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LGOI NOI PAU

Ti [eu ndy gii thigu co o6 Iy un nguyén Iy hoat ddng dila mach xung nhém phyc vy cho mén
hoc kg thusit xung 2 tin chf chuyén ngarh dén tif vin thdng, t3i léu dugc chiaraldm 6 chuong

Chuong 14idi thiéu v& céc dang sbng, céc hdm co ban thidrg ding trorg trh vic din, dien
i gom che co ban rhu ham budc, him xurg, hem dbc, ham mill, hdm sin ham cos v cAc dang sbng
tgth

Chuong 2 trivh baly c4c mach bién dbi tin higu béing mach RC, RL va RLC ding phuong pnap
toan ti Lagace — chuong nay lam nén tang cho chc chuong sau v céc mach dign tif Urg dung,

Churong 3 trnh by céc k§ thudt chuyén mach & ché db qua dd va xac dinh clia céc linh kign
dign t& nhu diode, diode zerer, transistor Bm &rh hudrg dén dang sbrg bign 46t va choh céi thién
d€ dang sbng tt hon.

Chuong 4 trinh by cac mach xén tin hiéu gdrm cb mach xén réi ti€p, mach xén song song, xén
am, xén duong, xén 2 mic doc 18p, mach xén thyc t& v& mach xén ding transistor.

Chuong 5 trinh bay mach kep hay con goi 1a mach doi tin higu, d#c bigt quan trong 12 céc
mach kep véi ta |2 dién durg, tEi12 cupn day.

Chuong 6 trivh bay mach dao ddng da hai, mach don &n ding agp-anp, ding IC chuyén ding
B55, mach dao déry ding vi mach s6, mach Scmitt trigger va mach dao dong da hai ding c4c linh
kién c6 viing dien tré am

Do ch trirh by rhitng phén co bén nén chéc chdin & cdn rhiéu thidu sbt — r&t mong moi
dorg gop x2y ding cla cac ban - xin hzy g5 V& theo dia ol phu_nd@yzhoocam - xin chan tharh
cdmon

Nhém bién soan
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SPKT — Nguyéh Dinh Phis
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Ky thudt xung
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Chuong 1 Dang sbng tin hiéu SPKT — NguyBn Viet Hirng

. GIOI THIEU:

Ching ta thudng gdp mdt tin hi€¢u nhu 1a dong dién i(t) hodc dién dp v(t). Su thay ddi theo
thdi gian cda tin hi€u dugc goi 1a dang séng (waveform).

Dang s6ng vé& & hinh 1-1 khdng thay ddi theo thdi gian va dudc goi 1a tin hiéu dc. Tir vi€t tit
dc tugng trung cho dong dién c6 hudng (direct current), dang bi€u thifc todn hoc cho dong dién dc
i(t) va dién 4p dc v(t) nhu sau:

v(t) =V,

i(t)=1,

}Vé’i —00 <t < 40w (1-1)

0
Hinh 1-1. Dang song tin hiéu dién ap dc.
Khong ¢6 mot tin hi€u vat 1y nao ma gilf nguyén gia tri mai theo thdi gian, tuy nhi€n né co
thé€ gin diing ddi véi tin hiéu tao ra bdi mot thi€t dé 12 ngudn pin.

Tin hi€u ham budc:

Figi

» L

Hinh 1-2. Dang song tin hiéu ham budc.

Tin hi€u ham sin:
v(r)

N
AN

Hinh 1-3. Dang song tin hiéu sin.

Tin hi€u ham xung:

Ky thuat xung 3
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Chusong 7. Dang song lin fiiga. SPKT — Nauy2n Dirh PHi

g

. =
Hinh 1-4. Dang song tin hiéu ham xung.

Tin hiéu hAm xung vudng ddi xing:
gl
-~

v
[

Hinh 1-5. Dang séng tin hiéu ham xung vudng déi xUng.
Tin hi€u ham mi:
vir)

R

Hinh 1-6. Dang song tin hiéu ham mo.
Tin hi€u xung rdng cua:
i

| > i
Hinh 1-7. Dang song tin hiéu xung rang cua.

Tin hiéu xung tam gidc:

g

T\/\/
AVARY;

Hinh 1-8. Dang song tin hiéu xung tam giac.

Tin hi€éu ham sin gidm:

4 Ky thuat xung
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Chuong 1 Dang sbng tin hiéu SPKT — NguyBn Viet Hirng

v(t)

Hinh 1-9. Dang sdng tin hiéu ham sin giam theo ham mo.

. DANG SONG HAM BUGC:

Tin hiéu co ban nhit 1a dang séng him budc. Him budc tdng quat duge thi€t 1ap dua vao
ham budc don vi dugc dinh nghia nhu sau:

u(t):{O khi t<0

1-2
1 khi t>0 (1-2)

Dang s6ng cda ham buGc bang 0 khi t Am va bdng 1 khi t duong. Theo todn hoc thi ham u(t)
khong lién tuc tai t = 0.

Thyc ra khong thé nio tao ra mot ham budc nhu vy, bdi cic dai lugng bién ddi clia tin hiéu
nhu dong dién va dién 4p khong thé nhdy tir mot gid tri nay sang gi tri khéc tai thdi diém t = 0.
Tuy nhién chiing ta c6 thé tao ra mot haim gan ding véi him budc vdi yéu cau 13 thdi gian chuyén
mach phdi ngén khi so sdnh v6i cdc thong s thdi gian ddp ng khdc trong mach dién.

Cé4c ham budc gan ding nay thudng xuat hién trong cudc song hing ngdy nhu chiing ta tit /
m& cédc thiét bi nhu ti vi, radio, den dién,...

Ham bu6c don vi 1a mot ham tin hiéu da ning dugc diing d€ thi€t 14p nhiéu dang séng tin
hi€u khic.

Né&u nhan ham u(t) v6i modt hiing s& V,, sé tao ra mdt ham khéc:

0 0 khi  t<0 (13)
ult)= -
4 vV, khi t>0
Né&u thay th€ t bing (¢ — T )s& tao ra ham V u(t—Ty):
0 khi t<T,
Vult=T)= . (1-4)
v, khi t2Tg

Trong d6 Va 12 bién dd clia ham budc va Ts 1a khodng thdi gian tré. Hing s& VA va thdi gian
tré c6 thé cé cdc gid tri Am, duong va bing 0. Cdc dang séng dugc trinh bay nhu hinh 1-3: 4nh
hudng cia viéc thay ddi bién do va thdi gian tré ddi v6i dang séng ham budc don vi:

Ky thuat xung 5
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Chusong 7. Dang song lin fiiga. SPKT — Nauy2n Dirh PHi
v(t) vir) v(i)
Va <0 Va=0 i Vax0
¢ 01—
Vs
0 BEE f\ . - 0 f
“.. t\
v \ \
A {‘\ Ts p J,.b
(a)
v{t) v(£) v(r)
1 Tg<D ) Ts>0
Voo V), e V==
E ! - Bt (
e O 0Ty g Js
(b)

Hinh 1-10. Ham buéc véi bién dé va théi gian tré khac nhau.

Vidu 1-1: Hiy tim dang séng cua tin hi€u c6 dang séng nhu hinh 1-11(a) theo dang séng cla
cdc ham budc.
vir)

=
b =
bt
'S
' b—

(a)

* 3u(t—1)

-3

3u(r—3)

Hinh 1-11. Dang song vi du 1-1.

Gidi:

Bién d clia xung nhdy 1én gia tri 3 V tai t = 1s, do d6 3u(t-1) 14 mot ham ctia dang song.
Xung vé gid tri 0 V tai t = 3 s, do d6 mdt ham budc thit 2 ¢6 bién d6 bing nhau nhung gi4 tri 4m va
nhdy tait = 3s d6 chinh la ham -3u(t-3). Cong 2 ham mdi vira tim ta dugc phudng trinh cia dang
séng can tim:

v(t)=3u(t-1)-3u(t-3).

Hinh vé& 1-11(b) trinh bay cdch k&t hop 2 ham budc d€ tao ra mot ham xung chit nhat.

. HAM XUNG (IMPULSE FUNCTION):

6 Ky thudt xung
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Chuong 1 Dang sbng tin hiéu SPKT — NguyBn Viet Hirng
Dang phuong trinh tdng quat ctia dang séng cho trong vi du 1-1 dugc viét nhu sau:
V() =V, [u(t-T))-u(t-T,)] (1-5)

Phuong trinh nay c¢6 dang séng la xung chr nhit c¢6 bién dd 1la V4 trong khodng thgi gian ti
T, d€n T,. Céac dang séng clia cdc chudi xung va xung vudng c6 thé tao ra bdi cdc chudi xung nay.
Céc xung m3 (ON) & thdi di€m T; va déng (OFF) & thdi di€ém T, sau d6 dude goi 13 cdc xung gic
cdng bdi vi né dudc ding dé€ ndi v6i cac chuyén mach dién t d€ cho phép hoic cam su luu thong
cua cac tin hiéu khéc.

Mot xung chi€m mdt dién tich 1a 1 don vi hdi tu tai t = 0 dudc viét theo cdc thanh phan clia
ham buGc nhu sau:

V(t)=%x{u[t+§j—u(t—%ﬂ (1-6)

Bién do ctda ham (1-5) biing O tai cdc gid tri clia t ngoai trit khodng —T/2 < t < T/2 thi bién do
clia né bing 1/T. Dién tich nim dudi xung c6 gi4 tri bing 1 bdi vi phan t bién do ti 1& nghich véi
khodng thdi gian. Nhu hinh vé& 1-12(a), thi xung trd nén hep hon va cao hon né€u nhu T gidm nhung
van giif nguyén dién tich bing 1. Theo gidi han, khi T din vé 0 thi phan t¥ bién do dat dén gid tri
khdng xdc dinh nhung dién tich cia né vin bing 1. Him c¢6 dudc nim trong gidi han dugc goi l1a
ham xung don vi Unit impulse, dudc ky hiéu la 3(t). Dang séng ctia ham xung 8(t) dugc trinh bay &
hinh 1-12(b). Xung nay 12 mot ki€u xung 1y tudng v6i bién do xung 16n nhung thdi gian tdn tai
Xung ngin.

Dinh nghia ham xung don vila :

O(t) =0 khi t = 0 va ( khdng xac dinh tait = 0)

j5(x)d(x)= u(®) (1-7)

Diéu kién diu néi Ién ring xung s& bing 0 v4i tit cd cdc gid tri clia t ngoai trir t bing 0.
Diéu kién tht hai ggi y ring ham xung don vi 1a dao ham cda haim budc don vi.

du(t

5(x) = 220

dt

Ham budc c6 thé thay ddi bién do vdi hé & ti 1& K nhu sau: v(t) = kd(x)

(1-8)

Vi du 1-2: Hay tinh todn v€& dang séng ctia ham d(t) v6i ham xung dudc cho trong hinh 1-
12(a).

K§ thudt xung 7
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Chusong 7. Dang song lin fiiga. SPKT — Nauy2n Dirh PHi

——2{(5)
<

0 j 5 s

I~
e

o

S

dvidt (V/s)

Hinh 1-12. Dang song vi du 1-2.
Gidi:
Trong vi du 1-1, phudng trinh ctia dang séng ¢6 dang:
v(t)=3u(t-1)-3u(t-3).
Duing tinh chat dao him ctia ham buéc, ta c¢6 thé viét nhu sau:
Dang s6ng gdbm mdt xung duong tait =1 s vd mdt xung 4m tai t = 3 s dudc trinh bay nhu hinh
vé& 1-12(b). Bién dd cia ham v(t) 1a V (volt) va bién do6 cua dv(t) /dt1a V/s.

WO _35(c-1)-35(t-3)

IV. HAM DOC (RAMP FUNCTION):

Ham doc don vi dudce xdc dinh bing tich phan ctia ham budc:

t

r(0) = [u(x(x) = ) (1-9)
Dang s6ng ctia hAm budc don vi r(t) & hinh vé 1-6a s& bing 0 khi t <0 va bing tkhit> 0, d0
ddc ctia ham biing 1. Dang séng ctia hAm ddc trén dudc trinh bay & hinh 1-6a
Ham doc c6 thé dude kéo gidn vé bién do vdi hé so ti 1&é K va dudc ky hiéu nhu sau: v(t) =
Kr(t), trong d6 phin ti ty 1& c¢6 don vi 12 V/s va chinh 1a @ d&c clia ham budc. Dang séng tdng
quat cia ham budc dugc vé & hinh 1-6b v6i phuong trinh cia ham 1a:
khi  t<Ty

0
V(t)zkr(t_TS):{k(t—TS) khi — t>T, (1-10)

Biing cdch cong cdc ham doc c6 thé tao ra cac dang séng xung tam gidc va xung ring cua
nhu da trinh bay & phin gi6i thiéu cdc dang séng.

8 Ky thudt xung
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r(t)
i

(a)

Kr(t—Ts)

Hinh 1-13. (a) dang sdng ham déc. (b) dang song ham déc téng quat.
¢ Cac ham don cuc:

Ham xung don vi, ham bu6c don vi va ham d6c don vi tao thanh mot bo 3 cdc tin hiéu c6 lién
quan va ching dugc xem nhu 1a cdc ham don cyc, c6 mdi lién hé theo dang tich phdn nhu sau:

u(t)= [ alxH(x)

t (1-11)
r(t) = ju(xﬁ(x)
Hodc quan hé theo dang dao ham nhu sau:
5() = 300
di (1-12)
u(t) = dr_(t)
dt

Céc tin hiéu nay dudc dung dé tao ra cédc dang s6ng tin hi€u khac va dung d€ kiém tra cdc hé
thong tuyé&n tinh d€ bi€t cdc dic tinh ddp tng clia chiing.

Ky thuat xung 9
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Vi du 1-3: Hay tinh tich phan cia ham xung vGi dang séng da cho & hinh 1-14(a).
S
| | Lo f(s
0 1 2 413 4 5 ®)
§ (a)
r F
=1 4 F g
e B :
i J I: | l
— -.‘ — S
Slo 1 2 34y & )
= —3r(—3)—

(b)
Hinh 1-14. Dang song vi du 1-3.
Gidi:
Theo vi du 1-1 thi phuong trinh clia dang séng dudc viét lai:
v(t)=3u(t-1)-3u(t-3).
Dung tinh chat tich phan ¢lia hAm budc thi:
. 0 khi  t<0
[ve()=3r(t=1)=3r(t =3)=43(~1) khi  1<1<3
- 0 khi  3<t

Vi du 1-4: Hinh 1-15(a), trinh bay mot switch dién t& 1y twdng vSi ham tin hiéu ngd vao cla
switch 1a v (t) =2r(t) v6i hé s6 K = 2 V/s ¢6 dang séng nhu hinh 1-15(c). Hay tim ngd ra vo(t)
ctia switch khi ham diéu khién cuc G clia switch dugc cho & hinh 1-15(b).

10 Ky thudt xung
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G
—= Control
IN OuUT
[+ s R Zvq()
, ¢ NITA
EERES |
(a)
z
- ' L— L x(s)
0 1 2 34 5 .
(b)
R R
2| o, 1 71 2D
"oty sl i
" ' s is)
s 31 5
(c)

l s}
g™ 273 4 5
(d)
Hinh 1-15. So d6 mach va dang séng vi du 1-4.
Gidi:
Dang séng diéu khién cuc G theo hinh 1-15(b) s& c6 phuong trinh 1a:
v(t)=3u(t-1)-3u(t-3).
Hiam nay s& m& cdng tai thdi diém t=1 s va déng cdng tai thdi diém t =3 s. Do d6 ham ngd
ra cia switch c6 dang:
0 khi t<0
Vo (t) =12t khi 0<t<3
0 khi 3<¢

Chi mot phan tin hiéu & ngd vao nim trong khodng thdi gian md cdng xuat hién tai ngd ra.
Hinh 1-15(d) trinh bay cdc dang s6ng ngo ra.

V. DANG SONG HAM MU:

Ham mii 12 hAm budc ma bién d6 ctia né gidm vé 0. Phuong trinh hAm mii ¢6 dang nhu sau:

v(t) = VAQ_E u(t) (1-13)

Ky thuat xung 11
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Dang séng ctia hAm mii dudc vé& & hinh 1-16. Hai thong s6 d€ thi€t 14p haim mii 12 bién d6 V4
(don vi 1a volt: V) va hiing s thdi gian Tc (don vi la gidy s). Néu ham mil dugc viét cho dong dién
thi bi€n do 1a dong diénla I, va don vi cia né 1a amperes (A).

i) (V)
A

Va &

0368V [--- 5%
- \
\M\"ﬁ-._

S| T SR e = e | . 3

0 : 2 3 f 3 I'e

Hinh 1-16. Dang song ham ma.

Hinh 1-17, trinh bay cdc dang séng him mii vdi gid tri bién dd va thdi hiing thay ddi.

v(1) (V) v() (V) viz) (V)
Vai
¥ a
L Vs
‘ Lo B
R e = | { O i o T (S PP M~ Lo B
6 1 2 3 4 . &N 0 2 3 4 &§ T= D 1 5 3 4 § @b
(a)
v(r v (V) (V)
Vy By Vi

| T i o [ S D N f==ii s
5 T 6 1 2 3 4 5 T 0 1 2 3% 4 5 To
(h)

Hinh 1-17. Dang s6ng ham mo v8i cac gia tri bién do va théi hang khac nhau.
CAC TINH CHAT CUA HAM Mk
Tinh chat giam:

Mb t tdc dd gidm cda tin hiéu him mii. Khi t > 0 dang séng him mii c¢6 thé viét nhu sau:
t

vty =V,e ' (1-14)

Ham bu6c c6 thé bd qua trong bi€u thitc cia ham mii vi t > 0. Tai thdi diém t + At, ta c6 :

(r+at) s At
t+A)=V,e © =V,xe " xe
v(t+At) =V e =V, xe  xe (1-15)
Thi€t 14p ti s6 ctia 2 ham:
12 Ky thudt xung
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t At
T At
V(t+At) V,xe “ xe ' _
v(t) o (1-16)
T,
V,xe ©

Ti s6 gidm khong phy thudc vao bién do ¥, va thdi gian t. Vi khodng thdi gian Az ¢6 dinh,
ti 1& gidm chi phu thudc vao thdi hiing ¢d dinh Tc.

P& tim dd doc clia phuong trinh ham mii ( véi t > 0) ta 14y dao ham theo t ctia phuong trinh
(1-14) ta dugc:

dv(y _ ¥ e—éz_@

_4
dt T, T, (a-17)

Tinh chat do doc:

Xdc dinh t6c d6 thay d8i cia dang séng haim mii ti 1& nghich vdi thdi hiing Tc. Vi gid tri thdi
hiing Tc nhd thi hAm mii c6 do doc 16n va thdi gian suy gidm nhanh, véi thdi hiing Tc 16n thi ham
mii ¢ do doc 1ai va thdi gian suy gidm dai.

