Microcontroller Notes: BEE403

MODULE-5: Interfacing

Structure

5.1 Interfacing: LCD interfacing,

5.2 Keyboard interfacing.

5.3 ADC, DAC and sensor interfacing: ADC 0808 interfacing to 8051,

5.4 Serial ADC Max1112 ADC interfacing to 8051,

5.5 DAC interfacing, Sensor interfacing and signal conditioning.

5.6 Motor control: Relay, PWM, DC and stepper motor: Relays and opt isolators,

5.7 stepper motor interfacing,

5.8 DC motor interfacing and PWM.

5.9 8051 interfacing with 8255: Programming the 8255, 8255 interfacing, C programming
for 8255

Objectives

1. To Interface 8051 with real-world devices such as LCDs and keyboards, ADC, DAC
chips and sensors.

2. To Interface 8031/51 with external memories, 8255 chip to add ports and relays,
optisolators and motors.
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5.1 Interfacing: LCD interfacing

LCD operation

In recent years the LCD is finding widespread use replacing LEDs (seven-segment LEDs or
other multi segment LEDS). This is due to the following reasons:

1. The declining prices of LCDs.

1. The ability to display numbers, characters, and graphics. This is in contrast to
LEDs, which are limited to numbers and a few characters.

2. Incorporation of a refreshing controller into the LCD, thereby relieving the
CPU of the task of refreshing the LCD. In contrast, the LED must be refreshed
by the CPU (or in some other way) to keep displaying the data.

2. Ease of programming for characters and graphics.
LCD pin descriptions

The LCD discussed in this section has 14 pins. The function of each pin is given in Table 12-
1. Figure 12-1 shows the pin positions for various LCDs.

VCC> VSS> and VEE

While V¢ and Vs provide +5V and ground, respectively, Vee is used for controlling LCD
contrast.

RS, register select

There are two very important registers inside the LCD. The RS pin is used for their selection as
follows. If RS = 0, the instruction command code register is selected, allowing the user to send
a command such as clear display, cursor at home, etc. If RS = 1 the data register is selected,
allowing the user to send data to be displayed on the LCD.

R/W, read/write

R/W input allows the user to write information to the LCD or read information from it. R/W =
1 when reading; R/W = 0 when writing.

E, enable

The enable pin is used by the LCD to latch information presented to its data pins.
When data is supplied to data pins, a high-to-low pulse must be applied to this pin in order for
the LCD to latch in the data present at the data pins. This pulse must be a minimum of 450 ns
wide.
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DO-D7

1. The 8-bit data pins, DO — D7, are used to send information to the LCD or read the

contents of the LCD’s internal registers.
2. Todisplay letters and numbers, we send ASCII codes for the letters A - Z, a—z, and

numbers 0 — 9 to these pins while making RS = 1.
3. We also use RS = 0 to check the busy flag bit to see if the LCD is ready to receive
information. The busy flag is D7 and can be read when R/W = 1 and RS = 0, as
follows: if R’AW= 1, RS = 0. When D7 = 1 (busy flag = 1), the LCD is busy taking
care of internal operations and will not accept any new information. When D7 = 0, the
LCD is ready to receive new information.
Note: It is recommended to check the busy flag before writing any data to the LCD.

Table 5.1:LCD command codes

Code Command to LCD Instruction

gHex! Register
ear display screen

Return home

Decrement cursor (shift cursor to left)
Increment cursor (shift cursor to right)
Shift display right

Shifi display left

Display off, cursor off

Display off, cursor on

Display on, cursor off

Display on, cursor blinking

Display on, cursor blinking

10 Shift cursor position to left

14 Shift cursor position to right

18 Shift the entire display to the left

1C  Shift the entire display to the right

80 Force cursor to beginning of 1st line
C0___ Force cursor to beginning of 2nd line
38 2 lines and 5x7 matrix

i2 14

el ol el b R T = E LS

o 00000000000000 O O
14 |ee 1B
L0 -]
L -]
R -]
LX)
3 P f
O O O
DMCI610A 14 pDMCIél06B 21 DMC20261
DMC1606C PDMC16207 DMC24227
DMC16117 DMC16230 DMC24138
DMC16128 DMC20215 DMC32132
DMC16129 : DMC32216 DMC32239
DMC1616433 DMC40131
DMC20434 DMC40218

Figure 5.1. Pin Positions for Various LCDs from Optrex
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Sending commands and data to LCDs with a time delay

To send any of the commands to the LCD, make pin RS = 0. For data, make RS = 1. Then
send a high-to-low pulse to the E pin to enable the internal latch of the LCD.

Program 5-1: Communicating with LCD using a delay

;jcalls a time delay before sending next data/command

wE e mae wa

ORG
MOwv
ACALL
ACALL
MOV
ACALL
ACALL
MOV
ACALL
ACALL
MOV
ACALL
ACALL
MOV
ACALL
ACALL
MOV
ACALL
ACALL
Mowv
ACALL
RGAIN: SJMP
COMNWRT -
MOV
CLE
CLR
SETB
ACALL
CLR
RET
JATAWRT :
T MOV
SETB
CLR
SETEB
ACALL
CLE
RET

0H

A, #38H
COMNWRT
DELAY
A, #0EH
COMNWRT
DELAY
A, #01
COMNWRT
DELAY
A, #06H
COMNWRT
DELAY
A, #84H
COMNWRT
DELAY
AE'N!
DATAWRT
DELAY
A’#IDI
DATAWRT
AGAIN

Pl,A
P2.0
P2.1
pP2.2
DELAY
p2.2

P1,A
F2.0
F2.1
P2.2
DELAY
P2.2

P1.0-P1.7 are connected to LCD data pins D0O-D7
P2.0 is connected to RS pin of LCD

P2.1 is connected to R/W pin of LCD

P2.2 is connected to E pin of LCD

;init. LCD 2 lines,Sx7 matrix
;call command subroutine
;give LCD some time
;display on, cursor on
;call command subroutine
;give LCD some time
;clear LCD

;jcall command subroutine
;give LCD some time
;shift cursor right
;call command subroutine
;give LCD some time
;cursor at line 1,pos. 4
;jcall command subroutine
;give LCD some time
;display letter N

;jcall display subroutine
;igive LCD some time
;display letter O

;call display subroutine
;stay here

:gend command to LCD
jcopy reqg A to portl
iRS=0 for command

;R/W=0 for write

;E=1 for high pulse
;give LCD some time

tE=0 for H-to-L pulse

;write data to LCD
;copy reg A to portl
;iRe€=1 for data

;R/W=0 for write

;E=1 for high pulse
;jgive LCD some time
;E=0 for H-to-L pulse
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DELAY : MOV

HEREZ: MOV

HERE: DJINZ
DJNZ
RET
END

R3,#50

R4, #255
R4 ,HERE
R3,HEREZ2

;50 or higher for fast CPUs
;R4=255
;stay until R4 becomes 0

5.1.1 Sending code or data to the LCD with checking busy flag

LCD
8051 +5V
P10 DO Ve
Ver| 3 10K

PL.7 D7 POT

RS RW E Vs
p2.0———
P2.1 ®
P22

Figure 5.2: LCD Connections

Program 5- 2: Communicating with LCD using the busy flag

;Check busy flag before sending data, command to LCD
;Pl=data pin,P2.0=RS,P2.1=R/W,P2.2=E pins

MOV
ACALL
MOV
ACALL
MoV
ACALL
MOV
ACALL
MoV
ACALL
MOV
ACALL
MOV
ACALL
HERE; SJMP
COMMAND : ACALL
MOV
CLR
CLR
SETE
CLE
RET

A, #38H
COMMAND
A, #0EH
COMMAND
A, #01H
COMMAND
A, #06H
COMMAND
A, #86H
COMMAND
A,$'N!
DATA DISPLAY
A, #'0
DATA DISPLAY
HERE
READY
P1,A
P2.0
F2.1
BP2.2
P2.2

;init. LCD 2 lines,5x7 matrix
;issue command

; LCD on, cursor on
;issue command

;clear LCD command
;iasue command

;shift cursor right
;issue command

;jecursor: line 1, pos. 6
;command subroutine
;display letter N

;display letter O

; 3TAY HERE

;is LCD ready?

