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C/hu}b’ng 8. Mach to |
S (2)
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. Pai s6 Boole — Cac cong logic
1. Cor s6_Co so thap phan
475 = 4\.102+7.101+5.100.

|

MSB LSB MSB LSB

Tong quat: mot sé N dwoc biéu dién:
N=a"1t b1+ ... + a2.b,+at.bt+al.be.
co sb thap phan ai=0-> 9 : b =10
co sO nhiphan a=0>1:bi=2
(1101), = 1.23+1.2°+0.1%+ 1.29 = 8+4+0+1= (13 ),
co sO bat phan: a =0>7; b =8
(123)5 = 1.8°+2,81+3.8° = 64+16+3 = (83) ;.


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

« Co s0 thap luc phan( Hexadecimal):
aa=0>9A,B,C,D,E F;b=16

(3F), = 3.16%+ F.160 = 48 + 15 = (63),,

1FF),s=1.16°+F.161+F.16°=256+240+15= =(511),,
Bang chuyén ddi gitra cac co so
Thap phan Nhi phan Bat phan Thap luc ph.
(Decimal) ( Binary) ( Octal) (Hexadecimal
0 0000 0 0
1 0001 1 1
2 0010 2 2
3 0011 3 3
4 cupongThencongcom 0100 4 I 4
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S 0101 S S}
6 0110 6 6
7 0111 7 7
38 1000 10 8
9 1001 11 9
10 1010 12 A
11 1011 13 B
12 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F
16 10000 20 10
64 100000 100 40
255 fowereed:d 111111 377 oo FF
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2. Pinh luat cua dai s Boole

« Khi két hop nhiéu ménh dé logic lai v&'i nhau
tao thanh ménh dé phtrc tap > thiét ké nhiéu
cong logic.

» Do do phai rat gon cac ham logic = st dung it
cong logic hon.

» Cach rut gon bang nhiéu cach : trwe tiép bang
dai sO Boole, Bang karnaugh...

» Theo dai s6 Boole 1 ham Ioglc co thé biéu
dién bang 1 trong 2 dang chinh tac

|a Tong cac tich POS va Tich céac tong SOP->
rat gon nhé loai dwoc cac bién bu ké nhau (
A+A)) va ( AA\)
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lam AND Ham OR
la. 0.0=0 1b. 0+0=0
24. 0.1=0 2D. O+1 =1
3a. 1.0=0 3b. 1+0=1
da. 1.1=1 4b. 1+1=1
ba. A.0=0 5b. A+0=A
6a. 0A=0 6b. O+A=A
fa. Al=A 7b.  A+1=1
8a. 1.A=A 8h. 1+A=1
9a. AA=A Oh. A+A=A
10a. A.A\=0 10b. A+A\=1
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» Ham NOT 11 o5=1
1

11. O\ =1 B

12. 1\ =0 ree 10

13. A\ = A 13. A= A
Pinh luat giao hoan:

14a. AB = BA 14b. A+B=B+A

Dinh luat két hop
15a. A(BC)=(AB)C  15b. A+(B+C)=(A+B)+C
Pinh luat hap thu
16a. A(A+B)=A 16b. (A+AB)= A
Pinh luat phan bd
17a. A(B+C)=AB+ AC 17b. A+BC=(A+B)(A+C).
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Dinh luat dan (Dinh luat Nashelsky)

18a. A(A\+B)=A.B 18b. A+/AB=A+B
19a. (A+B\)B=A.B 19b. (A+B\)B=A.B
Pinh luat DE MORGAN

20a. o -t 20b. A+B-aAB

Céc biéu thrc trén co thé chirng minh bang cach vé
cac so do mach logic hodc bang céach lap 2 bang
chan ly néu ching nhw nhau la dinh luat dwoc
chtrng minh la dung.
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Fundamentals of Boolean Algebra (1)

Basic Postulates

Postulate 1 (Definition): A Boolean algebra is a closed algebraic
system containing a set K of two or more elements and the two
operators e and +.

Postulate 2 (Existence of 1 and 0 element):

(a) a + 0 = a (identity for +), (b) a e 1 = a (identity for e)
Postulate 3 (Commutativity):
(@a+tb=Db+a, (b)aeb=Dbea
Postulate 4 (Associativity):
(@a+(b+c)=(@+hb)+c (b) ae (bec) = (aeh) ec
Postulate 5 (Distributivity):
(a) a + (bec) = (a + b) e(a + C) (b) ae (b + c) = aeb + aec
Postulate 6 (Existence of complement):

(@ ata=1 (b) a*a=o

Normally e is omitted.

ongThanCong.com https://fb.com/tailieudientucntt
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Fundamentals of Boolean Algebra (2)

Fundamental Theorems of Boolean Algebra

Theorem 1 (Idempotency):

(@)a+ta=a (b) aa=a
Theorem 2 (Null element):
(@a+1l=1 (b)a0 =0

Theorem 3 (Involution)

A

Properties of 0 and 1 elements (Table 2.1):

a

OR AND Complement
a+0=0 a0=0 0'=1
a+1=1 . al=a 1.=0

ailieudientucntt
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Fundamentals of Boolean

Algebra (3)
« Theorem 4 (Absorption)

(@A)a+ab=a (b) a(a+b)=a

Examples:
—(X+Y)+(X+Y)Z=X+Y
— AB'(AB' + B'C) = AB'

 Theorem 5

T4(a)]
T4(b)]

(@a+ab=a+b (b) a(a' + b) = ab
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Fundamentals of Boolean
Algebra (4)
* Theorem 6

(@)ab+ab'=a (b)(a+b)(a+b)=a

Examples:

— ABC + AB'C = AC [T6(a)]

-~ W+X'+Y'+ZY W+ X' +Y' '+ Z2)(W + X'+
Y+ZYW + X' +Y + 2)
=W+ X' +Y) (W +X'+Y+Z)YW + X +Y +
Z) [T6(b)]
=W +X +Y) W + X +Y) T6(b)]
=(W'+ X)) )
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Fundamentals of Boolean
Algebra (5)

e Theorem 7

(a) ab + ab'c =ab + ac
(b) (@ +b)(a+b' +c)=(a+b)a+c)