Phuong trinh 1-15 c6 thé viét lai nhu sau:

dv(t) iz
74 Q =0 (1—18)
dt T,

Khi v(t) 1a ham mii ¢6 dang nhu phuong trinh (1-12) thi ((11—:+ TL =0 - day la phuong trinh vi

phan cdp 1 va nghiém cda n6 la phuong trinh ham mii. )
Ham mii véi thoi gian bi dich chuyén:
Biing cdch thay thé t trong phuong trinh (1-13) biing (t — Ts). Khi d6 phuong trinh tdng quat
cia hAm mii dugc vi€t nhu sau:
=T

vt)y=|V,e " |u(t-Ty)

(1-19)

Trong d6 T,la thong s thdi gian dich chuyén. Hinh 1-18 trinh bay cdc dang séng ham mii
v6i cling gid tri bién dd va thdi hiing nhung T, khdc nhau. Th&i gian dich chuyén T, lam dich

chuyén dang séng clia ham mil sang trdi hodc sang phdi tily thudc vao gid tri 7, Am hay duong.

K§ thiat xug 13
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0 Ty

(e)

Hinh 1-18. Dang song ham mu vdi cac gia tri 7, khac nhau.
> Chi y: phan tf t — 7 phdi xudt hién trong cd 2 phuong trinh hAm mil va ham budc nhu da
trinh bay trong phuong trinh (1-19).

Vi dy 1-5: Hinh 1-19 trinh bay man hinh dao dong ky dang do mdt phan dang séng cda ham
mi. Trong hinh vé: truc ddng la truc bién dd v6i dd phan gidi 1a 2V/1 6 chia, truc ngang la truc
thdi gian 1a 1ms/ 1 6 chia. Hay tim thdi hiing Tc ctia hAm mil.

Amplitude
} (2 Vidiv)

T st _

3.6.div B foe ; 0.5 div

\ o e e i

R el L T ! ¢
= i .

[ (1 ms/div)
! & div !

Hinh 1-19. Dang song vi du 1-5.

Gidi :
Véi t > 0 thi phuong trinh téng quat ctia hAm mii & phuong trinh 1-19 dudc viét lai:
=T
— TC
14 Ky thudt xung
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Do ta chi bi€t mdt phan ctia dang séng nén khong biét dudc tai vi tri tai thdi di€m t = 0 din
dén ta cling khong bi€t dugc bién dd Va va thdi gian dich chuyén T, tif man hinh dao dong ky.
Nhung theo tinh chit gidm chiing ta ¢6 thé xdc dinh thdi hiing 7. do ti 1& gidm khdng phu thudc
vao bién do va thdi gian.

At
v(t + At) T
v(t)
At
In v(t + At)
V(1)

Gi4 tri v(t) c6 thé tinh tai bat ky vi tri nao trén truc thoi gian va ta tinh tai di€m bén trai cta
man hinh két qué ta dudc:

W)= (3.6div)(2 %l.v) =72V

Gid tri v(t+ At) nhu sau:

Tu phuong trinh (1-16):

Suy ra thdi hing Tc: T.=

vt +At)=(0.5din)2V /. )y =1V

div)
Hé s6 At 1a khodng thdi gian tly y chon tir diém nay dén di€m k& sau cho dé tinh todn, va
ta chon Arbiing chiéu ngang cia man hinh:

At = (8div)(1 m%h.v) = 8ms

K&t qud thdi hiing Tc:

3

T, = tAt X 8 x 10 =4.05ms
n YE+AD 172
v(t) 1

VI. DANG SONG HAM SIN:

Ham cosine va ham sine 1a cdc ham quan trong. Trdi ngugc v6i ham budc va ham mi thi
ham sine c6 dang séng md rong v4i thdi gian khong x4c dinh theo ci 2 huéng 4m va duong, gan
giong nhu dang séng dc. Hay c6 thé néi tin hiéu sine khong c6 di€m bit diu va ciing khong cé
di€m k&t thiic, tuy nhién cic tin hiéu sine trong thuc t€ s& c6 cic khodng thdi gian xdc dinh.

Tin hiéu sine trong hinh 1-20 1a 14p lai cdc dao dong giéng nhau giita cdc dinh duong va Am
khong bao gid két thic. Bién do V4 (don vi Volt) xdc dinh cdc gid tri I6n nhit va nhd nhit cda dao
dong. Chu k¥ To (don vi s) 12 khodng thdi gian can thiét hoan tit mot chu ky dao dong.

K§ thiat xug 15
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vir)

ANA
||

Vi

Hinh 1-20. Mat phan dang séng fin hiéu ham sin.
Tin hiéu sine c¢6 thé biu dién bing todn hoc diing ham sine hoic ham cosine. Sy Iwa chon
gitta 2 ham phu thudc vao thdi diém ta chon t = 0. N&u ta chon t = 0 tai di€ém ma tin hiéu sine biing
0 thi ham ta c6 thé viét:

. t
v(t) =V, sin| 27— (1-20)
TO
Ngudc lai né€u ta chon t = 0 tai di€ém ma ham sine c6 gid tri tai dinh duong thi ta c6 thé viét
dang séng theo ham cosine:

W)=V, cos| 27 (1-21)
TO

Do trong thuc t€ thudng chon t = 0 tai thdi di€m dang séng c6 gid tri tai dinh duong va
phuong trinh clia tin hiéu 1a ham cosine (1-18b). Tuy nhién ta van ti€p tuc goi dang séng nay la
séng sine mic du ta ding him cosine d€ biéu dién ching.

Ciing gidng nhuw ham budc va ham mil thi tin hiéu sine cling ¢6 cdc tinh chat gidng nhau bing
cdch thay thé t bing (t — Ts) vao phuong trinh (1-21) s& c6 dudc mot phudng trinh tdng quit clia tin
hiéu sine: trong d6 thong s Ts 13 thdi hiing dich chuyén.

o

Wi)=7, cos[27rt_TSj (1-22)

Hinh 1-21 trinh bay céc tin hiéu sine dich sang phai khi Ts > 0 va dich sang trdi khi Ts < 0.

16 Ky thudt xung
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(b)

Ts =0 |

[Ty ——

AT

Hinh 1-21. Cac dang séng sin bi dich sang trai hodc sang phai.

Thong s6 thdi gian Ts c6 thé thay thé bing mot géc nhu phuong trinh sau:

W)=, cos{zﬁi n ¢j (1-22)
TO
Thong s ¢ dudc goila géc pha ban dau. So sdnh phuong trinh (1-19) va (1-20) ta c6:
T
p=-2mr-> (1-23)
o

Don vi clia géc pha ¢la radians nhung thudng dién td theo dd.
Mot dang khic tuong ty clia tin hiéu sine tdng quét cé dugc bing cich md rong phuong trinh
(1-20) theo ham cos(x + y) = cos(x) cos(y) —sin(x) sin(y):
w(t)=[V, cos ¢]c0s{27r TLJ +[-V, sin ¢]sin(27z TLJ (1-24)

o o
Céc dai lugng trong diu ngodc vudng 13 cdc hiing s6 do d6 ta c¢6 thé viét lai phuong trinh
dang tdng quit nhu sau:

v(t)=a COS[Zﬂ' TL] +b sin(2ﬂ TLJ (1-25)

o0 o
Hai thong s6 bién do a, b c¢6 cling don vi va dugc goi 1a cdc hé s6 Fourier. VAy cdc hé so

Fourier c6 m&i lién hé v6i bién do va géc pha biing cdc phuong trinh:

a=V, cosg (126)
b=-V, sing

K§ thudt xung 17
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T phuong trinh (1-26) ta c6 thé tim dugc bién dd va géc pha nhu sau:

V,=va* +b’

b
¢=arctg ——
a

(1-27)

Ta thudng dién t3 tin hiéu sine theo thong s6 tan s6. Tan s6 fo dugc dinh nghia 13 s6 chu ky
trong mdt don vi thdi gian. Theo dinh nghia, chu ky 7, 1a s6 gidy ctia mot chu ky, do d6 s6 chu ky
trong 1 gidy la:

fo=— (1-28)

Don vi clia tin s& 12 hertz (Hz). Tin s6 géc w, c6 mdi quan hé véi tan s& fo va chu ky To
nhu sau:

2
w, =21f, = T_” (1-29)

o

Tém lai, cd mdt vai cach tuong dudng dé dién t& mot fin hidu ham sine tdng quat:

Wt)=V, cos 272L+¢ —acos 27— |+ bsin| 27
T, T, T,

[0} 0] [0 (1'30)

=a cos(27n‘f0 ) +b sin(27ztf0 ) =a cos(a)ot) +b sin(a)ot)
Khi s dung mét trong céic bidu thiic trén ching ta phai biét 3 théng sb:
(1). Bién dd V4 hoidc hé s& Fourier a va b.
(2). Thai gian dich chuyén Ts hodc géc pha ¢.
(3). Chu k¥ Ty hodc tin s6 fo hodc tin s& g6c w,,
Tinh chét cdong cba fin hiéu sine:

R 2 T A . N A A 1N A z *A . z *A A N z R
Tong cua 2 tin hié€u sin ciing tan s6 1a mot tin hi€u sin c6 bién dd va géc pha thay doi nhung
cling tan s& so v4i 2 tin hiéu trén.

Tin hiéu thi nhat: vi(t) = ajcos (2nfet) + by sin (2nfot)

Tin hi€u th{ hai: va(t) = a,cos (2nfpt) + by sin (2nfit)
Téng clia 2 tin hiéu: vi(t) = (a;+ay)cos (2nfpt) + (by +by ) sin (2mfjt)
Vidu 1-6:

(a). Hay tim tan s6 va chu ky cla cdc tin hiéu sau day:
vi(t) = 17 cos (2000t - 30°)
va(t) = 12 cos (2000t + 30°)

(b). Hay tim phuong trinh v3(t) = vi(t) + va(t).

Gidi:
(a). Hai tin hi€u sine c6 cung tan s6 g6c oo = 2000 rad/s, do d6 fo = wo / 2n = 318,3 Hz va T
=1/fy=3,14 ms.

(b). Hai tin hiéu trén cling tin s& nén chiing ta ding tinh chat cong:

18 Ky thudt xung
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a;=17cos (-30°)=+14.7V
by =-17sin (-30°)=8.5V
a,=12cos (30°)=+10.4V
b, =-12sin (30°) =-6 V
Hé s6 Fourier cla tin hiéu v3 = v; + v, dudc tinh:
az=a; + a, =25,1V
b3:b1 + bz :2,5V
Bién d6 va goc pha cta tin hiéu:
V,=\a> +b> =250

¢ =arctg— b =5,69°
a

Phuong trinh cua vs(t) 1a
vi3(t) = 25,2 cos [2000t + 5,69 °]
= 25,1 cos 2000t + 2,5 sin 2000t V

V. CAC DANG SONG TO HOP:

Ta da khdo sat cdc tin hi€u ham budc, ham mi, va ham sine. P4y 1a cdc ham tin hi€u cd ban
bdi vi chiing dudc k&t hgp lai d€ tao ra cdc ham tin hiéu khac. Cdc tin hiéu dugc tao ra bdi 3 ham
cd ban dudc goi 1a céc tin hiéu t8 hop. Trong phin nay s& xét cdc vi du vé cdc tin hiéu t& hop nay.

Vidu 1-7:
Hiy tim dic tinh cia mot ham t6 hdp dudc tao ra biing cach 14y ham budc trir cho ham mii,
ca 2 ham cung bién do.

Gidi:
Ta c6 phuong trinh tin hiéu ham ddc: v, (£) = ult)
Ta c6 phuong trinh tin hi€éu ham ma: v,(t)= [VAe_%C }u(t)

Phuong trinh t8 hgp clia 2 dang séng trén la:

t t

v(t):vl(t)—vz(t):VAu(t)— VAe_E u(t):VA l—e ' ”(t) (1-31)

Phéin tich ham:

W(t)= V{l—en} khi  0<t

v, khi — t——>

Giai thich: Khi t < 0 thi ham budc u(t) = 0 nén dang tin hiéu v(t) = 0.
Tai thdi di€ém t = 0 thi dang tin hiéu v(t) = 0 vi hAm buSc vd haim mil triét ti€u nhau:

t

W(t)= VA(l—e_T_‘}: VA(I—eO): 0

K§ thidt xug 19
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Khi t >> 0 thi dang séng tin hiéu biing hiing s6 V. P& vé& dugc dang séng nay ta cho 1an lugt
:t=T,, 2T, 3T,, 4T, va 5T.. Dang s6ng ciia ham nay nhu hinh 1-22.

N . |

T To By 3 4fs e
Hinh 1-22. Dang séng t3 hop - hay dang song ham mo tang.

Vidu 1-9:
Hay tim dic tinh cia m6t ham t8 hop dudc tao ra bing cdch nhan him ddc véi ham mi.

Gidi:
Ta c6 phuong trinh tin hi€u ham déc: v (t) = @u(t)
Ta c6 phuong trinh tin hi¢u ham mi: v,(t)= [VAe_%C }u(t)

Phuong trinh t8 hgp clia 2 tin hiéu nay 1a:

w(t)= v, (t)xv,(t)= %f) X [VAe%" }u(t): V, [TLe%C }u(t) (1-32)

c

Phén tich ham:

0 khi  t<0
W)=V, Lo ult)=1v, Lo | i o<
T, T,
0 khi ~ t——o0

Khi t < 0 thi v(¢£)= 0 vi ham budc u(¢)=0.

Tai thdi di€m t =0 thi v(¢)=0 vi ham déc (¢)=0.

Tai thdi di€m t > 0 thi v(t) phu thudc vao 2 ham: ham ddc ting tuyén tinh con ham mii lai suy
giam vé 0. Piéu nay c6 thé thiy ro bing cach 14y gidi han ham v(t) khi t dAn vd cling, cd 2 ham
ddc va ham mii déu c6 gid tri vo cling 16n nhung gid tri ctia hAm mii 16n hon va nim & miu s& nén
ham v(¢)=0.

Dang song ciia ham v(t) nhu hinh 1-23.
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0 T 2Te 3Tc 4Tc 5Ic

Hinh 1-23. Dang séng ham t3 hgp cua 2 ham mo va ham dbc.

Vidu 1-10:
Hay tim dic tinh cia mdt ham t& hop dugc tao ra bing cich nhin him sin wet véi ham mil

cling bién do.

Gidi:
Ta c6 phuong trinh tin hi€u ham sin: Vv, (t) =sin w,t
Ta ¢6 phuong trinh tin hiéu ham mi: v,(t)= [VAe_%‘}u(t)

Phuong trinh t8 hgp ctia 2 tin hiéu nay 1a:
w(t)=v,(t)x v, (t) = sin a)ot[VAe%" }u(t) =V, [e%" sin a)ot}u[t] (1-33)

Dang s6ng ctia ham v(t) nhu hinh 1-24 véi T = 2Tc.

0.5V,

5 o L

' ’*__;rr,_ 5

Va

Hinh 1-24. Dang s6ng ham sin giam.
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Chusong 7. Dang song lin fiiga. SPKT — Nauy2n Dirh PHi

Khi t < 0 thi v(¢)= 0 vi ham budc u(¢)=0.
Tai thdi diém t = 0 thi v(¢)= 0 vi ham sin(w,0) =0.

Tai thdi di€m t > 0 thi v(t) phu thudc vao ham sin tao ra dang séng sin nhung bién do 1a ham
mii suy gidm vé 0 khi t > 51 (t = RC).
Khi t—>+oo thi ham t6 hgp v(¢)= 0 vi ham mii bing 0.

Dang séng ctia ham t6 hdp ham sin nhian véi hAm mii dudc goi 14 ham sin gidm (damped
sine) hay dao dong tit dan.

Vidu 1-11:
Hiy tim dic tinh ctia mot ham t6 hgp dugc tao ra biing cdch nhian 2 hAim mil c6 thdi hiing
khédc nhau nhung cung bién do.

Gidi:
_t

Ta c6 phuong trinh tin hi€ u ham mii: Vi (t) = I:VAe /Tl j|u(t)
_t

Ta c6 phuong trinh tin hi€ u ham mii: V) (t) = |:VAe /Tz :|u<t)

Phuong trinh t8 hgp clia 2 tin hiéu nay 1a:
w(t)=v,(t)-v,(t)= [VAeV“]u(t)— [VAe%T2 }u(t) =V, |:e%” _e }u[t] (1-34)

Khi T;>T, dang séng cia ham v(t) dugc trinh bay & hinh 1-25 (v€ v6i T = 2T»):

, Vaeh=vy(1)

0.5V,

Composite = vqlf) 1 va(r)

—05Vs

el

Hinh 1-25. Dang sdng ham 13 hgp.

Khi t < 0: thi ham v(t)=0 vi ham budc u(t)=0.
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Chuong 1 Dang sbng tin hiéu SPKT — NguyBn Viet Hirng

Khi t = 0: thi ham v(t)=0vi :
W0)=7,(e*—e*)=V,(1-1=0
Khi ¢ > 0thi dang séng ctia ham t8 hop c6 dang séng nhu hinh 1-25.

Khi kh4 16n thi ham v(t) gidm vé 0 vi cd 2 ham mii déu gidm vé 0.

Vidu 1-12:

Hay thiét 1ap phuong trinh clia dang séng vudng dudc trinh bay trong hinh 1-26.

Gidi:

Phuong trinh ctia dang séng vudng c6 thé thiét 1ap bing cach cong ham ctia mdi chu k¥ vi tin
hiéu nay 12 tin hiéu tudn hoan.

Chu ky thtt nha't sau thdi di€m t = 0,ham clia né nhu 13 mdt t6 hdp clia 3 ham budc:
(1) = VAu(t)—2VAu(t _ T?j oV ule-T)
Tuong tv ham clia chu ky ti€p theo:
31,
vy (6) =V, ult=T,)) -2V ul t~ > +V,u(t-2T,)
Tur cdc k€t qua trén thi ham cla chu ky thd k 1a:

v, (t)= VAu(t—[k—l]To)—2VAu(t— [k— %]TO)+ Vult—kT,)

Ta c6 thé tao ra cdc chu ky ndi ti€p nhau ciia tin hiéu séng vudng v(t) bing cich cong ham
vi(t) v6i k bi€n thién tir -0 d&€n +oo:

v(t)= k]i;"k () (1-35)

()

Hinh 1-26. Dang song vuong.
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Chusong 7. Dang song lin fiiga. SPKT — Nauy2n Dirh PHi
Vill. CAC PHAN TU TRONG CAC DANG SONG:
1 GIA TR DIEN AP BINH — BINH VP-F;

Gia tri dién dp dinh — dinh cia tin hiéu v(t) dugc dinh nghia nhu sau:
Vo =Varax = Vaun (1-36)

pp
Chii y: Vpp ludn ludn duong ngay cd trudng hdp cd Vymax vad Vv déu am.
2. GIA TRIDEN AP BINH VP:
Gi4 tri dién 4p dinh clia tin hiéu v(t) 12 gid tri tuyét d6i 16n nhat cda tin hiéu:
V. =V WiV} (1-37)

Chii y: gid tri Vp la gia tri duong xdc dinh do léch cuc dai tuyét d6i clia tin hiéu so vdi 0.
Hinh 1-27 minh hoa cho cdc hé so bién do.

vit)
\

VMAX ________________ CERTTRE R
0 {

Vs

vir)

Vvax t

e e

Hinh 1-27. Dang song xac dinh gia tri dinh - dinh va gia tri dinh.

