PHBK Tp HCM-Khoa b-BT
BMDT

GVPT: H6 Trung My
Mon hoc: Vi Xtr Ly

CHUONG 3

HO VI BiEU KHIEN 8051

3.1 Gi&i thiéu
ho vi diéu khién 8051
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Cac kién truc vi diéu khién

Memory
Address Bus (3
®» Program
CPU | DataBus ,|*Data Von Neumann
on Architecture
Memory
Address Bus S
®» Program
CPU ¢ Fetch Bus Harvard
Address Bus 0 Architecture
Data Bus " | Data

Ho VDK 8051

« 8051 la vi diéu khién dau tién cta ho vi diéu khién
MCS51 duwoc Intel san xuat vao nam 1980. Ho MCS51
la ho 8-bit c6 kha nang dinh dia chi 64KB bd nho&
chwong trinh va 64KB bd nhé di liéu.

Bang 3.1 So sanh cdc vi diéu khién trong ho 8051.

Co Co Khéng c6 | ROM RAM Céc Céac mach UART
ROM | EPROM | ROM | (bytes) | (bytes) | céng /O | dinh thy/ Bo
trong trong trong 8 bit dém 16 bit
80C51 87C51 80C31 4K 128 4 2 [}
80C52 87C52 80C32 8K 256 4 3 c6

Chu y: — Loat 80C3X khong c6 ROM/EPROM trong chip.
— Loat 80C5X c6 tir 2KB dén 8KB ROM/EPROM trong chip.
— Loat 89XX ¢6 by nhé chuong trinh bén trong la “Flash EPROM”.
— Loat 80CX1 c6 128 byte RAM noi.
— Loat 80CX2 c¢6 256 byte RAM noi.
— Vé cong nghé ché tao: loat 8XXXX vdi cong nghé NMOS, loat
8XCXX vdi cong nghé CMOS.
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Comparison of MCS-51 ICs

Part On-Chip Code On-Chip Data Timers

Number Memory Memory

8051 |4K ROM 128 bytes 2
8031 |OK 128 bytes 2
8751 |[4K EPROM | 128 bytes 2
8052 [8K ROM 256 bytes 3
8032 |OK 256 bytes 3
8752 |8K EPROM | 256 bytes 3

3.2 Kién trac phan cirng 8051
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So do khoi 8051/8031

TI®

INTI
INTO
Timer 1
Time.r“ 0 ) ROM
l—Pon ndi tiép 0K - 8031
r vy 4 K - 8051
.x ) Cdc thanh ghi 128 byte Timer |
Picu khién ngit ) s
ic¢u khién ngd khite RAM D
CPLI <
" Diéu khién P
Tao dao ddng i Cic port IY'O Port ndi tiép
S
TFA _|
RST_ | v
— i M B P BT

| PSEN*— ALE

i
.||_|

Address/Data

TO

Cic chin chung vdi port P3.

8051/8031 40
Vee P07 | 32 AD7
30pF 19| XTALI P06 | 33 AD6
P05 | 34 ADS
12MHz P04 [ 35 AD4
18| XTAL2 P03 [ 36 AD3
30pF P02 [37 Ap2
L Po.1 [ 38 ADI
P00 [ 39 ADO
2 pr7 |2
PSEN PLG [
50 PLs |o
ALE pl4 |
3 P13 |
— 9E P12 |2
. PlL.1 13
RST PLO
17 28
vlj—g P37 P27 [ — i‘ii
m_is |26 P26 "6 A1z
0 14 | P33 P25 s AR
| P P24 O Al
INTO 12 1};:; g;; 23 AlO
TXD 11 2 A9
RXD 10 e el 21 A8
— 1ps3o Vs P20 |
Jﬁo
Hinh 3.2 So d6 chan 8051
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Y nghia céc chan trén MCU 8051

« Port0 (Cdéng0)
Port 0 1a mét port hai chirc nang trén cac chan 32-39. Trong céc thiét k'é c& nhod
(khong dung b nhé mé& rong) nd c6 chire nang nhu cac dwong I/0. Doi voi cac
thiét ké I&n v&i bd nhé mé rong, nd dwoc don kénh gitra bus dia chi va bus div
liu.

+ Port1(Céng1)
Port 1 1a cdng danh riéng cho nhap/xuét trén cac chan 1-8. Qéc chan dugc ky
hieu P1.0, P1.1,P1.2, ... c6 thé dung cho giao tiép véi cac thiét bi ngoai néu '
can. Port 1 khéng c6 chtre nang khac, vi vay ching chi dwgc dung cho giao tiép
v&i cac thiét bi ngoai.

« Port2(Céng2)
Port 2 1a mét cbng cong dung kép trén cac chan 21-28 dwoc dung nhu cac
dwdng xuat nhap hoac la byte cao clia bus dia chi doi véi cac thiét ké dung bd
nhé mé rong.

« Port3 (Cdng 3)
Port 3 ciing la mot cbng cong dung kép trén cac chan 10-17. Cac chan cta port
nay c6 nhiéu chirc néng, cac cdng dung chuyén dbi c6 lién hé véi cac déc tinh
dac biét ctia 8051/8031

Céc chirc nang chuyén déi & Port 3

Bit Tén Dia chi bit Chitc nang chuyén déi

P3.0 RXD BOH Dt liéu nhéan cho port ndi tiép.
P3.1 TXD B1H Dit liéu phit cho port néi tiép.
P3.2 INTO B2H Ngat 0 bén ngoai.

P3.3 INTI B3H Ngit 1 bén ngoai.

