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Chuong 4

HE TO HOP

4.1.KHAI NIEM CHUNG

Cac phan tii logic AND, OR, NOR, NAND 14 c4c phan ti logic co
ban con duge goi 1a hé t6 hop don gian. Nhu vay, ta cd cac hé té hop
ma ngd ra 1a cac ham logic theo ngd vao, diéu nay co nghia 1a khi mot
trong cac ngd vao thay doi trang thai thi 1ap tic lam cho ngo ra thay
doi trang thai ngay (b qua thdi gian tré cia cac phan ti  logic).

Xét mot hé t6 hop co n ngod vao va c6 m ngé ra (hinh 4.1), ta cé:
y, =X, X0y oo, X, )
— X
y, = (X, X5y vvey X, ) ! Ry .
X, Hg¢ to Y,
_____________________________ hdp

Hinh 4.1

Nhu vay, su thay doi ctia ng6 ra y; = 1m) theo cac bién vao x, (i =
1m) 1a tuy thudc vao bang trang thdi mo ta hoat dong ctia hé to hop.
Dic diém co ban cia hé t6 hgp 1a tin hiéu ra tai mbi thdi diém chi phu
thudc vao gid tri cac tin hiéu vao § thoi diém dd.

Trinh tu dé thiét ké hé t6 hop theo cac budc sau:
1. T yéu cau thuc té ta 1ap bang trang thai mo ti hoat dong cua
mach.
2. Dung céc phuong phap t6i thiéu dé tdi thiéu hod cac ham logic.
3. Thanh 1ap so d6 logic (Dua vao phuong trinh logic da téi gian).
4. Thanh 14p so db hé t6 hop.



Chuong 4. Hé té hop Trang 87

Mot s6 mach t6 hop cu thé:
- Mach ma hoa - giai ma
- Mach chon kénh - phan dudng
- Mach so sanh
- Kiém /phat chan 18
- Mach s6 hoc

4.2. MACH MA HOA & MACH GIAI MA

4.2.1. Khai niém:

Mach ma hoa (ENCODER) 1a mach c¢6 nhiém vu bién d6i nhiing ky
hiéu quen thudc vdi con ngudi sang nhting ky hiéu khong quen thudc
con ngudi. Mach gidi ma (DECODER) 1a mach lam nhiém vu bién doi
nhting ky hiéu khong quen thudc vdi con ngudi sang nhiing ky hiéu
quen thudc vdi con ngudi.

4.2.2. Mach ma hoa (Encoder)

4.2.2.1. Mach ma hoa nhi phin
Xét mach ma hoa nhi phan tu 8 sang 3 (8 ngo vao va 3 ngo ra). So
dd khéi ctia mach dugc cho trén hinh 4.2.

Xo
C
X, —
---------- §-3 B
A

Hinh 4.2 So @6 khéi mach ma héa nhi phan i 8 sang 3

Trong do:
- X0, Xp»- + -» X7 12 cac ngo vao tin hiéu.
- A, B, C la cac ngo ra.
Mach ma hda nhi phan thuc hién bién d6i tin hiéu ngé vao thanh
mot tt ma nhi phan tuong ting & ngd ra, cu thé nhu sau:
0 — 000 35011 6 — 100
1 - 001 4 — 100 7 —> 111
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2—>010 5—>101
Chon muc tac dong (tich cuc) 6 ngd vao la muc logic 1, ta co bang
trang thai mo ta hoat dong cia mach :
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—_—m = = OO OO0
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Giai thich bang trang thdi: Khi mot ngd vao ¢ trang thai tich cuc
(muc logic 1) va cac ngo vao con lai khong dudc tich cuc (muc logic
0) thi ngd ra xuét hién tti ma tuong dng. Cu thé 1a: khi ngd vao x,=1 va
cac ngd vao con lai bang 0 thi ti ma & ngd ra 1a 000, khi ngd vao x,=1
va cac ngd vao con lai bang 0 thi tti ma nhi phan & ngd ra la 001,
V. V..

Phuong trinh logic t6i gian:

A=x*+x;+X,+X,
B=x,+x5+x,+%,
C=x,+x; +x, + x4

So db logic (hinh 4.3):

x1L x2 x3 x4 x5 x6 X7
0O 0 O O 0O 0 O

(@]

>

i

Hinh 4.3 Mach ma héa nhi phén tu 8 sang 3



Chuong 4. Hé té hop Trang 89

Biéu dién bing cong logic dung Diode (hinh 4.4):

X
X, |
X3
%, ] b
xs_PH .
X, DH H—
o Dol Ty

TH ] o

—> A

> —>
LR
Hinh 4.4 Mach ma hoéa nhi phén tw 8 sang 3 si dung diode

Néu chung ta chon muc tdc dong tich cuc 6 ngd vao la miic logic 0,
bang trang thai mo ta hoat ddng cua mach luc nay nhu sau:
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p_mp_‘p_AHp_Ap_ap_Ac

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

—_ = = = ) = = =
—_ = == OO O O A

—t et e D = e e
—t = O = e e e
—_ S = = = = = =
S = = = = = e
—_—_— O O = = O O W
—_—O = O = O = O P

Phuong trinh logic téi gian :
A= X, + X3+ X5+ X;= X{X3X5X7
B=X,+ X5+ Xg+ X; = X,X3X(X7

C=x,+ X5+ Xg+ X;= X4X5XgX7
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S6 d6 mach thuc hién cho trén hinh 4.5
Hinh 4.5 Mach ma héa nhi phén 8 sang 3 ngo vao tich cuc mic 0
4.2.2.2. Mach ma hoa thip phan
X, D
X, ] I
---------- 10 >4
__________ - B
—— A
X9
Hinh 4.6 So @6 khéi mach ma héa tw 10 sang 4
Bang trang thai mo ta hoat dong cua mach :
X, X3 X X3 X, Xs X, X X3 x| D C B A
1 o 0 0o 0 0 0 0 0,0 O O O
0 o 0o 0 0 0 0 0 0[O0 O 0 1
o 010 06 0 0 O O O(O0O O 1 O
o 0 01 0 0 0 0O O Oj0 0 1 1
o 0 o 061 0 0 O O O(O0O 1 0 O
o 0 0 06 01 0 0 O O0j]0 1 0 1
o o 0 0 0 0 1 O O Oj0 1 1 O
o 0 0 06 0 0 0 1 O O0j0 1 1 1
o o 0 0 0 0 0 0 1 Oj1 0 0 O
o 0 0 06 0 0 0 0O O 1|1 0 0 1
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Phuong trinh logic da téi gian:
A=x+x3+X;+ X, + X
B=x,+x;+Xx,+X%,
C=x,+x; +x, + x4
D =x, + X,