2. GiA TRIDIEN AP TRUNG BiNH
Gid tri dién dp trung binh cla tin hi€éu v(t) trong khodng thdi gian T dugc xac dinh nhu sau:
t+T

1
V. = T Iv(x)dx (1-38)

avg
t

D&i v6i tin hiéu tudn hoan chu ky Ty dudc ding nhu khodng thdi gian trung binh T.

Déi véi cdc dang séng tin hiéu tudn hoan thi tich phin ctia phuong trinh (1-30) c6 thé tinh
todn bing dd thi dang séng cda tin hiéu. Vi du: tin hiéu sin trong hinh 1-28 ¢6 gi4 tri dién 4p trung
binh bing 0 do dién tich trén truc biing dién tich dudi truc.

24 Ky thudt xung
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Chuong 1 Dang sbng tin hiéu SPKT — NguyBn Viet Hirng

Dang séng ring cua trong hinh 1-28 1o ring c¢6 gid tri duong. Biing hinh hoc ta c6 thé xdc

. . N . e A o N T PR NI
dinh dudc dién tich nam dudi 1 chu ky cua tin hi€u rdng cua 1a V, 70, do d6 gid tri trung binh la:

L, Ty V.
T, "2 2

Gi4 tri trung binh clia tin hiéu ludn 13 hiing s& va con dudc goi 1a thanh phin dc clia tin hiéu
bdi tin hiéu dc 1a hiing s6 v6i moi t.

vir)
| Ateas are equel
I

(1)

t  Areas are equal
#

N 5 SN AN P
V +\ ‘ ) \\ / ! s
|

dvi I i i l
\ Iy 273 \/.wn
B ° Y P ENRRIPE. . SEIESIER < e

Hinh 1-28. Gia tri trung binh cGa mot vai tin hiéu tuan hoan.

Vidu 1-13:
Hiy tim gi4 tri dinh, gi4 tri dinh — dinh va gi4 tri trung binh clia tin hiéu tudn hoan va dang
séng G ngod ra trinh bay trong hinh 1-29.

Gidi:

Tin hiéu ngd vao 1a tin hiéu sin c6 hé s& bien do la:
Gid tri dién dp dinh-dinh: Vep =2V,

Gié tri dién 4p dinh V,=V,

Gia tri dién ap trung binh Ve =0

_ chinh 12 dang tin hi€u sin ngd vao nhung da bi xén bé mot nia chu ky
am (mach chinh luu ban k). Cac hé s6 bién do clia dang séng ngd ra Ia:

Gia tri dién 4p trung binh:

s t v t
Ve = j V, sin| 27— {dt =——%-cos| 27—
T, 9 T, 2z T,

Z% Z—V—A(COSIZ'—COSO)Z

Vi
27 T

103187,
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Chusong 7. Dang song lin fiiga. SPKT — Nauy2n Dirh PHi

Gid tri dién dp dinh: Vop =V, =V,

Input
) S L
Signal
In Out
processor ¢
v(r)

Output

Hinh 1-29. Hinh cho vi du 1-13.

4, GIA TRIDIEN AP HEUDUNG:

= ,/—er[v(r)

(1-39)

Vidu 1-14:

Gidi:
Ap dung phuong trinh (1-34) gi4 tri ctia tin hiéu hinh sin 1a:

Gia tri cla tin hiéu s6ng réng cua la:

t+T

Ve = | Jbwra

ot V_jT".2 Gt Vit sin(4xt/T,) T°_Q
\/ “v(t) Par = \/To !sm (27zT0)dz_\/T0[2 Sl L_\E

Hay tim gid tri hi€u dung cta tin hiéu sin va tin hiéu xung ring cua trinh bay trong hinh 1-25.

IX. BAI TAP:

1. Hay tim cdc ham cua céc tin hiéu cho sau day:

26
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Chuong 1 Dang sbng tin hiéu SPKT — NguyBn Viet Hirng

0 khi — t<1
@) v(t)=14 khi — 2<t<4
-4 khi A<t

0 khi  t<?2
(b) v,(t)=14 khi  2<t<4

—2¢+12 khi — 4<t
(©) V(1) = j v, (x)dx
__lyvz(t)
(d) vy (t) = i

(a) Hiy tim phuong trinh cda xung hinh chit nhat c6 bién do 15V tai t = -5 s va két thic tai t =
10s.

(b) Tim biéu thirc bing cdch 14y dao ham ctia ham vira tim dudc & ciu (a).

(c) Tim bi€u thic bing cdch 14y tich phan clia him vira tim dugc & ciu (a).

(a) Mot ham mii ¢6 v(0) = 1.2 Vva v(3) =0.5 V. Hay tim gid tri V4 va Tc cua tin hiéu nay.

(b) Mothammii c6 v(0)=5Vvav(2)=125V. Haytimgid tri v(t) tait=1 va t=4.

(c) Mot ham mil ¢6 v(0) = 5 va d6 ddc bit dau tai (t=0) 12 —25 V/s. Hay tim V, va Tc clia hAm
mi nay.

(d) Mot ham mil ¢é d6 suy gidm 10 % gid tri ban dau clia n6 trong khodng thdi gian 3 ms. Hay
tim Tc ciia ham mil nay.

(e) Mot ham ¢6 v(2) =4 V, v(6) =1 V va v(10) = 0.5 V. Viy ham nay c6 phdi 1a ham ma hay
khong ?

4, Hay tim bién do va thdi hiing cda cdc hAm mii sau day:
@ ) =15 (e )7
t
b) v,(t)=| +12¢ 1 lu(t\mV)
©  i()=]r15¢" h(=1)ma)
. —200(#-100
@ i) =[4e O b ~100) 4)
5.  Hay tim bi€u thifc cia ham xung cta hinh 1-30 sau day:
AV
To
Va H -
T
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Chesong 7. Dong sing lin fitu. SPKT — Nauy2n Dirh PHi
Hinh 1-30.
6. Hay vé dang séng clia cdc ham sau:
(a). vi(t) =5 u(t) (c). v3(t) = -5u(t-1)
(b). va(t) = Su(t+1) (d). va(t) =-10u(t-1)
7. Hay vé dang séng cla cdc ham sau:
(@). va(t) = vi(t) + va(b) (©). ve(t) = vi(t) + va(t)
(b). va(t) = vi() + v3(t) (d). vp(t) = va(t) + v3(t)
Hay vé dang séng bing cdch Idy tich phan va dao ham clia cdc ham trong bai tap (1).

9. Mot tin hiéu v(t) bing 0 khi 3ms < t < 5ms va biing +5 V khi t nim ngoai viung trén. Hay
tim phuong trinh cta tin hiéu theo ham budc.

10. Hay x4c dinh bién d0, thoi hiing va vé dang séng clia cdc ham mil sau:

(). vi(9 = [10 ™ T u(t) (©). va(t) = [-10 €™ Ju()
(b). v2() = [10 €™ Ju(® (). va@® = [-10 " Ju(®

11. Mot haim mil bit diu tai t =0 va gidm vé +5V tai t = 4ms va gidm ti€p vé +3V tai t = 6ms.
Hiy tim bién dd va thoi hiing ciia dang séng.

12. MOt ham mil ¢6 Tc = 5ms va c¢6 gid tri bing +5V tai t= 2,5 ms. Hiy fim gid tri cda né tai t=
3,5 ms.

13. Hay xdc dinh chu k¥, tin s8, bién do, thdi gian dich, géc pha cla cdc tin hiéu sau:

(a). vi(t) = 10 cos (2000xt) + 10 sin (2000mt)
(b). va(t) = -30 cos (2000xt) - 20 sin (2000mt)
(c). v3(t) = 10 cos 2xwt/10) - 10 sin (2rt/10)
(d). va(t) = -20 cos (800mt) + 30 sin (800mt)

14. Hay xac dinh chu ky, tin s&, bién d9, thdi gian dich va géc pha clia tin hiéu tdng 2 tin hiéu
diu tién trong bai tap 8.

15. Hay viét phuong trinh cia mdt tin hiéu sin c6 bién d@d 150, chu ky 200 ms va dinh duong dau
tién cda tin hi€u tai t = 50 ms. Hay v&€ dang séng cua tin hiéu.

16. M0t tin hiéu sin c6 tin s6 bing 5 Mhz, ¢6 bién do bing 10 v tai t = 0 va dat d&€n dinh duong
diu tién tai t = 25 ns. Hiy xdc dinh bién do, géc pha va cdc hé s6 Fourier.

17. Hay xdc dinh tin s6, chu ky va cdc hé sd Fourier clia cdc tin hiéu sin:

(a). vi(t) = 20 cos (4000xt - 180°)
(b). vo(t) = 20 cos (4000mt - 90°)

(c). va(t) = 30 cos (2mt/400 - 45°)
(d). va(t) = 60 cos (2000mt + 45°)

18. Hay xdc dinh chu ky, tin s&, bién dd va gbc pha clia tin hiéu tdng 2 tin hiéu diu tién trong
bai tap 12.

19. Hay vé cdc dang séng tin hiéu ham ddc theo sau. Sau d6 vé va tim phudng trinh bing cdch
14y dao ham cdc phuong trinh di cho.

(a). vi(t) = tu(t) —(t-2)u(t-2)
(b). va(t) = tu(t) — 2(t-Du(t-1) +(t-2)u(t-2)

20. Mot tin hiéu c6 phuong trinh tdng quit v(t) = Vo — Vg e™*". Tai t = 0 thi bién do clia tin hiéu 1a
+5V, tai t = 5 us thi bién d6 cda tin hiéu 1a +7.5 us va dat bién dd +10 V khi tai thdi di€m t
rat 16n. Hay tim gid tri cda cédc thong s6 VA, VB, o va vé dang séng cla tin hiéu.

28 Ky thudt xung

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn




Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

Chuong 1 Dang sbng tin hiéu SPKT — NguyBn Viet Hirng
21. Hay viét phuong trinh clia chu ky thit nhit cda tin hiéu c6 dang séng trong hinh 1-31:
A V(D)
Ty
< > A V(H(mV)
To
- 7 [€
— 1 | —
— > (s) »1(S)
L2 3 4 . 1 2134 5 6
Hinh 1-31. Hinh 1-32.

Hiy vi€t phuong trinh v(t) cia chu ky thif nhi't clia tin hiéu c6 dang séng trong hinh 1-32, sau
d6 tinh tich phdn ham v(t) va vé dang séng cua nd.

Mot tin hiéu ¢6 dang v(t) = Va - VpsinBt. Tai t = 0 thi gid tri cda tin hi€u bing 10V va chu ky
tin hiéu dat d&n gid tri cyc tiéu bing —2V sau mdi khodng thdi gian 25us. Hiy tim cdc thong
s6 Va, Vg va B sau d6 vé dang séng.

Hiy vi€t phuong trinh ma tin hiéu clia né c6 Vpp, Vavg va T nhur dang séng trong hinh vé 1-
33. Sau d6 tinh dao ham phudng trinh tin hiéu vira tim va vé dang séng cla né.

v (V) A V((mV)

2 ms

/A AN
AVAVAV S px wars
5 t(s)

Hinh 1-33. Hinh 1-34.

Hay viét phuong trinh cho chu k¥ tin hiéu du tién clia dang séng trong hinh 1-34. Sau dé 14y
dao ham phuong trinh vira tim dudc r6i vé dang séng.

Dang s6ng dudgc dinh nghia 1a sgn(t) = u(t) — u(-t) dugc goi la ham signum. Hay v€ dang s6ng
ciia ham vy(t) = Va[sgn(t) —sgn(t-Tp) va vo(t) = Va[sin(2nt/Tp)] sgn(t-To).

end
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Chuong 2

BIEN POI DANG SONG BANG

MACH RC, RL VA RLC
[

PHAN TICH SONG VUONG
MACH RC
MACH RC V&1 TINHHEU VAO LA HAMBUGC
MACHRC VI TINHHEU VAO LA HAM XUNG
MACH LOC TAN SO THAP - MACH VI PHAN
MACHLOC TAN S8 THAP
MACH VI PHAN
MACH LOC TAN SO CAO - MACH TiCH PHAN
MACHLOC TAN 58 cAO
MACH T{CH PHAN
CAC DANG MACH DUNG RL
MACH VI PHAN - TiCH PHAN DUNG OP-AMP
MACH VI PHAN
MACH T{CH PHAN
PHUONG PHAP TOAN TU
PHEP BEN DOI THUAN LAPLACE
PHAN TICHMACH BEN D81 TIN HEU RC DUNG BEN DI LAPLACE
Mach RC vdi tin higu vao 15 ham budc
Mach RC vdi tin hiéu vao 13 ham xung vubrg
Mach RC vdi tin hiu vaio 15 ham rrii:
Mach RC vdi tin hiéu vio 5 haim déc
PHAN TICH MACHBEN B3I TIN HEU RL DUNG BEN D3I LAPLACE
Mach RL vdi tin hiéu vao 1& ham budc
Mach RL vdi tin Héu vao 1& ham xung vudrg
MACH PHAN AP

MACH RLC
BAI TAP
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Chuong 2. Bién d6i dang sbng biing mach re, H va ric. SPKT — Nguyén Bvh PHil

LIET KE CAC HINH
Hinh 2-1. Phan fich tin hiéu song vuéng.
Hinh 2-2. Mach RC.
Hinh 2-3. Mach RC véi fin hiéu vao la ham buac.
Hinh 2-4. Mach dudc vé lai.
Hinh 2-5. Dang song cua ty C, R va fin hiéu vao.
Hinh 2-6. Dang s6ng nap cua ty C.
Hinh 2-7. Mach RC véi tin hiéu vao la ham xung.
Hinh 2-8. Mach vé lai v6i khodng théi gian tU 0 dén t,.

Hinh 2-9. Dang song ra frong 2 truéng hop.

Hinh 2-10.

Tu bat dau xa dien.

Hinh 2-11. Dang sdng xa& cUa ty C.

Hinh 2-12.
Hinh 2-13.
Hinh 2-14.
Hinh 2-15.
Hinh 2-16.
Hinh 2-17.
Hinh 2-18.
Hinh 2-19.

Hinh 2-20.

Hinh 2-21.

Hinh 2-22.
Hinh 2-23.
Hinh 2-24.
Hinh 2-25.
Hinh 2-26.
Hinh 2-27.
Hinh 2-28.
Hinh 2-29.
Hinh 2-30.

Hinh 2-31.

Hinh 2-32.
Hinh 2-33.
Hinh 2-34.
Hinh 2-35.
Hinh 2-36.
Hinh 2-37.

Mach loc tan s6 thap.

Mach Khuéch dai ghép tang duong mach RC.
Mach vi phan.

Ky hiéu mach vi phan va dang séng vao ra.
Mach loc tan sé cao.

Gian do6 Bode.

Mach tich phan.

Ky hiéu mach tich phan va dang séng vao ra.
Mach RC va RL.

Mach vi phan dung Op - amp.

Mach tich phan dung Op - amp.

Mach RC v@i tin hiéu vao la ham budc.
Mach RC vgi tin hiéu vao la ham xung.
Mach RC v@i tin hiéu vao la ham ma.

Mach RC véi tin hiéu védo Ia ham déc.
Mach RL vGi tin hiéu vao la ham buéc.
Mach RL véi tin hiéu vao Ia ham mao.

Mach cdu phan ap dung dién ré.

Mach cdu phan ap tan sé thap.

Mach cdu phan ap tan sé cao.

Chinh dung, chinh 16 va chinh thiéu ty C1.
Mach RLC vGi tin hiéu vao la ham budc.
Mach RLC vgi fin hiéu vao la ham buéc.
Dang séng hiéu coa 2 hadm ma.

Dang séng fich cGa ham mo va ham déc.
Dang sdng tich cba hadm mo va ham sin.
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Chuong 2. Bién d6i dang sbng biing mach re, H va ric. SPKT — Nguyén Vet Hing

. PHAN TiCH XUNG VUONG:

Mot tin hiéu xung vuéng nhu hinh vé 2-1 gdm 2 thanh phan: tin hiéu dc va tin hiéu tan s6 cao:

Thanh phan tin hi¢u
tan so thap

Thanh phan tin hiéu
tan sé cao
Hinh 2-1. Phan fich tin hiéu song vuong.

Trong chudng nay khio sdt sy bi€n ddi tin hiéu khi duta qua mach RC, RL va RLC. Sy bién d6i
dudc phan tich dya vao phudng phdp qud do trong mach dién biing cidch gidi phuong trinh vi phan
hoic diing phudng phép todn tif (bi€n d6i Laplace).

II.  MACH RC:
Xét 2 mach RC hinh 2-2:

—_— VC_ —_— VR
d i | 4 é + /= .
¥ T Cl\ + + + R + *
vi O Rl | v Vo vi O c= Ve Vo

——
e
——
b |

(). (b).
Hinh 2-2. Mach RC.

Mach RC hinh 2-2(a) va hinh 2-2(b) chi khdc nhau & phin tin hiéu 18y ra v,(t) trén tu C hay dién
trd R. Do d6 khi khdo sat sy bi€n ddi tin hiéu bing mach RC thi ¢6 thé xem 2 mach la 1.

1 MACHRC VO TIN HEU VAO LA HAM BUGG:

Khi tin hi¢u vao la ham budc v,(¢) = Eu(t), dién dp ban diu clia tu bing Ov.

Xét mach RC véi tin hi¢u vao 1a ham buéc nhu hinh 2-3:
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Chuong 2. Bién d6i dang sbng biing mach re, H va ric. SPKT — Nguyén Bvh PHil
A v, (£ +\|j;:-
+ ®
g + C | \ & +
vi O Rl | Vg Vo
p i _
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Hinh 2-3. Mach RC véi tin hiéu vao la ham budc.
P& dé dang khio sit ta ding s6 dd mach tuong duong hinh 2-4:
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Hinh 2-4. Mach dugc vé lai.
Tai thdi di€m t = 0 khod SW dudc dong lai:
bién dp cia tu C: v,(t)=0v
bién dp trén dién trd R: vt)=v,(t)=E
Tu dién C bit diu nap dién theo phuong trinh nap: v (t)= E(l —e%c)+vc(0) = E(l — e%ecj
Trong doé v, (O) =0vi dién 4p ban dau cla tu cho biing OV.
Dién dp trén di€n trd R gidm theo phuong trinh: Ve (t): E —vc(t) = Eef%zc
Dang séng tin hi€u vao, trén dién trd va trén tu C dugc vé nhu hinh 2-5.

