * �-7(  .0�� 0��� �� &
�2 R��G �, . $��� �� �-2 ��2	. p
�.�� �.	F.

C"Q �* -,� �
 $�8. �-7 * �
 �3@N
 ��� �� �*  ���� ��C�;� $�E
 $�	� �
 �.	

�	F. ]�8
 �� �� ��( ��1��	( R��G �� �-2.

#include <stdio.h>
#include <dos.h>

void main(void)
{
unsigned int far *ptraddr;  /* Pointer to location of Port 
Addresses */
unsigned int address;       /* Address of Port*/
int a;

ptraddr=(unsigned int far *)0x00000408;



�


for (a = 0; a < 3; a++)
{
address = *ptraddr;
if (address == 0) 

printf("No port found for LPT%d \n",a+1);
else
printf("Address assigned to LPT%d is %Xh\n",a+1,address);

*ptraddr++;
}
}

���(��( )�	( �� ��!+� V�. ��1��HW���-.���� &'�

Software Registers - Standard Parallel Port (SPP)

Offset Name Read/Write Bit No. Properties
Bit 7 Data 7
Bit 6 Data 6
Bit 5 Data 5
Bit 4 Data 4
Bit 3 Data 3
Bit 2 Data 2
Bit 1 Data 1

Base + 0 Data 
Port

Write 
(Note-1) 

Bit 0 Data 0

Data Port ��-# ��k(

Note 1 : If the Port is Bi-Directional then Read and Write Operations can be 
performed on the Data Register.

 ���� r��; ���� �
	FY � ��	2 �
 �-7
�. ���� )�HW �� ���� )�	( �4	F%
 ���( R��G

 &'���( )�	( J��� e	o; ���) ��1 7(l �� �(�	2 �
 ���_���  . ��
�. �	o� )�HW <��

0�� � �2	. ?6+ )�	( =� �1 � . 0��� <��;G -��	HO
 �-7.�	�� )�	( �� �F2 ��

 -7.�	� �
 �F2 �-2�� �+�^�� �F2 )�	( �� �E7'�@�� �-7 * 0+���� �� �-2 ������+

-7 * 0+���� ���� �R��G <�� ���). �� ��87� )�YN^� ���� �+�^�� ��1��	( B��

-7 * c	#�.(
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Offset Name Read/Write Bit No. Properties
Bit 7 Busy
Bit 6 Ack
Bit 5 Paper Out
Bit 4 Select In
Bit 3 Error
Bit 2 IRQ (Not)
Bit 1 Reserved

Base + 
1

Status 
Port

Read Only

Bit 0 Reserved

Status Port ��-#� �T(

 07%Z� )�	()base address + 1 (0�� �.-.�	; ?6+ )�	( =� .  �* �� ���� �,

-2 -,�	�. ��+� �3. �� ��	2 ��2	. )�	( <�� ��� . �� 07%Z� )�	(T ����� ?; 

) ��1 7(�U ��� ��l ��u� �T ( 07%Z� )�HW =� �IRQ �-2 ��;�� ���� 07� �� � 

0�� .07� �* -72�� ��2�� �#	��) BUSY( ����� =�Active Low0��  . ����

 D��'� �* 0�� � %
 <�-� �-2�� �_: do 
 J- ,� B��F. 0_, 07� �� ��P
+5v ��� 

 <7(������ ����  . 07� �� ���8
 �	o�l) nIRQ (�".���F.”1” h� �� �_�� ��".G �-2�� 

0�� ���-..

Offset Name Read/Write Bit No. Properties
Bit 7 Unused
Bit 6 Unused

Bit 5 Enable Bi-
Directional Port

Bit 4 Enable IRQ Via Ack Line
Bit 3 Select Printer

Bit 2 Initialize Printer 
(Reset)

Bit 1 Auto Linefeed

Base + 
2

Control 
Port

Read/Write

Bit 0 Strobe

Control Port ��-#��}(

 ��� * )�	()base address + 2 ( ��+� �3. �� � �2	. ?6+ )�	( =� )�	C�

0�� �-2 . ���_��� ��	
 ��� * ��1Q �0�� &C�
 &'���( )�	( �� �� ��( =� �* ����



��

&
�2 �* �0�� �-2 f���Strobe, Auto Linefeed, Initialize  � Select 

Printer !O� �"F, �* -2�� �
 Initialize
 )�	C� - �>, R	E%.

 �7'�� �,� ��-6
 ���� �'� "7� �. �� ��()Initialize ( �� �. � �-���+ �
 ��	7m
�*

 �� �* -�	 �
 ��	7m
�*auto linefeed- * ���_���  . �#��; ��1Q <�� ��@ �, ��

- �>, ���_��� &��� K, ����� $�	 %�. 0'�@ �� �� <7( =� ��	7m
�* ����(+5v) high

�-,� �
 ���� �� ��.G -,�	; �
 �F2 �H.�# pL7�� � low �	o� -��� �F2 �-,� �77S� 

 ���� �� �� -7 * ���G �� )�	( ��W	
conflict�	2 ��7	L# $G ���  . &7'� <7F, ��

 �#��; )�	C� �e	o; <��open collector- �>,  . �* 0�� � %
 $�-� <��

- �>, 0'�@ �� ����� . 0'�@ =�low) 0v (� 0'�@ =� � 4�� /.�-m
)��� ��-
.(

 c	. �� �L;�� ��1�
��6
 ��� ��( )��* �	F%
 �	o�pull-up �87F, �
� �02�� -,�	;  

0>7. �	o �� . 0�� <EF
 �E7'�@ �� �- �>, ��� �	�EL* �#��; ����� ?6+ �, �x%�

- 2�� ��
�. \Y�x
 [o� �#��; ����� �76�. �L7�� -7.�	�� �F2 �E �� ���� ��@ �, ��

�� 0
��6
 =� �� -7.�	� �
 �-2�� y79: ��ELFY ����� �1��	( �P*� ��� �* �-���>� 

-7 * ���_��� �#��; . �#��; 0
��6
 =� ��4.7k �� <7( $-78* ���� $�	� �
 high

��* ���_��� . 0'�@ �� &'���( )�	( <7( ����(+5v) high �
 �#��; pL7�� �-2�� 

 �� �� <7( -.�	�low)�	( � �-8E� -,� $�8. �� �_'��
 ��-6
 ��� *  . �� d��^ <�� ��

��* ���_��� ���� ��6�.� ���� �+�^ �� )�	C� $�	� �
 ��� * )�	( <7( ��1Q. ��@ �, ��

 ��-6
 �� -��� ��� * )�	(xxxx0100 �� �* �-.�	�� �� ���� -2�� ���� �� ��	2 K73 � 

 �1 7( �F, )�	C ��+5v7.�	� �
 �F2 �A' � �- �>,  <7
� 0F>� ��.G -)GND ( -78E�

)-7 * �_: do 
.(

 ��1�7�k�T- �>, �L;�� ��1'�� *  . 07�k �IRQ���� �
 <EF
 �� ) B�� ��IRQ

-7 * �%#��
 &'���( )�	( ( 07� �T � %� �-,� �
 �� )�	( �� �+�^�� J��_��� ���#� 

 -7.�	� �
 �F2� �� ���_��� �� �� 07� )DATA 0-7 (-7 * ���� .�� ���� ?6+ �	
 <

0�� <EF
 -  * �
 �.�H7�8( ��.G �* ���1���* . ��1�7�}�� �.	�, �- �>, ���� 

�	2 �
 ��+� �-���. 07� �� <�� ��� �� ����2	..



��

��� (�+�^ �� ��1��	(  )   Bi-directional Ports(

7
 $�8. �� &'���( )�	( J��� ��>7#� �� ���� ���F. ��� =7��F2 V�����-,- . ���� ���7(

 do 
 )�	C� �L:� &'���( )�	( ��1���*74LS0��  . )�	C� �1 �� pF, ����
�

 =� �� fF�O
ASIC0�� $�>E� �	 , �1.G ��ELFY ��	{� �'� �-.��� ���� .

 �#��; �� �* �+�^�� �7t ��1��	(74LS374 �87F, )�	C� �-.� �-2 ��;�� 

-.	2 �
 ���_��� �#��; .�>7#� �F2 ���� �� �, ���� �-7.�	; �
 �� &'���( )�	( J��� �

 d��^74LS374-.	2 �
 ���� - �>, &C�
 ���� ��1 7( �� �*  . �� �+�^�� ��1��	(

 ��� * 07�T p��( �� �* Output Enable �� �G 374 �
 ���_��� �0�� &C�
 

-.��� $-2 `	
�; 07L��� �#��; ��,��-.� ��� �A' �-  * .
 �F2 d��^ <�� �� -7.�	� �

 ���x� �E �� $�-� �� &'���( )�	( J��� ��1 7( �� �	#	
 ��, ����)conflict ( ��O��

-7.�	�� �	2.

 07�T ��� ?6+ �* �- * �
 ��%+ �7t �� ��%+ �� &'���( )�	( p+�^�� ��ELFY ��� * 

0�� <EF
 �+�^�� ��1��	(. <7( <�� �* ����‘1’ ��1 7( ��	2 �
 l �� � 0'�@ �� 



��

m
�-.�� �
 4�� /.�- . ���� ���� e	o; <�� ��� �� ��HE� -7.�	� �
 �F2 0'�@ <�� ��

 ���� )�	( �� ��.G � �-7 *)���( R��G (-7 * ������� . ���� )�	( ��� �* �� ���� �,

�	� -,�	�. ������ &��� ���� ��1 7( ��� �'� �-2 -,�	; ��7;� �	2 ��2	. . ����

� ��+�^�� �	
 $��* `	
�; 07T �� ��� * )�	( ‘0’-7 * .

- �>7. $�>E� �1��	( pF, ��@ �, �� . 07� �* 0�� ��7. �1��	( �� �;�� ��} )�	( 

 07�� ��+�^�� �	
 $��* ��%+ ���� ��� *T �+�^�� �	
 $��* ��%+ �7t ���� set

��� . ���* ���� ���7( �_L��
 ��1��	C� �� �	; �+�^�� ��1��	( �\L��
 $�-.���

-.� . =� �� ��.G �-��� �-7 * ���_��� ���� ���� ���� �	; )�	( �� �� -���� -C� �F2 ��

-�	2 <{Fo
 �+�^�� �	
 �� $G <�2�� ���� �� �� �-7 * ��� * ��
 ��'	
 �� �6o 
 z��(.
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��� ( ���� �� &'���( )�	( �� ���_����07� 

Using The Parallel Port to Input 8 Bits.
�+�^�� �	
 �F2 &'���( )�	( ��)bi-directional ( R	��
 �- * �F. �.�H7�8( ��

-�	8. . �P*�-@ -7.�	� �
 �F2�-7 * ���� 0�	. �, �� �� 07�  . �
 �F2 ��E �� ����

 �� -7.�	�T� �07%Z� )�	( ����� ?; k����� ?; ?; )open collector( )�	(

-7 * ���_��� ��� *.

���-  * ��.��G �� �
 ��* �� -.	2 �
 z���.� ��� )�	C� &'���( )�	( ��, �� .Busy

 $�	 %�MSB)  07�� ( /m� ��	2 �
 ��+� �3. ��Select, Paper Out, Ack p76� 

�	� - ,�	; `��� �( 07� ��1Q $�-.��� . ���!+� 0�� )�	C� �, ����� �6��


 � %� �- �>, R	E%
+5v$�	� �_: �".���F.  � ���>7#� �� ���%
 07� GND I�%
 

‘1’0�� .

�	2 �
 ���_��� `��� K* 07� ��1Q $-.�	; ���� ��� * )�	( . �-2 ��_ �NH� �E��	o�

 4�� /.�-m
� 0'�@ �� ����� � %� �- �>, ����	�EL* )�	C� ��� * )�	( ��, �#��;

- �>, <7
� � .K7 * &C�
 )�	( �� ��F76�>
 �� �1����� �
 ��)  =� ��P
 ����

ADC0804\Y�x
 &( �#��; ��   ( 0'�@ �� -,�	�� )�	( �* ���� �low � ����� 

 )�	C� �, �#��;high =� �- 2�� conflict��� -,�	; h�  . J-  * R	E%
 �� �
 �A'

0>7. ����Z �87F, ��* <�� �* - Q �, �K7 * �
 ���_��� ��� �	�EL* . X7g	� �
 ��

^ �� �� �Ho� =� ��, =� d��0
��6
pull-up �� ���7. �"�� �K7 * &C�
 )�	( �� 

�	� -,�	�. 03+�9
 <�� . �� �� ��� * )�	( �F2 ��!+� V�. �� <7 �F,xxxx0100



��

 ��� * )�	( ��1 7( pF, �- E� �,� ��-6
high  $G �� ��7. K, ��� �* ��	� - ,�	; 

02�� -7,�	�..

02�� cN^� $G �� -��� �* ��"�� &E8
 ��1�
��6
 �pull-up0�� ��� * )�	(   .

 �1�
��6
 <�� ��-6
 �4	F%
4.7k0��  . $G �F2 �H.�# pL7�� �E �� ���� )�	: <�� ��

 0'�@ �� �� ?;low ���%
 �.���# -��� ���H� 1mA K* &���� �� �x%� �* �-8E� 

- * �
 �#�	
 &E8
 �� �� )�-� . �1�
��6
 <�� �� ��@1k�	2 �
 �Q -2��  �L� �

 ���%
 �.���# -��� �F2 �H.�# pL7�� � ����� �	#� K, ���1���* <7 QT �m
G �L7
 

-8E� .- �>, ����	�EL* J-  * R	E%
 �� ���_��� ���� ���87� &�4� �1 �� . �� ��NY

��* ���_��� K, ����	�EL* J-  * ��,�+�� �� $�	� �
 ����	�EL* J-  * R	E%
 . $�E
�

 �� ���_��� �"��0�� �,�	�>�!.���.

�����D3�� �-   * R	E%
 d��^ �� Select printer �0�� &C�
Select 
printer

 07�u0�� ��� * )�	(  .D0, D1, D2  ��  Strobe, Auto Linefeed, Init

- ,� �
 &7E8� �� `��� K* 07� ��1Q �* �- �>, &C�
 . V�. d��^ �� K7.�	� �
 ��@

�H.� �� �,��* �76� ��!+�K7 * � . ��-6
 ��� * )�	( �� -��� �-��� ��xxxx0100 ���� �� 

��� . [#	
 &FY <��high - .�	� �
 �1.G �A' ��	2 �
 ��� * )�	( e	o; pF, $-2 

 �� ���� ���� ����low-.	2 ���� �77S� .

outportb(CONTROL, inportb(CONTROL) & 
0xF0 | 0x04);

�	� �
 �-2 V�O.� ��* <�� �* ��@ 07� ��1Q $�F, �* �-.�	; �� `��� �( 07� ��1Q $

�	� - ,�	; 07%Z� )�	( `����( . ���( �K7�>, `����( 07� ��1Q ��H.� ?6+ �
 $	Q

 �� ��0xF0 � AND-2 -,�	; n�( `��� K* 07� ��1Q )�	C �� �� �* �K7 * �
 .

a = (inportb(STATUS) & 0xF0); /* Read 
MSnibble */



��

�	� �
 $	 *� ��� * )�	( `��� K* 07� ��1Q $�F, �* �K7.�	�� �� `��� K* &H7. K7.

�	� -,�	; . �� �� ���( �A' �K7�>7. `����( &H7. ��H.� �
 0�	. <�� ��0x0F � AND

�	2 n�( `����( &H7. �� �K7 * �
.0�� &:�@ 0��� �� V�t�� $G �� /( ��* <7'�� .

 �� ��E ��OR0�� ��Am.�E
� 0����� $��* ���G -,�	; �	#	� �
 ���� �� 0��� =� �* � .

 ��1�7� $	Q ��-8. V�F� ��* �	 , �
�l��- �>, R	E%
  . �� 0��� &E8
 <�� f+� ����

 ��0x84�  XOR �� 07� �-.G �* �K7 * �
 toggle- * �
 .

a = a |(inportb(CONTROL) & 0x0F); /* Read 
LSnibble */
a = a ^ 0x84; /* Toggle Bit 2 & 7 */

�#	�: �- �>, \Y�x
 &( �#��; ����� �
� �- �>7. ����	�EL* ��� * ��1��	( �� �x%� 

 ��1��	( ���� �* 0�� ���	
 <��EPP, ECP- * �
 |-: .

 �	
 �� �� )�	( =� �F2 ���� ��
�. )�	C�ECP  �� EPP )�	( �-7,-7
 ����

�	� -,�	; \Y�x
 &( )�	C� ?6+ ��� * .F2 �� $	 *� )�	( �� �� �	; pL7�� �

 �L����( 0'�@ ��O�� ���� ����+� -,�	; ���_�� �Q �-7 * &C�
 &'���()portability (

 $-.�	; ���� �-%� ��-
 �� K7 * �
 �7:	����_��� 0�	. �, �� &H7. =�



��

���U( ��7� ��1Q �	
)Nibble Mode  (

 $-.�	; ���� [�� 
 ��1,�� �� �E� &H7. �	
�� 07�  �� )�	( $��� ���� $�-� ����

0�� ���� e	o; �� ���_��� ��� R	E%
 0'�@ . �>EL( ��'�
 =� �� &H7. �	
 ��kxl

 &H7. =� 0�	.�, �� -.�	� �
 � �0�� ������1Q ����� �� ����� �* �0�� �-2 ���_���

- * X7g	� V�� &H7. �� V�� 0�	. �� � -.�	�� �� .� �
 ��!+� V�. �� ���_��� �� &H7. �� $�	

��* &�-H� 0��� =� �� �� .0�� $G K* 0Y�� `�� <�� [7Y �1 � . - Q �� ��7. $	Q

0>, !7. �#��; �� �G =� �� ��7. � ����� 0��� =� $-.�	; ���� &F%'��	���.

