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GIOI THilU VE MON HQC 

Vi tri, tinh cbM cua mon hQC 

- Vi tri mon h9c: La mon h9c chuyen nganh; dµac b6 tri & h<;>c ky II; h9c sau mon 
Ky thu~t di~n tu. 

- Tinh chit mon h9c: Thi. 

M9c tieu cua mon hQC 

1. Ki~n thrrc chuyen mon: 

- HiSu duqc cac d~ng tin hi~u xung va cac phuang phap biSn d6i di,mg xung 

- HiSu duqc h~ th6ng m~ch tuang tµ, m~ch s6. 

2. Ky nang ngh~: 

- Thµc hi~n chuySn d6i tuang tµ - s6 

- Thµc hi~n chuySn d6i s6 - tuang tµ 

- Thµc hi~n duqc cac m~ch ung d1,mg cua ky thu~t xung s6 

- Lip rap, sua chua duqc cac m~ch t~o xung CO' ban. 

3. Thai at) lao dQng: 

- Tv tin trong vi~c ti€p xuc, sua chua cac thi€t bi di~n tu may tinh su dvng 
ky thu~t xung s6. 

- T~o tinh d.n th~n cho h9c sinh khi ti@p c~n thiSt bi su dvng ky thu~t xung 
so. 

Nt)i dung cua mon hQC 

1. Cac Imai ni~m CO' ban vs ky thu~t xung s6 

2. Cac m~ch t~o xung CO' ban 

3. Ky thu~t s6 - h~ th6ng s6 d:Sm 

4. M~ch Flip-Flop va ung dvng 

5. ChuySn d6i tuang tµ s6 
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BAI 1: cAc KHAI NIEM co BAN vt KY THUAT xuNG s6 . . 
1. Khai ni~m chung 

Tin hi~u la sµ biSn d6i cua cac d1:1-i lugng di~n ( dong di~n hay di~n ap) 
theo thai gian, chua dµng m(lt thong tin nao d6. 

Tin hi~u dugc chia lam 2 101:1-i: tin hi~u lien t1,1c (tin hi~u tuySn tinh) va tin 
hi~u gian do1:1-n (tin hi~u xung). Trong d6 tin hi~u hinh sin dugc xem la tin hi~u tieu 
biSu cho 101:1-i tin hi~u lien 11,lc ,c6 duong biSu diSn nhu hinh 1-1. Ngugc l~i 
tin hi~u hinh vuong dugc xem la tin hi~u tieu biSu cho lo~i tin hi~u k:hong lien t1,1c 
nhuhinh 1-2 

Hinh 1.1: Tin hi~u mnh sin 
vuong 

Hinh 1.2: Tin Wfu mnh 

* Bjnh nghia: 

Xung di~n la tin hi~u di~n c6 gia tri bi~n d6i gian do~n trong m9t khoang 
thai gian rfit ngin co thS so sanh v&i qua trinh qua d<)cua m~ch di~n. 

Xung di~n trong ky thu~t dugc chia lam 2 lo~i: lo~i xung xu§,t hi~n 
ngfiu nhien trong m~ch di~n, ngoai mong mu6n, dugc g9i la xung nhiSu, xung 
nhiSu thuong c6 hinh d~ng bfit ky(Hinh 1.3). 

Cac d~ng xung t~o ra tucac m~ch di~n dugc thiSt kSthuong c6 m(lt s6d~ng 
ca ban: 

(u,t) 
•1: • (u,t) • 

□ n_. •:Jl[L .. ~ 

(u,t l 

,... 

Hinh 1.4: C!ic danu xung ·CO' fian ciia cac mach ~ien dmrc thlit k~ 
.~ .. -It • 

t 
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1.1. Cac thong s6 CO' ban 
a. Cac tham s6 cua xung di~n: 

D~ng xung vu6ng ly tuong dugc trinh bay tren 

on 

t 

ffinh 1.5: Cac tho~g s6 CO' ban cua ,mng 
+ 09 r9ng xung:la thcri gian xuit hi~n cua xung tren m~ch di~n, thcri gian 
nay thucrng dugc g9i la thcri gian m& ton. Thai gian kh6ng c6 sµ xu§.t hi~n cua xung 
g9i la thcri gian nghi tiff. 
+ Chu ky xi.mg: la kh6ang thcri gian gifra 2 lin xu§.t hi~n cua 2 xung lien tiSp, dugc 
tinh theo c6ng thuc: 

T= t,m + t ()If {LI) 
lin s,~ xung dugc t1E11 theo c6ng thuc: 

f = ~ (L2) 
T 

+ 09 r6ng va h~ s6 diy cua xung: 
- 0<) r6ng cua xung la ty s6 gifra chu kyva de) r<)ng xung, dugc tinh theo 

c6ngt~uc:. 

Q = I_ (L3) 
T,,,, 

- H~s6 diy cua xung la nghich dao cua d9 r6ng, dugc tinh theo c6ng thuc: 
r 

n= ~ (1.4) 
T 

Trong thµc ts, ngucri ta it quan tam dSn tham s6 nay, ngucri ta chiquan tam 
trong khi thi@t k@ cac be) ngu6n ki@u xung, d@ dam bao di~n ap m<)t chi@u dugc t~o 
ra sau m~ch chinh luu, m~ch l9c va m~ch di@u chinh sao cho m~ch di~n cip du 
dong, du c6ng suit, cung cfip cho tai. 
+ 09 r9ng sucrn tru&c, d9 r9ng sucrn sau: 

Trong thµc tS, cac xung vu6ng, xung chfr nh~t kh6ngc6 c§.u true m9t each 1i 
tu&ng. Khi cac d~i lugng di~n tang hay giam d@t~o m<)t xung, thucrng c6 thcri 
gian tang truong (thcri gian qua d9) nhit la cac m~ch c6 t6ng tr& vao ra nh6 ho~c 
c6 thanh phin di~n khang nen 2 sucrn tru&c va sau kh6ng thfulg dung m9t each li 
tu&ng. 

Do d6 thcri gian xung dugc tinh theo c6ng thuc: 
t,im = tt + td + t~ 

Trong d6: ton: 09 r9ng xung 
tt : 09 r9ng sucrn tru&c 
tct: 0<) r9ng dinh xung 
ts : 09 r9ng sucrn sau 

(L5) 
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Suon ,,l-' L. 
uUlu 

tru&c 

l ll'' S .· E trO'Il 

l\r\/ 
' \ 

\ ~~----~------t 

H'mh l.6: Cach g9i ten cic c~nh xung. 
89 r9ng suon tru&c tldm;rc tinh tu thai diSm di~n ap xung tang len tu10% 

d~n 90% tri s6 bien d9 xung va d9 n)ng suan sau t2 duqc tinh tmhai diSm di~n ap 
xung giam tu 90% dSn 10% tri s6 bien d9 xung. Trong khi xet tr~ng thai ngung dful 
hay bao hOa cua cac m~ch di~n diSu khiSn 

Vi d1,1, xung nhip diSu khiSn m~ch logic c6 muc cao H tuang ung v&i di~n ap 
+5V. Suan tru&c xung nhip duqc tinh tukhi xung nhip tang tu +0,5V len dSn 
+4,5V va SUO'n sau xung nhip duqc tinh tukhi xung nhip giam tumuc di~n ap 
+4,5V xu6ng d~n +0,5V. 10% gia tri di~n ap 6 day va dinh xung duqc dung cho 
vi~c chuySn chd9phan cµc cua m~ch di~n. Do d6 d6i v&i cac m~ch t~o xung ngu6n 
cung cip cho m~ch doi hoi d9chinh xac va tinh 6n dinh rit cao. 

+ Bien d9xung va Cl,fC tinh cua xung: 
Bien d9xung la gia trl&n nh§.t cua xung v&i muc thSm 0V (U, I)Max (IBnh 

1. 7) IBnh du&i day mo ta d~ng xung khi tang thai gian quet cua may hi~n s6ng. 
Luc d6 ta chi th§.y cac vach n&m song song (Hinh 1. 7b) va khong th§.y duqc cac 
v~ch hinh thanh cac suon tru&c va SUO'Il sau xung nhip. Khi giam thai gian quet ta 
c6 thS thiy ro d~ng xung v&i suon tru&c va suon sau xung (IBnh 1. 7 c) 

;.,. '::l v--- ;-----, ~ r--, 

;1,.,_J I~ LJ ;~ 

~ v . 4 S '/ ---t 
Ii 

·) V _,_:1,5 'i -... .,. / i 
---· ~· 

\ 
''\~~ 1/. 

ffinh 1.7: Xung vnong t:ren man hlnh may hlfn song 

Xung vuong ly tu&ng 
Xung vuong khi tang thai gian quet c) xung vuong khi giam thai thai gian quet 
Gia tri dinh cua xung la gia tri duqc tinh tu2 dinh xung liSn kSnhau (Hinh 1.7) 



Cgc tinh cua xung 
cua xung.Hinhl.9: 

U, I 

6 

.L __ f f 
I 

lfinii 1.8: Gia tr( dlnh xung 
la gia tri cua xung so v&i di~n ap thSm phan 

U, I 

xung dutmg xung:am 

Hinh 1.9: Cac dfng xung dtro11g va xung 

b. Chu&i xung: 

qrc 

Trong thµc tS xung di~n la nSn tang cua kythu~t diSu khiSn. Cac thiSt bi 
diSu khiSn diu tien ra dai diSu khiSn cac m~ch di~n c6 chuc nang dan gian 
thuang chi cin diSu khiSn bing m9t xung. Trong m9t chu6i xung, cac xung c6 
hinh d~g gi6ng nhau va bien d9 bfug nhau. 

NSu chu6i xung duqc t~o ra lien tl,lc trong qua trinh lam vi~c thi g9i la chu6i 
xung lien tl)c. NSu chu6i xung duqc t~o ra trong tung khoang thm gian nh§.t dµih 
g9i la chu6i xung gian d9an. D6i v&i chu6i xung gian d9an, ngoai cac thong s6 ca 
ban cua xung con c6 them cac thong s6: 

- S6luqng xung trong chu6i, 
- D9r9ng chu6i xung, 
- Tin s6chu9i xung. 

lU 

r1Jl 
► t 

a) b) 

ffinh 1.10: Chu&i xun.g lien tyc (a) va chu6ii xung gian do:1-n (b) 

1.2. Cac ham CO' ban 
1.2.1. Ham R - L - C 

Trong thµc tS, m~ch di~n khong dung m~ch mile theo RLC trong cac m~ch 
xu ly d~g xung, thuang sau khi da xuly xong thi m~ch RLC thuang dung dS l9c 
tin hi~u ho~c xu ly bu pha dong di~n, do dong di~n hay di~n ap qua L, C dSu bi 
l~ch pha m9t g6c 90° nhung nguqc nhau, nen cung m9t hie qua L va C se d~n dSn 
chung l~ch nhau m9t g6c 180° . Nen dS sinh ra hi~n tuqng c9ng huong, tµ phat 
sinh dao d9ng. 
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~ ~ I 1 t 

ffinh 1.11: l\'lach R-L--C - ~ 

Khi tac d:(mg vao m:;ich m9t d9t biSn dong di~n, trong m:;ich sephat sinh 
dao d9ng c6 bi~n d9 suy giam va dao d9ng quanh tri sf> khong d6i Ir. Nguyen nhan 
cu.a sµ suy giam la do do di~n tr& song song v&i m:;ich di~n R va r lam re nhanh 
dong di~n ngo ra. NSu tlin s6 cu.a c9ng huang rieng cu.a m:;ich trung v&i dn sf> cu.a 
xung ngo vao lam cho m:;ich c9ng huang, bien d9ngo ra tang cao. NSu ngo vao la 
chu6i xung thi: 

- NSu thai gian l~p l:;ii cu.a xung ngin han chu kyc 9ng huang bien d9 ngo ra 
se tang din theo thai gian dS gay qua ap a ngo vao cu.a ting kS tiSp. 

- NSu thai gian l~p l:;ii cu.a xung bing v&i chu kyc9ng huang thi bien d9tfn 
hi~u ngo ra gin bing v&i tin hi~u ngo vao, c6 d:;ing hinh sin va th~m di~n ap la hin 
sin tit din, khong c6 lqi cho cac m:;ich xung sf>. Trong thµc tSm:;ich nay duqc dung 
dSl9c nhiSu xung c6 bien d9cao va tin sf>l&n v&i di~n ap ngo vao c6 d~ng hinh sin. 
1.2.2 Ham tich phan: 

Ham tfch phan la m:;ich ma di~n ap ra vo(t) ti l~v&i tich phan theo thai gian 
cu.a di~n ap vao Vi(t). 

Ta co: vo(t);;;;;; K f vi(t) (L6} 

Trong d6 K la h~ sf> ti 1~. 
M:;ich tfch phan RC: 

Hinh 1.12: l\'lfch tfch phan RC 

M:;ich tfch phan RC chfnh la m:;ich l9c thip qua dung RC. Tin sf>c~t cu.a 
m:;ich l9c la: 

l 
fie--~ 
· 2JCRC 

(l.7) 

Do v~y di~n ap vao Vi la ham biSn thien theo thcri gian nen di~n ap tren 
di~n tr& R va tt;1 di~n C cfing la hall!_ biSn thien theo thai gian. Ta_ c6: 

V1(t) == VR(t) + Vc(t) (L8) 
Xet m:;ich di~n a truCYng hqp ngu6n di~n ap vao Vi c6 tfin sf>:fi rit cao so v&i 

tin sf> c~t fc. Luc d6 dung khang XC se c6 tri sf> rit nho do. 
V ] 
AC=--

2;ffiC 
(L9) 
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. l th' R. l 
Ne

:..u f >> fc =-. - .. - . I , >> Xe=-;-:-
Nhu v~y: 2ltRC ,.Jrf1C 

Suy ra: V R(t) >> V c(t) 'VI dong i(t) qua R va C bing nhau. 
Di~n ap d6i v6i t1,1 C dugc tinh theo cong thuc: 

1 f Ve= - iU)dr (LI 0,) C . 

Nhu v~y_ di~n ap_ tren t1,1 C cfing_la di~n ap_ ra tu d6 ta c6 di~n ra Vo(t) 

Vo=-.
1
-· fVi(t)dt (Lll)' RC ·• . 

b. Di~n ap vao la tin hi~u xung vuong: 
Khi di~n ap vao la tin hi~u xung vuong c6 chu kynla Ti thi c6 thS xet ty 1~ 

h&ng s6thm gian RC= -c so v6i Ti dS giai thich cac d:mg song ra theo hi~n tugng 
n~p xa cua t1,1. 

..,v -v v.1 .1. 1 -u,..._. 5.1u.i 1..1.1.a:\..,,·.11 ~-,c,1.1i,.., , .. u:.u.1.~. ,: 
Vi(t ..... 

Ti • 
~ 

::::u [10 C 

Khi 1:>>T 

Gia thiSt di~n ap ngo vao la tin hi~u xung vuong d6i xtrng chu ky Ti. NSu 
m~ch tich phan c6 h&ng s6thai gian RC = -c dt nho so v6i Ti 
thi tl,l n~p va xa r~t nhanh nen di~n ap ng5 ra Vo( t) c6 d~g gi6ng nhu d~ng di~n ap 
vao Vi(t). 

NSu m~ch tich phan c6 h&ng s6 thai gian 5 Ti= -c thi t1,1 n~p va xa 
di~n ap theo d~g ham sf> mu, bien d9 dinh cua di~n ap ra th~p hon VP. 

NSu m~ch tich c6 hing sf> thai gian -c r~t 16n so v6i Ti thi t1,1 C n~p r~t ch~m 
nen di~n ap ra c6 bien d9 r~t th~p nhung duang tang giam di~n ap g§.n nhu 
duang thing. 

Nhu v~y, m~ch tich phan nSu ch<;>n tri sf> RC thaichs hgp thi c6 thS sua d~ng 
xung vuong & ng5 vao thanh d~ng xung tam giac & ng5 ra. NSu xung vuong d6i 
xtrng thi xung tam giac ra la tam giac can. 
1.2.3. Ham vi phan: 
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La ham c6 di~n ra c6 di~n ap ng5 ra Vo(t) ti l~v6i d~o ham theo thcYi gian cua 
di~n ap ngo vao Vi(t). 

Vo(t) = K i!..vw) ( L 12) 
Ta c6: dt · 

Trong d6 K la h~ s6 ti 1~. 
Trong ky thu~t xung , m~ch vi phan c6 tac d1,1ng thu hyp d9 r9ng xung t~o ra 

cac xung nh9n d~kich cac linh ki~n diSu khi~n hay linh ki~n cong suit khac nhu 
SCR, Triac .. 

a. M~ch vi phan dung RC: 
"l,.t'_!. C 1/.0 

0 11 

l 
0 

ffinh 1.14: 1\iiich '1i phan RC 
M~ch vi phan dung RC chinh la m~ch l9c cao qua dung RC. Tfin s6 cit cua 

m~ch l9c la: 
1 Jc--- (Ll3) 

21lRC 
Vi v~y dong di~n i(t) qua mchj cho ra sµ phan ap nhu sau: 

\i\(t) = V c(t) + VR(t) (1.14) 
Xte m~ch di~n 6 truong hqp ngu6n di~n ap vao Vi(t) c6 t&n s6 fi r§,t th§.p so 

~ l 
v6i tin s6 cit fc. Luc d6 ti << Jc= 211RC va a tin s6 nay thi dung khang XC c6 tri 
s6 r§.t 16n. 

N'h "R. · 1 
•· tr ·v.av: << Xe=-· -. .,. 2)efiC 

Suy ra: V R(t) << Vc(t) vi dong di~n qua R va C b~ng nhau 
Hay: Vi{t) u Vc(t) 
Bi~n ap tren tµ di~n C duqc tinh theo cong thuc: 

i.• ( . tif(t) 
t'C f\=-•· ·-· ,, C 

Trong d6 q la di~n tich n~p cho t1,1: 

(Ll5) 

·c· ··) C d\li(t) lf = --. ·· dt (L16) 

V~y di~n ap tren di~n tr& chinh la di~n ap ra: 
u ( . R.c· dv,.(t) 
fOt)= . -

dt 
Ta c6 hAng s6 thoi gian 'C = RC 

b. Di~n ap vao la tin hi~u xung vuong: 

(1.17) 

Khi di~n ap vao la tin hi~u xung vuong c6 chu ky Ti thi xet ti 1~ hAng s6 thai 
gian 'C = RC so v6i Ti d~ giai thich d:,mg song ra theo hi~n tuqng n~p, xa cua t1,1 
di~n 
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► t a. D~ng song ngo vao 

Vo 

Vo 

-~---.--~- 1 c. Di;illg :,,ong ngo ra khi -r((Ti 

~(~ 
Hinh 1.15: Dtmg song vim ra cua m~ch ,,i phan nhijn xung vuong 

Gia thiSt di~n ap ngo vao la tin hi~u xung vuong d6i xung 6 chu ky Ti. NSu 

m~ch vi phan c6 h~ng s6 thai gian 1: = rt thi t\l n~p va xa di~n t~o dong i(t) qua 

di~n tr& R t~o ra di~n ap giam theo ham s6 mfi. Khi di~n ap ng5 vao bing ov thi 
d~u duong cua tl) n6i mass va t\l se xa di~n am tren di~n tr& R. 6 ngo ra sec 6 hai 
xung nguqc d~u nhau va c6 bien d9 giam d~n. 

NSu m~ch vi phan c6 hing s6 thai gian 1: r~t nho so v&i Ti thi t\l se n~p xa . 
di~n r~t nhanh cho ra 2 xung nguqc d~u nhung c6 d9 r9ng xung r~t hyp duqc g9i la 
xung nh9n. 

Nhu v~y nSu thoa man di~u ki~n cau m~ch vi phan thi mach RC se d6i tin 
hi~u tu xung vuong don cvc ra 2 xung nh9n luong cvc nhu 6 hinh c. 

1.3. Ham RC va ham RL 
1.3.1. Ham RC 
C6 hai m~ch l9c RC caban la m~ch lC?c th~:p di 'lua va m~ch l<?c cao di 'lua 

n R ~ 0·•·~~·-1..0 
I~ 

Hinh l.16 a: llVItch lqc thip di qua 
.. ~. {:' 1,,~ 
''0---111,-· -----0~· 

ffinh 1.16 b: Dap ung tlin s6 

ffinh 1.17 a: Mfch lqc cao qua 
Hinh 1.17 b: Da;p une tin s6 

Trong ca hai m~ch l9c th~p qua va m~ch l9c cao qua dung RC tk s6 duqc 
tinh theo cong thtrc: 



1 
Jc= 2:riRC 

11 

d t~n s6 dt di~n i£ ra Vo c6 bien d9 la: 
. Vi 

Vi'J=~· ·.-·,/2 
1.3.2. Ham R-L 

(L18) 

(1.19) 

Nguai ta c6 thS dung di~n tr& R kSt hqp v&i cu9n cam L dS t:;io thanh cac 
m:;ich l9c thay cho tµ C. Do tfnh chit cua L va C nguqc nhau d6i v&i tfin s6 nen 
m:;ich l9c thip qua va cao qua khi dung RL c6 each mic nguqc l:;ii v&i m:;ich RC. 

Vi Vo 

R 

Hinh 1.18a: 
lVl~ch lgc tbjp dung RL 

R 
"li \lo 

ffinh Ll8 b: 
ll\ll;ich lqc cao dmtg RL 

Hai m:;ich l9c thip qua va m:;ich l9c cao qua dung RL cung c6 dap ung tfin 
s6 va c6 d:;ing gi6ng nhu trong m:;ich l9c RC 

' R (: I .·:'OJ·.· fc=-· _ .!.. 
- 2,1fL 

2. Cac phrrO'ng phap bi~n d6i d,ng xung 

2.1.M~ch xen 
M:;ich xen la m:;ich cit di m9t ph~n cua d:;ing di~n ap vao 6 tren hay 6 du&i 

m9t muc chuin nao d6. M6i lien h~ giua ng5 vao va ng5 ra cua m:;ich xen thuong 
c6 cac d:;ing sau: 
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\/j Vi 
-~»""'"'-"--·~•=•:,,F---····~····'""~ 

(d) 

~ (0 
. Hlnh l.19. Die tuy~n truy~n ti{lt cua mot sd m3ch xen CO' ban 

Dµa vao d,u true m~ch xen g6m m~ch xen song song va m~ch xen n6i tiSp. 
- M~ch xeri song song la m~ch xen c6 phfin tuxen n6i song song v&i ngo ra. 
- M~ch xen n6i tiSp la m~ch xen c6 phfin tuxen n6i n6i tiSp v&i ngo ra. 

2.1.1 M~ch xen song song 
Xet m~ch sau: 

R 

H'mh L20. l\,ff ch x~n song song 
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G9i Va la di~n thS t9-i anode, Vk la di~n thSt~i cathode. M~ch tren c6 hai truong 
hqp xayra: 
- Truong hqp 1: Khi Va>Vk ¢::> Vi>Vdc? diode dfui? sa d6m~ch tr& thanh: 

R 

\ " '1 Vo 
⇒ Vo= Vdc 

Vdc 

Truong hqp 2: Khi Va<Vk ~ Vi<Vdc, diode ngung dfui, sa d6m~ch tr& 
thanh: 

R 

Vi Vo 

iil'-------------
2.1.2 M~ch xen n6i ti~p 
Xet m~ch sau: 

V± 

\ . '\''' ⇒ io= ta 

Vo 

Hinh 1.21 .. ~1:~ch xen n~i tijp 
G9i Va la di~n thS t~i anode, Vk la di~n thS t~i cathode. M~ch tren c6 hai 
truong hqp xay ra: 
- Truong hqp 1: Khi Va> Vk {::::} Vi> V de, diode dfui, sa d6 m~ch tr& thanh: 

Vi 

a. 
r~~4~ 

⇒ Vo= Vi~- Vdc 

Truong hqp 2: Khi Va<Vk {::::} Vi<V de, diode ngung d~n, sa db m~ch tr& thanh: 

Vi Vdc 

2.2.M~ch ghim 
2.2.1.M~ch ghim dinh tren 

⇒ Vo= OV 
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* Cho m~ch hinh 1.22a, di~n ap Vi va V de nhuhinh 1.22b. 

\." l 

C \/ 

R Vo 

(a) (bl 
IDi,m 1.22J\1~ch ghim dJn~ tren ,,a difn ap Vi , Vdc 

G9i Va la di~n thS t~i anode, Vk la di~n thS t~i cathode va V c la di~n ap tren tl,l. 
Gia su, ban dftu di~n ap tren tµ V c bing kh6ng. 
* Trong khoang thai gian O < t < tl, ta thiy Va > Vk lam diode dfin, m~ch hinh 
1.22a tr& thanh: 

C 

Vm I . ~zk L..! 

L_____j:-vctc 

R 
Vo 

⇒ Vo= Vck 

* Trong k:hoang thai gian t1 < t < t2, ta th§.y Va < Vk lam diode ngung dfin, 
m~eh hinh 1.22a tr& thanh: 

C 

R Vo 

Tµ C xa qua R. Do R rit 16n nen tl,l xa kh6ng dang kS nen Ve la hing s6 trong su6t 
khoang thai gian tu tl dSn t2 dSn V c = V m -V de 
Ma: Vo=Vi-Ve=-Vm-(Vm-Vde)=-2Vm+Vde 
* Trong khoang thai gian t2 < t < t3: 

C 

R Vo 
Vrn 

Ta e6: -Vi +Ve +Vak +Vdc= 0 suy ra Vak= Vi - Ve- Vde 
Do trong thai gian tru&e tµxakh6ng dang kS nen t?i thai diSm t2 di~n ap tren tl,l 
Ve=Vm-Vde. 
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Suy ra Vak= Vi - (Vm - V de) - V de = Vm - V m + V de -V de= 0 
Luc nay, diode v§.n ngung d§.n, Vo= Vi - V c= Vm - (Vm - V de)= V de 
* Ta lam tuong tv cho cac khoang thoi gian khac. 
Tunhung trinh bay tren di~n ap ra c6 d:;mg nhu hinh 1.23: 

\/ 
• 

\/ 

Qi tt Q G ~ ~ 

-1,vm '""' ~ - - - . l.i, 
ffinh 1.23. Gian d6 xung 

2.2.2 M~ch ghim dinh dmri 
* Cho m?~h hinh 1.24a,,di~? a~ Viva Vdc nhuhinh 1.24b. 

C 

Vt R Vo 
0 

(a) 

t 

IDnh 1.24.Maeh gbim din:h duoi va dien ap Vi,Vdc 
G9i Va la di~n thS t?i anode, Vk la di~n thSt?i cathode vi V c la di~n ap tren tl,l. 
Gia su, ban.dfru di~n ap tren tll Ve b&ng khong. 
* Trong khoang thoi gian O < t < tl, ta th§.y Vk > Va lam diode ngung d§.n, 
m?Ch hinh 1.24a tr& thanh 

C 

Vm 
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T1,1 C n?p qua di~n tr& R e6 gia tri r§.t 16n nen ll?P khong dang kS. 
Suyra Ve= OV va Vo= Vi- Ve= Vi 
* Trang khoang thai gian t1 < t < t2, ta th§.y Va > Vk lam diode d~n, m?eh 
hinh 1.24a tr& thanh: 

C 

Do d6 Vo = V de T1,1C n?p qua diode nen d~y rue thi 
hie nay Ve= Vi- Vo=-Vm- Vde 
* Trang khoang thai gian t2 < t < t3: 

C 

Vm 

Diode ngung d~n, tl,l xa qua R nen khong dang kS. Do d6 Ve la hfulg s6 
trang khoang thai gian tm2 dSn t3 va Ve= -Vm - V de 
Ma: Vo= Vi - Ve nen Vo= Vm + (Vm + Vde)= 2Vm +Vde 
* Trang khoang thai gian t3 < t < t4: 

C 

Vm a 
R 

Vo 

Ta e6: -Vi +Ve +Vka +Vde=O suy ra Vka= Vi - Ve - Vde 
Do trang thai gian tru&e t1,1 xa khong dang kS nen t?i thai diSm t3 di~n ap tren tl,l 
Ve=-Vm-Vde. 
Suy ra Vka =Vi+ (Vm + Vde) - Vde = -Vm + Vm + Vde - Vde= 0 
Do d6 diode v~ ngung d~n. 
Nen Vo= Vi- Ve= -Vm +(Vm +Vde) 
va Vo=Vde 
* Ta lam tuang tv eho eae khoang thai gian khae. 
Tu nhung trinh bay tren di~n ap ra e6 <l?Ug: 
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V 

V 
! 