P34 TO B4H Ngo vao cha timer/counter 0.
P3.5 T1 B5H Ngbd vao cia timer/counter 1.
P3.6 WR B6H Xung ghi bd nhd dir liéu ngoai.
P3.7 RD B7 Xung doc bd nhd da liéu ngoai.
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ORCERAMIC [] FAMILY

RESONATOR
c2
]— XTAL1

p— VSS

XTAL2
C1
QUARTZ CRYSTAL MHS C51

Hinh 3.3 Dao dong trén chip (C1=C2= 30pF £ 10pF véi thach anh [crystal] va
C1=C2= 30pF * 10pF v6i bo cong hudng gom [ceramic resonator])

(NC) ——{ XTAL2

—— xTAL2 Ckli XTAL2
a

||W

XTAL1

Vss

XTAL1
E vss

|||~‘

XTAL1

Vss

a) 8051 loai NMOS ho#sc CMOS. b) chi cho loai NMOS. ¢) chi cho loai CMOS.

Hinh 3.4 Sit dung xung nhip tir bén ngoai.

Cau trac cong 1/0

e Kha nang laila 4 tai TTL loai LS (Low
Power Schottky) véi cac cdng P1, P2, va
P3; va 8 tai TTL loai LS véi cdng PO.

e Chuy la dién tré kéo Ién bén trong khdng
c6 trong Port 0 (ngoai tri luc lam viéc nhw
bus di¥ liéu / dia chi bén ngoai). Dién tr&
kéo I&én cé thé dwoc st dung véi PO tay
theo dac tinh vao cua thiét bi ma né lai.
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8051 internal buss

Vee

Read
latch

Read
pin

Int.Bus —e— p

Write to
Latch

— M

cL

v

Q
a f MUX

P0.X
Latch

Read :IJ

Pin
a. Port 0 Bit
ADDR/Data
Control Vi
Read e
Latch Internal
: Pullup*
MUX ‘
Int. Bus —e— p Q >\ - P2.X
P2X N Pin
Write to Lateh
M
Latch e a D"‘I r

Pin

Read :

v

c. Port 2 Bit

Internal * Port
pull-up pin
—|D Q C
Write
to latch >
Hinh 3.5 Mach tém tat cdc cong I/O.
] o e

Int. Bus

Writeto
Latch

Read
Pin
b. Port 1 Bit
Alternate
Oulpy(
Read Function Vee
Latch

Internal
Pullup*

Int. Bus 1p
P3.X
Latch

Writeto /|
Latch s Cl
RPei::‘d Alternate
Input
Function

d. Port 3 Bit

Hinh 3.6 Céc mach chét cong va cdc bo dém 1/O.
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A Pin of Port 1

Read latch
—‘ TB2 Vvee
e

~ J Load(L1)
Internal CPFU — ¢ [ D Q Pl.'x
bus P1.X pin
Writeto latch —<—— Ck Q 4{ M1
Readpin [ PO.x
8051 1C

Writing “1” to Output Pin P1.X

Read latch —‘ vee
M TB2

~
1. writea 1 to the pin .

Load(L1) 2. outputpinis
Vce

InternalCPU —¢ | D Q — Pll.X
bus P1.X pmn
= output 1

Writeto latch —<— Clk_Q Q M1 p

Read pin

8051 1C
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Read latch —‘
M TB2

Writing “0” to Output Pin P1.X

Vce

Load(L1) 2. outputpinis

_ _ N
1. write a 0 to the pin ground
InternallCPFU — ¢ 1 D Q 0 Pll.X
bus P1.X pin
— output 0
Write to latch Ck Q 14{ M1 P
Read pin
8051 1C
H (11 : 77 -
Reading “High” at Input Pin
Read latch Vee 2. MOV AP1
1 write a1to the pin MOV /I TB2 Load(L1) external pin=High
P1#0FFH AN J
Internal CPU bus D © ! ! P1.X pin
YT | Pux
Write to latch Clk Q_ ¢ M1
|
Read pin
3. Read pin=1 Read latch=0
Write to latch=1 6051 1C.
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Reading “Low” at Input Pin

Read latch
Vee 2.MOV AP1
. . /I TB2
1. write a1 to the pin < Load(L1) external pin=Low
MOV P1#0FFH
- 1 0 .
Internal CPU bus D Q P1.X pin
YT PLX
= 0

Write to latch Clk Q M1

J\J TB1
Read pin

3. Read pin=1 Read latch=0

Write to latch=1
8051 IC

Other Pins

» P1, P2, and P3 have internal pull-up resisters.
— P1, P2, and P3 are not open drain.

* PO has no internal pull-up resistors and does not
connects to Vcc inside the 8051.

— PO is open drain.
— Compare the figures of P1.X and P0.X. H

* However, for a programmer, it is the same to program
PO, P1, P2 and P3.

 All the ports upon RESET are configured as output.
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A Pin of Port O

Read latch —‘
TB2
e

S - J
Internal CPU — D Q PQ.X
bus P1.X pin
Write to latch ck Q ——— ML
Read pin X>P1.X
8051 1C

Port O with Pull-Up Resistors
DS5000

P0.0

PO.1

0.2

P0.3

P0.4

8951 oo
P0.6

PO.7

o 104
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Port 3 Alternate Functions

P3 Bit Function  Pin
P3.0 RxD 10
P3.1 TxD 11
P3.2 INTO 12
P3.3 INT1 13
P3.4 TO 14
P3.5 T1 15
P3.6 WR 16
P3.7 RD 17

&

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.