;issue command code
:RS=0 for command
;R/W=0 to write to LCD
;E=1 for H-to-L pulse
;E=0 ,latch in
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DATA DISPLAY:

ACALL READY ;is LCD ready?
MOV Fl,a ;issue data
SETE P2.0 ;R5=1 for gdata
CLR P2.1 ;R/W=0 to write to LCD
SETE P2.2 ;E=1 for H-to-L pulse
ACALL DELAY ;give LCD some time
CLR Pz2.2 ;E=0, latch in
RET
READY : SETE Pl1.7 ;make P1.7 input port
CLRE P2.0 ;R8=0 access command reg
SETE Pz2.1 iR/W=1 read command reg
;read command reg and check busy flag
BACK: CLR P2.2 ;E=0 for L-to-H pulse
ACARLL DELAY ;jgive LCD some time
SETE P2.2 ;E=1 L-to-H pulse
JB P1,.7,BACK ;stay until busy flag=0
RET
END
DO - D7 ¥ Data 3
: o i
E
R/W - !
— las ?zﬂ
RS

tp = Data output delay time
Ias = Setup time prior to E (going high) for both RS and R/W = 140 ns {minimum)
oy = Hold time after E has come down for both RS and B/W = 10 ns (minimurm}

Mote: Read requires an L-1o-H pulse for the E pin.

Figure 5.3. LCD Timing for Read ( L-to-H for E line)

Notice in the above program that the busy flag is D7 of the command register. To read the
command register we make R/W = 1 and RS = 0, and a L-to-H pulse for the E pin will
provide us the command register. After reading the command register, if bit D7 (the busy flag)
is high, the LCD is busy and no information (command or data) should be issued to it. Only
when D7 = 0 can we send data or commands to the LCD. Notice in this method that no time
delays are used since we are checking the busy flag before issuing commands or data to the
LCD. Contrast the Read and Write timing for the LCD. Note that the E line is negative-edge
triggered for the write while it is positive-edge triggered for the read.
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% \

N Data ).

E E tDS“" “'E

R/W t 'PWH 'ttH I
AS =t AH

|—! Ead]

RS _I i I

tpwn = Enable pulse width = 450 ns (minimum)

Ipsw = Data setup time = 195 ns (minimum}

ty = Data hold time = 10 ns (minimum)

tag = Setup time prior 1o E (going high) for both RS and R/W = 140 ns (minimum)
tan = Hold time afier E has come down for both RS and RYW = 10 ns (minimum)

Figure 5.4. LCD Timing for Write (H-to-L for E line)

5.1.2 LCD data sheet

In the LCD, one can put data at any location. The following shows address locations and how
they are accessed.

RS R'W DB7 DBﬁ DB5 DB4 DB3 DB2 DBl DBG
0 0 1 A A A A A A A

where AAAAAAA = 0000000 to 0100111 for line 1 and AAAAAAA — 1000000 to 1100111
for line 2.

Table 5.2: LCD addressing

DB7 DB6 DBS DB4 DB3 DB2 DBlI DBEi

Line | {min) 1 ] 0 0 0 0 0 1]
Line 1 (max) 1 0 1 0 { 1 i 1
Line 2 {min) 1 1 0 0 0 { 0 0
Line 2 (max) | 1 1 0 { 1 1 1

The upper address range can go as high as 0100111 for the 40-charac-ter-wide LCD, while for
the 20-character-wide LCD it goes up to 010011 (19 decimal = 10011 binary). Notice that the
upper range 0100111 (binary) = 39 decimal, which corresponds to locations 0 to 39 for the
LCDs of 40x2 size.
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16 x 2 LCD 80 81 82 83 84 85 86 through 8F
Co Cl c2 C3 C4 csS Cé6 through CF
20 x 1 LCD 80 81 82 B3 through 93
20 x 2 LCD 80 81 82 83 through 953
co Cl c2 C3 through D3
20 x 4 LCD 80 81 82 83 through 93
co c1 c2 C3 through D3
94 95 96 97 through A7
D4 D5 D6 D7 through E7
40 x 2 LCD 80 81 82 83 through A7
co C1l c2 Cc3 through E7

Note: All data is in hex.

Figure 5.5: Cursor Addresses for Some LCDs

Example 5-3

Write an 8051 C program to send letters ‘M’, ‘D’, and ‘£’ to the LCD using delays.
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Solution:

#include <regSl.h>

afr ldata = 0x90; //P1l=LCD data pins {Fig. 12-2)
sbit rs = P270;

sbit rw = P2™1;

sbit en = P2*2;

vold main()

ledemd (0x38) ;
MSDelay (250} ;
ledemd (0x0E} ;
MSDelay (250) ;
ledemd (0x01) ;
MSDelay (250} ;
ledemd (0x06) ;
MSDelay (250) ;
ledemd (0x86) ; //line 1, positionm &
MSDelay (250) ;
leddata('M');
MSDelay (250) ;
leddata('D) ;
MSDelay (250) ;
leddata('EY) ;

}

void lcdemd{unsigned char wvalue)

ldata = value; // put the value on the pins
rge = 0Q;

rw = 0;

en = 1; /{ strobe the enable pin
MSDelay (1) ;

en = 0;

return;

}

void lcddata(unsigned char value)

ldata = wvalue; // put the wvalue on the pins
rs = 1;

W = 0;

en = 1; /f strobe the enable pin
MSDelay (1} ;

en = 0;

return;

}

void MSDelay(unsigned int itime)
unsigned int i, j;
for{i=0;i<itime;i++)
for{i=0;j<1275;3++);
Example 5-3

Repeat Example 5-3 using the busy flag method.

Department of Electrical & Electronics Engineering, ATMECE, Mysuru Page 9



Microcontroller Notes:BEE403

Solution:
#include =regS5l.h>

sfr

sbit
shit
shit
sbit
void

{

)

void ledeomd (unsigned char wvalue)

}

ldata = 0x90;

rs = P270;
w = P2*1;
en = p2°2;

busy = P177;

ledoemd (0x38) ;
lcdomd (OX0E) ;
ledemd (0x01) ;
ledomd (0x08) ;
loedomd (0x86} ;
leddata ("M') ;
leddata (D)
leddarta('E') ;

ledready () ;
ldata = wvalue;
rs 0

rw 0
an 1;
MSDelay(l);
en = 0;
return;

s
¥
s
r

//Pl=LCD data pins (Fig. 12-2)

//line 1, position &

//check the LCD busy flag
//put the value on the pins

//strobe the enable pin

void lcddata{unsigned char wvalue)

}

ledready () ;
ldata = value;
ra = 1;

rw = 0;

en = 1;
MSDelayi(l);
en = 0;
refturn;

vold ledready ()

busy = 1;

rs = 0;

I'w = 1;

while {busy==1}
en = 0;
MSDelay (1) ;
an = 1;

return;

//check the LCD busy flag
//put the value on the pins

//strobe the enable pin

//make the busy pin an input

//wait here for busy flag

//strobe the enable pin
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void MSDelay(unsigned int itime)

unsigned int i, j;
for{i=0;i<itime;i++)
for{j=0;<1275;j++);

5.2 Keypad Interfacing

Interfacing the keyboard to the 8051

1. At the lowest level, keyboards are organized in a matrix of rows and columns. The
CPU accesses both rows and columns through ports; therefore, with two 8-bit ports, an
8 x 8 matrix of keys can be connected to a microprocessor.

2. When a key is pressed, a row and a column make a contact; otherwise, there is no
connection between rows and columns. In IBM PC keyboards, a single
microcontroller (consisting of a microprocessor, RAM and EPROM, and several ports
all on a single chip) takes care of hardware and software interfacing of the keyboard.

3. In such systems, it is the function of programs stored in the EPROM of the
microcontroller to scan the keys continuously, identify which one has been activated,
and present it to the motherboard. In this section we look at the mechanism by which the

8051 scans and identifies the key.

5.2.1 Scanning and identifying the key

1. Figure5.5 shows a 4 x 4 matrix connected to two ports. The rows are connected to an
output port and the columns are connected to an input port.
2. 1f no key has been pressed, reading the input port will yield 1 s for all columns since

they are all connected to high (Vcc).
3. If all the rows are grounded and a key is pressed, one of the columns will have 0 since
the key pressed provides the path to ground. It is the function of the microcontroller to

scan the keyboard continuously to detect and identify the key pressed. How it is done is
explained next.
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VoG
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(©u) D3 D2 D1 00 | por2
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Figure 5.6: Matrix Keyboard Connection to Ports

Grounding rows and reading the columns

1. To detect a pressed key, the microcontroller grounds all rows by providing 0 to the
output latch, then it reads the columns. If the data read from the columns is D3 — DO =
1111, no key has been pressed and the process continues until a key press is
detected.

2. However, if one of the column bits has a zero, this means that a key press has
occurred. For example, if D3 — DO = 1101, this means that a key in the DI column has
been pressed.

3. After a key press is detected, the microcontroller will go through the process of
identifying the key. Starting with the top row, the microcontroller grounds it by
providing a low to row DO only; then it reads the columns.

