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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce
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NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.




KY THUAT SO

(Digital Electronics)

— Th.S Bdng Ngoc Khoa
Khoa Dién - Dién Tur

= Chuong 1: Mot s6 khai niém md dau

= Chuong 2: Hé thdng s6

= Chudng 3: Céc cbng logic va dai s8 Boolean
= Chuong 4: Mach logic

= Chuang 5: Flip-Flop

= Chuong 6: Mach s6 hoc

= Chuong 7: B6 dém va thanh ghi

= Chuong 8: P3c diém cua cac IC s6

» Chugdng 9: Cac mach s6 thudng gdp

= Chuong 10: Két ndi véi mach tuong tu

= Chuong 11: Thiét bi nhg )




= Bai giang — Th.S Bang Ngoc Khoa

= Ky thuat s6 - Nguyén Thiy Van, NXB.KHKT

= Ky thuat s6 1 - Nguyén Nhu Anh, NXB. DHQG

= Digital Systems: Principles and Applications —
Ronald J.Tocci, Prentice-Hall

Chuong 1
MOt sO khai niém md dau

-------- " Th.S Béng Ngoc Khoa
Khoa Pién - bién TU




MO ta sO hoc

---------

= Tin hiéu analog (tuang tu) la tin hiéu cé
gia tri thay d6i mot cach lién tuc

= Tin hiéu digital (s6) la tin hi€u cé gia tri
thay ddi theo nhitng budc rdi rac.

= Analog == Tudng tu.

= Digital == RGi rac (step by step)
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Tin hiéu analog Tin hiéu digital




= Nhirng dai lugng sau day la analog hay
digital?
= CONng tac 10 trang thai
= DOng ngod ra cta mot thiét bi dién.
= Nhiét do phong.
= TOc d6 cia mot mota dién.
= NUt diéu chinh am thanh cda radio.

Hé thong so

---------

= Hé thdng s6 la mot két hdp cua cac thiét
bi dugc thiét k& dé lam viéc véi cac dai
lugng vat ly dugc miéu ta dudi dang so.

= Vi du: may vi tinh, may tinh tay, cac thiét
bi audio/video s0, dién thoai sO, truyén
hinh ky thuat so...




= Nhin chung, hé thdng sd dé thiét ké.

= Cac thdng tin dugc luu trit dé dang.

= DO chinh xac cao.

= CH thé 18p trinh hoat ddng cla hé thdng.

= Cac mach s6 it bi anh hudng bdi nhiéu.

= Nhiéu mach s6 c6 thé dugc tich hgp vao
trong mot IC.

= Trong thuc té phan I&n cac dai lugng la
analog.
= D& x(r ly tin hiéu analog, hé thdng can
thuc hién theo ba budc sau:
= Bién d6i tin hiéu analog ngd vao thanh tin
hiéu s6 (analog-to-digital converter, ADC)
= XU ly thong tin s6
= Bién dai tin hiéu digital & ngd ra thanh tin
hiéu analog (digital-to-analog converter,DAC)10
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Temperature
(Analog)

. (Analog) [ Analog-to- [ (Digital) —
e Mezsurng B Mgl B Dt
: converter P g
3 (Digital)
Digital-to- | (Analog) > _
| analog » Controller » Adjusts
converter temperature
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= Am thanh clia cic nhac cu va tiéng héat sé&
tao ra mot tin hiéu dién ap analog trong
microphone.

= Tin hiéu analog nay sé dugc bién doi
thanh dang s0.

= Thong tin s6 sé dugc luu trir trong dia CD

= Trong qua trinh playback, may CD nhan
thong tin s6 tu dia CD va bién doi thanh
tin hiéu analog, sau d6 khuéch dai va dua
ra loa. 13
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DAC (phuc tap, ton kém)

= Hé thong sO yéu cau thém thdai gian cho
cac qua trinh bién ddi (han ché tdc do)

= Trong phan I&n cac i'ng dung, hé thong
sO thudng dugc uu tién ing dung do cac
uu diém cla nd.

= Mach analog dugc st dung dé dang cho
qua trinh khuéch dai tin hiéu.

-p KéEt hgp giira analog va digital 14




Binay 1

Mot Usad

- Binary 0 0 o L,

= Binary 1: Dién ap tu 2V dén 5V

= Binary 0: DBién ap tu 0V dén 0.8V

= Not used: Dién ap tu 0.8V dén 2V, vung
nay cé thé gay ra l6i trong mach s&. 15

Mach s6

---------

= Mach s6 phai dugc thiét ké dé dién ap
ngd ra nam trong khoang logic 0 hodc
logic 1

= MOt mach s lam viéc vdi cac gia tri ngo
vao la logic 0 hodac 1 ma khong quan tam
dén gia tri dién ap thuc té.

= MOi mot mach s6 tuan theo mét tap hap
cac quy luat logic nhat dinh.

16




= Phan I6n cac mach s6 dugc tich hgp trong
IC.

= MOt so kY thuat ché tao IC
= TTL
= CMOS

= Nhirng ho IC nay sé dudc dé cap trong
chuong 8.

17
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Truyén song song & ndi tidp




Nonmemory
] | > circuit > ||

Memory
] | > circuit > |
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= Trang thai clla mach cé thé dugc luu trir
sau khi cham dut tin hiéu ngo vao.

= ThuOc tinh luu gia tri cia né tuong Ung
V@i thiét bi nhd nén dugdc goi la bo nhd
(memory)

= B6 nhd thudng dudc lam tU cac mach
Latches (chot) hoac Flip-Flop.

20
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Data,
information

Cac phan chinh cua may tinkl

Central Processing

Unit (CPU)
3 Aritlgrgr}:ucf | .
|
I
1
| Input —L 4 control ;___: Output Data,
; > information
~ T o g
[}
1
Ly * Y — — — 3= Control signals
9= Memory j—— — Data or information

21

Cau hoi?

22
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Chuong 2
Hé thong so

-------- " Th.S D3ng Ngoc Khoa
Khoa Dién - Dién Tur

DPinh nghia

---------

= MOt hé thong s6 bao gom cac ky tu trong
dé dinh nghia cac phép toan cong, trur,
nhan, chia.

= Hé cd s6 clia mét hé thdng s6 la tong ky
tu’ co trong hé thong so do.

= Trong kY thuat s6 cd cac hé thong sb sau
day: Binary, Octal, Decimal, Hexa-
decimal.




Hé thong s6 | Ca s6 | Cac ky tu’ co trong hé thong
Decimal 10 0,1,2,3,45,6,7,8,9

Binary 2 0,1

Octal 8 0,1,2,3,45,6,7

Hex_a- 16 0,1,2,3,45,6,7,8,9
decimal A B,CD,E,F

= Hé thdGng s6 thap phan c6 phan b cac
trong s6 nhu sau:

D4u thap phan

J

10*

103 192 191 100

v

Trong s6 102

*\ .
( Trong s6 100
Trong s6 10!

101 | 102
f\ A

Trong s6 101

Trong s6 1072




= Vi du: phan tich s6 thap phan 2745.214,,
2 745 .21 4

/'1L3 1I)2 1[)1 1‘([)0 ‘ 1‘([)'1 1l-2 ll\

Most significant digit (MSL) Dau thap phan Least significant digit (LSD)

= 2745.214,, =
(2x10%) + (7 x10%) + (4 x 10Y) +
(5x109 + (2x101) + (1 x102) +
(4 x 103)

Hé thong sO nhi phan

---------

= Hé thong s6 nhi phan cé phan bo cac
trong s6 nhu sau:

D4u phan s6

J

v

24 2221 | 20 | 271 | 22
! t

. 23
t |4 \ A
\ o _1
/{ rrong o5 20 Trong so 2 >
Trong so 2! "
Trong s6 22 Trong s6 22




Hé thong s nhi phan (tt)%ﬂﬁ%

= Vi du: phan tich sé nhi phan 1011.101,
ROERERE
/ L 22 21 20 ’ 2-1 22 2-3\
Most significant bit (MSB) D&u phéan sd Least significant bit (LSB)
= 1011.101, =
(1x23)+(0x2%)+(1x21)+
(1x29+(1x2H)+(0x22) +
(1x23) =| 11.625,

Sl ’1‘;
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Phép cong nhi phan

= COng hai bit nhi phan

A+B

= = Ol |>
= O|l—= O |




Phép cong nhi phan (tt)

= CONng hai s6 nhi phan khong dau

z*'% _%... ?\
\"' — a“’f

a) 11 (3) | by 11.011 (3.375)
+110  (6) +10.110  (2.750)

1001 (9) 110.001  (6.125)

N ol ﬁ ___ Phép nhan nhi phan
)

= Nhan 2 bit nhi phan

AXxB

== Oolo|>
= | O—= | O |

z‘%m é‘s
\“' -.,..a“’{
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Phép nhan nhi phan

---------

= Nhan 2 s6 nhi phan

1110

x 1011

1110

1110
0000
1110

10011010

11

S6 nhi phan c6 dau

---------

= Trong trudng hgp cén thé hién dau, s6
nhi phan st dung 1 bit dé xac dinh dau.

= Bit nay thuong & vi tri dau tién
= Bit ddu bang 0 xac dinh s6 duong.
= Bit ddu bang 1 xac dinh s6 am.

12




SO nhi phan co dau

= SO nhi phéan 6 bit cé dau

A, A, A, A, A, A, A,
l 1 [ | | [ [ |
V
Bit dau (+) Gia tri = 52,,
As As A, Aq A, Ay Ao
| 1 | | | | | |
V
Bit dau () Gid tri = -52,,

13

BOi trong hé nhi phan

= P& do ludng dung lugng cda bd nhé, don
vi Kilo, Mega, Giga dudc su dung

Boi Ban vi Ky hiéu Gia tri
210 Kilo K 1024

220 Mega M 1048576
230 Giga G 1073741824

14




(C:) Properties KHE
General ITooIs I
Label: I
Type Laocal Digk

File spstem: FAT32
W Used space: 1.977.475.072 bytes 1.84GB I
Free space: 8.068.784.128 bytes 7 H1GB

C

- Jzed zpace: 1,977 475,072 bytes 1.840E
1

Diive C Disk Cleanup... | \ /
/2% =
1

Ok I Cancel | Ll |

5

Hé thong sO bat phan

---------

= Hé thong s6 bat phan c6 phan bd cac
trong s6 nhu sau:

848 |8 8 |8 | .| 8|82

= Vi du: phan tich s6 bat phan 372
372 =(3x8%)+ (7x8")+ (2x89
=(3x64)+ (7x8)+(2x1)
=| 250,

16




Hé thong so thap luc phé

---------

= Hé thong s6 thap luc phan c6 phan bd cac
trong s6 nhu sau:

1641163162 |161|16°| . | 161|162 ...

= Vi du: phan tich sé thap luc phan 3BA,,
3BA,, = (3x162) + (11 x 161) + (10 x 16°)
= (3x256) + (11 x16) + (10x 1)
= 954,,

17

= MOi chif s6 trong mot s6 thap phan dugc
miéu ta bang gia tri nhi phan tucong Ung.

= MOu chif s6 thap phan sé dugc miéu ta
bang 4 bit nhi phan.

0 1 2 3 4 5 6 7 8 9

| | | | | | | | | |

¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥
0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001

18




= Vi du hai s6 thap phan 847 va 943 dugc miéu
ta bdi ma BCD nhu sau:

8 4 7 °o 4 3
2 \A \2 2 2 \’
1000 0100 0111 1001 0100 0011

19

137,,= 10001001, (Binary)
137,,= 0001 0011 0111 (BCD)

= Ma BCD sur dung nhiéu bit han nhung qua
trinh biénn déi don gian hon

20
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lemmm - ] Decimal Binary Octal Hexadecimal BCD
0 0 0 0 0000
1 01 1 1 0001
2 10 2 2 0010
3 11 3 3 0011
4 100 4 4 0100
5 101 5 5 0101
6 110 6 6 0110
7 111 7 7 0111
8 1000 10 8 1000
9 1001 11 9 1001
10 1010 12 A 1000 0000
11 1011 13 B 1000 0001
12 1100 14 C 1000 0010
13 1101 15 D 1000 0011
14 1110 16 E 1000 0100
15 1111 17 F 1000 0101 21

= Trong qua trinh truyen dir liéu nhi phan,
nhiéu c6 thé gy nén nhitng 16i trén

dudng truyén.
_[—l_l_ _J—LLI—_

X

Transmitter Receiver

s
L")
Y

= Phuong phap don gian dé phat hién 16i 1
st dung bit Parity

22




= Trong phudng phap nay, mot bit md rong
sé dugc thém vao, bit ma rong dudc goi

\ - -
la bit Parity
idle - jdle ——=
R R e e R B

S-D-D-D.D.D.D.D.P.S

T| 0 1 2 3 4 5 6 a T

A | | | | r o

R L M i P

i |8 S|t
B B |y

23

= Gia tri cua bit Parity phu thudc vao phuadng
phap sU dung va s0 bit 1 trong khung dir
liéu.
= Phuang phap Parity chan: tdng s bit 1 trong
khung dir liéu (ké ca bit parity) phai la s6 chan.
- D{fliéul 0 1 1, bit paritythémvao1 1 0 1 1
= Phuong phép Parity 1é: tong s8 bit 1 trong
khung dir liéu (k& ca bit parity) phai la s& Ié.
«D'liéul 1 1 1, bitparitythémvaol 1 1 1 1

24
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---------

Bién ddi gitra cac hé cd s6

25

---------

Binary - Decimal

Cach thuc hién:

= Nhan moi bit véi trong sd 2" ctia nd
= CONg cac két qua lai véi nhau

26

13



= Vi du: bién d6i (10101101), sang thap phan

Binary »1 01 01101
X X X X X X X X
Gia tri » 27 26 2524 23 22 21 20

Kétqua —— 128 + 32+ 8+ 4+ 1

173,

27

Cach thuc hién:

= Chia 2 lay phan du
= SO du dau tién la bit LSB (least significant bit)
= SO du cudi cung la bit MLB (most significant bit)

28

14



= Vi du: bién doi 67,, sang nhi phan
Buéc 1: 67 /2 = 33
Buéc 2:33/2 =16

Budc3:16/2 =8
Budc4:8/2 =4
Budc5:4/2 =2
Buéc6:2/2 =1
Buéc7:1/2 =0

du 1

du 1

du 0

du 0
du 0
du 0
du 1

1000011,

29

Cach thuc hién:

= Bi&n mdi ky tu sd trong Octal thanh 3 bit nhi
phan tugng (ng.

Octal

0

1

2

Binary

v

000

v

001

]
v

010

011

100

101

110

111

30

15



= Bién ddi 4724 sang hé nhi phan

4 7 2
!l 100111010,
100 111 010

= Bién ddi 5431, sang hé nhi phan

5 4 3 1
. L L | 101100011001,

101 100 011 001

31

Q

Decimal Binary

0 0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

O IN|ao|jn |~ |WIN|[—

=]

[ury
o

Cach thuc hién:

—
—

= Bién moi ky tu s&
trong Hexa thanh 4 bit
nhi phan tugng Ung.

-
N

—-
w

-
N

a5
MmmO[O|m|>|o|o(N|[ofu|s|w|N|= o @

—
w

32




= Bién doi 47C,, sang hé nhi phan

= 4 7 C
l l l 10001111100,

0100 0111 1100
= Bién ddi 10AF,, sang hé nhi phan

1 0 A F
L L L | |1000010101111,

0001 0000 1010 1111

33

Decimal = Octal

---------

Cach thuc hién:
= Chia 8 lay phan du
= SO du dau tién la LSD (least significant digit)
= SO du cuGi cung la MLD (most significant digit)

34

17



= Vi du: bién doi 1234,, sang bat phan

Budc 1: 1234/ 8 =154 du?2
Budc 2: 154/ 8 =19 du2
Budc 3:19/8 =2 du 3
Budc4:2/8 =0 du 2

2322,

35

Decimal > Hexa

Cach thuc hién:

= Chia 16 lay phan du

= SO du dau tién la LSD (least significant digit)
= SO du cuGi cung la MLD (most significant digit)

36

18



= Vi du: bién doi 4660,, sang thap luc phan

Budc 1: 4660 / 16 =291 du4
Budc 2: 291/ 16 =18 du3
Budc 3: 18/ 16 =1 du 2
Budc 4: 1/ 16 =0 du 1

1234,

37

Cach thuc hién:

= B3t dau tir bén trai, nhdm s6 nhij phan thanh
cac nhom 3 bit
= Bién d6i moi nhdm 3 bit thanh mdt s6 Octal

38

19



—p):

c

---------

= Vi du: bién doi 1011010111, sang Octal

1 3 2 7

" 1o11'010"111

1011010111, = | 1327,

39

Cach thuc hién:

= B3t dau tir bén trai, nhdm s6 nhij phan thanh
cac nhom 4 bit
= Bién d6i moi nhdm 4 bit thanh mot s6 Hexa

40

20



= Vi du: bién d6i 10101101010111001101010,
sang Hexa

5 6 A E 6 A

' 101'0110'1010'1110 0110'1010

10101101010111001101010, = | S6AE6A¢

41

Octal = Hexa

---------

Cach thut hién:
= Bién ddi sd Octal thanh s& Binary
= Bién ddi s Binary thanh s& Hexa

42

21



Octal - Hexa (tt)

---------

= Vi du: bién d6i 10764 sang Hexa

1 0 7 6
N
|001 qPO 1]1F 110|

2 3 E

1076, = | 23E,

43

Hexa - Octal

---------

Cach thut hién:
= Bién ddi s6 Hexa thanh s& Binary
= Bién ddi s Binary thanh s Octal

44

22



*ﬂr ________ Hexa - Octal (tt)
) T

= Vi du: bién d6i 1FOC,, sang Octal

1 F 0 C
N
OPOl ||111’F. OQPO 1”100|
1 7 4 1 4

1FOC,, = | 17414,

Sl ’1“;
L %
i J 8

;
(S /
o ||\ ¥

45

Bai tap - Bién doi 1

= Thuc hién cac phép bién ddi sau:

Sl ’1“;
L %
i a2 ¥

-
S /
o |\

Decimal Binary Octal

Hexa

46
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47

Phan so

= Binary - Decimal
10.1011
L1 x24=0.0625
1x23=0.125
0x22=0.0
1x21=0.5
0x20 =0.0
1x21 =2.0

10.1011, = | 2.6875

48

24



Phan so

= Deciaml - Bianry

.14579

/ X 2

3.14579 /7 [0-29158
_— X 2
[0.58316

X 2
[1.16632
X 2
[0.33264
X 2
[0].66528
X 2
11]. 33056
11.001001... etc.

