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5.1 Giai ma dia chi
o Khi vi xtr Iy gtri mot dia chi ra bus dia chi, thi thong tin nay phai dugc chuyén
thanh 1énh cu thé cho thiét bi cu thé. Giai ma dia chi thyc hién tac vu nay. N6 su
dung thong tin bus dia chi dé€ xac dinh thi€t bi nao s€ dugc truy cap.
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Control bus
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Phuong phap giar ma dia chi

Co6 2 phuong phap giai ma dia chi:

1. Giai ma toan phan (Full address decoding): Mdi
ngoai vi dugc gan cho mot dia chi duy nhat. Tat ca
cac bit dia chi dugc dung dé dinh nghia vi tri duoc
tham chiéu.

2. Giai m3 mot phan (Partial address decoding): Khong
phai tat ca cac bit dugc dung cho viée giai ma dia chi.
Cac ngoai v1 ¢cO thé dap ung cho trén mot dia chi.
Phuong phap lam giam d0 phirc tap trong mach giai
ma dia chi. Thong thudng cac hé thong nho st dung
giai ma mot phan.



Thi du: TK mach giai ma dia chi

* Vi bang bo nhé sau, hdy thiét ké mach giai ma toan phan va
mach gial1 ma mot phan cho cac chip bo nhé (RAM 4KB va
ROM 16KB) va I/0
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Thi du gidi ma dja chi toan phan
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Ky thuat giai ma mét phan

Ta cé6 thé vé thém vao bang bé nhé nhu hinh 5.4 dé€ thay ré cdc bit dia chi 4nh
huéng dén tam dia chi cia bo nhé va I/O.

" ™ FFFF—
L Al4 ROM .S
AlS == C000 > 48K
A4 QFFF—
L =% 8000— O
A4
ALS) OFFF—>
- /Al RAM
Lo e 0000 0K

Hinh 5.4 Bang bo nhé véi cae bit dia chi xde dinh vé1 bo nhé hay 1/O.



Thi du gidi ma dija chi mot phan
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ky thuat gidi ma mét phan dan dén:

1. Mach giai ma don gian hon.

2. Nhiéu vung dia chi hon dwoc cap phat véi tam dia
chi mot phan. Thi du mach gidi ma cho RAM chi
kiém tra A15 va két qua la toan bd tam dja chi tw
0000H dén 7FFFH dwoc cap phat cho RAM.

3. Su bat lgi cla giai ma dia chi mét phan 1a bat cw
khai trién nao thém vé bd nho hodc thiét bj 1/0 thi
can thiét ké lai mach gidi ma dia chi. Trai lai, vOi
mach gidi ma toan phan thi bat cw sy thém vao bd
nho hoac thiét bj 1/0, ta khéng can slra ddi mach
giai ma dia chi.
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Hardware dung cho mach giai ma dia chi

Cong logic > mach phtc tap

Mach gia1 ma (Decoder) — TD:74LS138,,...
Mach so sanh (Comparator)

ROM -2 thtra chirc nang

PLD: PLA, PAL,... = cho dap tmg nhanh
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5.2 Giao tiép b nhé

Vi xtr Iy st dung b nhé dé lwu trit cac 1énh va dit liéu trong khi thuc thi
chuong trinh. Do d6 vi xur 1y thuc hién nhiéu tac vu ghi/doc v&i bo nhd trong
khi thuc thi chuong trinh.

MOi chip bd nhé RAM hay ROM sé& c6 mot ngd vao cé tén 1a /CE (Chip
Enable=cho phép chip [hoat dong]) hodc /CS (Chip Select=Chon chip), thong
thuong cac chan nay hoat dong logic tich cuc thap, nghia 13 chan nay bang muc
0 thi chip nay dugc chon.

Vi trong mach c6 nhiéu thiét bi /O va bd nhd, do d6 can phai c6 mach giai ma
dia chi dé tao ra cac tin hiéu chon chip.

Bus diéu khién c6 cac tin hiéu dinh thi (do vi xir Iy cung cap) dé dong bod
chuyén thong tin giita vi xt Iy va bo nhé hay thiét bi I/O. Tong quat thi c6 2 tin
hi¢u RD (Read) va WR (Write), hai tin hi€u nay thong thuong cling hoat dong
logic tich cuc thap. Ngoai ra tity theo vi xir Iy con c6 thém céc tin hiéu khac nhu
ALE, PSEN,...
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Mot so chan dieu khién bo nhd

Bo nh¢ (va hau hét céc thiét bj ngoai vi) ¢6 cac duong diéu khién dic bigt de
giao ti€p vo1 vi xu ly
* /CS hoac /CE (Chip Select hoac Chip Enable)
— duoc lai bo1 mach giai ma dia chi tur vi xu 1y.
— thuong 1a tich cuc thap
— khi dugc xac dinh, thi chip/ngoai vi dugc chon.
 /OE (Output Enable=cho phép xuat) hay /RD (vi RAM)
— thudng thay trong cac bo nhé
— khi no tich cyc (thudng 1a tich cuc thap) thi ngd ra o trang thai hi-Z.
— do1 khi n6 duge xem nhu /RD trong RAM.
* /WR (Write Enable=cho phép ghi)

— duogc lai bo1 /WR cua vi xu ly
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Qui tic chung vé thiét ké mach giao
tiep bo nho voi 8051

1. Lap bang by nho
— H¢ théng va ung dung phu thudc
— Giai phap don gian la tach riéng 64KB bo nh¢ dir li¢u va 64KB bd nhé ma.
—Pésu dung cac dia chi trén 64K thi sit dung thém cac bit tir nhitng céng I/0
khong str dung lam cac duong dia chi.
2. Chon linh kién bo nhé thich hop (néu khong bi ap dat st dung).
3. Str dung mach giai ma dia chi (néu cﬁn) dé tao ra céc tin hiéu /CE hay /CS
cho cac chip bo nhd.
4. St dung duong /PSEN (tr 8051) cho bo nhé ma.
5. St dung cac duong /RD, /WR cho bd nh¢ dir li€u.
6. Chan /EA=VCC (+5V) d¢ st dung ROM trong 8051, cho /EA=GND (0V)
deé truy cap ROM ngoai.
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TD: Giao tiep 8051 vdi RAM HM 6264 va

ROM 27C256

I

P0<0...7>

ALE

P2<0...4>

/WR

/EA

/RD

/PSEN
8051

/CS

74373

A<0...12>

D<0...7>

/OE

/WE
/CS1
Cs2
HM 6264

l—H,i l

\ 4

/CS

A<0...14>

D<0...7>

/OE

27C256

15



TD: 8031/8051 giao tiép voi RAM ngoai va I/O

8031 J_ EN 7
5 —
= RD v
7415138 g L | *
]
A1 A 0
Al4 o B
Al H C 50 -
To RAM ~N SW1 J_-
3
“ Al3 .15 Y
Address 1,6
AO..15 :qo__]s Output Port
WR
AI
Y—c
LED
— — DO D Q
RD pme= To RAM OEF
WR F— 1o RAM WE

16



Giao tiép bd nho v&i mach gidi ma
dia chi la PLD

8031

Address
AD,.15

3l

PLD

PN
=
R

AlS .. AB

16

iﬂ..'l5

— To RAM OF

WR — To RAM WE

EPROMICE
EPROM2CE
IN_EN +V
RAM1CE
RAM2CE
DO {] -~
SW1 —
OQUT_CK Input Port
+
Output Port
C
LED

Hinh 5.18 Giao tiép b6 nhé véi mach gidi mé dia chi la PLD.
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5.5 Giao tiep v&i khoa (switch) va
ban phim

18



Cong tac/khoa (hay phim don) é cac
chan cong 1/0

oo +5W
10K
— o

Port Pin

1. Tat

470

GINLE

Kéo léen bén trong /

GND |

Vee +5V T

Port Pin

3. Kém
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Sir dung DIP switch & cong 1/0

Vee

5V

1

FRRiiEis

10K ResPack

8031

P10

Pl.1

P12

P1.3

Pl.4

//

P1.5

Pl.6

P1.7

GND

SW-DIPS

Poan chwong trinh doc dw liéu vao:

mov
cong P1
mov

A P1

P1,#0FFH : dat cau hinh nhap cho

20



K&t nbi tdi thi€u ¢

31

Vee

8751/89C51

ho cac
hp thona diina S9CK1 /52

1
L]
—

[
19
11.0592 MHz

3

[ =

|
[
pF

I
10 uF
% 30 pF

EANPP PO.0
X1 PO.1
PO.2
PO.3
X2 P0.4
PO.5
RST P0.6

PO.7
P3.0/RXD
P3.1/TXD P2.0
P3.2/INTO P2.1
P3.3/INT1 P2.2

P3.4/T0 P2.3
P3.5/T1 P2.4

P2.5
P1.0 P2.6
P1.1 P2.7
P1.2 ____
P1.3 PSEN
P14  ALE/PROG
e P36VR
P17 P3.7/RD

SSS22=2

0 Hod
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SWITCH ON 1/O PORTS (1/2)

+0 +o4 +5Y

R

Lood F o Foor
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SWITCH ON 1/O PORTS (2/2)

*Good Circuit

It is always best connecting the switch to ground with a pull-up resistor as shown in
the "Good" circuit. When the switch is open, the 10k resistor supplies very small
current needed for logic 1. When it is closed, the port pin is short to ground. The
voltage is OV and all the sinking current requirement is met, so it is logic 0. The 10k
resistor will pass 0.5 mA (5 Volt/10k ohm). Thus the circuits waste very little current in
either state. The drawback is that the closure of switch gives logic 0 and people like to
think of a switch closure gives logic 1. But this is not a matter because it is easy to
handle in software.

