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Chwong 3
CAC PHAN TU’ LOGIC CO BAN

3.1. KHAI NIEM VE MACH SO

3.1.1. Mach twong tw
Mach tuong ty (con goi 1a mach Analog) 1a mach dung dé xu ly céc tin hiéu tuong ty. Tin hiéu
trong ty latin hiéu co bién do bién thién lién tuc theo thoi gian.
Viéc xir ly bao gdm cac van dé: Chinh luu, khuéch dai, diéu ché, tach song. ..
Nhugc diém caa mach tuong tu:
- Kha nang chdng nhiu thip (nhidu d& xam nhap).
- Viéc phan tich thiét ké mach phuc tap.
Dé khic phyc nhirng nhuoc diém ndy ngudi tasir dung mach sb.

3.1.2. Mach sé
Mach sd (con goi 1a mach Digital) 1a mach ding dé xir ly tin hiéu s5. Tin hiéu s latin hiéu c6
bién do bién thién khéng lién tuc theo thoi gian hay con goi la tin hiéu gian doan, dugc biéu dién
duéi dang sdng xung vai 2 mirc dién thé cao va thip ma tuong tng voi hai mic dién thé ndy 1a hai
mirc logic 1 va 0 cua mach 5.
Viéc xir ly trong mach s bao gdm céc van dé nhur:
- Locsd.
- Piéu ché sb / Giai diéu ché sb.
- Méahéa/ Giaima...
Uu diém ciamach s so voi mach tuong tu
- Do chdng nhidu cao (nhidu khd xam nhap).
- Phan tich thiét ké mach sd twong ddi don gian.
Vi vay, hién nay mach sd duogc sir dung khéa phé bién trong tat ca céc linh viee nhu: Do ludng s,
truyén hinh s, diéu khién sb. . .

3.1.3. Ho logic dworng/am

Trang théi logic ciamach s ¢ thé biéu dién bang mach dién don gian nhur trén hinh 3.1:
Hoat dong cia mach dién nay nhu sau:

- KMé : DeénTit K
- Kboéng: ben Sang ®D
Trang thd Pong/M & caa khda K hoic trang thdl Sang/Tat caa Vi

dén b ciing dugc dac trung cho hai trang thé logic caamach s5.

Hinh 3.1
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Ciing co thé thay khda K bang khéa dién tir ding BJT nhur sau (hinh 3.2):
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Hinh 3.2. Biéu dién trgng théi logic ciia mgch so bang khoa dién tir dung BJT

Giai thich c&c so @b mach:

Hinh 3.2a:

- KhiV; =0:BJTtit® Vo =+Vcc

- Khi V;>a:BJT dinbd hoa® Vo= Vees= 0,2 (V) » 0 (V).

Hinh 3.2b:

- Khivi=0: BJTtit® Vo=-Vcc

- KhiVi<-a BJT dinbd hoa® Vo= Vees=-Ves=-0,2 (V) » 0 (V).

Vay, trong ca 2 so d6 muc dién thé vao/ra cia khod dién tir dung BJT ciing twong &ng véi 2
trang thé logic cia mach sd.

Nguoi ta phén biét raha ho logic tuy thugc veo mirc dién ép:

- Néuchon : Viogc1> Viegeo ® ho logic duong

- Néuchon : Viogc1 < Viegco ® ho logic &m

Logic duong va logic &m la nhirng ho logic to, ngoad ra con co ho logic mo (Fuzzy Logic) hién
dang duoc trng dung khé phd bién trong cac thiét bi dién tir va cac hé thdng diéu khién tu dong.

3.2. CONG LOGIC (LOGIC GATE)

3.2.1. Khai niém
Cong logic 1a mat trong c&c thanh phan co ban dé xay dung mach s6. Cong logic duoc ché tao
trén co sd céc linh kién ban dan nhu Diode, BJT, FET dé hoat dong theo bang trang théi cho trudc.
3.2.2 Phan loai
C6 ba céch phan loai cong logic:
- Phan loai cong theo chirc nang.
- Phan loai cong theo phuong phdp ché tao.
- Phan loai cong theo ngd ra.

1. Phan loai cong logic theo chirc niing
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a. Cong PEM (BUFFER)
Cong dém (BUFFER) hay con goi 1a cong khdng dao 1a cong c6 mot ngd vao va mot ngd ra voi
ky hiéu va bang trang thai hoat ¢ong nhu hinh vé.

Phurong trinh logic mé ta hoat dong caacéng dém: 'y = X

Bang trang théi

Hinh 3.3. Ky hiéu va bdng trgng théi ciia cong dém

Trong do:
- xlangd vao co tro khédng vao Zv vé ciing lon® do d6 dong vao cia cong dém rat nho.
- ylangd raco tro khang ra Zranho ® cong dém cé kha ning cung cip dong ngd ralsn.

Chinh vi vay ngudi ta sir dung cong dém theo 2 y nghia sau:

- Dung dé phdi hop tre khang.

- Dung dé céch ly vanang dong cho tai.
Vé phuong dién mach dién c6 thé xem cong dém (cong khdng dao) gidng nhu mach khuyéch dai C
chung (dong pha).

b.Cong PAO (NOT)
Cong PAO (con goi 1a cong NOT) la cong logic ¢6 1 ngd vao va 1 ngd ra, vai ky hiéu va bang
trang thd hoat dong nhu hinh ve:

Bang trang thai:
X y = y
110

Hinh 3.4. Ky hiéu va bang trang thai hoat déng ciia cong dao

Phuong trinh logic md ta hoat dong caacéng DAO: y = x

Cong dao gitr chire nang nhu mot cdng dém, nhung nguoi ta goi 1a dém dao vi tin hidu ngd ra
ngugc muc logic (nguoc pha) vai tin hiéu ngd vao.

Trong thyc té ta c6 thé ghép hai cdng DAO ndi ting véi nhau dé thie hign chirc nang cua cong
DEM (cong khong dao) (hinh 3.5):

X X

Hinh 3.5. Sz dung 2 cong PAO tao ra cong PEM
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Vé phuong dién mach dién, cong BAO giéng nhu tang khuyéch dai E chung.

c. Cong VA (AND)
Cong AND la cong logic thic hién chirc nang caa phép todn nhan logic céc tin hiéu vao. Cong
AND 2 ngd vao c6 2 ngd vao 1 ngd raky hi¢u nhu hinh veé:

Phuong trinh logic md ta hoat dong caacong AND: X1
Y= X1.X2 y
Bang trang théi hoat ¢ong caa cong AND 2 ngd vao: X2 |

X1 Xo

Hinh 3.6. Cng AND

R O Ol 0Ol

R OO

Rl ol r|o

Tir bang trang théi ndy c6 nhan xét: Ngd ray chi bang 1 (mirc logic 1) khi ca 2 ngd vao déu bang
1, ngd ray bang 0 (muc logic 0) khi c6 mot ngd vao bét ky (X, hoac x2) bang 0.
X ét truong hop tong quét cho cong AND ¢6 N ngd Va0 X1, X ... Xn:

0 $x =0 X1
1 1

MR =1 6= e ) S
Xn

Viy, dac diém ciia cong AND 1a: ngd ra 'y chi bang 1
khi tdt cd cac ngd vao déu bang 1, ngd ra'y bang 0 khi  Hinh 3.7. Céng AND Véi n ngd vao
c6 it nhdt mét ngd vao bang 0.

