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Chuong 1: Tin higu xung va mach RLC

Chuwong 1
TIN HIEU XUNG VA MACH RLC

1.1 Khai niém va cac dang xung

1.1.1 Khai ni¢m

Tin hiéu tuong tu (analog) 1a tin hiéu c6 bién d§ va thoi gian lién tuc.
Tin hiéu lugng twr 1a tin hiéu c6 bién d roi rac, thoi gian lién tuc.

\ Vv

Ly 3

K ﬁ !
i \/ ' i i..ll‘"-\.__t-"rrrr‘J '
Hinh 1.1 Tin hiéu twong tu h Hinh 1.2 Tin hiéu lugng tir '

Tin hiéu roi rac 1a tin hiéu c6 bién d¢ lién tuc, thoi gian roi rac.

Tin hiéu so (digital) 1a tin hiéu c6 bién dd roi rac, thoi gian roi rac.
Y v

Jr . k

: ﬂ”ﬂhwuuu K OTIIHH]IWH“[I‘ ;

Hinh 1.3 Tin hiéu roi rac Hinh 1.4 Tin hiéu s6
Tin hiéu xung 12 tin hiéu khong lién tuc. Pic diém chung 12 thi gian ton tai rat
nho. 5(2‘)

1.1.2 Cac dang xung thuong gip
a. Xung Dirac
Ky hiéu: 8(z)
80 =0, t#0 t
Dinh nghia: { ¢
v ngiia [6()dr=1, £>0 0

e

Hinh 1.5 Xung Dirac



Chuong 1: Tin hiéu xung va mach RLC

b. Ham budc 10

Ky hiéu: 1)

t<0

t=0 0
Hinh 1.6 Ham budc

Tt dinh nghia ham buéce & trén hady v& cdc ham sau:

x @) =1(1-1)

X, () =1(t+2)

X () =21t -1)

x,(1)==-3.1(t +1)

X)) =1)+1-D+1(-2)-3.1(t-3)

A 4

DPinh nghia: 1(r) = {?

b

p(t)
¢. Xung vudng °
1
Ky hiéu: p(r) \
0 t<t,t>t >
Pinh nghia: p(t)=<{ e "
1 g p(t) {1, <<t 0| i t2

Hinh 1.7 Xung vuéng

Ta c6 thé biéu dién xung vudng trén theo ham buéc nhu sau:
p(t)=1—-1,)-1(¢-1¢,)

1z —t,)
F 3
1 b —=—;
‘t
r »>
0 |f| |
] I
: !
- !
l(r“r;,) , |
I I
I I
1 f=--1--7—
|
| !
I L
0 I i
I f
I I
P(f)“ | |
| |
1 ==
.!
0 8 t,

Hinh 1.8 Biéu dién xung vudng theo ham budc



Chuwong 1: Tin hiéu xung va mach RLC

d. Ham déc ()

Ky hiéu: r(z) A
120
t<0

I!
Dinh nghia: r(r) = {0

v

- = ——

0
Hinh 1.9 Ham déc

e. Him ma

Goi x,(r) va x,(r) 1a cac ham mi nhu hinh v€ sau:

A ) : Jhx2(t)
KEFr—-—= K
| |
| | Yy !
of°? - of° ]

Hinh 1.10 Him mi

Chiing duoc biéu dién bing cic biéu thirc sau:

XM =Kd-e *)u@)

X, ()= Ke_;u(t) !

1.2 Cac thong s0 ciia tin hiéu xung
Trén thuc t€ tin hiéu xung rit da dang. P& dic trung cho mét tin hiéu xung bét
ky ta c6 cdc thong sb co ban sau:

V... Bién do xung.
R AV m 0 g
AV: D¢ sut dp dinh xung.
09V, A A . .
t: DO réng suon trude.
tp: Do rong dinh xung.
01V, 1

tz D0 réng sudn sau.

ton: DO rong xung thuc té.

Hinh 1.11 Cac thong s6 cta tin hiéu xung

* DG rong suon trude, do rong sudn sau la thoi gian bién do xung tang hay
giam trong khoang 0,1Vm den 0,9Vm.

e D rong dinh xung 13 thoi gian xung c6 bién do nam trong khoang tir 0,9
Vm dén Vm {mg véi doan dinh.

e DJ rong xung thuc té1a: ty, = t +t, +t;

e Do sut 4p dinh xung AV 13 d¢ giam bién dé & phan dinh xung.
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Chwong 1: Tin hiéu xung va mach RLC

Péi voi cdc ddy xung tuan hoan ngudi ta con c6 nhitng thong so dic trung cho
chudi xung nhu tan so, chu ky va do rong xung.

¢/ V,.: Bién do xung.
Vi ton: PO rong xung.
5 N tor:  Thoi gian khong cd xung.
PRSI T:  Chuky
T

- -
- Lol

Hinh 1.12 Chudi xung tuan hoan
e Chuky xung: C T=tat+t (5)
e Tian s6 12 s6 xung xuat hién trong mot don vi thoi gian, dugc tinh theo
cOng thirc: f:% (Hz)
e DO rdng cua xung 12 ti s6 gitta chu ky T va do rong xung ty,, dugc tinh

theo cong thirc: Q = i

e Nghich dao cia d rong Q duoc goi la hé sd dﬁy xung, dugc tinh theo
ong thirc: 7=
cong thuc: n -
e Chu trinh lam viéc D (Duty Cycle): D= I'T;"lo()%

1.3 Machlgc
1.3.1 Machloc RC

1 R
—
Vv
R

|

Ve

Vi@ C =

Hinh 1.13 Mach RC

a. Phan tng v6i ham djt bién dién ap: v; = a.1(t)

Vi a

-

Jt<0: v;y=0,i=0
vg=0,ve=0
0t=0: vi=a



M

m

VR

=

Ve

Chuong 1: Tin hiéu xung va mach RLC

Mait khic: v, = ve + Vg ,
Ma v¢ = 0 (Pién ap trén tu khong dot bién).
Dodé:vg=a=> j= k-2

R R

Vi — V¢

t>0: Tu C nap bang dong dién i=

v ting dan, = i giam dén, v giam dan.
t = oo : Mach xac lap.
TuCnap day voive=vi=a,vg=0,1=0

-y
=ae™ V"

=a(l-e")

7= RC : Pugc goi 12 thdi hing.

A%
1 S VC(t)

vr(t)

T dac trung cho téc d6 dién ra qué trinh qua d¢. T cang 16n, qué trinh qud
d6 cang kéo dai, mach 1au xéac 1ap.
b. Phén ing véi xung vudng:

-al—— v

[ Phan tich v; thanh tdng cdc ham co ban, ta c6:

Vi=Vv|+V;
Voi :

v, =a.l(t)
{Vg =-al(t-t)



Chuong 1: Tin hiéu xung va mach RLC

-/t —(t=tp)iT
—ae P

Vgr :.a.e
>

ve=a.(l-e)—a(l- e T

O Quad trinh vat ly trong mach:
O t(O:Vi»:O,i=0,VC=O,"‘;q=0

a 0£t<tp:vi=a;tuCnapdiénb§ngdbng i=vi—1;-ic—.

vc tang dan, = i giam dan, vg giam.
O t, < t:v; =0, tu C phéng dién qua R, véi dong i= -ERE.

Diép 4p v giam dén dén 0.

vr(t)}
a
» !.-
a
ve()t
a ----------- :"-----—-::-__"::T—'-:-'- ''''''
; t
tp




Chuwong 1: Tin hiéu xung va mach RLC

c. Phén wng véi ham tuyén tinh:

KTf-ene-o Vi = kt

Bing céch 1y ludn tuong tu, ta cé:

{ vp =kt.(1-e™")

Ve =V, —vg =kt—kn(1-e™")

T

KTp---mfomem o -

Mach RC léy tin hi¢u ra trén tai C thi duoc goi la %__loctl'lggg;h_é‘ig (ha
théng). Néu mach loc thong thap c6 thoi héng rat 16n thi duoc goi a
mach tich phén . -

) Mach RC Tay tin hiéu ra trén tai R thi duoc goi Ia mach loc thong cao
(thuong thong ). Néu mach loc thong cao ¢é thoi hmcr rét nk nhd thi dugc

goi la mz_;gh.x:.pha;



Chuwong 1: Tin hiéu xung va mach RLC

1.3.2 Mach lgc RL

Vi® \5

-
Hinh 1.14 Mach RL

a. Phan img véi ham dgt bién dién ap: v; = a.1(t)
O t<0:v;=0
Suyra: vg=0,vp=0
Ct=0:v;=a )
Suyra: i=0(dong quacudn diy khong dot bién ).
Vg = 0 ’
VL=Vi—Vg=2a
0 t>0:Dong qua cudn diy ting din, vg ting, v, gidm.
[J t =0 Mach xdc lap.
vV = 0
VR=a

ve =a.(l-e™7)
—=> v =ae

Véi T = L/R duoc goi 1a thoi hang.
v

a a VR(t)

vi(t)

b. Phan tng véi ham tuyén tinh: v; = kt
Tuong tu ta cé dugc:
v, =kt(l-¢e¢™")
{ ve =kt —kt.(1-¢™'%)
Véit=L/R.



Chuwong 1: Tin hiéu xung va mach RLC

KT /

T

1 Mach RL l4y tin hiéu ra trén tai R thi dugc goi 1a mach loc thong thap (ha
thong). )

[J Mach RL lay tin hiéu ra trén tai L thi dugc goi la loc thong cao (thuong
thong ).

[ Nhin xét: ,

(7 Phan Gng cia mach RL thdng cao giong phan (ng cua mach RC thong
cao.

L) Phan ng cta mach RL thong thap gidng phan tmg cua mach RC thong
thap.

1.3.3 Machloc LC

1.4 Mach tich phan

1.4.1 Mach tich phan RC
Mach tich phan RC chinh 1a mach loc thong t1dp RC khi tin hi¢u vao ¢6 tan sb
f; rat 16n so véi tan so cat f,. caa mach.