Biéu dién bing so dd logic

x1 x2 x3 x4 x5 x6 x7_ x8 x9
O O 0 0 0 O O O O

Hinh 4.7

Biéu dién bing cong logic dung Diode : Hinh 4.8



Bai gidng Ky Thudt S¢ Trang 92

T | T]T

il
TR T

rnore

Hinh 4.8

BlA

-

4.2.2.3. Mach ma hoa vu tién

Trong hai mach ma hod da xét & trén, tin hiéu dau vao ton tai doc
lap tdc 12 khong ¢ tinh hudng cé 2 tin hiéu tré 1én dong thdi tdc dong
& muc logic 1 (néu ta chon muc tich cuc 6 ngd vao 1a muc logic 1), do
d6 can phai dit ra van dé uu tién.

Van dé uu tién: Khi cé nhiéu tin hiéu dong thdi tac dong, tin hicu
nao cé muc uu tién cao hon & thoi diém dang xét s tac dong, tic 1a
néu ngd vao cd do uu tién cao hon bing 1 trong khi nhiing ngd vao cé
do uu tién thap hon néu bing 1 thi mach sé tao ra ti ma nhi phan ung
vdi ngd vao cé muic do uu tién cao nhit.

Xét mach ma hoa uu tién 4 — 2 (4 ngo vao, 2 ngo ra) (hinh 4.9).

Bing trang thdi mo td hoat
dong clla mach

Xy
Xl— B Xg X X X% |B A
X 4221 A 1 000 |0 0
% x 10 0 1
Hinh 4.9 x x 1 0 |1 0
x x x 1 |1 1
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Phuong trinh toi gian :
A =X X, X5+ X3=X.X, + X3

x1 X2 x3
o o o

VIV

) =
DWA

Hinh 4.10 S¢ d6 logic mach ma héa vu tién ti 4 sang 2

So do logic: hinh 4.10.
Mot s6 vi mach ma hda thong dung: 7415147, 74L.S148.

4.2.3. Mach giai ma (Decoder)

4.2.3.1. Mach giai ma nhi phén

Xét mach giai ma nhi phan 2—4 (2 ngod vao, 4 ngo ra) nhu trén hinh
ve 4.11.

Chon muic tich cuc 6 ngo ra la muc logic 1.

Bing trang thdi md td hoat
dong cla mach

B I B Alyvu i V2 Vs
g 0 0|1 0 0 0

A 07 72 0o 10 1 0 o

73 1 0lo 0o 1 0

Hinh 4.11 Mach giai ma 2 sang 4 1 1(0 0 0 1

Phuong trinh logic toi gian :
Yo=BA Yy, =BA
y,=BA y,=AB
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So do logic: hinh 4.12.

B A
o) o)

Y

v

Y

0

yl

2

y3

oy

Hinh 4.12 S¢ dd logic mach gidi ma ti 2 sang 4

Biéu dién bing cong logic dung Diode.

Yo

Yi

Y2

= g

L [ ] ]
— PR

- L P
B B A A

Hinh 4.13. Mach gidi ma hoa ti 2 sang 4 dung diode

Truong hop chon muic tich cyc 6 ngod ra 1a muic logic 0 (muc logic

thap L): hinh 4.14.

Bang trang thai mo ta hoat

dong clla mach

. Yo
s h— Y1 B Aly, v, Yo VY3
— Y, 0O 00 1 1 1
A 0O 1|11 O 1 1
o
] 1 0|1 1 0 1
Hinh 4.14. Muic tich cuc ngo 1la muic logic thap 1 111 1 1 0




Chuong 4. Hé té hop Trang 95

Phuong trinh logic:
Yo =B+A=BA
y, =B+A=BA
y,=B+A=BA
y;=B+A=BA
So do logic:
B A

0

Y

yl

2

y3

Yy

Hinh 4.15. Mach gidi ma 2 — 4 véi ngé ra miic tich cuc thap

4.2.3.2. Mach giai ma thap phén
a. Gidi ma den NIXIE
Dén NIXIE 1a loai dén dién ti loai Katod lanh (Katod khong duigce
nung noéng béi tim dén), cé cau tao gdbm mdt Anod va 10 Katod mang
hinh cdc s6 t 0 — 9.
S6 d6 khai trién cia dén dudc cho trén hinh 4.16:

Anod

~—

[012|3|4|56|7|8|9

Hinh 4.16. S¢ @6 khai trién ciia dén NIXIE
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So d6 khdi clla mach giai ma dén NIXIE

D b Yo

C o—— Y1
I 4—> 10

B O ------"

A o—— ¥

Hinh 4.17. So @6 khéi mach giai ma den NIXIE

Chon muc tich cuc 6 ngd ra la muic logic 1, Iuc do bang trang thai
hoat dong ctla mach nhu sau:

D C B A|y, Y1 Y2 ¥s Y& ¥s Yo Y7 Ys Yo
o 0 o 0/1 0 O O O O O O O O
o 0 0 1/0 1 0 0 0 O O 0 O0 O
o o0 1 0,0 0 1 O O O O O O O
o o0 1 1,0 0 0O 1 0O O O O O O
o 1 0 0,0 0 O O 1 O O O O O
o 1 0 1,0 0 O O O 1 O O O O
o 1 1 0,0 O O O O O 1 O O O
o 1 1 1,0 O O O O O O 1 O O
1 0 0 60,0 0 0 O O O O O 1 O
1 0 0o 14,0 0 O O O O O O O0 1
Phuong trinh logic:

yo=DCBA y,=DCBA y,=DCBA y,=DCBA
y,=DCBA y.=DCBA y,=DCBA y,=DCBA
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So d6 thuc hién mach gidi ma dén NIXIE dudc cho trén hinh 4.18 va 4.19:

D
Q

C
(o]

B
Q

A
Q

Y

VIV

Y

TITTTITTTTY

Hinh 4.18. So’ d6 thuc hién biing céng logic

VCC

Hinh 4.19. So' dé thuc hién bing diode

D < <
D < k< K K ke ok K K
C < o< o< K
C_ Ky < Ky K < <
B < < < <
R <h < K < <
A < +H +H <5 <
ya L < <5 < <

Yo Yo Yz Y4 ¥s Yo Y1 ¥Ys Yo
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b. Gidi mi dén LED 7 dogn
Pén LED 7 doan, mdi doan 1a 1 dén LED. Tuy theo cach néi cdc
Kathode hodc cdc Anode cia cac LED trong dén, ma ngudi ta phan
thanh hai loai:
LED 7 doan loai Anode chung:

el |v
gt \Vi

d

a b ¢ d e f ¢
Hinh 4.20. LED bay doan loai Anode chung

LED 7 doan loai Kathode chung :

a bc de f g

VVVVVVY

K

Hinh 4.21. LED bay doan loai Kathode chung

ﬁng v6i mdi loai LED khdc nhau ta ¢ mot mach giai ma riéng. So
dd khéi ctia mach giai ma LED 7 doan nhu sau:

A — | Gigima )
LED bay

B —— C
doan I
c — @) —
— f

D —_—
— ¢

Hinh 4.22. So @6 khéi mach giai ma LED bay doan
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Xét den LED 7 doan loai Anode chung:

D6i vdi LED bay doan loai anode chung, vi cac anode clia cic doan
led dugdc ndi chung véi nhau va dua 1én muc logic 1 (5V), nén muén
doan led nao tit ta ndi kathode tuong ting 1én miic logic 1 (5V) va
nguidc lai mudn doan led nao sang ta nodi kathode tuong ung xudng
mass (muc logic 0).

Vi du: DE hién thi s6 0 ta ndi kathode clia dén g 1én muic logic 1 dé
dén g tit, va ndi cdc kathode cta dén a, b, ¢, d, e, f xudng mass nén ta
thay s6 0.

Luc do bang trang thai mo ta hoat dong ctia mach giai ma LED bay
doan loai Anode chung nhu sau:

D B C A|la b ¢ d e f g | S6hiénthi
O 0 0 0,0 O O O O O 1 0
o 0 0 11 O O 1 1 1 1 1
o 01 0,0 O I O O 1 O 2
o 0 1 1,0 0 O O 1 1 O 3
o 1 0 0of1 0 O I 1 O O 4
o 1 0 1,0 1 O O 1 O O 5
o 1 1 0[O0 I O O O O O 6
o 1 1 10 O0 O 1 1 1 1 7
1 0 0 0,0 O O O O O O 8
1 0 0 1/0 O O O 1 O O 9
1 01 00X X X X X X X X
1 0 1 1|X X X X X X X X
1 1 0 00X X X X X X X X
1 1 0 1 X X X X X X X X
1 1 1 00X X X X X X X X
I 1 1 1| X X X X X X X X

Dung bang Karnaugh dé téi thiéu héa mach trén. Phuong trinh téi
thiéu hda ¢6 thé viét § dang chinh tic 1 (tong cla cac tich sd) hoic
dang chinh tic 2 (tich ctia céc tong sd):
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Phiiong trinh logic ciia ngo ra a:

Dang chinh tdc 2: a_pc
a=BD.(C+A)C+A)=BCDA+BDCA BA - "0‘3 “11 ,_1_!__%"\
p 1 F x [0
Dang chi’nh tc‘iii.'_ 01| 1 Lot xil o
a= CBA + DCBA 11 :’:'(5":':(:):?:}{]"32:;5
Luu y: Trén bdng Karnaugh ching ta da thuc 1060210, 5.x. X

hién t6i thiéu hda theo dang chinh tdc 2.

Phiiong trinh logic ciia ngo ra b: )
Dang chinh tdc 2: B 00 o1 1 10
b =.C(A+B)(A +B)=C(AB + AB) 00/ 0. 0| x [0
- C(A®B) 01| 0| 1| x |10
i g 1. 11 :__Oi____O____x___i_x_:
Dang chinh tac 1._ 0 0] 1| x |ix
b= CBA +CBA = C(A®B)
Phiiong trinh logic cila ngo ra ¢: ¢ pe
Dang chinh tdc 2: BAN_ 00 01 11 10
¢ = BAC 000 0 | x3 0
Dang chinh tdc 1: 01103 0.0k 0
™D A 11 '\_0__J:__()_____X__i__xl'
¢ = DCBA 01 bol < x
Phiiong trinh logic ciia ngé ra d:
; d_pC
Dang chinh tac 2: BA~_ 00 01 11 10
d=D(A+B+C)(B+C+D)A+B)A+C) ol ¢ 1 |/x [N\
=ABCD + ABCD + ABCD 011 1 100 [ix|0;
, ¢ . 1mipoi 1 |ix | x:
Dang chinh tac 1. 10770510 ok L

d = CBA + DCBA + CBA
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Phiiong trinh logic cila ngo ra e:

Dal’lg chinh l‘CfC 2: BA c 00 01 11 10
e=.B+A)C+A) 00 0| 1| x [0

Dang chinh tdc 1: ool 0 0 U 0 S

e=CB+A AL
1000, 0 | x [/x7

Phiiong trinh logic cila ngo ra f:
Dang chinh tdc 2:

f=(A+B)B+C)A+B+C)D a2 0 a1 10
=ABD + ACD + BCD 00 [T 0 X0
Dang chinh tdc I: 01| 1 :\_Q__;L_z(_,: 0;
f = BA+DCA + DCB i; LoLix X

I 0 |\x!l x

Phiiong trinh logic ciia ngo ra g:
, Y g.DC
Dang chinh tac 2: BAN_ 00 01 11 10
g =D(A+B)(C+B)(B+C) 00 1 [0 ]I x2] 0
~BCD + DCBA AR
, s 1 0] 1 |'x || x:
Dang chinh tac 1: 10 [0 TR

g = DCBA + DCB

Xét mach giai ma deén led 7 doan loai Kathode chung:

Chon muc tich cuc ¢ ngo ra la muc logic 1. Vi Kathode cua cac
doan led dudc ndi chung va dugc néi xudng mic logic 0 (0V-mass)
nén mudn doan led ndo tit ta dua Anode tucng ting xudng muc logic 0
(OV-mass).

