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8051 Basic Component

4K bytes internal RO

* 128 bytes internal RAM 2
» Four 8-bit |/O ports (PO - P3). E
« Two 16-bit timers/counters :
. u . -
» One serial interface s

CPU | RAM| ROM
< Assingle chip

Serial .
VO 1 fimer| cOM Microcontroller
Port P
ort
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8051 Block Diagram

External Interrupts

[ |

Interrupt 4k 128 bytes Timer 1
Control ROM RAM Timer 2
AN AN VAN
CPU <
N/ N A4
OSC AR 4 1/0 Ports Serial
Control

W 11 TITT

Addr/Data

||

PO P2 P1 TXD RXD
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Other 8051 Features

« only 1 On chip oscillator (external crystal)

* 6 interrupt sources (2 external , 3 internal, Reset)

» 64K external code (program) memory ( ) PSEN
* 64K external data memory ( ) by
RD,WR

« Code memory is selectable by EA (internal or external)

* We may have External memory as data and code

Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software

Embedded System

* What is Embedded System?

— An embedded system is closely
integrated with the main system

— It may not interact directly with the Embedded
environment System

— For example — A microcomputer in
a car ignition control

% An embedded product uses a microprocessor or
microcontroller to do one task only

% There is only one application software that is typically
burned into ROM
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Examples of Embedded Systems

» Keyboard

* Printer

» video game player
« MP3 music players

 Embedded memories to keep configuration
information

* Mobile phone units
 Domestic (home) appliances
« Data switches

« Automotive controls
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Three criteria in Choosing a
Microcontroller

* meeting the computing needs of the task
efficiently and cost effectively

— speed, the amount of ROM and RAM, the number
of 1/0 ports and timers, size, packaging, power
consumption

— easy to upgrade
— cost per unit

« availability of software development tools
— assemblers, debuggers, C compilers, emulator,
simulator, technical support
« wide availability and reliable sources of the
microcontrollers
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Comparison of the 8051 Family Members

« ROM type

— 8031 no ROM

— 80xx mask ROM

— 87xx EPROM

— 89xx Flash EEPROM
* 89xx

— 8951

— 8952

— 8953

— 8955

— 898252

— 891051

— 892051

« Example (AT89C51,AT89LP51,AT89LV51,AT89S51)
— AT= ATMEL(Manufacture)

— C =CMOS technology - LP=Low Power (9 times)
— LV=Low Voltage(2.7V) - S = In-System Programmable

Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software

Comparison of the 8051 Family Members

89XX ROM RAM Timer Int 1O pin Other
Source

8951 4k 128 2 6 32 -
8952 8k 256 3 8 32 -
8953 12k 256 3 9 32 WD
8955 20k 256 3 8 32 WD
898252 8k 256 3 9 32 ISP
891051 1k 64 1 3 16 AC
892051 2k 128 2 6 16 AC

WD: Watch Dog Timer /

AC: Analog Comparator
ISP: In System Programable

Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software
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8051 P1.0 11 40 [ Vce
P1.1 []2 39 [ P0.0(ADO)
DIP40 P1.2 13 38 [] P0.1(AD1)
P1.3 14 37 [ P0.2(AD2)
. P1.4 [15 36 [] P0.3(AD3)
Pln OUt P1.5 16 35 [1 P0.4(AD4)
P1.6 (17 34 [ P0.5(AD5)
P1.7 (18 8051 33 [ P0.6(AD6)
RST (19 32 [ P0.7(AD7)
(RXD)P3.0 J10 (8031) 31 [ EAwvep
(TXD)P3.1 Q11 (8751) 30 [] ALE/PROG
(INTO)P3.2 [J12 29 1 PSEN
(INTT)P3.3 []13 (8951) 28 [ P2.7(A15)
(TO)P3.4 []14 27 [ P2.6(A14)
(T1)P3.5 [J15 26 [1 P2.5(A13)
(WR)P3.6 [J16 25 [1 P2.4(A12)
(RD)P3.7 17 24 [ P2.3(A11)
XTAL2 []18 23 [ P2.2(A10)
XTAL1 319 22 [ P2.1(A9)
GND [J20 21 [ P2.0(A8)
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IMPORTANT PINS (I/O Ports)