3
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Registers

A

B

RO

R1

R2

R3

R4

RS

R6

R7

DPTR ‘ DPH DPL ‘

PC ‘ PC ‘

Some 8051 16-bit Register

Some 8-bitt Registers of the 8051

Serial Port (UART)

Original 8051 had one serial port

Serial
Port

TX (transmit)

RX (receive)

Data sent and received serially
BAUD rate must agree between sender and receiver
Transmission modes selected using SFR
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Internal Timers

Original 8051 has 2 timers

16 bits 16 bits
| | | | | |
THO: TLO TH1: TL1
Timer O Timer 1

Timers increment on each system clock
Timer registers (THO, TLO, TH1, TL1) can be read or written to
Timer overflow can cause “interrupts” or set SFR bits high

Interrupt Control

mov a, #2
mov b, #16
mul ab

mov RO, a
mov R1, b
mov a, #12 ISR: orl PIMDIN, #40h
mov b, #20 <— orl PIMDOUT ,#40h
mul ab cpl P1.6

add a, RO & rgti

mov RO, a

mov a, R1

addc a, b

mov R1, a

end

interrupt

uonnodax3 weibolid
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Interrupt Control

Original 8051 has five sources of interrupts
* Timer 1 overflow
* Timer 2 overflow
* External Interrupt O
* External Interrupt 1
« Serial Port events (buffer full, buffee empty, etc)

Interrupts enabled and disabled using SFR

Chu ky Iénh, chu ky may va trang thai

Chu ky
lénh

N\

[ | | [ |

Hinh 3.7 Chia mét chu ki 1anh thanh ede chu ky mdy va cdc trang thdi. (Cde chu k¥
may Mi va tang thdi Si duge vé trong ... la nhiém v).

- One machine cycle >

S1 S2 S3 S4 S5 S6

PI‘P2 PI‘P2 PI’PZ PI‘PZ Pl’PZ Pl’PZ

M r i reririd
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FIGURE 2-5  Relationship between oscillator clock cycles, states, and the machine cycle

12MHz internal clock
6 machine cycles

- One machine cycle -

S1 S2 S3 S4 S5 S6

PI‘P2 P1|P2 P1|P2 P1|P2 P1|P2 P1|P2

Mooy

D6n kénh bus dia chi (byte thap) va bus di liéu

|<—— Memory cycle —’|
A0-A1S5 >< Address ><

24 lines
D0-D7 >< Data ><
(a) Nonmultiplexed (24 lines)
}1— Memory cycle A—Di
AB-Al5 >< Address ><
16 lines

ADO-AD7 >< Address >< Data ><

(b) Multiplexed (16 lines)
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sl
PI | P2

S2

P1|P2

ALE

P1

One machine cycle

S3

| 2

S4

PIIPZ

Y

S5 S6 Sl

PIIPZ P1|P2 PIIPZ

~ U ududyuyyt

1
1
'
—_— [
PSEN 1
1
1
1

Port 2 X PCH (Program counter high byte) X PCH

e —OD)

Hinh 3.8 Gian do dinh thi doc bd nh¢ chuong trinh bén ngoai.

l(—— One machine cycle —J

l€——— One machine cycle ———»

S1 | S2 | S3 S4 S5 S6 S S2 S3 S4 S5 56

ALE

1 1 1

1 1 1

T T T
PSEN ! ! !

1 I

1 1 [ —

1 [ 1

1 1 '

T T .
RD 1 1

1 1

1 1

1 1

[ 1

Port 2 x PCH Xﬁ DPH (data pointer high byte) 4)(

] T
1 I
1

--

1 1
1 1 1
External
Port 0 PCL Opcode DPL data in

Hinh 3.9 Pinh thi cho 1énh MOVX.
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CYCLE M1 M1 M2 M1
| o I R T T B I N B
STEP e Tl §2 - $3vle S b 852l S -+l S2 sl S-Sl 54 S5 51 e S2vle- 83l S4vle S5 ke S5 ST b S0 Sl S S5 ke e
[ I A [ N T I
1
L e st ey e a
I R Ry R il e e [ e o 0
z 1 [E R Y N [ R S N A T (T S
goMe i i L | |
" o [ o Lo
[ 1 | i T
=) I [ I B I R S S
= i I T L R T S S
g e T T T N — R N B S
ALY IO U N U O O OO 5 A 5O O O U O
s ; | | | | | i ] 1 DPL&Rr l | I | ] ] | | | I
3 = = e ' o |
g a0 ——{Po———{PoL ot ————{" T acc&mam [ pol ————{ Po|——— Po |
& I A A Pl
= PORT2 PeH | e [ eed | PeH | DPH & PORT DATA | PCH | poH | ped
“ T T T T T T T T T T T T T T T T T T T
5 T T Toasmele [ T 7 T T v [ T T T T T [T T T DATASTABLE
Y 1 3 I
e — SCE
g 1 L -
a:u PORT&CPU PORT OLD DATA S
il 4 b eV JATES
k=l I I I I 1 i I ' ‘ i i 1
® . . £ ! | 1 | 1 y - | !
S Instruction decoding ! ! 1 | | | Instruction decoding 1 ! !
a — i Co pairhai eI
3 } Instruction execution : }Instrupl\on execution . } | Instruction execution
PO pel 1 [Pl i L POl L R
" | — | — | | h | | — | — I
! 1 TM+ ! ! ! ITM+1 ! ! ITM+1 1 ! M+ ! i !
[ R o i Lo T LI R
I I I ! ! I I 1 1 I I I 1 I 1 ! !
A o ' Lo N
3 i | | ! ! ! ! External data memory instruction ! ! ! i i i
! Rort outputfinput | . . ! ! execﬂl{ﬂon ! ! ! Port outputfinput |
" Instruction exacufmn i | | | | | | | | I Instruction execution i
I I " ! I X ! I ! i I ! 1 " '
i i 1 ! ! I ¥ 1 1§ 1 1 I 1 1 I 1 ! !