Vi du: D€ hién thi sé 0 ta ndi Anode clia doan led g xudng muc
logic 0 dé doan g tit, dong thdi cac kathode ctia doan a, b, ¢, d, e, f
dudc ndi 1én ngudn nén cac doan nay sé sang do dé ta thiy sé 0.

Luc d6 bang trang thai moé ta hoat dong cua mach nhu sau:
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D B C Ajla b ¢ d e f g
o 0 o o1 1 1 1 1 1 O
o 0o 0 1,0 I 1 0 O O O
o 0 1 o1 1 0 1 1 0 1
o o 1 1,1 1 1 1 0 0 1
o 1 0 0,0 T 1 0O O 1 1
o 1 o0 1,1 0 1 1 0 1 1
o 1 1 O0y1 O 1 1 1 1 1
o 1 1 1,1 1 1 0 0 0 O
l1 0 0 o1 1 1 1 1 1 1
I 0 0o 11 1 1 1 O 1 1
1 01 0 X X X X X X X
I 0 1 1|X X X X X X X
1 1 0 0 X X X X X X X
1 1 0 11X X X X X X X
1 1 1 0 X X X X X X X
1 1 1T 11X X X X X X X

Tuong tu nhu trudng hop trén, ta cling dung bang Karnaugh dé tdi
thiéu hoa ham mach va di tim phuong trinh logic ti giin cac ngd ra

cla cac doan led: (Luu y trong nhiing so dé Karnaugh sau ta thic hién

16i thiéu héa theo chinh tdc 1)

Phiiong trinh logic cila ngo ra a:
Dang chinh tdc 1:
a=D+B+AC+AC
Dang chinh tdc 2:
a=(A+B+C+D)A+B+C)
=AD+B+AC+AC

00 |

01

11 |

00 01 11 10
20 FX T
0 [T x| 1
] X
w0 7 1 fox Lo

- 1
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Phiiong trinh logic ciia ngo ra b:

Dang chinh tac 1: BAYS 00 o1 11 10
b=C+BA+BA=C+A®B 00 "1 ] 1. x [T
Dang chinh tdc 2: Ol L0 | x i1
b=(C+B+A )( C+B+A) Ll) } (1) X X
_ - — R X X
=C+AB+AB=C+A®B
Phiiong trinh logic cila ngo ra ¢:
, Y ¢.DC
Dang chinh tac 1: BAN_ 00 01 11 10
c=B+A+C 00 |1 "17_1“";\:_ 1
Dang chinh tdc 2: VL L X ]
c=C+B+A ST
10| 0 :\J_____)g,f' X
Phiiong trinh logic ciia ngé ra d: q
Dang chinh _tc‘fc 1 BALL 00, 01 11: 10
d=D+BA +CA+BC+ABC 0017) 0 |ix |4
Dang chinh tdc 2: 01 9 "'L"J;'X: | i
d=(A+B+C)A+B+C)A+B+C+D)  LELO X Lix
_ - 10 P10y 1 [ax. i
=(C+AB+AB)(A+B+C+D) '
=(C+A@®B)A+B+C+D)
Phiiong trinh logic cila ngo ra e: .
Dang chinh tdc 1: BAY o L0l 114 10
e=AB+CA 00|t 0 | x |1
Dang chinh tdc 2: 00/ 00| x]0
e=A(C+B)=AC+AB MLO 10 XX
10 u_l_;‘ L .
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Phiiong trinh logic ciia ngo ra f:

Dang chinh tdc 1: A 00 01 11 10
f=D+CB +BA +CA oo [ (T T
Dang chinh tdc 2: 01l 0 [ [ix/] 1
= (B+A)Y(DC-A)C+B) oo TP Taa
=D+BC+AC+ AB |
Phuiong trinh logic ciia ngd ra g: -
Dang chinh tdc 1: BAN_00 01 1110
¢ =D+CB+BA+BC 0010 {1 Pxi) 1y
Dang chinh tdc 2: (1)1 --% (l)i )1(
g =(C+B+A)(B+C+D) 10201 x« ]

4.3. MACH CHON KENH - PHAN DUGNG
4.3.1. Dai cuong

Mach chon kénh con goi la mach hgp kénh (ghép kénh) Ia mach co
chiic ning chon 14n lugt 1 trong N kénh vao d€ dua dén ngd ra duy
nhéat (ngd ra duy nhéit dé goi 1a dudng truyén chung). Do d6, mach
chon kénh con goi 1a mach chuyén dif liéu song song G ngd vao thanh
dii liéu ndi tiép 6 ngo ra, dudc goi 1a Multiplex (viét tit 1 MUX).

Mach chon kénh thyc hién chic ning & dau phat con mach phan
duong thyc hién chiic ning 6 dau thu. Mach phan dudng con goi 1a
mach tach kénh (phan kénh, giai da hop), mach nay co nhiém vu tach
N ngudn di liéu khac nhau § cung mot dau vao dé ré ra N ng6 ra khac
nhau. Do dd, mach phan dudng con goi 1a mach chuyén di liéu noi
tiép ¢ ngd vao thanh di liéu song song & ngd ra, dudc goi la
Demultiplex (viét tit 13 DEMUX).
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4.3.2. Mach chon kénh

X, Xét mach chon kénh don gian co 4 ngo
;; 451 y  vao va 1l ngo ra nhu hinh 4.23a.
X, Trong do:
| ] +X,, X,, X, : Cdc kénh di lidu vao.
Cl C2

+ Ngb : Du¢ ; :
Hinh 4.23a. Mach chon kénh Ngo ray Du’dng truyen chung

+ ¢y, ¢, : C4c ng6 vao diéu khién
Vay mach nay gidéng nhu 1 chuyén mach:

Xi— o
X,—e®
X3——eo
Xf—e

Hinh 4.23b. Mach chon kénh

DE thay d6i 1an lugt ti x,— X, phai c¢é diéu khién do d6 déi vdi
mach chon kénh dé chon 14n lugt tui 1 trong 4 kénh vao cin cd cac
ngd vao diéu khién c,, c¢,. Néu c¢é N kénh vao thi cin ¢ n ngd vao
diéu khién thda man quan hé: N=2". Noi cach khac: S6 16" hop ngé vao
diéu khién bing sé luong cdc kénh vao.