4. If the data read is all Is, no key in that row is activated and the process is moved to
the next row. It grounds the next row, reads the columns, and checks for any zero.
This process continues until the row is identified. After identification

Example 5-4
Identify the row and column of the pressed key for each of the following.

1. D3 - DO =1110 for the row, D3 — DO = 1011 for the column
2. D3 -DO =1101 for the row, D3 — DO = 0111 for the column

Solution:

The row and column can be used to identify the key.
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1. The row belongs to DO and the column belongs to D2; therefore, key number 2 was
pressed.

2. The row belongs to DI and the column belongs to D3; therefore, key number 7 was

pressed
( Startt ) -';ﬁ)
'

Ground all rows Ground next row

T |

Read all columns
Read all columns

Find which key
is pressed

Read all columns

|

Y

Get scan code
from table

yes

Wait for debounce

l

Read all columns

Any ke
down?

v
®

Figure 5.7: Flowchart for Program
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Program goes through the following four major stages:

1. To make sure that the preceding key has been released, Os are output to all rows
at once, and the columns are read and checked repeatedly until all the columns
are high. When all columns are found to be high, the program waits for a short
amount of time before it goes to the next stage of waiting for a key to be
pressed.

2. To see if any key is pressed, the columns are scanned over and over in an infinite loop
until one of them has a 0 on it. Remember that the output latches connected to rows still
have their initial zeros (provided in stage 1), making them
grounded. After the key press detection, the microcontroller waits 20 ms for
the bounce and then scans the columns again. This serves two functions: (a) it
ensures that the first key press detection was not an erroneous one due to a
spike noise, and (b) the 20-ms delay prevents the same key press from being
interpreted as a multiple key press. If after the 20Tins delay the key is still
pressed, it goes to the next stage to detect which row it belongs to; otherwise,

it goes back into the loop to detect a real key press.

3. To detect which row the key press belongs to, the microcontroller grounds one
row at a time, reading the columns each time. If it finds that all columns are
high, this means that the key press cannot belong to that row; therefore, it
grounds the next row and continues until it finds the row the key press belongs
to. Upon finding the row that the key press belongs to, it sets up the starting
address for the look-up table holding the scan codes (or the ASCII value) for
that row and goes to the next stage to identify the key.

4. To identify the key press, the microcontroller rotates the column bits, one bit
at a time, into the carry flag and checks to see if it is low. Upon finding the
zero, it pulls out the ASCII code for that key from the look-up table; otherwise, it
increments the pointer to point to the next element of the look-up table.

Example 5-5 shows keypad programming in 8051 C.
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i Keyboard subroutine. This program sends the ASCII code

;for pressed key to PO.1

:P1.0-P1.3 connected to rows P2.0-P2.3 connected to columns
;make P2 an input port
sground all rows at once
MoV A, P2 ;jread all col. ensure all keys open

MOV P2, #0FFH
{1: MOV PLl,#0

ANL A,#00001111B

CIJNE A,#00001111B,Kl1
ACALL DELAY

MOV aA,P2

ANL A,#00001111B

CIJNE A,#00001111E,OVER

SJMP K2
JWER: ACALL DELAY
MOV A, P2

ANL A,#00001111B
CJNE A,#00001111E,0VER1

SJMP K2
JVER1: MOV P1,#11111110B
MoV  A,P2

ANL A, #00001111B

CIJNE A,#00001111B,ROW_0
MOV  P1,#11111101B

MOV  A,P2

ANL A, #00001111B

CJNE A,#00001111B,ROW_1
MOV  P1,#11111011B

MOV  A,P2

ANL A, #00001111B

CJNE A,#00001111B,ROW_2
MOV P1,#11110111B

MOV A,P2

ANL A, #00001111B

CIJNE A,#00001111B,ROW_3
LIJMP K2

ROW_0: MOV  DPTR, #KCODEO
SIMP FIND

ROW 1: MOV  DPTR,#KCODE1
SJMP FIND

ROW_2: MOV  DPTR, #KCODE2
SJMP FIND

R0W_3: MOV  DPTR, #KCODE3

FIND: RRC A
JNC  MATCH
INC DPTR

:masked unused bits

;check til all keys released

;eall 20 ms delay

;see if any key is pressed

;mask unused bits

;key pressed, await closure
icheck if key pressed

;wailt 20 ms debounce
;check key closure
;mask unused bits

time

ikey pressed, find row
;if none, keep polling

iground row 0

;read all columns
;mask unused bits
;key row 0, find the
;jground row 1

;read all columns
;mask unused bits
;key row 1, find the
;ground row 2

;read all columns
;mask unused bits
;key row 2, find the
rground row 3

;read all columns
smask unused bits
;key row 3, find the
;if none, false input,

col.

col.

col.

col.
repeat

;8et DPTR=start of row 0
;find col. key belongs to
;8et DPTR=start of row 1
;find col. key belongs to
;eet DPTR=start of row 2
+find col. key belcngs to
;8et DPTR=start of row 3
;see if any CY bit is low
;if zero, get the ASCII code
;point to next cel. address
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SJMP FIND :keep searching

MATCH: CLR A :set A=0 (match is found)
MOVC A,@R+DPTR ;jget ASCII code from table
MOV BO,A ;display pressed key
LIJMP K1

;ASCII LOOK-UP TABLE FOR EACH ROW
ORG 300H

KCODEO: DB Y, L, 2, ;ROW O

KCODE1: DB 4','5 g, ' ;ROW 1

KCODE2: DB gy, ' 'AY, THY ;ROW 2

KCODE3: DB tCcr,'D','E','F! ;ROW 3
END

Program 5-6: Keyboard Program

Solution:
#include <reg51.h>

#define COL P2 f/define ports for easier reading

#idefine RCW Pl

void MSDelay{unsigned int wvalue);
veild SerTX(unsigned char);

ungigned char keypad[4] [4] = {rov,v1r, v2v, 030,
lq1'.5|‘:|61‘r?l’
FBlngf’IAI!I‘BI'
ltl,lni’lEi,IFI};
void maini)

unsigned char colloc, rowloc;

TMOD = 0x20; J/timer 1, mode 2
TE1 = -3%; /9600 baud

SCON = 0xS0; //8-bit, 1 stop bit
TRl = 1; f/start timer 1

//keyboard routine. This sends the ASCII
/fcode for pressed key to the serial port

COL = OxFF; //make P2 an input port
while(l) //repeat forever
do
ROW = 0x00; //ground all rows at once
colloc = COL; //read the columns
colloc &= 0x0F; //mask used bits
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} while{colloc != 0x0F); //check until all keys released

do

{

dﬂ{
MSDelay (20); //call delay
colloc = COL; //see if any key is pressed
colloc &= OxOF; //mask unused bits
} while{colloc == 0xOF);//keep checking for keypress

MSDelay(20) ;

colloc = COL;

colloc &= 0xOF;

} whilelcolloe == 0x0F);

//call delay for debounce
f/read columns

[ /magk unused bits

J/wait for keypress

while (1)

ROW = OxFE;

colloc = COL;
colloc &= Ox0F;
if(colloc '= OxOF)

{

//ground row 0
//read columns
J/mask unused bits
//column detected

rowloc = 0;
break;

ROW = Ox%FD;
colloo = COL:
colloc &= OxOF;

if{colloc != OXOF)
rowloec = 1;
break;

ECOW = 0xFE;
colloc = COL;
colloc &= 0x0F;-

if{colloe 1= OxOF)
{
rowloc = 2;
break;
ROW = OxF7;

[ fsave row location
f/exit while lcop

//ground row 1
J/read columns
J/mask unused bits
J//column detected

f/save row locaticn
//exit while loop

//ground row 2
//read columns
//mask unused bits
J/ocolumn detected

//eave row location
//exit while loop

{/ground row 3
J/read columns
//mask unused bits
[/save row location
//exit while loop

colloc = COL;
colloc &= 0OxOF;
rowloc = 3;
break;

}

//check column and send result to the serial port
if (colloc == O0xOE)
SerTX (keypad [rowloc] [0])
else if{coclloc == 0Ox0D)
SerTXikeypad(rowloc] [1]);
else iflcolloc == OxX0B)
SerTX(keyvpad{rowloc] [2]});

Department of Electrical & Electronics Engineering, ATMECE, Mysuru Page 17



Microcontroller Notes:BEE403

else
SerTX (keypad [rowloe] [3]);

}
void SerTX {unsigned char x)
SBUF = x; /iplace value in buffer
while(TI==0}: J/wait until transmitted
TI = O; J/elear flag

)

void MSDelay (unsigned int wvalue)

unsigned int x, y;
for(x=0;x<1275;x++)
for{y=0;y<value;y++};

5.3 ADC, DAC and sensor interfacing: ADC 0808 interfacing to 8051

1. Analog to digital converters are among the most widely used devices for data
acquisitions. Digital computers use binary (discrete) value but in physical world
everything is analog (continuous).