Examples:
— WYy' + WXy + Wwxyz + wxz' =wy + wx'y + wxy + wxz'
[T7(a)]
=wy' +wy + wxz'
[T7(a)]
=W + Wxz' T7(a)
=W T7(a)
— (XY +Z)(W + XY+ 2) = (XY + Z)(W + Xy") [T7(b).
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Fundamentals of Boolean

Algebra (6)
Theorem 8 (DeMorgan's Theorem)
(a) (a+b) =ab (b) (ab)' =a'+ b’

Generalized DeMorgan's Theorem
(@ (@+b+..2)=ab ...z (b)(ab...2))=a"+b'+..Z

Examples:
- (a+tbc)y  =(a+(bc))
= a'(bc) [T8(a)]
=a'(b'+ ¢ [T8(b)]
=a'b'+a'c [P5(b)]

— Note: (a+ bc)' za'b' + ¢
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Fundamentals of Boolean

Algebra (7)
 More Examples for DeMorgan's Theorem
—(a(b+z(x+a))  =a+(b+z(x+a))[T3(b)
—a' +Db'(z(x + aY)) T8(a)]
—a' +b' (' +(x+a')) T8(b)]
—a'+b' (' +x'(@)) T8(a)]
=a' +Db'(z'+xa) T3]
—a'+b' (z'+X) T5(a)]
-(a(b + c) + a'b)’ = (ab + ac + a'b)' [P5(b)]
= (b + ac) [T6(a)]
= b'(ac)’ [T8(a)]

=Db'(@ +c’) [T8(b)]
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Fundamentals of Boolean Algebra (8)

« Theorem 9 (Consensus)

(a). ab+a'c+ bc=ab +a'c;(b).(a+ b)(@@ +c)(b+c)=(a+ b)@+c)

Examples:
— AB+ A'CD +BCD=AB + A'CD
—(a+b)@ +c)b'+c)=(a+Db’)@ +c)

T9(a)]

T9(b)]

— ABC + AD + B'D + CD = ABC + (A' + B')D + CD[P5(b)]

= ABC + (AB)'D + CD
= ABC + (AB)'D
=ABC + (A'+ B)D

= ABC + AD + B'D

T8(b)]
T9(a)]
T8(b)]

P5(b)
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» Chirng minh dinh luat dai s6 Boole
Lap cac bang chan tri cua hai mach

: A ‘; : A
ey
A
| —}B
: AR equry B
1 ni—

A
j: A+ B ) :Dﬁ o
i-“:tllll".r B

Slejeje
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Kiém chirng dinh luat De Morgan

(X +Y) = XY
X —— NOT >O—
X —
v » O— z — AND Z
Y — NOT >0O—
(X-Y) = X +Y
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Boolean Operators

« NOT

— Result TRUE if single input value is

FALSE
_C=A
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« COng NOT

NOT

NOT gate

X

1

HOX‘

Truth table for NOT gate

8


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Boolean Operators

« AND

— Result TRUE if and only if both input

operands are true

—C=AeB

R, |O|O

ROk, | O

R O|O| O

* INCLUSIVE-OR

— Result TRUE if any input operands

are true
-C=A+B

R, |O|O

ROk | O

K=
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Universal Logic Gate
Look up table (LUT)

* Look up table (LUT)

Small memory

NOT OR AND
AX|Y AB|Y AB |Y
0 0|1 000 00 |O
011 01 |1 01 |0
1 0|0 1 01 1 0|0
11]0 11 |1 11 |1
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LOgIC Assignments and
Duality

Logic Gate and Voltage Logic Gate - Positive Logic
A B Y A B Y
ov 0ov ov 0 0 0
ov 5v 0V 0 1 0
5v 0V oV 1 0 0
5v 5v 5V 1 1 1
0 =0V
1 =5V
Logic Gate - Negative Logic Logic Gate - Negative Logic
A B Y A B Y
1 1 1 0 0 0
1 0 1 Reorder Rows 0 1 1
0 1 1 1 0 1
0 0 0 1 1 1

1 =0V 1 ov
0 = 5v 0 = 5v

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Boolean Operators

« EXCLUSIVE-OR

— Result TRUE if either Aor B Is
TRUE but not both

-C=A%¢B

— Can be derived from

INCLUSIVE-OR, AND and NOT

PRI, |O|O

R|IO|FL|O

O|F|FL,|O

A & B=A+1DB) ®( A e®pB)
A xor B equals A or B but not both A and B

A®B=A®B)+ (B®A)
A xor B = either A and not B or B and not A
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XOR gate

X AN
)) XOR Z=XDY
Y 7

© + = O (N

X Y
0 0
0 1
1 0
1 1

Truth table
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Cong EXOR: o—j)j )
E = AB *+ AB O—7/
Khi Akha&cB > F=1 5 A | F
- KhiA =B >F=0 e
0 1| 1
’ 1 0| 1
Cong EXNOR: dao cua EXOR 1 1 0
F = AB * AB B A F
KhiA=B ->F=1 ~ "
Khi Akhac B 2> F=0 01 0
1 0| O
1 1 1

N F
o——
o)
Oo—
B CuuDuongThanCong.com
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Cach biéu dién dang chinh tac SOP va POS

AND

AND

(x-v) +(W-2)

Sum of products

expression
(XY) + (W-2)

A
B

C—
D—

@(A+B)- (C+D)

Product of sums

expression
(A+B)- C+D)
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* Thidu khac

positive positive positive
;D
g —

:Z> X=AB+CD
D
N ——

ANLD layer OR layer
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* Mach co cung ham logic nhuw trén

positive posiive positive

A —_—
) X=AB+CD

B —
NAND layer ~ NAND layer

p
|
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* Mach co cung ham logic nhuw trén

positive negative positive
=
B —

j> =AB+CD
S
0 ——

NAND layer  NAND layer
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Vai thi du:

- Toi gian cac ham sau:
F=DCB"DBATDBATDCB'DCA"DCA"DCB
F = DB(C+C_)+DB(A+X)+DC(B+E)+DC(A+X)
F=DB*DBTDCTDC=DB'DC=D(B'C)

 Mach thwc hién:
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» Thi du : Thiét ké hé thong bao dong cho ngan hang (
hoac cho 6 t0,...) theo yéu cau sau:

- Trong gi& lam viéc ,ctra chinh va ctra kho m¢
mach khong bao dong .

