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ved 1(H) [3 3jel]

8051 Higsis-2id-I sluaidl 21€] cid1di.

¥dIGL:

8051 HIgsiS2IdHI S2dIS Hecd| Sl &

gluR

CPU
Memory
I1/0 Ports
Timers
Interrupts

Serial Port

(3
qgeid

Control applications 412 optimized 8-bit CPU

4KB internal ROM, 128 bytes internal RAM

4 bidirectional 8-bit I/0 ports (PO-P3)

ol 16-bit timer/counters (Timer 0 & Timer 1)

2 priority levels 12 5 interrupt sources

Serial communication Hi2 full duplex UART

43l gls: "CPU Memory Input-Output Timers Interrupts Serial" (C-MIT-IS)

yed 1(cl) [4 d1e1]

vl Ii: Opcode, Operand, Instruction cycle, Machine cycle

¥VAdIGL:

RIGE

Opcode

Operand
Instruction Cycle

Machine Cycle

SIRII2AIN:

vl

Operation code % s2di- operation specify 52 &

Data 42idl address %I U2 operation s2dMi 419 ©
Instruction A fetch, decode i execute saiH] 2iyel ulsal

Memory 18id1 1/0 device - access $2dl HI2 ¥32] A4

Fetch

_—>» Decode ——,

Execute

—

43 gls: "00ID" - Opcode Operand Instruction-cycle Data-cycle
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ved 1(s) [7 2Lel]

Von Neumann 34 Harvard Architecture -l auii4eil s2i.

¥AdIGi:

Parameter

Memory
Structure

Bus System
Speed

Cost
Complexity

Examples

SIRIIRIIN:

Von Neumann

Program 44 data Hi2 single
memory

Single bus system

Bus conflicts @il slower
Lower cost

Simple design

8085, x86 processors

Harvard

Program

Harvard

Program 44 data H12 separate
memory

Program 44 data H12 separate bus
Simultaneous access @il faster
Higher cost

Complex design

8051, DSP processors

Program Memory

CPU

/—>
k»

Data Bus

Data

CPU

Memory
Program +

Single Bus

43 gls: "VSBSC vs HSDFC" (Von-Single-Bus-Simple-Cheap vs Harvard-Separate-Dual-Fast-Complex)

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

RISC 44 CISC Al uiiyeil si.

¥YAdIGi:

Parameter
Instruction Set
Instruction Size
Execution Time
Memory Access
Compiler

Examples

RISC

Reduced, simple instructions
Fixed size instructions

Single clock cycle per instruction
Load/Store architecture
Complex compiler %32

ARM, MIPS

No. 2 /24

CisC

Complex instruction set
Variable size instructions
Multiple clock cycles
Memory-to-memory operations
Simple compiler

8085, x86
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SIRAIAIH:

CISC

Complex

Slow

Simple

RISC

Simple

Fast Execution

Complex Compiler

Hu2l gls: "RISC-SFS vs CISC-CSS" (Simple-Fast-Complex vs Complex-Slow-Simple)
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yed 2(A) [3 o]

8085 Hi Gudcu 16-bit Registers 1 A1€] cid1di 214 de s12f 2u¥dl.

¥dIGL:
Register sil
PC (Program Counter) Next instruction address i pointer
SP (Stack Pointer) Memory Hi stack 1 top i pointer
BC, DE, HL Data storage HI2 general purpose register pairs

e PC: €25 instruction fetch ugs] automatically increment 2124 €
e SP: PUSH operations £2[®i4 decrement, POP £2042i14 increment 21121 €

e Register Pairs: 16-bit addresses 212idl data store s3] 215 &

43l gls: "PC SP BDH" (Program-Counter Stack-Pointer BC-DE-HL)

Med 2(c1) [4 31el]
8085 ¥i Address ¥i4 Data Bus sl-4[Gd(53421 A4dl.