 �>EL( ��'�
 ��ELFYkxl � 74LS1570�� ���� ��7>�  . $�	 %� ���>� �� �G <��

- E7
 &FY -7L* ��1Q .��� ����� �* �A/B 0'�@ �� Low ��, ����� ����� ���� A

 � %� �-.� �-2 z���.�1A d��^ �� 1Y � 2A d��^ �� 2Y�  ...-.	2 �
 &6� 
 . ����

A/B 0'�@ �� high ��1����� ����� ���� B ��, �#��; d��^ �� Y )�	( �� �* 

-.	2 �
 &6� 
 �- �>, &C�
 )�	( &'���( 07%Z�.

��_��� ����    )4�@ �� �E� ��  �� �>EL( ��'�
 �-���  -��� |	+ ��-
 �� �A��  B  ����

K7,�  . -��� /( �K7.�	�� �� `��� K* &H7�. �-��� K7,�	; �
 A/B 0'�@ �� �� Low



�	

K7,� ���� .Strobe �_: 07� -��� �
 �A' �0�� �-2 R	E%
 ���!+� 0�� )�	C� 

 �� ��� * )�	(set <7( �� �� �K7 * �'�@  0LowK72�� ��2�� .
outportb(CONTROL, inportb(CONTROL) | 0x01);/* Select low 

Nibble(A)*/

-.�	; 07%Z� )�	( �� ��.G $�	� �
 �-2 z���.� <7��( &H7. �* �-��� . ��2�� �^�; ��

 ?; -72��BusyK���-. ���* $G �� $	 *� �* - Q �, �0�� �-2 R	E%
  . �
 �1 � �


 �* K7,�	;MS nibble �� �� ���( �A' �K72�� ��2�� �� 0xF0 � AND �� K7 * �
 LS 

nibble�	2 n�( .

a = (inportb(STATUS) & 0xF0); /* Read Low 
Nibble */

 0F>� �� �� K7,� 0_72 �� &H7. <�� �* 0�� $G 0�	. $	 *�LS nibble �77S�
 a ���� 

��7.

a = a >> 4; /* Shift Right 4 Bits 
*/

 <�+� $�
� $	 *� � �-2 �^ ��� �� �F7. �O �� ��MS nibble ��'�
 -��� �A' �0�� 

 ����� z���.� ���� �� �>EL(BK7,� 07%Z� �77S�  . K7.�	� �
 /m�MS nibble �� 

K7 * V�t�� K, �� 0��� =� <�;�� ���� �� &H7. �� � K7.�	��.

outportb(CONTROL, inportb(CONTROL) & 0xFE);/* Select High 
Nibble(B)*/

a = a |(inportb(STATUS) & 0xF0); /* Read High Nibble */
byte = byte ^ 0x88;

 ?; ?�	� �* �� R	E%
 07� �� �
�.�� ?; <��;GBusy �	2 �
 �-.�	; Toggle

- * �
. �_�� ���-6
 �* -2�� V�4 -��2 �-���* 0+���� �,�H�2� ���( ��)delay( ��

	>���(-7,-� $���  .
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����( ��7��E�IRQ&'���( )�	( 

Using the Parallel Port's IRQ
�_�� 0��	;��)interrupt request ( 09� ���Q ���� )�	( &'���(DOS � 

Windows�	2 �F. ���_���  . �F�-� ��, ��>.OS-2-.��* �
 ���_��� �1.G ��  .

���� �, �_�� �� ���_��� $-2 V� ��o;� &P
 �0�� z	; �H.�# &���� $��* �	�7.�
 

-2 -,�	; ��%+ �.�
� �Q �� �_�� �* -7.�� �F. �F2 �'� ���7t� �L7�� . =� ��

 �� �� )�	( ���!+� V�. ?�	� K7,�	�� �* 0�� $G �� ��1� �K72�� ��2�� �_�� 0��	;��

K7 * ��� * �. �� ���* �77S� �!7Q �E �� �3. .&FY <�� �� -7,�	�� �F2 �E7��� 

 �� �_7a� - Q )�7LFY ���� $����	7m
�*)multi tasking ( ���87� �	F. �-��7"� ��1�

- * �
 �-7(.

 ��
�. )�	C� )�	( &'���( p_�� 0��	;��      IRQ5��   IRQ7 �1 �� �� �'� �0��

-2�� ��"�� ����6
 0�� <EF
 �- 2�� ���_��� 09�.�* ���� 0�� <EF
 ��@ )��* 

��* ��%+ �7t �N
�* �� �, �_�� ���7 �
 ���� ���_��� ��	
 $��* 0 ��( ���� ?6+ )�	( .

IRQ ?; d��^ �� ACK�	2 �
 ��%+  . d��^ �� �_�� �-2�� ��%+ �* ����

��6�.�)transition( �-.�� 4�� pH' nACK�	2 �
 ���� cN^�  . 0�� <EF
 ��@ �, ��

�( pH' �� �1���* �� �x%�-  * ���_��� �_�� $NY� ���� �-.�� <7�.

 )�	( p_�� �* - * �
 <77%� -* <����� �_�� ����N( J-  * 0>� =� ��� p
�.�� -*   

 K, �� &'���( )�	( �_�� �� ���_��� J	9. <7 �F, �0�� �� ����N( �Q ����� �F2 &'���(

-,-7
 $�8. .� 4�� pH' �� �_�� �* - * �
 ]�8
 �_�� <�� ?; �-.�nACK �
 h� 

$G J-.�� <7��( pH' �� �� � -,� . �� �E� -7.�	� �
 ���� �� �
�.�� �� ���_���� ����

���� e	o;) ��1 7(l �� � ( <7( �� ��ACK)  <7(�U (-7 * &C�
 K7� �� . ��* <���.��G

 �� ��C�� =� �* 0�� <��DATA 7) <7(� ( ��ACK) <7(�U ( �	�E.�* ���DB25

 ������-7 *.
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���l( �� )�	( &'���( ��,�	
 BIOS
Parallel Port Modes in BIOS

- �>, �	
 ��'�
 )�	C� &'���( ��1��	( ����
� . d��^ �� �1.GBIOS �	
 <�- Q �� 

- �>, K73 � &��� .- �>, ��� v�2 �� �,�	
 <���C;�2:

Printer Mode (Sometimes called Default or Normal Modes)
Standard & Bi-directional (SPP) Mode
EPP1.7 and SPP Mode
EPP1.9 and SPP Mode
ECP Mode
ECP and EPP1.7 Mode

ECP and EPP1.9 Mode

Printer Mode � �0�� ���-.���� )�	( &'���( �	
 =� ?6+ �* 0�� �	
 <��� ��� H


�^ �� ���� ����� 07� �A' �0>7. �+T��� -,�	�. ���( $G ��� * )�	( .SPP Mode

0�� �+�^�� �	
 =� . 07� �	
 <�� �� ���_��� ��T �
 R	E%
 �� �7>
 ��� * )�	( 

-7.�	�� ���� e	o; ��� �� ��-6
 =� -7.�	� �
 �F2 �A' �- *  .EPP1.7 and SPP 

Mode ��,�	
 �� 0�� �H7*��SPP � EPP 1.7) Enhanced parallel port .( <�� ��

 ��,��>7#� �� �F2 ����7LFY �	
SPP) Data, Status, Control ( ��,��7>#� �EPP

02�� -7,�	; ������ . 07� �� ���_��� �� ���7>
 �* �	� -7,�	; ���� �F2 �	
 <�� ��T

-7 * R	E%
 ��� * )�	( . p�>. -��21.7 �� EPP 07� &
�2 Time-Out-2�H.  . �	


EPP 1.9 � SPP p�>. �� ���_��� B���_� �* �0�� �LH� �	
 �7H2 EPP 1.90��  . ��

 07� �� �F2 �	
 <��EPP Timeout02�� -7,�	; ������ .

ECP(Extended Capabilities Port) �
 ��+�� �%�	� 07L��� �� )�	( =� �F2 �� 

-,� . ?�	� �	
 <��set ��+�� �%�	� ��>7#� ��� * $��* )ECR (0�� �	:� &��� . ��

 d��^ �� �	
 <��BIOS � EPP Mode (100)�	� -,�	�. ��-6
  . �	
EPP 1.7 � ECP � 

 �	
EPP 1.9 �  ECP �	
 �7H2 �* ���� -,�	; �� ��+�� �%�	� 07L��� �� )�	( �F2 �� K,

�	� -,�	; �LH� . �	
 ��@ �, ��EPP �� ECR�	
 ECP�	� -,�	�. �	:� &���  . ��

 �F2 �	
 ��ECP� EPP 1.7 )�	( =� �-72�� EPP 1.7 �	
 �� �� � EPP 1.9,ECP

 )�	( =� -72��EPP 1.902�� -7,�	;  .



��

 d��^ �� |	+ ��,�	
    BIOS- �>, z���.� &���   . ��!+� V�. pL7�	� -7.�	� �
 �F2

 K73 � ������ �� �1.G �	;(reconfigure)�	2 �F. �7:	� ��E �� �'� �-7 *  .�� ��1��HW <

 ��1���G �� ���-FY ���!+� V�.0x2FA, 0x3F0 � 0x3F1 �* �-.	2 �
 0+�� ��7t � 

 d��^ �� ?6+ ���-FYBIOS- �>, ���7��� &���  . �Y	FO
 X7, �1��HW <�� ����

 �L7; �F2 ��!+� V�. �-7 * ���_��� �1��HW <�� �� -7,�	�� �� �A' ����-. �	#� ����-.����

 &F@ 07L���(portability)02�� -,�	�.  . ����
� �� �_7a�- Q &
�Y ��1F�>7� ��

- �>, [�� 
 �F2 J��_��� ���� �E7'�@ �� �-7,� �77S� �� �1.G �* 0>7. �H'�# J-76Y.

 �	
 �* 0> �� ��1� B �! EPP 1.7, ECP �	
 �� EPP 1.9, ECP �� �� BIOS

�+�� �%�	� ��� * ��>7#� �� /m� � -7 * z���.��ECP  )�	( &'���( �	
 z���.� ���� 

-��H� ��1� �	; . �	
 z���.� <���1� 0��1. �� �'�EPP 1.9,ECP-2�� �
 .

���u( �%�	� ��>7#� ��� *� &'���( )�	( ��,�	


 p�+��ECP

Parallel Port Modes and the ECP's Extended Control Register

K73 � <���1� �K���* b9� &H� �F* �E��	o.�F, &'���( )�	( EPP 1.9, ECP �

 p�+�� �%�	� ��>7#� ��� * �� ���_���ECP0�� ���7LFY \L��
 ��,�	
 z���.� ����  .

 ��1��HWECP���-.���� 09� :

Microsoft's Extended Capabilities Port Protocol and ISA Interface 
Standard
-.��� ���� . �	
 �� ����ECP	FO
 =� K���� ����  ���( R��G �� �1��HW �� �Y +

0x400h- �>, ���7��� &���  . ��+�� �%�	� ��>7#� ��� * K���� -C� ?6+ �O �� ��

(ECR)���( R��G �� �* �� 0x402h + K7 * ����� ���� ����  . ��1��HW �* 0>.�� -���

ECP p��( R��G �� ���1��	( ���� 0x3BCh- �>7. ���7��� &��� .
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Bit Function
Selects Current Mode of Operation

000 Standard Mode
001 Byte Mode
010 Parallel Port FIFO Mode
011 ECP FIFO Mode
100 EPP Mode
101 Reserved
110 FIFO Test Mode

7:5

111 Configuration Mode
4 ECP Interrupt Bit
3 DMA Enable Bit
2 ECP Service Bit
1 FIFO Full
0 FIFO Empty

 ��-#          ��� : (Extended Control Register (ECR)

 �� e	� �
 |	+ ��-#ECR0��  . `����( 07� �� �* K7L��
 ?6+ �
)MSB (  ��

K7 *  ����� �-  * �
 z���.� �� ���7LFY ��,�	
 �* ��+�� �%�	� ��>7#� ��� * . �A'�

- �>, ����� &��� ���7LFY �	
 .	
 pF, �1��	( pF, �'�-  * �F. �.�H7�8( �� �,� . �	


EPP0>7. �	:� &��� �1��	( pF, ��� �* 0�� �.	F. =� .

Modes of Operation

Standard Mode Selecting this mode will cause the ECP port to behave as 
a Standard Parallel Port, without bi-directional 

functionality.
Byte Mode / PS/2 

Mode
Behaves as a SPP in bi-directional mode. Bit 5 will place 

the port in reverse mode.
Parallel Port FIFO 

Mode
In this mode, any data written to the Data FIFO will be 
sent to the peripheral using the SPP Handshake. The 
hardware will generate the handshaking required. Useful 
with non-ECP devices such as Printers. You can have 
some of the features of ECP like FIFO buffers and 
hardware generation of handshaking but with the existing 

SPP handshake instead of the ECP Handshake.



��

ECP FIFO Mode Standard mode for ECP use. This mode uses the ECP 
Handshake described in Interfacing the Extended 
Capabilities Port. - When in ECP Mode though BIOS, and 
the ECR register is set to ECP FIFO Mode (011), the SPP 

registers may disappear.
EPP 

Mode/Reserved
This will enable EPP Mode, if available. Under BIOS, if 
ECP mode is set then it's more than likely, this mode is 
not an option. However if BIOS is set to ECP and EPP1.x 
Mode, then EPP 1.x will be enabled. - Under Microsoft's 
Extended Capabilities Port Protocol and ISA Interface 

Standard this mode is Vendor Specified.
Reserved Currently Reserved. - Under Microsoft's Extended 

Capabilities Port Protocol and ISA Interface Standard
this mode is Vendor Specified.

FIFO Test Mode While in this mode, any data written to the Test FIFO 
Register will be placed into the FIFO and any data read 
from the Test FIFO register will be read from the 
FIFO buffer. The FIFO Full/Empty Status Bits will reflect 
their true value, thus FIFO depth, among other things can 

be determined in this mode.
Configuration Mode In this mode, the two configuration registers, cnfgA & 

cnfgB become available at their designated register 
addresses.

 �	
 �� �F2 ��ECP 09� BIOS ?�	� �F2 )��* �� �-7�>, jumper ��� ECP

 )�	( �* 0�� z	; ����� ����ECP�_��� �� &H� �� �	;  �7'�� �,� ��-6
 ��HE� ��

-7 * . �� �F2 ��SPP ���-.���� �	
 �� �� )�	( !7Q �, �� &H� /( -7 * �
 ���_��� 

 ���-.���� 0'�@ �� )�	( �	; �* -7 E. ~�+ � �-7 * K73 �SPP���� ����  . 09�

 ��1��HW 0�� <EF
 �,�	
 �� �x%�SPP-  E. ��* 0��� �� � -.	2 -�-(�.  . �F2 ��

 ��SPP /( -7 * �
 ���_��� ECR-7,� ���� ���-.���� �	
 �� ��  . �* 0�� ���o; <��

-.	2 �
 $G [E��
  � ��P*�.
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l�� ( �� �L( �	�	
 �� ��� 2G)STEPPER MOTOR(

0�� $��E � �	�	
 �Y	. �� �L( �	�	
 <7%
 )�*�@ �* 0�� �-2 �@��^ �� �.	"�� 

- * �
 ��O�� `�	��� ��� ��:�; ��1>'�( 0+���� ���� �� �� ����� ��-9
 � . c�	.�

 ��1�7( K7� �� <77%
 ��1>'�( 0+���� ���� �� - .�	� �
 �,�	�	
 c	. <�� \L��


� J��-.�� �� ����� 0*�@ ��	;� ./� ��/�� �l� �T/l� �T� �T/�� ��T� �kT � �U ��2�� �� �#�� 

- 2�� . �* $	�.	 V	LY � 0% : �� �-  * �
 &FY �'��7O�� )�	C� �* �,�	�	
 <��

-.��� �.����+ �����* �-2�� �
 �-2 ��� * � d7�� �N
�* �E7.�E
 )�*�@ ��FY� �� ��7. . ��

 d7�� )�*�@ $�	� �
 ��,�	�	
 �.	" �� �@��^ J	9. � �L;�� $�F�;�� �� �#	� ���� �

 � ��	>���(��E7
 ��6o 
 )���-
 ?�	� �� �� �-2 <77%� &H� �� ��1�7%�	
 �� <�+�

�	F. ��O�� �E7.�E
 ��1F�>7� �� ���	7m
�*.

��� V�. ��� ��, � 7
� �� �,�	�	
 <�� J��_��� ���	
 �� $�	�7
 ��P
 �	o�:

- ��	7m
�* �� e	��
 ��1,�"��� :�(N+ � 0�� =>�� �� -, 0*�@ ��,�� ��( � 

 �\L��
CD ROM � ...

- ��% : $	7��
	�� : ��,��N(X,Y ��1 72�
 � CNC � ��!7' ��12����( �...

- ���, �F7. )�%o� -7'	� )�O.�;��* : `�� � ��6�.� ��,�_�� -7'	� � `����(

 )4�C�� ��,�_��IC� ...

- �E2!( )�!71O� : � �1+�� 	7�Em�� ��,D	_���.�� � $	; ��1mF(...

- ����� )�!71O� : � �1>E+ � �, �m*	�+...

- ��7 ���-.� )�!71O� : ��1,�"���CMM � �.��E7
 ��, ��7 ���-.� � ...

 �^��� � ��� �
 ���-.� ��� fo6 
 )�*�@ �� � ���� * �'��7O�� )�	C� �� �L( �	�	


 � ��	>���(��E7
 ��1F�>7� ?�	� ��@��� -.�	� �
 `� �'��7O�� 07,�
PLC

��7 ���� ��� * 09� . �� ���_��� $�-� -.�	� �
 �� �L( �	�	
 07%�	
 � 0Y�� ��� *

 =�-7+ ��-
)�	;��� ( ��� �6L@ )�	C� �)open loop ( � $�E
 ��o; &��-@ �� �

��7 V�O.� 0Y�� . �,�	�	
 <�� ��-.� ��� � ��� * )���-
 0;�� � �@��^ <7 �F,



��

� ���>� $�	� �
 � ��	� ���� )���-
 ?�	� �� 07%�	
 ��� * � 01# � 0Y�� )��77S

�	F. ���� ���7( �'��7O��.