49

Phan so

= Vi du: chuyén 189.023,, thanh s6 binary

189/2 = 94dul | 0.023x2 =0.046du 0
94/2 = 47du0 | 0.046x2 =0.092du 0
47/2 = 23dul | 0.092x2=0.184du 0
23/2 = 11dul | 0.184x2=0.368du 0
11/2 = 5 dul | 0.368x2=0.736du 0
5/2 = 2 dul | 0736 x2=1472du1
2/2 = 1 du0 | 0472x2=0.944du 0
1/2 = 0 dul

189.023 =] 10111101.0000010,

50

25



Bai tap - Bién doi 2

= Thuc hién cac phép bién doi sau:

z*'% _%... ?\
\"' — a“’f

51

Bai tap - Bién doi 2 (tt)

= Két qua:

Pl
— B
R\

52
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Chuong 3

Cac cdng logic & Pai s6 Boolean

-------- " Th.S D3ng Ngoc Khoa
Khoa Dién - Dién Tur

= Khac véi cac dai s6 khac, cac hang va
bi€n trong dai s6 Boolean chi co hai gia
tri:Ova 1l

= Trong dai s6 Boolean khong c6: phan s,
sO am, ldy thua, can so, ...

= Dai s6 Boolean chi cé 3 toan tu:
= CONg logic, hay con goi toan tir OR
= Nhén logic, hay con goi toan t&r AND
= BU logic, hay con goi toan t& NOT




Hang s& Boolean va bién (T8

= Gia tri 0 va 1 trong dai s6 Boolean mang y
nghia miéu ta cac trang thai hay muc logic

Logic 0 Logic 1
False True
Off On
Low High
No Yes
Open switch Closed switch

Bang chan tri

= Bang chan tri miéu ta moi quan hé gilra
gia tri cac ngd vao va ngo ra. Vi du:

Output A B CJ[[x A B C DJ[[x

Inputs o o offo o o o offo

# l 0 o 1[f1 o o o 1[|0

0 1 0 1 o 0 1 0 0

A B X 0 1 1 0 o 0 1 1 1

0o 0 1 1 0 0 0 o 1 0 0O 1

0 1 0 1 0 1 0 0 1 0 1 0

1 0 1 1 1 0 0 ] 1 1 0 o]

1 1 o] 1 1 1 1 0 1 1 1 1

1 o 0o 0 o]

(b) 10 0 1/|0

1.0 1 of|o

A — 1 ] 1 1 1
pe—»] * [ 1 1 0 offo
1 1 o] 1 0

(a) 1 1 1 0 0

1 1 1 1 1

(c)




» B|eu thirc Boolean clia cdng OR

---------

x=A+B
OR
A B x=A+B
0 0 0 A x=A+B
0 1 1
1 1 1
OR Gate
(a) &)
5
Senn
n
Cong OR (tt) : 7

Ngo ra & trang
thai tich cuc
khi it nhat mot
ngo vao 6
trang thai tich
cuc.




0T T GF T I [ B ew

741532

MCTUHC32 AN Py
® Freposut \ g

e

MCTUHC B2 AN
FFED934T




oOm>
>
n
>
+
os]
+
O
—_—_— a. 00 0O

x=A+B+C

-_——m o0 -0 olm

— 0= 0=0 =00

I T LS T TR e

= Cong OR cd thé cd nhiéu han 2 ngd vao.

———————————

Temperature

Vi du 3-1

transducer

Pressure

transducer

= T
Comparator |3
ViR
Py
Comparator =

= Cong OR dugc st dung trong mdt hé
thong bao dong.

0 -

Alarm

10




= Biéu d6 thdi gian cho cong OR.

A1
0= i T i
| e |
11 I T I T
B | I | I
| | | | |
0= 7 | | |
I [T R T
i TR S I
I [T T T T S
11 —t —
Output ! | J I
(.| [
L I I
0 | ] : |
I Pl
I I

11

= Bi€u d6 thdi gian cho cong OR.

A

B

C

ouT

L
0 |
|
1 |
By
0
i |
[
1 |
0
1
0

ty
Time

ouT

A+B+C

12




Cong AND

---------

- B|eu thirc Boolean clia cong AND
X=A*B

A

0

0 A @—

0 X = AB
1 B &—

AND gate
(a) (b)

- - 00>
—~— o =0\l

13

Cng AND (tt) N 2

---------

Ngo ra & trang
thai tich cuc
khi tat ca cac
ngo vao 6
trang thai tich
cuc.

14




[«]

Ll B[] 2] ew

74L508

15

A B C x = ABC
0O 0 O 0
0 0 1 0
0o 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 4 0 0
1 A 1 1

A o—
B @— x = ABC
C o—

= Cong AND c6 thé cd nhiéu han 2 ngd vao.

16




= Bi€u d6 thdi gian cho cdng AND.

1 - |
A | I
1 I
0— [ | : | A o— x=AB
I I I I I
1 1 B B o——
I | | I I
B I | | | |
i I | | | I
T l | | T | |
I P | |
| ) s
* Loy
X I ! |
]
| |
0— | 1 | I
e 4t Tyt s te Ay

= Cong AND dudgc st dung lam mét mach
khda don gian

A UL o2 ——
I

X_||||| =

18




= Cong NOT ludn ludn chi cd mdt ngd vao
= Biéu thiic Boolean cua cong NOT

X=A
1
WOl NOT A | | | |
Allx=A ) 0
0 ; A e [:;XD ® x=A
1 0 .R 3
(a) Presence of small 0
circle always denotes
inversion (c)
(b)

19

VCC

pEcEcEnEnlolo

LT BT O BT T ] Tl ow

74LS04

20

10



e Fan,
rf%"‘-
i
§
\m 7
n

il IC cdng NOT 74LS04 ]
ﬁL

]

21

Vi du 3-5

= Ngd ra clia cdng NOT xac dinh trang thai
cUa nut nhan.

+5V

Push Logic level 1 (true) when pressed
button (false when button is not pressed).

_|
[ ]
NOT Pressed

§ Logic level 1 (true) when not pressed
(false when button is pressed).

22
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= B4t ky mach logic nao cling c6 thé dugc
xay dung tur 3 cong logic cd ban: AND,

OR va NOT.
= Vi dU
«X=AB+C
=« X = (A+B)C
=« X = (A+B)

« X = ABC(A+D)

23

Vi du 3-6

---------

24

12



B &—— x=AB+C
C
(a)
A A+B
B x=(A+B)-C
C o—
(b)

(b)

26

13



= Cho mach c6 biéu thitc x = ABC(A+D)

= Xac dinh gia tri ngo ra x khi A=0, B=1,
C=1, D=1

= Gid tri ngd ra co thé dugc xac dinh

1
o—o—|>o— 3
™ 1
. D_l—
5 2 Xos:0
D=1

A
B
C

nonon

kY

---------

= Vi du hay thiét Iap bang chan tri tir s¢ do
mach logic sau day

) A+B

i ) 4>_.x=(A+B)(B+C)
é A|B|C|Xx

0j]o0]o0

B+C 0 0 1

2 0|10

0|11

2INPUTS = S§ trang thai ngd vao (o1

73 = 8 trang thai RN

28

14



OcCe 0 y = = -
0 0 0_PO0
0|0 111
0 1 0|0
0 1 111
1[0[0]o0
1 0 110
1 1 0|1
1 1 1 1

29

---------

= Hay thi€t ké mét mach logic dudc xac dinh
bdi biéu thirc: y = AC + BC + ABC

= Khi mdt mach dudc dinh nghia bdi biéu
thirc logic, ta cd thé thiét k& mach logic
truc tiép tir biéu thirc dé.

= Bi€u thirc gébm 3 thanh phan OR vdi nhau.

= Ngd vao ctia cdng OR 1a ngd ra cla cac
cong AND

30

Thiét 1ap mach tir bidu thi

15



Thiét 13p mach tU biéu thife

Be BC -
>0 1ohc o e
Ce -

31

o ) A+B
Be ° D—qx={A+B)(é+C)
B
B+C
Ce

32




D t
inversion
w3
A x=A+B
—e
B
(b)
OR NOR
A B A+B A+B
o o L] 1
o 1 1 0
1 0 1 0
1 1 0

33

34

17



= Bi€u d6 thdi gian cho cong NOR.

1
0
1
0
1
0

35

= Bi€u thirc Boolean clia cdng NAND
X=A*B

AND
——

AB

- 0 0o|>»
- o -olm

0
0
0
1

(c)

36




IC cong NAND 74LS00

---------

vCcC

] s ] el ie] ] fo] e

-
] [E]
L L] B L] B L] 2] ew

74LS00

Vi du 3-10

---------

= Bi€u d6 thdi gian cho cdng NAND.

| |
|
A T B — . — Ae— x = AB
& i 1 B o—
I | | |
I |
. |

38




Cac dinh ly ca ban trong
dai sO Boolean

Sl ’1‘;
L %
i J 8

;
S /
o |\

39

x*¥0=0
x*¥1 =

X¥x=x

X*x=0
X+0=Xx
x+1=1
X+ X=X
x+x=1

Cac dinh ly don bién

Sl ’1‘;
L %
i a2 ¥

-
S /
o |\

40

20



= Luat giao hoan
X*y=y*x
X+y=y+Xx
= Luat két hgp
(x*y)*z=x*(y*2z)
(x+y) +z=x+ (y + 2)

41

= Luat phan phoi
X *(y+ z) = xy + xz
(x+y)(w + z) = xw + Xz +yw + yz

= Luat hoan nguyén

X

= X

42

21



Mt s6 cong thic thudng dung

a) X.y + X.y = x
b) X + X.y = X
c) X+Xy=x+y

43

binh ly DeMorGAN nhiéu bién

X.YV.ZW ...=X+Y+Z+W...
X+y+2z+..=XY.Z..

44

22



Ap dung dinh Iy DeMORGAN-T

---------

23



Sy da nhiém cua cong NANDE

---------




P A — AB A o)
[NAND] — — - A+B=AB

B a— B o—_

. A A+B Ae—{
[NOR]] ::E>)—o — D—og-a:n-ra

: B B &—

49

= Khi mét ngd vao hay ngd ra trén cong
logic c6 ky hi€éu vong tron thi ngd vao hay
ngo ra doé dudc goi la tich cuc mdc thap.

= Trudng hdp ngudc lai, khong cd vong
tron, thi goi la tich cuc mdrc cao.

50
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Active-HIGH

Active-LOW

AB

LOW state is
the active state.

HIGH state is the
active state.

(b)

Miéu ta cong logic (tt) W

Output goes LOW only
when all inputs are HIGH.

Output is HIGH when
any input is LOW.

51

Active-HIGH

Active-LOW

Miéu ta cong logic (tt)

A+B

HIGH state is
active state.

LOW state is
active state.

(b)

Output goes HIGH when
any input is HIGH.

Output goes LOW only
when all inputs are LOW.

52
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Sl ’1“;
L %
i J 8

;
S /
o ||\ ¥

53
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Chuong 4
Mach logic

T Th.S BPang Ngoc Khoa
Khoa Dién - bién Tu

= MGt ham logic n bién bét ky ludn cé thé

biéu dién dudi dang:

= TOng clia cac tich (Chudn tac tuyén - CTT):
la dang tdng cta nhiéu thanh phan ma moi
thanh phan la tich cta day du n bién.

= Tich clia cac tong (Chuan tac hdi — CTH): la
dang tich cta nhiéu thanh phan ma moi
thanh phén la tdng clia day da n bién.




= Dang chuan tac tuyén
F=>(1256)
F=ABC+ ABC + ABC + ABC

= Dang chuan tac hoi
F=]](0.34,7)

F = (A+B+C)(A+B+C)(A+B+C)(A+B+C)

~ o 0 A W N PR O
B P P P O O O Oof>»
R P O O P B O O|lw
L O P O P O + O|0O
O P P O O P B Ol m

Chuan tat tuyén Chuan tac hdi

2 [1

T6ng clia cac tich | Tich cla cac tdng

Luuycacgiatril | Luuycacgiatrio
X = 0 ghi X X = 0 ghi X
X = 1 ghi X X =1 ghi X




= Lam cho bi€u th{c logic don gian nhat va do
vay mach logic st dung it cong logic nhat.
= Hai mach sau day la tudng ducng nhau

B : BC ' :x:AB{K+BC}
) [

= CO hai phucng phap chinh dé rit gon
mot biéu thirc logic.
= Phuong phap bién doi dai s6: sur dung
cac dinh ly va cac phép bién ddi Boolean dé
rit gon biéu thurc.
= Phuong phap bia Karnaugh: st dung bia
Karnuagh dé rit gon biéu thirc logic




---------

= S dung cac dinh Iy va cac phép bién doi

Phuong phap bién doi dai s

Boolean dé rit gon biéu thurc.

= Vi dU
Biéu thirc ban dau Rat gon
ABC+AB'(A'C’)’
ABC+ABC'+AB'C ?
A'C(A'BD)'+ABC'D'+AB'C
(A'+B)(A+B+D)D’ -

Vi du 4-1

---------

Y
L/




Bai toan thiét ké

Hay thiét k€ mot mach logic co:
= Ba ngod vao
= MOt ngo ra

muUc cao

= Ngo ra ¢ muc cao chi khi da s6 ngd vao &

= Budc 1: Thiét lap bang chan tri.

= R = 2 O O O Of|P»
= = O O = = O Ol
= O~ O = O+~ O|NO

= = = O = O O O|X

10




Trinh tu thiét k& v

li .... ) ... o
= Budc 2: Thiét Iap phudng trinh tir bang
chan tri.
A B C X
0 0 0 0
0 0 1 0
0o 1 0 fo _
0 1 1 i — A.B.C
1 0 o010 _
1 0 1 1] — A.B.E
1 1 0 i — A.B.C
1 1 1 i — A.B.C u
Trinh tu thiét k& N 2

= Budc 3: RUt gon biéu thirc logic
X = ABC + ABC + ABC + ABC

X = ABC + ABC + ABC + ABC + ABC + ABC
Xx=BC+ AC+ AB

12




logic vUra rut gon

x=BC+ AC + AB

13

= Hay thiét k€ mot mach logic c6 4 ngd vao
A, B, C, D va mot ngd ra. Ngo ra chi &
muUc cao khi dién ap (dugc miéu ta bai 4
bit nhi phan ABCD) I6n haon 6.

14




Lrnl
£
WU
A B C DIJ]z
MSB
Analog- A A , 0y o 0 0 0 ]
to- B » B Logic () o 0o 0 1 0
£+ digital C »IC circuit [ > (@ 0 0 1 offo0
Ve = converter D »| D 3 0 0 1 1 0
B LSB 4 0 1 0 of]|o0
(a) (5) 0 1 0 1 0
= % 0 1 1 of|o0
= m o 1 1 1 1— ABCD
8 1 0 0 0 1— ABCD
@ 1 0 0 1 1— ABCD
Ae z=A+BCD (10) 1 0 1 0| 1-ABCD
4 (1) 1.0 1 1 1— ABCD
8 12) 1+ 1 0 0 1— ABCD
c g 13) 1 1 0 1 1— ABCD
De (149 1 1 1 0 1— ABCD
(1) 1 1 1 1 1— ABCD
(c) ®)
15
Senn
7 : =
Vi du 4-3 |

= Thiét k& mach logic diéu khién mach phun
nhién liéu trong mach dét nhu sau:

Khi can dat

, e . ~— Nhién liéu
Cam bién dé ngon Iua
G giltaAvaB

Cam bién ¢ khi can dot

16




17

Phuong phap bia Karnaug%:r:%

= Gidbng nhu bang chan tri, bia Karnaugh la mét cach
dé thé hién moi quan hé gilra cdc muc logic ngd
vao va ngo ra.