SdIG:;

De-multiplexing AD0-AD7 pins Hiail address 244 data signals 4 Ad21 s2 ©.
ulsar:

AEAY

e ALE (Address Latch Enable) signal 211 uls214 control s2 &

e T1 state €2f4I4: ADO-AD7 4i lower 8-bit address i &

* ALE HIGH «1a &: Address external latch (74LS373) Hi latch 21 €
e T2-T3 e2fHaI4: ADO-AD7 data bus i &

SIRIIRIINH:

ADO-7| 8085 |-—-——————- >| 74LS373|----> A0-A7
| | | Latch |

+---> D0-D7 (Data Bus)

3432 2ls: "ALE Latches Address Low"

yed 2(s) [7 yel]

Jigld-] Heeail 8085 i Pin Diagram iudl.

No. 4 /24



Algsivigiale 2d aAlgsisegide [@zeasl (1333202) - [ely1a 2024 2iicjelsl by Milav Dabgar

¥dIGi:

8085 4 40-pin microprocessor & ¥Hi 124 pin configuration €:

Pin Group
ADO-AD7
A8-A15
ALE

RD, WR
10/M

S0, S1

Pin Diagram:

o \\_/=——+

X1 --|1 40| --

X2 --|2 39|--
RESET --|3 38| --
SOD --|4 37| --
SID --|5 8085 36|--
TRAP --|6 35| --
RST7.5--|7 34| --
RST6.5--|8 33|--
RST5.5--|9 32| --
INTR --|10 31| --
INTA --|11 30| --
ADO --|12 29| --
AD1 --|13 28| --
AD2 --|14 27| --
AD3 --|15 26| --
AD4 --|16 25| --
AD5 --|17 24 |--
AD6 --|18 23| --
AD7 --|19 22| --
Vss --|20 21| --

Proccoooooo +

Yy [deindiii:

e 40-pin DIP package

skl

Multiplexed Address/Data bus (Lower 8-bit)
Higher order Address bus

Address Latch Enable signal

Read 214 Write control signals

I/0 24l Memory operation indicator

Status signals

Vcc

HOLD
HLDA

CLK
RESET IN
READY
I0/M

S1

e Multiplexed bus pin count €i21$ ©

¢ Control signals timing 314 operation 412

e Interrupt pins external device communication Hi2

43 gls: "Address Data Control Power Interrupt" (ADCPI)

No. 5/ 24



Algsivigiale 2d aAlgsisegide [@zeasl (1333202) - [ely1a 2024 2iicjelsl by Milav Dabgar

Med 2(21) OR [3 3[el]
8085 Hi Instruction Fetching Operation 24%1dl.
SdIG:;
Instruction fetching i instruction cycle 4 usd uaig :
waidi:
1. PC contents address bus (AO-A15) U2 YsdIHi 414 &
2. ALE signal high %1 & address latch s2di Hi2
3. RD signal low %11l & memory read s2dl Hi2
4. Instruction memory Hiell data bus uz fetch a1 &
5. PC increment 213 © next instruction 412
Timing:
e Machine cycle 41 T1 ¥4 T2 states €24 2112 ©
e Simple instructions 412 4 clock cycles @ ©

442l 2ls: "PC ALE RD Fetch Increment" (PARFI)

yed 2(ci) OR [4 d)el]

8085 i Flag Register 2u%1di.

¥YAdIGL:

Flag Register arithmetic/logical operations ussl status information store s2 &:

Result negative ¢l di set 2113 &
Result zero ¢id di set &1 ©
Use ag -2l

Bit 3 2/l 4 Hi carry ¢l¥ di set

Use ad el

Result Hi even parity ¢l di set
Use ag eil

Carry/borrow generate 213 di set

Bit Flag SIR
D7 S (Sign)
D6 Z (Zero)
D5 -
D4 AC (Auxiliary Carry)
D3 -
D2 P (Parity)
D1 -
DO CY (Carry)
SIRAIAIN:
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D7 D6 D5 D4 D3 D2 D1 DO

