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PHAN I: THIET KE MACH LOGIC

Chuong I: Dai s6 boole va cac linh kién dién tir s6

1.1. Mt s6 khai niém co ban
- Bién logic: Pai lugng bi€u dién bang ky hiéu nao d6 chi 1ay gid tri "1" hoac "0".
- Ham logic: Biéu dién nhém cac bién logic lién hé véi nhau thong qua cac phép
toan logic, mot ham logic cho du l1a don gian hay phic tap ciing chi nhan gia tri
hodc 1a "1" hoac 1a "0".
- Cac phép toan logic: ¢ 3 phép toan co ban.

Phép nhan (va) - ki hiéu 1a AND.

Phép cong (hoac) - ki hiéu 1a OR.

Phép phu dinh (dao) - ki hiéu 1a NOT
1.1.1. Biéu dién bién va ham logic
b. Bang that, bang trang thai:
*Bang that : Quan hé ham ra véi bién vao & thoi diém hién tai.
*Bang trang thdi: Ham ra khong nhitng phu thuodc vao bién vao & thoi diém hién tai

ma con phu thudc vao (trang thai) qua khi cua no.

A B f(A.B) C D. o,
0 0 0
| 0 0 Q,
0 | 1 0 1 Q.
| 0 1 1 0 0
) ) | 1 1 1
Bang that f(A,B)= A+B Bang trang thai

b. Bia Karnaught ( Bia cac no).

Biéu dién twong duong bang that. Méi dong ciia bang that ing véi mot 6 clia
bia céc no. Toa do ctia 6 duoc quy dinh boi gid tri t6 hop bién, gid tri ciia ham tuong
ting véi t6 hop bién dugc ghi trong 6.
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Bia cac no
f(A,B)=A +B

1.1.2. Mot so tinh chat cia ham nhan, cong, phu dinh:

- Ton tai phan t&r trung tinh duy nhat cho phép "nhan", phép "cong".
A+0=A; 0-Phan tl trung tinh cho phép tinh "cong".
Al=A; 1 - Phan t&r trung tinh cho phép "nhan".

-Hodanvi: A+B=B+A; A.B=B. A.

-Kéthop(A+B)+C=A+B+0O)=A+0C)+B
(A.B).C=A.B.O)=(A.0).B

- Phan phoi: A B+ C)=A.B+ A.C

- Khong c6 s6 mii, khong c6 hé so.

A+A+...+A=A; AA...A=A.

Bi: A=A: A+A=1: AA=0
* Pinh 1y Demorgan:

Trudng hop thong quét : f[x;,e,+]=f[X,,+e]

Thiduu X+Y=X.Y ; X.Y=X+Y

(Pao ctia mot téng bing tich cdc ddo, dao ciia mot tich bang tong céc ddo)
1.1.3. Biéu dién giai tich cac ham logic

Vi cac ki hiéu ham, bién va cac phép tinh giita ching. C6 hai dang giai tich
dugc s dung la.

+ Dang tuyén: Ham duoc cho dudi dang téng cua tich céc bién.

+ Dang hoi: Him dugc cho duéi dang tich cua tong céc bién.

+ Dang tuyén chinh quy: Néu méi s6 hang chita ddy di mit cdc bién.

+Dang tuyén khong chinh quy: Chi can it nhat mot s6 hang chita khong diy du
mat cac bién.

+ Hoi chinh quy: Néu mdi thira s6 chita ddy dt mat céac bién.

+ Hoi khong chinh quy: chi can it nhat mot thira s6 khong chira day dt mat cac

bién.



Thi du: f(X,Y,Z) = X.Y.Z+XYZ+XYZ+XYZ  (tuyén chinh quy)
fX,Y,Z) = X.Y.+XYZ+XYZ+XZ  (tuyén khong chinh quy)
f(x,y,2) =X +Y +2).X+Y+Z).(X+Y +Z). (hoi chinh quy).
f(x,y,2) = (X +Y +Z2).(Y + 2).(Z + Y + X). (ho1 khong chinh quy).
a. Biéu dién ham dang tuyén chinh quy
Nguyén tac :
- Gia tri cua ham thanh phan chi nhan gia tri mot.
- S6 hang 12 téng clia tich c4c bién. Z=ABC+ABC
- Néu gi4 tri cia ham thanh phan biang khong ta loai s6 hang do.
- Chi quan tam dén céc t6 hop bién tai d6 ham thanh phan nhan tri "1".
- S6 s6 hang bang s6 1an ham thanh phan nhan tri "1".
- Trong biéu thic logic cac bién nhan tri "1" giit nguyén, bién nhan tri"0" ta
lay phu dinh.
Thi du : Cho ham logic dang tuyén nhu sau:
Z =F(A,B,C) = %(1,2,3,5,7)

Tai cdc t6 hop bién 1, 2, 3, 5, 7 ciia bién vao ham nhan tri "1")

STT| A | B | C| Z=FABC
1 0|11 Fo001
10| 1 Fo,L10
1| 1|1  Fo21D
0|11 Fa01
1| 1|1 Fa,1D

- = | [© |©

2
3
5
7

Z= F(AB,C)=A.B.C+A.B.C+A.B.C+ A.B.C+AB.C
b. Biéu dién ham dang hoi chinh quy
Nguyén tac:
- Gi4 tri ciia ham thanh phan chi nhan gia tri khong.
- S6 hang 12 tich ctia tdng cdc bién téng cic bién .Z =(A+B+C).(A+B+C)
- Néu gia tri cia ham thanh phan bing gid mot, thi thira s6 d6 bi loai bo.
- Ham chi quan tam dén cdc t6 hgp bién tai d6 ham thanh phan nhan tri "0".

- S6 thira s6 bang s6 1an ham thanh phan nhan tri "0" .



- Trong biéu thitc logic cdc bién nhan tri "0" giit nguyén, cac bién nhan tri
"1" ta lay phu dinh.

Thi du : Cho ham logic dang hoi nhu sau:

Z = F(A,B,C) =T1(0,4,6).

Tai cdc t6 hop bién 0, 4, 6 ham logic nhan tri "0"

SIT| A | B | C | Z=F(A.B,0)
o lolo]ol]o Fwo00

1 lo]ofo Fuo0

6 |1 [1]o]o Fu,1,0

Z = (A+B+O).( A+B+0O).( A+B+0O)

1.2. Cac ham logic co ban
1.2.1 Ham VA - AND

Phuong trinh Béng chan ly Ky hiéu va so d6 chan
Y=A.B

A B Y )

AREE -

0 1 0 o

1 0 0

1 1 1 L s woo P
£ 1B 4F 2
2 1y A4 18
- 4y U
= ZE 3F &
E oy CT
T GMD 3y 2

7405

D61 vo1 ham VA gid tri cua ham chi bang 1 khi c4c bién ctia n6 déu bang 1;
hay chi can c6 mot bién bang 0 ham s& co6 gia tri bang 0

Cdc IC AND thong dung

L4 WID i Lia oo i Ln VDD Lo WID 2
£S5 Io & £ 1B c He E e Is & £ op
sauli! I5 2 - DA B e 2201 17 2 212 Ig 2
i 17 (i o 4T ol e 04 L 13 17 i
: I3 03 f : eC 3B f : I3 03 f : I4 16 f

01 02 BY 34 I4 16 NG 5
LSS 16 2 I END 3y 2 LSS 15 & L1 WSS MNC 2

4073 7411 4p81 4p82
AND 3 loi vao AND 3 loi vao AND 2 loi vao AND 4 loi vao
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1.2.2 Ham HOAC - OR
Phuong trinh Bang chan ly Ky hiéu va so dd chan

Y=A+B Z

1 woc i
\E 4% 12
1y 44 HE
) 4y U
ZE a2 &

RlR|lolo|>
RO ol
=1

[~

n

L

&

n

£ 1 B2y e
1 GND 3y 2
7432

Déi v6i ham HOAC gia tri ctia ham chi bang 0 khi cac bién ctia né déu bang
0; hay chi can c6 mot bi€én bang 1 ham s€ c6 gia tri bang 1
Cac IC OR thong dung khac

L1 DD L 14 WID Lo WID
e 2 Ig 2 E IS 19 8 E1n o 2
2101 I7 2 211 Is & e Is 2
s W 04 L I I7 4 I3 I7 Hu
21 [ o7 = I3 el 2 4 6 F&
e ! e 2 £ 01 o 2 £ NC 5 2
I wes 5 T wEs e 2 e R MG 2
4071 4075 4072
AND 2 16i vao AND 3 16i vao AND 4 16i vao
1.2.3 Ham PAO - NOT
Phuong trinh Bang chan ly Ky hiéu va so d6 chan
Y=A
A Y
0 1
1 0
—L s oo P8
NG =Y
2 e ey HE
oy oy
=134 oy U
E 3y 4n 2
L GND 4y 2
7404
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DOi v6i ham NOT gid tri ctia ham s& 1a déo cua gid trj bién. Khi bién c6 gid trj bang 0 thi ham
bang 1 ngugc lai khi bién bang 1 thi ham cé gié tri bang 0.
1.2.4. Ham Hoac tuyét doi - XOR

Phuong trinh Bang chan ly Ky hiéu va so dd chan

Y=AB+AB

S ==1pS
Rlolr|o|m
o|lr|r|lo|l

L s wioo 2 Lo WID
2 1 1E AR 2 E Iz LR
2 11y Ap HE =l I
= gy U I 04 HL-
= | FE 3E 8 513 03 F
& &Y 2 £ 4 6 ——
1 END 3y 2 71 v/3g 52—
7486 4070

Ta thdy gi4 tri ctia ham s& bang 1 khi cac bién c6 gia tri khac nhau. Nguoc lai
gia tri cia ham c6 gia tri bang 0 khi gia tri cua céc bién la bang nhau (cung bang 0

hay 1)
1.2.5 Ham hoac dao - NOR
Phuong trinh Bang chan ly Ky hiéu va so d6 chan
A
Y=A+B

N =]l=)
A =1 E=1s
o|o|o|r|<

Ly woo H—
S ia 4y HE
2 iR 4B &
ey 4 U
=1 a3y o
S 1 fE 3B 2
LI GND 34 2
7402
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Péi voi ham NOR gia tri cia ham s& bang 1 khi toan bo gié tri ctia bién bang
0. Nguoc lai, mot trong cac gia tri ciia bién bang 1 gia tri cia ham c6 gia tri bang 0.
Hay n6i1 khac di n6 1a ham dao ciia ham OR.

Mot s6 IC NOR khac
Lo wvee Ln VID it Lo VID 4 L4 WID 4 Line DD
R Tol = Ig -2 ! og e IS I9 2 20 0
e N 20l I7 & 212 I3 -2 1 I 2 s i 7 H&
t g 3G B = 04 U I3 I7 -4 iz 17 -4 Iz Ie -4
S eC 3R R i 03 L 514 I6 I3 03 2 513 I5 2
ey 34 2 £ 14 16 =2 & NG I5 2 01 oz 2 £ NG I4 2
I GND 3 B Ivss I B I1vss  NC R Iwss g B I1v3s MO
7427 4001 4002 4025 4078
NOR 3 16i vao NOR 2 16i vao NOR 4 15i vao NOR 3 16i vao NOR 8 16i vao
1.2.6 Ham Va dao - NAND
Phuong trinh Bang chan ly Ky hiéu va so do chan
— ™,
Y=AB A B |Y 7
0 0 1
0 |1 1 ; 1 WCC i;
1 0 1 - lE 4E .
1% 48
1 1 0 3| o 4y |
= 1 2 3F =
Eey 34
I GND 3 2
7400

DPdi voi ham NAND gia tri cua ham s€ béng 0 khi toan bo gia tri cua bién béng 1. Nguoc lai, mot
trong cac gia tri ctia bién bang 0 gid tri ctia ham c6 gia tri bang 1. Hay noi khac di né 1a ham dao
cua ham AND

1.2.7 Ham XNOR

phuong trinh Bang chan ly Ky hiéu va so d6 chan
Y=-A©B=AB+AB | [A [B [V ) o
0 |0 1
0 1 0
1 |0 0 L— s vCC 24—
1 |1 1 Sl 4B
1Y a8 1B
+ 2y 4y -
= 2n 3y 12—
& | 2B 3B =
- GND 34 B

Pbi voi ham XNOR néu céc gia tri ciia bién 1a bang nhau (déu bang 1 hay
bang 0) thi gia tri cia ham s€ 1a 1 nguoc lai ham c6 gia tri bang 0.
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Thuc chat 7 ham trén chi c6 3 ham dau tién 1a cac ham co ban, 4 ham con lai
c6 thé xdy dung tir 3 ham trén.
Vi du:
+ Ham NOR 1a su két hop cia ham NOR va ham NOT.

DI R

HamNOR Sy két hop ctia ham NOR va NOT
+ Ham NAND la sy két hop cia ham AND va NOT

T IO

Ham NAND Su két hop ctia ham AND va NOT
+ Ham XOR 1a sy két hop ctia cdc ham NAND hodc ham NOR

L D’_
> s -
P }—

Ham XOR Su két hop ctia ham NAND

T o

N>

o * L%

Ham XOR Sy két hop ctia ham NOR
Tuy nhién viéc tich hop cac mach co ban dé tao ra cac ham khac s& rat hiru
ich trong viéc thiét ké mach. N6 s& 1am giam di s6 lugng IC trén mot bo mach, dan
dén lam giam chi phi cho mach vi mot IC XOR (74LS86) c6 chta 4 phan tor XOR
cling c6 gia thanh nhu mot IC NAND hay IC NOR.



1.3. Téi thiéu héa cac ham logic

Mot ham logic c6 thé ¢6 vo s6 cdch biéu dién giai tich tuong duong. Tuy nhién
chi ton tai 1 cdch gon nhat t6i uu vé s6 bién, s6 sO hang hay thira s6 va duoc goi 1a
tOi gian. viéc t6i gian ham logic mang y nghia quan trong vé phuong dién kinh té,
k¥ thuat. D€ t6i thi€u hod cdc ham logic ngudi ta thudng diing phuong phap dai s6
va phuong phéap bia cac no.

1.3.1. Phuong phap dai so:
Bién dai bi€u thitc logic dua vao cdc tinh chat cua dai s6 Boole.
Thidu :AB+ AB=B; A+AB=A; A+ AB=A+B.
Ta chitng minh c4c dang thic trén, theo tinh chat d6i ngiu:
AB+ AB=B< (A+B).( A +B)=B.
A+AB=A < A(A+B)=A.
A+AB=A+B < A(A +B)=AB.
Quy tac 1:
Nhém cac s6 hang ¢ thira s6 chung.
Thi du: A.B.C+AB.C =AB(C + C)=A.B.
Quy tac 2:
Pua s6 hang da c6 vao biéu thic logic.
ABC+ABC+A.B.C+AB.C=
=AB.C+ ABC+A B.C+ABC+AB.C +ABC
=B.C.A+A)+A.C.B+B)+ AB.(C+ C)=B.C+A.C+A.B
Quy tac 3:
C6 thé loai céc s6 hang thira.
AB+B.C+AC=AB+B.C+A.CB+B).
=AB+B.C+ ABC+A.B.C
= A.B+B.C (loai A.C)
Vi du : Hay t6i gian ham sau bang phuong phap dai s6:
Z=FA,B,C)=2(1,2,3,5,7)
Giai:

Tir yéu cau cta bai ta ¢6 bang chan ly nhu sau

10



STT
1

C| Z=FABCQ
0|11 Fo001
F(0.1,0)
1| 1|1  Fo21D
0|11 Fa01
1| 1|1 Fa,1D

— = lo |lo o |»
o

2
3
5
7

Twr bang chan 1y ta c6 phuong trinh trang thai nhu sau:
Z=ABC+ABC+ABC+ABC+ABC=AC(B+B)+ABC+AC(B+B)
Z=AC+AC+ABC=C+ABC=C+AB

Mach logic thyuc hi¢n:
A
B 2 {>Q4 2 s 2 1 Z
7 3
C

1.3.2. Phuong phap bang Karnaught ( bia cac no)
a. Cau tao:
- Gom 1 d6 hinh cédc 6 vuong, ham c6 n bién bang ¢6 2" 6 (1 bién - 2 0, 2 bién - 4 0,
3 bién -8 0
- Thit tv ciia cac 6 do gid tri t6 hop bién quy dinh
-Hai 6 duoc goi 1a ké nhau, hoac d6i xding chi khac nhau 1 gia tri clia bién.
- Gi4 tri ctia ham tuong tng v6i t6 hop bién duoc ghi ngay trong 6 do.
- C4c 0 tai d6 gia tri clia ham khong xdc dinh duoc danh bang dau "X".
b. Nguyén tac toi gian ham logic trén bia cac no

- Thuc hién nhém cac 6 tai d6 ham nhan tri "1" hoac "0" ké nhau hoac doi
xiing, s6 0 trong mot nhém ddn phai 12 s6 luy thira ctia 2 (khi viét ham dang tuyén
ta nhém cac 6 ¢6 gié tri "1", dang hoi nhém cac 6 c6 gia tri "0").

