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1. Explain the principle of stepper motor. Write a program to rotate motor 64° in clockwise
direction. The motor has step angle of 2°. Write the 4 step sequence also. The motor has steps per

revolution=180, number of rotor teeth=45, movement per 4 step sequence=8°,

/

Review Questions

21: Si’:re one application where would you use a relay.
¥ do we place a driver between the mi, )
3. Whatls an MG elays microcontroller and the relay?
4. Why are relays that use coils called electromechani
. - ical relays?
5. What is the advantage of a solid-stale relay over EMR? 2s
6. What is the advantage of an optoisolator over an EM relay?
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‘/SéCTION 17.2: STEPPER MOTOR INTERFACING

This section begins with an overview of the basic operation of stepper
motors. Then we describe how to interface a stepper motor to the 8051,
Finally, we use A bly language prog to di control of
the angle and direction of stepper motor rotation.

i

&

Stepper motors . J‘M

N
A stepper motor is a widely used device that translates electrical '\s‘:?u?! g
pulses into mechanical movement. In applications such as disk drives,
dot matrix printers, and robotics, the stepper motor is used for position Ly
control. Stepper motors commonly have a permanent magnet rofor (also B
called the siaft) surrounded by a stator (see Figure 17-7). There are also L
steppers called variable reluctance stepper motors that do not have a PM Figure 17-7. Rotor Alignment
rotor. The most commen stepper motors have four stator windings that
are paired with a center-tapped common as shown in Figure 17-8. This
type of stepper motor is commonly referred toasa ﬁmr-;ﬂ.ysc or upipnlar
stepper motor. The center tap allows a change of current direction in each
of two coils when a winding is grounded, thereby resulting in a polarity
change of the stator. Notice that while a conventional motor shaft runs
freely, the stepper motor shaft moves in a fixed repeatable increment,
which allows one to mave it to a precise position. This repeatable fixed
movement is possible as  result of basic magnetic theory where poles of
the same polarity repel and opposite poles attract. The direction uf the
rotation is dictated by the stator poles. The stator poles arc ! d
by the current sent through the wire coils. As the direction of the current

Figure 17-8, Stator Windings Configarisin

sequence in Table 17-3,
Solution:

A motor with'a 2° step angle has the following characteristics:
Step angle: 2° 3 e

Steps per revolution: 180

No. of rotor teeth: 45

Movement per 4-step sequence: 8°

To move the rotor 64°, we have to send eight o ive 4-step sequences, i.e., 32 steps.
ORG . DDOCH
MOV A, #66H
MOV RO, #32
BACK: ' RR. A
) MoV P1l,A
ACALL DELAY
DaNZ RO, BACK
END

2. a. Explain the bit status of SCON special function register.

peir o g "
Write a Program to rotate 4 motor 64° in the clockwise direction. The motor has a step angle of 2°. Use the d-step

b. Write a C program for 8051 to transfer the letter ‘A’ serially at 4800 baud continuously

using timer 1 in mode 2.



o SCON is an 8-bit register used to
program the start bit, stop bit, and data
bits of data framing, among other
things

SMO ‘ SM1 ‘ SME‘P.EN‘TES‘RBB‘ TI ‘ RI

SMO SCON.7 Serial port mode specifier
SM1 SCON.6 Serial port mode specifier
SM2 SCON.5 Used for multiprocessor communication
REN SCONA4 Set/cleared by software to enable/disable reception
TBS SCON.3 Not widely used
RB8 SCON.2 Not widely used
TI SCON.1 Transmit interrupt flag. Set by HW at the
begin of the stop bit mode 1. And cleared by SW
RI SCON.O Receive interrupt flag. Set by HW at the

begin of the stop bit mode 1. And cleared by SW

Note: Make SM?2, TBS, and RBS =0

Write a program for the 8051 fo transfer letter “A” senally at 4800
baud, continuously.