= Bia Karnaugh la mot phuong phap dudc st dung
dé€ don gian biéu thirc logic.

= Phudng phap nay dé thuc hién hon phuang phap
dai so.

= Bia Karnaugh cd thé thuc hién vdi bt ky s6 ngd
vao nao, nhung trong chuaong trinh chi khao sat s6
ngd vao nhd haon 6.

18




= MOi mét trudng hgp trong bang chan tri
tuong ’ng vdi 1 6 trong bia Karnaugh

= Cac 0 trong bia Karnaugh dugc danh sb sao
cho 2 6 ké nhau chi khac nhau 1 gia tri.

= Do cac 6 ké nhau chi khac nhau 1 gia tri
nén ching ta cé thé nhdm chiing lai dé tao
mot thanh phan don gian hon & dang tong
cac tich.

19

= MOt vi du tueng ('ng gilra bang chan tri va

bia Karnaugh

Giatio»|0 O 1 v \1 1

Giatit>| 0 1| O /_\ o| £
V

Giatri2 > I

) r! i 2 i \L)/ 1

e ‘\j |

20

10
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o
o
<|
o
o
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<
o
o
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Nhom cac 0 lai vGi nhau

—p):

c

---------

N

= Nhédm 2 6 “1” ké nhau, loai ra bién xuat
hién & ca hai trang thai bu va khong bu.

= Nhédm 4 6 “1” ké nhau, loai ra 2 bién xuat
hién & ca hai trang thai bu va khong bu.

= Nhém 8 6 “1” ké nhau, loai ra 3 bién xuat
hién & ca hai trang thai bu va khong bu.

23

X
Y| ol o vil 1] o
X X X X
Y| o] o Y| oo |l1
vi[1] 1 b0l Yy | ol ,->X

24
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|

T = Fgg =
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*ﬂr ________ K-map 3 bién N 7
E )

0>/0 0 0] 1
120 0 1]0 Y. ABAB AB AB
0101 —
22 cl 11 1] 1] o0
320 1 1] 1 : . . .
431 0 0O cl o] 1 0! o
591010 1 3 7 5
6> 1 1 0|1
721 110

27

al
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29

ol

( \ | >

30

15



10

11

= N\

01

F_AB
10

CD

o — —
o o —

0000000000000000

Bia Karnaugh 4 bién

31

In ”__
<Q
0O
<™ 4|
-
> .
w o
om
c | > s\ ¢
| - FC
(qv)
AV
\B ,an,g
c
m 95
O 5
sodss, > 5
¥ W 5 Q-
mﬁ“ 5 c
LA -

bia Karnaugh \11

10

32

16



’P‘..--:--. %
I3
\‘vnﬁ_ﬁ'

o
! — o — o
A
C 4 o — o o
<Q x
0
< 3| - o o —
i -
mJ gl — o o o
m |
© < = — . =
n w a o 0.... — —
ol ° |
(qv)
m 0000000000000000

33

2
ACD
2

BCD

10

11

/

K-map 4 bi€én: nhom
01

34

17



4

11

10

a‘

|

CD

35

/

CFDAB 00 01 11 10
o 0 [ 0] 0|0
or| 0 /61/
u| 0 0
| 0 0 0 0

BD

",
i, b

36

18



N - ﬂ ___ K-map 4 bién: nhom 4
B )

CiAB 00 01 11 10
ol 0| 0| 0] O
o] 0 | O | 0O | O
0|0
0| 0

Srnny
xﬁjﬁ%

37

Cl:) AB o1 11
00 0 0 i
o1| 0 0 0 0
m| 0 0 0 0
0| 0

BD

38

19



K-map 4 bi€én: nhom 8

-------- CF]; ()
oo| 0
o1| O
nf 0
w| 0

\"*.....a‘f

39

K-map 4 bién: nhom 8

Loy
% ~i |j .af

40

20



K-map 4 bién: nhom 8 N 7

41

Rt gon bang bia Karnaugh W

= Budc 1: Bi€u dién ham da cho trén bia
Karnaugh.

= BuGc 2: Nhdm cac 0 co gia tri bang 1 theo
cac quy tac:
= TONng cac 6 1a I16n nhét.
= TOng cac 6 phai la 2" (n nguyén).
= Cac 6 nay phai nam ké nhau.

42

21



= Budc 3: Lam lai budc 2 cho dén khi tat ca
cac 0 logic 1 déu dugc sur dung.
= Budc 4: Xac dinh két qua theo cac quy tac:
= Mdi nhdm sé 1a mot tich ctia cac bién.
= K&t qua I3 téng clia cac tich & trén.

43

Vi du 4-4

---------

44
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_ WXY

Y Z 0
Y Z 0
Y Z 1
Z
WZ
F1 = F

47

RUt gon biéu thirc sau day:
f(A,B,C,D) = ¥(2,3,4,5,7,8,10,13,15)

F_AB 0
cD

00

01

11 1

0] 1

48




0 0L 11 10

ABc (MG ABD

0|l 1 M/\/

f(A,B,C,D) = BD + ABC + ABD + ABC

49

= MOt s& mach logic c6 déc diém: véi mot
sO gia tri ngd vao xac dinh, gia tri ngo ra
khéng dudc xac dinh cu thé.

= Trang thai khong xac dinh cua ngo ra
dugdc goi la trang thai Don't Care.

= V3i trang thai nay, gia tri cia nd co thé Ia
0 hoac 1.

= Trang thai Don't Care rat tién Igi trong
qua trinh rdt gon bia Karnaugh.

50
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<
]
N
o | -
2|l |-
G}
2o | =
HE
o o
ol « | -
m| _ =
<
53
L
_m o >
_M o o
o o
-l ]
e @
85
- O
OO0 X X v™v v

Or-rOrOor~OCr

COrr-O0OO0«~v

OO0 "™ rr

51

Vi du 4-9

YZ
52

——

1

0

N

T

0
XY

+YZ+ XY

1

A\
|

1 (N~
X X 1; X

— o X X wm
[ X
2

IN N N IN L.
> > > > I
9\

L

I XA OO XO X XcdO ™ Xededd

WXY Z|F2

O OO0 1010101010
OO A1 00O A1 0O A1 0O
OCOOOdAddcd OO OO
OO OO OO0OO0OO A

26



Vi du 4-10

---------

chan tri sau day

Dang chuén tac tuyén
f(A,B,CD)

Dang chuén tac hoi
f(A,B,CD)

= X&c dinh biéu thic cho bang

=>(1,3,4,7,11) + d(5,12,13,14,15)

= 11(0,2,6,8,9,10)eX5,12,13,14,15)

\j ’,,v i

ABCD|F
0Oo0O0OO0f]O
0001]1
0o010¢(0
00111
010011
0101]|x
0110¢(0
0111¢§1
1000¢|0
1001)0
1010|0
10111
1100|Xx
1101]|Xx
11 10X
1111]|Xx

(%]
w

Vi du 4-10

c

---------

NG 00 01 11 10
CD

00 1 X

ol 1 | X | X

101 x |1

10 X

CTT

F_AB
b 00 o0l 11 10
o| O X |0
01 X | x |0
11 X
0l 0] 0| x |0
CTH

fIABCD) = ¥(1,3,4,7,11) + A5,12,13,14,15)
f{A,B,C,D) = (0,2,6,8,9,10)¢(5,12,13,14,15)

54
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Vi du 4-10 w

cD 01
00

11

mE 0

f(A,B,C,D) = CD + BC + AD
f(A,B,C,D) = (B+D)(A+C)(C+D)

55

g -,

s ' K-map 5 bién T
-

fA,B,C,D,E) = 5(0,2,4,7,10,12,13,18,23,26,28,29)

A=0 A=1
F_BC F_BC
cEN\_00 01 11 10 oE\_00 01 11 10
ol 0| 4 8 ol 16| 20 24
ol 115 on| 17| 21 25
317 11 111 19| 23 27
01 216 10 101 18| 22 26

56
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Ll
)

e

Fy ;«ﬁ%‘*\
I3
WU

fA,B,C,D,E) = ¥(0,2,4,7,10,12,13,18,23,26,28,29)

A=0 A=1
"LBC NG 0 0 0
oE 00 01 11 10 DE 1 11 1
ool 1 | 1 00
01 01
11 1 11 1
0] 1 1 0] 1 1

57

o

i, T4
£
N nﬁ,, L

fA,B,C,D,E) = 5(0,2,4,7,10,12,13,18,23,26,28,29)

" BC a=e " B¢ 00 O:.\=111 10
DE 00 01 11 10 DE
00 00
-0 — 01
11 =
@ acoe | |4
oD <oi " 1]
CDE

f(A,B,C,D) = ABDE+BCD+BCDE+CDE

29



A

B

] >

:

= Cong EX-OR ¢6 hai ngd vao.
= Ngo ra ciia cong EX-OR & muic cao chi khi
hai ngo vao co gia tri khac nhau.

1

I
]
i
|

|

j i)

B

-
A—l>—| >O—
B
A

L P50

(b)

e,

AB

AB

(a)

XOR gate symbols

x:f_@B

A =AB + AB
]

A Bl|lx
0 offo
0 1 1
1 ] 1
1 1 0

A o—

B &—

=1 —e® x=A@B

(c)

50
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IC EX-OR 74LS86

---------

LT T B B T B [ ew

74L.S86

61

Cong EX-NOR

---------

= Cong EX-NOR ¢d hai ngd vao.
= Ngo ra ciia cdng EX-NOR & mic cao chi
khi hai ngo vao cé gia tri giong nhau.

A
X
B

62
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Cong EX-NOR

A x=A®B=AB+AB
B

(b)

XNOR gate symbols

A Bl|x
o 01
o 1 0
1 0|0
1 1 1
x=A®B
:b—..

63

Vi du 4-11

logic sau

= S dung c@’.rg EX-NOR dé don gian mach

64
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Even-parity generator

65

EMABLE

o n

JLIL

JILTL

JLI

DISABLE
JLIT,
=0

S,
e
T e

66




Péc diém cda IC s6

---------

= IC dudc cau tao tU cac dién tré, diode,
transistor, cac linh kién nay dugc dat trén
mot IGp ban dan lam nén.

= D€ tranh cac tac dong ca hoc, hda hoc, IC
dugc dong trong nhitng vo silicon hoac
plastic.

= Chip thuc té€ nhé han hinh dang cua né
rat nhiéu

67
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= P& thuén Igi trong qua trinh 1&p rép va
thay doi, IC thudng dugc gan trén cac de.

Small-scale integration (SSI) <12

Medium-scale integration (MSI) 12 to 99
Large-scale integration (LSI) 100 to 9999

Very large-scale integration (VLSI) |10,000 to 99,999
Ultra large-scale integration (ULSI) |100,000 to 999,999

Giga-scale integration (GSI)

1,000,000 or more

72
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= IC s6 dudc phan thanh IC bipolar va IC
unipolar.

= IC bipolar la nhitng IC dugc tao thanh tur
nhirng transistor BJT (PNP hodac NPN)

= IC unipolar dugc tao thanh tir nhirng
transistor hi€u (rng truéng (MOSFET)

- Ly
F
L

P,
00N

73

74
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Ho IC : 2

= IC s6 dudc phan thanh hai loai chinh la
TTL va CMOS.
= Ho TTL la nhiing IC bipolar (bang 4-1)
= Ho CMOS la nhitng IC unipolar (bang 4-2)

75

- ' Ho TTL (Bang 4-1) N %
5

]

Standard TTL 74 7404 (NOT)
Schottky TTL 74S 74504
Low-power Schottky TTL 74LS 74LS04
Advanced Schottky TTL 74AS 74AS04

Advanced low-power 74ALS 74ALS04
Schottky TTL

76




Ho CMOS (Bang 4-2) W

Metal-gate CMOS 40 4001 (NOR)
Metal-gate, pin-compatible with TTL 74C 74C02

Silicon-gate, pin-compatible with TTL, |74HC 74HC02
high-speed
Silicon-gate, high-speed, pin- 74HCT 74HCT02
compatible and electrically compatible
with TTL

Advanced-performance CMOS, not pin or 74AC 74AC02
electrically compatible with TTL

Advanced-performance CMOS, not pin but 74ACT 74ACT02
electrically compatible with TTL .7

= P& cb thé sir dung dudc nhitng IC sb ta
can phai cung cap nguén cho nd.
= Chan nguon (power) ky hiéu la V. cho ho
TTL va Vpp cho ho CMOS.
= Chan dat (ground)

78
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V4 FIVAN V 4
Muc dien ap TTL W
|F ) A Input Output
e Voltage Voltage
Maximum 5.0 V 5.0 V Maximun
4.0V 4.0V
Typical 3.5 V -+
3.0V 3.0V
24V -
20V =20V 20V
Undefined Undef_ined
Region Region
1.0V 08V 1.0V
04 V s
Minimum 0.0 V Typical 0.1 V - 0.0 V Minigrim
A,
4
~N
A \
eu TTL L
{i ____ ; ___ o Input Output
Voltage Voltage
Maximum 5.0 V 5.0 V Maximun
4.0V 4.0V
Typical 3.5V =+
3.0V 3.0V
20V 20V
Undefined Undef_ined
Region Region
1.0V 1.0V
0.4V
Minimum 0.0 V Typical 0.1 V - 0.0 V Miniffum

40



'i ; ¢ Input

Voltage

Maximum 5.0 V

4.0V
=35V
30V 4+
Undefined
Region
20V —+—
1.0V 1.0V
Minimum 0.0 V

Murc dién ap CMOS S 7

s

Output
Voltage
5.0 V Maximum
49V -
4 HIGH
—— 40V
— 3.0V
Undefined
Region
— 2.0V
— 10V
<+ LOW

01 V_m_ 0.0V Minifium

'i ; ¢ Input

Voltage

Maximum 5.0 V

40V

30V 4+

Undefined
Region

20V 14—

10V

Minimum 0.0 V

M(rc nhiéu CMOS N7

Output

Voltage
5.0 V Maximum

HIGH

— 40V
—1 30V
Undefined
Region
—1 20V

10v

0.0 V Minirfém

41



= VGi ho TTL, ngd vao khong két ndi lam
viéc giong nhu muc logic 1, tuy nhién khi
do thi dién ap DC tai chan dé nam trong
khoang 1,4 — 1,8V.

= V&i hoc CMOS tat ca cac ngd vao phai
dudc két noi.

83

= Ng0 vao hoac ra Sh-oq\
bi n&i dén dat A.;J}a_i Nt

+
short
14 "
1 — ’/
2 3 X A o—o 3 X
2 — 2 .
Be L | B o——
; 7
al

42



Nhirng 16i bén trong IC

---------

m
w = | = |

74LS00 )

85

86




= Dutng day tin hiéu bi hd mach: day dut,
moi han khong tét, chan IC gay, chan dé
IC gay.

= DuGng day tin hiéu bi ngan mach: do
dudng day, mGi han, board mach bi dut.

= Nguon cung cap khong dung.

= Output loading: khi ngod ra két n6i véi qua
nhiéu ngo vao khac.

87

88
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Chucng 5
Flip — Flops

-------- " Th.S D3ng Ngoc Khoa
Khoa Dién - Dién Tur

Gidi thiéu

= S0 d6 hé théng s6 téng quat bao gém
thanh phan nhég va cac cong logic

Combinational

outpuls Memory outputs
A it e S SRRt L] £5 _.___..__1I
|
| [
| |
| [
: Combinational - Memony !
I logic elements |
| gates -
] ‘ I W |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
External inputs 2




Flip-Flops

= Thanh phan nhé phé bién nhét 1a cac Flip-
flop, flip-flop dugc cau thanh tur nhirng
cong logic dan gian.

= Ky hiéu tong quéat ctia mét flip-flop

Output states |
—_— Q ——=e Normal Q=1,Q=0: called HIGH or 1
— output state; also called SET state
FF
Inputs
— Q ——e Inverted Q=0,Q=1: called LOW or 0 state;
output also called CLEAR or
(a) RESET state

(b)

= Mach chét cdng NAND I1a mét flip-flop don gian.
= Mach ch6t c6 hai ngd vao la set va clear (preset).
= Ngd vao tich cuc mirc thap, ngd ra sé thay doi
trang thai khi cé xung thap & ngd vao.
Khi mach & trang thai set
Q=1vaQ=0
Khi mach & trang thai clear (preset)
Q=0vaQ=1




1
SET @—— : 1 Q
1 9

1
CLEAR .; CLEAR #—

(a)

Mach ch&t cong NAND cé hai trang thai on

dinh (trang thai chot) i'ng vdi trudng hgp
SET = CLEAR =1,

1
CLEAR o—

1
{ CLEAR #—
0 1

Khi ngd vao SET chuyén ti trang thai cao
xuong trang thai thap, trong ca hai trudng
hdp ngod ra Q sé & trang thai cao




Khi ngd vao CLEAR chuyén tir trang thai cao
xuong trang thai thap, trong ca hai trudng
hdp ngo ra Q sé & trang thai thap

- SET @—— Q

Set Clear Output
1 1 No change
0 1 Q=1
1 0 Q=0
0 0 Invalid*
Q *Produces Q=Q = 1.