 ��@ <7Y �� �-2�� �
 �� �L( ��,�	�	
 z	; ��7>� ����!
 �� �"F, ��_ B7( ���	


 0Y�� $�	� ��-9
 �LF# $G �� �* ��F2�� !7. �� �H��%
 $�	� �
 �,�	�	
 �.	".� ����

0�� �� �L( ��,�	�	
 �� .Y�� J-.��� ?�	� �* �:	C�
 /.�*�+ �� �,�	�	
 <�� 0

 ��*�@ ��o; f��� ��1>'�( ��FY� )�	: �� � �-2 -,�	�. ��87� ���"7
 �g��� �	�	


 - 2�� �
 `��' ����� �	; fo6 
 ��1�*�@ &7'-� �,�	�	
 <�� !7. � �-
G -,�	; �	#	�

�
 &E8
 ��O�� R�>@ ��7>� �E7.�E
 ��1F�>7� �� �;�� �� �*- * .

 ��,�	�	
 �� �LE� �� �L( ��,�	�	
DC- ���_�
 �'	F%
  . �1.G �E �� �F, �� &H�

-  * �F. &FY �D�.� fH 
 �� ��C�� �� ���1 � �� $�2�	; . V�O.� �� ���* ��67�� �1.G ��7.�W

 0*�@ =� 0�	. �, �� � %� �-�G �
�� $�8F�� �� �* - ,� �
)step (- ,-7
 V�O.� .

� �� <7 �F, �	�	
 �� !7. ����8 � 0Y�DC- ���_�
  . ��,�	�	
DC ��,��� �� 

 ��9' <�� �� �� �L( ��,�	�	
 /E%� �'� �- �>7. ����� ����8 ��O�� �� ���� <7��(

 �-.��-1". ����8 07:�; ����� <�� �� ��NY � �-.��� ����� ���.�	�(holding 

torgue)- 2�� �
 !7.  .L( �	�	
 �� ���� <�� �E7.�
� �� �* -,� �
 �� $�E
� <�� �� �

 ��� 0*�@ �E7��,�# �� � �- * �_@ �� �	; �	9
 �E�!7+ 07%�	
 �0�� 0*�@ ��

 ��7. ��	
 ��7>� �	2 �
 ��FY� \'��
 ���7. �	�	
 �	9
 �� � 0�� �3. ��	
 0>���

- * �
 &FY !
�� =� ���P
 �� � 0��.-2 ��� �D�.� pL7�	� �,�	�	
 <�� �	9
 K7� $

 [7��� <�� ��.� Q � - * �
 $���� �� c��2 �y79: [7��� �� �	; �	�	
 ��1�7(

-2 -,�	; /EY !7. 0*�@ 01# � �	2 /EY . �1H7��� <�� J-.��� �6o 
 ��-
 ��

translator�	2 �
 ��_ .

 ��C�� =7��F2 -%� �9_: ��translator �	���� � )��-.� ��� ��-
 ( �� �� �L( �	�	
 �

,�8
-7��F. �
 �-.
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A basic example of the "translator + driver" type of 
configuration. Notice the separate voltages for logic and for the 
stepper motor. Usually the motor will require a different voltage 
than the logic portion of the system. Typically logic voltage is +5 
Vdc and the stepper motor voltage can range from +5 Vdc up to 
about +48 Vdc. The driver is also an "open collector" driver, 
wherein it takes its outputs to GND to activate the motor's 
windings. Most semiconductor circuits are more capable of 
sinking(providing a GND or negative voltage) than sourcing 

(outputting a positive voltage).
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 c	. �� �PM, VR �K7,� �D�.� �� �	�	
 ��1�7( K7� �� �E� ?6+ �� 

 �	���)��� $�-� ( �E7.�
� �� �� ����� $G ��".G � �-2 -,�	; &_� 0��W p���� =� ��

��* -,�	; �_@ �	8. ���� $G �� ��-1". ����8 �� ��87� �����8.

� ������ 	������  �!�"� �� ��������  Variable Reluctance Motors

 &E2)l�k(

 �� �-2 ���� B��F. V����� )�	C� ��Y	�. �-�2�� X7( K7� �� ����� ��F2 �	�	
 ���

 &E2)l�k ( �� �7H2 ��87� �* �0�� �1�7( K7� pF, ���� n��8
 �#��; =� �� ���F,

0�� �77S�
 /.��*	'� �	�	
 =� .��( �� �4	F%
 n��8
 K7� ����_��� $�
� �� 0HP
 p

-2 - ,�	; ��� �D�.� [7��� �� �1�7( K7� �� � &C�
 fH 
.

 &E2 ��)l�k ( �	�	
 =� |	+VR �L( p���� �� uU-7 * �
 �-,�8
 �� �#��  . �	���

 �, �* ���1�7( K7� �� �0�� &( B2 ����� �	����� � ��.�-.� ��1Q ����� �	�	
 <�� ��

0�� �-2 �-7�7( \'��
 &( �� ��� V�-* .�� J��F2 X7( K7� $-2 ��� �D�.� � p.�-.� 

 �� �* �	���X -.� �-2 �-7�7( X7( K7� <�� �� �* ���1L( 0F� �� �0�� �-2 ]�8
 

�	2 �
 �-78* . J��F2 X7( K7� $���# ��� ���F2 X7( K7� $���# � fo� l &:� 

 ��-6
 �� �	��� ����uU8
 ��1L( �* ��-� �� �0Y�� ��, ���6Y 01# �� �#��  ]�

 0
NY �� �-2Y J��F2 �� �-2 ]�8
 ��1L( ������ l-7;�Q -,�	; �-.�7 ���� .

��* ��� �D�.� [7��� �� �� X7( K7� �� -��� ?6+ �	�	
 <�� V��-
 $-7;�Q ���� . [7���

 J��-.� �� � �0Y�� ��, ���6Y 01# �� �� |	+ �	�	
 ���� �'�� *lk ��� �� �� �.�-.� 

-.�;�Q -,�	;.



��

Winding 1 1001001001001001001001001
Winding 2 0100100100100100100100100
Winding 3 0010010010010010010010010
time --->

 �� �L( ��,�	�	
 <7 �F,VR �� k � T ���-.� ��� �	:� ��* -.��� �	#� !7. X7( K7� 

0�� X7( K7� �� c�	.� �� �7H2 �1.G . &E2 �� �-2 y��8� �	�	
)l�k ( �F* ��-%� ��

 �� ���, �L( � �0�� ���* ���_��� �	����� �� &( � �	��� �� �.�-.�uU �
 ��O�� �#�� 

- * .���� �
 <EF
 �� ��EQ	* ��, �L( ��O�� ��87� ��, �.�-.� � �1L( �� ���_���.

�     �Ho� =� ��,�	�	
 Unipolar Motors

 &E2)l�T(

� �L( ��,�	�	
 ��Ho� =� ��,�	�	
 �- � K7� �� -��H7, � Kg�� /7^� S
 �T �� �� }

 &E2 =7��F2 )�	C� �4	F%
 ��)l�T ( ?�� �� =� ����� �* �-.� �-2 �- � K7�

- 2�� �
 X7( K7� �, ���� . p��( �� �4	F%
 �1�7( K7� ?�� ��,�� ����_��� $�
� ��


� p��( �� z�� �
 )�	C� X7( K7� �, ���1�.� �� �� � fH 
 0HP
 �
 &:� fH 
 <7

- * R	E%
 �� X7( K7� ?�	� �-2 ��O�� $�-7
 01# �� �	2.

 &E2)l�T ( �L( �, ���� �� -.�	� �
 �*-,� �
 $�8. �� -��H7, �� � Kg�� /7^� S
 �	�	


uU -;��� �#�� )B�� �� �	�	
 ���� �� <�� )��_�)l�u (0�� �-2 ���� y7Z	� .(

 J��F2 X7( K7��( �� <7��
 ��	�	
  �E7'�@ �� �0�� �-2 K7>6� �	����� <7g�( � 4�� &

 J��F2 X7( K7�l0�� �-2 f��	� �	����� 0��� � �Q 0F� &( �� <7� �  . $G �	���

 �� Kg�� /7^� S
 =� ��} $G $	
��7( �� �* ���F2 [o� �� � z	 # [o� �� �&( 

0�� �-2 ��;�� �-2 �-7Q.



�	


 �	��� ���87� �� ����� 0�� ��O�� �����	2 ��;�� ���87� ��1L( �� -��� � . �L( �	�	


 �L( �, �� �* |	+ ��	C� �� �-2 ���� $�8. ��uU <���O��� �� �E� �-;�Q �
 �#�� 

 c�	.� �Q� �-2�� �
 Kg�� /7^� S
 �� �L( �	�	
 ��1@�^�T � T/� K, $G �� �#�� 

�	2 �
 0+�� f7�� �	o� . ��,�	�	
PM� �� ����� 0�� �� �/��;��  � �-.� �-2 �

 0�� �� K, s��� -��H7, ��,�	�	
}/u � �/�� <7 �F, � �#�� �l ./- �>, �71� &���.

 X7( K7� ?�� �� �� $���# �	HY ��-2 ���� $�8. &E2 �� �E��	o.�F,� �� 7
�� �� a

 �	����� <7g�( &(  �E7'�@�� -2 -,�	; �	����� �4�� &( �� ��F2 [o� ��O�� [#	


�-2 z	 # [o� �-2 ���� $�8. $�E
 �� �	��� $-2 zA# [#	
 0'�@ <�� �* �0�� 

��� �
 &E2 �� . X7( K7� ���7. ��.� Q� X7( K7� � fo� l �	��� ���� &C�
 uU

 �#��)�L( =� (-7;�Q -,�	; . �� <7� �� ��7. -��� ?6+ �
 ��	��� V��-
 B;�Q ����

K7 * K7>6� [7��� �� X7( K7� . ���P
 do 
 ��  $���# �	HY �".�8. �* �K7 * ~�+ 0H

 J��-.� �� �	�	
 B;�Q [#	
 ��� ��� * [7��� �� �-2�� X7( K7� =� ��lk �� �L( 

-2 -,�	; &
�* ��� �� �� �0Y�� ��, ���6Y 01#.
Winding 1a 1000100010001000100010001
Winding 1b 0010001000100010001000100
Winding 2a 0100010001000100010001000
Winding 2b 0001000100010001000100010
time --->

Winding 1a 1100110011001100110011001
Winding 1b 0011001100110011001100110
Winding 2a 0110011001100110011001100
Winding 2b 1001100110011001100110011
time --->

"�7, �X7( K7� pF7. �� �* -72�� ��2�� �#	�-2 -,�	�. ��%+ $�
!F, �	o� �� . �� �,

-.�;�Q -,�	; �L( =� �� Kg�� /7^� S
 0�	. �, �� |	+ J��� B��F. [7��� . [7���

 <�-� �- * �
 ��%+ �-2 ���� $�8. 4�� &E2 �� �E��	o� �� X7( K7� =� ?6+ ��4��

- * �
 I�C
 �� �D�.� <���F* �* � %
 .� �� X7( K7� �� �<���� [7��� � 0�	. �, �

 ���%
 �����8 ��L* �	o� � ���* -,�	; ��%+k/� �� ���4�� [7��� �� ���!� ����� 

��* -,�	; ��O�� X7( K7� �� �� ���_���.

 �
 �O7�. =� $�	 %� ��	� -,�	�. $�>E� |	+ [7��� �� ?�	� �-2 -7'	� �L( ��1.�E


�
 ��O�� �� �L( K7. 4�� [7��� �� [7*�� �* 0_ $�	� ��	��� $��* \�	�
 �� �* �-��F. 



�


 <EF
 4�� [7��� �� �� �E� ?�	� ���7��� &��� ��1.�E
 �� $�7
 �� =� )�	C�

-2 -,�	;.

Winding 1a 11000001110000011100000111
Winding 1b 00011100000111000001110000
Winding 2a 01110000011100000111000001
Winding 2b 00000111000001110000011100
time --->

�      �Ho� �� ��,�	�	
 Bipolar Motors

 &E2)l�}(

 ��.G ���8
 �
!7.�E
 �� f��� �� -��H7, ��,�	�	
 � Kg�� /7^� S
 �Ho� �� ��,�	�	


 )�	C� �1.G X7( K7� �� �
� �-.	2 �
 ��;�� �-2 ���_��� �Ho� =� ��,�	�	
 �� �*

� �* �-.� �-2 �- � K7� ��� ����- 2�� �
 ?�� �� $�- . �	�	
 �	; �* � %
 <�� ��

 �-7�7( �F* ��	�	
 &( 0_# �, ��	%� 01# $G �	���� ��-
 �'� 0�� �-2 �� ����

0�� �-2 �� . &E2)l�} ( �-2 �- � K7� �.	"Q ��	�	
 <7 Q =� �* -,� �
 $�8.

0�� . &E2 �� �7H2 ��7>� f����� -7 7� �
 �E��	o�)l�T (-2�� �
 .��-
 �	���� )�

 ��� * ��-
 =� �� ��7. ��	�	
 <7 QH-bridge���� X7( K7� �, ����  . <�� �*

-2 -,�	; ���� y7Z	� ��87� ��� �L( ��,�	�	
 ��� * )���-
 b9H
 �� c	Z	
 .

 =� �E �� �:N;H-bridge K7� ��,�� �� =� �, $���# ����N( �* -,-7
 ���#� 

�.��-# ��, X7(�	2 <77%�  .7��� <7 Q ���� ��� * [0�� �-2 ���� $�8. ��� �� ��	�	
 .

 �� ���_��� + �–-2�� �
 X7( K7� �, ��1'� 7
�� �����N( �".���F.  .
Terminal 1a +---+---+---+---  ++--++--++--++--
Terminal 1b --+---+---+---+- --++--++--++--++
Terminal 2a -+---+---+---+-- -++--++--++--++- 
Terminal 2b ---+---+---+---+  +--++--++--++--+
time --->



��

 ���� �* 0�� ���1.G �� dHo 
 �� 7Y �Y�!�.� �LE2 �� )�H7��� <�� �* -72�� ��2�� �#	�

�	2 �
 ���� ��E� �Ho� =� Kg�� /7^� S
 �	�	
 =� . �* -72�� ��2�� �#	� <7 �F,

 �	���� ��, �2��� �� ���7>�full H-bridge �#��; $�	F. ��%+ ���� ����� =� � 

-.��� 01# ��� * ���� �"�� �E� � . �	#	� �� |	+ )�H7��� �E �� ���� �� �2��� <7 Q

- * �
 &FY ��� )�	C� ����7�.
Enable    1 1010101010101010 1111111111111111
Direction 1 1x0x1x0x1x0x1x0x  1100110011001100
Enable    2 0101010101010101 1111111111111111
Direction 2 x1x0x1x0x1x0x1x0 0110011001100110
time --->

 <7� 0
��6
 �K7� ��1Q ��,�	�	
 ���� �� �Ho� �� �	�	
 =� $��� !7F� ����

-7O >� �� \L��
 ��1'� 7
�� . ��1Q �� �Kg�� /7^� S
 �� �L( �	�	
 �* -7.�-� 0�� K1


	#� !7. �!O
 X7( K7�0�� �-2 &7E8� ������ pY	FO
 �� �� � ����� � . K7� �� ��

 4�� ��,D��'� �� �	�	
 $G �� $�	� �
 �- 2�� &C�
 ��� )�	C� �Y	FO
 �, �� X7(

��* ���_��� . <7g�( ��,D��'� �� �1.G �� $�	� �
 �- 2�� �-2 ��>� ���	
 &E2 �� ��

��* ���_��� .�� ����� � ��� )�	C� �1.G �� � $�	 %� - .�	� �
 �- 2�� ?�� 

-.�7 ���� ���_��� ��	
 �Ho� =� <7g�( D��'� ��,�	�	
.

�  ��+ - Q ��,�	�	
 Multiphase Motors

 &E2l��(

 pF, �* 0�� �LE2 �� 0�� s��� ��F* �* Kg�� /7^� S
 �� �L( ��,�	�	
 �� �� ���

 �- 2�� �
 ��� ��� �;�Q )�	C� �$G ��1�7( K7� 0_# �, <7��
 �o�� �� �*

���� �	#� �6L@ �� X7( K7� . c�	.� ��,�	�	
 �� ���� <�� �@��^ <��� s���u � T ��+ 

-2�� �
 $G . \C. - 
��7. $G ��� *H-bridge-2�� �
 �	�	
 �� 7
�� �, ����  .

 ��1�7( K7� �� �E� !O� �F, �� ��F, $	Q �-  * �
 ��O�� ���87� ����8 �,�	�	
 <��



��

- �>, ��%+ �1��	. pF, �� . ��,�	�	
 �� �x%�T J��-.� �� ��4�� 0�� ��+ �l ./ �#��

)TUU&
�* ��� =� ���� �� �L(  (-  * �
 ��O�� . �	�	
 =� ��T �, �� �L( �� ���+ 

�	2 ��O�� -.�	� �
 ��� )�	: �� ����E� p;�Q.

Terminal 1  +++-----+++++----- ++
Terminal 2 --+++++-----+++++---
Terminal 3  +----- +++++----- ++++
Terminal 4  +++++-----+++++-----
Terminal 5 ----+++++-----+++++-
time --->

 ��-2 ���� $�8. �� 7
�� �, �K�-�� �, �Ho� �� ��	
 �� �* ���	: $�F, �� ��O �� ��

 p��( �� �	�	
 ���7. K�>7� �� + ���-2 -,�	; &C�
  .� �#	� �, �� �* -72�� ��2�

- * �
 ~	Y �� �	; ����N( �� 7
�� =� ?6+ �L( . K7� =� �� �� ��7. ���	%� <��

 - * �
 fo� �� 7
�� �� &C�
 X7() =� ����� �X7( K7� <�� �� �� �� 7
�� �� $	Q

-2 -,�	; ����N( (-2 -,�	; &6� 
 �	� ��E7� &H� pL@�
 �� �* ��7( K7� �� ��7. � .