1 R
— + Vo
%‘ Vi
R
—_— V]
. Vo N
Vi (A, Ve| = ¢ 2
‘ ) 0.
L

Hinh 1.15a Mach théng thdp RC Ainh 1.15b Ddp Ung tan so

0 Tin hi€uralay trén C.



Chuong 1: Tin hiéu xung va mach RLC

4B Mach thong thap cho cic tin hi¢u c6 tan sd nho hon tin sé cat qua hoan
toan, tin hiéu cé tan sé cao bi suy giam bién do. Tin hiéu ra tré pha so véi

t1r‘1 hle’u \fao. /____,1 |
[] Tan sd cit | fr=——
Tai tan cat dién 4p rac6 bién do YLVD =

2
a. Thiét 1ap cong thirc mach tich phﬁ”ﬁ'l?t[;':_
Tirhinh 1.15atacé:  V, ()= Vr(®) + Ve (O (1)
Tir diéu kién tén sb f; rit 16n so vai tan sb cit f. ta c6:
L
2nRC

1
2nf,C

fi>> f. =

= R>>X.=

= Vr(®)>>Vc(t) (2) (vidongi(t) qua R va C bing nhau)
Tir (1) va (2) ta c6:V; (t) = Vr(t) = R. i(1)

= i) = Vi 3

Dién dpra V, (1):
1.
Vo (t) =V, M=z Jl(t)dt

Vi(t) dt

1
= VO(U = E

= '\Vo(t) =El6 [viaa

Nhu vay, dién dp ra V{)(t) ti 1€ véi tich phén theo thoi glan cta dién ap vao Vi(t)

vOi hé sb ti 1¢ Kla K”R_C khi tan sd f; rat 16n so véi fc .

b. Piéu kién mach tich phan RC:

f, >>fc &

RC >> L =
2nf,

Trong d6:  t=R.C 1a hing sb thoi gian. (

T; 1a chu ky cua tin hi¢u vao.

10



Chuong 1: Tin hiéu xung va mach RLC

VD: Truong hop dién dp vaoV;.t) 1a tin hiéu hinh sin qua mach tich phén:
Vi(t) = V,.sinw(t)

—cosml

ca . 1
D ién dp ra: Vy(t)=— |V_Sinwtdt = -
en dp ra: V(1) RCI . RC

Vo(t) = sin(ax —90°)
WRC
Nhu viy, néu théa man diéu kién :ta mach tich phan nhu trén thi dién 4p ra bi
tré pha 90° va bién d¢ bi giam xudng vdi hé sb ti 1& 19% :
O]

¢. Tin hiéu xung vudng qua mach tich paiin RC:
Khi dién ap vao mach tich phan RC :atin huwng ¢6 chu ky
T; thi c6 thé xét ti 18 hiag sb thoi gian T =RC so v6i T; d€ giai thich cdc dang
song ra theo hién tuong nap xa cia tu.
Gia su dién ap ngd vao la tin hi€u xung vudng dbi ximg c6 chu ky T; (hinh
1.16a).

0 Néu mach tich pha~ c6 ha.ng s5 thoi gian T=RC rat nho so voi T; thi tu nap

va xa rit nhanh nén dién dp ngd ra Vo(t) c6 dang gidng nhu dang dién 4p
vao Vi(t) (hinh 1.13b).

- F p s oz 13 Lo T s s o2 AiAn A
[0 Néu mach tich phin c¢6 hang s6 thoi gian ‘C=?'thl tu nap va xa dién ap

theo dang ham s¢ mii, bién d¢ dinh cia dién 4p ra nho hon V, ( hinh
1.16¢) »

0 Néu mach tich pkan cé hi‘mg sb thoi gian T rat 16n so véi Ti thi tu C nap
rat chim nén dien dp ra c6 bién do rit thip (hinh 1.10d) nhung dudng tang
giam dién 4p gan nhu dudng mang

Nhu vdy, mach tich ptan chon tricé RC thich hop thi c6 thé stra dang xung
vudng ¢ ngd vao thanh iang song tam gidc ¢ ngod ra. Néu xung vudng ddi xing
thi xung tam giac ra la tam gidc can.

11



Chuong 1: Tin hiéu xung va mach RLC

Vi) ae——

T
Vu
: ! ! —t
a) Dang séng ngd vas.

Vo) | i

VM ] ' '
-t

b) Dang $6ng ngq ra khi 7 <<T;

1t

¢) Dan g séng rigd ra khi 7 =.F§_i

V(1)
Vm

//:\_E/’-/\
I
d) Dang séng ngd ra khi t>>T; | mm& *tu,fﬁ r{w’\)

Hinh 1.16: Dang song vao vara

l
[
L
[
]

1.4.2 Mach tich phan RL

Mach tich phan RL chinh la mach loc thong thap RL khi tin hiéu vao ¢6 tan s0
f, rAt 16n so voi tan sé cit f, clia mach.

<
]
< 3

Hinh 1.17a Mach thong thap RL Hinh 1.17b Ddp tng tan so

Tin hiéu ra lay trén R.

12



Chuong 1: Tin hiéu xung va mach RLC

[0 Mach thong thap cho cac tin hiéu c6 5 tAn s6 nho hon tan sb cét t qua hoan
toan, tin hiéu c6 tan sb cao bi suy giam bién do. Tin hiéu ra tré pha so v6i

tin hiéu vao.
R

0 Tan sb cit =
fe 27

Tai tan cit dién 4p ra cé bién do } V, = :%

[ Piéndpra Vo(t) ciia mach tich phan R

Vo)== [v,war
L
' \ R
hé sd til K==
¢sOtilg T
1.4.3 Mach tich phan dung OpAmp

. A ./ L, 7 A N\
Pién dp ra cua mach tich phan dung

op-amp duoc tinh theo cdng thuec:

g —ANM—
V,(t) = —— | Vi(t)dt
O =T [vict) 4 o
. ‘ Vi
Trong dé hé s6 K = L Vo
R,C
Néu ngd vao nhan xung vuodng thi qua ° ®
dién tro R, ¢ ngd vao dao s& c6 xung Hinh 1.18: Mach tich phan ding op-amp

tam gidc (hinh 1.18).
< 1.5 Mach vi phan
1.5.1 Mach vi phan RC

Mach vi phan.RC chinh la mach loc théng cao RC khi tin hiéu vao c6 tan s0 f;
rat thap so véi tan so cit f. cua mach.

i Vo
— Cl I Vi ¢
I * 7T P BW
V¢ ﬁ :
- - Vo A
fc il

Hinh 1.19b Pap tmg tn s6

=
Hinh 1.19a Mach thdng cao RC

13



Chuong 1: Tin hiéu xung va mach RLC

O Tin hiéu ra ldy trén R.
[ Mach théng cao cho céc tin hicu c6 tin sb cao hon tan s cit qua hoan
toan, tin hiéu c6 tan sé thap bi suy glam bién dd. Tin hiéu ra som pha so

vai tin hiéu vao.
1

(1 Tén s cat fo=——
2RC

. r V{‘

Tai tan cat dién 4p ra c6 bién do V, = %

a. Thiét 14p cong thirc mach vi phan RC:
T hinh I.19atacd: V()= Vr({t)+ Ve (t) (1)

) s s 2 ZZ sz
Tir diéu kién tén soO f; rat thap so voi tan so cat f; ta ¢o:

= Vg() << Ve(t) (2) (vi dong i(t) qua R va C bing nhau)
Tu (1) va (2) ta co:V; (1) = V(1)
DPéi vai tu C, dién ap trén tu con dugc tinh theo cOng thuc:

E10]
C

Trong d6 q(t) 1adién tich nap vao tu.

Ve(l) =

T dotacd:

dVi(1) _dVe() _ 1dg@) _ I
dt dt C dt C
dv, (t

i(t)

Hay la:i(t) =C——

Diéndpra Vg (1):
Vo(t) = Ve(t) = R.i(1)

= Vi) =RC ‘“;[(”

Nhu vay, dién dp ra V(t) ti 1€ véi vi phan ( dao ham) theo thoi gian cua dién dp

va0 v6i hé sb ti 1é K 12 K = RC khi tan s6 f, rat thap so véi fc.

14



Chuong 1: Tin hiéu xung va mach RLC

b. Piéu kién mach vi phan RC:

fi << fc e
— . __2nRC
RC << i = ]-._‘c << ——1—7 :L
2nf, . 2mf, 2

Trong d6: 1t=R.C 12 hing s6 thoi gian.

T; 1achuky cua tin hiéu vao.

VD: Truong hop dién dp vaoV(t) 1a tin hi€u hinh sin qua mach vi phan:
Vi(t) = Vp.sinm(t)

Piéndprala:  Vo(t) =R.C%( Vsinet )

= wR.C.V,cosmt _
= WR.C.V,,.sin(ot + 90%

Nhu vay, néu thoa min diéu kién ctia mach vi phan nhu trén thi dién 4p ra bi
sdm pha 90° va bién d6 nhan véi hé so ti 1¢ 1aoRC.

¢. Tin hiéu xung vudng qua mach vi phan RC:
Khi dién dp vao la tin hi¢u xung vudng c6 chu ky T; thi c6 thé xét ti 1& hang so
thoi gian T =RC so voi T; dé giai thich cic dang séng ra theo hién tugng nap
xacua tu. Gia sir dién 4p ngd vao 1a tin hiéu xung vudbng ddi ximg cé chu ky
Ti(hinh1.20a).

T, . i
0 Néu mach vi phan c6 hing s6 thoi gian T -—SL thi tu nap va xa dién tao

dong i(t) qua dién tré R tao ra dién dp giam theo ham s6 mii. Khi dién 4p
ngd vao bang 0V thi diu duong cua tu ndi mass va ty s& xa dién dp am trén
dién r& R. O ngd ra s& ¢6 hai xung ngugc nhau cé bién do giam dan
(1.20b)

0 Néu mach vi phin ¢6 hing s6 thoi gian T rat nhé so véi Ti thi tu s& nap Xa
dién rat nhanh nén cho ra hai Xung nguoc dau nhung c6 do rong xung rat
hep dugc goi la xung nhon.

Nhu véy, néu thoa diéu kién ciia mach vi phan thi mach RC s& doi tin hiéu tir
xung vudng don cuc ra 2 xung nhon ludng cuc.

15



Chuong 1: Tin hiéu xung va mach RLC

a.') Dang 'song g

I
]
[l
L}
1

SN

¢) Dang song ngo ra khi t << T

Hinh 1.20: Dang séng vao va ra cua
mach vi phén nhén xung vudng.