Fair circuit
The "Fair" circuit requires that the pull-down resistor be very small. Otherwise, the pin
will rise above 0.9V when the resistor passes the 1.6mA sinking current. When the

switch is closed, the circuit waste a large current since virtually no current flows into
the pin. The only advantage is that a switch closure gives logic 1.

Poor circuit

In the "Poor" circuit, the logic 1 is stable when the switch is closed. But when the
switch is open, the input floats to a noise-sensitive high rather than a low. An open
TTL pin is usually read as logic 1 but the pin may picks up noise like an antenna.

To conclude, driving a TTL input should always consider current sinking (pulling input

to 0V).
23



Keypad controller

N1
N2
§31 L » k pressed
1 L L 1
I I R R Tﬁz
o4 04 09 -4 3
ol B e B e w 4
'_OJ_(H l_OJ_M l,o_Lo, l_OJ_M | key code // » key code
1 1 1 1
SR P R 0 it A B
keypad controller
N=4, M=4
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Giao tiép voi ban phim hex

8051

P1.0

P1.1

P1.2

P1.3

P1.4

P1.5

P1.6

P1.7

25



Giao tiép voi ban phim hex

Pé doc toan bd ban phim, moi hang lan lugt duoc doc vao nhu sau:

1. Ditliéu 0111 dugc ghi ra cac bit cong xuat (P1.0 dén P1.3).

2. Cac bt ch)nglnhép (P1.4 &én P1.7) duoc doc vao. Néu kh()ng cO phipl
nao dugc nhan trén hang do thi gia tr1 doc vao sé 1a 1111. Néu co bat
cr phim nao dugc nhan trén hang do thi s€ co6 0 ¢ bit twong Urng.

3. D?ﬁ: li¢u 1011 duogce ghi vao céng XUt béng cach dich 0 vao cot ké; va
cong nhap dugc doc vao.

4. Dit ligu 1101 dugc ghi vao céng Xuat; va céng nhap dugc doc vao.

5. Dt liéu 1110 duogc ghi vao céng Xuat; va céng nhap dugc doc vao.

6. Chu trinh nay dugc lip di ldp lai vo tdn bang cach quay vé budc 1 6
trén.

26



P1.3
P1.2
P11
1.0

Giao tiép voi ban phim hex

L\_—|_l

I

I ==
—h

Time

Dang séng G cac bit cong xudt P1.0 dén P1.3
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Chuong trinh quét ban phim

; Chuong trinh quét ban phim

org 2000H
start: LIMP
scan: MOV
MOV
CINE
scanner:
MOV
lup: MOV
MOV
MOV
MOV
ORL
CINE
MOV
RL
CINE
SIMP

init : nhay dén chuong trinh chinh

P1, #OFOH : kiém tra vdi cac phim nhan

A, Pl : bang cach quan sat P1
A, #0FOH, scan

A, #OFEH ; khudén méu bit bat dau (4 bit thap 1a 1110)

RO, A : cat khuon mau xuét

P1, A : mau xuat

A, Pl : doc cong

R1, A - cAt phim doc duoc

A, #0OFH ; dat cac bit & cot 1én 1

A, #0FFH, cnvrt ; nhay dén cnvrt néu phim duoc nhan
A, RO : 1ay lai cac bit lai cot

A ; Xxoay bit 1a1 cOt sang trai

A, #0EFH, lup ; nhdy dén quét cot ké

scanner : bat dau dot quét méi

28



Chuong trinh quét ban phim

cnvrt:
MOV
MOV
clup: JNB
RR
MOV
MOV
ADD
MOV
MOV
SJMP
cnvrt2: MOV
SWAP
clup2: JNB
RR
INC
SJMP
xlat: MOV
MOV
MOVC
RET

A, R1 ; khbi phuc phim doc dugc
R3, #0 ; x6a b0 dém bang

ACC.0, cnvrt2 ; xong V@i s6 dém chinh

A ; Xoay gia tri

R2, A ; cat gia tri dwdc xoay

A R3 ; tang b6 dém thém 1

A, #4 : ¢Ong 4 cho moi cot

R3, A ; cat sO dém

A, R2 ; 13y lai gia tri xoay

clup

A, R1 ; khéi phuc phim doc dugc.
A - hoan dGi 2 nira byte
ACC.0, xlat; nhay dén dich phim doc dwdgc

A : xoay dé tim bit 0

R3 ; tdng sO dém thém 1
clup2 : nhay dén kiém tra bit ké
A R3 ; 1ay sO dém

DPTR, #keytab ; chi d€n bang dich

A, @A+DPTR ; 1dy ky tu dwdc dich

29



DSPLY: RET : trinh con display gia (cu thé sé& duoc viét day du)
init: ACALL scan ;lay phim nhan

MOV RO, A ;cétkyty

CLR C : x6a c§ nh§ dé trur

SUBB A, #0AH ; kiém tra xem c6 > 10 ?

JNC letter  ; nhay néu > 10

MOV A, RO ;l&ylaiky tu

ORL A, #30H; ddi thanh s6 ASCII

SJMP  dply . nhay dén hién thi ky tu
letter: MOV A, RO ; 18y lai ky tu

ADD A, #55 : diéu chinh cho ASCII
dply: LCALL DSPLY:; hién thi ky tu’

SJMP init - lam lai

Chu y la 3 dong tai vong 13p “scan” kiém tra xem c6 phai tat ca cac phim
nhan da dwdc nha ra trwdc khi bat dau chu trinh quét.
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MOt dang ban phim
(keypad hay keyboard)

31

cuwnjo
llllll »H
1 I | G
o L VIS
cuuinj
||||| =)
e < ) e
/G||.. 0.||‘- f0||‘
puuwinj
-- by

1111111111111111111111111111

IIIIIIIIIIIIIIIIIIIIIIIIIIII

------
--------

rrrrrrrr

Keyboard




Interfacing to the Keyboard

3 é2 é1 ér.1 é
— IR IR N
7 e |5 |a |
o Yol %l %l % A
"ot Mod Tnd %o
D2 2 W Y Y W
F e [p |c
o vl % %l M
Port 1
S A % — e

(In)

— keyboard is organized in a matrix of rows and columns
— the key press is scanned and identified by microcontroller



Interfacing to the Keyboard

It is the function of the microcontroller to scan the keyboard
continuously to detect and identify the key pressed

To detect a pressed key, the microcontroller grounds all rows
by providing 0 to the output latch, then it reads the columns

— If the data read from columns is D3 —D0 = 1111, no key
has been pressed and the process continues till key press
IS detected

— If one of the column bits has a zero, this means that a key
press has occurred

* For example, if D3 —D0 = 1101, this means that a key
In the D1 column has been pressed

 After detecting a key press, microcontroller will go

through the process of identifying the key 33



Interfacing to the Keyboard

« Starting with the top row, the microcontroller
grounds it by providing a low to row DO only

— It reads the columns, if the data read is all 1s, no key
In that row is activated and the process is moved to
the next row

* It grounds the next row, reads the columns, and
checks for any zero

— This process continues until the row is identified

« After identification of the row in which the key has
been pressed

— Find out which column the pressed key belongs to

34



Interfacing to the Keyboard

‘Start )
L

Ground all

Trows

*
Read all
columns

v

“Any key
~_open?

l ves

no

J

Read all
columns

'

_Any key
T~ down?

l yes

W ait for
debounce

v
Read all
columns

v

o Anw ke\
~._down? _—

l yes

Y

(1 )

(1)

7

Ground next
rows

'

Read all
columns

no

__Key press in

the row?

i_...'yes

Find which key
is pressed

l

Get scan code
from table

o

w:'\/.Retu rn-ri]
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Interfacing to the Keyboard

Ground all rows

mmmmme Read all columns

Read all columns

All keys
down?

Wait for debounce
Read all columns

All keys
down?

36



Interfacina to the Kevboard

Ground next row

All keys
down?