- Sau gi®» lam viéc , chi can 1 clra m& |a mach bao
dong.

Pat: Cwa chinh A = 0 khi déng
Crakho B =1khih&
Khoa C =/ 0 trong gio lam viéc
1 sau gio lam viéc
Mach bao dong Z=|0 khi khGng hoat dong
1 khi hoat dong
Thiét 1ap bang hoat ddng ( bang chan ly):
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« Bang chan ly

Ta viét dwoc cac ham:

m T T ™

— Cc (B 1t A)

= CBA T"TCBA  TtTCBA T
—CB(A 1T AT CBA —

— CB "TCBA —C(B TBA) —

Mach thwc hién nhw trén

By

L
Do B

-

T
4

C B A F
O 0 O 0
O 0 1 0
O 1 O 0
0O 1 1 0
1 0 O 0
1 0 1 1
1 1 O 1
1 1 1 1
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 Mach twvong dwong

. AND

1 - @D

== >
NAND

1 <=2

T <=1
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Mach twong dwong(co cung ham logic)

N=A+

ccccccccccccccccc
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Mach twong dwong ctia cong NAND va
NOR dung AND, OR va NOT

&

NAND (A.B)=A+B

: mo (A+B)=A-B

1 aND JA:B b'. (A.B) (A+B)

Al B| A| B| (A.B
o| of| 1] 1 1
o| 1| 1| O 1
1] of| 0] 1 1
1] 1| of o 0

NAND gate

Al B| A| B| (A+B)

ol o] 1| 1 1

0| 1 1| 0 0

1| of| o] 1 0

1| 1| o] o 0
NOR gate


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Analysis of Combinational
Circuits (10)

* Propagation delay through a logic gate

— N
5 |-
a—
b —D_ ¢
(a) Two-input AND gate (b) Ideal (zero) delay
(7] _I (7] I
b ' I b

T

. sl - i -l =

zpD ifPD i.‘PLH
(= Lr = L, (Do 1 <Epyr,
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Analysis of Combinational
Circuits (13)

 Example 2.36: Given a circuit diagram
and the timing diagram, find the truth table
and minE)Qum switching expression.

A
Y=fA4BO
B—[>OE~ G

4 f(A,B,C)
- — 1 _
B . — | =2 m(1,4,5,6)
f“_|_ ! : ! _' LTI 4 T a4 —
1?—-'!: I—‘I i | g i! AB_C _ABC ABC T AB C
£ R ' __l—a— = AC tBC
p—_—
o—H T
BN vy ISR RN o ey
SABO A ! ' )
t0 tl o Vol t3 o ts t6 7o
Itllzzitzlz LM+ 3 |17+ 3

! ! 4+ 2 17+ 2
t1+1 t2+1 g+ 1 t7+1
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Thuwc hién cong XOR

X

| OR
Y ANE\_FXYHX/\

| ) NAN@% o
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Hoac

X O : U

v 7 = L/Bt/2B
a 0

V — XY ; U — X XY ;. W T Y XY

ZTUW U "W T X XY T TY XY T X XY TY XY =

X TY XY = X *tY X tTY =T XY *tXY

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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« Chrng minh cach khac

V = XY

U~ XXY = XTXYTXTXY

W TYXYTYTXYTYTXY

Z7UW U "W =X TXYTY XY™

=X XYTY XY™ XTY XY= X 7Ty

ccccccccccccccccc
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« Ung dung cong EXOR

IC so sanh nhi phan %

i 2

’ L)
D i
pord 4 Al AD g L%

TdL555
AS LTA<E
Ar TA=E
Al TA=E
A

E =

Ez A-<E
El A=E
Bl 4=

T4 3%] g

KnbT k-]

JD)—_DE -
T

¢ 444

B3 EBZ El El

ccccccccccccccccc
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Mach kiém tra chan |é ( parity bit generator)

Il +—j

IZ p0—vo-—

)
Y

) —

Y =1 khi tdng cac bit 1 vao la I1é
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1. Bac tinh IC logic, IC s6

IC s6 gdbm céc ho sau:

 Ho RTL ( Resistance Transistor Logic)
 Ho DTL ( Diod Transistor Logic)

 Ho TTL ( Transistor transistor Logic)

« Ho CMOS(ComplementaryMOS Logic)
 Ho ECL ( Emitter Coupled Logic)

* Ho I°L( Integrated Injection Logic)

O day ta chi xét 2 ho IC thong dung l1a TTL
va CMOS
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1.Ho IC TTL
*Mtrc logic IC TTL chuan ( standard)

OUTPUT INPUT
Vcec=hV Vcec=hV
VoHmin.=2 4V I TV
ViHmin:ZV
3 __]
VoLmax:O,4V NM ViLmax:O,8V

VoLmn 0,2V=0V ViLmin = oV
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ICTTL chuan cé cac dac tinh sau:

(1). Mtrc logic dong nguodn
ViH = 2V VoH = 2.4V
iH = - 40uA - \ loH = - 400UA
VL = 0,8V "\ VoL = 0,2V
liL=1,6 mA / liL = -400UA
ong nhan
(2) Kha nang tai ( Fan out):
Tri s6 dong ra cua IC trwdc loL  I10oH
N = = =
Tri s6 dong vao cia cac IC sau liL liH

N=16mA/1,6mA =400uA /40uA =10 > N<10
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(3).Lé nhiéu (Noise margin )

H H
Vou [ rredve) e T I e e i
Vivrr ¢
5 - - - - - - - - - - — - - - - — = — 7 — V}'H[?ni )
ZL o
= =
= =
— 'E f:_:l'“
: =
= CaNC
= =
[ =
e =
= E-\'s['.r.rm;r]
I';"P'I—’_J‘-I‘.-['rr-!.u:c]
L T.
1
0