Viéc chon dif liéu ti 1 trong 4 ngd vao dé dua dén dudng truyén
chung 13 tiry thudc vao to hgp tin hiéu diéu khién tac dong dén hai ngd
vao diéu khién c,, c,.

+¢,=¢,=0 y=x, (x,dudc ndi tdingd ray).
+c¢, =0,¢c,=1
+c¢,=1,¢,=0
+c¢,=1,¢,=1

U4l

y=X, (x,dugcnditdingdray).

Vay tin hiéu diéu khién phai lién tuc dé di ¢ lo |y
lidu tu cac kénh dugc lién tuc dua dén ngo ra. Tu
do ta 1ap dugc bang trang thai mo ta hoat dong

ctia mach chon kénh.

- o | O
[a—
(@]
[\
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Phuong trinh logic mo ta hoat dong cua mach :
Y =C{Cy.X; T C{Cy.X;, TCCy.X3+ C1.C2. X4

So db logic clia mach:

V|V
X, D X,
X, ? X,
-/ i y
X3 D X3 ]7
X, D Xy

Hinh 4.24. So 6 logic mach chon kénh ti 4—>1

Giai thich hoat dong cua mach:

+¢, =¢,=0= c,=c, =1 = cong AND 1 c6 hai ngé vao diéu
khién ¢ muc logic 1, cling tuong ung vdi 1 ngd vao diéu khién & mic
logic 1 nén cong AND 1 mé cho dif liéu x, dua vao.

+¢,=0,c,=1=¢,=1,¢c,=0= cong AND 2 c6 hai ng6 vao diéu
khién  muc logic 1, cling tuong ting véi 1 ngo vao diéu khién ¢ muc
logic 1 nén cong AND 2 mé cho dif liéu x, dua vao.

+¢,=1,c,=0=¢, =1, c, =1 = cong AND 3 c6 hai ngd vao diéu
khién & muc logic 1, cling tuong ting véi 1 ngd vao diéu khién ¢ mic
logic 1 nén cong AND 3 mé cho dif liéu x5 dua vao.

+¢,=1, c,=1 = ¢,= ¢, =1 = cong AND 4 ¢6 hai ngd vao diéu khién
& muc logic 1, cling tuong ting véi 1 ngd vao didu khién & mic logic 1
nén cong AND 4 mé cho dif lidu x, dua vao.
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Bay gio, xét mach chon kénh co 4 ngo vao va 1 ngo ra, nhung lai
¢6 4 ngo6 diéu khién. Luc nay, ta khong dua vao t6 hop tin hiéu tic
dong 1én ngd vao diéu khién, ma chi xét dén mic tich cuc 6 ngd vao
didu khién. Ta s& chon mét trong hai muc logic 1 hodc mic logic 0
lam muc tich cuc, néu 1 ngd vao trong sé 4 ngd vao diéu khién ton tai
muc logic tich cuic (muc 1 hodc muc 0) thi kénh di liéu vao co cung
chi s6 vdi ngd vao didu khién dé s& duge két ndi véi ngd ra. Trén hinh
4.25 biéu dién mach chon kénh vdi sé lugng ngd vao diéu khién bing
s6 luong kénh vao.

X
X2 y
X3 4 —>1 ———=
Xy

Ci ¢, C3 ¢y

Hinh 4.25. Mach chon kénh véi s6 lugng ngé vao diéu khién bing sé kénh vao
X ’ , ’ ~ N oA o N\ ’, .
Néu chon muc tich cuc cla cac ngo vao diéu khién la muc logic 1, ta
co bang trang thai mo ta hoat dong cua mach nhu sau:

¢, € € ¢ |y
1 0 0 0| x
0 1 0 0 x,
0 0 1 0 |x
0 0 0 1]x,

Phuong trinh logic:
Y =C;. X; T C5. X, T C3. X3 T Cy. Xy

Y nghia trong thuc t& clia mach:
’ g o R \ ’ . A \ ’
+¢,, €y, €3, ¢, : CO thé hiéu la cac dia chi (ngudn va dich).
+X,, X, X3, X, : Thong tin can truyén di.
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4.3.3. Mach phian duong
Xét mach phan dudng don gian co 1 ngd vao va 4 ngo ra ky hiéu
nhu sau :

I .—y1

X 14 Yox o~
3 — Vs

Y4 P—

B
C C
2Hinh 14.26. Mach phén duong don gidn ti 1 — 4
Trong do:
+ x la kénh dt liéu vao.
+ V1, ¥, V3, ¥4 €ac ngo ra du liéu.
+¢,, ¢, cac ngd vao diéu khién.
Ta c6 thé thdy mach nay thuc hién chic ning nhu 1 chuyén mach
(hinh v€ 4.26).
Tuy thudc vao to hop tin hidu didu khién tac dung vao mach ma lan
luot tin hiéu ti ngd vao x sé chuyén dén ngd ra y,, y,, vs, y, mot cach

tuong ung.
Luc do bang trang thai mo ta hoat dong cua mach :
G 6 | Y1 Y2 ¥3 Vs
0 0 | x 0 0
O I /0 x 0 O
1 00 O x O
1 10 O O x

Phuong trinh logic cac ngo ra:
Yi=¢ 6 X

Y27 €6 X
Y3 =C;Cy .X

So dd logic dudc cho trén hinh 4.27:
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1 Yi
Y2
X 2
y3
3
Y4
4

Hinh 4.27. So d6 logic thuc hién mach phéin duong

Giai thich hoat dong:

+¢,=c¢c,=0 — ¢;= c,= 1 nén céng AND (1) ¢6 hai ngd vao diéu
khién & mic logic 1, tuong duong véi 1 ngd vao diéu khién & mic
logic 1 nén cong AND (1) m§ dua dif liéu tii ngd vao x dén ngd ra y,.
Dong thdi Iic d6 cac cong AND 2, 3, 4 ¢6 it nhat mot ngd vao diéu
khién & muc logic 0 nén khong cho dif liéu ti ddu vao x dén cdc ngo
ra.