B S S S S ——
| s |z | x| a| x| P | X |cy |
PR S S S S —

q443l 2ls: "S-Z-X-AC-X-P-X-CY"

yed 2(s) OR [7 Jei]
Jigld-l Heeail 8085  Architecture aumal.
dIGH:

8085 architecture Hi S2dlis functional blocks €:

yuwa Components:

ALU (Arithmetic Logic Unit): Arithmetic 214 logical operations s2 &

Registers: Data 14 addresses temporarily store s2 ©

Control Unit: Operation HI12 control signals generate s2 &

Address/Data Bus: External devices 12l communicate s2 &

Block Diagram:
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8085
Registers
B,C,D,E,H,L
ALU Flags
SP
Accumulator
A
Address Bus
PC
AO0-A15
Control < > Data Bus
ADOQ-AD7

Yu [delvdIAi:

e 8-bit microprocessor 16-bit address bus 12
e Von Neumann architecture shared bus 12
e Register-based operations faster execution 412

¢ Interrupt capability real-time applications 412

Hu2l gls: "ALU Registers Control Address Data" (ARCAD)

Med 3(1) [3 dyel]
8051 Higsis-2l@?-l Internal RAM Organization 24%1dl.

¥dIGi:

8051 Hi 128 bytes o internal RAM 41 yHIel organized ©:
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Address Range éq

O00H-1FH Register Banks (4 banks, €354 8 registers)
20H-2FH Bit Addressable Area (16 bytes)

30H-7FH General Purpose RAM (80 bytes)

Organization:
e Bank 0: 00H-07H (Default register bank)
e Bank 1: 08H-0FH
e Bank 2: 10H-17H
e Bank 3: 18H-1FH

SIRIIRIINH:

/) +
| General Purpose|
| RAM |

30H +mmmmmmmmmmmee e +
| Bit Addressable|
| Area |

20H +ommmmmmmmmmemee e +
| Register |
| Banks |

(010 H NN +

43 gls: "Register Bit General" (RBG)

yed 3(6l) [4 2Lel]
8051 HIgsisgidR+1I TMOD SFR I €25 bit o s12I 21414,

¥dIGL:

TMOD (Timer Mode) register Timer 0 4 Timer 1 41 operation 4 control s2 :
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Bit A1 sif
D7 GATE1 Timer 1 gate control
D6 c/mT Timer 1 412 Timer/Counter select
D5 M11 Timer 1 H12 Mode bit 1
D4 MO1 Timer 1 412 Mode bit 0
D3 GATEO Timer 0 gate control
D2 C/TO Timer 0 412 Timer/Counter select
D1 M10 Timer 0 H12 Mode bit 1
DO MO0 Timer 0 HI2 Mode bit 0
Bit Il

e GATE: 1 = External gate control, 0 = Internal control
e C/T:1 = Counter mode, 0 = Timer mode

¢ M1,MO0: Timer operating modes (00=Mode0, 01=Mode1, 10=Mode2, 11=Mode3)

Hu3l 2ls: "GATE C/T Mode1 Mode0" €2s timer Hi2

M2 3(s) [7 dpel]
Jigld-] Heeail 8051  Architecture 2umal.
*¥dIGi:
8051 microcontroller Hi separate program i+ data memory el Harvard architecture :
yua Components:
e 8-bit CPU Boolean processor 2l
¢ Internal ROM: 4KB program memory
¢ Internal RAM: 128 bytes data memory
e AR /0 Ports: PO, P1, P2, P3 (€25 8-bit)

e Gi Timers: 16-bit Timer/Counter 0 A4 1

e Serial Port: Full duplex UART

Architecture Diagram:

8051

Internal
ROM
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Internal
RAM

Port 0
P0.0-

Port 1
P1.0-

Port 2
P2.0-

CPU
8-bit

Port 3
P3.0-

[

Timer 0

Timer 1

Serial Port
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Interrupt
Controller

(Geiu [doivdii:

e Harvard Architecture: Program 14 data Hi2 separate buses
e SFR (Special Function Registers): [d[d¢l peripherals 4 control s2 &
¢ Interrupt System: 5 interrupt sources

e Power Saving Modes: Idle >4 Power-down modes

443l gls: "CPU ROM RAM Ports Timers Serial Interrupts" (CRRRPTI)

Wed 3(1) OR [3 yei]
8051 Higsis-gid24i PSW SFR a44dl.