PG Chii y: phuong trinh nap ciia tu cé dugc tic mon ly thuyét mach xem phdan phu luc.

Do ddc cda ham mil phu thudc vao thdi hing nap xa T =RC.
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Hinh 2-5. Dang song cua ty C, R va fin hiéu vao.

Vidu 2-1.

Cho mach RC va dang séng vao nhu hinh 2-3, hay khdo sdt gid trj di€n dp trén tu C va trén dién

Khi t = 7 thi tu nap dugc 63 %.

Khi t = 27 thi tu nap dudc 86%.
Khi t = 3t thi tu nap dudc 95%.
Khi t = 4< thi tu nap dugc 98%.
Khi t = 57 thi tu nap dugc 99%.

trd R tuong Gng vGi cdc gid trit = v, 21, 37, 41, 57.

Trong ky thuat xung sau khodng thdi tir 3t dén 5t xem nhu tu da nap day.
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Hinh 2-6. Dang séng nap cua ty C.

2. MACHRC YOI TIN HEU VAO LA HAM XUNG:

K§ thudt xung
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Khi tin hi€u vao 1a ham xung vi(t) = E[u(t) — u(t-T,)], di€n 4p ban diu cta tu bing Ov.
Xét mach RC véi tin hiéu vao 1a ham xung nhu hinh 2-7:
% |-
A + \ &
Vi == E
—> R
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>/ - VR VO

¢ o
Hinh 2-7. Mach RC vai tin hiéu vao la ham xung.

Tai thdi diém t = 0 khod SW dudc dong lai nhu hinh 2-8:

bién dp cua tu C: Vv, (t)= Ov

bién dp trén dién tr§ R: VR(Z) = vl.(t) =F
Tu dién C bit diu nap dién theo phuong trinh nap:v,(¢)= E(l - e_%?c) +v,(0)= E(l - e_%c)
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Hinh 2-8. Mach vé lai véi khodng thdi gian U 0 dén t,.

I |+

Vi

bién dp trén dién trd R gidm theo phuong trinh: vlt)=E-v (t)= Ee ke

Gi4 tri dién 4p cda tu C dudc nap phu thudc vao thdi gian ton tai xung T;. C6 thé chia ra lam
2 trudng hop:

(a) T; > 57: tu s& nap ddy bing dién 4p tin hiéu vio E va dién 4p R s& gidm vé 0, hinh 2-9a.

(b) Ty < 57: tu s& nap nhung khong bing dién 4p tin hiéu vao E va dién 4p R s& khong gidm
vé 0, hinh 2-9b.
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A Vil A Vit
E E

L VR(D
-B
E

Y

(a) (b)
Hinh 2-9. Dang song ra frong 2 tridng hop.

Sau khodng thdi gian Tj, tin hiéu vao bing 0, s¢ d6 mach tuong duong nhu hinh 2-10:

Tu C dugc xem nhuy mot ngudn dién ¢6 bién dd bing lugng dién dp da nap. Ta c6 v, (t): —Ve (t)
Tu C bit diu x4 dién con dién 4p R s& tang din theo phudng trinh: v, (¢)=—v.(¢)= _Ee /ke

sau khoang thdi gian t = 5t, dién dp: v, (t)=v.(¢)=0

Dang séng cua tin hi€éu vao, dang séng cia R va dang séng cia tu C nhu da trinh bay & hinh 2-9
trong khodng thdi gian sau T.
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Hinh 2-10. Ty bat dau xa dién.

Vi du 2-2.
Cho mach RC nhu hinh 2-10, hdy khao sit gid tri dién dp trén tu C va trén dién trd R tuong &ng
vdi cdc gid tri t =1, 21, 31, 47, 57.

Khi t = 7 thi tu xa dudc 63%.
Khi t = 27 thi tu x4 dudc 86%.
Khi t = 37 thi tu x4 dugc 95%.
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Khi t = 4t thi tu xa dudc 98%.
Khi t = 57 thi tu xa dudc 99%.

Trong k¥ thuat xung sau khodng thdi tir 3t d€n 5t xem nhu tu da x4 hét.
A Vv (1)

0 Ir 2r 3t 4r 5t

Hinh 2-11. Dang sdng xa cba ty C.

M. MACH LOC TAN S6 THAP VA MACH VI PHAN:

1 MACHLOC TAN 56 THAP:
Xét mach RC nhu hinh vé& 2-12, ta thdy cdc viing tin hiéu tin s& thap bi bi€n dang, viing tin s&
cao khong bi anh hudng.

A L& VC v

E

N
A 4
A

Hinh 2-12. Mach loc tan s6 thap.

Ta c6 thé gidi thich nhu sau:
1
27C
Trong d6 f1a tan s6 cda tin hiéu ngd vao, néu tin hiéu cé tin s& thap thi Xc c6 gid tri 16n ngin
cdn tin hiéu, khi tin hiéu ¢6 tin s6 cao thi Xc nhé va tin hiéu c¢6 thé qua dugc tu dién d&€n ngd ra.

Phuong trinh tinh tr§ khang cla tu dién: X, =

Tan s6 cit cla tin hiéu 12 tdn s6 tai d6 tin hiéu ra v, gidm 3dB so vdi tin hiéu vao v,. K&t qua
N P 1
tim dudc tan soO cat: | =—
27RC
Mach loc tan s6 thdp thudng gip trong cdc mach khuéch dai ghép RC 1am xudt hién tin s6 cit

du6i ciia mach khué&ch dai nhu hinh 2-13.

26 K§ thudt xung
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Hinh 2-13. Mach Khuéch dai ghép tdng diong mach RC.

2 MACHVIPHAN
Xét mach dién RC nhu hinh 2-14 12 mach vi phin va ciing chinh 12 mach loc tin s6 thip. Cho
tin hiéu vao 1a xung vudng va gid sif ring thdi gian ton tai xung ngd vao § mic 112 7, >> 7= RC c6
nghia 1a tu C nap dién rdt nhanh va dién dp trén R suy gidm rdt nhanh, dang séng vao va ra nhu hinh
2-14.

. Ve AC

E

Hinh 2-14. Mach vi phan.
Mach vi phén la mach c6 chiic ndng tao ra tin hi¢u ra bang cdch tinh dao ham phuong trinh
tin hi¢u vao. Sau diy ta tim moi quan hé tin hiéu vao ra:
Ap dung dinh luat Kirchhoff vé& 4p ta c6:
V() = ve (1) + v (2)
Véi diéu kién T; >> 1t = RC thi lugng dién 4p clia tin hiéu vao xem nhu dit 1én toan bo tu dién
C, dién 4p trén R khong ddang k€ va xem nhu bing 0:
V() =0V

Phuong trinh trén dudc vi€tlai: v, (1) =v.(t) = % j i(t)dt

Dong dién i(t): i() = VRTf”
Suy ra V() = —— j v (t)dt
y " ="cple
K§ thudt xung 37
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dv, (1)
dt

Pao ham 2 v€ ta dugc: v (t)=v,(t)=RC

Vay tin hiéu ra bang dao ham tin hiéu vao nhan vdi RC, néu néi theo dang séng thi khi dua 1 tin
hiéu séng vuéng dén mach vi phdn sé tao ra mot tin hiéu c¢é 2 gai nhon va dugc minh hoa ngdn gon
bang hinh 2-15.

v, %

A o

Hinh 2-15. Ky hieu mach vi phan va dang séng vao ra.
Ung dung ctia mach vi phan 13 thu hep xung vudng tao ra xung gai nhon d€ kich.
IV. MACH LOC TAN SO CAO VA MACH TiCH PHAN:
1 MACHLOC TANSB CAO

Xét mach RC nhu hinh 2-16, ta th'y cdc ving tin hiéu tAn s6 cao bi bi€n dang, viing tin sd thap
it bi dnh hudng.

E R C + E |-
—~V~ V L { L
U(—} > ¢ C © D(-—}
T - T

& L &
Hinh 2-16. Mach loc tan sé cao.
Ta c6 thé gidi thich nhu sau:
1

24C

Trong d6 f1a tan s6 cda tin hiéu ngd vao, néu tin hiéu ¢ tin s6 thap thi Xc ¢6 gid tri 16n ngin
cdn tin hiéu xudng mass hay xem nhu héd mach va tin hiéu cé thé dua dén ngod ra, khi tin hi€u c6 tin
s6 cao thi Xc nhd va tin hiéu c6 thé qua dudc tu dién xuéng mass hay tu di ngdn mach céc tin hiéu c6
tin s cao.

TAn s6 cit cda tin hiéu 12 tin s6 tai d6 tin hiéu ra v, gidm 3dB so vdi tin hiéu vao vi. K&t qud

1

tim dudc tan 6 cit:  f, = ———
27RC

Phuong trinh tinh trd khing cla tu dién: X, =
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Mach loc tin s6 thap thudng gip trong cdc mach khué€ch dai ghép RC 1am xuét hién tin s& cit
trén ciia mach khué&ch dai nhu hinh 2-17.

-

f(log scale)

3B .
. —6 dB/octave

Hinh 2-17. Gidn dé Bode.

2. MACHTICHPHAN:

Xét mach dién nhu hinh 2-18 12 mach tich phan va ciing chinh 1a mach loc tin s& cao. Cho tin
hiéu vao 1a xung vudng va gid st ring thdi gian ton tai xung ngd vao & mic 1 1a 7, <<z =RCc6

nghia 12 tu C nap dién rit chAm va dién 4p trén R suy gidm ciing rdt chim, dang séng vao va ra nhu

hinh 2-18.
VR
A o - o A"
. = i T I —
; > ¢ _-""'_NVC Vo ; P W » !
T T

® I &
Hinh 2-18. Mach tich phan.

Mach tich phin 1a mach c6 chic ning tao ra tin hiéu ra biing cdch tinh tich phan phuong trinh
tin hiéu vao. Sau day ta tim mdi quan hé tin hiéu vao ra:

Ap dung dinh luit Kirchhoff vé 4p ta cé: v, (t) = v (t) +v, (1)

V6i diéu kién T << ©=RC thi lugng dién dp cla tin hi€u vao xem nhu dit 1én toan bd dién trd
R, dién dp trén C khong ddng k€ va xem nhu bing 0: v, ()= OV

Phuong trinh trén dudc viét lai: v, () =v(6)=i(f)x R
Phuong trinh nap cua tu: ve(t) = %j i(t)dt

1
Suy ra V() =vo() = = j v, (t)dt

Vay tin hiéu ra bing tich phdn tin hiéu vao chia cho RC, néu ndi theo dang séng thi khi dua 1 tin
hiéu song vuéng dén mach vi phdn sé tao ra mot tin hiéu tam gidc va dugc minh hoa ngdn gon bdng

hinh 2-19.
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Hinh 2-19. Ky hiéu mach tich phdn va dang séng vao ra.

V. CAC DANG MACH DUNG RL

Do tinh chat song ddi gifta cac mach RC va RL ta ¢6 cdc dang mach loc va vi tich phdn nhu hinh

2-20:
® I ( ° —{ |— o
cl\ + + R + +
R VR Vo = L VL Vo
. . 3 B
. P
VR i

q

Vo s

Hinh 2-20. Mach RC va RL.

VI. MACH VI PHAN, TiCH PHAN DUNG OPAMP:

1 MACH VI PHAN:
S6 dd mach vi phan hinh 2-21:

40 Ky thudt xung
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1 1
Hinh 2-21. Mach vi phan dung Op - amp.
Theo gia dinh 1 ta c6: V,=V. =V =0V
t
Ta co: V.0)=V.(t)= %jie (0)dt +V.(0)
0
Pao ham 2 v€ dudc: i.()=C dzt(t)
Theo gia dinh 1 ta c6: i(f) =i, (t)=— VoR(t)
. (t
Két qua dugc: V,(t)=—Ri.(t)=—-RC dl;f )

Mach vi phéan ciing chinh 1a mach lgoc thong cao.

2. MACHTICHPHAN:
So d6 mach tich phan hinh 2-22:

+ (=
clit=2
R
. T
I
+ m——
|
vi R

Hinh 2-22. Mach fich phéan dung Op - amp.

Theo gia dinh 1 ta c6: V,=V.=V, =0V
Nén v ——lji dt+V,.(0)
o CO C C
) R A0)
Ta cé lc:lR:T
1 t
Thé vao ta cé: V,=———|V.(t)dt+V.(0
. RC! (0)dt+V(0)
K§ thudt xung 41
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Mach tich phan ciing chinh 1a mach loc thong thap.

Vil. PHUGNG PHAP TOAN TU: (nhéc lai)

1 PHEP BEN DOI THUAN LAPLACE:
Ki hiéu ham bi€n di Laplace nhu sau: Lif ()= F(s)

Trong dé F(s) 1a ham bién ddi Laplace ctda ham f(t). Him bi€n dsi nay g6m c6 2 vung: (1) —
viing thdi gian — trong viing nay tin hiéu dugc biéu di€n bdi ham f(t); (2) — ving tdn sd phiic — trong
viing nay tin hiéu dugc bi€u dién bdi ham F(s).

Ki hiéu s tugng trung cho bié€n thay ddi tin sd phic: s =5+ jo

Mot tin hiéu c6 thé bi€u dién bing ham f(¢) hodc bing ham Laplace F(s). Ca hai ham dugc
goi 12 cip bi€n d6i Laplace.

Phép bi€n ddi Laplace dugc dinh nghia nhu sau:
F(s)= j F(t)e™dt
0—

Bdng tém tdt cdc tinh chdt ciia bién doi Laplace:

Tinh chat Ving thoi gian Ving tan so:
Bi€n doc 1ap: t s
Ham tin hi¢u: £t F(s)

)
Ki hicu bicn adi: L {F(S)}=[/(t)ue) LI ()= F(s)

Tuyén tinh: Af(2)+ Bf, (¢) AF,(s)+ BF,(s)
Tich phén: j f(@)dr Fs)
0 S
Vi phan: LA sF(s)— f(0-)
dt
d’f(1)

. SF(s)=5f(0-)= 1 (0-)

Bdng bién déi Laplace ciia mot s6" ham thuong ding:

Tin hiéu Ham tin hiéu f(t) Ham Laplace F(s)

Xung dirac o(t) 1

Ham buéc u(t) l
s

N A/ 1

Ham doc tu(t) —
s

Ham mii e ™ x u(t) !
S+a

42 K§ thudt xung
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Ham doc giam te™™ x u(l‘) ;2
(s+a)
Ham sin sin [t : B -
s +p
s
Ham cos cos ft
s+ p
Ham sin gidm e sin St x u(l‘) %
(s+a) +p
Ham cos gidm e ™ cos St xult) S
(s+a) +p

Vidu:
Giai:

Ap dung cdng thitc bi€n ddi ta tinh:

Hiy chting minh bién ddi Laplace ctia ham f(t) = u(t) 1a F(s) = 1/s

F(s)= ]iu(t)e_”dt

Theo dinh nghia ham buGc u(t) = 1 nén: F(s)= JAe*‘”dt S ‘: = el
e S s
2. PHAN TICHMACHBEN D01 TiN HEU RC DUNG BEN D01 LAPLACE:
a Mach RC vdi tin hiéu vao & ham bude
Xét mach dién RC nhu hinh 2-23:
A" () VC
— % {_
+ \ # .
E
4 C Y +
Vi ( R[] Vg Vo
> i
0 + J_ ;

Hinh 2-23. Mach RC véi fin hiéu vao la ham buéc.

Viéc phan tich dugc chia 1am 3 budc:

Budec 1: thi€t 1ap cdc phuong trinh trong ving thdi gian.

Ap dung dinh luat Kirchhoff vé 4p ta c6:
Phuong trinh tin hi€u vao:
bién dp trén dién tré R:

Dong dién qua tu C:

Thé vao phuong trinh trén dugc:

V() +vp(D)+v(6)=0
v.(t) = Eu(t)
Ve (t)=i(t)R

o Ay (D)
l(t)_C—dt

RCPD L ()= Bu(r)
7

K§ thudt xung
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Véi diéu kién ban dau ve(0) = VoV.
Budc 2: chuyén d6i cac phuong trinh & budc 1 sang viing tan sd phiic s va gidi cac phuong trinh
dé tim ham ddp tng.
Diing bi&€n d8i Laplace dé chuy&n ham sau: L{Rc%+ v, (t)} = L[Eu(t)]
t

Diing tinh chat tuyé&n tinh va phép bi€n ddi cia mot s6 ham dudc:

Rc[sVC(s)—V0]+VC(s)=El
N

E

Tre . Vi

PRI R
S| S RC RC

Buée 3: 4p dung bién d6i Laplace ngudc dé chuyén d6i ham tim dugc & budc 2 sang ham bién
ddi theo thdi gian.
Thanh phan du clia tin hiéu tdch ra thinh 2 phan nhu sau:

Yre Kk, k

Suy ra dién dp trén tu Cla: V.(s)=

S s+L K S+L
RC RC

Gidi phuong trinh fim cdc hé s6 k, va k: &, = Jrc I - E

k2:%cl

s |s ——1/RC

Phuong trinh trén dugc viét lai: Ve(s)= E_ b; + VIO
S s+ %?C S+ AC

Tra cdc ham cd ban suy ra ham gdc:

v (t)= E—Ee’Rt_C +V0eﬂxu(t) = [E—(E—VO )eﬂxu(z)

Né&u dién 4p ban diu clia tu bing 0 thi phuong trinh ctia tu C 1a:

ve(t)= E—Ee_’;_c} xu(t)= E(l—e_%jxu(t)

Va phuong trinh cda dién tr§ R:
t t
V(D)= v, () = v (t) = Eu(t){E—Ee ﬂ xu(f) = Ee ¢ xu(f)

Phuong trinh va dang séng vao, dang séng trén tu, dang séng trén R gidng nhu ta dd khdo sit &
phin IL.

b. Mach RC vdi tin higu vao 5 ham xung vubng
Xét mach dién RC nhu hinh 2-24:

44 K§ thidt xung
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&
T > Vi = E R VR Vo

* _ N

Hinh 2-24. Mach RC vgéi fin hiéu vao la ham xung.

Budec 1: thi€t 14p cdc phuong trinh trong ving thdi gian.

Ap dung dinh luat Kirchhoff vé& 4p ta cé: —v,(t)+ v () +v (1) =0
Phuong trinh tin hi€u vao: v.(t) = E[u(t) —u(t- 7})]
Pién dp trén dién trd R: v () =i(H)R
Dong dién qua tu C: i(ty=C @
t
. . R dv;(t)
Thé vao phuong trinh trén dugc: RC +v. () = Elu(t) —u(t -T,)]

V6i di€u kién ban dau v (0)=V, .
Budc 2: chuyén d6i cac phuong trinh & budc 1 sang viing tan sd phic s va gidi cdc phuong trinh
dé tim ham ddp tng.