+¢,=0,¢,=1— ¢;=1, ¢c,= 1 nén cong AND (2) ¢ hai ngd vao
diéu khién & muc logic 1, tuong duong vdi 1 ngd vao diéu khién & muc
logic 1 nén cong AND (2) mé dua dif liéu tii ng6 vao x dén ngd ra y,.

+¢,=1,¢,=0—>¢,=1, c,=1nén cong AND (3) ¢4 hai ngd vao
diéu khién & muic logic 1, tuong ducng véi 1 ngd vao diéu khién & mic
logic 1 nén cong AND (3) mé dua dif lidu tii ngd vao x dén ngo ra vs.

+¢,=c,=1-c=c,=1 nén cong AND (4) ¢ hai ngd vao diéu
khién ¢ muc logic 1, tuong duong vdi 1 ngd vao diéu khién & muic
logic 1 nén cong AND (4) mé dua dif lidu ti ngd vao x dén ngd ra v,

Néu x = 1 va hoan d6i ngd vao diéu khién thanh ngé vao di liéu thi
mach phan dudng chuyén thanh mach gidi ma nhi phan. Vi vay, nha
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san xuat da ché tao IC dam bdo ca hai chdc ning: gidi ma va giai da
hop (Decode/Demultilex). Vi du: cac IC 74138, 74139, 74154: giai
ma va phan dudng tiy thudc vao cach ndi chan.

Trong trudng hop tong quat, mach phan duong cé 1 ngo vao va
2" ngo ra: dé tach N=2" ngudn di liéu khac nhau cin ¢d n ngd vao
diéu khién, luc d6 s6 to hop ngd vao diéu khién bing s6 lugng ngd ra.

Tuy nhién trong thuc té, ta con gdp mach phan dudng cé sé lugng
ngd vao didu khién bing sé ngo ra (hinh 4.28). Luc dé chi xét dén
muc tich cuc & ngd vao diéu khién, ngudi ta chon mot trong hai muc
logic 1 hodc muic logic 0 lam muc tich cuc. Gia s chon muc logic 1
1a muc tich cuc: néu 1 ngd vao trong s6 4 ngd vao diéu khién ton tai
muc logic 1 (muc tich cuc), thi ng6 ra du liéu tuong vng co cung chi
s6 v6i ngd vao diéu khién dé s& dude ndi véi ngd vao di liéu chung x.

Vi du: —1
X y

¢, =1—->x=y, I—4 y23
c,=1->x=y, V4

¢e=1—-x=ys 04‘03‘0‘2!31

c,=l—>x=y, Hinh 4.28

Luc do bang trang thai hoat dong cia mach:

€, G €3 G| ¥i|Yr[¥Y3]Ya
1 00 0[X|0]0|O0
01 0 0(0[X|0]0
0 01 0(0|0[X]|O0
0 00 1{0(0]0 X

Phuong trinh logic va so d6 logic dudc cho trén hinh 4.29:
Yi=¢ X Y276 X
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Giai thich hoat dong cua mach:

+ Khi ¢,;=1, ¢,= c5= €4 = 0 chi c6 cong AND(1) thong cho dif liéu tu
x ndi dén dauray,.

+ Khi ¢,=1, ¢,= c3 = ¢4 = 0 chi ¢6 cong AND(2) thong cho dif lidu
ti x ndi dén daura y,.

+ Khi ¢3=1, ¢, = ¢,= ¢4 = 0 chi ¢6 cong AND(3) thong cho dif lidu
tUi x ndi dén dau ra ys.

+ Khi €= 1, ¢,= ¢3 = ¢,= 0 chi ¢6 cong AND(4) thong cho dif lidu
ti x ndi dén dauray,.

Vi mach chon kénh dugc thyc hién & dau phat va mach phan duong
dugc thuc hién & dau thu nén dé dam bio di liéu dugde chuyén dung
kénh thi mach chon kénh va mach phan dudng phai déng bo véi nhau.

¢ G 3 Cy

1 Yi
Y2

X 2
y3

3
Y4

4

Hinh 4.29. Mach phén duong véi s6 ngo vao diéu khién bing sé ngé ra

4.4. MACH SO SANH
4.4.1. Dai cuong

- Mach so sanh dung dé so sanh cdc s6 nhi phan vé mit do 16n.
Vidu: Sosanhavab:a=0,b=1= a<b.
- C0 hai mach so sanh:
+ So sanh hai s6 nhj phan 1 bit.
+ So sanh hai s6 nhi phan nhiéu bit.
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4.4.2. Mach so sanh 1 bit
La mach thyc hién chiic ning so sanh hai s nhi phan 1 bit.
Xét hai s nhi phan 1 bita va b. C6 cac trudng hop sau day:
+a=0,b=0=a=bh.
+a=1,b=1=a=b.
+a=0,b=1=a<hb.
+a=1,b=0=a>b.

Vé phuong dién mach dién, mach so sanh 1 bit c¢é 2 ngd vao va 3
ngd ra. Cac ngd vao a, b 1a cac bit cin so sanh; cac ngd ra thé hién két
qua so sanh: y, (a <b), y, (a=b) va y; (a > b). So dd khdi mach so sanh
trén hinh 4.30.

Bang trang thai clia mach:

a b Yi [ Y2 | Y3
a ] (a<b)=y, 0 0 0 1 0
253 (a=b)=y, 0 1 1 0
b a>b)=
( )=Ys3 | 0 0 0 1
Hinh 4.30. Mach so sanh 1 bit 1 1 0 1 0

Chon muic tich cyc 6 ngd ra la mic logic 1. Ta 1ap dudc bang trang
thai mo ta hoat dong cua mach.
Tu bang trang thai, ta ¢d phuong trinh logic:

yi(a<b)

;

.b —0
btab=a®b . L\ 3

y3 (a>b)

Hinh 4.31. So d6 mach so sanh 1 bit

I|
o SDISDI

'\<
I I

T
Y
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8—3

— (A<B)=Y,
L (A=B)=Y,

— (A>B)=Y;

Hinh 4.32. So d6 khéi mach so sanh nhiéu bit

4.4.3. Mach so sanh nhiéu bit
Mach ¢6 8 ngd vao va 3 ngd ra, thyc hién so sanh 2 sé nhi phan 4 bit
A (a;a,a,a,) va B (b;b,b,b,). Co hai phuong phap thuc hién mach so

sanh nhiéu bit:

- Thuyc hién truc tiép.
- Thuc hién mach so sanh nhiéu bit trén co sé mach so sanh 1 bit.