CLEAR @——
(a)

SET = RESET = 1. Trang thai &n dinh, ngd ra van gilt

trang thai trudc do.
SET = 0, RESET = 1. Q & muc cao.
SET = 1, RESET = 0. Q & mic thap.

SET = RESET = 0. Ngo ra khong dugc xac dinh chinh

(b)

xac do ca hai trang thai set va clear cung tac dong.




Ngo ra mach chot nhd trang thai trudc do va
ngo ra chi co thé thay doi khi mot trong hai
ngd vao G trang thai tich cuc

Vi du 5-1




= Tudng tu nhu mach chét cdng NAND chi khac vi
tri hai ngd ra Q va Q dudc thay ddi cho nhau.

= Ng0 vao tich cuc mirc cao

SET _
Q
Set Clear Output o s a o
0 0 No change
1 0 Q=1 FF
(1] 1 Q=0
1 1 Invalid* o—C Ol—e
Q *Produces Q=Q =0.
CLEAR (b) (c)
(a)
11

9]
-
m
>
)
o

=
-
r
1t
©
—
=N
_1_______
w
—
[=2]

12




= Khi mat nguén anh sang hé thong sé bao dong.
= COng tac SW1 dung dé reset hé thong

+5V

{7

—_ 13

= Hé thdng s cd thé hoat ddng & trang thai:
= Bat dong bd (Asynchronously): Trang thai ngo
ra s& thay ddi khi co bét ky su’ thay d6i nao &
ngo vao.
= DOng bd (Synchronously): Ngd ra chi thay ddi
tai nhitng thdi di€ém c6 canh xung clock (d6ng
bo véi cach xung clock)

14




Xung clock

= VGi hé théng ddng bd, ngd ra thay ddi trang
thai tai nhirng thdi diém c6 canh xung clock.
= Canh xung ducong Positive-going transitions (PGT)
= Canh xung am: Negative-going transitions (NGT)

Positive-gaing Negative-going
transition (PGT) transition (NGT)

N

\ —— Time

15

= Trong cac FF cd ngd vao xung clock (CLK)
= (@) Xung clock tich cuc canh dudng
= (b) Xung clock tich cuc canh am

Control . Q Control Q
inputs . inputs
o——
; | e——— CLK | 1 > CLK
/ 3 3
CLK is activated CLK is activated
by a PGT by an NGT

(a) (b) 16




change

Clear

------

17

Triggers on
negative edge

Inputs Output
S R CLK Q
o0 | Q, (no change)
TR0 1
o1 0
] Ambiguous

18




= Bao gom:
= Mach phat hién canh xung
= Mach thiét Iap trang thai
= Mach chét cng NAND

D

]

circuit

19

CLK*

7
-

L ]

(a) (b)

Phat hién canh duong Phat hién canh am

20

10



= Hoat dong gidng SC-FF. J la ngo set, K |a
ngo clear

= Khi ca J va K déu ¢ mudc cao, ngod ra sé dao
trang thai so vdi trang thai trudc do.

= C4 thé tich cuc canh duong hay canh dm
xung clock.

21

— a—e Ik [Tck]] Q
0 0 s Qy (no change)
—— CLK 1 0 o %
- 0 1 [
*— K Qp— 1 1 Qy (toggles)
(&)
1
: | |
o
1
- J—I—,i
0
1
0
a b [ d ] 1 ] h i i k = Time
1
“ _I—l I—I_
1}
Clear Toggle N Set Toggle Toggle
hange

22

11



J K CLK Q

0 0 l Q, (no change)
1 0 1 1

0 1 l 0

1 1 I Q (toggles)

23

= Khac nhau duy nhat gilra JK va SC-FF la
JK cé phan hoi tiép tin hiéu.

Edge
detector

—

Pulse-stearing
circuit

| — —

==
NAND latch

24

12



D Flip-Flop

---------

= Chi c6 m6t ngod vao D, tuang ’'ng v4éi ngo
vao data.

= Ngo ra Q sé co cung gia tri vGi ngd vao D
khi cé tac dong cua canh xung clock.

= Trong nhitng thdi diém khac, D-FF sé luu
gia tri trudc do cua nod.

= Pudc sir dung trong Ung dung truyén dir
li€u song song

25

D Flip-Flop

---------

|
I |
| | | |
| [ | |
| [ | |
1 4
[}
c e :

(b)

26

13



D-FF va JK-KK

CLK®

e——> CLK

N
()
=
=

27

Combinational | Y

I
I |
logic > t 1D Qo +—® Q=Y
circuit { | !
I !
Z t [ !
P [ | u—d>cLK 62;-,—0
| ====== |
|
EaT=n |
1D Q,l—e0Q,-2

1
TRANSFER | [} I
0 .—t—b—cbcLK 63|L|—0

“After occurrence of NGT

28




Khong cé mach phat hién canh xung

Ng6 vao xung clock dugc thay bang ngd
vao enable

Ng0 ra dudc xac dinh theo ngod vao chi khi
enable ¢ muc cao

29

ENABLE
(EN)

nputs Output

I1 Q

Qy (no change)
0
1

"X" indicates "don’t care.”
Qy is state Q just
prior to EN going LOW.

(a) (b}

*——D Qp—e

*—— EN QpF—e

3U

15



n
i)

Q
S |
| I
— \ 5 i J
"Latched" ‘'Transparent® ‘'Latched" ‘“Transparent" ‘Latched"
atQ=0 Q=D atQ=1 Q=D atQ=0

31

Ng0 vao khong dong bo

---------

= S, C, ], Kva D dugc goi la nhithg ngo vao
dong bd bdi vi anh hudng cua ching dong
bo vd&i xung clock.

= Ng0 vao khong dong bd hoat dong doc
lap v&i nhithg ngd vao dong b, chung cd
thé set (1) hodc clear (0) Flip-Flop vao bét
ky thdi diém nao.

32

16



JK-FF vGi ngo vao khong dong %

PRESET —
J |[K|Clk |PRE|CLR|Q
0|0| + 1 1 |Q (no change)
*— J QF—e 01|+ | 1 1 |0 (Synch reset)
1 (0] + 1 1 |1 (Synch set)
e—(>CLK 1 (1] + | 1 1 | Q (Synch toggle)
X | 1 1 |Q (no change)
—— K QlF——e X |X| X 1 0 |0 (asynch clear)
X | x| x 0 1 |1 (asynch preset)
XX 0 0 [ (Invalid)
CLEAR
33
£Pny
, £
Vi du 5-4 = ~

1
CLK
+5V PRE 0

0] | | |
FRE | | |
4 PREqle 0 : |_| ! [
' i i
CLK CLK n 1 -
CLR Iy | | |
| | |
Koarlre 0 i . |
7 H | |
1 ! t t
CLR % | | |
I | |
ab c d e g
(a)
Paint Opearation
a Synchronous toggle on NGT of CGLK
b Asynchronous set on PRE = 0
< Synchronous loggle
d Synchronous loggle
(] Asynchranous clear on CLR = 0
f CLR overrides the NGT of CLK
o Synchronous toggle

(1) 34




35

= MOt s6 'ng dung cua flip-flop
= BO dém
= Luu dif liéu nhi phan
= Truyén dif liéu nhi phan gilra cac thiét bi

36

18



= Da s6 hé thong hoat dong & ché d6 dong
bo.

= Cac tin hiéu tu nhién la nhirng tin hiéu
khong dong bo.

= Chung ta phai dong bo nhiing tin hiéu nay
v@i xung clock.

37

= Tin hiéu khdng dong bd A cd thé tao ra
nhirng mau xung khong dung.

| |
CLOCK || \ |||| :|||
| |

38

19



39

= FF thudng dugc st dung dé€ luu va truyén
dif liéu dang nhi phan.

= Nhdm FF st dung d€ luu data la thanh ghi

= DU liéu dudc truyén khi data chuyén doi
gitra nhirng FF hodc thanh ghi.

= Trong truéng hop truyén dong bo, can
phai c6 xung déng bd

40

20



Truyén di liéu dong by %

—1s A s B —_— A J B
—I> CLK —C> CLK —(Cp> CLK —C> CLK
—R A A B —k A K B
TRANSFER | t TRANSFER I t .
— A D B

mi

—>CLK 7 > CLK
TRANSFER [ Y |

Ay,

Truyén dir liéu song song%ﬁl'%

SOURCE  se——  DESTINATION

Register X Register Y
Data

(D2 D, Dy)

0,
¥a T D ¥,
_— clk ==
Xal| | > Ys

D,
r D b £ et
= | clk =
X || P Yy

DU
Xo D Yo ™
— > clk =
Xo Yo

mavsren - — 2




W7
= Trong truéng hop nay dir liéu sé dugc
truyén nai tiép.
DATA
IN
J Xg—1J Xo——J X4 X —e
~C> CLK > CLK > CLK > CLK
K Xo K % K ¥, K Xo —e
JUL & &
Shift
pulses
43

Truyén data gilra hai thanh ghi

Vo o X register Y register

",
%
91
§
&
R |\

¢
5
S’

0e—D X2l— D

CLK CLK CLK

—b XD Y.—D ¥,

Q
&
=
Q

LI

=

Yo

o
—C);

S S

Shift pulses
!
(a)
Xz X4 X Yz Y, Yo
———————— =)
|1 0 1 ]' 0 0 0 ————— Before pulses applied
S e
0 1 1] 1 o 0 - After first pulse
0 0 1 (1] 1 0 —+——— After second pulse
RS
1] 0 0 | 0 1| «——u—— After third pulse
IR Rt

(b)

44
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po=————— -

Chia tan so

>,

1
[rE—

“All PRE and CLR
are HIGH

_.—ITCLK
1

Clock
pulses

Qg

Q

Q;

Count ™,
Q,0,C,

1 1
J Q; *— J Q,— —J Qg
CLK > CLK — > CLK
= 1 = 1
K Q, — K Q *— K Qp
Input cleck
{a) pulses

8 9 10 1

I' PR

> 000,001,010

|
011,100 1101 1110 ' 111 , 000 , 001 , 010 , 100 -~

(b)

45

* Note: each arrow represents the

occurrence of a clock pulse

46
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Sl ’1“;
L %
i J 8

;
S /
o ||\ ¥

47
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Chucng 6

— Th.S Bdng Ngoc Khoa
Khoa Dién - Dién Tur

= ALU (arithmetic/logic unit) sé€ Iay data tur trong
b nhé dé thuc thi nhitng Iénh theo control unit

Y

Y

[ |

| |

| |

| |

o :
Moy : Logic ! Control

[ |

[ |

| |

| |

|

| |

| |

unit circuits unit

_______________

Arithmetic/ogic unit




Mach s hoc

= Vi du qua trinh mot Iénh dugc thuc thi:
= Don vi diéu khién ra 1énh cdng mét s6 dugc chi dinh
trong bo nhé véi s6 cb trong thanh ghi accumulator .
= SO cOng dudc truyén tur bd nhé dén thanh ghi B.

= Dir liéu trong thanh ghi B va thanh ghi accumulator
sé dudc cong lai véi nhau.

« Két qua sé dudgc luu vao trong thanh ghi accumulator

« Gia tri trong thanh ghi accumulator sé dudgc gilr cho
dén khi co Iénh mdi.

= A, B la gia tri can cong. C la gia tri nhé. S

la két qua cua phép cong

By By B, B, B, Addend bits
i i |'> t from B register
Cs Cy Cs =] Cy Co
- | || - ~ . |~
il
FA FA FA FA
#4 #3 #2 #1 aig“
173«1 T Jrss I l—sz I 1731 l‘» (Su I
Augend bits
Aq Ay Az Ay Ay from A register

Sum appears at §,, 53, 55, 54, 5, outputs.




0 0 1 1 1
Stored in
Augend —> 1 0 1 0 1 |<—— accumulator
register
Addend — 0 0 1 1 1 |~—— Stored in B register
+
Sum —> 1 1 1 0 0
(To be added
Carry —> ol Lol 1 i to next
position)

= Hay thiét k€ mot bd cdng day du:
= BO cOng cd 3 ngd vao
= 2 ngd vao thé hién s6 can cdng
= 1 ngd vao chira s6 nhé ngd vao
= C62ngodra
= 1 ng0 ra la két qua cua phép cong
= 1 ngo ra la s6 nhd ngod ra




= Bang chan tri

Augend | Addend | Carry Sum | Carry
bit bit bit bit bit
input input | input output | output

A B Cin S | Cour

0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

~— m

Cm—l‘-'

FA

P

= SG d6 mach két qua

Vi du 6-1 — Giai




From memary

. e ml
= Giai thich hoat dong | ‘ | =
ija maCh Sau l:_:] :‘_, b f B 2 [ ) n

Accumulator oltputs

= IC 74HC283 la IC bd cdng song song 4 bit
= A va B la hai s6 4 bit
» G, la s6 nhd ngd vao, C, la s6 nhé ngo ra

Az Az Ay Ag

v

4-bit
Cs— parallel adder - C,
74HC283

L

FaTs 2.3




IC b6 coOng

= Ta cd thé ndi tiép hai bd cdng 4 bit dé tao
ra mot bo cong 8 bit

8-bit augen
A

d
“a; Ag AgA, As A A
74HC283 Cy 74HC283

Cg—o (hiohierciad addor —~— Ser e Auan) -—C,

I Eg 5 5y L5 I Iy 11

n Co thém phan mach dé xur ly trudng hop
tong 16n hon 9
[so T ssls [ s [ s ] |
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18) 12

=== |lOlOjlO|lO|O|O

0 1
0 1
1 0
1 0
1 1
1 1
0 0
0 0
0 1

O ||| | | |k ||k~
ol |lO|lRr|O|R|O |~ |O




]

=
R Ny

-

~ A

| BCD code
group

By, B; B, By

ARRN

Cy

4-bit Gy, carry from
— rallol addar (74HC283) = e posilioh
X=S,+S,(S,+S,) pa
4 3\¥2 1 ?
s s] s s I I ~ :\t | BCD code
Carry to i e S MR-
next BCD
acder
ki
T4AHC32
TaHCOB
Gorrsm:on logic T4HC32
i
Cy 4-bit i o | G=0
~— paraliel adder (TAHC283)
"10 1 Ag Ay Ay
w ] L
B EEIEE
i 5 5 , = =
BCD’sum cc:;?:‘lm
13
!..‘f ?
N N N = N\ T -
Bo cong BCD noi tiep S5
_______ 1 -
'I ; c
EIodeesd
BCD codes for 3-digit number
A
r MSD LSD N
lAn A | As | Ag Ar | As | As | As ‘ Az | Az | Ay | A
Yy Y v v Y Y Y Y Yy Y vy Y
CARRY BCD C‘AHRY BCD CfF’lFW BCD CARRY IN
€ adder =7 adder e adder *
tlllnn A lillj“l I llilun A
Ljnkig Lo Ly L 5 I 5y L L L L
[BH ‘ B‘O B? BH | ‘ B? BS BE 84 ‘ BS BZ B‘ ‘ BG
A J
=
BCD codes for 3-digit number
14




= ALU cd thé thuc thi nhiéu todn tr va ham
logic khac nhau, cac toan tir va ham nay
dugc xac dinh bdi mét ma ngd vao.

= 74LS382 (TTL) va HC382 (CMOS) la thiét
bi ALU tiéu biéu co thé thuc hién 8 ham
khac nhau.

15

Function Table
A Qutputs 5; 5 5 Operation Comments
1 4 0 0 0 CLEAR FaFaFFp = 0000
Ay B—] e F, 0 0 1 B minus A }Needs ot
—eF, o 1 0 A minus B N
B, &— — rF o 1 1 Aplus B Neads Cy, =0
B, #— 7415382/ [ i 10 o0 ||A®B Exclusive-OR
g B, #——j TaHC382 LE 10 1 A+B OR
B, #— 11 0 AB AND
1 1 1 PRESET FyFaFFp= 1111
G @l —8Cy.,
Notes: S inputs select operation
OVR = 1 for signed-number overflow.
g —o (b)
s s, o—1 OVR
Sy &
ALY
A = 4-bit input number F = 4-bit cutput number
B = 4-bit input number Cpyeq = carry out of MSB position
Gy = carry into LSB position OVR = overflow indicator

S = 3-bit operation select inputs

16




—pD

b6 cong 8 bit

= Hay st dung 2 IC 74LS382 dé tao thanh

18




Chuong 7
BO dém va thanh ghi

T Th.S Bang Ngoc Khoa
Khoa Dién - bién Tu

= Xét bo dém 4 bit & hinh 7-1
= Xung clock chi dugc dua dén FF A, ngd vao J,
K cla tat ca cac FF déu ¢ muc logic 1.
= Ng0 ra cua FF sau dugc nGi dén ngd vao CLK
cla FF trudc nd.
= Ngo ra D, C, B, A la mot s6 nhi phan 4 bit vai
D la bit c6 trong s6 cao nhat.
= Day Ia bo dem khong dong bo vi trang
thai clia cdc FF khong thay ddi cing Vi
xung clock.