* One of the most useful features of the 8051 is that it
contains four 1/O ports (PO - P3)

Port 0 (pins 32-39) : PO ( )
— 8-bit R/W - General Purpose I/0O

— Or acts as a multiplexed low byte address and data bus for external
memory design

Port 1 (pins 1-8) - P1 ( )
— Only 8-bit R/W - General Purpose 1/O

Port 2 (pins 21-28) : P2 ( )
— 8-bit R/W - General Purpose I/0
— Or high byte of the address bus for external memory design

Port 3 (pins 10-17) : P3 ( )
— General Purpose 1/0O
— if not using any of the internal peripherals (timers) or external interrupts.

 Each port can be used as input or output (bi-direction)

Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software
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Port 3 Alternate Functions

Port Pin Alternate Function

P3.0 RXD (serial input port)

F3.1 TXD (serial output port)

P3.2 | INTO (external interrupt 0)

P3.3 | INT1 (external interrupt 1)

P3.4 TO (Timer 0 external input)

P3.5 T1 (Timer 1 external input)

P3.6 | WR (external data memory write strobe)
P3.7 | RD (external data memory read strobe)

Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software
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IMPORTANT PINS

PSEN (out): Program Store ENable, the read
signal for external program memory (active low).

ALE (out): Address Latch Enable, to latch
address outputs at PortO and Port2

EA (in): External Access Enable, active low to
access external program memory locations 0 to
4K

RXD,TXD: UART pins for serial I/O on Port 3

XTAL1 & XTAL2: Crystal connection pins for
internal oscillator.

Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software 15

Machine cycle

Find the machine cycle for:
 (a) XTAL =11.0592 MHz
« (b) XTAL =12 MHz.
 (c) XTAL =16 MHz.

Solution:
 (a)11.0592 MHz / 12 = 921.6 kHz;
. machine cycle = 1/921.6 kHz = 1.085 us

(b) 12 MHz / 12 = 1 MHz;
machine cycle=1/1MHz =1 us
(b) 16 MHz / 12 = 1.333 MHz;
machine cycle =1/1.333 MHz = 0.75 us
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Read timing for external code memory

- One machine cycle -
51 52 53 54 55 b Sl
et ez len | ex | e le2leelmle]e]e]m | e
ALE

1
— 1 i
i : I ;
—— 1 !

]
Poe 2 X PCH (Program cosinter high byte) X PCH
T 1

oo ——( >_<F-;..} {Eh;m .ﬂ
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RESET Value of Some 8051 Registers:

Register Reset Value
PC 0000
ACC 0000
B 0000
PSW 0000
SP 0007
DPTR 0000

RAM are all zero
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Address Multiplexing
for External Memory

|<k Memory cycle —D-I
AD-ALS X Address X

DO-D7 X Data X

{a) Monmultiplened (24 pins)

|-— Memory oycle —>|
X Adddness X

ADG=-ADT X Address X Crara p 4

ik Multiplexed {16 pins

Multiplexing the address (low-byte) and data bus

AR-ALS

Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software 19

Address Multiplexing
for External Memory

Pt O < > DO-137
HOS EPROM

TAMCATA
(EF.Y
e Q AD-AT
AL ik

Powt 2 > AB-ALS

PEEM -~ :J O

Accessing external code memory

Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software 20




MCS-51 Memory Structure

PROGRAM MEMORY DATA MEMORY
{READ ONLY) {READ,/ WRITE)
...................................................
FFFFH: FFFFH:
< ~
S .
EXTERNAL =]

EXTERNAL

/I
A

e e T L e |
LR R R R e e B R A L L R PR R L R RN

(A R I E E R R R L R L L R R A P PR R PR P PP R R R P Y

L R R R i R T |

INTERMAL
FFH:.' """
L}
=0 EA=1 :
EXTERNAL INTERNAL .
} g— 0000 oo 0000 ﬁ
PSEN RD WR
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On-Chip Memory
il Upper 128 EAM Special Function
(Indirect Addressing Register's
Ox20 Only) (Direct Addressing Only)
Ox7F N
{Cirect and Indirect
Addressing) Lower 128 RAM
Ox30 > (Lurect and Indirect
Ox2F
x, St Adoressabre Addressing)
Ox20
Ox1F senaral FUurpose
0x00 Hegisiers .
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Registers

1F
Bank 3 ¢ Register Banks
18 Each bank has RO-R7
Selectable by PSW bit 2,3
Bank 2
oF
L Lippes 124 KAk teenal bunotion
indrsct -’-ﬂ:‘:lﬂ'.l-'\g e ”b]:;':f" e
Bankl LT;E Linty {Eerect Addieseing Uinly)
{Lhrect anad eairesi
Addiessng) Lioavir 126 RAM
; . 2 B
06 R6 tein i 30T e A TSI}
05 RS Nkl sE Tl R P T
04 R4 i
03 R3
02 R2
01 R1
00 RO
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Bit Addressable Memory
2F | 7F 78 Byte addressing: 20h — 2Fh
2E (16 X 8-bits = 128 bits)
2D
2C Bit addressing:
2B mov C, 1Ah
2A
29 or
28 mov C, 23h.2
27
26 L Lippes 124 KAk teenal bunotion
25 _— " "H:‘LI':;‘;--"H'H!:I fLhrmet aﬁ'im:g Orix)
24 D47F
{Lhrect anad eairesi
23 1A Adiessng Liower 126 Al
a] [[rmct ared Inegirec]
22 10 i O AJDFg a ]|
21 | OF 08 X k ﬂ;‘:.;:‘::’"n
20 107 {06 |05 |04 (03 |02 |01 |00 .

Dr.Tuncay UZUN
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Special Function Registers

LIDATA registers

LJCONTROL registers
“*Timers
“»Serial ports
“*Interrupt system
“*Analog to Digital converter
<Digital to Analog converter
“Etc.

R Lippes 124 el Spans Fuanchon
> Addressing Hegmiers

o Oniy) {Lurmct Adrdrmasing Ori
DeTF

HEL LeRE ol o] pon]

Addies g Lo AT
i) (Dt § e
Tk Aty
Lil's

ian AI0 g3l
Mehk PRI
el krgaan

Addresses 80h — FFh
Direct Addressing used
to access SFRs
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Bit Addressable RAM

RAaM

Hyte

adilress Hit address

27 AF|AEPD|AC 3B [3A[ 39 38
2 |37|36)35134)33[32(31 |30
25 |2F[2E[2D|2C|2B|2A[29| 28
2 2T MGRA5 242322 (21|20
23 IFHII-EIE}IiIFH:I]H. 19 IR
22 NITIG IS A0 0
21 T | CHES OIS N (N A | O |
200 |0 [0 05 |08 08 |02 [l |0

Bit-addressable locanons

IF
Rank %
IH
17
Bank 2
| (i
H-
A Bank 1
[}1.3
L) Defaull regisier
i) bank for RO=-R7

Bit-ackiressahle locations

B [77]me]75] 4

I |6F|6E |6DHC 6E A | 69 | 63

w6665 |64 [63]62 |61 |60
1 28 |5F|SE[SD{SC|5B[5A]59 |58

A |5T|56]55 )54 52|52 ]50 )50

L] AF4EMDMCKAB A |49 |48

Byte
adidress Bit address
TF
Cieneral
parpose
RAM
k||

aF TEITEITD|TCITRITAI TG 78
THIT2(70 70

2K A7 |46 (45 |44 [43 42 140 |40

Summary of the 8051 on-chip data memory (RAM)
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Hyte
midclress