— — —

Sir dung cong AND dé déng mé tin hiéu:
Cho céng AND c06 hai ngd vao x; vax,. Tachon:
- Xy d6ng vai tro ngd vao diéu khién (control).
- X dong vai tro ngd vao dir liéu (data).
Xét céc truong hop cu thé sau day:
- Khi x;= 0: y = 0 bét chap trang thédi ciiax», tandi cong AND khoa lai khéng cho dit liéu dua
Va0 ngd vao x, quacong AND dén ngd ra.
iIX,=0P y=0
- Khix=1] 2 ~
iXo =1p y=1
Tanbi céng AND mé cho dit liéu dua vao ngd vao x, quacong AND dén ngd ra.
Vay, c0 thé sir dung mot ngd vao bt ky caa cong AND déng vai tro tin higu diéu khién cho phép
hozc khong cho phép ludng dit liéu di quacong AND.

p y=x2

Sw_dung cong AND dé tao ra cong logic khac:
Néu sir dung 2 t6 hop dau va cudi trong bang gia tri caa cdng AND va ndi cong AND theo so d6
nhu hinh 3.8 thi ¢6 thé sir dung cong AND dé tao ra cong dém.

Trong thyc té, c6 thé tan dung hét cac cong chua dung trong IC dé thyc hién chirc ning ciia cac
cong logic khéc.
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X1

HX=1->X=X=1->y=1 Hy=X

y X=0—->X=%=0—->y=0
X2 }

Hinh 3.8. Sir dung cong AND tgo ra cong dém.

d. Cong HOAC (OR)

Cdng OR la cong thyc hign chirc nang cua phép todn cong logic cac tin higu vao. Trén hinh v |a
ky hiéu cia cong OR 2 ngd vao:

Phuong trinh logic cong OR 2 ngd vao: Y = X1 + X»

X1 X
] y
X2
Ky hiéu Chau Au Ky hiéu theo M, Nhat, Uc

Hinh 3.9a Céng OR 2 ngd vao
Bang trang thai m6 ta hoat dong:

X1 X2 Y = X1tXo
0 0 0
0 1 1
1 0 1
1 1 1

Xét truong hop tong quét di véi cdng OR ¢ n ngd vao.
Phuong trinh logic:

_il
YRZ10 "x =0 (i=1n)

Hinh 3.9b Cong OR n ngd vao

Dic diém ciia céng OR 1&: Tin higu ngd ra chi bang 0 khi va chi khi tdt ca cac ngd vao déu
bang 0, ngwoec lai tin higu ngd rabang 1 khi chi can co it nhdt mgt ngd vao bang 1.

Sw dung céng OR dé déng mé tin hiéu:
Xé cong OR ¢6 2 ngd vao X1, X2. Néu chon Xy 1angd vao diéu khién (control), x, ngd vao dit liéu
(data), ta co cac truong hop cu thé sau day:

- x;=1:y=1,yludn bing 1 bat chiap x, ® Tandi cong OR khoa khdng cho dit liéu di qua.
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=0pP y=0
=1b y=1

1X
- x=0: IlX
t

2
2

cong dén ngd ray.

P y= X2® Tandi céng OR mé cho dir liéu tir ngd vao x, qua

S dung cong OR dé thuc hién chirc niing céng logic khac: St dung hai to hop gia tri dau va
cudi cia bang trang théi cua cong OR va ndi mach cong OR nhu so ¢ hinh 3.10:

- X=0,x1=%=0pP y=0
- Xx=1,x=%=1b y=1J b y=x:cong OR doéng vai trd nhu cong dém.

X1

X2

Hinh 3.10. Siz dung cong OR 1am cong dém

e. Cong NAND
Pay la cong thuc hién phép todn nhan dao, vé so db logic cong NAND gom 1 cdng AND mic
ndi tang vai 1 cong NOT, ky hiéu va bang trang tha cong NAND duoc cho nhu hinh 3.11:

X1

T b y X1 X2 y
Xz | 0 0 1
ﬁ 0 1 1

X1 1 0 1
X2 y 1 1 0

Hinh 3.11. Céng NAND: Ky hiéu, so d6 logic tiwong dirong va bang trang théi

Phurong trinh logic mé ta hoat dong ciaa cong NAND 2 ngd vao:

Y = XX,
X ét truong hop tong quét: Cong NAND ¢6 n ngd vao. X1 y
— >O
i1 $x,=0 "
Ynano = 20 "x =1 (i=1n) Hinh 3.12.Cong NAND n ngd vao

Vay, dic diém ciia cong NAND |a: tin higu ngd ra chi bang 0 khi tét cd cac ngd vao déu bang
1, va tin higu ngd ra ¢ bang 1 khi chi can it nhdt mgt ngd vao bang 0.
Sir dung cong NAND dé déng mé tin hiéu:
Xé cong NAND c6 hai ngd vao. Chon x, 1angd véo diéu khién (control), x, 1& ngd vao di ligu
(data), lan luot Xxét cac truong hop sau: .

- x=0:y=1(yludn bang 1 bat chap giatri caaxy) tandi cang NAND khoa.
iIXo=0P y=1 .
- x= 1 2 P y=Xx

5=1P y= 0 2

T X
ngd radong thoi dao mirc tin hiéu ngd vao x,, Itc nay cong NAND déng vai tro 1a cong DAO.

® Céng NAND mé cho dir liéu vao ngd vao x. dén
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Sir dung cong NAND dé tao cac cong logic khac:
- dung cong NAND tao cing NOT:

X X1
O_
X2

y= xlxz—xl+x2—x

Hinh 3.13a.Dung cong NAND tgzo cong NOT

- dung cong NAND tao cong BUFFER (cong dém):

X X1 X
y X y
O D—a >

y=X=X

Hinh 3.13b.Duing cong NAND tgzo cong PEM (BUFFER)

- ding cong NAND tao cong AND:

X1 _ X1 IZ|
XX T Y= X% = XX, ﬁ }
X2 X2

Hinh 3.13c. Siz dung cong NAND tzo cong AND

- dung cong NAND tao cong OR:
X1

<:> y

X2 — X2

XX, = X + X, = X X,
Hinh 3. 13d. Dung cong NAND tgo cong OR
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f. Cong NOR

Cong NOR, con goi la cdng Hoac-Khdng, 1a cong thuc hién chirc nang caa phép todn cong dao
logic, 1a cong 6 hai ngd vao vamot ngd raco ky hiéu nhu hinh vé:

Phurong trinh logic mé ta hoat dong cia cong :

y= X +X,
X1
y . y
X2 v
Ky hiéu theo Chau Au Ky hiéu theo M, Nhat

Hinh 3.14. Ky hiéu cong NOR
Bang trang thai mé ta hoat dong ciaa cong NOR :

X1 Xo

Ol OOl r I

Rk O O

ROk O

X ét truong hop tong quét cho cong NOR ¢6 n ngd vao.
i0 $x, =1

YNOR= | -
i1 "x,=0 (i=1,n)

Viy dac diém ciia cong NOR 1a: Tin higu ngd ra chi
bang 1 khi tdt ca cac ngd vao déu bang 0, tin higu ngd
ra s¢ bang 0 khi ¢6 it nhat mgt ngd vao bang 1.

