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Chuong 3
CAC PHAN TU LOGIC CO BAN

3.1. KHAI NIEM VE MACH SO

3.1.1. Mach tuong tu
Mach tuong ty (con goi 1a mach Analog) 1a mach dung dé xii ly cac
tin hiéu tuong ty. Tin hiéu tucng ty 1a tin hiéu cd bién do bién thién
lién tuc theo thoi gian.
Viéc xti Iy bao gdm cdc van dé: Chinh Iuu, khuéch dai, diéu ché,
tach song.
Nhugc diém ctia mach tuong tu :
- Do chéng nhiéu thap (nhidu d& xam nhap).
- Phan tich thiét ké mach phic tap.
Pé khic phuc nhiing nhugc diém nay ngudi ta s dung mach sé.
3.1.2. Mach sé
Mach s6 (con goi la mach Digital) 1a mach dung dé xti ly tin hiéu s.
Tin hiéu s6 1a tin hiéu cd bién do bién thién khong lién tuc theo thdi
gian hay con goi 1a tin hiéu gian doan, né dudc biéu dién dudi dang
séng xung véi 2 muic dién thé cao va thidp ma tuong ting véi hai muic
dién thé nay 1a hai muc logic clia mach so.
Viée xt 1y 6 day bao gdm cac van dé:
- Loc sd.
- Diéu ché s6 /Giai diéu ché sé.
- Mahoa....
Uu diém cta mach sé so véi mach tuong tu :
- Do chéng nhiu cao (nhiéu khé xam nhap).
- Phan tich thiét ké mach s6 tuong déi don gian.
Vi vay, hién nay mach s6 dudgc st dung kha phd bién trong tt ca cac
linh vuc nhu : Do ludng sd, truyén hinh sd, diéu khién sd. . .
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3.1.3. Ho logic duong/am
Trang thai logic clia mach s c6 thé biéu dién X)P
bang mach dién don gidn nhu trén hinh 3.1:
- KMG: Dén tit
- KDbong: Dben sang
Trang thai Dong/M§ cla khda K hodc trang thai Sdng/T4t cta dén D
cling dugc dic trung cho trang thai logic ctia mach sé.
Néu thay khda K béng khda dién ti dung BJT nhu trén hinh 3.2:

+\6cc "O]cc
§ R.
Vo Rc Vo
R
Vi Re I Q Vi A
AN~ I M\ EQ

a) b)
Hinh 3.2. Biéu dién trang thai logic ciia mach s6 biing khéa dién tif dung BJT

Hinh 3.1

Hinh 3.2a:

- Khiv, =0 > BJT tit - v, =+V_,

- Khi v,>0 — BJT dan bao hoa — v,=v .= 0,2 (V).
Hinh 3.2b:

- Khiv,=0 — BJT tait — v, =-V,,

- Khi v, < 0 va dli 16n d€ thda man diéu kién din bio hoa I, > 1

min

— BIT dan bao hoa — v, = v, =- 0,2 (V).

Ngudi ta phan biét ra hai loai logic:
- Chon: Vi1 > Vi o — ho logic duong
Viogic1=>°Y

= Vigoic1 ) Viosico - Logic ducng.
Viogic0 = OV} = ©
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B ChQn . Vlogic 1 < Vlogic 0o hQ logiC ﬁm

Vlogicl =-5v

v 02 = Viogic1 (Viogico : Logic am.
logic0 — “» \

Logic ducng va logic Am la nhiling ho logic t0, ngoai ra con nhiing
ho logic mg.

3.2. CONG LOGIC

3.2.1. Khai niém
Cong logic 1a mot trong céc thanh phin co ban dé xay dung mach
s6. N6 dudc thiét ké trén co s6 cdc phan tii linh kién ban din nhu
Diode, BJT, FET d¢ hoat dong theo bang trang thai cho trudc.
3.2.2 Phan loai
C4 ba cach phan loai cong logic:
- Phan loai cong theo chiic ning.
- Phan loai cong theo phuong phap ché tao.
- Phan loai cong theo ngg ra.
3.2.2.1. Phén loai cong theo chiic ning
a. Cong khong dio (BUFFER)
Cong khong dao hay con goi 1a cong dém (BUFFER) la cong ¢6
mot ngd vao va mot ngd ra véi ky hiéu va bang trang thai hoat dong
nhu hinh ve.

+Bang trang thai:

X y x|y
010
1

1

Hinh 3.3. Ky hiéu va bang trang th4i ciia cdng khong dio

Phuong trinh logic mé ta hoat dong ctia cong: y =x
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Trong do:
- V6i x 1a ng6 vao ¢ tré khang vao Z, vo cung 16n — do dé cong
khong dao (hay cong dém) khong cé kha ning hut dong 16n & ngd
Vao.
- Vi ngod ra y ¢ tré khang ra Z_ nhé — cong dém cé kha ning
cung cap dong ngo ra lén.
Chinh vi vy nguéi ta sti dung cong khong dao giti vai tro, chiic ning
la cong dém theo 2 y nghia sau:
- Dung dé phéi hgp tré khang.
- Dung dé cach ly va nang dong cho tai.

b.Céng ddio (NOT,
Cong DAO (con goi 1a cong NOT) 1a cong logic ¢d 1 ngd vao va 1
ngo ra, v6i ky hiéu va bang trang thai hoat dong nhu hinh vé:

Béng trang thai:
X— Y X |y
0|1
1 10

Hinh 3.4. Ky hi¢u va bang trang thdi céng PAO

Phuiong trinh logic mé ta hoat dong clia cong DAO: y=X

Cong dao gitf chiic ning nhu mot cong dém, nhung ngudi ta goi la
dém dao vi tin hiéu ngd ra ngudc pha vdi tin hiéu ngo vao.

Ghép hai cong dao ta dugc cong khong dao (hinh 3.5):

Hinh 3.5. S& dung 2 céng DAO tao ra cdng PEM
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c. Céng VA (AND)
Cong AND la cong logic thuc hién chic ning cla phép toan nhan
logic vdi 2 ngo vao va 1 ngo ra ky hiéu nhu hinh ve:
Phuong trinh logic mé ta hoat dong cia cong AND:

y = X,.X,
Bang trang thai hoat dong ctia cong AND 2 ng6 vao:

X1 X | Y al y
0010
X5
0O 110 ‘ o
| 0 0 Hinh 3.6. Cong AND
1 | |

Tu bang trang thdi nay ta c¢d nhan xét: Ngo ra y chi bang 1 (muc
logic 1) khi ca 2 ngd vao déu bang 1, ngd ra y bang 0 (muc logic 0)
khi c6 mot ngd vao bat ky (x, hodc x,) 6 muic logic 0.