1.5.2 Mach vi phian RL

Mach vi phan RL chinh la mach loc thong cao RL khi tin hiéu vao ¢ tin s
rat thap so v6i tan sb cat f, ctia mach.

i R , Vo
— + ‘C‘
L‘V—JR y E : BW
. 0 -—
Vi) v\ L :
L ) 0 fc f
= Hinh 1.21b Dip img tan s6

Hinh 1.21a Mach thong cao RC
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Chuong 1: Tin higu xung va mach RLC

[0 Tin hiéu ra lay {rén L. o

') Mach théng cao cho cdc tin hiéu c6 tan s cao hon tan sb cit qua hoan toan,
tin hiéu c6 tan sb thap bj suy giam bién do. Tin hiéu ra sém pha so véi tin
hiéu vao.

o R
{1 Tan so cat =—
L a fe=a
[/ Tai thn cét dién dpracé biendo v, = %
*! Dign dp ra Vy(t) cua mach vi phan RL
LdV.(t)
v, (==L
of R dr

hé sé ti 1 : K:%
1.5.3 Mach vi phan dung OpAmp
Dién dp ra cua mach vi phan ding op-amp
duoc tinh theo cdng thirc:
d(V))

Vom R CTGT VWA

Trong d6 hé s6 K = - R,C

Neéu cho tin hi¢u vao xung vudng thi dong

F
Hinh 1.22: Mach vi phan dung op-amp

qua tu s€ cho ra hai xung nhon. Doi véi
op amp khi cho xung tam gidc dit ¢ ngo

vao thi s€ cho xung vudng & ngo ra.

TRUGNG DAIHOC CONG NGHIEP TPHC

THUVJEN
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Chuong 2: Mach xén va mach ghim dién ap

Chuong 2
MACH XEN VA MACH GHIM DIEN AP

2.1 Mach xén
Mach x¢p 1a mach cat di mt phan ctia dang dién 4p vao ¢ trén hay & dudi mot

murc chuan nao d6. Méi lién hé gifra ngd vao va ngd ra ctia mach xén thuong c6
cac dang sau: B

Vo
4 Vo
»
Vdcl ____
I
|
1 -
s Ve S
o Vde l 0
i
v Vdc
() (b)
*Vo ‘Vo
Vdc24----- /
1 Vdc
1 1
| I i
Vdct | Vi | o
| 0 vdc2 - 0 vdc
|
]
----- FvVde1
(©) (d)
.uV 0 ‘VO
vde2t-----
1
Vdc1 |
Vde 0 Vi h— ] ! ; Vi
: - 0 |vdel vde2
]
/ vdc

(e) ®

Hinh 2.1 Pac tuyén Lruyén dat cua mdt s mach xén co ban
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Chuong 2: Mach xén va mach ghim dién dap

Dua vio ciu tric mach xén gdm mach xén song song va mach xén ndi tiép.

e Mach xén _song song 1a mach xén cé phan tr xen ndi song song v&i ngo
Ia.

. Mach xén n01 t.lep 1a mach xén ¢6 phan tr xén ncn ndi t1ep v6i ngo ra.

2.1.1 Mach xén song song
<> Xét mach sau:’
R

. AN 4 .
Va

Vi Vo
Vde vk
. T

Hinh 2.2

Goi Va la dién thé tai anode, Vk.1a dién thé tai cathode. Mach trén ¢6 hai trudng
hop xay ra:
e Truong hop 1: Khi Va>Vk & Vi>Vdc, diode din, so d6 mach tré thanh:

R
v [ Va
. D = Vo= Vdc
v _ Vo
! vae | Vk
I .
Hinh 2.3
e Truong hop 2: Khi Va<Vk & Vi<Vdc, diode ngung dan, so d6 mach tr&
thanh:
H
- AN ] Va d
vi D v = Vo= Vi
1 O
Vdc _]_Vk
. )
Hinh 2.4
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Chuong 2: Mach xén va mach ghim dién dp

Vi du 1: Cho Vi va Vdc nhu hinh 2.5. Dién dp ngd ra dugc xéc dinh nhu sau:

VJL
Khi O<t<tl: Vi<Vdc'= Diode ngung  Vm a ~ Vae
dan, thudc trudng hop 2, Vo= Vi. o\ ) K
) . - of 't 13 It -
Khi tl<t<t2: Vi>Vdc = Diode dn, P o Vi
i |
thugc truong hop 1, Vo= Vdc. v, i i i E
| | | |
I 1 I 1
| | | I

Khi t2<t<t3: Vi<Vdc = Diode ngung va
CLLb—— . -
dan, thudc truong hop 2, Vo= Vi. /! .l\ LI .i\ )

~ ol n t2 t3 t4
Khi t3<t<t4: Vi>Vdc = Diode dan, v Vo
BT 11 N . S ——

thudc truong hop 1, Vo= Vdc. -

Hinh 2.5
Tir hinh 2.5 ta thdy, khi Vi 16n hon Vdc thi dién 4p ngd ra ludn bang Vdc, khi Vi
nh6 hon Vdc thi dién dp ngd ra ludn bang Vi. Vi vdy, dic tuyén truyén dat c6
dang nhu hinh 2.1a.

+

< Xét mach sau:
R

A A va
D
Vi Vo
Vdo vk

0 .

Hinh 2.6

Goi Va la dién thé tai anode, Vk 12 dién thé tai cathode. Mach trén c6 hai trudng
hop xay ra:
e Trudng hop 1: Khi Va>Vk & Vi>Vdc, diode dan, so d6 mach trd thanh:

AN ' .
Va
D' = Vo= Vdc
Vi

20



Chuong 2: Mach xén va mach ghim dién dp

e Trudng hop 2: Khi Va<Vk < Vi<Vdc, diode ngung dan, so d6 mach tr&

thanh:
R
I oo e .
e = Vo= Vi
. T Ve
Hinh 2.8 ’
Vi du2: Cho Vi va Vdc nhu hinh 2.9. Pién 4p ngd ra dugc x4c dinh nhu sau:
V,
Khi O<t<tl: Vi>Vdc = Diode din, vmb_ Vi
- thudc trudmg hop 1, Vo= Vd. 0w /\B .
i Vi iode ng 0 ' AT
an tl<t<t2: Vi<Vdc = Diode ngung M i\-/i
dan, thudc trudong hop 2,.Vo= Vi. v, i i i i
Khi t2<t<t3: Vi>Vdc = Diode din, Lo b
I | I I
thu@c tru(\nlg th 1., V0= VdC. 0 ﬂi |2:I 131: Mi j
1 1 1 1 o
Khi t3<t<t4: Vi<Vdc = Diode ngung  Vdc L} { e
~ -Vm M _______ \._/
dan, thugc truong hop 2, Vo= Vi.
Hinh 2.9

T hinh 2.9 ta thiy, khi Vi 16n hon Vdc thi dién 4p ngd ra ludn bang Vdc, khi Vi
nhé hon Vdc thi dién 4p ngd ra ludn bang Vi. Vi vdy, dic tuyén truyén dat c6
dang nhu hinh 2.1e.
% Baitap:
Hiy v& va giai thich dang dién 4p ngd ra cia cic mach & hinh 2.10. Biét
V. =10sin @, véi @ bét ky, Vdc c6 do 16n bing 5v.

R R

AN AN
D D I
Vi Vo Vi Vo vi Vde Vo
Vdc Vdc D

. ) . T
(a) (b) (©
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Chuong 2: Mach xén va mach ghim dién ap

R R R
-—”——-'vv* —s “_'W !
vi Ve Vo Vi Ve D vo vi Ve D vo
D
(d) (e) (f)
Hinh 2.10

2.1.2 Mach xén néi tiép

.

%  Xétmach sau:

Va vk
._.|
. Vde D
VI - R VO
Hinh 2.11

Goi Vala dién thé tai anode, Vk la dién thé tai cathode. Mach trén c6 hai trudong
hop xay ra: '
e Truong hop 1: Khi Va>Vk & Vi>Vdc, diode dan, so ¢6 mach tré thanh:

vVa Vk -
—
vi Vdc " = Vo= Vi- Vdc
Vo
Hinh 2.12
e Trudng hop 2: Khi Va<Vk & Vi<Vdc, diode ngung dan, so d6 mach tré
thanh:
Va Vk
——
vi Vde R v = Vo= 0V
0
Hinh 2.13
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Chuong 2: Mach xén va mach ghim dién ap

Vi du 3: Cho Vi va Vdc nhu hinh 2.14. Bién dp ngd ra dugc xédc dinh nhu sau:

Khi O<t<tl: Vi<Vdc = Diode ngung dan, thudc trudng hop 2, Vo= OV.
Khi tl<t<t2: Vi>Vdc = Diode din,

' 3

thudc trudong hop 1, Vo= Vi - Vdc. vmi

D
D

Khi t2<t<t3: Vi<Vdc = Diode ngung

—-
=

5<
v

dan, thudc truong hop 2, Vo= 0V.
\")
Khi t3<t<t4: Vi>Vdec = Diode din, ‘

»
e ——————— e

thudc truong hop 1, Vo= Vi - Vdc. T J¢¥.¢": - .

ol n t2 t3 14
Hinh 2.14
%  Xét mach sau:
Va vk

i} i
D

vi Ve R Vo

Hinh 2.15

Goi Va 1a dién thé tai anode, Vk 12 dién thé tai cathode. Mach trén c6 hai trudng
hop xay ra:
e Trudng hop 1: Khi Va>Vk < Vi>Vdc, diode dén, so d6 mach tré thanh:

. ., Va Vk
-—|| -

vi Vde a = Vo= Vi-Vdc
- Vo
Hinh 2.16 -
e Trudng hop 2: Khi Va<Vk ¢ Vi<Vdc, diode ngung din, so db mach tré
" thanh:
| Va vk
] [
vi Vdc R Vo = Vo=0V
Hinh 2.17
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Chuong 2: Mach xén va mach ghim dién dp

Vi du 4: Cho Vi va Vdc nhu hinh 2.18. Dién dp ngd ra duoc xac dinh nhu sau:

Khi O<i<tl: Vi>Vdc = Diode dan, v
&

thude truong hop 1, Vo= Vi — Vde= Vm Vi

Vi+5. /\ /\
t1 12 t3

Khi tl<t<t2: Vi<Vdc = Diode ngung 9 \

1%
-

dan, thudc truong hop 2, Vo= 0V.

Khi t2<t<t3: Vi>Vdc = Diode dan,
thudc truong hop 1, Vo= Vi — Vdc=
Vi+5.