Sir dung cong NOR dé déng mé tin hiéu:
Xé cdng NOR ¢6 2 ngd vao, chon x; langd vao diéu khién, x, 1angd vao dit lidu. Ta co:
- %= 1:y =0 (y ludn bang 0 bat chip x,), tandi cong NOR khda khong cho dir liéu di qua.

Hinh 3.15. Céng NOR n ngd vao

ix2 =0p y=1 L )
- X=0: % P y=X, ® tandi cdng NOR m¢ cho dit liéu tir ngd vao x, qua
iX~,=1P y=0 2
t72
c6ng NOR dén ngd ra dong thoi dao muc tin higu ngd vao X», lGc ndy cong NOR déng vai trd
lacong PAO.

St dung coéng NOR dé thwc hién chirc niing cbéng logic k hac:
- Dung cong NOR lam cong NOT:

X X y

-

Y= X + X, = XX, =X

Hinh 3.16a. Sz dung cong NORtzo cong NOT
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- Dung cong NOR lam ¢ong OR :

X1 3 + X, y <::> X1 y
L X2

X2

Y= XX =X X
Hinh 3.16b. Sir dung cong NOR tgo cong OR

- Dung cong NOR lam cong BUFFER :

X X1

X y <:> X y

X2

y= X =X
Hinh 3.16¢. Sir dung cong NOR tgo cong BUFFER

- Dung cong NOR lam cong AND :

S
y ) % DL

Xo —
X,
Y= X X, = XX = XX,

Hinh 3.16d. S dung cong NOR [am cong AND

- Dung cong NOR lam cong NAND:
X1 ‘j :
X, Vi y X1 y
i=pe
X,
Y= YL X+ X =X+ X = X X,

Hinh 3.16e. Sir dung cong NOR lam cong NAND
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g. Cong XOR (EX - OR)

Pay la cong logic thyc hién chirc nang caa mach cong modulo 2 (cong khéng nhg), 1a cong co
hai ngd vao vamot ngd ra co ky hiéu va bang trang thai nhu hinh ve.

Phurong trinh logic mé ta hoat dong caa cong XOR :

YXOR = X1 X, + X, X2 = XA X2

D

Hinh 3.17. Cong XOR

PR OlolX
= O = O
ol - R O

Cong XOR dugc ding dé so sanh hai tin higu véo:
- Néu hai tin hi¢u vao |a bang nhau thi tin hiéu ngd ra bang 0
- Néu hai tin hiéu vao lakhéc nhau thi tin hiéu ngd ra bang 1.

Céc tinh chat caa phép toan XOR:
1 X A xo=xA x4
2. X1 A %2 A x3= (xiA x2) A x3 = %A (X2 A X3)
3. X1.(X2 A x3) = (X1.X2) A (X3.X1)

Chizng minh:
VEtrd = X. (X2 A Xa) = Xa(Xa. X3+ X 2.X3) = XaXoX 3+ X1 X2 X3 + X1 X 1.X3 + X1 X 1.X2

= XX X3+ X1X2 X3+ X1 X 1.X3 + X1 X 1.X2 = X1X2( X3 +X1) + X1 X3(X 2+ X1)

= XaXa X X5 + XX, XaXa = (Xax2)A (xaxa) = V& phai (dpem).
4, x1 A (x2. x3) = (x1Ax3).(x1A%2)

5 xA0=x
xA1=x , .
<A x=0 Mé rong tinh chat 5: Néu x;Ax, = X3 thi x;Axa=x,
xA x=1

h. Cong XNOR (EX — NOR)
Pay la cong logic thuc hién chirc nang ciia mach cong dao modulo 2 (cong khdng nhé), 1a cong
cd hai ngd vao vamot ngd ra co ky hiéu va bang trang thd nhu trén hinh 3.19.

Phuong trinh logic mé ta hoat dong cuacéng: y = X, X, +X,X, =X, A X,

X1 X2

e

Hinh 3.19. Céng XNOR

RO ORI

R O O

ROl = O
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Tinh chit caa cong XNOR:
1 (A X)X A X,) =0 A x,)+ (X, A x,)
2. (%, Ax,)+(x; A x,)=(x, A x,)(x; A x,)
3 x, Ax,=x,Ax,=x,Ax,
4. x, Ax,=x,Ax,
5.x, A%, =%, U %, A x; =x,

Cau héi: Hay thir chiing minh cac tinh chadt tir 1 @én 5 ?

2. Phan loai céng logic theo phwong phéap ché tao

a. Cénq logic diing Diode

a) b)
x1 D1 VCC
o—P——
R
w D2 «1 D1
o—P—4—o
y y

%R
x2 D2

Hinh 3.20. So' @6 mach céng logic dung diode
a.Cong OR - b.Cong AND

Xét so d6 mach don gian trén hinh 3.20

So db hinh a: X1 | %,

- Vx1=Vx,=0V  ® Dy, D, tit: Vy=Vg=0V ® y=0 0 0 g
- Vx1 =0V, Vx;= 5V ® Djtat, D, dan: Vy=Vg=5V ® y=1 0 1 1
- Vx;=5V,Vx,=0V ® D;dan, Dytat: Vy=Vg=5V ® y=1 1 0 1
- Vxi= Vx,=5V ® D,, D, dan: Vy=Vg=5V ® y=1 1 1 1

Pay chinh |a cong OR duoc ché tao trén co so diode va dién tré hay con goi 1a ho DRL (Diode
Resistor Logic) hoac DL (Diode logic).

So do hinh b:

X Xo | Xo | Y
- VXl:VXZZOV ® D4, D> dan; Vy:VRZOV ® y:0 0 0 0
- Vxy =0V, Vx=5V ® Dydan, Dy tit: Vy=Vg=0V ® y=0 ol 110
- Vx1 =5V, Vx=0V ® D;tit,Dodin: Vy=Vg=0V ® y=0 11010
- Vxg = VX=5V ® Dy, D, tit: Vy=Vr=5V ® y=1 1 1 1 1

Day chinh [amach thyc hién chic ning cua cong AND duoc ché tao trén co so diode va dién tro
(ho DRL hoac DL).
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b. Céng logic dung BJT

. . . vce
Ho RTL (Resistor Transstor L ogic) 3)
Cong NOT (hinh 3.21a) Rc y
- x=0® BJT tit ® Vy=Ve=5V® y=1 x Rb
- x=1® BJT dinb&o hoa® V, = Vee» OV® y=0 QL

Day la cong NOT ho RTL (Resistor Transistor Logic).