(.2\/rr•.\<"::tc)l -· .,..,,,, . 7" ~ ~ ,.,.., ___ , 

t 
f: 
! 
[, 

i 

0 t5 

ffinh L25.Bifn ap ra cua mJch ghim dinh d1roi 

2.3.Mach so sanh 
a/ Di~~ th~ngo ra bao boa: 

+Vi'.'.ie 

Ed A·~ ~-., 
,;.-.t~-:.., .. j. 
V, ~r-R-t$ .... 1 .... ·- -V-t 

...L 
ffinh t.26.M,ch so sanh difn tht ~gi> ra bao h.oa 

Ta xem m~ch hinh 1.26 
Ta c6 Vo= A(V1- V2) = A.Ed v&i Ed= V1- V2 
Ed la di~n thS khac nhau gifra hai ngo vao va duqc dinh nghTa: Ed= ( di~n 

thSngo vao + ) - ( di~n thS ngo vao - ) Do m~ch khong c6 h6i ti Sp am nen: VO= 
A.Ed 

Trong d6 A la d9 lqi vong hcua op-amp. Vi A rit l&n nen theo cong thuc 
tren vO rit l&n. 

Khi Ed nh6, vO duqc xac dinh. Khi Ed vuqt qua m9t tri s6 nao d6 thi vO d~t 
dSn tri s6 bao hoa va duqc g9i la VS at.. Tri s6 cua Ed tuy thu<)c vao m6i op-amp 
va c6 tri s6vao khoang vai ch1,1c µ V. 

- Khi Ed am, m~ch dao pha nen vO=-VSat 
- Khi Ed duong, tuc vl>v2 thi vO=+VSat. 
Di~n thS ngo ra bao hoa thuong nh6 hon di~n thS ngu6n tul volt dSn 2 volt. 

DSy la 
/+VSat/ c6 thSkhac /-VSat/. 
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Nhuv~y ta th~y di~n thSEd t6i da la:_. _ 

E +Vs!il. 
+ "'-- =--
~ A 

-V 
-E~ =-,,,;;,;;;;,, . A 

b/ M~ch so sanh mrrc 0: (tach mrrc zero) 
* So sanh rntrc zero khop.g dao 

-~N•"'e.....-~,, 

, + ""/~> I vn 
:· ~-~~~, R~~! 

~ J?7 
ffinh l.27 .~1:ach so sanh muc 0 

Di~n thSngo vao (-) duqc dung.lam di~n thS chu§.n va Ei la di~n thS rnu6n 
dern so sanh v6i di~n thS ch min duqc dua vao ngo vao ( +)] 
Khi E1 > Ytcf = 0 thi Vo = + V1a1 

Khi E1 < \lrer;;;;;;: 0 thi Vo;;;;;;: -Vsat 
DC;lng s6ng Ei c6 dC;lng tarn giac thi dC;lng song dftu ra c6 dC;lllg 

0 

ffinh l.27.D;mg song m~ch so sanh muc 0 

* MC;lch so sanh muc zero dao: 

& V,.r=O [> I v, 

/h / Rt,~ 
, .... " ,/h 

IDnh l.28.1\tlach so sanh mt'rc zero dio 
Di~n thS chu§n Vref= OV d~t & ngo vao (+). Di~n thS so sanh Ei dua vao ngo vao 
(-). 
Khi Ei > V:ref= 0 thi Vo= +V,.ar 
Khi Ei < Vrer= 0 thi Vo= ~V,,at 
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+Vsat 

0 

-Vs~t 

Hinh 1.28.DtJn~ song m1:1ch so sanh mu-c zero dao 

c/M~ch so sanh v&i 2 ngo vao c6 di?n thS b~t ky: 
* So sanh muc duong dao va khong dao: 
- So sanh muc duong khortg dao: 

·:::..,, 
+ "'-:----· ... ~·o + ····"·/· 
~ I E ..... /· R .. ~"-• 

i i t.< 
/,I/ 

t 

ffinh 1.29.M,ch mu\C dtron~ khong dio 
Di?n thS chufui Vref> 0 d(it ongo vao (-). Di~n tbe so sanh EI dua vao ngo vao (+). 
Khi E1 > Vrnr = 0 thi Vo = +V,111 

Khi Ei < \lrer = 0 thl Vo= -Vsai 

0 

('Jr, 

p J 
vref 

E1 

. v~"t 

+Vs.at 

Var 

Hinh L30.DJng song m1eh so sanh mu-c du'Ong khong dio 

- So sanh muc duong dao 
Ei-, -----~- -~ 

+ __ ;:;"' :I V,o 

V re I~ ... -~-/ Rj 
ffinh l..31.Mtch so sanh mac dll'ong d:ao 

Bi~n thS chufui Vref> OV d(it & ngo vao (+). Di?n thS so sanh Ei dua vao ngo vao 
(-). 
Khi Ei > Vrer = 0 thi Vo;;;;;: +Vsa.t 
Khi Ei < Vrer= 0 thl Vo= -V~ar 
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V1:er V1ef 
.,/ 

,"" 

,, •• , •• ,,-,,,t,,. 

Ei 
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ffinh 1.32.Dfng song mfch so sanh muc dtrong dao 
* So sanh muc am dao va khong dao: 

Hinh 1.33JVI,ch So sanh mfrc am khong dao 
Bi~n thS chufin Vref < OV d~t 6ng5 vao (-). Bi~n thS so sanh Ei dua vao ng5 vao 
(+). 
Khi E1 > Vrer = 0 thi Vo - +V sat 
Kh, E" v· 0 ·h" '' .,.I' • I i < rnf ;:;;: · l 1 V O ;:;;: - " ~at 

.. 

Hlnh 1.34.Dtng song m,ch So sanh mu·c am khong dao 
- So sanh muc am dao 

Irmh 1.35.Jl\ilach So sanh muc am dao 

t 

. . 
Bi~n thS chufin Vref< OV d~t & ng5 vao (+). Bi~n thS so sanh Ei dua vao ng5 vao 
(-). 
Khi Ei > Vre1·:;;;: 0 thi Vo :;;;: +V.;;at 
Khi Ei < Vref = 0 thi Vo= -Vs.ii 
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'~"··~- ·&» Vs.at 
'\,t~f 

0 t 

IDnh 1.36.Dimg song mtch So sanh muc am dao 
BAIT4P 
1. Neu di~rn khac nhau vs d~mg rn~ch gifra cac ID?Ch vi phan va ffi?Ch tich phan. 
2.Cin phai biSt cung cip nhung ySu t6 du li~u nao khi thiSt kS lll?Ch vi phan hay 
rn~ch tich phan? 
3. Khi tful s6 xung thay dbi, phai lam gi d~ d?ng xung ra khong d6i? 
4. Neu y nghl'a cu.a cac sucm tru&c va sucm sau xung vuong 
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BAJ 2: cAc M~CH T~o xuNG ca HAN 

1.Khai niem chung 
Cac· m?Ch t?O xung CO' ban nh§t la cac m?ch t?O xung vuong dugc g9i chung 

la m?ch dao d(mg da hai. C6 ba lo?i m?ch dao d◊ ang da hai la: 
- Dao d9ng da hai lu5'ng 6n (bistable - multivibrator) ( con g9i la m?chFlip

Flop, m?ch l~t hay b~p benh): m?Ch c6 hai tr?ng thai va hai tr?ng thai dSu 6n dµ1h. 
-Dao d9ng da hai dan 6n ( Monostable Multivibraor) (con g9i la m?ch 

dinh thi): m?Ch c6 hai tr?ng thai, trong d6 m◊t tr?ng thai 6n dinh va m◊t tr?ng thai 
khong 6n dµ1h g9i la tr?ng thai t?o xung 

- Dao d9ng da hai phi 6n (astable Multivibrator): m?ch c6 hai tr?ng thai va 
cahai tr?ng thai dSu khong 6n dinh con g9i la m?ch tµ dao d(mg. 

M?ch dao d9ng da hai dung BJT dµa vao S\Ill?P di~n va sµ xa di~n cua 1\1 
di~n kSt hgp v&i d~c tinh chuySn m?ch cua Transistor. 

Ngoai ra m?ch dao d◊ng da hai dugc t?o ra tu cac linh ki~n nhu op-amp, 
IC555, cac c6ng logic, .... 

Trong ky thu~t xung, dS t?o ra cac dao d◊ng khong sin nguai ta thuang 
dung cac b◊ dao d9ng tich thoat. VS nguyen tic, b~t ky m◊t b◊d ao d◊ng khong 
diSu hoa nao cfing dugc coi la m◊t dao d9ng khong sin. Trong cac b9dao d9ng sin 
ngoai cac linh ki~n di~n tu, trong m?ch con c6 m?ch dao d9ng gf>m hai phfin tup 
han khang la cu◊n day (L) va tl,l di~n (C) Trong cac b◊ dao d9ngtich thoat phfin 
tutich trfr nang lugng dugc n?p di~n va sau d6 nha thiSt hie huySn m?ch n6 
ph6ng di~n dSn m◊t muc xac dinh nao d6 rf>i l? dugc n?p di~n. NSu vi~c ph6ng 
di~n dugc thµc hi~n qua di~n tr& thi gfin nhu toan b9nang lugng dugc tich luy dSu 
dugc tieu hao du&i d?ng nhi~t. Nhu v~y m?ch dao d9ng tich thoat thuang gf>m hai 
phfin tu chinh d6 la: Cu◊n day (L) va di~n tr& (R) ho~c 1\1 di~n (C) va di~n tr& (R). 
Thong thuang m?Ch dung R, C la chu ySu. 

M?ch dao d9ng da hai la m?ch dao d9ng tich thoat t?O ra cac xung vuong. 
M?ch c6 thScong tac & ba chS d◊: 

- ChS d9tµ dao d◊ng g9i la tr?ng thai tµ kich ( Khong 6n ). 
- ChS d◊ df>ng b◊ ( Dan 6n ). 
- ChS d◊ dgi ( Luang 6n ). 

2.M~ch dao d(}ng da hai khong tr~ng thai b~n 

2.1.M~ch CO'ban 
M?ch dao d9ng da hai khong tr?ng thai bSn la m?Ch dao d◊ng tich thoat 

dung R, C t?o ra cac xung vuong ho?t d9ng &chS d9tµdao d9ng. 
a. SO' d6m~ch: 

Trong m?Ch dao d◊ng da hai khong tr?ng thai bSn nguai ta thuang dung cac 
tranzito Q 1, Q2 lo?i NPN. Cac linh ki~n trong m?ch c6 nhfrng chuc nang rieng, 
g6p phfin lam cho m?ch dao d9ng. Cac tri s6cua cac linh ki~n R ca C c6 tac dl,lng 
quySt dinh dSn t§.n s6 dao d9ng cua m?Ch. Cac di~n tr& RI, R3 lam giam ap va 
cfing la di~n tr& tai c~p nguf>n cho QI, Q4. Cac di~n tr&R2, R3c6 tac dl,lllg phan 
cµc cho cac tranzito QI, Q2. Cac 1\ICl, C2c6 tac dl,lng lien l?c, dua tin hi~u xung 
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tmranzito QI sang tranzito Q2va ngugc l<;1i. Hinh 2.1 minh ho~ d.u t~o cua m~ch 
dao d9ng da hai khong 6n dung tranzito va cac linh ki~n R va C . 

1 1 I ~ 
:-r-·1----.1 ==c-11-_:!-:: h'-~2_' ~r 11JltR-I 

Gd 
r~•- ... ·w,· , .•. ,·,·.····~·-w·., .. •·,:··· -c·- :Q2 

I -i 
--1,__,_ __L 

Hinh 2.J: 1\"l'ch dao d9ng da hai khon:g t:r@:ng thai bin 
M~ch tren Hinh 2.1 c6 c~u true d6i x(mg: cac tranzito cung thong s6va cung 

lo~i (ho(tc NPN ho(tc PNP), cac linh ki~n R va C c6 cung tri s6 nhu nhau. 
b.Nguyen ly h9at dc)ng 

Nhu da neu tren, trong m~ch tren Hinh 2.1, cac nhanh m~ch c6 tranzito 
Q 1 va Q2 d6i xung nhau: 2 tranzito cung thong s6 va cung lo~i NPN, cac linh ki~n 
di~n tr& va tl) di~n tuong (mg c6 cung tri s6: RI= R4, R2= R3, Cl= C2. Tuy v~y, 
trong thµc ts, khong thS c6 cac tranzito va linh ki~n di~n tr& vatµ di~n gi6ng nhau 
tuy~t d6i, vi chung dSu c6 sai s6, cho nen khi c~p ngu6n V cc cho m~ch di~n, se c6 
mc)t trong hai tranzito dftn trn&c ho?C din m~nh hon. 

Gia su phan cµc cho tranzito Q 1 cao hon, cµc B cua tranzito Q 1 c6 
di~n ap duong hon di~n ap cµc B cua tranzito Q2, Qld§n tru&c Q2, lam cho di~n 
ap t~i chan C cua Qlgiam, tµCln~p di~n tu ngu6n qua R2, CldSn Ql vS am 
ngu6n,lam cho cµc B cua Q2giam xu6ng, Q2 nhanh ch6ng ngung dftn. Trong khi 
d6, dong IBltang cao din dSn Qldfin bao hoa. DSn khi tµCln~p diy, di~n ap 
duong tren chan tµtang di~n ap cho cµc B cua Q2, Q2chuySn tu tr~ng thai ngung 
dk sang tr~g thai dftn di~n, trong khi d6, tµC2duqc n~p di~n tu ngu6n qua 
R3 dSn Q2vS am ngu6n, lam di~n ap t~i chan B cua Q 1 giam th~p, Q 1 tu tr~ng thai 
dk sang tr~g thai ngung dk. Tµ Cl xa di~n qua m6i n6i B-E cua Q2 lam 
cho dong IB2 tang cao lam cho tranzito Q2dfin bao hoa. DSn khi tµ C2 n~p diy, 
qua trinh diSn ra nguqc l~i. 
c. D~mg song 6' cac chan: 
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Hinh 2.2: Dimg tin hi~u qti cac chan 
Xet t~i c\fc Bl khiTl dfu1 bao hoa VB~ 0.8V . Khi Tl ngung d~n thi t1} C 

xa di~n lam cho di~n ap t~i C\fC B 1 c6 di~n ap am va di~n ap am nay giam dfin 
theo ham s6mfi. 

Xet t~i C\fC Cl khi Tl d~n bao hoa VCl ~ 0.2V con khi Tl ngung dan thi 
di~n ap t~i VCl ~ + V cc. D~ng s6ng ra 6 C\fC C la d~ng s6ng vu6ng. 

Tuong t\l' khi ta xet 6 C\fC B2 va C\fC C2 thi d~ng s6ng 6 hai C\fC nay cung 
d~ng v&i d~ng s6ng 6 C\fC B 1 va C 1 nhung dao pha nhau: 

Vi tren C\fC C cua 2 tranzito Q 1 va Q2 xmit hi~n cac xung hinh vu6ng, nen 
chu ky T dugc tinh bing thoi gian t1,1 n~p di~n va xa di~n tren m~ch. 

T =(t1 + t1) = 0,69 (R2. Ci + R3. C2) (2.1) 

Do m~ch c6 tinh chit d6i ~un'g, ta c6: 

T = 2 x 0,69. R2. C1 = 1,4.R3. C2. (2.2) 
Trong d6: 

tl, t2: thoi gian n~p va xa di~n tren m~ch 
Rl, R3: di~n tr6 phan C\fC B cho tranzito Q 1 va Q2 
C 1, C2: tl}lien l~c, con g9i la t1} hf>i ti Sp xung dao d9ng 

Tu d6, ta c6 c6ng thuc tinh t§n s6 xung nhu sau: 

f = _!_ = 1 
(2.3) 

T 0,69(R2 .C1 +R1 ,C2 ) 

r = l :::: • 
T lA(Rll.C) 
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2.2.Mach d6i tin s6 
M?Ch dao d9ng da hai khong tr?ng thai bSn co th€ thay dbi t~n s6 la m?Ch 

dao d9ng tich thoat dung R, C t?o ra cac xung vuong ho?t d9ng a chS d9 tg dao 
d9ng va thay d6i t~n s6 b&ng biSn tr&VR. 

Q2 

Hinh 2.2: l\'1,ch dao d(ing da bai khong trimg thai b~n afii tin s6 
Trong m:;tch tren Hinh 2.2, cac nhanh m?ch co tranzito Q 1 va Q2 ct6i 

xung nhau: 2 tranzito cung thong s6va cung lo?i NPN, cac linh ki~n di~n trava tµ · 
di~n tuong ung co cung tris6: Rl =R4, R2= R3, Cl= C2. Tuy v~y, trong thµc tS, 
khong th€ c6 cac tranzito va linh ki~n di~n trava tµ di~n gi6ng nhau tuy~t d6i, vi 
chung dSu co sai s6, cho nen khi dlp ngu6n V cc cho m?ch di~n, se co m9t 
trong hai tranzito d§n tru&c ho~c dfin m?nh hon. 

Gia su phan cµc cho tranzito Ql cao hon, cµc B cua tranzito Ql co 
di~n ap duong hon di~n ap eve B cua tranzito Q2, Q 1 dfu1 tru&c Q2, lam cho di~n 
ap tc;ti chan c cua Qlgiam, tµ Cl n?p di~n nr ngu6n qua R2, CldSn QlvS am 
ngu6n, lam cho cµc B cua Q2giam xu6ng, Q2 nhanh chong ngung dfu1. Trong khi 
do, dong IBltang cao dfin dSn Qldfin bao hoa. BSn khi tµ Cln?p d§,y, di~n ap 
duong tren chan tµtang di~n ap cho cµc B cua Q2, Q2chuy€n tu trc;tng thai ngung 
dfin sang tr;;t,ng thai dfin di~n, trong khi d6, tµ C2 dugc n?p di~n tungu6n qua 
R3 dSn Q2 vS am ngu6n, lam di~n ap tc;ti chan B cua Q 1 giam thip, Q 1 tt'rtrc;tng thai 
dfin sang tr;;t,ng thai ngung dfin. Tµ Cl xa di~n qua mbi nbi B-E cua Q2 lam 
cho dong IB2 tang cao lam cho tranzito Q2 dfin bao hoa. BSn khi tµ C2nc;tp d~y, 
qua trinh diSn ra ngugc lc;ti. Khi thay d6i biSn tr& VR thi tk s6 se thay d6i. 

Xet t?i cµc Blkhi Tl dfu1 bao hoa VB;:::; 0.8V. Khi Tlngung dfin thi tµC xa 
di~n lam cho di~n ap t?i cµc B 1 co di~n ap am va di~n ap am nay giam dk theo 
ham sbmfi. Xet tc;ti cµc Clkhi Tl dfin bao hoa VCl;:::; 0.2V con khi Tlngung dan 
thi di~n ap tc;ti VC 1 ;:::; + V cc. Dc;tng song ra & cµc C la dc;tng song vuong. 

Tuang tµ khi ta xet a cµc B2 va eve C2 thi d;;t,ng song a hai cµc nay cung 
dc;tng v&i dc;tng song a cµc B 1 va C 1 nhung dao pha nhau: 

Vi tren cµc C cua 2 tranzito Q 1 va Q2 xu§.t hi~n cac xung hinh vuong, nen 
chu ky T dugc tinh b&ng thai gian tµ n?p di~n va xa di~n tren mc;tch. 
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T =(t1 + t2) = 0,69 ((VR+R2 ). C 1 +(VR+ R3 ). C2) 

Do m~ch c6 tinh ch~t df>i xung, ta c6: 

T = 2 x 0,69 . (VR+R1 ).C1 = l,4.(VR+R1 ). C1 

Trong d6: 

t1, b: thm gian n~p va xa di~n tren m.;tch 

Ri, R3: di~n tra phan eve B cho tranzito Q1 va Q2 

C1, C2: w lien l~c. con gQi fa tv h6i ti~p xung <lao d{mg 
Tu d6, ta c6 c6ng thuc tinh tfui sf> xung nhu sau: 

(2.1) 

(2.2) 

f = ~ = 1 
(2.4) 

T 0,69 ((VR + R 1 ).C1 + (VR + R 5 ).C1 ) 

f= _!_ ~ I 
T 1A((VR+R1 ).C) 

2.3.Mach d&i chu trinh 
BS thvc hi~n m~ch dao d<)ng da hai kh6ng 6n dung c6ng logic, nguoi ta c6 

thS thvc hi~n bing nhiSu each khac nhau tren CO' SO' 2 m~ch dao. 
a .Mach dung c&ng NOT (c&ng dao): . - - . -

IDnh 2 .. 3: l\1ltch dao dqng dung hai cimg diio 
Trong IBnh 2.3, ngo ra cua c6ng dao 1 duqc nf>i dSn ngo vao cua c6ng 

dao 2 la ngo ra cua c6ng dao 2 duqc nf>i tr6l~i ngo vao cua c6ng dao 1 qua tµ lien 
l~c C. Vi~c chuy@n d6i tr~g thai cua m~ch duqc thvc hi~n nho qua trinh n~p xa 
cua t1,1 C qua di~n tr6R t~o thanh duang vong h6i tiSp duang kin 

Giasu, c6ng dao 1 c6 Q = 1 thi c6ng dao 2 c6 Q = 0, do d6, hie nay t1,1n~p 
di~n qua R dSn khi t1,1 C n~p d~y di~n ap ngo vao c6ng dao 1 tang len muc cao, ngo 
ra Q = 0 tac d<)ng dSn ngo vao c6ng dao 2 lam ngo ra Q = 1, di~n ap tren tµ 
tang, t1,1 xa dii~n qua R dSn khi hSt di~n; di~n ap ng5 vao c6ng dao 1 hie nay 
giam th~p, Q chuySn sang tr~ng thai Q=l tac d<)ng ngo vao c6ng dao 2 lam cho Q 
=O. 

Qua trinh cu th@ tiSp tµc di~n ra, m~ch thvc hi~n chuc nang tv dao d<)ng. 
Chu kjr xung ra T = 2.JRC (2.5) 
,· ). :. ~ 1 1 
Tan so xuno f = - = -· --· -

e T· 1 "'RC -,.J 
(2.6) 

b . M~ch dung c&ng NAND: 
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ffinh 2.4: l\ila.ch dao ,d{)n,g da hai dung hai c6ng NAND 

M~ch trong sa c16 Hinh 2.4 c6 2 ngo vao nf>i tit nen thµc chfit ding gi6ng 
nhu c6ng dao. 

Ngo ra cua c6ng NAND 1 c6 Q duqc nf>i v&i ngo vao c6ng NAND 2 va 
nguqc l~i ngo ra cua c6ng NAND 2 c6 Q duqc nf>i dSn ng5 vao cua c6ng NAND 
1, t~o thanh m(>t m~ch vong kin h6i tiSp duang. Tv C va di~n tr& R dung dS xac l~p 
tin s6 cua m~ch. 

Trong thµc tS con c6 nhiSu each t~o m~ch dao d(>ng da hai khong 6n dung 
IC, cac linh ki~n R, C va th~ch anh dS c6 t§.n s6 dao d(>ng 6n djnh. Chung ta c6 
thS tham khao trong cac tai li~u vS m~ch di~n tu ca ban va vS m~ch IC s6 khac. 

3.M~ch dao d{>ng da hai m{>t tqmg tbai b~n 

3.1.M~ch CO' ban 
a. SO' d6 mach: . . . . 

DS dS dang phan bi~t giua m~ch dao d(>ng da hai kh6ng 6n va dao dong da 
hai dan 6n, nguai h9c c§.n chu y each mic cac linh ki~n tren m<;1ch. 

-Vb 

Hlnh 2.5: 1\fach dao dong· da hid don. 6n . . 
+ M~ch dao d(>ng eta hai dan 6n cung c6 2 tr~ng thai dfu1 bao hoa va tr~ng 

thai ngung d~n nhung c6 m(>t tr~ng thai 6n dinh va m(>t tr~ng thai kh6ng 6n dinh. 
+ d trang thai binh thuang, khi di~n ap cfip ngu6n, m~ch se gifr tr~ng thai 

nay nSu khong c6 stac d(>ng then ngoai. Khi ngo vao nh~n m9t xung kich thich thi 
ngo ra se nh~n duqc m(>t xung c6 d(> r(>ng tuy thu(>c vao tham s6 cua m~ch va tham 
s6 nay c6 thS dinh tru&c, nen m~ch con duqc g9i la m~ch dinh thai, sau thai gian 
xung ra m~ch se tµ tr& vS tr~ng thai ban d§.u. 
b. Nguyen Ii ho~t d{>ng ciia m~ch 
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- Khi c~p ngu6n cho m~ch: 
V cc c~p dong qua di~n tr& Rb2 lam cho di~n ap t~i qrc B cua Q2 tang cao 

hon O,6V din di~n bao hoa di~n ap tren cµc C cua Q2;::::;QV. 06ng thai di~n tr& Rb 
nh~n di~n ap am -VB d~t vao cµc B tranzito Q 1 cung v&i di~n ap V cc l~y tu di~n 
tr& Rbl lam cho cµc B tranzito Qlc6 gia tri nho hon O,3vtranzito Ql ngung din, 
di~n ap tren cµc C cua Qltang cao ;:::;Vee .tl,lCl duqc n~p di~n tu nguf>n qua di~n 
tr& Re 1 qua m6i n6i BE cua Q2 . M~ch gifr nguyen tr~ng thai nay nSu khong c6 
xung am tac d9ng tu ben ngoai vao cµc B Tranzito Q2qua tl,1C2. 