2. A physical quantity is converted to electrical signals using device called transducer or
also called as sensors. Sensors and many other natural quantities produce an output
that is voltage (or current).

3. Therefore we need an analog - to - digital converter to translate the analog signal to
digital numbers so that the microcontroller can read and process them. An ADC has an
n bit resolution where n can be 8, 10, 16, Or even 24 bits. The higher resolution ADC
provides a smaller step size, where step size is smallest change that can be discerned

by an ADC.
Table 5.3: Resolution vs. Step Size for ADC
n=hiit Number of steps Step Size (mV)
8 256 57256 = 19.53
10 1024 5/1024 = 4.88
12 4096 5/4096 = 1.2
16 65536 5/65536 = 0.076

In addition to resolution, conversion time is another major factor in judging an ADC.
Conversion time is defined as the time it takes the ADC to convert the analog input to digital
(binary) number. The ADC chips are either parallel or serial. In parallel ADC, we have 8 or
more pins dedicated to bring out the binary data, but in serial ADC we have only one pin for
data out.
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ADC 0808
vce
P2.0 »| Add_A
P2.1 »| Add_B
P2.2 »| Add_C CH A |—>
P0.0 »{ Start
8051 ig'; - » 2;2 ADC GND
UC rpoas » oe 0808
g - I -
a
P3 \]_T Bus
¢ |5 Clock
il b Source

Figure 5.8: ADC interfacing

ADCO0808 has 8 analog inputs. ADC0808 allows us to monitor up to 8 different analog inputs
using only a single chip. ADC0808 has an 8-bit data output. The 8 analog inputs channels are
multiplexed and selected according to table given below using three address pins, A, B, and C.

a) CS

Chip select is an active low input used to activate the ADC0804 chip. To access the
ADCO0804, this pin must be low.

b) RD (read)

This is an input signal and is active low. The ADC converts the analog input to its binary
equivalent and holds it in an internal register. RD is used to get the converted data out of the
ADCO0804 chip. When CS = 0, if a high-to-low pulse is applied to the RD pin, the 8-bit digital
output shows up at the DO — D7 data pins. The RD pin is also referred to as output enable (OE).

¢) WR (write; a better name might be “start conversion”)

This is an active low input used to inform the ADC0804 to start the conversion
processs. If CS = 0 when WR makes a low-to-high transition,
the ADCO0804 starts converting the analog input value of Vin to an 8-bit digital number.

d) CLK IN and CLK R

CLK IN is an input pin connected to an external clock source when an external clock is used for
timing. However, the 804 has an internal clock generator. To use the internal clock
generator (also called self-clocking) of the ADCO0804, the CLK IN and CLK R pins are
connected to a capacitor and a resistor.
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Typical values are R = 10K ohms and C = 150 pF. Substituting in the above equation, we
get/= 606 kHz. In that case, the conversion time is 110 us.

e) INTR (interrupt; a better name might be “end of conversion”)

This is an output pin and is active low. It is a normally high pin and when the conversion is
finished, it goes low to signal the CPU that the converted data is ready to be picked up. After
INTR goes low, we make CS =0 and send a high-to-low pulse to the RD pin to get the data out
of the ADC0804 chip.

) Vin (+) and Vin (-)

These are the differential analog inputs where Vjn = Vjn (+) — Vja (-). Often the Vijn (-) pin is
connected to ground and the Vi, (+) pin is used as the analog input to be converted to digital.

g) Vcc

This is the +5 volt power supply. It is also used as a reference voltage when the Ve/2 input
(pin 9) is open (not connected). This is discussed next.

h) Vret/2

Pin 9 is an input voltage used for the reference voltage. If this pin is open (not connected), the
analog input voltage for the ADC0804 is in the range of 0 to 5 volts (the same as the V¢ pin).

i) DO-D7

DO — D7 (D7 is the MSB) are the digital data output pins since ADC0804 is a parallel ADC
chip. These are tri-state buffered and the converted data is accessed only when CS = 0 and
RD is forced low. To calculate the output voltage, use the following formula.

J) Analog ground and digital ground

These are the input pins providing the ground for both the analog signal and the digital signal.
Analog ground is connected to the ground of the analog Vi, while digital ground is connected to
the ground of the V¢ pin. The reason that we have two ground pins is to isolate the analog Vin
signal from transient voltages caused by digital switching of the output DO — D7. Such
isolation contributes to the accuracy of the digital data output. In our discussion, both are
connected to the same ground; however, in the real world of data acquisition the analog and
digital grounds are handled separately.
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From this discussion we conclude that the following steps must be followed for data
conversion by the ADC0804 chip.

Cs

DO - D7 Data out

_— Start conversion End conversion

Note: CS is set to low for both RD and WR pulses. ._
Read it

Figure 5.9: Read and Write Timing for ADC0804

5.4 Serial ADC Max1112 ADC interfacing to 8051

The MAX1112 is an 8-bit serial ADC chip with 8 channels of analog input. It has a
single dout to bring out the digital data after it has been converted. It is compatible with a
popular SPI and Microwire serial standard. The following are descriptions of the MAX1112

pins.

0|1 CHO VDD 20
o|2 cH1 SCLK 19
O| 3 CH2 CS 18
0|4 CH3 D 17
0|5 CH4 SSTRB 16
Ol6 CHS Dour 15
O} 7 CHe DGND 14
0|8 CH7 AGND 13
ol 9 com REFOUT 12
D| 10 SHDN REFIN 11

Figure 5.10: MAX 1112 Chip
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a) CHO - CH7

CHO — CHY are 8 channels of the analog inputs. In the single-ended mode, each of
the channels can be used for an analog input where the COM pin is used as a ground
reference for all the channels. In single-ended mode, 8 channels of input allow us to read 8
different analog inputs. We select the input channel by sending in the control byte via the
DIN pin. In differential mode, we have 4 sets of 2-channel differentials. CHO and CHI go
together, and CH2 -CH3, and so on.
b) COM

Ground reference for the analog input in single-ended mode.
c)CS
Chip select is an active low input used to select the MAX1112 chip.
d)SCLK
Serial clock input. SCLK is used to bring data out and send in the control byte, one bit at a
time.
e) dout

Serial data out. The digital data is clocked out one bit at a time on the H-to-L edge
(falling edge) of SCLK.

L 1 |

CHO —|AGND DGND VDD
— MAX1112
— |
— SCLK |-—u
CH? ——& CS |e——
— |REFIN DIN fe——
——}REFOUT DOUT
5SHDN SSTRB

T

Figure 5.11: MAX1112 Serial ADC Block Diagram
f)din
Serial data in the control byte is clocked in one bit at a time on the L-to-H edge (rising
edge) of SCLK.
g)SSTRB
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Serial strobe output. In internal clock mode this indicates end-of-conversion. It goes
high when the conversion is complete.
h) vdd

vad is the +5 volt power supply.

1) AGND, DGND (analog ground and digital ground)

Both are input pins providing ground for both the analog and the digital signals.

j)SHDN

Shutdown is an input and is normally not connected (or is connected to Vpp). If low, the
ADC is shut down to save power. This is shut down by hardware. The control byte causes
shutdown by software. REFIN

Reference voltage input. This voltage dictates the step size. REFOUT

Internal Reference Generator output. A 1uF bypass capacitor is placed between this pin and
AGND.

k) MAX1112 control byte

The MAX1112 chip has 8 channels of analog inputs that are selected using a control byte.
The control byte is fed into the MAX1112 serially one bit at a time via the Dy pin with the help
of SCLK. The control byte must be sent in with the MSB (most significant bit) going in first.

| Start | SEL2 | SLEI | SELO JUN/BIP|SGL/DF|] PDI | PDO "

Start The MSB (D7) must be high to define the beginning of the control byte.
It must be sent in first.
SEL2 SEL1 SEL0 CHANNEL SELECTION (SINGLE-ENDED MODE)
0 0 CHAND
0 CHANI
CHAN2
CHAN3
CHAN4
CHANS
CHANG
CHAN?

—_————a o
— oo —o—o

0
1
|
0
0
L
I

UNL/BIP | = unipolar: Digital data output is binary 00 - FFH.
¢ = bipolar: Dignal data output is in 2's complement.
SGL/DIF I = single-ended: 8 channels of single-ended with COM as reference
0 = differential: Two channels (eg., CHO - CH1) are differential.
PDI1 | = fully operational
( = power-down: Power down (o save power using software.
PDO I = external clock mode: The conversion speed is dictated by SCLK.
0 = internal clock mode: The conversion speed is dictated internally,
and the SSTRB pin goes high to indicate end-of-conversion (EQC).

