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1. Motivation for the project

An IBM-PC interface circuit has been designed to control two stepper motors. This interface circuit however is ISA bus based and is not supported by the newer PC’s. 

Another problem is that it is difficult to make software drivers for it. In this project we try and make use of the PC Printer Parallel Port as an alternative for the existing circuit. Although now the PCI bus based card has replaced the ISA bus based card, it is not a practical alternative as it is very expensive to buy and very difficult to make in-house.   

2. Information on PC Parallel Port

A PC printer port is an inexpensive but highly useful device to run several computer controlled hardware projects. The port provides eight TTL outputs, five inputs and four bi-directional leads. Some applications of the port include running driver circuits, DC and stepping motors (as we intend to in this project), infrared and radio remote controlling. 

(a) Port Addresses : 

     Each printer port consists of three port addresses; data, status and control port. These    

     addresses are always in sequential order. For e.g. in our project we use the LPT2 port. 

     The Data Port address is 0x0378, the Status Port address is 0x0379 and the Control 

     Port address is 0x037a. LPT1 is the other printer port. It’s Data Port address is
     0x03bc, the Status Port address is 0x03bd and the Control Port address is 0x03be. The    

     addresses are always in sequential order. 

(b) Pin Details :

PIN
DESCRIPTION
OUTP/INP

1
Strobe
Output

2
Data 0 
Output

3
Data 1
Output

4
Data 2
Output 

5
Data 3
Output

6
Data 4
Output

7
Data 5
Output

8
Data 6
Output

9
Data 7
Output

10
ACK
Input

11
Busy
Input

12
Paper Empty
Input

13
Select
Input

14
Auto Feed
Output

15
Error
Input

16
Initialize Printer
Output

17
Select Input
Output

Table 1

1. All of the pins follow true logic except the outputs that 
are in italics and underlined. They  have inverted logic.

2. There are 8 data outputs, 4 misc. ports and 5 data inputs
3. All the pins from pin # 18 to pin # 25 are grounded


(c) Port Details : 

          Like we discussed earlier, there are three ports – data, status and control. 

Pin No.
Data Port
Status Port
Control Port

D7
Data 7 (O)
Busy (I)
Reserved

D6
Data 6 (O)
ACK (I)
Reserved

D5
Data 5 (O)
Paper Empty (I)
Direction (O)

D4
Data 4 (O)
Select (I)
IRQ Enable (O)

D3
Data 3 (O)
Error (I)
Select Input (O)

D2
Data 2 (O)
IRQ (I)
Init. Printer (O)

D1
Data 1 (O)
Reserved
Auto Feed (O)

D0
Data 0 (O)
Reserved
Strobe (O)

Table 2 

1. (O) – The bit is sent from the computer to the port ; Output

2. (I)  –  The bit is sent from the port to the computer  ;  Input
3. Circuit Description

The circuit board is interfaced on one side to the computer parallel port and on the other side to a stepper motor driver card. All the outputs from this circuit are sent to this driver card. 

The circuit as shown in Appendix B uses four IC’s. 

1. IC SN7407           – Hex Buffer with open collector high-voltage outputs

2. IC SN54123         – Retriggerable monostable multivibrator

3. IC SN54LS365A  – Hex bus driver with 3 state outputs

4. IC 7805                 – 3 terminal, 5 Volts power supply regulator  

The circuit (refer to Appendix B) has two parts or sections for either motor, which controls the reset, direction and the clock for either motor. The Direction and Reset are directly given as outputs after passing through the buffer. But for the Clock, the signal first needs to be sent to IC-123. Here a Clock of user determined width is created which after passing through a buffer is supplied as the output. 

The IC-123, has variable resistors provided along with it that adjusts the width of the Clock Pulse. IC-365 is used to receive the limit switch status. The apparatus on which the motors will be running has been provided with 5 limit switches. It is the status of these limit switches that are sent back to the computer Status Port through IC-365. 

IC-7805 is a 3 terminal integrated circuit that generates 5 volts from 12 volts supply that is provided by the Stepper Motor Driver Card. The 5 V generated by this IC is used as VCC by the other circuit components.