- Khi c6 xung am tac d9ng vao cµc B cua Tranzito Q2 lam cho Q2 tu tr~g 
thai din bao hoa chuySn sang tr~ng thai ngung dfu, di~n ap t~i cµc C Q2 tang cao, 
qua tl,l lien l~c C2 lam cho di~n ap phan cµc B,Ql tang cao lam cho Ql tu 
tr~ng thai ngung dfu sang tr~ng thai, hie nay t\l C 1 xa di~n qua Q 1 lam cho di~n ap 

. phan. C\fC B cua Q2cang giam, tranzito Q2 chuySn tu tr~ng thai dfui sang tr~ng thai 
ngung din, h'ic nay di~n thSt~i cµc C cua Q2 tang cao qua tl,1C2 lam cho di~n ap t~i 
cµc B cua Q 1 tang, tranzito Q 1 din bao hoa. M~ch duqc chuySn trang thai Q 1 d§n 
bao hoa. 

- Khi ch~m dm xung kich vao cµc B cua Q2, tl,l Cl n~p di~n nhanh tu Rel 
qua tiSp giap BEQ2, lam cho di~n ap t~i cµc BQ2 tang cao Q2 nhanh ch6ng 
chuySn tr~ng thai tungung dfu sang tr~g thai din bao hoa, con Ql chuySn tu tr~ng 
thai din sang tr~g thai ngung d§n tr& v~ tr~ng thai ban d§u. 
D~ng song t~i cac chan: 

Vi 4 

v-
' 

................................... _I __ ~I __ t __ .. ············ : ....... ..... ·{·····~---- ►t "' ......... , .. , L ...... 
I 

I 

lfinh 2 .. 6: Dtmg song o- cac chin ra 

c.Bi~u ki~n lam vi~c cua m~ch dO'n An: 
+ ChS d9 phan cµc: Dam bao sao cho tranzito din phai din bao hoa va 

trong sa d6 IBnh 2.5 Q2 phai din bao hoa nen: 



. Vcc-Vcesat Vee 
le"= ----"" -

~ Rc2 Rc2 
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I. ~. = Vee - Vbesm ·= Vee 
B .. - ----e- v6i t'Vb,nat:::;: 0,7v).· 
- Rb2 Rb2 

. . lc2 Jc2 , 1c2 
IB2 > -- "'-,.,-. thmmg chQn 182 == k --.. 

J3slµt jj.m t /J.rat 

(k la h~ s6 Mio hoa sau va k;;;:;: 27 4 ) 

(2.7) 

(2.8) 

+ Thai gian phan cach:la khoang thm gian nhonhit cho phep gifra 2 xung 
kich m&. M~ch dao d(mg da hai dan 6n c6 thS lam vi~c duqc. NSu cac xung 
ldch thich lien tiSp c6 thai gian qua ng&n se lam cho m~ch dao d9ng khong lam 
vi~c duqc trong truang hqp nay nguai ta n6i m~ch bi nghen. 

NJu 0 oi: - T·: la thm 0 ian lap lai xung kich c. 1 b- .. "' · "'-" 

T x: la thm &rian xung 

Th: 1a thai gian phl)C h6i 

Ta co: T1 > Tx + T1; (2.9) 
d.Cac thong s6 ky thu~t cO' ban cua m~ch: 

- f)9 r<)ng xung la thai gian t~o xung & ngo ra rn~ch c6 xung kich thich, phv 
thu<)c chu ySu vao t1} h6i tiSp va di~n tr& phan qrc Rb2. 

Ta c6 cong thuc sau: 
tx = (\69 Rb2-C1 (2.10) 

- Thai gian h6i phvc la thai gian rn~ch chuySn tu tr~ng thai xung tr& vS 
tr~ng thai ban d§u, phv thu<)c chuy~u vao thai gian n~p di~n qua tl}. 

Vi trong thµc ts sau khi hSt thai gian xung rn~ch khong tr& vS tr~ng thai ban 
d§.u ngay do t1} C 1 n~p di~n qua Re 1 tang theo cong thuc 

r 1l?Ji = Rc1-C1 
T~ n~p aiy trong thoi gian 5 ~, nlnmg thm:mg chl tinh Th c.;;;; 4.Rd 
Do ronrr xung: t;:;;;: L + t,l . ... ... b ..._,, A ll: 

- Bien d:9 xung ra: 
d twng thai 6n dinh, Qlngung d~n, Q2 bao hoa nen ta c6: 

Ve! :::::::: Vee 
\ r -\l ~O··), c2- cesat - · ,,.,\• 

V'"" = Ve· Rh2 - Vx 
c..:. i.: Rd+Rb2 

Nhu v~y, bien d:9 xung vuong am do Q 1 t~o ra: 
' 1 ·v ·O"' ·v· 'I' l ;;;:; ('C ~ ,L.V :=:,:. C,C 

va bien d9 xung vu6ng duang do Q2t~o ra: 

V2 =Vt - 0.2v ;:;, Vx 

( 2.il) 
(2J2) 
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3.2.M~ch cai ti~n 

C'2 

T 
Hinh 2.7: l\·ftch dao dijng da hai don fin sir d1_mg biin tro- di~u chinh 

M~ch di~n sd1_mg 2 biSn tr& VRl va VR2 v&i m1,1c dich la diSu chinh dugc 
tful s6 va chu ky. 
4.M~ch dao d9ng da hai hai tr~ng thai b~n 

4.1.Mach hrcrng 6n (flip-flop) cO' ban 
f)~ t~o m~ch flip - flop chi cful mile 2 c6ng NOT cheo nhau nhu hinh 2.8 

1 Cl 

E O--.-.~,o-,--+-------0 ol 1. 

IIlnb 2.8: ll\tltch Flip Flop ca ban 
Khi dugc d,p di~n, nSu ngo ra Q = 0 thi ngo vao B = 0 qua m~ch dao lam Q 

= 1 va m~ch 6n djnh a tr~g thai nay. M~ch cung c6 th~ a tr~ng thai ngugc l~i la Q 
= 1 va Q = 0 cung dugc 6n djnh 

Nhuv~y m~ch c6 hai tr~g thai 6n djnh theo nguyen If m~ch da hai luong 6n 
DS c6 thS ch9n tr~g thai cho m~ch, nguai ta c6 thS dung cac c6ng NAND hay 
NOR va g9i la RS Flip -Flop 

4.2.Cac phll'O'ng phap kich dBi tr~ng thai 
a. M~ch RS Flip Flop: 

DS diSu khiSn ch9n tr~g thai nguai ta dung c6ng NAND c6 hai ngo 
vao .MQt ngo vao nh~n h6i tiSp va m9t ngo vao con l~i dS diSu khiSn 

M~ch FF hinh 2.14 dung hai c6ng NAND va hai c6ng NOT 
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1 
s o--. X>--+----1 1 

0 

IDnb 2.9': RS Flip-Flop dung c6:ng NAND 

Hai ngo dugc gqi Ut set (S) va reset (R) 

Hai ngo ra ducyc gQi la khong dao (Q) dao {2 

N~u S = I, R = 0, thi ngo ra Q = I~ Q = 0 (nhu hinh ve) 

N&u S = 0, R = L, thi ngo ra Q = 0, Q = 1 (nhu hinh ve) \ 
Gia su 6 trang thai nhu hinh ve ta cho S = 0, m~ch v[n giu nguyen tr~ng thai 
T6m l~i ng5 ra Q va Q chi d6i tr~ng thai hai ng5 vao cung d6i tr~ng thai Q 

cung tr~ng thai v&i S va Q cung tr~ng thai v&i R 

s R Q Q 

0 1 0 l 

1 0 1 0 

0 1 Khano- ddi 0 

1 0 CA am 

Hi:nb 2.10: Ky hiju va bang Sl.f' thft Rs F1ip Flop 

b. M~ch RS FLIP- FLOP: 
Trong m~ch RS flip-flop (Hinh 2.14) NSu bo di NOT 6 ng5 vao thi m~ch 

v[n c6 nguyen li nhu m~ch flip-flop nhung ho~t d(mg nguqc l~i 

s R 
0 1 
1 0 
l 1 
0 0 

Q Q 

II 0 
0 1 

Khong d6i 
Cam s 0...-----1 

"I 
-'-

ffinh 2.11: Ky hlfu va bang Slf thjt 

'1 
n-.i,'~-n,Q 

Q 

,;;;i, 

Tr~ng thai cfim trong RS flip-flop la S = 0, R = 0 vi theo li lu~n h'.ic nay 6 
n~5 ra Q = O va Q = 1 nguqc l~i v&i nguyen li m~ch lu5'ng 6n nen g9i la tr~ng thai 
cam 
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5.M~ch dao d(>ng blocking , 
M~ch dao d<)ng blocking c6 nguyen tac ho~t d(mg kha don gian, m~ch duqc 

su d1;mg r<)ng rai trong cac b◊ ngu6n xung ( switching ), m~ch c6 du t~o nhu sau : 

C1 

I 
R1 6 

limh 2.12: }.,fach dao dong blocking 
.. •• II 1,.,,,., 1-,;, 

M~ch dao d<)ng blocking bao g6m : 
• BiSn ap : G6m cu◊n sac.ip 1-2 va cu◊n h6i tiSp 3-4, cu◊n thuc.ip 5-6 
• Transistor Q tham gia dao d<)ng va dong vai tro la den c6ng xu.it ngilt 

m&t~o ra dong di~n biSn thien qua cu◊n sac.ip. 
• Tr& dinh thien RI ( la di~n tr&m6i ) 
• R2, C2 la di~n trava t\l di~n h6i tiSp 
C6 hai ki~u mile h6i tiSp la h6i ti@p duong va h6i ti@p fun, ta xet 

c.iu t~o va nguyen tic ho~t d<)ng cua tung m~ch. 

6.M~ch t~o xung dung Op-amp 

6.1.M~ch dao d(>ng 2 tr~ng thai b~n 
R 

C 

_,_, 

M~ch dao d<)ng 2 tr~ng thai bSn dung Op:amp dS cho ra tin hi~u vu6ng. Sa 
d6c6 hai m~ch h6i tiSp tu ngo ra vShai ngo vao. C Au phan ap RC h6i tiSp vs 
ngo In-, cAu phan ap RI -R2 h6i tiSp vSngo In+. 
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BS giai thich nguyen ly m<;1-ch ta gia su t\l C chua n<;1-p di~n va Op-amp dang 
CT tr<;1-ng thai bao hoa duong. Luc nay, ciu phan ap Rl - R2 dua di~n ap duong v~ 
ng5 fu+ v&i muc di~n ap la: VO= +VCC 

v~ = +·v, ... ,. R:: = v"' iv~ > OV) 
"' ,_.~ R , ·-;- R. • , ' " .~ . 

Trong khi d6, CT ng5 fu- c6 di~n ap tang d1n len tu OV, di~n ap tang do 11,l C 
n<;1-p qua R theo quy lu~t ham sf> mfi v&i hing sf> thai gian la -r=RC 

Khi 11) C n<;1-p c6 VI; < V.rl• thi Op-amp v~n CT tr<;1-ng thai bao hoa duong. Khi tµ 

C n<;1-p dSn muc di~n ap V1;;;, > VJ~' thi OP-AMP d6i thanh tr<;1-ng thai bao hoa am, ng5 
ra c6 VO= -VCC. Luc nay c1u phan ap Rl - R2 dua di~n ap am vS ng5 fu+ v&i 
muc di~J.?. ap. la: . -

vi~= R, ... -R.: VB(v;: <OV) 

Trong_ khi d6 CT ngo In v~ con dang & muc di~n ap duong v&i tri s6: 

v- -...:..V ... R, 
"' - . Cl'' R ... 1:z_ 

do tl,l C dang con n<;1-p di~n. Nhu v~y Op-amp se chuySn sang tr<;1-ng thai bao 
hoa am nhanh cho c<;1-nh xung vuong th~ng dung. Tl,l C bay gia se xa di~n ap duong 
dang n<;1-p tren 11,l qua Rl va tai CT ng5 ra xu6ng mass. Khi tl,l C xa di~n ap duang 

dang c6 thi v1;, vfin CT muc di~n ap am nen Op-amp vfin 61:r<;1-ng thai bao hoa am. 
Khi 11,lC xahSt di~n ap duang sen<;1-p di~n qua R dSc6 di~n ap am dang c6 do 

ng5 ra dang CT tr<;1-ng thai bao hoa am chiSu n~p bay gia nguqc v&i chiSu dong di~n 
n<;1-p tren hinh ve. 

Khi t\l C n<;1-p di~n ap am dSn muc ll,.;. < v1:, ngo fu- nho han ngo In+) thi 
Op-amp li;ii d6i thanh tri;ing thai bao hoa duang vS ngo ra co VO = + VCC. 

M<;1-ch da trali;ii tri;ing thai gia thiSt ban dfiu va hi~n tuqng tren cu tiSp di@n 
lien 11,lc tufin hoan. 
b. D;mg song 6' cac chan: 

V A 

Vs , 
..--}---- - -----:-

( + ~ 

-::R'·-r1-R-'., 
B. --□-----L--J=] 

: t : ·f ; 

\;¾o : ! 
\l~c : : 

t 
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Muc gi&i h~n di~n ap ng5 ra la.: 
VI.Im.ax :::;:- .,,,.. V CC 

Vumrn;:;: ~ \'cc 

Muc gi&i h~n di~n ap & hai ng5 vao la: 

V.,\ "',.;..\\-c R ~ R-

\
t , I( 
'B :::;; -\ (X" R ""'R: 

D~ng di~n & ng5 vao In la d~g tam giac. Thai gian di~n ap & ng5 vao In tang tu 
VB len VA la Op-amp & tr~ng thai bao hoa duong, Thai gian di~n ap & ng5 vao 
In giam tu V Axu6ng VB la Op_ amp & tr~ng thai bao hoa duang. D~ng di~n ap & 
ng5 rn+va ng5 ra la tr~ng thai xung vu6ng ct6i xung. Chu ky cua tin hi~u duqc tinh 
theo c6ng thuc 
•t' --.1,c-·L· R, ~ 2R. 
Ji = .;:I[\... !1l . -

R 

Su¥ ra tln s6 cua tin hi~u xung duqc tinh theo c6ng thu 
' 1 
1:::::-

T 
Truang hqp d~c bi~t: 

R1 = 2R~ ~, T = 2Jt.CLn2 
=2.R.C.0,69 

⇒ T = 1.R.CLn3 
=2Jl.ClJ 

• I 
,⇒ t =------

'.t2RC 

l,4.R.C 

6.2.M~ch h6i ti~p bing diode 
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C3 
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OUTPUT 

BS chinh m~ch tru&c tien d~t con truqt cua R7 t~i diSm n6i v&i d§.u ra 
KDTT, bay gia chinh R4 dS khong c6 dao d9ng, sau d6 thay d6i R4 th~t ch~m cho 
dSn khi bit diu xuit hi~n dao d(mg. Luc nay tin hi~u sin ra c6 bien d9 khoang 500 
mVP-P hay 170 mV hi~u dµng va qua trinh can chinh dft hoan tit. Khi d6 R7 co 
thS dung dS thay d6i tin hi~u ra tul70 mV d~n 3 V hi~u dµng v&i d9meo khong 
dangkS. 

Cac m~ch trong 2 sa df>tren dung lam b9 dao d9ng t§.n s6 c6 dinh rit t6t 
nhung khong thS t~o ra nhiSu t§n s6 khac nhau do kh6 thay dbi cung luc ba hay 
b6n thanh phin cu.a c§.u T kep. Tuy nhien, b&ng each ghep m~ch l9c Wien v&i 
KDTT c6 thS t~o ra m~ch dao d9ng nhiSu t§.n s6khac nhau . 

Tin s6 ra cu.a cac m~ch nay c6 thS thay dbi muai 1§.n nha b9 bi~n tr& doi R2 
va R3, cac m:;ich nay chi khac nhau & each tµ d9ng di Su chinh bien d9. Trong 
cac sa d6, m~ch l9c Wien gf>m Rl-R2-R3-R4 va Cl-C2 n6i gifra d§.u ra v&i d§.u 
vao khong dao cu.a KDTT va m9t c§.u phan ap tµ d9ng diSu chinh bien d9 n6i giua 
diu ra v&i d§.u vao dao. C§.u Wien thµc chit la m9t m~ch suy giam phµthu9c tin 
s6 c6 h~ s6suy giam la 1/3 t~i t§n s6trung tam. Do d6 dS c6 dugc s6ng sin it meo 
thi ph§n diSu chinh bien d9cua m~ch luon tµ d9ng thay obi dSbao dam duy tri d9 
lgi toan phin cu.a m~ch g§n b&ng 1. 

7.M~ch dao dt)ng tich thoat dung UJT 
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⇒ f\. <Vi< 

Suy ra, diode D bi phan cµc nghjch nen dong fonh6 suy ra di~n ap VB1= 
fo.Rinho, di~n ap VB2= Vee - fo.R2 l&n. D6ng thcri tv C nc,1p qua R lam di~n ap VE 
tang din. T&i m()t hie nao d6 VE du l&n lam diode phan cµc thu~. 

Diode d~n lam cho RBigiam nen dong fo tang l&n lam cho VB1tang, VB2 
giam. D6ng thcri do RB1giam do d6 di~n thS t~i VBgiam.Luc nay, tv xa qua diode, 
Qua RB1va qua RI xu6ng mass lam di~n thS VE giam. T&i mc)t luc nao d6 di~n thJ 
VE du nh6 lam cho diode tilt. Luc d6, fol~i giam vaqua trinh cul?p di l?P l~i. Sau 
day la d~ng di~n ap V Bl, V B2 va VE cua m~ch. 

V1n 

0 

Vm 

0 

r: il: !i :r., l;; 
~ t 1 
i \ I 

I I 
t ~ j 

~ ~ t; ;, : 
' I !/ 

l ii 
ii 
:t 

I :i I =I 
Vee - ·- - - 7 , - - - =:-r - - - , T - - - - - -· - -

[ \ :1 

r-

0 t. t -
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7 .2.M~ch dBi tin s6 
8.Vi m~ch djnh thrri IC 555 

8.1.SO' d6nguyen ly cu.a IC 555 
IC 555 trong thµc tScon g9i la IC djnh thai. H9IC duqc (mg d-µng rit r(mg 

rai, nh~t la trong linh VlJC diSu khiSn, vi n6 c6 thSthgc hien nhiSu chuc nang nhu 
dinh thai, t<;lo xung chuful, t<;lo tin hi~u kich thich diSu khiSn cac linh ki~n ban dfin 
cong suit. 
a. Cftu t~o cu.a IC 555: 
- IC 555 v6plastic c6 c~u t<;lo cac chati nhutrinh bay tren Hinh 2.3. 

555 

Gnd Vee 8 
rg Dis 7 
ut Thr 6 
.st Ctl S 

Hinh 2.3: Su d6 chan IC 555 
H9 IC 555 duqc ky hi~u du6i nhiSu d<;lng ky hi~u khac nhau: MN555, 

LM555, µC555, NE555, HAl 7555, µA555 ... 
Chuc nang cua cac chan IC 555 duqc neu trong bang du&i day: 

Bing 2.1: Chan IC 555 va cac chfrc nang cu.a cac chan 

THU TEN CHAN cmrc NANG cAc 
TlJ .. . . CHAN . 

CHAN 
1 

2 
3 

4 
5 

6 
7 
8 

GND 

TRIGGER INPUT 
TRIGGER 
OUTPUT 
RESET 
CONTROL 
'\/OLTAGE 
THRESHOLD 
DISCHARGE 
+Vee 

C.hA .... d~ ... h . ~ . an nm · at ay nguon 
am 

N°o ra cua xuncr b b 

Phvc hoi 

Nguan.'r 
Xadi~n 

b. SO' dB m~ch di~n cu.a m~ch dao dqng da hai dung IC 555: 
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.....L. 

IIlnh 2.4 .. ~·Jach dien cin ban 

I 

....J.E.:' 
4' 
t 
i 

~.~ 

.. ~ 

1Ilnh2 •. 5: Mtch dao d9ng da hai co•bin dung IC 555 

Chan 2 dugc n6i v&i chan 6 d~ cho chan ngo vao va chan giu muc th@m 
(muc nguang) c6 chung di~n ap phan eve. 

Chan 5 dugc n6i v&i t\l C2xu6ng GND d~ l9c nhiSu tAn s6 cao. Vi v~y, 
t\lnay thuong c6 tri s6 khong l&n lfun, dugc ch9n vao khoang tu 1 dSn 0,00lµF. 

Chan 4 n6i ngu6n V cc vi khong dung chuc nang Reset 
Chan 7 la chan xa di~n, nen dugc n6i giua 2 di~n tr& Riva R2 lam duang 

n~p va xa di~n cho 1\IC1. 

8.2. Thi~t k~ cac m~ch dao d9ng dung IC 555 
Khi dugc c~p ngu6n Vee, 1\1 C1dugc n~p di~n qua R1, R2v&i hilng s6 thai 

grnn n~p: 

ta~p = 0.69 (R1 ~ R:iJCi (2.5) 
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Trong thai gian C1 n~p thi t~i d§.u ra Q cua FF c6 muc 1. Luc d6 dfiu ra t?i 
chan 3 c6 muc OV. Vi v~y khong c6 tin hi~u xung. 

Khi C 1 duqc n~p dfiy khong n~p tiSp duqc nfra ma phai xa di~n qua & qua 
tranzistor xu6ng mass v&i hing s6 thai gian xa la: 

ita = 0,69R2C1 (2.6) 

Khi d6 dfiu ra Q cua FF c6 mu O. V~y di~n ap ngo ra &chan 3 c6 mfrc 1 c6 
d~ng tin hi~u hinh vuong v&i chu kyla: 

T = 0,69 (R1 + 2R2)C1 (2. 7) 

Do thai gian n~p vao va thai gian xa ra khong bing nhau (tn@ > txa) nen tfin 
s6cua tin hi~u xung la: 

(2.8) 

j : 

J . I 
1 ' 

i 

j ti 
l , i'! 

lilnb :2~6: Dang tin bieu ra tai cac chan 
• 4 • 

D~ng di~n ap t~i cac chan 2-6, chan 7 va chan 3 trong d6 khoang thai gian 
di~n ap tang la thai gian tv n~p, khoang thai gian di~n ap giam la thai gian tµ xa. 

Khi khao sat di;mg di~n ap t~i cac chan thi cfin luu y khi m&i c!p ngu6n cho 
m~ch thi t1,1 C se n~p di~n tu Ov len dSn 2/3 V cc nhung khi xa chi xa dSn 1 /3 V cc vi 
v~y nhfrng 1§.n n~p sau tµ chi n~p tul/3 V cc dSn2/3 V cc. 

Khi t1,1 n~p thi t~i chan 7 c6 di~n ap cao hon chan 2 va 6, nhung khi t1,1 xa thi 
di~n ap t~i chan 7 giam nhanh xu6ng Ov chu khong giam theo ham s6 mU tren tµ 
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BAI 3: KY THU4T SO- Ht, THONG SO DEM 

1. T6ng quan v~ logic s6 
1.1.Cac h~ th6ng s6 
1.1.1. He th6ng s6 thap phan: 

H~ th~p phan la· h~ th6ng s6 r§.t quen thu(>c, g6m 10 s6 ma nhu n6i tren. 
Du&i day la vai vi d1_1 s6 th~p phan: 

N = (1998)I0 = (-r-i03 + 9*102 + 9* 101 + 8*10° = 1 *1000 + 9*100 + 
+9*10+ 8xl 

N==(3,I4)10 =3*101 + 1*Hr1 +4*10-2 =3*1 + I*l/10+4*1/lOO 
1.1.2. H~th6ng s6nhjnhan: 

H~ nhi phan g6m hai s6 ma trong t~p hqp . 

S2 = {O. 1} 
M6i s6 ~a trong m(>t s6 nhi phan duqc g9i la m(>t bit ( vi St tit cua binary 

digit). 
S6 N trong h~ nhi phan: 

N. _ •:· •2n , . ,1 n-l + .. Ji + +,: ,o . 2-1 + ·- . ?-1 - ,Jn. + an-L- + . . . a1.... . . . ao ..... + a_J. a2. - + ... 
1-m + a_ltt .... 

an la bit co tr9ng s6 Jon nh§t. duqc gQi fa bit MSB (Nfost significant bit) va 
a-m la bit co tr9ng so nho nbit. gQi la bit LSB, {Least significant bit). . 

Thi dq: N = (1010il)2 = lx23 + Ox22 + lx21 + Ox20 + Ixr1 

;;;;; (10,5)10 
1.1.3. H~th6ng s6bat phan: 

H~ bat phan g6m tam s6 trong t~p hqp 

Sb N trong hi; bat phan: 
Sg ;:;; {0,1, 2, 3, 4, 5, 6, 7 }. 

N == (aaan-l an-:!•• .. aj ... ao f a.1a-2 ... a.m)& (voi ai . Ss) 
co f?:ia tri ta: 
N ;:;; ... ::tn gii + an~lgn-l + an.2sn-2 +. ' + ai.Si ... +ao8° + a.J g-l + 

8-2 g•m +a.2 + ... + a.m J 
Thi du: N = (1307,l)s;:;; lx83 + 3x81 + Ox8 + 7x8n + .Ixs-1 

• = {7 ll,125)w 

1.1.4 H?th6ng s6th~p h.1c phan: 
H~ th~p l1_1c phan duqc dung d.t thu~n ti¢n d~ con nguai giao tiSp v&i may 

tinh, h~ nay g6m muai sau s6 trong t~p hqp 
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N;;:;; an 1611 + an-1l6n-l + an-11611
-
2 +. < + aJ6i ... +aul611+ a_i 16-1 + a..2 16-2 + ... + 

+a ... 16-m ;rn .,. ,1. ,. 

Nguoi ta thm:mg dung cha H (hay h) sau con so de chi so th~p llic phan. 
Thi dtt: N =(20EA8H ):& = 2xl6~ + Oxl62 + 14xl61 + 10x16n + 8x16-1 

= (4330.5)10 

1.2.Bi€n dBi qua l~i gifra cac h~ th6ng s6 
a. Chuy~n dBi tircac h~th6ng s6 d€m khac sang h~th@.p phan 

NSu co con s6 a trong h~ th6ng dSm b thi ta co thS chuySn d6i sang h~ th~p 
phan theo cong thuc sau: 

• .~ · _ B"-1 , B"-1 ., B(f o-1 B. -m (.1"'} .s - a,,_1 •. ,- a,,_:z + ..... ,a O + a_, o + ..... a-,,,, 

trong dlk 
~ l' ~ . :. I a am9t con so, a= an-! an-lr• ao, l:Lj a..2. l¼1 

b laca s&cua h~ d~m;o s~.sb-1 
·1- ._ h~ i tr h::.. " n. a soc ,uso ong p an nguyen 

m la s6 chir s6 trong ph.ln th~p phan 
.ir.-1 Ia chit s6 coy· nghfa nhfit 
a.LU Ia chu s6 it v ni!hia nh~t 

.t "'-•' 

BJ: fa trqng s6 cua chfr s6 & vi tri k~ v&i k = ~m-;- n-1. 

(UOI,01)2. = L23 + 1.22 + 0.2l + L2'0 + o.r1 + L2-:'1 =. (13,25)w 

(12Ah = l .81 + 2.8° + 4.8-1 

(13,8),6 =d.161 +J.16n +8.16-1 

b. Cbuy~n dBi tirh~thip phan sang cac h~th6ng s6 d~m khac: 
V &i phcln nguyen, ta thµc hi~n chia lien tiSp s6th~p phan cho ca s6 cua h~ 

dSm cho dSn khi thuong bing O va thµc hi~n 1§.y s6 du theo thu tµ s6 du cu6i cung 
la chfr s6co y nghfa nh&t va s6 du dclu tien la chfr s6 it y nghia nh&t. 