Hinh 7-1 B& dém 4 bit

DCBA H H
(count) | 0000; 0001; 0010; 00110100, 0101, 0110; 0111 1000, 1001 1010, 1011 1100 11011110 1111 0000 0001, 0010
4

— Recycle to 0000

Quy udc ve trong sO

= Trong phan I6n cac mach, dong tin hiéu
thudng chay tu trai sang phai.

= Trong chudng nay, nhiéu mach dién cé
dong tin hiéu chay tu phai sang trai.

= Vi du, trong hinh 7-1:
= Flip-Flop A: LSB
= Flip-Flop D: MSB




= S6 MOD la s6 trang thai trong mot chu
ky cua mot bo dém.

m B dém trong hinh 7-1 ¢ 16 trang thai
khac nhau, do vay no la b0 dém MOD-16

= S& MOD cla mét bd dém dugc thay doi
cung vGi so Flip-Flop.
= SO MOD < 2N

S6 MOD

= M6t bd dém dugc str dung d€ dém san pham
chay qua mét béng tai. Moi san pham di qua
bang chuyén, bd cam bién sé tai ra mot xung.
B6 dém cd kha nang dém dugdc 1000 san
pham. Hoi it nhat phai cé bao nhiéu Flip-Flop
trong bo dém?

= Tra IGi: 1000 < 210 = 1024. Phai c6 10 FF




Chia tan soO

= Trong m6t b6 dém, tin hiéu ngd ra cua FF
cudi cung (MSB) ¢6 tan s6 bang tan so
ngo vao chia cho s6 MOD. Mot bo dém
MOD-N la bo chia N.

1

Vi du 7-1

= Vi du mach tao ra dao dong xung vudng cé
tan s 1Hz.
= Tao ra tin hiéu xung vudng 50Hz tu ludi dién.
= Cho di qua bd d&m MOD-50 dé& chia tan sd 50 [an.
= CO dugc tin hiéu xung vubng tan s6 1Hz

50 Hz 1 Hz

50 Hz
Pulse J_LI—L MOD-50 J_l— Counters,

b

o~ > > :
f\/\} shaper Z counter displays,etc.




Tr& trong bd dém khong dong b8~

= Cau trdc cua bé dém khong dong bd kha
dan gidn nhung van dé tré khi truyén tin
hiéu qua mdi FF s& Iam han ché tan s6
cla bo dém.

= V&i b6 dém khong dong bo ta phai co
" cIockZN X tpd
o Fra=1/(NX L)

max

«B6d&M3bit . 1 1

v@inhiingtan . .. ——1
so xung clock | —
khac nhau

10

----------




= Trong bo dém bat déng bo, tat ca cac FF
thay déi trang thai cing mot 1tc?

= Gia s’ b6 dém trong hinh 7-1 dang &
trang thai 0101. Sau 27 xung clock, trang
thai cia bo dém sé la bao nhiéu?

= S6 MOD cua b6 dém co 5 Flip-Flop?

11

= Trang thai cla tat ca cac FF sé dugc thay
ddi cing mét Iic véi xung clock.
= Hinh sau mo ta hoat ddng cia moét bo
dém dong bo
= MAi FF c6 ngd vao J, K dugc két néi sao cho
chung & trang thai cao chi khi ngd ra cla tat
ca cac FF sau no déu & trang thai cao.
= BO dém ddng bd cd thé hoat ddng vdi tan sb
cao han bo dém khong dong bo.

12




CLK CLK % cm(ﬂ~ CLK<]
D K G K B K A K

CLR CLR CLR CLR
L l 1 I
S i) 6 g OO0 o 1Y

13

= B thay déi trang théi theo xung clock chi
khi A =1,

= C thay ddi trang thai theo xung clock chi
khi A =B = 1.

= D thay ddi trang thai theo xung clock chi
khiA=B=C-=1.

14




v O, ek - - 00 00000 o0

D= - - =000 0O = =000 00
Of= = O Ol= = O 0= = 00— =000
¢ D= O0-O=S0=20O=-0=0=0=0>

ete]
(b)

15

BO dém co sO

---------

= SU’ dung ngod vao khong dong bo (clear,
set) dé budc bd dém bd di mdt sb trang
thai.

= Trong hinh 7-2, ngd ra cong NAND dugc
nGi dén ngd vao khong dong bo CLEAR
cua moi Flip-Flop.

= Khi A=0, B=C=1, (CBA = 110,= 6,,) ngd
ra cong NAND sé tich cuc va cac FF sé bi
CLEAR vé trang thai 0.

16




= Luu y rdng trong hinh 7-2, 110 la mot
trang thai tam thdi. Mach chi ton tai &
trang thai nay trong thdi gian rat ngan
sau do s& chuyén sang trang thai 000.

= 000>001->010->011->100->101->000

ngod vao.

= Ngo ra cla FF C cd tan s6 bang 1/6 tan so

18




= Budc 1: Tim s6 FF nhé nhat sao cho 2N >
X. K&t noi cac FF lai vGi nhau. Néu 2N = X
thi khong lam budc 2 va 3.

= Budc 2: N&i mdt cdng NAND dén ngd vao
CLEAR cua tat ca cac FF.

= Budc 3: Xac dinh FF s€ ¢ mdc cao Ung Vvdi
trang thai bd dém = X. NGi ngd ra cua cac
FF dén ngd vao cla cong NAND.

20
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€41 Bo d&m MOD-14 va MOD-IO%W%

D J C J B J A J
‘ CLK CLK CLK QI— CLK: D-L 30 kHz

Ny 1 1

CLR K CLR K CLR K CLR K

i i g ¥

*All J, K inputs are HIGH

i 3 T

Al J, K inputs are HIGH

D J Cc J + B J J— A J
CLK CJ— CLKD CLKD CLK Q.L 1 MHz
el
CLR K CLR K CLA K CLR K
8]
B

()

B6 dém khong dong bd 2t

BO dém &Bng bo 22




= B6 dém thap phan

= La bat ky b6 dém nao cé mudi trang thai
phan biét.

= B6 dém BCD

= La mot bo dém thap phan ma cac trang thai
trong bd dém tucng ’ng tu’ 0000 (zero) dén
1001 (9)

23

e,
— L.t

B6 dém MOD-60 khong dong bc‘f)r‘- ;

o

F
l

Q5 Q J Q J Q J Q J Q
O I o7 ©of] <of|” <qoe sohz
CLR K CLR K CLR K CLR K CLR K CLR K| Lo
02—
Q; — Al =K=1
Q4_
05_

24

12



Vi du 7-2

---------

= Xac dinh mach bd dém dong b6 MOD-60

25

Cau hoi?

---------

= Trong bo dém MOD-13, ngo ra cta FF nao
dugc ndi dén ngd vao cdng NAND cla
mach clear?

= Tat ca cac bo dém BCD la b6 dém thap
phan?

= Cho mot bo dém thap phan, tan s6 ngo
vao la 50KHz. Tan s6 ngo ra la bao nhiéu?

26

13



«» 1112110>101->100->011->010->001~>
000

= B0 dém 1én cd thé chuyén thanh bd dém
xudng bang cach st dung nhirng ngo ra
dao dé Iai cac ngd vao xung clock.

27

28

14



= B6 dém xubng dong bd c6 cau tao hoan
toan tuang tu’ nhu bd dé€m lén dong bo.

= Chi khac la str dung céc ngd ra dao dé
diéu khién.

29

BO dém Ién/xudng dong

Ittt
| | | |
; !

-------

30

15



IC bd d&m khéng dbng bs™

= IC 74LS293 ho TTL

= CO 4 J-K Flip-Flop, Q;Q,Q,Q,

= MOi FF c6 mét ngd vao CP (clock pulse) tucng
tu nhu ngd vao CLK. Ngd vao clock cua Q, va
Q, dudc ndi dén chan 11 va chan 10.

= Ng0 vao clear cla moi FF dugc ndi dén ngd ra
cua mot cdng NAND hai ngd vao MR, va MR,.

= Q;Q,Q; dugc ndi véi nhau hinh thanh nén mot
bo dém 3 bit.

= Q, khéng dugc n6i dén cac phan khac. a1

T
-r,.—\t %

IC bd d&m khong dong boT

F
o

TALS293
J al— J a 3 a |
EF,—1>CP > cP > CP t>cp
K o, © K g, T K g, 3 K 5
TF,
MR,
>
MR, A
C
*AN J, K inputs are intermally
d HIGH
#Vee
Tll-h
ST e
T oL
{10}
CPy &—1
(

Lss)

32

16



= SU dung IC 74LS293 thiét l1ap b6 dém

MOD-16

10 kHz CP

7415293

fotatof

® f=10kHz/16 = 625 Hz

---------

Vi du 7-4

= SU' dung IC 74LS293 thiét [ap bd dém

MOD-10

17



= SU dung IC 74LS293 thiét lap b6 dém MOD-14
= Trudng hgp nay can phai st dung thém mot

cong AND

CP,

10kHz =5
TPy
HLFL L

7405293

0, @ Q Qq

MR, ¢

- §=10 kHz/14 = 714 Hz

35

JULL o—>

---------

= SU' dung IC 74LS293 thiét [ap bd dém

MOD-60

Vi du 7-6

= SU dung 2 IC mac ndi ti€p nhau.

\EC
>

— 7415293
CPy

MR; MR, Q;Q:Q,Qq

A A_"l

L

2l

MOD-10

f,,/10

)

L

7415293

MR; MR, Q;Q,Q,Q

' 1

L

MOD-&

o = fi,/60




IC b6 dém

= Gidi thiéu IC bd dém 7 bit ho CMOS

-I-VCC

I{‘M) 74HC4024
— (1) CTR
Che=—1> + DIVi28
(3) l(-’-t) (5) i(fs} (9) l(m (ml?)
) =
MR Qs Qs Q, Q Q, Q; Q
(MSB) (LSB)

37

IC b6 dém dong bo

= TTL 74ALS160
= BO dém cb 4 FF

= FF thay dGi trang thai theo cang dudng cla
xung clock

= IC c6 m6t ngd vao CLEAR khong dong bo.

= BO dé€m co thé preset dén bat ky gid tri nao
(theo cac ngd vao A, B, C, va D) bang cach
tich cuc ngd vao LOAD.

= B dém dugc diéu khién bdi cac ngd vao khac
nhau, thé hién trong bang Function table.

38
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/4ALS160

]

(e)

T Z4ALS16D-
T4ALS163
—CLK
—— ENT ACO ——
—— ENP Part
i Number | Modulus
—| CLR —_——————
T4ALS160 10
—| LOAD T4ALS161 16
T4ALS162 10
— D Qb — 74ALS163 16
—c ac — b)
— g aB ——
— A oA —
(a)
T4ALS160-TAALS163 Function Table
CLR | LOAD | ENP | ENT | CLK Function Part Numbers
L X % % X Asynch. Clear T4ALS160 & 7T4ALS161
L X X X T Synchr. Clear 74ALS162 & 74ALS163
H L X X T Synchr. Load Al
H H H H T Count up All
H H L X X Mo change Al
H H X L X Mo change Al

39

74ALS160

—pp

TAHC1E3

20



________ 74ALS160 N 7
>, nng—fe )

ENT RCO |—— RCO
ENP ENP

CLA —] CLR
LOAD —] LOAD

= Vidu o]

/74ALS160 N

= CH thé két hop nhiéu IC dé tao ra mét bd
dém Ién han

JUUL>—¢
| 74ALS163 74ALS163
CLK > CLK

TC1 TC2 iahers
ENe—— TENT RCO ENT RCO Rl oo
1 —— ENP 1 ENP 4
CcLRe——CI CLR least- — CLR
== —_— significamt | ) ____
LD® LOAD nibble ] LOAD
D3 —— D ab Q3 D7 —— D QD —a7
D2 —— C Qc b—az2 D§ —— C Qc —— Q6
01 —— B QB — 01 D5 — B QB |—— Q5
Do A QA Qo (LSB) D4 — A QA |— Q4
stage 1 stage 2
# To higher-ord
- COunter stages

21



IC b6 dém dong bo

= 74ALS193/HC193

B6 dém dong bo

MOD-16

Presettable up/down

Preset khong dong bd
Master reset khong dong bo

43

IC 74ALS193

PL Py P Py Py Pin names Descriptio
I T T T T CPy Count-up clock input
Q (active rising edge)

CPy TCy )

——> 74ALS193 — CPp :}aocn:ir;:ur?;'nn c::lcke;npu!

cPy MOD-16 up/down S giecs

» 3 coumiar O—» MR Asynchronous master reset input
(active HIGH)

* PL Asynchronous parallel lead input
(active LOW)

MR Qy Q Q; Qp

(a) Pg-Pa Parallel data inputs
Qp-0y Flip-flop outputs
Mode Select
—T TCp Terminal count-down (borrow) output
MR | PL |CPy|CPp Mode (active LOW)
H X X X Asynch. resat .
L L X X Asynch, preset TCy Terminal cou!nlvup (carry) output
L|H|H|H No change (active LOW)
L H T H Count up (b)
L H H Count down

H =HIGH; L = LOW
X = don't care; 1 = PGT
(c)

44

22



Qe Q, —
(a) (b)

45

cP,
B 1 g d X
-;;:» T4HC193 T
1 —
A O, } o, @
(a)
cp._.o' | | | f | I | | {
1 T
= [H] LT TR
G oJ | . |
0 o—; -
a, 0' | | | |
%J_I__J_I__l_!__l_l__.__
S, [ ]
[ L
b t. 1 ts g 1y
(b)

46

23



Loy
*ﬂ ________ 74ALS193 - bo dém xuong’
li .... e 0 TR
Yeteyeted
s &) 0 =X
SRR
B ‘:—U: I B | 1]
e ——— .
= TTTTTT] LT
b b tz 1 4 15 N s t  la tp .

e b " ha
A 4
Counter Presets
presats )
L4 g
o101

24



= K&t hop nhiéu IC d& md rong bd dém

Note: Reset input has priority over Load and clock inputs.
Load input has priority over clock inputs.

Pa Py P2 Py P; Ps Pg Py
9
Load *
& & I I ]
| P PoPyPaPyl P PoPiPoPs|
Clock up ﬂ + M _‘;i,.
To higher-order
N= CPo 74HC193 e, o 74HC193 %, S
Clock down ———>— —
MR Q;Q,Q;Q4 MR Q;0,0;0;
Res l l J l
b ®
Qe Q4 Q205 Q,Q50Q:Q7
Low-order High-order
stage stage

Giai ma bo dém

= Gidi m3 1a biét ddi gid tri nhi phan & ngd
ra thanh gia tri thap phan.

= BO gidi m3 sau tich cuc muc cao, cd thé
s’ dung cac den LED dé thé hién cac s6
thap phan tu 0 - 7.

50

25



Giai ma bo dém MOD- 8 N 17

= Bang chuyén dadi trang thai cia JK-FF

0->0 0 0 0 | X
0>1 0 1 1 | X
1->0 1 0 X | 1
1->1 1 1 X 0

52

26



= Budc 1: Xac dinh so bit (s6 FF can)

= Budc 2: vé& so do chuyén ddi clia tat ca
cac trang thai, bao gbm ca nhirng trang
thai khong xuat hién trong chu trinh.

= Budc 3: dya vao sg do chuyén ddi trang
thai dé thiét [ap mot bang, trong do liét
ké tat ca cac trang thai hién tai va k€ tiép.

53

= BuGc 4: trong bang vua tao, thém cot gia
tri J, K cla cac FF. Vi moi trang thai hién
tai, xac dinh gia tri cia J va K dé bo dém
chuyén dén trang thai ke tiép.

= Budc 5: thiét k&€ mach logic dé tao ra cac
muc logic cho mo6i ngd vao J va K.

= Budc 6: xac dinh sc d& mach.

54
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Vi duy, thiét k& bd dém MOD-§"

= SO d6 chuyén ddi trang thai
= 000>001->010->011->100->000->...

Lnel 0 0 O 0 01
2 0 0 1 010
3 010 0 11
4 0 1 1 1 00
5 1 00 0 0O
6 1 0 1 0 0O
7 110 0 00O
8 1 1 1 0 0O

56




fﬁm?
\\ Il j

h

?

al cua mac

14

Bang trang th

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

0

0 0

0

Line 1

57

'.r“"“'w\

Xac dinh cac gia tri J va K

= Tinh gia trj cua J,

[&]

]

<

-
J ) ) x
S o o -
(@] @] O [®]
[as] [as] o [wi]

™ X = X x O

—
w
% oo~ 0O~
o
Qoo oo o~~~

58

(b)

(a)

29



A A
BC| o 0
BC| x X

(@)

CLOCK

r'.w:_-‘;;."‘
\%m\,_ﬁ)
‘A A A LA A A
X X BC | O 1 BC | x X
1 1 BC 0 0 BC [ X X
1 1 BC | X X BC { 1 1
X X BC X X BC 0 1
] ]
Ko = Jg=AC Kg=A+C
(b)
oY
f‘w;_-‘;;."‘
AV,.N =
So do mach 7
AB / '
—>CLK —>CLK
.l 1 =
60

30
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= SUr dung D-FF dé& thiét k& b dém MOD-5

0 0O 0 0 1 0 0 1
0 01 010 0 1 x
0 1 0 011 0 x 1
011 1 00 1 x x
1 00 0 0O x 0 0
1 01 0 0O x 0 x
1 10 0 0O x x 0
1 1 1 0 0O X X X

Vi du 7-8

A A A A

Ol
oI

cB| o | o

A
0@ (‘,Eﬁ\o
\J
0
0

@]
w
o
o
@]
w
o
o
(@]
w
o




1 | | |
D.—D C Dg—D B} D.—D A
CLK > CLK CLK

CLOCK

Ql

= Thanh ghi c6 thé dugc phéan loai dua vao
cach dir liéu dugc dua vao va cach ma dir
liéu dudc lay ra:
« Parallel in/parallel out (PIPO)
= Serial in/serial out (SISO)
= Parallel in/serial out (PISO)
= Serial in/parallel out (SIPO)

64




= Vao song song, ra song song :
MSB Parallel in LSB

\1 |0 \l |o % \1 |0 \l

SN - L L =

1 0] 1 0] 1 1 0 1

Parallel out

= IC 74174 va 74178

65

Mach thanh ghi tich hgp ‘&

---------

= /4ALS174/74HC174
= Thanh ghi 6 bit
= D5, Dy: Ngd vao song song
= Qs, Q,: NGO ra song song
= DU liéu dudc dua vao thanh ghi theo canh
duong cua xung clock

= Master reset cd thé reset tit ca cac FFs
mot cach doc lap va@i xung clock

66

PIPO — 74ALS174/74HC1 741

33



PIPO — 74ALS174/74HC1741

11111

'S5 2 1 0

= 74ALS174 dudc st dung dé lam bd thanh

ghi dich

Serial

input [ l
Dg D; Dy Oy Dy Dy

CP—sf T4ALS174

MR—Cl @, @, 0; Q; Q

68
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= Vao nai ti€p, ra ndi tiép:

Serial In

- >

...01...

= IC4731B

of =

Serial out
.10...

69

SISO - 4/731B

shift r[ste
47318
DS
Q—D-o—c{>— D D Q D D Q f—
FFO FF1 FF2 FF3
Gr cP cP cP
oo [T [
\---ﬁ----- D D Q D D Q
FF60 FF61 FF62 FF63
cp cP

[t

Qgz

70
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= Vao song song, ra nai tiép:

Parallel In
MSB
S o 1 o 1 1 o 1 LSB

1

= Cbﬁ e Serial Out

g
...10...

= IC 74165,74LS165,74HC165

71

PISO - 74HC165

---------

= /74HC165
= Thanh ghi 8 bit
= DI liéu ndi ti€p dugc dua vao Dq
= D{T liéu song song khong dong bo dugc dua
vao qua P, - P,
= Chi c6 ngd ra Q, dugc sU dung
= CP la ngd vao xung clock
= CP INH ng0 vao ngan xung clock

= SH/LD ngd vao load dif liéu

72
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PISO - 74HC165

PEVVEEEE

Dg =
CP —
fie HC165
CP INH ——
S| J—
l—-» Qy
Q;
(a)
Function Table
Inputs
[SHLD CP CPINH| | Operation C 2
L = low level
X Parallel load X = immaterial
% || Mochange | £
H || Nochange
L || Shif ng
i 3 Shifting
(b

73

= Vao ndi ti€p, ra song song:

MSB Parallel out LSB
1 0 1 o 1 1 o 1
t 1 t 1 t 1 t 1
=& == — =

Serial In

- " 1|o0 1 o |1 1 o | 1
.01

= IC 74164,74LS164,74HC164

74
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= 74ALS164

= Chtra thanh ghi dich 8 bit
= A va B la hai ngd vao ciia mdt cdng AND, ngd
ra clia conf AND la dau vao ndi tiép.
= Qua trinh dich xay ra khi cé canh am cua
xung clock

75

8-bit

N iee
A:D—'D al+—fo oo ol4—o cle—fp als—fp al4—o als—p @
Ry P S R N S rrrT
1 | l | | l l
MR a a aQ = Qs o a Qs a,
::El T4ALS 164
CP——>
U
MR QODO;D;O;Q;)O

76
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Vi du IC 74ALS164

-

UUUUUUUUU

000000000

000000000

000000000

000000000

111111111

111111111

111111111

Temporary

T4ALS164

77

(b)

.,

-

Thanh ghi dich

o
o C
c O
-
S
HO
> 5
350
© .
- C
> o

may tinh

78
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= B6 dém vong (FF cudi nGi dén FF dau tién)
= FF cudi cung sé dich gia tri cia n6 dén FF dau

tién
= D-FF dugc str dung (JK-FF ciling c6 thé dudc
st dung)

= Phai bat dau vdi trang thai chi cé mot FF co
gia tri 1 va nhifng cai con lai & trang thai 0.

79

2
&
o
o

|_ D Oy ——0 Q. ——D Q. D LI_+ : pUIse
it | ° % 1 1 0 0|0 (1]
>CLE +> CLK > CLK > CLK 0 1 0 0 1
OCK O, a; & ay 0(o0 |1 |0 2
=5 L . 00 0 1 3
s ] . 1 0 0o|o0 4
[a) 4] 1 o|o0 5
ojoj1]0 6
1 2 k] 4 5 [ 7 8 olofo|1 7
CLOCK ‘ I J J ‘ ' ‘ ‘ I J | : e . : -
o ] I (©)
« 1 —
l 1000
m [—| p
& /’_<' (o=
| soor |
Q & N
: @y
&
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= B6 dém MOD-4

cLOCK
Q3 Q2 @ Q|| puse
1|10 |0 |0 1]
0 1 0|0 1
g|o0|1]|0 2
010101 3
110|100 4
o|1|o|of| 5
g|o|1]0 6
g|lo |01 7

(<)

(d)

81

82
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Chucng 8
P3c diém cua IC s6

Th.S Pang Ngoc Khoa
Khoa Dién - bién Tu

Indeterminate




= MUc dién ap

= Vy(min): Bién ap ngd vao muc cao: gia tri
dién ap thap nhat cho mic logic 1 & ngd vao.

= Vj (max): Dién ap ngd vao muc thap: gia tri
dién ap cao nhat cho murc logic 0 & ngd vao.

= Voy(min): Dién ap ngd ra muc cao: gia tri
dién ap thap nhat cho mdkc logic 0 & ngo ra.

= Vg (max): Diép ap ngd ra muc thap: gia tri
dién ap cao nhat cho muc logic 0 & ngo ra.

= MUc dong dién

= I;;;: DOng dién ngd vao muc cao: dong dién
chay vao & muc logic 1

= I;;: DOng dién ngd vao muc thap: dong dién
chay vao & muc logic 0

= Ioy: DONg dién ngd ra muc cao: dong dién
chay ra ¢ murc logic 1

= I : DONg dién ngd ra muc thap: dong dién
chay ra & muic logic thap




= Xét tin hiéu di qua mot cong dao:
= to  thdi gian tré khi chuyén logic 0 sang logic 1
= toy, thdi gian tré khi chuyén logic 1 sang logic 0
= tpy va tpy, khOng nhat thiét phai bang nhau
= Thdi gian tré lién quan dén toc do cia mach
logic. Thdi gian trén cang nho thi tdc dd cla
mach cang cao.

Output 1

|
L /|
| l Thoi gian tré khi di

l qua cbng dao (NOT)
s




= Dong dién trung binh

Ngubn cung cap

+Vee

N lecu

Voltage

Logic
1

Logic
1

Vou (min) ———7——————
Vaos {. |
———*— Vi (min)

Disallowed range

Indeterminate
range

8% e

Vo (max) ———

Logic
0

Output voltage
ranges

(a)

Logic
0

Input voltage
requirements

(b)

Voltage

| _[M]
CC(avg) — v . - .
2 R e e D
= COng suat
g =- piit=-| g
P(avg) = ICC(avg)'\/cc e - U
t==lD o niRt==1D:
@ B
7
f‘w:. %
\t'n-,,.\ﬂ‘n{




= Mach hoat dong dung yéu cau dién ap
ng6 vao nam trong khoang xac dinh nhd
hon Vy (max) hoac I6n hon Vy,(min)

= Dién ap ngd ra cd thé nam ngoai khoang
xac dinh phu thubc vao nha san xuat hodc
trong truéng hop qua tai.

= Nguon cung cap c6 muc dién ap khong
ding cd thé sé géy ra mdc dién ap ngd ra
khong dung.

9

+Vee Load gate
e B
1 ——a—— 2 D
Low e— s O trang thai logic cao,

Dibng et c6ng 1ai cung cap
@ dong cho cong tai
Driving gate +Vee
e o
i - = 2 -
Hare o O trang thai logic thap,
L Load gate cong lai nhan dong

(®) tlr cong tai

10




= SO d6 mach clia cbng NAND TTL

Veo=45V

R,
1300 _~ Totem pole
i

o~ 45V

Inputs
B

Qutput

Multiple-
emitter

(a) (b) 11

= NgO ra & trang thai thap

) é
4k 3

Input Qutput
T3 conditions conditions
Aand B are
A= +5V o—itp—r+ bath HIGH Q, OFF
D, (=2V)
Dy Input currents Q; ON so
=5V 8 4 are very low that Vy is
=04V Iy =10 uA LOW (= 0.4 V,
/ ' e
Iy =10 .[rl;\ (typical)

{a)| LOW output

12




= Ng0 ra & trang thai cao

to ground through

a4y = 1.1 mA

LOW input terminal.

Input Qutput
conditions conditions
A or B or both
are LOW Q, OFF
(=08Y)
Current flows back Q; acts as

emitter-follower
and Vpy = 2.4 V,
typically 3.6 V

13

HIGH
output

4 kil

Qutput circuit
of driving gate

Qutput of
driving gate

Input circuit
of load gate

(a) (b}

Input of
load gate

14




= Mach TTL c6 cau tric tudng tu nhu trén
= Ngo vao la cathode cua ti€p giap PN
= Ng0 vao & murc cao sé turn off méi ndi va chi
c dong ro ri chay qua.
= Ng0 vao muc thap sé turns on mdi nGi va cd
dong tudng doi I18n chay qua.
= Phan I6n mach TTL c6 cung cau trdc ngd
ra, tuong tu nhu trén.

15

Input B @ A

16




= Ky hiéu dau tién cua IC TTL la sO series
54/74
= Series 54 hoat dong trong khoang nhiét do rong
hon.
= Ky hiéu chil thé hién hang san xuét
= SN — Texas Instruments
=« DM — National Semiconductor
= S — Signetics
= DM7402, SN7402, S7402 cé cung mét chirc nang

17

= Chuén 74 TTL c6 thé phan loai thanh:

= Standard TTL, 74 series

= Schottky TTL, 74S series
Low power Schottky TTL, 74LS series (LS-TTL)
Advanced Schottky TTL, 74AS series (AS-TTL)
Advanced low power Schottky TTL, 74ALS series
74F fast TTL

= Bang 8-6 so sanh gilra cac phan loai khac nhau

18




Performance ratings

TABLE 8-6 Typical TTL series characteristics.

Propagation delay (ns) 9 3 9.5 1.7 L 3
Power dissipation (mW) 10 20 2 8 1.2 6
Speed-power product (pJ) 90 60 19 13.6 4.8 18
Max. clock rate (MHz) 35 125 45 200 70 100
Fan-out (same series) 10 20 20 40 20 33
Voltage parameters
Von(min) 2.4 2.7 B 25 2.5 2.5
VoL(max) 0.4 0.5 0.5 0.5 0.5 0.5
Viu(min) 2.0 2.0 2.0 2.0 2.0 2.0
ViL(max) 0.8 0.8 0.8 0.8 0.8 0.8
19
2T,
4
Fl
DataSheet ho TTL R~
= = SNSJALS00A SNT4ALS00A
MIN  NOM  MAX MIN  NOM  MAX il
L Ve Swpply vollage: 45 5 55 45 5 55
:II - oA 1] "
L orh
= o 5] mn
[ 4 Bl mA
§ A
electrical aver T free-air range unless
otherwise noted
ansueren T T Rk
A co-2 — Ve -2 :
e e 1 I
= 1R
0 'lt 30 - II:“
a8 &S 5
15 3 15 3 ma
t chervaly preaimatos one holl of the trus shorl.circut cutbut cument. Iag
switching characteristics (see Figure 1)
Veg =45VID 5SS
CL = 50 pF,
PARAMETER I;:’OIJ':j lOU‘YgU\'I ?:::nl.: :; amaxh unNIT
SNS4ALS00A | SNTAALSOOA
MIN MAX MIN  MAX
. AE — 5 ™ 20
8 For conasions shown o MIN or MAX. ust the appropnatn vahus specfid undin pecomimrnde aprnstng 2

10



Tai va Fan-Out

= Fan out thé hién kha ndng ngd ra cia mot

IC ¢ thé 1ai dugc bao nhién ngd vao cla

nhirng IC khac.

= MOt ngod ra TTL bi gidi han dong chay vao n6
khi & trang thai thap.

= MOt ngod ra TTL bi gidi han dong cung cap
(dong chay ra) khi nd & trang thai cao.

= Néu dong dién vugt qua nhirng gidi han trén
thi dién ap ngd ra sé nam ngoai khoang cho
phép. 21

Tai va Fan-Out

22

11



Tai va Fan-Out

= Xac dinh fan out
= COng I, cua tat ca cac ngd vao cd két ndi
dén ngd ra dang xét. Tong phai nho hon L.
= CONg £, cua tat ca cac ngd vao co két ndi dén
ngd ra dang xét. Téng phai nho han ;.

23

Tai va Fan-Out

= Vi du: ngd ra clia 74ALS00 co thé I&i bao
nhiéu ngd vao 74ALS00?

*— lor
[—

1
| L
|
1
A
L
1
L

*All gates are 74ALS00 NAND gates. —

Y VY

24

12



]

r 4 DataSheet cia 74ALS00 N 7

SHS4ALS00A SNT4ALS00A
win_ wom  wAx| wm wom  mAx]| Lo
Vee 45 5 55| 45 5 55| v
YiH 2 2
Vit 05+ o8|
07%
loH High-level culput curme 04 04 ) mh
qt\‘ Low-lavol output current 4 8] ma
['-(\ Operating freg-air lemperature -55 125 a 70 c

t Applic

§Appl
electrical char istics over r ded operating free-air temperature range unless
otherwise noted
SNS4ALSO0A SNT4ALSDOA
PARAMETER TEST CONDITIONS UNIT
MmN  TYPT MAX MiN TYPT  MAX
Vik I = -18 mA 12 1.5
Vo loH = -C Veg=2 Vee-2 v
IoL = 4 mA 025 04 0 04
Vo 1 oL v
i oL = 8 mA 5
a1 1 m,
- = 20 o
0.1 01 mA
-20 -112 30 mA
05 0B85 05 5 mA
15 3 15 3 mA
Al typi A
¥ The output conditions have been chosen a current that closely agpraximates one hall of the rue shor-cireuit sutput currenl. Igg
o,

.

-
Ha|

High Output
-400 uAmps

|
OHnpax

A

»

20uAmps

I'HMAX
Fanout,,gy = 400uAmp / 20 uAmp = 20

Low Output

ToLyax 8 mAmps
I”—MAX - 0.1 mAmps
Fanout, o, = 8 mAmp / 0.4 mAmp = 80

26

Tinh Fan - out S 7

13



= MOSFETSs - Metal Oxide Semiconductor
Field Effect Transistors
= San xuat don gian va ré han
= Tiéu ton it nang lugng
= CO thé thuc hién dugc nhiéu mach han
= Dé bj tdc dong bdi tinh dién

27

= Ky hiéu MOSFET kénh N va kénh P

Drain Drain

L

Source Source
N-channel P-channel

28

14



I,:—-L:;-i’t
A A )
_______ Cong nghe MOS
: _______ O
&) ?
= Trang thai cua MOSFET
v OFF state ON state
D[:ASV Vgs=0V Vg =+5V
J +5V +5V +5V
° !
G o—l s D D D
V+ Rorr [:,> Rou
) 1010 1000 ©
S ls s
(a) - (b) - (_c)
29
»"'E;{‘_:,‘
. A \ )
_______ Logic MOSFET kenh N &
: _______ O
+5V
CIRCUIT
SYMBOL MODEL é
100 ki1
| +5V
o 5 HIGH
Voo o | %auun OFF Lowi-—-/:n —
D
s - ;
|
+ — 5V
V_GS S 100 ki)
S S—
vV s +51"" 3 o
= — %1{:!3 ON  HIGH E---ém oN
v 15
(a) (b} (c)
30

15



Py %
£
~ s
'I ; e
Eaaleeed
Vas=0 1. *5Y 5V
GSs DS Is IS
LSS 0| oFE  HiGH i-—¢P OFF
LV . 3
. Tl o
Vas = R[100 kit
i J »
B i
= éﬂ 1 +5 +5V
DS
47 Ves=-5V 1 __|s s
G G| o
+0— Zio’n|ON oW P |ON
ov 5
g; Y 470 D HiGH
Rl 100 k2
(a) (b) ()
31
Srnay
£
WU
[
+Vop
S
G
* P la
! Vin Q Q Vour
oD +\{DD OFF " ON —ov
& i Vour (logic 1) | | Rger = 10790 | Rgy =1 kil
?0 oV ON OFF
G {logic 0) Ron=1k® [Rgee=10"20 [ =+Voo
Vin - N Q2
o5
— ¢

32




\ £
~ s
! I ; c
EIodeesd
X = AB
A B X
Low Low HIGH
b s Low HIGH HIGH
HIGH LOwW HIGH
b D HIGH HIGH LOW
e N
S
33
\ £
- ud‘f
e
A B %
LOW Low HIGH
LOW | HIGH LowW
HIGH | LOW LOW
HIGH | HIGH LOW
34

17



= 4000/1400

= 74C

= 74HC/HCT (high-speed CMOS)
= 74AC/ACT (advanced CMOS)

= 74AHC/AHCT (advanced high-speed CMOS)

35

= Ho CMOS :

74LVC (low voltage CMOS)

74ALVC (advanced low voltage CMOS)
74LV (low voltage)

74AVC (advanced very low voltage CMOS)
74AUC (advanced ultra-low voltage CMOS)
74AUP (advanced ultra-low power)

74CBT (cross bar technology)

74CBTLV (cross bar technology low voltage)
74GTLP (gunning transceiver logic plus)
74SSTV (stub series terminated logic)
74TVC (translation voltage clamp)

36

18



enabled enabled disabled
(a) (b) (c)

37

= Tristate dudc st dung lam b6 dém

74LS8125 74L5126
A —l%—< X A —?—4 X
E E
E X E %
0 A 0 Hi-Z
1 Hi-Z 1 A
(a) (b) 38

19



= BO dém Tristate dudc s dung khi nhiéu
tin hiéu s dung chung bus

39

= Lai (driver) — cung cap tin hiéu ngo ra.

= Tai (load) — nhan tin hiéu.

= Mach giao ti€p (interface circuit) — két noi
gilra thiét bi lai va tai.

= Két ndi gilra nhitng ho IC khac nhau trong
cung mot mach.

40

20



DRIVER INTERFACE LOAD

Giao ti€p gitta cac IC W

+5V

‘I, HIGHS are high encugh
Vou M. ..ooeeennd Viu and
e Vil LOWS are low enough
- ? v MO INTERFACE NEEDED:
1' """""" i DIRECT CONNECT
Voo | ¥V {ASSUMING CURRENT LOADING
" ACCEPTABLE)
(a)
DRIVER LOAD
Vi,
HIGHS not high h
Vor oo noDr igh enoug
LOWS not low enough
LTI RS REQUIRES INTERFACE CIRCUIT
Vi
®) 41
g
450N
\ £
~ A

= V& dong dién, TTL hoan toan cd thé lai dugc CMOS.
= Vé dién ap, can phai co dién trd kéo Ién khi

== )

=l

CMOS

1

42

21



CMOS lai TTL

= Trang thai HIGH

= Khong co6 van dé gi xay ra khi CMOS lai TTL
= Trang thai LOW

= Khong cd van dé véi ho 74HC, 74HCT

= Nhitng ho khac tuy theo tirng trudng hgp ma
cé su tuang thich vdi nhau

43

44

22



Chuong 9
Cac mach so thudng gap

-------- " Th.S D3ng Ngoc Khoa
Khoa Dién - Dién Tur

NOi dung

---------

= Mach giai ma/Mach ma hoda
= Mach ghép kénh

= Mach phan kénh

= Mach so sanh

= Chuyén ma

= Data Bus




= Ung véi mdi trang thai cia ngd vao chi cd
mot ngd ra @ trang thai tich cuc.
= MUc tich cuc cé thé 1a mirc thap hodc cao

Ag
.A— ——8 0,
1
@\ ——e 0,
N As Dé65d L M
inputs | ®— Scoaer ——e 0, outputs
L & — 0y
N-1
ol Only one output
input is HIGH for each
codes input code

éig
o
o
z

o
el
m
>

.

__Dc__nam
soecao-o |»
o
c-cococcao (@
cooc-cooo |©

~cococococo |§




ccccc

IC giai ma 74LS138

BO giai ma 1 sang 32

» Co thé sir dung 4 IC 75LS138 dé lam bd
giai ma 1 sang 32

Oss

Ay

Ay

Az

A3 Do—l

Aq : :

(hASE) 5V

123 T12j = = [iizd
AgAA, E AgAA; E AgAAs E AgAAy E
74A|231aa ?mism ?4Alés133 ?4AL5138

01234567 01234567 01234567 0123455?
TYTYTYTY ???‘l’???? TTTTTTTT ????TTT?
Oy === m= O; Oy —————O4g Og—————0sg Osy—————-

P
\ I3
%mﬁ,-f"




Giai ma BCD - Decimal

---------

= MGt s6 mach giai ma khong s dung tat
ca 2N ngod vao cla nod

= Mach giai ma BCD — Decimal c6 4 ngo vao
va 10 ngo ra

= NgO ra & trang thai tich cuc (mdc thap)
chi khi ma BCD tudng (rng véi nd dugc
dua dén ngod vao

= Khi ngd vao khong phai la gia tri BCD thi
khong cé ngd ra nao tich cuc

= IC 74LS42 giai ma BCD - Decimal

\V4

.

b
-

nput |
code

)
Tl |51
T
o] O

None

5
i
)
./
o

-----




= K&t hop bd dém va bd gidi ma dé cung
cap tin hiéu theo trinh tu thdi gian cho cac
thiét bi

= B6 dém khong dong bo 74L.S239 hoat
dong ¢ MOD-16

= NgO ra cla b6 dém dudc dua dén ngo vao
cUa mach giai ma

D Olo—
Divie °
1pps Q C f— _ K2+24\l‘
L Q, B _74% s
BCD0-
>———» 74lsesa o A ded o— K,
CPq decodery [Oo—— Q,
driver
D—
D—
MR, MR, op—
1 Gq
= Note apan-collactor symbal
&)
0 1 2 3 4 5 6 7 8 O 10 1t 12 13 14 15 18
CLOCK |
_2ay L
% Vo
[} J—— .
— 24Y T T
(= T | |
] ]
ay IKI Ilfg]
energized  energized 10




Giai ma BCD — LED 7 doan

thuGng

a
]
f b . _ . . .
e O e
L] IR [
e c —_ — AR M,
d
] bandc
segments
(a) (b)
11
oo
. . %
IC hien thi LED 7 doan i
________ . 1
=) ¥
1
I
el s g
+Veo Common
I node
[ - ] _connec tions
a i
< o
| D— OE"VW—
| b
e L o — |
BCD to- ] g
input 7-segment d,an E
B decoder/ P=¥¥v
A driver & " ’l
Blanking | ——C| BI/RBO Jaan e [
controls | —{RBI , LED
LEID test dor e AAA d
Input 7446 or 7447 | For current
J_ limiting
= (a)
I N o o O (| Y O | O [ |
L Hp e o np o |
0 1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15
(b)
12




LED va LCD

---------

= Den LED (Light Emitting Diode) phat sang
khi ¢ dong dién chay qua nd

= LCD (Liquid Crystal Display) hién thi tinh
thé 16ng

= LCD hoat dong vdi tin hiéu xoay chiéu
dién ap thap, tan so thap

= Den LED tao ra anh sang manh han, LCD
s’ dung it cong suat hon

13

Nguyén I hoat déng clia LCBY

---------

= Control = low, ngd ra cia EX-OR sé giong vdi
ngo vao. Pién ap trén LCD = 0, LCD = off

= Control = high, ngo ra cua EX-OR s& ngudc
v@i sdng ngo vao. Dién ap trén LCD la séng
vuong 5 va -5V, LCD & trang thai on

Control 74HC86

: 5V
40 Hz signal 0 o [ 58] ] — Eegment
Control | Segment M
LOW | Off Eackmane
HIGH On




Incident -

o e
" light ig

\

%
T
-

E

d
*—_[mm"e Backplane

(a) P

15

P

Nguyén ly hoat dong cua LCD 7 doﬁw%

74HCA511 All 74HC86
'

%D—

C ~—— BCD-to- | d
i

CDiD—
c LY
| HD—
B = decoder/ >—)D_
driver

A — a

z
M | I Backplane

16




Mach ma hoa Bz

= Hoat dong ngugc lai véi mach giai ma
= Mach ma hda cé mét s6 ngd vao nhung vao mot
thaGi diém chi c6 mot ngd vao G trang thai tich cuc

Ay —> ——® 0,
Ay — ——® O,
A, ————> ——8 O
2 : Encoder : £
I |
I |
| |
I |
Ay . g —— ——8 Oy
— et ———
M inputs N-bit
only one HIGH output code
at a time 17

Inputs Qutputs
Ay A, A, A, A A Ay A ||D, DO 0O
X 1 1 1 1 1 1 1 i) 0 0
X i} 1 1 1 1 1 1 0 o 1
8 X 1 0 1 1 1 1 1 0 1 0
inpuis] X 1 1 0 1 1 1 1o 1 1
X 1 1 1 V] 1 1 1 1 0 0
X 1 1 1 1 0 1 1 1 (1] 1
X 1 1 1 1 1 0 1 1 1 0
X 1 1 1 1 1 1 0 1 1 1
*Only one
LOW input

atatime




Uu tién trong ma hoa

= Trong truéng hdp cd nhiéu ngd vao &
trang thai tich cuc thi ngod ra sé tuong
Ung vdi ngd vao co trong s6 cao nhat

e

s";%:w.k
I3
WU

~

+5V Pull-up resister
_on each encoder
" input shown
only for SW9

—b— o 0y 4> &
7405147
Decimal- 2
to-BCD D_CD_. Normal
priority | Oy BCD
encoder Q_C{>—'

A A Ay Ay As Ay A A Ay |03 O, 0O G
Ay —C )@. Oy 1 1 1 1 1 1 1 1 1 1 1 1 1
Byl ST X X X x X x %X Xo0WMo 1 1 o
Decimab 0—e5, X X X X X x xafiflo 1 1 1
to-BCD X X X X X X 0 1 1 1 0o 0 o
S X X X X X 0 1 1 1 1 0 4] 1
Epr:;?;::r O—*0 ¥ X X x o 1 1 1 1]/t o 1 o
: X X X 0 1 1 1 1 1 1 (4] 1
Ag——C [o—e 0, X X O 1 1 1 1 1 1 1 o0 o
A, —) 0 1 1 1 1 1 1 1 0 1
— e B 1 1 1 1 1 1 1 1 1 1 0
Mine Inverted
inputs BCD X =either 0 or 1
=
450N
7 ~ ’
Vidum m i
| AU MmacC d NOd e
- .

20
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= SU dung IC 74LS147
= Cac cOng tac tuong (g vdi cac ndt nhat
tr 0 dén 9

= Binh thuGng tat ca cac cong tac mad, cac
ngd vao G trang thai cao, BCD ngo ra la
0000

= Khi c6 mot phim nhan, mach sé tao ra
mot ma BCD tucng Uing

21

lo I -~~~
|, -y ------®
..o Ou;:put
...... ' .
-y Iy - - MUX SELECT input code
_DATA determines which input
inputs is transmitted to output Z.
SELECT
inputs 22

11



Mach ghép kénh

,,,,,,,,,

= Mach ghép kénh con dugc goi la mach
chon dir liéu.

= Mach co6 nhiéu ngd vao.

= Tai moét thdi diém chi cd mdt ngd vao
dugc dua dén ngo ra.

= Cac dudng select quyét dinh ngd vao nao
dugc chon.

23

,,,,,,,,,

I I
! I
—— 1 I
DATA : :
inputs 1 ; Z=1p*S+1,-8
1
lp @—t |
1 [ o |
¥ : S Output
1
i I
I
I

o Z=1ly

S
SELECT input

24
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z

Sy Sy | | Output
0 Z=lg
1 Z=1l4
0 l|z=1,
1 Z: |5

Mach ghép kénh 4 ngo vé%%‘

25

Inputs Outputs
E S, S S 7z 7
H X X X H L
L L L L Tp o
L L L H [P
L L H L [P
L L H H Iy g
L H L L (A [
L H L H Is s
L H H L Is g
L H H H l. I»

(b)
26

13



Mach ghép kénh 8 ngd vao IC 74151

lo 11 12 I3 14 15 lg 17

TTrrtrrt?”

82 —
S; e— 74ALS151
Sp e— 8-input MUX
E &—O
Z Z
(c)

27

7
-

= SUdung 2 IC
74151 détao0
ra bd dém 16 ::

ngo vao

« 74HC151| Z
MUX

.\mmu

F—
il B L

B

.
SN

Mach ghép kénh 16 ngd vao

L

Y

14



e

3

Mach ghép kénh 2 ngo vao 4 bﬁm%

s—{ > ]_ I [
= Machc62nhém =+
ngd vao, moi
ngo vao co 4 bit.
= Mach cé 1 ngd . |
select dé chon 1 vV ¥V YV YV
trong 2 nhédm * hemmmc B
ngd vao .
j ”ILM.LI” il z 2
L

29

30




— Counter 1 —
Tens Ui

L nits.

Te
B,
counter | counter'cigek #1 countar

ns

-—— Counter 2 —»
Units

Bco JJUL

countar_| clock #2

Iy T4ALSIST |y
MUX

(tens)

z[ 2] z] z

COUNTER
SELECT
—

g h T4ALSIST kg
ux

E (units)

Za| Zo| Zo| Za

BCD-1p-7-segment BCD-to-7-segment

o decoderfdiver (7447) o desoder/driver (7447)
TENS UNITS
L1 [ |
— —
LED display LED display

31

Bién doi Parallel - Serial

Xo
Xy

X2

X3

Xa

X

Xa

%7
Storage

T4HC151
B-input —Z
MUX

I}
T = |5 o | | |

register

1

B Jre A J

CLK<D CLK CLK
1 1

K e K e K

32
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Tao ham logic

'{'VCC
1 kv
& B A Z
i | I [T 1 o o 1H7
= 0 1 0 1
El W L i I 5 lg & 0 1 | 0
A —S; 1 0 0 0
B &—IS, 74HC151 MUX 1 0 1 0
1 1 0 0
Co—5, 1 1 1 1
S
Input
logic
variables Z = ABC + ABC + ABC
(a) (b)

33

= Mach phan
va ngo vao

DATA
input ‘ S

kénh (DEMUX) c6 m6t ngd vao
nay sé dudc phan dén mot

trong nhiéu ngo ra

DEMUX
------ OU
f 4 o
L
T DATA input is transmitted
to only one of the outputs
L] as determined by select input code.
ON 1
SELECT input

34

17



Mach phan kénh 1 - 8 N 7

0, =1+ (8;8,5)

@_&J: T
]
= -
1

{ 2 0z=1+(8;55;)

nnnnnnnnn

:
= .
|

14 Oy =1+(8;5,5y)

1 5 05=1+(8,5,5,)

i 8 Oy =1+ (8:5,Sg)

JEE Op=1+(5;5,5;)

35

I
DATA input

et ' Mach phén kénh N %
) &

= IC gidi ma 74LS138 c6 thé dudc sir dung dé lam
bd phan kénh vGi ngd vao E, lam ngd vao data

Data input
I

= |= +5 Y
E

Selact { ha 74815138

e |, L
IILITII] orer Lo 1

0, G5 05 0,0, 0, 0, O Waveforms for AzA; &g = 000

(a) (b) 36

18



Ernn,
- N . n nr 7 n %
Hien thi he thong bao dong “*
. 330 v
B o2
Y mC 2
}j_ d?‘?‘ ::; TAHC 151 e TAHC138 -—‘|<}—‘U: g
= et | < Oy al/:l/
@ &V MUX _i__:? J DEMux 0, .:I”’]
| ] z_r & 5%
Rooedl H'—‘W‘V—l -u.. EI/Z]/
ll l I- fe 8 8 P 7K}/,'
1 { - dl
ik ks
= = e i Maniiotin g panel
(:I C)I i .
Door & Door 7 J—L,];l}
37
’,.--:-' T4
\"' ,_w“;

= IC so sanh 4 bit 74HC85

Data inputs

A; A, A Ay Bs B, B, By

bbb b

J— 74HC85
Cascading a>8 4-bit
inputs A<B magnitude
la-g = comparator
_ Oass On<p On-8

Outputs
38




= So sanh nhém bit A va nhom bit B

= IC c6 3 ngd ra tucong Ung vGi A>B, A<B,
A=B.

= Ng0 vao tang dugc st dung trong trudng
hdp dung nhiéu IC 74HC85 dé la bo so
sanh nhiéu han 4 bit.