Bit address

98 |9F|9E[D[aCiuBloA 99|98

90 |97]96[9s|94|93[9z]o1]s0

ah not bit addressable
aC noil bit addressable
1] not bil addressable
o nat bl addressable
B9 not kit addressable
N T T T S T R T
L nol bit addressable
K3 st bl nckiressable
K2 il bl acklressable
Bi not bil acdressable

80 [87[86]8s 84]83 82 ]81 80

Byie
adidress

SCOM FF

Fi
Pl

El
THI
THO D
TLI
TLO BH
TMOD
TOOM By
PCON

Al
DPH
Pl ALl
5P
PO 99

B address

F7|Fs|Fs|F4[F3|R2[F1 RO

E7|Es|ES|E4]|E3|E2|EI [ED

D7|D6[DS[D4[D3|D2] - |Do

- | - | - [pclpBlBalBoBS

B7|B6(B5|B4[B3[B2(B1 (B0

AF| - | - |AClABAAIAY[AS

AT|as[as|ad|a3|a2]at]an

ni bit nuddressable

Bit Addressable RAM (cont.)

SBUF

Summary of the 8051 on-chip data memory (SFR)

Dr.Tuncay UZUN
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SFR MEMORY MAP

BE8822888L88B8R3J

8 Bytes

PSW

T2CON

RCAPZH

IP

Pa

IE

P2

SCON

S8UF

==

TCON

TL1

PO

DPL

PCON

T
Bit
Addressable

Figure 5

THRERIFTSRUKESRTISRIS

Dr.Tuncay UZUN
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MCS-51 Family uC
Software

Dr.Tuncay UZUN
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MCS-51 Programming Model

AT IS

.
SRR —h
AEGETER

e B ; | CPU Registers
|T§mr| n—ég'm OA  (8-bit Accumulator)

B (8-bit B register)

UPSW (8-bit Program Status Word)
USP  (16-bit Stack Pointer)

UPC  (16-bit Program Counter)

DATA BT { | UDPTR (16-bit Data Pointer)
SA_AOAEEG
e T | OxFF Upper 128 RAM Special Function
oy o PN O {Indirect Addressing Register's
HTENFLCE —”'_;':FI OxB0O Cnly) {Cirect Addressing Only)
| Ox7F
. PR {Direct and Indirect
## b [T R
= BT | Addressing) Lower 128 RAM
z 3 M 8 PR 0x30 (Direct and Indirect
E— 3 mirewrece : - = ;
(= _._._'uu_a.m_c,-.h | gii; it Adoressanie Addressing)
I ArEledl =iy 0x00 REQISEéEE'
HTERRLET I
| ﬂ:‘z’“‘ wrmerece | G AT .
Pos | mmre fal ' | Used in assembler
e oy
| instructions
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R0O-R7 RAM Registers

IF
Bank 3 :
Four Register Banks
18 Each bank has R0O-R7
Selectable by PSW bit 2,3
Bank 2
10
OF
L Lippes 124 KAk teenal bunotion
iindimct Addeseing Hegmiar's
’ D) Chrmct Adus Uniy)
Bank 1 e i Il
{Lhrect anad eairesi
Addiessng) Loawer 126 FALAM
08 C_l.-:!u [Drmct ard Insfirec
82 Eg IEIE:: i AT sl bl
05 RS Nxhk L BT e
04 R4 b
03 R3
02 R2
01 R1
00 RO
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PSW: PROGRAM STATUS WORD. BIT ADDRESSABLE.

cY AC FO RAS1 RS0 ov - P
cY PSW.7  Carry Flag.
AC PEW.6  Auxiliary Carry Flag,
FO PSW.5  Flag 0 available to the user for peneral purpose.
RS1 PF5W.4  Fegister Bank selector bit 1 (SEE NOTE 1).
RS0 P5W.3  FRegister Bank selector bit 0 (SEE NOTE 1)
ov P5W.2  Overflow Flag,
- PSW.l  User definable flag.
P PSW.0  Parity flag. Set/cleared by hardware each instruction cycle to indicate an odd,//even number of
*1" bits in the accumulator.
NOTE:
1. The value presented by RS0 and RS1 selects the comesponding register bank.
RS1 RSO0 Register Bank Address
0 0 0 00H-07H
0 1 1 08H-0FH
1 0 2 10H-17H
1 1 3 18H-1FH
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MCS-51 Assembly Language