Crror

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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(3). D6 chong nhiéu
La khodng cach dién thé cia xung nhiéu xen
vao nhwng chwa lam thay déi trang thai cda IC:
(NM), =V, . —V___ =0,8—0,4=0,4V
(NM),, = Voo = Viy o = 2,4V — 2V = 0,4V
(4). TOC d0 truyen tré t

t t ., val chuc ns 500
pHL» *pLH \t_
Vi ; =
' |
toatn = (tonL + o) / 2 | : i |
VO : \:\'"'T":"SO%
Thi du: toL! Lo

ot = (22+15) /2 =18,5ns
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(5). Dién thé cap dién

V.. =5V ( 4,75V —5V)
(6). Cong suat tiéu thu

P = VCCICC

I:)Dtb = Vcclcctb
VOI |y, = (BMA+14mA) /2 = 11mA

Py = 5V( 11mA) = 55mW
(7).Tich s6 toc dd cong suat-SPP( Speed power
product)
SPP = P_tb. Tpdtb
SPP = 55mW(10ns) = 50pW.s = 50pJ
SPP cang nhé cang tot
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Tom tat cac dinh nghia

FANQUT = min (|IGH| |IGL|) .

el | n

tpry +ipys
tF{u-ue:I — 9 -

; deen +iceL
Ctave) — 9

P D{ave) — Iﬂﬂ(ﬂwﬁ) X Vee

tP{u-u&] X P Diate)
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Pac tuyén chuyén cta IC TTL
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NAND TTL chuan — Ngd ra totem

Vyr e I\Q >
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Ngo0 ra 3 trang thai
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NAND TTL 3 trang thai

Voc =5V

I3

Hia

o
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» Cach hoat déng cua TTL — 3trang thai

Enable |Input Output
L X Z
H L H
H H L
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C6 mac thém diod Schottky

VD ¢ I
+ R
>—
_.)._ il
ID ¢ IC
+
O o V CE



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

NAND TTL Schottky cdng suat thap -LS

Voo =

S5V

4
VYV O > o 4l
L_—'—.I
Dy /X
Y20
vy o =1 o &5
125 | J\g‘
H5

I
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NAND TTL cwc thu ho -

Vee =5V

e
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NAND TTL cwc thu hd- OC ( open collector)

Voc =5V
R éi’ (2

e

4

Ry
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IC TTL cwc thu h& phai c6 tai kéo Ién m&i hoat
dong dworc

Voo =58 W

1TOE:

(L — -
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Electronic Logic Gates (3)

Vee 4B 44 4Y 2B 34 3¥ Vee 4Y 4B 44

14 iB i¥ 24 2B 2¥ GND i¥ 14 1B 2 24 2B GND
7400Y =AB 7402 =A+B
Quadmple two-input NAND gates Quadruple two-input NOR gates
Ve G &Y 24 SY 24 F¥ Vee 4B 24 Y 3B 34 3¥

14 i¥ 24 2¥ 34 J¥Y GND 14 1B 1Y 24 28 2¥  GND
7404Y =A 7408Y =AB
Hex inverters Quadruple two-input AND gates

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Electronic Logic Gates (4)

lec 2D 2C NC 2B 24 2Y

iA iB 24 28 x 2Y GND 4 18 NC IC 1D I¥Y GND
7410Y=ABC 7420Y=ABCD
Trple three-input NAND gates Dual four-input NAND gates

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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ectronic Logic Gates (5)

Fee ~NC H & NC ~NC ¥ oo 4B 44 F¥ 3B 34 3Y
14 13 12 11 10 e 2 14 13 12 11 10 = 8

[

1 2 3 4 5 (5] 7 1 2 3 4 5 (53 7
A B [y D E F GMND IA iB Iy 24 2B 2Y GMND
430 =ABCDEFGH 7432 =A+B
Banput NAND gate COuadraple two-input OR. gates
Fee 4B 44 Y 3B 34 3Y
14 13 12 11 10 9 b=

D/ Op—

1 2 3 4 5 (=] 7
iA4 IB Y 24 2B 2¥ GMND

7486Y=AAB
Ouadraple two-input exclusive-OFR. gates

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Analysis of Combinational
Circuits (11)

* Power dissipation and propagation delays

QLseyﬁtaLla%lci milies (Table 2.7)
Logic Propagation Delay aI;’ower D|SS|pat|on

Family trp(NS) Per Gate (mW) Technology
7400 10 10 Standard TTL
74HO0O 6 22 High-speed TTL
74L00 33 1 Low-power TTL
74LS00 9.5 2 Low-power Schottky TTL
74S00 3 19 Schottky TTL
7T4ALS0O0 3.5 1.3 Advanced low-power

Schottky TTL

74AS00 3 8 Advanced Schottky TTL
74HCOO 0.17 High-speed CMOS
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Analysis of Combinational
Circuits (12)

 Propagation delays of primitive 74LS
series gates (Table 2.8)

o ¥ F.i:z o
Tusaixy>  Hgasth mrﬂm’
A D] > P =
A TN > =
Ay el LD =
AED: AR = =
=3

Ee— N « S = B

Joleflels
N@mw
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 Pac tinhcac hoIC TTL

Ho IC TTL Tpd |PD/ Tan sb hoat
ns |céng dong

TTL chuan 54/74XX 10 10mW  |DC- 35MHZ

TTL c/s thap 74Lxxx 33 1mwW DC-30MHz

TTL 74LSXXX 95 |2mW DC-45MHz

TTL tdc d6 nhanh74H 6ns |[22mW |DC-50MHz

TTLSchottky 74S 3ns |[19mW DC-123MHz

e TTL cao cap 74Axxx; 74ASxxx(Schottky cao cap;
TAALSxxx(8ns); 74F xxx( nhanh); 74FASTxxX
(nhanh Schott.cao cap 2,5ns)
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b. Ho IC-CMOS
Pac tinh IC CMOS

(1) Muc logic
Viimax= Vbp I Vb = Von
Vitmin= 2/3Vpp NM
Vitmax= 1/3Vpy;
Vi min= OV I NM \/1=0,05V
IN Out

Dong ra va dong vao rat bé pA > mA
74CxxX, TAACTXXX (lgy=lo =24mA)
74FCT (15,=15mA); 74TC( Iy, = 64mA)
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2). Kha nang tai
N<50 (Ho40xxx)
(3) Lé nhiéu-NM
NM = (1/3 )Vpp.
(4). Dién thé cung cap
Vss =0V = Vyp = 3V - 18V