Xét truong hop tong quat cho cong AND ¢d n ngd vao x,, X, ... X,:

PN uk =1 (i=1,n)

Vay, ddc diém ciia cong AND la: ngo X, ,
ray chi bdng 1 khi tdt cd cdc ngé vao

déu bang 1, ngo ra y bang 0 khi co it
nhdt mot ngé vao bdng 0. Hinh 3.7. Céng AND véi n ngd vao

St dung c¢dng AND d€ déng mé tin hiéu: Xét cong AND c6 hai ngd
Vao X, va X,. Ta chon:

- x, déng vai tro ngd vao diéu khién (control).

- X, dong vai tro ngo vao du liéu (data).
Xét céc tridng hop cu thé sau day:

- x,= 0: — y = 0 bat chdp trang thai cla x,, ta néi cong AND khda
lai khong cho dif liéu dua vao ngd vao x, qua cong AND dén ngo ra.
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X2 =03y=0
- x, =1 =y =Xy
X2=1:y=1

Ta ndi cong AND md cho dif liéu dua vao ngé vao x, qua cong AND
dén ngo ra.

St dung cong AND dé tao ra cong logic khdc: Néu ta st dung 2 to
hop dau va cudi trong bang gia tri cia cong AND va ndi cong AND
theo so dd sau:

i y tx=0-x=x=0-y=0
X2 X=1-x=x=1-y=1J - y=x

Hinh 3.8. Sif dung c6ng AND tao ra céng dém.

thi chung ta ¢4 thé st dung cong AND dé tao ra cong dém.
Trong thuc t&, cd thé tan dung hét cac cong chua dung trong IC dé
thuc hién chiic ning cla cac cong logic khac.
ong Hodc (OR
La cong thuc hién chiic ning cla phép toan cong logic, cong OR c6
2 ngo vao va 1 ngo ra ¢o ky hiéu nhu hinh veé:

X
X] ] y
X X,

Ky hi¢u Chau Au Ky hiéu theo My, Nhit, Uc

Hinh 3.9. Céng OR 2 ngo vao

Phuiong trinh logic mé ta hoat dong clia cong OR:  y=x, + x,

Bang trang thai mo ta hoat dong clia cong OR:
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uS| Xy y
0 0 0
0 1 1
1 0 1
1 1 1

Xét truong hop tong quat déi véi cong OR co n ngd vao.
Phuong trinh logic:

YRTV0 vk =0 (i=1,m)

Hinh 3.9. Cong OR n ngo vao

Ddic diém ciia cong OR la: Tin hiéu ngé ra chi béng 0 khi va chi khi
tdt cd cdc ngé vao déu bdng 0, ngugc lai tin hiéu ngé ra bdng 1 khi
chi cdn cd it nhdt mét ngé vao béng 1.

St dung cong OR dé déng mé tin hiéu: Xét cong OR cd 2 ngd vao
X,, X,. Néu chon x, 1a ngd vao diéu khién (control input), X, ngd vao
di liéu (data input), ta c6 céc trudng hop cu thé sau day:
- x,= 1=y =1 (y ludn bing 1 bat chdp x,) — Ta ndi cong OR khda
khong cho dt liéu di qua.

X, =0=>y=0 2 2 ~ 1°A \
- X=0=> { ? 4 = y=x, — Cong OR mo cho du li¢u vao

X, =1=>y=1

ngo vao X,.

St dung cong OR d€ thuc hién chic ning cong logic khac: Ta st
dung hai t6 hop gid tri ddu va cudi cia bang trang thai cla cong OR va
ndi mach cong OR nhu sau:

-x=0,x,=x=0=y=0

-x=1,x=x,=1 :>y=1} — y = x: cong OR ddng vai tro cong
dém.

S6 d6 mach thuc hién trén hinh 3.10.
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X
X ] ) > y
Xy
Hinh 3.10. Sif dung céng OR 1am céng dém
e. Cong NAND
A l 2 ‘A 4 4 A A A . A
Day 1a cong thyc hién phép toan nhan dao, vé so do logic cong

NAND gém 1 cong AND mic néi tAng véi 1 cong NOT, ky hidu va
bang trang thai cong NAND dugc cho nhu hinh 3.11:

X

D B
X 0 0
g o
1 1 1 0

Hinh 3.11. Céng NAND: Ky hiéu, s¢ d6 logic tuong duong va bang trang thai

y_dy_dy_d%

Phuiong trinh logic mé ta hoat dong clia cong NAND 2 ngd vao:
Yy =X1-X)

Xét truong hop tong quat: Cong NAND ¢6 n ngd vao.

WPT0 vk =1 (i=Ln) —] >O

Hinh 3.12.Cong NAND véi n ngé vao

Vay, ddc diém ciia cong NAND la: tin hiéu ngé ra chi bing 0 khi tdt
cd cdc ngo vao déu bdng 1, va tin hiéu ngé ra sé bdng 1 khi chi can it
nhdt mot ngé vao bdng 0.

St dung cong NAND dé dong mé tin hiéu: Xét cong NAND c6 hai
ngd vao, va chon x, 1a ngd vao diéu khién, x, 1a ngd vao di liéu. Khi:

- x,=0=y=1(y ludn bing 1 bat chip x,) — cong NAND khda
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X, =0=>y=1 — . \ .
-X=1= 2 y = Yy=X, — Cong NAND mo cho du

liéu vao ngo vao x, va dén ngo ra

Sit dung cong NAND dé tao cac cong logic khic:
- dung cong NAND tao cong NOT:

X : >y — >:y

Y= XX, =X +X, =X

Hinh 3.13a.Dung céng NAND tao cong NOT

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

y:;:

Hinh 3.13b.Dung c6ng NAND tao ra cong dém (BUFFER)

- dung cong NAND tao cong AND:

X |
XX T Y= XX, = XX, <:>
Xy

Hinh 3.13c. St dung c¢éng NAND tao cong AND

il

- dung cong NAND tao cong OR:

Xy

x
E
>

K2

B
X, Doy — X,

X, Xy = X + Xy = X + X,

Hinh 3.13d. St dung c6ng NAND tao ra céng OR
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f. Cong Hodc - khéng (NOR)
La cong thuc hién chic ning ctia phép toan cong dao logic, 1a cong
co hai ngo vao va mét ngo ra co ky hiéu nhu hinh ve:

X1
X |
o j}y—
X, < '

Ky hiéu Chau Au Ky hiéu theo My, Nhat, Uc

Hinh 3.14. Ky hiéu cdng NOR
\ . A A /\?
Phuiong trinh logic mo ta hoat dong cua cong :

y=X+tX,

Bang trang thai mé ta hoat dong clia cong NOR :

X, X,

0 0

0 1

1 0

1 1

Xét trudng hop tong quat cho cong
NOR ¢06 n ngo vao. -
0 dx;=1 X,
NoR™ {1 Vx; =0 (i=1,n) Hinh3.15. CingNOR n ngd vio

Vay déc diém ciia cong NOR la: Tin hiéu ngé ra chi bdng 1 khi tdt
cd cdc ngo vao déu bdng 0, tin hiéu ngé ra sé bdng 0 khi co it nhdt
mot ngoé vao bdng 1.

