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>, g:HUONG VII: C ONG LOGIC

>

Khai niém thwc hién bit nhi phan
Céac ong logic av ban: NOT, AND, OR

Céac ong logic khac: NAND, NOR, EXOR,
EXNOR, Half Adder, Full Adder

» Ho IC logic

YV VYV



Tai sao phii so hoa?

o Trwoéc day

Xir ly tin hiéu twong tw. Ap
dung nguyén ly ckong chat cho:

R, R,

Vo = Vi+ Vs
R +R, R +R,
R1=R2,
VO :VI+V2
2

M Mach c déng (t6ng)

I VO

—

rI{andg

might represent the
outputs of two

| sensors, for example.



TONG QUAN

Bai to4an nhiéu?
 Nhiéu trén dudng day dng vao

A — W

_/VW_ .

add noise on >
-

this wire MWwWwim
Receiver:

‘MA‘ huh?

Nhiéu can tré kha ning ching ta phan bét gitra hai tri s6 nhé
khac nhau (nhwr giira 3,1V va 3,2V)
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TONG QUAN

« Ngay nay rén tang
Tri giandoan = ly thuyét so

» Rat thd vi, chiing ta € thay mjt cach ngin nhat ring nhirng
cong a1 dwoc hgc trong ba chwrong trwéc la da deé phan tich
nhitng mach 9 don gian

 Gian doan hoa tri s, gi¢i han nhitng gia tri 1a mét trong hai

tri sau:
HIGH LOW
bV oV
TRUE FALSE
1 0

e ....nhw hai s nhi phan 0va 1 6



Digital System
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TONG QUAN

Hé thong b

 Sw mién nhiéu tot hon

e Nhitng “Ié nhiéu”
Vi “1™: 1énhigu 5V dn 25V =25V
Vi “0™: 1énhigu OV dén 25V =2,

e Xét mit sO dién thé ngudng va ti so logic



e Logic 0: OV < 2,%
e Logic 1. 2,5/<V<5 W
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sender
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receiver

e




 DPé tranh anh hwédng nhiéu gira hai bit 1 va 0, ta
xac dinh viing cam hay vung khdng xac dinh
e Thi du:

—I ~
1 < 1
/ 37 : \
sender fo::uidodnen receivel
—2V \}9 ~
L
0 < ~ 0
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TONG QUAN

e L& nhiéu (Noise Margin)

se:nde.r‘ Noise mgrgjng receiver
Vil /
o O
{ VoL === —"~—--
oV
1" noise margin: Vi ~ Vou
0" noise margin: V - VoL

NMo =V = VoL
NM 1= Vo -Viy "
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o) 1 e 1 receiver
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TONG QUAN

CONG AND

-
|
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TONG QUAN

Loai bé nhiéu & ngd ra

. AVAUAVAVAV!\VA VA\WV“V W&W

ML MM

JAMLA
ALARL WAL RN

Z=X.Y 15



®., LY THUY ET MACH SO

 Duwa trén dai so roi rac ( haydai sé6 nhi phan) con @i
dai so6 Boole,dai so ma bién chi co6 mbt trong hai gia
tri co — khong,dung — sai ...

 Mach logic dwa trén hoat dong cia bac dién (cong
tac) dong/ mé.

o Cac bit co mbt trong hai gia tri: cao- logic 1 hay @i
tat 1, thap — logic O hay @i tit O.

« Pé hiéu rd, trwéc tién ta xét @ s6 nhi phan, va @ o
bat phan, ar 6 thap luc phan.

16



1. Co S0 - Co b thap phan
475 =4.16+7.10+5.10.

LN\ L

MSB LSB MSB

Tong quat: mot sb N duoc bieu dién:
N=a-1Lb1+. ... + &.b,+al.bl+al.0.
co sH thap phan &= 0> 9 ; b =10
cosHnhiphan 8=0>1:b5=2
(1101) = 1.2+1.2+0.22+ 1.2 = 8+4+0+1= (13 ),
co $H bat phan:ia= 0>7: =8
(123), = 1.8+2.8+3.9 = 64+16+3 = (83),

17



®., CO'SO THAP LUC PHAN

e Co s thap luc phan( Hexadecimal):
da=0>9A B, C,D,E F:b=16
(3F),s = 3.16+ F.16 = 48 + 15 = (63),
(1FF),=1.16+F.16+F.16=256+240+15 =(511)
Bang chuyn doi gitta cac o so

Thap phan Nhi phan Bat phan Thap luc phan
(Decimal) ( Binary) ( Octal) (Hexadecimal)
0 0000 0 0
1 0001 1 1
2 0010 2 2
3 0011 3 3
4 0100 4 4




®., COSO THAP LUC PHAN

S 0101 S S
6 0110 6 6
7 0111 7 7
8 1000 10 8
9 1001 11 9
1C 101C 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 11111111 377 FF




*BINH LUAT CUA PAI SO BOOLE

Dai so Boole 1a I¢ thong dai so kin chira tip hep K ciia hai haic
nhiéu phan tir va co toan fr nhan logic .va cong logic +

Khi k &t hgp nhiéu mgnh de logic lai véi nhau tao thanh ménh dé
phiwrc tap - thiét ke nhiéu cong logic.

Do d6 phai rat gon cac ham logic> sir dung it cong logic hon.
Céch rut gon bang nhiéu cach : truc tiép bang dai sé Boole,
Bang karnaugh.....