Cong NOR (hinh 3.21b)

- X3 =% =0 ® BJT tit
b Vy=Ve=5VPh y=1

- x1=0,%=1 ® BJT dianb&o hoa
P Vy=Ves»0V b y=0

- x=1,%=0 ® BJT dianb&o hoa
P Vy=Ves»0OV P y=0 L

- X1= %=1 ® BJT dan b&o hoa Hinh 3.21.(a,b)
P Vy=Ves»0VP y=0

Pay chinhlacong NOR ho RTL (Resistor Transistor Logic).

VCC
x1 X2
% Rc
y
R1 Q2

Q1

Hinh 3.21c. Cong NORduing 2 BJT

Tuy nhién mach ndy c6 nhuoc diém la sy anh huang giita cac ngd vao x; vax, rat 16n dac biét 1a
khi hai ngd vao c6 muc dién &p (muc logic) nguoc nhau. Bé khic phuc nhugce diém ndy nguoi ta
cai tién mach bang céach sir dung 2 BJT ¢ 2 ngd vao doc lap véi nhau nhu so @ trén hinh 3.21c.

Hay gidi thich hogt déng ciia mach nay?

Ho DTL (Diode-Transistor-L ogic)
Trén hinh 3.22 laso d6 mach cong NAND ho DTL.

Hinh 3.22. Céng NAND he DTL
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Khi x; = x2 = 0: cac diode D1, D, duoc phén cuc thuan nén Dy, D, dan ® Va= Vg= 0,7V

(diode ghim dién &p). Madiéu kién dé céc diode D3, D, vaBJT Q dan |a:

Va 3 2Vgp + Vger=2.0,7+0,6 =2 (V)
® Khi Dy, D2ddn ® D3, D, tit ® BJT tit® ngdray = 1.
Khi x;= 0, X= 1: Dy din, D, tit ® Va = 0,7V (diode D; ghim dién &p) ® D3, Ds4, BJT tit ®
ngd ray = 1.
Khi x;= 1, X2= 0: Dy tit, D, din ® Va = 0,7V (diode D2 ghim dién &p) ® Dz, D4, BJT tit ®
ngd ray = 1.
Khi x; = X, = 1: ca hai diode D1, D, d8utit ® Va » Ve, (thucté Va = Ve - Vri) ® diéu kién
dé diode D3, D4 danthoa mé&n nén Ds, D4 dan® BJT dan b&o hda® ngd ray = 0.

Vay day chinh 1a so ¢5 mach thyc hién cong NAND ho DTL.

Nhiém vu cua céc linh kién:

Néu chi c6 mot diode D3, gia S X1 = X2 = 0, ngd ray=1, lGc ndy D; va D, dan, taco Va = VgDs
=0,7(V). Néu c6 mét tin hiéu nhidu bén ngoai chi khoang 0,6V tac dong vao mach s lam dién &p
tai A tang lén thanh 1,3(V), va st 1am cho diode D3 va Q dan. Nhung néu mac ndi tiép thém D,
mach ¢6 thé ngan tin hi¢u nhidu |én dén 2Vg= 1,2(V). Vay, D3 va D, c6 téc dung nang cao kha nang
chéng nhiéu cia mach.

Ngoai ra, R, lam tang téc d6 chuyén doi trang théi caa Q, vi Iic dau khi Q din s8 c6 dong db qua
R tao mot phan &p cho tiép gidp Je cia Q d&é phan cuc thuan 1am cho Q nhanh chéng dan, vakhi Q
tat thi lugng dién tich s3 x& qua R, nén BJT nhanh chong tit.

Ho TTL (Transistor - Transistor -L ogic)

VCC

b) x1 X2 c

" Hinh 3.23. Céng NAND hoe TTL
a. So' d6 mach, b.Transistor 2 tiép giap va so do twong duong

Transistor Q; duoc sir dung gom 2 tiép gidp BE,, BE, va mot tiép gidp BC. Tiép gidp BE;, BE;
ctuia Q; thay thé cho Ds, D, vatiép gidp BC thay thé cho D trong so 6 mach cong NAND ho DTR
(hinh 3.22).

Gidi thich hoat d6ng cua mach (hinh 3.23):

X1 = X2 = O céc tiép gidp BE1, BE> 8 dugc mé 1am cho dién &p cyc néncia Qy : Vs = Vg=
0,6V. Ma diéu kién dé cho tiép gidp BC, diode D va Q, dan thi dién thé & cuc nén cua Q,
phai bang:

Vg = Vch + VngEl +VgBE2 =06+0,7+0,6=1,9V
Chirng to khi céc tiép gidp BE;, BE, mo thi tiép gidp BC, diode D vaBJT Q,tit® y = 1.
X1 =0, X2 = 1 céc tiép gidp BE1 md, BE tit thi tiép gidp BC, diode D vaBJT Q, tit® y = 1.
X1 =1, X2 = 0 c&c tiép gidp BE; tit, BE; mo thi tiép gidp BC, diode D vaBJT Q. tit ® y = 1.
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- X1=Xp =1 céctiép gidp BE1, BE; tit thi tiép gidp BC, diode D dan va BJT Q, dan b&o hoa
®y=0
Vay, day chinh lamach thuc hién cong NAND theo cong nghé TTL.

Dé nang cao kha nang tai cia céng, nguoi ta thudng mic thém & ngd ra mot tang khuéch dai kiéu
C chung (CC) nhu so ¢6 mach trén hinh 3.24:

»
VCC
R NN R5
1 R4 TJI/>E_
L 120,

L j}‘(_/
e
X1 0 I Q D y
1 NI
Xy :' |/|>E
Rz R3 Qs
77
Hinh 3.24

Dé nang cao tan sb |am viéc caa cong, nguoi ta cho cac BJT 1am viéc ¢ ché do khuéch dai, diéu
d6 ¢ nghia la nguoi ta khdng ché dé sao cho céc tiép xic Je caa BJIT bao gid ciing ¢ trang thé
phan cuc nguoc. Bang cach mic song song Véi tiép gidp Je caa BJT mot diode Schottky. Bic diém
cua diode Schottky la tiép xuc caa nd gom mot chat ban dan véi mot kim loai, nén nd khang tich
lily dién tich trong trang tha phan cuc thuan nghia 1a thoi gian chuyén tir phan cuc thuan sang phan
cuc nguoc nhanh hon, nGi céch khéc BJT s& chuyén ddi trang thé nhanh hon.

Luu y: Nguoi ta ciing khong ding diode Zener boi i tiép xtc cia diode Zener 1a chdt ban dan
nén sé tich triz dién tich du.