Sit dung cong NOR dé déng mé tin hiéu: Xét cong NOR c6 2 ngd
vao, chon x, 1a ngd vao diéu khién, x, 1a ng6 vao di liéu. Ta cé:

- x,= 1 = y =0 (y ludn bing 0 bat chip x,): Ta néi cong NOR khoa

khong cho dti liéu di qua.
X, =0=>y=1 — e \ .

- X=0= = Y =X, : Tanoi cong NOR mo cho du

{xz =1=y=0

o A N ~ A A? L ~
liéu vao ngod vao x, qua cong NOR dén ngdra y.
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St dung cong NOR dé thuc hién chiic ning cong logic khic:
- Dung cong NOR lam cong NOT :

X X y <:>
X y

X2

Y= X X, =X X, =X

Hinh 3.16a. Sit dung cng NOR tao c¢6ng NOT

- Dung cong NOR lam cong OR :

+ X X
' 1 2 B y y
] O
Xo

Y= X +X, =X +X,

Hinh 3.16b. Sif dung cdng NOR tao cdng OR

- Dung cong NOR lam cong BUFFER :

=X

3.16¢. St dung cdng NOR tao cong BUFFER

ol

y =
Hin

=

- Dung cong NOR lam céng AND :

Xy

<

X, X4
sruloay

Y= X+ Xy = XXy = XX,

Hinh 3.16d. Sif dung céng NOR lam cng AND
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- Dung c6ng NOR lam cong NAND:

- X
siDSI=rul
2

Hinh 3.16e. St dung cong NOR lam céng NAND

g. Cong EX - OR (XOR)

Day 1a cong logic thuc hién chiic ning clia mach cong modulo 2
(cong khong nhd), 1a cong c6 hai ngd vao va mot ngd ra cd ky hiéu va
bang trang thai nhu hinh vé.

Phuiong trinh logic mé ta hoat dong clia cong XOR :

Yxor T X1 Xy T XX T X @X,

X, X, y

X\ 0 0 0
)ED_L 0 1 1

X2 1 0 1
Hinh 3.17. Céng XOR 1 1 0

Cong XOR dugc dung dé so sanh hai tin hiéu vao:
- Néu hai tin hiéu vao 13 bing nhau thi tin hiéu ngé ra béng 0
- Néu hai tin hiéu vao 1a khac nhau thi tin hiéu ng6 ra bing 1.
Céc tinh chat cta phép toan XOR:
1.x,9X, = X,®X,
2.X,9%,0X; = (X;0X,)®X; = X;®(X,®X;)
3.X,.(X,® X;3) = (X:X,) ® (X3.X,)
C/m: Ta co:
X (X,®X3) = X(X. X5+ Xp.X3)
=><1X2§3 + xlgz X; T Xlgl.X3 + Xlg 1- X5
= xle§3 + X1§2 X; T Xlgl.X3 + xl;l.x2
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=X Xo( X3 X)) + X X3(X, + X))

= XX, X1X3 1T X X3X1X,

(X1X,)®(X1X3) = XX, X1X3 T XX3X1X;

4.x0=x "
x®1l=x . ) i ‘
xox =0 > MO rong tinh chat 4 : Néu x, ® X, = x; th1 X, ® X;=X,
xex=1_

h. Céng EX - NOR (XNOR)

Day 1a cong logic thuc hién chic ning clia mach cong dio modulo 2
(cong khong nhd), 1a cong ¢b hai ngd vao va mot ngd ra cé ky hiéu va
bang trang thai nhu trén hinh 3.19.

Phuiong trinh logic mé ta hoat dong cilia cong:

Y= XX, + XXy =X X,

X X2 y
L y 0 0 I
0 | 0

X
“"Hinh 3.19. Céng XNOR 1 0 0
1 | 1

Tinh chit ctia cong XNOR:

L (X ®X,)(x3 ®Xy) = (X ®X,) + (x5 ®Xy)
2.(x; ® X))+ (X3 ®xy) = (X ®X))(X3 ®Xy)
3.X,®X, =X ®X, =X; ®X,

4.X @X, =X, QX,

3.2.2.2. Phan loai cdng logic theo phuong phap ché tao
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/\9 . N .
a. Cong logic dung Diode
a) b)
x1 D1 VCC
o—DH—
x2 D2 x1. D1 R
St K

i

Hinh 3.20. S¢ @6 mach cdng logic dung diode
a.Cong OR - b.Céng AND

Xét s6 d6 mach don gidn trén hinh 3.20.
S¢ do hinh a:

- x,=%=0 =D,D,tatV,=V,=0 =y=0

- x,=0,x=1=D, tit, D, dan V, =V, =5V =y =1

- x=1,%=0=D, dan, D, tit V, =V, =5V =y =1

- x=%=1 =D,D,danV,=V, =5V —=y=1
Pay chinh 1a cong OR dudc ché tao trén co sé diode va dién trd goi 1a
ho DRL (Diode Resistor Logic) hodc DL (Diode logic).
So' do hinh b:

- x,=%=0 =D,D,danV,=V,=0 =y=0

- x,=0,%=1 =D, dan, D, tat V, =V, =0 =y =0

- x,=1,%=0 = D, tit, D, dan V, =V, =0 =y =0

- X, =X=1 =D, thétVYZVR= 5V =y=1
Day chinh 1a cdng AND dudc ché tao trén co sé diode va dién tr§ goi
la ho DRL hoac DL.

b. Céng logic dung BJT

Cong NOT (hinh 3.21a)

- x=0=BITtit= V,~ V=5V =y=1

- x=1=BJTdanbao hoa = V,~V ~0V =y=0

Day 1a cong NOT ho RTL (Resistor Transistor Logic).
Cong NOR (hinh 3.21b)

- X, =X, =0 = BJT tit

=>V,xV, =5V y=1
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- x, =0, x,=1 = BJT dan bao hoa. vee
:VyzvgczOV:yZO a) 6
- x,=1,x,=0 = BJT dan bao hoa . R Y
Qt

= Vy=VeccxO0V=y=0
- X,=X%=1 = BJT dan bao hoa =
=V, Vecx0V=y=0
Pay chinh 1a cong NOR ho RTL (Resistor
Transistor Logic).

VCC
x1 X2
% Rc
Yy
R1 Q2

Hinh 3.21c. Céng NOR dung 2 BJT

Ho DTR (Diode Transistor Resistor)
Trén hinh 3.22 1a s6 d6 mach cong NAND ho DTR.
Giai thich hoat ddong cua mach :

Hinh 3.22. Céng NAND ho DTR

- Khi X, = X, =0, cdc diode D,, D, phan cuc thuan —D,, D, dan —
V,= 0,7V =V, /Diode (Diode ghim dién 4p) ma diéu kién dé D,,
D, dan la:

Vi > 2V, + Vo= 2.0,7V + 0,6V =2V.
= D,,D,didn — D;,D,, BJT tit = ngdray=1.
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- Khi x,= 0, x,= 1, D, dan, D, tdt — V, = 0,7V = V, /Diode (Diode
ghim dién 4p) = D,, D,, BIT tit = ngdray = 1.