Find which key
1s pressed

Get scan code
from table

37



Interfacing to the Keyboard

;for pressed key to PO0.1

MOV P2, #0FFH
MOV P1, #0

MOV A, P2

ANL A,00001111B
CJNE A, #00001111B,K1
ACALL DELAY

MOV A, P2

ANL A,#00001111B

CJINE A, #00001111B,OVER
SIJMP K2

OVER: ACALL DELAY

MOV A, P2

ANL A,#00001111B

CJNE A, #00001111B, OVER1
SJMP K2

K1:

KZ:

;Keyboard subroutine. This program sends the ASCII code

;P1.0-P1.3 connected to rows P2.0-P2.3 connected to columns

jmake P2 an input port

;ground all rows at once

;read all col.
smasked unused bits

(ensure all keys open)

;check til all keys released
;call 20 msec delay

;see if any key is pressed
;mask unused bits

;key pressed, await closure
;check il key pressed

;wait 20 msec debounce time
;check key closure

;mask unused bits

;key pressed, find row

+1f none, keep polling

38



Interfacing to the Keyboard

OVER1:

MOV P1,#11111110B
MOV A, P2
ANL A,#00001111B
CINE A, #00001111B,ROW 0
MOV P1,#11111101B
MOV A, P2
ANL A, #00001111B
CJNE A, #00001111B, ROW_1
MOV P1,#11111011B
MOV A, P2
ANL A, #00001111B
CJINE A, #00001111B, ROW 2
MOV P1,#11110111B
MOV A, P2
ANL A,#00001111B
CINE A,#00001111B,ROW 3
LJMP K2

,ground row U

srread all columns
smask unused bits
rkey row O,
rground row 1

sread all columns
rmask unused bits
;keyrow 1,
srground row 2

sread all columns
rmask unused bits
rkey row 2,
;ground row 3

;read all columns
;mask unused bits
; keyrow 3,
;1f none,

find the col.

find the col.

find the col.

find the col.
false input,

repeat

39



Interfacing to the Keyboard

ROW 0: MOV DPTR, #KCODEO

SJMP FIND
ROW _1: MOV DPTR, #KCODE1
SJMP FIND
ROW 2: MOV DPTR, #KCODE2
SJMP FIND

ROW 3: MOV DPTR, #KCODE3
FIND: RRC A

JNC MATCH

INC DPTR

SJMP FIND
MATCH: CLR A

MOVC A, @A+DPTR

l2!!
I6T’
lA'I’

;set DPTR=start of row 0
;find col. key belongs to
;set DPTR=start of row 1
;£find col. key belongs to
;set DPTR=start of row 2
;find col. key belongs to
;set DPTR=start of row 3
;see 1f any CY bit low

;if zero, get the ASCII code
;point to next col. address
; keep searching

;set A=0 (match is found)
;get ASCIT code from table
;display pressed key

MOov PO,A
LJMP K1

;ASCII LOOK-UP TABLE FOR EACH ROW
ORG 300H

KCODE(O: DB '0o','1°Y,

KCODE1: DB '4','5"',

KCODEZ2: DB '8','9",

KCODE3: DB 'c','DY,

END

'El;

'3 ;ROW O
7! ;ROW 1
'B' tROW 2
'F ;ROW 3

o A M a4 - . . N

40



Interfacing to the Keyboard

Last program for detection and identification
of key activation goes through the following
stages.

1.To make sure that the preceding key has
been released, Os are output to all rows at
once, and the columns are read and checked
repeatedly until all the columns are high

"1 When all columns are found to be high,
the program waits for a short amount of
time before it goes to the next stage of
waiting for a key to be pressed

41



Interfacing to the Keyboard

2. To see if any key is pressed, the columns are
scanned over and over in an infinite loop until one
of them has a O on it

'] Remember that the output latches connected to
rows still have their initial zeros (provided in stage
1), making them grounded

1 After the key press detection, it waits 20 ms for
the bounce and then scans the columns again

(a) it ensures that the first key press detection
was not an erroneous one due a spike noise

(b) the key press. If after the 20-ms delay the

key is still pressed, it goes back into the loop to

detect a real key press o



Interfacing to the Keyboard

3.To detect which row key press belongs to, it grounds one
row at a time, reading the columns each time

1 If it finds that all columns are high, this means that the
key press cannot belong to that row

—Therefore, it grounds the next row and continues
until it finds the row the key press belongs to

1 Upon finding the row that the key press belongs to, it sets
up the starting address for the look-up table holding the
scan codes (or ASCII) for that row

4.To identify the key press, it rotates the column bits, one bit
at a time, into the carry flag and checks to see if it is low

1 Upon finding the zero, it pulls out the ASCII code for that
key from the look-up table

1 otherwise, it increments the pointer to point to the next

element of the look-up table *



Switch Matrix

Switches organized as Row/Column
Switch Shorts row line to column line

Walking zero on columns to activate one
column at a time

Check for low level on row inputs to
determine which key in this column is
pressed

44



Simple Switch Matrix

Row 1 Output

Row 2 Output

Row 3 Output

Row 4 Output

Column 1 Input
Column 2 Input
Column 3 Input
Column 4 Input

4—

Switches
short row
and column
together

45



Switch Matrix

Switches organized in Rows/Columns
Switch Shorts row line to column line

Walking zero on columns to activate one
column at a time

Check for low level on row inputs to
determine which key is pressed

Multiplexed row and column

46



Multiplexing a Switch Matrix

Row 1 Output

Row 2 Output

Row 3 Output

Row 4 Output

Column 1 Input
Column 2 Input
Column 3 Input
Column 4 Input

o111... ¥
Switches
1011... ¥ are all open
1101... ¥ Program shifts
a zero through
columns one
1110... ¥ at a time
1
1 1
1 )— INTx Goes
1 Low when

Key pressed
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Switch Matrix Key Pressed

1
Row 1 Output 4 4 4 4
Switch
0 Yy y y| <—— shortsrow 2
Row 2 Output 2 and column 3
1 Program shifts
Row 3 Output 4 4 4 4 a zero through
columns one
1 at a time
Row 4 Output 4 4 4 4
1
Column 1 Input 1
Column 2 Input 0 ___
P 0 )— INTx Goes
Column 3 Input 1 Low when
Column 4 Input Key pressed
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Phan xuat/nhap sé véi VXL

49



Giao tiep voi cac thiet bi I/0O
Truyén du liéu dwoc dong bd héa bang cac mach
giao tiép dgl cac cdng 1O (nhap-xuat).

— M6t cdng 10 c6 thé dwoc dung cho nhiéu thiét bj khac
nhau.

— T4t ca cac codng 10 co thé dung chung bus.

Mach giao tiép co thé bao gom

— Céc thanh ghi d liéu: di liéu dwoc gli di hay nhan vé

— Céc thanh ghid diéu khién: d& chon kiéu tac vu 10

— Cac thanh ghi trang thai: trang thai cua tac vu 1O

V&i cach nhin VXL thi cac thuat ngw “cong 10” va

“thiét bi 10” déi khi dworc dung cho nhau.
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Chip giao tiép 10

™y
-

Address
decoder

=
[0 address bus

from input to output
device device

/'F\

cs

o)

cs
Interface
chip 1

Interface
chip 2

Microprocessor

Bus dia chi IO ¢co thé trung hodc khac bus dia
chi dung cho bd nho chinh. 51



Nhac lai: Cé 2 kiéu anh xa 10

A b
(‘ addr. bus r)

A b
(1I addr. bus r} 7
@ < IO addr. bus >
jI Address
10 Decoder
Address Address
Decoder Decoder
Y £ i )% ¥ )%
10 Port 10 Port 10 Port 1O Port
Memory | |peqgisters| |Registers Memory | lpegisters| |Registers
RD!WR — 1 = 1 e, | p—— 1] g | e
IR R
data bus > < data bus >
_______________ L R - -
1O RDIWR RD/WR

(a) I0-mapped input/output (b) Memory-mapped input/output
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Céc kiéu cong 10

« M6t cong 10 c6 thé cé nhiéu chan 10; mbi
chan twong &rng v&i 1 bit dw liéu.

- C6 3 kiéu chan 10:
— Cac chan chi nhap
— Céc chan chi xuat
— Céc chan 2 chiéu

« M6t cong 10 c6 thé chira nhiéu chan cé
cac kiéu hén hop.
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Cac chan nhap (dung dém 3 trang thai)

In NN out N[N out

Tri-state buffer
%= %

enable =0 enable = 1
(active low) (open-circuit)

external device

(e.g. a switch)

:> address
decoder

IO address bus | module

IOR

S0 N DO
to system
data bus
2G
T74L5244

Example of an input pin




Cac chan xuat (dung mach chot)

D latch

74LS373
from system DO
data bus D Q Qo
-
to output
address device
decoder G
1O address bus | module oc
P 0
10W Example of an Output Pin
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Cac chan 2 chiéu

Read Latch Vcc

R? external
system device
data bus

Pat cau hinh:
. Nhap: ghi D=1 4 M1 OFF
. Xuht: ghi D=0 d& M1 ON

Read Pin

56
Example of a quasi-bidirectional pin




Bouncing Contacts

Push-button switches, toggle switches, and
electromechanical relays all have one thing In
common: contacts.

Metal contacts make and break the circuit and
carry the current in switches and relays.
Because they are metal, contacts have mass.

Since at least one of the contacts is movable, it
has springiness.

Since contacts are designed to open and close
quickly, there is little resistance (damping) to
their movement

o7



Bouncing

« Because the moving contacts have mass and
springiness with low damping they will be "bouncy"
as they make and break.