� �	�	
 &E2 �� �-2 y��8)l�� (02�� -,�	; &
�* $���� �� ��-2 ���� [7��� ��.

 ��,�	�	
 $��* !��F�
 ����T ��,�	�	
 �76� �� ��+ T �� �E �� �� -7 * �#	� �K7� 

 �	�	
 =� �'�	�
 �� 7
�� �� <7� 0
��6
T ���+ R �7t ��1'� 7
�� <7� 0
��6
 �-2�� 

 �'�	�
1.5R�	� -,�	; .

7 * �#	� ��,�	�	
 �� �x%� �* -T ����� ��+ T �� �N* �* �- �>, �.��-# X7( K7� 

02�� -,�	; �� . � �- �>, ��C�� &��� �4�� &E2 - .�
 ��� ����� )�	C� �1 �� �*

 �	���� ��-
 ��5 half-bridge =� �� X7( K7� �, �� � � full-bridge �:�C�;� 

-.	2 �
 ���-.� ��� . �E �� �� �#	� �� �	���� ��	{� �3. ��half-bridge ��- * 

 p2��� =� �� ���_��� �0��full-bridge�	� -,�	; ����� ����� �4�F�@� .

l�T  (�� �L( �	�	
 ��,��+ [7���

Stepper Motor Phase Sequencing

 �� �L( 0*�@ �".	"Q �-%� ��, &E2full step � half step �L( �	�	
 �� �� 

�� � �Ho� =� ��-,-7
 $�8. �� �Ho� .
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Bipolar Full Step :

 &E2)l��(

Bipolar Half Step :

  &E2)l��(



��

Unipolar Full Step :

 &E2)l��U(

Unipolar Half Step :

  &E2)l���(

Stepping Sequences for a Four-Phase 
Unipolar Permanent Magnet Stepper Motor



��

�Fg�� ���� ,G p�>, �� �Ho� =� ��+��1Q �	�	
 =� �� �, �L( [7���

 [#	
 �-.	2 ���� �D�.� y79: 01# �� ���� �* -.��� X7( K7� ��1Q �,�	�	
 <��

-2 - ,�	; ����� ���� �1.G �	9
 �� �* �Fg�� ���� ,G 0*�@ . � H
 pL( [7��� ��

���� �	#� �L( �� -%� � k pL( �� 0*�@ ���-O
 ��	2 �
 ���E�  . -.�� $��* R	E%


-2 -,�	; B;�Q 01# $-2 /EY [#	
 ��, X7( K7� ��AS�.

a. Single-Coil Excitation - Each successive coil is energised in turn.

Step Coil 4 Coil 3 Coil 2 Coil 1

a.1 on off off off

a.2 off on off off

a.3 off off on off

a.4 off off off on



��

��* �
 -7'	� ���F* ����8 �A' ���* �
 ���_��� �D�.� &��-@ �� &H� p9_: [7��� .

 �
 I�C
 ���87� �D�.� �- * �
 ��AS� 0�	. �, �� �� X7( K7� �� �* ��� [7���

- * �
 ��O�� !7. ���87� ����8 � - *.

b. Two-Coil Excitation - Each successive pair of adjacent coils is energised in 
turn.

Step Coil 4 Coil 3 Coil 2 Coil 1

b.1 on on off off

b.2 off on on off

b.3 off off on on

b.4 on off off on

 �#	�:

 X7( K7� =��9� c	.k X7( K7� /EY�� �87F, l0�� .

 X7( K7� =��9� c	.u X7( K7� /EY�� �87F, �0�� .

 0*�@ [7��� -7'	� ���� �-7.�	� �
 [�� 
 ��� * ��-
 =� �� ���_��� �� <����� �

-7 * ���_��� ���� ?; �� �� ��	�	
.

 K7. )�*�@ -7'	� [#	
 ���2A [7��� �� V�t��-2 -,�	; �L(.
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Step Coil 4 Coil 3 Coil 2 Coil 1

a.1 on off off off

b.1 on on off off

a.2 off on off off

b.2 off on on off

a.3 off off on off

b.3 off off on on

a.4 off off off on

b.4 on off off on
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l�}   (�� �L( �	�	
 )�@No:� � �,��
���(

��!# $% �# ��� #�&
� ! '�( #�&
� )�*�&*# #�&
� +�� ,-��� 

 ��+ ��-%� <7� �
	FY po���(m) �	��� p.�-.� ��-%� � (Nr) ��� =� �� �L( ��-%� � 

 B;�Q(S)-2�� �
 ��� )�	C� �.

S= mNr
�� y79: ��+�� � ��+ =� =��9� ���� �o��� <�� =��9� �* ��'�@ ���� �
� �0

02�� -,�	; |�-C
 ��� �o��� �-2�� �L( K7. )�	C�.

S= 2mNr
 �	�	
 =� ��1�7( K7� -7 * ~�+m�	2 =��9� �'�	�
 �	o� � [7��� �� ���+  . � %�

K7 * �	�	
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 ��-#)l�\'�  :( $�E
 0�� ��7 ���-.� R����� �, �����	�	


Number of steps Theoretical angle Measured angle Error
0 0 0 0
1 15.00 15.06 + 0.06
2 30.00 29.97 - 0.03
3 45.00 45.07 + 0.07
4 60.00 60.00 0
5 75.00 75.06 + 0.06
6 90.00 89.97 - 0.03
7 105.00 105.07 + 0.07
8 120.00 120.01 + 0.01
9 135.00 135.05 + 0.05
10 150.00 149.97 - 0.03
11 165.00 165.07 + 0.07
12 180.00 180.01 + 0.01
13 196.00 195.05 + 0.05
14 210.00 209.97 - 0.03
15 225.00 225.08 + 0.08
16 240.00 240.00 0
17 255.00 255.05 + 0.05
18 270.00 269.97 - 0.03
19 285.00 285.08 + 0.08
20 300.00 300.00 0
21 315.00 315.05 + 0.05
22 330.00 329.97 - 0.03
23 345.00 345.07 + 0.07
24 360.00 360.00 0
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 ��-#)l�z  : (�L( �.�E
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Number of 
steps

Measured 
step angle

Error

0 0 0
1 15.06 + 0.06
2 14.941 - 0.09
3 15.10 + 0.10
4 14.93 - 0.07
5 15.06 + 0.06
6 14.91 - 0.09
7 15.10 + 0.10
8 14.49 - 0.06
9 15.04 + 0.04
10 14.92 - 0.08
11 15.10 + 0.10
12 14.94 - 0.06
13 15.04 + 0.04
14 14.92 - 0.08
15 15.11 + 0.11
16 14.92 - 0.08
17 15.05 + 0.05
18 14.92 - 0.08
19 15.11 + 0.11
20 14.92 - 0.08
21 15.05 + 0.05
22 14.92 - 0.08
23 15.11 + 0.11
24 14.93 - 0.07
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•dynamic torque—the torque developed by the motor when in motion; 
dependent on the current in stator electromagnets;

•phase inductance—the electrical parameter that limits phase-current 
risetime and, hence, dynamic torque;

•holding torque—the torque a motor can develop to prevent a static load 
from pulling the system out of step;

•torque stiffness—the motor’s ability to resist angular displacements within 
a step; and

•rotor inertia—the mechanical parameter that limits motor acceleration and 
deceleration.
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dT/d θ =N•T0•cos(N θ)
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Torque stiffness depends on a stepper motor’s number
of rotor teeth and on its maximum holding torque.
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Microstepping will improve stepper-motor resolution 
but not accuracy. A ±5% absolute step error 
becomes a ±160% error at 32nd-step microstepping.
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K7� ��� * [#	
 -.�	� �
 �* 0�� 4�� D��'� =� ��O�� `� �O7�. ��	2 ��� �	�	
 X7( 

��� ��1
 �x�6
 )�	C� D��'� $G �E �� �"
 ��	2 X7g	� �� �-# )��>; ����.

 X7( K7� �� &( ��O�� �E� ����� �	#� 4�� D��'� <�� �� �L��6
 ���� ����� `�� ��    

� ��O�� ��"�� � ��	�� =� �� �	�	
-2�� �
 $��; =� �� �	�	
 X7( K7� �� &( = .

-,� �
 $�8. �� d��^ �� �, ��� &E2.

 &E2                 )l���l(

 0��-, �	�	
 X7( K7� d��^ �� �� $���# &* -��� |	+ &E2 �� �-2 ���� $�8. �	��

- * . ���* �! � $���# �E7.�
� �� �X7g	� $-2 `	
�; $�
� �� ?6+ &FY <�� fo� �

��7 �
 )�	: ��	2 . &P
 �- * ���H>. �	�� �� ��1N400X ���F, �� �'	F%
 ��, 

 �� ���	
 )�	C� $��; =� �* -2�� V�4 0�� <EF
 ��	2 ���_��� f��� ��, X7g	�

��� &C�
 �	��.

 �
 �	#	� �@��^ )NE8
 �� ���87� �-7�7( |	+ &E2 �� �-2 ���� $�8. �	��    

���G .	� ���� -,�	; D��2� � &C�
 <7
� �� X7g	� d��^ �� $��; ��	2 �
 ��>� X7g
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-2�� ��2�� �� $���# D��2� �� e	��
 D��'� <�� 0��-, ���.�	� -��� X7g	� � �-2 . =�

��* -,�	; ��-9
 �� $���# <�� ��AS� fH 
 �� �-2 ��� �� $��; �� �-2 ��� 0
��6
 .

�-2 ��7;� �D�.� ��	2 ��� X7g	� ���� �� �� 4�� ���-6
 �� �� $��; ��	�	
 X7( K7� �� 

-2�� ��2�� �� D��'� <�� &F9� ���.�	� -��� X7g	� � ���* -,�	; D��2 ��AS� fH 
 D��'�.

 -�-8� ��-
 �� �-2 ��7;� �D�.� �� e	��
 �	
�+ �� �
 �$��; J��-.� pH��9
 ����    

K7,� �
 ���� ���>
 �� �-  *.

P = C V2 / 2
P = L I2 / 2

Where: 
P -- stored energy, in watt seconds or coulomb volts 
C -- capacity, in farads 
V -- voltage across capacitor 
L -- inductance of motor winding, in henrys 
I -- current through motor winding 

O�� �� 03+�9
 ���� $��; J��-.� &��-@ pH��9
 $��G ���H>. �X7g	� ��� 4�� D��'� ��

0��:

C > L I2 / (Vb - Vs)2

Where: 
Vb -- the breakdown voltage of the switch 
Vs -- the supply voltage

 �"�>� �1.G �	9
 p���� �� �* -.��� ����_�
 ���6'� [��Z ��77S�
 /.��*	'� ��,�	�	


���� .� �� �	�	
 ���� * K�>7� �� ���-.� ��� -�-8� /.�*�+ �� =��!. ���, /.�*�+ �

 �� ��	�	
 ?�	� �-2 ��O�� ����8 � ��	�	
 X7( K7� �o��� �� �	�	
 $���# �- *

 0;�	 E� ����8(steady state) )��_�
 �N
�* ��F�� ���7LFY D��'� =� �� 

	� -,�	;� .0�� ��� )�	: �� -�-8� /.�*�+.

f = 1 / ( 2  (L C)0.5 ) 
��� �� ��� ����� �� ������ ��� �� !"��#�$� ��%�� &� '�(� �)�(�)$� ���*% !"�#(+ (,�- .(/ �� !%�� &� 12� !$�3 �� ��# 4�5 �- ��� �� !"��#�$� ��

 �� 4�6� 7��2 ����*8 9� �� �"��% �� �# �:# �� -�;� ���/�: � <���� ���%�� =�3 >�? �- <�?�" @��(A ���� �� ���*% !"�#(+ �� &�-B" �)�(C
�D- ED�#.
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Unipolar Permanent Magnet and Hybrid Motors

 ���� $�8. ��, �#��; �� ��>��� �Ho� =� Kg�� /7^� S
 ��,�	�	
 ��,�'�� * ��Y	.

 &E2 �� �-2)l���u (- �>,.

 &E2)l���u(

 &E2 �� )l���u ( &E2 - .�
)l���� ( ��E� �- �>, �, X7g	� �".���F. �* ���, �H%#

-.� �-2 ���� .�� =� � � ��� ��� * ��1'� "7� -7'	� ���� ��-8. ���� $�8. �* ��� * B

 �� �	�	
 �� - * �
 &FY �x�6
 �
� �� �* �0�� �-2 ��+� �3.�� �, X7g	� $��* ��>�

-�G�� B;�Q . ��!+� V�. =� pL7�	� ���A( �
�.�� ?��� ��'�� * �� ��	7m
�* =� �4	F%


 * ���� ��7. ��	
 ��, �#��; ��F76�>
- * �
 -7'	� �� �1�7g	� ���.

 `	
�; $�
� ��8��� ��6'� �� �
 ��77S�
 /.��*	'� �	�	
 ��-.� ��� ��-
 �� �E �� �� �3.  

 �K��H� <7� �� ���, �	�� ?�	� �� ��8��� ��6'� -��� ���-O
 �K��	� �#�	
 X7g	� $-2

 �%+� <�� �'�k &E2 �� �E��	o� �	�� )l���k (�-2 ���� $�8.0�� ��7. ��	
 .

 &E2)l�� �k(

 �!O
 �	�*�- �� �� �� �	�	
 X7( K7� $	Q �0�� ��7. ��	
 ���87� ��,�	�� �O �� ��

 ?�� �� �� ����W D��'� ����� �* ?�� �� �� �!*�
 �	�*�- �� =� �� �EL� ��-8. &7E8�
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0�� �-2 &7E8� -2�� �
 . �� �7H2 ��W� �<�� �* �-H
 �	; =�(auto 

transformer)����  ! �-78* <7���( X7( K�7� ���1�.� �� =� ����(pulled 

down) �-78�* 4�� �"�� ��� ��	�2 (fly up)/EY�� � �-2 -,�	;  . =� �* ����

 �* ���� -,�	; 0HP
 fH 
 0F� �� �� �	�	
 �� $G ���8��� ��6'� ��	2 �
 ��� X7g	�

�-2 ��>� �	�� =� ��0��  . <7��( �� �� ��*�@ B_'��
 �� �(fly downward)

 �� �� <7��( �9o� �� ��	2 ��� 2 �fH 
 D��'� $�
� $G �� �* �	8. �� � �02�� -,�	;

ground���� ���� �� $G �	�� ��� �* �D��'� /EY �� ���� �
  . �, X7g	� �� �x%�

� �;�� �'� -.� �-2 03+�9
 ���1�8��� <7 Q ����� �� [7�G ��-�-2 0��� <�� �� �"�

- �>, ��A( . �E��	o� �- * ��-9
 �� ��8��� D��'� -.�	�� K, $��; =� -��2 <7 �F,

 &E2 ��)l���T ( 0�� �-2 ���� $�8. ���:

 &E2)l ���T(

 &E2 �� $��; J��-.� <77%� -Y�	�)l���T ( &E2 ���� ���-.� <77%� <7.�	� ���8
)l���

l (- �>, .W� �'�0�� )��_�
 �N
�* -�-8� � ! �� $��; �� �Kg�� /7^� S
 �	�	
 =� ��

��
 �� ����8 ��	2 ���� ��E� $G �� =��!. �� -�-8� /.�*�+ �� ����8 �� �7H2 �H

<7g�( 0Y��

0+�� -,�	; B��!+� . &E2 �� �-2 ���� $�8. � 9 
 �� d��o
 &:�@ ����8)l���} (

 �	� -,�	;:
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 &E2)l ���}(

 &E2)l���} ( r�� �o6. =�)=7( ( �� �� ��	 =� � ��E���E'� -�-8� /.�*�+ �� ��

-,-7
 $�8. �E7.�E
 -�-8� /.�*�+ . �����8 �� 0�� ��>��� �E7.�E
 -�-8� /.�*�+

 ?�	� ���7 ���� -�-8� /.�*�+ �� =��!. ���# �� �E7.�E
 -�-8� /.�*�+ �� �A'

$�E
 �77S� �E���E'� -�-8�(shift)0+�� -,�	;  . �E7.�E
 -�-8� �� 1( ��2A <�� ��

����8 \'��
 0Y�� � 9 
 �%Z	
 [72 �� 0�� ��>��� . 0Y�� ���F, ����8 ��

 B��!+� 0Y�� ���F, ����8 �� �E7'�@�� ��	� -,�	; ��!7� �E7.�E
 -�-8� �- * 0+�

 ��� �E��� )�	C� �� �	�-,�	; ���87� �� 1( ����� �-��� &�-H� -�-8� /.�* �+ - Q

-2 -,�	;.

�     ������* �77S�
 /.��*	'� � �Ho� =� ��,��-.� ��� 

Practical Unipolar and Variable Reluctance Drivers

0�� �-8. ����G ��-F%� �V�4 ��, X7g	� )�7g!# |	+ )���-
 �� . �, �O �� ��

 �� � 7�7g	� �D	'	 E�toggle switches� �� ��+power MOSFETS  &FY 

��* -,�	; . &E2)l���� ( �� X7g	� �, ���� ���7( ���� )���1 87( �� �x%� &
�2

-2�� �
 $G �+�9
 �	�� � �	�	
 X7( K7� ���F, .