- Trong mot nhém dén cac bién c6 tri thay dai ta loai, cac bién c6 tri khong doi
gilt nguyén, di€u nay c6 nghia 1a s 6 trong nhém dédn cang nhiéu thi s6 bién bi loai

cang tang (2 6 - loai 1 bién, 4 6 - loai 2 bién ... 2™ 6 - loai m bién).

11



- Biéu thiic logic c6 s6 s6 hang hay thira s6 chinh bang s6 nhém dén. Khi viét
ham logic du6i dang tuyén céc bién con lai nhan tri "1" ta gilt nguyén, nhan tri "0"
ta 1ay phu dinh, khi vi€t ham logic duéi dang hoi thi ngugc lai.

- Mot 6 ¢6 thé tham gia vao nhiéu nhém dén.

- Cé4c 0 tai d6 gid tri hAm khong xéc dinh ta coi tai 6 d6 ham c6 thé 1ay gia tri
"1" hodc "0" tuy timg trudng hop cu thé.
* Chd y: Phuong phép t6i gian ham logic trén bia cac no chi thich hop véi ham cé
s0 bién < 6. Truong hop ham ¢6 s6 bié€n 16n hon 6, bang cac no rat phiic tap.

A< 0 |
C | |
NOO 0r 11 10 00 Al T
01
L S . B T
_ 11 T /5
lLad 4 4 & 0| | -
4 cot 2 hang ( 3 ham bién) 2 cOt 4 hang 3 ham

bién

AL 00 01 1110
00

A (1 3 7z
01 Al A&l Al &
[l it A4 A3 A4
10 (g < AT A0
4 hang 4 cot (3 bién )

Vidu1:
Cho ham sb : Y(A B,C,D)=X0,1,2,4,5,6,8,9,10,14
X4y dung so d6 mach logic thyc hién ham chi dung cac phan tit NAND hai
16i vao.
Giai:
Pé thiét ké duoc mach logic du tién chung ta phai lap duoc bang chan 1y
cua ham.
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STT| A B C D |F(AB,CD)
0 0 0 0 0 1
1 0 0 0 1 1
2 0 0 1 0 1
3 0 0 1 1 0
4 0 1 0 0 1
5 0 1 0 1 1
6 0 1 1 0 1
7 0 1 1 1 0
8 1 0 0 0 1
9 1 0 0 1 1
10 | 1 0 1 0 1
11 | 1 0 1 1 0
12 | 1 1 0 0 0
13 ] 1 1 0 1 0
14 | 1 1 1 0 1
15 | 1 1 1 1 0

Lap bia cac nd toi gian ham
F
CD

AB 00 01 11 10
oolL2 | 11| o | 1
o1 1 1 0] 1
11 o 0] 0] 1
101717 o | 1

Phuong trinh trang thai cua ham nhu sau:
F(A,B,C,D)=AC+BC+C.D
Xay dung mach logic tir phan tit NAND 2 dau vao

F(A,B,C,D)=AC+BC+C.D=AC+BC+CD=

>
@]
@l
@]
_+_

O

ol

F(A B,C,D)=AC.BC+C.D=AC.B.

So d6 mach logic

Ol
Ol

C.
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1

F(A, B,C, D)

Hinh 1.25: So dé mach logic chi ding phan tir NAND hai dau vio

Vidu 2:

Vao.

Cho ham s6:

Y(AB,C,D)=110,1,3,7,8,9,11,12,13,15,
Xay dung so dd mach logic thuc hi¢n ham chi dung cac phﬁn tir NOR hai 16i

Giai:
Béang chan ly cua ham nhu sau :

STT| A B C D |FABCD)
0 0 0 0 0 0
1 0 0 0 1 0
2 0 0 1 0 1
3 0 0 1 1 0
4 0 1 0 0 1
5 0 1 0 1 1
6 0 1 1 0 1
7 0 1 1 1 0
8 1 0 0 0 0
9 1 0 0 1 0
10 1 0 1 0 1
11 1 0 1 1 0
12 1 1 0 0 0
13 1 1 0 1 0
14 1 1 1 0 1
15 1 1 1 1 0

Lap bia cac no to1 gian ham:

14
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Phuong trinh trang thai cua ham:
F(A,B,C,D)=(A+C)(B+C)(C+D)
Xay dyng mach logic tir cic phan tir NOR hai dau vao.

F(AB,C,D)=(A+C)(B+C)(C+D)=(A+C)(B+C)(C+D) —_A+C+B+C(C+D)

F(AB,C,D)=A+C+B+C(C+D)=A+C+B+C+C+D

So d6 mach logic nhu sau:

ﬁ?ﬁv

jﬂﬂ T, F(A.B,C, D)

Hinh 1.26: So' d6 mach logic chi diing phan tir NOR hai dau vio
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Chuong 2: Thiét ké mach logic t0 hop

2.1. Mach logic la gi

Mach logic 1a mach gém cac phan tir logic AND, OR, NOR, NOT, NAND,
XOR, XNOR dé thuc hién céac yéu cau cua bai toan dua ra. Mot mach logic du don
gian hay phuc tap thi két qua dau ra cia mach ciing chi nhan mot trong hai murc
logic 1a “ 0 ” hoac “ 1.

Vi du : Cho mach logic sau :

AN

Hinh 2.1: Mach logic
2.2. Quy trinh thiét ké
Quy trinh thiét ké mach logic nhu sau:
+ Xay dung phuong trinh logic sir dung cac phuong trinh theo CTT, hay CTH hoéc
c6 theé sir dung bang chan ly dé bi€u dién o 7
+ Sur dung bang karnaugh hodc cac phuong phap dai s6 dé toi thi€u hoa ham logic
hoac dua,hélm logic vé€ dang ma dé thiét ké mach
+Thiét ké mach gho chay thu
+ Panh gia tinh 6n dinh ctia mach
Thi du:
Thiét k& mach logic thuc hién phép toan sau, dung cac phan tir logic co ban
Z=FA,B,C)=2(1,2,3,5,7)
Gidi:
Phan tich yéu cau
Mach cua chdng ta gébm c6 3 bién dau vao 1a A, B, va D va mot ham dau ra

1a Z . Ta c6 so d6 téng quat nhu sau

_A
— B »  Mach logic - Z,
_Cc

16



Hinh 2.3: So do mé phong

Tit yéu cau cta bai ta c6 bang trang thai nhu sau

STT | A

C

Z =F(A,B,O)

1

1

F(0,0,1)

0

F(0,1,0)

1

FO,1.1)

0

1

|

F(1,0,1)

- = | [© |©

2
3
5
7

1

1

|

F(1,1,1)

Toi gian ham dé dua vé ham t6i gian nhat

Z=ABC+ABC+ABC+ABC+ABC=AC(B+B)+ABC+AC(B+B)

Z=AC+AC+ABC=C+ABC=C+AB
Budc 4: V& so d6 mach logic thuc hién bai todn

- Xay dung mach logic dung phan tit NOR va OR

Z-C+AB=C+AB=C+A+B

C
- Xay dung mach tir phan tir OR va AND
Z=C+AB
A 2 >4 2 N
.
B I
C

2.3. Thiét ké mach sé hoc

2.3.1. Thiét ké by cdng ban tong ( HA-Half Adder )
B6 cong ban tong thuc hién cdng hai s6 nhi phan mot bit

Quy tac cong nhu sau:



0+0=0nh60

0+1=1nhs0 q S
l1+0=1nhd0 b HA
l1+1=0nhd1 C

Hinh 2.4: So d6 mé phong
Trong do:
a, b 13 s6 cong, s 1a tong cua phép cong, ¢ 1a sd nhé

Béang chan 1y mo ta hoat dong cua mach va phuong trinh logic nhu sau

—_ = o O |
- o - O |T

[ B =1 ]
—_ o O O |®

s—ab+ab=a®b c=ab
Mach cdng nay chi cho phép cong hai sé nhi phadn mot bit ma khong thuc hién

cdng hai s6 nhi phan nhiéu bit.

a m 5

2 ) :
/e

Hinh 2.5: So d6 mach logic cong hai sé nhi phin mét bit

2.3.2. Thiét ké mach cong toan phan ( FA- Full adder )

an — Sn
FA

bn - Cn

Cn—l

Hinh 2.6: So d6 mé phong mach
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Trong do
C,, : SO nh¢ cua lan cong trude do
C. :SO nh¢ cua lan cdng hién tai

n

S : Té)ng hién tai

n

Béang chan Iy cta mach cong toan phan

a'n bn Cn—l Sn Cn
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
Bang trang thai
Téi gian ham dau ra bang phuong phap bia céc nd
SRen-1 N cn-1
a, bn 0 1 anbn 0 1
oof O [ 1 0| 0| o
o1l 1 | 0 01/ 0| 1
11 0 | 1 1| 11
100 1| 0 1001

Phuong trinh trang thai ham Sn va Cn

Sn =a b C +5.n.bn .En—l +anb C +an .Bn.En—l = an (‘an @Cn—l

n*-n*~"n-1 n*~’n-1

C,=C, ,b,+C ,a,+ab =ab +C ,(a,+b,)

n-1""n n-1""n

So dd mach cong toan phan



Hinh 2.7: So' d6 mach céng toan phdin
2.3.3. Mach cong hai s6 nhi phan 8 bit
D¢ thuc hién phép cong hai s6 nhi phan 8 bit ta sit dung 8 bo FA noi tiép voi
nhau nhu so do dudi day

e TR e e N N = A R I I

cn s cn s cn s cn s cn s I i cn s
FA8 FA7 FAG FAS FA4 FA3 FA2 FAL
cn1
cn-1 cn-l cn-l cnl cn-1 n cn-1 cn-1
| | | | | J1 LTI T
an. bn an bn an bn an bn an bn n b n an bn an bn

. h{inh 2 8: So do khéi mach cong hai $6 nhi p}fdn 8 bit )

Theo so @6 thiet ké nhu trén thi ch@n C_, ctia FA dau tién ( FA c6 trong so
thip nhit) duoc ndi voi dat vi hai bit thap nhat khi cong véi nhau sé khong co bit
nhd cta phép cong trudc do. Trong khi cac bit C_, ctia FA sau phai duoc noi voi
bit tran C_(bit nhd) cta cac FA trude do, nhu vay két qua cua FA sau khong chi
phu thudc vao hai bit dau vao a,, b, ma con phu thudc vao két qua cua FA trudc
d6, diéu nay 1a logic V@i phép cong toan phan hai s6 nhiéu bit.

Vidu : Cong hai s6 nhi phan 8 bit sau:

a, = 11110000

b, =11001100

1 1 1

cn s cn s G 8 U cn s

w

FA4 FA3 FA2 FAL

Cn-1 Cn-1 i Cn-1 Cn-1

o —
o —

| N
1 01
Két qua phép cong la: S, =10111100
2.3.3. Thiét ké bd ban trir (bd trir ban phin —HS )

B ban trir thuc hién trir hai s6 nhi phan mot bit
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0-0=0 muon 0

1-0=0 muon 0 9
0-1=1 muon 1 N HS
1-1=0 muon 0 — B

D

Hinh 2.9: So' d6 mé phong
Trong do a s6 bi tir, b s6 trir, D 14 hiéu, B 1a sé muon

Bang chan 1y mo ta hoat dong va so dd mach :

d 1N
D
b 2 ) :

— = o O
- o = O (T
O~ = O|T

B
0
1
0
0

Bdng trang thdi Hinh 2.10: So' d6 mach ban trir
Phuong trinh trang thai
D=a.b+a.b=aeb
B=a.b
Mach trir ndy chi cho phép trir hai s6 nhi phan mot bit ma khong thuc hién trur

hai s6 nhi phan nhiéu bit.

2.3.4. Thiét ké bd trir toan phan ( FS- Full Subtractor)

So d6 mo phong :
Trong (’:I(') : ‘
a, D, B _: SC? muon cua lff“m trir trude do
B, :SO6 muon cua lan trir hién tai
b, ES D, :Hiéu sé hién tai
- Bs a, :Sbbitru
By b Sétr

Hinh 2.11: So' d6 mé phong
Bang chan Iy mo6 ta hoa dong ctia mach:

an bn Bn -1 Dn Bn
0 0 0
0 0 1 1 1
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0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1
Dn g1 BN Bp-1

a,b, 1 a,b; 1

00| 0i1 ool 0] 1

01|/ 1| o o1| 1|1

11| 0] 1 101

10 1 0 100 o| O

Ta c6 phuong trinh trang thai cac ham dau ra nhu sau :

D,=ab,.B,  +ab.B _ +ab Bii+a bnBr1=a, ®b ®B,

n*—n-1 n-n n-1
B,=a.B ,+b.B ,+a.b =a b +B  (a +b)

So d6 mach logic nhu sau:
an b Bn-l

Hinh 2.12: So' d6 mach trir toan phan
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2.3.5. Mach trir hai s6 nhi phan 8 bit
Pé trir hai sb nhi phan 8 bit ta ghép 8 bo trir ddy du voi nhau ta duge so d6
nhu sau:

I s Y s Y Y s Y Y s N e N B s Y s B

Bn D Bn

Bn D Bn D Bn D Bn D Bn D D Bn D
FS8 FS7 FS6 FS5 FS4 FS3 FS2 FS1
Bn-1
Bn-1 Bn-1 Bn-1 Bn-1 Bn-1 Bn-1

== = =

a a o, n

b1
n a, btl
. Hinh 2.13: So do khoi mach trir hai s6 nhi phan 8 bit ,

Theo so do thiét ké nhu trén thi chan B, cua FS dau tién ( FS c6 trong so6
thap nhat) dugc ndi v6i dat vi hai bit thip nhat khi cong vdi nhau sé khong co bit
nhd cua phép cdng trude do. Trong khi céc bit B, , cua FA sau phai duoc ndi voi
bit tran B, (bit nhd) clia cac FA trude d6, nhu vay két qua cua FS sau khong chi phu
thudc vao hai bit dau vao a,, b, ma con phu thudc vao két qua cua FS trudce do,
diéu nay 1a logic v6i phép trur toan phan hai s6 nhiéu bit.