« Thatis, when a normally open (N.QO.) pair of contacts
Is closed, the contacts will come together and bounce
off each other several times before finally coming to
rest in a closed position.

« The effect is called "contact bounce" or, in a switch,
"switch bounce”.

Ll
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Why is it a problem?

* |If such a switch is used as a source to
an edge-triggered input such as INTO,
then the MCS-51 will think that there
were several “events” and respond

several times.

* The bouncing of the switch may last for
several milliseconds.

— Given that the MCS-51 operates at
microsecond speed, a short ISR may
execute several times in response to the
above described bounciness
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Hardware Solution

« The simplest hardware solution uses an RC time constant to
suppress the bounce. The time constant has to be larger than
the switch bounce and is typically 0.1 seconds.

* As long as capacitor voltage does not exceed a threshold
value, the output signal will be continued to be recognized as a
logic 1.

« The buffer after the switch produces a sharp high-to-low
transition.

Vce

T

{>c OUT
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Hardware Solution

74LS00

D':—I_l_

+5V
10K
SPDT
switch +5V
| o 10K
FIGURE 4-7

Buzzer example

8051

P1.6

P1.7

+5V

741504

Buzzer
0= "zzzzz..."
1 = silent
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Software Solution

* |t is also possible to counter the bouncing
problem using software.

* The easies way is the wait-and-see

technique

— When the input drops, an “appropriate” delay
is executed (10 ms), then the value of the line

Is checked again to make sure the line has
stopped bouncing
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Mo rdng xuat nhap song song Vi
8255 PPI

Cédc IC ho tro I/O cho cde vi xir 1§ 8086/8088 va cac MPU/MCU tuong thich.

So6 hiéu IC | Mé ta

8155/56 RAM vé1 I/O va timer

8185 RAM 1KB

8755/8255 EPROM/ROM va1 [/O

8231 Don vi xt 1y s6 hoe

8237 Bo dieu khién DMA 1ap trinh duge

8251 Giao tiép noi tiép lap trinh duoc

8254 Mach dinh thi khoang thoi gian lap trinh duce
8255 Giao tiép ngoai vi lap trinh duce

8256 UART da chire nang

8259A Bo diéu khién ngit lap trinh duge

8272 Bo dieu khién dia mém maéat do don/kép
8275 Bo dieu khién CRT lap trinh duoe

8279 Giao ti€p hién thi ban phim lap trinh dugec
8295 Bo dieu khién mdy in ma tran diém

82720 Bo diéu khién hién thi do hoa




15 /———(CS ———
14 ———Reset
13 AD
Port 3 12 AL
11 RD
10 WR
1 DO
2 D1
3 D2
4 D3
8031 Portl 5 D4
6" D5
7 -D6
8 D7

34
33
32
31
30
29
28
27

8255

RERERRR

RERRRE

[T T

Hinh 5.38 M¢é rong I/O song song cia 8031/8051 bang 8255.

PAO
PA1
PA2
PA3
PA4
PA5S
PAG
PA7

PBO
PB1
PB2
PB3
PB4
PBS
PB6

PB7

PCO
PCL
PC2
PC3
PC4
PC5
PC6
PC7
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8255

8051 has limited number of I/O ports

one solution is to add parallel interface | .., /1 ou
chip(s) Sonck s
PAOLC] 4 37 O ﬂ?
8255 is a Programmable Peripheral sde 8 s
GND O} 7 34 [ DO
Interface PPl N 2 33 £ D1
AD 9 32 [ D2
. PC7 O] 10 S 31 (0 D3
Add it to 8051 to expand number of PR - -
parallel ports e A
PC1 O 15 26 ] Vcc
8051 I/O port does not have s s e
handshaking capability i o b ot
PB2 20 214 O PB3
8255 can add handshaking capability to L

A A4 A e s

8051
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8255

* Programmable Peripheral Interface (PPl)
— Has 3 8 bit ports A, Band C
— Port C can be used as two 4 bit ports CL and Ch
— Two address lines A0, A1 and a Chip select CS
— 8255 can be configured by writing a control-word in

CR register
ECS*; Al | AO |Selects: I
. 0 | 0 | 0 |PortA
| 0 | 01 1 [PortB
0 | 1|0 |[PortC
e 1 |Control register 1
1 | x | x |8255 1s not selected |

(Reprinted by permission of Intel Corporation,
Copyright Intel Corp. 1983)
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Group

control

Group
Port

(8)

Group
Port C

C)

10

[ &1

L

£-bit
Internal
data bus

Group

Port C
Lower
(4)

[ &1

Group

Group

Port

it

(8)

PA3 1 N W FAd
2 [z 2] PAS
x i 3 L] PAS POWer | =i +5V
w [ : :Th; Supplies *GND
&E [ L RESET
GND 7 L7 Dy
Al B 3 By
AD . n o2
PCT 10 1 Dy
(341 ] BESSA 30 Dy
pes ]2 2 Dy
PC4 13 b | Dg
Ko 14 ) (271
PC1 15 2% Ve
el = I 2 m  Didirectional
pro [ |18 27 pHS Data Bus [;:? y
e []10 2 P4 DD, (""‘_I""'}
PE2 w0 n PH3 buffer |
Pin Names
D;-Dy | Data Bus (Bidircctional) RD ——ed peads
RESET | Reset Input == write
e Chip Select wR control
L Read Input Al logic
T . Ag =™
Write Input RESET =t
AD Al Port Address
PA7-PAD | Port A (bit)
PB7-PB( | Port B (bit) .
PCI-PCO| Port C (bit) S —13
jﬂ +5V
GND oV

Hinh 5.39 PPI 8255.



Bang 5.3 M6 ta cdc chan cua PPI 8255

Ky hiéu | Sé chan | Kiéu Mé ta

Vee 26 Vee: Chan edp nguon +5V. Ta nén gian thém 1 tu 0.1uF gitia
chan 26 va 7 d€ chong nhiéu do dot bié€n nguon.

GND 7 GROUND

DO-D7 27-34 /O |DATA BUS: Cac dudng bus dif liéu 1a cédc chan 2 chiéu 3
trang thai duge n6i vao bu sdir liéu hé théng.

RESET 35 I |RESET: Miec cao 6 ngd vao nay xé6a thanh ghi diéu khién
va tat ea cdce cong (A, B, C) bi reset ve ché do nhap.

/CS 6 I |CHIP SELECT: Ngo vao chon chip nay hoat dong tich cuc
thap, duge dung dé cho phép 8255 két hop vé6i bus dir liéu
dé truyen théng véi CPU.

/RD 5 I |READ: Pay la tin hiéu diéu khién (ngdé vao tich cuc thap)
ma CPU dung dé doc thong tin trang thdi hodic dir liéu qua
bus dir liéu.

/WR 36 I |WRITE: Day la tin hiéu diéu khién (ngd vao tich cue thap)
ma CPU dung dé nap (ghi) cdac “tir dieu khién” va dir liéu
vao 8255.

AO0-Al 8.9 I |ADDRESS: DPay la cdc ngo vao dia chi, cung vé1 cdc ngd vao
/R va /WR, dé dieu khién 1 trong 3 cong hodc thanh ghi “ti
diéu khién”. A0 va Al thuong duge nodi vao cdc bit thap
nhat etia bus dia chi A0, Al.

PAO-PA7| 14, 37-40| I/O |PORTA: cong nhap va xuat 8 bit ¢é giit (c6 chot).
PB0-PB7 18-25 I/O |PORT B: cong nhéap va xuat 8 bit 6 giit (e6 chot).
PCO-PC7 10-17 I/O |PORT C: c6ng nhap va xuit 8 bit ¢6 giit (c6 chot).




Functional Diagram

POWER v

SUPPLIES

GND

{—»

BI-DIRECTIONAL
DATA BUS

DATA BUS

GROUP A

v

CONTROL

—

GROUP A
PORT A
(8) <

BUFFER

S-BIT>

INTERNAL
DATA BUS

GROUP A
PORT C

UPPER
(4)

GROUP B
PORTC
LOWER

(4)

r
—
% READ
—- WRITE GROUP B
Al CONTROL CONTROL
LOGIC
A0 > —
RESET e

GROUP B
PORT B

(8)

K—

—_

—_

F 3

3

/10
PAT7-PAD

1O
PC7-PC4

1o
PC3-PCO

/0
PB7-PBO
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8255 — Logic diéu khién doc/ghi

Phéan diéu khién c6 6 dutng:
/RD (Read): Tin hiéu diéu khién nay cho phép “Poc”. Khi tin hiéu nay 6 mie thap.
CPU doc dir liéu tir cong I/O duge chon cua 8255A.
/WR(X6a): Tin hiéu diéu khién nay cho phép “Ghi”. Khi tin hiéu nay ¢ mde thap, CPU
ghi vao cong I/O duge chon cua 8255A.
RESET (Xéa): Pay la tin hiéu tich cue mie cao; né x6a thanh ghi diéu khién va dat tat
ca cdc cong trong ché do nhap.
/CS, A0 va Al: Pay la cdce tin hiéu chon thiét bi. /CS dugc néi vao dia chi duge giai
méa, va A0 va Al thuong duge néi vao cae dudgng dia chi A0 va Al tuong (ng.
Tin hiéu /CS la tin hiéu chon chip chinh, va A0 va Al xdc dinh 1 trong cdce 6ng I/O
hay thanh ghi diéu khién nhu sau:

/CS | A1 | A0 | Chon

Thanh ghi dieu khién
8255A khong duge chon

0 0 |0 Cong A
0 0 1 Cong B
0 1 |0 Cong C
0 1 1
1 X | X
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Bang 5.4 Hoat dong co ban cia 8255.