Figure 5.12:. MAX1112 Control Byte
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I) REFIN voltage and step size

The step size for the MAX1112 depends on the voltage connected to the REFIN pin. In
unipolar mode, with Vop =5 V, we get 4.096 V for full-scale if the REFIN pin is connected to
the AGND with a 1-fiF capacitor. That gives us a 16-mV step size since 4.096 V/256 =
16mV. To get a 10-mV step size, we need to connect the REFIN pin to a 2.56 V external
voltage source, since 2.56 V/256 = 10 mV. According to the MAX1112 data sheet, the
external reference voltage must be between 1 V and Vpp. Notice the lower limit for the

reference voltage.

+5V

8051 MAX1112 |

+
14
-

P2.0 e P53 VDD T
P21 P SCLK SHDM
P2.2 = DIN CHO
P2.3 j———o pouT CH1 -
CH2 o
CH3J e
CHab
HS— l
CHE
2 56 =— REFIN T :
r— REFOUT
1uF COM
f— AGND DGND

-

Figure 5.13: 8051 Connection to MAX1112 for 2nd Channel

Example 5-7

Find the MAX1112 control byte for (a) CHO, and (b) CH3. Assume single-ended, unipolar,
internal clock, and fully operational modes.

Solution:

From Figure 13-14, we have the following:

(@) 10001110 (8E in hex) (b) 10111110 (BE in hex)

5.4.1 Start conversion and end of conversion for MAX1112

1. When the last bit of the control byte, PDO, is sent in, the conversion starts, and
SSTRB goes low. The end-of-conversion state is indicated by SSTRB going high,
which happens 55 us after PDO is clocked in.
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2. We can either wait 55 ps, or monitor SSTRB before we get the digital data out of the

Reading out digital data

ADC chip. Next we show how to get digital data out of the MAX1112.

The 8-bit converted digital data is brought out of the MAX1112.8-bit digital data is

read out one bit at a time with the MSB (D7) coming out first. The SSTRB goes high to
indicate that the conversion is finished. According to the MAX1112 data sheet, “after SSTRB

goes high, the second falling edge of SCLK produces the MSB” of converted data at the

DOut pin. In other words, we need 9 pulses to get data out. To bring data out, CS must be low.

5.4.2 MAX1112 program in Assembly

The following is Assembly code for reading out digital data in the MAX1112:

HZ:

s BIT P2.
SCLK BIT PZ.
DIN BIT P2.
pouT BIT P2.

SETE DOUT
CLRE (5
SETE SCLK
RCALL DELAY
CLR  SCLK
ACALL DLELAY
CLE A

MOV R3, H8
SETE SCLK
ACALL DELAY
CLE SCLK
ACALL DELAY ;
MOV <, DOUT
RLC A

DJNZ R3,H2
SETE CS

MOV Pl1,A

[P ]

;make it an input
;C8=0

;need delay for DS89C4x0
;first H-to-L
;read data ocut on 2ND H-to-L

;need delay for DS89C4x0
;H-to-L pulse to get bit out

imove bit ko CY flag
;bring in the bit

;repeat for all 8 bits
;C8=1

;send converted data to Pl
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//C Code for reading data in MAX1112

#include <regSl.h>
shit C§ = P270;
ghit SCLK = P2°1;
shit DIN = P2"Z;
sbit DOUT = P2°3;
sbit LSBRA = ACC™0:

void main(wvoid)
{ unsigned char x;

C5=0;

SCLE=1;

Delay(};

SCLE=Q;

Delav();:

for(x=0; x<8; x++)

{ SCLE=1;

Delay(};
SCLK=0;
Delay ()
LSBRA=DOUT;

ACC = ACC << 1;

!
C5=1;
P1L=ACC;

)

//select maxlll?2

//an extra H-to-L pulge

/fget all 8 bits

//bring in bit from DOUT
//pin to DO of Reg A
//keep shifting data

J/for all 8 bits

//deselect ADC

J//display data on P1

5.4.3 MAX1112 program in C

//The following program selects the channel and //reads ADC data
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#include <reg5l.h>

sbit CS = P270;
sbit SCLK = P2"1;
sbit DIN = P2%2;
sbit DOUT = P2"3;
sbit MSBRA = ACC"7;
sbit LSBRA = ACC"0;
void main(void)
{
unsigned char conbyte=0x9E; //Chan 1
unsigned char x;
while (1)
{
ACC=conbyte; //select the channel
CS=0;

for(x=0; x<8; X++)

{

SCLK=0;
DIN=MSBRA; //send D7 of Reg A to Din
Delay();
SCLK=1; //latch in the bit
Delay();
ACC = ACC << 1; //next bit
)
CS=1; //deselect MAX1112
SCLK=0; //Make SCLK low during conversion
CS=0; //read the data
SCLK=1; //an extra H-to-L pulse
Delay();
CLK=0; //get all 8 bits
Delay();
for(x=0; x<8; x++)
SCLK=1;
Delay() ;
SCLK=0;
Delay()
LSBRA=DOUT; //bring in bit from DOUT

//pin to DO of Reg A

ACC = ACC << 1; /fkeep shifting data
f/Efor all 8 bits
}

Cs8=1;. [/ /deselect ADC
P1=ACC; f/display data on Pl

5.5 DAC interfacing, Sensor interfacing and signal conditioning

Digital-to-analog (DAC) converter
1. The digital-to-analog converter (DAC) is a device widely used to convert digital
pulses to analog signals. In this section we discuss the basics of interfacing a DAC to
the 8051.
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2. Recall from your digital electronics book the two methods of creating a DA(.:: binary
weighted and R/2R ladder. The vast majority of integrated circuit DACs, including
the MC1408 (DACO0808) used in this section use the R/2R method since it can
achieve a much higher degree of precision.

3. The first criterion for judging a DAC is its resolution, which is a function of the
number of binary inputs.

4. The common ones are 8, 10, and 12 bits. The number of data bit inputs decides the
resolution of the DAC since the number of analog output levels is equal to 2",
where n is the number of data bit inputs.

5. Therefore, an 8-input DAC such as the DAC0808 provides 256 discrete voltage (or
current) levels of output. Similarly, the 12-bit DAC provides 4096 discrete voltage
levels. The total current provided by the lout pin is a function of the binary numbers at

the DO — D7 inputs of the DAC0808 and the reference current (lf), and is as follows:

- o — e — e — e —

: 4 ] I 32 i 128 256

) m] D7 Dé Ds D4 D3 D2 DI o0
ont — ref

Where DO is the LSB, D7 is the MSB for the inputs, and If is the input current that
must be applied to pin 14. The If current is generally set to 2.0 mA.

+5Y

L0
b5 DACQa08 T Sk £k
RD veC
WR Viwl (+)
P10 i OO 1k
{01 ouT O
— L] SCOPE
= 03 B.uF
== D& wrel (<) :ﬂ:;:ﬂ
| 05
= 06 -
P17 =i 07T
"-IE_E COMP  GHND
J‘ 0.9uf
A

Figure 5.14: 8051 Connection to DAC808
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Generating a sine wave
1. To generate a sine wave, we first need a table whose values represent the magnitude
of the sine of angles between 0 and 360 degrees. The values for the sine function vary
from -1.0 to +1.0 for O- to 360-degree angles.

2. Therefore, the table values are integer numbers representing the voltage magnitude for
the sine of theta. This method ensures that only integer numbers are output to the
DAC by the 8051 microcontroller.

3. Table shows the angles, the sine values, the voltage magnitudes, and the integer
values representing the voltage magnitude for each angle (with 30-degree increments).
Here we assumed the full-scale voltage of 10 V for DAC output.

4. Full-scale output of the DAC is achieved when all the data inputs of the DAC are high.
Therefore, to achieve the full-scale 10 V output, we use the following equation.

¥ -5V + (5 xsin &)

WA

Table 5.4: Angle vs. Voltage Magnitude for Sine Wave

Angle 2 (degrees) Sin 0 Vi, (Voltage Magnitude) Values Sent to DAC (decimal) 5 V + (5 V X sin 6) (Voltage Mag. X 25.6)

on 5 128
3005 7.5 192
60 0.866 933 238
o01.0 10 255
120 0.866 0.33 238
15005 7.5 192
1800 5 128
210-0.5 25 04
240 -0.3606 0.662 17
270-1.0 0 0
300 -0.366 0.662 17
330-0.5 23 04
3600 5 128

Department of Electrical & Electronics Engineering, ATMECE, Mysuru Page 29



Microcontroller Notes:BEE403

Example 5-8
Verify the values given for the following angles: (a) 30° (b) 60°.