¥dIGL:

PSW (Program Status Word) Hi status flags 21 register bank selection :

Bit Flag SIR

D7 cy Carry flag

D6 AC Auxiliary carry flag

D5 FO Flag O (user defined)

D4 RS1 Register bank select bit 1
D3 RSO Register bank select bit 0
D2 ov Overflow flag

D1 - Reserved

DO P Parity flag

Register Bank Selection:

¢ RS1=0, RS0=0: Bank 0 (O0H-07H)
e RS1=0, RS0=1: Bank 1 (08H-0FH)
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e RS1=1, RS0=0: Bank 2 (10H-17H)
e RS1=1, RS0=1: Bank 3 (18H-1FH)

4432l 2ls: "CY AC FO RS1 RSO OV - P"
e 3(6i) OR [4 3fe1]
8051 HIgsisgid41 SCON SFR I €25 bit o s12i 2414,

¥dIGL:

SCON (Serial Control) register serial port operation - control s2 :

Bit A1 sil

D7 SMo Serial mode bit 0

D6 SM1 Serial mode bit 1

D5 SM2 Multiprocessor communication
D4 REN Receive enable

D3 TBS Transmit s2d14i 9th bit

D2 RBS Receive 2iidi 9th bit

D1 TI Transmit interrupt flag

DO RI Receive interrupt flag

Serial Modes:

e Mode 0: Shift register, fixed baud rate
e Mode 1: 8-bit UART, variable baud rate
e Mode 2: 9-bit UART, fixed baud rate

e Mode 3: 9-bit UART, variable baud rate
Control sii:

e REN: Reception enable s2dl Hi2 set s2q %33

e TI/RI: Hardware gI?l set, software gl2I clear

H42l 2ls: "SMO SM1 SM2 REN TB8 RB8 TI RI"

yed 3(s) OR [7 Jel]
Higld-l Heeail 8051 4l Pin Diagram ixdi.

¥dIGi:

8051 i 40-pin DIP package i available :
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Pin Groups:
e Ports 0-3: Dual functions 12i I/0 pins
* Power: VCC, VSS pins
e Crystal: Clock 412 XTAL1, XTAL2

e Control: RST, EA, ALE, PSEN

Pin Diagram:

+om=\\_/ ===+
P1.0 --|1 40|-- Vce
P1.1  --|2 39|-- P0.0/ADO
P1.2 --|3 38|-- P0.1/AD1
P1.3 --|4 37|-- P0.2/AD2
Pl1.4 --|5 8051 36|-- P0.3/AD3
P1.5 --|6 35|-- P0.4/AD4
Pl.6 —-|7 34|-- P0.5/AD5
P1.7 --|8 33|-- P0.6/AD6
RST --|9 32|-- P0.7/AD7
P3.0/RXD --|10 31|-- EA/VPP
P3.1/TXD --|11 30| -- ALE/PROG
P3.2/INT0--]|12 29|-- PSEN
P3.3/INT1--|13 28|-- P2.7/Al5
P3.4/T0 --|14 27|-- P2.6/A14
P3.5/T1 --|15 26|-- P2.5/A13
P3.6/WR --|16 25|-- P2.4/A12
P3.7/RD --]|17 24|-- P2.3/Al1l
XTAL2  --]|18 23|-- P2.2/Al10
XTALL  --]|19 22|-- P2.1/A9
Vss --]20 21|-- P2.0/A8
Procooooooos +
Port sii:

e Port 0: Multiplexed address/data bus
e Port 1: General purpose I/0
e Port 2: Higher order address bus

e Port 3: Alternate functions (UART, interrupts, timers)

43l gls: "Port Power Crystal Control" (PPCC)

yed 4() [3 d1e1]
8051 HIgsis-2lid-l siguel sl Data Transfer Instructions @uil 34 24dl.
FUIGH:

Data transfer instructions registers, memory 44 1/0 42l data move s2 ©:
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Instruction s

MOV A,RO RO I contents Accumulator Hi move s2 €

MOV R1,#50H Immediate data 50H - R1 Hi move s2 &

MOV 30H,A Accumulator I contents address 30H U2 move s2 &

Code Examples:

MOV A,RO ; A = RO
MOV R1,#50H ; Rl = 50H
MOV 30H,A ; [30H] = A

Yy [deindiii:

o sig flags walifdd 2il data transfer 2214
e [dfda addressing modes supported

e Single cycle execution Hi2iail214] instructions Hi2

443 gls: "MOV Between Register Immediate Direct" (MBRID)

v 4(6l) [4 del]

2[F222 RO 14 R1 Hi 2&d Sa2I-i dJLiisi2 s2] ¥dIGi R5(AI2 Gl192) Vi R6(<IAR Glig2) Hi 2212 S2d1 HI2 8051 I
didircidl viAM dvil.

¥UIGI:

ORG 0000H ; Origin at 0000H

START:
MOV A,RO ; RO 4 Accumulator Hi load S2I
MOV B,R1 ; R1 iB register Yi load S2i
MUL AB ; A ¥4 B Al delsik s?
MOV R5,A ; Lower byte R5 Hi store S?i
MOV R6,B ; Higher byte R6 Hi store SR
SJMP $ ; Program stop 2l

END ; Program 4 ¥id

Program Flow:

1. Multiplicand load s?i RO 2il A Hi
Multiplier load s2i R1 2il B ui

Multiplication execute s2i MUL AB use s3]

A wonN

Lower byte store s2i result -i R5 Hi

No. 15/ 24



Algsivigiale 2d aAlgsisegide [@zeasl (1333202) - [ely1a 2024 2iicjelsl by Milav Dabgar

5. Higher byte store s?i result Hi R6 4i

di&e1: MUL AB instruction automatically 16-bit result store 52 © lower byte A Hi 244 higher byte B Hi.

yed 4(s) [7 Je]
8051 HIgsis-2ld1 Addressing Modes -l 1€l ci-Idi A4 €254 Gelsel A1 244,

¥dIGi:

8051 S2dis addressing modes support s2 :

Mode qeid Example
Immediate Instruction Hi data specify s2131 & MOV A,#50H
Register Register Hi data & MOV A,RO

Direct Memory address specify s2121i & MOV A,30H
Indirect Register 4i address © MOV A,@RO
Indexed Base + offset addressing MOVC A, @A+DPTR
Relative PC + offset SJMP LABEL

Bit Bit-specific operations SETB P1.0

[do1dd1 Examples:

1. Immediate Addressing:

MOV A,#25H ;A

25H (immediate data)

2. Register Addressing:

MOV A,R1 ; A

R1 4l contents

3. Direct Addressing:

MOV A, 40H ; A

memory location 40H -l contents
4. Indirect Addressing:

MOV RO,#40H ; RO = 40H (address)
MOV A, @RO ; A = RO gkl point s2Jdd location I contents

443l gls: "I-R-D-I-I-R-B" (Immediate Register Direct Indirect Indexed Relative Bit)

yed 4(1) OR [3 de]
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8051 HIgsis-2ldR HI2-] siguel Ael Logical Instructions @uil A4 2Audi.
SdIGI:

Logical instructions bitwise operations s2 ©:

Instruction sk

ANL A,RO Accumulator 44 RO 4 AND s2 €

ORL A, #0FH Accumulator 244 immediate data OFH 4 OR s2 &

XRL A,30H Accumulator 44 address 30H I contents 4 XOR s2 &

Code Examples:

ANL A,RO ; A = A AND RO

ORL A,#0FH ; A = A OR OFH

XRL A, 30H ; A = A XOR [30H]
Applications:

e ANL: Specific bits masking (unwanted bits clear s241)
® ORL: Specific bits setting

e XRL: Bits toggling, checksum calculations

"4zl gls: "AND OR XOR" logical operations

U2 4(cl) OR [4 d)el]

2000h Hu32] diseld Hi 2212 s2d vl Hiall 2001h HH2] diSald Hi 2212 s2d vl GlIE s3] 2002h H43] diseldHi
%dIGI 22IR Sl HI2 8051 I ViArid] Mi21H dvii. ] Hudl dHIH H42] diSeld GIg HH3l 41 ©.

FUdIG:
ORG 0000H ; Origin at 0000H
START:
MOV DPTR,#2001H ; Minuend address Y2 point )
MOVX A,@DPTR ; External memory Hiell minuend load S2I
MOV RO,A ; Minuend 4 RO Hi store S?

MOV DPTR,#2000H ; Subtrahend address Y2 point )

MOVX A,@DPTR ; External memory Yyigll subtrahend load S?i
MOV R1,A ; Subtrahend 4 Rl Hi store 52

MOV A,RO ; Minuend 4 A Hi load S?i

CLR C ; Carry flag clear SR

SUBB A,R1 ; Subtraction: A = RO - R1

MOV DPTR,#2002H ; Result address U2 point )
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MOVX @DPTR,A
SJIMP $ ; Program stop SRl

END ; Program Al id

Program WdIdi:

1. Minuend load s?i external memory 2001H Hiail

2. Subtrahend load s2i external memory 2000H Hiail

3. Subtraction s?i SUBB instruction use s34

; Result 4 external memory Hi store s?l

4. Result store s2i external memory location 2002H Hi

dl&l: External memory access Hi2 MOVX instruction i use &1 €.

yed 4(s) OR [7 3jel]

Instructions 44edi: (i) RET (ii) PUSH (iii) CLR PSW.0 (iv) RLC A (v) CJNE A #DATA,LABEL (vi) NOP (vii)

ANL A,#DATA

SdIGI:
Instruction sl
RET Subroutine Hiell return
PUSH 30H Stack U2 push s2 ©
CLR PSW.0 Carry flag clear s2 &
RLCA Carry @sl left rotate
CJNE A, #50H,NEXT Compare 314 jump
NOP S¢f operation el
ANL A, #0FH Immediate 212l AND

[Go1ddIR qHMY2:

RET: Subroutine calls Hiall return s2di 412

CALL SUBL ; Subroutine call S?I
SUB1:

MOV A,#10H

RET ; Caller 4 return S?i

PUSH: Stack u2 data save s2 &

aeid

Stack Hieil PC pop s2 © 244 control return s2 ©
Address 30H I contents stack U2 push s2 &
PSW i bit 0 (Carry flag) clear s2 &

A4 carry flag as] left rotate s2 &

A = 50H ¢l di NEXT U2 jump s2 €

S¢ s2d Heall, ¥is cycle consume s2 &

A=AAND OFH
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PUSH ACC ; Accumulator 4 stack U2 save S2i
RLC A: Carry ¥18i bit rotation
CY <- A7 <- A6 <- A5 <- A4 <- A3 <- A2 <- Al <- A0 <- CY

CJNE: Conditional branching

CJINE A,#50H,NOT EQUAL ; A#50H ¢ial di NOT EQUAL U2 jump
; A equals 50H
NOT EQUAL:

; A not equal to 50H

43l gls: "Return Push Clear Rotate Compare No-op AND" (RPCRNA)

yed 5(4) [3 2Le]
Higsis2ldrl [dldy gis Guaialid] 242il ci-idi.
SdIGH:

vigsis-2lar [Alde gisiMi Aiva applications Hi use &1 ©:

&isl Applications

Consumer Electronics TV remotes, washing machines, microwaves

Automotive Engine control, ABS, airbag systems

Industrial Process control, robotics, automation

Medical Pacemakers, blood glucose meters, ventilators

Communication Mobile phones, modems, routers

Home Automation Smart thermostats, security systems, lighting
Hw SIRJAEL

o gl [SHd 214 compact size
* il power consumption
e Real-time operation

e Sensors ¥4 actuators 12 A interfacing

442l 2ls: "Consumer Automotive Industrial Medical Communication Home" (CAIMCH)
ved 5(c1) [4 31el]

8051 HIgsisIdR 12 RUR Hiz? Y225 52U V4 $54i Auwdl.
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FUdIGL:
Stepper motor interfacing 412 current requirements 4 si2@l driver circuit %321 ©:

Interface Circuit:

8051 ULN2003 Stepper Motor
P1.0 -———+---> Inputl ----—- > Coil A
Pl.l -——=+---> Input2 ----- > Coil B
Pl.2 —-———+---> Input3 —----- > Coil C
P1.3 -——--+---> Input4 ----- > Coil D
I
GND

Control Sequence (Half-Step):

Step P1.3 P1.2 P1.1 P1.0
1 0 0 0 1
2 0 0 1 1
3 0 0 1 0
4 0 1 1 0
5 0 1 0 0
6 1 1 0 0
7 1 0 0 0
8 1 0 0 1

Driver Circuit:

e ULN2003: Darlington driver IC current amplification provide s2 &
 Protection diodes: Back EMF aiiM protect 2 ©

e Common ground: 8051 44 motor supply 42

43l gls: "Step Sequence Driver Protection” (SSDP)

yed 5(s) [7 djel]
8051 HIgsisgIdRA1 Ui2 2.0 21l 2.3 U2 IR LED 225 52 i dd AIg-cigl s_al HI2

¥dIGi:

Interface Circuit:

No. 20/ 24
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Al

Binary
01H
03H
02H
06H
04H
0CH
08H

09H

vidwid] YiAH dvil.
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8051 Pin Resistor LED

P2.0 ————- > 330Q —-———- > LEDl -—---- > GND
P20l oo > 330Q ————- > LED2 —-———-— > GND
BD08 oo > 330Q —-——- > LED3 -———- > GND
P2.3 ————- > 330Q ----- > LED4 -—---- > GND

Assembly Program:

ORG 0000H ; Start address

MAIN:

MOV P2,#0FH
CALL DELAY
MOV P2,#00H

Gi¢l LEDs ON S2i (P2.0-P2.3)
Delay subroutine call SR
6i¢ll LEDS OFF S

CALL DELAY ; Delay subroutine call SR

SJMP MAIN ; Flashing repeat S
DELAY:

MOV RO,#255 ; Outer loop counter
LOOP1:

MOV R1,#255 ; Inner loop counter
LOOP2:

DJNZ R1,LOOP2 ; Zero dél ¢i) di decrement ¥4 jump
DJNZ RO,LOOP1 ;

RET ;

Outer counter decrement Sﬁ
Delay yiell return S?

END ; Program 4l id

Circuit Components:

e Current limiting resistors: LED current limit 5241 412 330Q
e LEDs: Active HIGH configuration i connected

e Common ground: 6i¢ll LED cathodes ground a2l connected
Program Operation:

1. LEDs ON s2I: P2.0-P2.3 high set s2l
2. Delay: Visible flash duration 12 wait s
3. LEDs OFF s2l: P2.0-P2.3 clear s?i

4. Repeat: Continuous flashing loop

"u2l gls: "Resistor LED Ground Program" (RLGP)

yed 5(1) OR [3 dje]
8051 HIgsISIdR 12 Yol Glad <1y i LED  g-225(R21 €iRl.

¥dIGL:
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Interface Circuit:

+5V
|
— 10k@ —— P1.0 (Input)
| |
Switch |
| GND
GND
Pl.1 —— 330Q LED GND
(Output)

Circuit geid:
e Push Button: Pull-up resistor 12l P1.0 a1 connected
e Pull-up Resistor: Switch open ¢i 12 logic HIGH ensure s2di Hi2 10KQ
e LED: Current limiting resistor gi21 P1.1 212l connected

e Current Limiting: LED A protect s2di 412 330Q resistor
Operation:

e Switch Open: P1.0 =1 (HIGH)
e Switch Pressed: P1.0 =0 (LOW)
e LED Control: P1.1 pin g2l

43l gls: "Pull-up Switch LED Current-limit" (PSLC)

yad 5(ci) OR [4 d)el]
8051 HIgsisgidR 12 d gr225 s2 i gsHi AU,

¥dIGL:

Interface Circuit:

8051 Transistor Relay Load
P1.0 —— 1KQ —1—— BC547 ———— Relay Coil +12V
| I (NPN) I |
GND Base Collector NO/NC
| | |
Emitter ———  GND Load Device

Flyback Diode
(1N4007)

Components:

e Transistor BC547: Relay coil Hi2 switching element
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e Base Resistor; Base current limit s2d1 412 1KQ
e Flyback Diode: Back EMF 4 protect s2d1 Hi2 1N4007

e Relay: NO/NC contacts 212 12V DC relay
Operation:

1. P1.0 u2 Logic HIGH — Transistor ON — Relay energized
2. P1.0 U2 Logic LOW — Transistor OFF — Relay de-energized

3. Relay contacts load circuit 4 switch s2 &
Protection:

e Flyback diode relay coil 41 back EMF 2l damage prevent s2 &

® Base resistor gl Current limiting

43l gls: "Transistor Resistor Diode Relay" (TRDR)

yed 5(s) OR [7 3yei]
8051 HIgSIS2IdR A2 7 JdH2 LED g225 521 Vi 0 2 s2d1 412 Jiiid] Wi2a1M dui.

¥AdIGi:

Interface Circuit:

8051 Connections:

P1.0 330Q a segment
Pl.1 —— 330Q —— b segment
Pl1.2 —— 330Q —— c segment
P1.3 —— 330Q —— d segment
Pl.4 —— 330Q —— e segment
P1.5 —— 330Q —— f segment
Pl.6 —— 330Q —— g segment
Pl.7 —— 330Q —— dp (decimal point)

Common Cathode: Gi8ll cathodes GND I2

7-Segment Code Table:
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Digit Display gfedcba Hex Code
0 Display 0 0111111 3FH
1 Display 1 0000110 06H
2 Display 2 1011011 5BH

'0' Display s2di 412 Assembly Program:

ORG 0000H ; Start address
MAIN:
MOV P1,#3FH ; 7-segment U2 '0' display SR
; a,b,c,d,e,f ON, g OFF
SJMP MAIN ; Display S2dl 2l
END ; Program 4l Ad

'0' 412 Segment Pattern:
e Segments ON: a, b, ¢, d, e, f (bits 0-5=1)
e Segment OFF: g (bit 6 =0)
e Binary: 00111111 = 3FH

Circuit [deivdiui:

e Common Cathode: ¢i¢ll segment cathodes ground el connected
e Current Limiting: €2s segment 412 330Q resistors

¢ Active HIGH: Logic 1 segment ON s2 &

< Patterns:

; VY digits display S2dl MI2:
MOV P1,#06H ; 'l' Display S?dl M2
MOV P1,#5BH ; '2' Display S?dl MI2

Hu2l gls: "Seven Segments Common Cathode Current-limit" (SSCCC)
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