A0

RD

WR

CS

INPUT OPERATION (READ)
Hoat dong nhap (Poce)

Cong A — Bus dir liéu

Cong B — Bus dir liéu

Cong C — Bus dir liéu

e B e B

el Rl i e

el i § o R o

| k| k| e

(B N B N B e

Tu dieu khién — Bus dir liéu

OUTPUT OPERATION(WRITE)
Hoat dong xuat (Ghi)

Bus dir lieu — Coéng A

Bus di lieu — Cong B

Bus di lieu — Coéng C

el el L= I

el e T i e

e il el

o I Jan I an I N o

o I N B e B e

Bus dit lieu — Diéu khién

DISABLE FUNCTION
(Chde niang cam)

Bus dir liéu — trang thai tha 3

Bus dir liéu — trang thai thia 3




Tu diéu khién

p7|ps|ps|o4fos|oz o1 oo

Chon ché dd (mode
00 = MODE 0

»l 01=MODE 1
1X = MODE 2

> 1=1/0 MODE
0 = BSR MODE

Hinh 5.41 Dang “tir dieu khién” cia 8255 cho ché do I/O.
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Cace cong A, Bva C

8255 chita 3 cong 8 bit (A, B va C). Tat ca cac cong nay c6 thé duge dat cau
hinh bang phan mém. nhung moi cong cé cde dic tinh riéng ecia né.

Cong A: Bo dém/chot xuat dir liéu 8 bit va mach chot nhap dir liéu 8 bit.

Cong B: Bo dem/chot nhap/xuat dir liéu 8 bit va bo dém nhap dir liéu 8 bit.

Cong C: Bo dem/chot xuat dir liéu 8 bit va bo dém nhap dir lieu 8 bit (khong c¢6
chot doi v6i nhap). Cong nay c6 thé duge chia thanh 2 cong 4 bit theo ché do lam viéc.
Moi cong 4 bit chita mach chot 4 bit va ¢6 thé dung lam ngo ra tin hiéu dieu khién va
cac ngd vao tin hiéu trang thai cung vé6i cdc cong A va B.

Chon ché doé lam viec
Cé ché do lam viée co ban ma c6 thé chon ducge bang phan mem hé thong:

e Mode 0: Nhap/Xuat co ban (Basic I/O)

e Mode 1: Nhap/Xuat cé lay mau (Strobed I/O)
e Mode 2: Bus 2 chiéu.
Khi ngd vao reset 6 mic cao, tit ca cong s& duge dit vao ché do nhép véi tat
ca 14 dudng cong duge giti ¢ mie logic 1 bing cdc thiét bi giit bus bén trong. Sau khi
hét reset, 8255 van duy tri 6 ché do nhap, khong can su khéi tao nao ca.



M ADDRESS BUS 2

~A

CONTROL BUS 2

b _ DATA BUS T M

D7-D0
82C55A
MODE 0

PB7-PB0 CONTROL CONTROL PA7-PAD
OR I/O OR I/O

DIRECTIONAL

[ ]

PB7-PB0O PA7-PAOD

w
CONTROL 74
Hinh 5.42 Cac dinh nghia ché do co ban va giao tiép bus.



Tiu diéu khién

nd G 5 3 3 3 G

BIT SET/RESET

KX X 1=SET
CARE

Co BSR
0 = tich cuc

Hinh 5.43 Dang BSR.



Cac chite nang dieu khién ngat

Khi 8255 duge lap trinh dé hoat dong ¢ ché do 1 hodc 2, cde tin hiéu dieu
khién duge cung cidp dé cé thé duoe sir dung nhu cdc ngd vao yéu cau ngat vgi CPU.
Cédc tin hiéu yéu cau ngat, duge sinh ra tir cong C, ¢6 thé bi cAm hay cho phép bing
cach dat hay xéa fliflop INTE lién hé, biang cach dung chie nang BSR cta cong C.

Chite nang nay dé€ cho nguoi lap trinh cho phép hodc cAm ngiat CPU bang thiét
bi I/O cu thé ma khong anh hudéng bat ci thiét bi nao khdc trong cau tric ngit.

Pinh nghia flipflop INTE:

(Bit Set) thi INTE=1-Cho phép ngit.
(Bit Reset) thi INTE=0-Cam ngit.

Chu y la tat ca cac flipflop mit na bi reset tu dong trong khi chon ché do va

Reset thiét bi.

Thit tuc chung dé truyen thong cac ngoai vi qua 8255, cin c6 3 bude:
1. Xdc dinh cdc dia chi cta cdc cong A, B, va C va cua thanh ghi diéu khién
theo logic chon chip (/CS) va cac duong dia chi Ay va A;.
2. Ghi tur dieu khién vao thanh ghi diéu khién.
3. Ghi cdc 1énh I/O dé truyén thong vdi ngoai vi qua cac cong A, B, va C.
(6



8255

PPI 8255 véi Mode 0 (Nhap hay Xuat don gian)
Trong ché do nay, moi cong (hay nua cong trong truong hop C) e¢6 thé lap trinh
dé lam viée nhu cong nhap hay xuit. Cac dac tinh I/O trong “ché do 0” nhu sau:

1. Hai cong 8 bit (A va B) va hai eong 4 bit (Cy va Cp)
2. Cdc ngd ra duoge chot.

3. Cdc ngd vao khong duge chot.

4. Céac cong khong c6 kha nang bat tay hay ngat.

5. C6 thé c¢6 16 kiéu cau hinh I/O nhu trong bang 5.5.
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Gian do dinh thi véi ché do 0

8255

DT-D“--.--------.--------

D7-D0

5, A1, AD

QUTPUT

tRD

— DF —»

Hinh 5.44 Mode 0 vé61 nhép co ban

tww

-

tbw

tAW

F 3

— tWA

twB

Hinh 5.45 Mode 0 véi xuat co ban



Mode 0O

* Provides simple input and output
operations for each of the three ports.

— No "handshaking” is required, data is simply
written to or read from a specified port.

— Two 8-bit ports and two 4-bit ports.
— Any port can be input or output.

— Outputs are latched.

— Inputs are not latched
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Mode 1

 Mode 1 Basic functional Definitions:
— Two Groups (Group A and Group B).

— Each group has one 8-bit data port and one
4-bit control/data port.

— The 8-bit data port can be either input or
output. Both inputs and outputs are latched.

— The 4-bit port is used for control and status
of the 8-bit data port.

80



8255 mode 1 (output)

INTEA

PAT
PAD

Port A Qutput >

|PCY
PCE

Rs
n‘]
Cad

> OBFA
e ACKA

E

= INTRA

|

|8

> OBFB
ACKB

"‘..‘a
(g
B

Pco

Port B Output >

——> INTRB

PC 4,5

]
ESCIEESE

Port A with
. Conirol Word - Mode 1 Output
Handshake Signals

D7 D D5 D4 D3 Dz Di DO

T Lo ToTx]

IO Mode i Port B Output
Port A Mode 1 —— —— L___._ Port B Mode 1
Port A Qutput PC 4,5
1 = Input
0 = Qutput

Port B with

Handshake Signals
Status Word -- Mode 1 Qutput

DY D6 D5 D4 D3 D2 DI DO
(OBFA |INTEA| /O | QO |INTRA [INTES |OBFB |INTRS |

INTEA is controlled by PCE in BSR mode.
INTEB is controlled by PC2 in BSR mode.



Mode 1 — Control Signals

* Qutput Control Signal Definition

— OBF (Output Buffer Full F/F). (C7 for A, C1 for B)
« The OBF output will go “low” to indicate that the CPU has
written data out to the specified port.
— A signal to the device that there is data to be read.

— ACK (Acknowledge Input). (C6 for A, C2 for B)
* A “low” on this input informs the 8255 that the data from Port
A or Port B has been accepted.

— A response from the peripheral device indicating that it has
read the data.