Solution:
MOV THMOD, #Z0H ;timer 1,mode 2 {autoc reload)
MCV  THI1, #-o ;4800 baud rate
MoV  SCON, #50H ;8-bit, 1 stop, REN enabled
SETIB TRl ;S5tart timer 1
RGATN: MOV SBUF,#"A" :lestter "A" to transfer
HERE: JHNEBE TI,HEEE ;wait for the last bit
CLE TI ;clear TI for next char
SJMP AGATN rkeep sending A

3. a. Briefly show control word of 8255 and specify mode selection.
b. Calculate the control word of 8255 for the following cases:
(i) All the ports A, B and C are output ports(mode 0).
(if) PA=in, PB=out, PCL=out and PCH=out.

ell0 Pf°9famrning o of the 855,

i ¢l calls mode O the basic NPutfoyy
or C can be programmeq o inpu,:m Mads, The
v and outPUt Port at the same y, ©  OF ougpy 1 MO ommgy
g e. TSt be nogeq m:i 1M S imple /0. I this mode, any of por
In this mode, a given port canngt be boma

T Ty
Gm“PAK»
[ Ll g e

Mode Selection ™ PortC

0=Mode 0 | (Lower

—1=Mode1 | pc3-peoy

r [t | 1= Input

Mode Selectio 1 |0« Output

0= ;'S;x:t;‘ (m—l | PotC ] PortB | a

01= (Upper | -
Lix=vode2 | |G- Pen 0= Cutpa
x= Mode2: | [ 1=Input
LO=Outut

IF'qne 15-3. 8255 Control Word Format (/O Made)
Hptinted by permission of Inte] Corporation, Copyright Intel Corp,, 1983)

ind the control word of the 8255 for the following configurations:
(a) All the ports of A, B, and C are output ports (mode 0).

{b) PA = in, PB = oul, PCL = out, and PCH = out.

Solution:

From Figure 15-3 we have:
(a) 1000 0000 = SOH (b) 1001 0000 = $OH




4. a. Write the steps required to transfer data serially on 8051.
b. What are Interrupts? Specify vector location of interrupts in 8051.

o In programming the 8051 to transfer
character bytes serially
1. TMOD register is loaded with the value
20H, indicating the use of timer 1 in mode
2 (8-bit auto-reload) to set baud rate

2. The TH1 is loaded with one of the values
to set baud rate for serial data transfer

3. The SCON register is loaded with the value
S0H, indicating serial mode 1, where an 8-
bit data is framed with start and stop bits

4. TR1 is set to 1 to start timer 1
5. Tlis cleared by CLR TT instruction

6. The character byte to be transferred
serially is written into SBUF register

7. The TI flag bit is monitored with the use of
instruction JNB TT, xx to see if the
character has been transferred completely

8. To transfer the next byte, go to step 5

An interruptis an external or internal
event that interrupts the
microcontroller to inform it that a
device needs its service

Interrupt vector table

Interrupt ROM Location Pin
(hex)

Reset 0000 9
External HW (INTO) 0003 P3.2 (12)
Timer 0 (TF0) 0008
External HW (INT1) 0013 P3.3(13)
Timer 1 (TF1) 0018

Serial COM (RIand TI) 0023

5. Write an 8051 C program using interrupts to do the following:
(i) Receive the data serially and send it to PO.
(if) Read port P1, transmit data serially and give a copy to P2.
(iii) Generate a square ware of 5 KHz frequency on PO.1.
Set the baud rate at 4800.

MOV  IE,10010010B ;enable serial int.
SETBE TR1 ;start timer 1
GRG O SETE TRO ;start timexr 0
LJMEF MAIN BRCE: MOV &,Pl jread data from port 1
000BH ;ISR for timer 0 MOV SBUF,A ;give a copy to SBUF
P0.1 ;toggle PO.1 MOV BZ2,R ;send it to P2
;return from ISR SJMP BACK jstay in loop indefinitely
23H : fom—— ——SERIAL PCRT ISE

SERIAL ;jump to serial interrupt ISR CRG
30H SERIAL:JB I,TRANS;jump if TI is high
4 - - 4 : MOV A,5BUF ;otherwise due to receive
MATN: 21, #0FFH ;make Pl an input port A " MLSE dus To Tecew
ey Ty s 4 _ - . _ 1 MoV PO,R jsend serial data to PO
TMOD, # timer l,mode 2 (aute reload) CLE RI ;clear RI since CPU dossn’t
F 4800 baud rate RETI ; n from ISR

i
8-bit, 1 stop, ren enabled TRANS: CLR TI joclear TI since CPU dossn’t
; for SkHZ wave RETI jreturn from ISR

END

6. Draw the block diagram of DAC 0808 interfaced to 8051 at port P1 and write an 8051
program to generate a sine wave.

MOV THO, $-82



= ADC808 has 8 analog inputs
» Tt allows us to monitor up to 8 different

transducers using only a single chip
» The chip has B-bit data output just like the . [
ADCE04 R
» The 8 analog input channels are
mulbplexed and selected according to table P
below using three address pins, A, B, and C )
ADCB0S Anslog Channel Selectinn — :: '
Selocteo Analog Channel € [ A sc_ase
™ S