Vi du : trir hai s6 nhi phan 8 bit sau:

a, =10110011

b, =11001010

11 1 0 1 0 1 0 1 1 0o 1 1 0 0 1
|| a1l g1 1 =L 41 .1
Bn D Bn D Bn D Bn D Bn D BRI EUID Bn D
FS8 FS7 FS6 FS5 FS4 FS3 FS2 FS1
Bn-1 Bn-1 Bn-1 Bn-1 Bn-1 Bn-1 Bn-1 Bn-1|
[ [

T T
11 01 10 10

Kén qua phép trirla : D, =10001101
2.4. Thiét ké mach so sanh

2.4.1. Mach so sanh 1 bit ’
La mach thuc hién chirc nang so sdnh hai s6 nhi phan 1 bit .

Xét hai s6 nhi phan 1 bit a va b. C6 cac trudong hop sau déy:
+a=0,b=0=a=b.
+a=1,b=1=a=b.
+a=0,b=1=a<b.
+a=1,b=0=a>b.
Vé phuong dién mach dién, mach so sanh 1 bit c6 hai ngd vao va 3 ngo ra.

Céac ngd vao a va b 1a cac bit can so sanh. Cac ngd ra thé hién két qua so sanh:

y,(a<b), y,(a=b), y,(a>b)so dd khdi va bang chan Iy mach so sanh nhu sau:
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a | b |y |y | ¥
9 1 (a<b)=y, 0o |o 0 I 0
23 (a=b)=y, 0 1 [0 |0
1 1 0 | 0
Hinh 2.14: So d6 mé phong Bang chan ly

Tir bang trang thai ta c6 phuong trinh trang thai va so ¢6 mach logic nhu sau:

=a.b
y,=a.btab=a®b
=a.b
| <t
a N 1\
g (&=b)
b =
| (@h)

Hinh 2.15: So' @6 mach so sénh 1 bit

2.4.2. Mach so sanh hai so 8 bit

Pé thiét ké mach so sanh hai s 8 bit ta sé thiét ké mach so sanh hai sb 1 bit.
Dung cac phan ti logic ta dé dang thiét ké duoc mach so sanh 1 bit nhu trén. Tuy
nhién mach so sanh trén khong thé phat trién dé so sanh nhiéu bit dugc. Mudn so
sanh hai s nhiéu bit ta phai tuan theo trinh tu so sanh tir bit cao nhat trudc ( bit co
nhiéu ¥ nghia nhat). Néu s6 nao co bit cao lon hon thi sé d6 sé lon hon va két thic
viéc so sanh, néu hai bit c6 trong s6 cao nhit bang nhau thi sé¢ so sanh hai s6 c6

trong sd thap hon, ¢t nhu vay cho dén bit thap nhat, hai s6 bang nhau néu tit ca cac
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bit tung Gmg cta hai s6 déu bang nhau. Dé so sanh hai sb 8 bit ta phai thém cac bit

diéu khién vao mach so sanh hai s mot bit, goi la mach so sanh 1 bit déy du. Tacod

so do khoi nhu sau:

a ' (a<b)=y,

23 ——(a=b)=y,

b —— (a>b)=y;
€3 ¢ €

a>b a=b a<b
Hinh 2.16: So' d6 mé phong b so sanh hai sé 1bit day du
Béang trang thdi mo ta hoat dong nhu sau:

Lbi vao diéu khién | Ldi vao dit liéu Ldira
C, c, o Y3 Y2 Y1

a>h | a=b | a<b a b | asb | a=b | a<b
1 0 |0 X X 1 0 0
0 0 |1 X X 0 0 1
0 1 |0 0 0 0 1 0
0 1 |0 0 1 0 0 1
0 1 |0 1 0 1 0 0
0 1 |0 1 1 0 1 0

Phuong trinh trang thai bd so sénh hai bit ddy du nhu sau:
y, =C +c,ab; y, =c,ab+c,ab=c,(a®b); y, =c,+c,ab

So d6 mach logic bd so sanh hai bit day du:
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Cl C2 C3a b

jﬂw

. Hinh 2.17: So do mach logic b so sanh hai bit dady di
Tt so d6 mach logic trén ta c6 so d6 khoi bd so sanh hai s6 mot bit nhu sau:

— C1 yli—
—{c2 y2
—Hc3 y3—

7 Hinh 2. 18: So' do khoi bj 56 sanh 1 bit day dii
D¢é ¢ bd so sanh 2 s0 8 bit ta phai ghép 8 bd so sanh 1 bit day du lai véi nhau
ta c6 so do nhu sau :

vce 9
G Vi Y% Yo% Yi—1% Yi—1% Yi—1% Vi G Yi

G, Yo Y2 C, Y16 Yo—1C, Y41 Yo/ Yo —1C ¥
¢, Ya—e,  viHe,  Vabe Y4, Y4, Vi, V3
@b @b @b @b @b @b @ [l
1 1 1 0 01 0 O 1 1 0 1 0 1 0 1

O

[¢] [¢)
~

[

Hinh 2.19:: So' d6 bé so sdanh hai sé nhi phdn 8 bit
So sanh hai so0 : a=11001000, b=10101111, ta thay a>b néu dén ndi vdi y, sang

chtng to mach ta thiét ké 1a dtng.
2.5. Thiét ké mach don kénh

2.5.1. Khai niém
Mach don kénh hay con goi 1a mach ghép kénh, da hgp (Multiplexer-MUX)

1a 1 dang mach t6 hop cho phép chon 1 trong nhiéu duong dudng vao song song
(cac kénh vao) dé dua ti 1 duong ra (goi 13 kénh truyén ndi tiép). Viéc chon

duong nao trong cac duong duong vao do cac dudng chon quyét dinh. Ta thiy
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MUX hoat dong nhu 1 cong tic nhiéu vi tri dugc diéu khién bi ma s6. Ma sd nay
1a dang s6 nhi phan, tuy t6 hop sé nhi phin nay ma ¢ bat ki thoi diém nao chi c¢6 1
duong vao dugc chon va cho phép dua té1 duong ra.

Céc mach don kénh thuong gip 13 2 sang 1, 4 sang 1, 8 sang 1, ...N6i chung
1a tir 2" sang 1. Muc tiép theo s& phan tich va thiét ké mach don kénh 4 sang 1
2.5.2. Mach dén kénh 4 sang 1

I0=—— = Mgd vao Chon | DY ligu
H © 51 S0 | rad¥
IE — Y — "f I:I |:| ID
I3 —— o - 1 —
E‘ =1 lux 1 0 7
k."ll'llg cho |'|_--||_'~|

=21 20 1 1 I3

Hinh 2.20: Mach dén kénh 4 sang I va bdang hoat dong

Mach trén c6 2 dudng diéu khién chon 1a SO va S1 nén chiing tao ra 4 trang thai
logic. M&i mot trang thai s& cho phép 1 dudng vao I nio d6 qua dé truyén téi
duong ra Y. Nhu vay tong quat néu c6 2" duong viao song song thi phai can n
duong diéu khién chon.
Ciing noi thém rang, ngoai nhitng dudng nhu ¢ trén, mach thuong con c6 thém
duong G: duoc goi 1a duong vao cho phép (enable) hay xung danh dau (strobe).
Mach t6 hop c6 thé c6 1 hay nhiéu dudng vao cho phép va nd co thé tic dong mirc
cao hay murc thap. Nhu mach don kénh & trén, néu c6 thém 1 dudng cho phép G tac
dong & muc thép, tuic 1a chi khi G = 0 thi hoat dong ddn kénh méi dién ra con khi G
= 1 thi bat chap cac duong vao song song va cac duong chon, duong ra van giir ¢b
dinh muc thap (c6 thé mic cao tuy dang mach)
Nhu vay khi G=0

S1S0=00,dir lifudI0s€ duarad'Y

S1S0=01,dt lifud Il s€ dvaradY

S1S0=10,dtrlifud12s€ duarad'Y

S1SO0=11,dtlifudI3s€ duaradyY
do d6 biéu thirc logic cia mach khi c6 thém duong G 1a

Y = G5,5,0, + G5;S,1, + GS, 5L, + GS, 5,15
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Ta c6 thé kiém ching lai biéu thirc trén bang cach: tir bang trang thai ¢ trén, viét
biéu thirc logic rdi rut gon (co6 thé ding phuong phap rit gon ding bia Karnaugh.
Nhan thiy rang t6 hop 4 cong NOT dé dua 2 duong diéu khién chon SO, S1 vao céc
cong AND chinh 1a 1 mach ma hoa 2 sang 4, cac dudng ra mach ma hoa nhu 13
xung méd cong AND cho 1 trong cic dudng I ra ngoai. VAy mach trén ciing co thé
v€ lai nhu sau:

So dd mach logic ctia mach

S0

.
\i“x’

=1
—
=i

Hinh 2.21: So' d6 mach hop kénh 4 dau vao mét dau ra

Ciing n6i thém rang, ngoai nhitng duong nhu & trén, mach thudng con ¢
thém duong G: dugc goi 1a duong vao cho phép (enable) hay xung danh diu
(strobe). Mach t6 hop c6 thé co 1 hay nhiéu dudng vao cho phép va no ¢ thé tac
déng mirc cao hay mutrc thap. Nhu mach don kénh & trén, néu c6 thém 1 dudng cho
phép G tac dong & mirc thip, tirc 1 chi khi G = 0 thi hoat déng don kénh méi dién
ra con khi G = 1 thi bat chip cac dudng vio song song va cic dudng chon, duong
ra van giit ¢d dinh mirc thap (c6 thé mirc cao tuy dang mach)
2.5.3.Thiét ké mach don kénh 8 sang 1

So d6 nguyén Iy

10

[

I1
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X0
X1

X2

X3
—”| Mach chon kénh v

_ X4 | 8kénh diu vao

S

X6
Hinh 2.22: Sor d@6 khoi mach chon kénh 8 dau vao 1 déu ra

Mach gdm c6 8 ngd vao va mot ngd ra :

- X0, X1, X2, X3, X4, X5, X6, X7 : Cac kénh dir liéu vao

- Y :Kénh dit liéu dau ra

- C1, C2, C3: Céc ngd vao diéu khién
Béang trang thai hoat dong
C3

X7

@)
N
@)
=
<

X0
X1
X2
X3
X4
X5
X6
X7

R P PR O O O O
| = O Ol k| k|l O O
| Ol k| Ol k| O k| O

Phuong trinh logic mo ta hoat dong ctiia mach
¥=X,C.C,C,+X,C,.C,C; +X,C,.C,C; 4 X,G,.C,C; + X,C,.C,C; + X500, C + X,.C,.C,C+ X, C.C, C,

So dd mach logic



C3 C2 C1

X0

X1

X2

X3

X4

X5

X6

X7

121 ENSIN (Y (Y1571 FNQRY (Y (N9 (221 PG F0Y N0 17,1 NG (0[N 1271 FNQR 901 N9 (221 ESS 01161 12,1 ENQRN Y [N 12,1 ENGR 1Y [N

Hinh 2.23: So d6 mach chon kénh 8-1

2.5.4.Mot s6 IC don kénh hay diing

o oy o—Hiw w0 o iy o
C—s D1 ¥ O O—s1c1 ay O O—ia @Y O
O—3— 02 O—s 1C2 O] 3 A .
O— D3 o 1C3 O—"4A 4 =0
O—q ] 04 il 3
Oy 05 Oy 2C0 o—s{ 1B
o 06 o 201 O 28
S paLsist 1250 patsiss o 10130 FALS15T
T Y s 2Lz g +B ML 1
o0 s o a o &B
o—C o——® o—G
—5 | 1E

o—23G

Hinh 2.24: Ki hiéu khéi ciia mét s6 IC don kénh hay ding
74LS151 c6 8 dudng vao dir liéu, 1 duong vao cho phép G tac dong & mirc thip,
3 duong vao chon C B A, dudng ra Y con c6 duong dao cia nd: Khi G & murc thap
né cho phép hoat dong ghép kénh ma chon CBA s& quyét dinh 1 trong 8 dudng dir
li€u duoc dua ra duong Y. Nguoc lai khi G ¢ mirc cao, mach khong dugc phép nén

Y = 0 bat chip cac duong chon va dudng vao dit liéu.
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74LS153 gdom 2 bd ghép kénh 4:1 ¢6 2 dudong vao chon chung BA mdi b co
duong cho phép riéng, duong vao va duong ra riéng. Tuong tu chi khi G & muc 0
duong Y mai gidng 1 trong cac dudng vao tuy mi chon.

74LS157 gom 4 bod ghép kénh 2:1 c6 chung dudng vao cho phép G tac dong &
mirc thip, chung duong chon A. Pudng vao dit liéu 110, 111 ¢6 dudng ra tuong (g
1a 1Y, dudng vao dir liéu 210, 211 c6 dudng ra twong tng 13 2Y, ... Khi G ¢ thap va
Ad thép s€ cho dir liéu vao ¢ duong nl0 ra & nY (n = 1,2,3,4) con khi A & cao sé
cho dit liéu vao ¢ nll ra ¢ nY. Khi & = 1thi Y =0
Chéng han v&i 74LS153, ki hiéu khdi, chan ra, bang trang thai va ciu tao logic
dugc minh hoa & nhirng hinh dudi, véi nhitng IC khac cling tuong tu

Veo Bb S0 bl kel &

6] [1a] [14] [13] [12] [n] [10] [o] 1 6 5 4 3 101112131f
Eqa loaMalealza oo Mplob lap E
D 24LS153 14_55 talalzalaa lobMbl2p 130 Eb
2—5
. A 7, Iy
L) L2 [a] Lo Lsl L] Lo L2 | |
Ea 51 lm lm ha Il 23 GND 7 g

Hinh 2.25: K{ hiéu khéi va chén ra ciia 74LS153

Béang su that ctia 74L.S53

Mgd chon | Cho MNgd vio dén kénh Mgd
51 S0 |phép| 10 11 12 I3 |ral
X X 1 X )4 X b4 0
] ] ] ] X X X ]
0 0 0 1 X X b4 1
] 1 ] X ] X X ]
0 1 0 X 1 X 4 1
1 ] ] X X ] X ]
1 ] ] X X 1 X 1
1 1 0 X )4 X 0 0
1 1 0] by Y X 1 1
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Eala la Iz lia 51 Sp I M s I3wEp

—
y

Vog = PIN 16
@ GND=PINg
7, (") =PIN NUMBERS 7

Hinh 2.26: Cdu tao bén trong ciia 74LS153
2.5.4. Ung dung
a) Mo rong kénh ghép
Cac mach ghép kénh it duong vao co thé duoc két hop vdi nhau dé tao mach ghép
kénh nhiéu duong vao. Vi du dé tao mach ghép kénh 16:1 ta c6 thé dung IC
74LS150 hodc cac IC tuong tu, nhung c6 1 cach khac la ghép 2 IC 74LS151
So do ghép nhu sau:

| 111 ¥ = oo i
—{o v L 0l 0
— 0z L 1
0z Dz
04 04
o5 B o5
= 05 -
07 07

" ALs151 A A

E B E B

c C = E 7aLs151

G D @

hux

=1 _Y oo v

o1 o1

o 1

04 =
E

ihhddddd I
TTTTITTT

T4L5151

.|||_|

Hinh 2.27: Hai cach mo rong kénh ghép 16 sang 1 tir IC74LS151
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(74LS151 13 IC don kénh 8 sang 1)

b) Chuyén déi song song sang noi tiép:

Céc dir liéu nhi phan nhiéu bit, chﬁng han ma ASCII, word,... thuong dugc xur 1i
song song, tic 1a tat ca chung duoc lam 1 lac. Trong may tinh, dit liéu duoc di
chuyén tir noi nay dén noi khic cung 1 Ic trén cac dudng dan dién song song goi
1a cac bus. Khi dit liéu duoc truyén di qua khoang cach dai ching han hang chuc
mét thi cach truyén song song khong con thich hop vi ton nhiéu dudng day, nhiéu,

.... Lic nay mach don kénh c6 thé dung nhu mach chuyén do6i song song sang noi

tiep.
Cach no1
N s K
Eil
Dir liu e Dir Ligu
E3
vdo g = ra
E5
=004 5004 % Ei 05l tiEp
L — B .
lohit —— &g truyén di
21 | B2
ElD

1‘1‘ CLES  0A ;2 i &

CLKE OB B
] 3

2 oc [ - C

5 ROt ao ]

5 RO2 0| =

= Ra1 G
oz

= = 4150
F4L590

Hinh 2.28: Chuyén doi dit liéu truyén tir song song sang néi tiép

Mach ¢ hinh trén cho phép truyén dit lidu 16 bit trén duong truyén ndi tiép thong
qua IC ddn kénh 74LS150. T4t nhién can 1 mach dém dé tao ma sd nhi phan 4 bit
cho 4 dudng chon ciia mach don kénh (chang han 74L.S93). Mach dém hoat dong
khién ma chon thay d6i tir 0000 rdi 0001, rdi dén 1111 va lai vong tré lai 0000 dém
1én tiép khién dit liéu vao song song dugc chuyén doi lién tiép sang nbi tiép. Ciing
can phai c6 mét mach dao dong dé tao xung kich cho mach dém, néu tan sb dao
dong tao xung kich cho mach dém rat lon thi dit liu duoc luan chuyén nhanh, va
v6i toe do 16n nhu vay véi cam nhan cua con ngudi thi dit liéu dudng nhu dugce
truyén dong thoi. Nguyén 1i ndy duoc ap dung cho ghép kénh dién thoai va nhiéu
ung dung khac

¢) Diing don kénh dé thiét ké té hop:
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Cac mach don kénh vé&i hoat dong logic nhu dd xét & trude ngoai cach dung dé
ghép nhiéu dudong dudng vao con co thé ding dé thiét ké mach té hop doi khi rat dé
dang vi:

Khong can phai don gian biéu thirc nhiéu

Thuong dung it IC

D@ thiét ké
Bai toan thiét ké mach t6 hop nhu bang dudi day cho thay rd hon diéu nay

Vi du: Thiét ké mach to hop thoa bang su that sau

<)
-
]

[T S o T T B e I

[P S s ) SR o T N .0
== = s T S T ) -

Ttr bang su that ta co biéu thuc logic 1a:

Y=ABC+ABC+ABC+ABC

Y =ABC + ABC + ABC + ABC

Hay c6 thé viét

Y =ABC + ABC + ABC + ABC

Pay 1a bidu thire thudc dang tong ciia cac tich. Nhu cach thiét ké & trudc ta s& sir dung cac cong
logic gdm 3 cong NOT, 4 cong NAND, 1 cong OR, con néu chuyén sang ding toan cong NAND

khong thi phai can t&i 3 cong NAND 2 dudng vao, 4 cong NAND 3 dudng vao va 1 cong NAND

4 duong vao chua ké 1a phai don gian biéu thirc néu c6 thé trude khi thuc hién.
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Hinh 2.29: Thiét ké t6 hop diing mach don kénh
Tuong tu sit dung MUX 2-1, MUX 4-1 MUX 8-1 thiét ké cac ham sau:

Y1(4,B,C,D) = Z 1,2,3,5,7,9,10,12,14,15

v2(4,B,C,D,E)=1%1,45,7,10,13,14,16,18,19,21,24,27,28,30

2.6. Mach tach kénh
2.6.1. Khai niém

Bo chuyén mach phian kénh hay con goi la tach kénh, giai da hop
(demultiplexer) ¢6 chitc ning nguoc lai véi mach don kénh tirc 1a: tich kénh truyén
thanh 1 trong cac kénh dir liéu song song tuy vao ma chon dudng vao. Co6 thé xem
mach tach kénh gidng nhu 1 cong tic co khi dugc diéu khién chuyén mach boi ma
s6. Tuy theo ma sb duoc ap vao duong chon ma dir lidu tir 1 dudng s& duoc dua ra
duong ndo trong sé cac dudng song song.

Cac mach tach kénh thuong gap la 1 sang 2, 1 sang 4, 1 sang 8, ...N6i chung
tir 1 dudng co thé dua ra 2" dudng, va sd duong dé chon s& phai 1 n. Muc dudi sé
n6i dén mach tach kénh 1 sang 4.

2.6.2. Mach tach kénh 1 sang 4

j Mz& vdochon |Sra 4

. :E B A ngd
g —e s 0 0 Y0
- N 0 1 1
G= |’7 1 ] 2
khing cho P-'I!‘ p Demux 1 1 Y3

E A

Hinh 2.30: Mach tach kénh 1 sang 4

Mach tach kénh tir 1 dudng sang 4 duong nén sé duong chon phai 1a 2
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Khi dudng cho phép G & muc 1 thi né cAm khong cho phép dit liéu vao duge

truyén ra ¢ bat ki duong nao nén tat ca cac duong ra déu & muc 0

Nhu vay khi G = 0 BA = 00 dir li¢u S dugc dua ra duong YO, néu S =0 thi YO

cling bang 0 va néu S = 1 thi YO ciing bang 1,tirc 14 S duoc dua t6i YO; cac dudng

khac khong d6i

Tuong tu véi cac t6 hop BA khéc thi lan luot ra 6 SsElaYl, Y2, Y3

Bi€u thuc logic cua

P

cac duong ra sé la: ’.
B

Y0 G.B.A.S

Y1 = G.B.A.S

Y2 = G.B.A.S

Y3 = G.B.A.S

T day co thé dung

cong logic dé thiét ké

mach tach kénh

Vi du: Khao sat IC 74LS155

Voo Eb En Ap Om Om O Opb

[16] [ts] [ta] [1a] [re] [tt] [a] [o]

), 7415155

L

L] Lef Lo Lol [sf L] Lo [e]
Ez Ez A1 O33 03 043 0Opg GHD

12

;

Hinh 2.31: Cdu triic ciia mach tach kénh I sang 4

Ap

CECODERD

1 % 3

9 10 11 12

Hinh 2.32: K7 hiéu khoi va chén ra cia 74LS155
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Trong cau triic ciia né gdm 2 bo tach kénh 1 sang 4, chung c6 2 duong chon
AOA1 chung, duong cho phép ciing c6 thé chung khi ndi chan 2 ndi voi chan 15).
Mot luu y khéc 13 bo tach kénh dau c6 duong ra dao so véi duong vao (dit liéu vao
chan 1 khong ddo) con bo tach kénh thir 2 thi duong vao va dudng ra nhu nhau khi
duogc tdc dong (dir liéu vao chan 14 dao).

CAu trac logic cia mach khong khéac gi so vi mach da xét & trén ngoai trir
mach c6 thém duong cho phép
Béang su that ctia 74LS155

MNgd chon | Che | Kénh Eénhra "a” Zho | Kénh Kénhra “b™
phép | vdo phép | wdo

Al J‘I:'.ilj Ba Ea DD Dl ':'2 Oj Eb Eb DD C'l DQ Dj
X X 1 X 1 1 1 1 1 X 1 1 1 1
A LA E ] (0 NS N S R A S N S LS IS NS S A A
v 0 0 0 1 0 1 1 1 ] 0 ] 1 1 1
i 0 1 0 1 1 0 1 1 ] 0 1 0 1 1 i
E 1 ] 0 1 1 1 0 1 ] 0 1 1 0 1
P S T N 0 R B I R S A N O Y ¢ N Q__[_1_ __1____1____D__l_,

Mach tach kénh hoat dong nhu mach giai ma. Nhiéu mach tach kénh con cé
chtiic nang nhu 1 mach giai ma. That vay,vao dit liéu S khong dugc dung nhu 1
duong vao dir liéu ndi tiép ma lai dung nhu duong vao cho phép con cac dudng vao
chon CBA khi nay lai dugc dung nhu cac dudng vao dit liéu va cac dudng ra van
gilr nguyén chirc nang thi mach da hop lai hoat dong nhu 1 mach giai ma.
Tuy thugc ma dir liéu ap vao duong C B A ma mot trong cac duong ra sé 1én cao
hay xubng thap tuy cdu triic mach. Nhu vy mach tach kénh 1:4 nhu & trén da trd
thanh mach giai ma 2 sang 4 . Thuc té ngoai dudng S khi nay tré thanh dudng cho
phép giai mi, mach trén s& phai can mot sd dudng diéu khién khac dé cho phép
mach hoat dong giai md hay tach kénh; con ciu tao logic cta ching hoan toan
tuong thich nhau. Hinh sau cho phép dung mach tach kénh 1 sang 4 dé giai m3 2
sang 4.

- il
¢ 1
—_—
& B p—i2
o3
E A

Hinh 2.33: Mach tach kénh hoat dong nhw mach giai ma
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Tuong tu ta cling c6 cac loai mach khac nhu vira tach kénh 1:8 vira gidi ma 3:8,
tdch kénh 1:16/giai ma 4:16...

2.6.3.Thiét ké mach phan kén 1 ngé vao 8 ngo ra

So dd nguyén Iy

Mach tach kénh
(1-8)

JJ

Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y8

Hinh 2.34: So d6 nguyén 1y mach phdn kénh 1-8

Trong do:

X: Kénh dir liéu vao

Y1,Y2, Y3, Y4, Y5 Y6, Y7, YS: 1a cac kénh dau ra

C1, C2, C3: la tin hiéu diéu khién

Tai mot thdi diém chi c6 mot dau ra duoc két ndi téi kénh dau vao, tuy theo

gia trj cta t6 hop bién diéu khién dé chung ta xac dinh dugc kénh ndo duoc phép

két noi voi dau vao.

Bén trang thai mé ta qua trinh hoat dong mach phan kénh

C3 C2 C1

Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

P P PO O O O
R b, O O +» O O
b O - O O = O

x 0 0 00

0

O O O O o o o
O O O O o o X
O O O O o X

O O O O X O o

0

o O O X O o

0 0 O

O O X O o o o

0

O X O O O O o
X O O O o o
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Phuong trinh logic cac ngo ra
Y,=XC.C,C, Y,=XCC,C, Y,=XC.C,C, Y,=XCC,C,
Y,=XC.C,C, Y,=XC.C,C, Y,=XC.C,C, Y,=XC.C,C,

So d6 mach logic

X C3 C2 C1

- 7 - 2
3 . Y1
:
3 N Y2
4
5
2
8 N Y3
.
5
2
3 N Y4
:
2
2 N Y5
: . Y6
4
5
2
3 N Y7
.
5
2
3 N Y8
.
5

Hinh 2.35: So' d6 mach phdn kénh 1 dau vao 8 dau ra
2.6.4. Mt sb IC giai ma tach kénh hay ding
Khao sat IC tach kénh/giai ma tiéu biéu 74LS138
74LS138 1a IC MSI giai ma 3 duong sang 8 duong hay tach kénh 1 duong
sang 8 duong thudng dung va co hoat dong logic tiéu biéu, né con thudng duge
ding nhu mach giai ma dia chi trong cac mach diéu khién va trong may tinh.

So d6 chan va ki hiéu logic nhu hinh duéi day:

Vec Oy Oy O3 ©3 Dg O O 123 458
[16] [1s] [re] [sa] [r2] [11] [w0] [] T
Ap Ay Ag E
D) 7415138
* OpQy 02 05 0405 O 07

—
—

O] 2] o] [ (& [&] 1 & TTTTT1

hg A& Ay By Ep E3 O GND 1514131211 10 9 7



Hinh 2.36: Ki hiéu khoi va chén ra ciia 74LS138
Trong do
A0, A1, A2 1a 3 duong dia chi duong vao
El, E2 1a cac dudng vao cho phép (tac dong murc thip)
E3 1a duong vao cho phép tdc dong mirc cao

00 dén O7 1a 8 dudng ra (tac dong ¢ muc thap )

b A A Ei 263 veechgn 16
Q@ © WO 1 gnd chéng
Y Y { 1= chdn

Y1Y

_ __©§]@§]@Q
ol ol o ol ol ol al o

O G O Oy 3 G1 Og
Hinh 2. 37: Cdu triic bén trong 74LS138
Hoat dong giai ma nhu sau:
Pua dir li€éu nhi phan 3bit vao 6 C, B, A(LSB), 1§y dir li€u ra & cac duong O0
dén O7; duong cho phép E2 va E3 dat mirc thip, duong cho phép E1 dat & mirc

cao. Chang han khi CBA 1a 001 thi dudng O1 xudng thap con cac dudng ra khéac
déu & cao.

Hoat dong tach kénh:

Dit liéu vao ndi tiép vao duong E2, hay E3 (v&i dudng con lai dit ¢ thap).
Pit G = 1 dé cho phép tach kénh. Nhu vay dit liéu ra song song van ldy ra & cic
duong O0 dén O7. Chéng han néu mi chon 1a 001thi dit liéu ndi tiép Ss€rao
duong O1 va khong bi dao.

Mo rong dudng giai ma: 74LS138 dung thém 1 cong dao con cho phép giai ma

dia chi tir 5 sang 32 duong (du dung trong giai ma dia chi cia may vi tinh). Hinh
ghép ndi nhu sau:
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Hinh 2.38: Ghép 4 IC 74LS138 dé c6 mach gidi ma 5 dwong sang 32 duong
2.6.5: Ung dung
a) Diing mach tach kénh thiét ké mach logic
Ciing giéng nhu mach don kénh, mach tach kénh hay giai ma con c6 thé
dung dé thiét ké mach logic t6 hop. Néu nhu viéc thiét ké t6 hop dung mach don
kénh khong dung thém céac cong logic thi vdi mach tach kénh hay giai ma t6 hop lai
phai thém vao mot s cong logic mai dat dugc logic td hop mong mudn. Nhung bu
lai, mach tach kénh/giai ma cho phép thiét ké t6 hop nhiéu dudng ra mot cach dé
dang. Vi du sau s& minh hoa rd hon van dé nay:

Cho bang su that nhu hinh sau:

Thi?

o
G
N
c
=
[xh]}
o
Y
[ni]
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¥g
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L= I = TS S o T S S S T S O
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Néu str dung cach cfii, ta s€ xay dung bia K, roi rat gon, v4i 4 duong vao, 4
duong ra, xem ra viéc rut gon kha dai va phuc tap. Dung IC 74154 (giadi ma 4 sang
16, tach kénh 1 sang 16), thi bai toan s€ don gian hon.

That vay, trudc hét can ndi 4 duong vao A, B, C, D t&1 4 duong chon cua IC
tach kénh, rdi dua vao bang su that ¢ trén ,ta xac dinh cac vi tri to hop 1am YO 1én
1. Bén mach giai ma/tach kénh ta s& ndi cac dudng ra twong Gmg véi vi tri t6 hop
t61 Y0. Vi o tit ca 5 duong ra 1én 1 nén cudi ciing YO s& 1 NAND cua 5 duong ra

ay. Tuong tu voi cac duong ra Y1, Y2, Y3. Cach néi mach nhu hinh dudi day

zZidi mi/tdch kénhb Y
Td154 o
D =N
— A i1}
| B Wi % I_
B +— E ﬁ i
A o 4 g _.Yl
G il
G2 by
e
—_ pis) i]
' 7o [
et ot =¥,
Hips
Nk
a7
5
>7—I ‘:’3

Hinh 2.40: Ung dung mach tach kénh thiét ké té hop
Néu trong 1 cot dudng ra ma sb bit 0 nhiéu hon sd bit 1 thi ta s& dung cong

NOR gom tat ca cac duong bit 0 4y.
b) Chia sé dwong truyén

O phan trude ta dd ndi dén tng dung ctia mach don kénh cho phép chuyén
d6i dir liéu tir song song sang ndi tiép va truyén di. Khi dit liéu dén noi can nhén,
chang han may tinh khac thi né ciing xtr li dit liéu & dang song song. Do d6 lai phai
can 1 mach chuyén d6i tir dit liéu ndi tiép dén thanh dir liéu song song va & day

mach gidi ma/tach kénh dugc dung
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Hinh 2.41: Truyén dir liéu noi tiép

Pé ¥ 13 mach giai ma/tach kénh & bén nhan cling phai cAn ma chon ap vao
cac duong DCBA, ma nay dugc 1§y tr mach dém bén truyén, do do dir liéu bén
truyén di va bén nhn lai méi dong bd nhau. Nhur vay ta s& can 5 dudng diy gom 1
duong truyén dit liéu ndi tiép, 1 dudng mass chung va 4 duong ma sé chon. Ngoai
ra do mach dém tu dong reset khi dém hét ma (Ién 1111) lam dir li€éu duoc truyén
lién tuc nén ta can phai c6 1 mach chét & duodng ra song song dé chan dit lidu lai
khi da 16 bit truyén méi cho ra mot luot

Thuec ra thi cach truyén ndy van chua hiéu qua lim, chi dung ¢ khoang cach
gin, ta van c6 thé giam bét sd day chuyén di nita (thay vi 6 duong day nhu & trén).
That vay, thay vi truyén di to1 4 dudong cho ma s6 chon tir mach dém ta s& chi
truyén di 1 dudng xung dong hod chung tirc 1a bén nhan s& dit thém 1 mach dém
nita dé tao ma sb chon cho bo giai mi/tach kénh va mach dém nay duoc cip xung
ck giéng nhu mach dém ciia bén truyén. Cach hay hon nita la truyén xung ck ngay
trén duong truyén ndi tiép, tat nhién ta phai ma hoa xung ck lai dé n6 khong 1an 16n
v6i dir liéu truyén va bén nhan ciing phai ¢6 1 mach phat hién va tach xung ck ra
khoi dir liéu nhan. Pay dugc goi 1a cach truyén tin (dir liéu) ndi tiép dong bod
(synchronuous data transmission). Ngoai ra con ¢ cach truyén tin ndi tiép khong

ddng bo tirc 13 bén truyén va bén nhan khong dung xung dong hd nhu nhau, hay noi
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cach khac dir liéu truyén va nhian khong déng bo nhau. 2 cach truyén nay ta s& dugc
tim hiéu rd hon nhiéu & mon hoc “truyén sb lidu”, “giao tiép may tinh”

Ciing can noi thém rang cac dudng vao ctia mach don kénh khong chi 1a 1
byte, 1 word dit liéu song song can truyén ma c6 thé 1a cac dudng tin hiéu riéng 1¢,
chéng han mot sb duodng léy tr cam bién nhiét d cua 16 nhiét, cua cac gian phong
chéng chay nd; mot sd khac 1 tir cam bién do muc chét long, mot s6 khéc lai tir cac
cong tic tiép diém khi bi tac dong s& tao murc tin hiéu logic phan hdi, .....Tat ca déu
dugc thu thap chuyén doi va don lai dé truyén vé noi can thiét chang han phong
giam sat diéu khién. Tai day cac thong tin dugc tach tré lai va xir 1i, hién thi vé tinh
trang cuia noi dang gidm sat thu thap chéng han c6 ké dot nhap ctra, c6 khoi cod thé
xay ra chay, myc nudc, nhiét do vuot qua mirc cho phép hay tit ca van binh
thudng. Nhu vay day co thé duge st dung cho hé théng theo ddi an ninh tir xa.

2.7. Thiét ké mach ma hoa

Mach ma hoa (Encoder) 1a mach c6 nhiém vy bién doi nhiing ky hiéu quen

thudc v&i con nguoi, sang nhitng ky hi¢u khong quyen thudce vdi con nguon.

2.7.1.Thiét lgé' mach mé hoa nhi phén tir 8 sang 3
So d6 kho1 mach nhu sau

Xq
C
X5
—————————— 8§ >3 B
A
X7

Hinh 2.42: So do khoi mach md héa nhi phan tir 8 sang 3

Trong do

- X0, x1,. . ., x7 1a cac ngd vao tin hi¢u

- A /B,Clacécngdra

Mach ma héa nhi phan thuc hi¢n bién doi tin hicu ngd vao thanh mét tr ma
nhi phan twong g & ngd ra cy thé nhu sau:

0 —-000 1—-001 2—010 3— 011

4—100 5-101 6— 110 7— 111

Chon murc tac dong tich cuc & ngd vao la muc logic 1, ta ¢6 ban trang thai

mo ta hoat dong cia mach nhu sau:
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X, X; X, X3 X, X X, x| C B A
i1 o 0o o o O o oo o o
o 1 O O O O O o]0 o 1
0O O 1 0 0O O O o]0 1 0
o o o0 1 o0 O O o0/|Oo 1 1
o o0 o0 o0 1 o0 o0 O0 1 0O O
O o O 0 O 1 0 O 1 0 1
o o O O 0 o 1 0 1 1 0
O O O 0O O O 0 1 1 1 1

Khi mdt ngd vao ¢ trang thai tich cuc ( muc logic 1) va cadc ngd vao khong
duoc tich cuc nhan muc logic 0. Thi ngd ra xuat hién tor ma tuong tng . Cu thé khi
x0=1, cac dau ra con lai x1=x2=x3 = x4 = x5=x6 = x7 =0, thi tr ma ngo ra la
000. khi x1=1 céc dau ra con lai x0= x2= x3 = x4 = x5 = x6 = x7 = 0, thi tir ma ngo
ra nhan gia tri 001,..vv...

Tur bang trang thai ta c6 phuong trinh trang thai ngd ra nhu sau:

A=x,+X5;+X;+ X,
B=x+x;+x,+X,
C=x,+x; +x, +X,

Tir phuong trinh trang thai ngd ra ta c6 so dd mach logic thuce hién qua trinh
ma hoa nhu sa

Mach logic dung phan tir OR

¥x1 %2 x3 x4 x5 x6 %7
o 0O 0 0 0 O O
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Hinh 2.43: Mach ma héa nhi phdn 8 bit sang 3
2.7.2.Thiet ké mach ma ho6a thap phan 10-4

So d6 khoi
Xq D
X, C
"""""" 10 > 4
---------- B
— A
X9
Hinh 2.44: So dé6 do khoi mach ma héa thap phdn
Trong do
- x0, x1,. . ., x9 1a cac ngd vao tin hi¢u

- AB,C/Dlacacngbra

Mach ma héa nhi phan thyc hién bién doi tin hiéu ngd vao thanh mot tir ma
nhi phan twong tng & ngd ra cy thé nhu sau:

0 —0000 1—-0001 2— 0010 3— 0011 4— 0100

5—0101 6— 0110 7— 0111 8—1000 9—1001

Chon murc tac dong tich cuc ¢ ngd vao la muc logic 1, ta c6 ban trang thai

mo ta hoat dong cua mach nhu sau:

>
=
g
[«
=1
w
[
i
e
w4
Ih
'
=3
.
|
e
=
4
e

S O O O O O O = O
O = O O O O O O O
o O O O O O o O O

o O O O O O O O O -
o O O O O O O = O O
oo O O O O = O O O
o O OO O OO O O
e an T e BN o B = R e B s B a R a )
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O O = = = = O O O OIM
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Tur bang trang thai ta c6 phuong trinh trang thdi ngd ra nhu sau:
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A=X XX+ X+ X

B=x,+x;+X,+ X,

C=x,+X; ¥X, TX,

D=x¢+ X,

Tir phuong trinh trang thai t6i gian ta c6 so do mach logic dung phan tir OR
nhu sau:

X1 x2 x3 x4 x5 %6 %7 x8 x9
o o o o O O O O O

Hinh 2.45: So' d6 mach md héa thip phdn diing OR
2.8. Thiét ké mach ma héa wu tién

Véi mach ma hod dugc cau tao boi cac céng logic nhu ¢ hinh trén ta ¢4 nhan
xét rang trong truong hop nhiéu phim duoc nhin cung I lic thi s€ khong thé biét
dugc ma s6 s€ ra la bao nhiéu. Do do6 dé dam bao rang khi 2 hay nhiéu phim hon
duoc nhan, mi sd ra chi twong ing véi dudng vao cé sé cao nhit duoc nhin, nguoi
ta da st dung mach ma hoa uu tién.

Van dé uvu tién: Khi c6 nhiéu tin hiéu déng thoi tdc dong, tin hi€u nao cé
muc uu tién cao hon & thoi diém dang xét s¢€ tac dong, tuc la néu ngod vao c6 do uu
tién cao hon bang 1 trong khi néu cac ngd vao co do wu tién thap hon néu bang 1
thi mach s& tao ra tir ma nhi phan tng v&i ngd vao c6 muc do wu tién cao nhat.
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2.8.1. Thiét ké mach ma héa wu tién 4-2

Xn X] X2 Xj B A
X, I 0 0 0 (0 O
< B x 1 0 0 |0 1
] —
X, |4=>2 ] A x x 1 0 |1 0
X5 x x x L |1 1
Hinh 2.46: So' d6 mé phong Bang chan Iy

Phuong trinh ti gian:

A =X X5.X3 + X35X,.X, + X5

x1 x2 x3
0 o) o]

VY

>

Hinh 2.47: So d6 mach ma héa wu tién 4-2

IC 74LS147 1a mach ma hod uu ti€én 10 duong sang 4 duong, nd da dugc tich
hop san tat ca cac cong logic trong né. Ki hiéu khdi ctia 74LS147 nhu hinh 2.1.5 &

bén dudi:

EEEN
2EEE

2RREREREE

—

T

Hinh 2.48: 1C74LS147
Bang su that cua 74LS147
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Zdcngd vio thip phin Cdcngd ra BCD

tic déng & mifc thip tic déng & thip
1 2 3 4 5 6 7 & 901Q: Q2 Q1 Qa
1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 0
X 0 1 1 1 1 1 1 1 1 1 0 1
X X 0 1 1 1 1 1 1 1 1 0 0
X X X 10 1 1 1 1 1 1 0 1 1
X X X X 0 1 1 1 1 1 0 1 0
X X X X X 0 1 1 1 1 0 0 1
¥ X X X X X 0 1 1 1 0 0 0
X X X X X X X 10 1 0 1 1 1
X X X X X X X X 0 0 1 1 0

Nhin vao bang su that ta thdy thi ty vu tién giam tir dudng vao 9 xudng
duong vao 0. Chang han khi duong vao 9 dang 1a 0 thi bat chap cac duong khac
(X) s0 BCD ra van 1a 1001 (qua cong dao nira). Chi khi dudong vao 9 & mic 1 (mirc
khong tich cuc) thi cac duong vao khac maéi co thé dugce chap nhén, cu thé 1a
dudng vao 8 s€ uu ti€n trudc néu ndé & muc thap. Vo1 mach ma hod uu ti€n 8 dudng
sang 3 duong, cling ¢6 IC tuong ung la 74L.S148.

2.9. Thiet ke mach giai ma )

Mach giai ma la mach c6 churc nang nguoc lai véi mach ma hoa tirc 1a néu ¢6 1 ma
s6 &p vao dudng vao thi twong tng sé& c¢6 1 dudng ra dugc tic dong, mi duong vao
thudng it hon md duong ra. TAt nhién duong vao cho phép phai dugc bat 1én cho
chtrc nang giai ma. Mach giai ma dugc ing dung chinh trong ghép kénh dir liéu,
hién thi led 7 doan, giai ma dia chi bé nhd. Hinh dudi 13 so d6 khéi ctia mach giai
ma

2.9.1. Giai ma 3 sang 8

Mach giai mi 3 duong sang 8 dudng bao gdm 3 duong vao tao nén 8 t6 hop
trang thai, img véi mdi to hop trang thai dugc ap vao sé co 1 duong ra dugc tac

dong.
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Gidi mé

Decoder

_'1?4

Y7

Hinh 2.49: Khoi gidi md 3 sang 8

Bang su that mach gidi ma 3 sang 8

C

0
0
0
0
1
1
1
1

- 20O 0= = o ol

A
0

NN o N o T o Y

YO ¥1 Y2 ¥3 Y4 ¥5 Y6 Y7

= I e Y N e I o e Q=

[ I Y o N e U o Y e R e

o D e Y e N e I o P e i e

0 0 0 0 O
0 00 0 O
0 0 0 0 O
1 0 0 0 O
01 0 0 O
0 01 0 O
0 00 1 0
0 0 0 0 1

Tur bang sy that ta c6 thé vé€ dugc so d6 mach logic cua mach gidi ma trén

 Ung dung

a).rut gon ham logic sir dung mach gidai ma

L

-

4

/

e

B

.

. 4

-

A4

Y'Y

. d

Iyoybugs

Hinh 50: Cdu tric mach gidi md 3 sang 8

Nhiéu ham logic c6 dudng ra 1a to hop cta nhiéu dudng vao ¢ thé duoc xiy dung

tir mach giai ma két hop véi mot sé cong logic & dudng ra(mach giai ma chinh 1a 1

mach t6 hop nhiéu cong logic ¢& MSI). Mach giai mi dic biét hiéu qua hon so vai

viéc sir dung céc cong logic ro1 trong trudong hop cd nhiéu to6 hop duong ra.

Vidu: Sau thuc hién mach cong 3 s6 X, Y, Z cho téng 12'S va s6 nhé 1a C thuc

hién bang mach gidi ma:

Gia str mach cdng thuc hién chirc nang

logic nhu bang sau:

o

o

o
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Tur bang cho phép ta xac dinh dugce cac
t6 hop logic duong vao dé S roi C & mirc
Ccao

S(x,v,z) = Z 1,2,4,7

e ==
e = = T N
B O Lk O kL, O
B P O P O
= e =

Clx,y,z) = Z 3.5.6,7

Nhu vay s& can 1 cong OR dé nbi chung céc to hop logic thu 1, 2, 4, 7 dé
dua ra duong S
Tuong tu dudng ra C cling can 1 cong OR vai dudng vao 14 t6 hop logic tha 2, 5,
6, 7

Vay mach giai ma thyc hi¢n bang logic trén s€ dugc mac nhu sau:

X—| A GCidi J——D s
ma 3

Y——jE audng

sang &

Z—|C dirsing
=

Hinh 2.51: Ung dung mach gidi ma lam mach cong
2.9.2. Mach giai ma BCD sang thap phan
741842 12 IC 1am nhiém vu giai ma 4 dudng sang 10 dudng. Cau tao logic

va bang hoat dong cta n6 s€ minh hoa rd hon cho mach giai ma nay:

nad 5 — L1 - .
i : g ’;‘ ﬁ 2 gl0ngd
!
O owac e
BcD »—Ho wm .
EE—qungd
L8 by
i |—= thdp
T4L54z 7 FID =
¥a =
W =

Hinh 2.52: So' do chan IC gidi mda BCD sang thdp phdn
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Fa3 Fa Fal

Hinh 2.53: Cdu triic mach ciia 74LS42, gidi md 4 sang 10

Béang su that ctia 741L.S42
Vio BCD Ra tic déng Dé ¥ 13 vi c6 4 dudng vao nén sé& co 16 trang thai
D!C B A d thdp logic dudng ra. O day chi sir dung 10 trang thai
o 0o 0o o ] P - A \ L
a0 o0 1 ) logic dau, 6 trang thai sau khong dung. V&i mach
0o o 1 0 2 giai ma 4 sang 16 thi s€ tan dung hét sb trang thai
o o0 1 1 3 ra. Mot diém nira 13 cac dudng ra ctia 7442 tac
o 1 0o 0 4 done & mite th
o 1 o0 1 5 Q‘ng 0 muc t ap 7
o 1 1 0 6 Vé nguyén tac ta c6 thé ma hoa tir n dudng sang m
? é é é ; duong va nguoc lai gidi ma tr m dudng sang n
i 0 o0 1 9 duong, chirc nang gitta ma hoa va giai ma khong

1o rét 1am, chling déu lam nhiém vu chuyén doi tur
ma nay sang mi khac (nhitng mach & trén déu noéi dén ma hé 2, thuc ra con nhiéu
loai ma khéc). Ciing chi ¢ mét s6 chung duoc tich hop san trong IC nhu 7441,
7442 1a giai ma BCD sang thap phan, 7443 la giai ma thura 3 sang thap phan, ...
Mach sau minh hoa cach két hop mach dém sé& hoc & chuong sau v&i mach giai ma
dé cung cap cac hoat dong dinh thoi va dinh th ty, IC giai ma 7445 duoc dung vi

tai la dong co co6 ap 1on dong 1on ngoai stic cung cap cua cac IC gidi ma thudong
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7445
Ck U ITEE oA Ha m
CLKs b [ e @

ac C m

Hror oo o o

2 raz 04

7| B4l o5

Roz ]

= &

74580 :

7 L

déné cd dut.lic md den dude ;nd
Hinh 2.54: Ung dung 74LS45
Hinh trén cho théy, mach dém tao ra 16 to hop trang thai cho mach ma hoa.
Phai 4 chu ki xung ck thi Q3 mdi xudng thap, cho phép dong co duoc cip ngudn;
con dén dugc mé chi sau 8 chu ki xung ck. Thoi gian mo cua tai 1a 1 chu ki xung
ck. Ta c6 thé diéu chinh thoi gian nay tir mach dao dong tao xung ck. V& nguyén
tac hoat dong cua mach dém 741890 ta s& tim hiéu & chuong sau.
2.9.3. Thiét ké mach giai ma BCD sang led 7 doan
Mot dang mach gidi ma khac rat hay st dung trong hién thi led 7 doan do la
mach giai md BCD sang led 7 doan. Mach nay phirc tap hon nhiéu so véi mach giai
méa BCD sang thap phan d3 néi & phan trude boi vi mach khi nay phai cho ra t6 hop
c6 nhidu dudng ra 1én cao xudng thip hon (tuy loai dén led anode chung hay
cathode chung) dé lam cac doan led can thiét sang tao nén cac sb hay ki tu.
Led 7 doan
Truéc hét hay xem qua cAu trac va loai dén led 7 doan ctia mét sé dén duoc
ciu tao boi 7 doan led ¢ chung anode (AC) hay cathode (KC); duoc sap xép hinh
s6 8 vudng (nhu hinh trén) ngoai ra con ¢6 1 led con duge dit 1am dau phay thap
phan cho s6 hién thi; n6 dugc diéu khién riéng bi¢t khong qua mach gidi ma. Cac
chan ra ctia led dugc sap xép thanh 2 hang chan ¢ giita mdi hang chan 1a A chung

hay K chung. Thi tu sép xép cho 2 loai nhu trinh bay & dudi déy.
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AC A b

LA .. "
1] =
W A/
o l |¢g
LA A
a o
=]

7 doan ciia den ed ACdpc

Hinh 2.55: Cdu tric va chén ra cia 1 dang led 7 doan

1 II'.'IICC l l".'IIC'Z:

| Gidi ma, thiic

anode chung

220

Jial mé&, thic
/ﬂ7 /7& cathode chung

Hinh 2.56: Led 7 doan loai anode chung va cathod chung ciing véi mach thiic gidai ma

Dé dén led hién thi 1 s6 ndo thi cic thanh led twong g phai sang 1én, do do,
cac thanh led déu phai duoc phan cuc boi cac dién trd khoang 180 dén 390 ohm véi
ngudn cap chuan thuong 1a 5V. IC giai ma s& c6 nhiém vu ndi cac chan a, b,.. g ctia
led xuéng mass hay 1én ngudn (tuy A chung hay K chung)

Khao sat 741L.S47

V6i mach giai ma & trén ta co thé dung 74L.S47. Pay 1a IC giai ma dong thoi
thuc truc tiép led 7 doan loai Anode chung ludn vi né ¢6 cac dudng ra cuc thu dé

ho va kha nang nhan dong di 16n. So dd chan ciia IC nhu sau:
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Voo

b e d =
[16] [1s] [+4] [1a] [v2] [11] [10] [o]

g

D,

TALSAT

B

Trong do
A, B, C, D la cac duong vao ma BCD
RBI la duong vao xo4 don song

LT la duong tht dén

BI/RBO la duong vao xoa hay duong ra xoda ron

[2] [] Lel Ls] o] [z] [e]

IT BUREC REl 0O A GNO

c

Hinh 2.57: Ki hiéu khéi va chdn ra 74LS47

a toi g 1a cac duong ra (cuc thu dé ho)

= -[_ =
_ . e~ b
":D__—T_—‘D— — |
mi vio | 1 ;
=, I :
| [H i
L
o| . — | ca'c‘
|1 , ~ ngd
.,T;D d d o
- —
BI/RBO |
' | g |
|I |
]
% f f
LT |
B ==
= g i
sd T 2 T e e
11E6 0 T | | 1 Y o N I I
3 4

0

1

& T 8

el

9

m 112 12 1 15

Hinh 2.58: Cau triic bén trong ciia 74LS47 va dang s6 hién thi

Hoat dong cua IC dugc tom tat theo bang dudi day
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58 |LT|RBI|D |C | B |A|BIRBO|2 |b|c|d|=|Ff |z |CH
thd'y chng
o |1 | X|o|lo|o]|oD 1 olo|o|lo|o|o]1]1
1 |1 | X |o|o|o]1 1 1jo|lofl1]1]1]1
2 1| X |ojlo|1]o 1 olo|1|lo]lo|1]o0
3 (1| X |olo]|1]1 1 olo|olol1]1]o0
4 (1| X |o|l1]|0]|o0 1 1lo|lofl1]1]|0]o0
s 1| X |ol1]|0]1 1 o|l1|o0|lol1]|0]o0O
5 |1 | X |ol1]|1]0 1 1l1|oflolo|olo
701 X |1l1]1]1 1 olo|o|l1]1]1]1
g |1 | X |1]o|lo|oO 1 olo|ololo|olo
9 |1 | X |1|o]|o]1 1 olo|Jol1]1]0]o0
wli1|x|1|lo]|1]0 1 11| 1|lojo|1|o] 2
11| x|1]lo]|1]1 1 1]1|oflol1]1]o0
21| x|1|1]|0]0 1 1lo|l1|l1]1]|0]o0
31| X |11 ]|0]1 1 o|l1|1]lo]1]|0]o0
41| Xx|1|l1]1]0 1 1]1|1|lolo|olo
15 1| x |1 ]1]1]1 1 111 l1]1]1]1
Bl | X | X | X |X|X|X 0 11|11 ]1]1]1]3
REI| 1|0 |ojo|lo|oO 0 11|11 ]1]1|1] 4
LT |0 | X | X |X|%X|X 1 JojojJofojojoJo]s

Khi

Nhén thiy cac dudng ra mach giai ma tac dong ¢ mirc thap (0) thi led tuong
ung sang

Ngoai 10 s tir 0 dén 9 duoc giai ma, mach ciing con giai ma duoc 6 trang
thai khac, & day khong dung dén (ghi cht 2)

Dé hoat dong gidi mi xay ra binh thuong thi chdn LT va B/RBO phai ¢ mirc
Ccao

Mudn thir dén led dé cac led déu sang hét thi kéo chian LT xudng thap (ghi
chu 5)

Mudn xo04 céc s (tat hét led) thi kéo chan BI xudng thap (ghi cha 3)

can gidi ma nhiéu led 7 doan ta cling c6 theé ghép nhiéu tang IC, mudn xo04 s6 0

vO nghia & trude thi ndi chan RBI cia ting dau xudng thap, khi nay chan ra RBO

cling xuong thap va dugc noi tdi tang sau néu muon xoa tiép s6 0 vo nghia cia tang

d6 (

ghi cht 4). Riéng ting cudi ciing thi RBI dé tréng hay dé mirc cao dé van hién

thi s6 0 cud1 cung

Vi du: Hay xem m{t irng dung ctia mach giai ma led 7 doan:
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Hinh 2.60. Ung dung mach gidi ma 74LS47
o Mach dao dong tao ra xung kich cho mach dém, ta co thé diéu chinh chu ki
xung dé mach dém nhanh hay cham
« Mach dém tao ra mi s6 dém BCD mdt cach tu dong dua té1 mach giai ma co
thé 1a cho dém 1én hay dém xudng
« Mach giai mi s& giai ma BCD sang led 7 doan dé hién thi s6 dém thap phan
Bay gio ta co thé thay mach dao dong béng 1 bd cam bién chéng han dung bo thu
phat led dat & cira vao néu mdi 1an c6 1 ngudi vao thi bd cam bién sé tao 1 xung
kich kich cho mach dém. Luu y rang IC 7490 14 IC dém chia 10 khong dong bo ma
ta s€ hoc & chuong sau
Nhu vy véi tng dung nay ta da c6 hé théng dém sb nguoi vao cong ciing c6 thé
dém san phdm qua bang truyén,... tit nhién chi han ché & s6 nguoi vao nhiéu nhat
la 9.
Khi nay hinh trén duogc trinh bay ¢ dang mach cu thé nhu sau:

Rl - | CLES 0 oo & A
7 R GEC 01 : ; I .
T o RIT QO 03 il g
ROz _ E |
Fa LT E
Ri3 R9Z e L G = I I-::
R2 = BI/RBD I
320 j o 7 oLsw | ] ] d
= M oy 741,800 741347

Hinh 2.61: Minh hoq itng dung 74LS47 trong mach hién thi led 7 doan
2.9. Thiét ké mach diéu khién ma tran LED 5x7
2.9.1. Cau tao ma tran LED 5x7

Ma tran LED 5x3 la mot ma tran gém 35 dén LED duoc sép Xép thanh 7 hang va 5
cdt, cac dén LED nay dugc noi chung véi nhau boi Anot hodc Katot. Tai moi giao
diém cua hang véi cot 1a mot LED don
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Cot 1
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D3 D10 D17 D24 D31

Plad ~ ~ Pl

1
1
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]
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Hang 3

D4 D11 D18 D25 D32
2 | 27| ol

1
i
1
]
1

Hang 4

Ds D12 D19 D26 D33

2 ol 22 Pl

Hang §

1
i
1
i
]

D6 D13 D20 D27 D34

2| oo | e |

1
1
1
1
]

Hang 6

D7 D14 D21 D28 D35

Vlad ~ Plad ool

|
|
1
|
1

Hang 7

. I:Iinh2. 44: So do cdu triic bén trong ma trdn LED 5x7 Catot chung
2.9.2. bieu khien ma tran LED 5x7

Trong phan nay chung ta chi di tim hiéu cach thic diéu khién ma tran led dé
hién thi céc chit cai, cic con sb hodc cac ky hiéu tinh.

Trude tién ta xac dinh tt ca nhitng ndi dung co thé duoc hién thi trén ma
tran dé xac dinh voi timg ndi dung hién thi, dén LED ndo trong ma tran s& duoc
sang va dén nao khong duoc sang. Tir nhitng két qua giai ma do ta xac dinh dugc
nhom cac den LED s€ sang cho mot hodc mot s6 noi dung dugce hién thi hay néi
khac di ta xem c6 cic dén nao hoat dong gidbng nhau thi nhém thanh mot nhém.
Nhu vay thay vi phai diéu khién 7x5=35 dén LED don ta c6 thé chi phai diéu khién
mot s6 lugng nhom den nao do it hon nhiéu.

Pé diéu khién duoc ma tran LED diéu diu tién can tinh duoc ma ciua LED.
Tay theo mdi loai khic nhau dé chung ta vao hang va cot 1a cac mac logic 0 hay 1.
Nguyén ly quét dua vao hién tugng Iuu anh trén vong mach va con ngudi chi nhin
dugc 24h/s. Tai mdi thoi diém chi c6 mot diém sang, do tan s quét nhanh nén mét
con ngudi cam nhin duoc LED quét ddng thoi. Khi mudn LED nao sang chiing ta
can phai dua tin hiéu vao diéu khién cho LED do.
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2.3.7.3. Vidu
Thiét ké mach hién thi chit DTVT trén ma tran LED

bv T V| b

P | VT | D
P | BTV

bTV: Y1

bT: Y2

bv: Y3

VT: Y4

b: Y5

T: Y6

\Y Y7

Ta c6 bang chan ly sau:

A|B |YL|Y2]Y3|Y4|Y5/Y6]|Y7
b 0|01 |1 ]1]0]1]0]O0
T,/,0[1 1101 ]0]1]0
vV i 1]0]1/]0]1]|]1]0]]0]1
T,/]1/1]1]1]0|1]0]1]0

Tur bang chan 1y ta c6 dugc cac phuong trinh cta 161 ra Y va c6 thé vé dugc so do
mach.
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Chwong 3. Mach tuin ty
3.1. Khai niém chung
Trigo (Flip - Flop) 1a phan tir co ban nhét dé tir d6 ché tao ra cdc mach day
(mach logic c¢6 nhd). Mach Trigo thudc loai mach khong dong bo c6 hai trang thai
on dinh bén theo thoi gian tng véi hai mic logic "1" va "0". Trang théi cta Trigo ¢
thé thay déi khi tdic dong xung lén cdc dau vao. Trang thai tuong lai cua Trigo
khong nhitng phu thudc vao cac bi€n vao ma con phu thudc vao trang thai hién tai.
Khi ngiing tdc dong xung lén cac dau vao , trang thai Trigo gilt nguyén, véi dac
diém nay cdc mach Trigo dugc dung dé luu trit thong tin dudi dang ma nhi phan.
3.2. Cac loai Trigo
3.2.1 Trigo R-S khong dong bo
L2 loai Trigo co ban nhat dé tir d6 tao ra cac loai Trigo khac gom c6 2 dau vao
1a R, S va hai ddura Q, Q véi:
- Q: Pau ra chinh thong doc str dung.
- Q:Piura phu, Iuon thoa man Q + Q=1
- R (Reset): Dau vao xoa.
- S (Set): Dau vao thiét lap.
y tong thiét k€ trigo R-S khong dong bo theo cac diéu kién sau:
+ R, =S, = 0, trang thai cua trigo git nguyén — Q,,, = Q,.
+ R, =0; S,=1 dau ra trigo nhan gia tri "1" —> Q,,, = 1.
+ R, =1; S,=0 dau ra trigo nhan gia tri "0" — Q,,, = 0.
+ R, =1; S, =1 day Ia trang thai cam , trang thai Trigo 1a khong xéac dinh,
trong bang trang thai doc danh ddu bang diu "x".
Hoat dong cua trigo R-S tuan theo bang trang thai nh hinh vé.
- n: Trang thai hién tai
- n + 1: Trang thai tong lai.
- "-": Gi4 tri tuy chon - c6 thé 14y gid tri "1" hoac "0".

- x: Trang thai cam tai d6 gia tri cia ham ra la khong xac dinh.
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Rn Sn Qn+l
R | Q o | o | q,
Trigo | (1) (1) (l]
S -
Hinh 3.1: So' d6 mé phong Bang trang thdi
Q"-H R“’ S“ Qn Qn+l Rn Sn
QN_00 01 11 10
0 0 - 0
0] 0 1 [ x| O 0 1 0 1
1 0 1 0
| 1 1 X 0 1 1 0 -
Bdng chuyén tiép Bdng dau vao kich
Thuc hién nhém cac 6 c6 gid tri “1” trong bang trang thai (dang tuyén) ta c6:
Qn+1 = Sn + l{_nQn (1)
Nhém cac 6 ¢6 gia tri “0” trong bang trang thai (dang hoi) ta co:
Q.. =R,.@Q, +S,) @)
Tw() - Q,,=S,+Q,R,=S,Q,R, 3)
Tr@ - Q,,=R,(Q,+S,)=R,Q,S,
> Q,.,=R,.Q,S,) 4)
Tr2 — Q. =R _.Q +S)=R_+(Q, +S,) (5)
Te(l) - Q. =S,+R .Q, =S, +Q +R,
Qn+1 :Sn +Q—n+Rn (6)

Tir (3) va (4), (5) va (6) cho phép ta xay dung Trigo RS khong dong bo tir cac
phan tt NAND, cédc phan tir NOR hai 16i vao.
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>

YAY

S {>c
Hinh 3.2: So' d6 Trigo R-S dung phan tir NAND

R Q

S S

Hinh 3.3: So' do6 Trigo R-S diing phan tir NOR

n .I. 1 Sn 4+ 1 1
0 Y...{) hé t o 0 T 0 t
""""" y y t 1IN T
0~ o= ¢ 0> o ot
Qn+] 1 1 1 Qn+l 1 1 1
0 0 0 0 0 g
(a) (b)

Hinh 3.4: Gidn dé dién dp lam viéc cia Trigo R-S tir NAND (a), tir NOR (b)
3.2.2. Trigo R-S dong bé.

Ngudi ta muén Trigo chi phan tng vao nhitng thoi diém xdc dinh, diéu nay
duoc huc hién bang cdch dua thém t6i ddu vao tin hiéu phu C duoc goi 1a tin hiéu
dong bo. Khi C = "0" thi R =S=1 trang thai Trigo gilt nguyén con C = "1" hoat
dong cua so do giong Trigo R-S khong dong bo nhu da phan tich & phan trén.
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) R

I q

M\ s

G4 | Q
S )O___S G2
Hinh 3.5: Trigo R-S dong bo
3.2.3. Trigo D (Delay)
Gom c6 hai dau vao C, D, va hai daura Q,, Q,_ véi:
- C: Bién diéu khién (xung nhip - xung dong bo)
- D,: Dt liéu vao.
y tudng thiét k€ trigo D tuan theo cac di€u kién sau:
+ Khi C = 0, trang thai cua trigo gitt nguyén — Q_., = Q

n*

+ Khi C = 1, gia tri dau ra trigo nhan gia tri da dén dau vao D —» Q

n+1 = Dn'
C D n Qn+l
D | Q. 0 0 Q.
Trigo | (1) (1) %n
cC| D |Q 1 1 1

Hinh 3.6: So do mé phong Bdng trang thdi

Qn+l Qn Qn+l C D
C. D,
QN_ 00 01 11 10 8 0 0 -
1 1 |
0] O 0 1 0
1 0 1 0
1| 1 1 0 | 1 0 -

Bdng chuyén tiép Bdng ddu vao kich

Thuc hién nhém céc 6 c6 gid tri “1” trong bang trang thai (dang tuyén) ta

CO:

Q.. =CD +Q..C+Q. D =CD, +Q{E+Dn}:CDn +Q. .CD.

63



=CD,+Q CCD, =CD_Q,.CCD,. (1)

Thuc hién nhom cac 6 ¢6 gia tri “0” trong bang trang thai (dang hoi) ta co:

Q.. =|c+D,][Q, +cllQ, +D,]=[c+D,][@, +Q, D, +Q,Cc+CD,]
[c +D 1[Q (1+D, +c)+cD. ]=(c+D,){Q. +CD.)=CD..Q..CD, =CCD_.Q,.CD.
=Q,,, =CCD,Q,CD,. )
T céc biéu thic (1) va (2) ta ¢6 mach dién cua trigo D dgc xay dung tir cdc phan
tir NAND hai 16i vao.
T —
[ ;
n
Q
n

) G
G 4
Hinh 3.7: Trigo D xdy dung tir phdan tir NAND

=

C 4
0 >t
D, Lo oty ity s il il il ilo il il it
0 s a ’ | a s ot
Q.. Jr [ ST [ ts i t7 Lo [STRE
0 . » L
= Ly Lg g Lo 9%
LT

Hinh 3.8: Gidn dé xung mé ta qud trinh hoat déng Trigo D
3.2.4. Trigo van nang J-K _
GOm ¢6 3 dau vao C, J, K, va hai ddura Q,, Q, vdi:
- C: Xung dong bo.
-J, K,: C4c dau vao diéu khién.
y tudng thiét k€ trigo van nang J, K theo cac di€u kién sau:
+ K, =J, = 0, trang thai cua trigo gilt nguyén — Q11+1 =Q,.
+K,=0;J,=1daura trigonhan gid tri "1" - Q,,, =
+ K, =1;J,=0 d4u ra trigo nhan gid tri "0" —> Q,,, =

+K_ =1;J =1 trigo lat trang thdi — Q,,, = Qn.
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K" J['l Qn+l
: X 0 0 Q,
Trigo | 0 1 )
K JK 1Q 1 0 0
C | 1 1 Qn
Hinh 3.9: So do mé phong Bing trang thdi
Qn+l Kan
AN 00 01 11 10 Q. | Q.. .
0001 1] 11]0 0 0 0
0 1 1
1 0 _
Horj1r]o)o : ; -
Bang chuyén tiép

Bang ddu vao kich
Thuc hién nhém cac 6 c6 gid tri “1” trong bang trang thai (dang tuyén) ta co:

Qn+1 = K_nQn + Jn(g_n
Nhém cac 6 ¢6 gia tri “0” trong bang trang thai (dang hoi) ta co:
Q. =K, +Q).0,+Q,) 2)

Cic biéu thitc (1) hoidc (2) duoc goi 1a phuong trinh dic tinh cta Trigo van nang
J-K

(D

R
K \——JQGI

(9%}

G5

D,

G6

[ >

“h

G2
— >
s -

Hinh 3.10: So' d6 mach logic Trigo J-K

G4

.
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(ﬂ Y Y 4 d Y Y y 4 Y | L
s L
Jn

Qni

Hinh 3.11: So do xung mé td qud trinh lam viéc Trigo J-K
3.2.5. Trigo dém T

C6 hai diu vao T, C, hai ddura Q,Q.
-C: Xung dong bo (xung nhip).
-T: Bién diéu khién, thoa man yéu ciu sau:
+ T ="0" trang thai Trigo git nguyén — Q,,, = Q,.

+T="1"Trigo lat trang thdi - Q,,, = Q

n-°

Qn Qn+ 1 Tn

Qn+ l T 0 0 0
T _Q Tn Qn+ 1 Q\n 0 1
Trigo 10 Q, ! 0 1 i 5 1
C T| ] Q_“ 1 0 | | 0

So d6 mé phong Bang trang thai Badng chuyén tiép  Bdng dau vao kich

Tir bang chuyén ti€ptacé: Q.. =T, Q_n + ”lTn.Qn

(1
Qi =(T, +Q,)-(T, +Q,) 2)
Biéu thitc (1) va (2) dugc goi 1a phuong trinh dic tinh ctia Trigo dém T.
C Y y v y Y 4 4 y Y Y
T,
Qi

Hinh 3.12: So' d6 xung mé ta qud trinh lam viéc Trigo T
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3.3. Thiét ké by dém dong b
3.3.1. Céc budéc thiét ké bo dém dong bd

- Phan tich yéu cau thiét ké, v& gian d6 xung mé ta
- Xac dinh loai trigo, s6 luong trigo

- Lap bang trang thai cia b dém

- Lap phuong trinh trang thai

- V& so do logic

3.3.2. Thiét ké by dém tién thap phan dong bd
* Budce 1: Vé gian d6 xung cho by dém

Xung
dem 1T
1 2 3 4 5 6 7 8 9 10
0 A
Qo 4 E ; E : i ; i E E ,:
of | | | I I
Q, 4 ' : : H i
9 | | I E » t
Q- 4 ' . '
4] | E » 1
0. 4 H i

0

. | g

Hinh 3.18: Gidn d6 xung ciia b dém module 10

« Budc 2: Lap bang trang thai cho bo dém

Xung | Trang thai
vao | Q, |Q,

o)
o

O O N| O O | W N| | O

ol | |l oo oo o o oo
ol oo r| L R L o o o o
ol ol ol r| Ll ol ol rl rl oo
ol |l ol rl o rl ol r o rl o

[EEN
o
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Hinh 3.19: Bang trang thdi cua bé dém module 10

« Bu6c 3: Lap d6 hinh chuyén ddi trang thai

Q: Q,)Q Q Q:Q QQ Q:Q Q Q Q:Q, Q Q
0000 0111 1 000 1111
Q; Q,)Q, Q Q:Q:[Q Q Q; Q]Q, Q Q:Q,Q Q
0001 0110 1 00 1 1110
|
Q Q,]Q, Q Q2 Q,Q Q Q:Q, QQ Q% Q,QQ
0010 0101 1010 1101
Q;Q,]Q, Q Q:Q,[Q, Q Q:Q, Q Q QQ,Q Q
00 11 0100 1011 11 00

Hinh 3.20: 6 hinh chuyén déi trang thdi ciia b dém

* Budc 4 : Lap moi quan hé dau vao theo dau ra

Xung | Trang théi cac trigo dém Trang thai cac ham dau vao kich
dém | Hién tai Tiép theo cua trigo

Q | Q | Q | Q | Q[ Q |Q [Q | s | Ky|d | K| | K|y | Ky
0 o |0 (0 (O (O |O (O |2 (O |- |0 |- |0 |- |21 |-
1 o |0 O (1 (O O |2 |O (O |- |0 |- |2 (- |- |1
2 o |0 2 /0 O |0 |2 |2 (O |- |0 |- |- (0|21 |-
3 o |0 {2 /1 (0 |2 |0 |O (1 |- |2 |- |- (1 |- ]1
4 o |12 0 (0 O |2 (O 1 (O |- |- |0 |0 (- |2 |-
5 o |12 {0 (1 (0 |2 {2 |0 (O |- |- |0 |2 (- |- |1
6 o |12 12 /0 (O |2 {2 |1 (0 |- |- |0 |- (0 |2 |-
7 o |12 42 /1 1 0 |0 |O (21 |- |- |2 |- |1 |- |1
8 1 /0 (0O (O |2 |O (O |1 |- O |- |0 (- |1 |-
9 1 /0 (O (1 |0 |O (O |O |- 0O |- |0 (- |- |1

Hinh 3.21: Bang trang thdi minh hoa qud trinh lam viéc ciia bé dém module 10

Budc 5: Toi gian cac ham dau vao
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‘l(]

T~Q1Q
Q:Q5_ 00 01 11 10
00| |1 _ _ 1
o1 1 _ _ 1
11 X X X X
10| 1 — | x| x
J,=1
J,
_] QQq
Q:Q5_ 00 01 11 10
0 |
00 A — _
o1| O N~ _
11| x X X
o] O 0 x
J, = E_TQ{]
J
2Q:1Qo
Q:Q>_ 00 01 11 10
ool O 0 m 0
or| _ | _ { _\ _
11| x X \ x} X
10l O 0 \§/ X
J,=0Q,.Q,
J
AQ:1Qy
Q:0>_ 00 01 11 10
ool O 0 0 0
o1l O 0 m 0
| x | x Nx/] x
10 _ _ xX xX
J: = Ql-Qo-Qz

* Budc 6 : Vé so do mach ctia bo dém

K

“Q,Qq
Q-5 00 01 11 10
00 1 . . 1
01 1 . . 1
11| x X X X
10 1 _ X x
K,=1
K] - -
Q1Qy
Q.05 00 01 11 10
1 0
o0 — — /N
ol — | /|| ] O
11l x :=f.'|Il J,|x X
|l _ | W x| x
K, = Qu
K
AQiQy
Q.O>_ 00 01 11 10
00| — — — _
o1l O (0] { 1 \ 0
11l x X \ x} X
of — | - [\&/] x
K, = Q1-Qn
K3
QIQ{}

Q:0x_00 01 11 10

oo — | -/N\N=| -
o — | J|l=| =

11|l x x\ }x
10| O 1\
K;=Q,
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Xung dém

Xung xda,

Bang trang thai ctia bd dém

Qo Q Q;
!
sl . N
Jo Q ‘>— I, Q _|:> 1, Q, I>_ IR Q
> Cn T(] + Cl T| CZ T2 (:3 T3
1 — ] 1
Kn RO Qo— Kl RO Q|— —KE R2 Qz —KJ R3 QJ
Hinh 3.22: So' d6 mach b6 dém module 10
3.3.3. Thiét ké b dém lui module 8
Gian d6 xung ctia bd dém
Xung/liiem 1 5 3 4 5 5 v 8
A 5 S N N ) N
Qo/l\ | | | | | | |
! 1
of tpofrlols I
A~ | | | | | |
Q ! |
‘tol 1T 1 oo [1 0 | t
Q N | : | | l : i
t + | |
ool 10 10 111 0 | 0 |
e 1 - >t
Xung | Q, Q Q
0 0 0 0
1 1 1 1
2 1 1 0
3 1 0 1
4 1 0 0
5 0 1 1
6 0 1 0
7 0 0 1
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D6 hinh chuyén dbi trang thai ctia bo dém

000 |e— 001
v A
111 010
v A
110 011
v A
101 | 100

Dé thiét ké bd dém nay ta dung trigo JK.

Bang trang thai hoat dong ctia b dém

Xung | Trang thai cua trigo dém Trang thai dau vao kich cia trigo dém
Pém | Hién tai Tiép theo
Q2 Ql QO Qz Ql Qo KZ ‘] 2 Kl ‘]1 K0 ‘] 0
0 0 0 0 1 1 1 - 1 - 1 - 1
7 1 1 1 1 1 0 0 - 0 - 1 -
6 1 1 0 1 0 1 0 - 1 - - 1
5 1 0 1 1 0 0 0 - - 0 1 -
4 1 0 0 0 1 1 1 - - 1 - 1
3 0 1 1 0 1 0 - 0 0 - 1 -
2 0 1 0 0 0 1 - 0 1 - - 1
1 0 0 1 0 0 0 - 0 - 0 1
Tbi gian ham
K,

QQ, T QQ

2 00 0 11 10 2 00 01 11 10

0 X X X X 0 1 0 0 0

1 1 0 0 0 1 X X X X

K, = 61 Q_o J, = 61Q—0
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QN o0 01 11 10 QN o o1 11 10
0 “x__i X 0 5“1" 0 “1" 0 X _x_“
1] X X | o 1 1| ! ‘ 0 |« X

- -

Ko Qng J, QlQ
ON 0 0 11 10 N 1110
0| X 1 1 X 0 1 X X 1
R 1 1 X 1| L X X 1

K, =1 J, =1

Ta c6 phuong trinh trang thai bd dém nghich module 8 nhu sau:
Ko=1:Jo=1 K =Qy;J,=0Q, i K, =Q.Q ; J,=Q.Q

vee QO Ql Q2
i 3 | 11, 3 v4 e °
2 ~
o o o o 5 J 1 K1, ) 2 HQ o
Um Um AND2 ©
Xung vao

So dé mach logic b lii dong by
3.4. B dém khong dong b
3.4.1. B§ dém tién
Bo dém tién khong dong bd 1a bo dém ma ta ghép ndi ti€p cac trigo voi nhau
, Xung can dém dugc dua vao mdt cach tuan tu tai 10i vao dong bo ( ctra C ) cua
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Trigo dau tién, dau ra cua trigo trudc dugc ndi voi dau vao dong bd C cua trigo ti€p
theo cap cao hon (Q,dugc noi voi C, ).