MCS-51 Instruction Structure
MOV destination,source ; dest. € source

6802 uP 8051 uC
LDAA #40H MOV  A#40H
LDAA 40H MOV A40H
STAA 41H MOV 40H,A
LDAA 0,X MOVC A,@A+DPTR
BCS L1 JC L1
JSR 1200H LCALL 1200H
CLC CLR C
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Addressing Modes

Immediate Mode — specify data by its value

MOV A, #0 ;put 0 in the accumulator
;A = 00000000

MOV R4, #11h ;put 1lhex in the R4 register
;R4 = 00010001

MOV B, #11 ;put 11 decimal in b register
;B = 00001011

MOV DPTR, #7521h ;put 7521 hex in DPTR
;DPTR = 0111010100100001
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Addressing Modes

Register Addressing — either source or destination

is one of CPU register

MOV RO,A

MOV A,R7

ADD A,R4

ADD A,R7

MOV DPTR, #25F5H

MOV R5,DPL

MOV R7,DPH
Note: that MOV R4,R7 is incorrect
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Addressing Modes
Direct Mode — specify data by its 8-bit address
usually for 30h-7Fh of RAM
MOV A,70h ;copy contents of RAM at 70h to a
MOV RO,40h ;copy contents of RAM at 70h to a

MOV 56h,A ;put contents of a at 56h to a
MOV ODOh,A ;put contents of a into PSW

DATA MEMORY (RAM)
INTERMAL DATA ADDRESS SPACE

OxFF Upper 128 RAM Special Function
tIndirect Addressing Regisier's
0xA0 Only) {Direct Addressing Oniy)
OxTF ™
{Direct and Indirect
Addressing) Lower 128 RAM
0x30 > {Direct and Indirect
D2k i
X B Adker s Addressing)
0x20
o1k Zeneral Furnose
Ox00 Regisiers /
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Addressing Modes

Register Indirect — the address of the source or
destination is specified in registers

Uses registers RO or R1 for 8-bit address:

MOV PSW,#0 ; use register bank 0
MOV RO, #3Ch
MOV @RO,#3 ; memory at 3C gets #3

; M[3C] € 3
Uses DPTR register for 16-bit addresses:

MOV DPTR, #9000h ; DPTR €& 9000h
MOVX A,@DPTR ; A € M[9000]

Note that 9000h is an address in external memory

Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software 37

Use Register Indirect to access upper
RAM block (+8052)

DATA MEMORY (RAM)
INTERNAL DATA ADDRESS SPACE

OxF pper 128 Rakd Special Function

(Indirect Addressing Fegisiar's
0=A0 onlyl (Dhirect Addressing Cniy)
OxTF ™

(Direct and Indirect

Addressing) Lower 128 RAM

0x30 > {Direct and Indirect
Ox2F et Addressing)
0x=20
Ox1F Seneral Furpose
0x00 Aegisiers Y,

Dr.Tuncay UZUN
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Addressing Modes

Register Indexed Mode — source or destination
address is the sum of the base address and the
accumulator (Index)

« Base address can be DPTR or PC

MOV DPTR, #4000h
MOV A, #5
MOV A,QA+DPTR ;a € M[4005]

Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software 39

Addressing Modes

Register Indexed Mode continue
Base address can be DPTR or PC

ORG 1000h
1000 MOV A, #5
1002 MOVC A,QA+PC  ;a €< M[1008]
1003 NOP

PC —

 Table Lookup
«  MOVC only can read internal code memory
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MCS-51 Instruction Set

