Algsivisiaie 2id algsisgide [Feeaal (1333202) - 2i3ie 2024 2iicjelel by Milav Dabgar

yed 1(H) [3 d1el]
8051 HigsiS2id1 A1HI-A glui] A1€] ciidi.

¥dIGL:

26id: 8051 HIgsIS2d1 AIHIA gl

glu? qeid

On-chip Oscillator [Gice-g sdis w1222 uls2

Program Memory SIS 2213% HI2 4KB ¥Hid[Rs ROM
Data Memory 128 bytes AHidlRs RAM

I/0 Ports 4 [glE2ila 8-bit viy (PO-P3)
Timers/Counters Gl 16-bit Timer/Counter (422
Serial Port Full duplex UART sj[dsel
Interrupts vlMsdi 12 5 interrupt idl

SFRs S$2ld H12 Special Function Registers

43 gls: "On Program Data I/0 Timers Serial Interrupts SFRs"

Med 1(c) [4 d]e1]
T-State, Machine Cycle, Instruction Cycle 14 Opcode il civil 41ui.

¥YdIGL:

26id: HIgsiviaiaR 21921 QuIvAIAI

216€ vl udfe

T-State [Ri22M sdisdl vis 12N yaeyd 21gHd1 Yfde
Machine Cycle As 3] AUl YR SRAIH] 44 3-6 T-states
Instruction Cycle instruction fetch, decode 14 execute sdi-1 442 1-4 Machine cycles
Opcode instruction usi2 g2iidadi operation sis 1-3 bytes

o T-State: HIgsIMIAIR AIuU2l4-] dlell AI-] 4HY VisH
e Machine Cycle: H432] iS4 Hi2 vi4s T-states €21d ©
* Instruction Cycle: 2iypl instruction execution Hi 24

e Opcode: [df2ixe instruction AHinuid Glig-2] sis
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443l gls: "Time Machine Instruction Operation"

ved 1(s) [7 3ye]

Von-Neumann 214 Harvard Architecture 4l Auiiyeil s2i.

¥dIGL:

26id: Von-Neumann vs Harvard Architecture 22uiixeil

uRHiel

Memory Organization

Bus Structure

Von-Neumann
SIS A4 21 HI2 VS ¥ HH3

s % bus [JeH

Speed bus sharing il &M
Cost A1l [SHd udls2el
Flexibility gei1R flexible HH2] GUI2|
Examples 8085, x86 processors
Harvard Architecture
Program Memory
CPU
Data
Yy dslddi:

Harvard

SIS A4 S21 HI2 BAE2] HH3

RYAd bus [JizeH

parallel access @il 23sul

syAd 112 2l ggiR [SHd

AHig] flexibility, [[2id allocation

8051, DSP processors

CPU

Von-Neumann

Single Memory

A

Code + Data

¢ Memory Access: Von-Neumann sequential access, Harvard simultaneous access

e Performance: embedded applications 412 Harvard 23sul ©

e Applications: general computing 412 Von-Neumann, real-time systems 112 Harvard

4u2l 2ls: "Von-Single Harvard-Dual"

yed 1(s) OR [7 d)ei]

Microcomputer System - block diagram 2112l 24%1di.

¥dIGL:

Microcomputer System I €l2si:
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Microcomputer System
Central Processing
Unit
. System Bus
Memory Unit
_ - Address
Input/Output Unit
- Keyboard
26id: Microcomputer System i €i2si
€2s sii Gelseli
CPU Sl Yid (21 A4 [l 8085, 8086
Memory YiAM i S21 221 RAM, ROM, EPROM
1/0 Unit oligl g1 19 interface Keyboard, Display
System Bus S2l 21482 HIdl Address, Data, Control

e CPU: instructions execute s2 € 314 [J224 Aiu2I4 control s2 &

e Memory: YiRi[2i>I HI2 programs 44 data store $2 ©

e 1/0: ciigl devices 2112l sRY[dsel4 Y2 IS &

e Bus: S2I 2142 HI2 Gi&ll components H 1S ©

442l gls: "CPU Memory I/0 Bus"
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yed 2(A) [3 o]