So dd mach cai tién co diode Schottky trén s3 vé twong duong nhu sau (hinh 3.25):

»
R VCC
R1 s

D
X1
Q Q2 y
X2 Rz * R3 ()\. 3
/7777

Hinh 3.25. Cong logic ho TTL diing diode Shottky
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Ho ECL (Emitter-Coupled-L ogic)

VCC =0V
Q
L R7
% R3 § R4
2 Q3
1 Ny
"
Oyl
x1 Rl Q2
3 P
x2 v2
O—WW\
R2 § R5 R6
? RE
3

-VEE

Hinh 3.26. Cong logic ho ECL (Emitter Coupled Logic)

Logic ghép emitter chung (ECL) 1a ho logic c6 toc do hoat dong rat cao va thuong dugc ding
trong cac ung dung doi hoi toc do cao. Toc do cao dat dugc lanhd vao cée transigtor duoc thiét ké
dé hoat ¢ong trong ché do khuyéch dai, vi vay chiing khdng bao gio roi vao trang théi bao hoavado
d6 thoi gian tich luy hoan toan bi loai bo. Ho ECL dat dugc thoi gian tré lan truyén nho hon 1ns
trén mdi cong.

Nhuoc diém caa ho ECL: Ngd ra c6 dién thé am nén nd khdng twong thich vé mic logic véi cac
ho logic khéc.

Gidi thich hoat déng ciia mach (hinh 3.26):

- Khi x; = X2 = 0: Q1, Q. dan nén dién thé tai cuc nén (2), (3) cia Qs, Qs cang dm (do 1 val
an)nén Qs Qutat® y; = 1,y, = 1.

- Khi x3= 0, Xo=1: Q; dan, Q, tit nén dién thé tai cuc nén (2) caa Q; duong, dién thé tai cuc nén
(3) ciaQ4 cang &m nén Q; dan, Q4 tit ® y1 =0, y, = 1.

- Khi x3=1, x,=0: Q; tit, Q, din nén dién thé tai cuc nén (2) caa Qs am, dién thé tai cuc nén (3)
cua Q4 cang duong nén Q3 dan, Qs tit ® y; =1, y, = 0.

- Khi x1 = x2 =1: Q, Q2 tit nén dién thé tai cuc nén (2), (3) cia Qs, Q4 cang duong nén Qs, Qq
din® y;1=0,y,=0.
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c. Cong logic dung MOSFET

MOSFET (Metal Oxyt Semiconductor Field Effect Transistor), con goi la IGFET (lsolated Gate
FET - Transistor trudng c6 cuc cong céch ly).

MOSFET c0 hai loai: Loai ¢ kénh dit sin valoai ¢ kénh cam ung.

D D

B
NMOS G J PMOS G J
S

(0]

a. MOSFET kénh dat sin

D

D
wmos 6|8 PMOS G J':"B
s s
b. MOSFET kénh cam ing

Hinh 3.27. Ky hiéu cac logi MOSFET khac nhau

DU 1aMOSFET c6 kénh dat sin hay kénh cam (g déu c6 thé phan chia lam hai loai:

- MOSFET kénh N goi IANMOS

- MOSFET kénh P goi 1a PMOS.

Dic diém cua 2 loai ndy khac nhau nhu sau:

- PMOS: Tiéu thy cong suét thap, tdc do chuyén doi trang thd cham.

- NMOS: Tiéu thy cdng suit 16n hon, téc do chuyén doi trang thé nhanh hon.

Trén hinh 3.27 laky hiéu cua cac loai MOSFET khac nhau.

Chi y: MOSFET kénh dit sin 6 thé 1am viéc ¢ hai ché do giau kénh va nghéo kénh trong khi
MOSFET kénh cam ¢ng chi 1am viéc & ché do giau kénh.

Dung NMOS kénh cam itng ché tao cac céng logic
Xét céc cong logic loai NMOS trén hinh 3.28.
Piéu kién d@é congNMOS dan: Vp>Vs, Ve> Ve
Trong tat ca hinh vé taco :

i Roscony = 200KW i Rosiony =1KW

Qi Q,, Qs
lT Ros(ory = ? 3f Roscor) =10"KW
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Hinh 3.28a (cng NOT)

VDD VDD VDD

QL

Rl ey

B

|
l_
'

y

P Loy S S HISQ'L P ey

X2 B [e—o

a) Cong NOT b) Cong NOR ¢) Cong NAND
Hinh 3.28 Cac cong logic ché tao bang NMOS

Theo diéu kién d¢ congNMOS dan: Vp>Vs, Ve> Vg

Tathdy Q; c6 B ndi mass thoa man diéu kién nén: Q, luén ludn dén.

- Khi x=0: Q dan, Q, tat (vi Va2 = Vi = 0 nén khéng hinh thanh dién truong gitaG vaB ®
khéng hit dugc céc e- 1a hat dan thiéu sb ¢ ving dé B ® khong hinh thanh duoc kénh din).
Ldc ndy, theo so d6 twong duong (hinh 3.29a) ta co:

R

_ DS(OFF)/Q2
Vy = VDD

RDS(ON)/Ql + RDS(OFF)/QZ
_ 10K Vv
200K +10'K ~*°
P Vy»Vppb y=1

- Khi x = 1: 1Gc ndy Veige > Veige ® hinh thanh mot dién truong huéng tir G dén B, dién
truong ndy hat céc dién tir & c&c hat dan thiéu sb trong viing dé B di chuyén theo chidu nguoc
lai vé mat d6i dién, hinh thanh kénh dan ndi lién gitta G va B va co dong dién ip di tir D qua
® Q. dan. Nhu vay Qy, Q. déu din, tasé co so do twong duong (hinh 3.29b). Theo so d6 nay
ta co:

Rp
_ S(ON)/Q2
Vy = Voo

RDS(ON)/Ql + RDS(ON)/QZ
1K
= e V/
200K +1K °°

b V= Z—éovDD:o,ozsv by=0
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Vay mach ¢ hinh 3.28ala mach thuc hién cong NOT.

VDD VDD
I Rbsonyo1 IRDS(ON)/Ql
y y
S —
I RbsoFr) g2 I Rbsoonyg2
b) x=1
a) x=0
V14 ) /4

Hinh 3.29 Sv d6 twong dwrong mach hinh 3.28a

Hinh 3.28¢ (c6ng NAND)
- Khi x1 = %2 = 0 (hinh 3.30a): Qy ludn din, Q, va Qs déu tit, lic d6 theo so do twong duong ta

CO.
Vy - RDS(OFF)/QZ + RDS(OFF)/Q3 Vs
RDS(ON)/Ql + RDS(OFF)/QZ + RDS(OFF)/QB
10K +10°K
= Y, b V,=~Vppb y=1.
200K +107K +107K  °° y= Voo Py

VDD

VDD VDD

Rbsionyo1 Rbsonyot

Rbsonyo1
y

Rosorrio2

Rosionya2

Rbsonyio2

Rosorriqs Rosony/oz

Hinh 3.30c
7 (X=%=1)

Rosorrio3

Hinh 3.30b
//// (Xl: 1, Xo= 0)

Hinh 3.30a.
(X1=%2=0)

- Khi 3= 1, x,=0 (hinh 3.30b): Q., Q. din va Qj tit lc d6 theo so dd twong dwong ta co:
— Rosonyo2 T Rosorry a3 V. = 1K +10’K