V &i phcln le sau d§.u phiy, sµ chuySn d6i duqc thµc hi~n bing each nhan lien 
tiSp CO' s6cua h~ dSm va gifr l~i phcln nguyen duqc sinh ra tu trai qua phai. 
vi d\11: Chuy Sn (18,25)10sang h~ nhi phan 

Phfin nguyen th\rc hi~n chia lien ti8p cho 2 cho dSn khi thuong b~ng 0: 
181 2 v~y _(18)10 = (10010)2 . , 

V &i phan le th\fc hi~n nhan lien tiep cho 2: 
o I 9 2 -...,,..,-,-

1 4 2 
t----

~ ~ ~ 
0,25 
x2 

l o,s 
0 

(0,25)w = (O.Olh 

0,5 
x2 

l 1~0 
1 

0,0 
x2 
0,0 

Ta c6: (l8,25)m = 00010,01)2 (kiSm tra lq:i k8t qua 
bing each chuySn tu h~ nh jphan sang h~ th~p phan nhu da h9c & m1,1c tru&c ). 
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Luu y, sµc huySn dbi khong phai luon luon chinh xac, n6i chung m9t luqng 
g~n tuang, duang c6 thS duqc xac dinh bing sµ kSt thuc qua trinh nhan t?i diSm 
mong muon. 
Vi du 2: chuy&n d6i (23.I5)rn sang h~ bat phan 

Ph!n nguyen: ~ I : 

18 
Wy: (23Jw = (27J:; • 0 

Phan leU,15 0.2 0.6 0.8 

x8 x8 x8 
11,2 ! 1,6 ! 4,8 
1 1 4 

V~y: (O,l5)rn = (OJ 14)s 

Ta co: (23.15h0 = {27,114)8 

(kiJrn tra lQ.i kJt qua bfmg each chuySn tir h~ bat phan sang h~ th~p phan nhu da hqc 6 
rntic tn.roc). Tmmg t\f, Hiy vi dv chuyJn tir h~ th~p phan sang th$,p rvc phan. 

c. Chuy~n dBi tir h~ nhj phan sang h~ bat phan va ngrrgc l~i: 
V &i 3 bit nhi phan c6 thS t?o ra duqc {2" = 8) 8 s6 nhi phan 3 bit khac 

nhau. Nhu v~y, m6i ky s6 bat phan c6 thS duqc biSu diSn bing nh6m ma nhi phan 
ba bit khac nhau. khi nh~p dfr li~u vao may tinh thi ba bit nhi phan c6 thS duqc 
biSu diSn bing m9t ky s6 bat phan la dt thu~n ti~n. tru&c khi dfr li~u duqc xu ly thi 
n6 duqc tai t?0 thanh d?ng nhi phan bing cac m?Ch chuySn dbi. 

DS chuySn tu h~ nhi phan sang h~ bat phan ta thµc hi~n nh6m s6 nhi phan 
thanh tung nh6m ba bit va chuySn sang ky s6 bat phan tuang ung. 

D6i v&i ph~n nguyen thµc hi~n nh6m tu phai sang trai, d6i v&i ph~n le thµc 
hi~n nh6m tu trai sang phai. NSu nh6m cu6i cung khong du 3 bit thi them bit O 
vao. 

Nguqc l?i, chuy Sn tu bat phan sang nhiphan dbi tung ky s6 bat phan thanh 
tung nh6m nhi phan 3 bit. 

Bang chuySn obi: 

s6h~8 0 ] . ., ... 3 4 5 6 7 
." h~? so .t; ... 000 00] 010 011 100 101 110 111 

Tu bang chuySn obi tren ta c6 thS obi b§.t ky s6 h~ hai nao sang h~ tam 
ho~c nguqc l?i. 

Yf..!!!!: (001 01 I 001 010 lOlJOl 010 100h = (13125,524)8 

(713,26)8 = (111 001 01 LOIO 110h 
d. Chuy~n tir h~ nhj phan sang h~ thip lgc phan va ngrrgc l~i: 

C6 b6n bit nhi phan c6 thS t?0 duqc (24 ) 16 tb hqp s6 nhi phan 4 bit khac 
nhau. M6i tb hqp cua b6n bit nhiphan c6 thS biSu diSn bing m9t ky s6 th~p lµc 
phan. Nhu v~y, khi nh~p duli~u vao may tinh thi b6n bit nhiphan duqc biSu diSn 
du&i d?ng cac ky s6 hexa r§.t thu~ ti~n. s6 hexa duqc biSn dbi thanh d?ng nhi 
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phan tnr&c khi chung duqc xuly b&i m9-ch s6. Tuang tv nhu mvc ( c) & day ta nh6rn 
tung nh6m 4 bit. bang chuySn d6i: 

So hexa 0 1 ') 3 4 5 ..., 

So nhi 0000 0001 0010 0011 0100 0101 
phan 
So hexa 8 9 a b C d 
So nhi 1000 1001 1010 1011 HOO 1101 

hA pan 

Vi dy: (010100100111 lOll 1001,1001 lOllh = (527h9S.lb)16 

(5ac,9e) 16 = (101 l0l0l lOOJOOl 11 lh 
e. Chuy~n tir h~bat phan sang h~ th~p lgc phan va ngm}'c l~i 

6 7 
0110 Olli 

e f 
1110 1111 

Do chuySn d6i qua l~i giua h~ 2 va h~ 8, giua h~ 2 va h~ 16 dt nhanh ch6ng 
nen khi chuySn tu h~ 8 sang h~ 16 ho~c nguqc l::;ii ta dung h~ 2 lam trung gian. 

Vi du: (723)& = (11101001 lh = (103)16 

(C4)1u = (11000100)2 = (304)& 

1.3.Cac phep tinh trong ht nhi phan 
1.3.1 Phep cc)ng 

La phep tinh lam ca s& cho cac phep tinh khac. Khi thvc hi~n phep d}ng cfin 
luuy: 

0+0=0~ 
O+l=d; 
l + l ;;;;; 0 nha 1 (dem qua bft cap han}. 

Ngoai ra nJu c(mg nhi~u s6nhiphan cung m9t luc ta nen nh&: 
- NSu s6bit 1 chin, kSt quala O; 
- NSu s6bit 1 lekSt qua.la 1 
- Va cu 1 c~p s61 cho 1 s6nh&(b6qua s61 du, thi d vv&i 5 s61 ta kSla 2 c~p) 
Thi d\l: Tfoh OH+ 101 +OH+ 0ll 

1 l +- s6 nh6 
l 11 +- s6 nh& 

011 
+ 10 1 

0 1 I 
0 1 1 

1 1 1 0 
1.3.2 Phep trir 

Cfin luuy: 
0-0:;;;;Q · ~ ', ,. 
1 - 1;;;;; 0; 
1-0;:;;;l; 
0 - 1 ;;;;; I nhb 1 cho bit cao hon 
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Thi du: Tfnh IOH - 0101 
· 1 ~ s6nh6' 

1 0 l l 
- 0 l O l 

0 1 l 0 
1.3.3 Phep nhan .. 

Cfinh.m v·: . 
Ox0=0; 
Oxl;:;;0; 
lxl=l 
Thi dt,t: Tfoh l 101 x 101 

1 l O l 

x l O I 

l I O I 
0000 

I 1 0 1 

000001 
1.3.4 Phep chia 
Thi dl,l: Chia 1001100100 cho 11000 

Lin chia dliu tien, 5 bit cua s6 bi chia nho han s6chia nen ta duqc kSt qua la 
0, sau d6 ta lfiy 6 bit cua s6bichia dS chia tiSp (tuang ung v6i vi~c dich phai s6chia 
1 bit tru6c khi thµc hi~n phep tru) 

1001100100111000 

-11 0001 011001.1 
0011100 
~ 11000 

00100100 
~ 11000 

011000-Th~mvaocttd,ia 
',!. l" I ~ 1' _ ·11• n n n hep it1vp1:1an11e 

V, ·,.., ..., ... -

00000 
K~t qua.: {11001.1) 2 = (25.5)10 

2.Ma hoa - giai ma 

2.1. T6ng quat 
Ma h6a la gan m{>t ky hi~u cho m{>t d6i tuqng dS thu~n ti~n cho vi~c thµc 

hi~n m{>t yeu cliu Cl,l thS nao d6. 
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M9t each toan h9c, ma h6a la m9t phep ap m9t d6i m9t tt'r m9t t~p hqp 
ngu6n vao m9t t~p hqp khac g9i la t~p hqp dich. 

A 101111 
B --+-----+-'w@10:l 

C ,. (1;q~fl 
--➔---

(H Ll) 
T~p hqp ngu6n c6 thS la t~p hqp cac s6, cac ky tv, d§u, cac l~nh dung trong 

truySn dfr li~u ... va t~p hqp dich thuong la t~p hqp chua cac t6hqp thu tv cua cac 
s6 nhi phan. 

M9t t6 hqp cac s6 nhi phan tuong ung v&i m9t s6 duqc g9i la tu ma. T~p 
hqp cac tu ma duqc t~o ra theo m9t qui lu~t cho ta m(>t b9 ma. Vi~c ch9n m<)t be) 
ma tuy vao mµc dich su dµng. 

Thi dµ dS biSu diSn cac chfr va s6, nguai ta c6 ma ASCII (American 
Standard Code for Information Interchange), ma Baudot, EBCDIC .... Trong 
truySn du li~u ta c6 ma do 16i, do va sua 16i, m~t ma .... Vin dS nguqc l~i ma h6a 
g9i la giai ma. 

Cach biSu diSn cac s6trong cac h~ khac nhau cfing c6 thS duqc xem la m(>t 
hinh thuc ma h6a, d6 la cac ma th~p phan, nhi phan, th~p lµc phan ... va vi~c 
chuySn tu ma nay sang ma khac cung thu(>c 109-i bai toan ma h6a. 

Trong kythu~t s6ta thuong dung cac ma sau day: 

2.2.Ma BCD (Binary Coded Decimal) 
Ma BCD dung s6nhi phan 4 bit c6 gia tri tuang duong thay thS cho tung s6 

h,;mg trong s6th~p phan. 
Thi dµ: 
S6 62510 c6 ma BCD la 0110 0010 0101. 
Ma BCD dung rit thu~n lqi : m~ch di~n tu d9c cac s6 BCD va hiSn thi ra 

bAng den bay do~n (led ho~c LCD) hoan toan gi6ng nhu con nguai d9c va viSt ra 
s6th~p phan. 

2.3.Ma Gray 
Ma Gray hay con g9i la ma each khoang dan vi. NSu quan sat thong tin ra tu 

m(>t may d:Sm dang dSm cac sv ki~n tang dfin tung don vi, ta se duqc cac s6 nhi 
phan dfiu dfin thay d6i. T~i thai diSm dang quan sat c6 thS c6 nhfrng 16i rit quan 
tr9ng. 

Thi dµ gifra s67(0111) va 8 (1000), cac phfin tu nhi phan d:Su phai thay d6i 
trong qua trinh dSm, nhung S\f giao hoan nay khong bi\t bu(>c xay ra d6ng thai, ta 
c6 thS c6 cac tr~ng thai lien tiSp sau: 

0111 -+0110 -+0100 -+0000 -+1000 
Trong m(>t quan sat ngi\n cac k@t qua thiy duqc khac nhau. BS tranh hi~n 

tuqng nay, nguai ta cAn ma h6a m6i s6 h;;mg sao cho hai s6lien tiSp chi khac nhau 
m(>t phfin tu nhi phan (1 bit) g9i la ma each khoang don vi hay ma Gray. 
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Tinh kS nhau cua cac t6 hc;rp ma Gray (tuc cac ma lien tiSp chi khac nhau 
m9t bit) duc;rc dung dt co hi~u qua dS rut g9n ham logic t&i muc t6i gian. 

Ngoai ra, ma Gray con duc;rc g9i la ma phan chiSu (do tinh ct6i xung cua cac 
s6 hi;mg trong t~p hc;rp ma, gi6ng nhu phan chiSu qua guang) 

Nguai ta c6 thSthiSt l~p ma Gray b~ng each dva vao tinh ct6i xung nay: 
- Giasu ta eta c6 t~p hc;rp 2 n tuma cua s6n bit thi c6 thSsuy ra t~p hc;rp 2n+ 1 tu ma 
cua s6(n+ 1) bit b~ng each: 
- ViSt ra 2 n tu ma theo thu tv tu nh6 dSn 16n 
- Them s60 vao tru&c tit cacac tu ma eta c6 dS duc;rc m9t phin cua t~p hc;rp tu ma 
m&i 
- Phin thu hai cua t~p hc;rp g6m cac tu ma gi6ng nhuphin thu nhit nhung trinh 
bay theo thu tv nguc;rc l~i (gi6ng nhuphan chiSu qua guang) va phia tru&c them 
vao s61 thay vi s60 . 

. ........,. _ __, 

tul ,. 

I 
l 

hl 21> 
"::.~:::.:::.:::tu 

nr1bit 

,. 
,, 

DS thiSt l~p ma Gray cua s6 nhiSu bit ta co thSthvc hi~n cac bu&c lien tiSp tu 
t~p hc;rp diu tien cua s6m9t bit (g6m hai bit 0, 1 ). 

Du&i day la cac bu&c t~o ma Gray cua s64 bit. C9t ben phai cua bang ma 4 
bit cho gia tri tuang duang trong h~ th~p phan cua ma Gray tuang ung . 
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bit 

0 0 
0 l 

i 0 
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0 O 
0 0 

(i 

0 
0 

~ 

1 

3 

phan 
!.Uo'ng 

d1.nmg 
0 000 ➔ O 

0 00 ! ➔ l 

0 0 
0 0 E 0 

0 1 1 0 ➔ 4 

(l ; ' ➔ ,5 

n Hi ➔ 6 

(1 j 00 ➔ 7 

i.t.11.±± 

; 00 ➔ 8 

l O - 9 
➔ W 

! ! 0 

0 1 0 
()] 1 
0 0 J 

➔ L2 
➔ B 

➔ i4 
000 ➔ !5 

4 bit 
Nh~n xet cac bang ma cua cac s6 Gr~y (1 bit, 2 bit, 3 bit va 4 bit) ta thfiy cac 

s6 gfin nhau lu6n lu6n khac nhau m(>t bit, ngoai ra, trong tung b(>ma, cac s6 d6i 
xung nhau qua guong cung khac nhau m9t bit. 

3.Mlitch logic t6 hQ'p - d~i s6 boole 

3.1.Mqt s6 djnh nghia vS ham logic 
- Tqmg thai logic: tr:;mg thai cua m9t thgc thS. Xet vs m~t logic thi m9t thgc 

thS chi t6n t~i & m9t trong hai tr~g thai. Thi d1,1, d6i v&i mQt b6ng den ta chi quan 
tam n6 dang 61:r~g thai nao: tilt hay chay. V~y tilt/ chay la 2 tr~ng thai logic cua 
n6. 

- BiSn logic dung d~c trung cho cac tr~ng thai logic cua cac thgc thS. Nguai 
ta bi Su di Sn bi Sn logic b&i m9t ky hi~u ( chfr hay d§,u) va n6 chi nh~n 1 trong 2 gia 
tri: 0 ho~c 1. 

Thi d1,1tr~g thai logic cua m9t c6ng tic la dong ho~c ma, ma ta c6 thS d~c 
trung b&i tril ho~c 0. 

- Ham logic diSn tab&i m9t nh6m biSn logic lien h~nhau b&i cac phep toan 
logic. 

Cung nhu biSn logic, ham logic chi nh~ 1 trong 2 gia tri: 0 ho~c 1 my theo 
cac diSu ki~n lien quan dSn cac biSn. 
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Thi dv, m9t m~ch g6m m(>t ngu6n hi~u thS d,p cho m(>t bong den qua hai 
cong tile mile n6i tiSp, bong den chi chay khi ca 2 cong tile dSu dong. Tn,mg thai 
cua bong den la m(>t ham theo 2 biSn la tr~g thai cua 2 cong tile. 

G9i A va B la ten bi Sn chi cong tile, cong tile dong ung v&i tri I va h& ung 
v&i triO. Y la ham chi tr~g thai bong den, I chi den chay va 0 khi den tilt. Quan h~ 
giua ham Y va cac biSn A, B duqc di8n tan ha bang sau: 

A B Y=f(A.B) 
0 !hfr) 
0 ( h<Y) 

I cdonEZ) .... 
I (dong) 

. ~ .. 

3.2.Bi~u di~n bi~n va ham logic 
3.2.1. Gian d6Venn 

0 ( h6·) 
1 , (i()1Hn ........ 

Otha) 
i f dong'! 

o nao 
OUM) 
0 Wit) 

I 1cha~/~ 

Con g9i la gian d6 Euler, d~c bi~t dung trong lanh vµc t~p hqp. M6i biSn 
logic chia khong gian ra 2 vung khong gian con, m9t vung trong do gia tri bi Sn la 
dung (hay=l), va vung con l~i la vung phv trong do gia tri biSn la sai (hay=0). 

Thi dv: PhAn giao nhau cua hai t~p hqp con A va B (g~ch cheo) biSu di8n t~p 
hqp trong do Ava B la dung (A AND B) 

3.2.2. Bang st_rth~t 
NSu ham co n biSn, bang Sl)' th~t co n+ I c(>t va 2n+ I hang. Hang dAu tien 

chi ten biSn va ham, cac hang con l~i trinh bay cac tb hqp cua n biSn trong 2n tb 
hqp co thS co. Cac c(>t dAu ghi gia tricua biSn, c9t cu6i cung ghi gia tricua ham 
tuang ung v&i tb hqp biSn tren cung hang (g9i la tri rieng cua ham). 

Thi dv: Ham OR cua 2 biSn A, B: f(A,B) = (A ORB) co bangsµ th~t tuang 
(mg. 

A 
0 
0 
I 
l 

B 
0 
I 
0 
l 

0 

Day la each biSu di8n khac cua bang Sl)' th~t trong do m6i hang cua bang Sl)' 

th~t duqc y thSb&i m9t 6 ma t9a d9(g6m hang va c9t) xac dinh b&i tb hqp da cho 
cua biSn. 

Bang Kamaugh cua n biSn g6m 2 n 6. Gia tri cua ham duqc ghi t~i m6i 6 cua 
bang. 
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Bang Karnaugh r~t thu~n ti~n dS don gian ham logic bing each nh6m cac 6 
l~i v&i nhau. 

Thi d\l: Ham OR &tren dm;rc di@n tab&i bang Karnaugh sau day 

A\ B O I 

~ I ~ I 
3.2.4. Gian d6thrri gian 

Dung dS di@n ta quan h~ giua cac ham va biSn theo thai gian, d6ng thai v&i 
quan h~ logic. 

Thi d\l: Gian d6 thai gian cua ham OR cua 2 biSn Ava B, t~i nhung thai 
diSm c6 m9t (ho~c 2) biSn c6 gia tril thi ham c6 tril va ham chic6 tri O t~i nhfrng 
thai diSm ma ca 2 biSn d~u bing 0. 

]:,..___ """""""'DJ~., l ............... 1_ .. •-*· 
"' ~ i. .,_ ,1 t 
; ~ :: ! :t :. el : :, r: :: 1 : ~ r :•;-• _..' _ _,, 

o~~~~-
t 

1 

3.3.Ham logic cO'ban (Cac phep toan logic) 
3.3.1. Ham NOT (dao, bu): 

Y: 
Bang SIJ thijt 

A 

0 
l 

3.3.2. Ham AND [tich logic, toan tfr(.)] : 

l'=A.B 
Bangsµ th~t 

A I B 
0 0 
0 I 
I 0 
1 f l 

l 
0 

Y-A.B 
0 
0 
0 
1 

Nh~ xet: Tinh ch~t cua ham AND c6 thS duqc phat biSu nhu sau: 



so 

- Ham AND cua 2 (hay nhiSu) bi Sn chi c6 gia tril khi tit ca cac bi Sn dSu bing I 
ho~c 
- Ham AND cua 2 (hay nhiSu) biSn c6 gia tri0 khi c6 m<)t biSn bing 0. 
3.3.3. Ham OR [t6ng logic, toan tfr(+)] : 

V=A+B 
Bimg s1r th(tt 

A 

n 
0 
I 
I 

B 
0 
i 
0 
l 

Y=A + B 
0 
1 
1 
1 

Nh~n xet: Tinh chit cua ham OR c6 thS dugc phat biSu nhu sau: 
- Ham OR cua 2 (hay nhiSu) biSn chic6 gia tri0 khi tit cacac biSn dSu bing 0 
ho~c 
- Ham OR cua 2 (hay nhiSu) biSn c6 gia tril khi c6 m<)t biSn bing 1. 
3.3.4. Ham EX-OR (OR lo~i trir) 

Y=A B 
Bang SIJ th~t 

A 
0 
0 
i 
! 

I B 
0 
I 
0 
1 

Nh~n xet: M<)t s6-tinh chit cua ham EX - OR: 

0 
1 
t 
0 

- Ham EX - OR cua 2 bi Sn chic6 gia tri 1 khi hai bi Sn khac nhau va ngugc ll:l,i. 
Tinh chit nay dugc dung dSso sanh 2 biSn. 
- Ham EX - OR cua 2 biSn cho phep thµc hi?n c<)ng hai s6 nhi phan 1 bit ma 
kh6ng quan tam t&i s6nh6". 
- Tu kSt qua cua ham EX-OR 2 biSn ta suy ra bangsµ th~t cho ham 3 biSn 

A B C Y;;;A:SB@C 

0 0 0 0 
0 0 i l 
() l 0 I 
0 I I 0 
I 0 0 r 
li 0 l 0 
t 0 0 
1 l i 

- Trong truong hgp 3 biSn (va suy r<)ng ra cho nhiSu biSn), ham EX - OR c6 gia tri 
1 khi s6biSn bing 1 la s6Ie. Tinh chit nay dugc dung dSnh~n dl;ll1g m<)t chu6i du 
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li¢u c6 s6bit 1 la ch&n hay letrong thiSt kSm~ch phat ch&n le. 

3.4.Rut gQn ham logic , 
3.4.1.Phtr<Yng phap d~i so 

Phuong phap nay bao g6m vi~c ap d1,mg cac tinh ch~t cua ham logic ca ban. 
M<)t s6 ding_ th(rc thuang_ dugc su di.mg_ dugc nh6m l~i nhu sau: 

- -
0) AB-AB = B (A+B)J A+B). = B (1 '') 
(2) A -'- AB = A A.(A+B) : A (2') 

(3) A .... J\B =A-t-B A.( A-t-B) =A.B (3') 
Chung minh cac dfulg thuc 1. 2, 3: 
( l ) AB -t- AB = B(A- A ) = B. l = B 
(2) A + AH = A(! -.,.B) = A 
(3) A+ AB = (A..c-A ).(A--t-B) = A+B 
C.:k ding thirc (1 ~), (2 '), (3 •) la song d5i cu.a (I )1 (2), (3). 
Cac qui tic rut g9n: 

- Qui tic 1: Nha cac aiing thuc tren nhdm cac s6 h~ng l{li. 
Thi d,µ: Rut g9n bi~u thtrc 

- -
ABC •W ABC A BCD 
Theo (1) 
ABC~ ABC =AB 
V~y 

- ·-· 
ABC+ ABC+ ABCD•=A.B ~ A.BCD =A(B+BCD) 
Theo (3) 

B.;. BCD=8 -CD 
Va kJt qua_~udi ~)ng: 
ABC+ ABC+ ABCD=A(B+CD) 

- Qui tile 2: Ta c6 thS them m<)t s6 h~ng da c6 trong biSu thuc logic vao biSu thuc 
ma khong lam thay d6i biSu thuc. 
Thi du: Rt'i.t gon bi~u thuc: .. "'-'. - - -
ABC 7 A BC.;.. ABC -c- ABC 
Them ABC vao d~ duqc: 

iABC +ABC)+ (ABC+ ABC)-+ (ABC""' ABC) 
Theo (1) cac nhom trong d~u ngo~c rut g9n thanh: BC+ AC+ AB 
V~y: 
ABC+ ABC_,,_ ABC-'- ABC=BC + AC ...L. AB 
- Qui tic 3: C6 th€ bo s-6 h~g chfra cac biJn da c6 trong s6 hi;mg khac 
Thf dl). l: R(lt gQn bi€u thuc 

AB+ BC.;. AC 
BiSu thfrc khong d3i nSu ta nhan m¢t s6 h~g tmng bi~u thfrc vm 1, 
VI dl) 

rB...L.B) "· ) - -AB+ BC~ AC = AB - BC~ ACjB- 8 J 
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Tri~n kh~i s6 hano- cu6i cima dia v~ ·phai tll duoc: . C b . ' t . 
- -

AB-'- BC~ABC-ABC 
Thu'.1s6chung: .AB(l-C)+ BOt-A:i=AB~ BC 

- -
Tom t~i: ABT B c- AC= AB '1' BC. 
Trl)ng b;;'lr tt'ian nay ta da d(m giiut t.:hH)\'. S{~ lwng AC 

- Qui tic 4: C6 th~ don gian b~ng each dung ham dmftn tucmg dmmg co s6 h?ng 
il nhf1.t. 
Thi du: .Han1 t1A.B.C) =· !:i:2.3.4,5.6.T) vfri trong lm::rng A=+ .. B=J. C=t . . . . .· . .· ' . . . , . ~· ~ ...... . . 

,.,......,.,,.-..,...,., ___,..,..,..,..,...... -·-
Ham dao cua f: f(A; 8,C)= I(Ol 1 )= A.B.C+A.B.C= A.B= A +8 
V~y iTA.8.C)=A+B 

3.4.2.Dimg bang Karnaugh 
3.4.2.1.Nguyen tile 

Xet hai t6 hqp biSn AB va A B , hai t6hqp nay chi k:hac nhau rn(>t bit, ta g9i 
chung la hai t6 hqp kS nhau. 
Ta c6: AB +AB = A , biSn B da duqc dan gian . 

Phuoog phap cua bang Kamaugh dva vao vi~c nh6rn cac t6 hqp kS nhau tren 
bang dS doo gian biSn c6 gia tri khac nhau trong cac t6hqp nay. 
Cong vi~c rut g9n ham duqc thvc hi~n theo b6n bu&c: 
- Ve bang Karnaugh theo s6 biSn cua ham 
- ChuySn ham cln doo gian vao bang Kamaugh 
- Gorn cac o chua cac t6hqp kS nhau l~i thanh cac nh6rn sao cho c6 thS rut g9n 
ham t&i rnuc t6i gian 
- ViSt kSt qua ham rut g9n tu cac nh6rn da gorn duqc 
3.4.2.2. Ve bang Karnaugh 
- Bang Karnaugh thµc ch§.t la rn(>t d~ng khac cua bang sµ th~t, trong d6 rn6i o cua 
bang tuO'Ilg duO'Ilg v&i rn(>t hang trong bang sµ th~t. 