1
1
[
=+
[
Y-

Y

Khi 3<t<t4: Vi<Vdc = Diode ngung
dén, thudc truong hop 2, Vo= 0V.

Hinh 2.18

R Bai tap

Hay v€ va gidi thich dang dién 4p ngd ra cua cdc mach & hinh 2.19. Blet
{l

V. = lOsmwr vcn 0) bt ky, Vde cé do 16n bang Sv. 20 : ]
B pa— |
J@_| Yy | D
Vi R Vo
vac L <
. T .
(d)‘; , \ (c)
L ﬁ— ¢
S ‘ D _ LR
Vi Vo Vi R Vo Vi Vo
Vde Vdc = Vdc
1. . I . . 1.
(d) (e) ()
Hinh 2.19
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Churong 2: Mach xén va mach ghim dién ap

2.2 Mach ghim
2.2.1 Mach ghim dinh trén

“* Cho mach hinh 2.20a, dién 4p Vi va Vdc nhu hinh 2.20b.

c v,
| )
] Va vin i
Vdc Yde
Vi R wvo t
Vk 0 1 2 ta 14 15 "
T Vdc Vm _/_ ——
(a) (b)
Hinh 2.20

Goi Vala du:n thé tai anode, Vk 13 di¢n thé tai cathode va Ve la dién 4p trén tu.
Gia sw, ban dau dién 4p trén tu Ve bing khong.
o. Trong khoang thoi gian 0 < t < t1, ta thdy Va > Vk 1am diode dén, mach

hinh 2.20a tr¢ thanh:
HF——
_)_ Va R => Vo=Vdc .
Vk Vo Tu C nap qua diode nén day tirc thi, lic
Vm nay, Ve = Vi— Vo= Vm - Vdc
L L.

e Trong khoang thoi gian tl <t < t2, ta thdy Va < Vk 1am diode ngung dan,
mach hinh 2.20a tr¢ thanh:

;H' Tu C xa qua R. Do R rét 16n nén tu xa

a I khong ding ké = Vc Ia hang s6 trong

4 Vk R vo sudt khoang thoi gian tir t1 dén 2 = Vc
vm =Vm- Vdc

vae T Ma: Vo = Vi - Ve= -Vm «(Vm -

Vdc)=-2Vm + Vdc
® Trong khoang thoi gian 12 <t < t3:

C
M . Ta c6: —Vi +Vc +Vak +Vde=0
Y val = Vak= Vi - Ve - Vdc
. R vo Do trong thoi gian trude tu xa khong
T vk
vm déng ké nén tai thoi diém t2 dién 4 ap trén
Vo tu Ve= Vm - Vdc.
I = Vak= Vi - (Vm - Vdc) - Vdc = Vm

-Vm+ Vde-Vde=0
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Lic nay, diode van ngung din, Vo= Vi — Ve= Vi — (Vm - Vdc)= Vdc
e Talam tuong tu cho cic khoang thoi gian khac.
Tur nhitng trinh bay trén dién 4p ra cé dang nhu hinh 2.21:

V
Fy

Vi

vm
Ydc

Vde

VM o= - -

Vm

P
>

Vde - - — e

L 2

-(2Vm-Vde) b ——— Vo

Hinh 2.21
% Baitap: )
1/ Hay v€ va gidi thich dang dién 4p ngd ra ctia cac mach & hinh 2.20a. Biét Vi
nhu hinh 2.20b nhung Vdc > Vm.

2/ Hay v€ va giai thich dang dién ap ngo ra clia cdc mach & hinh 2.20a. Biét Vi
nhu hinh 2.20b nhung Vdc < 0.
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2.2.2 Mach ghim dinh duéi

Chuong 2: Mach xén va mach ghim dién ap

<% Cho mach hinh 2.22a, dién dp Vi va Vdc nhu hinh 2.22b.

C
. I . — e
I
vk

Vde
. I .

(a)

B[ 1| [ S

(b)

\

Vm

vde Ydg

v

Hinh 2.22

Goi Vala dlq:n thé tai anode, Vk 12 dlen thé tai cathode va Vc 13 dién 4p trén ty.
Gia st, ban ddu dién 4p trén ty Vc bing khong.
 Trong khoang thdi gian 0 < t < t1, ta thdy Vk > Va 1am diode ngung dén,

mach hinh 2.22a tr¢ thanh:
c
+i1- '

|
11

Vk]

vm T Va Vo

VdCT

Tu C nap qua dién tré R c6 gid tri rat
16n nén nap khong dang ké.

=Vec=0V

= Vo =Vi-Vc= Vi

o Trong khoang thoi gian t1 <t < t2, ta thdy Va > Vk lam diode din, mach

hinh 2.22a tr¢ thanh:

Cc

It
1
Vk
s R
vm | Va Vo
Vdc T

= Vo=Vdc .
Tu C nap qua diode nén day tirc thi, lic
nay, Vc = Vi— Vo= -Vm - Vdc

e Trong khoang thoi gian t2 <t < t3:

i

vk |

vm | va Vo

T Vde

Diode ngung dan, tu xa qua R nén
khong ding ké.

= Vc |2 hing s6 trong khoang thoi gian
tr 12 dén t3 va Ve= —Vm — Vdc

Ma: Vo= Vi - V¢

= Vo=Vm+ (Vm + Vdc)=2Vm +Vdc
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Chuong 2: Mach xén va mach ghim dién ap

e Trong khoang thoi gian t3 <t < t4:

Ta cé: =Vi +Vc +Vka +Vdce=0

c = Vka= Vi—-Vc-Vdc

~— T | Do trong thoi gian trude tu xa khong
vk d4ng ké nén tai thoi diém t3 dién 4p trén
1 R tu Ve=-Vm - Vdc.
Vm— Va Vo

= Vka= Vi + (Vm+ Vdc) - Vdc
=-Vm+ Vm+ Vdc - Vdc=0
-~ = diode van ngung din.
= Vo= Vi - Vec=-Vm +(Vm +Vdc)
= Vo= Vdc
e Ta lam tuong ty cho céc khoadng thoi gian khéc.
Tt nhitng trinh bay trén dién 4p ra cé dang:

TVdC

&
Vi

Vvde Ydo

I

i

|

I

|

\") 1

4 |
2vmsvact ——— 4 ——— =

|

I

i

|

|

Vo

Vm —I
Vdg 4= =— | —_ J

v

Hinh 2.23
o Bai tap: )
1/ Hay v& va giai thich dang dién :p ngd ra cia cic mach & hinh 2.22a. Biét Vi
nhu hinh 2.22b nhung Vdc < -Vm.
2/ Hay vé va giai thich dang dién dp ngd ra cia cdc mach & hinh 2.22a. Biét Vi
nhu hinh 2.22b nhung —-Vm < Vdc < 0.
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Chuong 3. Mach dao dong da hai

Chlrong 3
MACH DAO PONG DA HAI

3.1 Mach dao déng da hai ding BJT
3.1.1 Trang thai tit, din bio hoa cia BJT

Vee

v,

i

T

Hinh 3.1a : Hinh 3.1b

DX Xét mach & hinh 3.1a:

e Khi khéa K & vj tri [0], dong 1, =0 = . =0= BJT tt coi nhu cuc C
va E cua BJT bi hd mach nhu hinh 3.1b. Khi d6, LED tit, dién thé

V. =Vec.
' Vee
e Khi khéa K & vi tri [1], dong 1, 16n, ;
BJT din bao hoa, ta xem nhu cuc C va R. ¢ ‘
cuc E bi ndi tit.
LED .
= Ve =V, =02V, V., =08V va [ ™ v

I . St A g% 1~ N . '

I, =K%, véi K 1a hé s6 dan bdo hoa sdu _:'\v—\NV—LJ Vi,
B v, —>

(K=2+5), B 1a hé s6 khuéch dai cua BJT.

I = LD —Chut V6V, 12 didn Hinh 3.1c
C

ap roi trén LED. Khi d6, LED sang.
“  Bai tap: _
1/ Tinh Rb, Rc va lua chon Q trong mach c'{ hinh 3.1a sao cho khi déng khéa K
qua vi tri [1] thi transistor dan bao hoa. Biét V,, =5V, Vce= 12V, V,, =2,5V
va dé LED sang binh thudng dong qua LED 1a 20mA.
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Chuong 3: Mach dao déng da hai

3.1.2 Mach dao ddng ludng én (bistable)

Mach ¢ hinh 3.2a la mach dao dong ludng 6n hay con goi 1a mach dac “4dng
hai trang thai bén. Trong d6, mach dugc thiét ké sao cho Q1 va Q2 lam viéc O
ving din bio hoa.

Lo al T
v/ v/

Hinh 3.2a Hinh 3.2b

% Nguyén ly hoat dong:
Gia sir ban dau Q1 dan. Q2 tit, mach & hinh 3.2a tr¢ thanh nhw hinh 3.2b.
Lic nay, dong [, = V—;% tai cuc B cua transistor Q1 lam transistor Q1 tiép
2 +
tuc dan. Pong thoi, dong I, =0 tai cuc B ciia transistor Q2 lam transistor Q2
tiép tuc tit. Do d6, néu khong c6 tac dong bén ngoai thi Q1 van dan, Q2 van tt.
Vi véy, trang thai Q1 dan, Q2 tat lé trang thdi 6n dinh cua mach.
D¢ thay doi trang thdi ta cdp mot xung am vao Vi, lam V,,, <0 = QI
ngung dan lam dién thé tai V,, 16n = V,,, du 16n = Q2 din, mach & hinh 3.2a

trd thanh nhu hinh 3.2c.

Vce

Lic nay, dong [, =

Ci 1

cuc B cua transistor Q2 lam transistor Q2
tiép tuc din. Dong thoi, dong 1, =0 tai
cuc B cua transistor QI lam transistor Q1
tiép tuc tat. Do dé, néu khong cé tic dong
bén ngoai thi Q2 van dan, Q1 van tit. Vi
vdy, trang thai Q2 dan, Q1 tat Ia trang théi
on dinh cta mach.

Hinh 3.2¢ Dé thay dbi trang thdi ta cdp mot
xung duong vao Vi, lam V,,, du lon =
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Chuwong 3: Mach dao déng da hai

Ql din lam dién thé tai V, =0V =
Tu nguyen ly hoat dong O trén, ta thay, mach & hinh 3.2 ¢6 hal r.rang thai 6n

dinh. Vi vdy, mach dugc goi 1a mach dao dong ludng 6 on.