0 ! 2 3
02 OZ OZ 2
¢ b et len! o
X rc _ C e C _ C _
ung nll Ky Qo| 1 _KR Qi 1 _KR Q I—KR Q
Xung xo4 0 ! 13 F3

o Hinh 3.13: So do b dém tién khéng dong bé
- Xung x04 phai xuat hién trudc ddy xung dém dé thiét 1ap trang thai ban dau Q, =
Q =Q,=Q;="0"
- D¢ trang thai cua trigo bat ky chi lat khi dau ra Q cua trigo cap thap hon ké né
chuyén déi tir "1" vé "0" thi cdc dau vao diéu khién cua cdc trigo phai cing nhan tri
"1" J=K=1).
- Qua moi trigo F, thuc hién chia doi tan s6 clia diy xung vao.
- Pé tao ra bo d€m c6 dung luong 16n ta can ting s6 trigo (s6 bit) khi d6 do c6 hién
tuong tré tich luy gitta diy xung vao va day xung ra lam giam kha nang d€ém nhanh
khi s6 bit tang dan, do tré tich lu§ chung bing téng do tré do céc trigo tao nén. Day

ciing chinh 13 nhugc di€ém chinh ctia bo dém nhi phan néi tiép (khong dong bo).

3.4.2. Thiét ké by dém lui
Gian d6 xung cua by dém:
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O i Y
(i“ HNEEENE NN RN
Q.4
O.a \
N {
Q. 4 ERERERERERERE ’

a '
Q;T |
Q:T I

L4

Y

Hinh 3.14: Gidn d6 xung b dém i
Nguyén 1y lam viéc tuong tu nhu bd dém nhi phan thuan, gia tri nhi phan cua

bd dém giam dan khi c6 xung dua t6i, & bd dém nhi phan ngugc noi ti€p ma cac
trigo dugc xay dung tir cdc phan tr NAND ngudi ta thyc hién n6i Q, véi C,,,

Bang trang thai cua bo dém nguoc:

S6 Trang thai trigo dém

xung | F, F, F F
Vao

0 0 0 0 0
1 1 1 1 1
2 1 1 1 0
3 1 1 0 1
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4 1 1 0 0
5 1 0 1 1
6 1 0 1 0
7 1 0 0 1
8 1 0 0 0
9 0 1 1 1
10 0 1 1 0
11 0 1 0 1
12 0 1 0 0
13 0 0 1 1
14 0 0 1 0
15 0 0 0 1
16 0 0 0 0
Hinh 3.15: Bdng trang thdi bé dém
2° 2' 2 2°
F, F, F, F,
cl Tl ]_i: Sl ]_'f; Q.
e ol e e ke @

Xung xo0a

—

Hinh 3.16: So d6 mach dém lii
3.5. Mach dém vong
3.5.1 Pém vong

Mach dém vong ¢6 cau tric co ban 1a thanh ghi dich v6i dudng ra ting sau
cung duogc dua vé dudng vao ting dau. Hinh dudi 13 mach dém vong 4 bit dung FF
D.
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CLK

—
SET SET SET

'Do Qo D1 Q1 Dz Qz
c, FFoO C, FF1L C, FR2

a _ _

CLR CLR 2 CLR Q

Hinh 3.23: Mach dém vong 4 bit

Nhung dé ¥ rang, khi mdi bat nguén cho mach dém chay, ta khong biét bit 1

nam & dudng ra cua tang nao. Do do, can phai xac 1ap dir li¢u dich chuyén ban dau

cho bo dém. Ta c6 thé dung dudng Pr va Cl dé 1am, nhu 13 d3 timg dung dé dit sd

dém cho cac mach dém khac dd néi & trude, gia st trang thai ban dau 1a 1000 vay

ta co thé reset tang FF 3 dé dat Q3 mirc 1, cac tang khac thi xoa bang clear.

Gia str ban dau chi cho Dy = 1, cac dudng vao ting FF khac 13 0. Bay gio cap

xung ck d@)ng bo khi ck Ién cao, dir li¢u 1000 dugc dich sang phai 1 téng do do Qo

= 1, cac duong ra khac 13 0. Tiép tuc cho ck xudng thap lan nita, Q sé& 1én 1, céac

duong ra khac 13 0. Nhu vdy sau 4 nhip xung ck thi Qs 1én 1 va dua vé 1am Dy = 1.

mach da thuc hi¢n xong 1 chu trinh. Trang thai cdc dudng ra cia mach nhu hinh

Sau:

Hinh 3.24. Dang song minh hoa mach dém vong

Hinh trén cho thay rang, dang song cac dudng ra la song vudng, dich vong

quanh, chu ki nhu nhau nhung 1éch nhau dang 1 chu ki xung vao Ck. S6 dém ra la

1, 2, 4, 8 khong phai 13 s6 xung vao (nhu bang trang thai dém phia dudi)
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Vi 4 s6 dém ra tir 4 tang FF ta c6
mach dém mod 4. Chi 4 trang thai

ra trong tong s6 16 trang thai c6

Clock Pulse | Q3 (02 | Q1| Q0 , .
0 0JoJ0[1]< the, diéunay lam gidm hi€u qua s
; 8 ? E] 8 J dung ctia mach dém vong. Nhung
2 LS i I no ciing c6 wu diém ndi bat so véi
cLEAR [FFO T FFT T FEZ 1 FF3 mach dém chia h¢ 2 1a khong cin

mach gidi ma trong cau tric mach

(vi thudng trong trang thai cua sb
démra chi co 1 bit 1) .

L[ ST o o SET o o SET o o T o

>, FFO C, FFl C, FR C, FF3

R 2 cr & cr & R @[
CLK
CLR
Hinh 3.25 Mach d@ém vong xodn

Mach dém Johnson c6 mot chut thay doi
so voi dém vong & chd duong ra dao ting
C"'C"DP"'SE 00-3 00-2 %1 %U A cubi dugc dua vé dudng vao ting dau.
i s L Hoat dong cua mach ciling giai thich tuong
§ g ? 1 1 tu. V&i n ting FF thi dém vong xodn cho
g 1 } 1 E] ra 2n sd dém do d6 nod con duoc coi la
? 1 é g g mach dém mod 2n (dém nhi phan cho

phép dém véi chu ky dém dén 2"). Nhu

CLEAR | FFO | FF1 | FFZ

-
=
[N

vay ¢ trén la mach dém vong xodn 4

bit. Bang bén cho thdy 8 trang thai dudng

ra va hinh dugi s& minh hoa cho s dém.
Ta c6 thé nap trang thai ban dau cho mach 1a 1000 bang cach st dung dudng Pr va
Cl gibng nhu ¢ trén. Dang séng cac dudng ra ciing gidng nhu trén, hon thé nira, no

con do1 xung gitra muc thap vd1 muc cao trong tirng chu ki
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CLK
!‘_ |_ B I_ - |_ |_ |_ |_J
QoL_Q___}_i__l_i__l____l__ 0101 010
| | ' | | i i i
@ oot 111000
| | | | | | |
10tolof 1T 171 1]010
| | | | | | | |
L_— _1 . ! ot L1 1Y

Hinh 3.26: Dang séng mach dém vong xodn

3.6. B ghi dich
3.6.1. Gi6i thiéu

O phan trudc ta da duoc biét dén cac loai FF. Chung déu c6 thé luu trir (nhd
1 bit) va chi khi c6 xung dong bo thi bit d6 mdi truyén ti duong ra (dao hay khong
dao). Bay gio néu ta mic nhiéu FF ndi tiép lai vdi nhau thi s& nhé duoc nhiéu bit.
Cac duong ra s& phan hoat dong theo xung nhip Clock dua dén dau vao. Co thé lay
duong ra & timg ting FF (goi 1a cac dudng ra song song) hay ¢ tang cudi (duong ra
néi tiép). Nhu vy mach c6 thé ghi lai dir liéu (nhd) va dich chuyén né (truyén) nén
mach duoc goi 1a ghi dich. Ghi dich ciling c6 rat nhiéu ung dung dac biét trong may
tinh, nhu chinh cai tén cua no: luu trir dir li€u va dich chuyén dir liéu chi 1a Gng
dung ndi bat nht.
3.6.2. Céu tao

Ghi dich c¢6 thé duoc xay dung tur cac FF khac nhau va cach méc cling khac

nhau nhung thuong dung FF D, ching duoc tich hop sin trong 1 IC gdm nhiéu FF
(tao nén ghi dich n bit). Hay xem c4u tao ctia 1 ghi dich co ban 4 bit dung FF D

Data input SET SET SET SET Data output
—p Do Qo D1 Q1 Dz Qz Da Qa —
C, FFO C, FF1 C, FF2 C, FF3
N _ _ _
CLR cr & car ¥ clR &
CLK
CLR
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Hinh 3.27: Ghi dich 4 bit co ban

CLEAR
3.6.2. Hoat dong

FFO

FF1

FF2

FF3

a

o

1]

a

Thanh ghi, trude hét dugc xo04 (4p xung CLEAR) dé dat cac duong ra vé 0.
Dit liéu can dich chuyén dugc dua vao duong D cla tang FF dau tién (FFO0). O m01
xung kich Ién cua xung clock, s& c6 1 bit dugc dich chuyen tir trai sang phai, ndi
tiép tir ting nay qua tang khac va dua ra & duong Q cua tang sau cung (FF3). Gia
str dir liéu dua vao 13 1001, sau 4 xung clock thi ta 1y ra bit LSB, sau 7 xung clock

ta lay ra bit MSB.

aooo

FFO

FF1

FF2

FF3

1

o

]

1

aooo

Néu tiép tuc c6 xung clock va khong dua thém dir li¢u vao thi duong ra chi
con la 0 (cac FF dﬁv reset: dat lai yé 0 hét. Do d(} ta phai ghim dir li¢u lai. Mgt cach
lam 1a st dung 2 cong AND, 1 ¢cong OR va 1 cong NOT nhu hinh dudi day.

RMY cantrol

o

Input data

—

:)_—D—

CLK

FFO

FF1

FF2

FF3

Qutput data

Hinh 3.28: Cho phép chot dir liéu trude khi dich ra ngodi
Dt liéu dugc dua vao thanh ghi khi duong diéu khién R/W control & muc
cao (Write). Dir liéu chi dugc dua ra ngoai khi duong di€u khién & muc thap

(Read).

WRITE
1001

FFO

FF1

FF2

FF3

a

a

o

a

3.6.3. Mot so bo ghi dich thong dung

3.6.3.1. Bo ghi dich vao noi tiép ra song song

Dit liéu s& duoc lay ra ¢ 4 dudng Q cua 4 tang FF, vi chung nhip clock nén

dr li€u dugc lay ra cung luc.

JQg

Q Q Q
Data input SET SET SET SET
e o, Q D, Q D, Q, D, Q
c, FFO —»{C, FF1 —»C, FF2 —(C,  FF3
CLR R CLR Ql CLR Q. CLR &
CLK
CLR

79



Hinh 3.29: Mach ghi dich vdo néi tiép ra song song
Béang dudi day cho thay lam nhu thé nao dit li¢u duge dua té1 duong ra 4 tang FF

Q0 [ 01 | Q2 | O3
CLEAR ] a d ]

3.6.3.2. B{ ghi dich vao song song ra ndi tiép 7
Bay gio mudn dua dir liéu vao song song (con goi la nap song song) ta c¢6 thé

tan dung dudng vao khong dong bd Pr va Cl cua cac FF dé nap dir liéu cing mot
lic vao cac F. Mach hoat dong binh thudng khi nap song song & thap nhu da noi.
Khi nap song song WRITE =1 cho phép nap

Q0 [ Q1 | Q2 | O3
CLEAR a a a a

ABCD duoc dua vao Pr va Cl dit va xoa dé Q0=A,Q1=B,... Xung ck va
duong vao ndi tiép khong co tac dung (vi str dung duong khéng ddng bo Pr va Cl)
Mot cach khac khong str dung chan Pr va Cl dugc minh hoa nhu hinh dudi day.Cac
cong nand dugc thém vao dé nap cac bit thip D1, D2, D3. Pudng WRITE/SHIFT

dung dé cho phép nap (& mirc thap) va cho phép dich (& muc cao). Dit liéu nap va

dich van dugc thuc hién déng bd nhu cac mach trudc.

Do D1 D2 D3
WRITE !
SHIFT ::‘:) _
Dl bg 2 Q—| I—D QCIutDutdata
CLK > C> L= C>

CLEAR

H3.2.4b Mach ghi dich nap song song ra ndi tiép
V6i mach hinh 3.2.4b duong ra dir liéu 1a ndi tiép, ta ciing co thé 1dy ra dit liéu
song song nhu ¢ hinh 3.2.5, Céu tric mach khong khac so véi ¢ trén. Dir liéu dugc
dua vao cung lac va ciing Iy ra cing luc (mach nhu 13 tang dém va hoat dong khi
c6 xung ck tac dong lén.
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Do D1 D2 DO
D SET Q D SET Q
L >
CLEAR
C LK @ 0 [;9 1 I':\I: ':]g

Hinh 3.2.5 Mach ghi dich vao song song ra song song

Ghi dich 2 chicu

Nhur d3 thay, cac mach ghi dich néi ¢ nhitng phan trén déu dua dit liéu ra bén phai
nén chung thudc loai ghi dich phai. Pé c¢6 thé dich chuyén dir liéu nguoc trd lai
(dich trai) ta chi viéc cho dir liéu vao duong D cia ting cudi cing, duong ra Q
duoc dua toi ting ké tiép, .... Dit liéu 13y ra o tang dau.

bé dich chuyén ca 2 chiéu, c6 thé ndi mach nhu hinh dudi day:

LEFT/ RIGHT

]

D pl— i D D
e MSB e X £ 2 Output data
[ [ [ [
CLEAR "f ‘}' "l' T
CLK
Input data

Hinh 3.2.6 Mach ghi dich cho phép dich chuyén ca 2 chiéu
V6i mach trén, cac cong NAND va duong cho phép dich chuyén dit liéu trai hay
phai. Bang du6i day minh hoa cho mach trén: dit liéu sé& dich phai 4 14n r6i dich trai

4 1an. Dé ¥ 1a thtr tu 4 bit ra bj dao nguoc lai so véi chung & trén.
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RIGHT | FFO | FF1 | FF2 | FF3
Moot | o 1] a ]

Hinh 3.22: So do6 b ghi dich dau vao néi tiép Trigo JK noi kiéu Trigo D
- Khi Iénh ghi nhan tri "1" thong tin nhi phan D, + D, dugc ghi vao céc trigo D (F,
+ F,), két thuc 1énh ghi (nhan tri "0") thong tin nhi phan dugc luu trit trong do.

Khi ¢6 Iénh doc (G nhan tri "1") cdc cng 3 trang thdi duoc md, thong tin nhi
phan dugc gui téi dia chi can nhan

Céc thao tac ghi - doc dugc thuc
hién dong thoi véi ca 8 bit thong tin.

Ngoai ra nguoi ta con két hop phuong phéap ndi tiép va song song trong mot bo
ghi dich d€ st dung linh hoat cdc uu thé ciia mdi cidch dong thoi tao kha nang
chuyén tir mot diy thong tin néi tiép thanh dang song song hoic nguoc lai. Hinh 4
dua ra cau triic mot bo ghi dich 4 bit kiéu ndy, sit dung 4 trigo D két hop véi cic

cong logic phu.
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