Chung ta 1an lugt xét tiing phuong phap.

4.4.3.1. Phuong phap truc tiép

Ta c6 bang trang thai hoat dong cua mach

INPUT OUTPUT
azvabs| ayvaby,| ajvab;| agovab| A<B| A=B | A>B
< X X X 1 0 0
> X X X 0 0 1
= < X X 1 0 0
= > X X 0 0 1
= = < X 1 0 0
= = > X 0 0 1
= = = < 1 0 0
— = = > 0 0 1
= = = = 0 | 0

Phuong trinh logic cua mach:
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Yi=(A<B)
=(ag<bs)+(az=bs)(az<by)+ (az=Dbz)(a, = b, )(a; < by)
+ (a3 = bz )(@2 = by )(a1 = b1)(@o <o)

Y,=(A=B)
=(a3=bs )@ =h2) (ar=by )(@a =ho)
Y;=(A>B)

=(a3>bs) +(a3=bs)(az>bz )+ (az=bz)(az = bz )(a; > by)
+ (ag = bz )(a2 = bz )(a1 = by)(ao > by ).
S6 d6 mach thuc hién trén hinh 4.33.

a3dB8 a2 ab? al=bl a0 ado
a3dB a8 a=h?2 aldbl al>bl &bt

AW NP

Nf |-
— L\’mj
w N e
o
-<

w
N

u

NP
w
N AW N

w

w
N

J

H w \V] =

Hinh 4.33. Thuc hién mach so sanh nhiéu bit trvc tiép
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4.4.3.2. Phuong phap xiy dung trén co s¢ mach so sanh 1 bit

D& mach so sanh hai sé nhi phan 1 bit ¢d thé thuc hién cong viéc
xay dung mach so sanh hai s6 nhi phan nhiéu bit ta cai tién lai mach
so sanh 1 bit nhu sau: ngoai cac ngd vao va ngo ra gidéng nhu mach so
sanh 1 bit ta da khao sat § trén, con c6 cac ngo vao diéu khién a< b, a>

b, a=Db, vdi s6 d6 mach nhu sau :

a — (a<b)=y,
23 (a=b)=y,
¢ ¢ C1 ( )=Ys3

a>b a=b a<b

Hinh 4.34. Mach so sanh 1 bit ci tién

Bang trang thai mo ta hoat dong cia mach so sanh nhi phan 1 bit

day du nhu sau:

Ng6 vao diéu khién | Ngé vao DATA Ngo ra
a<b | a=b | a>b a b (a<b) | (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 1 0 0
0 1 0 1 0 0 0 1
0 1 0 1 1 0 1 0

Phuong trinh logic:
y; = (a<b) = ¢, + cy(ab).
y, =(a=b)=c,(a ® bl
y3 = (@>b) = c3 + c,(ab).

Dua vao vi mach so sanh day dd ndy, ngudi ta thuc hién mach so
sanh hai s nhi phan 4 bit bing cach st dung cac vi mach so sanh 1 bit
day di nay gilia a, véi by, a, vdi b, a, vdi b,, a, vdi b, vdi cach ndi theo

s6 d6 nhu trén hinh 4.35.

Trang 115
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Luu y déi vdi mach trén hinh 4.35: mach c6 3 ngd vao diéu khién
(A>B), (A=B), (A<B) nén d& mach lam viéc dugc thi bit budc cho
ngd vao diéu khién (A=B) = 1 (tuic 1a xem nhu a,, a, tré vé trudc bing
nhau, néu a, > a, thi ngd ra A>B).

0,1, 0
| ]

A>B  A<B
aj A=B

do (A<B)
b (A=B)
. (A>B)

Hinh 4.35. Mach so sanh nhiéu bit
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4.5. MACH SO HOC
4.5.1. Dai cuong

Mach s hoc 1a mach ¢ chiic ning thuc hién cac phép toan sé hoc

+, -, X, / cac s6 nhi phan. Day 1a co sé dé xay dung don vi luan 1y va sb
hoc (ALU) trong pp (picro Processor) hodc CPU (Centre Processing
Unit).

4.5.2. B6 cong (Adder)

4.5.2.1. B ban tong (HA-Half Adder)
Bo ban tong thuc hién cong 2 s6 nhi phan mot bit.
Quy tic cong nhu sau:

0+ 0= 0 nhé
0+ 1=1nhé
1+ 0=1 nhé
1+ 1=0 nhé
@ ® 6 (©

Trong dd a, b 1a s6 cong, s 1a tong, ¢ 1a s6 nhd.

S

a
b—

HA

C

- @ &

Hinh 4.36. Mach céng 1 bit

Bang trang thai mo ta hoat dong cua mach va phuong trinh logic:

s=a.b+ab=aeb
c=ab

Mach cong nay chi cho phép cong hai sé nhi

_—— O O S
_ o = O T

S = = O |
_ 0 O O |&

phan 1 bit ma khong thuc hién cong hai s nhi

phan nhiéu bit.

Hinh 4.37. So @6 mach cong ban phan
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4.5.2.2.B% tong (Bd cong toan phan - FA: Full Adder)
Vé phuong dién mach c6 so d6 khéi nhu sau:

a S all bn Cn-l Sn Cn

FA o 0 o0 [0 0

b G, o 1 0|1 0

Coy 1 0 0 1 0

1 1 0 0 1

Hinh 4.38. B cong toan phan 0 0 ) | 0

Trong do: o 1 110 1
+C,, : SO0 nhd clia lan cong trudc do. i (1) i (1) i

+C, : S6nhd cla lan cong hién tai.
+8, : Tong hién tai.
Tu bang trang thai mo ta hoat dong clia mach ta viét dugc phucng
trinh logic:
S, =/ (a, b, Cyy)
C.=f(a,b, C,,)
Lap bang Karnaugh va t6i thiéu hda, ta co:

S. <a.b, C.<a.b.

Eg_]\oo 01 11 10 Ei\oo 01 11 10
Olol1]0]1 Olojo|l1]0
L1lol 1o Hlol1]1]1
S,=a,b,C,,+a,b,C  + C,=2,Cps +b,Co s +,D,
anax-l_ anbncn—l Cn = anbn +Cn_1(an +bn)

S,=a,®b,®C,_,

Hinh 4.39. Mach céng toan phén truc tiép
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Hodc sti dung HA dé thuc hién FA :

T,
-/
1
bn 2 /)) > : |
Cnfl

Hinh 4.40. Thuc hién mach cdng toan phén t bd ban téng

4.5.3. B tru’ (Subtractor)

4.5.3.1. Bo ban tri (Bo tri ban phan - HS: Half subtractor)
Bo ban tru thuc hién trii 2 s6 nhi phan 1 bit.

Quy tic tri nhu sau:
0 -0=0muon 0
0 -1=1muon 1
1 -0=1mugn 0
1 -1=0 mugn0

(a) (b) (D) (B)

Trong do a 13 s6 bi tru, b 1a s6 trii, D 13 hiéu, B 1a s6 muon.

Bang trang thai mo ta hoat dong :

a b D B

0 0 0 0

0 1 1 1

1 0 1 0

1 1 0 0

Phuong trinh logic :

D=a.b+ab=aeb
B=a.b

D

a

HS
b—

—— B
Hinh 4.41 Mach trw ban phan

a 1 \}
b 2)
/.

{ o

Hinh 4.42. So d6 logic

Mach trti nay chi cho phép trui hai sé nhi phan 1 bit ma khong thuc

hién viéc tru hai s6 nhi phan nhiéu bit.
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4.5.3.2. Bo tru toan phan (FS - Full Subtractor)
Mach ¢6 so do khdi va bang trang thai mo ta hoat dong nhu sau:
Trong d6: B, , : S6 muon cua lan tri trudc do.

B. : S6 mugn cua lan tru hién tai.

D, : Hiéu s6 hién tai.
a, b, B, D, B a, D,
0 0 0,0 0 oy
0 | 0 | | o B,
1 0 0/]1 0 Bu
| | 0 0 0 Hinh 4.43. Mach trii toan phan
0 0 1 | |
0 | 1 0 |
1 0 1 0 0
| | 1 1 |

Lap bang Karnaugh va téi thiéu hda, ta cé:

00 01 11 10
O 1[0} O0

0| 10|11

D.<ab
\&00 01 11 10 B.ab
Bn_lo I;K
0

Lhrlol 1o

Hrf]1]o

D, =a,b,B,,+a,0,B,, +

Bn = a_anfl + bn anl + anbn

a,b B _ +ahB

n=n-1

Dn =a, @ bn @ anl Bn = anbn + Bn—l (an + bn)

C6 2 cach thuc hién bd trui toan phan theo biéu thic logic da tim
dugc: hodc thuc hién truc tiép (hinh 4.44) hodc si dung HS dé thuc
hién FS (hinh 4.45).



Chuong 4. Hé té hop Trang 121

b A = L
. > > | D

2) 3 {>O 1 . , 3n
a, /c 2

B
ﬁ . B,
2
/j >
Hinh 4.45. Thuc hién FS trén co s¢ HS
Tu bd cOng toan phan, ta xay dung mach cong hai so6 nhi phan nhi¢u

n-1

bit bang 2 phucng phap: Néi tiép va Song Song.
Phuong phap ndi tiép:

Thanh ghi a Thanh ghi s
az | ag a1 Iao S3 | S2| S1 So
Ck [ [ [ ] L1 [ |
FA
Thanh ghi b
| [ [ ] l ff
DFF
Tclr

|
Hinh 4.46. Mach céng 2 s6 nhi phin nhiéu bit theo kiéu ndi tiép
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Thanh ghi A chiasé A : as, a,, a,, a,

Thanh ghi B chia sé B : b, b, b,, b,

Thanh ghi S chiasd S : ss, Sy, S, Sg

Nhugc diém cta phucng phap nay 1a thsi gian thuc hién lau.
Phuong phap song song:

Dé khic phuc nhuge diém dd, ngudi ta dung phuong phap cong song
song.

Do tin hiéu diéu khién Ck (diéu khién cong) dong thdi nén thdi gian
thuc hién phép cdng nhanh hon phuong phap ndi tiép, song do sé nhd
van phai chuyén ndi tiép nén anh hudng tdc do xi ly.

Vi vay ngudi ta cdi tién mach trén thanh mach cong song song véi
s6 nhd nhin thay trudc (mach cong nhd nhanh).

bs a3 by a, b1 a; by @0

FA3 FA, FA; FAq

C3 Js

Hinh 4.47. Mach c¢ong véi s6 nhé nhin thiy trudge

Co S? C1 Ll Co So

Béng cach dua vao su phan tich mach cong toan phan nhu sau:
Ta co:

S,=(a,®b,)DC,,

C,=a, b, +(a,®b,)C,,

Suy ra:
S, =Q® C,,
Trong do:
P,=a,b,; Q,=a,®b,;
C=P,+Q,Cyy
Khi n= 0:

Sy = Q@ C,
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Cy=Py+Q, C,

Khi n=1:
Si=Q®C,=Q,®(py+QyCy)
Ci=P+Q,C=p, t Qi (ptQyC,)

Khi n=2:
$;=Q0C=Q,0[p +Q; (py+QyC,)]
C,=P,+QC=p,+ Q[ pi + Qi(py + Qy C, )]

Khi n=3:
S3=Qs® C,=Qs® { p, + Qy [ p; + Qu(po + Qy C )]}
C3=P3+Q3C=p3+ Q3 {p, + Q[P + Qi(py T Qy C.y )]}

Day chinh 1a co sé tinh toan dé tao ra s6 nhd ¢,, ¢,, c3 tuy thudc a.,
b, nén luc d¢ sé tim dugc S,. Trén thuc té ngudi ta da ché tao ra cdc vi
mach cOng nhd nhanh, vi du: IC 7483.

D —