- Khi x,= 1, x,= 0, D, tit, D, dd&n — V, = 0,7V = V, /Diode (Diode
ghim dién 4p) = D;, D,, BJTtit = ngdray = 1.

- Khix,=x,=1, D,D,tit > V, = V.., (V,=V. - Vy,)=D,, D,
dan, BJT dan bao hoa = ngdray = 0.
Vay day chinh 1a cong NAND ho DTL.

Nhiém vu ctia linh kién: Khi tin hiéu ngoai cta tin hiéu nhiéu chéng
chap 1én nhau (khoang 0,6V), néu chi c¢6 mot diode D thi tin hiéu
nhiéu s€ dé dang lam cho BJT dan (V,= 0,7V =V, /D;, va tin hiéu
nhiéu 0,6V ~ Vy/BJT), nhung néu mic ndi tiép thém D, thi mach cd
thé ngin tin hiéu chdng chap 1én dén ~ 1,2V. Nhu vay D, D, cé tac
dung nang cao kha ning chéng nhiéu clia mach. Ngoai ra, R, 1am ting
tdc do6 chuyén d6i trang thai cia BJT, vi luc dau khi BJT din sé cd
dong d6 qua R, tao mot phan ap cho tiép giap J. clia BIT d& phan cuc
thuan 1am cho BJT nhanh chdng din, va khi BJT tit thi luong dién
tich sé xa qua R, nén BJT nhanh chdng tit.

Ho TTL (Transistor - Transistor -Logic)

: <>

x1 x2 c

a) = b)
Hinh 3.23. Céng NAND ho TTL
a. So d6 mach, b.Transistor 2 tiép gidp va so d6 tuong duong

Transistor Q, dudc st dung gdm 2 tiép gidp BE,, BE, va mot tiép
giap BC. Tiép gidp BE,, BE, cia Q, thay thé cho D,, D, va tiép giap
BC thay thé cho D, trong s6 dé mach cong NAND ho DTR (hinh
3.22).
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Giai thich hoat dong:

X, = X, = 0 céc tiép giap BE,, BE, sé dugc mé lam cho dién ap cuc
nén clia BIT Q, : V; =V, = 0,6V. Ma diéu kién d& cho tiép giap
BC, D va BJT Q, dan thi dién thé & cuc nén cta BJT Q, phai
bang:

Vi = Vose + Vet Ve = 0,6 + 0,7+ 0,6 = 1,9V
Diéu d6 ching t6 khi céc tiép giap BE,, BE, mé thi tiép gidp BC,
diode DvaBJT Q, tit =y = 1.
x, =0, x, = 1 cdc tiép gidp BE, mé, BE, tit thi tiép gidp BC, diode
DvaBITQ,tit=y=1.
X, =1, x, = 0 cdc tiép giap BE, tat, BE, mé thi tiép giap BC, diode
DvaBITQ,tit=y=1.
X, =X, =1 cdc tiép gidp BE,, BE, tit thi tiép gidp BC, diode D
dan va BJT Q, ddn bao hoa =y =0
Vay, day 1a mach thuc hién cong NAND ho TTL

D€ nang cao kha ning tai clia cong, ngudi ta thudng mic thém & ngd
ra mot tAng khuéch dai ki€u C-C nhu so d6 mach trén hinh 3.24:

Vv
. cc
1= -r:)':) R5
L
Q,

Hinh 3.24.

/\? A A A \ * A /\? N, * 4 !
D€ nang cao tan sO lam viéc cua cong, ngudi ta cho cac BJT lam

viéc & ché do khuéch dai, didu do cd nghia 1a ngudi ta khong ché dé

sao cho cac tiép xuc J, clia BJT bao gid ciing 6 trang thai phan cuc

nguaoc.
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Dé thuc hién dugc diéu dd, ngudi ta thudng mic song song véi tiép
giap J, ciia BJT mot diode Shottky. Dic diém cia diode Shottky la
tiép xuc clia né gdm mot chat ban dan véi mot kim loai, nén né khong
tich 10y dién tich, do dé BJT s& chuy@n doi trang thai nhanh hon.

Nguéi ta cling khong dung diode Zener béi vi tiép xdc cia diode
Zener 1a chat ban dan nén sé tich tri dién tich du.

S dd mach cai tién trén sé vé tucng duong nhu sau (hinh 3.25):

/7777
Hinh 3.25. Cong logic ho TTL dung diode Shottky

Ho ECL (Emitter Coupled Logic)

VCC =0V

2 Q3

1 Ny
1 Oy1

xt Rt a1 Q2
O— A K ER e
x2 v2
Oo—WV

R2 R5 R6

?RE

-VEE

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

Nhugc diém ciia ho ECL: Ng6 ra ¢6 dién thé 4m nén né khong tuong
thich vé muic logic vdi cac ho logic khéc.

Giai thich hoat dong cua mach:
- Khi x, =x, = 0: Q,, Q,d4n nén dién thé tai cuc nén (2), (3) clia Q,
Q,cangam (do1val'am)nén Q,, Q,tit=vy,=1,y,= 1.
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- Khi x,= 0, x,=1: Q, din, Q, tit nén dién thé tai cuc nén (2) cia Q,
duong, dién thé tai cuic nén (3) ctia Q, cang am nén Q, din, Q, tit
=y =0,y,=L

- Khi x,=1, x,=0: Q, tit, Q, dan nén dién thé tai cuc nén (2) cta Q,
am, dién thé tai cuc nén (3) cla Q, cang duong nén Q, din, Q, tit
— Y1~ 19 Yo~ 0.

- Khi x,= x,=1: Q,, Q, tit nén dién thé tai cuc nén (2), (3) cla Q; Q,
cang duong nén Q,, Q, dan =y, =0, y, = 0.

c.Cong logic ding MOSFET
MOSFET (Metal Oxyt Semiconductor Field Effect Transistor), con
goi 1a IGFET (Isolated Gate FET - Transistor tridng cé cuc cong
cach ly).
MOSFET c6 hai loai: Loai cé kénh dit san va loai c¢é kénh cam ting.