Dang dién 4p vao, ra cia mach ludng 6n nhu sau:
v

[E
‘s

Vi 4 == = = = I—’
. t

2 4

Vm2

t4

I
u

Hinh 3.3
< Baitap
1/ Hay thi€t ké mach & hinh 3.2a sao cho 1, =1, = 20mA . Biét Vce=5V.
3.1.3 Mach dao dong don én (monostable)

Hinh 3.4a la mach dao dong don on hay con goi 1a mach dao dong mot
trang thédi bén. Q1 va Q2 duoc thiét ké dé lam viéc trong ving din bio hoa.
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Chuong 3: Mach dao déng da hai

Hinh 3.4a Hinh 3.4b

“  Nguyén ly hoat dong: '

Gia sur ban dau Q1 dan, Q2 tat, r\nach & hinh 3.4q tré" thanh nhu hinh 3.4b.
Lic nay, tu C nap ndng lugng tir nguén qua R, va moi ndi BE cua Ql, dién dp
trén tu c6 chiéu nhu hinh 3.4b. ngoai dong nap qua tu dong I, con duoc cung
cap tir ngudn qua R,, . Do do, cho du tu nap day thi Q1 van dan = vV, =0V=
Q2 tiép tuc tat. Néu khong c6 tac dong bén ngoai thi mach khong thay doi trang
thdi. Vi vay, trang thai nay la trang théi 6n dinh ctia mach.

Pé thay doi trang thdi ta cip mot xung duong vao Vi, lam Ve, dulon =
Q2 dan, tu C dat di¢n 4p am vdo méi ndi BE clia QI 1am V,,, <0 = QI ngung
dan, mach & hinh 3.4a tré thanh nhu hinh 3 .4c.
vee Lic nay, tu C xa qua R, va Q2 lam
dién dp trén tu giam dan. Sau khi tu xa
hét, tu tiép tuc nap nang lugng tir ngudn
T Vee qua R, va Q2 = dién dp wén t ddi

i < dau va tang dan. Ma V., =V, vdi V. la
|

~_Q2]| dién ap trén tu. = V,,, ciing tang dan.
/ ) \:* \ Téi mot lic nao dé V,,, du 16n, lam Ql
Vv Vi = <
! =+ din=>V, =0V=0Q2t4Et ...

Vi Hinh 3 4¢
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Chuong 3: Mach dao déng da hai

Tir nguyén Iy hoat dong da trinh bay & trén, ta thiy trang théi én dinh cua
mach 12 trang thai QI dan, Q2 tat./Khi ic dong bén ngodi, mach thay doi
trang thdi Q1 tit, Q2 din, sau mdt thdi gian mach ty tré vé trang thai on dinh.
Do dé, trang thdi Q1 tat, Q2 dan Ia trang thai khong on dinh ctia mach——— -

Dang dién dp V,,, V,,, V,,, va V,., nhu sau:

rJE“

I
I
|
Vee :
|
|

v

r______
~
N\
\
\
\
\

\
|
1
I

N

o
_Fs-
L

Ve == ——— 1

Hinh 3.5

Goi T, 1a.d6 rdng xung ra. T, phu thudc vao thoi gian nap, xa ciia tu C: T,
la thoi gian wr t1 dén t2. Do d6, dé tinh T, ta xét dién dp V,,, trong thdi gian tir

t1 dén 2 va doi truc toa do nhur sau:
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Chuong 3: Mach dao dong da hai

Weep======-=z=---

Vee+Vgt——-

ll'”

o
o S,

Hinh 3.6
Trong thoi gian nay V,,, cling chinh 1a dién dp trén tu C va c6 phuong trinh sau:
V() = 2Vcc[l—e_£J
Khi ¢ =T, thi di¢n ép V. =Vec +V,. Do Vee >>V, = V. =Vec

T,
= Vee = 2VCC[1 -e v J

[ T
- -2 1
Sl-e " =—=¢ " ==
‘ 2 2
z S S . T, 1
Lay logarit hai vé ta duogc: —7=ln 5

& T, =7In(2)

Ma: 7= R,,C duoc goi 12 thoi hing nap x4 cua tu

= T, = RCIn(2)=0.693R,,C = 0.7R,,C

< Baitap ,
1/ Hay thiét ké mach ¢ hinh 3.4a sao cho I, =1.,=20mA va T,= lms. Biét
Vee=5V.

3.1.4 Mach dao djng bit on (astable)

Cho mach dao dong bat 6n nhu hinh 3.7a.
Vce

Hinh 3.7a Hinh 3.7b



Chuong 3: Mach dao dong da hai

“  Nguyén ly hoat dong:

Gia sir ban dau, Q1 dan, Q2 tit, mach ¢ hinh 3.7a tr& thanh ner hinh 3.7b
= V,, =0V, V,, =Vec. Lic nay, tu C, nap nang luong tr nouon qua R.,va
méi ndi BE cua QI, dién 4 ap trén ty c6 chiéu nhu hinh 3.7b, ngoai dong nap qua
tu dong 7, con dugce cung cip tir ngudn qua R,,. Ddng thoi, tu C, dugc nap qua
R,, va c6 chiéu nhu hinh 3.7b. = dién 4p trén tu Cy, Vi (dién dp trén tu C,)
ting dén. Ma V,,, =V,, = V,,, ciing ting din. T6i mot lic ndo d6, V. Vier du lén

lam Q2 dan. = tu C, dit dién 4p am vao médi néi BE cua Q1. = Ve <0 lam

Q1 tat.
Khi mach & trang Q1 tit, Q2 dan, mach & hinh 3. 7a tré thanh nhu hinh 3.7¢:

=V, =Vcc, V,, =0V. Lic nay, tu
C, x& ning lugng qua mbi ndi BE cua
Q2. Sau d6, nap ning luong tlr ngudn
qua R.,va mbi ndi BE cua Q2, dién 4p
trén tu dao chiéu va ting dan xem hinh
3.7¢, ngoai dong nap qua tu dong /,,con
dugc cung cép tr nguén qua R,,. Do dé,
Q2 van dugc duy tri & trang tha1 dan cho
di tu C, di nap ddy. Ddng thoi, tu C,
dugc nap qua R, va Q2 sau khi da xa hét
xem hinh 3.7¢. = diéndp tréntu C,. V,,
(di¢n dp trén tu C, ) tang dan.
MaV,, =V. = V,, ciling ting din. Téi mot lic nao dé, Ve dt 16n 1lam Q1
din. = w C dat dién dp Am vao méi ndi BE cua Q2. = V.- <0 1am Q2 tit.

~ Ta thay, ban dau, Ql dan, Q2 tal sau mot thoi gian mach tr dong doi qua
trang thdi Q1 tt, Q2 dan. Khi Q1 tit, Q2 dan sau mot thoi gian mach lai tu d01
qua trang thdi Q1 dan, Q2 tat va cir 1ap di 1ap lai. Do do, khono ¢6 trang thdi on
dmh Vi vy, mach dugc goi 1a mach dao dong bit dn hay mach dao djng phi
on.

Dang diéndp V,,, V,,, V,,, va V,,, nhu sau:

Hinh 3.7¢
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Chuong 3: Mach dao déng da hai

1l
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Neep———red e - =
.
Hinh 3.8

Tir hinh 3.8 ta thdy, 7,, chinh la thoi gian tu C, xa va nap qua Ry, T,
chinh 1a thi gian tu C, xa va nap qua R,,. Tuong tu nhu mach dao dong don on
ta cO cong thirc:

T, =0.693R,C,
T, =0.693R,,C,
T, T, c6donvilas. Tu C,, C, c6don vilaF. Ry, R,, c6 donvila Q.
Chuky cia diéndpra: T=T,+T,, =0,693(R;C, + Ry,C))

S S 1
Tén s cua di€n ap ra: f::r—
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Ch(gyng 3: Mach dao déng da hai

3.2 Mach dao djng da hai dung op-amp

3.2.1 Trang thii bdo hoa ciia op-amp va mach so sanh

‘Vo
Ving bio hda
dudng
+ VnSar' -
+Vce :
|
v, v ~vec/A { Vi
E 0 +Veo/A L
V. ||
I
—_—) L -V
-Vee Ving bio hoa oSat
im rq——wrl
Ving tuyén
tinh
Hinh 3.9 Ki{ hi€u op-amp Hinh 3.10 Dic tuyén truyén dat ciia op-amp

A

Hinh 3.10 13 ddc tuyén truyén dat cua op-amp voi A la do lo1 dp vong ho,
V.=V, -V_ la dién 4p vao. Dua vao dac tuyen truyén dat ta thay:
e KhiV,>V_ thiV,=+V,

osar ?

op-amp lam viéc trong ving bdo hoa duong.
e KhiV, <V thiV,=-V,,, op-amp lam viéc trong ving bio hoa am.

e KhiV, =V thiV, =AYV,
Déi véi op-amp 1y tuéng thi A=oo, V, =Vcc va dién trd ngd vao R, =co. DOI

suf

véi op-amp thuc té thi 10° < A<10°%, V._ nho hon Vce mot vai volt va dién tr&

ngd vao 10° < R, <10".

Op-amp duoc dung dé thuc hién mach khuéch dai, mach cong, mach trr, mach
so sanh, ... Dé thuc hién mach so sdnh ta cho op-amp ]am viéc trong vung bao
hoa nhu hinh 3.11 sau:

+Vee +Vee

V. vV

[ 1

+Vee

4} 4

VD( __[_ -Vee VD (I -Vee

Hinh 3.11a Hinh 3.11b Hinh 3.11c

<  Baitdp
Hay vé& va giai thich dang dién dp ngd ra cua cac mach & hinh 3.11abc. Biét
V. =10sinawr, v6i o bat ky, V. c6 do 16n bang Sv.
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Chuong 3: Mach dao dong da hai

3.2.2 Mach dao djng don 6n (monostable)

|4
1. vt)
+Veet—-——---- —--oIzEE-T
R + fVect-----1 S R
+Vee /\v- —'}“t
0 N—
|
|
—Vee T —
= oto ot !
Via : 0T,
1 | et
\ -
~ [ t
Hinh 3.12 5 : —t —
Hinh 3.13
% Nguyén ly hoat dong:
e O ché do xéc lap, op-amp lam viéc trong vung bao hoa am, V, =-Vec.