Solution:

(B) Vo =5V+(5VxsmB)=5V+5xs5in30°=5V+5 x05=75V
DAC input values = 7.5 V % 25.6 = 192 (decimal)

(b) Vo =5V +(5Vxsin®)=5V+5xsin60°=5V+5x 0.866=933V
DAC input values = 9.33 V x 25.6 = 238 (decimal)

Example 5-9
DAC interfacing in C

fiinclude <regSl1.h>
sfr DACDATA = Pl;
vold main()

unsigned char WAVEVALUE([12) = {128,192,238,255,
238,192,128,64,
17,0,17,64};

unsigned char x;

while{l)

for(x=0;x<12;x++)

{

DACDATA = WAVEVALUE (x] ;
)
}

101 —

a__._
? —+
E,--

5

4 e

3_-— l
24
1 —-—
0 ! ! ! 1 l 1 1 1 I I Degr,eeS

30 60 90 120 150 180 210 240 270 300 330 360

Figure 5.15: Angle vs. Voltage Magnitude for Sine Wave
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5.7 Sensor interfacing and signal conditioning

a) Temperature sensors

1. Transducers convert physical data such as temperature, light intensity, flow, and
speed to electrical signals. Depending on the transducer, the output produced is in the
form of voltage, current, resistance, or capacitance. For example, temperature is
converted to electrical signals using a transducer called a thermistor.

2. A thermistor responds to temperature change by changing resistance, but its response
is not linear.

3. The complexity associated with writing software for such nonlinear devices has led
many manufacturers to market a linear temperature sensor. Simple and widely used
linear temperature sensors include the LM34 and LM35 series from National
Semiconductor Corp.

b) LM35

The LM35 series sensors are precision integrated-circuit temperature sensors whose output
voltage is linearly proportional to the Celsius (centigrade) temperature. The LM35 requires
no external calibration since it is internally calibrated. It outputs 10 mV for each degree of

centigrade temperature.

Table 5.5: LM35 Temperature Sensor Series Selection Guide

Part Temperature Range Accuracy Output Scale
Lhags -8 Cto+180CH10C QT
LM35-25 Cto+H180C +1.2C 10
LM3sCA-4A0 Cto+110C+1.0C (D
LM3IaC-40Cto+1 10C +15C (DT
LWM3sD 0 Cto+100C+200C QAT

Note: Temperature range is in degrees Celsius.
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¢) Signal conditioning and interfacing the LM35 to the 8051

Analog world
{temperature,
pressure, elc.)

'

Transducer I

L |
Signal
conditioning

[ MicmcmlmllerJ

Figure 5.16: Signal conditioning

1. Signal conditioning is widely used in the world of data acquisition. The most common
transducers produce an output in the form of voltage, current, charge, capacitance, and
resistance.

2. However, we need to convert these signals to voltage in order to send input to an A- to-
D converter. This conversion (modification) is commonly called signal
conditioning. Signal conditioning can be a current-to-voltage conversion or a signal
amplification.

3. For example, the thermistor changes resistance with temperature. The change of
resistance must be translated into voltages in order to be of any use to an ADC. Look at
the case of connecting an LM35 to an ADCO0848. Since the ADC0848 has 8-bit

resolution with a maximum of 256 (2
( 8) steps and the LM35 (or LM34) produces 10

mV for every degree of temperature change, we can condition Vin of the ADC0848 to
produce a Vout 0f 2560 mV (2.56 V) for full-scale output.

4. Therefore, in order to produce the full-scale Vout of 2.56 V for the ADC0848, we need
to set Vrr= 2.56. This makes Vou of the ADC0848 correspond directly to the

tamnaratiira ac mnnitnred hv tha | NM28K
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Table 5.6: Temperature vs. Vout for ADC0848

Temp. (C) Vip (mV) Y out (D7 - DO)
0 0 0000 G000
1 10 0000 0001
2 20 0000 0010
3 30 0000 0011
10 100 G000 1010
30 300 0001 1110
+5V
8051 ADCOB48 T T
P25 ] RO vce
P26 o] @R 2.5k
P10 i DO/MAD CHip— LM35
] DAMAT *-‘-Hz—D o
| D2MA2  CHI— LM34
—| p3mA o™
] D4/MAY CHE e
] D5 CHIf— = =
:— o7 GHHr 10K g
P17 D7
P2 4 p———p{ C5 Vref (+) sooasey L POT
P27 j———] INTR AGND
DGND i

Figure 5.17: 8051 Connection to ADC0848 and Temperature Sensor

Reading and displaying temperature

5.6 Motor control: Relay, PWM, DC and stepper motor: Relays and opt isolators

Electromechanical relays

1. Avrelayis an electrically controllable switch widely used in industrial controls,

automobiles, and appliances. It allows the isolation of two separate sections of a

system with two different voltage sources. For example, a +5V system can be isolated

from a 120V system by placing a relay between them. One such relay is called an

electromechanical (or electromagnetic) relay (EMR)

2. The EMRs have three components: the coil, spring, and contacts. In Figure 17-1, a

digital +5V on the left side can control a 12V motor on the right side without any

physical contact between them.

3. When current flows through the coil, a magnetic field is created around the coil (the

coil is energized), which causes the armature to be attracted to the coil. The
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armature’s contact acts like a switch and closes or opens the circuit. When the coil is
not energized, a spring pulls the armature to its normal state of open or closed.

4. In the block diagram for electromechanically relays (EMR) we do not show the spring,
but it does exist internally. There are all types of relays for all kinds of applications. In

choosing a relay the following characteristics need to be considered:

The maximum DC/AC voltage and current that can be handled by the contacts. This is in the
range of a few volts to hundreds of volts, while the current can be from a few amps to 40A or
more, depending on the relay. Notice the difference between this voltage/current specification
and the voltage/current needed for energizing the coil. The fact that one can use such a small
amount of voltage/current on one side to handle a large amount of voltage/current on the
other side is what makes relays so widely used in industrial controls.

MNormally
Closed

Common

\Commm "‘--..1
ENE R

MNormally
: : Common
: T— ! 1— Nosmally

Open

(¢) DPDT

Figure 5.18: Relay Diagrams

5.6.1 Driving a relay

Digital systems and microcontroller pins lack sufficient current to drive the relay. While the
relay’s coil needs around 10 mA to be energized, the microcontroller’s pin can provide a
maximum of 1-2 mA current. For this reason, we place a driver, such as the ULN2803, or a

power transistor between the microcontroller and the relay
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v +5V +12V

+5
+5V
106462 -
DS89C4x0 0| ULN2803 L2 14
8

18 6

P1.0

U
47k #_ \
D

1

Figure 5.19: DS89C4x0O Connection to Relay

5.6.2 Solid-state relay

1. Another widely used relay is the solid-state relay. In this relay, there is no coil, spring,
or mechanical contact switch.

2. The entire relay is made out of semiconductor materials. Because no mechanical parts
are involved in solid-state relays, their switching response time is much faster than
that of electromechanical relays.

3. Another problem with the electromechanical relay is its life expectancy. The life cycle
for the electromechanical relay can vary from a few hundred thousands to few million
operations.

4. Wear and tear on the contact points can cause the relay to malfunction after a while.
Solid-state relays have no such limitations. Extremely low input current and small
packaging make solid-state relays ideal for microprocessor and logic control
switching.

5. They are widely used in controlling pumps, solenoids, alarms, and other power
applications. Some solid-state relays have a phase control option, which is ideal for
motor-speed control and light-dimming applications.
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120VAC

8051 - 162341
[N '

Figure 5.20:8051 Connection to a Solid-State Relay

-

P1.0

5.6.3 Reed switch

Another popular switch is the reed switch. When the reed switch is placed in a magnetic field,
the contact is closed. When the magnetic field is removed, the contact is forced open by its
spring. The reed switch is ideal for moist and marine environments where it can be

submerged in fuel or water. They are also widely used in dirty and dusty atmospheres since they

are tightly sealed.
M
A
sl
M
E
T
|| MAGNET
REED SWITCH
—— LamP] == REEDSWITCH LAMP
}_ (Closed) (ON) —_— {Dpﬂﬂ} (OFF)

Figure 5.21. Reed Switch and Magnet Combination
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Optoisolator

1. In some applications we use an optoisolator (also called optocoupler) to isolate two
parts of a system. An example is driving a motor. Motors can produce what is called
back EMF, a high voltage spike produced by a sudden change of current as indicated in
the V = Ldi/dt formula.