D D

NMOS G J PMOS G J B

g S
a. MOSFET kénh dit sin

D D

i A
NMOS G J'LTB PMOS G JST

S
b. MOSFET kénh cam iung

Hinh 3.27. Ky hiéu cac loai MOSFET khac nhau
N A} 4 A v < A ’, /‘\ 4 I\? A
Du la MOSFET c¢6 kénh dit sdn hay kénh cam ung déu ¢ thé phan

chia lam hai loai do la: MOSFET kénh N goi la NMOS va MOSFET
kénh P goi 1a PMOS. Dic diém ctia 2 loai nay khac nhau nhu sau:
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- PMOS: Tiéu thu cong suét thip, téc do chuyén déi trang thai
cham.
- NMOS: Tiéu thy cong suit 16n hon, téc d6 chuyén doi trang thai
nhanh hon.
Trén hinh 3.27 1a ky hiéu cua cac loai MOSFET khac nhau.
Chii y: MOSFET kénh dit sin c6 thé lam viéc & hai ché d¢ giau
kénh va ngheo kénh trong khi MOSFET kénh cam ung chi lam viéc 6
ché do giau kénh.

Ding NMOS kénh cam ing ché tao cdc cong logic
Xét cac cong logic loai NMOS trén hinh 3.28.
Diéu kién d€ cong NMOS dan: V, >V, V>V,
Trong tit c hinh vé ta cd :
Hinh 3.28a (cong NOT)
Theo diéu kién d€ cong NMOS din: V,>V,, V>V,

{RDS(ON):ZOOKQ 0.0 {RDS(ON):lKQ
1 _ 7 21 3 _ 7 Vcc
R e, =10'KQ R oo, =10'KQ
D D1
Vob JI— r
—B [
D, Qle— S y
— ] >
Qe——B S y )
— Sl > Q |—I 2
y‘ X 2 N'd—B
D ] ID— D—| | P
1D JH—B B |
X Q, |e— X Q = — 3 Ds
78 > i x, Qi |«—B
2 -
< —
2 Sg
07 77
a.Cong NOT b.Céng NOR ¢.Cong NAND

Hinh 3.28
Ta thay Q, c6 B ndi mass théa man diéu kién nén Q, ludn ludn dan.
- Khi x=0: Q, din Q, tit (vi V4, = Vg, = 0 nén khong hinh thanh
dién truong gitta G va B — khong hut dudc céc e 1a hat dan thiéu
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s6 6 vung dé B — khong hinh thanh dugc kénh dan). Luc nay,
theo so do tuong ducng (hinh 3.29a) ta co:
v, = R psiorryqQ2 Vo,
Rpsionyo1 + Rpsorryge
10K
200K +107K
=V, 2V, =>y=1
- Khi x =1 Iuc do Vg > Viq, = hinh thanh mét dién truong
hudng tii G — B, dién tridng nay hut cdc dién ti 1 cic hat dan
thiéu sb trong vung dé B di chuyén theo chiéu ngudc lai vé mit
ddi dién, hinh thanh kénh dan tam thdi néi lién gitia G va B va cé
dong dién i, di ti D qua = Q, din. Nhu vay Q,, Q, dan ta cd so
dod tuong ducng (hinh 3.29b). Theo s6 dd nay ta cd:

VDD

VDD

V = V I{DS(ON)/QI
y DD
Rpsonyo1 + Rpsonyaz N

1K
200K + 1K

1
=V, = Vi = 0,025V =y =0

R psionyq2

.

DS(OFF)/Q2

DD

/7'7 Hillh 3.29a (X=0)
VDD

I(DS(ON)/Q 1
y

—>
I RDS(ON)/Q2

Hinh 3.29b(x=1)

777

Vay mach & hinh 3.28a la mach thuc hién cong NOT.

Hinh 3.28¢ (cong NAND)
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- Khi x, =%, = 0 (hinh 3.30a): Q, luén dan, Q, va Q, déu tit lic dd
theo so d6 tucng duong ta cd:
R psorryq2 T Rpsorryqs

V =
g R psconyo1 + Rpsorrygz2 + Rosorr)yos

10K +10°K
200K +10’K +10’K

ivm
DS(ON)/Q1

—
i RDS(OFF)/QZ

VDD

Vop =V, =Vyp=>y=1

! RDS(OFF)/Q

ﬂ—y Hinh 3.303.
(x;=x,=0)

VDD
IRDS(ON)/QI
—
IRDS(ON)/QZ
- Khi x,= 1, x,=0 (hinh 3.30b): Q,, Q, dan va Q, .
tit luc do theo so do tuong duong ta co: PSOFDQ3
7y Hinh 3.30b

(x,=1, x,=0)
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R +R
v, = DS(ON)/Q2 DS(OFF)/ Q3 Vo
Rbsionyra1 + Rpsony/oz + Rosorr) /o3
1K +10°K
= 7 DD
200K +1K +10' K

=V, =V, =>y=1

- Khix= 0, x,=1: Q;, Q; dan va Q, tat, giai thich 4,
DD

hoan toan tiong tytaco V, =V, = y =1 I
DS(ON)/Q1 y

- Khi Xlzl, X2:1 (hinh 3300) Qla QZ va Q3 déu iRDS(ON)/QZ

dan, lic d6 theo so d6 tuong duong ta cd:

B R psonyg2 + Rpsonyqs I Rpsony3
Vy - VDD <
R psonyor T Rpsonyaz + Rpsonyqs Hinh 3.30c
T (x=x,=1)
T K+IK
200K + 1K +1K PP
=V, =0,05V=>y=0.
Vay hinh 3.28c¢ 1a mach thuc hién cong NAND.
Hinh 3.28b (cong NOR)
Ta lan lugt xét cdc trudng hop sau:
ﬁ Voo Vb
RDS(ON)/ Ql ﬁ RDS(ON)/Q]
S Y y
RDS(OFF)/Q2 [j RDS(OFF)/Q3 RDS(OFF)/QZ [j RDS(ON)/Q3
Hinh 3.31a Hinh 3.31a
777 (x,=x,=0) 7 (%i=0, x,=1)

- Khi x, = x, = 0 (hinh 3.31a) : Q, din, Q, va Q, déu tit, lic do theo
so do tuong duong ta cé:
(Rpsorryq2 )/ (R psorryg3)

= DD
" Rpgonyor FI(Rpsorryo2 )/ (Rpsorrygs)]
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_ 10’K/10'K
200K + (107 K//10"K)

VDD :VszDD:yzl

- Khi x,=0, x,=1 (hinh 3.31b): Q, va Q, dan, Q, tat, ta co:
(R psorryq2)//(R psonyqs)

Vy DD

R psionyor + [(R psorry2 /(R psionyo3)]
10" K//1K

200K + (107 K/1K)
=V, = ﬁvm ~ 0,005V =y =0

VDD

- Khi x,=1, x,=0: Q, va Q, dan, Q, tit, gidi thich tuong tu ta cd:
1

y

- Khi x,=x,=1 (hinh 3.31c): Q,, Q,, Q; déu dan, ta cé:

v (R pscony2 /(R psionyos)

= DD
" Rpgonyor H IR psonyo2 Y (Rpsonyos)]
. IK/JIK
200K + (1K/1K) PP
=V, = (’)OVDD:>y=O.