DS ve bang Kamaugh cho n biSn, nguai ta chia s6 biSn ra lam doi, phan nua 
dung dS t~o 2n/2 c(>t, phan nua con l~i t~o 2n/2 hang (nSu n la s6le, nguai ta c6 thS 
cho s6 luqng biSn tren c(>t l&n hoo s6 luqng biSn cho hang hay nguqc l~i cfing 
duqc ). Nhu v~y, v&i rn9t ham c6 n biSn, bang Kamaugh g6rn 2n o, rn6i o tuO'Ilg 
ung v&i tbhqp biSn nay. Cac o trong bang duqc sip d~t sao cho hai o kSnhau chi 
khac nhau rn9t dO'Il vi nhi phan (khac nhau rn9t bit), di Su nay cho th§.y r§.t thu~n 
ti~n nSu chung ta dung ma Gray. Chinh sµ sitp d~t nay cho phep ta doo gian b&ng 
each nh6rn cac o kS nhau l~i. 

V&i 2 biSn AB, sv sitp d~t se theo thu tµ: AB= 00, 01, 11, 10 (day la thu tµ 
ma Gray, nhung dS cho dS ta dung s6 nhi phan tuO'Ilg ung dS d9c thu tµ nay: 0, 1, 
3, 2) 

Thi d\l: Bang Karnaugh cho ham 3 biSn (A= MSB, va C = LSB) 
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·:",. . 00 0·1 t 1 10 
.,.., "·-~----~ 

Q 

1 
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C 
Ao'', 0 1 

OQ 

10 

V&i 3 biSn ABC, ta duqc: ABC= 000, 001, 011, 010, 110, 111, 101, 100 (s6 
nhi phan tuang ung: 0, 1, 3, 2, 6, 7, 5, 4) 

Luu y la ta c6 thS thiSt l~p bang Kamaugh theo chi Su n.im ngang hay theo 
chiSu dung. Do cac t6 hqp &cac bia trai va phai kS nhau nen ta c6 thS coi bang c6 
d~g hinh tn;i thing dung va cac t6 hqp & bia tren va du&i ciing kS nhau nen ta c6 
thS coi bang c6 dc;mg hinh trµ tn;ic n.im ngang. Va 4 t6hqp biSn & 4 g6c cfing la cac 
t6 hqp kS nhau. bang Karnaugh cho 4 biSn 

.CD 
ft,8 

3.4.3. Chuy~n ham logic vao bang Karnaugh. 
Trong m6i o cua bang ta dua vao gia tri cua ham tuang ung v&i t6 hqp biSn, 

d@ dan gian chung ta c6 thS chi ghi cac tri 1 ma bo qua cac tri O cua ham. Ta c6 cac 
trucmg hqp sau: 
♦Tuham viSt du&i d?ng t6ng chuin: 

Thi dtJ l : f(A,B.C) = A .. 8 .C ..;._ A .B.C 7 A.B.C 

~/ 

♦NS~ ham khong phai la d?ng chmi~, ta phai dua vS d:;mg ch min being each them 
vao cac s6 h?ng sao cho ham vfui khong d6i nhung cac s6 h?ng chua du cac biSn. 
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Thi dtJ 2 : Y = A BC - AB D - A 8 C .,.. AC D 
Hattl nav g6m -l bi~n. nen de dLra v~ drmo; tonr: chuan Ia !inn nhu sau: .... ...,. . ..,,~ .. ,.., 
Y = A BC,i,D+D J - ABD tC-C) ~ .A BOD,O) + A CD(B-'-B) 

Y"" A BCD+ A BCD~ .ABCD·sh ABC D "'· ABCD ·"' A BCD ABC D ···A.BCD 
Va Hiun Y dtroc dua van bang Karna.ugh nhu sau: . ~ -

{D C:D CD 
AB 00 01 11 10 

ABOO 

AB 01 

AB11: 

AB 10 

♦Tu d?ng s6 thu nhit, v&i cac tr9ng luqng tuong ung A=4, B=2, C=l 
Thi dl_l3 : f(A,B,C) = ~(1,3,7). Ham s6 se liy gia tril trong cac 6 1,3 va 7. 
♦Tu d?ng tich chuin: Ta liy ham dao dS co d?ng t6ng chuAn va ghi tri O vao cac 
6 tuong ung v&i t6 hqp biSn trong t6ng chuin nay. Cac 6 con l?i chua s61. 

- - - - - -
Thi dtJ 4 : Y "" f1A.B.C'I"" (J\-'-B+C},lA+ B -'-(),(A ~B+C).( A ~s- CU A.,.. 8 Cl 

y ~ A , EL C - A ,8. C + .A. B 'C "" A, B .c "- A.B. C 
Va bang Kamaugb mcrng 1mg (H 2.T). 

♦Tu d?ng s6thu hai: 

AO O 1 
0 

A 1 0 
..............,-t.........__... 

Thi dl_l5 : f(A,B,C) = II(0,2,4,5,6) 
Ham se liy cac triO &cac 6 0, 2, 4, 5, 6. D1 nhien la ta phai ghi cac gia tril trong 
cac 6 con l?i. 
♦ Tu bang sµ th~t: 
Thi dl_l 6 : Ham f(A,B,C) cho b&i bang sµ th~t 

N A I B i C f(A,B,C) 

0 0 
i 0 ,, 

0 ... .. ~' 0 
4 I 
5 i 
6 I 
'i 1 I 

0 
0 

0 
0 
I. 
[ 

0 
l 
0 
l 
0 
I 
0 
I 

0 
1 
0 
I 
0 
0 
0 
1 

Ta ghi 1 vao cac o tuong ung v&i cac t6 hqp bi Sn & hang 1, 3 va 7, kSt qua 
gi6ng nhu &thi dl_ll. 
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♦Truong hgp c6 m9t s6t6 hgp cho gia tri ham khong xac dinh: ngh1a la ung v&i 
cac t6 hqp nay ham c6 thSc6 gia tril ho~c 0, do d:6, ta ghi dfi.u X vao cac o tuong 
(mg v&i cac t6hqp nay, luc gom nh6m ta su di,mg n6 nhu s61 hay s60 m9t each 
my y sao cho c6 dugc kSt qua rut g9n nhfi.t. 
Thi dl,l7: f(A,B,C,D) = ~(3,4,5,6,7) v&i cac tf> hgp mlO dSn 15 cho ham c6 tri b:lt 
ky(khong xac dinh) 

3.4.4. Qui tile gom nhom 
Cac t6 hqp biSn c6 trong ham logic hi~n di~n trong bang Kamaugh du&i 

d~mg cac s61 trong cac 6, v~y vi~c gom thanh nh6m cac t6hgp kS nhau dugc thvc 
hi~n theo qui tic sau: 
- Gorn cac s61 kS nhau thanh tung nh6m sao cho s6 nh6m cang it cang t6t. BiSu 
nay c6 ngh1a la s6s6h~g troi, 0 k~t quasecang it di. 
~ Tit ca cac s61 phai dugc gom thanh nh6m va m9t s61 c6 thS & nhiSu nh6m. 
- S6 s61 trong m6i nh6m cang nhiSu cang t6t nhung phai la b9i cua 2k (m6i nh6m 
c6 thSc6 1, 2, 4, 8 ... s61 ). Cum6i nh6m chua 2k s61 thi t6 hgp biSn tuong (mg v&i 
nh6m d6 giam di k s6h:;mg. 
- KiSm tra dS bao dam s6 nh6m gom dugc khong thua. 
3.4.5. Qui tile rut gqn 
- KSt qua cu6i cung duqc l:ly nhu sau: 
Ham rut g9n la t6ng cua cac tich: M6i s6 h,;mg cua t6ng tuong ung v&i m9t nh6m 
cac s61 n6i tren va s6 h~ng nay la tich cua cac biSn, biSn A (hay A ) la thua s6 
cua tich khi t:it ca cac s61 cua nh6m chi chua trong phan nua bang trong d6 biSn A 
c6 gia tril (hay 0). N6i each khac nSu cac s61 cua nh6m d6ng thoi nfun trong cac 
6 cua biSn A va A thi biSn A se duqc don gian. Hinh du&i day minh h9a vi~c lfty 
cac thua s6trong tich 
Thi dw Rut g9n ham S cho b&i bang sv th~t: 
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0 0 
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") 0 -
3 0 
4 0 
5 0 
6 0 ... 
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Bang Kamaugh 

Kit qua: 
S =Be+ BC 

4.Cac c6ng logic va IC s6 
4.1.Cac c6ng logic CO' ban 
4.1.1. C6ng AND 
a. Chuc nang: 
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B C 

0 0 
0 0 
0 l 
0 [ 

I 0 
0 
i 

i l 
0 0 
0 0 

Thµc hi~n phep toan logic VA (AND) 

D 

0 

0 
l 
0 
l 
0 
l 
0 
l 

DAu ra chi brtng 1 khi t!t cacac dAu vao brtng 1 
c6ng VA 2 d~u vao: 

b. Ky hi~u: 

IDnh 1.1: Ky hifu c6ng AND 
c .. Bangtr~ng thai: 

s 
0 
0 
I 
1 
l 
I 
n 
0 
0 
0 

Kl -· . x( i1ong xac dinh) 

11 10 



d. BiSu thuc va d~ng tin hi~u 
+ BiSu thuc: F = A . B 
+ D~ng tin hi~u: 

4.1.2. CSng OR: 
a. Chuc nang: 

A. 

0 

0 

1 

i 

57 

Bang 1.1 

8 

0 

1 

0 

1 

Thµc hi~n phep toan logic HOAC (OR) 

F 

0 

0 

0 

1 

D~u ra chi bing O khi t&t ca cac d~u vao bing 0 
C6ng HOAC 2 d~u vao: 

b. Ky hi?u: 

A 

B 

C. Bangtr~ng thai: 

d. Bi~u thuc va d~ng s6ng: 
+ BiSu thuc: F = A + B 
+ D~ng s6ng 

f 

·.A 

0 f 

0 
......... 

1 

1 

A 

B 

B .. F 
. 

0 0 

1• 1 
0 1 

.. · 

1 1 

~1 
F 
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4.1.3. C6ng NOT: 
a. Chuc nang: 

F 

Thgc hi~n phep toan logic DAO (NOT) 
C6ng DAO chic6 1 diu vao: 
b. Ky hi~u: 

A-{>o-F 
If'mh 1.5: Kj: hi~u cfing NOT 

C. Bang tr~ng thai : 

d. Bi~u thuc va d~ng s6ng: 
+ Bi~u thuc F = A 
+ D~ng s6ng: 

A 

F 

Hinh 1.6: D;itng song 

4.1.4. C6ng NAND: 
a. Chuc nang: 
Thgc hi~n phep DAO cua phep toan logic VA 

1 

Diu ra chibfulg O khi tilt cacac d~u vao bfulg 1. C6ng VA DAO 2 d~u vao: 
b. Ky hi~u: 

~ IDnh 1.7: Ky hi~u c6ng NAND 
C. Bang tr~ng thai: 



d. BiSu thuc va d~ng song: 
+ BiSu thuc: F = A . B 
+ D~ng song: 

A 
0 
0 
1 
l 
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B F 
0 l 
1 I 
0 I 
l 0 

A--,---n--n-.... n-•-•= 

4.1.5. C6ng NOR: 
a. Chuc nang: 

BJ 
r 

Thµc hi~n phep BAO cua phep toan logic HOAC 
B&u ra chib&ng 1 khi tftt cacac d§u vao bing 0. C6ng HO.AC BAO 2 aiu vao: 
b.Ky hi~u: 

C Bang tr~ng thai: 

A~.. . . F B--j_/"-

Biing5 

d. BiSu thuc va d:;mg tin hi~u: 
+ BiSu thuc: F = A+B 
+ D~ng tin hi~u vao ra 

A 

0 

0 

l 

l 

B 

0 

1 

0 

l 

F 

l 

0 

0 

0 
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4.1.6. C6ng EX-OR: 
a. Chuc nang: 
Exclusive-OR 

Hinh LIO: D~ng son:g 

t 

.. 
I 

Thl,rc hi~n biSu thuc logic HO.AC CO LO~I TRU(phep toan XOR - hay con 
la phep c<)ng module 2). B§.u ra chib&ng O khi tit cacac d§.u vao gi6ng nhau. 
C6ng XOR 2 d§.u vao: 
b. Ky hi~u: 

F 

Hinh 1.11: Ky ~u c&11g EX =OR 

C. Bang tr~ng thai: 

d. BiSu thuc logic va d~ng song: 
+ BiSu thuc logic: 

Biing6 

A B 
0 0 
0 l 
l 0 
l l 

W L"t 

F 
0 
I 
1 
0 

F =A@B=kB+iLB 

+ D~ng song 

B 
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4.1.7. CBng EX-NOR: 
a. Chuc nang: 
Exclusive-NOR 
Thµc hi~n phep DAO cua phep toan XOR. D§u ra chi b~ng 1 khi tit ca cac 
dliu vao gi6ng nhau. C6ng XNOR 2 dl1u vao: 
b. Ky hi~u: 

H1nh 1.13: Ky hifu c6ng EX -NOR 

C. Bang tqmg thai: 

d. BiSu thuc logic ~a g~ng ~6ng. 
+ BiSu thuc logic F =,AB+ AB= A~0-B 
+ D~ng s6ng tin hi~u vao ra 

:t y 
B ! 

:b □ D 
Hm,b LU: Ding song 

4.1.8. C6ng BUFFER 

□ 
Con g9i la c6ng d~m. Tin hi~u s6qua c6ng BUFFER kh6ng d6i tr~ng thai 

logic. C6ng BUFFER duqc dung v&i cac ml}c dich sau: 
- Sira d~ng tin hi~u. 
- Dua di~n th6cua tin hi~u vs dung chufin cua cac muc logic. 
- Nang kha nang cfip dong cho m~ch. 
- Ky hi~u cu.a c6ng BUFFER. 

Tuy c6ng d~m kh6ng lam thay d6i tr~g thai logic cu.a tin hi~u vao c6ng 
nhung n6 gifr vai tro rfit quan tr9ng trong cac m~ch s6. 

4.2.Cac IC s6 thong d\lng 
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4.2.1. Thong s6 ky thuat cua IC s6 
4.2.1.1. Cac d~i hrgng ai~n dijc trung 
- V cc: Di~n thS ngu6n (power supply): khoang di~n thS cho phep c§.p cho IC dS 
ho?t d9ng t6t. Thi dl,l v&i IC s6 h9 TTL, Vcc=5±0,5 V , h9 CMOS Vnn=3-
15V (Nguai ta thuang dung ky hi~u Vnn va Vss dS chi ngu6n va mass cua IC h9 
MOS) 
- VIH(min): Di~n thS ng5 vao rnuc cao (High level input voltage): Day la di~n thS 
ngo vao nh6 nh§.t con duqc xern la rnuc 1 
- VIL(max): Di~n thS ngo vao rnuc th§.p (Low level input voltage): Di~n thS ng5 
vao l&n nh§.t con duac xern la rnuc 0. 
- V 0H(min): Di~n th@ ngo ra rnuc cao (High level output voltage): Di~n thS 
nh6 nh§.t cua ngo ra khi 6 rnuc cao. 
- V 0L(max): Di~n thS ng5 ra rnuc th§.p (Low level output voltage): Di~n thS Ian 
nh§.t cua ngo ra khi 6 rnuc th§.p. 
- IIH: Dong di~n ng5 vao rnuc cao (High level input current): Dong di~n Ian nh§.t 
vao ng5 vao IC khi nga vao nay & rnuc cao. 
- IIL: Dong di~n ng5 vao rnuc th§.p (Low level input current): Dong di~n ra kh6i 
ngo vao IC khi ng5 vao nay & rnuc th§.p 
- IOH: Dong di~n ng5 ra rnuc cao (High level output current): Dong di~n Ian nh§.t 
ngo ra c6 thSc§.p cho tai khi n6 &rnuc cao. 
- IOL: Dong di~n ng5 ra rnuc thAp (Low level output current): Dong di~n Ian nhAt 
ngo ra c6 thSnh~ khi &rnuc thAp. 
- ICCH,ICCL: Dong di~n ch?y qua IC khi ngo ra 1§.n luqt &rnuc cao va thAp. 

Ngoai ra con rn9t s6thong s6khac duqc neu ra du&i day 
4.2.1.2 Cong suit tieu tan (Power requirement) 

M6i IC khi ho?t d9ng setieu thl,lrnQt cong su§.t tungu6n cung cfip VCC (hay 
VDD). 

Cong suAt tieu tan nay xac dinh b&i di~n thS ngu6n va dong di~n qua IC. 
Do khi ho?t d9ng dong qua IC thuang xuyen thay d6i gifra hai tr?ng thai cao va 
thAp nen cong sufit tieu tan se duqc tinh tu dong trung binh qua IC va cong sufit 
tinh duqc la cong sufit tieu tan trung binh 

Po (avg)= I cdavg).Vc;c; 

:1cc(avg}= ~~-
D6i v&i cac c6ng logic h9TTL, cong su§.t tieu tan & hang rn W va v&i h9MOS 

thi chi & hang n W. 
4.2.1.3 Fan-Out: 

M9t each t6ng quat, ng5 ra cua rn9t ffi?Ch logic doi h6i phai cAp dong cho 
rn9t s6 ngo vao cac rn?ch logic khac. Fan Out la s6ng5 vao Ian nhfit c6 thS n6i v&i 
ng5 ra cua rn9t IC cung lo?i ma vful bao darn rn?ch ho?t d9ng binh thuang. N6i 
each khac Fan Out chikhanang chiu tai cua rn9t c6ng logic. Ta c6 hai lo?i Fan-Out 
ung v&i 2 tr?Ug thai logic cua ng5 ra: 
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Tuy theo h9 IC, thai trS tritySn thay- d6i tu vai ns - dSn vai tram ns. Thai trS 
truySn cang 16n thi t6c d9 lam vi~c cua IC cang nho. 
4.2.1.5 Tich s6cong su~t-v~n t6c (speed- power product) 

BS danh gia ch§.t luQTig IC, nguai ta dung d?-i luQTig tich s6 cong suit-v~n 
t6c d6 la tich s6 cong suit tieu tan va thai trS truySn. Thi dµ h9 IC c6 thai trS 
truySn la 10 ns va cong suit tieu tan trung binh la 50 mW thi tich s6c6ng suit-v~n 
t6c la: 10 ns x 5 m\V =10.10-9x5.10-3-= 50xlo-n watt-sec= 50 picoj:o~tles (pj) 

Trong qua trinh phat triSn cua cong ngh~ chS tl;lO IC nguai ta luon mu6n d?,t 
duqc cac IC c6 cong su§.t tieu tan va thai trS truySn cang nho cang t6t. Nhu V,?.Y 
m9t IC c6 ch§.t luqng cang t6t khi tich s6 c6ng su§.t-v~n t6c cang nho. Tuy nhien 
tren thµc tShai gia trµiay thay d6i theo chiSu nguqc v&i nhau, nen ta kh6 ma d?,t 
duqc cac gia tritheo y mu6n, du sao trong qua trinh phat triSn cua cong ngh~chSt1;to 
linh ki?n di?n tmris6nay luc 1uqc cai thi?n . 
4.2.2.IC s6h9TTL 

Trong qua trinh phat triSn cua cong ngh~chStl;lO m1;tch s6ta c6 cac h9: RTL 
(Resistor-transistor logic), DCTL (Direct couple-transistor logic), RCTL 
(ResistorCapacitor-transistor logic), DTL (Diod-transistor logic), ECL (Emitter
couple logic) v. v .... E>Sn bay gia t6n t~i hai h9 c6 nhiSu tinh nang ky thu~t cao nhu 
thai trS truySn nho, tieu hao cong su§.t it, d6 la h9 TTL (transistor-transistor 
logic) dung cong ngh~ chS tl;lO BJT va h9 MOS (Cong ngh~chStl;lO MOS) 

Du&i day, llin luqt khao sat cac c6ng logic cua hai h9TTL va MOS 
4.2.2.1. C6ng cO'ban h9TTL 

L§.y c6ng NAND 3 ng5 vao lam thi dµ dSth§.y c§.u t?-o va v~n hanh cua m9t 
c6ng caban 

A 
a 
C 

Khi m9t trong cac ng5 vao A, B, C xu6ng muc kh6ng Tl dfin dua dSn 
T2 ngung, T3 ngung, ng5 ra Y len cao; khi ca3 ng5 vao len cao, Tlngung, T2 
dfin, T3 dfin, ng5 ra Y xu6ng th§.p. 06 chinh la kSt quacua c6ng NAND. 
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Tv CL trong m~ch chinh la t1,1ky sinh t~o b&i sµ kSt hqp gifra ngo ra cua 
m~ch (t~ng thuc) v&i ngo vao cua t~ng tai, khi m~ch ho~t d9ng tv se n~p di~n qua 
R4 (luc T3 ngung) va ph6ng qua T3khi transistor nay dftn do d6 thai trStruySn cua 
m~ch quySt dinh b&i R4 va CL, khi R4nho m~ch ho~t d9ng nhanh nhung cong 
su~t tieu th1,1 luc d6 16n, mu6n giam cong suit phai tang R4nhung nhuv~y thai 
trStruySn sel&n hon (m~ch giao hoan ch~m han). BSgiai quySt khuySt diSm nay 
d6ng thai thoa man m9t s6yeu c~u khac , nguai ta da chSt~o cac c6ng logic v&i 
cac kiSu ngo ra khac nhau. 
4.2.2.2. Cac ki~u ngo ra 
* Ngo ra totempole 

[ C L O\fcc •., ,~ <R ., <'.' R,
1 

> R"' < .,,,,, 

u• r. 1• T•/ 
-~ _r'ft.',/ '···,.,,'!_ --t:·'/ J_ 

T;; ,,1... DP ii.Er 
C -, r =r;";;:_ 

.- T-:i. "l, . i OL ·R1<t ~· : 
- ( ! 
~ ] 
.,,,'';"./ 1"', / .?7.?" 

R4trong m~ch ca ban duc;rc ·thay thS b&i cvm T4, RCva Diod D, trong d6 
RC c6 tri dt nho, khong dang kS. T2 bay gia gifr vai tro m~ch dao pha: khi T2 d~ 
thi T3 dftn va T4ngung,Y xu6ng th~p, khi T2 ngung thi T3 
ngung va T4 dftn, ngo ra Y len cao. 

T1,1 CL n~p di~n qua T4khi T4 dfin va ph6ng qua T3 (dfin), thai h&ng m~ch 
r~t nho va kSt qua.la thai trStruySn nho. 

Ngoai ra do T3& T4luan phien ngung tuang ung v&i 2 tr~ng thai cua ngo ra 
nen cong su~t tieu thv giam dang kS. Diod D c6 tac d1,1ng nang di~n thS cµc B 
cuaT4 lend@ bao dam khi T3dftn thl T4ngung. 

M~ch nay c6 khuySt di@m la khong th@ n6i chung nhiSu ngo ra cua cac c6ng 
khac nhau vi c6 thS gay huhong khi cac tr~ng thai logic cua cac c6ng nay khac 
nhau. 
* Ngo ra cµc thud~ ha 

Ngo ra cµc thu dS ha c6 m9t s6 lc;ri diSm sau: 
- Cho phep kSt n6i cac ngo ra cua nhiSu c6ng khac nhau, nhung khi SU d1,1ng phai 
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m&c m9t di~n tr& nr ng5 ra len ngu6n V cc, g9i la di~n tr& keo len, tri s6 cua di~n 
tr& nay c6 thS duqc ch9n 16n hay nh6tuy theo yeu d.u c6 lqi v~ m~it cong suit hay 
t6c d9 lam vi~c. 
BiSm n6i chung cua cac ngo ra c6 tac dµng nhu m9t c6ng AND nen ta g9i la 
diSmAND 
- Nguoi ta cfing chS t?0 cac IC ngo ra c6 ClJC thu dS h& cho phep di~n tr& keo len 
mile vao ngu6n di~n thS cao, dung cho cac tai d~c bi~t ho~c dung t?o sv giao tiSp 
gifra h9TTL v&i CMOS dung ngu6n cao. 

Thi d1,1 IC 7 406 la lo?i c6ng dao c6 ngo ra cµc thu dS h& c6 thS mile len 
ngu6n24 V 

* Ngo ra ba tr?ng thai 

14 ,n;;:; 

J 0 

M?ch la m9t c6ng dao c6 ngo ra 3 tr?ng thai, trong d6 T4& T5duqc mile 
Darlington dS cfip dong ra 16n cho tai. Diod D n6i vao ngo vao C dS di~u khiSn. 
Ho?t d9ng cua m?ch giai thich nhu sau: 
- Khi C=l, Diod D ngung dfu1, m?ch ho?t d9ng nhum9t c6ng dao 
- Khi C=0, Diod D d&n, eve thu T2bighim ap &muc thfip nen T3, T4& T5 dSu 
ngung, ngo ra m?ch at r?ng thai t6ng tr&c ao. 

Ky hi~u cua c6ng dao nga ra 3 tqmg thai, c6 nga diSu khiSn C tac d(mg muc 
cao va bang SlJ th~t 

~ng, sv-ti~1 

Cung c6 cac c6ng dao va c6ng d~m 3 tr?ng thai v&i nga diSu khiSn C tac 
d9ng muc thfip ma sv c6 thS tv ve ky hi~u va bang SlJ th~t. 
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Day la m9t ung dvng cua c6ng d~m c6 ng5 ra 3 tr~ng thai: M~ch chc;m du 
li~u. 

V~n chuySn: Ung v&i m9t gia tri dia chiAB , m9t ng5 ra m~ch giai ma dia 
chi duqc tac d9ng (len cao) cho phep m9t c6ng m&va duli~u 6-ng5 vao c6ng d6 
duqc truySn ra ng5 ra. 

Thi dv khi AB= 00. Yo= 1 (Y1=Y2=Y3=0) G1 Glm&, DO truySn qua 
GldSn ng5 ra, trong h'.ic G2, G3, G4d6ng, c6 ng5 ra 6-tr~g thai Z cao, khong anh 
hu&ng dSn hol;l,t d9ng cua m~ch. 
4.2.2.3. Bijc tinh cac 1o,t TTL 

Cac IC s6h9TTL duqc san xufit lin diu tien vao nam 1964 b&i hang 
Texas Instrument Corporation cua My, lfiy s6hi~u la 74XXXX & 54XXXX. 

Sv khac bi~t giua 2 h974XXXX va 54 XXXX chi 6- hai diSm: 
74: VCC=5 ± 0,5 V va khoang nhi~t d9 ho~t d9ng tu 0°C dSn 70°C 
54: VCC=5 ± 0,25 V va khoang nhi~t d9ho~t d9ng tu-55°C dSn 125°C 
Cac tinh chfit khac hoan toan gi6ng nhau nSu chung c6 cung s6. 
Tru&c s67 4 thuong c6 them ky hi~u dS chi hang san xufit. Thi dvSN cua 

hang Texas, DM cua National Semiconductor, S cua Signetics 
Ngoai ra trong qua trinh phat triSn, cac thong s6 ky thu~t (nhfit la tich s6cong 

sufit v~n t6c) luon duqc cai tiSn va ta c6 cac lo~t khac nhau: 74 chuful, 74L (Low 
power), 74 H (High speed), 74S (Schottky), 74LS (Low power Schottky), 
74AS (Advance Schottky), 74ALS (Advance Low power Schottky), 74F 
(Fast, Fair Child). 