— INTR (Interrupt Request). (C3 for A, CO for B)

* A “high” on this output can be used to interrupt the CPU
when an output device has accepted data transmitted by the
CPU.
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Timing diagram for
mode1(output)

S Y
j \
T i
OBF \ \“L | /’kﬁ
K |
\ a
S .
INTR g | i /7¥_
77
| ya
ACK - " [ﬁ
Output __:}{\'_ n“'
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8255 mode 1 (input

i
i

INTEA :

i

PAD

C4

PAT |

<. Port A Input

BTBA

C3

G3

————2> IBFA

> iBA

INTEB

PC1

ez

3 (BEfY

co

ety TRD

K. Pori B Input

PCs,7

s

Port A with
Handshake Signals Control Word -- Mods 1 Input
D7 D D5 P4 D3 D2 D1 DO
T alof a1 [mf1{1]fx]
pd
VO Mode Port B Input
Port A Mode{ — e Pori B Mode 1
Port A Input PC6,7
1=Input
0 = Qutput
Port B with
Handshake Signals

Status Word -- Mode 1 Input

Dy D D5 D4 D3 D2 Dt DO
[T wo | uo | IBFA[INTEA|INTRA |INTEB| IBFB|INTRB |

INTEA is controiled by PC4 in BSR mode.
{NTEB is controfled by PCZ in BSR mode.




Mode 1 — Control Signals

 Input Control Signal Definition
— STB (Strobe Input). (C4 for A, C2 for B)

« A “low” on this input loads data into the input latch.

— IBF (Input Buffer Full F/F) (C5 for A, C1 for B)

* A "high” on this output indicates that the data has been
loaded into the input latch; in essence, an acknowledgement
from the 8255 to the device.

— INTR (Interrupt Request) (C3 for A, CO for B)

* A “high” on this output can be used to interrupt the CPU
when an input device is requesting service.
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Timing diagram for
mode1(input)

=¥

INTR

— 9
378 i
&
BF
/

)

/

S

RD
i
input <
from peripheral

)

Figure 4-13, Timing Diagram for Mode 1 Input
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Mode 2 - Strobed Bidirectional
Bus I/O

« MODE 2 Basic Functional Definitions:

— Used in Group A only.

— One 8-bit, bi-directional bus port (Port A) and
a 5-bit control port (Port C).

— Both inputs and outputs are latched.

— The 5-bit control port (Port C) is used for
control and status for the 8-bit, bi-directional
bus port (Port A).
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Mode 2

* Output Operations

— OBF (Output Buffer Full). The OBF
output will go low to indicate that the
CPU has written data out to port A.

— ACK (Acknowledge). A low on this
iInput enables the tri-state output
buffer of Port A to send out the data.
Otherwise, the output buffer will be in
the high impedance state.

* Input Operations

— STB (Strobe Input). A low on this
input loads data into the input latch.

— IBF (Input Buffer Full F/F). A high on
this output indicates that data has
been loaded into the input latch.

Pin

Functio

PC7

JOBF

PC6

/ACK

PC5

IBF

PC4

/STB

PC3

INTR

PC2

/0

PC1

/0

PCO

/0
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Mode 2 and Mode 0 {Input) Mode 2 and Mode 1 {Qutput)
Control Word PC3 5 INTRA Control Word PC3 --a--a INTRA
parond (=) PATAAD (0,
D7 D6 D5D4D3D2 D4 DO D7 D6 D5D4D3D2 D1 D0 o
1] 4 x| x{o |1 pe7 ——— 0BFA  [4T3TIxTxl 4ol x Pcr-—)o_aE
PCH jmmmm ACKA pCe = ACKA
PG 20 —— PCA e STBA P4 W STEA
1= Input
= . PCS 3 IBFA PC5 p=3 [BFA
0 = Quiput
PC20 K3 10 PBT - PBO ﬂ i,
_ - | OBFB
ke E— ol
- PBY - PBO =
L e PO | INTRB
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BSR Mode

 |f used in BSR mode, then the bits of
port C can be set or reset individually

GO TR WERD
I:I? DE DL DII- I:|1 EI, I:|1 I:'l:l
[ [ I‘
BIT SETHESE T
| u X 1=5ET
I g f= RESET
DT i

CAHE

=i | iF
MEIc)

| Bal
151_
= oo 2jal1]r B

_| BITSETHRESET FLAC
S 0= ACTIVE




BSR Mode example

Move dptr, 0093h

- Move a, 09h ;set pc4

Movx @dptr,a

Acall delay

Mov a,08h ;clr pc4
Movx @dptr,a

Acall delay

Spmp up
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Interfacing 8255 with 8051

CS is used to interface 8255 with 8051

If CS is generated from lets say Address lines
A15:A12 as follows,
A15:A13 =110

Address of 8255 is 110 xxxxx xxxx xx00b

Base address of 8255 is 0 .

— 1100 0000 0000 0000b=CO000H 3

Address of the registers T I T m—
— A = COO0O0H S

- B =CO01H I
— C = CO02H \

— CR =CO003H T

= RESET



Interfacing 8255 with 8051

P2.7(A15)
P2.6(A14)
P2.5(A13)

8051

ALE

P0.7-P0.0
(AD7-ADO)

/RD
/WR

A2
Al
A0

74138
3x8 decoder

HEHH

<

A 4

00
74373 01

A 4

D7-D0

A 4

A 4

/CS

8255

A0
Al

D7-D0

/RD
/WR
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8255 Usage: Simple Example

« 8255 memory mapped to 8051 at address COOOH base
— A =CO000H, B=C001H, C = C002H, CR = CO03H

« Control word for all ports as outputs in mode0
— CR: 1000 0000b = 80H

test:
mov
MOVX
mov

repeat:mov
MOV X
INncC
MOV X
INncC
MOV X
cpl

acall

sJmp

mov A, #80H

DPTR, #COO3H
@DPTR, A
A, #55h

DPTR ,#COO0OOH
@DPTR, A
DPTR
@DPTR, A
DPTR
@DPTR, A
A

MY_DELAY
; For (1)

repeat

control word
- address of CR

- write control word

WI|| try to write 55 and AA
; alternatively
; address of PA

; write 55H to PA
; how DPTR points to PB
; write 55H to PB
; how DPTR points to PC
; write 55H to PC

; toggle A (65—-5AA, AA->55)

; small delay subroutige



5.6 Giao tiep bé hién thi (Display)
5.6.1 Giao tiep v&i LED
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Giao tiép véi LED

Voo +5V Vee +5V
M

470
=

. 4 \ 4

AN RSN

Port Pin Port Pin Port Pin

1. Tot 2. Kém 3. Kém !

J

GNLC
Veo V.
5V s
+HV
8051 8051
A ——AAAA—
1 P1.0 CA P1.0O
L AMA——
10 b Pl P1
c P12 YWV | p1o
d P13 T YYYY—— pi3

_H_ e P14 ’l W pi 4
i P13 Y 5
AN PL6 N WA

dp P1.7 P1.7

Tseg LED - Common Anode Lo BRI b



Giao tiép voi

o

VDD

micro PO.1

Direct hardware interface
20mA max sink current
Configure as quasi-bidir or
Push-pull

LED don

VDD2
VDDI
VDD VL
micro PO.1 1
VSS —

Interfacing to SV hardware
Configure as open-drain
5V supply drives load
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+5Y
CEI IU.1uF Decoupling
L
(=
U3 7| o =
“5: 8 R4 330E LED2 3mm REDLED
. 2 > 18 AN
¢ SE—— A1 Bl —AW
H R5 330E LED3 3/@).13 RED LED
E - »e—3 a2 g2 L
1
' R6 330E LED4 3/@;‘1 RED LED
i »e— Ba 12
Ve R9 330E LED5 3mm REDLED
[
i »e—2 | aa 7] B R N A
_l R10 330E LEDE 3mm REDLED
i [5 14 AN
1 rereneesow@F— AR B&
= R11 330E LED7 3}:}9 RED LED
r——— »2—" a5 B6 —
I | R12 330E LED8 3mm REDLED
sa—E a7 B7 2——AAA aa
A R13 330E LEDY 3mm RED LED
9 11 AN
B8
1
7415245
[
bl
1
)
: !
L !
R +5Y ] +5V SW18
T ~o —
T R7 10K Toggle Switch — R16 10K Push Button Switch —
S1 rocosos oo oo e
+BY & ~ +5Y SwW19
-.I__W 's} -.r_/\/\/\ 0 O
L
R8 10K Toggle Switch = R17 10K Push Button Switch —
s2
\ 3
+5Y i +5V Mo sw20
-j_——’\/\/\——-——o\o -J___/\/\/\__.__o o)
R14 10K Toggle Switch = R18 10K Push Button Switch =
s3
\
+BY [r +5V SwW21
Tl o™
R15 10K R19 10K Push Button Switch =

Toggle Switch =
54

TD: Mach cho nhap tw phim nhan va xuat ra LED don
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Mach nhap tw phim nhan

-

R —

L-------------------'--------------'----------‘

L--------------------------------'

I
)
-------- o T e it ettt by = )
------ e b -
' +5V P sy SW18
e I Pl
1 ]
N R
'{ = = R7 10K Toggle Switch == : : : R16 10K Push Button Switch =
(N S1 'l
T B T
iy _ o ' | J EEPPPA o o
A A L _
1 R3 10K Toggle Switch ] = R17 10K Fush Button Switch =
T 52 -
1 1 -
! ! +5V SW20
1
= o i o
I R14 10K Toggle Switch = = R18 10K Push Button Switch =
+5Y % +5Y SWa21
A o\o—_l_
R15 10K Toggle Switch = R19 10K Push Button Switch =