(5). Thoi gian truyen tré t ,( Delay time )

40xxx (t,q = 30 —100ns); 74C ( 7-8ns)

74HCFACT ( 3,5ns); 74FACT,ACL(2,5ns)

(6) Cong suat tiéu tan P, rat bé , nhwng thay
doi theo tan so hoat dao

0,001mW/cong tai 100kHz
0, 1mW tai 1MHZ;
50mW tai 40MHz;
1,5mW tai 1MHz (74HCxxXx)
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(7)Tich so toc d6 céng suat — SPP
Rat nhé khoang pws ( pico watt giay)
100pws ( 74xxx) ; 105pwz tai 1MHz ( 40xxXx)

15pws ( 74HCxxx); 74HCT ( c6 toc dd cao va
twong thich véi ho TTL )

Nhan xet:

CMOS c6 nhirng wu dién hon TTL nhw:

 Tong tré vao rat I&n

« Dong tiéu thu nho, cdng suat tiéu tan
thap

+ L& nhiéu I&n [(1/3)VDD]

« Toc dd tuy cham nhwng nay da cai tién
(dat 1ns)

ccccccccccccccccc
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Pac tuyén truyén cia CMOS
Ii';}’\

Voo : \
I
I c

O5Ves +Ve |\ T T 0T T T T T

d

1
1
1
1
0.5V — Ve |-—— 73— ——— 4
1 1
: :\E f i
=== 14

Vi D_5Vaes Vi

CMOS ciing c6 cac loai sau: "2~ 'F
Ngo ra 3 trang thai ( 3S)

« Cuc thoat hd OD ( open drain)

* Twong thich voi TTL(74HCxxx, 74HCT...)
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Céc diéu can chu y khi s dung CMOS:

(1).Lwu gitr linh kién trén tam mop dan dién hoac trong cac board
mach co noi dat.

2).Tranh dé noi am thap va gan cac chat tong hop.

3). Khdng dwoc cham tay vao cac chan ra.

4).Khéng duwoc thao IC ra khéi mach khi dang cé dién.

5). Tay, moé han,kém...phai dwoc ndi dat trwdc va dang khi tiép
xuc voi IC.

6).Mac tat ca cac chan cé ghi NC vao VDD hodc vao mass

7).Bao dam tin hiéu vao khéng vwot qua tri VDD cung cap.

8). Tat nguon tin hiéu vao trwdc khi tat bd ngudn cap dién .

9). Khong nén thuc 1 IC TTL bang ngo ra IC CMOS chuan khong

ndi chung cac ngd ra IC CMOS lai v&i nhau ké ca IC co ngd ra
3 trang thai.

(10).Giam thleu cac tai co tinh dién dung o ngo ra, glw tpd cang
nhé cang tot, khéng dwoc ndi day qua dai gitra cac chan IC.

(
(
(
(

(
(
(
(
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V. Mach logic t6 hop
1.Mach lam toan
a. Mach ban tdng — HA (Half Adder)

A, S, = A/B+AB\
HA

B C.=

n

B

O |>

Theo ham SOP->
mach gém cong
EXOR va AND

~ | P lo|o

| O |k |O
Ol |k OoW,
R o O |0
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Gates and Combinatorial Logic

« Many computer functions defined in terms of
Boolean equations

— Example: sum of 2 single binary digit numbers

— Truth table for sum Truth table for carry
XOR AND
0 0| O 0 01O
0 1|1 0 1|0
1 0| 1 1 0[O0
1 1|0 1 11
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* b.Mach toan téng — FA ( Full Adder)

Cn-1 Sn=Cp-1 (/AnBn+AnBn\)
An —
Bn FA~ | Cn=AnBn+Cn-1(/AnBn+AnBn\)
Cn-1 Bn An Sn Cn
0 0 0 0 0
N 0 0 1 1 0
Cn-1 Al Sn 0 1 0 1 0
0 1 1 0 1
An 1 0 0 1 0
_ |HAZ _D 1 0 1 0 1
1 1 0 0 1
i Cn 1 1 1 1 1
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Full-Adder

Truth Table Logic Equations

C=x"yz + xy'z + xyz' + xyz
z o (x'y+xy’') + xy ¢ (z+z')
z *° (x @ y) + X o y

MAJ (x,y,2z)

S =x"'y'z + x'yz’ + xy'z" + xyz
xX'yz' + xy'z’ + x'y'z + xyz
z' (x'y + xy') + z(x'y’ + xy)
z' (x @y) + z(x @ y)’

(x @ y) © =z

R R R EROOOOI|X
HROORHRKROOK
HORrROROHR O|N
N R KR OROOO|IN
R oOoOOoORrRORRO|ln

x ©y @ z
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Full-Adder

Truth Table Logic Equations

C=x"yz + xy'z + xyz' + xyz
z o (x'y+xy’') + xy ¢ (z+z')
z *° (x @ y) + X o y

MAJ (x,y,2z)

S =x"'y'z + x'yz’ + xy'z" + xyz
xX'yz' + xy'z’ + x'y'z + xyz
z' (x'y + xy') + z(x'y’ + xy)
z' (x @y) + z(x @ y)’

(x @ y) © =z

R R R EROOOOI|X
HROORHRKROOK
HORrROROHR O|N
N R KR OROOO|IN
R oOoOOoORrRORRO|ln

x ©y @ z
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4-bit Ripple Carry Adder

FULL
ADDER

BIT 3

n_n__._._.

FULL
ADDER

BIT 2

Cour

FULL
ADDER

BIT 1

n_n__._._.