’ RDS(ON)/Ql + RDS(ON)/QZ + RDS(OFF)/QB o 200K +1K + 107 K oo

b Vy=Vppb y=1

- Khi x;= 0, x,=1: Q,, Qs danvaQ, tit, giai thich tvongtuw taco Vy= VDD ® y= 1.
- Khi x;=1, Xo=1 (hinh 3.30c): Q1, Q, va Qs déu dan, ltic d6 theo so dd tuong duong ta co:
v, = Rpsonyoz T Rosonyas = 1 K+1K .
RDS(ON)/Ql + RDS(ON)/QZ + RDS(ON)/Q3 200K +1K +1K
P Vy,=0,05VbP y=0.
Vay hinh 3.28¢ |a mach thyc hién cong NAND.
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Hinh 3.28b (cong NOR)
Talan luot xét céc truong hop sau: (so dd twong duong hinh 3.31)

Vb Vb
I Rbsonyo1 y I Rbsonyo1
y
Ros(orryo2 * ] Ros(OFF)/03 Ros(orryo2 * ] RosON)/Q3
Hinh 3.31a Hinh 3.31a
7 (=x=0) /A

- Khi x; = %2 = 0 (hinh 3.31a) : Q; dan, Q, va Qs déu tit, ltc d6 theo so dd tuong duong ta co:

(Rosormio2 )/ (Rosormigs) V. = 10'K//10'K
a - DD
" R psonyar [ (Rosormioe )/ (Rosorrigs)] °P 200K +(10"K//10'K)

b Vy:VDDp y:].

- Khi x;=0, X,=1 (hinh 3.31b): Q; va Qs din, Q. tit, ta co:

V = (R DS(OFF)/Q2 MI(R DS(ON)/Q3 ) V. = 10" K//11K
- - DD
"R psonyar T [(Rosormige)//(Rosionygs)] PP 200K + (10" K//1K)

b V= ﬁvm:o,oosv by=0

- Khi x;=1, X,=0: Q1 vaQ, dan, Qj tt, giai thich twong tu ta co:

1
Vy~ —=Vpp ~ 0,005V b y=0
YT o011 y

- Khi x3=x2=1 (hinh 3.31¢): Q1, Q,, Qs déu dan, ta co:

V = (RDS(ON)/QZ M (RDS(ON)/QB) Vo = 1K//1K
- - DD
’ RDS(ON)/Ql + [(RDS(ON)/QZ )//(RDS(ON)/QB )] ep 200K + (1K//1K)
0,5
p Vy: %VDD b y= 0.

Vay, so d6 mach trén hinh 3.28b chinh I& mach thuc hién

. V
cdng NOR. ﬁ bo

Rbsionyo1

Rbsonyos3 Rbsonyq2

Hinh 3.31c
/7‘7 (X1:X2:l)
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Cac cbng logic ho CMOS (Complementation M OS)

Day laloai cong trong d6 céc transistor duoc s dung thudc loai MOSFET valudn cb sir két hop
gitra PMOS va NMOS, vi vdy ma nguoi ta goi 1A CMOS. Nho ciu tric ndy mavi mach CMOS ¢
nhirng wu diém sau:

- Cong suit tiéu thy ¢ trang thé tinh rat nho.
- Tdc @6 chuyén doi trang théi cao.

- Kha nang chdng nhiéu tét.

- Kha nang tai cao.

Trén hinh 3.32 la céc cong logic ho CMOS, chiing ta s 1an luot giai thich hoat dong cia mdi so
d6 mach.

Hinh 3.32a (c6ng NOT)
VDD
I , N
QQ ? :

a) Cong NOT

[

O<

b) Céong NAND

Hinh 3.32 Céac cong logic ho CMOS

Diéu kién dé cong PMOS dan : Vs>Vp, Ve< Vg
Diéu kién @é congNMOSdan : Vp>Vs, Ve> Vg

- Khi x =0 (hinh 3.33a): Q; dan, Q, tit, tir so d6 twong duong ta co:
V. = Rpsormiee V. = 10'K
YR +R 1K +10'K PP
DS(ON)/QL DS(OFF)/Q2
b Vy ~Vpp P y= 1
- Khi x =1 (hinh 3.33b): Q; tit, Q, dan, ta co:
Vy = RDS(ON)/QZ Voo = 1K 7 Voo P Vy= %VDD
RDS(OFF)/Ql + RDS(ON)/QZ 1K +10°K 10
Vi rat nho so véi dién thé bao hoa cia CMOS ¢ mic logic0® y = 0.
Vay mach ¢ hinh 3.32ala mach thuc hién cong NOT theo cdng nghé CMOS. So db tuong duong
tuong tng va4i 2 treong hop x=0 vax=1 dugc cho trén hinh 3.33.
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Vbp Vop
I Rosonyo1 I RpsormiQu
y y
I Ros(ormiq2 I Rpsonyiq2
a) b)
/4 /e

Hinh 3.33.S0 d6 tirong dwong: a.Khi x=0 b.Khi x=1

Hinh 3.32b (cong NAND)
So d6 twong duong caamach cong NAND ho CMOS dugc cho trén hinh 3.34.

- Khi x;=x,= 0: Q, va Qs dan, Q, va Q; tit, taco:
V = (RDS(OFF)/QZ M (RDS(OFF)/QJ_) 10'K//10'K

v TR R + Voo = 197ki107 /1K) o
DS(OFF)/QL DS(OFF)/Q2 [(RDS(ON)/Q4)// (RDS(ON)/QB)] 10°K//10°K + (1K//1K)
b Vy ~Vpp b y= 1

- Khixy=0, % =1: Q;vaQsdan, Q; vaQy tit, taco :

V = (Rosormio)(Rosonyoz) V.o = 10'K +1K
a - DD
" Rogormyar + Rosorior + [(Rosonyes)(Rosoryiea)] 107K +1K + (10°K//1K)

b Vy»VDDD y:].

- Khix;=1, % =0:Q3vaQ,dan, Q,vaQ,tat: Vy» Vpp P y=1
- Khix; =X = 1: Q, vaQ, dan, Qs va Q, tit, ta co:

V = (RDS(ON)/QJ_)/ / (RDS(ON)/QZ) Vo = 1K +1K Vv
’ Rosonyor T Rosonyee [(Rosormios)/(Rosormigs)] 1K +1K +(10'K//10'K) ™7

P Vy»0V P y=0P Day chinhlamach thuc hi¢n cong NAND.

VDD

Roses Rbsos

y

—
Rps o1

Rpy o2

Hinh 3.34.
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3. Phan loai céng logic theo ngd ra

a. Ngo ra cot cham (Totem Pole Output)
Xét cdng logic ho TTL Vvéi so d6 mach nhu hinh 3.35.