Diing bi€n d6i Laplace dé chuyén ham sau:

L[Rc dv; ®, Ve (z)} = L[E[u(t)— u(t - T))]]
Diing tinh chat tuyé&n tinh va phép bi€n ddi ctia mot s6 ham dudc:
1 1 _ 1 I _
RC|sV.(s) =V, |+ V. (s)=E|—— = |=E——E—¢™"
S S S S
Suy ra dién dp trén tu Cla:
E E
VC (S) = %e(i — %e(i eiST1 + —VOI
S|s+—1| S| 85+— S+ —
[frre) dre)  re

Budc 3: 4p dung bi€n ddi Laplace ngudc d€ chuyén ddi ham tim dugc & budc 2 sang ham bién
ddi theo thdi gian.

Thanh phan diu cda tin hiéu tdch ra thinh 2 phan nhu sau:
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.
Gidi phuong trinh tim cdc hé s6 k; va ko: k, = RC_| =E
(s N L) |s =0
RC
k, = %C| -
s |s=-1/RC

Tuong tu cho thanh phin thir 2 va ta dudc:
E E E

= eI 4 £ e 4 Vo
1 1 1
N S+ RC S S+%€C S+%€C

Tra cdc ham cd ban suy ra ham gdc:

t

ve(t) = {E — Ee_%}u(t) - [E — Ee_%}u(t -T)+ Vue_R_C

Phdén tich phuong trinh:
Tai thdi diém t=0: v.(t=0)=V,

Trong khodng thdi gian 0 <7< 7, : ham u(¢)=1con ham u(t—7)=0: tu C nap dién theo phuong
-t
trinh: ve(t) = {E —(E-V,)e RC}

Pién 4p trén tu C ting dan tir V va gid tri dat 16n nha't biing E tiy thudc vao khodng thdi gian
ton tai xung T.

Tai thdi diém ¢ =7,: ham u(¢)=1 con ham u(t—7;)=1: dién 4p trén tu C:v.(t) = Ecx

Trong d6 o 12 hé s& nhdé hon hay biing 1: nhd hon khi tu chua nap dy, biing 1 khi tu di nap day.

Trong khoang thdi gian 7, <¢: khi d6 tu C x4 dién theo phudng trinh:

t t
vc(t)=Ea—{E—Ee RC}=E(a—1)+Ee rC

Phuong trinh va dang séng vao, dang séng trén tu, dang séng trén R gidng nhu ta di khio sit &
phan IL.

C. Mach RC vdi tin héu vao |2 haim mi:

Xét mach dién RC nhu hinh 2-25:

Y/
‘ 't-’!. (t) R
® || % . 4 ®
ﬁ_ ........... R +
_c
T\ Vo
i & &
: 1
Hinh 2-25. Mach RC véGi fin hiéu vao la ham mao.
Budec 1: thi€t 14p cdc phuong trinh trong ving thdi gian.
Ap dung dinh luat Kirchhoff vé 4p ta c6: V() + v (@) +v.(£)=0
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Phudng trinh tin hiéu vao: V() = E[l - eﬂu(t)
Phuong trinh trén dién tré R: v,(1)=i()R
Dong di€n qua tu C: i(t)= C%
Thé vao phuong trinh trén dugc: RC ve(t) +v.(t)=E[l- e_%]u(t)

V6i diéu kién ban dau ve(0) = VpV.
Buée 2: chuyén ddi ciac phuong trinh & budc 1 sang viing tin s6 phifc s va gidi cic phuong trinh
dé tim ham ddp dng.

Diing bi€n d6i Laplace d& chuyén ham sau:

L[Rc 2Dy <r>} - L{E[l —e ()

Dung tinh chit tuyén tinh va phép bi€n ddi cia mot s& ham dudc:

RC[sV.(s)~V,|+V.(s)=E L _plip 1

1
1 1
s s+ /Tl | e /T1
E E
VRC _ ke L
1 1 1 1
S| s+— — — | St—=
) (”TJ(”RC) RC
Buée 3: 4p dung bién d6i Laplace ngudc dé chuyén d6i ham tim dugc & budc 2 sang ham bién

ddi theo thdi gian.
Thanh phan diu clia tin hiéu tdch ra thinh 2 phdn nhu sau:

Yoe k., K

ss+L § S+L
RC RC

Suyradiéndptréntu Cla: V.(s)=

Gidi phuong trinh tim c4c hé s6 k; va ko: = 0 I =E
(s N _j s=0
RC
E
k, = AC | .
s |s=-1/RC
Thanh phan thit 2 cda tin hiéu tdch ra thanh 2 phin nhu sau:
E
AC _ ks n ky
1 1 1 1
s+—|s+—| St St——
( T, j( ch T RC
Gidi phuong trinh tim cdc hé s6 ks va ky:
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E
k.= AC ‘ __E
: ( 1 ] 1 I_RC/
s+— |8 =— T,
RC T
E
k, = AC ‘ - £
4

Viét lai phuong trinh trén:

E E E 1 E 1 V.
Ve(s)=— :

- - + +
1 _RC 1 _RC 1 1
s S+%€C 1 ﬂs+/Tl 1 T1S+43C S+4€C

Tra bdng suy ra ham gdc cia tu C:

t

- _t L L
vc(t):{E—Ee Rc}u(t)wtﬁl}z RC _e T‘}u(z‘)+VOe ke
- /T

Phuong trinh di€én 4p trén R:

V() =v,(t)=v (1) =— ﬁ{el?t_c - e_f:lu(t) L VOe—Rt_C

Phdn tich phuong trinh:

Phuong trinh trén tu C: tai thdi di€m t = 0 thi dién 4p trén tu ding bing Vo, sau d6 tu C nap dién
cho d&n khi dién 4p trén tu bing E.

Phuong trinh trén dién tr§ R: tai thdi di€m t = 0 thi dién trd trén tu ding bing Vo,. Phudng trinh
dién 4p trén R chinh 12 ham t6 hgp clia 2 him mii khac nhau vé thdi hing va ham nay s& gidm vé 0
sau mOt khodng thdi gian.

d. Mach RC vdi tin héu vio 15 him dbc:

Xét mach dién RC nhu hinh 2-26:

Hinh 2-26. Mach RC véi fin hiéu vao 1a ham déc.
Budc 1: thi€t 14p cdc phuong trinh trong viing thdi gian.

Ap dung dinh luat Kirchhoff vé 4p ta c6: —v,(t) + v () +v.(6)=0
Phuong trinh tin hi€u vao: v.()=E %u(t)
Phuong trinh trén dién tr R: v,(t)=i(H)R
Dong dién qua tu C: i(t)= C@
t
Thé€ vao phuong trinh trén dugc: RC % +v.(t) = E%u(t)
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Véi diéu kién ban dau v.(0) =V, .
Buéc 2: chuyén ddi ciac phuong trinh & budc 1 sang viing tin s6 phifc s va gidi cic phuong trinh
dé tim ham ddp dng.
N AN 0. 2 2 « dVC (t) t
Dung bi€én doi Laplace dé chuyén ham sau: L RCT+ ve(t) |=L E?u(t)
t

Diing tinh chat tuyé&n tinh va phép bi€n ddi cia mdt s6 ham dudc:

RC[sV (s)=V,|+V.(s) = Ei
S

A
Suy ra dién dp trén tu C la: V.(s)= TRC _

Buée 3: 4p dung bién d6i Laplace ngudc dé chuyén d6i ham tim dugc & budc 2 sang ham bién
ddi theo thdi gian.

Thanh phan diu clia tin hiéu tdch ra thinh 2 phdn nhu sau:

k, = RC
k, = (RCY
Vi€t lai phuong trinh trén:
V. (s) = E —(RC)223+RC (RC)* v, ERC+£2 E _RC
TRC * s+ Vre ”ﬁec Is 10T S*ﬁec ”ﬁc
Tra bing suy ra ham goc cia tu C: ve(t) = {?t—%c %RCe R lu(t)+V e Rcu(t)

3, PHAN TICHMACHBEN D8I TIN HEU RL DUNG BEN BOI LAPLACE:
a Mach RL vdi tin héu vao [2 ham budc:
Xét mach dién RL nhu hinh 2-27:

1

A 1
E

0
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Hinh 2-27. Mach RL véi tin hiéu vao la ham budc.
Viéc phan tich dugc chia 1am 3 budc:
Budec 1: thi€t 14p cdc phuong trinh trong ving thdi gian.

Ap dung dinh luat Kirchhoff vé 4p ta c6: —v.(t)+v(t)+v, (1)=0
Phuong trinh tin hi€u vao: v.(t) = Eu(t)
Pién dp trén dién trd R: v (1) =i(H)R
Dién dp trén cudn day L: v,(t)=L d;(t)
t

; di0)

Thé€ vao phuong trinh trén dugc: +Ri(t) = Eu(t)
t

Véi diéu kién ban dau dong i(0).
Buéc 2: chuyén ddi ciac phuong trinh & budc 1 sang viing tin s6 phifc s va gidi cic phuong trinh
dé tim ham ddp tng.

Duing bi€n d6i Laplace dé chuyén ham sau: L{L d;(t) +Ri(t)} = L[Eu(t)]
t

Diing tinh chat tuyé&n tinh va phép bi€n ddi ciia mot s6 ham dudc:
L[sI(s)—i(0)]+ RI(s) = E%
I . z'(O)1
s(s + L/_R] S+ L/_R
Buée 3: 4p dung bién d6i Laplace ngudc dé chuyén d6i ham tim dugc & budc 2 sang ham bién
ddi theo thdi gian.

Suy ra dong dién: I(s)= % X

Thanh phan diu clia tin hiéu tdch ra thinh 2 phdn nhu sau:
E 1 k, k,
4+ —

L 1) s 1
- S+ —-
S(S+L/RJ L/R

Gidi phuong trinh tim cdc hé s6 k; va ko: k, = ==
1 \ls=0 R
S+——
L/R
L __E
s ~R/L L
E
Phuong trinh trén dugc vi€tlai:  I(s) = / R i0)
N s+ /L/R s+ A/R
Suy ra ham goc: i(t)= {—X(E Ee TC)+1(O)e fe ]xu(t)
V6i T, = % N&u dong dién ban dau qua cudn diy bing 0 thi phuong trinh dong dién 1a:
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t t

1 T E
i(t)=—x|(E—Ee ' |xu(t)=—=|1-e ™ |xu(t)
R R
L
T.
Suy ra phuong trinh cta dién tr§ R: () =| E—Ee " |xu(?)
_t
Va phuong trinh dién dp cfia cuon day L: v, (£) =v.(£) = v, (¢) = Ee "u(t)

Phuong trinh va dang séng vao, dang song trén dién trd R va trén cudn diy L cia mach RL
giéng nhu dang séng trén tu C va trén dién tr§ R cia mach RC theo thit tu.

b. Mach RL vdi tin hiéu vaio [2 haim xung vudng:
Xét mach dién RL nhu hinh 2-28:

0 E

Hinh 2-28. Mach RL vGi tin hiéu vao la ham mo.

Budec 1: thi€t 14p cdc phuong trinh trong ving thdi gian.

Ap dung dinh luat Kirchhoff vé 4p ta c6: —Vv.(t)+vp(t)+v.(£)=0
Phuong trinh tin hi€u vao: v.(t) = E[u(t) —u(t —Tl)]
Pién dp trén dién trd R: v (t)=i(H)R
Pién dp trén cudn day L: v,()=L d;(t)
t
Thé vao phuong trinh trén dugc: ( ) | Ri i(t) = Elu(t)—u(t-T))]

Véi diéu kién ban dau dong i(0).
Buéc 2: chuyén ddi ciac phuong trinh & budc 1 sang viing tin s6 phifc s va gidi cic phuong trinh
dé tim ham ddp dng.

Duing bi€n d6i Laplace dé chuyén ham sau:
L{ A (t)} LIEL(0) ~u(t~T,)]
t
Diing tinh chat tuyé&n tinh va phép bi€n ddi cia mot s6 ham dudc:

L[sI(s)—i(0)]+RI(s) = E{l—le } gl_ple
S S S S
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E E
V (S) _ AC _ AC e—sTl + VO
c = _
Suy ra dong dié€n: 1 1 1
S| §+— S| §+— S+ —
RC RC RC

Buéc 3: 4p dung bién d6i Laplace ngudc dé chuyén d6i ham tim dugc & budc 2 sang ham bién
ddi theo thdi gian.
Thanh phan du clia tin hiéu tdch ra thinh 2 phan nhu sau:

E
AC :k_1+ ky
N S+L s S+L
RC RC

Gidi phuong trinh tim cdc hé s6 k; va ko:

Tuong tu cho thanh phan thir 2 va ta dudc: 7 I =F
(s + _j s=0
RC
E
k. = &C | A
? s |s =-1/RC
Tra cdc hAm co ban suy ra ham goc:
E E E E . ¥
I T

Phdn tich phuong trinh:

t

ve(t)= [E - Ee_é}u(t) - {E - Ee_Rt_C }u (t-T)+ Voe_RC

Tai thsi di€ém t = 0: ve(t=0)=V,
Trong khodng thdi gian 0<7<7;: ham wu(f)=1 con ham u(t—7;)=0: tu C nap dién theo

-
phuong trinh: ve(t)= [E - (E — Vo)e RC}

Dién dp trén tu C ting dan tir V va gid tri dat 16n nhi't bing E tiy thudc vao khodng thdi gian
ton tai xung T.
Tai thoi diém ¢ =T, : hAm u(¢) =1 con ham u(t —T;) =1: dién 4p trén tu C: ve(t)=Ea

Trong d6 a.1a hé s6 nhd hon hay biing 1: nhé hon khi tu chua nap day, biing 1 khi tu di nap day.
Trong khoang thdi gian 7; <¢: khi d6 tu C x& dién theo phuong trinh:

ve(t) = Ea {E—Ee_ﬂ =E(a—1)+Ee X
Phuong trinh, dang séng vao, dang séng trén tu, dang séng trén R giong nhu da khdo sat & phan II.

Vill. MACH PHAN AP:
Dung R1 va R2 1am ciu phan 4p nhu hinh 2-29:
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r-—- |91“|
|

Hinh 2-29. Mach cau phén ap dung dién 6.
Ludn ludn ton tai C2 1a dién dung ngd vao clia ting k& thudng 13 dién dung Miller.
Yéu cau: Chon C1 @€ cdi thién dang séng ra ngd ra v, (¢)
Nhéan xét:

e Vi tin hiéu DC, tin s6 thap thi tf 1& phan 4p hoan toan phu thuoc vao R1 va R2, khi d6
mach dién c6 dang nhu hinh 2-30:

+ R1 +
Vi R2[ | Vo
.

Hinh 2-30. Mach cdu phan ap tan sé thap.

R
Phuong trinh dién dp ra: Vv, (t) =———v,(¢
Ilg rin 1€n ap ra ( ) Rl +R2 ( )

e Vi tin hiéu c6 tin s6 vo cling 16n thi ti 1& phan d4p hoan toan phu thudc vao C1 va C2,
khi d6 mach di€n c6 dang nhu hinh 2-31:

. C1l(
+ lk +

Vi
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Hinh 2-31. Mach cau phan ap tan sé cao.

Ph hd v, (2) &, (1)
uong trinh dién 4p ra: () = ;
ng Irin 1en ap ra Cl i C2

e Mudn ti 1& phan 4p chia cling ti 1& & cdc tan s& thi:

Hay R,C,+R,C,=CR +CR,
R
Suy ra C1=C2Rf2:Cp

1
Ung dung & cdc dau do cia dao ddng ky, cho xung vao 1a xung chit nhat, chinh tu C1 dé dugc
dang séng t6t nhat. C6 3 trudng hdp xdy ra 1a chinh ding, chinh 16 va chinh thi€t nhu hinh 2-32.
v (¢ )

A Vv, / v If)
Chinh dung
» s
O
v, ()
A ViV / vo(ft )
E C ' 1/ o
Chinh 16
> ¢
O
v, ()
A vy / Vﬂ(f}
E Chinh thiéu
r"'_
- g
]

Hinh 2-32. Chinh ding, chinh 16 va chinh thiéu tu C1.

IX. MACH RLC:

Xét mach dién RLC nhu hinh 2-33 véi tin hi€u vao la ham budc:
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V
R
[ Il .ll L L
A L + R +
E v, —C
Vi L L T~ Vo
>

0 - =
| * ]

Hinh 2-33. Mach RLC véi fin hiéu vao la ham budc.

V& lai hinh nhu hinh 2-34: véi dién tré s& mic song song v6i tu va cudn day, tin hiéu dién dp
ham budc da dudc chuyén ddi tuong duong thanh ngudn dong.

A 4t) s ® -
E T + +
= .
£ (] =
B (D R L C T~ Vo
p !
0 - -
) # ' 8

Hinh 2-34. Mach RLC véi tin hiéu vao la ham buéc.

Thiét 14p cdc phuong trinh:

. E 1 1 1
Ap dung phudng trinh nat ta cé: I =—x—=y —+—+pC
p dung p g (p) 2P R(p)[R oL pJ

E 1
Suy ra dién ap ra: v = X
y cn dp = (D) RC ( o1 1]
P pRC LC
bat 20::L hay !
RC 2RC
< 2 1 1
va ®w =—— ha ® =
e y o \’_LC

Xét phuong trinh § miu s6 ¢6 dang phuong trinh bac 2:
pl+2op+w =0

Gidi phuong trinh nay ta dugc: A= o’ - @’

. 1 1 1
va nghiém p,,p, =— + -—=—ata’ -

2RC V4R*C* LC

E y 1
RC (p-pXp-p,)
C6 2 trudng hop cho nghiém cia phuong trinh bac 2 nay:

Phuong trinh dién dp ra dugc vi€tlai: v,(p)=
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Truong hop 1: néu A=,/a’ — . >0 thi phuong trinh c6 2 nghiém thuc: p,,p, va phuong trinh

dién dp ra ctia mach qua phép bi€n ddi Laplace ngudc 12

A
— n(0) P2 (1)
vR(t)—( )(e1 —e’? )
Py~ P
Phuong trinh nay chinh 1a hi€u cia 2 ham mii ma ta da khdo sdt & chuong 1, dang séng cua
phuong trinh nay nhu hinh 2-35.

trong d6 A 1a hing so.

. Vare Ti=u4(1)

05V,

N Compostte = vi{f) 1 vir)

8-

—Fa
Hinh 2-35. Dang sdng hiéu cia 2 ham mo.
Truong hop 2: néu A= \Ja’ — . =0 thi phuong trinh ¢6 nghiém kép p, = p, =-«
Va phudng trinh dién 4p ra cia mach qua phép bi€n ddi Laplace ngugc 1a

—at /
Vp(t) = Bfe ™ trong d6 B 1a hing s6.