= Trong truGng hgp so sanh 4 bit, I, g, I .5
dugc ndi dat, I,_g nGi nguon +5V

39

COMPARING INPUTS CASCADING INPUTS QUTPUTS
Az, By A By Aq. By Ag. By las8 la<s la.g Ox.g Oace Oa.s
A;>Bs X X X | x X X H L L
As<B, X X X X X X L H L
Ay=B;  A,>B, X X X X X H L L
As=By  Au<B, X X X X X L H L
As=B;  A.=B, A,>B, X X X X H L L
As=By  A;=B,  A,<B, X X X X L H L
As=B;  A;=B,  A=B,  Ay>Bg X X X H L L
A;=B A;=B, Ai=B;  Ag<By X X X L H L
A=B;  A,=B,  A=B,  A,=Bq H L L H L L
A;=B;  A.=B, A=B,  Ay=B, L H L L i L
As=B,  A;=B,  A;=B,  Ay=B, X X H L L H
Ay=B;  A;=B,  A=B,  A,=B, L L L H H L
Aq=B: A,=B, Ai=B;  Ag=By H H L L L L

40
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+5V

¢ 5
\ F3
~ A
0, Opca O
(a)
Low-order bits High-order bits
“Ay Ay Ay Ay By By B, By A; Ag As A, By By By B
B B Ia, A B
T4HCES I, T4HCES
B In=n
O Oacs Qs r o Oncp  Ohan
8-bit comparisol
outputs
{b) 41

Temp. sensor

>

Keypad

74HC85s
(as in Fig. 9-37)
Analog- A°
to-digital B |+ o }CLR
converter 2k Furnace
As controller
OﬂuB
Keypad By
encoder B . o SET
and : g
registers B,

42
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= Mach chuy&n ma cé chirc néng biét doi dir
liéu thanh ra ma nhi phan hay ngugc lai

10! 109

BCD‘ Dy C4 B4 Aq |J Do Co Bg Ag |

80 |40 |20 10 8 4 2 1 =— Decimal weights
4 y 4 3

Two-digit BCD-to-binary converter

64 132 J16 18 14 12 1 =— Decimal weights
" 3

bg bg by by b, by bo

-
Binary equivalent

Bién ddi 2 s& BCD sang nhi phan

43

[ Dy G By Ay Dy Cy By A, |BCD representation
] L

Sur dung b6 cong
song song 4 bit

74HC83 dé thuc 1

h|én bﬁ bién d6l c, 7T4HoES Sy
BCD sang nhi phan t ]zszgz1zo

¥

c, T74HCE3 g,
3¥p ¥y

[/——

rl'—-

Binary equivalent | by by by by by by by

22



dé€ truyén tin hiéu dén CPU

ttttt

uuuuuuuuuuuuu

Davice-2

iy i DIF
I Ll [switches
3 o cewasies
Note: ¥ indicates
|||||||||||||| 15
& 45

= Phuong phap miéu ta két n6i data bus,
/8" ky hiéu data bus c6 8 dudng

|

Yr Ye Ys Yo Ya Yo Yy Yy Micropracessar

T4HC541 %

Do
ca
-1

46




=== ———

Data Bus

= Thanh ghi 3 trang thai dugc st dung dé

két noi véi data bus

Crly s regimer's

08, 09, 08, 08,

Lot

tey P
4 P

8
ip
2

(Ko,
5,0 d]

et

W

Il

L {3
D= Dy Dy Ooc

Mi

-
L

‘ o

o

|

47

Data Bus

18]

& |

Eie—a DATA IN
OE 5 e} A

GP DATA OUT [8]

I 18]
18]

o DATA 1N
= B

Clock P DATA OUT [8]

18]

DATA IN
OE. % [+]

CP pata ouT (8]

" u Miéu ta dan gian td chic cia BUS

48
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Chucng 10

Th.S Bang Ngoc Khoa
Khoa Dién - bién Tu

Transducer: bién d&i dai luong vét ly thanh tin hieu dien
Analog-to-digital converter (ADC)

Digial system: xi ly tin hieu
Digital-to-analog converter (DAC)

Thyc thi két qué

Electrical

analog '3'
input
Physical U Digital
1] 1
Transducer Ly .
variable - (e.g., computer) .

Digital
inputs

To
control
physical variable




= Nhiéu phuang phap ADC s dung DAC

= V¢ duoc s dung dé xac dinh ngo ra full-
scale.

= Trong trudng hop tong quat, ngd ra analog
= K x gia tri 5 ng6 vao

= DAC 4 bit, ngod ra dién ap tuong tu

D ¢ B A || Vou
Vier=15V 0 0 0 0 0 \Voits
Q 0 0 1 1
o o 1 o 2
1] 1] 1 1 3
D o M58 o 1 0 o0 4
0 1 Q 1 5
Ce— DiA Vaur H 1 1 g g
E:g';“as! converter —e anarog ¢ ! ! ! !
B —o7 ({DAC) output 1 0 o 0 8
LSE 1 o 1] 1 9
A — 1 0 1 0 10
1 o 1 1 1
(@ Tt 1 0 o0 12
1 1 (i} 1 13
1 1 1 o 14 v
1 1 1 1 || 15 wvolts
{b}




= Ngo ra clia bd bién d6i DAC khdng hoan
toan la tin hiéu analog bdi vi nd chi xac
dinh & mot sb gia tri nhat dinh.

= VGi mach trén, ngd ra chi co thé cb nhiing
giatri, 0,1, 2, ..., 15 volt.

= Khi s6 ngd vao tang lén thi tin hiéu ngo ra
cang giong vdi tin hiéu tuong tu.

Budc nhay

---------

= Budc nhday aia bo bién doi D/A duc dinh
nghia la khoang thay doi nho nhat aa ngd ra
khi cé arthay dai gia tri ngd vao.

= B bién dai D/A N bit: sH muc ngd ra khac
nhau =2”~N, 5 busc nhay =2/N-1

= Busc nhay = K = V_/(2N-1)




,,,,,

Budc nhay

= BuGc nhay = 1 volt

Full-scale - = = = = = = = - = 15V
{input = 1111)
4-bit
counter
D
DiA
C converter
B -
Resolution 2v Input -"
A Elay 1V recycled to J_I_
ov ¥ 0000
L Time
_I-I_H_I-I_ Resolution = step size =1V
7

fffff

Vi du 10-1

= Can st dung bd DAC bao nhiéu bit d€ c6 thé
diéu khién motor thay déi téc d6 moi 2 vong.

Computer s DAC
_0-1000 rpm




BCD for most
significant
digit (MSD)

BCD for least
significant
digit (LSD)

Ngo vao BCD

= Trong $H aia nhimg ngd vao khac nhau
= Ngb vao 2 s5 BCD

C, &——40

58|20 D/A
converter
with BCD
inputs

{010—30

——
[ol=]
o o
R )

from 00 to 99.

Step size = weight of A,,.

100 possible values
— Vgout ¢ Since input ranges

s

2,

= Tinh chat cua Opamp
Mach dao

R,

A

Mach bién ddi D/A N~

Mach khong dao
R,
AW




s

4

e,
i
.

Mach bién do6i D/A

11

o

Mach bién ddi D/A N 7

%,

.

e — Input code
D C B A Vour (volts)
1 kv 0 o o o0 0
D Ry=1kv 0 0o o 1 -0.625+— LSB
MSB AN 0 0 1 0 -1.250
S 0 0 1 1 -1.875
= W o 1 0 o -2.500
4k -0 ] 1 (4] 1 -3.125
A P 0 1 1 0 -3.750
oV,
B amp oM m oa a4 A -4.375
Vg 3
8 kv 1 0 0o 0 -5.000
A 1 0 0 1 -5.625
LsB B 1 0 1 0 -6.250
S 2 1 0 1 1 -6.875
Digital inputs:
OV LSV, 11 0 o ~7.500
1 1 0 1 -8.125
(a) 1 1 1 0 8,750
1 1 1 1 -9.375«— "yl
scale
Buwdéc nhay= |5V(1K/8K)| = .625V ®)

Max out = S5V(1K/8K + 1K/4K + 1K/2K + 1K/1K) = -9.375V 12

o~




D &— :
MsB | ?

Logic

inputs b
4 kil
B o— ¢ b

Precision
reference supply

1 kil

Note:

L
2 ki 1 ki)
C o—j . i

Alata
logic input
closes its
swilch

—o Vo

13

+Vagr @

|
oy

Y

lour =By xlg + By x5

!
4R 5'%39 *B‘x:+80:*:§
AEE

Iy

where | = V—F-‘--
l
: laur
L .-—

5

Ig lg
R 2 ‘_% 2R 7 |
* switchclosed " 'y )
when input 1 1
bit = 1 L} 1
] L&
SB ;
B;

B,

Binary inputs (0 or 1)

(b}

|

Vour = =lour * Re

o

14




Mach bién ddi D/A

---------

= V3Gi nhitng mach bién d6 D/A & trén, trong
sO cac bit dugc xac dinh dua vao gia tri
clia cac dién tré.
= Trong m6t mach phai st dung nhiéu dién
tré vGi nhitng gia tri khac nhau
= B6 DAC 12 bit
- Dién trg MSB = 1K
- Dién trg LSB = 1x212 = 2M

= Mach sau chi si dung 2 gia tri dién trd




= Nhiéu bo DAC dudc tich hgp vao trong

nhitng IC, mot sd thdng sb tiéu biéu clia nd

= Resolution: budc nhay cia bd DAC

= Accuracy: sai sO sai s6 cua bo DAC

= Offset error: ngd ra cua DAC khi tat ca ngd vao
bang 0

= Settling time: thai gian yéu cau dé DAC thyc
hién bién doi khi ngd vao chuyén doi tu' trang
thai all 0 dén trang thai all 1

17

= AD7524 (Figure 11-9)
=« CMOS IC
= 8 bit D/A
= SU’ dung R/2R
= Max settling time: 100 ns
» Full range accuracy: +/- 0.2% F.S.

18




REF
Do
.
R
lour ouT 1

Bipolar Vot

=10V to~10V

—
| Vour
Dy #——p out 2 b—>
—{ 0Vto~-10V
Cs5&—(} AD7524

WA ——

T
I

Khi ngd vao CS va WR & murc thap, OUT1 13 ngd ra analog.

Khi ca 2 & mirc cao, OUT1 duogc chét va gia tri nhi phan ngd vao
khdng duoc bién déi & ngd ra.

*0OUT2 thdng thudng dugc néi dat

19

Ung dung DAC

= Control
= SU' dung ngd ra s6 clia may tinh dé diéu
chinh tdc d6 cia motor hay nhiét do.

= Automatic testing

= Tao tin hiéu tir may tinh dé€ ki€ém tra mach
annalog

= Signal reconstruction

= Tai tao tin hiéu analog tu tin hiéu s6. Vi du hé
thong audio CD

= A/D conversion

20
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Vi du 10-2

---------

= SIr dung DAC dé diéu chinh bién dd cua
tin hiéu analog

Analeg signal in % —+
Vier

. —> D7
Binary number . . Analog 3 %
determines : 2
scaling factorof — 3| pp
oufput. Smaller analog signal out

Vour = Vrer % binary
256

DAC

Bién doi A/D

---------

= ADC — miéu ta gia tri analog ng6 vao bang
gia tri s6 nhi phan.

= ADC phtic tap va tén nhiéu thdi gian bién doi
hon DAC

= MGt s6 ADC st dung bé DAC la mot phan
cla nd

= MOt opamp dudc st dung lam b6 so sanh
trong ADC

22
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Bién doi A/D

= B6 dém nhij phan dudc st dung nhu' la mot
thanh ghi va cho phép xung clock tang gia tri bd
dém cho dén khi I/, >V,

Analog input

1
Vo =——+ —|—0 — Start command J_I—

Control

unit e cioek— LTLILILIL

Op amp

Comparator EOC
{end of conversion)

— D/A - Register =
converter -

23

Digital result

= Léng START bit dau qua trinh bién &

Control unit thay ddi gia tri nhi phan trong thanh
ghi

Gid tri nhi phan trong thanh ghi duoc bién di
thanh gia tri nhi phan V,,

Bo so sanh so sanh V,y Wi V,. Khi V, < V,, Ngd
ra by so sanh & mic cao. When V,, > V,, ngd ra
co mic thap, qua trinh bien doi ket thuc, gia tri nhi
phan nam trong thanh ghi.

Bs phan diéu khién s3 phat ra tin hiéu end-of-
conversion signal, EOC. 24
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Bién doi

Clock
Junnnro
L e - =
- L1
Comparator J ST.kﬁll_
N\ T
lFIESET Vie \
Conversion
B complete-
Vax :: — = coun:_er stops
~- EOC i.
Digital _ ] =l
result Start —_—
. Time
(a) . (b)
25
f"lm T4
.Y N,
Bien doi A/D B2
li .... ) ... i/
T
STATIL - dlunIEa-:J:‘amD CLOCK fw— Tl
Microcomputer A0G L
START _|'| |'| | |'| |'|_
ot | |l
£oc |_| U
00001111 00001100 00001010 Digital value
==y
Dang séng thé hién qua trinh may '
tinh thiét I3p mot chu trinh bién doi
la luu gia tri nhi phan vao bd nhé.
26
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= C4 thé gidm sai s6 lugng tir bang cach tdng s6
bit nhung khong thé loai bé hoan toan

Vax &

Volts

3.72

M Approximate range of V,
values that produce
digital output = 3734.

t

27

Voltage

= Sau khi két thuc mot qua trinh ADC ta sé
cd gia tri nhi phan cia mot mau.
= Qua tri khoi phuc tin hiéu analog nhu sau

Analog input
< d signal

Time

Voltage

< d Filtered
digitized reproduction

h

AD output

Time

28
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= Aliasing
= Nguyén nhan 13 do tan s& 18y mau khdng dung
= Gidi han Nyquist
= Tan s6 18y mau phai it nhat I6n han 2 [an tan s6 cao
nhat cua tin hiéu ngd vao.
= LAy mAu & tan s6 nhé hon 2 [An tan s6 ngd vao sé&
tao nén két qua sai khi khoi phuc tin hiéu.

29

}«—Ta=10ms ‘;I

i | N ]
=1 I8 n
u [ ]

0 . > Analog input
» 550 —=— Alias

Amplitude

n |
— (.
T=526us — [« Ts=500ps
Time
30
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= SU’ dung rong rai han ADC

= Phirc tap hon nhung c6 thai gian biét doi
ngan hon

= Thdi gian bién ddi cd dinh, khéng phu
thudc vao gia tri analog ngo vao

= Nhiéu SAC dugc tich hgp trong nhirng IC

31
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P
Successive-approximation ADC m,

= SAC 4 bit s&r dung DAC c6 budc nhay 1V

A

Vax Conversion
Qi it completed
COMP V=104V i
-——— 1] oo o= e
To 104----F . ---
Control 9 I
Logi sy |
—F R Q MSB; C
. E Volts P 1
G q > DAC o 1
5L B step size boaote
Control s Y o 1
Logic Q4 > - VA}( P [
T o o
. E P |
e ———— »
H QG 0 i i [
| | [ | [} Tlme
o 4 Lty 15t
f‘w:. %
*n.,__—e")

+5V
Vi (+) o—EL Vee ) o5, (MsE) ]
i ot
( 1
Analog ] Ds
ground — -&. Dy | Digital
V2 o—2] AD:EEM (15 o Ds | outputs
cLk ouTe—2) SAC 18 o p,
oLk INe—2] U7 o p,
1 18,
cso—C:; 2 o o,
o (3) NTR,
|
WRe——_) OW.

34




Co hai ngd vao analog cho phép hai ngod vao vi sai.
Ngudng xac dinh tai £1/2LSB. Vi du, budc nhay la
10mV, bit LSB sé & trang thai 1 tai 5mV.

IC c6 thanh ghi xung clock bén trong tao ra tan s6

f =1/(1.1RC). Hoé&c cb thé str dung xung clock bén
ngoai.

NEu sur xung clock cb tan s6 606kHz, thdi gian bién
ddi xap xi 100us.

SUr dung nGi dat riéng bdi vi dat cua thiét bi s6 ton
tai nhiéu do qué trinh thay d6i dong dot ngdt khi
thay ddi trang thai.

35
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Flash ADC

T6c dd bién ddi cao

Mach phurc tap hon nhiéu

= Flash ADC 6 bit yéu cau 63 b0 so sanh tucng tu

= Flash ADC 8 bit yéu cau 255 b6 so sanh tuang tu

= Flash ADC 10 bit yéu cau 1023 b0 so sanh tuong tu
Thdi gian bién ddi — khdng sir dung xung clock
do véy qua trinh bién dai la lién tuc. Thdi gian

bién ddi rat ngan chi khoang 17 ns.

BO bién ddi flash 3 bit dugc miéu ta nhu hinh sau

37
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Mach I8y mau va gilr

Digital control
input*

> p—=@—> To ADC input

Qutput
Analog Cp
input

“Control = 1 sswitch closed -sample mode
Control = 0 =switch open -hold mode

39

Cau hoi?

40
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