2. In situations such as printed circuit board design, we can reduce the effect of this
unwanted voltage spike (called ground bounce) by using decoupling capacitors (see
Appendix C).

3. In systems that have inductors (coil winding), such as motors, decoupling capacitor or a
diode will not do the job. In such cases we use optoisolators. An optoisolator has an LED
(light-emitting diode) transmitter and a photosensor receiver, separated from each
other by a gap.

4. When current flows through the diode, it transmits a signal light across the gap and
the receiver produces the same signal with the same phase but a different current and
amplitude.

5. Optoisolators are also widely used in communication equipment such as modems.
This allows a computer to be connected to a telephone line without risk of damage
from power surges.

6. The gap between the transmitter and receiver of optoisolators prevents the electrical
current surge from reaching the system.

iL74 ILD74 Lar4
OPTOISOLATOR OPTOISOLATOR OPTOISOLATOR
1 ) G _I B 1 18
E: Fad Fidd
2 % 5 2 La 2 L
3 14
“Lwr 4 I : 1
Kl : N —
[ 5 12

Exdt
1}"4{1

Figure 5.22: Opt isolator Package Examples

|~ |
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5.7 Stepper Motor Interfacing

Stepper motors

1. Astepper motoris a widely used device that translates electrical pulses into
mechanical movement. In applications such as disk drives, dot matrix printers, and
robotics, the stepper motor is used for position control. Stepper motors commonly
have a permanent magnet rotor (also called the shaft) surrounded by a stator

2. There are also steppers called variable reluctance stepper motors that do not have a
PM rotor.

3. The most common stepper motors have four stator windings that are paired with a
center-tapped common

4. This type of stepper motor is commonly referred to asa. four-phase or unipolar

stepper motor.

-
cgj@@:mo
@J

S
cl:ﬁa Egjo

Figure 5.23: Stepper Motor alignment
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Table 5-7 Normal 4-Step Sequence

Clockwise Step # Winding A Winding B___ Winding C___ Winding D Counter-

! I 0 0 I clockwise
2 1 1 0 0
3 0 1 1 0
4 0 0 1 1
5.7.1 Step angle

Table 5-8 Stepper Motor Step angles
Step Angle _Steps per Revolution

0.72 500
1.8 200
2.0 130
25 144
5.0 72
7.5 48
15 24

1. How much movement is associated with a single step? This depends on the internal
construction of the motor, in particular the number of teeth on the stator and the rotor.
The step angle is the minimum degree of rotation associated with a single step.
Various motors have different step angles.

2. The term steps per revolution. This is the total number of steps needed to rotate one
complete rotation or 360 degrees (e.g., 180 steps x 2 degrees = 360).

3. It must be noted that perhaps contrary to one’s initial impression, a stepper motor
does not need more terminal leads for the stator to achieve smaller steps. All the
stepper motors discussed in this section have 4 leads for the stator winding and 2
COM wires for the center tap. Although some manufacturers set aside only one lead for
the common signal instead of two, they always have 4 leads for the stators. Next we

discuss some associated terminology in order to understand the stepper motor further.
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a) Steps per second and rpm relation

The relation between rpm (revolutions per minute), steps per revolution, and steps per second
is as follows.

b) The four-step sequence and number of teeth on rotor

The switching sequence is called the 4-step switching sequence since after four steps the
same two windings will be “ON” How much movement is associated with these four steps?
After completing every four steps, the rotor moves only one tooth pitch. Therefore, in a
stepper motor with 200 steps per revolution, the rotor has 50 teeth since 4x50 = 200 steps are
needed to complete one revolution. This leads to the conclusion that the minimum step angle is
always a function of the number of teeth on the rotor. In other words, the smaller the step angle,

the more teeth the rotor passes.

Table 5-9: Half-Step 8-Step Sequence
Clockwise Step # Wim&:lg A Winding B Winding C_ Winding D Counter-

| ] 1] 0 1 clockwise
2 | 0 0 0
3 | | 0 ]
4 { 1 0 ]
5 { | | 0
i) 0 0 1 0
7 0 ] | 1
B 0 0 0 1

Motor speed

The motor speed, measured in steps per second (steps/s), is a function of the switching rate.
By changing the length of the time delay loop, we can achieve various rotation speeds.
Holding torque

The following is a definition of holding torque: “With the motor shaft at standstill or zero
rpm condition, the amount of torque, from an external source, required to break away the
shaft from its holding position. This is measured with rated voltage and current applied to the
motor.” The unit of torque is ounce-inch (or kg-cm).

Wave drive 4-step sequence

In addition to the 8-step and the 4-step sequences discussed earlier, there is another sequence

called the wave drive 4-step sequence.
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=572 OTpotar versus bipotar Stepper TTotoT ITTter face

1. There are three common types of stepper motor interfacing: universal, unipolar, and
bipolar.

2. They can be identified by the number of connections to the motor. A universal stepper
motor has eight, while the unipolar has six and the bipolar has four.

3. The universal stepper motor can be configured for all three modes, while the unipolar
can be either unipolar or bipolar. Obviously the bipolar cannot be configured for
universal nor unipolar mode.\

4. Unipolar stepper motors can be controlled using the basic interfacing ,whereas the
bipolar stepper requires H-Bridge circuitry. Bipolar stepper motors require a higher

operational current than the unipolar; the advantage of this is a higher holding torque.

20
e | o |

(a) Universal {b} Unipolar (c) Bipolar

Figure 5.24: Common Stepper Motor Types

Example 5-10
A switch is connected to pin P2.7. Write a program to monitor the status of SW and perform

the following:
1. If SW =0, the stepper motor moves clockwise.
2. If SW =1, the stepper motor moves counterclockwise.
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Solution:
ORG OH ;starting address
MAIN: SETB P2.7 ;make an input
MOV A, #66H ;starting phase value
MOV P1, A ;send value to port
TURN:
JNB P2.7, CW ;check switch result
RR A ;rotate right
ACALL DELAY ;call delay
MOV P1,A ;write value to port
SIJMP  TURN ; Yepeat
CWw: RL A ;rotate left
ACALL DELAY ;call delay
MOV P1,A ;write value to port
SJMP  TURN ; repeat
DELAY:

MOV R2, #4100
Hl: MOV R3, #2S5
H2: DJNZ R3, H2

JNZ R2,Hl

RET

END

Example 5-11
A switch is connected to pin P2.7. Write a C program to monitor the status of SW and
perform the following:

1. If SW =0, the stepper motor moves clockwise.

2. If SW =1, the stepper motor moves counterclockwise.
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#include <reg.h>
sbit SW=P2"7;

vo%d main()

SW = 1;
while (1)

{

Pl = 0Ox66;
MSDelay (100) ;
Pl = OxCC;
MSDelay{100);
Pl = 0Ox99;
MSDelay(100) ;
Pl = Ox33;
MSDelay (100) ;

Pl = OX66;
MSDelay (100 ;

Pl = 0x33;
MSDelay(100);
Pl = 0x99;
MSDelay(100) ;
Pl = OxCC;
MSDelay(100) ;

}

void MSDelay(unsigned int value)
{
unsigned int x, y:
for(x=0;x<127S;x%x++)
for(y«0;y<value;y++);

5.8 DC Motor Interfacing

1. A direct current (DC) motor is another widely used device that translates electrical
pulses into mechanical movement. In the DC motor we have only + and — leads.
Connecting them to a DC voltage source moves the motor in one direction.

2. By reversing the polarity, the DC motor will move in the opposite direction. One can
easily experiment with the DC motor.

3. For example, small fans used in many motherboards to cool the CPU are run by DC

motors. By connecting their leads to the + and — voltage source, the DC motor moves.
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4. While a stepper motor moves in steps of 1 to 15 degrees, the DC motor moves
continuously. In a stepper motor, if we know the starting position we can easily count
the number of steps the motor has moved and calculate the final position of the motor.
This is not possible in a DC motor.

5. The maximum speed of a DC motor is indicated in rpm and is given in the data sheet.
The DC motor has two rpm: no-load and loaded. The manufacturer’s data sheet gives
the no-load rpm. The no-load rpm can be from a few thousand to tens of thousands. The
rpm is reduced when moving a load and it decreases as the load is increased. For
example, a drill turning a screw has a much lower rpm speed than when it is in the no-
load situation. DC motors also have voltage and current ratings.

6. The nominal voltage is the voltage for that motor under normal conditions, and can be
from 1 to 150V, depending on the motor. As we increase the voltage, the rpm goes up.
The current rating is the current consumption when the nominal voltage is applied
with no load, and can be from 25mA to a few amps.