Phuong trinh nay chinh 1a tich clia hAm mii vd ham d6c ma ta da khdo sdt & chuong 1, dang
séng clia phuong trinh nay nhu hinh 2-36.

0 ' ! | I J
0 Te 2T 2T 4Tc 31I¢

Hinh 2-36. Dang song tich cba ham md va ham déc.

Truong hop 3: néu A= \Ja’ —®. <0 thi phuong trinh c6 nghiém phitc p, = p, =—a + jo,
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Va phuong trinh dién 4p ra cia mach qua phép bi€n ddi Laplace ngugc 1a

C _u .
VR (t) =——e smayl trong d6 C 1a hiing s6.
a)l
Phuong trinh nay chinh 1a tich cia ham md va ham sin ma ta da khédo sdt § chuong 1, dang séng

cla phuong trinh nay nhu hinh 2-37.

—05Va

Va

Hinh 2-37. Dang song fich cba ham mo va ham sin.
Trong k§ thuit xung st dung khdi niém hiing s6 gidm chdn K va chu ky cdng hudng hay chu ky

khong gidm chan To véi:

1 |L

“or\C

1,=2nNLC

Néu K =1 thi gidm chan t6i han tuong tng véi trudng hdp phuong trinh c6 nghiém kép
p=p,=-a,A=0.
Néu K > 1 thi gidm chan 16 tuong dng véi trudng hop phuong trinh ¢6 2 nghiém thuc D> Py

va A>0.
Néu K <1 thi gidm chdn thi€u tuong tng vdi trudng hgp phudng trinh c¢6 2 nghiém phic
p,p, va A<O0.
Ung dung 1am mach dao dong chudng.
X. BAITAP:
Bai tap 1:

Cho mach RC véi tin hi€u vao dang xung vudng c6 bi€n do 10V.

Hay v€ dang song tin hiéu trén tu dién C va trén dién trd R trong 3 trudng hgp tin hiéu vao co
tan s6 12 1Mhz va 0.1Mhz va 5MHz. Cho C =1uF vd R=1KQ.
Bai tdap 2:

Cho mach RL vdi tin hi€u vao dang xung vudng c6 bi€n do 10V.
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Hay vé dang song tin hiéu trén cudn diy L va trén dién tr§ R trong 3 trudng hgp tin hiéu vao c6
tan sd 1a 1Mhz va 0.1Mhz va 5MHz. Cho L =1uH va R=1KQ.
Bai tdp 3:
Cho mach RLC véi tin hi€u vao ham budc c6 bién do 10V.
Hay vé€ dang séng tin hi€ura vficdc gid trila L=1uH, C=1uF va R=1KQ.

Bai tdp 4: Cho mach RC nhu hinh vé, tai thdi di€m t = 0, tin hiéu vao c6 dang xung nhu hinh vé&, cho
dién 4p ban diu clia tu bing Ov. Hay tinh todn va vé& dang dién 4p trén dién trd R va trén tu trong cic
trudng hgp sau:

(a) Thai gian T > 5RC

(b) Thdi gian T = RC A R |

(c) Thoi gian T = 2RC C

(d) Thai gian T = 3RC T "

end
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Chuong 3

/(7 /N ?
CHUYEN MACH DIEN 1 U
]
4 CHE PO XAC LAP
DIODE DUNG NHU MOT CHUYEN MACH
Phan cuc thuin diode va dién dp ngudng Vy

Dién trd ac trong diode
Mach tuong duong
Diode khi phdn cuc ngudc
DIODE ZENER
Khi phan cuc thuin diode zener
Khi phan cuc ngudc diode zener
Céc thong s6 1am viéc clia Zener
Mach tudng dudng ctia Zener
CAC DANG DIODE THONG DUNG KHAC
Diode phit quang LED
Diode Schottky
TRANSISTOR 2 MOINO:
Transistor BIT
Khi Transistor hoat dong khuéch dai
Khi Transistor hoat d6ng & ch& d6 chuyén mach

Khi Transistor hoat d6ng & ché& d@ chuyén mach
Céc thong s6 1am viéc ctia Transistor
& cHE PO QUA PO

cHE PO QUA DO CDA DIODE BAN DAN PN
Xét trang thdi chuyén mach
C4i thién téc do

cHE D0 QUA PO CIA TRANSISTOR
Xét trang thdi chuyén mach

Cii thién dang séng ra

BAI TAP

LIET KE CAC HINH
Hinh 3-1. Cau tao, ki hiéu.
Hinh 3-2. Ddc tuyén diode.
Hinh 3-3. Phan cuc thudn diode
Hinh 3-4. Bdc tuyén PCT cla diode.

‘ Ky thudt xung
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Chuong 3, Chuyén mach dign ti.

SPKT — Nguyén Bvh PHi

Hinh 3-5. Anh hudng cba nhiét dé.

Hinh 3-6. Xac dinh dién tré dc cOa diode tai diém lam viéc.

Hinh 3-7. Khi ¢ tin hiéu nhé ac.
Hinh 3-8. Xac dinh dién tré ac tai diém Q
Hinh 3-9. Mach TD cua diode thudng.

Hinh 3-10.

Mach T cOa diode néu bé qua dién tré néi.

Hinh 3-11. Mach TP cia diode ly tuéng.

Hinh 3-12.
Hinh 3-13.
Hinh 3-14.
Hinh 3-15.
Hinh 3-16.
Hinh 3-17.
Hinh 3-18.
Hinh 3-19.
Hinh 3-20.
Hinh 3-21.
Hinh 3-22.
Hinh 3-23.
Hinh 3-24.
Hinh 3-25.
Hinh 3-26.
Hinh 3-27.
Hinh 3-28.

Hinh 3-29.

Hinh 3-30.
Hinh 3-31.
Hinh 3-32.
Hinh 3-33.
Hinh 3-34.
Hinh 3-35.
Hinh 3-36.
Hinh 3-37.
Hinh 3-38.
Hinh 3-39.
Hinh 3-40.
Hinh 3-41.
Hinh 3-42.
Hinh 3-43.
Hinh 3-44,
Hinh 3-45.

Mach PCN diode va dac tuyén.

Mach TP khi diode PCN.

Mach TD khi diode PCN cua diode ly tuéng.
Ki hiéu diode zener.

Ddc tuyén diode zener.

Mach 3n ap dung diode zener.

Mach T PCT va PCN cuUa diode zener.

Ki hiéu, hinh dang thyc t€& va céu tao cOa LED.
Mach diéu khién 1 led.

Mach diéu khién 2 led.

Ki hiéu.

Ddc tuyén diode Schottky va diode PN.
Transistor NPN

Transistor PNP

Mach dung BJT.

Ddc tuyén va dudng tai DC.

Khi thay déi R...

Khi thay déi 7.

Mach tuong duong & trang thai tat cOa BJT.
Mach tyong duong 6 trang thai dan cOa BJT.
Pdc tuyén lam viéc chuyén mach cba BJT.
Mach vi dy 3-1.

Ddc tuyén va cac théng sé gidi han cla BJT.
Pac tuyén chuyén ddi gida tGt va dén coa BJT.

Chuyén mach ding FET va ddc tuyén chuyén déi gidia tt va dén.

Céng NOT dung FET.

Mach dién.

Dang song vao ra.

BU bdng tu C.

Dang séng sau khi bu.

Mach dién.

Dang song vao ra.

BU bdng tu C.

Transistor c6 chng bdo hod sau.
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Chuong 3. Chuyén mach dién tif. SPKT — Nguy8n Vigt Hing

I. O CHE PO XAC LAP:

1 DIODE DUNG NHJ MOT CHUYEN MACH:

Ki hiéu va dic tuyén clia diode nhu hinh 3-1 va 3-2

Ip
forward T
B N-type S P junclivn regresenlalion
materia Tmaterial
@ reverse-bias / forward-bias
—L Dizplztion ragior y
. =— H VD
Anode Cathode | 0.7
v
=chemaric symbaol
(£) 2 Stripe mar<s cathoce
ol
—_— = Hca ccmponort apscamnce breakdown! reverse l
(c)
Hinh 3-1. Cau tao, ki hiéu. Hinh 3-2. Bdc tuyen diode.

Trong mdi ndi P-N thi quan hé dong dién va dién 4p theo phuong trinh sau:

1, =I(e™" -1) (3-1)

e Is=dong dién bao hoa ngugc.
e n: hiing s6 phu thudc vao vat liéu. 1<n<2
. kT,
e Vr:1a hiéu dién th€ nhiétV, = —~
q
e Ty :nhiét do Kelvin Ty = T. +273
q: dién tich. = 1,6 x 10" C
k: hiing s6 Boltzman. k = 1,38 x 10> J/°K

Khi phan cyc thuin: mach dién va dic tuyén nhu hinh 3-3 va 3-4:

]-D
forward T
M
— forward-bias
T — v
0.7 D
A
Hinh 3-3. Phén cuc thudn diode Hinh 3-4. Ddc tuyén PCT cOa diode.

a. Phéan cuc thuin diode va di€n 4p ngudng V7 :

Khi phin cuc thuin (PCT) thi diode chi bit ddu din khi diéN 4p phan cuc V=V >V,

Ky thuat xung 61
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Chuong 3. Chuyén mach dién td. SPKT — Nguyén Bvh PHi
Véi ¥V, la dién dp ngudng: vOi diode Si thi V, =0,7V (hodc nim trong khodng

v, = 0,6V + 0,8V ), v6i diode Ge thi v, = 0,2V (hodc nim trong khodng v, = 0,1V+03)V).

Anh hu6ng nhiét do 1én V,: khi nhigt do ting thi V, gidm khodng ~ 2m I%C cho cé Si va Ge.

;
| v ;
| . 2
* b
. o
'1 "‘
- -’ -~
i -
v
i # pic
) L5 i
.
Tarion
el
Al change.

Hinh 3-5. Anh hudng cba nhiét dé.

b.  Dién trd ac trong diode 7,:

Pién tr§ dc clia diode tai di€m hoat dong c6 thé dugc tim thay mot cdch don gidn bing cich
tim cdc mic dién 4p Vp va dong dién Ip tuong &ng v§i dién 4p ngudn cung cip dc dugc trinh bay
trong hinh 3-6 va dp dung phuong trinh sau:

R,="2 (3-2)

Cédc mtc dién trd dc tai vi tri udn cong va phia dudi s& 16n hon dién trd tir khiic uén cong tré
1én. Céc mic dién tr§ trong viing phan cuc nghich rat 16n.

Hinh 3-6. Xac dinh dién tré dc coa diode tai diém lam viéc.

Trong phudng trinh (3-2) dién trd dc cia diode khong phu thudc vao hinh dang dic tinh trong
viing xung quanh diém tinh Q. N&u x&p chdng mdt ngudn tin hiéu sin 1én ngudn dién 4p dc & trén
thi tin hiéu vao thay d6i s& 1am di€m hoat dong thay ddi Ién va xudng nhu hinh 3-7.

N&u tin hiéu bién thién dua dén bing 0, di€m hoat dong sé& 1a di€m Q xud't hién trén hinh 3-8
dudc xdc dinh bdi cdc mifc dién 4p dc. Pi€ém gin chit Q dudc rit ra tir chit quiscent c6 nghia 13 mifc
khong thay ddi hay con goi 1a di€m tinh.
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Chuong 3. Chuyén mach dién tif.

SPKT — Nguyén Vigt Hing

dudng céc tinh |

dugng tigp twyén

A ;O;:mint

1! (de aperation)

Hinh 3-7. Khi ¢b fin hiéu nhé ac.
Phuong trinh tinh dién tr§ dong cta diode 1a:

AlD

k.fv-‘)
AVp

Hinh 3-8. Xac dinh dién tré ac tai diém Q

AV,
ry =2 (3-3)
A]D
Trudong hdp n =1 va xét tai nhiét do phong 7. =25°Cthi Vr = 26mV:
= 26mV (2-6)
ID

Gid trj cta dién trd thudn clia diode khodng 7, = 5Q +10Q

@ Mach tuong ducng:

Khi phin cuc thuin, & ch€ do xdc 14p, ta c6 mach dién tuong duong (TP) clia diode nhu cdc
hinh 3-9, 3-10, 3-11. Khi st dung diode 1am chuyén mach thi tuy trudng hop ta cé thé si dung 1

trong 3 mach tuong duong cua diode.

-~ V
I (mA D
o (MA) g, -
10 T
b
B J Jiod
d1odae
v
D ~" 1§ twidng
+ M e —
— FAAA— B
—_—
|':| 0.7V 10
0 Vp W)
Hinh 3-9. Mach TP clUa diode thudng.
1 Ip (mA)
g Fay=0
Vo ) ?'iOd(E
-~ ly tudng
+ IB g
P
— e
o | o7y
] Vg =07 'VD )

Hinh 3-10. Mach TP cla diode néu bd qua dién tré noi.

Ky thuit xung
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Chuong 3. Chuyén mach dién td. SPKT — Nguyén Bvh PHi

t I (mA)

diode
— 1y trdng

+ =
o) H &

Hinh 3-11. Mach TP cia diode ly tuéng.

d. Diode khi phian cuc ngudgc:
Khi diode phan cuc ngugc (PCN) thi xuit hién dong dién ri bdo hoa I, va hiu nhu khong

phuc thudc vao dién 4p phan cuc ngude. So d6 phan cuc nguge va dic tuyén nhu hinh 3-12
reverse-bias

0.7
v

+ breakdown! reverse l

Hinh 3-12. Mach PCN diode va dac tuyén.
Dai vé6i diode Si thi dong 1, ¢6 gia tri khodng nA, v6i diode Ge thi dong 7, ¢6 gid tri khodng
uA. Dong I, rdt nhay véi nhiét do: véi diode Si thi dong 7, ting gdp doi khi nhiét do ting thém 6
°C, v6i diode Ge thi dong [, tdng gap doi khi nhiét do ting thém 10°C,
Mach tuong duong khi diode phan cuc nguge nhu hinh 3-7:

IO
D e\
= "
P« A K
R

Hinh 3-13. Mach TP khi diode PCN.
Mach tuong duong ddi véi diode 1y tudng khi phan cuc nguge nhu hinh 3-14:

D
A+{>|— Kk — A K

Hinh 3-14. Mach TP khi diode PCN cua diode ly tudng.

Khi stt dung diode chiing ta cAn phai biét cdc thong s sau:
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Chuong 3. Chuyén mach dién tif. SPKT — Nguy8n Vigt Hing
e Dién dp ngugc 16n nhdt ma diode chiu dung dugc: V..

e Dong dién thudn 16n nhat ma diode chiu dung dugc: 1, .

e TAin sd hoat dong 16n nhit clia diode: f,

max

2. DIODE ZENER:

Ki hiéu va dic tuyén clia diode zener nhu hinh 3-15 va 3-16

T 2 ¥
Arode Cathode ]

IE.I[‘ ; :u":_‘mg zener
Hinh 3-15. Ki hiéu diode zener. Hinh 3-16. Bdc tuyén diode zener.

a. Khi phan cuc thudn diode zener:
Diode zener hoat dong giéng nhu diode thudng va dién dp ngudng d€ diode dinla ¥, = 0,6V

b. Khi phin cuc ngudc diode zener:

Khi dién 4p clia ngudn nhd hon dién 4p phan cyc ngudc cla zener : ¥ <V, thi dong clia zener
bang dong bdo hoa nguge 1, =1,.

Khi dién 4p cia ngudn 16n hon hay bing dién 4p phin cuc ngudc clia zener : V >V, thi diode
zener bit dau din 1am ting dong nhung giita 4p khong ting: V =V,

c. Céc thong sd lam viéc ciia Zener:

Khi sit dung diode zener cin biét:

e Diéndp lam viéc phan cyc cia zener: V, .

e (Cong suat lam viéc cuc dai cla zener hodc dong 1am viéc cuc dai Y
Nha sén xuat thudng cho V, =2V +200V va cong suat P, =0,5W +100W .

Chd y khi s dung diode zener thi phdi cé dién trd han dong nhu hinh 3-17 va gid tri cia dién
trd han dong dugc tinh theo cong thiic:

e = YV suy ra cong sudt cia diode zener P, = V=V -1, |xV,
1, +0,21, r
324V
LkO '/ 1 kO \
VWA WA

/
| +
!
/]\
/

i A lizsv | 8V = A |126v
(a) ‘// (b) % 2.4 mA % -‘/}
K that xung 65
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Chuong 3. Chuyén mach dién td. SPKT — Nguyén Bvh PHi
2.4V
y/ L ke N & 252ma
AVAVA '
t| €&—  pama €& T 7
— % R s
5V — 126V :
G 7.2 mA 5000
| —  3ama —> 25.2mA —}‘.\“

Hinh 3-17. Mach 3n ap dung diode zener.

d. Mach tuong dudng cua Zener:
Do diode c6 thé hoat dong & viing PCT va PCN véi dic tuy&n nhu hinh 3-16 thi ta ¢6 mach
tuong duong nhu hinh 3-18:

| Diode I¥
5 twdng
D v
sy ’ —
+
+
= —V
v 2: =V = Z |
D, /N\D
= RZ ‘
S I\ﬂ_)
Mach TP khi PCN Mach TP khi PCT
Hinh 3-18. Mach TD PCT va PCN cUa diode zener.
3. CAC DANG DIODE THONG DUNG KHAC:
a. Diode phat quang LED:
Ki hiéu va mach diéu khién Led sdng nhu hinh 3-15 va 3-16:
| — Piype
— active region
Anode long : — n-type
_ — substrate
& Cathode short o rat " seladen
o hole

(a) (b)

Hinh 3-19. Ki hiéu, hinh dang thuc & va cau tao cla LED.
Khi dién 4p ngudn cung cip bing dién dp 1am viéc cla Led thi led phdt sang nhung néu
ngudn cung cip 16n hon thi phdi c6 dién trd han dong cho led nhu hinh 3-20 cho trudng hdp 1 led
va trudng hop nhiéu led nhu hinh 3-21.
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Chuong 3. Chuyén mach dién tif. SPKT — Nguy8n Vigt Hing

Diéndp V,,, =1,5V 2V tuy thudc vao kich thudc clia led ma dp va dong cé thé thay doi tir
vai mA dén 20maA.

Chu y: dién dp phan cuc ngudc cho led V., zp <5V nén khi st dung thi dién ap PCN phai
nhé hon 5V @€ Led khong bi hdng.

Rd'n:pq:iin_g R‘d'n:ppin_g
% W
I+ 220 0 Red LED, =+ L12 kO

_: oV @‘MVF=L6¥ typical ____ 24Y @}l
u

1 =20 mA typical

(a) (b)
Hinh 3-20. Mach diéu khién 1 led.