Cau truc bdé nho 8051
PROGRAM MEMORY (B nhé chuong trinh)  DATA MEMORY (B§ nhdé dif lig¢u)
(READ ONLY) (READ/WRITE)
FFFFH FFFFH
EXTER}?}AL EXTERNAL]
(ngoai)
INTERNAL
FFH
§=0 a:l
EXTERNAL INTERNAL
(ngodi) |=0ooos] (trong) 00 0000
N Lt
PSEN RD  WR
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Tom tat bd nhé di liéu trén chip

Dia chi bia chi
Dia chi bit Dia chi bit
byte byte
7F FF
ro |Fr]rs[es[ra]rs]r2]Fi]ro| B
RAM da dung ro |e7]es]es[edes]e]erfeo] acc
oo [p7pe]ps[pdps]p] = Too] psw
30 BS |- [sclss]pa]so]ss|
2F |7F|7E|7D|7C|7B[7A)79 |78
2k 7717|754 ]73]72 [t [0 B0 [B7]B6Bs]s4]B3]B2]B1]B0] P3
2D |[6F|6E|6D|6C|6B)6A 69 [68
2¢ 6766 |65 |64 6362 [61 |60 As [ar] achs[uo]as]| 1€
28 [sF[se]sp|sclsa]sa 59 [5s
24 [57]56 55 [5+]s3]52]5: ][50 a0 |a7fas[asfad]as]az]arfao] p2
29 [4r[selunlacllualsfss
28 4746 [us [ [ fueJar [0 99 | khong duge dia chi hoa bir_| SBUF
27 [3refsosclzalsal30 s 98 |oF[oE[oploc]osoa]osos| scon
26 [37]36|35 |34 |33 [32 |31 |30
25 |2r|2e[aplac]enl2al2e 25 90 |97]96]os[o4]o3]o2]or 0] P
24 (27126125 |24 |23 )22 )21 |20
23 |IF|IE(ID|IC|IBlIA19]18 8D | khong duge dia chi hba bit TH1
22 17]i6]is|ea]i3]i2]er]10 8C | khing duge dia chi héa bir_| THO
21 |or|oElobloc|oBoAa)o9 (08 8B khong duge dia chi héa bit T
20 07|06 |05 |04 |03 |02 |07 oo 8A khong duge dia chi héa bit TLO0
IF 89 | khong duge dia chi héa bir_| TMOD
Bank 3
18 ss [se]sefsofscfss]sa]sofss| Tcon
17 87 khong duge dia chi héa bit PCON
Bank 2
10
oF 83 | khong dwoe dia chi héa bir | DPH
Bank 1 -
08 82 | khong duige dia chi héa bit_| DPL
07 Bank thanh ghi 0 81 | khong dieoe dia chi héa bir | SP
00 |_(mac dinh cho RO-R7) so [s7]se[ss[s¢]ssJs2]st]so] po
RAM CAC THANH GHI CHUC NANG DPAC BIET

BO nho div lieéu 8051

MOV MOVX

OFFF

INTERNAL

FF &
BYTES
SFRs EXTERNAL

DIRECT ADDRESSING

80
AND ———m

7F

DRIECT AND INDIRECT

ADDRESSING

00 0000
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Lower 128 Bytes of Internal RAM

7FH

Stack Pointer

00

2FH
Bank
Select Bit-Addressable Space
Bits in (Bit Addresses 0-7F)
Psw __ 20H
11 j 1FH
L 18H
10 J’ 17H
L 10H 4 Banks of
8 Registers
J’ OFH RO-R7
01
1 08H
J’ 07H Reset Value of

20H-2FH: 128 Bit-addressable bits occupying bit address 00H-7FH.

30H-7FH: General purpose RAM (can be accessed through direct or
indirect addressing)

Upper 128 Bytes of Internal RAM

FFH
No bit-addressable

spaces
Available as stack
space in devices
with 256 bytes RAM

Not implemented in 8051

80H

Available only in 8052. Can be accessed by indirect
addressing only (via @R0 or @R1). Can be used as stack
area by setting SP to FFH.
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FFH r= === ===~
' Chi co thé truy cap
' dugc bang cach dinh
128 byte cao: dja chi gian tiép
i
80H 1

Truy cdp dugc bang
dinh dia chi truc tiép

7FH .
Truy cdp dugc bang
dinh dia chi tryc tiép
128 byte thap va gian tiép

0

MOV A, 5FH
MOV A, FFH

Cac SFR

Vung nh¢& 8032/8052

FFH

80H

Ports,

Status and
Control Bits,
Timer,
Registers,
Stack Pointer,
Accumulator

MOV Ri, #9FH (i=0 or 1)

MOV A, @Ri

Tom tat thanh ghi PSW

Bit Ky hiéu Dia chi bit

Mo ta bit

PSW.7 CY D7H
PSW.6 AC D6H
PSW.5 Fo D5H
PSW.4 RS1 D4H
PSW.3 RSO D3H
PSW.2 ov D2H
PSW.1 - DiH
PSW.0 P DOH

Co nhd (Carry flag).

Co nh6 phu (Auxiliary carry flag).

Co 0.

Chon bang thanh ghi, bit 1.
Chon bang thanh ghi, bit 0.
00 = bank 0; dia chi 00H-07H
01 = bank 1; dia chi 08H-0FH
10 = bank 2; dia chi 10H-17H
11 = bank 3; dia chi 18H-1FH
Cé& bao tran (Overflow flag).

Du tri.

Co kiém tra chin (Even parity flag).

CuubDuongThanCong.com
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Tom tat thanh ghi PCON

Mo ta bit

Bit Ky hiéu

q SMOD  Bit tang gép 4o6i toc 4o baud; khi duoe dat lén 1 thi t6c &6 baud
duuc tang gap doi trong cdc ¢ché do cong ndi tiep 1, 2, hoac 3.