VCC
Q

R4 R5
R1 §

Q4

x1 Dy
o R o
x2 Q3

Hinh 3.35. Ngb ra cgt cham

- Khi x;=x=1: Tiép gidp BE1, BE, cia Q; phan cuc nguoc nén Q; tit. Pién thé tai cuc nén cua
Qi 1am cho tiép gidgp BC/Q; ma, cb dong dién chay qua tiép gidp BC/Q; d6 vao cuc nén cia Qz, Q,
duoc phan cyc thuan nén dan bdo hoa. Do Q, dan b&o hoa dan téi Qs dan b&o hoa

Khi Q2 dan b&o hoa thi dién thé tai cuc C/Q2

VC/QZZ VB/Q4 = VCGS/QZ + VbegQg =0,2+0,8=1V

Madiéu kién can cho Q4 dan |&

VC/QZZVB/Q4 = Vbe/Q4 + Vng + VC@/Qg =0,6+08+0,2=1,6V

Ta thay diéu kién nay khdng thoa man khi Q2 dan b&o hoa, do d6 khi Q2 din bdo hoa® Q4 tit
® cit nguon Vee rakhoi mach. Lac ndy ta ndi rang cong s3 hdt dong vao va dong tir ngodi qua tai
d6 vao ngd ra caacong di qua Qs, ngudi tandi Qs 1a noi nhan dong va dong d6 vao Qs goi 1a dong
ng® ra mac thap, ky hiéu loy.

Vé mit thiét ké mach: ta thiy rang dong tai It ciing chinh 1a dong ngd ra mirc thap lo. valadong
d6 tir ngodi vao qua Qs, dong nay phai nam trong gi¢i han chiu dung dong cia Qs dé Qs khdng bi
dénh thung thi mach sz lam viéc binh thuong.

Dong lov thay ddi thy thudc vao cong nghé ché tao:

+ TTL  : dong ngd ramic thap lo. 16n nhat 16mA.
+ TTL/LS: dong ngd ramirc thap lo. 16N nhat 8mA.

Day |a nhitng théng sb rat quan trong can chd y trong qué trinh thiét ké mach sd ho TTL dé dam
bao d6 an todn va dn dinh cia mach.

- Céc trudong hop con lai (x1=0,%=1; X1=1,%=0; X1=X2=0): Lc ndy Q va Qs tit con Q, din ®
y = 1. Tandi cong cap dong ra, dong ndy do6 tir nguon qua Q4 va diode D xudng cung cap cho tai,
nguoi ta goi 1a dong ngd ra mirc cao, ky hiéu lop.

bién 8p ngd ra Vy dugc tinh phu thudc vao dong tai lon:

Vy = Vlogicl =V lonRs - Ve - Vg’D

Théng thuong khi ¢d tai Viggict max = (3,4V ® 3,6V )

lon ciing chinh |a dong qua tai It, néu oy cang tang thi Viegic1 cang giam va ngugc lai. Song
Viogic1 Chi dugc phép giam dén mot giatri cho phép Viogict min = 2,2V.
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Vé mat thiét ké mach: ta chon Viegica min = 2,4V dé bao dam cong cap dong rakhi & mac logic 1
khéng dugc nho hon Viegics min VA dam bao cong hdt dong vao khi & mirc logic 0 thi dong tai ¢ muc
logic 0 khéng dugc 16n hon dong o .

Nhuoc diém cia ngd ra cot cham: Khéng cho phép néi chung cac ngd ra lgi véi nhau c6 thé
lam héng céng.

b. Ngd ra cuc thu dé hg (Open Collector Output)

Vé phuong dién ciu tao gan gidng véi ngd ra cot cham nhung khéc véi ngd ra cot cham 1a khéng
c6 Qq, diode D, Rs va ltic ndy cuc thu (cyc C) cua Qs dé ho.

Do d6 dé cong lam viéc trong thuc té ta ndi ngd ra cua cong (cuc C caa Qs) 1én nguon V' cc
bang phan tir thy dong R. Nguon V’ cc ¢ thé cing giatri voi Ve hoac khéc tly thugc vao muc dich
thiét ké.

Chuing talan luot phan tich cac truong hop hoat dong cia mach:

- Khi x;=x,=1: Tiép gidp BEi1, BE, phan cuc

nguoc, dién thé tai cuc nén caa Q; 1am cho tiép vee
gidp BC/Q; mé nén Q, dan bao hoa, Q. dan b&o
hoa kéo theo Qs dan bd hoa® y = 0, do d6 = R4 vee
dién ép tai ngb ray: o i i
Vy  =Viegico =Vaige= Veesqs x1 ~ o2 y
O 8-
=0,2V » 0V o o8
Ldc ndy cong s hat dong vao va Qz 1a noi nhan -

dong, ta goi 1adong ngd ra mirc thap oy .

- Céc truong hop cc‘)p lai (x1:’0,x2:1; x=1%=0,  Hinh 3.36. Ng6 ra cuc thu dé ho
X1=X=0): CO it nhat mét tiép giap BE/Q, m,
ghim dién thé tai cuc nén Q, 1am cho tiép gidp BC/Qy, Q,, Qs déu tit, lic ndy cong cap
dong ra do tir ngudn V'’ cc quadién tré R cap cho tai ¢ mach ngodi ® y=1, ngudi tagoi la
dong ngd ra mirc cao | op.
Taco:
Vy = Vigger = Ve lon R

2 ~ , 2 VCC
Uu diém cia ngd ra cé cuc thu dé hé:

- Cho phép ndi chung céc ngd ra lai véi nhau. R

- Trong mot vai truong hop khi ndi chung cac ngd ralai voi X1
nhau c6 thé tao thanh cong logic khéc.

Vi du: Mach & hinh 3.37 sir dung cac cong NOT ¢6 ngd ra cuc
thu dé ho, khi ndi chung céc ngd ra lai voi nhau 6 thé tao thanh Hinh 3.37
cong NOR. (Hay gidi thich hogt déng ciia mach nay?)

X2

c. Ngo ra batrang théi (Three States Output)

Vé mit cau tric va ciu tao hoadn toan gibng ngd ra cot cham, tuy nhién ¢ thém ngd vao tha 3
cho phép mach hoat dong ki hiéu 1a E (Enable).

- E=1: diode D; tat, mach Iam viéc hoan toan gibng cong NAND ngd ra cjt cham. Luc d6
mach ton tai mot trang thé y = 0 hozcy = 1 tly thudc vao céc trang thé logic caa 2 ngd vao Xy, Xo.
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- E=0: diode tiép gidp BEs ma, ghim &p trén cuc nén cia Qy l1am cho tiép gidp BC/Q; tit va Qs,
Qs ciing tat. Lac ndy diode D1 dan ghim dién thé & cuc C caa Qu:
Vcro2=Veoa=Vgb1 =07V b Q tit.
Nén cong khong cip dong ra va ciing khong hut
dong véo. Lac ndy, ngd ra y chi ndi véi cong vé R4 RS
phuong dién vat ly nhung lai céch ly vé phuong dién R
dién, tuong duong vai trang tha tro khdng cao. Chinh J

Vi vay ma nguoi ta goi latrang théi thir ba la trang thai Q
téng tré cao. o
Trong truong hgp ndy ngd vao cho phép E tich cuc 2 @
murc cao (muc logic 1). Thyc té cac cong logic véi ngd
ra 3 trang thé cd thé ¢ ngd véo diéu khién E tich cuc T
mirc cao (mirc 1) hoic tich cyc mac thip (muc 0). E -
Ching han mot cdng NAND véi ngd ra 3 trang théi co
thé dugc ky hiéu nhu trén hinh vé 3.39.