Arithmetic Operation Instructions

Logic Operation Instructions

Data Transfer Instructions

Boolean Variable Manipulation Instructions
Program Branching Instructions

Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software 41

Data Transfer Instructions

« MOV dest , source - dest € source
» Stack instructions
PUSH byte ;ilncrement stack pointer,

;ymove byte on stack

POP Dbyte ;ymove from stack to byte,
;decrement stack pointer

« Exchange instructions

XCH a,byte ;exchange accumulator and byte

XCHD a,byte ;exchange low nibbles of
;accumulator and byte
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Acc Register

* A register can be accessed by direct and register
mode

* This 3 instruction has same function with different
code

0703 E500 mov a,00h
0705 8500EO0 mov acc,00h
0708 8500E0 mov OeOh,O00Oh
e Also this 3 instruction
070B E9 mov a,rl
070C 89EO0 mov acc,rl
070E 89EO0 mov 0OeOh,rl
Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software 43
SFRs Address
- B — always direct mode - except in MUL & DIV
0703 8500F0 mov b,00h
0706 8500FO0 mov 0£0h,00h
0709 8CFO mov b, r4
070B 8CFO mov O0fOh,r4
« PO~P3 — are direct address
0704 F580 mov p0,a
0706 F580 mov 80h,a
0708 859080 mov pO0,pl

» Also other SFRs (pcon, tmod, psw,....)

Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software
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8051 Instruction Format

* immediate addressing

Op code Immediate data

add a,#3dh ‘machine code=243d

 Direct addressing

Op code Direct address
mov r3,0E8h '‘machine code=ABES8
Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software 45

8051 Instruction Format

* Register addressing

Op code [n|n|n

070D ES8 mov a,r0 ;E8 = 1110 1000
070E E9 mov a,rl ;E9 = 1110 1001
070F EA mov a,r2 ;EA = 1110 1010
0710 ED mov a,r5 ;ED = 1110 1101
0711 EF mov a,r7 ;Ef = 1110 1111
0712 2F add a,r7
0713 F8 mov r0,a
0714 F9 mov rl,a
0715 FA mov r2,a
0716 FD mov r5,a
0717 FD mov r5,a

Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software
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8051 Instruction Format

* Register indirect addressing

Op code |i
mov a, @RI i=0or1
070D E7 mov a,(@rl
070D 93 movc a,@a+dptr
O70E 83 movc a,@a+pc
070F EO movx a,(@dptr
0710 FO movx (@dptr,a
0711 F2 movx @r0,a
0712 E3 movx a,(@rl
Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software 47

8051 Instruction Format

 relative addressing

Op code

Relative address

here: SJMP here

Range

= (-128 ~ 127)

« Absolute addressing

;machine code=80FE (FE=-2)

A10-
"> | Op code A7-A0 ,O7FER_

0700 E106 2 ajmp next ;next=706h

0702 00 3 nop

0703 00 4 nop

0704 00 5 nop

0705 00 6 nop
7 next:
8 end
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8051 Instruction Format

* Long distance address
Op code A15-A8 A7-A0

Range = (0000h ~ FFFFh)

0700 1 org 0700h
0700 020707 2 ljmp next ;next=0707h
0703 00 3 nop
0704 00 4 nop
0705 00 5 nop
0706 00 6 nop
7 next:
8 end
Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software 49

Stack & Stack Pointer (SP)

Pop
push
stack pointer
.
stack
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Stack

*Stack-oriented data transfer
—Only one operand (direct addressing)
—SP is other operand — register indirect - implied

Direct addressing mode must be used in PUSH
and POP

MOV SP,#40h ;Initialize SP

PUSH 55h ;SP€SP+1,M[SP] €M[55h]
;M[41h] €M[55h]
POP B ; BEM[55h]

Note: can only specify RAM or SFRs (direct mode) to
push or pop. Therefore, to push/pop the accumulator,
must use acc, not a
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Multiply

When multiplying two 8-bit numbers, the size of
the maximum product is 16-bits

FF x FF = FEO1
(255 x 255 = 65025)

MUL AB ; BA ¢« A * B

Note : B gets the High byte
A gets the Low byte
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Division

* Integer Division
DIV AB ; divide A by B

A €< Quotient (A/B)
B €& Remainder (A/B)

OV - used to indicate a divide by zero condition.
C — set to zero
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Decimal Adjust Accum. for Add.
DA A ; decimal adjust a

Used to facilitate BCD addition.
Adds “6” to either high or low nibble after an addition
to create a valid BCD number.