Theo dai so Boole, moat ham logic c6 tabiéu dién bang 1 trong
2 dang chinh tac:

la Tong céac tich POSra Tich cac tng SOP>

rit gon nho loai dwec cac bén bu ké nhauAA vaA+A

20



*BINH LUAT CUA PAI SO BOOLE

. Ham AND
1a. 0.0=0
2a. 0.1=0
3a. 1.0=0
4a. 1.1=1
5a. A.0=0
oa. 0A=0
fa. Al=A
aa. 1.A=A
Oa. AA=A
10a. A.A=0

Ham OR
1b. 0+0=0
2D. O+1 =1
3D. 1+0 =1
4b. 1+1
5b. A+0=A
6b. O+A=A
7b. A+1=1
8b. 1+A =1
Obh. A+A=A

10bA+A =1

21



*BINH LUAT CUA PAI SO BOOLE

Ham NOT

11a. 0=1 1. 0=1
12a. 1=0 12. 1=0
13a. A=A 13. A=A
Dinh luat giao hoar
14a. AB = BA 14b. A+B=B+A  A+AB=A+B

Pinh luat két hop
15a. ABBC)=(AB)C  15b. A+(B+C)=(A+B)+C
binh luat hap thu
16a. A(A+B)=A 16b. (A+AB)= A
Pinh luat phan bo
17a. A(B+C)=AB+ AC 17b. A+BC=(A+B)(A+C)

22



*BINH LUAT CUA PAI SO BOOLE

Pinh qufidén (Pinh luat Nashelsky)
18a. A(A;I-B):A.B 18IA+AB=A+B
19a.(A+B)B=A.B 19AB+B =A.B

Pinh luat DE MORGAN
20a.AB= A+B 20B+B=AB

ABC=A+B+C A+B+C+..=ABC...

Cé&c béu thic trén co th chitng minh lAng cach ¥ cac & do
mach logic hac bang cachdp 2 king chan Iy Bu ching nh
nhau ladinh luat duoc chrng minh ladung.

23



OR

AB Y

AND

AB Y

00O
011
101
11 1

000
010
100
11 1
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s CAC CONG CO BAN
e Cong INVERTER (NOT)

<

X NOT

NOT gate

X

1
0

I—\O><‘

Truth table for NOT gate
25



CAC CONG CO BAN

» CONG AND
Phat biéu dai s6 Boole: Néu X diing va Y ddng thi Z 1a ding va
ngwotc lai la sai

Z=XANDY —

Z=XY __——=%  XY,Zladsnhjphan ‘0, “1”

Ky hiéu #hg ar that Mt dién thé
X X Y | 7 XY Z
, F v 0 ol o oV OV 0V
0 110 & ov ov

1 0| O
L 1] 1 5V 5V 5V

0=0V, 1=5V
26



CAC CONG CO BAN

« CONG OR

Phat biéu Boole: Neu X dung haic Y ddng thi Z la ding,
ngwoc lai Z |a sal

L=X+Y

Ky hiéu Bang ar that

P O OfX
~ O o<
P B P O

27



LOGIC T O HOP

e Lato hop cac ®ng Ioglc wi nhau va chi tuan theo cacdinh
luat Pai s6 Boole, co6 tinh chit

- Cac ngo ra ch tuy thuoc cac ngb vao

- Chiing tuan theo nhitng qui tac 6 dinh (khong bién doi)
1. Cong NAND

To6 hop gom cong NOT va AND

C=AB=B.
A _ A B C
H)&C
. O O 1
A 0 1 1
B )O C 1 O 1
1 1 0

28



« Cong NOR
To6 hop ciia oong OR va édng NOT

_, = O O »

O+~ Oo|W

O O o r Q0

29



LOGIC T O HOP

 Chitng minhdinh Iuat dai so Boole

Lap cac lAng chan trcua hai nmach

s

ey

hidls

7}7‘43 ayuiv

s

|~ [®

Sjsioge

})ﬁ_ B |
a0y

A ‘:: - A
4

— AB
B_}

A
D
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AND Z

31






e LOGIC T O HQP
« Céac ©ng trong duong

positive positive positive

D L~
) B

positive posilive positive

C — C —
D — D —
AND layer OR layer _ NAND layer  NAND layer
Positive negative positive
A

® X=AB+CD

NAND layer ~ NAND layer 33
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_____________

Z=X.Y
Ngudi thi€t k& logic s& khong quan tim Cai gi xay ra bén trong cong.
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LOGIC T O HOP

Phan tich mach logic © hep
 Gian dé thoi gian ciia cong logic

)
»— c

{(a) Two-nput AND gaic

oI

b

c

(b) 1dcal (zcro) dclay

35



KhiAkhdcB -> F=1
KhiA = B 2> F=0

P —~ O O |
~ O I o>

O Fr - O T

Cong EXNOR: dao dia EXOR

B A

T

A F

F = AB + AB ‘C’ )i Yo—o
B
KhiA=B SF=1
Khi AkhacB > F=0

00
01
10
11

P O O K




Thi du: Thuc hién cong XOR

)OR

@
NAN[D@

: =X/Y+
AND Z=XIY+/XY

Z=(X +Y).(W) = (X +Y) .(Y+\_()