Vay, s6 dd mach trén hinh 3.28b chinh 1a mach thuc hién céng NOR.

ﬁ Vb
Rpsonyar

—>

RDS(ON)/Q3 Ej RDS(ON)/Q2

Hinh 3.31¢
Y/ (x;=x,=1)

'?nlih.M mplementation M
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Pay la loai cong trong dé cac transistor dugc st dung thudc loai
MOSFET va luén c¢6 su két hop gitta PMOS va NMOS, vi vay ma
ngudi ta goi la CMOS. Nhd c4u tric nay ma vi mach CMOS ¢6 nhiing
uu diém sau:

- Cong suat tiéu thu & trang thai tinh rat nhd.
- Téc do chuyén doi trang théi cao.

- Kha ning chdong nhiéu tot.

- Kha ning tai cao.

Trén hinh 3.32 13 cac cong logic ho CMOS, chung ta sé 14n lugt giai
thich hoat dong ctia mdi so dé mach.

TVDD

S >
. Q §3 B =P
S D] D
Ql B y yk
D - >
L ‘I—Dz
X < B Q [ B
QZ — X, 2
S
3
/4 X2 Q h—B
|5
» N/
a. Cong NOT b. Cong NAND

Hinh 3.32. Cdc cong logic ho CMOS

Hinh 3.32a (cdng NOT)
Diéu kién dé cong PMOS din : V>V, V<V,
Diéu kién dé cong NMOS dan : V>V, V>V,
- Khi x = 0 (hinh 3.33a): Q, dan, Q, tit , theo so do tuong duong ta
co:
V. - R psorryo2 Vo = 10K
y DD ™ 7
R psonyo1 + Rpsorryg2 IK+10'K
=V, =V, =>y=1

- Khi x =1 (hinh 3.33b) thi Q, tit, Q, dan, ta cd:

VDD
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Rbscony/02
V, = Voo

Rbscorry/01 + Rosiony o2

1K 1
S IKa10TK P T VT g7 Voo

vi rat nhé so véi dién thé bao hoa cia CMOS & miic logic 0=y = 0.

Vb Vb
I Ropsonor I Rosorrya
> B
I Rosorryoz I Ropsionioz
a) b)
7 7

Hinh 3.33.S¢ dd tuong duong: a.Khi x=0 b.Khi x=1
A \ 1 N A
Vay mach 6 hinh 3.32a 1a mach thuc hién cong NOT

Hinh 3.32b (cong NAND)
Sa d6 tuong ducng clia mach cong NAND ho CMOS dugc cho trén

hinh 3.34.

- Khi x,=x,= 0: Q,, Q;dan, Q, va Q, tit, ta cé:
(R psorryq2 /(R psorryo1)

Vy = VDD
R psorry1 + Rpsorrygz + (R psonyos )/ (R psionyas)]
10’K//10’K
= Vv =>V,=Vpp=>y=1
107K/10'K + (IK/1K) P Yoo

- Khix, =0,x,=1:Q,Q,dan, Q,Q , tit, tacd :
(R psorryq1 /(R psionyqz)

V, = DD
" Rpgorryor + Rpsorrygz + IR psonyas /(R psoryos)]
7
-0 R+IB Vpp =V, 2 Vo, =y=1
107K +1K + (10"K//1K)

- Khix, =1,%,=0:Q,va Q,dan, Q,, Q, tit: = V, =V, => y =1
- Khix, =x,=1:Q, Q, dan, Q,va Q, tit, ta co:
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(R psconyo1)//(Rpsonygz)

R psionyar + Rpsonyaz + IR psorryqa )/ (R psorryq3)]
B IK +1K
1K +1K +(10"K/107K)  °°

= V,~#0V = y = 0 = Day chinh la mach thyc hién cong
NAND.

VDD

RDS/Q3 RDS/Q4

y
—>

Rps, Q1

RDS/QZ
Hinh 3.34.
3.2.2.3. Phan loai cdng logic theo ngo ra

Ngé ra cét cham (Totem P
Xét cong logic ho TTL vdéi s6 d6 mach nhu hinh 3.35.

VvCcC
Q
R4 R5
R1
Q4
Q1
x1 Dy
o - Q2
x2 Q3
R2
R3
é -

Hinh 3.35. Ngo ra cot cham

- Khi x,=x,=1: Tiép giap BE,, BE, cia Q, phan cyc nguidgc nén Q,
tat. Dién thé tai cyc nén cda Q, lam cho tiép giap BC/Q, mé, cé dong
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dién chiy qua tiép giap BC/Q, do vao cuc nén cia Q,, Q, dudc phan
cuc thuan nén dan bao hoa. Do Q, din bao hoa dan tdi Q; dan bao hoa.

Khi Q, din bao hoa thi dién thé tai cuc C/Q,

Vo™ Vs = Veeswoz T Viesiz = 0,2 0,8 =1V

Ma diéu kién can cho Q, dan la:

Veo=Veigs = Vieos 7 Vip T Veess = 0,6 0,8 +0,2= 1,6V

Ta thay diéu kién nay khong théa man khi Q2 dan bao hoa, do d6
khi Q, dan bdo hoa = Q, tit = cit ngudn V. ra khéi mach. Lic nay
ta noi ring cong s& hut dong vao va dong tii ngoai qua tai d6 vao ngd
ra cua cong di qua Q,, ngudi ta néi Q, 1a noi nhan dong va dong do
vao Q; goi la dong ngo ra mic thap, ky hiéuI,,.

Vé mit thiét ké mach: ta thiy ring dong tai I, cling chinh 1a dong
ngd ra muc thip I, va la dong d6 tii ngoai vao qua Qs, dong nay phai
ndm trong gidi han chiu dung dong cia Q; dé Q, khong bi danh thiing
thi mach sé lam viéc binh thuong.

Dong 1, thay déi tuy thudc vao cong nghé ché tao:

+ TTL . dong ngd ra muc thap I, 16n nhat 16mA.
+ TTL/LS : dong ngd ra muic thap I, 16n nhat SmA.
Pay 1a nhiing thong sé rat quan trong can chu y trong qua trinh
thiét ké mach s ho TTL dé dam bdo do an toan va 6n dinh ctia mach.
- Cac truong hgp con lai (x.= 0,x, =1; x,=1,x,=0; x,=x,=0): Luc
nay Q,va Q, tit con Q, din = y = 1. Ta ndi cong cip dong ra, dong
nay do tii ngudn qua Q, va diode D xuéng cung cip cho tai, ngudi ta
goi la dong ngo ra miuc cao, ky hiéu I,
Dién ap ngo ra Vy dudc tinh phu thudc vao dong tai Iy
Vv = Viggiet = Ve lonRs = Veeyos = Vo

Thong thuong Vi ma = 3,4V — 3,6V )

I,y cling chinh 13 dong qua tai It, néu I, cang ting thi Viogie1 €aNg
gidm va ngugc lai. Song V..., chi dugc phép gidm dén mot gid tri cho
Phep Viggict min= 2,2V

Vé mit thiét ké mach: ta chon V, e min = 2,4V d€ bdo ddm cong

cap dong ra khi § muc logic 1 khong dugc nhd hon Vg, i va dam
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bao cong hit dong vao khi § mic logic 0 thi dong tai ¢ mic logic 0
khong dugc 16n hon dong I, .