FULL
ADDER

BITO

Cout
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o
11
12
13

2. Mach ma hoa

Chuyén doéi ma nay > ma khac
ma thap phan - nhi phan
Mach ma hoa 4 sang 2 dwong

—14-21line [— Yo
] encoderﬂl
Yo= It 1}

STP |1, 1, I, 1o |Y, Yg
0 0001 [0 O
1 0010 |0 1
2 0100 |+ O
3 (1000 |1 1
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 Mach thuc hién

"""""""""""

0 :
\ _

1 — g Yo=1l1+1;

2 ) Y=+

C6 thé sir dung toan cong NAND
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2.Mach ma hoa wu tién

active low inpuis

{~ |

! El
r-m priorily encoder

Eo Y GS

BETR

active high
outputs
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 Ma hoa wu tién 8 sang 3 duwdng ( 8-3)

Wo|ld O|ldA|dA|[dA|dA|d|dA || O
<n|ldA|d|Oo|dH|oOo|Hd|O|d|O|H
<d|lHd|d|O|O|d|d|O|O| |
<oldA|Hd|O|OC|lOo|lO|dA|HA|HA|H
Ounld d|O|OlOlO/O|OC|O|O
N x| o|dld]| A A H] A
_o|l X|d| x|oldA|AdA| A A A A
_w| X|H| x| x|o|dA|dA|A|A| -]
| XA X[ X[ xX|[Oo]dA[dA][ A
_on| X[ H| X| X| X| X[ O|HA|HA|-
—N| X|H| X[ X| X| X| X| O
_ Al X|H| X| X| X| X| X| x|oO|d
_o| X[+ X[ X| X| x| x| x| x|O©
i |d|o|lo|lojo|jlo|lo|o|lo|o

St L0

()
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3.Mach giai ma

enable

ey

G

/

active high inputs

EN
n-Z

A decoder

Y

>

2y Y
/
active fow outputs
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* Mach giai ma 2 sang 4 duwdng

Y, = /B./A
Y, = /BA
Y, = BIA

Y3

o >

BA

2-4 line
decoder

B A

00
01
10
11
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* Mach giai ma 3-8 duwdng

7415138

OO0 0 0 0 0 0 O

O‘o

D000 0]0)

|

W m‘w‘w w
> > > x| ” > »
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 Mach thuc hién

A N
_ Y, = /BIA
. D Y,=/BA

e
- . Y, = B/IA
—\ Y, = BA

|
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« Giaima BCD — 7 doan

_)> D
_> C
—>= B
—> A BCDto
seven-segment
decoder

—>— d
—= D

> C

—>— €

—>= f
_>g

IC 7447A, CD 4511
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» Bang chan tri

tat hét

W0123456789
)]
glOlllllOllO
-1 OO0 O ddAd O dAd O
V)4 O 4 OO0 O 40 d 0 O
T|ld O d 40 A4 d 0O d 0O O
Old 4 O d d A oA d = «d O
Olcd A o d 1 O O «+d +d +d O
| Hd O dd O dO dd d O
<

O 4O 40 40 d40 40
BOOllOOllOOl
Olcooocoodddoado oo
Nloocooooooo dd -
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4511 + LED 7 doan catod chung
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 7447A+ LED 7 doan anod chung

B

FLPP

74477
A3 g 4 .
x £ 5 V+
Al e
0
A0 d
o 1
= 2
5 3
abcde fao.
Il |2 |3 |4 |5 I617 I8
Test
RBT RBO 4
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Mach giai ma va LED 7 doan

T PP

71447
AB l/l m'
0 _U1_|(_Dh
Al e M AS—Q
AQ d =0 0
1.1 '_H_U
“hos | o
b M= |_
a
test
RBI RBO [F

OV

+ A

220

| ©)

ccccccccccccccccc
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3. Mach da hop ( mach don kénh 4-to-1)

Data
inputs

Enable

L

E
4-10-1
MUX F

Output

—

N—

~ —

Data select
block diagram of
4-to0-1 MUX

= O O

b o P+ O

o O O O
N

Truth table of
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MACH DA HOP 2-1 BUONG

. —
Do = :
l Bk
D1 J
c
-—
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« Mach cho mét ngd ra ciia nhiéu ngd vao

> —— ™

Dl

D, | Y

D,
0O O D,
0 1 D,
1 0 D,
1 1 D,



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

« Mach dbn kénh 8-sang- 1

8-1 MUX

—:
— -

r ;
»—— 78 8, S gy
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74151 8 sang 1 dwong Mux/

E [|S2 |[S1 |[SO |Y |Y\
1 X X X 0 1

0 0 0 0 Do | Do\
0 0 0 1 D1 D1\
0 0 1 0 D2 | D2\
0 0 1 1 D3 | D3\
0 1 0 0 D4 | D4\
0 1 0 1 D5 | D5\
0 1 1 0 D6 | D6\
0 1 1 1 D7 D7\

Data selector

pepr P EPY

74151

(T 7/
(T 6
L&D
T4
(T3
T2

T1

TO

S2
S1
SO

=0
-1
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4 . Mach phan kénh ( Giai da hgp)

« Mach chon mot ngo vao cho ra mét trong cac
ngo ra twong rng
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Mach giai da hop 1-2 dwdng

I:._E

= ko =1

Y1l= D +/S
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« Mach cho mét ngd ra ciia nhiéu ngd vao

. YO

5 Y,
Y3

Y3 Y2Y1YO

O 00D
O 0 DO
O DOO
D O 0O

P P O O|
R O kL, O|>
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4.Mach phan kénh ( demultiplexer)

T

T

EN

active low

Yy

Y, Y,
active low outputs
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741L.S138 3-8 Mux/Dec.

ChoE3=1:E2=0
Data vao E1 ra Yi

Tuy theo ma chon CBA
sé cho Data ra Yi twong

74LS138

A2
Al
AQ

i I i

e 3

Q7
Qo6
Q5
Q4
Q3
Q2
Ol
Q0

trng :Thi du Cho CBA =010 iaEz

Datara & Y2 El
Mode C B A El E2 E3

Decoder |Data input Data enable
Demux. |Selectcode |Data input

O NP O
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« Cach truyén so liéu ( DATA)

ime-shared fine

s ) —
4 VA —

I ! I
I I ! | I
| l f | l
s oy N |
| \ S} _/ |
| l | l
e SO0 et
T Y i
T | | |
e J e J

muttiplexer demuttiplexer
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Hé thong kiém tra qua hién thi - Truyén Data

7490
mel o3k
ez
ML 02
ez
0l
~{CP0 1y
Pl o 4 L8 .
e TALE13% J
a7
ldry ¥ 7
T el
‘ 1| 1 .
Id sy E%gllﬁ I3
i —HE3  pzpddi—— ]
T o ||F————£EEE ulgiij )
17 ik —pl W ﬁ N1z
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5.ROM( Read-only memory)

ROM ROM content
address (4-bit words)
I 1 IO b 3 b 2 b 1 b 0
0 0 0 1 1 0 W o
0 1 1 0 0 1 W
1 0 0 1 1 0 W,
1 1 1 1 1 1 W,
| - -
0 b g
H .,
A 22 o< 4 i . W =output word
Address ROM ____‘b2
lines b )
E 3

Enable

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Cach td chirc ROM  Data out 0o — 07

L

OE\/Vpp | Out buffers
CE\
) Y Y gatting
Ao—A 1T decoder,
Address __,
Inputs —__| 4096x8 bit
] cell matrix

X Decoder 212X 8 hit
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* Dung lwvong bo nho’
Khi c6 m-bit dia chi va n-bit ng06 ra thi dung
lwong cua ROM Ia:
C=2MmX8n
Thidu : 2732 EPROM c0 12- bit dia chi v2 8-bit
ngo ra thi dung lwong :
C =212X 8 =4096X 8 bit = 4k x 8 bit
8228 : 4096 bit Bipolar ROM ( 1024 x 4 bit)
1702A : 2048-Bit EP MOS ROM (256 x 8 bit)
ROM c6 nhiéu loai:
EPROM , EEROM, EAROM...
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 |C ROM
2716
27232
2764
27128
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IV. Mach logic tuan tw
1.Mach FlipFlop

+ SR-FF p

O |
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FlipFlop SR-FF

— | A (2 b—
3o
o

Bang chan tri

R Q* function
0) Q store
1 0 reset
0 1 set
1 X inhibit
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Mach SR-FlipFlop va bang trang thai

Inputs

0 S

3 . ~ Qutputs
Q —

S R Q

0 0 Present state

0 1 Reset

1 0 Set

1 0

Disallowed
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Gian do thoi gian RS flip-flop

S R Q

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

CuuDuongThanCong.com

[1_[]
1
t Lt

Flip-flop Flip-flop  Flip-flop  Flip-flop

IS set IS reset IS reset IS set
(but Q =0)
already

https://fb.com/tailieudientucntt
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RS flip-flop v&i cac ngo enable,
preset, va clear

Preset |
Preset (P)

S — o clearf——————l
S |
E— = 1
| Q4

1) Q ,
Enable 4
Clear (C) e

Timing diagram
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CLK

vach D Tlip-Tiop

So do chirc nang, ky hiéu, va gian do

thoi gian

S1 Ql 82 Q2
Rl Ql Rz Q2

)0

Functional diagram

Q)

—PCLK Q|

Device symbol

Q

CLK‘

D

“

1

Q|

4

%

b

Timing diagram
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Mach chot(Data latch) va gian do th&i gian

__________________________

Enable— E
| R

Enable
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« JK- Flip Flop

4027
— J Q—
clock —> b
_ 1K Q b—
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Ky hiéu xung kich ( xung nay)

« Nay bang mirc cao cla xung:

=1

« Nay bang canh I&n (huwdng dwong) cla
Xung: ‘

« Nay bang canh xudng (hwéng am) cla
Xung: \



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

« Do c6 mac cac cong & ngd vao nhw sau:

a.Nay & canh Ién: b.Nay béi canh xudng
CK " '0 CR {CE Ve
glamps ]
ck CK
jok — | JCK — —
Vo Vo

a. Nay b&i canh 1&n b. Nay b&i canh xudng

cccccccccccccc
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JK flip-flop : sor d6 chirc nang va
ky hiéu linh kién

CLK

QRGO -QpOLK

2 —K Q-

[ Device symbol

Functional diagram

L

)
O
NU'J
MrO

it

QO

:
O

I



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Bang chan ly cua JK flip-flop

J Q
— >=CLK
K Q
JK flip-flop
J K, Q, "
0 0 Q,
0 1 0 (reset)
1 0 1 (set)
1 1 Q (toggle)
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« JK-Flip Flop

J Q

P CK J K| Q /Q

K /Q 0 X X | Qo /Qo
Khac phuc frailg thal 0 0| Qo /Qo
S =R =1 Dbjcam,
tré thanh J =K =1 a4y d
cac ngo ra bi dao 1 0O 1 0
( togle).
JK-FF c6 rat nhiéu | 1 1]/Qo Qo

trng dung trong ky thuat so.
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JK-Flip Flop v&i Preset (hoac S) va Clear (hoac R)

Ibl

PRE CLR| CK S R | Q /Q

0 0 X X X |* * | Nonstable
0 1 X X X 1 0

1 0 X X X 0O 1

1 1 1 O 0O | Qo /Qo |Hold

1 1 1 O 110 1 |Reset

1 1 1 1 0|1 0 | Set

1 1 1 1 1 |/Qo Qo |Toggle
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D-Flin Flonp va T- Flio Flop

I

D S
CK C 3-CP

L R

O
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D-Flip Flop

ccccccccccccccccc

CK Dn| Qn+l
O X oQn
1 0 0
1 1 1
-
—5 S o
—|ICP ON Oo—

?
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* T-Flip Flop

Ckdy  1.rr

/Q

T-FF dwoc str dung

CK Tn| Qn+l
l 0 On
l 1 /Qn

trong thiét ké cac mach dem ( counter)

( xem lai chwong 8. IC)
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So d6 chan céac IC FlipFlop thwéng gap
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Flip-Flop Types with State Tables

set-reset toggle J-K D
| |
—S af— o —,;Pao— —pPa
—T — Ck — Ck
—R Qf— Qf— —Kcirql— Cir Q—
L I I
RS|Q T|a J K| Q D | a
o TRm R IS
01| 1 PREY 10| 1
11]Q 1chIQ preset =1, Q=1
PREV PREV i [ 1’ Q=0

preset=1,Q=1
clear=1,Q=0

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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2.Mach dém ( counter) ky hiéu,bang
trang thai va gian do thoi gian