Lic nay, diode dinnén V_ = -V, voi V, la dién 4p phan cuc lhuc_m cua diode.

R R
Ma: V, =—L—V, =——"t V. ==V
B ]:22 0 RI+R2 «C ¢
R,
Voi ————'
ﬁ R, +-Rq Y

Do V, < pV,. =V_>V,, suy ra, op-amp tiép tuc lam viéc trong ving bdo hoa

am. Néu khong ¢6 tic dong bén ngoai thi mach khong thay doi trang théi. Vi
vy, diy la trang théi on dinh cua mach.

e Khi c6 xung duong tic dong vao V,, = V, >V_, lJam op-amp doi qua trang
thai bio hoa duong, V, =+Vec. )
Lic nay, diode ngung din, ty C nap ning luong tir V, qua R xudng mass, lam
V_tang dan.

Ma: V, = R ——V, 2V, =+8V

R + R,
Do V. c6 thé tang dan t&i + Vee, V, ¢6 dién thé nho hon + Veenén toi mot lic
nao d6 V>V, . Khi nay, op-amp lam viéc trong ving bdo hoa am, V, =-Vce,

[

diode dan. tu xa va dién thé V_ dugc ghim & mue -V, . Op-amp O trang thai bao

hoa duong la trang thai khong on dinh ciia mach.
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Chuong 3: Mach dao dbng da hai

Tur nguyén 1y hoat dong trén ta thdy, mach cé mét trang thai on dinh nén mach
dugc goi 1a mach don 6n hay con goi mach mét trang thai ben Hinh 3.13 1a
danor dién ap ngo ra va dang dién ap trén tu cua mach.

7, 1a do rong xung, né phu thudc vao thoi gian nap clia ty, vi vy, dé tinh T, ta
xét phuong trinh sau:

Ve(t)=(Vec+V, )(1 —e_;J

T,

Tai thoi didm 1 =T, ta c6: V(T,) = (Vee +V, )(1 = eTJ = BVec+V,

tl

Vv

,

7 +V, Y B
[l_er]=5VCC ¥ (:)(1*6’]= V(.C

Vee+V, ) l+i
Vee
T,
Dit k=2 |12 |=BEE
cc 1+k
_In T _ T,
@ef_l_ﬁ-l-k @erzl ﬁ@er:1+k
1+k& 1+ 1- 1
ol [—”k] T, = 1(—1”‘J
T -f -
Ma: 7=RC
—7,=RrCIn| 11X | 4
1-p
Tuong tu, tac6: T, = RCIn [H—ﬁ]
" R
3.2.3 Mach dao ddng bit on (astable) AAA
a. Nguyén ly: ‘ +Vce
Mach dién hinh 3.14 1a so do mach Cnap

dao dong tich thoat dung Op-amp dé —oV°=+VCC
cho ra tin hiéu vudng.

So db ¢6 hai mach hoi tiép tir ngd ra vé 2
hai ngd C =
vao. C 4u phan dp RC héi tiép vé ngd

In, ciu phin v iﬁz
ap R, —R; hdi tiép vé ngd In*. = =
bé giai thich nguyén ly mach ta gia su

tu C chua nap dién va Op-amp dang & Hinh 3.14: Mach dao dong tich
trang thdi bdo hoa duong. Liic nay, cau thodt

R1

-Vce
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phan dp R, — R, dua dién 4p duong vé ngd In* véi mirc dién 4p 1a: Vo= +Vce
E—‘i_ﬁ? Vi (V> 0V)
Trong khi d6, & ngo In’ c6 dién dp tang dan 1€n tir OV, dién ap tang do tu C nap
qua R theo quy luat ham sé mil véi hdng s6 thoi gian 1a T =RC
Khi tu C nap ¢6 v, <V, thi Op-amp van & trang thai bao hoa duong. Khi tu C
nap dén muc dién dp v >V thi OP-AMP déi thanh trang théi bdo hoa 4m, ngd
ra ¢6 Vo = -Vee. Liic nay ciu phén dp R, — R, dua dién 4p am vé ngd In* véi
muc dién ap la:

N R,

Vi =+Ve.

w==Vee.——= Vg (V! <0V)
R +R,
Trong khi d6 & ngd In” van con dang & muc dién dp duong véi tri s0:
V., = +VCC.--——~-—-—R2
R, +R,

do tu C dang cdn nap dién. Nhu vdy Op-amp s& chuyén sang trang thdi bio hoa
am nhanh cho canh xung vudng thang diang. Tu C bay gid s€ xa c‘hen dp duong
dang nap trén tu qua R, va tai ¢ ngd ra xuéng mass. Kh1 tu C xa dién dp duong
dang c6 thi V; van & mirc dién 4p Am nén Op-amp van & trang thdi bdo hoa am.
Khi tu C xa hét dién dp dwong s& nap dién qua R dé c6 dién dp am dang c6 do
ngd ra dang & trang thai bio hoa am chiéu nap by gio nguge voi chiéu dong
dién nap trén hinh vé.

Khi tu C nap dién dp dm dén murc V7. <Vi (ngd In" nho hon ngd In") thi Op-amp
lai ddi thanh trang thai bao hoa duong vé ngodraco Vo=+Vce

Mach d@ tr¢ lai trang thdi gia thiét ban diu va hién tuong trén clr tiép dién lién
tuc tudn hoan.

VII]-
b. Dang séng ¢ cac chan: Vat-a aeneee oo re-ee- :
Muc gi6i han dién dp ngd ra la: ; ; ; E i ¢
L] [ ] ] ] -
VOmax = +VCC ‘ : ' ' i
Vel i Wo i Vo
1 i 1) ] i1
VOmin = _VCC V. : E E E E
Mtc giéi han dién 4p & hai o : e '
ngovao la: Va
R, » L
VA = +VCC.—I-{—“R . "
. + N
o vel Ll 1 .-
Vg=-V....—— : : : : i
“'R,+R; Va bbb
Dang dién ¢ ngd vao In" la dang “rT T
tam gidc. Thoi gian dién dp ¢ ngd t
vao In” tang tir Vi 1én V, 1a Op- >
amp ¢ trang thdi bdo hoa duong,
Thoi gian dién 4p & ngd vao In Vef--b—toemob——toeee -

Hinh 3.15. Dang séng ¢ cac chan.
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Chuong 3: Mach dao ddng da hai

giam tir V, xudng Vg 12 Op_amp & trang théi bdo hoa duong. Dang dién dp &
ngd In" va ngd ra la trang thdi xung vudng d6i ximg. Chu ky cua tin hiéu duoc
tinh theo cong thirc

T= 2R‘CLnM

Suy ra tan sd cua tin hiéu xung dugc tinh theo cong thirc
1

"t
Truong hop dédc biét: y
R,=2R, =T-= 2.R.CLn2
=2.R.C.0,69

3 1 |
T 2069RC L4RC

R,=R, = T=2R.CLn3
~2RC.1,1
1
2,2RC

= f=

3.3 Dao dong dung vi mach LMS5S55

3.3.1 Céu tao vi mach LMS5SS
Vi mach 555 dugc ché tao thong dung nhat
la dang vé Plastic nhur hinh v& 3.16
+ Chan 1: GND (n01 dat)
+ Chan 2: Trigger Input (ngd vao xung nay)
¢« Chan 3: Output ( ngd ra) )
~Chan 4: Reset (hi phuc)
. Chén 5: Control Voltage ( di¢n ap diéu khién) '
. Chan 6: Threshold (Thém —ngudng) | | | |
. Chan 7: Dirchage ( xa dién)
< Chan 8: +Vcc ( nguén duong) 1T 2 3 4
| Hinh 3.16: Hinh dang I1C555

. o
l— ~
— O
—— O

Vi mach dinh thi 555 ¢6 8 chan, ¢6 ngudn nudi trong khoang tir +5V dén +15V
va mirc dp toi da 1a +18V. Bén trong vi mach 555 ¢6 hon 20 Transistor va nhiéu
dién tr¢ thuc hién chuc ndng nhu trong hmh 3. 17’ gom:

[J Cau phan 4 ap gdém 3 dién trg SKQ ndi tir ngudn +Vee xudng mass cho ra hai
dién ap chudn 13 1/3 Ve va 2/3 Ve -

[0 Qp-amp (1) 1a mach khuech dai so sdnh ¢6 ngd I, nhén di¢n ap chuan 2/3
Vee conngd I, thi ndi ra ngoai chan 6. Tuy thudc dién dp cua chin 6 so véi
dién 4p chuén 2/3 Ve ma Op-amp (1) ¢6 dién 4p muc cao hay thap dé lam
tin hicu R (Reset) diéu khién Flip-Flop(F/F).
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Chuong 3: Mach dao déng da hai

L Op- amp (2) 1a mach khuéuh dai so sdnh ¢6 ngd I, nhén dién 4p chuan 1/3
Vee conngd I thi ndi ra ngoai chin 2. Tuy thudc dién dp chan 2 so VOl
dién dp chuéan 1/3 Vee ma Op-amp (2) c6 dp thé ra mirc cao hay thap dé 1am
tin hiéu S (Set) diéu khién Flip —Flop (F/F).

. Mach th -Flop (F/F) la loai mach ludng 6n kich mot bén. Khi chin Set (S)

¢6 dién dp cao thi dlcn ap nay kich doi trang thai cia F/F 1a ngd Q len murc
cao va ngd Q cua xudng mirc thap. Khi ngd Set dang ¢ mirc cao xudng thap
thi mach F/F khOong doi trang thai. Khi chan Reset (R) c¢6 dién ap cao thi
dién dp nay kich ddi trang thdi ctia F/F lam ngd Q 1én mic cao va ngd Q
xudng muc thap. Khi ngd Reset dang ¢ mirc cao xudng thip thi mach F/F
khong ddi trang théi.