W VWA
DA 140 O
|+ 2200 =
— 6V 6V
— AT =4 F—

(a) (b)

Hinh 3-21. Mach diéu khién 2 led.
b. Diode Schottky:

Ciu tao diode Schottky 13 ti€p xic Schottky. Ung dung trong cic mach yéu cidu téc do
chuyén mach nhanh.

Ki hiéu va dic tuyén clia diode Schottky nhu hinh 3-22 va 3-23:

Anode H Cathode

In I
!
Hust { o
carrier F Junztion
dicde dioda
Gold leaf I
4 — metal contact ]
{
- Anode (4+) {
— /
it . Metal v
— ) -
V. __ Silicen dioxide screen e L
T Metal semiconductor junction I G
n-n 18
T I junc:ion CHITIE
Meta contact | dinde dinde
I
o Cathode (—) |
Hinh 3-22. Ki hiéu, cau tao. Hinh 3-23. Bac tuyen diode Schottky va diode PN.

4. TRANSISTOR 2 MOINO:

Nhic lai transistor: cAu tao va ki hiéu transistor nhu hinh 3-24 va 3-25:

Ky thuit xung
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Chuong 3, Chuyén mach dign ti. SPKT — Nguyén Bvh PHi
aluminum contacts . aluminum contacts .
silicon silicon
base emitter  dionide base emiter  dionide
+ * / Emitter / Emitter
=
E:Dllclor
collectar collectar
Fig. 1--NPN Bipolar Junction transistor Fig.z--PNF Bipolar Junction transistor
secltion view [a), and graphic symbol [b]. section view [a), and graphic symbol [b].
Hinh 3-24. Transistor NPN Hinh 3-25. Transistor PNP

a. Transistor BJT:

Transistor ¢6 3 ving lam viéc: ngung din, khué€ch dai va din bdo hoa. Trong k§ thuit xung
thi ta thudng st dung transistor 1am viéc trong 2 viing ngung din va din bdo hoa. Xét mach dién
dung transistor BJT nhu hinh 3-26:

<+.

Hinh 3-26. Mach dung BJT.

b. Khi Transistor hoat ddng khuéch dai:

Khi transistor 1am viéc & ch&€ do khué&ch dai thi ta ¢6 cdc phuong trinh sau:

Dong dién: 1.=pI,
bién ap: Vg =Vee —1:Re
1 V. . S AR s 2
Hay I.= —R—VCE + f chinh 1a phudng trinh dudng tdi DC va do thi cla
c c

phuong trinh nhu hinh 3-25:
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Chuong 3. Chuyén mach dién tif.

SPKT — Nguyén Vigt Hing

LT
\.-'CC CE

Hinh 3-27. Ddc tuyén va dudng tdi DC.

Khi thay ddi dién trd R, v6i nhitng gi4 tri khdc nhau thi ta c6 dic tuyén thay ddi nhu hinh 3-
28 va khi thay ddi ngudn cung cap V. thi ta dugc dic tuyén nhu hinh 3-29.

Yooy |
R
e ‘ oo Moy Yoo,
e
ey 4 ‘ O point lﬂn::r
R~ e —
" o ) i e w
- \'fC-’.«"g \"IGCQ- Ve ; VoE
N . 2. N . 2.
Hinh 3-28. Khi thay doi R.. Hinh 3-29. Khi thay doi 7.
c Khi Transistor hoat dong & ch&€ d6 chuy&n mach:

O ch& do chuy&n mach thi BJT thudng hoat dong & cAu hinh E chung va BIT lam viéc & 2
trang thdi tit vad din bdo hoa.

0] trang thai tdt: khi tin hiéu vao biang 0, 7, = 0 thi transistor ngung dan va mach tuong duong
nhu hinh 3-30:

Hinh 3-30. Mach tudng dudng & trang thai tdt cGa BJT.
bién dp ra: Veg =Vee — 1R =V
Vi transistor ta cé cdc phuong trinh:
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Chuong 3. Chuyén mach dién td. SPKT — Nguyén Bvh PHi

I.=-al,+1.,
I, =1,+1,.

Thé phuong trinh tht du6i vao phuong trinh trén thi ta dudc:
Io=—a(l, +1.)+1,
Khi & trang thai tat thi dong /, =0 suy ra dong dién I.:

1
I :li:(ﬂ+l)><1€0

N&u st dung transistor loai Ge: khi gin tit thi & =1nén dong dién [, c6 gid tri I6n ta can
phai thém dién 4p phan cuc nghich méi ndi BE.

N€u st dung transistor loai Si: khi gin tdt thie = Onén dong dién 1. =1,.

Piém lam viéc clia transistor 12 diém A trong hinh 3-32.

O trang thdi dAn bdo hoa khi tin hiéu vao bing Vcc di dién 4p 1am thi transistor din bdo hoa
va thi mach tuong duong nhu hinh 3-31:

Hinh 3-31. Mach tudng duong & trang thai dan cda BJT.

Khi transistor & trang thdi bdo hoa thi cd 2 m&i ndi BE va BC déu phan cuc thuin va gid tri
dien 4p Vs, = VsV, VA Vg, = 0,1+0,2 .

bién dp ra: Ve =Vegsy =0,1+0,2V

Piém lam viéc clia transistor 12 di€ém B trong hinh 3-32.

Chu y: khi transistor § trang thdi bdo hoa thi cdc gid tri /., va [, do mach bén ngoai
quyé€tdinh. Lic d6 1,8, > I, -

Suy ra dong bdo hoa: I, = Ve =V,

s = —5—CE54 13 dong 1. 16n nhat,
C

Va dong bdo hoa Vs =

BE L N ‘A z 3 ~ N
Ipo, = v6i V,, 1a dién dp cua ngd vao.

B

B 1a gid tri nhé nhat cda A, khi thi€t k€ mach thudng chon f c¢6 gié tri nhd nhat.
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Chuong 3. Chuyén mach dién tif.

SPKT — Nguyén Vigt Hing

Collector characteristic

fp = 50
Rcﬁ ?’;‘-‘?F i I'LA.
RE)  in=ioua
7, AN
4

[ ]
= \‘_\u\mﬁ

. y
\/
C“"’E
o T L SIS Ay A
v

Hinh 3-32. Pdc tuyén lam viéc chuyén mach cia BJT.

d.  Anhhudng clia nhiét dd ddi v6i Transistor:

Do 2 méi n6i BE va BC déu phan cyc thudn nén V., va V,, déugidm 2mV/°C

& ch& do chuy&n mach thi BJT thudng hoat dong & cAu hinh E chung va BJT lam viéc & 2
trang thai tit va din bdo hoa.

A n . . X 12 1o V
bién trd moi ndi CE khi transistor dan bdo hoa: 7., =54

]CSat
Vidu 3-1:

Cho mach dién nhu hinh 3-26:

Hinh 3-33. Mach vi du 3-1.
Cho I, =0,2mA, R, =10KQ, R. =1KQ, V.. =10V hay:

a. Xdcdinh B_ dé& transistor bdo hoa.

b. Ne&uthay R.=220Q va ding transistor BJT 2N3904 ¢6 S, =60tai /. =50mA4 mach
¢6 bdo hoa khong ?

Giai:
ién thi dc ién b3 ) Vee 10V
a.  Theo mach di€én thi dong dién bao hoa [, = —=——=10mA4
R, 1KQ
suyrahé s6 B = Log _ 10mA - _
I 0,2mA
Ky thuit xung
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b.  Khi gidm dién trd xudng nhd hon thi dong dién bao hod 7., = € = 10 _ 45,4
R, 220Q
suyrahe s§ g = lou . 4mA_ s

1y 0,2mA

V6i hé s6 nay thi transistor BJIT 2N3904 khong thé st dung dudc & ché dd bdo hoa.

Vidu 3-2:

Hiy tim cong suat clia vi du 3-1 dung transistor BIT 2N3904. Hiy tim cong suat nhiét clia
transistor trong cdc trudng hgp sau:

a. BJT tit.

b.  BJT din bdo hoa.

c. KhiV, =2V.

Giai:
a.  Khi transistor tdt thi I.=1.,=50n4 (tra trong s6 tay transistor)
Do BJT tit nén: Ve =V =10V
Cong sudt BIT§ ch€ do tatla: Py ppp = 1o XV =1 xV, 0 =50n4 x10V = 0,5V
b.  Khi transistor din bdo hoa thi [, = Ve 100
R. 1KQ
Va dién dp bao hoa: V., =0,2V (tra trong s6 tay transistor)

Cong sudt BJT § ch& do bdo hoa la: Py, =1, XVee =10mAx 0,2V = 2mW
Vee—Vep 10V =2V

c. KhiV, =2V thi I.= =8mA
R, 1KQ
Dié€n 4p trén transistor: Vg =2V
Cong suat ctia BJT la: Py =1.xV..=8mAx2V =16mW

e. Céc thong s6 1am viéc clia Transistor:

Khi st dung transistor thi phdi biét cdc thong sd sau:
- biéndp V..
- Dongdién 1.,
- Cong suit P.
Tanso f

max
- Héso p

max

Dic tuyén cla transistor va cdc thong sd gidi han 1am viéc nhu hinh 3-34. Khi transistor 1am
viéc & ch& @6 bdo hoa thi thudng diém lam viéc nim trong viing bio hoa (Saturation) va khi tit thi
di€m lam viéc nim trong viing tit (cutoff) giéng nhu da phan tich & trén.
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SPKT — Nguyén Vigt Hing

Satluration

region -3

ci b =300 MW

R
] g
o

LonaA

—t

!
| : | Ly=0pA

I
|
I
|
+-
|
[

I n ; 5 W V)
: il ; Veg,,

el

Hinh 3-34. Bdc tuyén va cdc théng sé gidi han cOa BJT.

Biéu dd cong suit cda transistor chuyén ddi giita cdc ché do tit va din bio hoa nhu hinh 3-
35, bi€u dd chuyén d6i cho thdy khi transistor 1am viéc & ch& dd tit din it bi néng hon khi lam viéc

& ché& do khuéch dai.

Chii y: Véi transistor cong suat thi phai c6 xung diéu khién chuyén mach tai cuc B d€ diém
lam viéc khong dirng tai vi tri di€m C vi quéd cong suat s& 1am cho transistor hdng.

a5 ’ 2
b ~_ Chuyveén trang thai
P
PCn:lax
Phiéu ch_.mg< PCmax
‘{\ /‘\ ‘[ i
tat Dan bao hoa tat

Hinh 3-35. Ddc tuyén chuyén ddi giGia tdt va dén coa BJT.

Hoat dong cla transistor FET ciing gan gidng nhu transistor BJT nhu hinh 3-36 va 3-37:

Ky thuit xung
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00

o)

RD =

VDS
N
Yin —
VS
1 Vpp=3V
Switching characteristic

Hinh 3-36. Chuyén mach ding FET va ddc tuyén chuyén ddi giGa tét va dén.

Yoo
vin, = LOw vin = High
- Vo Vo I
: Q Yoo
-—l d Qp
Wiomm 'Q i
Vin d—1 ] o F e
| a wt
+
Ly Qﬂ
QAI
C]\.I(]S_-lnvcrtcr Simplified CMOS Inverier model

Hinh 3-37. Cdng NOT dung FET.

Il. G CHE PO QUA PO:

Trong phin nay chi kh3o sdt hién tugng x3y ra trong qué trinh chuyén mach — goi 1a ch& do
qud dd, phan nay khong di sdu vao bin chi't vat 1y ma chd y&u néu hién tugng va ra bién phap cai
thién dang séng ra.

1 CHE PO QUA PO CDA DIODE BAN DAN PN:

a. Xét trang thdi chuy&n mach:

Xét mach di€n nhu hinh 3-38, cho tin hiéu vao la séng vudng va dang séng ra nhu hinh 3-39.
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=)
D +R_: 7 ) T, L !F).*ip 1fng mong mudn
( ) N o

Hinh 3-38. Mach dién. Hinh 3-39. Dang song vao ra.

Trong khodng thdi gian [0 —¢,] thi dién dp vao v, = +V,, diode PCT: s& c6 1 s8 lugng 16n
cdc hat dién t& tir chat ban dan n khué&ch tdn sang chit ban din loai p va mot s6 lugng 16n cédc 16
trong tir chdt ban dan p khuéch tdn sang chi't ban dan n d€ thuc hién qua trinh din dién.

Céc dién tf trong chit bdn din loai p va 16 tréng trong chit bdn din n trd thanh cdc hat tai
ti€u s trong mdi chit ban din va s& lugng bay gid rat 16n.

Trong khoang thdi gian [t1 —->oo] thi dién 4p vao v, = -V, , diode chuyén trang thdi tir PCT
sang trang thai PCN thi ddi véi diode 1y tudng s& chuyén tir trang thdi din sang trang thdi ngung
din tic thdi, nhung véi diode thuc t& thi do mot s6 lugng rat I16n cdc hat t3i ti€u s6 con trong mdi
chat ban din nén diode sé& phan cuc nghich trong khodng thdi gian I; =, - con goi 1 thdi gian
ton trit: 13 thdi gian d€ cdc hat t3i ti€u s6 trd vé trang thdi hat tdi da s6 clia chiing & chat ban din
ddi dién. Diéu nay c6 ¥ nghia 13 diode vin con & trang thii ngin mach véi dong Lieyerse dUGC xdc
dinh bdi cdc thong s& clia mach.

Khi thdi gian t, dd hét (cdc hat tdi dd vé ding trang thdi) dong dién s& gidm vé 0 ng véi
trang thdi ngung din, va khodng thdi gian chuyén trang thaila 7, =¢,.

Thdi gian khoi phuc ngugc 12 téng cda 2 thong sd thdi gian: {, =1, +1,

Van @& nay tr§ nén quan trong trong cdc tng dung chuyén mach tdc d6 cao. Hau hét cic
diode chuyén mach c6 thdi hiing t; vio khodng vai nano gidy d&n 1 ps.
v

. . J o =m N
véi ¢, = 0,145 va sé ting khi dong {p = p_tangva I, khodng vai chuc US .
T

b.  Cdi thién t6c do:

Nén st dung transistor chuyén mach — switching diode.
Hoic thém tu bu C: thudng do nha ch€ tao cung cdp thong sd nhu hinh 3-40. Khodng thdi

gian 7, 12 do 4nh huéng clia dién dung C,. Tuy theo gid tri cla tu bu C, ma ta ¢6 cdc dang s6ng
nhu hinh 3-41.
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A
— A — ,
| cd | +;_m (1)
—d & 8 4 ,/
0 f : :
Vi = ST Vo EA 1
R, N
(2)(3)(4)

Hinh 3-40. BU bdng tu C. Hinh 3-41. Dang séng sau khi bu.

2. CHE PO QUA PO CUJA TRANSISTOR:
Qua4 trinh qud do x3y ra trong transistor kh4 phiic tap,  ddy ta chi khio sdt nhitng yéu to chii
y&u gy nén su méo dang clia xung ra.
a.  Xét trang thdi chuyén mach:
Xét mach di€én nhu hinh 3-42, cho tin hi¢u vao la séng vudng va dang s6ng ra nhu hinh 3-43.

¥,
+ V] 4
> i
] iy i,
-V
hi,
|
0 4 £ i
ST TN SRS, SRR i ¢
¥ - >
0
Vi
; I—on Tof{"

Hinh 3-42. Mach dién. Hinh 3-43. Dang song vao ra.

Thdi gian chuyén tir tit sang dan bio hoa:

Trong khoadng thdi gian [O - tl] thi dién dp vao v, = —V,, transistor tt.

Trong khodng th&i gian [, —¢,] thi dién 4p vao v, =+V,, transistor bit ddu din gdm cdc
khodng thoi gian:

- Thai gian tré ¢, (delay time) 12 thdi gian cAn thi€t d€ dién dp vao v, ting tir 0V dén V,.

Thoi gian 1én ¢, (rise time) la thdi gian bi anh hudng cia dién dung ngd vao C, cla

transistor.
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Thdi gian chuyén tir din bdo hoa sang tit:

Trong khodng thdi gian [t, — o] thi dién 4p vao v, = —F,, transistor bit diu chuyén trang

th4i tir din bdo hoa sang tit gdm cdc khodng thdi gian:

Thdi gian tdn trit ¢, (storage time) 1a thdi gian can thi€t dé x4 dién tich thira khi transistor
din bdo hoa. Transistor bdo hoa cang siu thi thdi gian ton trit ¢z, cang 16n.
Thai gian xudng ¢, (fall time) 1 thdi gian dnh huGng bdi dién dung ngd vao C, ciia

transistor.

Vay tin hiéu ra bi méo dang va cin phdi gidm anh hudng trong cdc ng dung chuyén mach
toc d6 cao.

b.

Céi thién dang s6ng ra:

Nén stt dung transistor chuyén mach tdc dd cao hoic c6 tin s6 lam viéc cao.

C6 thé gidm thdi gian tré ¢, néu cho tin hiéu vao la dang séng vudng sic sdo c¢6 dd doc
nho.

C6 thé gidm thdi gian ¢, va i né&u cho tin hiéu vao 12 dang séng vudng véi canh 1&n va
xudng sic sdo c6 dd doc nhd.

C6 thé dung tu ting tdc (speed — up capacitor) mic song song v6i R, dé cdi thién dang
s6ng nhu hinh 3-44, gia tri cia tu C,nhd khodng vai pF va thudng do nha sdn xuit cung

A

cap.

Ch
Rg
+
Vi
.

Hinh 3-44. BU bdng tu C.

Thai gian ton trif: thdi gian nay do transistor bdo hoa siu:

Khi transistor bdo hoa thi ¢4 2 mdi néi BE va BC déu phan cuc thuin.
Do BC phén cyc thudn nén ta c6: V, > V. hay V, 2V.+V,, v6i BJT loai Si thi V, =0,7V.

Né&u mic thém mot diode vd mdt ngudn nhu hinh 3-45:
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D 0,3V

+I>|.+|I. C

E

Hinh 3-45. Transistor c6 ch6ng bdo hod sau.