= XX +XY+YX+YY=XY+YX

37



— ) \ } 7= Al B+/ AE
| 0

W
Y
0 *

V=XY : U=XXY : W=YXY

Z=UW=U +W=X XY+Y XY =X XY +Y XY=
:(x+Y)W:(x+Y)(Y+\?) = XY + XY

38



LOGIC T O HOP

e Chirng minh cach khac
V=XY :
U=XXY=X+XY=X+XY

W =Y XY =Y + XY =Y + XY
Z:U_W:(Y+ XY)(\_(+ XY) =X +XY+Y+ XY=

= X XYY XY =( X +Y )XY =(X+Y)( X+Y )=

= XY+ XY

39



« Ung dung cdbng EXOR
IC so sanh nhi phan

1

—
1 y=1 (2=

Lq

EES L
ne Ia<pie
22 Ta=phH
%1 Iza-pld
:

Bz z<pH
Bl a=pb
BEO0  ArEp

40



Mach kiém tra chan € ( parity bit generator)

-
. DWJDF[

. jDTJDﬁ;

Y = 1 khi tong cac bit 1 vao laé

41



Py ONG PHAP RUT GON HAM LOGIC

1.

Phwong phéap dungdai sé Logic

Nhw Loai bé cac bén A/A = 0, va A+/A =1, nhy
do € lam ham logic Fdwegc don gian hon( bét di
so cong khong @n thiét)

Bang Karnaugh

Dung bang ké 6 va sip xép lan lwot cac bién
pha dinh nhau(dao aia nhau) vao cac 0 an
nhau dé tién loai bé nhau.

Sauday ta chi xét phwong phap rut gen bing
cacdinh luat dai so Boole.

42



Thi du 1:
e Toi gian cac ham sau:
F =DCB+DBA+DBA+DCB+DCA+DCA+DCB
F = DB(C +C) + DB(A+ A) + DC(B + B) + DC(A+ A)
F=DB+DB+DC+DC=DB+DC=D(B+C)

 Mach thrc hién:
B

o
Bac 1

D o 1 F

D(B+C)

43



Céach biéu dién dang chinh tic SOP va POS

(X'Y) + (W-Z)

Sum of products
expression

(XY) + W-2)

X— A
AND
Y B

\N—} C—
AND
L— D_—

Product of sums

E%(A+B) .(C+D)

expression
(A+B)-C+D) .



ABEC | (A B O

F(A.B.C) =ym@a4se
=ABC+ABC + ABC+ABC
= AC +BC

Y=/4 B O

PRPRPFPOOOO

PRPOORPRLROO
OFrFRPFROORO

Wy N W A

b

Q

SABO |
w0 1 P =

-+ 2 El2+2

u+1 2+1



» Thi du 2: Thiet ke h¢ thang baodgng cho ngan hang (pic cho 6
to, ...) theo yéu éu sau:
- Trong gio lam viéc ,ara chinh va dra kho mé, mach khong bao
dong.
- Sau giv lam viéc, chi can 1 ara mé |a mach baodéng.
Pat: Cwra chinh A =0 khi ddéng
Ciwakho B =1khl&

Khoa C g 0 trong g¥ lam viéc

:‘ 1 sau g lam viéc
Mach badodong Z = 0 khi khGng hat dong
1 Kkhi hoat dong

Thiét [ap bang haat dng ( bang chan 1y):

46



 Biang chan ly
Ta viét dwoc cac ham:

F =CBA+CBA+CBA=

F =CB(A+A)+CBA=

F =CB+CBA=C(B+BA) =
F=C(B+A

Mach thwc hién nhw sau:
B, Y

b — -}-ﬂ}
—

D4

C B A F
O 0 O 0
O 0 1 0
O 1 O 0
O 1 1 0
1 0 O 0
1 0 1 1
1 1 O 1
1 1 1 1




AB + AC = A+ (B+C)

Digital Circuits
Implement: output = A + B * C

B :
c B+ C

A output

48



1.Mach lam toan
a. Mach ban ong — HA (Half Adder)

A, S = A/B+AB\
HA
B, C=A.B
Theo ham SOP B, Av| S, | G,
mach gobm odng O O O O
EXOR va AND b 1 1 0
S =AB +AB 1 0 1 0
C,=AB, 1 1] 0 1

49



b. Mach toan ong — FA ( Full Adder)

Cn-1 Sn=Citl (/AnBmn\)

An

Bn Cn = AnBn+Cn-1(Bm+AnBn\)

Cn-1 Bn An Sn Cn

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




o TT——
e Ching minhduoc:

S, =CAB, +C,yAB, +C, 1A B, +C LAB,
=C,,(A 0B,)+C,,(A,0 B,)=C,,(D,)+C,,(D,)
=C,,0(A0B,)

C,=C_AB +C _AB +C _AB +C _AB
= AB,(C,,+C,.)+C,.(AB, +AB,)
=AB,+C,,(A0B,)

51



Mach Full Adder

Logic Equations

Truth Table

C=Xyz+Xxy'z +Xyz +Xyz
Xyz &S =z (Xy+Xy)) + Xy * (2+2)
000 Q0 =z o (x Oy) +xey
001 01 = MAJ (x,y,2)
010 01
01110 S=XYz+XyzZ +Xyz +Xyz
100 01 =XYyzZ +Xy'z +XYyz+Xyz
i = Z(X'y + Xy') + Z(XY’ + Xy)
110 10 =Z'(x 0O vy)+z(x [ y)
111 11 = (x Oy) O z