Nhuge diém ciia ngé ra cdt cham: Khong cho phép ndi chung cac
ng6 ra lai véi nhau c6 thé 1am héng cong.

b. Ngé ra cuc thu dé hé (Open Collector Output
Vé phuong dién ciu tao gan gidng

vGi ngo ra ¢6t cham nhung khac vdi ngo

ra cOt cham la khong co Q,, diode D, R; 3 Ys v

va ldc nay cuc thu (cuc C) cia Q, dé hg. ,, @ RS
Do d6 dé cong lam viée trong thuc té SJT ! . i Qs

}(' ~ A?
ta n0i ngd ra cua cong (cuc C cua Q)
1én ngudn V' bing phan tii thy dong R. = )
A ro RN cr e 1 Hinh 3.36. Ngo ra cuc thu dé h¢
Nguon V' c6 thé cung gid tri v6i Voo 8 e

hoic khdc tuy thudc vao thiét ké.
Chung ta 1an lugt phan tich céc trudng hgp hoat dong clia mach:

- Khi x,=x,=1: Tiép gidp BE,, BE, phan cuc ngudc, dién thé tai
cuc nén ctia Q, 1am cho tiép gidp BC/Q, mé nén Q, dan bao
hoa, Q, dan bao hoa kéo theo Q; din bao hoa = y =0, do do
dién dap taingoray:

V= Voo =Veior= Veewos = 0,2V = 0V
Luc nay cong sé hut dong vao va Q, 1a noi nhan dong, ta goi 1a

logicO =

dong ngo ra muc thap I, .

- Cac truong hop con lai (x,=0,x,=1; x,=1,x,=0; x,=x,=0): Co it
nhat mot tiép gidp BE/Q, m&, ghim dién thé tai cuc nén Q, lam
cho tiép giap BC/Q,, Q,, Q, déu tit, Itic nay cong cip dong ra do
ti ngudn V' qua dién tré R cdp cho tii § mach ngoai = y=1,
nguoi ta goi la dong ngo ra muic cao Iy.

Ta co:
Vv = Viegiel = Viee- IouR
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Uu diém ciia ngo ra c6 cuc thu dé hé: v

- Cho phép ndi chung cac ngd ra lai véi N
nhau. X [: I y

- Trong mot vai trudng hop khi ndi chun

_One DT T TEONS 0D T IO EAS e psg |
cac ngo ra lai voi nhau co thé tao thanh cong Hinh 3.37

logic khac.

Vi dy: Mach & hinh 3.37 st dung cac cong NOT ¢6 ngé ra cuc thu
dé hé, khi ndi chung cac ngd ra lai vdi nhau cd thé tao thanh cong
NOR.

Ngor T i (Thr

Vé mit ciu tric va cau tao hoan toan giéng ngod ra cot cham, tuy
nhién co thém ngo vao thu 3 cho phép mach hoat dong ki hiéu la E
(Enable).

- E=1: diode D, tit, mach lam viéc hoan toan gidéng cong NAND
ngo ra cot cham. Luc d6 mach ton tai mot trang thdi y = 0 hodc y = 1
tuy thudc vao cac trang théi logic cua 2 ngd vao Xx,, X,.

- E=0: diode tiép gidp BE; md, ghim ap trén cuc nén cia Q, lam
cho tiép giap BC/Q, tit va Q,, Q; cling tit. Luc nay diode D, din ghim
dién thé & cuc C cia Q.:

Ve = Vo= Vil = 0,7V = Q, tit.

Nén cong khong cip dong ra va

VCC

cing khong hut dong vao. Luc nay, 2

~ L. e R A R4 R5
ngo ra y chi ndi véi cong vé phucng . % f
Q4

diéen vat ly nhung lai cich ly vé
phuong dién dién, tuong duong voi . b2y

Q2
trang thai tré khang cao. Chinh vi vy « s o
R3

ma ngudi ta goi la trang thai thu ba la

trang théi tong trd cao. L

E

Hinh 3.38. Ngo ra 3 trang thai
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a) b)
X, : y X, y

E=1=> Yy = XX, E:1:>y:ano
E=0=>y=2,,

E=0=y=xX,
Hinh 3.39. Céng NAND 3 trang thai véi ngé vao E
a. E tac dong miic cao - b. E tac dong miic thap
Ung dung:
- Sii dung ngd ra ba trang thai dé€ ché tao ra cong dém 2 chiéu.
- Ché tao cdc chip nhd ctia bo vi xti 1y.

Giai thich s6 dd mach hinh 3.40:
+E=1: Cong dém 1 va 3 mé, 2 va 4 treo 1én tong tré cao = dii liéu
di tit A>C, B—D. Vay dii liéu xuét ra.

+ E=0: Cong dém 2 va 4 md, 1 va 3 treo 1én tong tré cao = di liéu
di ti C>A, D—B. Vay du liéu nhap vao.

E
Hinh 3.40. Ung dung ciia ngé ra 3 trang thdi
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3.2.3. Cac thong s6 ky thuit cia cong logic
3.2.3.1. Cong suit tiéu tin P,
Mot phan tii logic khi lam viéc phdi trdi qua c4c giai doan sau:
- O trang thai tit.
- Chuyén tif trang thai tit sang trang thdi dan.
- O trang thai dan.
- Chuyén tu trang thai dan sang tit.
O mdi giai doan, phan tli logic ddu tiéu thy & ngudn mot cong suit.
a. Péi vdi cdc phin it logic ho TTL: tiéu thu cong suat cla ngudn chil
yéu khi & trang thai tinh (dang dan hoic dang tit).
- Néu goi P° 13 cong sudt tiéu thy ting véi ngd ra cta phan tif logic
ton tai 6 muc logic 0.
- Néu goi P' 13 cong sudt tiéu thy ting véi ngd ra cta phan tif logic
ton tai ¢ muc logic 1.
- Goi P 13 cong suit tiéu tan trung binh thi:
P% 4+ P?
2
Déi véi cd IC ngudi ta tinh nhu sau:
- Goi I, dong do ngudn cung cap khi ng6 ra § muc logic 0.

P=

- Goi I dong do ngudn cung cap khi ngd ra 6 mic logic 1.