8085 Microprocessor Hi Bus organization i?i.

¥dIGL:

e +

| 8085 |

| CPU |

Fommm e +

|

Fomm et

| |

v v
Fommmmme + o +
|Address | | Data |
| Bus | | Bus |
|16-bit | | 8-bit |
e + oo +

| |

v v
Fommmm e S +
|Memory | | I/O |
|System | |Devices |
rocooooos 4 droooooooe +

26id: 8085 Bus Organization

Bus ¥sIR Width =14

Address Bus 16-bit 142l addressing (64KB)
Data Bus 8-bit S2l 21482

Control Bus Multiple s2id [Fodey

443l 2ls: "Address Data Control"

yed 2(cl) [4 2]
8085 Hi Guaioii ddidi Flags l 2l cididl 214 €2s flag o s1f 24dl.
FdIGH:

26id: 8085 Flags Register
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Flag LIE| Bit Position
S Sign D7
z Zero D6
AC Auxiliary Carry D4
P Parity D2
cY Carry DO

D7 D6 D5 D4 D3 D2 D1 DO

PR O S S R S S S
| s|z|-Jac|-]P |- |cy |
R R R S R

e Sign Flag: 4si2ic4s ulReim 21id © (MSB = 1)

e Zero Flag: arithmetic URRIM 2= &1 IR set 1Y &

(3

sIA

YReIM AsiRicis ¢id di set
ulRein 2= ¢id di set

bit 3 &il 4 Hi carry ¢ia di set
ulReimMi even parity ¢id di set

carry/borrow &2 di set

e Auxiliary Carry: BCD arithmetic operations 412 Gui2| &1 €

e Parity Flag: uReinmHi 1's 1 244 2iuvl duId &

e Carry Flag: arithmetic operations Hi overflow €2l

c
I

de

"u2l gls: "Sign Zero Auxiliary Parity Carry"

yed 2(s) [7 dpei]

8085 i Block Diagram €IR1 44 44dl.

¥dIGL:
8085
General Purpose
Registers
Program Counter Control Unit Arithmetic Logic Unit Accumulator
8085 16-bit Instruction decode 8-bit operations Register A

Flag Stack

Register Pointer

External Buses
Address(16), Data(8),
Control

26id: 8085 Block Components
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<

Block SIA

ALU Arithmetic 244 logical operations
Accumulator operations Hi2 Wiaifis register
Registers sel 22i% (B,C,D,E,H,L)

Program Counter 121d] instruction d2s point 52 ©
Stack Pointer stack 1 top d?s point $2 ©
Control Unit Instruction decode 44 control

Data Flow: PC gl?I instructions fetch, CU gl decode, ALU Hi execute

Register Operations: Accumulator ALU 12l sIi 52 8, il registers S2i store 2 ©

Address Generation: PC 214 SP 16-bit addresses 114 &

Control Signals: CU timing 44 control signals generate s2 ©

4u2l 2ls: "ALU Accumulator Registers Program Stack Control"

yed 2() OR [3 dje]

Microprocessor Hi Instruction Fetching, Decoding ¥i4 Execution Operation d4di.

Size
8-bit
8-bit

£25 8-bit
16-bit

16-bit

ALU

Execute operation

o

ALU

VUdIGi:
Program Counter Memory Instruction Register Control Unit
Send address -
Fetch instruction
Send opcode -
Generate control signals
Program Counter Memory Instruction Register Control Unit

26id: Instruction Cycle Phases
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Phase Operation Duration

Fetch "y2luiall instruction Hndl 1 machine cycle
Decode Instruction opcode  Hefei2- Execute -1 @112
Execute %32] operation s2l 1-3 machine cycles

443l 2ls: "Fetch Decode Execute"

yed 2(6i) OR [4 de]

8085 Hi Lower order Address ¥i4 Data lines 4 Demultiplexing 2] ©? 211s/d-l Heeail 2uwdi.

¥dIGL:
8085
o _____ +
| AD7-ADO | Multiplexed
Procomo= roommoe + Address/Data
|
v
R +o————_ +
ALE | Address Latch Enable
e tmm +
v
S S S +
| 74LS373 | Latch IC
oo oo +
| |
v v

A7-A0 D7-D0
Address Data

Demultiplexing Process:
e ALE Signal: address 44 data -1 [dicfis4- control s2 ©

e Latch IC: ALE high ¢ld 12 74LS373 address store s2

e Timing: uédi address 2114 ©, yssl same lines U2 data 2H1d &

26id: Demultiplexing Components

Component sii Timing

ALE Address Latch Enable signal T1 g2 high
74LS373 Octal latch IC A7-A0 store s2 ©
AD7-ADO Multiplexed lines yddl Address ussl Data
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443 gls: "Address Latch Enable Demultiplexes Lines"

yed 2(s) OR [7 3jei]

8085 i Pin Diagram €121 44 Axdl.

¥dIGI:
8085 PIN DIAGRAM
PFocooommo oo oo +
X1 |1 40| vcc
X2 |2 39| HOLD
RST |3 38| HLDA
SoD |4 37| CLK
SID |5 36| RESET IN
TRAP | 6 35| READY
RST7|7 34| 10/M
RST6 |8 33| s1
RST5]|9 32| RD
INTR|10 31| WR
INTA|11 30| ALE
ADO |12 29| SO
AD1 |13 28| Al5
AD2 |14 27| Al4
AD3 |15 26| Al13
AD4 |16 25| Al2
AD5 |17 24| All
AD6 |18 23| Alo
AD7 |19 22| A9
VSs |20 21| A8
e +

26id: 8085 Pin siai

Pin Group SIR

Address Bus
Address/Data
Control Signals
Interrupts
Power

Clock

A8-A15 (G gH)

ADO-AD7 (Multiplexed)

ALE, RD, WR, IO/M

TRAP, RST7.5, RST6.5, RST5.5, INTR
VCC, VSS

X1, X2, CLK

e Address Lines: 16-bit addressing &udi (64KB)

e Data Lines: 8-bit 21 21182

e Control Lines: 443l 244 I/0 Aluz214 $2id
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e Interrupt Lines: ¢iSdz interrupt handling

43 gls: "Address Data Control Interrupt Power Clock"

yed 3(H) [3 djel]

8051 i IP SFR €IR] ¥id €25 bit o s1f 24al.

¥dIGL:
IP Register (Interrupt Priority) - Address B8H
MSB LSB
e it R e e  atalat T
| = | - | - | pr2| PS| PT1| PX1| PXO]
e Ts TR R R

D7 D6 D5 D4 D3 D2 D1 DO

26id: IP Register Bit il

<

Bit 414 SR

D4 PT2 Timer 2 interrupt priority
D3 PS Serial port interrupt priority
D2 PT1 Timer 1 interrupt priority
D1 PX1 External interrupt 1 priority
DO PXO0 External interrupt O priority

e Priority Levels: 1 = High priority, 0 = Low priority
e Default: aigl interrupts low priority (O0H)

e Usage: High priority interrupt 412 bit 1 52

q443l 2ls: "Timer2 Serial Timer1 Externall1 ExternalQ"

Med 3(ci) [4 d]e1]
8051 412 Timer/Counter Logic diagram €i2i i+ 44dl.

¥dIGI:
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Timer/Counter
System Clock
+12
T0 Pin
External
Timer/Counter THO TLO Register Overflow
Mode Select Register Low Byte Flag TFO
TMOD
Register
TCON
Register
26id: Timer Components
Component sl Size
THO/TLO Timer 0 high/low byte registers £25 8-bit
TMOD Timer mode register 8-bit
TCON Timer control register 8-bit
TFO Timer 0 overflow flag 1-bit

¢ Clock Source: ¥Hid[3s (system clock/12) 242idi ¢iigl (TO pin)
e Operation: dis s2dl ycail FFH &l count s2 ©
e Overflow: TFO flag set 52 & 44 interrupt generate s2 ©

e Modes: 4 4d21 AA2| timer modes GUAGY &

"4zl gls: "Timer High-Low Mode Control Flag"

yed 3(s) [7 oyel]
8051 i Block Diagram €IR1 i< 4Hdl.

¥YAdIGL:

8051 Microcontroller

Program Memory
4KB ROM
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Oscillator
Clock Gen

Data
Memory

Timer O
16-bit

Timer 1
16-bit

Serial Port
Full

8-bit CPU
ALU + Control

[

Port 0
8-bit 110

Port 1
8-bit 110

Port 2
8-bit 110

Port 3
8-bit 110

=
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Interrupt
System

26id: 8051 Block Components

Block

CPU

Program Memory
Data Memory

1/0 Ports

Timers

Serial Port

Interrupts

e Architecture: program/data "Hz2l Hi2 A4d21 Harvard architecture

10]

sl viifiol Y[de
SIS 2213%

dRcid iy
allgl interface
219001 AU
S| EELIE

Event handling

e 1/0 Capability: 32 [gl€2ilz 1/0 lines

® On-chip Features: Timers, serial port, interrupt system

e Memory: S2I 412 Von-Neumann, Yi2I4 412 Harvard

43l gls: "CPU Program Data I/0 Timer Serial Interrupt”

yed 3() OR [3 de]

8051 4i PCON SFR €121 %14 €25 bit 4 sii 24di.

VUdIGi:
PCON Register (Power Control) - Address 87H
MSB LSB

-ttt -ttt -t ———+
|sMoD| - | - | - |GF1|GFO| PD|IDL]|
B P .

D7 D6 D5 D4 D3 D2

26id: PCON Register Bit sial

No. 12 [ 27

(Aeival

8-bit processor

4KB id[Rs ROM
128 bytes RAM

4 ports (32 1/0 lines)
2 x 16-bit timers
Full duplex UART

5 interrupt sources
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Bit A1 sil

D7 SMOD Serial port mode modifier
D3 GF1 General purpose flag bit 1
D2 GFO General purpose flag bit 0
D1 PD Power down mode control
DO IDL Idle mode control

AEAY

e SMOD: set 212l 12 serial port baud rate GiHRl 52
e GF1, GFO: y252-[Ss1¢/-s flag bits
e PD: power-down mode (s 52 &

e IDL:idle mode alsa 52 &

4432l 2ls: "Serial General Power Idle"

yed 3(i) OR [4 de]

8051 Serial communication Mode 1 Hi, XTAL=11.0592 MHz 412, 9600 314 4800 baud rate ¥ndgdl 412 TH1

AY

Al [Sud engi.
FdIGH:
Mode 1 Baud Rate HI2 3ji:

Baud Rate = (27SMOD/32) x (Timerl Overflow Rate)
Timerl Overflow Rate = XTAL/(12 x (256 - TH1))

9600 Baud Rate HI2:

9600 = (1/32) x (11059200/(12 x (256 - TH1)))
9600 = 28800/(256 - THI)

256 - THL = 3

TH1 = 253 = FDH

4800 Baud Rate HI2:

4800 = (1/32) x (11059200/(12 x (256 - THL)))
4800 = 28800/ (256 - THI)

256 - TH1 = 6

THL = 250 = FAH

26id: Baud Rates HI2 TH1 4l
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Baud Rate TH1 y&I (Hex) TH1 y& (Decimal)
9600 FDH 253
4800 FAH 250

443 Zls: "Higher Baud Higher TH1"

v 4() [3 d1ei]
8051 Hi LCALL 44 LJMP instructions Hi 2j g2s &?

¥AdIGi:

26id: LCALL vs LJMP uiyeil

ulRuiel LCALL LJMP

Function Long subroutine call Long jump

Stack Usage Return address push s2 & si¢g stack operation eil
Return RET instruction %3zl ssd direct jump

Bytes 3 bytes 3 bytes

Address Range 16-bit (64KB) 16-bit (64KB)

PC Action Save ugl load ¢ load

e LCALL: subroutine call s2 €, return address stack U2 save s2 &
e LJMP: specified address U2 unconditional jump
e Stack Impact: LCALL 2 stack bytes diu2 €, LJMP sigf diug el

e Usage: functions 412 LCALL, program flow control 12 LJMP

4u2l 2ls: "Call Saves Jump Goes"

yed 4(6l) [4 o]

Timer0 diuzld port 1.0 U2 square wave generate s2dl Hi2 8051 Assembly Language Program duii.

¥UIGI:
ORG 0000H ; 23idl address
LJMP MAIN ; YU MIAM U jump
ORG 0030H ;YU UM 213Id
MAIN:

MOV TMOD, #01lH ; Timer0 model (16-bit)
MOV THO, #HIGH(-50000) ; High byte @IS S
MOV TLO, #LOW(-50000) ; Low byte diS SR

No. 14 [ 27
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SETB TRO ; Timer0 213 S

LOOP:
JNB TF0, LOOP ; Overflow HI2 2l¢ ¥l
CLR TFO ; Overflow flag clear S?
CPL P1.0 ; P1.0 toggle S2l

MOV THO, #HIGH(-50000)
MOV TLO, #LOW(-50000)
SJMP LOOP i YARAddH

END

AY

HIAIH HH¥de:

e Timer Setup: Mode 1 (16-bit timer)

e Count Value: [df2ixe delay 12 -50000

; Timer reload =)

; Timer reload SR

e Square Wave: £2s overflow u2 P1.0 toggle s?i

e Continuous: Loop square wave s10d €

443 gls: "Mode Load Start Wait Toggle Reload"

yed 4(s) [7 d1e1]

8051 l sigfuel el Logical 14 AR Data Transfer Instructions Gelsel A1l Audl.

¥dIGL:

26id: Logical Instructions

Instruction SIA

ANL Logical AND
ORL Logical OR
XRL Logical XOR

26id: Data Transfer Instructions

(4

Instruction SI

MOV s2l move s
MOVX External move
PUSH Stack U2 push
POP Stack @il pop

[Ga1da1R Gelsreli:

Gelseel
ANL A, #0FH
ORL A, #FOH

XRL A, #FFH

Gelrerel

MOV A, #50H
MOVX A, @DPTR
PUSH ACC

POP ACC

No. 15/ 27

ulReny
A=A AND OFH
A=AORFOH

A =AXOR FFH

ONITEETE!

AHi 50H dis s

External memory 2il dis s
Accumulator stack U2 push

Stack @il accumulator Hi pop
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; Logical Instructions

ANL A, #OFH
ORL P1l, #80H
XRL A, #FFH

.
I

MOV RO, #30H
MOVX @DPTR, A

PUSH B
POP PSW

; Upper nibble mask SR
; Portl i bit 7 set S?i

; Accumulator complement )

Data Transfer Instructions

; Immediate data dIS S?i
; External memory Yi store SR
; B register save )

; Status word restore )

43 gls: "AND OR XOR Move External Push Pop"

yed 4(4) OR [3 djei]
Instructions A44di: (i) RRC A (ii) POP (iii) CLR PSW.7

¥dIGL:

26id: Instruction 84¥d2i

Instruction sl vl Gelsel

RRC A Carry glIRl 4Ll rotate A—C, C—>A(MSB) A=85H,C=0 — A=42H,C=1
POP Stack 2il pop SP—Register, SP-1 POP ACC

CLR PSW.7 PSW i bit 7 clear PSW.7 =0 CY flag clear

RRC A Operation:
yddi: A = [D7 D6 D5 D4 D3 D2 D1 DO] C = [C]
ysl: A = [C D7 D6 D5 D4 D3 D2 D1] C = [DO]

e RRC A: Accumulator A carry flag gi21 %40l rotate s2 &
e POP: Top stack element A specified register Hi remove s2 &

e CLR PSW.7: Carry flag clear s2 & (Program Status Word -l bit 7)

43l gls: "Rotate Pop Clear"

yed 4(ci) OR [4 d)el]

30H diseldHi a2l S214 31H diSeldHi 2212 521945 PNISIR §3] 2ind 40h V4 eiRISN4 41h Hu3] diSelHi 2212
s2d1 HI2 8051 I Assembly Language Program @uil.

¥dIGi:
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ORG 0000H s UIAM 2134Id
LJMP MAIN
ORG 0030H
MAIN:
MOV A, 30H ; Dividend dis s?l
MOV B, 31H ; Divisor dIS S?i
DIV AB s A4 B dS QI
MOV 41H, A ; Quotient 22i2 SR
MOV 40H, B ; Remainder 2RI s2
SJMP $ PRETTTE Y
END
\ \
YI2AH 2W:

1. S21 dis: Dividend 14 divisor 4 A 214 B 4i move s
2. Division: DIV AB instruction diu2i

3. ulReny 22iR: A Hi quotient, B Hi remainder

4,

Save: ulReiMi specified HHZl disel4Hi 22IR s2i

26id: DIV AB Instruction

yadi ussl
A = Dividend A = Quotient
B = Divisor B = Remainder

342 2ls: "Load Divide Store"

yed 4(s) OR [7 d)ei]
8051 Microcontroller 41 Addressing Modes il 1€l Gididl i €254 Gelsel A1z A4¥dl.

¥AdIGi:

26id: 8051 Addressing Modes
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Mode
Immediate
Register
Direct
Indirect
Indexed
Relative

Bit

[A21da1R Gelsrel:

Algsivisiaie 2id algsisgide [Feeaal (1333202) - 2i3ie 2024 2iicjelel by Milav Dabgar

qeid

Instruction Hi s
Register diu?]

142l address 2w
Register 4i address
Base + offset

PC + offset

Bit address

; Immediate Addressing
; d2d Y& 25H dis s

MOV A, #25H

; Register Addressing
; Register R7 4 A Hi move SR

MOV A, R7

; Direct Addressing

MOV A, 40H

~e

; Indirect Addressing
; RO address 50H d2§ point S 0
; RO gl2l Uig=>2 s2dl address 2l dis s2i

MOV RO, #50H
MOV A, @RO

; Indexed Addressing
MOV DPTR, #TABLE ; Lookup table d?$ point =
; Table[A] &l dis s?i

MOVC A, @A+DPTR

; Relative Addressing
; Label NEXT Y2 jump S2I

SJMP NEXT

; Bit Addressing

SETB P2.5

Gelerel

MOV A, #50H

MOV A, RO

MOV A, 30H

MOV A, @R0O
MOVCA, @A+DPTR
SJMP HERE

SETB P1.0

Yyl diseld 40H 2l dis s?i

; Port 2 4l bit 5 set S?

443l Zls: "Immediate Register Direct Indirect Indexed Relative Bit"

yed 5(H) [3 djel]

8051 microcontroller 212l Relay 225391 €.

¥dIGL:

8051 Port Pin

No. 18 [ 27

S O

AYi 50H dis s

RO i content A Hi move s
Address 30H il dlis s?i

RO Hi 2419l address @il dis s?i
A = content of (A+DPTR)

PC dN&i jump

Port 1 i bit 0 set s2i
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Fomm
| 2.2K | Resistor
Fommm bt

|
+—-———+-—-—-—+ Base
| NPN | Transistor
| BC547 |
Fomm ot

| Collector

|
Fomm o+
| Relay | 12V Relay
| Coil |
Fomm oot

|

+VCC (12V)

Relay Contacts

Fommmbom et

| NO | NC | Load Connection
RS

26id: Interface Components

(3

Component SR YR
Transistor Current amplifier BC547 NPN
Resistor Base current limiter 2.2KQ
Relay Electromagnetic switch 12V DC
Diode Back EMF protection 1N4007

e Operation: Port pin HIGH — Transistor ON — Relay energized
e Protection: Diode back EMF damage ¥12s1d ©

* Isolation: Relay electrical isolation yg uIs &

43l gls: "Transistor Resistor Relay Diode"

yed 5(Gi) [4 d1ei]

8051 microcontroller 12l 7-Segment display g-225 521 4 "1" [fi2 s2dI4] YA @vil.

FUIGI:
8051 Port 1
P1.0 -——-[330Q]---- a
Pl.l1 -—---[330Q]---- Db
Pl.2 -——-[330Q]---- cC
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P1.3 -——-[330Q]---- d
Pl.4 —--——[330Q]--—— e
P1.5 --——[330Q]-——- £
P1.6 -——-[330Q]---- g
P1.7 ----[330Q]--—- dp

7-Segment Display

aaaa

dddd dp

"1" Display s2dii Wi2u1u:

ORG 0000H

LJMP MAIN

ORG 0030H

MAIN:
MOV P1l, #06H ; "1" display S? (segments b,c ON)
SIMP $ s Qs

; "1" Y12 Pattern: 00000110 = 06H
; $5d segments b A4 c ON ©

END

26id: 7-Segment Display Components

Component SR YR

Current Limiting Resistor LED segments 4 protect s2 & 3300

Port Connection Digital output control Port 1

Display Pattern Segment control Binary pattern

4u3l 2ls: "Current Limit Segment Pattern"

yed 5(s) [7 yel]

8051 microcontroller 12l DAC 0808 g-2253 s3I i< Square wave generate s2di-i i2A14 @uil.

¥YJIGL:
8051 DAC0808
Port 2 | N N o
P2.0 ----- >| DO IOUT|---[10KQ]-——+-—-> Vout
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P2.1 ————- >| D1 | |
P2.2 ————- >| D2 IREF |---[10KQ]---+
P2.3 ————- >| D3 | |
P2.4 ————- >| D4 VCC | -==(+5V) |
P2.5 ————- >| D5 VEE | ---(-5V) |
P2.6 ————- >| D6 | |
P2.7 ————- >| D7 GND | --- (GND) |

| SN S + |

Op-Amp Buffer

Output
Square Wave Generate s2di-i Mi2AI4:

ORG 0000H
LJMP MAIN

ORG 0030H

MAIN:
MOV A, #00H Minimum Y& (0V)
MOV P2, A ; DAC U2 output

~e

CALL DELAY ;oRle PR

MOV A, #O0FFH ; Maximum HRI (d21d91 5V)

MOV P2, A ; DAC U2 output

CALL DELAY s 2lé ?bﬂ

\ [

SJMP MAIN ;7 Square wave HlZ Ydzlddd
DELAY:

MOV RO, #200 ; Delay counter
LOOP1:

MOV R1, #250 ; Inner loop counter
LOOP2:

DJNZ R1, LOOP2 ; Inner delay loop
DJNZ RO, LOOP1 ; Outer delay loop
RET

END

26id: DAC Interface Specifications
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uRuiel Y siRf

Resolution 8-bit 256 output levels
Reference Voltage 5V Full scale output
Output Range 0-5v Analog voltage range
Interface Type Parallel 8-bit data bus

Square Wave Generation:

e Low Level: 00H @ici21 OV output Vgl $2 ©
e High Level: FFH @ic121 5V output Uel 2 €
¢ Frequency: Delay routine I duration gi2i 4ssl &1 €

e Output: DAC output U2 2de analog square wave

43l gls: "Digital Analog Convert Square”

yad 5(21) OR [3 2fel]

8051 microcontroller 12 Push button Switch 4 Interface.

¥AdIGi:

| 10K | Pull-up Resistor
e P1.0 (8051 Port Pin)

| SW | Push Button Switch

26id: Push Button Interface Components

(3

Component HeA S

Pull-up Resistor 10KQ Switch vicq ¢id IR logic HIGH jfd(gid s2 &
Push Button SPST Momentary User input device

Logic Levels HIGH=1, LOW=0 Switch yjed=1, £641)=0
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Sample Program:

CHECK_SWITCH:
JB P1.0, SW_RELEASED ; Switch €61} el di jump
; Switch €6ildg ¢id IRAl code Hdl
CALL SWITCH PRESSED
SJMP CHECK_SWITCH

SW_RELEASED:
; Switch €I 2l 4l code el
SJMP CHECK_SWITCH

SWITCH PRESSED:
; Switch €6ildg ¢lJ IR action
RET
Operation:
e Switch vjeg: Pull-up resistor pin 4 HIGH (logic 1) 6i-1d &
e Switch £6i1<?): Pin GND 212l %isil &, LOW (logic 0) 6 €&
e Debouncing: [d-14 operation 12 software debouncing %32] ¢ld 215 ©

43 gls: "Pull-up Switch Ground"

yed 5(ci) OR [4 d)el]
8051 microcontroller ¥12i DC Motor g-2252 S2l.

¥dIGL:

8051 Port Pin (P1.0)

Fomm et
| 1K | Base Resistor
Fomm oot
+-———+-———+ Base
| wNPN | Power Transistor
| TIP122 | (Darlington)
Fomm et
| Collector

Fommm ot
| DC | 12v DC Motor
| Motor |
Fomm

+VCC (12V)
+-—-—+----+ Freewheeling Diode
| 1N4007 | (Motor -l IR uR)
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Motor Control Program:

MOTOR_ON:
SETB P1.0 ; Motor ON SR
RET

MOTOR_OFF':
CLR P1.0 ; Motor OFF S2l
RET

MOTOR_SPEED CONTROL:
; Speed control Hi2 PWM

SETB P1.0 ; Motor ON
CALL DELAY ON ; ON time duration
CLR P1.0 ; Motor OFF
CALL DELAY OFF ; OFF time duration
RET

DELAY ON:
MOV RO, #100 ; ON time delay
DJNZ RO, $
RET

DELAY OFF:
MOV RO, #50 ; OFF time delay
DJNZ RO, $
RET

26id: DC Motor Interface Components

Component sil [Geivdl

Power Transistor Current amplification TIP122 (Darlington pair)
Base Resistor Current limiting 1KQ

Freewheeling Diode Back EMF protection 1N4007

DC Motor Load device 12V DC Motor

Operation Principle:

e Motor ON: Port pin HIGH — Transistor saturated — Motor id &
e Motor OFF: Port pin LOW — Transistor cut-off — Motor 125 &
e Speed Control: PWM technique motor 4 average power Gied €

e Protection: Diode transistor 4 back EMF 2/l ciuid

342 2ls: "Transistor Resistor Diode Motor"
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yed 5(s) OR [7 d)ei]

8051 microcontroller 12l LCD g-225 52l 14 "Hello" display s2didi i1 @vil.

VUdIGi:
8051 16x2 LCD Display
Port 2 e ——————————— it
P2.0 —————- >| D4 vce | -—=(+5V)
P2.1 —————- >| D5 VDD | ---(GND)
P2.2 —————- >| D6 Vo0 | ---(Contrast Adj)
P2.3 —————- >| D7 RS |<--- P3.0
| EN |<--- P3.1
| R/W | -—— (GND)
s +
2iyel LCD Interface Program:
ORG 0000H
LJMP MAIN
ORG 0030H
MAIN:
CALL LCD INIT ; LCD initialize S?i
MOV DPTR, #MESSAGE ; Message string d2§ point =
CALL DISPLAY STRING ; Message display SR
SJIMP $ ; Execution 2sld]
LCD_INIT:
CALL DELAY_ 15MS ; Power on Ugsl 15ms ¢ gmﬁ
MOV A, #38H ; Function set: 8-bit mode, 2 lines, 5x7 matrix
CALL COMMAND WRITE
MOV A, #O0EH ; Display on, cursor on, blink off
CALL COMMAND WRITE
MOV A, #01H ; Display clear s?l
CALL COMMAND WRITE
MOV A, #06H ; Entry mode: cursor increment, no shift
CALL COMMAND WRITE
RET

COMMAND WRITE:
MOV P2, A ; Data lines (D4-D7) Y2 command HiSdl

CLR P3.0 ; Command HI2 RS = 0
SETB P3.1 ; Enable pulse high
CALL DELAY 1MS
CLR P3.1 ; Enable pulse low
CALL DELAY 1MS
RET
DATA WRITE:
MOV P2, A ; Data lines (D4-D7) Y2 data Hisdi
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SETB P3.0 ; Data M2 RS = 1
SETB P3.1 ; Enable pulse high
CALL DELAY_ 1MS

CLR P3.1 ; Enable pulse low
CALL DELAY 1MS

RET

DISPLAY STRING:

CLR A

MOVC A, QA+DPTR ; String yiell character HOd]

JZ STRING END ; Zero ¢} di string i ¥id
CALL DATA WRITE ; Character display SRl

INC DPTR ; YPIAlI character d?§ point 8@

SJMP DISPLAY STRING ; ¥id el g 21ui

STRING_END:
RET

MESSAGE: DB "HELLO", 0 ; Null terminator END)| message string

DELAY 1MS:
MOV RO, #4 ; Outer loop counter
DEL1:
MOV R1, #250 ; Inner loop counter
DEL2:
DJNZ R1l, DEL2 ; Inner delay loop
DJNZ RO, DEL1 ; Outer delay loop
RET
DELAY 15MS:
MOV R2, #15 ; 15ms delay counter
DEL15:
CALL DELAY 1MS ; lms delay call SR
DJNZ R2, DEL15 ; 15 duid repeat SR
RET
END

26id: LCD Control Signals

Signal Pin sii

RS P3.0 Register Select (0=Command, 1=Data)
EN P3.1 Data latch 12 enable pulse

R/W GND Read/Write (write H12 GND 212 tied)
D4-D7 P2.0-P2.3 4-bit data bus (upper nibble)

26id: Hecayef LCD Commands
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c

Command Hex Code SIA

Function Set 38H 8-bit mode, 2 lines, 5x7 matrix
Display Control OEH Display ON, cursor ON, blink OFF
Clear Display 01H iyperl display clear s?i

Entry Mode 06H Cursor increment, no display shift

LCD Display Process:

1.

2
3
4,
5

Initialization: LCD parameters configure s2i 21 display clear s

. Command Mode: RS=0 d12 commands Hisdi

. Data Mode: RS=1 ¥12 characters HisdI

Enable Pulse: EN signal aiel data/command latch sz

. String Display: Null terminator j¢il message characters Hi loop s2i

Character Display Steps:

Data mode 412 RS=1 set s2I

Data bus u? character code ¥si

Enable pulse generate s2i (HIGH 2l LOW)
LCD 4 process s2dl Hi2 21¢ g1 (1ms delay)

HI91dl character Hi2 repeat s2i

4u2l Zls: "Initialize Command Data Enable Display"
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