- Mach OUTPUT la mach khuéch dai ngd ra dé tang do khuéch dai dong cép
cho téi. Pay la mach khuéch dai dédo c6 ngd vao 1a chan Q cua F/F nén khi
Q6 mitc cao thi ngd ra chan 3 cua IC s& c6 dién 4p thép (= 0v) va nguoc tai
khi Q& muc thip thi ngd ra chan 3 cua IC s& c6 dién 4p cao (=Vc)

[ Transistor T, c¢6 chian E noéi vao 1 dién ap chuin khoang 1,4 V va loai
Transistor PNP nén khi cuc B ndi ra ngoai béi chan 4 ¢6 dién dp cao hon
1,4V thi T, ngung dan nén T, khong anh hudng dén hoat dong cua mach khi
chan 4 ¢6 dién trd tri s6 nho thich hop (ndi mass) thi T, dan bédo hoa dong
thoi 1am mach OUTPUT ciing din bdo hoa va ngd ra xuong thip. Chan 4
duoc goi la chan Reset ¢6 nghia la né Reset IC 555 bt chap tinh trang ¢ cdc
ngd vao khac, do d6 chan Reset dung dé két thic xung ra so'm khi can. Néu
khong dung chirc nang Reset thi ndi chan 4 1én Ve dé tranh mach bi Reset
do nhiéu.

Transistor T, la Transistor c6 cuc C dé ho ndi ra chan 7 (Discharge = xa).
Do cuc B duoc phin cuc boi mirc dién dp ra Q cua F/F nén khiQ & muc
cao thi T, bdo hoa va cuc C cua T, coi nhu ndi mass, lic d6 ngd ra chan 3
ciing & muc thip. Khi Q¢ muc thdp thi T, ngung dan cuc C cua T, bi hd,
lic d6 ngd ra chan 3 ¢4 dién 4p cao. Theo nguyén 1y trén cuc C cua T, ra
chian 7 c6 thé 1am ngd ra phu ¢6 muc dién dp giong murc dién dp cua ngo ra
chan 4. Hinh 3.17 13 so d cdu triic bén trong cua IC 555 vé theo kiéu so do
chuc néng.
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Chuong 3: Mach dao déng da hai

Vee @ © ) Threshold

5K
2
’ EVCC
5 NOT
R 6 QUTPUT
Control 5K 1 FF OUTPUT 3
Voltage 1 s
—3Vcc .
+ D Dirchage

! ™ @
5K .
( \ T
GND ’l Vr=1.4V

4
Trigger Input Q Reset

Hinh 3.17 CAu triic cta IC 555.

3.3.2 Mach dao djng don 6n (monostable)

+Vee Hinh 3.18: Mach don 6n ding IC 555
A

Dé c6 thé phan tich nguyén ly cua mach don
[j Rt on mot c:iich rd rang, dé hiéu ching ta sir
7o 7 vo dungso do hinh 3.18. So do hinh vé mach dp
J_ s 555 dung IC 555 lam mach don 6n, so do hinh
T . 3.18 két hop vdi so do céu tric bén trong IC.
+Vee ‘4L _L 01 Trong mach nay chan ngudng sé 6 va chan
0K L Xa s6 7 dugc ndi vao di€m chung cia mach
dinh thi RyC. Chin nhan xung kich so 2

duoc ndi 18n ngudn + Ve qua dién tré 10K
sao cho chén nay c6 dién dp 16n hon 13Vc.

O

Hinh 3.18: Mach don én dung IC 555

/Dzjc diém ctia mach don 4n 1a khi c6 xung am hep tdc dong tirc thoi & ngd vao
Trigger chan hai mach sé ddi trang thai va tai ngo ra chan 3 sé c6 xung duong
ta/ D6 rong xung & ngd ra c6 thodi gian dai hay ngin tiy thudc mach dinh thi
R1C, sau d6 mach s€ tr¢ lai trang thdi ban dau.

Nguyén Iy mach don én dugc giai thich nhu sau:
Khi mé dién tu C ndi chan 6 va 7 xuéng masse lam OP- AMP (1) ¢6 ngd 1,
nh6 hon ngd I,” nén ngd ra Vo, = 0,, ngd R & muc thip. Lic d6 OP-AMP (2) ¢6
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Chuong 3: Mach dao dong da hai

ngd I,” ciing nho hon ngd I, nén ngod ra Vo2 = 0y, ngo s cling thap Mach F|F co
hai ngd R va S déu & muirc thip va nhd cdu tric clia mach chi tiét né F\F c6 ngd
ra Q & mirc cao, qua mach dao ngo ra chan 3 se cO muc thap gan 0,. khi Q& murc
cao ao phan cuc bao hoa cho T, lam T, dan ndi chan 7 xudng mass, chan 6 cling
bi ndi mass nén tu C khong nap dién duoc, mach sé 6n dinh & trang théi nay néu
khong cd tac dong khac ¢ bén ngoai.

Khi déng khéa K s& c6 xung am kich vao chén Trigger s6 2 1am OP-AMP (2)
ddi trang thdi ngd S I1én mirc cao. Mic cao clia ngd S diéu khién lam F|F déi
trang thai, 1am ngd Q xudng murc thip, ngd ra qua mach dao s& ting 1én muc cao

va xung duong ra. Lic d6, Q& muc thip nen T, ngung dan dé tu C nap dién qua
Rr. Trong théi gian tu C nap dién mach van giit trang thdi ndy nén ngd ra tiép
tuc & ngd cao.

Pién 4p nap trén ty c6 trj sb ting theo ham s6 mil va khi dién 4p dat gfa trj 2|3
Ve thi OP-AMP (1) ddi trang thdi,ngd R ting 1én mitc cao. Ngd Rc6 mirc cao
sé diéu khién F|F trd lai trang théi cii, ngd Qlén mic cao lam ngd ra qua mach
dao s& xudng mirc thip cham dirt xung dwong ra. Pong thoi lic d6 T dugc phan
cuc bdo hoa nén chan 7 ndi mass 1am tu C xa dién, mach s& 6n dinh ¢ trang thai
nay cho dén khi ndo ¢6 xung am khac tac dgng vao chan Trigger (so 2).

<+ Thoi gian xung duong ra tirc 1a thoi gian nap dién tir 0, 1én 2|3 Ve duoc
tinh theo nhu sau:
Dién dp nap trén tu tang theo ham sb mii 1a:

Ve=Vee (1-¢7)
Trongdot= Rr C
Thoi gian tu nap dugc dién thé tu 0V 1én 2[3 Vccla t, duge tinh boi:

Vc Vcc(l'e‘ ) =2|3Vcc
Suyra: (1-e" )——hayla 1-%— et

1,
T =

=c

1=

|
3

@
-l

0 et =
Cudi cung ta c6 ham sb nguoc ciia ham s mii 1a Ln.
Nhu vay: ty=7.Ln3 (Ln3=11)
EF 1LIR. C

e
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Chuong 3: Mach dao dong da hai

3.3.3 Mach dao ddng bit én (astable)

So d6 mach hinh 3.19 1a irng dung cua IC +yCC=12v
555 1a mach da hai phi 6n dé tao xung

vudng. & R

Trong mach chén ngudng (Threshold) S0 6 %a

dugc ndi véi chan Trigger sé 2 nén hai adat—g, 8

chan nay c6 chung dién dp la dién ap trén ?b e
tu C & so vé6i dién dp chuan 2/3 Ve va
1/3 Ve bt Op- amp (1) va Op- amp (2). 105
Chan 5 ¢6 tu nhé 0.01uF ndi mass déloc T l
nhiéu tin sb cao c6 thé 1am anh huéng :l: o1
dién dp chuén 2/3 Vec, 1 T
Chin 4 ndi ngudn +Vce nén khong ding  ~ - =
chirc nang Reset, chan 7 xa dién duoc n6i Hinh 3.19: Mach da hai phi 6n
vao giita 2 dién tré R4 va Rp tao dudng xa
di¢n cho tu. Ngo ra chan 3 ¢6 dién tro 1,2 K han dong cho Led va Led dé b1eu
thi mirc dién 4p ra (chi c6 thé dung trong truong hop tin s6 dao dong co tri 50
thép tir 20Hz tr& xudng con ¢ tan s6 cao hon 40Hz trang thdi sdng tat cia Led
khé 6 thé nhan biét bang mat thuong).
bé phan tich nguyén 1y cua mach <an phdi hop mach tng dung hinh 3.19 va so
d6 cAu triic hinh 3.17.
Khi méi déng dién wu C bit dau na, tir OV 1én nén:
- Op-amp (1) ¢6 Vi*< V| nén ngd -a c6 Vo, = mic thap, ngd R= 0 (mirc thap).
- Op-amp (2) ¢6 V;* > V| nén ngd ra c6 Vg, = muc cao, ngd S=1 (murc cao).
Mach F/F ¢6 ngd S=1 nén Q=1 vd Q = 0. Liic d6 ngd ra chin 3 ¢c6 Vo= Ve (do
qua mach dao ) lam Led sang.
- Transistor T, ¢6 Vg,=0do Q=10 nen T, ngung dén dé tu C duoc nap dién.
Tu C nap dlen qua R, vii Rp véi hong s6 thoi gian khi nap 1a:

T = (R, +R,)C
Khi dién ap trén tu ting dén muc 1/ Ve thi Op-amp (2) dbi trang thai, ngd ra
¢6 Vo, = mirc thap, ngd S = 0 ( mirc thip). Khi S xudng mire thip thi F/F khong
ddi trang thai nén dién 4p ngo ra van & mirc cao, Led van séng.
Khi dién 4p trén tu ting dén mirc 2/3 Vcc thi Op-amp (1) doi trang thai, ngo ra
cé Vo, = murc cao, ngd R = 1.
Mach F/F ¢6 ngd R= 1 nén Q= 1. Liic d6 ra chan 3 ¢6 Vo= 0V lam Led tat. Khi
ngd Q=1 s& lam T, din bdo hoa va chan 7 ndi mass, lam tu C khong nap uep
dién 4p dugc ma phai xa dién qua Rg va Transistor T, xudng mass. Tu C xa dién
qua R véi hang s6 thoi gian 1a:

Txa= RB C :
Khi dién 4p trén ty (tirc la dién dp chén 2 va chén 6) giam xudng duéi 2/3 Ve
thi Op-amp(1) dbi tro lai trang thdi cii 1a Vo, = mirc thap, ngd R = 0. Khi R
xudng mirc thip thi F/F khong ddi trang thii nén dién 4p ngd ra van & mirc thép,

R=1,2K

o

45



Chuong 3: Mach dao déng da hai

Led van tit. Khi dién 4p trén ty giam xudng dén mic 1/3 Ve thi Op- amp(2) lai
c6 Vi > V| nén ngd ra c6 Vo, = mitc cao, ngd S, = 1. Mach F/F ¢6 ngd S=1 va
Q =0, ngd ra chan 3 qua mach dao c6 Vy = + Ve lam Led lai séng,-déng thoi
lic d6 T, mit phan cuc do Q =0nén ngung din va chim dirt giai doan xa dién
clia ty. Nhu vdy mach da tré lai trang théi ban dau va tu lai nap dién tir mirc 1/3
Ve nén dén 2/3 Ve, hién tugng nay sé nep dién lién tuc va tuan hoan.