- Goi I 1a dong trung binh thi : lc = %
Thi cong suét tiéu tan cho cA IC : P, = 1..Vee
b. Déi vdi ho CMOS: chi tiéu thu cong suit chl yéu trong trang thai

dong (trong thoi gian chuyén mach).
Cong sudt tiéu tan: P, =c,.fv C, :dién dung tai

T4n s6 hoat dong (tin s6 chuyén mach) cang 16n cong suét tiéu tan

cang tang. o
3.2.3.2. Fanout —] o
La hé s6 mic mach 6 ngdo ra = | : -------- T
hay con goi la kha ning tai cua ‘ —>

. , Hinh 3.41. Khai niém vé Fanout
mot phan tu logic.
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Goi N 1a Fanout clla mot phan ti logic, thi nd dudc dinh nghia nhu
sau: SO ngd vao logic cuc dai duge ndi dén mot ngd ra clia phan ti
logic cung ho ma mach van hoat dong binh thudng (hinh 3.41).

Xét vi du ddi véi ho DTL: (Hinh 3.42)
- y=1: mach hoat ddng binh thudng.
- y=0: BJT din bio hoa, dong bao
hoa gdom hai thanh phan:
[cs=Igs T NI
(v6i N 1a s6 phan i ti mac 6 ngo ra)

Hinh 3.42

Mt khac: I,=I,-I,= const, ma I ting 1én do c6 dong ghép d6 vao
= diéu kién dan bao hoa khong thda man = BJT ra khdi ché do din
bao hoa va di vao ché do khuéch dai, lic dé V, tdng 1én nén ngd ra
khong con dam bao & miic logic 0 nifa. Vay, diéu kién dé mach hoat
dong binh thudng la:

IR3+N11<,3 IB - N<Bmin|B_|R3 (*)

Il
N: s6 16n nhét thda man diéu kién (*) dudc goi 1a Fanout cta phan
ti logic DTL.

min

3.2.3.3. Fanin (Hé s6 mic mach ngo vao)

Goi M 1a Fanin ctia 1 phan tii logic thi M dudc dinh nghia nhu sau:
D¢ chinh 13 s6 ngd vao logic cuc dai clia mot phan tii logic.

D6i véi cac phan i logic thuc hién chic ning cong logic, thi s6
lugng M 16n nhét 13 4 ngd vao. Ddi véi cac phan tii logic thuc hién
chic ning nhan logic, thi s lugng M 16n nhat 13 6 ngd vao.

Déi véi ho logic CMOS thi ¢6 M nhiéu hon nhung ciing khéng qua
8 ngo vao.

3.2.3.4. P$ chong nhiéu
Do 6n dinh nhidu 12 tiéu chuan danh gia do nhay clia mach logic déi
vdi tap Am xung trén dau vao.
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Do on dinh nhidu (tinh) 1 gia tri dién 4p nhifu tdi da trén diu vao
khong lam thay doi trang thai logic ctia mach, con goi 1a muc 6n dinh
nhiéu.

3.2.3.5. Tré truyén dat

Tr& truyén dat 1a khodng thdi gian dé dau ra clia mach cé dap ting
déi véi sy thay doi muc logic ciia dau vao.

Tr& truyén dat 13 tiéu chuan dé danh gia téc do lam viéc ctia mach.
Tdc do 1am viéc clia mach tuong ting vdi tin s6 ma mach van con hoat
dong dung. Nhu vay, tré truyén dat cang nhd cang tot hay téc do lam
viéc cang 16n cang tot.

Déi v6i hau hét cdc vi mach s6 hién nay, tré truyén dat 1a rat nhd, cd
vai nano gidy (ns). Mot vai loai mach logic ¢6 thdi gian tré 16n ¢ vai
trdm nano giay.

Khi méc lién tiép nhiéu mach logic thi tré truyén dat cia toan mach
s& bang tong cac tré truyén dat clia mdi ting.
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3.3. FLIP - FLOP (FF)

3.3.1. Khai niém
Day 1a mach dao dong da hai hai trang thai bén, dudc xay dung trén

cd s cac cong logic va hoat dong theo mot bang trang thai cho trudc.
3.3.2. Phan loai
Co hai cach phan loai:
- Phan loai theo tin hi¢u diéu khién.
- Phan loai theo chuc nang.
3.3.2.1. Phan loai FF theo tin hiéu diéu khién
GoOm ¢4 hai loai:
- Khong ¢4 tin hiéu diéu khién (con goi 1a khong dong bd).
- C4 tin hiéu diéu khién (con goi 1a déng bo).
a. FF khéng dong b
Dang 1: RSFF khong ddng bd dung cong NOR (so dd hinh 3.43)

— - oo |n

— o |—|o|=m
)
(=)

Hinh 3.43. RSFF khéng ddng bd sif dung cong NOR va bing trang thdi
Dua vao bang chan tri clia cong NOR, ta c6:
- S=0,R=1= Q =0, hdi tiép vé cong NOR 2 nén cong NOR 2
c6 hai ng6 vao bing 0 = Q = 1.
- S=1,R=0= Q =0, hdi tiép vé& céng NOR 1 nén cong NOR 1
¢6 hai ngd vao bing 0 = Q=1
- Gidstibanddu: S=0,R=1=Q=0va Q = 1.
Néu tin hiéu ng6 vao thay d6i thanh: S =0, R =0 ta c6:
+S=0vaQ=0=>Q-=1
+R=0vaQ=1=Q= 0 = RSFF gill nguyén trang thai c.



Bai gidng Ky Thudt S¢ Trang 62

- Gidstibandau: S=1,R=0=Q=1vaQ =0
Néu tin hiéu ng6 vao thay d6i thanh: S =0, R = 0 ta c6:
+R=0vaQ=0= Q=1
+S=0va Q=1= Q= 0 = RSFF gili nguyén trang thai c.

Dang 2:RSFF khong dong bd dung cong NAND (so dd hinh 3.44)

»—dr—dOOUJ|
HOHO’}U|
o= XL

QO
Hinh 3.44. RSFF khéng ddng bd sif dung cdng NAND va bang trang thai

Dua vao bang chan tri clia cong NAND:

Y I 3Ix. =0

Ta co:
- §=0,R =1 = Q=1 hdi tip vé& cong NAND 2 nén cong NAND
2 ¢6 hai ngd vao bing 1 vay Q = 0.
- §=0, R=1= Q =1 hdi tiép vé cdng NAND 1 nén c6ng NAND
1 6 hai ngd vao bang 1 vay Q = 0.

- §S=R =0 = Q=0Q=1 day la trang thai cAm.
- § = R=1: Gi4 st trang thai trudc dé ¢c6 Q =1, Q = 0 = hdi tiép
vé cong NAND 1 nén cong NAND 1 ¢é mot ngd vao bang 0 vay
Q =1 = RSFF git nguyén trang thai cu.
Nhu vay goi 1a FF khong dong bd bédi vi chi can mdt trong hai ngd
vao S hay R thay ddi thi ngd ra cling thay déi theo.

Vé mit ki hiéu, cdc RSFF khong dong bd dudge ky hiéu nhu sau:



