Chwong 4. Hé té hop Trang 71

Chwong 4
HE TO HOP

4.1.KHAI NIEM CHUNG

Céc phan tir logic AND, OR, NOR, NAND la céc phan tir logic co ban con duoc goi lahé to hop
don gian. Nhu vay, hé t6 hop 1a hé c6 cac ngd ra la cac ham logic theo ngd vao, diéu ndy nghia |a
khi mot trong céc ngd vao thay doi trang tha 1ap tac 1am cho ngd ra thay doi trang théi ngay ( néu
b6 quathoi gian tré cia cac phan tir logic) ma khong chiu anh huong caatrang thé ngd ra truéc do.

Xét mot hé to hop c6 n ngd vao vaco m ngd ra (hinh 4.1), ta co:

y1 = f(Xg, X2, «oey Xn)
Yo = f(X1, X2, +ony Xn ) X1 - Y1
X2 Hé to V2
— by [

Hinh 4.1

Nhu vay, sy thay d6i caangd ray; (j =1, m) theo cac biénvao xi (i =1, n) latuy thudc vao
bang trang thd mé ta hoat dong caa hé to hop.
Dic diém co ban cua hé to hop latin hiéu ra tai mdi thoi diém chi phu thudc vao gia tri céc tin
hiéu vao ¢ thoi diém dé ma khdng phu thudc vao gia tri cac tin hiéu ngd ra o thoi diém trudc do.
Trinh tw dé thiét ké hé t6 hop theo cac buéc sau:
1. Tir yéu cau thyc té talap bang trang thai mé ta hoat dong ciia mach (hé t6 hop).
2. Dung céc phuong phép t6i thiéu dé t6i thiéu hoa cac ham logic.
3. Thanhlap so d6 logic (Dyavao phuong trinh logic dAtdi gian).
4. Thanhlap so db hé to hop.
Céc mach té hop thong dung:
- Mach mahoa- giai ma
- Mach chon kénh - phén duong
- Machsosanh

- Machsb hoc...v....v....

4.2. MACH MA HOA & MACH GIAI MA

4.2.1. Khai niém:

Mach ma hoa (ENCODER) la mach ¢6 nhiém vy bién d6i nhirng ky hiéu quen thuéc véi con
ngudi sang nhirng ky hiéu khdng quen thuc con ngudi. Nguoc lai, mach giai ma (DECODER) la
mach [am nhiém vy bién d6i nhiing ky hiéu khéng quen thuéc vai con ngudi sang nhitng ky hiéu
quen thudc vai con nguoi.
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4.2.2. Mach ma hoa (Encoder)

1. Mach m& hoé nhi phan

Xét mach ma héa nhi phan tir 8 sang 3 (8 ngd vao va 3 ngd ra). So d6 khdi cia mach duoc cho
trén hinh 4.2.

Xo
C
X2 .
_______ 8® 3 B
A
X7

Hinh 4.2 So d@6 khoi mgch ma hoa nhj phan tir 8 sang 3

Trong do:
- X0, X1,..., X7 128 dudng tin hiéu vao
-A,B,Cla3ngdra
Mach ma héa nhi phan thuc hién bién déi tin hiéu ngd vao thanh mot tir ma nhi phan twong ng
& ngd ra, cu thé nhu sau:
0® 000 3® 011 6 ® 100
1® 001 4® 100 7 ® 111
2® 010 5® 101
Chon mirc téc dong (tich cuc) ¢ ngd vao la mac logic 1, ta co bang trang thd mo ta hoat dong
cuamach :

X
o
X
i
X
N
X
w
x
IS
X
o
X
>
X
4

OO0 0000 Oo R
OO0 0O 00O Rr o
OO0 O0OO0OO0ORr OO0
OO0 O0OO0OFr OO0 O
OO0 OFr OO0 0O
OO0OFr OO0 OO0 O
OFr OO0 OO0 Oo0OOo
P OO O0OO0OO0OOoOOo
P PP R OOOOOND
P P OORPRFPR OO
P ORFRP ORFRP OFR OP

Giai thich bang trang thai: Khi mét ngb véo ¢ trang thé tich cyc (muc logic 1) va cac ngd vao
con lai khéng dugc tich cuc (mirc logic 0) thi ngd ra xuat hién tir ma twong tng. Cu thé & khi ngd
vao x0=1 va c&c ngd vao con lai bang O thi tir m& o ngd rala 000, khi ngd vao x1=1 va cac ngd vao
con lai bang O thi tir ma& nhj phan & ngd rala 001, ..v..v..

Phurong trinh logic thi gian:

A =X1+ X3+ X5+ X7
B=X,+ X3+ Xg + X7
C=X4+Xs + X + X7
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So dd logic thyc hién mach ma héa nhi phan tir 8 sang 3 (hinh 4.3):
Biéu dién biang cong logic ding Diode (hinh 4.4):

XL x2 x3_ x4 x5 x6 X7
O 0O O O O O O

(@]

>

i

Hinh 4.3 Mach mé héa nh; phan tir 8 sang 3

X1
X2 I—N—
X3 Iy
, o I
o F .
v Dh H—
L I
DH S 9
>C B >~

_>
Hinh 4.4 Mach mé& héa nh; phén tir 8 sang 3 sir dung diode

Néu chon muc téc dong tich cuc ¢ ngd vao la muc logic 0, bang trang thd mo ta hoat dong cua
mach lUc ndy nhu sau:

X
o
X
'
X
N
X
w
x
A
X
ol
X
(2]
X
4

P PR RPRERRELRRELRO
P PR R RERREROLPR
P PP R RFEPRORPR
P PP R ORRR
P P RPORRREPR
P P ORRRRPR
PO R RPRRERPRERREPR
O R RPRPRRPRRELRPREPR
P P PP OOOO0n
P P OORFRPRFR OO
R ORFR,R OR OLRFR OX

Phurong trinh logic tdi gian :
A=X1+ X3+ X5+ X7= X XXcX5

2t Xzt Xe+ X7= X,X3XeX5

B=x
C=Xs+ X5+ Xg+ X7= X, XXX
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So @6 mach thyc hign cho trén hinh 4.5
xL x2 x3_ x4 x5 x6_ x7
O 0 0 O 0 0O O
: C
: B
_: A
Hinh 4.5 Mach ma héa nh; phéan 8 sang 3 ngd vao tich cxc mirc 0
2. Mach ma hoa thap phéan
Xo D
a0 C
_______ 10® 4
_______ B
A
X9
Hinh 4.6 So d6 khéi mgch ma hoa tir 10 sang 4
Bang trang thai mo ta hoat dong cua mach :
Xo X1 X2 X3 X4 Xs Xg X7 Xg X9 | D C B A
1 0 0o o o o o o o ofo0o o0 o o
o 1 o0 O O o o o o o0}0 o0 o0 1
o o 1 o0 O O o o o o0}0 o0 1 o
o o o 1 o O O o o o0}j0 0 1 1
o o o o 1 o o o o o0}j0O0 1 o0 o0
o o o o o 1 o o o o0}0 1 o0 1
o o o o o o 1 o o o0}jO0 1 1 o0
o o o o o o o 1 o o0}0 1 1 1
o 0o o O o o o0 o 1 0}]1 0 0 O
o o o o o o o o o 11 o o0 1

Phuong trinh logic datéi gian:
A =X1+ X3+ X5+ X7+ Xg
B=X,+ X3+ Xg + X7
C=X4+ X5 +Xg + X7
D = Xg + Xo

Biéu dién biang so d6 logic (hinh 4.7)
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XL x2 x3_ x4 x5 x6_ x7_ x8_ x9
O 0 0 0 0 O O O O

Hinh 4.7 So d6 mgch mé héa thap phan tir 10 ® 4
Biéu dién so d6 ndy bang cong logic sir dung Diode dwoc cho trén hinh 4.8

X1

X2

X3

Xa

X5

X7

T[T
TR

o]
" Lo
-
o]

Xs

o ]
-

—»>D »>C —»B R
LI N
Hinh 4.8

3. Mach ma hoa wu tién

Trong hai mach ma hod da xét ¢ trén, tin hiéu dau vao ton tai doc lap tuc |akhéng co tinh huéng
c6 2 tin higu tro 1én dong thoi tac dong & mic logic 1 (néu ta chon muc tich cuc & ngd vao la muc
logic 1), thyc té day |a tinh hudng hoan toan c6 thé xay ra, do d6 can phai dat ravan dé uu tién.

Van dé uu tién: Khi ¢ nhiéu tin hiéu vao dong thoi tac dong, tin hiéu nao c6 mic uu tién cao
hon & thoi diém dang xé s& duoc uu tién tac dong, tirc 1anéu ngd vao co do uu tién cao hon bang 1
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trong khi nhitng ngd vao c6 d6 uu tién thap hon néu bang 1 thi mach s3 tao ra tir m& nhi phan tng
v6i ngd vao cd do wu tién cao nhit.
Xé& machmahoduutién4 ® 2 (4 ngd vao, 2 ngd ra) (hinh 4.9).

Hinh 4.9

Bang tragng thai
Xo
—_— B
X1 Xo X1 X2 X3 | B A
Xo 4® 2 A 0 0
X3 0 1
1 0
1 1

X X X B
X X = O
X B OO
O O O

Tir bang trang thai ¢6 thé viét dugc phuong trinh logic céc ngd ra A va B:

A= xl.xz.x3 +x3:xl.x2 +Xg
B= X5 Xg+Xg =Xo +Xg

x1 X2 x3
[e) [e) o

VY

>

Hinh 4.10 S d6 logic mgch mé héa ru tién 4 ® 2
So d6 logic: hinh 4.10.
Mot sd vi mach mé héa wu tién théng dung: 74LS147, 74L.S148.

4.2.3. Mach giai ma (Decoder)
1. Mach giai m& nhj phan

Xé mach giai ma nhi phan2 ® 4 (2 ngd vao, 4 ngd ra) nhu trén hinh 4.11
Chon muc tich cyc ¢ ngd ralamuac logic 1.
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Baing traling thaii mé tai hoalt

B —yo B A|lYo Y1 Y2 V3
N 0 0|1 0 0 O
A 2041 ¥ 0 1/0 1 0 o0
Y3 1 0{0 0 1 O
1 10 O 0 1
Hinh 4.11 Mgch giai ma 2 sang 4
Phuong trinh logic téi gian va so do mach thyc hién
Yo=BA vy, =BA
y,=BA y;=AB
Biéu dién biang cong logic ding Diode.
. Yo
Y1
+E, L
] !,
- ! ha—
. Y3
A

B B A
Hinh 4.13. Mach giai md@ 2 ® 4 dung diode

Truong hop chon muc tich cuc & ngd rala muc logic 0 (mic logic thip) ta cd so dd khdi mach
giai ma dugc cho trén hinh 4.14.

Yo Bang trgng théi
B o——
—— n B AlYo Y1 Y2 V3
2B 4 Y2 0 0(0 I 1 1
A ° 0 1|1 0 1 1
o—— Y3 1 0|1 1 0 1
Hinh 4.14. Muzc tich ciec ngd ra la micc thap 1 111 1 1 O

Phuong trinh logic:

Yy, =B+A =BA
yl—B+K:i
Yy =B+A=BA
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So dd mach thuc hién:

yl

2

<

el

Y

Hinh 4.15. Mgach gidi ma 2 ® 4 véi ngd ra mic tich cuc thap

2. Mach giai mathap phéan
a. Gigi ma den NIXIE
beéen NIXIE laloai dén dién tir loai Katod lanh (Katod khéng dugc nung nong bai tim den), cd

c4u tao gom mot Anod va 10 Katod mang hinh cé&c sb tir 0 dén 9.
So d6 khai trién ciadén dugc cho trén hinh 4.16:
| | |

Anod
[ 0
|
| |

Hinh 4.16. So @6 khai trién ciia dén NIXIE

—

— 1 =

234567809
[ | | |
R

So db khdi cia mach giai ma den NIXIE

D . Yo

C Y1
— | 4® 10F

B I

A o— Yo

Hinh 4.17. So do khoi mach gigi mé dén NIXIE

Chon murc tich cyc ¢ ngb ralamuc logic 1, 1Uc d6 bang trang tha hoat dong cia mach nhu sau:
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Yi Y2 Y3 Ya Y5 Y Y7 V¥Ys Yo

Yo

Phuong trinh logic:

So d6 thyc hién mach giai ma dén NIXIE dugc cho trén hinh 4.18 va 4.19:

Y,

>_oy1

p

}_M

e

}_0y5

p

}_ow

pu

>_oyg

|1

Hinh 4.18. So d6 thiec hién bang cong logic

YVIVIY Y
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Vee

HNEEEEEENN
D rH rkH
oK i< ik ok ok oK ke K
C <t o< < <
C_ h KA K K < K
8 rKH K < KA
B K K<H < < < <
A < < < <H <
yritn.a SO W a N e N e S e

Yo Y2 Y3 Ya Y5 Ye Y7 ¥Ys Yo

Hinh 4.19. So d6 thuec hién ding diode

b. Gigi ma dén LED 7 doan

DPén LED 7 doan c6 ciu tao gom 7 doan, mdi doan 1a 1 dén LED. Tuy theo cach ndi cac Kathode
(Catét) hoic cac Anode (Andt) cia céc LED trong dén, manguoi ta phan thanh hai loai:

LED 7 doan loai Anode chung:

A

a b ¢ d e f g

Hinh 4.20. LED 7 doan loai Anode chung

LED 7 doan loai Kathode chung :

a b c¢c de f g

K

Hinh 4.21. LED 7 doan logi Kathode chung
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Ung véi mdi loai LED khéc nhau ta c6 mat mach giai ma riéng. So @6 khdi cia mach giai ma
LED 7 doan nhu sau:

I a
A — |
Mach b
B — | giaima [ ;
LED
c 7 doan f
D | 4®7)
— d

Hinh 4.22. So d6 khoi mach giai ma LED 7dogn

Giai ma LED 7 doan loai Anode chung:

Dbi voi LED bay doan loai anode chung, vi c&c anode cia céc doan led duoc ndi chung véi nhau
va dua lén mac logic 1 (5V), nén mudn doan led ndo tit ta ndi kathode tuong wng 1én mic logic 1
(5V) vanguoc lai mudn doan led ndo sang tandi kathode tuong tring xuéng mass (muc logic 0).

Vi dy: Bé hién thi s6 0 tandi kathode caa dén g 1én mic logic 1 dé dén g tit, vandi cac kathode
cuadéna b, ¢, d, e f xudng mass nén tathiy sb 0.

Ldc d6 bang trang thd md ta hoat dong cua mach giai ma LED bay doan loai Anode chung nhu
Ssau:

D B C A|la b ¢ d e f g S6 hién thi
0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 1 1 0 0 1 1 1 1 1
0 0 1 0 0 0 1 0 0 1 0 2
0 0 1 1 0 0 0 0 1 1 0 3
0 1 0 0 1 0 0 1 1 0 0 4
0 1 0 1 0 1 0 0 1 0 0 5
0 1 1 0 0 1 0 0 0 0 0 6
0 1 1 1 0 0 0 1 1 1 1 7
1 0 0 0 0 0 0 0 0 0 0 8
1 0 0 1 0 0 0 0 1 0 0 9
1 0 1 0 X X X X X X X X
1 0 1 1 X X X X X X X X
1 1 0 0 X X X X X X X X
1 1 0 1 X X X X X X X X
1 1 1 0 X X X X X X X X
1 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 cé thé viét & dang
chinh tic 1 (tong caa céc tich sb) hoac dang chinh tic 2 (tich cia céc tong sO):
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Phuong trinh logic cnangd raa

Dang chinh tac 2:

a= B.D.(C+A)(C+A)=BCDA +BDCA

Dang chinh tac 1:
a= CBA +DCBA

Lueu y: Trén bang Karnaugh ching ta @& thiec hién tai thiéu hoa theo

dang chinh tic 2.

Phuong trinh logic ciiangd rab:

Dang chinh tac 2:

b= .C(A+B)(A+B)=C(AB+AB)

= C(AAB)
Dang chinh tac 1:
b= CBA +CBA = C(AAB)

Phuong trinh logic ciangd ra c:
Dang chinh tac 2:

c= BAC
Dang chinh tac 1:

c= DCBA

Phuong trinh logic caangd rad:

Dang chinh tac 2:

d=D(A+B+C)(B+C+D)(A+B)(A+C)

=ABCD +ABCD+ABCD
Dang chinh tac 1:
d = CBA +DCBA +CBA

Phuong trinh logic cua ngd ra e:

Dang chinh tac 2:

e= .(B+A)(C+A)
Dang chinh tac 1:

e= CB+A

0078 111 x ol
o1| 1 |

1170 ]
10f0.] 0 | x [,XT

b pc
BAL_ 00 01 11 10 _
00 [_0}]_Q_[ x_[ 0,
01| 0i] 1 [ x |0
117017 0 [ x | ix |
100 0)] 1| x |ix
C DC
B 00 01 11 10
00[70 [0 T XY 0}
01 '}fCIIIIOIIK'TIDJi
11000 o | x| xi
_— - |- ——_ 1 __/
10 1 0 x/i X
d pc
B 00 01 11 10
00 0/] 1 [rx
01| 1 [(O fix;| O
11 :’6‘: 1 |'x | x|
1078 O Jix %7
e DC

BAN_ 00 01 11 10
0] o] 1] x ['Q
o1 1] 1] x |1
11 1 1| x X

1076 0 [ x |, xt

AN B AT
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Phuong trinh logic cua ngo ra f:
Dang chinh tac 2:

— = == f

f=(A+B)(B+C)A+B+C)D eac® 00 01 11 10

= ABD +ACD +BCD 00 [CO_JL0_[|x [ 01
Dang chinh tdc 1: oLl 1 o0 i X : oi
f= BA+DCA +DCB [T 1] x[x

" |

10] 10 ix) X

Phuong trinh logic cua ngd ra g:

Dang chinh tdc 2: g bC 00 01 11 10
g=D(A +B)(C+B)(B+C) 0] 1 [0 X 0
PR I : ! !
=BCD + DCBA o1 1 ['0_[ix)| O!
Dang chinh tdc 1: 10| 1 1: X [IXi]
. - | 1
9= DCBA+DCB 10 [For -0 fx—fixy]

Xé& mach giai ma deén led 7 doan loai Kathode chung:

Chon miic tich cyc & ngd ra la mic logic 1. Vi Kathode ciia cac doan led dugc néi chung va
dugc ndi xudng muc logic 0 (0V-mass) nén mubn doan led ndo tit ta dua Anode tuong ang xuéng
muc logic 0 (OV-mass).

Vi dy: Bé hién thi sb 0 tandi Anode caa doan led g xubng mic logic 0 dé doan g tat, dong thoi
céc kathode ciadoan a, b, ¢, d, e, f dugc ndi 1én nguon nén cac doan ndy st sang do d6 tathdy s 0.

Luc d6 bang trang thai mé ta hoat dong cua mach nhu sau:

P P RPRPPPPPRPOOOOOOOODRD
P PR RPPRPOOCOORRERLRRERLROOOOD
PP OORRFROOFRRFROORPEFROOOD
P ORPRORFROFRPRORFRPRORORORODP

XXXXXXIPPRPPPPOPRFRPPFROPRDD
X XXX XXIPPRPPOOPRFRPRFRPRPRPRPRDT
X XXX XXPrPRPrPRPPRPPRPRPRPPOPREPRDO
XX XX XX|IPPRPORFRPPFPOPFRPROPRQ
XXX XX XoroOoOPr ooor or o
XX XXX XIPPrPORFRPPFPPFPOOOEPR —
XXX XX XRPPRPOPFRPFPRPFRPRPROO®Q

Tuong ty nhu truedng hop trén, ta ciing ding bang Karnaugh dé t6i thiéu hda ham mach vadi tim
phuong trinh logic tdi gian c&c ngd ra cua cac doan led: (Luu y trong nhitng bang ¢6 Karnaugh sau
ta thiec hién toi thiéu héa theo dang chinh tac 1)
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Phwong trinh logic cia ngd ra a:
. . a DC
Dang chinh tac 1: B

_ 00 01 11 10
a=D+B+AC+AC ! ===

D i e 2 00 ] 0 [ x 10
ang chinh tac 2: SR S—
g - 01| O [T x3| 1.
a=(A+B+C+D)A+B+C) U T T TR
— ___I__/ “
=AD+B+AC+AC 10:\\11\ 1 i\x /XU
Phuong trinh logic cua ngd ra b:
Dang chinh tic 1 Ig DC 0 0L 11 10
b=C+BA+BA=C+AAB T T T T T T
Dang chinh tac 2: o1 ‘]::“‘O‘“;("‘,‘i‘
J— J— J— J— | |
b=(C+B+A )( C+B+A) 1 f_]j"i._"i":_i‘.
=C+AB+AB=C+AAB N A RIS
Phuong trinh logic cua ngd ra c: c
Dang chinh tac 1: B DC 0 ol 11 10
=B rATC 00 [T 7T X7 1)
Dang chinh tac 2: o1 :(_ __:_1___7(_:__1\:
c=C+B+A 1T [T | x1 x|
i P R 9
101 0 |11 | x;| X
Phuong trinh logic cua ngd ra d: q
Dang chinh tdc 1: B bC 00. 01 11: 10
— JEE— — — I \
d=D+BA +C A+BC+ABC + R N
, 00| 17| O |/ x ML
Dang chinh tac 2: g il IR e 1
i S 01 0 [{1 [ix)[ 1]
=(A+B+C)(A+B+C)(A+B+C+D) 1T T 0 ['x [t
_ . _ |
“(C+AB+ A0 +0+C10)
=(C+AAB)(A+B+C+D)
Phuong trinh logic cua ngd ra e: o
Dang chinh tac 1: B DC 0 oL 11: 10
/ \

e=AB+CA

00| X | 0| x |

- ~4

Dang chinh tac 2:

— ——  — 0L 0| 0| x|O
e=A(C+B)=AC+AB

111 O | O | x | X

10 (I\ 1 X /'X7i

i) SR A 2

1 [
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Phuong trinh logic cua ngd ra f:
Dang chinh tac 1:
f=D+CB +B A +CA
Dang chinh tac 2:
f=(B+A)(D+C+A)(C+B)
=D+BC+AC+AB

Phuong trinh logic cua ngd ra g:

Dang chinh tac 1:
g=D+CB+BA +BC

Dang chinh tac 2:
g=(C+B+A)(B+C+D)

f DC
B 00 01 11,6 10

00| i1 VI Xy] 1)
01 0 1L x| 1]
111 0 | 0 || x | X,
100 0 [/T7iXy] x)
1 |
9 DC
00 01 11 10
00| 0 |11 |ix) 1}
o[ 0 [ [ix)1]
11 11| 0 |ix | X
1011 [N L

4.3. MACH CHON KENH - PHAN PUONG

4.3.1. Pai cwong

Mach chon kénh con goi & mach hop kénh (ghép kénh) 1a mach c6 chirc nang chon lan luot 1
trong N kénh vao @ dua dén ngd ra duy nhat (ngd ra duy nhat d¢6 goi |a duong truyén chung). Do
d6, mach chon kénh con goi 1& mach chuyén dit liéu song song & ngd vao thanh dir lidu ndi tiép &
ngd ra, duoc goi laMultiplex (viét tit 1aMUX).

Mach chon kénh thuc hién chirc ning & dau phét con mach phan duong thuc hién chic nang ¢
dau thu. Mach phan duong con goi 1a mach tach kénh (phan kénh, giai da hop), mach ndy c6 nhiém
vu tach N nguon dit liéu khéc nhau ¢ ciing mot dau vao dé ré ra N ngd ra khéc nhau. Do d6, mach
phan dudng con goi 1a mach chuyén dir lidu ndi tiép & ngd vao thanh dir liéu song song & ngd ra,
duoc goi 1a Demultiplex (viét tit 1a DEMUX).

4.3.2. Mach chgn kénh

X1

X2
X3 4®1 [ -

X4
Cl‘ ‘ Co
Hinh 4.23a. Mach chon kénh

X1

Xét mach chon kénh don gian c6 4 ngd vao va 1 ngd ra nhu
hinh 4.23a.
Trong dé:
+ X1, X2, X3, X4 . C&C kénh dix liéu vao.
+Ngbray :Buong truyén chung.
+cl, c2 : Céc ngd vao diéu khién
Vay mach ndy gidng nhur 1 chuyén mach (hinh 4.23b):

_— e

X2 . y
—e
E— )

X3
X4

Hinh 4.23b
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Dé thay d6i 1an luot tir x; ® x4 phai c6 diéu khién do d6 ddi véi mach chon kénh dé chon lan
luot tir 1 trong 4 kénh vao can c6 cac ngd vao diéu khién ¢y, c,. Néu cd N kénh vao thi can co n ngd
vao diéu khién thoa man quan hé: N=2". NGi céch khéc: S6 t6 hop ngd vao diéu khién bang so
luwgng cac kénh vao.

Viéc chon dir ligu tir 1 trong 4 ngd vao dé dua dén duong truyén chung l1a tly thudc vao té hop
tin hiéu diéu khién téc dong dén hai ngd vao diéu khién cy, c,.

+0=06=0®y=x (xiduocnditéi ngdray).
+0=06=1®y=X (X duocnditéi ngd ray).
+ 0 =1,6=0® y=x3 (xsduocnditéi ngd ray).
+ 0 =16=1®y=Xs (Xsduocnditéi ngdray).

Vay tin hiéu diéu khién phai lién tuc dé dir liéu tir céc kénh duoc G| |y
lién tuc dua dén ngd ra. Tir d6 talap duoc bang trang thd md ta hoat 0 0 X1
dong ctia mach chon kénh.

0 1 C2

Phuong trinh logic md ta hoat dong caa mach : 1 0 Cs

oy C, C,.X1+ C, CoXp + C1C, X3+ C1.C2.X4 T 1 o

So d6 logic caa mach:

C1 Co

v |

X1

X3

Hinh 4.24. So d6 logic mach chon kénh tir 4® 1

Bay ¢io, xé mach chon kénh ¢ 4 ngd vao va 1 ngd ra, nhung lai ¢o 4 ngd diéu khién. Lic nay,
ta khdng dya vao t6 hop tin hiéu tac dong Ién ngd vao diéu khién, ma chi xé dén muc tich cuc ¢
ngd vao diéu khién. Tass chon mot trong hai mirc logic 1 hozc mirc logic 0 lam mic tich cyc, néu 1
ngd vao trong sd 4 ngd vao diéu khién ton tai mic logic tich cyc (mtc 1 hodc mic 0) thi kénh dir
liéu vao c6 cling chi sd véi ngd vao diéu khién d6 s& dugc két ndi voi ngd ra. Trén hinh 4.25 biéu
didn mach chon kénh vai sb lwong ngd vao diéu khién bang sb lwong kénh vao.
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Néu chon mirc tich cuc cia cac ngd vao diéu khién 1a mic logic 1, ta cd bang trang thai mo ta
hoat dong ciia mach nhu sau:

X1

Xo y
Xs 401 |7

X4

Cl‘ iz L3 ‘ Ca

Hinh 4.25. Mach chon kénh véi so lirong ngd vao diéu khién bang s6 kénh vao

C1 C2 C3 C4 y
1 0 0 0 X1
0 1 0 0 X2
0 0 1 0 X3
0 0 0 1 X4

Phuong trinh logic:
Y=C1. X3+ Co. Xo+ C3. X3 + Cs4. X4
Y nghiiatrong thyc té caa mach:
+C1, Cz, C3, G4 CO thé hiéu lacéc diachi (ngudn va dich).
+ X1, X2, X3, X4 :  Thong tin can truyén di.

4.3.3. Mach phéan dwong

Xé mach phén duong don gian ¢6 1 ngd vao va 4 ngd raky hiéu nhu sau :

_yl Y1

.—
X 1 ® 4 y23 X ‘_—);IZ
| Ya yi

.—

Co ‘ ll

Hinh 4.26. Mach phan dwong don giantr 1 ® 4
Trong do:
+ X lakénhdir liéu vao.
+ yl, y2, y3, y4 cac ngd radir liéu; c1, c2 céc ngd vao diéu khién.
Ta co thé thay mach nay thuc hién chizc nang nhu 1 chuyén mach (hinh vé 4.26).
Tuy thudc vao t6 hop tin hiéu diéu khién tac dung vao mach malan luot tin hiéu tir ngd vao x s
chuyén dén ng rayl, y2, y3, y4 mot cach twong ang.
LUc d6 bang trang thai mé ta hoat dong cua mach :
C1 C2 Y1

=)
B O R O
o o o X
o o X olF
o X o o
X o o o|F
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Phuong trinh logic cac ngo ra:

Y1= G C, X
Yo = C_lCZ.X
Y3 =C1C, X
Y4 = Cp C2.X

So dd logic dugc cho trén hinh 4.27:

C1 C2

VoV

ppE
=/
i
X =/
P
|
Ya
D

Hinh 4.27. So d6 logic thyec hién mach phan dirong

Néu x = 1 va hoan d6i ngd vao diéu khién thanh ngd vao dir liéu thi mach phan duong chuyén
thanh mach giai ma nhi phan. Vi vay, nha san xuat d& ché tao IC dam bao ca hai chirc nang: giai ma
va giai da hgp (Decode/Demultilex). Vi du: céc IC 74138, 74139, 74154: giai ma va phan duong
tdy thudc vao cach ni chan.

Trong trwong hep téng quat, mach phan dwong co 1 ngd vao va 2" ngd ra: dé tach N=2"
ngudn dir liéu khac nhau can c6 n ngd vao diéu khién, 1lc d6 sb t6 hop ngd vao diéu khién bang sb
lugng ngd ra.

Tuy nhién trong thuc té, ta con gip mach phan duong co sb

N e P T ) s s Y1

lugng ngd vao dieu khién bang so ngd ra (hinh 4.28). Luc do6 chi —

PV e . ~ ‘A L 2 < A X Y2
xét dén muc tich cuc ¢ ngd vao dieu khién, nguoi ta chon mot 1® 4 Vs
trong hai mtc logic 1 hoac mac logic O lam muc tich cuc. Gia s V4
chon mirc logic 1 la mirc tich cyc: néu 1 ngd vao trong sd 4 ngd
vao diéu khién ton tai mic logic 1 (mic tich cuc), thi ngd ra dir L

- , £ Y S P R -2 Lo Cs C3C2 11
ligu twong trng O cung chi so6 vai Ngd vao dieu khién d0 £ dugc
ndi véi ngd vao dit ligu chung x. Hinh 4.28

Vi du:
a=1® x=y; =1® x=Yy,
CG=1® X=Yy; C1=1® X=Vq
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LUc d6 bang trang thai hoat dong ciia mach:

CC C CG C|Y1 |V

O OO
= O O O

X |0
0 X
0|0
010

oo o R
oo r o
O X © o
X O © o<

Phuong trinh logic va so d6 logic dugc cho trén hinh 4.29:
Yi1=C1 X Y2=C2X
Y3 =C3 X Y4 = Cq X
Giai thich hoat ¢6ng cia mach:
+ Khi ¢1=1, ;= 3= ¢4 = 0 chi ¢6 cdng AND(1) thng cho dit liéu tir x ndi dén dau ray;.
+ Khi =1, &= ¢3 = ¢4 = 0 chi 6 cdng AND(2) théng cho dit liéu tir x ndi dén dau rays.
+ Khi cz=1, ¢, = ¢;= ¢4 = 0 chi 6 cdng AND(3) théng cho dit liéu tir x ndi dén dau rays.
+ Khi ¢4=1, ¢;= c3 = ;= 0 chi c6 cdng AND(4) thdng cho dit liéu tir x ndi dén dau rays.
Vi mach chon kénh dugc thuc hién ¢ dau phét va mach phan duong duoc thyc hién ¢ dau thu
nén dé dam bao dir liéu dugc chuyén ddng kénh thi mach chon kénh vamach phan duong phai dong
bd véi nhau.

C1 Co C3 (o

1

:

2

x
N
<<

3

I

7

i

Hinh 4.29. Mach phan duwong s6 lieng ngé vao diéu khién bang so ngd ra

4.4. MACH SO SANH

4.4.1. Pai cwong
- Mach so sanh diing dé so sanh cac sb nhi phan vé mat do 16n.
Vidu: Sosanhavab:a=0,b=1(a<bh.
- C6 ha mach so sanh:
+ So sénh hai sb nhi phén 1 bit.
+ So sanh hai s6 nhj phan nhiéu bit.
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4.4.2. Mach so sanh 1 bit
Lamach thuc hién chic ning so sanh hai b nhi phan 1 bit.
Xét hai sb nhi phan 1 bit avab. C6 céc truong hop sau day:
+a=0,b=0pb a=h.
+a=1,b=1pb a=h.
+a=0,b=1pb a<h.
+a=1,b=0pb a>h.
Vé phuong dién mach dién, mach so sanh 1 bit ¢4 2 ngd vao va 3 ngd ra. Cac ngd vao a, b lacéc
bit can so sanh; c&c ngd ra thé hién két qua so sanh: y1 (a< b), y2 (a=b) vay3 (a>b). So d6 khbi
mach so sanh trén hinh 4.30.

Bang trang thai

a b |y1 |y | ¥

a (a<b) =y T o T T
2®3 | (a=b)y =y,

— 0 1 1 0 0
(@a>b)=ys

1 0 0 0 1

Hinh 4.30. Mach so sanh 1 bit 1 1 0 1 0

Chon murc tich cyc ¢ ngd ra la muc logic 1. Ta lap dugc bang trang thdi md ta hoat dong caa
mach. Tu bang trang théi, ta c6 phuong trinh logic:

yi=a.b _d}ﬁ(fK b)

Yo = 5.64' ab= aZ{b
_ a 1\

2

] s (ab)

Hinh 4.31. So d6 mach so sanh 1 bit

;

o | (A<B)=Y:
8®3 | (A=B)=Y;
b1 —— (A>B)=Y3

Hinh 4.32. So do khoi mach so sanh nhiéu bit

4.4.3. Mach so sanh nhiéu bit

Mach c6 8 ngd vao va 3 ngd ra, thuc hién so sanh 2 sb nhi phan 4 bit A (asaaia)) va B
(bsbzbibo). C6 hai phwong phép thuc hién mach so sanh nhiéu bit:
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- Thuyc hién tryc tiép.
- Thuc hién mach so sénh nhiéu bit trén co s& mach so sénh 1 bit.
Chuing talan luot xét tirng phuong phép.
1. Phwong phép tructiép
Taco bang trang thai hoat dong caiamach
INPUT OUTPUT
a vabs a vab, a vab, avab <B A=B >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 1 0

Phuong trinh logic caa mach:
Y:=(A<B)
=(a<bs)+(a=bs)(@<by)+(a=bs)(@="Db)(a<hy)

+ (8 = b3z )(a = b2 )(aw = b1)(a0 < bo)

Y2=(A=B)
=(@=bs)(@=bz) (a=b1)(@=ho)
Ys=(A >B)
=(a>bs) + (a=bs)(a>b2) + (a = bs)(az = b2 )(as > by)

So dd mach thuc hién trén hinh 4.33.

+ (8 =3 )(a = b2 )(as = b1) (20 > bo ).
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a3h3 a2<h2 ah2 al-hl a&al<kb0 al>ho
a3<P3 a3h3 a2 aldbl al>bl a0

1
2

5
3
4
L

3
2
L

3
2

Hinh 4.33. Thuc hién mach so sanh nhiéu bit theo cach truc tiép
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2. Phwong phép xay dung trén co so- mach so sanh 1 bit

a L (a<b)=y;
2® 3 (a=b)=w

b L (a>b)=
& ¢ G ( )=VYs

ab a=b a<b

Hinh 4.34. Mach so sanh 1 bit cdi tién
Dé mach so sanh hai sb nhi phan 1 bit c6 thé thuc hién cdng viéc xay dung mach so sanh hai sb
nhi phan nhiéu bit ta cai tién lai mach so sanh 1 bit nhu sau: ngodi c&c ngd vao va ngd ra gibng nhur
mach so sanh 1 bit ta d& khao sét ¢ trén, con cd céc ngd vao diéu khién a< b, a b, a= b, véi so d6
mach nhu sau :
Bang trang thai mé ta hoat dong ciia mach so sanh nhi phan 1 bit day da nhu sau:

Ngd vao dieu khién Ngb6 veo DATA Ngo ra
b | ab a>b a b (a<b) | (a=b) | (a>Db)

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:
y1 = (a<b) = ¢; + cx(ab).
y> = (a=b) = c,(aA b).
y3 = (a>b) = c3 + cx(ab).
Dya vao vi mach so sanh day da ndy, nguoi ta thuc hién mach so séanh hai s nhi phan 4 bit bang
céch s dung cac vi mach so sénh 1 bit déy du nay gira ag Vi bs, a Véi by, & voi by, ay vai by Vi
céch ndi theo so dd nhu trén hinh 4.35.

Luu y déi véi mach trén hinh 4.35: mach ¢6 3 ngd vao diéu khién (A>B), (A=B), (A<B) nén dé
mach lam viéc duwpc thi bdt bugc cho ngd vao diéu khién (A=B) = 1 (tizc 1a xem nhur as, a4 tré vé
triéc bang nhau, néu a4 > a, thi ngd ra A>B).
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bs

b,

b,

bo

(A<B)
(A=B)
(A>B)

Hinh 4.35. Mgach so sanh nhiéu bit

45.MACH SO HQC

4.5.1. Pai cwong

Mach s hoc 1& mach c6 chic niang thyc hién céc phép todn sd hoc +, -, X, / c&c sd nhi phan. Pay
la co so @é xay dung don vi luan ly va sb hoc (ALU) trong np (micro Processor) hoic CPU (Centre

Processing Unit).

4.5.2. B$ cong (Adder)

1. B§ ban téng (HA-Half Adder)

B6 ban téng thuc hién cong 2 sd nhi phan mot bit.

Quy tic cong nhur sau:
0+ 0= 0
0O+ 1= 1
1+ 0= 1
1+ 1= 0

@ ()

nhé
nhé
nhé
nhé

= O O O

(©)

HA
C

Hinh 4.36. Mach céna 1 bit
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Trong d6 a, b 1asb cong, slaténg, clasd nhé.
Bang trang thai m6 ta hoat d¢ong cia mach va phuong trinh logic:

stab+ab=alAb
c=ab
Mach cong ndy chi cho phép cong hai sb nhi phan 1 bit ma
khéng thuc hién cong hai sé nhi phan nhiéu bit.

a
=P

= = O O|Y
m O L O|T
O, = O Ww
R O O O|O

Hinh 4.37. So d6 mach céng béan phan

2.Bj tong (Bo cong toan phan - FA: Full Adder)
Vé phuong dién mach cé so 6 khéi nhu sau:

Trong dé:

2 (. I S" an bn Cn-l S’l Cn
b FA 0 0 0 0 0
" C, 0 1 0 1 0
Ca 1 0 0 1 0

n-
1 1 0 0 1

\ 0 1 1

Hinh 4.38. Bé céna toan phan 0 0
+ Cp.1: SO nhd caalan cong trude do. 0 1 1 0 1
+C, : Sbnhd cialan cong hién tai. 1 0 1 0 1
+S, : Tong hién tai. 1 1 1 1 1

Tir bang trang thd mé ta hoat dong ciia mach ta viét duoc phuong trinh logic:
Si=f1 (3n, bn, Ca )
Ch=f (3{11 bn, Cna )

Lap bang Karnaugh vatbi thiéu hoa, ta co:

S anbn G anbn
o~ 00 01 11 10 c~_ 00 01 11 10

- )
Olol1|l0]|1 Ololo|1]|o0
11110l 1|0 loj1)1]1

Sn = a_nb_nCn_l +a_nbna + Cn = a_nCn—l + ann—l + anbn

anb_nm + anann—l Cn = anbn + Cn—l(an + bn)
S,=a,Ab AC,,
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C0 thé thuc hién truc tiép (so dd 4.39) hoic sir dung HA dé thyuc hién FA (so d6 4.40):
& by .,

bn d 2 )) >3 1 5 2
Cn
i ;Z: S,
3
2

Hinh 4.40. Thuc hién mach céng toan phan tir bé ban téng

4.5.3. By trwr (Subtractor)

1. B ban trir (B trir ban phan - HS: Half subtractor)

B ban trir thuc hién trir 2 s6 nhi phén 1 bit.
Quy tac trir nhur sau:

O- 0= 0 muon O
0- 1= 1 muon 1 ] D
1- 0= 1 muon O b_ | HS B
1- 1= 0 muon O
@ (b (D) - (B ~ Hinh 4.41 Mach trir ban phan
Trong dé alaso bi trir, blaso trir, D [ahiéu, B 1a so muon.
Bang trang thai mo ta hoat dong :
a =

D
/2
1| B
3
2
— )

Phuong trinh logic : Hinh 4.42. So d6 logic

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

P P O OoOlw
R O R O|T
O r r 0|0
O O Pr Oow
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Mach trir ndy chi cho phép trir hai sb nhi phan 1 bit ma khong thyc hién viéc trir hai s nhi phan
nhiéu bit.

2. B§ trir toan phan (FS - Full Subtractor)

Mach ¢ so d6 khdi va bang trang théi md ta hoat dong nhu sau:
Trongdd: Bn-1: Sb6 muon caalantri truge do.

Bn : S6muon caalan trir hién tai.

Dn : Hiéusb hién tai.
an bn Bn-l Dn Bn a Dn
0 0 0 0 0
o 1 o0 |1 1 by FS
1 0 0|1 O Bn
1 1 0 0 0 Bn1
T L =
0 1 1 0 1 Hinh 4.43. Mach trir toan phan
1 0 1 0 0
1 1 1 1 1

Lap bang Karnaugh vatdi thiéu hoa, ta co:

Dn anbn
B 00 01 11 10 Bn _ab,
"-10 B 00 01 11 10
0| 1|01 1

1l1jol1]o0

D, =abB  +ab B, +

n*~n=n-1 n~n =n-1 — —
"R B, =4a,B,,+b,B,, +a,b

a, bn Bn—l + anbn Bn—l n n =n-1 n=n-1 n™n
Dn =anAbnA Bn-l B” =anbn +Bn—l(an +bn)

C6 2 céch thyuc hién bo trir toan phan theo biéu thirc logic da tim dwgc: hoic thyc hién truc tiép
(hinh 4.44) hozc sir dung HS dé thyc hién FS (hinh 4.45).
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On bn Bn—l

Y .

. \ 3
o
by 1\ 1 D
j : n
2 ) . {>° z 3 2 .
& l_
Bn-1

Hinh 4.45. Thyc hién FStrén co s HS

Tir b cong toan phan, ta xdy dung mach cong hai 5 nhi phan nhidu bit bing 2 phuong phép:
N&i tiép va Song Song.
Phwong phép néi tiép:

Thanh ghi A Thanh ghi S
B| & A S | |9 S
Ck
[ T T | FA Ll 1 ]
Thanh ghi B
b3 b p ¢ 1 bo C.l Cs
T T m— Pr
L L [ | l l
DFF
Tclr

|
Hinh 4.46. Mach céng 2 s6 nhi phan nhiéu bit theo theo kiéu nai tiép
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Thanh ghi A chirasd A : &, &, a, &

Thanh ghi B chras B : bs, by, b, bo

Thanhghi S chtasd S: s, 2, S1, S0

Nhuoc diém cua phuong phép ndy 1a thoi gian thyc hién [au.

Phwong phép song song:

Dé khic phyc nhurge diém d6, nguoi ta diing phuong phdp cong song song (hinh 4.47).

Do tin hiéu diéu khién Ck (diéu khién cong) dong thoi nén thoi gian thuc hién phép cong nhanh
hon phuong phép néi tiép, song do sb nhé van phai chuyén ndi tiép nén anh hudng téc do xir 1y.

b: & b, & by & by @

L] 1] || ||

FAs FA. FA1 FAo

A et s Ay A s

Hinh 4.47. Mach céng song sond, sé6 nhé chuyén néi tiép

Mach céng nhé nhanh - Mach céng véi s6 nhé nhin thay trwéc:
Nguoi ta cai tién mach trén thanh mach cong song song voi sb nhé nhin thiy trudc con goi 1a
mach cong nhé nhanh (Fast Carry, Carry Look Ahead). Bang cach dya vao sy phan tich mach cong
toan phan nhu sau:
Taco:
Sn:(anA bn)A Cha
Ch=an. b+ (anA bn)Cn-l
Taaalt:
Pn= an A bn
Gn = an. bn
Suy ra:
S = PnA Cha
Cn = Gn + Pn -Cn-l
Khi n=0 (LSB):
So=PoA C,4
Co=Gy+Py.C1
Khi n=1:
S = PlA Co= PlA (G0+ Po .C.l)
Ci=G1+P1.Co=G1+ P, .(Go + Py .C.l)
Khi n=2:
S =P,A Ci=P,A[G1+P1.(Go+ Py.C1)]
C=G+P,.Ci=G,+ P, [Gl + Pl.(Go +Py.Ca )]
Khi n=3:
Sg = PgA Cg =Ps A {G2 + P, [Gl + Pl.(Go + Py .C_l )]}
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C3=G3+P;.C,=G3+P; { G, + Pz.[Gl + Pl.(Go + Po .C.l) ] }

Pay chinh laco so tinh todn dé tao rasd nhg C1, C2, C3 va S3 tly thudc vao an, bn. So dd khdi
mach cjng song song 4 bit nhg nhanh dugc cho trén hinh 4.48

Bs BoB1 Bo Az Ay A1 Ag

YYvYY vy

Tao cac Py va G;

G3 |Gy |G1|Go
Ps [P |P1 | Po
vV V V' Vv C1
Tao cactin hiéu nhg C;
Co|C1|Co
P
Tao két qud tong S <

S

Hinh 4.48. So d6 mach céng song song 4 bit nhé nhanh

Trén thuc té nguoi tada ché tao ra c&c vi mach cong nhd nhanh, vi du: 1C 7483.

— [ —