54
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Mach xuat ra LED don

+aV
CBI | 0.1uF Decoupling
I
& ——
us "~ - =
DE: § R4 330E LED2 3mm RED LED
. R5 330E LED3 3mm RED LED
' 3 17 e
1
: = R6 330E LED4 3/I"n/l"ﬂ RED LED
b e 3 B3 12— AAA
b1y RO 330E LED5 3mm RED LED
i = =‘ Ad B4
_: 14 R10 330E LED& 3mm RED LED
e 6 14 Pt
i amedl R11 330E LED7 3mm RED LED
IRE 7 13 b
e B matmmaate =S VX B6 AAN
R R12 330E LED& 3mm RED LED
b pemmmmmmsE— A7 B7 AN
T N R13 3208 LEDY 3 RED LED
emmmmmemed § poeeeepg 2 g e
0 2 =
1
PSR p—— |
e 2 9 7aLs245
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LED ON 1/O PORTS (1/2)
+2Y

%ezn iy
M

%‘x T
TTL b TTL X TTL

e _}%

LGood Foir Foor 101



LED ON I/0O PORTS (2/2)

Since TTL outputs is designed to feed multiple TTL inputs, they are good at
current sinking but poor at current sourcing. The Standard TTL can sink up to
16mA and source 250uA. The LS logic family can sink 8mA and source 100uA.
The 8051 port pin can sink 1.6mA (3.2mA for port 0) and source 60UA.
Therefore, if you drive significant current, try to arrange your circuits to use
current sinking. Unlike diodes, Light-emitting diodes have a forward voltage
drop from 1.7 to 2.5 volts and most of them flow a forward current 20mA.

Poor circuit
since the TTL output can't source above 1TmA so the LED will be very dim.
Fair circuit

The LED will conduct heavily at about 2V and the extra 3V has to be dropped in
the TTL circuitry. This causes high power dissipation in the TTL or the LED
fails.

Good circuit

The resistor limits the current. The resistance can be calculated by assuming its
voltage is about 2.5V and the TTL output is 0.9V. For 2.2V LED, 1.9V is across
the resistor so the 220o0hm would limit the current to 8.6mA (1.9/220). For 1.7V
LED, 2.4V is across the resistor so it would limit the current to 10.9mA
(2.4/220). The resistor should not less than 100 Ohm or the LED would fail.
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Example 1

Connection -Switch -P1.0, LED - P2.0
Condition - Turn on LED when switch is pressed.
Solution:
SETB P2.0 ; LED OFF
SETB P1.0 ; input pin.
LOOP: JB P1.0, LOOP ; not grounded then
; stay in loop
CLR P2.0 ; Toclear pin P0.0 when
'P1.0isatOv

Schematic Circuit?
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Ex: RELAY ON 1/O PORT
(2CO Relay)

In A, NPN transistor (say a BC337 or BC338) is being used to control a relay
with a 5 V coil. Series base resistor R1 is used to set the base current for Q1,
so that the transistor is driven into saturation (fully turned on) when the relay is
to be energized. That way, the transistor will have minimal voltage drop, and
hence dissipate very little power as well as delivering most of the 5V to

the relay coil.

How do work out the value of R1?2.

Let us say RLY1 needs 50mA of coil current to pull in and hold reliably, and has
a resistance of 24 Ohms so it draws this current from 5V. Our BC337/338
transistor will need enough base current to make sure it remains saturated at
this collector current level. To work this out, we simply make sure that the base
current is greater than this collector current divided by the transistors minimum

DC current gain hFE. So as the BC337/338 has a minimum hFE of 100 (at
100mA), we'll need to provide it with at least 50mA/100 = 0.5mA of base
current.

In practice, you give it roughly double this value, say 1mA of base current, just
to make sure it does saturate. So if your resistance will be TTL Logic High
Voltage (Min) /1ma ( 1K approx)
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Example 2 — Switch and LED

Connection

Port O is connected to eight
LEDs, each of them is
connected to 5V through a
3300hm resistor. Port 1 is
connected to a DIP switch and a
10Kohm resistor

Condition

Corresponding LED should light
up when switch pressed , i.e. if

Switch at 1.0 is pressed -> LED
at P0.0 should light up.

+oY

”rElT

: Voo RAOH

— Sp1.7 THOF
— E Fl.e 30
- ZIP15 ALE/PH
— m F1.4 F'SEN-iE_
| 3 P1l3 WRII_l?

— > Fl.z RO
- lF'l.l o8
- P1.0 P2.TIES

Fa.k=
L T P2.5t5e
Hro Pe.EY
BainT1 Eg 3:23
Solution: HEINTo ;S-é—gf{
; To configure port 1 for input. o : 40
MOV P1, #OFFH RESET PO.7133
LOOP: MOV A, P1 18], P05
MOV PO, A 19 e
SJMP LOOP ; Stay in 1 Eg-‘i 38
infinite loop GND pO.0}E2

£l 8051

A ]

8xLED 105




Using ULN (Driver IC)

Another option for driving relays would be to use a high-voltage, high-current,
Darlington array driver IC such as the ULN2803. The ULN2803 can directly
interface to the data outputs of the 8051 pins, and provides much higher
drive-current. The ULN2803 also has internal diode protection that eliminates
the need for the fly-back diode as shown in the above relay driver schematics.
You can connect 8 relay using this IC.

So ULN is better choice if you have more than 3 relay. ( Simple design of
circuit & PCB as well !)

ULN2803 | )
Inside the ULN2803

1 EWJ 15 Current Flnwl

2 e 17 2 7KQ dIII-u-t-p;JE:;_-I;_\.

Pt oA (LED)

4 d—- 115 Input ‘\‘_:___:"

o t—[;:::—T_[::‘_. 1 14 Comman Battery

R A A A YA, =

2 E_D"_T—H- j E 7.2k 3k =TT Currert Flow
—=y [ —

d [4[3"1[}. 111

9 i 1 10 Common

From 1995 Dick Smith Catalogue



7 Segment Display

INTRODUCTION

For the seven segment display you can use the LT-541 or LSD5061-
11 chip (etc...). Each of the segments of the display is connected to
a pin on the 8051 (the schematic shows how to do this). In order to
light up a segment on the the pin must be setto OV. To turn a
segment off the corresponding pin must be set to 5V. This is simply
done by setting the pins on the 8051 to '1' or '0'.

LED displays are

— Power-hungry (10ma per LED)

— Pin-hungry (8 pins per 7-seg display)
But they are cheaper than LCD display

7-SEG Display are available in two types: Common anode (CA) &
common cathode (CC), but command anode display are most
suitable for interfacing with 8051 since 8051 port pins can sink
current better than sourcing it. 107



sasaan

Common Anode

7 Segment Display

gesaee

Common Cathode

Towards the microcontraller pin

F * controlling this segment

b |
E’Eﬁ
¥ B
M ]
¢ )
2 ,C
-
d dp
le [d [Kc [dp

w  330E

dp = decimal point

108



The 7-segment Display (Cont.)

« 7-segment displays come in 2 configurations:

Common Anode (CA) Common Cathode (CC)

« As we have seen, it would be preferable to connect
the cathode of each diode to the output pin.

« Therefore, the common anode variety would be
better for our interfacing needs.
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Interfacing a 7-segment display

« Also, as seen with interfacing the LED, a resistor will be
needed to control the current flowing through the diode.
— This leaves two possibilities:

Yo

.

T

v
"

terg LH) - Coommion Aok

Fl.d
Fl.1
Fl.2
Fl3
Fl4
Fl35
Fl.5
F1.7

e

1|-|J.-
1

twreg LH3 - Commm Anode

‘..‘_ ——"fi—
"

ot i

'-.__'-i._.?-.—'—'l'l'l'l.'—

e

Fl4
Fl.1
Fl2
Fl=
Fl4
F12
Fl4
F1.7

— Case 2 would be more appropriate as case 1 will produce
different brightness depending on the number of LEDs turned

on.
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Use of current buffer

 Interfacing to a DIP switch and 7-segment display
* Qutputa ‘1" to ON a segment

 We can use 74244 to common cathode 7_seg

7415240
oo
oo
oo
0”0
L pp
~  switch
1 Q 7-segment
FIGURE 3-8 = LED

Interface to a DIP switch and 7-segment LED
111



BCD to 7-Seg lookup table

mov p3,#0fh BCD | pgfedcba |he
mov a,p3 7_seg X
anl  a.0fh 0000 | 001111 11 |3f

0001 | 00110000 |30

- mov DPTR., #7

get_code: mo , #7s_tab 0010 |0101101 15b
movc A, @A+DPRT 0011 | 010011 11 |4f
mov pl,a 0100 (011001 10 |66

0101 { 01101101 |6d

7s tab: db 3fh,30h,5bh,4fh,66h 0110 01111101 |7d

0111 | 00000111 |07

db 6dh,7dh,07h,7fh,6Ffh [o00 To1111114 |7

END 1001 | 01101111 |6f
—a — — — . - — - rc M
b b bk ERXN
e_d_c e| e_d_ _d_C Cc _d_C e_d_C (] e_d_C _d_C
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Creating Digit Pattern
with 7-segment LED Display

For displaying Digit say 7 we need to light segments: a ,b, c. Since
we are using Common anode display , to do so we have to to provide
Logic O (O v) at anode of these segments.

So need to clear pins: P1.0 ,P1.1,P1.2. thatis11111000 = F8h.

Connection
Hex Code
segment number 8051 pin number
P1.0 Digit Seg.h Seg.g Seq.f Seg.e Seg.d Seg.c Seg.b Seg.a HEX

b P1.1
c P1.2 0 1 1 0 0 0 0 0 0
@ P1.3 1 1 0 0 0 0 1 1 0

e P1.4
2 1 0 1 0 0 1 0 0

f P1.5
3 1 0 1 1 0 ] 0 W]

g pl.6
hidp) 1o 4 1 0 0 1 1 0 0 1

You can also do this for some characters like A ,E .. but not for D or B because it will be
same as that of 0 & 8 . So this is one of limitation of 7-seg display.

Since we can Enable only one 7-seg display at a time ,we need to scan these display at
fast rate .The scanning frequency should be high enough to be flicker-free. At least 30HZ
.Therefore — time one digit is ON is 1/30 seconds

co
06
A4
BO
99



INTERFACING TO LED DISPLAY (1/2)

»

N

Tsoz LED - Clopnmon Ancde

PLE
ri.l
i
PL3
rLa
ILs
I'L.s
rLT

b ]|

Common Anode display

Note that we are using Common Anode display. so the common Anode pin
is tied to 5v .The cathode pins are connected to port 1 through 330 Ohm
resistance (current limiting).
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INTERFACING TO LED DISPLAY (2/2)

Connection: a:h to port p1.0:p1.7 , D0:D1 to p3.0:p3.1.

To Display: Consider example of vending machine where we want to
display number of soft drink bottles on display entered by customer.
Suppose he enter 3 (03) bottles then we will use lookup table to

see DIGIT PATTERN of these keys.
So DIGI[1]=CO0 (hex code for '0') &
DIGI[2]=B0(hex code for '3').

Algorithm
start : Disable [D0:D1]
again : Enable DO
[a:h] - pattern for Digit1
Delay
Disable DO.
Enable D1
[a:h] - pattern for Digit2
Delay 115
Goto again



Hién thi quét LED véi 4 LED 7 doan

o

s

:

Vee

:

o

$

B T
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Chu y v&i hién thi don kénh

V6i hién thi LED don kénh:
« O mdi thoi diém chi ¢6 mot hién thi LED 7 doan duoc cho
phép (qua cac khoa dién tor BJT).

» Céac ngd vao a-h ndi chung v&i nhau cho tat ca cac LED 7
doan.

» Tong s6 chan cong can st dung 13 8 + so ky s0 (digit), voi thi
du hinh 5.80 thi tong so chan 1a 8 + 4 = 12.

* Tan sb6 quét phai du cao dé tranh tinh trang thay LED nhap
nhay:
e t5i thiéu 40Hz
* tho1 gian cho 1 digit sang 1a 1/40 giay.
» tan s6 quét cao hon thi s& giam su nhap nhay 117
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Mot s6 thi du véi LED va phim nhan
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Basic Output Techniques with LEDs

°+5V
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Example 3: Light-up LEDs

All LEDs ON
T T T I I O I

1st: LEDs 122




Program Listing for Example 3

(_Start ) ORG  0000H
v CLR A
Set A =00 LOOP: MOV P1, A
R CPL A
i ACALL
Move the content AJMP LOOP
of A to P1 MOV R6, #250
DL1: MOV R7, #200
; DL2: DINZ R7, DL2
Delay for 0.1s DINZ R6, DLI
| RET
Invert the END
content of A
Assume 12MHz clock, determine the delay time.

Time delay, Tex] =1+[(1+200*2)+2]* 250+ 2= 100,753 Machine(gale




Example 4: Lighting Sequence

START:

LEFT:

RIGHT:

ORG
MOV
MOV
MOV
ACALL
RL
DINZ
MOV
MOV
MOV
ACALL

DINZ

0000H

R1, #07H
A,#11111110B
P1, A

DELAY

A

R1, LEFT

R1, #07H
A,#01111111B
P1, A

DELAY

A

R1, RIGHT
START

124
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Example 5: Use a Look-up Table
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Program Listing of Example 5

LUT: DB 01111110B
ORG 0000H DB 00111100B
START: MOV RO, #OK-LUT+1 ; length of table DB 000110008
MOV DPTR, #LUT ; code start address DB 000000008
| MOV R1, #00H DB 00011000B
LOOP: MOV A, RI DB 00111100B
MOVC A, @A+DPTR DB 01111110B
MOV PI, A DB 11111111B

ACALL DELAY .
INC R1 ; point to next data of table ’DB 011111108
DINZ RO, LOOP ; finish ? DB 001111008
AJ MP START DB 00011000B
| ; DB 00000000B
DELAY: . . . DB 00011000B
; do not modify the value in register RO, & R1 DB 00111100B
; DELAY = 1+ (100751 +2)* 2+ 2=201,509 Machine Cycle ! DB 011111108
MOV RS, #2 DB 11111111B

DL1: MOV R6, #250 .
Dsz MOV R7, #200 DB 00000000B
DL3: DINZ R7,DL3 DB 11111111B
DINZ R6, DL2 DB 00000000B
EEJI}IZ R5, DL1 OK: DB 11111111B

: END 126




Example 6: Basic Input Technique

o +5V

SWi1
SW2
SW3
Sw4

— 127



Example 6

TTrrtrrrrrrrornni
When SW1 Closed

LTIt rrrrornrni
When SW3 Closed

Lrrrrrrrtrrrrornl
When SW2 Closed

Lrrrrrrrrrrrrrtnl
When SW4 Closed

Priority: SW1 =y SW2 = S\W3 =mp S\W4
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Flow Chart of Example 6
(Start)

A\ 4

SW1 Handler

Initialization

OO

SW2 Handler

A 4

Set P3 as input port

|

SW3 Handler

Read SW1~SW4 status

SW4 Handler

\4

129



Program Listing of Example 6

ORG 0000H
MOV R1, #00000000B
MOV R2,#01010101B
MOV R3, #00001111B
MOV R4, #11110000B
TEST: ORL P3, #0FFH
; P3 1s configured as input port!
JINB P3.7, CASE1
JNB P3.6, CASE2
JNB P3.5, CASE3
INB P3.4, CASE4
AJMP TEST
CASEL: MOV A, R1
MOV P1, A
ACALL DELAY
XRL A, #11111111B
MOV P1, A
TEST

AJMP

b

CASE2: MOV

CASES3: MOV

CASE4: MOV

DELAY: ...

A, R2
P1, A

DELAY

A, #10101010B
P1, A

TEST

A, R3

P1, A

DELAY

A, #11110000B
P1, A

TEST

A, R4

P1, A

DELAY

A, #00001111B
P1, A

TEST

;inside DELAY, don’t modify A, R1, R2, R3 & R4.

RET
END
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Ex7: 7-Segment LED Numeric Display

o e E
- e
_J_r 131 _|..-1|.’J )
10k ;o T GO M
. —I-_ 0 1 331}23}:33
Eprom Version [RESET  P1.0n—w—y
- i B AW a
Of8051 :'.T'-IFQ P A% ana C f R ] h
= 8752 I"']_.,':"r:'l——_ﬂ,-.,n,_d 2
J0pF - P1. 4 —nan— D
iR e 5] ¥ e ~
1 I XTALL  py 52 ann,
7 i EED
12 MHz[——J P1.6f s 7 ®pn,
sEien b P
—”—:DEETHLE P1.7 AN
N J0pF

e
JEEI

R3 is used as a counter, write a 8051 assembly language program using
look-up table method, to display the value in R3 to a 7-segment display
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Program Listing of Example 7

ORG 0000H TABLE: DB H(l)OOOO(l)B , 0
MOV RS, #O0IH DB 101001008 12
LOOP: MOV DPTR, #TABLE ’
DB 10110000B ;3
MOV A R3 DB 10011001B ;4
+ bl
. MOVC A, @A+DPTR DB 10010010B ;5
; Display numbers on 7-segment display DB 100000108 ;6
DB 11111000B ;7
MOV P1, A DB 10000000B ;8
ACALL DELAY DB 10010000B ;9
; Increase R3 by 1 and loop back ;
MOV A,R3 END
ADD A, #1
DA A
ANL A, #OFH
; take the lower nibble only
; now A has value between 0 to 9
MOV R3, A ;update R3
AJMP LOOP
DELAY: ...
RET 132
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Giao tiép v&i dong co DC
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Giao tiép v&i DAC
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Mach loa di kém v&i DAC
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Mach diéu khién déng co DC di
kem DAC
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Giao tiép v&i ADC
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