Micro-confrollers

Micro-controllers: Moving on fo 8051 from 8085

Specifications

8031

8085

Device Type

Itis a

microcontroller.

It is @ microprocessor.

Timers/Counters YES Mo, Meed to be connected externally.

Data bus width 8 lines 8 lines

Address Bus lines | 16 16

DMA Access NO YES, Has HOLD and HLDA signals

signals

Internal RAM, YES No, nead to be connected externally with 8085 chip, if data
ROM and code size requirement is more.

https://courses.cs.washington.edu/courses/cse477/00sp/ppt/Microcontrollersll.ppt
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8051 Archifecture
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Memory Organization in 8057

Program Memory
(Read Only)
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v The data

: width is 8

s bits

' Registers are
1 8 bits

: Addresses

s are 8 bits-16
| bit for

v External

' Memory

Data Memory
(Read/Write)

External
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Accessing Internal and External Memory

B0C51 EPROM
/=N . =
—] "fNA
EA
] —
ALE - ADDR
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Program and Data memory are separate
Program Memory can be internal and/or
external.

The ROM contains constant data and
Instructions.
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Data

ADDR

External Data - xdata
Resides off-chip
Accessed using the DPTR
and MOVX instructions
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FEH: = = =
' Accessible Accessible
Upper : by Indirect by Direct
128 : Addressing Addressing
! Only
1
80H 1
7FH
Accessible
Lower by Direct
128 and Indirect
Addressing Special
¥ Function
Registers

Pors,

Status and
Control Bits,
Timer,
Registers,
Stack Pointer,
Accumulator
(Etc.)

(i)Lower 128 bytes: registers, general data

(ii) Upper 128 bytes:
a. indirectly addressed: 128 bytes, used for the stack

(small!)

b.directly addressed: 128 bytes for “special”

functions
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Lower 128 Bytes

. 8 BYTES -
The 32 bytes (00 to 1 Fare
. divided into 4 register
e 4 banks in which each bank
o L has 8 registers, RO-R7.
68 &F RAM locations from 0 to
&0 &7 7 are set aside for bank 0
of RO—R7 where R0 is
cs 5F  SCRATCH . .
PAD RAM location 0, R1 is
G o o RAM location 1, R2 is
48 4F location 2, and so on,
40 47 until the memory location
a8 aF 7, which belongs to R7 of
bank 0.
ao ar
28 . TF 2F BIT .. . .
apDDRESSABLE  Bitwise manipulation:
20 | o. 27 SEGMENT g4
18 3 IF
10 2 17 AEGISTER
BANKS
08 i OF
aa 1] a7
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Upper 128 Bytes(SFRs)

SYMBOL DESCRIPTION AEIEFEE;E “!g; ADDRESS, SYMBOL, OR ALTERMATIVE PORT FUNGTIDPSB BESET VALUE
ACC Accurmadatorn EOH E7 ES ES E4 E3 E2 E1 EO 00H
B* B risgusbise FokH Fr Fi& F& Fa F3 F2 F1 Fl 0aH
OFTA Data pointer (2 by-

tees)

DPH Data pointer high B3H 0oH

DFL Data pointer low BEH 00H
AF AE D AC B A Al Al

IE" Entarrupt enatle AgH Ea | - | - | es | em | exa | o | Exo | oxoooooos
BF BE BOy BC BB BA B Ba

i Interrupt pricrty BaH = | =T = T es JTemn JTex:s JTemo]ex 0000008
ay L] a5 B4 B3 a2 a1 g

PO* Port 0 BOH AD7 | aDé | Aps | ap4 | apa | apz | Aot | apo FFH
a7 96 a5 @4 93 a2 M 90