7. As the load increases, the rpm is decreased, unless the current or voltage provided to
the motor is increased, which in turn increases the torque.

8. With a fixed voltage, as the load increases, the current (power) consumption of a DC
motor is increased. If we overload the motor it will stall, and that can damage the

motor due to the heat generated by high current consumption.

5.8.1 Unidirection Control

The DC motor rotation for clockwise (CW) and counterclockwise (CCW) rotations.

—iif-
+4||t

Clockwise Counter-
Rotation Clockwise
Rotation

Figure 5.25:. DC Motor Rotation (Permanent Magnet Field)
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With the help of relays or some specially designed chips we can change the direction of the

DC motor rotation.

—iz

S'M;TCH / / SW;CH

SWITCH / / SWITCH

3
| MOTOR NOT
L. RUNNING

Figure 5.26:H-Bridge Motor Configuration
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Figure 5.27: H-Bridge Motor Clockwise Configuration
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Figure 5-28: H-Bridge Motor Counter clockwise Configuration
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The speed of the motor depends on three factors: (a) load, (b) voltage, and (c) current.
For a given fixed load we can maintain a steady speed by using a method called pulse
width modulation (PWM).

By changing (modulating) the width of the pulse applied to the DC motor we can
increase or decrease the amount of power provided to the motor, thereby increasing or
decreasing the motor speed. Notice that, although the voltage has a fixed amplitude, it
has a variable duty cycle.

That means the wider the pulse, the higher the speed. PWM is so widely used in DC
motor control that some microcontrollers come with the PWM circuitry embedded in the
chip. In such microcontrollers all we have to do is load the proper registers with the
values of the high and low portions of the desired pulse, and the rest is taken care by the
microcontroller.

This allows the microcontroller to do other things. For microcontrollers without
PWM circuitry, we must create the various duty cycle pulses using software, which
prevents the microcontroller from doing other things.

The ability to control the speed of the DC motor using PWM is one reason that DC
motors are preferable over AC motors.

AC motor speed is dictated by the AC frequency of the voltage applied to the motor
and the frequency is generally fixed. As a result, we cannot control the speed of the AC
motor when the load is increased. As was shown earlier, \\e can also change the DC

motor’s direction and torque.

Example 5-12

Refer to the figure in this example. Write a program to monitor the status of the switch and

perform the following:

1.
2.

If P2.7 = 1, the DC motor moves with 25% duty cycle pulse.
If P2.7 = 0, the DC motor moves with 50% duty cycle pulse.
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MAIN:

ORG OH

CLE P1.0
SETE P2.7

MONITOR:

JNE P2.7, FIFTYPERCENT

SETE P1.0

MOV RS, #25
ACALL DELAY
CLR P1.0

MOV RS, #75
ACALL DELAY
SIJMP MONITOR

FIFTYPERCENT:

SETE Pl1.0

MOV RS, #50
ACALL DELAY
CLRE P1.0

MOV RS, #50
ACALL DELAY
SJMP MCNITOR

DELAY:
Hl: MOV R2, #100
H2: MOV R3, #255
H3: DJNZ R3, H3
DJHEZ R2, H2
DJNZ RS, Hl
RET
END
Example 5-13

;turn off motor

;high portion of pulse

ilow portion of pulse

;high portion of pulse

ilow portion of pulse

Two switches are connected to pins P2.0 and P2.1. Write a C program to monitor the status of
both switches and perform the following: SW2(P2.7) SW1(P2.6)

1.

2
3.
4

DC motor moves slowly (25% duty cycle).
DC motor moves moderately (50% duty cycle).
DC motor moves fast (75% duty cycle).

DC motor moves very fast (100% duty cycle).
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#include <regSl.h>
sbit MTR = P1°0;

void MsDelavi{unsigned int wvalue);

void main(}

unsigned char =z;

P2 = OxFP;
z = P2:
T = 7 & Ox03;
MTR = 0;
whilelil}
switch(z)
case{d) :
MTR = 1;
M5Delav {25} ;
MTR = Q;
MSDelay (75} ;
break;
casell):
" MTR = 1;
MEDelay (50) ;
MTE = 0
MSDelay (50) ;
_ break;
caéetzh:
MTR = 1;
MsSDelavy (75) ;
MTR = 0;
MSDelay (25) ;
_ break;
1]
default;
MTR = 1;

59 8051 interfacing with 8255: Programming the 8255, 8255

programming for 8255

interfacing, C

In this section we study the 8255 chip, one of the most widely used I/O chips. We first

describe its features and then show the connection between the 8031/51 and 8255 chips.
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PAIEl1 S/ 40| Pag
PAZ o| 2 30|0 pas
PAT | 38/0 Pas,
PAO of 4 37| pa7
RO 5 36|00 WR
Eose B255A 5|0 peser
GND o 7 34|00 po
Al 8 330 o1
Al 9 2|0 o2
PCT 10 3O Dpa
PCE 1 3010 D4
PCS o 12 29|03 D5
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PC2Z ol 16 2510 PBT
PC3 1T 24|00 pR&
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PBZ ol 20 21|10 pPB3

Figure 5-29: 8255 Pin
8255 features
It has three separately accessible ports. The ports are each 8-bit, and are named A, B, and C.
The individual ports of the 8255 can be programmed to be input or output, and can be
changed dynamically. In addition, 8255 ports, have handshaking capability, thereby allowing
interface with devices that also have handshaking signals, such as printers. The handshaking
capability of the 8255 is not discussed since it is no longer used.
a) PAO — PA7
The 8-bit port A can be programmed as all input, or as all output, or all bits as bidirectional
input/output.
b) PBO — PB7
The 8-bit port B can be programmed as all input or as all output. Port B cannot be used as a
bidirectional port.
c) PCO-PC7
This 8-bit port C can be all input or all output. It can also be split into two parts, CU (upper
bits PC4 — PC7) and CL (lower bits PCO — PC3). Each can be used for input or output.
d) RD and WR
These two active-low control signals are inputs to the 8255. The RD and WR signals from the
8031/51 are connected to these inputs.
e) DO - D7 data pin
The data pins of the 8255 are connected to the data pins of the microcontroller allowing it to
send data back and forth between the controller and the 8255 chip.
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RESET
This is an active-high signal input into the 8255 used to clear the control register. When

RESET is activated, all ports are initialized as input ports. In many designs this pin is
connected to the RESET output of the system bus or grounded to make it inactive. Like all 1C

input pins, it should not be left unconnected.

5.9.1 Mode selection of the 8255

While ports A, B, and C are used to input or output data, it is the control register that must be
programmed to select the operation mode of the three ports. The ports of the 8255 can be
programmed in any of the following modes.

1. Mode 0, simple I/O mode. In this mode, any of the ports A, B, CL, and CU can
be programmed as input or output. In this mode, all bits are out or all are in. In
other words, there is no such thing as single-bit control as we have seen in
PO — P3 of the 8051. Since the vast majority of applications involving the 8255
use this simple I/O mode, we will concentrate on this mode in this chapter.

2. Mode 1. In this mode, ports A and B can be used as input or output ports with
handshaking capabilities. Handshaking signals are provided by the bits of port
C.

3. Mode 2. In this mode, port A can be used as a bidirectional I/O port with hand
shaking capabilities whose signals are provided by port C. Port B can be used
either in simple 1/0 mode or handshaking mode 1.

4. BSR (bit set/reset) mode. In this mode, only the individual bits of port C can

be programmed.

Example 5-14
Find the control word of the 8255 for the following configurations:
1. All the ports of A, B, and C are output ports (mode 0).
2. PA=in, PB =out, PCL = out, and PCH = out.
Solution:
(a) 1000 0000 = 80H (b) 1001 0000 = 90H
The 8255 chip is programmed in any of the 4 modes mentioned earlier by sending a byte

(Intel calls it a control word) to the control register of the 8255. We must first find the port
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addresses assigned to each of ports A, B, C, and the control register. This is called
mapping the 1/0 port.

the 8255 is connected to an 8031/51 as if it is RAM memory. Notice the use of RD and WR
signals. This method of connecting an 1/0 chip to a CPU is called memory-mapped 1/O, since it
is mapped into memory space. In other words, we use memory space to access 1/O devices. For
this reason we use instructions such as MOV X to access the 8255. In Chapter 14 we used MOV X
to access RAM and ROM. For an 8255 connected to the 8031/51 we must also use the MOV X

instruction to communicate with it.

Outcomes

At the end of the module the students will be able to:

CO5: Analyse Interfacing of 8051 Microcontroller for different 1/0 devices and 8255
Microcontroller. [L4, MODULE 5]
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