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I |PART A
1 8-bit -CPU4K bytes of on~chip ROM,128-bytes of on chip RAM,32 bi- |2
directional I/0 lines, two 16-bit timers.
5 CINE=«Compare and jump if not equal. Eg : CINE A, #data, rel g
DINZ=Decrement and jump if register is not equal to zero.eg: DINZ Rn,rel
Rate of information communication. Baud rates are available to vary the speed
3 | of data wansfer. The standard rates are 300,600,1200,2400,4800,9600 and -
19200.
4 Register select{RS),Enable(E},Read/Write(R/W). )
5 Interfacing with 8051 microcontroller can be defined as transferring data from
interfacing peripherals such as sensors, motors, machines, etc to 8051 and vice
versa. By interfacing with 8051, we can have ease of control over complex | 2 10
circuit components or devices.
PARTB .
i
L Feature 8031 8051
1. ROM({on chip)in bytes 0K 4K
2.RAM, in bytes 128 128
3.Timers 2 2
4.1/0 pins 32 32
5.Serial port 1 1 6xl 6 6
6.Interrupt sources 6 6
Im2.
3
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3 1% 6
MOV A #datal
e MOV B#data2
MUL AB
MOV DPTR #4600 6 6 6
MOVX @DPTR,A

HERE: SJMP HERE

114 LIMP (long jump):-LJIMP is an unconditional long jump. It is a 3-byte
instruction in which the first byte is the opcode, and the second and third bytes
represent the 16-bit address of the target location. The 2-byte target address | 3
allows a jump to any memory location from 0000 to FFFFH.

SIMP {short jump):-In this 2-byte instruction, the first byte is the opcode and
the second byte is the relative address of the target location. The relative address
range of 00 to ¥FHis divided into forward and backward jumps; that is, within -
128 to +127 bytes of memory relative to the address of the current PC (program 3 6 6
counter). If the jump is forward, the target address can be within a space of 127
bytes from the current PC. If the target address is backward, the target address
can be within -128 bytes from the current PC.

II'S Mode select bits of TMOD register: The M1 and M0 are mode select bits, which are used to
select the timer operations. There are four modes to operate the timers.

Mode 0: This is a 13-bit mode that means the timer operation completes with “8192” pulses.
Mode 1: This is a16-bit mode, which means the timer operation completes with maximum clock
pulses that “65535”.

Mode 2: This mode is an 8-bit auto reload mode, which means the timer operation completes
with only “256” clock pulses. 4x15 6 6
Mode 3: This mode is a split-timer mode, which means the loading values in TO and

automatically starts the T1.
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:Fw
l&jw.i'&imlﬁ_jﬁ! W] w ] 2 2
TCONT  Timer | overflow flag, Sex by hurdware whes the TimorCounter | overflows, Cleand by
Trardware as processor veetors fo the intemupt service
TUONG m:mw&wummmtmm
TOONS  Timer 0 overflow flag, Set by hardware when the TimerCounier 0 ovarflows. Cleed by
hardware @ processor vectors 1 e service roating.
TOONA  Timer O run control bit, Sevcheared by sofiware fo turn Timser Counter 6 ONOFE.
TCONS  External nterrept | edgx flag. Sst by hardware when Exiernal inteerupt evige is dotected. Cleared
by hardware when intomat is prccssod. 8x0.5 |4 6
ToN2 mnmmwsamaunuﬁmhmmm
TCON. mme#&;aqmmm odge detected. Cleared
g clearcd by software 1o specity flling edpetow fovel wriggered
Tﬁﬂﬁﬁ'iiuqllhneuimﬁh&SdF_ S 05 Talling edgetow | ngg
P :nu:;ns ': ®:: o 4
K1=11.0592 MHz ‘l'” J' The
circuit diagram for interfacing stepper motor to 8051 is shown above. 2 6 6

P1.0, P1.1, P1.2 and P1.3 pins are used for controlling the phases A1,
A2, A3 and A4 of the stepper motor respectively. ULN2003 is used for
driving the individual phases of the stepper motor. ULN2003 is a
darlington transistor array used for driving high current loads such as
relays and motors
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0] TEAME = < < R 5 &
It is-an 8-bit microcontroller with 4kb of ROM storage and 128 bytes of RAM
storage, 2 16-bit timers. It consists of are four parallel 8-bit ports, which are
programmable as well as addressable as per the requirement. An on-chlp crystal
oscillator is integrated in the microcontroller.
«Central Processor Unit (CPU):- It monitors and controls all operations that are . 8

performed on the Microcontroller units.

Memory:- 8051 microcontroller has 4K of code memory or program
memory,that has 4KB ROM and also 128 byies of data memory of RAM

Input/OQutput Port:- 8051 has 4 input, output ports to connect it to the other
peripherals

Timers/fCounters:- 8051 microcontroller has two 16 bit timers and counters.

Interrupts:- Generally five interrupt sources are there in 8051 Microcontroller.
There are 5 vectored interrupts are shown in below INTO,TFO,INT1,TF1,RI/TL
Out of these, (INT0) and (INT1) are external interrupts.

BUS:Address Bus: Microcontroller 8051 has a 16 bit address bus for
transferring the data. It is used to address memory locations and to transfer the
address from CPU to Memory of the microcontroller. Data Bus:

Microcontroller 8051 has 8 bits of the data bus, which is used to carry data of
particular applications.

Oscillator:- microcontroller 8051 has an on-chip oscillator which works as a
clock source for Central Processing Unit of the microcontroller.
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RAM (from OOH to 7FH), the first 32B i.e. memory from addresses 00H to 1FH
consists of 32 Working Registers that are organized as four banks with 8
Registers in each Bank. The 4 banks are named as Bank0, Bank1, Bank2 and
Bank3. Each Bank consists of 8 registers named as RO — R7. The next 16B of
the RAM i.e. from 20H to 2FH are Bit — Addressable memory locations. The
final 80B of the internal RAM i.e. addresses from 30H to 7FH, is the general
purpose RAM area which are byte addressable.

Qst.No. Scoring Indicator Splitup { Sub | Total
score total
11 b
343 L) 15
w
IVa General pupose
Scratch pad memory
{50 Bytes )
30
1 it addvessivte 4
area {16 Kytes)
e
Tl Regivter Bk 3
Register Bank 2
1o
:: Register Bank 1
5 1
i & Register
a3 {s Bank 8
i o
L] IR0
s A 8051 Microcontroller have 256B of RAM. In this
2568, the first 128B i.e. memory addresses from 00H to 7FH is divided in to
Working Registers (organized as Register Banks), Bit — Addressable Area and
General Purpose RAM (also known as Scratchpad area).In the first 128B of 4 3
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IVb Proc]1 T aofavec:
Ptz ‘239 151 PO.O (ADQO)
Pi20i3 ‘saiIPo.I(ADT)
P13Tl 4 37 [0 Po.2(AD2)
PL4e3s =6 11 PO.3(AD3)
Pisle 3511 P0.4 (AD3)
P16 T]7 ‘34 71 PO.S (ADS)
Pi78 2317 P0O.6 (ADS)
RST L9 3241 P07 (ADT)
{RXD)y P3.0C] 10 8051 ‘st EAvPP
{TXD) P31 11 : ‘300 ALE/FROG
(INT0) Pa.2 12 29 [0 PSER
(NT1) P3.3{13 ‘2810 P2.7 (A15)
(TO) P3.4 T 14 27 P2.6 (A14)
(T1) P3.5 ({15 261P2.5(A13) 4
(WH) P3.6 ] 16 esaPz4(Al)
{BRDy P37 17 2411P2.3 (A11)
XTAL2 ] 18 zafaP22 (A10),
XTAL1 £ 18 ‘22 L1 P21 (A9)
GND ] 20 211 P2.0(A8)
40 - PIN DIP
e PSEN pin which stands for Program Store Enable. It is used to read a
signal from the external program memory.
« EA pin which stands for External Access input. It is used to 3 7 15
enable/disable the external memory interfacing.
« ALE pin which stands for Address Latch Enable. It is used to -
demultiplex the address-data signal of port.
Va §
« Immediate Addressing Mode:-In this Mode, the data is provided in the
instruction itself. eg:- MOV A #0AH
¢ Register addressing mode:- In this mode the source or destination data
should be present in a register (R0 to R7).eg:-MOV A,R5
« Direct Addressing Mode:- In this mode source or destination address is
specified by using 8-bit data in the instruction. Only the internal data
memory-can b used in this mode.eg:- MOV R2,45
s Register indirect addressing mode :- In this mode, the source or destination
address is given in the register. By using register indirect addressing mode,
ax2 10

the internal or external addresses can be accessed. The R0 and R1 are
used for 8-bit addresses, and DPTR is used for 16-bit addresses, no other
registers can be used for addressing purposes.eg:- MOV A;@R0

« indexed addressing mode:- In this mode source memory-can only be
accessed from program memory only. The destination operand is always
the register A.eg;- MOVC A;@A+DPTR
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Vb 1.Timer 0 overflow interrupt- TF0
2.Timer 1 overflow interrupt- TF1
3 External hardware interrupt- INTO
4 External hardware interrupt- INT1
5.Serial communication interrupt- RI/TI
The Timer and Serial interrupts are internally generated by the microcontroller,
whereas the external interrupts are generated by additional interfacing
devices or switches that are externally connected to the microcontroller. These
external interrupts can be edge triggered or level triggered. When an interrupt Sxl 3 15
occurs, the microcontroller executes the inferrupt service routine so that memory
location corresponds to the interrupt that enables it.
Via Upon activation of the interrupt, the microcontroller.goes through the
following steps;
1.1t finishes the instruction it is executing and saves the address of the next
instruction on the stack.
2.t jJumps to interrupt vector table that holds the address of the ISR
3. The microcontroller gets address of the ISR from interrupt vector table and
jumps to it. It starts to execute the ISR until it reaches RET instruction. 7
4.Upon executing the RETI instruction, the microcontroller goes to the place
where it was first interrupted and starts to execute from that address
Vib
MOV R0,#60H
MOV DPTR,#4500
MOV R2,#0AH
Li: MOV A,@R0
MOVX@DPTRA
INCRO
INC DPTR e =
DJNZ R2,L1
HERE:SJMP HERE
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Vila The following steps must be taken to receive data serially:-
1.TMOD register is loaded with 20H, indicating Timerl,mode2
2.TH1 is loaded with a value of required Baud Rate
3.SCON register is loaded with the value S0H, indicating serial mode 1
4.TR1isset to 1 tostart Timer1
5.Rl is cleared with instruction’ CLR RI’
6.Monitor Rl flag bit using the instruction’ JNB RI, xx ”
7.When Rl is raised, SBUF has the byte and its contents are moved into a safe place.
8.To receive next character go tostep5
TMOD : Timer/Counter Mode Control Register (Not Bit Addressable)
Vil b
car | o | o [ w Jem ] of | m | w
TIMER [ TIMER 0
GATE When TRx {in TCON) is set and GATE = |, TIMER/COUNTERx will run only whife INTx pin is high
{hardware control). When GATE = 0, TIMER/COUNTERx will run only while TRx = 1 (software
control).
CT Timer or Counter selector. Cleared for Timer operation (inpuf from infernal system clock). Set for
Counter operation (input from Tx input pin). 8 15
M1 Mode selector bit (NOTE 1),
Mo Mode selector bit (NOTE 1).
Note 1 :
MI Mo OPERATING MODE
0 0 0 13-bit Timer
0 1 1 T6-hit TimerCounter
1 0 2 8-hit Auto-Reload Timer/Counter
| i 3 CTinter 0) TLO i an $-bit Timer/Counter conirolled by the standard Ticaer § control
bits, THO i an 8-bit Timer and is conisolled by Timer | control bits.
I 1 3 (Timer 1) Timer/Counter 1 stopped.
VIl a
In this mode timer operates as 13 bit up-counter the lower 5-bits are in
the TL1 and the upper 8-bits are in the TH1register.The timer interrupt 3

flag TF 1bit is set when the timer rolls over from FFH to 00H.
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Figure 2-13. TimerfCounter 1 Mode 0: 13-bit Counter
FPenph 1 %
Ciock | ']
4 7
c[? =0
TLT | THI
D -.4 (5 Bt | (8 Bitsy TF1 | INTERRUPT
T1 Fin CONTROL
TR1
GATE
NT1 PIN
VIII b _ 1 i
The SCON Register
MSB se 2 2
! SMD | sm1 | sme ]. REN | 788 | RBE | T | R
_Bit__| Name | Description
SCON.7 | SMQ | Serial PortMode bit 0
SCON6 | SM1 | Serial Port Modebit 1
'SCON.5 | SMZ | Multipr Communication Enable
‘SCON4 | REN | ReceiveEnable
Setto enable reception. CLR to disable reception.
SCON.3" | TB8 Bit'8 of massa_gihlr‘qnirrﬂt
Used to trapsmit optional parity bit
SCONZ | RBE | Bit8 of received message
Receives oplionalparity bit -
sScold [Tl ‘Transmitlnterrupt Flag i SXO.S 6 15
Set when Byte in SBUF is complstely transmitted-.
SCON.0O| RI ‘Réceive interrupiFlag
Setwhena valid byle is receivedintc SBUF
‘Embedded Systems Design
IXa
As shown in above figure, major building blocks of system are temperature sensor, Analog to
Digital Converter (ADC), micro-controller, LCD, clock generator and LED indicators.
Temperature sensor: It's a transducer. It gives corresponding voltage (or current) output as
change in temperature. It can be calibrated to degree Celsius. Otherwise it has to be calibrated 4

first.Reference potentiometer: It sets reference temperature between min to max value. The

system operation depends upon this set temperature value.
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IXb

ADC: Its analog to digital converter with built in multiplexer. It takes two analog inputs one from
temperature sensor and another from reference potentiometer. It gives 8-bit digital output
<orresponding selected analog input. To get the digital output of any one channel, micro
<controller will select the required channel and takes digital output.

Clock generator: ADC requires clock signal for its operation. This clock signal is generated

by ¥C555 based clock generator.

Micro controller: it controls operation of ADC and LCD. It takes digital output of both channels
and displays them on LCD. It takes suitable decision by-comparing two temperatures. Also it
gives different indications on LEDs
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- I interfacing 168x2 LCGD module to B0O51 www.circuitstoday.com

Capacitor
C3, resistor R3 and push button switch S1 forms the reset circuitry. Ceramic

capacitors C1,C2 and crystal X1 is related to the clock circuitry which produces
the system clock frequency. P1.0 to P1.7 pins of the microcontroller is
connected to the DBO to DB7 pins of the module respectively and through this
route the data goes to the LCD module. A P3.3, P3.4 and P3.5 are connected
to the E, RW, RS pins of the microcontroller and through this route the control
signals are transffered to the LCD module. Resistor R1 limits the current
through the back light LED and so do the back light intensity. POT R2 is used
for adjusting the contrast of the display

15
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The figure above shows the schematic for interfacing ADC0804 to 8051. The
circuit initiates the ADC to convert a given analogue input , then accepts the
corresponding digital data and displays it on the LED array connected at PO..
Data out pins (DO to D7) of the ADC0804 are connected to the port pins P1.0 to
P1.7 respectively. LEDs D1 to D8 are connected to the port pins P0.0 to P0.7
respectively. Resistors R1 to R8 are current limiting resistors. In simple words
P1 of the microcontroller is the input port and PO is the output port. Control
signals for the ADC (INTR, WR, RD and CS) are available at port pins P3.4 to
P3.7 respectively. Resistor R9 and capacitor C1 are associated with the
internal clock circuitry of the ADC. Preset resistor R10 forms a voltage divider
which can be used to apply a particular input analogue voltage to the ADC.
Push button S1, resistor R11 and capacitor C4 forms a debouncing reset
mechanism. Crystal X1 and capacitors C2,C3 are associated with the clock
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Xb
|5
This system monitors the level of water in a tank and automatically switches ON
the motor whenever the water tank is empty. The motor is switched OFF when
the overhead tank or container is FULL. Here, the water level of the tank is
indicated on LCD (Liquid crystal Display).
Initially when tank is empty, LCD will display the message EMPTY and motor | 3 8 15

runs automatically. When water level reaches to quarter level, now LCD
displays QUARTER and still motor runs. For further levels, LCD displays the
messages HALF and % FULL.

When tank is full, LCD displays FULL and motor automatically stops. Again

motor runs when tank is empty.
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