P Port 1 B0H - | -1 -1 -1 -1 - Jmoex] 12 FFH
AT Al A5 Ad AT Az Ad Al

pa- Por 2 ADH a5 [ ava T s Tz [ ann Jae | a0 | ae FEH
B7 B B5 B4 B3 B2 B1 B0

Pa* Padt 3 BOH O WH T1 TO THTT THTT TxD R FFH

PCONT Power control BTH SnOD GF1 GFQ PO 1oL CoooonoodE
o7 1] D& D k] b2 o Do

PSW Frogram siatus word DOH cy | ac | Fo | Ast [mRso | ov | - | @ 00H

SBUF Serial data buler aaH EnxmEnnE
i 9E 0 9 G G o) 98

scon” || Serial controller GEH smo | sMi | smz [ men | Tes [ mes | T | A ]

P Stack pointgr Bi1H ovH
BF AE jiie] BC AR BA L] BE

Tcons || Timer conrol BEH 1 | tRr | tPe [ tRe | Er | im | e | ime

THO Tienar high 0 BOH 00H

TH1 Tirruzr high 1 B oaH

o Tirmer low HAH D0H

L1 Tirruer bow 1 a8H 00

TR00 | Timer mode B9H GaTE | & | mr | o |aate | T | s | mio aaH

The 8051 family of
microcontrollers provides
a distinct memory area for
accessing Special
Function Registers
(SFRs). SFRs are used in
a program to control

timers, counters, serial
1/Os, port 1/0s, and

peripherals. .
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The Processor Status Word(PSW) and Register Selection

cYy AC FO RS1 RSO ov - =
N PSW_F Carmy Flag
A PsSwW.e Auxiliary Carmy Flag
FO PSwW. .5 Flag O awvailable to user for general purpose.

RS1 PS4 Register Bank selector bit 1
R=0 PSW.3 Register Bank selector bit O
[V P2 Orweaerflow Flag

- PSW1 User definable FLAS

P P sSwWoOo Farity FLAG. Setf cleared by hardware during instruction cycle to indicate
even/odd number of 1 bit in acocumulatar.

RS1 RS2 Register Bank Address addresses 0x80,
0x88, 0x90,. ..,
" d i 00H-07H 0xF8 are bit
0 1 1 08H-0FH addresable
1 0 2 10H-17H

1 1 3 18H-1FH
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Instruction Timing

2Byte Instr.(ADD A <dgta>)
An Instruction can take 1-4 Machine Cycles(MCs)

r Read opcode Read 2nd byte.
Y [

51 52 53 S4 = S6 Each MC consists of 6 states S1-s6

1Byte Insty.(INC A) Read next

Read dpcode opcode
l> f (discard). I
| Each state consists of 2 clock cycles

St s2 | s3 | s4 | s5 | s6

|
51 52 | S3 | S4 | 85 | SB
PiP2 | PIP2| P1P2| P1P2| PIP2| PIP2
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Ports

Port 0 - external memory access
low address byte/data
Port 1 - general purpose 1/0O
pins 0, 1 for timer/counter 2
Port 2 - external memory access
high address byte
Port 3 - Special features
0 - RxD: serial input
1 - TxD: serial output
2 - INTO: external interrupt
3 - INT1: external interrupt
4 - TO: timer/counter 0 external input
5 - T1: timer/counter 1 external input

6 - WR: external data memory write strobe
7 - RD: external data memory read strobe

Port 0 - bi-directional

EXTERMNAL

DOM-CHIF

Port 1-3 - have internal pullups that will source current

Output pints: 0/1 to the bit/byte

Input pins QOutput latch must have a 1 (reset state)