6 - Khong dugc dinh nghia.

5 - Khong duogc dinh nghia.

4 — Khong duge dinh nghia.

3 GF1 Cé& da dung (General Purpase Flag), hit 1.

2 GFO Co da dung, bit 0.

1 PD T4t ngudn (power down); duoc dat 1én 1 dé kich hoat ché do
tat ngudn; chi thoat khi bi xéa vé 0.

0 IDL ché& d6 nghi; ducge dit 1én 1 &€ kich hoat c¢hé d6 nghi; chi thodt

khi c6 ngit hoiit reset hé théng.

Truy cap bé nhé chwong trinh bén ngoai

Port 0

EA

8051

ALE

Port 2

N

<: V) DO-D7
\D Q \ AO-A7

I e

3 74HC373 EPLOM
G

I\
AB-A15

/

@) s a
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Dinh thi doc bé nh& chwong trinh I?én ngoai
(PCH byte cua PC va PCL la byte thap cua PC)

| Mot chu <y mady I|

S 52 | 53 ‘ S4 S5 SH

S1
OSC| Prfez e | e2 e 2 e ez fer e e 2| m | o2 |
ALE
PSEN | |

]
Port 2 ><1’(‘.H (Byte cao clia bo dém chuong tr'nh>< PCH i
1y D@D
PCL Ma lenk {peL { Byte 2
Nl bl R A\

~

Truy cap bé nhé& dir liéu bén ngoai

Data
£ § PO @
- RAM
EA |- vcC
8051
with
Internal Latchil
ROM ’
ALE - ’
ADDR
i »-
i -
P3 P2 \ j Lt
RD
A wr /1O \{\
‘ Bits A A
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51

ALE l_

52

‘(— M@t chu ki may II

53

54

50 S6 S1 S2 53 S4

B ]

Sh:

Gian do dinh thi cho 1énh MOVX

Mt chu ky may 4)’

56 |

beEN. |

£

L

RD

e

Port 2 ><

PCH

>< DPH (Byte cao cia con tré dif li¢u) ><

Port 0

i |
i i

Mach gidi ma dia chi caic EPROM 8KB va RAM 8KB vé&i hé 8051

Bus dia chi (AD-AT15)

Bus dii lie¢u (DO-D7)

ALS

M4

NE

74HC 138
(& 0
B 1
A 2
ip
4b
Gl 5p
G2A  OoP
G2B 7P

OF DO-D7 RD —90OE DO-D7
2764 WR —qQWR 6264
EPROM L N RAM

AD —A12 AD —A12

cs .

4Bl
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Pha 1ap vung nhé div liéu va
chwong trinh bén ngoai

WR -qWR

RD ————
—_ OE
PSEN ——

RAM

Hoat dong reset
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Mach reset hé thong

+5V ay
100Q0] Reset T 'O
- RST
[] 8:2KQ

a) Reset biang tay

+5V

= 1
o L
|| 82k

b) Reset khi mé ngudn cap dién

Cac gia tri thanh ghi sau khi reset hé théng

Thanh ghi No6i dung
Bo dém chuong trinh PC 0000H
Thanh ghi tich liy ACC 00H

Thanh ghi B 00H

PSW 00H

SP 0vH

DPTR 0000H
Ports 0-3 FFH

IP (8031/8051) XXX00000B
IP (8032/8052) XX000000B
IE (8031/8051) 0XX00000B
IE (8032/80562) 0X000000B
Cac thanh ghi Timer 00H

SCON 00H

SBUF 00H

PCON (HMOS) OXXXXXXXB
PCON (CMOS) 0XXX0000B
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3.3 CAC PHUONG PHAP
DINH DIA CHI

Cac cach dinh [vi] dia chi

« Ways of accessing data

« 8051 has different addressing mode:
— Immediate (constant data)
— Register (register data)
— Direct (RAM data)
— Register indirect (RAM data)
— Indexed (ROM data)

— relative addressing
— Absolute addressing
— Long addressing

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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8051
Instruction
Format

mov A, #O0

mov R4, #11h

mov B, #11

mov DPTR,#7521h

Addressing Modes

Immediate Mode — specify data by its value

;put O In the accumulator
;A = 00000000

;put 1lhex in the R4 register
;R4 = 00010001

;put 11 decimal in b register
;B = 00001011

sput 7521 hex in DPTR
;DPTR = 0111010100100001

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

28


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Addressing Modes

Immediate Mode - continue

MOV DPTR,#7521h
MOV DPL,#21H
MOV DPH, #75

COUNT EGU 30
mov R4, #COUNT

MOV DPTR,#MYDATA

E)RG 200H
MYDATA:DB ““HELLO”

Notes of Immediate Addressing

Add “#” before any immediate data
Only the source operand can be immediate

Add “h” after a base-16 number, “b” after a
base-2 number; otherwise assumed base-10

Use * ’ to enclose any character
Precede all base-16 numbers that begin with

A-F by a “0”
MOV A#ABR

MOV A #0ABH

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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8051 Instruction Format

* immediate addressing

Op code Immediate
data
add a,#3dh ;machine code=ZZ3d

» Direct addressing

Op code Direct address

mov r3,0E8h :machine code=ABES

Addressing Modes
Direct Mode — play with RO-R7 by direct

address

MOV A,4 = MOV A,R4

MOV A,7 = MOV A,R7

MOV 7,6 = MOVSRZ.R6

MOV R2,#5 ;Put 5 1n R2

MOV R2,5 ;Put content of RAM at 5 in R2
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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 40h to a
Mov 56h,a ; put contents of a at 56h