M9t s6 tinh chfit cua cac lo~t kS tren: 
Thonn s6 kv thu:fit h ,-· • 74 74L 74H i4S 'ML i4AS 7JALS. 74f 

Thcri tre tmv~n ( ns) 
> 'I( , 

9 6 
G:mg suat tieu tiin {:rnW) lO 
Ti:ch s,6 cong su&r vjn H~c tpfl 90 33 
Tan so xung CK max UvtHzl 35 .3 50 
fan Out (dmg 10~11) 20 w 
Di~n the 

t25 
20 

s 

19 
45 

8 
13.6 
200 
40 

4 
6 
18 
lOO 

20 33 

Vrn,(min} 2.4 2 . .4 2.4 1, 7 2,7 2.5 2,5 2.5 
Vo1. (max t ft4 0.4 OA 05 0.5 (t5 OA ft5 
VrH (min} 2.0 2,0 2,0 1.0 2.0 1.0 2,0 2.0 
\ iL {rna:X) 0,8 0. 7 (Us 0Jl; 0.8 (18 0.8 0.8 , 

- Lo~t 74S: Cac transistor trong m~ch duqc mac them m9t Diod Schottky giua hai 
cvc CB v&i mvc dich giam thai gian chuySn tr~ng thai cua transistor do d6 lam 
giam thai trStruySn. 
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- Lo;;i,t 74AS va 74ALS la cai tiSn cua 74S dSlam giam han nua gia tri tich s6 Cong 
su.it - V~n t6c. 
- Lo;;i,t 74F: Dung ky thu~t d~c bi~t lam giam di~n dung ky sinh do d6 cai thi~n thai 
tr~ truySn cua c6ng. 
4.2.3. IC s6 hq CJVIOS 

G6m cac IC s6dung c6ng ngh~ chSt;;i,o cua transistor MOSFET lo;;i,i tang, 
kenh N va kenh P . V &i transistor kenh N ta c6 NMOS, transistor kenh P ta c6 
PMOS va nSu dung cahai lo~i transistor kenh P & N ta c6 CMOS. Tfnh nang ky 
thu~t cua lo;;i,i NMOS va PMOS c6 thS n6i la gi6ng nhau, tru ngu6n c.ip di~n c6 
chiSu nguqc v&i nhau do d:6 ta chi xet lo~i NMOS va CMOS. Cac transistor MOS 
dung trong IC s6cung chi ho~t d9ng & m9t trong 2 tr;;i,ng thai: d~n ho~c ngung. 
- Khi d~, tuy theo n6ng d9pha cua chit ban d~ ma transistor c6 n9i tr& rit nho 
( ruvai chvc n dSn hang tram Kn) tuang duoiig v&i m9t kh6a dong. 
- Khi ngung, transistor c6 n9i tr& r.it l&n (hang 101 on), tuang duang v&i m9tkh6a 
ha. 
4.2.3.1. C6:l!_g co- ban NMOS 

:· ···:·' 
. 

r . 

VDJ::;i=T!fcl 

0 

T1 

~,·-(} 

~17.T2 s 
,,.,.,,,· 

(a) (b) (c) 

(Hinh a), (Hinh b) va (Hinh c) la cac c6ng NOT, NAND va NOR dung NMOS 
Bang quan h~ giua cac di~n thS cua cac ngo vao , ra c6ng NOT 

Vtr: T1 T: V;:;m 

(logic 1} 

+5V (logic!) Ros= lO0KQ Ro:-.= 1K!1 o~osv (logic 0) 

Ngoai ra v~n hanh cua c6ng NA.ND va NOR duqc giai thfch nhusau: 
* C6ngNAND: 
- Khi 2 ngo vao n6i len muc cao, T2 va T3 d~n, ngo ra xu6ng thip. 
- Khi c6 1 ngo vao n6i xu6ng muc thip, m9t trong 2 transistor T2 ho~c T3 ngung, 
ngo ra len cao. 
B6 chfnh la kSt quacua c6ng NAND 2 ngo vao. 
* C6ngNOR: 
- Khi 2 ngo vao n6i xu6ng muc thip, T2 va T3 ngung, nga ra len cao. 
- Khi c6 1 nga vao n6i len muc cao, m9t trong 2 transistor T2 ho~c T3 d~n, ngo ra 
xu6ngthip. 
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D6 chinh la kSt quacua c6ng NOR 2 ngo vao. 
1.2.3.2. C6ng cO' ban CMOS 

(c) 
H9 CMOS su d1_mg hai lo~i transistor kenh N va P v&i mvc dich cai thi¢n tich 
s6 cong swit v~n t6c, m~c du kha nang tich hqp th.ip hon lo~i N va P. (Hinh a), 
(Hinh b) va (Hinh c) la cac c6ng NOT, NAND va NOR h9CMOS 
Bang quan h¢ di¢n thS cua cac ngo vao , ra c6ng NOT 

Vu T ~ ~w 

OV (logkO) R.0 ~. = l KQ Ron:=I o:(:Sn V DD {logic I) 

Ngoai ra v~n hanh cua c6ng NAND va NOR duqc giai thich nhusau: 
* C6ngNAND: 
- Khi 2 ng5 vao n6i len muc cao, Tl va T2 ngung, T3 va T4 d~n, ng5 ra xu6ng 
th.1p. 
- Khi co 1 ng5 vao n6i xu6ng muc th.1p, m9t trong 2 transistor T3 ho~c T4 ngung, 
m9t trong 2 transistor Tl ho~c T2 d~n, ng5 ra len cao. D6 chinh la kSt qua cua 
c6ng NAND 2 ng5 vao. 
* C6ngNOR: 
- Khi 2 ngo vao n6i xu6ng muc th.1p, Tl va T2 d~n, T3 va T4 ngung, ngo ra len 
cao. 
- Khi co 1 ng5 vao n6i len muc cao, m9t trong 2 transistor T3 ho~c T4 d~n, m9t 
trong 2 transistor Tl ho~c T2 ngung, ngo ra xu6ng th.1p. D6 chinh la kSt qua cua 
c6ng NOR 2 ngo vao. 
4.2.3.3. Cac c6ng CMOS khac 
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E:nab!e Ci..----....., 

T2 
Voot 

y 

T3 

Enable I . T4 0--:.___J 

(a) (b) 
Nguai ta cfing san xmit cac c6ng CMOS v&i C\fC Drain dS h& va ng5 ra 3 

tr~ng thai dS su d\Ulg trong cac truang hqp d~c bi~t nhu h9TTL. (Hinh a) la m9t 
c6ng NOT co cµc D dSh&, khi su d1,mg phai co di~n tr&keo len (Hinh b) la m9t 
c6ng NOT co ng5 ra 3 tr~ng thai: 
- Khi ng5 vao Enable =1, Tl va T4 d~n, m~ch ho~t d9ng nhu la cf>ng dao. 
- Khi ng5 vao Enable =O, Tl va T4 dSu ngung dua m~ch vao tr~ng thai Z cao. 
Ngoai ra lqi d1,1ng tinh chfit cua transistor MOS co n9i tr& rfit nh6 khi din, 
nguai ta cung chS t~o cac m~ch co kha nang truySn tin hi~u theo 2 chiSu, g9i la 
khoa 2 chiSu, la m9t khoa 2 chiSu v&i A la nga vao diSu khiSn. Khi A= 0 khoa h&, 
khi A= 1, kh6a d6ng cho tin hi~u truySn qua theo 2 chiSu 

B~n 
khih 

V~n hanh: T3 va T4 vai tro la m9t ~6ng dao 

0 
1 

OFF 
ON 

YtoX 
OFF 
ON 

- Khi A= 0, C\fC G cua T2 &muc thfip nen T2 (kenh N) ngung, C\fC G cua Tl (kenh 
P) & muc cao nen Tl ngung, m~ch tuong duong v&i kh6a h&. 
- Khi A =1, C\fC G cua T2 & muc cao nen T2 din, C\fC G cua Tl & muc thfip nen Tl 
d~n, m~ch tuong duong v&i kh6a d6ng. Tin hi~u truySn qua m9t chiSu nhaTl 
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(10<;1i P) va theo chiSu ngugc l<;1i nhaT2 (10<;1i N). Bien d9 cua tin hi?u Vi tmySn qua 
kh6a phai thoa diSu ki~n O <Vi< VDD- Nhuv~y nSu ta su d-i.mg ngu6n ± VDD thi 
kh6a cho tin hi~u xoay chiSu di qua. 
4.2.3.3. Bae tinh cua hoMOS 

M9t s6 tinh chit chung cua cac c6ng logic h9 MOS (NMOS, PMOS 
va CMOS) c6 th@ k@ ra nhu sau: 

- Ngudn cfip di~n : V DD tir 3V dJn 15V 
- ~l(rc logic: VoL (max)= OV Von (min)= Von 

V1L (max) = 30% Von Vm1(min):;;; 70%VoD 
ffl LS nhi~u: VNn = 30%Voo VNL == 30%Vno 

V &i ngu6n 5V, lSnhiSu khoang 1,5V, rit Ian so v&i h9TTL. 
- Thai trS truySn tuong d6i Ian, khoang vai chl,1c ns, do di~n dung ky sinh 

a ngo vao va t6ng tr& ra cua transistor kha Ian. 
- Cong suit tieu tan tuong d6i nho, hang n W, do dong qua transistor MOS 

rit nho. 
- S6Fan Out: 50 UL 
Do t6ng tr& vao cua transistor MOS rit l&n nen dong tai cho cac c6ng h9 

MOS rit nho, do d6 s6Fan Out cua h9MOS rit l&n, tuy nhien khi mic nhiSu t~ng 
tai vao m9t t~ng thuc thi di?n dung ky sinh tang len (g6m nhiSu t\lmic song song) 
anh hu&ng dSn thai gian giao hoan cua m<;1ch nen khi dung &cln s6cao nguai ta 
gi&i h<;1n s6Fan Out la 50, ngh1a la m9t c6ng MOS c6 th@cip dong cho 50 c6ng tai 
cung lo<;1t. 

- Nhu da n6i a tren, CMOS c6 cai thi~n thai trS tmySn so v&i lo<;1i 
NMOS va PMOS, tuy nhien m~t d9 tich hgp cua CMOS thi nho hon hai lo<;1i nay. 
Du sao so v&i h9TTL thi m~t d9tich hgp cua h9MOS n6i chung Ian hon rit nhiSu, 
do d6 h9 MOS rit thich hgp d@ chS t<;10 du&i d<;lllg LSI va VLSI. 
4.2.3.4. Cac lo~t CMOS 

CMOS c6 hai ky hi?u: 4XXX do hang RCA chSt<;10 va 14XXX cua 
hang MOTOROLA, c6 hai lo<;1t 4XXXA (14XXXA) va 4XXXB (14XXXB), lo<;1t B 
ra dai sau c6 cai thi~n dong ra. 

Ngoai ra con c6 cac lo<;1t: 
- 7 4C : CMOS c6 cung sa d6 chan va chuc nang v&i IC TTL nSu c6 cung 

s6. Thi d\IIC 7 4C7 4 la IC g6m 2 FF D tac d9ng b&i c<;1nh xung d6ng h6 gi6ng nhu 
IC 7474 cua TTL. 

H~u hSt (nhung khong tit ca) cac thong s6 cua lo<;1t 74C gi6ng v&i 74 TTL 
nen ta c6 th@ thay thS 2 lo<;1i nay cho nhau dugc. 

- 74HC (High speed CMOS), 74HCT: Bay la lo<;1t cai tiSn cua 74C, 
t6c d9 giao hoan c6 th@so sanh v&i 74LS, rieng 74HCT thi hoan toan tuong thich 
v&i TTL k@ ca cac muc logic. Bay la lo<;1t IC CMOS dugc dung r9ng rai. 

- 74AC va 74ACT (Advance CMOS) cai tiSn cua 74 HC va HCT vS 
m~t nhiSu bing each sip xSp l<;1i thu tg cac chan, do d6 n6 khong tuang thich v&i 
TTL vS sa d6chan. 
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BAI 4: M~CH FLIP - FLOP VA UNG Dl)NG 

1.Cac lo~i m~ch flip - flop 

1.1.Flip Flop RS 
1.1.1. RS co cac ngo vao R va S tac O~Qn_g IDU'C cao. 

R----r--,"" I Lr-:J--a ----- --~~ ~~-----'. D-1...__.Q 
Cac tn;mg thai logic cua ffi?Ch cho &bang sau: 

R ': S Q 0~ 

1 0 0 0·1 D~t l£1i (Reset) 
-~----1 

1 0 I Q-;;;;;0 
I 0 l Q.,.= Q -=O (C~n'!) 

R s 
0 0 
0 t 
l 0 
1 l 

Q ... 
Q 

0 
Cam 

(06i v&i m?ch ch6t vi khong c6 tac d9ng cua xung d6ng h6 nen ta c6 thS hiSu 
tr?ng thai tru&c la tr?ng thai gia sir, con tr?ng thai sau la tr?ng thai khi m?ch 6n 
dinh). 
- Khi R=S=O ( ca2 ngo vao dSu khong tac d9ng), ngo ra khong d6i tr?ng thai. 
- Khi R=O va S=l (ng5 vao S tac d9ng), ch6t duqc Set (tuc d~t Q+=l ). 
- Khi R=l va S=O (ngo vao R tac d9ng), ch6t duqc Reset (rue d~t l?i Q+=O). 
- Khi R =S= 1 ( ca2 ngo vao dSu tac d9ng), ch6t rai vao tr?ng thai c§,m . 
1.1.2.RS tac d~ng muc th~p 

s---- s I R Q-;-

0 0 Cam 
·[-~~" 0 t l 
~~· --

[ ·C"""''.--.· 1 l O 0 ~ ------1- , ! Q 1 ! Q 

BS c6 ch6t RS tac d9ng muc cao dung c6ng NAND, nguai ta them vao 2 c6ng 
dao a cac ngo vao. 
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Ky hi~u ch6t RS 

Q s 

0 

(a) (b) 

(Hinh a) la ky hi~u ch6t RS tac d9ng cao va (Hinh b) la ch6t RS tac d9ng thilp. 
1.1.3 Flip Flop RS co CK 

(b) 

\'ao Ra 
Ck 

.· s R Q.,. 

0 X X Q 
! 0 0 Q 
i 0 ! 0 
l I 0 1 
l l i Cam 

D~ c6 FF RS c6 xung d6ng h6tac d(mg thilp chi d.n them m9t c6ng dao cho 
ngo vao CK (Hinh b ). Ta c6 bang sv th~t gi6ng Bang tren, tru ngo vao CK phai 
dao l~i. 
1.1.4. Flipflop RS co ngo vao Preset va Clear: 

Pr 

S, Pr Q•--

C:1< -Q 
R cj Q-~ 

r 
(a) 
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Tinh ch§.t cua FF la c6 tqmg thai ng5 ra b§.t kykhi m& may. Trong nhi~u 
truang hqp, c6 th~ dn d~t tru&c ng5 ra Q=l ho~c Q=O, mu6n thS, nguai ta them 
vao FF cac ngo vao Preset (d~t tru&c Q=l) va Clear (X6a Q=O), m?ch c6 d?ng 
(Hinh a) va (Hinh b) la ky hi~u cua FF RS c6 ngo vao Preset va Clear tac d<)ng 
muc th§.p. 

Thay 2 c6ng NAND cu6i brtng hai c6ng NAND 3 nga vao, ta duqc FF RS 
c6 ngo vao Preset (Pr) va Clear (Cl). 
- Khi ngo Pr xu6ng th.ip (tac d<)ng) va ngo Cl len cao ngo ra Q len cao b.it ch.ip cac 
ngo vao con l?i. 
- Khi ngo Cl xu6ng th.ip (tac d<)ng) va ngo Pr len cao nga ra Q xu6ng th§.p b.it 
ch§.p cac ng6 vao con l?i. 
- Ngoai ra 2 ngo vao Pr va Cl con duqc dua vS2 ngo vao m<)t c6ng AND, nai dua 
tin hi~u CK vao, mvc dich cua vi~c lam nay la khi m9t trong 2 ngo vao Pr ho~c Cl 
tac d9ng thi muc th§.p cua tin hi~u nay se kh6a c6ng AND nay, v6 hi~u h6a 
tac d1.1ng cua xung CK. 
Bang S\f th~t cua FF RS c6 Preset va Clear (tac d<)ng th.ip) 

Pr i Cl ! C'" ~ s R O+ 
0 0 X X X C~m 
0 l X X X 1 
l 0 X ,'\ X 0 
t ! 0 X i X Q i ' 
I I t 0 

I: 
0 Q I' ,. I 

I. 
; 0 I 1 0 ' ,. 

l 1 l 1 0 l I' 

l l l l I 1 Cam I' 

Luu y: Tren bang s¢h~t , dong thunh.it tuang ung v&i tr?ng thai c§.m vi hai 
ngo vao Pr va Cl d6ng thai &muc tac d9ng, 2 c6ng NAND cu6i cimg d~u d6ng, 
nen Q+= Q =1. 
1.1.5. Flipflop RS chu t6': 

KSt n6i thanh chu6i hai FF RS v&i hai ngo vao xung CK cua hai FF c6 muc 
tac d9ng trai nguqc nhau, ta duqc FF chu ta. 

s---"""'I 

Ho?t d9ng cua FF duqc giai thich nhusau: 
-Do CKs cua tAng t&la dao cua CKM= CK cua tAng chu nen khi CK=l, t§ng chu 
giao hoan thi t§ng t& ngung. Trong khoang thm gian nay, duli~u ru ngo vao R va 
S duqc dua ra va 6n djnh &ngo ra R' va S' cua t§.ng chu, t~i thai di@m xung CK 
xu6ng th§.p, R' va S' duqc truySn d6n ngo ra Q va Q . 
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Ci<-
CK$ 

- B6i v&i truong hqp R = S =1 khi CK=l thi R'= S' =1, nhung khi CK xu6ng thip 
thi m9t trong hai nga ra nay xu6ng thip, do d6 ml;'l,ch thoat khoi trl;'l,ng thai 
cim, nhung S' hay R' xu6ng thip tru&c thi khong doan tru&c duqc nen ml;'l,ch rai 
vao trl;'l,ng thai bit dinh, nghfa la Q+c6 thS=l c6 thS=O, nhung khac v&i +Q. Ta c6 
bang sµ th~t: 

s R c,. 
l',. 0-

0 0 v Q 
0 I 0 
I 0 

·v 
!, 

! V Bat dinh i :, 
:i 

V 
., 

Tom ll;'l,i, FF RS chu t& da thoat khoi trl;'l,ng thai cim nhung v~n rai vao trl;'l,ng 
thai bit dinh, d6ng thoi ta duqc FF c6 ng5 vao xung d6ng h6tac d9ng b&i Cl;lnh 
xu6ng cua tin hi~u CK. 

BSc6 FF RS c6 ng5 vao xung d6ng hf> tac d9ng b&i Cl;lnh len cua tin hi~u CK 
ta c6 thSdoi c6ng NOT dSn ng5 vao FF chuva cho tin hi~u CK vao thfulg FF t&. 

M~c du thoat khoi trl;'l,ng thai cim nhung FF RS chut&v~n con trl;lllg thai bit 
dinh nen nguoi ta it sudvng FF RS trong truong hqp R=S. 

1.2.Flipflop JK 
1.2.1.Flip - Flop JK 
1.2.1.Flip - Flop JK 

La ffil;lCh di~n c6 kha nang thiSt l~p trl;'l,ng thai 0, trl;lllg thai 1, chuySn d6i 
trl;'l,ng thai va duy tri (nh&) trl;'l,ng thai can crrvao cac tin hi~u d§.u vao J, K va tin hi~u 
xung d6ng h6Ck. 
a. ciu true JfJ.: CL · 

K Q 

b. J.Vguyen ly: 
J = o. K = 1 vm Ck la smm am thi Ou+n = 0 
J= L K = 0, v&i Ck la suon am thl Qn+L = 1 
J = l,K;;;;: l, v&i Ck fa suon am thl Qll+l = Qn 
J = 0, K;:;;;; o. v&i Ck la suon am thi Q1i+l;;;;; Qll 

c. Plurang trii1h: 
On+l = J.Qn + KQn 

vm di~u ki~n da xutlt hi~n suan am cua xung C1. 

chuvSn d8i trang thai 
r,1- .0: ,._, 

gifr nguyen tr<img th.ii. 



d. Bang tr~ng thai: 

On J K 
0 0 0 
0 0 I 
0 1 0 
0 I I 
1 0 0 
1 0 1 
I I 0 
1 l I 

1.2.2. Flip - Flop JK Master Slave: 
a. Cfru true: 

J 

C 

K 

, 
a} cdutnic 
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Q,i,,] 
0 
0 
I 
I 
1 
0 
l 
0 

J a 

K a 

Q 

b) kyhi?U 
Lo~i FF S-R trn6c day vful con co S'l.f rang bu(}c giua r va s, nguyen nhan 

chinh la khi R ;;;;;: S = I diu ra die cdng G. H dSu a muc th!p din d~n tinh hu5ng 
khong mong mu6n la ca Qm va Qm d~u & mrrc cao = l. dJ fo~j ho tnrong hqp nay 
ngm::ri ta hiy tin hi~u & d!u ra dua tr& lip d&n cac dAu vao cua g va H vi Q va Q luon 
c6 tri,tng th.ii nguqc nhau. 

b. 1Vguyen If hoqJ il(>ng: 
Theo nhu sv tnnh bay tren day v~ slJ cai ti&n cua FF JK ta thfiy hoijt d◊ng dia 

n6 gi6ng nhu FF S-R master slave. chi khac bm s1;r tm.mg duong sau cua cac tin 
hi~u d~u vao: 

s .::= JQll 
R== KQn 

V~y ta CO: Qn+l = S + RQn;;;: J Qii + KQn On 
vm di!u ki~n xu;frt hltn suon am cua xung dock. va day ciing la phuon:g trlnh d~c 
truno c11a FF JK 0 

c. Plnmng trmh ilij;c tnmg: 
Ta th§y FF JK n6 phan anh quan h~ logic gifra Qn+l vm Ori • J.K nha Qn va Ott 

phan h6i v~ c6ng di~u khiSn G va H ma J va K khong con rang bu9c lftn nhau. Vi 
V ijy ta co phtmng tr1nh d~c tnmg cho FF JK 

Qn+l = JQn + KQ11 
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1.3.FlipFlop D 
Flip - Flop D la m?ch di~n c6 chuc nang thi~t l~p tr?ng thai O theo tin hi~u 

d§u vao D = 0 va thiSt l~p tr?ng thai 1 theo tin hi~u d§u vao D = 1 trong diSu ki~n 
phai c6 xung dinh thai. 
1.3.1. C~u true: 

·~o•·• '.: 

C 

□· 

a) cAu true b) ky hi~u 
1.3.2. Nguyen ly ho~t dqng. 

Khi C = 0 thi c6ng C va E ngit FF duy tri tr~g thai . 
NSu C = 1 D = 0 thi d§.u ra c a muc cao, d§.u ra E a muc th§,p FF a tr?ng thai 

0. nSu D = 1 thi d§.u ra c a muc th§,p, d§.u ra E a muc cao FF a tr?ng thai 1. v~y n~u 
c6 xung Cp va D a muc nao. thi FF & muc d6. 

Qll'!'t o· ,. dk c-· 1· ;;;;; l\,i'ffi '·. . ;;;;; 

1.3.3. PhuO'ng trinh: 
Theo nhu nguyen ly thi FF D tren da thoa man dinh nghfa. Vi v~y ta c6 

· phuong trinh d~c trung sau: 
Q!l+l =D 

1.3.4. Bang tr~ng thai. 
D C Ou+l 
L H L 
H H H 
X L On 

1.4.FlipFlop T 
FF - T la m?ch di~n c6 chuc nang duy tri va chuy@n d6i tr?ng thai tuy thu(k 

vao tin hi~u d§.u vao. Trong diSu ki~n dinh thai cua Ck. 
1.4.1. C~u true: 

T j 

-+--t, Ck 

K 

1.4.2. Nguyen ly: 

Q 

Khi T=O FF gifrnguyen tr?ng thai 
Khi T= 1 FF l~t tr~g thai (toggle) 

-i~ --+ck _ I 
Q L .. -~ .. -

Nhu v~y m?ch T FF thay d6i tr?ng thai tuln tµ theo m6i lfin xung kich thich. 
Chu y: Khi dfiu vao T c6 thai gian t6n t?i amuc logic cao trong m9t khoang dai 
hon so v&i thai gian chuy@n tr?ng thai (thai gian tr~) cua m?Ch thi m?ch se ti@p t1,1c 
l~t tr?ng thai t&i khi h~t thai gian t6n t?i & muc logic cao cua T, qua trinh d6 lam 
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cho vi~c xac dinh chinh xac m?ch dang a tr?ng thai nao la khong thS, do d6 chi c6 
thS lam vi~c a chS d9 d6ng b9(vi thl.rc ts thai gian t6n t~i muc logic cao cua T luon 
16n hon rfit nhi@u thai gian trS cua m~ch) 
1.4.3. Phll'O'ng trinh: 

Tu nguyen ly lam vi~c cua FF - T ta dua ra duqc phuong trinh d~c trung 
cua TFF: 

Qn+l J-Q K··o T.-Q · TQ 1''m,o = ' ' n + n= : n + ... n = .1;!7. Jt (2.8) 
1.4.3. Bang tqmg thai: 

T-FF la m9t trigac6 2 d§.u ra va 1 d§.u vao T. T-FF c6 bang thai nhu sau: 

On T Ori+l 
0 0 0 
0 l 1 
1 0 1 
l l 0 

2.M,ch ghi djch 

2.1.SO' d:6 nguyen ti\c va vin hanh 
Day la sa d6 m9t m~ch ghi dich 4 bit dan gian, m?ch g6m 4 FF D n6i 

thanh chu6i (ng5 ra Q cua FF tru&c n6i vao ng5 vao D cua FF sau) va cac ng5 vao 
CK duqc n6i chung l?i ( cac FF chiu tac d9ng d6ng thai). M~ch ghi dich nay c6 
kha nang dich phai. Ngo vao DA cua FF d§.u tien duqc gQi la ng5 vao duli~u n6i 
tiSp, cac ng5 ra QA, QB, QC, QD la cac ng5 ra song song, ng5 ra cua FF cu6i cung 
(FF D) la ng5 ra n6i tiSp. Tru&c khi cho m~ch ho?t d9ng, tac d1.1ng m9t xung x6a 
vao cac ng5 vao Cl ( dua cac chan Cl da duqc n6i chung xu6ng thfip r6i len cao) 
dScac ng5 ra QA= QB= QC= QD= 0. 

Cho du li~u vao DA, sau m6i xung d6ng h6, du li~u tu tkg tru&c l&n 
luqt truySn qua t&ng sau. (GiasuDA la chu6i du li~u g6m 3 bit cao, 2 bit thfip r6i 1 
cao va 1 thfip ), tr~ng thai cac ng5 ra cua cac FF cho a Bang 

Vao Ra ····-------
Cl CK DA Q, 
0 
I 
l 
1 
1 
I 
l 
1 

0 

l 
0 
0 
l 
0 

OB 
0 
0 
[ 

a 

l 
0 
0 
1 

Qr• 
""· Qo 

0 0 
0 0 
0 () 

! 0 
I l 
I I 
0 1 
0 0 

Cac m?ch ghi dich duqc phan lo?i tuy ;ao s6 . bit ( s6FF), chi@u dich 
(phai/trai), cac ngo vao/ra (n6i tiSp/song song). 

DS c6 m?Ch dich trai, du li~u n6i tiSp dua vao ngo vao D cua FF cu6i cung 
va cac ng5 ra cua FF sau n6i nguqc tr& l?i ng5 vao cua FF tru&c. 
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D 0 

'½: 
an 

JlJ!,..,..... -~----"---~-----+------" c1 -----'---------"------'-------" 
Cho du li~u n6i tiSp vao ng5 vao D cua FF 4, sau m6i xung d6ng h6, du li~u 

truySn tu tfulg sau ra tfulg tru&c. Gia si'r chu6i du li~u gi6ng nhu tren, tn;mg thai cac 
ng5 ra cua cac FF cho a bang sau 

Vao Ra 
Cl C, 

:!-.. D,;;. Q: 02 Q3 Q4 
0 X X 0 0 0 0 
t "' l 0 0 0 l 
I y l 0 0 l t 
I y 0 I. l 1 
i 

V 
0 l 1 I 0 

t 0 l l 0 0 
y 

f l 0 0 l 
V 

r i 0 0 0 1 0 
v 

2.2.Vai IC ghi djch tieu bi~u 
Tren thi truang hi~n c6 kha nhiSu 101:ti IC ghi djch, c6 dAy du cac chuc nang 

djch phai trai, vao/ra n6i tiSp, song song. Sau day, chCmg ta khao sat 2 IC tieu biSu: 
- IC 74164: djch phai 8 bit; 
- IC 7 495: 4 bit , djch phai, trai, vao/ra n6i tiSp/song song . 
2.2.1. IC 74164: 

0 Pin flu~~ 

®'~No Gv.x 

MR : Master Reset, day ciing la chan Clear cua cam1:tch, tac d9ng thip 
CP: Clock pulse, nga vao xung d6ng h6tac d9ng c1:tnh len. 
2.2.2. IC 7495: 
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Y nghia cac chan.: S: Nlode contro] input Ds: Seriaffi Data input 
Po - P3 : Parrallel data inputs 
CP1 : Serial Clock CP2: Parrallel dock 
Qo - Q3 : Parrallel outputs 

Du&i day la cac bu&c thao tac dS thµc hi~n cac chuc nang cua IC 
* Nc;tp dfr li~u song song 
- Chu&n bi dfr li~u a cac ng5 vao Po- P3 
- Cho S = 1, dfr li~u duqc dua vao cac nga vao cua cac FF, CP1 bi kh6a, CP2 la ng5 
vao CK, dfr li~u xuit hi~n nga ra Qo - Q3 khi c6 cc;tnh xu6ng cua CK 
* Dich phai 
- Sau khi da nc;tp dfr li~u song song - Chu§n bi dfr li~u n6i tiSp. 
- Cho S = 0 
- Dua dfr li~u n6i tiSp vao ng5 vao Ds, CP2 bi kh6a, CP1 la ng5 vao CK, khi CK tac 
d(mg, dfr li~u se dich phai tung bit m9t tren cac ngo ra Qo- Q3 
* Dich trai 
- N6i ng5 ra FF sau vao ng5 vao song song cua FF tru&c 
- P3 la ng5 vao n6i tiSp 
- S = 1 d@c ach ly ng5 ra FF tru&c v&i ng5 vao FF sau 
- CP2la ng5 vao xung CK, dfrli~u sedich trai ung v&i c~h xu6ng cua CK. 

Luu y: M?c du c6 2 ng5 vao cho xung CK nhung khi su d1.,mg chung thuang 
duqc n6i chung lc;ti, ly do la vi ung v&i m9t trc;tng thai cua tin hi~u di~u khi@n S chi 
c6 m9t trong hai c6ng AND ma d@ cho tin hi~u CK di qua. 

2.3. Ung dvng cua ghi djc~ 
Ghi djch c6 kha nhieu ung d1_mg: 

- M(>t s6nhiphan khi dich trai 1 bit, gia tri duqc nhan len g§.p d6i va duqc chia hai 
khi dich phai m9t bit. 
Thi dvs61010.00 = 1010khi dich trai thanh 10100.0 = 2010 va khi dich phai 
thanhl0l.000 = 510. 
- Trong may tinh thanh ghi (ten thuang g9i cua mc;tch ghi djch) lanai luu tc;im dfr 
li~u d@thµc hi~n cac phep tinh, cac l~nh ca ban nhuquay, djch .... 
- Ngoai ra, mc;ich ghi djch con nhfrng ung dvng khac nhu: tc;io mc;ich dSm vong, 
biSn d6i dfrli~u n6i tiSp +-+song song, dung thiSt kScac mc;ich den trang tri, quang 
bao ..... 
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3.M~ch d~m 

3.1.Mach d~m d6ng bo 
Trang m~ch dSm. d6ng b<)cac FF chiu tac d<)ng d6ng thai cua xung dSm CK. 

3.1.1 M~ch d~m d6ng b<)n t~ng, d~m len 
BS thiSt kS m~ch dSm d6ng b<)n ting (l~y thi dvn=4 ), tru&c tien l~p bang 

tr~ng thai, quan sat bang tr~ng thai suy ra each m~c cac nga vao JK cua cac FF sao 
cho m~ch giao hoan t~o cac nga ra dung nhu bang da l~p. Giasuta dung FF tac 
d<)ng boi c~nh xu6ng cua xung CK(Th~t ra, kSt quathiSt kSkhong phvthu<)c vao 
chi~u tac d<)ng cua xung CK, tuy nhien di~u nay phai dugc thShi~n tren m~ch nen 
ta cfing cln luu y). V&i 4 FF m~ch dSm dugc 24=16 tqmg thai va s6 dSm dugc nrO 
dSn 15. Ta c6 bang tr~ng thai: 

Ck 
X6a 

1i 

Nhfln thfty: 

4,~ 

5+ 
6.l. 
"! : :v 

H~ 
9,,1. 

10-!
l l .!,. 

12i 
l3,j,.. 

14v 

15-l.-
16t 

0 
0 
0 
0 
0 
0 
0 

l 
I 
J 
l 
l 
l 
l 
h' 
0 0 

Q, So 
0 0 

1 
0 

l ' '• l 
0 (I 

i 
0 
! 
0 
l 
n 
1 
0 
l 
0 
l 
0 

- Ffi A doi tr~mg thai sau tirng xung CK. v~y: TA ; JA ;;;;;; KA ; 1 

af1n 
0 
l 
2 
3 
4 
5 
6 
"! 
.I 

)\ 
'" 
9 
IO 
l I 
12 
l3 
14 
15 
0 

- Ffi B d6i tr~mg thai nJu tnr6c d6 QA = I. V?Y TB = Js = KB = QA 
- Ffi C d6i tr~ng thai n~u tnr6c d6 QA = QB == 1, v~y: Tc = Jc = Kc == QA.QB 
- FF D df>i tr~mg thai nSu trU'O'C do QA=QB=Qc= 1, v~y: 

TD = Jn = Kn = QA.Qa.Qc ;;;;;; Tc.Qc 
Ta dugc kSt qua 
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JlfL 
:Cl ·~==t==::::=::t==:::=::r==::_ _ _J 

3.1.2 M~ch d~m d6ng b(>n t~ng, d~m xu6ng 
Bang tr~ng thai: 

~-----,----,--------,-----,-----,.----,----, 

Sod,em 
i 

Nh~.nthily: 

Xoa 
1~, 
z,i 
3-;., 
➔,i 

9,!, 

wt 
11 J.. 
12i 
13,.[, 
14J, 

15J, 

16{, 

l 
1 
I 
1 
1 
I,,, 

0 
0 
0 
0 
0 
0 
0 
0 

Qc 

L 
n 
0 
0 

QB5 
(}, 

l 

0 
Ch 
I 
h 
0 

I 
I 
0 
0\ 
1 
h 
0 
0 

i Q, ... 
0 
I 
0 
I 
0 
I 
0 
! 

Q, 
I 
Q 
l 
Q 
I 
0 
1 
0 

- FF A (16i tr{l:tlg thai sau tirng xung CK, v~y: TA= JA =KA= 1 

0 
15 
14 
l3 
12 
I i 
10 
9 
g 

6 
5 
4 
3 
j 

(l 

- FF B d6i trl)ng thru n~u tru&c do QA = 0, v~y: T J3 :;: JB = KB = Q;1 

- FF C d6i ,tr~ng thai n~u tnrac d6 QA;;;;;Qs;;:;;0, v~y: Tc = Ic = Kc = QA . QB 

- FF D d6i tr~ng tihai nSu trucrc do QA = QB = Qc= o. v~y: 
TD= Io = Ko= Q,i • QB • Qc = Tc• Qc 

Ta duqc kSt qua 
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Q 

3.1.3 M~ch d~m d6ng b{>n ting, d~m Ien/ xuBng 
BS c6 m~ch dSm n t§.ng, dSm len ho~c xu6ng ta dung m<)t da hqp 2----* 1 c6 

ngo vao diSu khiSn C dSch9n Q ho~c Q dua vao tfing sau qua cac c6ng AND. 
Trong m~ch du&i day khi C= 1 m~ch dSm len va khi C=O m~ch dSm xu6ng. 

~ 0 5 O!C O,i, 

C 

Ji 

CK 
K Cl 

3.1.4 Tin sBho~t d{>ng 16'n nhftt cua m~ch d~m d6ng b{>n ting: 
Trong truang hqp t6ng quat cho n tkg, s6 c6ng AND la (n-2) nhu v~y thai 

gian t6i thiSu dS tin hi~u truySn qua ?l~ch la: 

Tmin = _;_ T r .. \:-.:o(n~2/ 
Tfin s6 eve d~i xac dinh boi: 

1 1 
• · f 2··r c ;=;== + '\n - · ,f ::><i"1"': ., .. ,,,._ 

BS gia tang tfin s6lam vi~c cua m~ch, thay vi dung cac c6ng AND 2 nga vao 
ta phai dung c6ng AND nhiSu nga vao va mite theo kiSu: 

1\, = J A = KA = l 
TB = In = Ks = QA 
Tc= le= Kc= QA.QB 
To;;;; Jo= KD = QA.Qn.Qc 

Nhuv~y t§.n s6lam vi~c kh6ng phl)thu<)c vao n va bing: 
1 

fi)':,l:( = 
T Pft ...., T f\A,ND 

3.1.5 M~ch d~m d6ng b{>Module - N (N =#=2n) 
B& thiSt k~ m~ch dJm modulo - N, tnrac nhic ta phai chQn s6 tiing. 

r " ,._ ] 

So tang n phai thoa dieu ki~n: 2n-< N < 2n 
Thi dt,t thiSt kJ Illqch d8m 10 (N == JO). 24

-
1 <IO< 24

• 

V~y s6 t§.ng la 4. 
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C6 nhiSu phuong phap thiSt kS m?ch dSm d6ng b9 modulo-N. 
Sau day ta khao sat hai phuong phap : dung ham ChuySn va MARCUS 

* Phuong phap dung ham ChuySn (Transfer function) 
Ham ChuySn la ham cho thiy c6 sg thay d6i tr?ng thai cua FF. M6i lo?i FF 

c6 m9t ham ChuySn rieng cua n6. 
Ham ChuySn duqc dµih ngma nhusau: ham c6 tri 1 khi c6 sµthay d6i tr?ng 

thai cua FF (Q-4:Q) va trjO khi tr?ng thai FF khong d6i (Q+= Q). 
Chung ta chithiSt kSm?ch d~m dung FF JK do d6 ta chixac djnh ham 

ChuySn cua lo?i FF nay. 
Bang tr?ng thai cua FF JK 

~-~-~-~--~-~~-~ 

CKJ K QQ.,. H 
0 0 
0 0 

0 
0 

0 
0 

t I 
1 l 

0 
1 

0 
l 

0 
I 

0 

0 
I 

0 
0 

l 
0 

Cl 
0 

0 
I 

1 
0 

Dung Bang Karnaugh ta suy ra duqc bi Su thuc cua H: H = 1 • Q + K.Q 
DS thiSt kS m?Ch dSm C\lthSta se xac dinh ham H cho tung FF trong' m?ch, 

so sanh v&i biSu thuc cua ham H suy ra J, K cua cac FF. Du&i day la mot thi d\l. 
ThiSt kS m?ch dSm 10 d6ng bQ dung FF JK 
Bang tr?ng thai cua m?ch dSm 10 va gia tricua cac ham H tuong ung: 

c,.,, 
ti.. QD Qc Q.s Q.\ On Qc Os Q:\ 

- + ~ -
lt 0 0 0 0 0 

,, 
0 0 l 

2-1 0 0 0 ; I 0 \ 0 1 0 

~ 0 0 l 0 0 0 ! ii i 
4-J, 0 0 I ! 0 J (} 0 
.:; i 
-¥ 0 I 0 0 0 ] 0 I 
6-,l., 0 l 0 [ 0 t i 0 

.,~,, 

~ ! 0 I l 0 0 i l i /y 

8-l, 0 I 1 l i 0 0 0 
,J., 0 0 0 1 0 0 l 

]0 '.+ 0 0 i 0 0 0 0 

ta thiy: 

HA =1 =q_ +qt.,~~ =KA =1 
DS xac dinh HB, HC va HD ta phai vebang Karnaugh 

Hu He HB 

0 0 0 
0 0 l, 

0 0 0 
0 1 l 

0 0 0 
0 0 [ 

0 0 0 
I 1 l 
0 0 0 
] 0 0 

HA 

1 
I 
I 
I 

I 
I ~-
l 
I. 

l 
l 
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00 01 11 10 

·Oc,00 ,.J.J - 00 
Qr;;, i--=J--....+-,._.i!..~. 

01 

10 

Hg,= O:QA O;, _,..Q:,O:.,as H:: = Q:.\QA 0:: + O,,Q,,,O:: HD= OcOaOA QD +QAQC, 

;;:;>Jc= Ke= ar:,O,:,, ._;,,,, ~::; = K::; = QBQA =:> ·.1o -Oe;O,,QA ,KI);;;;; QA 

Ghi chu: Trong kSt quacua ham H ta mu6n c6 chua Q va Q tuang ung 
dSsuy ra ngay cac triJ va K nen ta da chia bang Karnaugh ra lam 2 phfin chua Q va 
Q va nh6m rieng tung phfin nay. Tu cac kSt qua.nay, ta ve duqc m?Ch 

~ a ~ 

A 

J 0 

. ct< 
K Cf Q 

Jlfl '. =------+---+--'------+----"-----+----' 

D 
.. J a 

CK 
' ' 

K Cl Q 

Cl~--......... ~------"-------------.......... 

Bay gia ta c6 thS kiSm tra xem nSu nhu vi m9t ly do nao d6, s6 dSm rai vao 
cac tr?ng thai khong su d\lng (tuang ung v&i s6tu10 dSn 15) thi khi c6 xung d6ng 
h6 tr?Ug thai tiSp theo se nhu thS nao ? M?ch c6 quay vs dS dSm tiSp ? 

Ap d\[ng cac ham chuySn c6 duqc, ung v&i m6i tr?ng thai Q cua tung FF 
trong cac t6 hqp khong su d1,mg, ta tim triH tuang ung r6i suy ra Q+, ta duqc 
bang kSt quasau: 

,., 0 0 0 

¥' I 0 :. 1 l 

v t 0 0 0 
J., I 0 1 t 
y t I 0 0 

V 1 1 1 0 

Tfr bang k8t qua ta c6 kit lu~n: 

0 n 
l 

' 
0 I 

0 0 t 
0 0 I 
0 0 

0 

0 

l 
0 

i 
0 

0 
I 

I 
0 

l 
i 

0 
0 

i 
t 

I 
0 

l 
0 

1 
0 

- Khi n~o ra roi vao tr~ng thai I IOw (1010), n6 se nhay tiJp vao tri;lng thai I lrn 
(lOU) roi sau do nhay ve 610 (OHO) (Dong 1 va 2) 
- Khi ngfi ra roi vao tr1;1ng thai 12 m ( 1100)~ no se nhay ti~p vao tqmg thai l 310 (: l l 
Ol) rbi sau d6 nhay vi 410 (OH}O) (Dong 3 va 4) 
- Khi n&5 ra rm van tr~ng thai l4rn (I 110), n6 se nhay ti€p vao tr1;1ng thai 1510 

(l 1 l [) roi sau do nhav ve 2m (0010) (Dong S va 6). 
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T6m l:;ii, nSu c6 m(>t svc6xay ra lam cho s6 dSm rai vao cac tr:;ing thai 
k:hong su d1,mg thi sau 1 ho~c 2 s6 dSm n6 tv d(>ng quay vS m(>t trong cac s6 dSm 
tu O dSn 9 r6i tiSp tvc dSm binh thuang. 
* Phuang phap MARCUS 

Phuang phap MARCUS cho phep xac dinh cac biSu thuc cua J va K dµa vao 
sv thay d6i cua Q+ so v&i Q 

Ta c6 th@ viSt l:;ii Bang tr:;ing thai 

Q : Q ... 
0 
G 
l 
1 

0 
I 
0 
1 

J 

0 
I 
X 

X 

K 

X 

X 

1 
0 

DS thiSt kSm:;ich, ta so sanh Q+va Q dSc6 duqc bang sv th~t cho J, iz cua 
tung FF, sau d6 xac dinh J va K. 

1J. 
2,,J, 

J.l-

9..J, 
10-l, 

Thi dv thiSt kS l:;ii m:;ich dSm 10 bing phuang phap MARCUS 
Bang sv th~t cho J, K cua tung FF 

0 0 0 0 
I) 0 (} 

b 
0 
0 

0 
0 

0 
0 

0 
1 
X 

X 

X 0 
X 0 
X 0 
X 

X 

X 

X X 
X X 

0 0 
1 0 

X 

X 

X 

X 

0 
0 

0 
l 
X 

X 

Jg 
0 
I 

X 

X 

0 
l 

X 

X 

0 
0 

Ka 
X 

X 

0 
l 

0 
1 
X 

X 

X 

. l 

X 

X 

K A 

X 

I 

X 

l 
X 

l 

X 

X 

X ! 1 

Ghi chu: Trong bang 5 .20, khong c6 cac c(>t cho Q+, tuy nhien ta c6 th@ thfiy 
ngay la dong ben du&i chinh la Q+ cua dong ben tren, nhu v~y kSt qua c6 duqc tu 
sv so sanh dong tren va dong ngay du&i n6. 

Ta thfiy ngay JA = KA = 1 
Dung bang Kamaugh dS xac dinh cac ham con l:;ii 
Nh~n thfiy cac FF B va C c6 th@ xac dinh chung cho J va K ( cung vitri 1 va 

x), FF D duqc xac dinh J va K rieng 
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p,i::Ci_,.,_ QBQ,A. Q6 1:,A 

10 Or/::.b"' oo o 1 11 to o1:,~~--- oo o 1 11 m ,,;),00;"" oo Cl 1 11 -10 _,,,.,..,~,,..,,.,,,,,, ,.-, .., 
00 1 ,OQ . 00 X X ;4 , ,'( 

~- = Ka = QD,Q,,, Jc=Kc=QH,Q;. hi=Qc.Qd,Q\ 
Ta duqc l~i kSt quatren. 
Tren thitrnong c6 kha nhiSu IC dSm: 

- 4 bit BCD: 74160, 74162, 74190, 74192, 4192, 4510, 4518 ... . 
- 4 bit nhiphan: 74161, 74163, 74191, 74193, 4193, 4516, 4520 ... . 
- 8 bit nhiphan: 74269, 74579, 74779 .... 

3.2.M~ch d~m khon~ dfing b(> , 
La cac m~ch dem ma cac FF khong chiu tac d(mg dong thai cua xung CK. 
Khi thiSt kS m~ch dSm khong d6ng b9ta phai quan tam t&i chiSu tac d9ng 

cua xung d6ng h6 CK. -
3.2.1. M~ch d~m khong dfing b(>, n tAng, d~m Ien (n=4) 

Tu bang tr~ng thai cua m~ch dSm 4 bit 

Xoa 

"l ! 
~ .... 
9-l
JO-!
l I -i, 
12-l-
13 J,. 
14-l
l 5v 
16~ 

0 
0 
0 
0 
0 
0 
0 
(h 
I 
I 
l 
I 
I 
l 
1 
L 
0 

0 
0 
0 

0 

I 
1 
0 

0 
l 
0 
1 
0 
l 
0 

l 
0 
l 
0 

l 
0 
l 
0 

1 
0 

Sodem 
0 
I 

3 
4 
5 
6 
.,, 
I 

9 
!O 
I l 
12 
13 
!4 
15 
0 

Ta th§.y nSu dung FF JK tac d9ng b&i c~nh xu6ng cua xung d6ng h6thi c6 
thS 1§.y ngo ra cua t§.ng tru&c lam xung d6ng h6 CK cho t§.ng sau, v&i diSu ki~n cac 
ngo vao JK cua cac FF dSu duqc dua len muc cao. Ta duqc m~ch dSm khong d6ng 
b9, 4 bit, dSm len. 
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C + D 
J 

Cl ----4---'--------------~---~, 
D:;mg tin hi~u xung CK va cac nga ra cua cac FF 

o 1 2 3 4 5 ei 1 s 9 10 11 12 1,3 14 rn 1e 

0 

Cl O 1 1 

0: 0 O 0 

T6 hqp cac s6t~o b&i cac nga ra cac FF D, C, B, A la s6 nhi phan tu O dSn 15 
3.2.2. M~ch d~m khong d6ng bq, n tAng, d~m xu6ng (n=4) 

BS c6 m~ch d~m xu6ng ta n6i Q ( thay vi Q) cua tfuig tru&c vao ng5 vao 
CK cua t~ng sau. M~ch d~m xu6ng 4 t~ng. 

~ ~ ': ~ 

+ A 

J Q 

C11.: 

K ci 0 

B + C ---Q: 
+ D 

J 

C'I ___ _,_ _____ ___,,_ _____ ...,..,.,... _____ ~ 

D~ng song & ngo ra cac FF va s6 d~m tuong ung cho & hinh sau. 

Q 
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o 1 2 3 4 5 e, 1 e 9 10 11 12 1.3 14 rn ·rn 

0 0 1 1 0 

i------t 1 1 ~ 
!. 

] 1 ·t 1 0 0 0 0 t ~ Cit 0 0 

~1 1 1 1 1, 1 ,loo o o o a oo 
Quan sat tin hi~u ra &cac Flipflop ta th§,y sau m6i FF tAn s6cita tin hi~u ra 

giam di m9t nua, nghTa la: 

Nhu v~y xet vS khia c~nh tAn s6, ta con g9i m~ch dSm la m~ch chia tAn. 
3.2.3. M~ch d~m khong d6ng b{>, n t§ng, d~m Ien, xu6ng (n=4) 

BS c6 m~ch dSm len ho~c dSm xu6ng nguai ta dung cac m~ch da hgp 
2~ 1 v&i ngo vao diSu khiSn C chung dS ch9n Q ho~c-Q cua tAng tru&c n6i vao 
CK tAng sau tuy theo yeu cAu vS each dSm. 

Khi C =1, Q n6i vao CK, m~ch dSm len va khi C = 0, Q n6i vao CK, m~ch 
dSmxu6ng. 

+ B 

J a 
• Ci>: 
Kci -~ 

ffi-------t-1---------,-,r-----·-1_ 
(: ----·-,---"·l,,·-·-·~······•-=•---·-..J.·b--,---·······--' 

c = 0 : d~m xu6ng c = 1 : dJm len 
Tren thgc tS, dS dan gian, ta c6 th6 thay da hgp 2~ 1 b&i m9t c6~g EX-OR, 

ngo diSu khiSn C n6i vao m9t ng5 vao c6ng EX-OR, ngo vao con l~i n6i v&i ngo ra 
Q cua FF va ng5 ra cua c6ng EX-OR n6i vao ngo vao CK cua FF sau, m~ch cfing 
dSm len/xuf>ng tuy vao C=O hay C= 1. 

'() 

0 
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Q 

CK 
K a,a-

.. ·~'="~"'· 

ci ~--....,__~,.......;...--~,..._...----+-------'-~-~---
C --------'-------_.._------~ 

c= I : d~m xuong c = 0: d~m len 
3.2.4. M~ch o~m khong o6ng b{>~odulo - N (N=lO) 
* KiSu Reset: 

DS thiSt kS me;1ch dSm kiSu Reset, tru&c nh§.t nguai ta l~p bang tre;1ng thai 
cho s6 dSm 

So x1.mg CK vao 

Xoa 
] 
,., 
.,;., 

4 
5 
6 

So 
Q:, 

0 
0 
0 
0 
0 
0 
0 
0 

Xhi 
Qc 
0 
0 
0 
0 
l 
I 
l 
l 

Phan 
OB 
0 
0 
l 
l 
n 
0 
l 
l 

0 
1 
0 
t 
0 
I 
0 
l 

So thai:, nhan 
<-..\i ii. 

nrcmgirng 

3 
4 
5 
6 .., 
I 

1 0 0 i. 8 0 8 
l 0 0 9 1 9 

10 0( I) 0 O(I ) 0 ]O 

Quan sat bang tre;1ng thai ta thfiy a xung thul 0, nSu theo each dSm 4 t~ng thi 
QD va QB phai len 1. Lqi dl,lng hai tre;1ng thai nay ta dung m9t c6ng NAND 2 ngo 
vao dS dua tin hi~u v@x6a cac FF, ta duqc me;1ch dSm. 

Me;1ch dSm kiSu Reset c6 khuySt diSm nhu: 
- C6 m9t tre;1ng thai trung gian tru&c khi de;1t s6 dSm cu6i cung. 
- Ngo vao Cl khong duqc dung cho chuc nang x6a ban d~u. 
* KiSu Preset: 

Trong kiSu Preset cac ngo vao cua cac FF se duqc di;it tru&c thS nao 
dS khi me;1ch dSm dSn tre;1ng thai thu N thi t~t cacac FF tµ d9ng quay v@ khong. 

DS thiSt ks me;1ch dSm khong d6ng b9 kiSu Preset, thuang nguai ta lam nhu 
sau: 
- Phan tich s6 dSm N = 2n.N' (N'<N) r6i kSt hqp hai me;1ch dSm n bit va N'. Vi~c 
thiStkSr~t dan gian khi s6N' < < N 
- Quan sat bang tre;1ng thai va kSt hqp v&i phuang phap thiSt kSme;1ch dSm d6ng b9 
(MARCUS hay ham chuySn) dSxac dinh JK cua cac FF. 

Thi d\l, d~ thiSt kS me;1ch dSm 10, ta phan tich 10=2x5 va ta chi c~n thiSt kS 
me;1ch dSm 5 r6i kSt hqp v&i m9t FF (dSm 2) 

Bang tre;1ng thai cua me;1ch dSm 5. 
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Soxung CK So ~hi Phan Ra So th~pphan 
vao Oi) Q" .L OB nmng frng 

X6a 0 0 0 0 
I 0 0 I l , 

0 j 0 
. ., ... ... 

