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C01009 Digital Systems — Chwong 3 : CAc mach luin 1y t6 hop

NoOi dung

* Biéu dién chuin tac SoP, PoS
* Pon g1dn biéu thirc dang SoP
= Thiét ké mach to6 hop.

= Mach tao va kiém tra Parity
= Mach Enable/Disable

= Cac dac tinh co ban caa IC so
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Mach t6 hop

= Mirc logic ngo xuat phu thudc viéc t6 hop cac mire logic
cua ngo nhap hién tai.

= Mach t0 hop khong ¢6 b6 nhé nén gia tri ngdé xuat phu
thuoc vao gia tri ngdé nhap hién tai.
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Céac dang chuan (Standard form)

= Téng cla cac tich (Sum of Products - SoP)
- Moi biéu thitc dang SoP bao gdbm céc biéu thitc AND duoc
OR la1 v61 nhau.
- Vidu: ABC + 4’BC’
AB+A4A'BC’+C’'D’+D

= Tich cta cac tong (Product of Sums - PoS)
- Mo1 biéu thirc dang PoS bao gébm céc biéu thirc OR dwoc
AND lai vé1 nhau.
- Vidu (4+B'+C)fd+C)
(A + B’)(C’+ D)F
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Pon gian mach t6 hop

= Bién d01 cac biéu thirc logic thanh dang don gidn hon dé khi
xay dwng mach ta can it cong logic va cac két né1 hon.

A A+ BC

B —e \ BC x = AB(A + BC)
c J

Pon gian mach

Karnaugh Map
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Phwong phép dai s6

= St dung cac dinh ly trong dai s6 Boole dé don gidn cac
biéu thirc ciia mach logic.
1. Chuyén sang dang SoP (DeMorgan va phan phdi).
2. Rt gon bang cach tim cac nhan t6 chung.

C J—

A —o—>©—|_ n AB(AC)
>O_|—DOJI: | z = ABC + AB(AC)
B
A
4

pd

C—e

[\ asc
B

(a)
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Phwong phép dai s6

= z=ABC + AB(AC)
= ABC + AB(A+C)
= ABC + AB’A + ABC
= ABC + AB’+ ABC
= ACB+B) + AB’
=AC +APB
= A(B+C)

C z=A(B+C)
A —
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Vi du

= Pon g1dn cac biéu thirc sau

7Z1= ABC + ABC + ABC

Z2 = AC(ABD)+ ABCD + ABC

Z3=(A+B)(A+B+D)D



z = AC(ABD) + ABCD + ABC.
z=ACA + B+ D) + ABCD + ABC
= ACA + ACB + ACD + ABCD + ABC

= C(AB + AD + AB) + ABCD

ABC + ACD + ABCD + ABC

= C(B[A + A] + AD) + AB

2l
]

= BC(A + A) + AD(C + BC)
= C(B + AD) + ABCD

I
o3|

C+ADB + 0 L
= BC + ACD + ABCD

— = BC + AD(C + BC)
QBD + _@ = BC + AD(B + C)
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Thiét ké mach té hop
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Thiét ké mach té hop

1. Lap bang su that (truth table)

2. Viét biéu thirc AND cho cac ngé xuat mirc 1
3. Viét biéu thirc SoP

4. Don gi1dn biéu thirc SoP

5. Hién thue mach tir biéu thirc don gidn

1
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Vidu 1
= Thié€t ké mach logic vé1 3 ngo nhip A, B, C thod man

diéu kién sau: ngo xuit = 1 khi va chi khi s6 ng6é nhip
& mirc 1 nhiéu hon s6 ngé nhip & mirc O

12
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Vidu 1

A B C X

= Bang sw that 0 o 010
0 0 1 0
0 1 0 0
0 1 1 1 — ABC
1 0 0 0
1 0 1 1 — ABC
1 1 0 1 — ABC
1 1 1 1 — ABC

= Biéu thirc ngd xuit (SOP):
ABC + ABC + ABC + ABC
= Ruat gon:
BC + AC + AB

13
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Vidu 2

= Thiét ké mach logic sau: Output = 1 khi dién thé (dwoc
biéu dién béi 4 bit nhi phan ABCD) 16m hon 6V.