= X [] Yy 1 z 52




Mach ma hoa

e Chuyén d6i ma nay > ma khac
ma thap phan - nhi phan
a. Mach méahoa4sang 2 dwong

o STP |15 1, 1; I [Y, Yo
1 —42lnel—vo | 0O (0001 |0 O
o ——encoderl——/q | 1 0010 |0 1
13— 2 0100 (1 0
3 1000 |1 1

Yo=lst 1]

53



 Mach thwc hién

“““““““““““

0

1 Yo=11 +1;
2 Y=l +13
A R

C6 thé sir dung toan cong NAND

54



3.Mach gidal ma

enabie

Ao

G

/

active high Inputs

EN
(v

A gecoder

Y

[

2y Y,
/
active low outputs

55



e Mach giai ma 2 sang 4 dwdng

o >

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




T ———
 Mach giai ma 3-8 duwdng

Q,=CBA
Q,=CBA
Q,=CBA
Q,=CBA
Q,=CBA
Q. =CBA
Q. =CBA
Q,=CBA

7415138

57



e Giaima BCD - 7 doan

D ——>— a
—> B - f / / b
—> A BCD to ;
seven-segment d Q_
decoder —> € o C
—> f /
I . g
d

IC 7447A , CD 4511



)
W0123456789m
0 53
glOlllllOllO
- OO0 0 ddAd O dAd O
VD) Hd O d OO0 A0 d O O
T|ld O d 40 A4 d 0 d0 O
Old 4 O dd d dod dd o
O ld A A 1 1 O O o «+d +d O
T 4 O dd O dO ddd O
<

O 14 O 40 40 d O d O
B00110011001
Olcooocoodddoado oo
Nloocoocoooooo dd -

Bang chan tr




4511 + LED 7doan catod chung

~O1 OFNW

60



744 7A+ LED 7doan anod chung

QA37447 9
2In> 19 V+
1IA1 e
LA d

C

b

a abcdef g.
3t est
2IRBI  RBO

61



Mach giai ma va LED 7 doan

7447 0
ﬁ% i = 220
A0 d Q FRAA—

5 g

L est
%RBI RB

62



Thwc hién cong logic

Thi du vé cdi bac dién

Khi SW hd : Dén tit “0” oo
Khi SW déng: Pén sang “17 l
v =

Cho ta kh4i niém v& tin hiéu T .
khong lién tuc hay tin hiéu “s6™

H L I 0 1

5V oV

biing sai

Digit 1 0 — —

63
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—_—

¥ Lightbuib

if A=ON AND B=ON
C has H,0 ““
else  Chasno H0

65



DPic tinh cud bic dién t (cOng tic dién ti¥) g in

control
I n I'n CC
1 !
out
W
Control = » o" & A
\ | =§ "
Contro
N
(0]
Qut at control =“1” ‘
control = “0”
. o A o N A A Zz °
Khi di€u khi€n = “0”, bac hd, bic G trang thai OFF

Khi diéu khi€n = “1”, bac déng, bac & trang thdi ON

Vay ta c6 thé thuc hién cdc him logic bing cdc bac (cong tic)dién tf

MOSFET 1la mdt trong nhitng linh kién thudng dugc sit dung l1am bac o



BT — -;-:11--.-
T =

Foor - TN
Truth table for

=0 _F_T_ D

_’ I VGL’T
- ol 1
1| o
— A

67



>
~

CONG AND

A.B

o O O

68



>
~

CONG OR

69



What about? ~

Truth table for
FS
%V{}Lﬂ'

[ Do

o B o
C’l—-— O D 1
| O 1 1
Ca - | 1 O |1

1 1 O B,
| S II/,’_lir'-n;_rl'l"u fable for
| 2 Z

I I e (:1 ':?2 VG
cy—~ -— O O 1
- O 1 O

1 O 1O

— 1 1 O

N— 0



can also build compound gates

A4—| | C— D=(4-B)+C

71



MOSFET

MOSFET ( Metal Oside Semiconductor) hién nay dudc dung trong ché
tao vi mach, nh4t 12 vi mach kich thuéc rat 16n (VLSI — Very large
Scale Integration).

Ky hiéu cia linh kién MOSFET:

D Drain D
Gate GJ 5 G 4‘ [
S (Source) S

linh kién rG1 vi mach (IC)
khong d6i xitng ~ d6i xtng gittaD va S

n - MOSFET

12



MOSFET c6 hai ki€u hoat dong:
- Giao hodn hay chuyén mach ( Switching mode)
- Khuéch dai (Amplifier mode)

Giao hoan:

Khi di€m tinh Q hoic & viing ngung (cut off region) ho#ic & ving dién trd
(ving khong tuyén tinh) duéi tdc dong clia xung & ngd vao (cuc cong G)

Khuéch dai:

Khi di€m tinh Q chi di chuy€n trong viing béo hoa dudi tic dong cla tin hiéu

N ~
vao cyc cong G.
lg

A

|4
7%




I:D (IIIA) A
0.30 [~
0.25 N@
0.20
/
0.15

0.10

0.05 4

- Iv (sat) =voe—V
Nonsaturation [/ "DS GS— VIN

/
/

/ _Transition point

Cutoff

V D§4



Cong NOT dung MOSFET

Vb
L
Rp
- <= V out
l_
—
\Y in [ ! B
MOSFET inverter
ip A Vg =5V
Vbp - B 4V
Rp 1
- Rp 3V
1V
T | ] 1 —
0 1 2 3 4 —/gt V DS
A V)
VDD =5V

Switching characteristic

75



Céach haat dong gido hoan (chugn mach) cia bac MOSFET
Theo quan di€m hai cdng:

1. S mod (Switch mode) I D o 1
i DS
G G O
OFF — | o
k-4
VGS<VTH I vGS> VTH
S Oos
VT = 1V
Theo dang oscilloscope: 4 1pg
Pic tuyén ipg = f(vpg)
Vas < Vi

76



INVERTER (C éng dao) |

3V Ieal Inverter characieristic
&

A O {>C OB=/A

in



Mitc dién th€ ( Laptop T1000)
Gdi Nha

VoL =0,5V
Vou = 4,5V

Vg =0,9V
Vi =4,1V

Mach Inverter phai thoa qui tic tinh ciia
nhirng tri s6 ngwong sau:

Vo =0,V VvV, =0,5
Yes
LV, =48 V, =4Y%
12 cam
V, =0,%v |V, =1%
NO
V., =4,% V,=35%

78

Vg =00 V]
V=4 v



2. Model SR ( Switch resistor model) ca MOSFET
Model MOS chinh x4c hon

) D
Ips l >
Vgs >/ Vg I
G G
. o —§ o
o I/RON vGS<VTH I vGS> VTH -
S S
VT = 1V
VDD
RD Bang sy thit
C |V
GH OFF = RON VDD S\/OL :
- Rox + Ro 0 |1
vGS<VTH I l O
S

Vo =Vpp=417



®. , Céch hat dgng ché dj giao hoan

 Khi khodng c6 xung vao: MOSFET khong d an.

Ta co:

+V
R bs(0ff ) >
£ ) = Voo O =V
vV (off) Ro+ Ro(off) pp LUV pp OH R,
1kQ + 0o Q
V o
e Khicd xung vao : MOSFET dan RD.?{O '
Ta co: i .
Ros(0On)
V .(0on) = V oo OV =Vo
( ) Ro + RDs(On) DD +VDD
=192 _(oov)=0,198 0 0,¥
1kQ +10Q

V

0 p—p

| RDS(ON)




Tém lai:
C6 hai m6 hinh ( model) cia MOSFET

Ip

A

Vags >/ Vg

Ip

A

Vgs >/ Vrn

Vs < VTh

S model
x&p xi thir nhat

1/Ron
Vps Vgs < V1h Vps
SR model

xap xi thir
M6 hinh cia MOSFET

hai
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Miic dién th€ logic qui dinh cia MOSFET:

OH max Mic logic 1 IHmax
V 0Hmin Muc logicl
VIHmm
VILmax
v
Olmax | Mc logicO
VOLmin VIme
1 IVOH 1
VOH min A « X VIHmin
L¢ nhicu V =V_, min—-V,, min
Sender Receiver .
en Vi =V, ma—V,, max
VIL max
0 IVOLmax 0
0 82




Cong NAND — NMOS tii thu déng

0 =logic 1 =0V-0,5V
1=logic 1 =}

ul
— 7 L
Q1 EI_IE
a
T
_—
—
$ ¥ Vs ¢V
L 40 in
| C=1 (=1 C=0
un Sl Sl
te Elan Elhn
83




o TT——
Cong NOR-NMOS tai thu dong

Do 2 NMOS ghép song
song nén clican c6 1 NMOS din la dién thé ngd ra

Xuong mirc thap: ¢ vo
B
I o
g e

A

R
*
1

— 84



D
Cong NAND va NOR nhiéu ngd vao

I'l.I
{a

, Ot
1o,
]n:[; L“'—l “'Jn:__,l[ [nﬂ[ ,I,
_ “ ]
T n,
fal b
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E—
J FIGURE 822 Trareistor-leel
i implementation of AF + U+ 1)
|
.




To6 hop cac éng

O o LI

F=(A+B)CD
F=(A+B)CD =(A+B)CD a7




| ﬂl'“"': OUT:F:A(B+E)

FGURE s8.B3 A fogoe circuil
comyprenmyg MRS E T —wtic hes and

e = E N |
88



e Gidi phap dé co6 dd doc thang ding la chon tai
déng ( DMOSFET) hoac dung cong CMOS,

89



* Vgs = Vps s Vps=0
EMOSFET hoat dong
nhw dién tr¢ (tai déng)
co tri sb lon

Ve =0, van cé dong I,
kha I&n, dac tuyén truyén
kha déc hon cac loai trén

90



My Vpsr. I.oad

V; o | Mp Vpsp Driver
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Cong NAND-NMOS tai déng

T+m

Eal—'
;8
| e
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Cong NOR-NMOS tai déng




Cong logic NMOS © hep (trong IC)

—T— 94



®. CONG LOGIC DUNG CMOS

» Cau tric : N-MOS + P-MOS
Vesw® Vrnn >0 Q; dan

Vasp> Vonp < 0 Q,dan oD

1.Cong NOT-CMOS oz L

« KhiV,=A=0V > I
Vesn =0, Q, ngung m2 | 45,
Veep= -Vpp, Q2 din o1 mlﬁ:_‘}vn
Vo= Vpp- Vpss=Vor _

= KhiV,= A=V, I:T
Viasn= Vpp, Q; dan -;:1__'_

Vs Vpp-Vpp =0, Q, ngung
Vo = Vpsiiony = V=V, 95



*. CONG LOGIC DUNG CMOS

96



PAL TUYEN TRUYEN CUA CMOS

Dac tinh:

» Do Ips=lp,rat thap(ludn cé 1 EMOSFET ngrng)
nén cong set tiéu thu rat bé ( vai nW).

« P9 doc thang ding
NOT- CMOS la gan nhw la bic di¢n Iy twéng rt
thong dung trong che tao IC so.

* Ngoal ra CMOS con:
On dinh nhiét tot
Cap dién tir 3V — 18V

97



PAL TUYEN TRUYEN CUA CMOS

98



*EAC CONG LOGIC CMOS KHAC

a.Cong NAND - CMOS

»—i

:

|
L
g

|

[ |
=

=

B A QL Q2 |Q3 Q4 |Vo
0 |0 |OFF OFF|ON |ON |1
0 |1 |ON |OFF|ON |OFF|1
1 |0 |OFF|ON |OFF | OFF 1
1 |1 |ON |ON |OFF|OFF|0

[ =]
[

h— L IFL T

g =

O
(o]






b. Cong NOR — CMOS

01

Q2

Q3

Q4

OFF

OFF

ON

ON

ON

OFF

OFF

ON

OFF

ON

ON

OFF

ON

ON

OFF

OFF




HO IC — CMOS

bac tinh IC CMOS: i 40xx, 45xx

(1) Muc logic

Vitmax= Vb ’\J Voo ¥ Vou

Vitmin= 2/3Vpp M

Vitmax= 1/3Vpp

V, . =0V INM V= 0,05V
In Out

Dong ra va dong vaarbé pA-> mA

74CxxX, T4ACTXXX (y= 1o =24mA)

7AECT ( b=15mA); 74TC( by, = 64mA)

102



S III——
2). Kha nang tal
N<50 (H 40xxx)
(3) Lé nhiéu-NM
NM = (1/3 Vpp.
(4). Pién thé cung @p
Vss = 0V-> V=3V -18V
(5). Thoi gian truyén tré t 4( Delay time)
40xxx ( t,g = 30 —100ns); 74C ( 7-8ns)
7[AHCFACT ( 3,5ns); 74FACT,ACL(2,5ns)
(6) COng sut tiéu tan Py rat bé , nheng thay doi theo tan sb
hoat dong
0,001mW/®ng tai 100kHz;
0,1mW tai IMHZ;
50mW tai 40MHz;
1,.5mW tai 1MHz (74HCxxX) 103



... . .
(7)Tich b toc do cOng stat — SPP
Rat nhé khoang pws ( pico watt giay)

100pws ( 74xxx) ; 105pwz at IMHz ( 40xxXx)

15pws ( 74HCxxx); 74HCT ( c6éc do cao va trong
thich véi ho TTL)

Nhan xet:

CMOS c6 nhirtng wu diém hon TTL nh w:

e Tong tré vao rat lén

 DONg tiéu thu nhé, cong sut tiéu tan thap

e L& nhiéu lén [(1/3)VDD]

« Toc @9 tuy cham nhung nay da cii tién (dat 1ns)

104



Kgt thi du: Cong logic CMOS w1 Vpp =15V

* Vou Vi
—>VOL Vi —>
Vnu= Vormin = ViHmin =19 —10 = 5V

* Khi Vg, =13V thuc vao ong &i ¢ sau thi, 6ng nay
niéu la mrc cao va hat dong dung

* Khi c6 xung nhéu am bn hon 1V thi V,, < 9V, nén
roi vao vung it dinh va éng ti s hoat dong sai.

VNL_ Vleax VOLmax_ oV- O 05V =5V

 Tuong tu, khi xung nhéu drong > 1V thi Vv, > 6V
nén ol vao vung fat dinh va éng ti hoat dong
sai.Xung nhiéu am khérinh hrong.
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S TT——
Céacdiéu can chu y khi sir dung CMOS:

(1). Luu giit linh kién trén &m mop can dién haic trong cac board ash c6
nol dat.

(2). Tranhdé noi am thap va din cac cht tong hop.

(3). Khéngdugc cham tay vao cac chan ra.

(4). Khongduoc thao IC ra ki mach khidang cadién.

(5). Tay, md han,km...phai duoc ndi dat truge vadang khi tép xdc i IC.

(6). Mac tit ca cac chan c6 ghi NC vao VDD #mvao mass

(7). Bao dam tin hu vao khéng wot qua ti VDD cung @p.

(8). Tat ngwn tin héu vao trde khi tat bd nguwn cp dién .

(9). Khéng nén thic 1 IC TTLang ngd ra IC CMOS chim,khdng i
chung céac ngd ra IC CMOSi lvéi nhau K ca IC cé ngd ra 3 ting thai.

(10). Gam thicu cac i co tinhdién dungo ngo ra, gk tpd cang nb cang

tot, khéngdugc noi day qua dai gia cac chan IC.
106



TRANSISTOR L UGONG CUC BJT — GIAO HOAN

1. PBiéu ki én phan c wc giao hoan
- Khi ngwng (off):
Ic=0 2> Ve =Vee (1)
- Khi b&o hoa (saturation):
Vge = 0,7V valgyy = Vec /Re (2)

b&o hoa Ic(mA)

0 Vee VCE(V) 107



1000

piéu dién h-z theo dong |

500

300

T-~=100°C

Ct:;mmon emitter

100

25 ny

i’

—35

DC current gain s gy
W
o

-y
o

W W

0.01

0.03

01 03 1
Collector current I~ (A)

3

10 20
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o TT——
Pé c6 bdo hoa sau ( cit chan b&o hoa) phii co:
lg > lgpn (3)

| coh N Vcc S Vcc

ﬁbh RB ﬁthC
— /BthC>RB (4)

| 5

—

Thwong chon:

B on o o 7 _ _ BB
; < , hay: B 3 7

HOE:IC Ch.)n : 'gbh :10_ 30

109



-

"7+ 4 CONG INVERTER (NOT)

a. Dang 1: Thaoa Ig> lg,, PR <4 R:
= KhiV,=0V=YV, , Transistor ngng. Fyee
dién thé ngd ra
Vo = VoH =Vcc = logic 1
= Khi V.=Vcc=V,,
Transistor dn b&o hoa ,
Vo =0V =V, =logic 0
Ta c6 kng chan Iy: NOT A |F

dia d®ng NOT hay Ao—[>o—o F 01

congdao (Inverter) v Vo 10

110



b. Dang 2
Mach dién:
! o | Ve
Thoa diéu kién (4): Rz < ,BthC
= Khi V=0V - Vg = 0V e
Transistor ngung
2> Vo = V= Voy =logic 1 N

Vi

= Khi V>0V = Transistor dan b&o hoa
2> V5 =0,2V =V, =logic 0
Vay mach 1a dong NOT

111



.+ UNG DUNG CONG NOT

(a),Machdiéu khiéen LED  (b)Piéu khién Ro-le

VCC
Nee +
hy j 26V @ O
Vac
RC < 220V
220 Rel ay
7 LEDL EQE 26V/ 12mA
RB
NPN A Q NO

- — 112



'y CONG LOGIC HQ DTL

a. Cong NAND
Gom NOT+ AND hay AND + NOT

F = A.B

NAND

1 > -

o >

Rlkr| OOl
Rlolr|o|l>
Ol kL[|, |T

113



« Phan gii cong NAND

ca 2 diod din, Q ngrng

D, dan, Q ngrng

F D, dan, Q ngrng

2 diod ngrng, Q din b&o hd

B | A | W
OV | OV | 3V
oV | 5V | 5V
o5V | OV | 3V
5V | BV | 0,2V

114




Mach thuec té

Req=
Rci 4 kO
E] i Rl =4kg
+—OVp

Dy Dy D, Vg I/

X oo 0,
" —_— 7 I\

Vy O <l i R ol

DY ;Rl B~

10 kQ2

- 115



Gom cong NOT+ OR

F=A+B

A
B H

R L, O O |

~lol|lo]>

O OO, T

116



T ——
 Phan gii cong OR

VCC B | A \V/e
¥ 2diod ngmng, Q nging oV |0V | 5V

D1 RC
v, dan, Q din OV |5V | 0,2V
F
D, din, O din 5V |0V | 0.2V
5V |5V | 0.2V

2 diod din,Q din

117



a Cong NOR
= Khi A=B=0->0Q1,Q2 ngrng
2>V,=V_ .=V y=logicl
= Khi A=Vcc, B=0> Q1 chn,
Q2 ngrng 2>
-2 V0=0,2V =VoL =logic0 , gz
= KHi A=0,B=Vcc = Q1 ngrng,
Q2 cin >
- Vo= 0,2V = VolL=logic 0
= Khi A=B=VCC = Q1, Q2 dn~>
- V0=0,2V = VoL =logic 0

HVCC

118



T ——
Cong NAND don cuc — Cach hat déng:
A=B=0V : Q1 din & Q2 ngrng=>Vo =5V=1
A=5V,B=0V: Q1 din = Q2 nging Vo=5V
A=0V,B=5V: Q1 din = Q2 nging Vo=5V
A=B =5V: Q1 nging = Q2 chin>V0=0,2V
Gol A=VX, B=Vy "CCZ{'”




it l f_big in l R,=16kQ i l Ry = 4.0k O
© Vg O Vo
~ o =
Vx ﬂ_gl Vch &5
v ' g -

| 120



o TTTTTT——
@®NG NAND CHUAN NGO RATOTEM (HO

S

= Khi A =B=0- Q,dan = Q,ngung

> Q, ngung, Q, dan-> . vy
->Vo=24-36V= ERS
= VoH = logic 1 1ok |
= Khi c6 hoic A haic B xuong 0 ¢k —
- Q. dan, Q, o ]
Q; ngung, Q, dan oY
- Vo = VoH =logic 1 BO” Vo
= Khi A =B=Vcc > néi B-E, ngung, E@ i
nhung o1 C-B, dan, Lk
Q, dan-> Q, dan,Q, ngung

- Vo=0,2V = VoL =



« Khi A=B=0V ->
Q, dan=> Q, ngung~>
Q; ngung, Q, dan->
>V =2,4V - 3,6V=
= Vgy = logic 1="1"
e Khichico 1ngd vao
|én cao va 1 ngd vao tp:
- tuong tu trénV o=V, -
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I m—
Khi A=B =Vcc =V, >
- noi B-E, ngung,
nhung i B-C, dan
> Q, dan>Q, dan
va Q, hgung
2> V5 =0,2V> 0,4V=
=V =logic O
= “Q”

123



Mach th wc té
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« Cong NAND c6 ngd cho phép ( Enable)

(_3 Bl A| F
1 | x| x| 1
0| O 0] 1
O] Of 1| 1
0| 1| 0| 1
0—31—1

D)




Mach thwc té va ky hiéu

™
| 126



ICHO TTL

» NOi 2 ngd vao A va B ctia cong NAND lai véi
nhau ta co cong NOT (IC ho TTL)
d. Pac tinh chung (chu an) ctaa ho IC TTL
V., =2V Vee Vg, = 2,4V
|, = 40UA lopy = -400UA
AN
V,ymax = 0.831 —So— (max= 0,4V
| =-1,6mA /TSL = 16mA
FAN OUT = 16mA/1,6 mA= 400uA/40uA = 10

127



FAN OUT =10 —:

128



%’6 gnién nhiéu (Noise Immunty)- Le nhiéu

OuT IN
VOHmax: oV ViHmax =5V
Vonmin =2+4 Vang NM 0,4
khong | . -
cho ph ép béItDadlinh Vle|_n 2V
_______N_M_ ViLmax _0’8\/
VOLmax - 0’4\/ ___Q,_4_ —
oV oV

VNH: VOHmln - V :2,4 -_ 2 = O,4V VNL: ViLmaX - VOLmax: O’8V- O’4V — 0’4 V



* Vou Vi
Voo Vi

Vne= VoHmin — VIHmln_24 ; 0,4V

Khi Vo = 2,4V thac vao éng #i o sau thi, 6ng nay
hiéu Ia mirc cao va hat dongdung

Khi co xung nhéu am bn hon 0,4V thi \, < 2V, nén
roi vao vung Bt dinh va éng i s& hoat dong sal.

V= Viimax — Vormax= 0,8V-0,4V =0,4 V

 Tuong t, khi xung nhéu dwong > 0,4V thi \| >
0,8V nén vl vao vung At dinh va @ng ] hoat dong
sai. Xung nHu am khénginh hrong.
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Logic | Propagation Delay Power Dissipation
Family tpo(NS) Per Gate (mW) Technology
7400 10 10 Standard TTL
74H00 6 22 High-speed TTL
741.0C 33 1 Low-power TTL
74L.S00 9.5 2 Low-power Schottky TTL
74500 3 19 Schottky TTL
74ALS00 3.5 1.3 Advanced low-power
Schottky TTL
74AS00 3 8 Advanced Schottky TTL
74HCO0 8 0.17 High-speed CMOS
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CONG TRUYEN

Chi cho qua tin héu khi dwgc cho phép @iéu khién).
a. Cong truyén NMOS- don hwéng khongdao
(Buffer) o »
Khiv;,=Vpyva C =V Vi E—-l-Irh Vo
cuc a hat dong nhr cuc D ( phan gc V) va b la crc_‘
S (vi phangc 0V), MOSFET dn, G napdien> 4 G
Vo= Vop-Vih i

KhiV,=0VvaC=Vy,y2>alaac S, bla

cuc D. Tu C_ x8 qua MOSFET chdén hét ys e

~> MOSFET ngng, Vo =0V |
xem nhr cong cho logic O trugn qua c =

Khi C= 0, kénh n ngrng ,cong MOSFET -

khong cho tin K§u truyén qua.
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Tom lai: Cong truyén khéngdao, ta co:
Khi C = 1(logic 1) éng cho tin hju vao V truyén qua
V, = V..
Khi C =0 (logic 0) 6ng ki khoa khong cho tin &
truyen qua

133



*. £AC CONG TRUYEN KHAC

Cong truyén don cuc diéu khién dao

Khi C =1, /C=0- Cong bi khoa tin hiéu khéng truyén
qua.

KhiC=0,/C =1 cong mé, tin hiéu dwgc truyén qua

134



(1) Biéu khién bing C :
C=0-> A khong trugn qua B

C=1-> A duoc truyen qua B
(2) biéu khién bang /C

C=0 : /A dugc truyén qua B
C=1: A khong truyn qua B

A

A




QQNG TRUYEN CMOS — TRUYEN LUONG

3 CUC
» KhiC=0,/C=1va

Vi:VDD? NMOS ngrng (VGSN: O) va 'IJ; NS
PMOS an( Vgss - Vpp) j ‘ = ‘
VO = VDD v d 12l ¢ v
= Vi=0V > NMOS din( VGS = VDD), _l
PMOS nging(VGSP=0V) ->Vo = 0V '
- Cong dong cho truyén qua Vi = Vo c
KhiC=0,/C=1 va
Vi = OV > NMOS ngg (Vg =0V) 110 .
PMOS ngrng(VGSP: VDD) I C
*Vi = Vpp 2NMOS ngrng(Vesnv=-Vpp)

PMOS nging( Vgs5=0V)
- cong bi hé khéng cho tin hiu truy én
gua 136



Tom lai: Cong truyén ludng arc ta co:
-Khi C = 1 &ng cho tin hu truyén qua
-Khi C = 0 ®ng khéng cho tin Bu qua

C

1/ O

/| C
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T ——
Do cu tric MOSFET c0 tinkoi xting , cac ac S va
D c6 the hoandai vi tri nhau, nén khi cho tiné&i vao
tr B tin hiéu < ra bén A va theo cung cadteu khien
trén : nén 6ng co tie truyén theo @ 2 chiéu A> va
d6i lai B> A: Cong truyeén lwdng arc.
 Cong truyén ludng arc duoc thdng ding trong K
thuit 5, truyen  liéu ca 2 chiu ( hedng).
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