 &E2)l ����(



��

� �� |	+ &E2 �� �-2 ���� B��F. ��, X7g	� �� =� �, ����� =TTL �����  

0�� . fH 
T ��� �	�EL* �	���� &
�2 ��6o 
 )�7LFY ���� �-2 ���_��� 0'� 7407

��� �71� ����� &E2 �� -��� ��-2 ���� ��E� . <7� �4	F%
 �	�	
 D��'�T �� 0'� lk

���-. �:�; K73 � �� ��7. � �-2�� �
 0'� .<�� �* ���� 07F,� ��E. <�� �� <�2�� �#	�

 ��,�	�	�
 ��,-�	�.	�{'	� ���-�.� ��� ]����
 �)�-�� X7g	� )���-
DC �76� � 

 ���6'� ��,���(inductive loads)- �>, �� �L( ��,�	�	
 - .�
 .

 �	�>�!.���    SK3180 &E2 �� �-2 ���� $�8. )l���� ( �� )�-� $	�" 7'��� =�

 $���# <7�UUU-2�� �
  .� �m
G �L7
 �� <����� � 0
��6
 d��^ �k�U 0�� �+�* �F,� 

- * 0��-, �	�	
 X7( K7� d��^ �� �� � 7��( �m
G $���# �* -,� ���#� �	�>�!.��� �� �� .

 �+��7407 p2��� �, �� -.�	� �
 �0�� �-2 ���_��� $	�" 7'��� ���-.� ��� ���� �* 

7
 �� &��-@ = 7� $���# -.�	�� �* ��"�� �4�� D��'�  ��� �	�EL* -2�� ��2�� ��m
G �L

��� <�!"��#.

 �6��
 03+�9
 ���� �4�� D��'� ��� �	�EL* �	���� �- E. &F9� �	�>�!.��� �E7��	: ��

��* -,�	; &FY �	�	
 p�AS� fH 
 �� �6o 
 )���-
.

IRC IRL540 &E2 �� �-2 ���� $�8.  )l���� ( �.�-7
 )�-� �	�>�!.��� =�

.���# -.�	� �
 �* �0�� �P*�-@ ���%
 �lU �� � - * &F9� �� �m
G �UU 0'� break 

down) fo� (��� �
 . �	�� $�-� �� ��8��� ��6'� -.�	� �
 �2��� <�� �O7�. ��

- * zA# �-2�� ��	� &C�
 = 7� 07, =� �� �E7��	: �� ��+�9
 . �	�>�!.��� <��

��� �+�9
 ��, �	�� �A' ����� �%��� ��7>� � 7�7g	� $�
� �� �� �- 2�� f��� ���a� �
 -

- 2�� �-2 ��>� �EQ	* ��1.��; . fo� �	�>�!.��� �E7.�
� ��(fail) �.� �	�� �- * �
 

 0
��6
 ��UU ��-
 �K,� TTL-  * �
 03+�9
 ��  . 0
��6
 <7 �F,�UU ���� �F,� 

- * �
 &FY �	�>�!.��� � 7�7g	� $�
� $��* - *.

 K7� �* ���,�����* ����     ��� �	�	
 X7(TUU J��	.�; �-8* �
 �m
G �L7
 

ULN200X 0;�� � -2�� �
 �.	�" 7'��� �� ����G )�	C� �* Allergo 

Microsystem �� �-2�� �
 DS200X 0;�� National Semiconductor

 �.	�" 7'��� p���G ���MC1413 0;�� Motorolla  �	�	
 p.� - Q ��, X7( K7� 

��6'� ��,��� p76� ����* -,�	; ���-.� ��� �6o 
 ����� pL7�	� ��F76�>
 �� �.
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 &E2     )l���� ( ��1 7( �#��;ULN2003 �� �* 0�� ���, �2��� �� �E� �*  

-,� �
 $�8. �� ��	2 �
 0+�� �	+� .  $	�" 7'��� �	�>�!.��� 0_, ����� ����G =� �*

 �� ����� ����� �� ��TTL0�� .

 &E2)l�� ��(

 �#��; �� dHo 
 �$	�" 7'��� �	�>�!.��� �, ��� ���( 0
��6
TTL �Ho��� ���-.���� 

-2�� �
 . $	�" 7'��� �,NPN p��( �� �* `�	; ��7
� �� � �* ��-2 ��>� 0�� &C�
 

 <7( $�	 %�ground�	2 �
 ���_���  .+�9
 �	�� �� ?�	� s7E( <�� �	�>�!.��� �, 03

�	2 �
 . &C�
 �	�EL* �� �� ��7
� �* �E�(shorting) 03+�9
 [#	
 �* �- * �
 

��"�� � ���� �
 �	�>�!.��� �� �-2 ���� R	E%
 ��,D��'� ����� �� �� �� �	�EL* �* 

 <7(�- * �
 &C�
  . <7( ��� �	�>�!.��� �� �	�� <�� ��	2 ��>� �	�	
 0HP
 fH 
 �� 

- * �
 03+�9
 �g�6'� p��Z ����� ��.

 p2���    ULN2803 p2��� �� �7H2 ������ ULN2003 �-2�� �
 4�� �� �-2 y��8� 

 s7E( =� �E.G �� �7t ���� &
�2 � -2�� �
 <7( ��  =� ���-.� ��� �* 0�� $	�" 7'��

 �
 <EF
 �2��� =� ?�	� �� �77S�
 /.��*	'� �� �Ho��� Kg�� /7^� S
 �	�	
 0_#

����.

 �� ��F* $�8�7( K7� �, �* ���,�	�	
 ����    }UU ��1Q �	���� �-8* �
 �m
G �L7
 

 p��-�UDN2547B 0;�� Allergo Microsystem X7( K7� ��1Q � 

=� ��,�	�	
- * �
 ���-.� ��� �� I��%�
 �Ho�  . $�8�7( K7� �, �* ���,�	�	
 ����

 �� ��F*uUU p��-� �� �	���� �-8* �
 �m
G �L7
 7543 ,7542 ,SN7541
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- �>, �H�� 
 ��1����.� . do 
 0F>� =� ����� |	+ <�!"��# �� �,(logic) �� 

- 2�� �
 )�-� �	���� ���F,.

�� �Ho��� ��,�	�	
   H-bridge

Bipolar Motors and H-Bridges

 �0�� ���87� �-7�7( ����� �Ho��� Kg�� /7^� S
 �� �L( ��,�	�	
 ���� c	Z	


- �>7. ?�� �� ����� $�8�7( K7� ��� �1 �� �E.	Q . <����� � $��* R	E%
 ����

 01# $��* R	E%
 �� �	HO
 �
 ��	�	
 X7( K7� =� ?�	� �-2 -7'	� $�-7
 01#

K7�>, X7( K7� �� �	#	
 $���# . 0*�� �* �� &�(�� X7�g	� =� �� K7.�	� �


K7 * ���_��� ��E �� ���� �E7.�E
���E'� . ��7g	� <7 Q =� �E7.���E'� ���%
H-

bridge�	2 �
 �-7
�.  .�� � &E2 )l���� ( 0�� �-2 ���� $�8. �'�F#� )�	C�:

 &E2)l�� ��(

� �-2 ���� ��E� ��1��7g	� ��-2 b9� �NH�� �* �H�o� =�� �	����� ��-�
 �� �E��	o�

 ��H-bridge X7( K7� =� $-2 `	
�; $�
� �� �* ���8��� D��'� ������� -���  

-�G ��
 �	#	� �	�	
�	2 03+��9
  . &E�2 �� �* ���,�	��� pL7�	�� �*)l���� (

��7 �
 )�	: �-2 ���� $�8..

 K7.�-� �* 0�� K1
    H-bridge �EL� ��Ho� �� �� �L( ��,�	�	
 ��� * ���� �1 � �. 

 ��,�	�	�
 ��� * ����DC�88* ��,-�	.	{'	� � � ���8+ (push-pull 

soleonoids)) ���O�� $�-�7
 �� �*-.��� ���� �Fg�� /�7^� S
 ?�	� �-2  ( ���7>� �

0�� ���_��� &��� ��"�� ��,�����*.
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 �X7g	� ��1Q pL7�	�    H-bridge -.�	� �
 �}- * ��O�� �� ��Am.�E
� ���7LFY �	
  .

-.��� v�2 �� ��7. ��	
 ���7LFY ��,�	
:

Forward mode, switches A and D closed. 
Reverse mode, switches B and C closed. 

 �� X7( K7� d��^ �� fH 
 $���# - ,� �
 ���#� �* �- �>, V	��
 ���7LFY ��,�	
 �1 ��

 0F�ground-�G�� `�� ��  . &E2)l����U (Forward mode �
 v�2 �� 

-,�.

 &E2)l ����U(

Fast decay mode or coasting mode, all switches open:
 ��N%� ��	� -,�	; fH 
 &* D��'� \'��
 ��	�	
 X7( K7� d��^ �� $���# `�� �.	�,

 [#	
 ��	( �7t )�	C� �-@ �� �	
 <�� �-2 -,�	; $���# f��� 0+� [#	
 �	�� ��

-2 -,�	; �	�	
 �	��� ��� !
�� �� �7H2 ��'�@ ����

	
 <�� �� �, X7( K7� pF, �� �A' �-2 -�,�	; ���G �	���� �- 2�� &�C�
 �D�.� �� � .

 &E�2)l����� ( �	�
 �� � 7��7g	� �� -�%� �L�:�+N�� $����# `�� J-� ,� $�8.

Forward running �	�
 �� Fast decacy-2�� �
 .

 &E2)l�����(



��

Slow decay modes or dynamic braking modes.
 `�� �� 0
��6
 &��-@ �� �, X7( K7� &;�� �� ������ -.�	� �
 $���# �,�	
 <�� ��

-��7��� . �E7'�@ �� �-2�� B;�Q ��@ �� �	�	
 X7( K7� =� �� $���# �� ��O7�. ��

��* -,�	; 0+� �
��G �� $���# ���� ���_��� �� c��2 �,�	
 <�� �� �E� . �	��� �� �

# �-2�� B;�Q ��@ �� �	�	
 ��� !
�� ��O�� [#	
 �* ��* -,�	; ��O�� �.���

08 -,�	; . &E�2)l����l ( V��G 0�+� ���,�	�
 �� ��E�(slow decacy 

mode) X7g	� $G �� �* - * ��
 y���8� �� D0�� ��>�  . ���7;� �	�	
 X7( K7� ��

 �-.�� 	L# �	
 ��(Forward runnig mode)g	� 0'�@ �-2�� ��2�� ����  �
 X7

-2�� ��>� �� ��� -.�	�.

 &E2)l ����l(

 [Lt�H-bridge�	2 ��7	L# ���	* ��C�� ���� �� �* -.� �-2 �@��^ �� �.	"� �,  .

 &E2 ��)l����u (�	2 ���� B��F. ��!#� ��7 ���� [7��� <���1� �-2 �%�:

 &E2)l����u(



�	

- �>, ������ &��� ��� ���7LFY ��,�	
 �O �� �� :

XY ABCD Mode 
00 0000 fast decay 
01 1001 forward
10 0110 reverse
11 0101 slow decay 

 G�%(% H�B�(arrangement) �)�$�5�- ��"� I� JK5 L��MNO '�D-�� �P �# H?� Q�� R�+ 
 B�� H�� -��S% Q�(�N# ��(encode)�"� I�  . �� I-�K�?� T2�� �- �# H?� Q�� �$��� Q�(�NU�

 '���"� I�� '�(� '(%��V��# '�UN���? � ($(�:#�()��H-bridge -��S% H�-��� �� ���� � 
-�K�?� 7��2 �A�(W '�U���H�- �A�% �UN���? Q�� �- I . '�D ��(% �� '-��S� -��S% �"�K?���

 TN�XH-bridge�"��-��W(� '� I-�? '�D Y(/ Z:[ �� ������ �- -�A�� .
�������� ����� ����� ��� ������ 

Practical Bipolar Drive Circuits
 fF�O
 ��,�	���� �� ���, ���F2H-bridge � (integrated H-bridge 

drivers) n�� ���� ��!#� $��* �-# �� - .�	� �
 K, �	 , �'� ����� �	#� ����� �� 

��ELFY �".	"Q =�� H-bridge-.	�2 f��� ���_���� ��	�
  . �x�%�

 =�� ����� �� �@��^ <7 �Q ���+�H-bridege-.� ���* v�o
 :

 &E2)l����k(



�


 ��, �����X,Y ��, �#��; ?�	� -.�	� �
 ��-
 <�� TTL $�F, �� ���� �	�EL* 

 &E2 �� $	�" 7'��� p��( �� �Ho� =� ��-.� ��� )���-
 �� �* �LE2)l���� ( -2 �-��

�	2 ���-.� ��� . �� �E� ��.� QX, Y 0'�@ �� ����-� high�� ��"�� �  0'�@ 

low-2 -,�	; ���� �D�.� �	�	
 ��1�7( K7� �� �-2��  . �� �, ��low �- 2�� 

 ��,�	�>�!.���pull-down 

-2 -,�	; `	
�; . �� �, ��high ��,�	�>�!.��� �- 2�� pull-up -,�	; `	
�; 

-2 . �E7
� �� !
�� �	
 �� �� �	�	
 ���� ��-
 <�� ��O7�. ��(dynamic braking 

mode) 0'�@ �� �� 11, 00 $-��� J��#� � ��� -,�	; (coasting mode) �� 

��� -,�	�. . &E2)l����k ( �
 V�-* �, �* �0�� �-2 &7E8� ���8
 0F>� �� �� �� 7Y

 �	���� =� - .�	�push – pull-.	2 �-7
�.  . vNo:�half H-bridge �x%� ��  

��� �
 ��E� )���-
 <�� ���� f��	
 ��.

��      =� K7.�-� �* 0�� K1
 ��E. <half H-bridge ��� ��-
 �� ���8
 �N
�* ���-
  

do �
 �� �* ����� �#��; ��-.�TTL �	2 �
 ���_����   . �� ?; ��-�.� ��� f���� ��

 p�7%Z�TTL &P
 � 74LS125A � 74LS244 =� $�	 %� -.�	� �
 half H-

bridge7 ���� ���_��� ��	
 K* ��,��� ���� �� . ���� y7Z	� ��� &E2 �� �* ��	o�

�-2 :

 &E2)l����T(

 ��-@ 0
��6
 �� ���, X7( K7� �� ���,�	�	
 ���-.� ��� ���� ��-
 <��TU D��'� �� K,� 

 �P*�-@T/k fH 
 �� ���_��� �� 0'� T���� �����* ��'�  . �� ��7%Z� �� �+�� �,LS244

-.�	� �
 $���# ����� �� ���%
 �E 7� $���# source-2�� ��2�� `�  . 0
��6
 �

 $���# �E7.�
� ���� �+�� �L;��source )�	C� �* �	���� �� <7� r�� )�	C�  

- * �
 0��_* -.��* ��@ �� ���	
 . ���_���� &��� ��1��'�@ pF, ��	�	�
 �	���� <��



��

 &E2 �	���� ?�	� -7'	� &���)l����u (	� �� )4��@ <�� ��'� ����G �
 �	�#

���A!
� �W	
 )�	C� (encode)-.� �-8..

XYE Mode 
--1 fast decay 
000 slower decay 
010 forward
100 reverse
110 slow decay 

 �E7
� �� !
�� �	
 <7
��(dynamic braking mode) � XYE=110 ����� � 

0H>. ���_7%Z !
�� &FY �	���� 0676@ �� $	Q �0�� �'�� �� LS244 $���# 

���� `� R�	� $���# �� 0H>. ���87� = 7�.

 $�
� �* 0�� <�� ����� �� �	#	
 �� �L( ��,�	�	
 ��, �2��� )NE8
 �� �E�    

0�� ���	* ���7>� ����� �� �1.G pZ�Y . ��, �2���� ��P
 ����dual H-bridge ����  

IpxMxx IP1M10)��(IP3M12 V	L%
 �.�_���
 �'� ��	� ����� ��H6��� ����� 

 �* -2seagate ��;�� �	; ��,	���� =>�� �� -, 07%�	
 <�+�� ���� ?6+ �� �1.G 

0�� . �	���� �� �dual H-bridge �-
 TA7279 �� �"�� �E� �H72	� 0;�� 

 ������ �'� ��	� �m
G =� ��� ��,�	�	
 ���� �'�Y ��7>� ��1����.� K1.G �* -2 ]�8


0�� �-2 ��;�� 0*�2 $G �L;�� J��_��� ����.

L293 dual H-bridge 0;�� SGS-Thompson) �76� � ( ���� �H7��

0>7. �+�9
 �	�� ����� �1.G IN;�� �'� �0�� |	+ ��, �2��� . p2���L293D �* � 

 �, ���( �3. �� �-2 -,�	; ���� v�2 ��-%�)�, <7( ( �7H2L2930��  �	�� ����� �'� �

0>, �+�9
 . �F�-� ��1'-
 ��L293 X7( K7� �, -��� �K7,� ���� ���_��� ��	
 �� 

 ���	>E� &( =� �� �� �	�	
)&P
1N4001 (K�- H� . <�� �#��; ��,�	�� �� ���_���

 $���# � ��7"� ���� $���# B;�Q �7>
 �� ��� 0
��6
 =� �* -,� �
 �� $�E
�

 X7( K7� �� �	#	
 �x%� ���� �* �- * ��7
 ��%��� $-2 `	
�; V�" , �� �� �	�	




��

�	� -,�	; z	Lo
 �,�����* . J��	.�;L293 ���-.� ���  ���� ��	; ��7>� ��1����.� 

 �� �P*�-@ �* - 2�� �
 X7( K7� �, ���� �� $���# �m
G =� �� �P*�-@ �Ho��� ��,�	�	


u}-  * �
 ��* 0'�  . &E2)l����} (( �#��; ��, �2��� V	��
 ��1'-
 <7

L293B � L293D-,� �
 $�8. �� .

 &E2)l�� ��}(

 ��1Q $�	 %� -.�	� �
 �2��� <��half H-bridge 0_# )�	C� �* ��	2 �-�� &6�>
 

 �� �� �-.	2 �
 ��%+full H-bridge ��, ���( �* k �T ��l � �u 0��-, ���� $G 

=� �� �
� ��	� PC0�� �-2 �@��^ �#��; = 7� 07, =� �� �� .