Reset State
Input pulses b, b, b,
0 0o 0 o0
1 o 0 1
C;Loﬂ;_,_ 3-bit binary counter 2 0 1 0
P 3 o 1 1
‘ # ¢ 4 1 0 0
5 1 0 1
b b1 bo 6 1 1 0
Functional representation of binary counter 7 11 1
Timing table
Clock A
| —
by A
i
b A
| —_
b, A
I |
t

Timing diagram

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Mach dém 10

Input pulses by b, b, b,
0 0O 0 0 O
1 0O 0 0 1
2 0O 0 1 0O
3 o 0 1 1
4 0O 1 0 O
5 o 1 0 1
6 0 1 1 0
7 o 1 1 1
8 1 0 0 O
9 1 0 0 1
10 1 0 1 0

CuuDuongThanCong.com

Reset

Reset

C|OCk_>

4-bit
binary
counter

N
[EEY

https://fb.com/tailieudientucntt
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Clock
input

Mach dém khéng dong bd

-

( Ripple counter)

:

J Q
PCLK

JQ
P CLK

Input Q,

[

J Q
P CLK

0

—_ B P B, O O O

HI—\OOHHOOO

b o b O kr O kL O|O
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Mach dém khong dong bd

Q2
Q1
Q0
enable
+5Y
= .
preset A[ l
clock B

c%lv;
-
Lf -
u

L

clear
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- Dang s6ng mach dém

1ongThanCong.com https://fb.com/tailieudientucntt
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Mach dém dong bd 3- bit

Clock
Input

Qi

y

1—>

O

o

T Q
> CLK

QO |

&

T Q,
> CLK

QD
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Mach dém nhi phan 3-bit va gian do trang thai
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So dé trang thai mach dém Ién - xudng 4 bit
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Init

Clock

Mach dém vong (Ring counter)

Qs Q> Q1 Qo

._
PR CLR CLR CLR
S Q3 S Qi *S Q7S Qo
PCLK > CLK > CLK > CLK
R Q3 R Q, R Ql R Qo

Input
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« IC dém thwérng gap

T4a0
oppa]  patll
il 74597 74597
aMpl Qe A T Mol Qi
SO - i L
ldainp Lacpl qoli  LogPl  Qope
Lacpl  poMe

« Pem 10 Pém 12 Péem 16

ccccccccccccccccc
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3.Mach ghi dich song song 4 — bit (Four-
bit parallel register)

Q S < Q

P CLK & CLK

@)
O

> CLK & CLK

“Load”
Input
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Mach ghi dich 4-bit (Four-bit shift

register)

Serial
Input

Clock
Input

b,

———P[)(QO

DCLK

1B dL

PCLK 0

D Q,

D CLK

D Q,
NCLK

Serial
output
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* IC Ghi dich thong dung

ol RN
T

™

Vao song song-ra noi tiép Phé dung
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5.S0' d6 RAM ( dung lwong C = 2™ X2n)

B 2M columns N
- 1 .;_1, A
2 —_
Row | - Memory
address = |, array
2
 N— 3 2N rows
E Omne cell One row
2N » One column
Y
12 ¢ s ¢ s o 0 s o o o @ M
Data
in Column decoder
Read/
Data N ;

out Columnvaddress

cccccccccccccccccc
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So d6 RAM diung MOS
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* |IC RAM

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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DRAM ( Dynamic RAM-Dynamic MOS cell)
» Khac v&i SRAM ( Static RAM) gom 1 té
bao nh¢ la FlipFlop MOS.

* DRAM 1 té bao nhé 1a Tty MOS , khi nap
day la mc cao, khi xa hét I[a & mwrc thap.
Word line



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

7.Cau truc 1 hé thong nhan va diéu khién

Sensor
signals

=

Signal interface

User»[ SoftwareJ—> Microcomputer—€é——3— Comrﬂﬁﬂ'scat'on

Signal interface

o 1 L =

displays actuators

Other computers
and instrumentatio
systems

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Cau truc bén tron

« So dd DRAM

Row decoders

/

A 4

A 4

Row clock
Address demultiplexer
Ai
Ao
WE- -
_ | Write |,
timing write
ighals

RAS,CAS clock generator

CAS

\ 4

\ 4

Memory
array

Sense Amp.

Column clock

g DRAM

N
V.

»
»

\ 4

\ 4

Memory
array

—C_>

column

Column
decoder

A

RAS |_

CuuDuongThanCong.co

Row clock signal

v

%
T

Write signal

https://fb.com/tailieudientucntt

Data out

Data in
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Hé thong nhan Data

Externall_,| Control [=
clock logic
} [ ] o
¥
V
Analog 2 :E
input
signals
3
I

Amplifier

t L

Analog multiplexer

CuuDuongThanCong.com

Triggery Triggery

End of
conversion

Sample
and

»

hold

A/D

I> Digital

output

\

Internal
clock

https://fb.com/tailieudientucntt
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Cach doc tén ghi trén IC

1413 9 |8

—— (4) loai vo
S SN
/1 2/ 8 14 15l 16 % (3) D3i nhiét dé
(1)

Tén hang
(7) Chir tat (6)Tuan lé chia nam
tén hang (5)Nam san xuat

O\'
T
@)
— 1
H
o /
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 Giai thich tir ngir:
(1). Tén hang:

UA — FND hang Failchild;
AD - Analog Devices;
CA , CD - RCA;
TL,TIL,SN Texas Intruments;
LM-National Semiconductor Corp.
MC, MOC - Motorola
ICM — Intersil
BB — BurrBrown

ccccccccccccccc
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(2) Chwre nang linh kién:
OP.amp:
LM741; 52 741; 72 741; CA 3741;
TL062/082/084 ; MC 1741,
IC so:
7474; 7476 FlipFlop
74LS00, CD 4011 Cong NAND
7447; 4511 Giai ma
(3). Dai nhiét do:
C (commercial -thwong mai): tir 0 dén
75°C
| ( Industrial -cong nghiép) : twr-25
déen + 80°C

‘M ( Militaty -quan doi) : tp - 55
den + 125°C.....
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(4) Loai vo:
D plastic dual-in-line package ( DIL,
DIP)

FH, FK ceramic chip carrier
FN plastic chip carrier
J,JD,JG ceramic dual-in-line
LP, LU plastic plug-in

N, P plastic dual-in-line

U, W ceramic flat

cccccccccccccccc
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