4. Software and Testing

A multimeter is first used to confirm the accuracy of the wiring and to ensure that all the connections are done properly.  We have developed a software in C to test the various modules of the circuit board. 
The following procedure is used for testing the functionality of the circuit.

The direction is checked first. First a high is sent followed by a low, and the result is checked with a multimeter. For the Reset and the Clock a multimeter cannot be used as these are pulses, i.e. a high immediately followed by low proceeded by a high, or entirely vice versa. Thus, for these signals we need to use an oscilloscope. For the Reset, a pulse is produced and we check it through an oscilloscope. Finally we check the Clock. This is similar to the Reset. However in addition we adjust the variable resistance and observe the width changing accordingly. 

For the width (time period) of the extended Clock the following formula is used – 

TW = 0.33 * RT * Cext
Where T is the time period and is measured in nanoseconds (ns). 

R is the variable resistance and is measured in kilo-ohms      (k )

C is the attached capacitance and is measured in pico-farads (pF)

In our circuit RT = 50 K

                   Cext = 10 (F

We get TW  = 0.33 * 50 * 10 * 10 ns = 0.165 s = 165 ms

On observation of the Clock Pulse through the oscilloscope we can confirm this width.
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APPENDIX A
Circuit Testing Program : 

/* File SMC.C */

/* This program will control two stepper motors through the following

** algorithm :

**

** If the motor selected is X -

**     

**     it will first reset the motor then configure the direction appropriately

**     and begin to send clock

**

**

**     Then it will check the condition of status port -

**       

**       If the input condition matches the intital given condition

**       another clock pulse is sent and once again the status port is checked

**       If the input condition does not match the initial given condition

**       No more clock is given and the control of the program is brought

**       outside the loop

**

** The same procedure is followed for the Y Motor

*/

#include <stdio.h>

#include <conio.h>

#define DATA 0x0378

#define STATUS DATA+1

#define CONTROL DATA+2

void main(void)

{

int in;

long ctr,ctrb;

int mot, dir, func=1;

while (func)

  {

printf("\n\n\n\n\t\t STEPPER MOTOR CONTROLLER");

printf("\n\n\t Which motor do you wish to run (x=1/y=2)");

scanf("%d",&mot);

printf("\n\t Enter Motor direction - Clockwise(1) or Anticlockwise(0)");

scanf("%d",&dir);

if(mot==1)

    {

      /* Resetting X-Motor */


outp(DATA,0x01);


outp(DATA,0x00);


outp(DATA,0x01);

      /* Setting Direction */


if(dir==1)  /* Clockwise=1 */


    {


      outp(DATA,0x03);



/* Sending Clock */



  while((inp(STATUS)&0xf8)==0x78)



    {



       outp(DATA,0x07);



       outp(DATA,0x03);



       outp(DATA,0x07);



       for(ctrb=0;ctrb<650;ctrb++)



       {



       for(ctr=0;ctr<20000;ctr++);



       }



     }


    }


if(dir==0)         /* Anticlockwise=0 */


    {


      outp(DATA,0x01);



/* Sending Clock */



  while((inp(STATUS)&0xf8)==0x78)



    {



       outp(DATA,0x05);



       outp(DATA,0x01);



       outp(DATA,0x05);



       for(ctr=0;ctr<10000;ctr++);



     }


    }

    }

if(mot==2)

    {

      /* Resetting Y-Motor */


outp(DATA,0x08);


outp(DATA,0x00);


outp(DATA,0x08);

      /* Setting Direction */


if(dir==1)           /* Clockwise=1 */


    {


      outp(DATA,0x18);



/* Sending Clock */



  while((inp(STATUS)&0xf8)==0x78)



    {



       outp(DATA,0x38);



       outp(DATA,0x18);



       outp(DATA,0x38);



       for(ctr=0;ctr<10000;ctr++);



     }


    }


if(dir==0)


    {


    outp(DATA,0x08);      /* Anticlockwise=0 */



/* Sending Clock */



  while((inp(STATUS)&0xf8)==0x78)



    {



       outp(DATA,0x28);



       outp(DATA,0x08);



       outp(DATA,0x28);



       for(ctr=0;ctr<10000;ctr++);



     }


    }

    }

 printf("\n\n Do you wish to run the motors again (y=1/n=0)");

 scanf("%d",&func);

  }

}
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