L298 dual H-bridge 0;�� SGS-Thompson) �76� � ( �7H2 �N
�*

 )�	C� � �0�� ��.�* �, ���� �� $���# �m
G �� �� B7� ��7��E� �� ���� �'� �0�4��

 �-� � ���>� )�-� p_'	
 =�)s7E( (0�� �-�2.��P
 $�	 �%� ��LS244�  �LE�8
 

�� ��� 0>7�.H-bridge s7E( �� L298 =� �� �� H-bridge &C�
 �m
G ��1Q � 

 K7 *)0�� ���* ]�8
 �� &FY <�� �".	"Q �2��� <�� )�C�8
 pQ��+� .( =�

 ��	
 �� ��o;�L298���� �	#�  . �-�6.G �-� * �
 X�7g	� f���� ���7>� ��2��� <��

  �+��9
 ��,�	��� �* f���� )1N400x���8
 �  (-  * ��F. &FY . =� �� ~	�Y ��

 &P
 �	��BYV27��* ���_��� $�	� �
  .LMD18200 H-bridge 0;�� 

National Semiconductor �+�9
 ��,�	�� ����� � 0�� �"�� z	; ��P
 =� 

- E7
 �.�H7�8( �� �m
G �� �� � -2�� �
 �-2 fF�O
.

 �E7'�@ ��    H-bridge$���# ���� fF�O
 ��, �- �>7. [�� 
 4�� �L7; ��,D��'� � 

 $�F�;�� -.�	� �
 �* �	2 �
 0+�� ����� �� �H�� 
 �-2 �@��^ ��!#�H-bridge �, 



��

- * ���� �!O
 ��, X7g	� pL7�	� �� . ���P
 �	o�International Rectifier =� 

 �	���� `��+ ?;half H-bridge����  . ��1Q J�N%� �, �2��� <�� �� �� ��

�� � 7�7g	� �	�>�!.�MOSFET =� 0;�� ���� H-bridge0�� �+�*  .

IR2101 � IR2102 � IR2103 ��,�	���� H-bridge- �>, � H
  . <�� �� =� �,

 =� ��� � 7�7g	� �	�>�!.��� �� K76>
 ��� * ���� �6o 
 ����� �� ����� �, �2���

 =� �� ���(H-bridge- �2�� �
  .IR2104 � IR2111 �����  ��, �#���;

 =� � 7�7g	� ��� * ���� �1��8
H-bridge - �>,  . ��1����� ����� �1.G <7 �F,

-,� B,�* �� �#��; do 
 �� ��7. -.�	� �
 ��,�����* �x%� �� �* - �>, �� �6o 
 .

 ];� )�	C�2104 =� &
�2 enable input �� ��1Q �* -2�� �
 2104 J�N%� 

-�  � 7�7g	� �	�>�!.��� 08, =� ��O� -.�	� �
 �"�� �+�Z� do 
 �� ��7. $�

L293�	2 ���_���  . ��, �2��� �$�-.��� �� ���-%�complex H-bridge �
 

-2�� �
 $���# J-  * ��-9
 )���-
 ����� �* -.��� . �* K7.�-� 0�� z	; <7 �F,

 �	���� ���-%�3-phase bridge�	
 ���-.� ��� ���� �* ���� �	#� ����� ��  ��,�	

�� ��'� �- � �E7( ����� ��+ �� Kg�� /7^� S
 �� �L(Y-2�� �
  . <7 Q �� �F* ��-%�

0+�7. `��> �1.G ���F, �� B��,�	���� ��* ���� �	#� �,�	�	
 . ��1'-
 �	#� <�� ��

TA7288 P � GL7438 � TA8400 � TA8405 �� � �- �>, ��	; ��1@�^ 

B2 ���F, �� ���, �2��� <7 Q �� ��half bridge �	�	
 =� ��� * ���� ��	; �� � 

0�� ���_��� &��� &
�* ��� =� ���� �� �L( �� �� � K7� s ( �� �L(.



��

l�� ( �� �L( �	�	
 ��� * ��!+� V�.

Στεππερ Μοτορ Χοντρολ ΣοφτωαρεΣτεππερ Μοτορ Χοντρολ ΣοφτωαρεΣτεππερ Μοτορ Χοντρολ ΣοφτωαρεΣτεππερ Μοτορ Χοντρολ Σοφτωαρε
 B�� ��,�'�� * �� �E� ��.� Q)l�� (-,�8
 ��� �� �* ���,-* pL7�	� �K���>� �� �

 B;�Q �� �� �1.G � ���* &C�
 �,�'�� * �� �� ���,�	�	
 K7.�	� �
 ��* -7,�	;

K���G�� . 07
	FY �* ��E��( $��� �� �	8. ��+� 0�� �L7; �E �� ���� �O �� ��

0�� �-2 ���_��� ���� ����� . �� �� ��* <�� � - * �
 �.�H7�8( �� �	�	
 =� ?6+ -* <��

�� K* ��1�7� �� ���_������ -,�	; V�O.� &'���( )�	( `� . ��1�7� �� $�	� �
 �E7'�@��

��* ���_��� ��"�� $�
!F, ��,�����* �� �"�� �	�	
 ���-.� ��� ���� `��� �( . ��@

 ���_��� 0�� &C�
 $G �� ����� ��,�	�	
 �* �>EL( ��'�
 ��� * ���� $G �� $�	� �


���-.� ��� �� �:�; �	�	
 0�	. �, �� � ��*��*  . pH # ��87� B�� <�� �E �� �:N;

 �3. -
 �� ��� * ��-
 � &'���( )�	( d��^ �� �	�	
 �� $��� $�
�+ �".	"Q �� ��� 2G

0�� ���� ����.

�	2 �
 ���_��� X7( K7� �� �� �77S�
 /.��*	'� �	�	
 =� ���� �
�.�� �%o� <��:

const maxstep = 2; 
           steps = 3; 
     var   steptab: array [0..maxstep] of integer;
           step: integer;
           motor: file of integer; { this is the I/O port for the motor 
}
     begin
           step := 0; 
           steptab[0] = 1; { binary 001 }
           steptab[1] = 2; { binary 010 }
           steptab[2] = 4; { binary 100 }
           write( motor, steptab[step] );

 �� � ?�� �� ����� X7( K7� �� �Ho� =� Kg�� /7^� S
 �	�	
 =� ���� �
�.�� �%o� <��

 �	���� ��-
 �� �Ho���H-bridge�	2 �
 ���_���  :

     const maxstep = 3; 
     steps = 4; 

     var   steptab: array [0..maxstep] of integer;
           step: integer;
           motor: file of integer; { this is the I/O port for the motor 
}
     begin
           step := 0; 



��

           steptab[0] = 1; { binary 0001 }
           steptab[1] = 4; { binary 0100 }
           steptab[2] = 2; { binary 0010 }
           steptab[3] = 8; { binary 1000 }
           write( motor, steptab[step] );

�	2 �
 ���_��� Kg�� /7^� S
 �� �L( �	�	
 =� �L( K7. ��� * ���� �
�.�� �%o� <��:

const maxstep = 7; 
           steps = 8; 
     var   steptab: array [0..maxstep] of integer;
           step: integer;
           motor: file of integer; { this is the I/O port for the motor 
}
     begin
           step := 0; 
           steptab[0] = 1;  { binary 0001 }
           steptab[1] = 5;  { binary 0101 }
           steptab[2] = 4;  { binary 0100 }
           steptab[3] = 6;  { binary 0110 }
           steptab[4] = 2;  { binary 0010 }
           steptab[5] = 10; { binary 1010 }
           steptab[6] = 8;  { binary 1000 }
           steptab[7] = 9;  { binary 1001 }
           write( motor, steptab[step] );

 =� ���F, �� ��+ s ( �	�	
 =� ��� * ���� �
�.�� �%o� <��H-bridge =� �, ���  

�	2 �
 ���_��� �	�	
 �� s ( ��:
     const maxstep = 9; 
           steps = 10;

var   steptab: array [0..maxstep] of integer;
           step: integer;
           motor: file of integer; { this is the I/O port for the motor 
}
     begin
           step := 0; 
           steptab[0] = 13;  { binary 01101 }
           steptab[1] = 9;   { binary 01001 }
           steptab[2] = 11;  { binary 01011 }
           steptab[3] = 10;  { binary 01010 }
           steptab[4] = 26;  { binary 11010 }
           steptab[5] = 18;  { binary 10010 }
           steptab[6] = 22;  { binary 10110 }

steptab[7] = 20;  { binary 10100 }
           steptab[8] = 21;  { binary 10101 }
           steptab[9] = 5;   { binary 00101 }
           write( motor, steptab[step] );

���-. �"�>� �	�	
 c	. �� � 0�� $�>E� �F, ���� ��� ��,-* J-.�F7��� . �
�.�� ���


 ���� -��� 01# ��
���( �* ���� -,�	; 0*�@ �0*�@ &��� )�1# �� =� �, �� �� �	�	



��

� + ����- * ]�8
 �� 0*�@ 01# �� -2�� .

procedure onestep( direction: integer );
     begin
         step := step + direction;
         if step > maxstep then step := 0
         else if step < 0 then step := maxstep;
         write( motor, steptab[step] );
     end;

 �%��� $�
� p_7a� =� ��� �L( �	�	
 ���!+� V�. ��� *(real time task) � �0�� 

 * ���� =�-7+ 07� =� &��-@ �F2-���� ��7. ����+� |�_�� �* ��.G ��� . ��Y	. )�	C�

 �, �-.� 0*�@ �".�8. �* �	� -,�	; ��7� <��) �� �	�	
 -,� $�8. �* �"�� !7Q �, ��

0�� B;�Q ��@ ( ��	. c�%2 =� pL7�	� � ���G �
 �	#	� �� �� �_�� �* �-2�� �


-�G �
 �	#	� X7g	���E7
 =� $-2 ��>� �� . �� z� �#� ���� $-.�	; �� &E8
 ����

 �� 0*�@ ���� �_: po6. $�	 %� �� �o6. =� �* K��	HO
 ��	> � <�� d��^ �� $�E


K��7"� �3. . p9_: � �	�	
 <7��
 ���, �-.� �E7g�# �� �, X7g	� �� ���_��� �� �	C��

-�+� �F. |�_�� ����� �� �_: $�E
 �� 08��� �4	F%
 �- 2�� �7�� ��"�� ���� . ��

�+ ��A( �
�.�� �.�
� �F��� p_�� =� � K7.�	�� �� ��8��� 07� =� K7.�	� �
 �E �� ~

 �� ���-.�7� ��� �� �	�	
 �* ��F��� �_�� /���� <7��� =� <�;�� �K���� K�>7� ���

0�� ��Am.�E
� ��� &E2:
const maxpos = 11111; { maxpos + 1 is calls to onestep per rev }
     var position: integer; { current position of motor }
         destination: integer; { desired position of motor }
         direction: integer; { direction motor should rotate }
         last: integer; { previous value from position sensor }
         sensor: file of integer; { parallel input port }
     begin
         read( sensor, last );
         position := 1; 
         setdest( 0, 1 ); { force turntable to spin on power-up until
                            it finds it's home position }

     procedure timer; { interval timer interrupt service routine }
     var sense: integer;
     begin
         read( sensor, sense );
         if (direction = 1) and (last = 0) and (sense = 1) 
           then position = 0; 
         last := sense;

         if position <> destination then begin
             onestep( direction );
             position := position + direction;
             if position > maxpos then position := 0
             else if position < 0 then position := maxpos;
         end;
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         if position <> destination
           then settimer( interval_until_next_step );
     end;

 �F��� /m� �- * �
 K73 � �� B;�Q �7>
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program)-,� V�O.� �� -,�	; �
 �* ��"�� ��* �, -.�	� �
 .
procedure setdest( dst,dir: integer );

     begin
         destination := dst;
         direction := dir;
         if position <> destination
           then settimer( min_interval ); { force a timer interrupt }
     end;
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The STH-39D137-04 75ohm stepper motor, from a PC clone half-height 5.25 " floppy 
disk drive, has Brown, Black, Orange, Yellow and Red wires. 

Table of resistances between pairs of wires
                   Brown                                         

                   Black    149.6

                   Orange  148.9 148.9

                   Yellow   148.4 148.6 148.3

Red       74.9 75.0 74.6 74.1

                  Brown   Black   Orange   Yellow   Red
So it's clear that Red is the Common Power wire 

Supplying power (up to 12v for a disk drive stepper motor) to the Red wire, grounding 
the Yellow wire and assuming it's connected to Coil 4 -

• Grounding the Orange wire has no effect - Coil 2

• Grounding the Black wire produces a small clockwise rotation - Coil 3

• Grounding the Brown wire produces a small anticlockwise rotation - Coil 1
So the connections are as follows 
    Red      Common Power
    Brown    Coil 1
    Black    Coil 3
    Orange   Coil 2
    Yellow   Coil 4
It is the same for the following stepper motors out of half-height 5.25 " floppy disk drives 
-
Model Name     Motor Manufacturer     Drive Manufacturer  
==========     ==================     ==================  
 MSJE200A73     Mitsubishi/Sankyo      Mitsubishi          

  KP39HM4        Japan Servo Motors     Yaskawa 
Electric/IBM
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The TEAC 14769070-10 stepper motor, from a PC clone half-height 5.25" 
floppy disk drive, has six wires - two Brown, Yellow, Red, Blue and White. 

Table of resistances between pairs of wires
Brown1

Brown2 7.0

Yellow    81.2 74.4

Red       74.1 80.9 155.2

Blue      81.3 74.5 148.6 155.2

White     74.3 81.1 155.3 148.1 155.3

    Brown1  Brown2  Yellow   Red    Blue   White
So it's clear that the two Brown wires are Common Power, both connected to all four 

coils. 

Supplying power (up to 12v for a disk drive stepper motor) to the 
Brown wires, grounding the Yellow wire and assuming it's connected 
to Coil 4 -

• Grounding the Red wire produces a small anticlockwise 
rotation - Coil 1

• Grounding the Blue wire has no effect - Coil 2

• Grounding the White wire produces a small clockwise rotation -
Coil 3

So the connections are as follows 
    Browns   Common Power
    Red      Coil 1
    White    Coil 3
    Blue     Coil 2
    Yellow   Coil 4
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The stepper motor out of an Apple II 5.25" floppy disk drive has 6 wires -
Brown, Black and Red in one group and Orange, Yellow and Red in 
another. 

Table of resistances between pairs of wires
Brown                                                 

Black     73.2

Red1 36.6 36.8

Orange      *      *       *                          

Yellow      *      *       *     73.1

Red2        *      *       *     36.4 37.0

    Brown   Black   Red1   Orange   Yellow   Red2

            * No Reading, so not connected  
So it's clear that one Red wire provides power to the Brown and Black 
coils and the other Red Wire provides power to the Orange and Yellow 
coils. Common sense would suggest this, from the way the wires are 
grouped, and the readings in the table confirm it. 
Supplying power (up to 12v for a disk drive stepper motor) to the Red 
wires, grounding the Yellow wire and assuming it's connected to Coil 4 -

• Grounding the Orange wire has no effect - Coil 2

• Grounding the Black wire produces a small clockwise rotation - Coil 3

• Grounding the Brown wire produces a small anticlockwise rotation - Coil 1

So the wiring scheme is as follows 
    Reds     Common Power
    Brown    Coil 1
    Black    Coil 3
    Orange   Coil 2
    Yellow   Coil 4
which happens to be the same as in Example 1
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KP4M4-001 Stepper Motor

+12v dc, four-phase, unipolar, permanent magnet, 3.6° per step 

 �� �L( �	�	
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Select one wire and ground it 
Assume it's connected to coil 4

Keeping it grounded, ground each of the other three wires one by one 

Grounding one wire should make the rotor turn a little 
clockwise 

That'll be the wire connected to Coil 3

Grounding one wire should make the rotor turn a little 
anticlockwise 

That'll be the wire connected to Coil 1

Grounding one wire should do nothing 
That'll be the wire connected to Coil 2

 �#	� :0�� ���7�;� �N
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Part Total Qty. Description Substitutions
R1, R2 ,R3, R4 4 1K 1/4W Resistor
D1, D2, D3, D4 4 1N4002 Silicon Diode
Q1, Q2, Q3, Q4 4 TIP31 NPN Transistor (See Notes) TIP41, 2N3055
U1 1 4070 CMOS XOR Integrated Circuit
U2 1 4027 CMOS Flip-Flop
S1 1 SPDT Switch
MISC 1 Case, Board, Wire, Stepper Motor

 �#	�:
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 \'�–� ( X7( K7� =� =��9� �
�.��:
program first1; { Single-Coil Excitation }

uses crt;

const OUTREG    = $378; { or $278 or $3BC }

var i: integer;

procedure delay; { 33MHz 486 }
var i: integer;
begin
    for i := 1 to 10000 do { nothing }
end;

procedure delay2; 
var i: longint;
begin
    for i := 1 to 100000 do { nothing }
end;
begin { main }
    ClrScr;

    writeln;
    writeln('***** Direct control *****');
    writeln;

    port[OUTREG] := $00; { all off }

    write('All OFF to start with  ');
    readln;

    for i := 1 to 25 do { Clockwise }
    begin
        port[OUTREG] := $08; delay;
        port[OUTREG] := $04; delay;
        port[OUTREG] := $02; delay;
        port[OUTREG] := $01; delay
    end;

    for i := 1 to 25 do { Anti-Clockwise }
    begin
        port[OUTREG] := $01; delay;
        port[OUTREG] := $02; delay;
        port[OUTREG] := $04; delay;
        port[OUTREG] := $08; delay
    end;
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    port[OUTREG] := $00; { all off }

    write('That''s all, folks !    ');
    readln
end.

 \'�–l ( X7( K7� �� =��9� p
�.��:

program second2; { Two-Coil Excitation }

uses crt;

const OUTREG    = $378;

var i: integer;

procedure delay;
var i: integer;
begin
    for i := 1 to 10000 do { nothing }
end;

begin { main }
    ClrScr;

    writeln;
    writeln('***** Direct control *****');
    writeln;

    port[OUTREG] := $00; { all off }

    write('All OFF to start with  ');
    readln;

    for i := 1 to 25 do { clockwise }
    begin
        port[OUTREG] := $0C; delay;
        port[OUTREG] := $06; delay;
        port[OUTREG] := $03; delay;
        port[OUTREG] := $09; delay
    end;

    for i := 1 to 25 do { anti-clockwise }
    begin
        port[OUTREG] := $09; delay;
        port[OUTREG] := $03; delay;
        port[OUTREG] := $06; delay;
        port[OUTREG] := $0C; delay
    end;

    port[OUTREG] := $00; { all off }

    write('That''s all, folks !    ');
    readln
end.

 \'�–u (� �L( K7. ��� * �� ?L��
 =��9� p
�.�:

program third3; {interleaved Single-and Two-Coil Excitation- Half-
Stepping}     



		

uses crt;

const OUTREG    = $378;

var i: integer;

procedure delay;
var i: integer;
begin
    for i := 1 to 10000 do { nothing }
end;

begin { main }
    ClrScr;

    writeln;
    writeln('***** Direct control *****');
    writeln;

    port[OUTREG] := $00; { all off }

    write('All OFF to start with  ');
    readln;

    for i := 1 to 25 do { Clockwise }
    begin
        port[OUTREG] := $08; delay;
        port[OUTREG] := $0C; delay;
        port[OUTREG] := $04; delay;
        port[OUTREG] := $06; delay;
        port[OUTREG] := $02; delay;
        port[OUTREG] := $03; delay;
        port[OUTREG] := $01; delay;
        port[OUTREG] := $09; delay
    end;

    for i := 1 to 25 do { Anti-Clockwise }
    begin
        port[OUTREG] := $09; delay;
        port[OUTREG] := $01; delay;
        port[OUTREG] := $03; delay;
        port[OUTREG] := $02; delay;
        port[OUTREG] := $06; delay;

      port[OUTREG] := $04; delay;
        port[OUTREG] := $0C; delay;
        port[OUTREG] := $08; delay
    end;

    port[OUTREG] := $00; { all off }

    write('That''s all, folks !    ');
    readln
end.
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 $��� �� ��� p
�.��bascom (basic)�2	.  0�� �-2 �.
$regfile = "m32def.dat"
$crystal = 8000000
Config Portc = Output
Dim A As Byte , B As Byte , E As Byte , F As Byte
Do



��


For A = 1 To 50
       E = 128
    For B = 1 To 4

Rotate E , Left
         Portc = E
         Waitms 20
    Next B
Next A
Wait 1
For A = 1 To 50
       F = 129
       E = 128
     For B = 1 To 4
          Rotate E , Left
          Portc = E
          Waitms 20
          Rotate F , Left
          If F = 24 Then F = 9
          Portc = F
          Waitms 20
     Next B
Next A
Loop
End                                                         
'end program

u�T �'�� *��E7
 �� ���_��� ATMEGA32 )��� �	9
 ��1Q �	���� $�	 Y �� ) ��1Q

 �	�	
(
$regfile = "m32def.dat"
$crystal = 8000000
'$baud = 19600
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
Config Porta = Input
Config Portb = Output
Config Portc = Output
Config Pind.7 = Output                                      'for PC 
acknowledge
' sub functions decleration-------------------------------------------
Declare Sub Movex
Declare Sub Movey
Declare Sub Movez
Declare Sub Movew
'''''''decleration variables -----------------------------------
------
Dim Portxy As Byte
Dim Portzw As Byte
Portxy = 0
Portzw = 0

Dim Dirx As Bit , Diry As Bit , Dirz As Bit , Dirw As Bit
Dim Px As Bit , Py As Bit , Pz As Bit , Pw As Bit
Dim Plx As Bit , Ply As Bit , Plz As Bit , Plw As Bit
Dim Rotationx As Byte , Rotationy As Byte , Rotationz As Byte , 
Rotationw As Byte
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''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
''''''''
' initializing last pulses of X, Y , Z , W
Set Plx : Set Ply : Set Plz : Set Plw
'initializing the direction of 4 axes to rotation to left
Reset Dirx : Reset Diry : Reset Dirz : Reset Dirw
' initializing the buffers of state of each axes befor writing

them on the related port
Rotationx = 1
Rotationy = 16
Rotationz = 1
Rotationw = 16
Portb = 17
Portc = 17
' M      A         I        N
Do
'Reading the status of port A and assigning it to the variables

Dirx = Pina.1 
Diry = Pina.3 
Dirz = Pina.5 
Dirw = Pina.7 
Px = Pina.0 
Py = Pina.2 
Pz = Pina.4 
Pw = Pina.6 
 
If Px = 0 And Plx = 1 Then Call Movex
Plx = Px

If Py = 0 And Ply = 1 Then Call Movey
Ply = Py

If Pz = 0 And Plz = 1 Then Call Movez
Plz = Pz

If Pw = 0 And Plw = 1 Then Call Movew
Plw = Pw

'acknowledge for parallel port of PC for declaring that the 
command has done
Portd.7 = 1
Waitms 1
Portd.7 = 0
Loop
End                                                         'end 
progrm

Sub Movex
If Dirx = 0 Then Shift Rotationx , Left , 1
If Dirx = 1 Then Shift Rotationx , Right , 1

If Rotationx = 0 Then Rotationx = 8
If Rotationx = 16 Then Rotationx = 1

Rotationx = Rotationx And &B00001111
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Portxy = Portxy And &B11110000
Portxy = Portxy Or Rotationx

Portb = Portxy
End Sub Movex

Sub Movey
If Diry = 0 Then Shift Rotationy , Left , 1
If Diry = 1 Then Shift Rotationy , Right , 1
If Rotationy = 8 Then Rotationy = 128
If Rotationy = 0 Then Rotationy = 16
Rotationy = Rotationy And &B11110000

Portxy = Portxy And &B00001111
Portxy = Portxy Or Rotationy

Portb = Portxy
End Sub Movey

Sub Movez
If Dirz = 0 Then Shift Rotationz , Left , 1
 If Dirz = 1 Then Shift Rotationz , Right , 1
If Rotationz = 0 Then Rotationz = 8
If Rotationz = 16 Then Rotationz = 1
Rotationz = Rotationz And &B00001111

Portzw = Portzw And &B11110000
Portzw = Portzw Or Rotationz

Portc = Portzw
End Sub Movez

Sub Movew
If Dirw = 0 Then Shift Rotationw , Left , 1
If Dirw = 1 Then Shift Rotationw , Right , 1
If Rotationw = 8 Then Rotationw = 128
If Rotationw = 0 Then Rotationw = 16
Rotationw = Rotationw And &B11110000

Portzw = Portzw And &B00001111
Portzw = Portzw Or Rotationw
Portc = Portzw
End Sub Movew

u�} �L��m
�* �� ���_��� C++ &'���( )�	( �>�	. �
�.�� �� 

�
�.��-,� �
 $�8. �� &'���( )�	( ��� �� )�YN^� <�2	. �".	"Q ��� :

#include <stdio.h>
#include <sys/plp.h>
#include <fcntl.h>
#include <unistd.h>

/*
 * Name    : portdemo.c
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 * Machines: IRIS 4D/30, 4D/35, 4D/RPC, 4D/RPC-50, Indy, Indigo2 and
 *      Challenge/Onyx. (only tested on an Indy so far).
 * Purpose : Demonstrate how to write to the parallel port.
 * Author  : James Ward
 * Contact : j.w.ward@dcs.hull.ac.uk
 *      http://www.enc.hull.ac.uk/~cssjww
 * Date    : 29/05/96 - Created.
 * Changes : 30/05/96 - Added more info to note 1, describing (roughly) 
what
 * happens when you write to the rewired port. 
(JWW)
 *
 * Distribute freely, use at your own risk.
 * This setup has worked for several months on our Indy without any 
problems.
 *
 */

/* Notes:
 * 1. You can turn the parallel port into a simple eight-bit 
latched
 *    output port (ie. eight TTL lines that you can control from 
software)
 *    by simply wiring /STROBE (pin 1) to /ACKNOWLEDGE (pin 10), 
and
 *    linking BUSY (pin 11) to GROUND (pins 19..25). Values 
written to the
 *    port will then appear on D1..D8 (pins 2..9) and will remain 
there
 *    until you write to the port again. Very useful for hardware 
projects!
 *    See the plp man page for a full connector pinout.
 *
 *    How this works:
 * 1. Indy wants to write data to the port, so it looks for 
the
 *    BUSY signal. We have tied this low (ie. to ground) so 
that
 *    the Indy never gets a BUSY signal and doesn't wait 
for one.
 * 2. The Indy places the data on pins D1..D8, then pulses 
/STROBE
 *    low (it is normally high), to indicate that valid 
data is
 *    available on D1..D8. 
 * 3. Normally, the Indy would expect a /ACKNOWLEDGE signal 
but, 
 *    since we have tied /ACKNOWLEDGE to /STROBE, the 
strobe signal
 *    automatically acknowledges the transfer - we can 
write to the
 *    port freely, without any delays.
 *
 *
 *      2. There are ioctls that allow you to alter read/write timeout 
and to
 *    change the length of the strobe pulses that the port 
generates.
 *    If you are using a simple setup like that described above, 
you
 *    probably don't need to use the ioctls.
 *    More details are available on the plp man page, and I have 
examples
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 *    of using these controls if you get stuck.
 *
 * 3. This program writes the values 0..9 to the parallel port, 
with a
 *    short delay after each write. Here is what you should see 
(providing
 *    you have some hardware plugged in to the port, or the port 
is
 *    connected as described in note 1. 
 

    > cc -o portdemo portdemo.c .... 
compile this file

    > portdemo .... run it!
    Success: opened parallel port for writing
    Writing 0 ... Done.
    Writing 1 ... Done.
    Writing 2 ... Done.
    Writing 3 ... Done.
    Writing 4 ... Done.
    Writing 5 ... Done.
    Writing 6 ... Done.
    Writing 7 ... Done.
    Writing 8 ... Done.
    Writing 9 ... Done.
    >

 */

int theport; /* File descriptor returned for printer device */

/* This function opens the parallel port for writing, it is a 
prerequisite for
 * using the port. Returns 1 if the port was opened successfully, or 0
if the
 * operation failed.
 */

int openDevice (void) {
    theport = open ("/dev/plp", O_WRONLY);  /* Open printer port for 
writes    */
    return ((theport >= 0) ? 1:0);     /* Return 1 (success) or 0
(fail) */
}

/* This function closes the parallel port when you have finished using 
it */

void closeDevice (void) {
    close (theport);
}

/* Asserts a reset signal on the parallel port. ie. the reset line is 
normally
 * high. When you call this function, the RESET signal will pulse low 
briefly.
 * This could be useful for resetting external hardware, or it could 
even be
 * used as some sort of handshake.
 */

int resetDevice (void) {
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    return (ioctl (theport, PLPIOCRESET, 0) == 0) ? 1:0; /* 1=success, 
0=fail */
}

/* This writes a single byte to the parallel port, returning one for 
success,
 * or 0 for an error condition.
 */

int writeByte (char xbyte) {
    return (write (theport, &xbyte, 1) == 1) ? 1:0;
}

/* Main program... */

void main (void) {
    int n;

    if (openDevice()) {     /* Open the parallel port */
printf("Success: opened parallel port for writing\n");

for (n=0;n

٧-٣ `aJbcdbآ fgM hij Ikjlm تboل ر`krآ Idbm`o C++

#include <conio.h>
#include <stdlib.h>
#include <stdio.h>
#include <dos.h>
#define DATA 0x3bc
#define X 11640
#define Y 5497
#define Z 11386
#define W 4471
#define SHIFT_X 11608
#define SHIFT_Y 5465
#define SHIFT_Z 11354
#define SHIFT_W 4439
#define  Esc 283
#define UP 18432
#define DOWN 20480
#define RIGHT 19712
#define LEFT 19200
#define SPACE 14624
int step=37; 
int data= 0x00;/*note global */
int x=1; 
int a;

int get_key();
void bw_x(void);
void fw_x(void);
void bw_y(void);
void fw_y(void);
void bw_z(void);
void fw_z(void);
void bw_w(void);
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void fw_w(void);
void MOVE_XYZ(int direction);
void path(void);

void main(void)
{
 textcolor(10); 
 textbackground(9); 
 clrscr();
 printf("    THIS PROGRAM IS WRITEN BY Fatemeh Shafinia Gat-Abi");
 printf("\n\n\n                   SIMPLE    ROBOT     CONTROLER       
");
 printf("\n         Press X or Y or Z or W with/without SHIFT to play 
the motors");
 printf("\n   Press arrow key UP or DOWN to set speed of motors      
");
 printf("\n   Press arrow key RIGHT or LEFT to control motors by 
step_count");
 printf("\n   Press SPACE to Enter path ");

 while(a!=-1) 
  {
 a=get_key();
// int *ptr;
// ptr=&a;
 gotoxy(36,12); 
    switch(a)
  {
  case Esc:  exit(0); break;
  case X: printf("MOVING ON  X"); fw_x();
      gotoxy(36,12); printf("            ");   break;
  case Y: printf("MOVING ON  Y"); fw_y();
      gotoxy(36,12); printf("             ");  break;
  case Z: printf("MOVING ON  Z"); fw_z();
      gotoxy(36,12); printf("             ");  break;
  case W: printf("MOVING ON  W"); fw_w();
      gotoxy(36,12); printf("             ");  break;
  case SHIFT_X: printf("MOVING ON -X"); bw_x();
      gotoxy(36,12); printf("             ");  break;
  case SHIFT_Y: printf("MOVING ON -Y"); bw_y();
      gotoxy(36,12); printf("             ");  break;
  case SHIFT_Z: printf("MOVING ON -Z"); bw_z();
      gotoxy(36,12); printf("             ");  break;
  case SHIFT_W: printf("MOVING ON -W"); bw_w();
      gotoxy(36,12); printf("             ");  break;
  case UP : if (step<37) step++; gotoxy(36,12); 
       cprintf("step * %d ",step);             break;
  case DOWN : if (step>1) step--;gotoxy(36,12); 
       cprintf("step * %d ",step);             break;
  case RIGHT : MOVE_XYZ(1); break;
  case LEFT :  MOVE_XYZ(-1); break;
  case SPACE : path(); break;
   } //end of switch
  }// end of while
} //end of program

int get_key()
  {
  union REGS r;
  r.h.ah=0; 
 return int86(0x16,&r,&r); 
 }
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void fw_x(void)// forward of motor X
{
   for (int i=0; i<step; i++)
     {

    outportb (DATA,0x01); delay(x); 
    outportb (DATA,0x00); delay(x); 
    }
}
void bw_x(void)// backward of motor X
{
     for (int i=0; i<step; i++)
     {

      outportb (DATA,0x03); delay(x); 
      outportb (DATA,0x02); delay(x); 
      }
 }

void fw_y(void)// forward of motor Y
{
   for (int i=0; i<step; i++)
     {

    outportb (DATA,0x04); delay(x); 
    outportb (DATA,0x00); delay(x);
    }
}
void bw_y(void)// backward of motor Y
{
     for (int i=0; i<step; i++)
     {

      outportb (DATA,0x0c); delay(x); 
      outportb (DATA,0x08); delay(x); 
      }
 }

 void fw_z(void)// forward of motor Z
{
   for (int i=0; i<step; i++)

 {

    outportb (DATA,0x10); delay(x); 
    outportb (DATA,0x00); delay(x); 
    }
}
void bw_z(void)// backward of motor Z
{
     for (int i=0; i<step; i++)
     {

      outportb (DATA,0x30); delay(x); 
      outportb (DATA,0x20); delay(x); 
      }
 }

  void fw_w(void)// forward of motor w
{
   for (int i=0; i<step; i++)
     {

    outportb (DATA,0x40); delay(x); 
    outportb (DATA,0x00); delay(x); 
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    }
}
void bw_w(void)// backward of motor w
{
     for (int i=0; i<step; i++)
     {

      outportb (DATA,0xc0); delay(x); 
      outportb (DATA,0x80); delay(x); 
      }
 }

 void MOVE_XYZ(int direction)
  {
  int step_temp=step;//to memorize of the original step count
  int x_temp=x;//to memorize of the original delay value
  x=1; 
  char motor;
  gotoxy(16,12);
  cprintf("Press X ,Y ,Z or W to select the motor:\>  ");
  motor = getch();
  gotoxy(16,12); 
  cprintf("  How many step do you want? :\>           ");
  scanf("%d",&step);
  gotoxy(16,12); 
  cprintf("                                                    
");
  if (direction==1) 
    {
    if (motor =='X'||motor=='x') fw_x();
    if (motor =='Y'||motor=='y') fw_y();
    if (motor =='Z'||motor=='z') fw_z();
    if (motor =='W'||motor=='w') fw_w();
    }
  else
    {
    if (motor =='X'||motor=='x') bw_x();
    if (motor =='Y'||motor=='y') bw_y();
    if (motor =='Z'||motor=='z') bw_z();
    if (motor =='W'||motor=='w') bw_w();
    }
 step=step_temp;// to remember of original step
 x=x_temp; //  to remember of original x

  }// end of sub MOVE_XYZ

void path(void)
{
 int step_array[50]={0};
 char xyz_array[50]={' '};
 int i=0; 
 int step_temp=step;//to memorize of the original step count
 int x_temp=x;//to memorize of the original delay value
 x=1;// global delay

 do{
 gotoxy(20,16); 
 printf("Enter motor name (X, Y or Z)  :\>");
 xyz_array[i]=getch();
 gotoxy(1,16); 
 printf("Enter number of steps like 320 or -410 or ENTER 0 to end of 
path :\>");
 scanf("%d",&step_array[i++]);



��	

 gotoxy(1,16); 
 printf("                                             
");
 }
 while(step_array[i-1]!=0); 
 
 for (int n=0; n<i; n++)
   {
   if (xyz_array[n]=='x'|| xyz_array[n]=='X')//detecting motor
       if (step_array[n]>0) 
       {step=step_array[n];

fw_x();
       }

else if(step_array[n]<0) 
       {step=step_array[n];

       step= step* -1; 
        bw_x();

       }
    if(xyz_array[n]=='y'|| xyz_array[n]=='Y')//detecting motor
       if (step_array[n]>0) 
       {step=step_array[n];

fw_y();
       }

else if(step_array[n]<0) 
       {step=step_array[n];

       step= step* -1; 
        bw_y();

       }
    if(xyz_array[n]=='z'|| xyz_array[n]=='Z')//detecting motor
       if (step_array[n]>0) 
       {step=step_array[n];

fw_z();
       }

else if(step_array[n]<0) 
       {step=step_array[n];

       step= step* -1; 
        bw_z();

    }
      }
step=step_temp;// to remember of original step
x=x_temp; //  to remember of original x
} //end of sub path

 /*
void xyz(int X,int Y,int Z,int SX,int SY,int SZ)
{
    for (int i=0; i<400; i++)
     {

    outportb (DATA,0x01); delay(x); 
    outportb (DATA,0x00); delay(x); 
    }
}
 */
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Introduction to the IEEE 1284-1994 Standard 
This section is implemented as a multilevel document. This page serves as an executive summary of the 1284 standard. By 
clicking on the various highlighted points, you may explore each concept in greater detail.