Mov 0ODOh,a ; put contents of a into PSW

DATA MEMORY (RAM)
INTERNAL DATA ADDRESS SPACE

Upper 128 RAM Special Function
(Indirect Addressing Register's
] Only) (Direct Addressing Only)
0x7F

0xFF

(Direct and Indirect

Addressing) Lower 128 RAM
0x30 (Direct and Indirect

0x2F Addrassing)
0=20
Ox1F
0x00

Examples of Direct Addressing

Instruction Operation

MOV 80h, A or Copy contents of register A to location 80h

MOV PO, A (Port 0 latch)

MOV A, 80h or Copy contents of location 80h (Port 0 pins) to

MOV A, PO register A

MOV RO, 12h Copy contents from RAM location 12h to
register RO

MOV 0A8h, 77h or Copy contents from RAM location 77h to IE

MOV IE, 77h register of SFRs ‘MOV direct,direct‘

Note: No “#” sign in the instruction
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Examples of Direct Addressing

MOV A, 2 ; copy location 02 (R2) to A
MOV B, 2 ; copy location 02 (R2) to B
MOV 7, 2 ; copy location 02 to 07 (R2 to R7)
; since “MOV R7, R2” is invalid
e - MOV DIRECT, DIRECT
| e - {

Stack and Direct Addressing Mode

Only direct addressing mode is allowed for
pushing onto the stack

PUSH direct

PUSH A  (Invalid) POP__ direct
PUSH OEOh (Valid)
PUSH R3 (Invalid)
PUSH 03 (Valid)
POP R4 (Invalid)
POP 04 (Valid)
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Example
Show the code to push R5, R6, and A onto the stack and then pop
them back into R2, R3, and B, where register B = register A, R2 = R6,
and R3 = R5.
PUSH 05 ; push R5 onto stack
PUSH 06 ; push R6 onto stack
PUSH OEOh ; push register A onto stack
POP OFOh ; pop top of stack into register B
; now register B = register A
POP 02 ; pop top of stack into R2
; now R2 = R6
POP 03 ; pop top of stack into R3
; now R3 =R5

Notes of Direct Addressing

The address value is limited to one byte, 00 — FFh (128-
byte RAM and SFR)

Using MOV to move data from itself to itself can lead to
unpredictable results =y error |Eg. MOV A, A
MOV data to a port changes the port latch

MOV data from port gets data from port pins
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Addressing Modes

MOV
MOV
ADD
ADD
MOV
MOV
MOV

RO,A
A,R7
A,R4
A,R7

DPTR, #25F5H
R5,DPL
R1,DPH

Reqgister Addressing — either source or
destination is one of CPU register

Note that MOV R4,R7 1S 1ncorrect

8051 Instruction Format

* Register addressing

Op code [n{n|n
070D ES8 mov a,rO0
070E EO9 mov a,rl
070F EA mov a,r2
0710 ED mov a,rb5
0711 EF mov a,r7
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

;E8
;E9
;EA
;ED
;EF

1110 1000
1110 1001
1110 1010
1110 1101
1110 1111
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Notes of Register Addressing

The most efficient addressing mode:
No need to do memory access
Instructions are much shorter
Result: speed (hence efficiency) increased

We can move data between Acc and Rn (n=0
to 7) but movement of data between Rn
registers is not allowed

e.g. MOV R4, R7 ax (Invalid)

;Use the following :
MOV A, R7
MOV R4,A

MOV R4,07H ; thisis direct addressing mode

Review Questions

1. Can the programmer of a microcontroller make up

new addressing modes?

2. Show the instruction to load 1000 0000 (binary) into

R3.

3. Why is the following invalid? “MOV R2, DPTR”
4. True or false. DPTR is a 16-bit register that is also

accessible in low-byte and high-byte formats.

5. Is the PC (program counter) also available in low-

byte and high-byte formats?
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Addressing Modes

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

Uses registers RO or R1 for 8-bit address:

mov psw, #O0 ; use register bank O
mov rO0, #3Ch
mov @ro0, #3 ; M[3Ch] €« 3

Uses DPTR register for 16-bit addresses:
mov dptr, #9000h ; dptr €& 9000h
movx a, @dptr ; a € M[9000h]

Note that 9000h is an address in external memory

8051 Instruction Format

* Register indirect addressing

Op code |i
mov a, @RI ;i=0orl
070D E7 mov a,@rl
070D 93 movc a,@a+dptr
070E 83 movc a,@a+pc
070F EO movx a,@dptr
0710 FO movx @dptr,a
0711 F2 movx @rO0,a
0712 E3 movx a,@rl
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Use Register Indirect to access upper
RAM block (+8052)

DATA MEMORY (RAM)
INTERMNAL DATA ADDRESS SPACE
0x pper 128 RAM Special Function
(Indirect Addressing Reqgister's
0x20 Only) (Direct Addrassing Only)
0x7F ™
(Direct and Indiract
Addressing) Lower 128 RAM
0x30 > {Direct and Indirect
Ox2F Addressing)
0=20
Ox1F
0x00

Register Indirect Addressing
Use a register to hold the address of the operand; i.e. using
a register as a pointer

Only RO and R1 can be used when data is inside the CPU
(address ranges from 00h — 7Fh) eg. MOV A, @R1

RO ,R1 and DPTR can be used when addressing external
memory locations eg. MOVXA,@R1  MOVXA ,@DPTR

Must put a “@” sign before the register name

--------- FFH
' Accessible Accessible
' by Indirect by Direct
v Addressing Addressing
. Only
'
N 80H
»
Accessible
by Direct \ Ports,
and Indirect g‘a“‘li ‘ﬂg?
ontrol Bits
Addressing \ Special Timer, d
\__ Function Registers,
Registers Stack Pointer,

Accumulator
(Etc)
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32

Register Indirect Addressing g. aoo aero)

ACC ACC

10 — @ — 22

RO RO
31 31
Before After

8051 Internal data memory

Instruction
MOV ©@R1, A

MOV A, @RO
MOV  @R1, #35h

MOV  @RO, 80h or
MOV  @RO, PO

MOVX A, @RO

MOVX A, @DPTR

Examples of Indirect Addressing

Operation
Copy the data in A to the address pointed to by
the contents of R1

Copy the contents of the address pointed to by
register RO to the A register

Copy the number 35h to the address pointed to

by register R1 | MOV @Ri,#data wherei=0or 1

Copy the contents of the port 0 pins to the
address pointed to by register RO.