MSB
Analog- A = A 2
to- B » B Logic .
I . digital C »|C circuit
Vg — converter D D

B LSB
(a)

14
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Bia Karnaugh (K-map)

= Bia Karnaugh biéu dién quan hé giita ngdé nhip va ngo
xuat cila mach.

= Theo chiéu doc hoac chiéu ngang, cac 6 canh nhau chi
khac nhau mot bién.

C C .
COD Cb cD CD
B B AB | 1 : AB| o 1 o | o
Al 1 0 AB | 1 0 AB| 0 | 1 0o | o
A 0 1 AB 1 0 AB| 0 1 1 0
AB| o | o ABl o | 0|0 |0

15
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Bia Karnaugh (K-map)

= Bang sw that
= Biéu thire logic
= Bia Karnaugh

B =
A B||X B
0 0||1—=AB Al 1 0
0 11]]|0 {x:ﬂﬁq-ha}
1 01]]0 Al o ’
1 1]]|1=AB

16
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Bia Karnaugh (K-map)

8]
)

0 X = ABC + ABC
+ ABC + ABC

_L_L_L_LDDDD}
_n_n:]:]_n_n:]:]m
- 0O = O = 2 = 2|()

2=

(8]

]

=

(8]

—

-
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Bia Karnaugh (K-map)

A BCODI||X

00 0o0]]o

0 0 0 1]||1—=ABCD ——= = =
o0 10/|o CD CD CD CD
001 1]]0 L

o1 o0o0|(0 - AB | O | 1 01 0
0 1 0 1||1=ABCD | X=ABCD +ABCD _

01 101]]|0 {+ABED+ABCD} AB | O 1 0 0
01 1 1]]0

T 00 0}]0 AB | O 1 1 0
100 1]]|0

1 01 01/]/0

O | s AB| O | O | OO
1 1 0 0]]0

1 1 0 1||1—-ABCD

11 1 010

1 1 1 1||1—>ABCD

18



C01009 Digital Systems — Chuwong 3 : Cac mach luin 1y t6 hop

Bia Karnaugh (K-map)

ABCDI|X

0o0o0o0[l0

000 1||1—ABCD ——= - =
00 1o0llo AB AB AB AB
001 1]||0 __

01000 CDIO|]O0O|0O0]O
0 1 0 1||1=ABCD | X =ABCD + ABCD _

01 10][]|0 + ABCD + ABCD cbl1 110
01 11]||0

10 0O0(|O cbjol0|1]|0
1 00 1[0 B

101 00 cbjo|l0o|0]O0
101 1[0

1T 1 0 0[]0

1 1 0 1||1—=ABCD

11 1 0/]o0

1 1 1 1||1—>ABCD

19
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Bia Karnaugh (K-map)

e
0

AB AB AB AB

1 — ABCD

1
1
0

1
0
0

o

D
CD | 0
D

}

ABCD + ABCD

+ ABCD + ABCD

1 = ABCD

0
0
0
0

0
0

1 —= ABCD

1 —= ABCD

A B CD
0O 0 0O

1

0O 0 0

0 0O
0 1
1 0
1 1
0 0 0

y
0

0 O
1

1
)

1

1

1
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Bia Karnaugh (K-map)

ABCDJ[X

0000[]0 L 3
000 1|[1-ABCD

001 ollo CD CD CD CD
001 1]]0 __

01000 AB | O,] 1,1 O, O,
01 0 1||1—=ABCD ¥ = ABCD + ABCD _

011 0ffo -asco+AcD [ AB | O, 15 O,] O
0 1 1 1]]o0

1 000]]0 AB | O.| 1. 1..| O
| 12| '13] 15| “14
101 0f|o0 E

1 0 1 1 0 AB 08 09 011 010
1 100[]0

1 10 1||1-ABCD

111 0[|o0

111 1|1

> ABCD X=5(1,5,13,15)

22
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Quy tac rat gon bia Karnaugh

» Khoanh vong (looping) 1a qué trinh két hop cac 6 ké
nhau lai vé1 nhau. Thong thwong ta khoanh cac 6 chira
gia tri 1.

= Ngo xuit c6 thé duoc don gidn héa bang cach khoanh
vong.

23
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Qui tac tinh gia tri cia 1 vong

= Khi mo6t bién xuit hién cd dang dao va khong dao trong
mot vong, bién dé sé dwoc don gian khoi biéu thire.

= Cac bién chung cho moi 6 trong mo6t vong phai xuat
hién trong biéu thic cudi cung.

24
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Khoanh vong 2 6 ké nhau

C C C C C C
A oo aB oo a8 \1/] o
AB (1) O AB [(1 | 1) AB | 0| O
AB \1/ O AB| 0 | O AB| 0 | O
AB| 0| O AB| 0| O AB |1 O

X=ABC+ABC=BC X=ABC+ABC=AB X=ABC+ABC=BC

25
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Khoanh vong 2 6 ké nhau

AB
AB
AB
AB

X = BCD + ABD

AB

AB

AB

o
0
0

—

1

AB

O | o o o

0

X = ABC + ABD
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Khoanh vong 4 6 ké nhau

C

1\

—

|

e ——

E
W/

olo|lo|lo| O

X=C

AB

CD CD CD CC
0/ 0|00
SEEAERE
0/ 0|00
0/ 0|0]|O
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CD CD CD CD

010100
i o o [
o o [
O 0|00

CD CD CD CD
0/o0|0 0
0 /1 | 1\ O
o \1 |1/ 0
0o/o0|0 0
BD
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Khoanh vong 4 6 ké nhau

CD CD CD CD
/

AB™

AB

AB

AB

(D] o o [G}
Ol 0| 0] 0
O]l 0] 0] 0

(oo |G
/ N
X = BD
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Khoanh vong 8 6 ké nhau

CD CD CD CD CD CD CD CD

N ) = -
ABYNA 1 [ 1] 1 AB | 1\| 0 | 0 |/
ABlOo|o0|o]|oO ABl11olol-
ABlolo|lo]o AB 1[0 0|
ABLT 1|1 [ AB | 1/ 0| o\
/] N\
— —
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Khoanh vong 8 6 ké nhau

CD CD CD CD CD CD CD CD

AB (1 [1]1]1) AB| 0 |[1] 1) 0

AB U [111]1) AB | 0 [[1]1] o

AB|O|O0O|O0]|O AB| O [[1]1]] 0

AB|O|O0O|O0]O AB|O|U[1)]O0
X=A X=D

31
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Qua trinh don gian hoa

1.

Xay dung bang K-map va dat 1 hoac O trong cac 6 twong ing vol
bang su that.

. Khoanh vong cac 0 gia tri 1 don 1é, khong tiép giap vdi cac 0 gia

tri 1 khéc (vong don).

Khoanh vong cac cap gia tri 1 khong tiép giap vo1 cac 6 gia tri 1
nao khéc nira (vong kép).

Khoanh vong cac 6 8 giad tri 1 (néu ¢6) ngay ca néu né chira 1
hodc nhiéu 6 da dwoc khoanh vong.

Khoanh vong cic 6 4 gia tri 1 (néu cb) chira mdt hodc nhiéu 6
chwa dwoc khoanh vong. Phai ddm bao so vong la it nhat.
Khoanh vong cac cap gia tri 1 twong &ng vo1 cac 6 gia tri 1 chwa
dwoc khoanh vong. Phai ddm bao so vong la it nhat.

Tao cong OR céc sd hang dwoc tao bél moi vong

32
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Vi du

Eéooo@
1 2 3 4

13 14 15 16

X= ABCD + ACD + BD

loop 4 loop loop 6,
11,15 7,10, 11

33
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Vi du

COD CD CD CD

AB| o |0 |(1)] o
1 2 3 4
AB (1 1] |\ 1)
5 6 7 8

X= AB + BC + ACD

loop 5, loop 5, loop
6,7,8 6,9, 10 3,7

34
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Vi du

X=

CD CD CD CD

AB| o (1) ] o 0
1 2 3 4

Al o |1 |G | v
5 (51 Fi 8

AB | (1 1) (? 0
L 10 11 12

AB| 0 | O b/ 0
13 14 15 16

ABC + ACD + ABC + ACD

9, 10

2,6

7,8

11,15

35
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Vi du

CD CD CD CD

AB| 0|0 (1|1
AB | (1 | 1]|UW_| 1
AB|U|1)0]|O
AB|O|0|0]|O

36



C01009 Digital Systems — Chwong 3 : CAc mach luin 1y t6 hop

Don’t-care

= Piéu kién “don’t-care” la diéu kién vo1 mot tip cac ngd nhip nao
do, mire luan 1y ngo xuat khong dwoce mo ta.

= (Gi4 tri “Don’t-care” nén dwoc gan bang moét hodc 0 sao cho viéc
khoanh vong K-map tao ra biéu thirc don gidn nhat.

= Vi du:

C C C C
A B C yi
0 0 O 0 AB| O 0 AB| 0 0
0O 0 1 0
c 1 0}]0 AB| o X AB| © 0
0 1 1 x}“d{}n't j‘>
1 0 0 X J care" AB 1 1 AB 1 —1\' - 7 = A
1 0 1
1 1 0 1 N _
11 1] 1 AB | x | 1 AB || 1 | f
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Vi du

> = AC(ABD) + ABCD + ABC.

= ACA + ACB + ACD + ABCD + ABC

38
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PP bang Karnaugh - Tém tat

= So sanh v&1 phwong phap dai so, phwong phap dung K-
map cO tinh hé théng hon, va luon tao ra dwoc biéu
thire to1 g1dn nhat.

= Badng Karnaugh c¢6 thé dung t61 da la vé1 ham 6 bién.
D61 véi nhitng mach cé s6 ngd nhap 16n (>=6), nguwoi ta
dung thém cac kj thuat phirc tap dé thiét ké.

39
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Exclusive-OR va Exclusive-NOR

= EXclusive-OR (XOR) A g
Y=A®B=AB+ AB’ B
« EXclusive-NOR (XNOR) ’

Y=(A®B)'=(4'B’+ AB)’

Bién Ex. OR XNOR
A B A®B (A® B)’
0 0 0 1
0 1 1 0
1 0 1 0
1 1 0 1

40
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Vi du

= Thiét ké mach to hop vé1 4 input x4, X, V1, Vo
z =1 kh1 x;x;,=y,y,

0000, 0101, 1010, 1111

[ Xy @= \
Binary ) )
<
number 7

LXO.

i i
Binary ) Y1 £
number
7

Yo @

-

41
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Mach tao bit Parity
D.D,D,D,=1010 > P; =0
D.D,D,D,=1110 > P, =1

Even-parity generator

Driginal{ D2 >—-¢ 7
data D, R \ Parity (P)
/) —>
_ Do)
d / —» | Transmitted
— > data with
—— parity bit
[

42
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Mach kiém tra bit Parity

From
transmitter

Even-parity checker

Z:CLDD

0 >

o
Error (E)
{1 = error
0 = no error}

43
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Mach enable

EMABLE

nenDE e
e Uy

A4
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Mach disable

DISABLE

45



Mach Enable/Disable OR/NOR

TLIT

T

ﬂ_ﬂ'A x=A A x=0
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Vi du

= Thiét ké mach to hop cho phép 1 tin hiéu truyén dén
ngod xuat khi mot trong 2 tin hiéu diéu khién & mirc 1
(khéng dong thoi). Cac trwong hop khac ngd xuit &
murc 1 (HIGH).

JLIL

A @& X
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Vi du
= Thiét ké mach half-adder

= a, b la cac input véi gia tri 0, 1.
= S la két qua phép toan: a+b
> Co la phan nhé phép toan: a +b

48
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Vi du
= Thiét ké mach full-adder

> a, b, C11a cac input vo1 gia tri 0,1.
> S la két qua phép toan: a+b+Ci
> Co la phan nhé phép toan: a +b + Ci1

49
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Bai tap vé nha va doc thém

= Tat cd bail tip trong sach Digital System cta Ronal
Toccl
= Chuwong 4 - Combinational Logic Circuits

50
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Bai tap co’ ban
= Pon gian bia Karnaugh

L _ ch CD CD D
CD CD CD CD

Bl 1] 1]1]1 ABl 14011
a AB 1 1 0 0 b AB 1 0 0 1
AB| 0| 0| 0| 1 ) Alf 0101010
il 0ol 11 1 AB|l 10| 1|1
; CD CD CD CD
il 1] 1 ABl o | 1| X1|o
_ AB| 1|10 X

AB | 0 | g d.
C AB| X | o ]| 1]1

. AB| 1] 0 B
B ABl o | X |10
AB | 1 X

51
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Bai tap co’ ban

= St dung bia Karnaugh dé rat gon cdc ham sau (lam tat
cd cic truomg hop cé thé)

e S e S

F(A,B,C) =3.(1,2,3,4,6,7)

F(A,B,C,D) =Y(1,3,4,5,6,7,12,13)

F(A,B,C,D) =3.(2,5,7,8,10,12,13,15)

F(A,B,C,D) =Y(0,6,8,9,10,11,13,14, 15)

F(A,B,C,D) =3(0,4,5,6,7,8,9,10,11,13, 14, 15)
F(D,C,B,A) =Y(0,2,3,5,7,8,10,11,12,13,14,15)
F(D,C,B,A) =%(0,1,4,5,7,8,10,13,14,15)

F(D,C,B,A) =Y.(1,2,5,10,12) + Y d(0,3,4,8,13,14,15)
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Bai tap co ban

= St dung bia Karnaugh dé rat gon cdc ham sau (lam tat
cd cic truomg hop cé thé)

F(A,B,C,D) =Ym(0,1,2,5,7,8,10,14,15) + d(3,13)

F(A,B,C,D) =11 M(1,3,4,5,11,12,14,15) . D(0,6,7,8)

F(A,B,C,D) =Ym(1,3,6,8,11,14) + d(2,4,5,13,15)

F(A,B,C,D) =]]1(1,5,6,7,9,11,15).D(0,2, 3,8, 14)

F(D,C,B,A) =[] M(0,3,6,9,11,13,14).D(5,7,10,12)

F(D,C,B,A) =Y(0,1,4,6,10,14) + d(5,7,8,9,11,12,15)

F(E,D,C,B,A) =Y m(1,3,10,14,21,26,28,30) + d(5,12,17,29)
F(A,B,C,D) =[1M(0,2,3,4,7,8)

X N oot W
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Bal tap co ban
= R4t gon cac ham sau
1. X =ABC + ABC + ABC + ABC + ABC
2. Y = AB(CD) + ABD + BCD
3 Z=(C+D)+ ACD + ABC + ABCD + ACD

54
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Bai tap co’ ban

= Cho bang sw that

C B A | F1 F2 C B A |[F1 F2
0 0 0 0 1 0 0 0 1 1
0 0 1 0 0 0 0 1 0 X
0 1 0 1 0 0 1 0 X 0
0 1 1 0 1 0 1 1 0 1
1 0 0 0 1 1 0 0 0 1
1 0 1 1 1 1 0 1 1 X
1 1 0 0 1 1 1 0 X X
1 1 1 1 0 1 1 1 1 0

Ung vé1 moi bang sw that,
1. Rat gon F1 va F2 theo dang tong cac tich (SOP).
2. Rt gon F1 va F1 theo dang tich cac tong (POS).
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Bai tap co’ ban

1. Viét dang chuin tac SOP va POS cua F1, F2.

Y

o

K 4

F1

>

0

e

F

2. Thiét ké mach t6 hop c6 3 ng6é nhip va 1 ngd xuat sao
cho ngé xuit & mirc “1” khi va chi khi gia tri thap
phan cua ngd nhip nhé hon 3.
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Bai tap co ban

1. Thiét ké mach to hop c¢6 4 ngé nhip A, B, C, D va 1
ngo xuat sao cho ngd xuat & mic “1” khi va chi khi
A=B=1 hodc C=D=1.

2. Thiét ké mach t6 hop thod man doéng thoil cac diéu
kién sau:

2) Néu tin hiéu ngd nhiap B va C khéic nhau, ngd xuiat X
bang A

bh) Céc trwong hop con lai ngd xuit X & mic “1”

57



C01009 Digital Systems — Chwong 3 : CAc mach luin 1y t6 hop

Bai tap co’ ban

1. Nguwo1 ta thiét ké mot phong gom 2 cra A va B. Tai
moi ctra déu c6 modt cong tic 2 trang thai (ON/OFF).
Thiét k& mach t6 hop dé diéu khién 1 béng dén nam
gitta phong bang 2 cong tac A, B sao cho nguoil ta ¢
thé bat tat dén & bat ky cra nao ciia phong. Biét rang
béng den trong phong tich cuwec mirc “0”.

2. Thiét k& mach t6 hop cho bai todn 3 cong tac 2 trang
thai (ON/OFF) A, B, C diéu khién cung 1 béng dén.
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Bai tap co’ ban
= Thiét ké mach t6 hop thod man dong tho1 cac diéu kién
sau-
> Ngo xuit X bang A néu c¢6 mot s6 1é tin hiéu trong céc tin
hiéu B, C, D & mirc “1”.
> Cac trwong hop con lai ngé xuat & mirc “0”.
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Bai tap m& rong

= M6t doan dit liéu gobm 1 s6 BCD va 1 bit parity (chin)
dwoc truyén tir A=»B. Cac bit lan lwot 1a As,A2,A1,Ao, va
P. Hay thiét k€ mach kiém tra bén B dé xac dinh cdc 101
sau.
> Dt liéu khong phai s6 BCD.
= Cé 101 trén duwong truyén dwa vao Parity bit.

Biét rang ngd ra mach kiém tra 101 tich cuc mic O.
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Bai tap m& rong

E3
= Viét biéu thirc da1 so0 cac ham F1, F2 va F3

= Viét biéu thirc t01 gidn dang chinh tac SOP va POS cho
ham F1, F2 va F3
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Bai tap m& rong
= Thiét ké mach t6 hop thuwe hién phép tinh bu 2 cia mot

s6 nhi phan 3 bit: ABC (A 1a MSB) va cho két qua la s6
nhi phan 3 bit: XYZ (X la MSB).

= Mot mach to hop ¢6 3 ngé vao A, B, va C; va 2 ngdo ra X
va Y. Ngo ra X bang 0 néu 2 bit ké nhau trong ABC
khong gi6bng nhau. Y bang 1 néu téng sd bit 1 trong
ABC 1a 2 va bang “don’t care” néu tdng s6 bit 0 trong
ABC la 2. Hay tim X theo dang POS va Y theo dang
SOP. Vé so do logic mach thiét ké.
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