The recently released standard, "IEEE Std.1284-1994 Standard Signaling Method for a Bi-directional Parallel Peripheral Interface 
for Personal Computers", is for the parallel port what the Pentium processor is to the 286. The standard provides for high speed 
bi-directional communication between the PC and an external peripheral that can communicate 50 to 100 times faster than the 
original parallel port. It can do this and still be fully backward compatible with all existing parallel port peripherals and printers.

The 1284 standard defines 5 modes of data transfer. Each mode provides a method of transferring data in either the forward 
direction (PC to peripheral), reverse direction (peripheral to PC) or bi-directional data transfer (half duplex). The defined modes 
are: 

• Forward direction only

Compatibility Mode
"Centronics" or standard mode

• Reverse direction only

Nibble Mode
4 bits at a time using status lines for data.
Hewlett Packard Bi-tronics
Byte Mode
8 bits at a time using data lines, sometimes referred to as a "bi-directional" port.

• Bi-directional

EPP
Enhanced Parallel Port- used primarily by non-printer peripherals, CD ROM, tape, hard drive, network adapters, etc....
ECP
Extended Capability Port- used primarily by new generation of printers and scanners

All parallel ports can implement a bi-directional link by using the Compatible and Nibble modes for data transfer. Byte mode can 
be utilized by about 25% of the installed base of parallel ports. All three of these modes utilize software only to transfer the data. 
The driver has to write the data, check the handshake lines (i.e.: BUSY), assert the appropriate control signals (i.e.: STROBE) 
and then go on to the next byte. This is very software intensive and limits the effective data transfer rate to 50 to 100 Kbytes per 
second. 

In addition to the previous 3 modes, EPP and ECP are being implemented on the latest I/O controllers by most of the Super I/O 
chip manufacturers. These modes use hardware to assist in the data transfer. For example, in EPP mode, a byte of data can be 
transferred to the peripheral by a simple OUT instruction. The I/O controller handles all the handshaking and data transfer to the 
peripheral. 

Overall, the 1284 standard provides the following: 

1. 5 modes of operation for data transfer

2. A method for the host and peripheral to determine the supported modes and to negotiate to the requested mode.

3. Defines the physical interface

o Cables

o Connectors

4. Defines the electrical interface

o Drivers/Receivers

o Termination

o Impedance

In summary, the 1284 parallel port provides an easy to use, high performance interface for portable products and printers.

IEEE 1284 Connectors
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The 1284 standard goes beyond describing new data transfer modes and actually defines the 
mechanical interface and the electrical properties of a compliant parallel port. Many of the 
problems associated with parallel port-attached devices arise from the fact that there has been 
no standard for the electrical interface for the parallel port. The DB25 female connector has 
become standard for the PC or host connector, but there have been many different 

implementations of the drivers, resistors, capacitors, etc, for electrical the interface. 

The 1284 committee felt that it was paramount to define what these properties should be in order 
to meet the following objectives: 

1. Ensure electrical and mechanical compatibility among all 1284 compliant devices. 

2. Ensure that 1284 interfaces would operate with existing parallel port peripherals and 
adapters. 

3. Ensure operation and data integrity at the highest data rates 

4. Extend operation to 10M (30') 

To meet these objectives, the standard defines the connectors, electrical interface, and cable 
requirements. 

1284 Connectors

The standard identifies three types of connectors for a 1284 interface. 
1284 Type A

25 pin DB25
1284 Type B

36 Conductor, .085 centerline Champ connector with bale locks
1284 Type C

36 conductor, .050 centerline mini connector with clip latches

Figure 1 shows what these connectors look like.

Figure 1 -- 1284 Interface I/O Connectors

The type C connector is the one recommended for new designs. This connector offers a smaller 
footprint than the previous connectors, has a simple-to-use clip latch for cable retention, and 
provides for the easiest cable assembly with the optimal electrical properties. In addition, a cable 
assembly built with this connector provides for two more signals. These signals are Peripheral 
Logic High and Host Logic High. These signals may be used to determine if the device at the 
other end of the cable is powered on. This enables some degree of intelligent power 
management for 1284 interfaces. 

IEEE 1284 Electrical Interface
The original parallel port did not have a defined electrical specification that identified the driver, 
receiver, termination and capacitance requirements in order to guarantee any compatibility 
between devices. Host adapters and peripherals were built with any number of pull-up values on 
the control lines, open collector or totem pole drivers for the data and control lines, and most 
offensive of all, up to 10,000pF capacitors on the data and strobe lines. This type of design 
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variation makes it impossible to create a new interface protocol without explicitly defining the 
required electrical parameters with which to guarantee operation. 

The 1284 standard defines two levels of interface compatibility, Level I and Level II. The Level I 
interface is defined for products that are not going to operate at the high speed advanced 
modes, but need to take advantage of the reverse channel capabilities of the standard. The 
Level II interface is for devices that will operate in the advanced modes, with long cables, and at 
the higher data rates. This discussion will deal primarily with Level II interfaces. Please refer to 
the standard for the full requirements for either a Level I or Level II interface. 

The requirements for the Level II drivers and receivers are defined at the connector interface. 
The driver requirements are: 

1. The open circuit high-level output voltage shall not exceed +5.5V. 

2. The open circuit low-level output voltage shall be no less than -0.5V. 

3. The DC steady state, high-level output voltage shall be at least +2.4V at a source current 
of 14mA. 

4. The DC steady state, low-level output voltage shall not exceed +0.4V at a sink current of 
14mA. 

5. The driver output impedance (Ro), measured at the connector, shall be 50 +/- 5 ohms at 
1/2 the actual driver Voh minus Vol voltage. 

6. The driver slew rate shall be 0.05-0.40 V/nS 

Like the driver requirements, the receiver requirements are defined at the connector interface. 
The receiver requirements are: 

1. The receiver shall withstand peak input voltage transients between -2.0V and +7.0V 
without damage or improper operation. 

2. The receiver high-level input threshold shall not exceed 2.0V 

3. The receiver low-level input threshold shall be at least 0.8V. 

4. The receiver shall provide at least 0.2V input hysteresis, but not more than 1.2V. 

5. The receiver high-level sink current shall not exceed 20uA at +2.0V. 

6. The receiver low-level input source current shall not exceed 20uA at +0.8V. 

7. Circuit and stray capacitance shall not exceed 50pF. 

Figure 1 shows the recommend termination for a driver/receiver pair. Ro represents the output 
impedance at the connector. It is intended that this impedance match the cable impedance so as 
to minimize the noise caused by mismatched impedances. Depending upon the type of driver 
used, a series resistor, Rs may be required to obtain the correct impedance.
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Figure 1 -- Level II Driver/Receiver Pair Termination Example

Figure 2 shows the recommended termination for a Level II transceiver pair, such as the data lines.

Figure 2 -- Level II Transceiver Termination Example

There are products being introduced by companies such as Texas Instruments and National that 
provide integrated solutions for a 1284 Level II interface. These include active drivers and 
receivers as well as resister sip networks. 

NOTE: When ECP was first introduced Microsoft made a recommendation for an electrical and 
termination requirement that was not consistent with the 1284 specification. This included an AC 
terminator for each of the lines. This suggestion has since been retracted and the current 
recommendation is to use the interface defined in the IEEE 1284 specification. 
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' Program STEP.TIG
'
' Illustrates how to turn a stepping motor in one direction.  Uses an
' array of patterns and advances the index through the array.

' Copyright, Krystal Donald, Morgan State University, Oct 21, '97

   ARRAY STEP_PATTERN (8) OF BYTE   'DECLARATION OF A GLOBAL ARRAY
TASK MAIN                           'STARTS MAIN
   DIR_PORT 8,0                     'SETS PORT 8 TO OUTPUTS
   BYTE STEP_INDEX                  'DECLARE BARIBLE STEP_INDEX

   BYTE A
   BYTE B                           
   STEP_INDEX =0B                   'THE FOLOWNG LINES ARE VALUES FOR
   STEP_PATTERN (0)=  01B           'EACH SPACE OF THE ARRAY                

STEP_PATTERN   
   STEP_PATTERN (1)= 11B
   STEP_PATTERN (2)= 10B
   STEP_PATTERN (3)= 110B
   STEP_PATTERN (4)= 100B
   STEP_PATTERN (5)= 1100B 
   STEP_PATTERN (6)= 1000B
   STEP_PATTERN (7)= 1001B

   B=1                           'B IS EQUAL TO ONE
   WHILE B = 1                   'RUN FOREVER
   A=STEP_PATTERN(STEP_INDEX)    'A=STEP_PATTERN(POSITION)       
   LL_IPORT_OUT 8,A              'OUTPORT VALUE OF A
   STEP_INDEX = STEP_INDEX +1    'INCREMENT POSITION
   IF STEP_INDEX = 8D THEN     'IF IN LAST POSITION THEN 
      STEP_INDEX = 0B             'START OVER
   ENDIF                         'END IF STATEMENT
   WAIT_DURATION  50         'DELAY
   ENDWHILE                      'END WHILE LOOP
END             'END PROGRAM
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Figure 2. Connections for a three phase motor
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Current Risetime and Torque
The major contributor to a stepper motor’s loss of running torque at high speeds is the fact that 
pulse switching times can become shorter than motor phase-current risetimes; that is, the pulse 
ends before phase current rises to a level that provides sufficient torque. A simple RL series 
circuit’s mesh equations illustrate the relationships involved, where t is current risetime:

 &E2)l ��u(
Microstepping will improve stepper-motor 
resolution but not accuracy. A ±5% absolute step 
error becomes a ±160% error at 32nd-step 
microstepping. 
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To reduce t, the power-supply voltage, V, must be as high as possible and the motor phase 
inductance, L, and resistance, R, must be as low as possible. Figure 3a, where τ = L/R is the 
time constant, shows current vs. time for the series RL circuit. Note that at time τ current has 
risen to 1-e–1 times its final level, IO, or 0.63IO, but only to 1-e–0.5 times IO, or 0.39IO, at time τ/2. 
Because torque is approximately proportional to current, the torque available at speed 1/t1(Fig. 
3b), where t1=τ, is 62% (or 100% x 0.63IO/0.39IO) greater than at the higher speed 1/t2 (Fig. 3c), 

where t2 = τ/2. Torque is optimized if phase current is applied for at least 2.3τ, at which time the 
current has risen to 90% of IO.

Figure 3. (a) Motor phase inductance, L, and 
resistance, R, limit phase-current risetime. For 
example, application of phase voltage for τ/2, τ, 
and 2.3τ, respectively, results in peak currents 
reaching 39%, 63%, and 90% of final value Io. 
Because torque is approximately proportional to 
current, motors that operate at (b) lower speeds, 
which permit longer applications of phase voltage, 
deliver more torque than those (c) operating at 
higher speeds. 

Holding vs. Dynamic Torque
Assume that full current rise is obtained during phase switching. You can calculate the maximum 
dynamic torque of a 2-phase bipolar motor as follows:

where TO is the maximum holding torque (Fig. 4a). 
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Figure 4. The shaded portions of these curves represent (a) the maximum and 
(b) the minimum available dynamic torque, averaged between points a and b. 

If you need to approach this ideal level, which requires perfect switching time relative to rotor 
position, you should employ closed-loop control. Open-loop control for the 2-phase bipolar motor 
will give you at least this minimum dynamic torque: 

or 63.7% of TO (Fig. 4b). Typical dynamic torque is (90% + 63.7%)/2 or 76.8%. 

Given a certain power input, you can’t change a specific motor’s power output, ∫T(ω)dω (where 
T(ω) is the torque at angular velocity ω). If your test instructions call for more dynamic torque 
than T(ω) at angular velocityω, then you are once again dealing with a flawed design, not bad 
components. But if you know your application’s speed, accuracy, resolution, and torque 
requirements, you can work with your firm’s designers to determine whether a specific stepper 
motor delivers sufficient torque at the desired operating speed within your specific mechanical 
constraints. T&MW
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I/O Port Access in Microsoft Visual C++ 
Microsoft Visual C/C++ provides access to the I/O ports on the 80x86 CPU via the 
predefined functions _inp / _inpw and _outp / _outpw. 
       int _inp(unsigned portid); /* returns a byte read from the I/O 
port portid */

 unsigned _inpw(unsigned portid); /* returns a word read from the I/O 
port portid */

      int _outp(unsigned portid,  /* writes the byte value to the I/O 
port portid */
                int value);       /* returns the data actually written            
*/

unsigned _outpw(unsigned portid,  /* writes the word value to the I/O 
port portid */
                unsigned value);  /* returns the data actually written            
*/
portid can be any unsigned integer in the range 0-65535
#include <conio.h> /* required only for function declarations */

#define Data    0x378
#define Status  0x379
#define Control 0x37a

int Bits,      /* 0 <= Bits <= 255 */
    Dummy;

Dummy = _outp(Data,Bits); /* output data */

Bits = _inp(Status);      /*  input data */                   

I/O Port Access in Turbo C, Borland C/C++ 
Turbo C and Borland C/C++ provide access to the I/O ports on the 80x86 CPU via the 
predefined functions inportb / inport and outportb / outport. 
int inportb(int portid); /* returns a byte read from the I/O port 
portid */

 int inport(int portid); /* returns a word read from the I/O port 
portid */

void outportb(int portid, unsigned char value);
                         /* writes the byte value to the I/O port 
portid */
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 void outport(int portid, int value);
                         /* writes the word value to the I/O port 
portid */

#include <stdio.h>
#include <dos.h>

#define Data    0x378
#define Status  0x379
#define Control 0x37a

unsigned char Bits;

outportb(Data,Bits);   /* output data */

Bits = inportb(Status); /* input data */                                   

I/O Port Access in Watcom C 
Watcom C provides access to the I/O ports on the 80x86 CPU via the predefined 
functions inp / inpw and outp / outpw. 
  unsigned int inp(int portid);   /* returns a byte read from the I/O 
port portid */

 unsigned int inpw(int portid);   /* returns a word read from the I/O 
port portid */

 unsigned int outp(int portid,    /* writes the byte value to the I/O 
port portid */
                  int value);     /* returns the data actually written            
*/

unsigned int outpw(int portid,    /* writes the word value to the I/O 
port portid */
             unsigned int value); /* returns the data actually written         
*/
portid can be any unsigned integer in the range 0-65535
#include <conio.h>

#define Data    0x378
#define Status  0x379
#define Control 0x37a

int Bits,     /* 0 <= Bits <= 255 */
    Dummy;

Dummy = outp(Data,Bits); /* output data */

Bits = inp(Status);      /*  input data */                                 

I/O Port Access in Turbo Pascal 
Turbo Pascal provides access to the I/O ports on the 80x86 CPU via two predefined 
arrays, Port and PortW
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var Port:  array[0..65535] of byte;

    PortW: array[0..65534] of word;
The indexed elements of each array match the port at the corresponding I/O address. Assigning a value to 
an element of the Port or PortW arrays causes that value to be written out to the corresponding port. When 
an element of the Port or PortW arrays is referenced in an expression, the value is read in from the 
corresponding port. 
Const Data    = $378;
      Status  = Data + 1; 
      Control = Data + 2; 

var Bits: Byte;

Port[Data] := Bits;  { output data }

Bits := Port[Status]; { input data }                                       

I/O Port Access in QBasic 
QBasic provides access to the I/O ports on the 80x86 CPU via the INP function and the 
OUT statement. 
INP(portid) ' returns a byte read from the I/O port portid

OUT portid, value ' writes the byte value to the I/O port portid
portid can be any unsigned integer in the range 0-65535. value is in the range 0-255. 
pdata   = &H378
status  = &H379
control = &H37A

OUT pdata, bits    ' output data

bits = INP(status) '  input data      

Accessing I/O Ports with Debug 
C:\>debug /?
Runs Debug, a program testing and editing tool.

Debug [[drive:][path]filename [testfile-parameters]]

  [drive:][path]filename  Specifies the file you want to test.
  testfile-parameters     Specifies command-line information required 
by   
                          the file you want to test.

After Debug starts, type ? to display a list of debugging commands.

Debug provides input and output commands -
i port_address

o port_address byte_value
C:\>debug
-o 378 5a
-i 379
7F 
-q

C:\>      