3 0 1 3 
4 0 0 4 
5 0 0 0 0 

Giasu dung FF JK c6 xung CK tac d9ng c<;1nh xu6ng. 
Tu bang tr<;1ng thai, ta thfty c6 th@ dung tin hi~u ngo ra FF B lam xung d6ng 

h6 cho FF C va dua Jcva Kc len muc cao: 
CKc= Q13. ; . lc=Kc=l 

Cac FF B va D se dung xung CKCUa h~ th6ng va cac ng5 vao JK duqc xac 
dinh nha ham chuySn: 

~--...-------,----,,---,---.....-------. 

CK Qc., Oc OB Ho Ha 
I v 0 0 0 0 1 
"'!' ~v 0 0 1 0 t 

J,;, 0 l 0 0 [ 

4..;,. 0 l 1 i l 

5-t. i 0 0 0 
0 0 0 

HD= Oc.QE,QD-,.. Qo H s ;:;; Oe Os+ Oe 

⇒ +. = 0:-:.0R ; KD=l , ⇒ Js = QD; Ks:=1 
C6 th@ xac dinh J, K cua cac FF B va D bilng phuang phap MARCUS: 

C,"· Qi~ , Oc O" J") : K· ,,-• ,~ r,., K 0 , 1\.. LJ ' . . <. b- &. u. . : l,_;< MC ~J. ,, "\!J, 

lv O O O O l X 

2i O O l O x ] 

3-l. 0 l 0 0 I X 

4t O l I I X l 
'I"""""'·"'"'' 

5+ l 0 0 X 1 0 X 

0 0 0 ~ 

Ta c6 ngay K~Ks;;.;;; l 
Dung bang Kamaugh xac dinh Jo va JB 
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'"'9c.Os 
Oo'·,"-, oo 01 11 10 

0 

1 

Jo = Oc,Os Jg = Oo 

M:;ich d@in 10 thiSt kS theo kiSii dSm 2x5 v&i m:;ich dSm 5 c6 duqc tu kSt 
qua tren. 

~ 

5 ___ ..,__ ____ ------11. _____ _,_ __ --1--_-,-.1, 

B----------------........... 
IC 7490 la IC dSm 10, c6 d.u t:;io la them cac nga vao Reset Ova Reset 9 c6 

B------~~--"----~--~---.......J 
Bang S\f th~t cho cac nga vao Reset 

R,i(I 
l..i· 

1 
[ 

0 
X 

X ' 
0 

Reset input 
s 

Ro(2) 

l 

X 

0 
0 
X 

0 
X 

I 
I 

X 

0 

R;i''\, J.;;_) 

X 

0 
I 
i 
0 
X 

Outputs 

o~, Oc Os 
0 0 0 
0 0 0 
l 0 0 
l 0 0 

D~n1 Dem D~m 
nt nt nt 

QA 
0 
0 
! 
l 

D~t11 

nt 
0 X x nt nt 0 nt nt 
x O O x nt nt nt n t 

Dung IC 7 490, c6 thS thvc hi~n m9t trong hai each m~c: 
* M:;ich dSm 2x5: N6i QAvao ngo vao B, xung dSm (CK) vao ngo vao A 
* M:;ich dSm 5x2: N6i QD vao ngo vao A, xung dSm (CK) vao ngo vao B 
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Hai each m&c cho kSt quas6 dSm khac nhau nhung cung m9t chu ky dSm 
10. T§.n s6tin hi~u &ng5 ra sau cung bing 1/10 t§.n s6xung CK (nhung d~ng tin 
hi~u ra khac nhau). Du&i day la hai bang tr~ng thai cho hai truang hqp n6i tren. 

On Oc Q3 Q.\ On Qc Os QA 
0 0 0 0 0 0 0 0 
0 
0 
0 
0 
0 
0 
0 
I 
I 

0 0 
0 ! 
0 l 

! 

I 0 
I 0 
! I 

! I 
0 0 
0 0 

l 
l 

0 
l 
0 

ff 
l 

0 
l 
0 
1 

0 0 
0 l 
0 l 
l 0 
0 0 
0 0 
0 l 
0 1 
1 0 

0 
l 
0 
0 
1 
0 
I 
0 

r,i< '1 -uem .;:.XJ Dern 5x2 

0 
0 
0 
0 
! 
1 
l 
1 
I 

D~ng s6ng &cac ng5 ra cua hai m~ch cung dSm 10 nhung hai kiSu dSm 
khac nhau: 
- KiSu dSm 2x5 cho tin hi~u ra & QD khong d6i xung 
- KiSu dSm 5x2 cho tin hi~u ra &Q d6i xung 

0 1 2. 3 4 c.:rln f 

I 
j 

I 

3.3.M~ch d~m vong 
Thµc chfit la m~ch ghi dich trong d6 ta cho h6i tiSp tu m9t ng5 ra nao d6 vS 

ng5 vao dS thµc hi~n m9t chu ky dSm. Tuy duang h6i tiSp ma ta c6 cac chu ky 
dSm khac nhau. Sau day ta khao sat vai lo~i m~ch dSm vong ph6 biSn. 

3.3.1. H6i ti~p tir Qo v~ JAva Qo v~ KA 
o~ Os De Q!l 

A 8 C 0 
Qis=~---~J o~---,-~,,,,~J Q 

cl( " ex r-:,,c,,,, 

w........_~~K~. ---.E_i_' ::a::~:~~---~.=. -==,:========l<==C:I --_
0

--=-.---HK O ij l 
E>6i v&i m~ch nay, sµ dSm vong chi' thfiy duqc khi c6 d~t tru&c ng5 ra 

- E>~t tru&c QA=l, ta duqc kSt qua nhu bang tr~g thai 



Preset 
l ~, 

Q,, 
. ;i,,J 

0 
0 
0 
I. 

0 

Qc 
0 
0 
I 
0 

0 
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Q3 0.\ 
0 1 
1 0 

0 0 
0 0 

0 1 

- NSu d~t tru&c QA= QB= 1 ta c6 bang tr~ng thai 

CK OD i Oc Os . 0A 
Preset O O l 1 
It O l 1 0 
2t 0 l 0 ; 

3t I 0 0 

4t 1 0 0 I 

3.3.2. H6i ti~p tir QD v~ JA va Qo v~ KA 

B 

SoTP 

4 
8 
I 

SoTP 

3 

D 

--J al 
~ 

K a Qi 

Jlfl"'-'---+-..-4~-..J:..-,.,-----i----!'--~ ci __ __. ____ ____. _____ _.__ ___ _. 

M~ch nay con c6 ten la m~ch dSm Johnson. M~ch c6 m9t chu ky 
dSm m~c nhien ma kh6ng c~n d~t tru&c va nSu c6 d~t tru&c, m~ch se cho cac chu 
kykhac nhau tuy vao t6hqp d~t tru&c d6. Bang tr~ng thai sau la chu ky dSm m~c 
nhien. 

CK On Qc Os QA SoTP 
Preset 0 0 0 0 0 

]-1.. 0 0 0 1 l 
2.i 0 0 i ... ., 
... ; .:,..;.. 0 l 1 7 
4:, 'if I. 1 I .. ; , 
'i i I I 0 f4 : : 

~ ..... 

6.1- I l 0 0 ]2 

-· l 0 0 0 8 l-~ 

g.J,. 0 0 0 0 0 

H6i ti~p tir QD ' Qcv~ 3.3.3. 
,.. 

JAva KA ve 
Sad6m~ch: 
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Ban,, trano 
b • b thai 

CK Q-. Qc ' Q,..;. QA Sb TP 
-'' 

Preset 0 0 0 0 0 
I: V 0 (} 0 I 
2~ 0 0 l l 

. ., 
J 

., : 
-'* n 1 I 7 
4,:., 0 14 
5v 0 0 {1 

6¥ 0 0 0 8 
.~: 0 0 0 0 0 /V 

BAI T~P 
1. ThiSt kS b◊ dSm d6ng b9c6 day dSm sau: 000, 010, 101, 110 va l~p l~i. 
2. Lam l~i bai 1. Them di@u ki~n cac tr~ng thai khong su d1,mg 001, 011, 100 va 
111 phai luon luon nhay v@OOO & xung d6ng h6 kS tiSp. 
3. ThiSt kS b◊ dSm d6ng b◊ dung FF-JK v&i day dSm sau: 000, 001, 011, 
010, 110,111, 101, 100, 000 ... 
4. 
a. ThiSt kS mqt m~ch dSm d6ng b◊ dung FF-JK tac dqng c~nh xu6ng, c6 day dSm 
nhu sau: 000, 001, 011, 111, 110, 100,001. .. Nhung tr~ng thai khong su d1,mg 
dm;rc dua v@ tr~ng thai 000 & xung d6ng h6 kS tiSp. Vesa d6m~ch. 
b. Mite n6i ti Sp m9t be) dSm 2 (Dung FF -JK, tac d9ng c~ xu6ng) v&i be) dSm da 
duqc thiSt kS & cau a. Ved~ng song a cac ngo ra cua b◊ dSm gia SU tr~ng thai ban 
d§,u cua cac ngo ra dSu bing 0. Xac dinh day dSm cua m~ch. 
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BA.I 5: CHUYEN DOI TUONG Tl/ SO 

1.M~ch chuy~n d6i trrO'ng t\l'- s6 
1.1.M~ch lfiy m~u va gifr(sample anh hold) 

DS biSn d6i m9t tin hi~u tuong tv sang tin hi~u s6, nguai ta khong th@ biSn 
d6i m9i gia tri cua tin hi~u tuong tv ma chic6 th@ biSn d6i m9t s6 gia tri c1,1 th@ 
bing each lfiy miu tin hi~u d6 theo m9t chu ky xac djnh nham9t tin hi~u c6 d~ng 
xung. 

Ngoai ra, m~ch biSn d6i cfin m9t khoang thai gian c1,1 thS(khoang lµs - lms) 
do d6 d.n gift muc tin hi~u biSn d6i trong khoang thai gian nay dS m~ch c6 thS 
thµc hi~n vi~c biSn d6i chinh xac. D6 la nhi~m Vl,l cua m~ch lfiy miu va gift. 

Hinh ve sau la d~ng m~chlfiy miu va gift ca ban: 

. (a] . • . _ fh) . . 

Di~n thS tuong tv cfin biSn.d6i duqc lfiy miu trong thai gian dt ngbln do t\l 
n~p di~n nhanh qua t6ng tr& ra thfip cua OP-AMP khi cac transistor din va gift gia 
tri nay trong khoang thai gian transistor ngung (t1,1ph6ng rfit ch~m qua t6ng tr&vao 
rfit l&n cua OP-AMP) 

1.2.N guyen tic m~ch bi~n dBi ADC 
M~ch biSn d6i ADC g6m be) ph~n trung tam la m9t m~ch so sanh . 

Dhmthe 
0,,-,,-""'1 

tuongtu 

Vr 
Oienthe -
tham chieu 

ra 

Di~n thS tuong tv chua biSt va ap vao m9t nga vao cua m~ch so sanh, con 
ngo vao kia n6i dSn m9t di~n thS tham chiSu thay d6i theo thai gian Vr(t). Khi 
chuySn d6i di~n thS tham chiSu tang theo thai gian cho dSn khi bing ho~c gfin bing 
v&i di~n thS tuong tv(v&i m<)t sai s6 nguyen luqng h6a). Luc d6 m~ch t~o ma s6 ra 
c6 gia tri ung v&i di~n thSvao chua biSt. V~y nhi~m V1,1 cua m~ch t~o ma s6la thu 
m9t be) s6 nhj phan sao cho hi~u s6 gifra va va tri nguyen luqng h6a sau cung nho 
hon 1/2 LSB 

v,, - (VF$ 2~ - l )(B}:: < ] .:2 LSB 

1.3.M~ch dBi dung di~n th~ tham chi~u nfic thang 
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'-.,., 
StartJL 

-s;······ .. ~ , 
sanh~->---

1 
; 

!.,/· ,-------,"-, 
S R ! 

a o i 
), 

1: 
! 

EOC: 

Mach dem n·bi1 H ;__ C 'k1 
~-~-~: ·,._. r: t " 
Reset•~-------~ 

1 l I I I 

laJ (b) 

M9t each don gian dS t?o di~n thS tham chiSu c6 d~g nfic thang la dung 
m9t m?ch DAC ma sf> nhi phan vao dugc lfiy tu m?ch dSm len . Khi c6 xung bit 
diu FlipFlop va m?Ch dSm dugc d~t vs O nen ngo ra Q cua FF len 1, ma c6ng 
AND cho xung CK vao m?ch dSm. Ngo ra m?ch dSm tang din theo d?ng 
nfic thang (VDAC), day chinh la di~n thS tham chiSu, khi Vr con nh6 hon va, nga 
ra m?Ch so sanh con ()' muc thfip va Q vin tiSp n.ic ()' muc cao, nhung khi Vr vua 
vugt va ngo ra m?ch so sanh len cao khiSn Q xu6ng thfip, dong c6ng AND khong 
cho xung CKqua va m?ch dSm ngung. E>6ng thai ngo ra Q len cao bao kSt thuc sµ 
chuySn d6i. Sf> dSm a m?Ch dSm chinh la s6nhiphan tuong ung v&i di~n thSvao. 

G9i thm gian chuySn d6i la tc. Thai gian chuySn d6i tuy thu9c di~n 
thS cin chuySn d6i. Thai gian lau nhfit ung v&i di~n thSvao b&ng tri toan giai: 

tel max) = :t fcK=2 11 
• T Cl\,; 

M?ch d6i nay c6 t6c d9 ch~. M9t each cai tiSn la thay m?Ch dSm len b&i 
m9t m?ch dSm len/xu6ng . 

Ma 
so 
nl 

DAC n ~bi1 

Dem 
len/xUong 

.___ _ __, ½: (fc) 

NSu ngo ra m?ch so sanh cho thfiy Vr nh6 hon va, m?ch Logic se diSu khiSn 
dSm len va ngugc lai thi m?ch se dSm xu6ng. NSu va khong d6i Vr se dao d9ng 
quanh tri va v&i hai tri sf> khac nhau 1 LSB 

2.M,ch chuy~n d6i s6- trrO'ng t1}' 

2.1.M,ch bi~n dBi DAC dung m,ng di~n trcr co trqng lrr(}'llg khac nhau 
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Trong ml;lch tren, nSu thay OP-AMP b&i m9t di~n tr& tai, ta c6 tin hi~u ra la 
dong di~n. Nhuv~y OP-AMP gifr vai tro biSn dong di~n ra thanh di~n thS ra, d6ng 
thai n6 la m9t fill;lCh c9ng. 
Taco: 

V•·1 ·=· -R::- T = -1· 
13

b• i + ':l:b·.,, 1 ':>•• -h1'IV1·•_ pr -13R •·-, ;;. Ii ' - · :,:-, - ~ ,.,_. . _.,t ;. .,,, J '- · -
' I l = -(2r:• 1 bc.1 , - b1:.:::_.,_ ........ -:-- 2b 1 + b:;;)Vr.Ri::/2 1··.R 

N~u RF ;;;:; R thi: 
"·· =~(·,n•J 1 •. .:. .-,1:.:: b•· ~- ""'.,b·..;., h 'Vr .:,11-1 '-v ·- V11•l· .... ·c-.:: ........ =-;· 0) .• ,- · 

Thi dJJ: 
1/ Khi s6 nhi phfm la 0000 thi vO = 0 

1111 thi v0 ;;;;; -15Vr / 8 
2/Vm Vr= 5V: R;;;;; RF;;;;; lkQ 
Ta c6 k!t qua chuyin d6i nhu sau: 

b1 62 

0 
0 
0 
0 
0 
D 
0 
fl 

0 
0 
0 
0 

0 
0 
0 
0 

Ml;lch c6 m9t s6hc;in chS: 

0 
0 

0 
0 

n 
0 
l 

0 

0 

0 

0 

0 

0 
-0,625 ·+- LSB 
-1250 
- .875 
-2 .. 500 

25 

-5,625 
-6.250 
-6Js75 
-7,500 

125 
-8.750 
-9,375 +- Full Scale (VF5} 

- Sgchinh xac tuy thu9c vao di~n trava muc d9 6n dinh cua ngu6n tham chiSu Vr 
- V &i s6nhiphan nhi6u bit thi cftn cac di~n tr6c6 gia tririt l&n, kh6 thgc hi~n. 

2.2.M~ch d&i DAC dung m~ng di~n trcrhinh thang 
ho LSB ht b:; bs MSB 

.-l, ~ ~ \. I \ l \· , 
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Cho Rf = 2R va lfin luqt 
Cho b_;; = 1 cac bit khftc = 0, ta duqc: Vo= -8(Vr /24) 
Cho b2 = I cac bit kh;:k = 0, la duqc: v0 = -4(Vr /24) 
Cho b1 = l cac bit khac = 0, la duqc: v0 = -2(Vr /24) 
Cho b0 = I cac bit khl1.c = 0, ta dugc: v0 = - (Vr /24) 
Ta thfiy vO ti l~ v&i gia ttj B ciia t6 hqp bit B = (h3 b2 b1 bn )2 
Suy ra vO = -B(Vr /24) 

3.SO' hrgc v~ bq nh6' 
Tinh uu vi~t chuySu cua cac h~th6ng s6so v6i h~ th6ng tuong tµ la kha nang 

luu tru m(>t lm;mg 16n thong tin s6va du li~u trong nhfrng khoang thai gian nh§.t 
dinh. Kha nang nh6 nay la di~u lam cho h~ th6ng s6 tr& thanh da nang va c6 th6 
thich hgp v6i nhiSu tinh hu6ng. 

Thi dl,l trong m9t may tinh s6, b9 nh6 trong chua nhfrng l~nh ma theo d6 
may tinh c6 th6 hoan t§.t cong vi~c cua minh v6i sµtham gia it nh§.t cua con nguai. 

B9 rih6 ban dful duqc sudl,lng lam b9 nh6 chinh trong cac may tinh nha vao 
k:ha nang th6a man t6c d(>truy xu&t du li~u cua b9xu ly trung tam (CPU). 

Chung ta da qua quen thu(>c v6i Fliflop, m(>t linh ki~n di~n tu c6 tinh 
nh6. Chung ta cung da th&y m9t nh6m cac FF h9p thanh thanh ghi d6luu tru va 
dich chuy6n thong tin nhu thS nao. Cac FF chinh la cac ph~n tu nh6 t6c d9 cao 
duqc dung r§.t nhiSu trong vi~c di@u hanh hen trong may tinh, nai ma du li~u dich 
chuy6n lien tl,lc ru nai nay dSn nai k:hac. TiSn b9 trong cong ngh~ chS t~o LSI va 
VLSI cho phep kSt hgp m(>t luqng 16n FF trong m9t chip t~o thanh cac b9 nh6 v6i 
cac d~ng khac nhau. Nhfrng b9 nh6 ban din v6i cong ngh~ chS t~o transistor 
luang cµc (BJT) va MOS la nhfrng b9 nh6 nhanh nh§.t va gia thanh cua n6 lien tl,lc 
giam khi cac cong ngh~ LSI va VLSI ngay cang duqc cai tiSn. 

Du li~u s6 cung c6 th6 duqc luu tru du6i d~ng di~n tich cua t\l di~n, va 
m(>t lo~i phk tu nh6 ban din r&t quan tr9ng da dung nguyen tic nay d6 luu tru du 
li~u v6i m~t d9 cao nhung tieu thl,l m<)t ngu6n di~n nang r&t th&p. 

B9 nh6 ban dful duqc dung nhu la b9 nh6 trong chinh cua may tinh, nai ma 
vi~c v~ hanh nhanh duqc xem nhu uu tien hang d~u va cling lanai ma t§.t ca du 
li~u cua chuang trinh luu chuy6n lien tl,lc trong qua trinh thµc hi~n m9t tac V\l do 
CPUyeu clu. 

M~c du b9 nh6 ban dful c6 t6c d9 lam vi~c cao, r§.t phu hgp cho b9 nh6 
trong, nhung gia thanh tinh tren m6i bit luu tru cao khiSn cho n6 khong th6 la lo~i 
thiSt bi c6 tfnh ch§.t luu tru kh6i (mass storage), la lo~i thiSt bic6 kha nang luu tru 
hang ti bit ma khong c§.n cung c&p nang luqng va duqc dung nhula b9nh6ngoai 
( ma tu, bang tu, CD ROM ... ). T6c d9 xu ly du li~u & b9 nh6 ngoai tuong d6i 
ch~ nen khi may tinh lam vi~c thi dfrli~u tu b9 nh6 ngoai duqc chuy6n vao b9 
nh6 trong. 

Bang tu va ma tu la cac thiSt bi luu tru k:h6i ma gia thanh tinh tren m6i bit 
tuong d6i th§.p. M(>t lo~i b9 nh6 kh6i m6i han la b9 nh6 b9t tu (magnetic bubble 
memory, MBM) la b9 nh6 di~n tu dµa tren nguyen tic ru c6 khanang luu tru hang 
tri~u bit trong m(>t chip. V 6i t6c d9tuang d6i ch~m n6 khong duqc dung nhu b(> 
nh6 trong. 

C6 3 lo~i b9 nh6 ban din : 
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- Be) nh& ban dfin chi d9c : (Read Only Memory, ROM) 
- Be) nh& truy xu.it ng[u nhien : (Random Access Memory, RAM) 

Th~t ra ROM va RAM dSu la lo~i b9 nh& truy xu.it ng[u nhien, nhung 
RAM duqc gifr ten g9i nay. E>S phan bi~t chinh xac ROM va RAM ta c6 thS g9i 
ROM la b9 nh& chS(nonvolatile, v1nh cfru) va RAM la be) nh& s6ng (volatile, 
kh6ng vinh cfru) ho~c nSu c6 ROM la bc)nh&chi d9c thi RAM la b9 nh& d9c duqc 
- viSt duqc (Read-Write Memory) 

- ThiSt bi logic l~p trinh duqc : (Programmable Logic Devices, PLD) c6 thS 
n6i di@m khac bi~t gifra PLD v&i ROM va RAM la qui mo tich hqp cu.a PLD 
thuong kh6ng l&n nhu ROM va RAM va cac tac V1,1cua PLD thi c6 ph§.n h~n ch@. 

3.1 ROM (Read Only Memory) 
M~c du c6 ten g9i nhu thS nhung chung ta phai hi@u la khi sud1,mg ROM, tac 

VI) d9c duqc thµc hi~n r.it nhiSu 1§.n so v&i tac Vl,lghi. Th~m chi c6 lo~i ROM chi 
ghi mc)t 1§.n khi xu.it xuong. 

Cac tS bao nh& ho~c tu nh& trong ROM silp xSp theo d~ng ma tr~n ma m6i 
ph§.n tu chiSm mc)t vitri xac dinh b&i mc)t dia chi c1.1 thS va n6i v&i nga ra mc)t m~ch 
giai ma dia chiben trong IC. NSu m6i vi tri chua mc)t tS bao nh& ta n6i ROM c6 t6 
chuc bit va m6i vi tri la mc)t tu nh& ta c6 t6 chuc tu. 

Ngoai ra, dS giam muc d◊ cf>ng kSnh cu.a m~ch giai ma, m6i vi tri nh& c6 
thS duqc xac dinh b&i 2 duong dia chi: duong dia chihang va duong dia chi 
cc)t va trong b9 nh& c6 2 m~ch giai ma nhung m6i m~ch c6 s6 nga vao bing 1/2 s6 
ducmg dia chi· cu.a ca b◊ nh&. 

3.2 Thi~t bjlogic l~p trinh chrgc (Programmable logic devices, PLD) 
La ten g9i chung cac thiSt bi c6 tinh ch.it nh& va c6 th@ l~p trinh d@ thµc 

hi~n mc)t cong vi~c c1.1 thS nao d6 Trong cong vi~c thiSt kS cac h~ th6ng, d6i khi 
nguai ta c§.n mc)t s6 m~ch t6 hqp dS thµc hi~n mc)t ham logic nao d6. Vi~c su 
d1.1ng m~ch nay c6 th@ l~p l~i thuong xuyen va sµ thay d6i mc)t tham s6 cu.a ham c6 
thS phai duqc thµc hi~n dS thoa man yeu c§.u cu.a vi~c thiSt kS. NSu phai thiSt kS tu 
cac c6ng logic caban thi m~ch ser.it cf>ng kSnh, t6n kem m~ch in, day n6i nhiSu, 
kSt qua la dc)tin c~y kh6ng cao. Nhu v~y, se r.it ti~n lqi nSu cac m~ch nay duqc chS 
t~o s~n va nguai SU d1.1ng c6 thS chi tac dc)ng vao dS lam thay d6i mc)t ph§.n nao 
chuc nang cu.a m~ch bing each l~p trinh. E>6 la y tu&ng ca s&cho sµ ra dai cu.a 
thiSt bi logic l~p trinh duqc. Cac thiSt bi nay c6 thS duqc xSp lo~i nhu b◊ 
nh& va gf>m cac lo~i: PROM, PAL (Programmable Array Logic) va PLA 
(Programmable Logic Array). 

Tru&c nh.lt, chung ta xet qua mc)t s6 qui u&c trong each bi@u diSrt cac ph§.n 
tu cu.a PLD Mc)t biSn trong cac ham thuong xu.it hi~n & d~ng nguyen va dao cu.a 
n6 nen chung ta dung ky hieu d~m va dao chung trong mc)t c6ng c6 2 nga ra. 

Mc)t n6i chSt, con gQi la n6i cung (kh6ng thay d6i duqc) duqc ve b&i mc)t 
ch.lm d~m (.) va mc)t n6i s6ng, con g9i la n6i mSm (dung l~p trinh) b&i mc)t d§u 
(x). N6i s6ng thµc ch.it la mc)t c§.u chi, khi l~p trinh thi duqc pha b6. 

Mc)t c6ng nhiSu ngo vao thay thSb&i mc)t nga vao duy nh.lt v&i nhiSu m6i 
n6i. 
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Chung ta chi lily thi dvv&i m~ch tuong d6i don gian d~ th§.y duqc c§.u t~o 
cua cac PLD, d6 la cac PLD chi thµc hi~n duqc 4 ham m6i ham g6m 4 bi@n, nhu 
v~y m~ch g6m 4 ng5 vao va 4 nga ra. Tren thµc t@ s6 ham va bi@n cua m9t PLD rllt 
Ian. 

· 3.3 RAM (Random Acess Memory) 
C6 hai lo?i RAM : RAM trnh va RAM d<)ng 
RAM trnh cllu t?o b&i cac t@ bao nh& la cac FF, RAM d<)ng lqi dvng cac 

di~n dung ky sinh gifra cac cµc cua transistor MOS, tr?ng thai tich di~n hay khong 
cua tv tuang ung v&i hai bit 1 va 0. Do RAM d<)ng c6 m~t d9 tich hqp cao, dung 
luqng b9 nh& thuang rllt Ian nen d~ dµili vicac ph§.n tu nh& nguai ta dung phuang 
phap da hqp dia chi, m6i tu nh& duqc chc_m khi c6 du hai dia chi hang va c9t 
duqc 1§.n luqt tac d<)ng. Phuong phap nay cho phep n duang dia chi truy xullt 
duqc 22n vi tri nh&. Nhu v~y gian d6 thai gian cua RAM d<)ng thuang khac v&i 
gian d6 thai gian cua RAM trnh va ROM. 
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