D2 y

Hinh 3.38. Ngb ra 3 trgng thai

a) b)
X1 y X1 y
X2 X2
E E
TE=1P y=xX, iE=1P y=27,,
%E:OD y=2Z. %E:OD y=XX,

Hinh 3.39. Cong NAND 3 trgng théi véi ngd vao E
a. E tich crc mirc cao - b. E tich cuc mrc thap

Ung dung ciia ngd ra 3 trgng théi:
- Sir dung ngd ra batrang théi dé ché tao racong dém 2 chiéu.
- Ché tao céc chip nho cua b vi xu ly.
Mot ang dung cia ngd ra ba trang tha trong mach xuat/nhap dix liéu 2 chiéu co thé cho trén so
d6 3.40. Hay thu gidi thich so' do nay ?

A

E )

Hinh 3.40. Ung dung ciia ngd ra 3 trgng théi
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- E=1: Cong dém 1 va 3 mo, 2 va4 treo lén tong tro cao: dit lidu di tir A® C, B® D. Vay dir
liéu duoc xuat ra.

- E=0: Cong dém 2 va 4 mo, 1 va 3 treo lén tong tro cao: dit lidu di tir C® A, D® B. Vay dir
lieu dugc nhap vao.

3.2.3. Cac théng s6 k¥ thuat cuaa céng logic

1. Cong suit tiéu tan Py

Mot phan tir logic khi lam viéc phai trai qua céc giai doan sau:

- O trang théi tat.

- Chuyén tir trang théi tat sang trang théi dan.

- O trang théi dan.

- Chuyén tir trang théi dan sang tit.
O mdi giai doan, phan tir logic déu tiéu thy & nguon mot cong Suét.
Déi voi céc phan tir logic ho TTL: c&c phan tir TTL tiéu thy cdng suat cia ngudn cha yéu khi ¢

trang thé tinh (dang dan hozc dang tat).
- Néu goi P? lacong suit tiéu thy (ing voi ngd ra ciaa phan tir logic ton tai & mic logic 0.
- Néu goi P" la cong suat tiéu thy (g véi ngd ra caa phan tir logic ton tai & muc logic 1.
- Goi Placong suit tiéu tan trung binh thi:
P°+P*

P=

D4i vé6i ca vi mach (IC — Integrated Circuit) nguoi tatinh nhu sau:
- Goi I dong do ngudn cung cap khi ngd ra & mic logic 0.

- Goi Iy dong do ngudn cung cip khi ngd ra ¢ mic logic 1.

- Goli Ic ladong trung binh thi :

| = le + len
¢ 2
- Thi cdng suit tiéu tan cho ca vi mach dugc tinh:
Pt =1lc.Vce

D4i véi vi mach hp CMOS: chi tiéu thu cdng suat cha yéu trong trang théi dong (trong thoi gian

chuyén mach). Cong suit tiéu tan:
P’(t = CL' f VDZD

Trong do: C. ladién dung cuatai (d¢ién dung tai)

Nhu vay ta thdy dbi véi vi mach CMOS tan sd hoat dong (tan sb chuyén mach) cang 1on cong
suit tiéu tan cang tang.

2. Fanout (Hé s6 mic mach ngd ra)

Fanout 1 hé s mac mach ¢ ngd ra hay con goi lakha nang tai caa mot phan tir logic.

Goi N la Fanout cia mot phan tir logic, thi
né dugc dinh nghia nhu sau: S6 ngd vao logic

cuc dai duoc ndi dén mot ngd racuaphante |
logic cung ho ma mach van hoat dong binh -

_____ a1~ —_————
thuong (hinh 3.41). e

Hinh 3.41. Khai niémveé Fan

Y

o
c
=3
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Xét vi du d6i véi ho DTL: (Hinh 3.42)

- y=1: mach hoat déng binh thuong.

- y=0: BJT din b& hoa, dong bd hda gém hai
thanh phan:

lcs=lrzs+ NIy
(véi N 1asd phan tir tii mac ¢ ngd ra)

Mat khac: lg=lri-Iro= congt, ma I tang |én do cd
dong ghép d6 vao ® diéu kién dan bdo hoa khong thoa
man ® BJT rakhoi ché d¢6 dan b&o hoava di vao ché do
khuéch dai, IGc d6 Vy tang 1én nén ngd ra khong con dam Hinh 3.42
bao & muc logic 0 nira. Vay, diéu kién dé mach hoat dong
binh thuong la

b..lg- |
lrs + NIy < bminIB b N <M (*)
Iy
N: 85 l¢n nhét thoa mén diéu kién (*) duoc goi 1a Fanout ciia phan tir logic DTL.

3. Fanin (Hé sb mac mach ngd vao)

Goi M 1a Fanin cia 1 phan ta logic thi M duoc dinh nghia nhu sau: D6 chinh 12 “sb ngd vao
logic cuc dai cia mot phan tir logic” .

Déi voi céc phan tir logic thuc hign chirc nang cong logic, thi sb lugng M 16N nhét a4 ngd vao.
Déi v6i céc phan tir logic thyc hién chirc nang nhéan logic, thi sb lugng M 16n nhit 146 ngd vao.

Déi véi ho logic CMOS thi ¢6 M nhiéu hon nhung ciing khdng qué 8 ngd vao.

4. P chéng nhidu

D6 6n dinh nhidu |a tiéu chuan danh gia ¢ nhay cia mach logic déi vai tap am xung trén dau
vao. Do 6n dinh nhiéu (tinh) 1a gia tri dién &p nhidu t6i da trén dau vao khéng lam thay doi trang
thé logic caa mach, con goi 1& mixc 6n dinh nhiéu.

5. Tré truyén dat

Tré truyén dat 1a khoang thoi gian dé dau ra cia mach c6 dép tng ddi véi sy thay d¢6i mirc logic
ciiadau vao.

Tré truyén dat |a tiéu chuan dé dénh gia tc do 1am viéc caa mach. Toc do 1am viéc caa mach
tuong wng VGi tan sb ma mach van con hoat dong ddng. Nhu vy, tré truyén dat cang nho cang tot
hay toc do lam viéc cang 16n cang tét.

Déi véi hau hét cac vi mach sb hién nay, tré truyén dat 1a rat nho, ¢ vai nano gidy (ns). Mot vai
loai mach logic c6 thoi gian tré 16n ¢& vai tram nano gidy.

Khi mic lién tiép nhiéu mach logic thi tré truyén dat cia toan mach s bang tong céc tré truyen
dat ciamdi tang.