Example:
mov a,#23h
mov b, #29h
add a,b ; a € 23h + 29h = 4Ch (wanted 52)
DA a ; a € a+ 6 =52
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Rotate

* Rotate instructions operate only on a

RL .
@ [TTTTTTT]
Mov a,#0xF0 ; a<¢ 11110000
RR a ; a€< 11100001
RR a HENEEEEN
Mov a,#0xF0 ; a¢« 11110000
RR a ; a< 01111000
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Rotate through Carry
RRC a -
[TTTTTTTH]
1
mov a, #O0A9h ; a € A9
add a, #14h ; a € BD (10111101), C<€0
rrc a ; a € 01011110, c<€1
RLC a . C
[TTTTTT T ]
v
mov a, #3ch ; a € 3ch(00111100)
setb ¢ ; ¢ €1
rlc a ; a € 01111001, c<€1
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SWAP a
(T[T
mov a,#2Ah ; a € 2Ah
swap a ; a €A2h
Dr.Tuncay UZUN 19. MCS-51 Family uC Hardware and Software 57

Conditional Jump

» These instructions cause a jump to occur only if a
condition is true. Otherwise, program execution
continues with the next instruction.

loop: mov a, Pl

jz loop ; if a=0, goto loop,
; else goto next instruction

mov b, a

* There is no zero flag (z)
 Content of A checked for zero on time
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Conditional jumps

Mnemonic Description

JZ <rel addr> Jump if a = 0

JNZ <rel addr> Jump 1f a !'= 0

JC <rel addr> Jump if C = 1

JNC <rel addr> Jump if C !=1

JB <bit>,<rel addr> Jump if bit = 1

JNB <bit>,<rel addr> Jump if bit !=1

JBC <bir>,<rel addr> Jump i1if bit =1,
&clear bit

CJINE A,direct,<rel addr>|Compare A and
memory, Jjump 1f not
equal
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Example: Conditional Jumps

if (a = 0) is true
send a 0 to LED
else
send a 1 to LED

jz led off

Setb P1.6

sjmp skipover
led off: clr P1.6

mov A, PO
skipover:
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Iterative Loops

ForA=0to4 do ForA=4to0do
(.} ()

mov RO, #4
clr a
loop:
loop:
djnz RO, loop
inc a
cjne a,#4,loop
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Call and Return

« Call is similar to a jump, but
— Call pushes PC on stack before branching

acall <address 11> ; stack € PC
; PC € address 11 bit

lcall <address 16> ; stack € PC
; PC € address 16 bit

*Return is also similar to a jump, but

—Return instruction pops PC from stack to get address to
jump to

ret ; PC € stack
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Interrupt Vectors

Each interrupt has a specific place in code memory
where program execution (interrupt service routine)
begins.

External Interrupt 0 : 0003h

Timer 0 overflow : 000Bh Note: that there
External Interrupt 1 : 0013h are only 8 memory
Timer 1 overflow : 001Bh locations between
Serial : 0023h | vectors.

Timer 2 overflow(8052+) : 002bh
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Interrupt Vectors

To avoid overlapping Interrupt Service routines, it is
common to put JUMP instructions at the vector
address. This is similar to the reset vector.

org 009BH ; at EX'7 vector

1jmp EX7ISR

cseg at 0x100; at Main program
Main: . .. ; Main program

EX7ISR: ... ; Interrupt service routine
; Can go after main program
reti ; and subroutines.
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