Turns off the pulldown

pullup must be pulled down by external driver

bit/byte needs to be read

Refer slide on SFRs here

Pin

INTEAFAUETS
MNTO i INTY i 3
INTERRUPT [3 ”,:::u,,., PR e BT T, %
COMNTROL coe FAM A O " . }. -
e . TIMER 1 e =
] L —_— e, - '-E
- I | 1 :
< |
L T
'HJ__‘_'_,.[_'F' "LJ--_
BUS SEFLAL
OBC COTT R, POAT
0PF I T i AP XD RXD
4 b 0 RARLT
marmally 11 0502 MHE
Read Veo
Lateh
Internal
Pullup*®
P1.X
Int. Bus [+ s
Pi1.X
Write 1o Lnen
— T
Latch clL. ol
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. . . EXTERMAL
8051 has 2 timers: an extra Timer in some "1'“‘"”["5 T
. . INTE T sl =
Timers can be accessed directly tor R g
: . ‘ConTROL. proa ON-CHIP TR E | &
They operate in two modes: Timer and = ROOw RAM s ) :
2

Counter. TMOD and TCON Registers in

— l‘“'——' TIMER 1

SFR are used

N el

OB CONT RO

BUS LA SEALAL
ORTS POAT

VL TT OID IL

morrmally 110503 MiHs

« 4t DO MM ADDRESS § DATA

In the timer mode, the internal machine cycles
are counted. This register is incremented in
each machine cycle i.e. 12 clock cycles. For
example,if the clock frequency is 12MH?z,
then the timer register is incremented in each
millisecond. In this mode it ignores the
external timer input pin

Explain with a suitable example

In the counter mode, the external events are counted.
In this mode, the timer register is incremented for
each 1 to 0 transition of the external input pin. This
type of transitions is treated as events. The external
input pins are sampled once in each machine cycle,
and to determine the 1or 0 transitions, another
machine cycle will be needed. So in this mode, at least
two machine cycles are needed. When the frequency
isI2MH?z, then the maximum count frequency will be
12MH7z/24 = 500KHz. So for event counting the time
duration is 2 us.
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Timers. Using the TMOD& TCON

MSB LSB MEB L5B

GATE| T M MO | GATE ciT M1 MO TF1 TR1 TFO TRO IE1 Im IEQ ITO

i Y ¥

W v
TIMER 1 TIMER 0O
GATE Gating control when set. Timer/Counter “x” is enabled only while “TRTX" pin is high and
“TRx" control pin is set. when cleared Timer “x" is enabled whenever “TRx" control bit is set,

cT Timer ar Counter Salecior cleared for Timer operation (input from in=ternal system clock.)

Set for Counter operation (input from “Tx" input pin).

VY VLU

Bit
Cr}'slal y +12 Details
08¢ —
) ciT
o— To timer increment input
] - Run control el
Counter input pin iy
un
TR hit (in TCON) 0 = Stop
Bit
Details
Ghit M1 MO
INT= input pin

High Value(1)

Configure for the Counter operations

Timer0 or Timer1 will be in RunMode

when TRX bit of TCON register is high.

This is for Mode 0.
(8-bit
timer/counter, with
5-bit pre-scaler)

01

This is Mode 1.

(16-bit
timer/counter)

Low Value(0)

Configure for the Timer operations

Timer0 or Timer1 will be in RunMode
when TRX bit of TCON register is
high and INTO or INT1 is high.

10 11

This is Mode 3 This is Mode 3
(8-bit auto (The function
reload- depends on
timer/counter) Timer(Q or Timer1)
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Programming The C interface (KEIL)
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https://www.keil.com/c51/default.asp

Usually the board comes with an IDE
with an Application Programmers’
Interface(API) for a version of C
language called the Embedded C or its
equivalent. The IDE can be downloaded
on a PC/Laptop, the program can be
written and debugged and then loaded for
running on a micro-controller biard.

This is the standard practice for most
modern micro-controllers

Additional Embedded C Variable Types

sbit,bit, SFR,volatile

Example:

SFR P0=0x80 ; /*defines Port0 */

sbit L0=P0~1 ;/* Pin 1 of Port 0 is connected
an LED and this is variable
L0. We manipulate the pin
using this variable.
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Programming with the C interface: Blinking LED

CAT A
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L ==
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LED connected to Pin 1 of Port 2

Q: Cany you guess the clock speed?