LEEHEEEE

+ Select an analog channel by providing
bits to A, B, and C addresses
» Activate the ALE pin
# Ttneeds an L-to-H pulse to latch in the
address
»  Activate SC (start conversion ) by an
H-to-L pulse to initiate conversion
+  Monitor EOC (end of conversion) to
see whether conversion is finished
< Activate OE (output enable ) to read
data out of the ADC chip
* An H-to-L pulse to the GE pin will bring
digita| data out of the chip

7. How to interface DC motor to 8051 microcontroller using Optoisolator? Write a C program to
move DC motor with 25 % duty cycle pulse.
/M'"‘ ;a;?sﬂ} ; be

uspe ¢
IR = 0i b
nsDelaY(SO)" 5

i
I
igned int value)
_Jay(unsig : :
| s0d ;
#include <regsl.hs | guesoned cha;-,? 1;4
th ErEe Ay O om0 1 g 22 TRIEXE
sbit bw' = P2 7 fﬁflxr(y_.g; yevalue; y+s
sbit MTR = B1%0; & :

void MSDelay (unsigned int value);
void main()

{
SW = 1;
MIR = 0; < o :
while(1) Y, ke
47K { i e
if (SW == 1) ‘j TR A
{ 2 5 1LD74
MTR = 1; =
MSDelay (25) ; 22
MTR = 0; Ry
MSDelay (75} ;
H
else
{ LA

8. With regard to the interrupt of 8051,
(i) Give the vector address of the interrupts.
(ii) Briefly explain the procedure of enabling/disabling the entire interrupt
system and enabling/disabling of individual interrupts.
(iii) Indicate the default priority on reset and procedure to alter this default
priority.



IE (Interrupt Enable) Register

D7 Do
EA = ET2 ES ET1 | BEX1 ET0 BEXO
EA (enable all) must be set to 1 in order
for rest of the register to take effect
Tnterrupt vector table EA IE.7 Disables all interrupts
- - - IE6  Notimplemented, reserved for future use
Interrupt ROM Location Pin .
(hex) ET2 IES !Enables or disables timer 2 overflow or capture
N T : interrupt (8952) _ _
External HW (INTO) T F32(12) ES IE4 Enables or disables the serial port interrupt
Timer 0 (TF0) 0008 ET1 IE.3 Enables or disables timer 1 ca_ver‘ﬂow interrupt
External HW (INT1) 0013 P33 (13) EX1 1E.2 Enables or disables external interrupt 1
Timer 1 (TFL) 001B ETO IE.1  Enables or disables timer 0 overflow interrupt
Serial COM (RI and T1) 0023 EX0 IE.0 Enables or disables external interrupt 0

o To enable an interrupt, we take the
following steps:

1. Bit D7 of the IE register (EA) must be set
to high to allow the rest of register to
take effect

2. The value of EA

» If EA = 1, interrupts are enabled and will be
responded to if their corresponding bits in IE
are high

» If EA = 0, no interrupt will be responded to,
even if the associated bit in the IE register is
high

9. Write a program using interrupts to get data from P1 and send it to P2 while Timer 1 is turning
ON and OFF the LED connected to P0.4 every second.
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10. Show the interfacing of a stepper motor to 8051 and write 8051 assembly/C program to
rotate stepper motor 2 rotations clockwise and one rotation anticlockwise with appropriate delay.

ORG ooh
Moy A, HF66H
Mev Ro, HQ s & ~stalioan
i1t RL A
A call &J@U
DNz Re, Ll

oo baine

Mev A, SHcett
Moy R ,# | ; | /\C’—Gﬁ“’“ MQ';‘C&”‘E“"A“ ¢
Dot RR A
.
45 T stepper motor Acali &LQO.J
I T i Urtpolar DINZ RI,LR

DS89CHxn 147k § 47k I47k3 4.7k o ULN2003

Motor
i Uty Moy Ra ,fFF B
PL2 - Uir Moy RZ, doFFH

F13
h 3
T Uz Nz R3 L

Use one power supply for = | LY
the motor and U'LpN};gUS DINZ R, L‘
and another for the 8051 |
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re 17-. 8051 Connection to Stepper Motor