Copy the contents of the external data address
pointed to by register RO to the A register

Copy the contents of the external data address
pointed to by register DPTR to the A register
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Example

Write a program segment to copy the
value 55h into RAM memory locations
40h to 44h using:

(a) Direct addressing mode;

(b) register indirect addressing mode
without a loop; and

(c) with a loop

Solution to Example (a)

Direct addressing mode
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Solution to Example (b)

register indirect addressing mode without a loop

A, #55h ; load A with value 55h

RO, #40h ; load the pointer. RO = 40h

@RO, A : copy A to RAM location RO points to
RO ; increment pointer. Now RO = 41h
@RO, A : copy A to RAM location RO points to
RO ; increment pointer. Now RO = 42h

@RO, A : copy A to RAM location RO points to
RO ; increment pointer. Now RO = 43h
@RO, A : copy A to RAM location RO points to
RO ; increment pointer. Now RO = 44h
@RO, A : copy A to RAM location RO points to

Solution to Example (c) Loop method

LP:

MOV  R2,#05h  ;example ||“DJNZ”:decrementand jump if Not Zero

do 5 times inside the loop DJINZ direct, re_lative
; DJNZ Rn, relative  wheren=0,1,,,7

DIJNZ R2,LP ;R2ascounter
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Solution to Example (c) ??? |Loop method

MOV  R2,#n 1 nN<256
LP:

; do n times inside the loop

DIJNZ R2,LP ;R2ascounter

Loop: 1000; 10 000,... times????
=solution?
Idea?

Example (looping)

Write a program segment to clear 15 RAM
locations starting at RAM address 60h.
CLR A tA=0
MOV R1, #60h ; load pointer. R1 = 60h
MOV R7, #15 ; load counter, R7 = 15 (OF in HEX)

MOV @R1, A ; clear RAM location R1 points to
INC R1 ; increment R1 pointer
DJIJNZ R7, AGAIN ;loop until counter = zero

; clear one ram location at address 60h
CLR A

MOV R1,#60h

MOV @R1,A

Setup a loop using DIJNZ and register R7 as counter
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Example (block transfer)

Write a program segment to copy a block of 10 bytes of
data from RAM locations starting at 35h to RAM
locations starting at 60h.

MOV RO, #35h ; source pointer
MOV R1, #60h ; destination pointer
MOV RS, #10 ; counter
BACK:
MOV A, @RO ; geta byte from source
MOV @R1,A ;copy itto destination
INC RO ; Increment source pointer
INC R1 ; increment destination pointer
DJIJNZ R3, BACK ; keep doing it for all ten bytes

Notes of Indirect Addressing

Using pointer in the program enables handling
dynamic data structures =) an advantage
Dynamic data: the data value is not fixed

In this mode, we can defer the calculation of the
address of data and the determination of the amount

of memory to allocate at (program) runtime (eg.
MOV A, @RO0)

Register or direct addressing (eg. MOV A, 30H) cannot be used ,
since they require operand addresses to be known at assemble-time.
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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
movc a, @a + dptr ;a € M[4005]

Addressing Modes

Register Indexed Mode continue

 Base address can be DPTR or PC

ORG 1000h
1000 mov a, #5

PC —> 1002 movc a, @a + PC ;a € M[1008]
1003 Nop

e Lookup Table
« MOVC only can read internal code memory
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Indexed Addressing

MOVC A, @A+DPTR
MOVC A, @A+PC
JMP @A+DPTR

Using a base register (starting point) and an
offset (how much to parse through) to form
the effective address for a JMP or MOVC
instruction

Used to parse through an array of items or a

look-up table

Usually, the DPTR is the base register and the

“A” is the offset

A increases/decreases to parse through the

list

00

41

2000
2001

Program
memory

Indexed Addressing

ACC

Example: MOVC A,@A+DPTR

ACC

10

DPTR

31

Before

After
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Instruction

JMP @A + DPTR

Examples of Indexed Addressing

Operation

MOVC A, @A +DPTR Copy the code byte, found at the ROM

address formed by adding register A and the
DPTR register, to A

MOVC A, @A +PC Copy the code byte, found at the ROM

address formed by adding A and the PC, to A

Jump to the address formed by adding A to
the DPTR, this is an unconditional jump and
will always be done.

Example (look-up table)

Write a program to get the x value from P1 and
send x?to P2, continuously.

ORG
MOV
MOV
MOV
BACK: MOV
MOV
MOV
SIMP

ORG
TABLE:DB
END

0

DPTR, #300h ; load look-up table address
A, #OFFh A=FF

P1, A ; configure P1 as input port
A, P1 ;get X
A, @A+DPTR ; get X square from table
P2, A ; Issue it to P2

BACK ; keep doing it

300h

0,1,4,9, 16, 25, 36, 49, 64, 81
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Review Questions

=

The instruction “MOV A, 40h” uses
addressing mode. Why?

What address is assigned to register R2 of bank 0?
What address is assigned to register R2 of bank 2?
What address is assigned to register A?