#include<reg51.h>
sbit L pin = P2"0; /*set the LED pin as P2.0*/

void delay(int ms){
unsigned int i, j;
for(i = 0; i< ms; i++)
{
/* Outer for loop for given milliseconds value*/
for( = 0;j < 1275; j++)
{
/*execute in each millisecond*/
}
}
}

void main(){
while(1){
/*infinite loop for LED blinking*/
L pin=0;
delay(500); /*wait for 500 milliseconds™*/
L pin=1;
delay(500); /*wait for 500 milliseconds*/

https://www.tutorialspoint.com/programming-805 1 -using-keil-software
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Programming with the C interface. Stepper Motor Contro/

Wave drive: Only one coil is energized duringa time-slot(step).

Motor Low torque, low power . o
Full drive: Only one coil is
energized duringa time-
Step | A B C D
slot(step). More torque,
1 0 0 0 M
ore power
2 0 1 0 0
Step | A B C D
3 0 0 1 0
1 1 1 0 0
4 0 0 0 1
2 0 1 1 0
Half drive: Wave and Full in alternate steps. Smaller angular | 3 0 0 1 1
step-size 4 1 0 0 1
Step | A B C D Step [ A B C D
1 1 0 0 0 2 1 0 0
3 0 1 0 0 4 0 1 1 0
5 0 0 1 0 6 0 0 1 1
7 0 0 0 1 8 1 0 0 1

https://electrosome.com/interfacing-stepper-motor-8051-keil-c-at89¢51/
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Programming with the C interface: Stepper Motor Control contd.

& s i T::\

s : L293D is connected to pins P2.0,
T = P2.1, P2.2, P2.3 of the

3 microcontroller and two pairs of
Ll L293D are enabled by tieing

= [T 3”.;-?J_:_I ¢ ENI1, EN2 to 5V. Logic Voltage

.....

rvaLs

—
in §e
l
0
EEEE
DQR

'

o
S

(5V) is connected to Vss pin and
Motor Supply (12V) is connected
to the Vs pin of L293D. Each
winding of the motor can be
energized by making
corresponding pin of L293D
LOW.

L]
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el OhD  OND DUTH
L0
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g
BRRRER N hktzkrtthbhkhhhh

R

The L293D is designed to provide bidirectional
drive currents of up to 600-mA at voltages from 4.5
Vito 36 V. It can drive relays, solenoids and in this
case a stepper motor. Q: What is Vmax in this case?

https://electrosome.com/interfacing-stepper-motor-8051-keil-c-at89¢51/
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Programming with the C interface. Stepper Motor Conftrol contd.

#include<reg52.h>
#include<stdio.h>

/*Code for Wave Control*/ #include<reg52.h> while()

void delay(int): #include<stdio.h> {

VOid main() ’ /*COde for Full P2=0X01 )

{ Drive*/ delay(1000);
hile(1 void delay(int); P2=0x03;

v{v te(1) delay(1000);
P2=0x01; /* Directly manipulating port */ void main() P2=0x02;
delay(lOOO)' { delay(lOOO);
P2=0x02: ’ while(1) P2=0x06;
delay(lO(;O)' { delay(lOOO);
PI=0x04- ’ P2 = 0x03; . P2=0x04;

~0x04; delay(1000), 14l Drive . 1000y
delay(1000); elay(1000); )  © ay(1000);
P2=0x08: P2 = 0x06; P2=0x0C;
delay(méo)- delay(1000); delay(1000);

) ’ P2 = 0x0C; P2=0x08;

) delay(1000); delay(1000);
P2 = 0x09; P2=0x09;
void delay(int k) delay(1000); delay(1000);
{ H }
int i,j; }
for(i=0;i<k;i++) Can you deduce the speed for Half Drive?
{

for(j=0;j<100;j++)

{}

} https://electrosome.com/interfacing-stepper-motor-8051-keil-c-at89c¢51/

}