Luu y: Khi méi m¢ dién tu C s& nap dién tir 0" 1én 2/3 Ve rdi sau d6 tu xa dién
13 2/3 Ve xudng 1/2 Ve chir khdng xa xudng OV. Nhirng chu ky sau tu s& nap
tr 1/3Vec lén 2/3Vee chir khong nap tr OV nira.
Thoi gian tu nap la thoi gian Vo= + V¢, Led sang. Thoi gian tu xa la thoi gian
Vo= 0V, Led tit.
Thoi gian nap va xa tu dugc tinh theo cong thuc:
Thoi gian nap: tyy, = 0,69. Tugp
tp= 0,69.( Ry + Rg) C ¥
Thoi gian xa: ty; = 0,69.7,;
txa=0,69.Rs. C
bi€n dp & ngd ra chan 3 ¢6 dang hinh vuéng véi chu ky la:
T= tnz}p +tm
T=0,69 (Ry+2Rp)C
Do thoi gian nap va thoi gian xa khong bang nhau ( thap > txa ) Nén tin hiéu hinh
vudng ra khong dbi xtmg. Tan sb cua tin hiéu hinh vudng la:
1 1

f=—=
' T < 0.69(R, +2R,)C
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Chuong 4: Cac mach tao xung khédc

Chuong 4
CAC MACH TAO XUNG KHAC

4.1 Dao ddng blocking

Hinh 4.1a Hinh 4.1b Hinh 4.1c¢

% Nguyén ly hoat dong: o

Xét mach dao dong blocking (’r’hinh 4.1a. O ché ql@ xéc 1ap, chua co xung
téc dong vao V,, V,,. <0, transistor tat 1am V, =V_.. Néu khong c6 tic dong bén
ngoai thi transistor khong thay déi trang thdi, dién thé ngd ra V, ludn béng Vee-
Do d6, trang Lhaioi nay la trang thai 6n dinh ctia mach.

Tai thot diém 7 =0, kich mt xung duong da 1én vao V, = V. du lén lam
transistor Q din = V, = 0. Khi Q dén trong cudn diy @, xuét hién dong i.. Do
hi€n twong cam trng dién tir nén cudn diy a, xudt hién mét sirc dién dong cam
{tng ¢6 chiéu chdng lai su ting dong i. = dong i, tdng dan. Do 16n dong i
dugc tinh theo cong thirc sau:
le =iy +i, 4.1)

Véi i, 1a dong phan hoi cia i, qua bién dp. Goi ¢, la sirc dién dong cam ung
cua cudn .. Dong i, 1a dong tir héa duge xdc dinh theo cong thirc:
PRAL)

“ dt )
Ma, tai thoi di€ém 7 =0, Q vira dan, dong i,(0)=0 va g, = V... Tu (4.2) ta suy
ra, dong dién i. tai thoi diém t nao d6 dugc tinh nhu sau:
i,(t)~i,(0)

(4.2)

=L
IR AR
-0
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Chuong 4: Cdc mach tao xung khac

i ()= Yi‘—r 4.3)

Ciing do hién tuong cam g dién tir, nén trén cudn @, cling xuét hién dién
p v, ¢c0 chiéu nhu hinh 4.1b. Chinh dién 4p nay duy tri dong i, dé transistor
tiép tuc dan. Khi Q dan dién 4p trén cudn @, bing V... Suy ra, dién dp
v, =V, voinlati sb vong déy ctia cudn @, va cudn @, . Lic nay, dong i,
duoc tinh theo cﬁng thuc: .

=V =V i
58 — (u“ BB (44)
R, ,

Tir cong thic (4.3) va (4.4) ta

thay, khi Q dan, dong i, tang, dong

s 12 hing sb. Khi i. dat gid tri nao
d6, i, khong da dé duy tri dong i,
thi transistor ra khoi trang thédi bao
hoa.

Khi transistor chuyén dan sang
ché do khuéch dai, dién thé V, tang
lam dién 4p trén cudn @, giam. Dién

L 2%

ip trén @, giam lam dong i, giam,
do hién tuong cam ung dién tir nén
cudn @, sinh ra suc dién déng cam
rng ngugc chidu v6i ban diu lam
dién dp trén cufn @, d6i ddu (xem
hinh 41.c). Dién 4p trén o, ddi du

. V.
lam V,, <0, transistor tat rat nhanh. L
Ldc ndy, dién thé ngd ra duoc tinh !
theo cong thiuc V, =V, +&, . Vi of
vay, dién thé V, ting nhanh va 16n Hinh 4.2

hon dién dp V..

Khi transistor tit, cdc cudn dy trong bién 4p xa ning luong, dién dp trén
cdc cudn day giam dan t6i khi xdc 1ap dién 4p trén cdc cudn day bang khdng. Do
d6, dién thé ngd ra giam dan t6i V. (xem hinh 4.2).

<+ Tinh d0 rong xung T),:
Coi bién ap ly tuong nén: i, = ni,
Ma V,,, V,, rit nho nén tir cong thic (4.4) ta cé:
Vo, NV

= . CC 4.5
R, R, (4.5)

lg
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Chuong 4: Cédc mach tao xung khédc

. _ Ve
- = - 4.6
‘ lp R, (4.6)
Ttr cOng thuc (4.1), (4.3) va (4.6) ta c6:
:jc_([)=LVCC+Yf£I 4.7)
R, L

Ma tai thoi diém ¢ =T, transistor bit diu hoat dong trong ving khuéch dai

nén i (T,)= i, = n:i Thé t=T, va i.(T,) vao cong thirc (4.7) ta dugc:
B
nVec +hTO =ﬂnVCC
R, L R,

o T,="L(B-n) © @8
RB

4.2 Mach Schmitt trigger
4.2.1 Mach dung BJT . %

% Nguyén ly hoat dong: c
_ Mach hinh 4.3 duoc thiét i
ké sao cho céc transistor hoat R ‘ —\A‘Q/‘—
J‘rl : R'

Vv Bl
dong trong vung bio hoa. —»M/‘—K

Khi V. nhé Q1 tit, dién ar = |,
thé tai cuc C cia Q1 16n 1am .
Q2 dan bdo hoa, lic nay, Hinh 4.3 i?n
V,=I,R,, +V., . Khi Q2 L
din bdo hoa dién thé tai cuc E
cia Q1 va Q2 Ién, tiép tuc
duy tri trang théi tit cia Q1. vl Vo

Khi V, ting 16n hon mét «“
gid tri dién dp ngudng V, , Yz T
nao d6, Q1 dan, dién thé tai v
cuc C cta Q1 nho 1am Q2 tit,
lic nay, V,, =V,.. Khi QI dan
dién thé tai cuc E cia Q1 va 0
Q2 16m, tiép tuc duy tri trang Hinh 4.4
thai tit cia Q2.

Khi V, gidm nhé hon mdt gia tri dién dp ngudng V.

Q2 )
lea

IE'ZREE + VCEm:

1 120 d6, QI tat, dién
thé tai cuc C cta Q1 16n 1am Q2 din bio hoa, lic nay, V, =I.,R;, +V,,, . Khi
Q2 dan bio hoa dién thé tai cyc E ciia Q1 vi Q2 16m, tiép tuc duy tri trang thi
tat cia Ql.
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Chuong 4: Cdc mach tao xung khéb

4.2.2 Mach dung Op-Amp

+Veet——-——--—---

cc

V
*ﬂ"fg';fﬁ\;f\;:/‘/ it
~ Becf ===~ A-1----

-V,

ccT— -

L 2

Hinh 4.6
R
V. = LR 74
Tirhinh4.5tacé: < * R +R, 0
s v____‘/r
bat g= K
R +R,
v, = v, =1
— + :BVO Py + IBVCC
V. =V V.=V
Khi V, = +V,.:

e NéuV, <+pV,. thi V, khong thay déi va vin bang + V.
o NéuV,>+pV, thiV, ==V,

Khi V, =-V,.:

o NéuV,<-pfV. thi V, =+V,.

o NéuV, >-pV,. thi V, khong thay ddi va vin bing -V,
Hinh 4.6 1a dang dién 4p ctia mach & hinh 4.5.

4.3 Mach dao dgng dung UJT




Chuong 4: Cdc mach tao xung khdc

Hinh 4.6a la mach dao dong dung UJT. Hinh 4.6b 1a mach dao dong ding UJT
khi thay UJT bang mach tuong duong bao gom hai dién tré Rp,, R,, va diode
D. '

% Nguyén ly hoat dong: ' o ’
‘Gié sir, dién ép trén tu tai thoi diém ban ddu bang khong. Khi nay, ta cap
ngudn V., diénthé V. =0.
(Ry+R)
Ry +R, +R,,+R,
=V <V,

Suy ra, diode D bi phéan cuc nghich = Dong I, nh§ = dién ép V,, = IR,
nhé, dién 4p V,, =V, —1I,R, 16n. Ddng thoi tu C nap qua R 1am dién 4p V,
tang dan. Téi mot lic nao d6 V, du 16n lam diode phén cuc thuan.

Diode dan 1am cho R,, giam => dong I, ting 16n lam cho V,, ting, V,,
giam. Pdng thoi do R,, giam tir cong thirc (4.9) ta thiy dién thé tai V, giam.
Lic nay, tu xa qua diode, qua R, vaqua R, xubng mass 1am dién thé V, giam.
Téi mét lic nao d6 dién thé V. du nho lam cho diode tit. Ldc d6, I » lai gidm va
qud trinh cu 13p di 1dp lai. Sau day la dang dién ap V,,, V,, va V, cia mach.

MavV,= (4.9)

cC

Vﬂz?_
[ I
I I |
I i | i I I
o o I
[ 1 [
I P I !z
0 POt td i, fd It !
NI B AT
o il I
1 (| 11
Vm“ (N Ll (I
I L1 I
[ il 1
I 1 [ [
I ! I
k. ka k
I | |
1 ] 1
[ [ (|
e .
0 Lol ty o, Ig 2,
[ [ [
Pl I I
V. Il I I
bll It I 1 [

P I I
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