Which registers are allowed to be used for register
indirect addressing mode if the data is in on-chip
RAM?

ok~ wbpn

Access to Accumulator

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 8500EO mov 0eOh,00h

Also this 3 instruction

070B E9 mov a,rl
070C 89EO mov acc,rl
070E 89EO mov 0eOh,rl
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Access to SFRs

* B — always direct mode - except in MUL & DIV

0703 8500F0 mov b,00h
0706 8500F0 mov OfOh,00h
0709 8CFO mov b,r4
070B 8CFO mov OfOh,r4

« PO~P3 — are direct address

0704 F580 mov pO0,a
0706 F580 mov 80h,a
0708 859080 mov pO0,pl

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

SFRs Address

All SFRs such as
(ACC, B, PCON, TMOD, PSW, PO~P3, ...)

are accessible by name and direct
address

But
both of them
Must be coded as direct address
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* relative addressing

8051 Instruction Format

Op code Relative address

Range = (-128 ~ 127)

» Absolute addressing

here: sjmp here ;machine code=80FE(FE=-2)

A10-
" | Op code A7-A0 LO7FER_
0700 1 org @700h)
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

010A
0109
0108
0107
0106
0105
0104
01 03 I L A
01 ﬂz | — _,r_.._... —

Léch tiong ddi tit
diachiolozH la 5

O R TR Y. S,

0101 | 05 T dld -T2
0100 | go | SIMP 0107H (80H la opcode)

O00FF

Bé nha ma

a) Nhay ngian di tdi trong bo nhéd

Tinh toan offset v&i dinh dia chi twong dbi

2043
2042
241 L F6 L 1L sump 2008m
2040 | 80 N2 - .
203F SN
203E o e
203D -5 \\_ ‘
203C 6 N | Léch wong doi
2036 -7 \\Tu dla_clu 2042H
203A -8 2o Id{j(u‘
2039 -9 _/,_./ nghia la F6H
2038 =10«

B& nhé ma

b) Nhay ngin di Iui trong hd nhéd

Offset tuong doi = byte thap cuaa (dia chi nhay dén — dia chi lénh ké)
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Relative Addressing |SIMP relative
DJNZ direct, relative

DJNZ Rn, relative, where n=0,1,,,7

Used in jump (“JMP”) instructions
Relative address: an 8-bit value (-128 to
+127)

You may treat relative address as an
offset

Labels indicate the JMP destinations (i.e.
where to stop)

Assembler finds out the relative address
using the label

Relative Addressing

The relative address is added to the PC

The sum is the address of the next
instruction to be executed

As a result, program skips to the desired
line right away instead of going through
each line one by one

Labels indicate the JMP destinations (i.e.

where to stop).
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= Effective address

Program counter + offset

= address of next instruction

Relative Addressing

+ Offset

ey Next Instruction

Branch Opcode
Offset

Instruction
SIMP NXT

DIJNZ R1, DWN

Examples of Relative Addressing
Operation

Jump to relative address with the label 'NXT; this
is an unconditional jump and is always taken.

Decrement register R1 by 1 and jump to the
relative address specified by the label 'DWN' if
the result of R1 is not zero.

Code

Address |Op Codes Mnemonics Operands |Remarks

0030 74 |89 MOV A, #89h ; load A with data 89h
0032 00 NOP ; endless loop

0033 80 |FD SJMP 0032h

0035
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Absolute Addressing |ACALL address1l
AJMP  addressil

Only used with the instructions ACALL and
AJMP

Similar to indexed addressing mode
The largest “jump” that can be made is 2K

211 = 2048=2K

The subroutine called must therefore start within the
same 2K Block of the program memory as the first
byte of the instruction following ACALL.

Absolute Addressing |ACALL addressll

ORG 00H ; reset location AJMP address11
LIMP START ; 3 bytes instruction
ORG 3FFEH
START: ACALL FORWARD ; 2 bytes instruction
; now code address at 4000H
LIMP TEST
ORG 47FFH ;010001111111111B
FORWARD:
RET
ORG 5800H ;0101100000000000B
BACKWARD:
RET
ORG 5FFDH
TEST: ACALL BACKWARD ; 2 bytes instruction
; now code address at 5SFFFH
SIMP $
END
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8051 Instruction Format
» Long distance address

Op code A15-A8 A7-A0

e Range = (0000h ~ FFFFh)

0700 1 org 0700h
0700 020707 2 ajmp next ;next=0707h
0703 00 3 nop
0704 00 4 nop
0705 00 5 nop
0706 00 6 nop
7 next:
8 end
BT 1

Cho biét ma may va cac cach dinh dia chi
ctia cac lénh sau:
1. MOVX @DPTR, A
SETB P3.1
ADD A, R3
MOV A, #0FBH
MOV A, @R1
MOV 41H, A

S

CuuDuongThanCong.com https://fb.com/tailieudientucntt

52


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

BT 2

1. Viét cac 1énh thuc hién cét gia trj FFH
vao RAM di¥ liéu bén ngoai & dia chi
19A3H.

2. Sau doan chwong trinh nay, cho biét cac
dia chi bit c6 ndi dung la 1:

a) MOV 25h, #13h

b) MOV RO, #22h
c) MOV @RO, 25h

BT 3

1. Cho biét ma may sau biéu dién Iénh/tac vu gi?
75H, 8AH, E7H
2. Giaswlénh
AJMP LABEL
trong bé nhé ma & dia chi 1600H va 1601H,
va nhan LABEL &ng v&i Iénh & dia chi 1723H
a) Cho biét ma may cua lIénh nay?

b) Lénh nay cé hgp Ié khéng khi LABEL (rng v&i I€nh
& dia chi 1A23H? Giai thich
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