Khi transistor tit thi ¥, <V, nén diode phin cyc ngugc xem nhu hd mach.
Khi transistor bit diu chuyén trang thdi tir tit sang din bdo hoa:
» Khi dién dp vao 1a V. +V, <V, <V.+V,+03V lam transistor din bdo hoa, diode
van chua din.
= Khi dién 4p vao la ¥V, >V, +V, +0,3V vin lam transistor din bdo hoa va bay gid
diode bit diu din: ré bSt dong dién, lam cho transistor khong bdo hoa sidu va thé sé
gidm dudc thdi gian tré.
Trong k§ thuit vi mach sit dung diode Schottky thay cho diode va ngudn 0,3V va transistor
dugc ki hiéu tuong wng 13 transistor Schottky va vi th€ transistor Schottky c6 t6c do chuyén mach

nhanh hon transistor thudng va cdc vi mach s6 st dung transistor Schottky goi 1a vi mach ho
Schottky.

end
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Chuong 4

MACH XEN
[

GIGI THIEU MACH XEN

MACH XEN NOI TIEP
MACH XEN NOI TEP — TN HEU RA BANG NUA BANKY DUONG
MACH XEN N8I TEP — TN HEU RA NHO HON NJA BAN KY DUONG — DOINGUONG CAT LEN
MACH XEN NOI TEP — TIN HEU RA LGN HON NOA BAN KY DUONG — DOINGUONG CAT XUONG
MACH XEN NOI TEP — TIN HEU RA NHO HON NOJA BAN KY DUONG — DO TIN HEU LEN
MACH XEN NOI TEP — TIN HEU RA LONHON NOA BAN KY DUONG — DO TiN HEU XUBNG
MACH XEN NOI TEP — TN HEU RA BANG NUA BANKY AM
MACH XEN NOI TEP — TIN HEU RA LGN HON NDA BAN KY AM — DOINGUGNG CAT LEN
MACH XEN N8I TEP — TN HEU RA NHO HON NJTA BANKY AM — DOINGUBNG CAT XUBNG
MACH XEN NOI TEP — TIN HEU RA NHO HON NOJA BANKY AM — DO TIN HEU LEN
MACH XEN NOI TEP — TIN HEU RA LGN HON NOA BANKY AM — DO TIN HEU XUONG

MACH XEN SONG SONG
MACH XEN SONG SONG — TiN HEU RA BANG NJA BANKY AM
MACH XEN SONG SONG — TiN HEU RA NHO HON NJA BAN KY AM — DOIMAT CAT XUBNG
MACH XEN SONG SONG — TIN HEU RA LGN HONNIJA BAN KY AM — DOIMAT CAT LEN
MACH XEN SONG SONG — TiN HEU RA LGN HON NJA BAN K'Y AM — DOI TIN HEU XUBNG
MACH XEN SONG SONG — TIN HEU RA NHO HON NJA BANKY AM — DOI TIN HEU LEN
MACH XEN SONG SONG — TIN HEU RA BANG NJA BANKY DUONG
MACH XEN SONG SONG — TiN HEU RA NHO HON NJA BANKY DUONG — DOIMAT CAT LEN
MACH XEN SONG SONG — TiN HEU RA LGN HON NJA BANKY DUONG — DOIMAT CAT XUSNG
MACH XEN SONG SONG — TIN HEU RA LGN HON NOA BANKY DUONG — DI TIN HEU LEN
MACH XEN SONG SONG — TIN HEU RA NHO HON NJA BANKY DUONG — DOI TIN HEU XUBNG

MACH XEN V&I DIODE THUC TE
Pbién ap v,
pién tré rd
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Khdo sat anh hudng cba dién dung lién cyc Cd

MACH XEN DUNG TRANSISTOR
MACH XEN GHEP CUC PHAT DUNG TRANSISTOR
MACH XEN DUNG OP - AMP
MACHNAN CHINH XAC — XEM NHJ DIODE LY TUGNG
MACHNAN CHINH XAC €O NGUON DC
MACH XEN 2 MUC BOC LAP
BAI TAP
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Chuong 4: Mach xén.

SPKT — Nguyén Vet Hiyg

Hinh 4-1. Mach xén bé ban ky am, ldy ban ky ducng.
Dang séng vdo ra ca mach xén bé ban ky am, lay ban ky duong.

Hinh 4-2.
Hinh 4-3.
Hinh 4-4.
Hinh 4-5.
Hinh 4-6.
Hinh 4-7.
Hinh 4-8.
Hinh 4-9.

Dac tuyén vao ra.

Ngudng cat va fin hiéu.

Dang séng vdo ra vdi diode ly tuéng.
Ddc tuyén vao ra doi vGi diode ly tudng.

Mach xén néi tiép - tin hiéu ra nhé hon niia ban ky - déi nguéng cat Ien.

Dang song vao ra.
Dac tuyén vao ra.

Hinh 4-10. Mach xén néi tiép - fin hiéu ra I6n hon nda ban ky - d&i ngudng cdt xuéng.

Hinh 4-1.

Hinh 4-13.
Hinh 4-14.

Hinh 4-15

Hinh 4-17.

Hinh 4-18.
Hinh 4-19.

Hinh 4-20

Hinh 4-21.
Hinh 4-22.
Hinh 4-23.
Hinh 4-24,
Hinh 4-25.
Hinh 4-26.
Hinh 4-27.
Hinh 4-28.
Hinh 4-29.
Hinh 4-30.
Hinh 4-31.
Hinh 4-32.
Hinh 4-33.
Hinh 4-34.
Hinh 4-35.
Hinh 4-36.
Hinh 4-37.
Hinh 4-38.
Hinh 4-39.
Hinh 4-40.
Hinh 4-41.

Hinh 4-42
Hinh 4-43
Hinh 4-44
Hinh 4-45

Dang song vdo ra.

Mach xén néi tiép - tin hiéu ra nhé hon niia ban ky - déi tin hiéu lén.

Dang song vao ra.

. Ddc tuyén vao ra.
Hinh 4-16.

Mach xén néi tiép - tin hiéu ra nhé hon niia ban ky - déi tin hiéu xuéng.

Dang song vao ra.

Ddc tuyén vao ra.

Mach xén bé ban ky duong, ldy ban ky am.

. Dang song vado ra.

Ddc tuyén vao ra.

Mach xén noi tiép.

Dang song vao ra.

Dac tuyén vao ra.

Mach xén néi tiép.

Dang song vao ra.

Ddc tuyén vao ra.

Mach xén noi tiép.

Dang song vao ra.

Ddc tuyén vao ra.

Mach xén néi tiép.

Dang song vao ra.

Ddc tuyén vao ra.

Mach xén ban ky duong, Idy ban ky am.
Dang sdng vao ra cba mach xén.

Ddc tuyén vdo ra.

Mach xén lay ban ky am - ddi mat cdt xuéng.
Mach xén lay ban ky am - d&i mat cat len.
Mach xén ldy ban ky am - ddi tin hiéu xuéng.
Mach xén ldy ban ky am - dgi fin hiéu lén.
Mach xén ban ky am, ldy ban ky duong.

. Dang séng vao ra cia mach xén.

. Ddc tuyén vao ra.

. Mach xén lay ban ky Gm - déi mat cdt xuéng.
. Mach xén lay ban ky am - d&i mat cat len.

‘ Ky thuat xung
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SPKT — Nguyén Bvh PHil

Hinh 4-46.
Hinh 4-47.
Hinh 4-48.
Hinh 4-49.
Hinh 4-50.
Hinh 4-51.
Hinh 4-52.
Hinh 4-53.
Hinh 4-54.
Hinh 4-55.
Hinh 4-56.
Hinh 4-57.
Hinh 4-58.
Hinh 4-59.
Hinh 4-60.

Mach xén ldy ban ky am - dgi fin hiéu xudng.
Mach xén lay ban ky am - dgi fin hiéu lén.
Hinh cho vi du 4-1.

Mach veé laqi.

Dang séng vdo ra cia vi dy 4-1.

Dang séng véo cia vi du 4-2.

Mach dudc vé lqi lan 1.

Mach dugc vé lai lan 2.

Dang song ra.

Hinh vi du 4-3.

Mach dudc vé lai lan 1.

Mach dugc vé lai lan 2.

Dang séng vao ra.

Mach dudc vé lai lan 1.

Mach dudc vé lai lan 2.

Hinh 4-61. Dang song ra.

Hinh 4-62.

Mach tiang duong thuyc té cOa Diode.

Hinh 4-63a. Mach xén néi tiép. Hinh 4-63b. Mach xén néi tiép.

Hinh 4-64.
Hinh 4-65.
Hinh 4-66.
Hinh 4-67.
Hinh 4-68.
Hinh 4-69.
Hinh 4-70.

Dang séng thuc té cla Diode.
Mach dién thyc té cOa Diode.
Dang song vao ra.

Mach xén ding transistor.
Dang séng vao ra.

Mach xén ghép cyc phat.
Ddc tuyén mach xén.

Hinh 4-71. Mach xén dung transistor.

Hinh 4-72.
Hinh 4-73.
Hinh 4-74.
Hinh 4-75.
Hinh 4-76.
Hinh 4-77.
Hinh 4-78.
Hinh 4-79.

Ddc tuyén vao ra.

Mach xén c6 ngudn DC.

Ddc tuyén.

Mach tuong duong thyc & cOa Diode.
Ddc tuyén vao ra cung fin hiéu vao ra.
Dang song vao ra.

Mach tiong duong thuc té cOa Diode.
Mach tuong duong thyc té cOa Diode.

&2
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. GIGI THIEU MACH XEN:

Mach xén 1a mach cit bd mot phin cla tin hiéu ngd vao ma khdong 1am méo dang phin
tin hiéu con lai. Mach chinh luu bdn ky 1a mot dang mach xén don gidn nhat vi chi st dung 1
diode va 1 dién trd.

C6 2 loai mach xén ndi ti€p va song song. Mach xén ndi ti€p 1a diode trong mach mic ndi
ti€p v4i tdi, con mach xén song song thi diode mic song song vdi tdi.

D3i v6i diode thudng thi xem dién ddp d€ diode din phai thod diéu kién ¥V, >V, , diode

tdtkhi V, < V,.Trong d6 V,1a dién dp cla diode, V, 1a dién dp ngudng.

II. MACH XEN NOI TIEP:

1 MACHXENNGI TEP — TIN HEU RA BANG NUA BANKY DUONG:

Hinh 4-1 trinh bay mdt mach xén don gidn st dung 1 diode va 1 dién trg R.

ID

Hinh 4-1. Mach xén bé ban ky am, lay ban ky duong.

Cho tin hiéu vao 1a séng sin va tin hiéu ra dd bi cdt bd phin tin hiéu A&m. Dang séng tin
hi€u vao ra nhu hinh 4-2:

Hinh 4-2. Dang séng vao ra cba mach xén bé ban ky am, lay ban ky duong.
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Chuong 4: Mach xén. SPKT — Nguyén Bvh PHil
Nguyén ly hoat dong:
Ta c6 phuong trinh: v, =V, =V,=0

Suy ra dién dp trén diode: V, =v, -V,

biéu kién d€ diode titthi ¥, <V, hay ¥, =v, <Vy do dong biing 0

Va diéndprala v, = Ri, =0V
Vay diéu kién dé diode din la: v, 2Vy
Vadiéndprala v, =Rip=v, -V,

Ngudng xén cia mach xén tai gid tri V: phin tin hiéu 16n hon V, thi dudc qua, cdn tin

hiéu nhé hon v, thi bi xén. Pic tuyé&n vao ra nhu hinh 4-3.

AV,

Hinh 4-3. Ddc tuyén vdo ra.

C6 thé xem mach xén c6 ngudng cit nhu hinh 4-4: nhitng phan tin hiéu nim trén “ngudng
cdt” thi cho qua, con nhitng tin hiéu ndm dudi ngudng cit thi bi xén.

VD — Vy \

Tin hieu b1 xen

Hinh 4-4. Ngudng cat va fin hiéu.
Né&u xem diode 12 1y tudng b6 qua dién dép rdi trén diode (xem ¥, = 0V) thi :
Khi tin hi€u vao v, > 0V thi diode din xem nhv ngin mach, dién dp ra v, = Ri, =v,
Khi tin hiéu vao v, <0V thi diode tit xem nhu hé mach, s& khdong c6 dong dién nén dién
dpra v, =Ri, =0V .

Dang s6ng va dic tuyén vao ra clia mach ddi véi diode 1y tudng nhu hinh 4-5 va 4-6.

&4 K§ thuat xung
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SPKT — Nguyén Vet Hiyg

Chuong 4: Mach xén.
”
u]
A
g
+V,
' »-
- i 4
o) Ty ri ;T4 28 (T
2 3 T2y i 2
-V, :

Hinh 4-5. Dang song véo ra v&i diode ly tudng.
A,

Hinh 4-6. Ddc tuyén vdo ra dbi véi diode ly tuéng.
MACH XEN NOI TEP — TIN HEU RA NHO HON NJ'A BAN KY DUONG — DOINGUGNG CAT LEN:

2
Hinh 4-7 trinh bay mdt mach xén st dung 1 diode, 1 dién tr6 R va 1 ngudn +7V,..
ID
—_—
+ it
s
D + *
vi O .
- +
= Vbc

Hinh 4-7. Mach xén néi tiép - fin hiéu ra nhé hon nia ban ky - ddi ngudng cdt lén.
Khi xua't hién ngudén +V),. thi c6 thé xem ngudng cit bi ddi Ién mot gid tri bang V, + V..

Cho tin hiéu vao 1a séng sin thi tin hi€u ra da bi cit bd phﬁn tin hiéu 4m nhd hon V,+Vpe-

Dang s6ng tin hiéu vao ra nhu hinh 4-8:

Ky thuat xung &5
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Chuong 4: Mach xén. SPKT — Nguyén Bvh PHil

v,

A

‘7 NeguBng cat
Vo +V, bi ddi lén
0
-V,

‘k‘o

A

Nguyén ly hoat dong:

Ta c6 phuong trinh:

Suy ra di€n dp trén diode:
Diéu kién d€ diode tdt thi
Hay

Va diéndprala

o]
2L

Hinh 4-8. Dang song vao ra.

V.V Vi<V, =0

V) =v,~V,—V,.

Vp <V, hay V,=v,—V,. <Vy dodong bang 0
v, <Vpe+Vy

v, =Rip +V,. =+Vp

Vay diéu kién dé diode din la: v, 2V, +Vy

Va diéndprala

v, =Ri, +V,. =vl.—Vy

Ngudng xén cda mach xén tai gid tri ¥, + ¥y : phan tin hiéu 16n hon V. + Vy thi dugc

qua, con tin hi€u nhd hon V. + Vy thi bi xén. Pdc tuy€n vao ra nhu hinh 4-9.

A,

V=T /

e Vm 0 \ + IJ"’m

>

i 7
IDC_‘_ry

Hinh 4-9. Ddc tuyén vdo ra.

Néu xem diode 12 1y tudng bd qua dién dép roi trén diode (xem V), =V, =0V ) thi:

&6

K§ thuat xung

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

Chuong 4: Mach xén. SPKT — Nauyn Vigt Hing
Khi tin hi€u vdo v,>+V,. thi diode din xem nhu ngin mach, dién dp ra

v, =Ri, +V,. =v,
Khi tin hiéu vdo v, <+V,. thi diode tit xem nhu hd mach, s& khong c6 dong dién nén

diéndpra v, =Ri, +V,. =4V,

3, MACHXENNGI TEP — TIN HEU RA LGN HON NOA BANKY DUONG — DOINGUBNG CAT XUBNG:

Hinh 4-10 trinh bay mot mach xén st dung 1 diode, 1 dién tr§ R va 1 ngudn —V,,...

o,
TR
\/iJ_rO " lIR v
— Vpc

Hinh 4-10. Mach xén néi tiép - fin hiéu ra I6n hon nda ban ky - d&i ngudng cdt xudng.
Khi xuidt hién nguén -V,. thi cé thé xem ngudng cdt bi ddi xudng mot gid tri
bingV, -V, . Cho tin hiéu vao 1a séng sin thi tin hiéu ra da bi cit bd phan tin hiéu am nhd hon

V, =V, . Dang s6ng tin hi€u vao ra nhu hinh 4-11:

A

7 e e g

1l

7 ha
~al
-V, Ngudng cat
3 bi ddi xudng
Q
A

Hinh 4-11. Dang song vado ra.

Nguyén ly hoat dong:
Ta c6 phuong trinh: v, =V, =Vy +Vpe =0

Suy ra dién dp trén diode:  V, =v, =V, +V .

Ky thuat xung &7
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Chuong 4: Mach xén. SPKT — Nguyén Bvh PHil
biéu kién d€ diode tit thi ¥, <V, hay ¥, =v,+V,. <Vy do dong bing 0

Hay v, <=V +Vy
Vadiéndprala v, =Riy, =V, =Vy

Vay diéu kién dé diode din la: v, >V, +Vy
Va diéndprala v, =Rip =V, =v, -V,

Ngudng xén clia mach xén tai gid tri —V,,. + ¥y : phan tin hiéu I6n hon -V, +Vy thi dudc

qua, con tin hi€u nhd hon —V,,. +Vy thi bi xén. Bic tuyén vao ra nhu hinh 4-12.

V-V,

Hinh 4-12. Dac tuyén vao ra.

Né&u xem diode 12 1y tung b qua dién ddp rai trén diode (xem V, =0V thi :

Khi tin hi€éu vao v,>-V,. thi diode din xem nhu ngin mach, dién 4p ra

Vp = RZD - VDC =V,

Khi tin hiéu vao v, <-V,. thi diode tdt xem nhu hd mach, s& khdong c6 dong dién nén

diéndpra v, =Ri, —Vp. =—Vp..

4, MACHXENNGI TEP — TIN HEU RA NHO HON NJA BANKY DUONG — DO TIN HEU LEN:

Hinh 4-13 trinh bay mot mach xén st dung 1 diode, 1 dién tr§ R va 1 ngudn +7V,..
D

Hinh 4-13. Mach xén néi tiép - fin hiéu ra nhé hon nia ban ky - dai fin hiéu Ién.

&6 K§ thuat xung
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Cho tin hiéu vao la séng sin cling véi nguén +¥,. lam tin hi¢u séng sin bi ddi 1én,

ngudng cdt khong thay doi tai gid tri V/, nén tin hiéu ra da bi cdt bd phén tin hiéu 4m nhd hon

V,.Dang song tin hi€u vao ra nhu hinh 4-14:

Tin hi¢u bi
ddilén

oy ]
Negudng cat
a 2
khong doi

7
m

/ [

Hinh 4-14. Dang so6ng vado ra.
Nguyén ly hoat dong:
Ta c6 phuong trinh: v, =V, =Vy+Vp=0
Suy ra dién dp trén diode:  V, =v, =V, +V,.

biéu kién d€ diode tit thi ¥, <V, hay  V, =v, + ¥, <Vy do dong bing 0

Hay v, <Vpo +Vy
Vadiéndprala v, =Ri, =0V

Vay diéu kién dé diode dan la: v, 2V, +Vy
Va diéndprala V, =Rip=v,+Vp. =V,

Pic tuy€n vao ra nhu hinh 4-15.
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AV,
V4V =V,
>V,
—V + V5 0
Vo4V =V,

Hinh 4-15. Ddc tuyén vao ra.

N&u xem diode 12 1y tudng b6 qua dién dép rdi trén diode (xem ¥, =0V) thi :

Khi tin hiéu vdo v,+V,. >0V thi diode din xem nhu ngidn mach, dién 4p ra

v, =Ri, =v,+V,

Khi tin hi€u vao v, +V,. <0V thi diode tit xem nhu hd mach, s& khong c¢6 dong dién nén

diéndpra v, =Ri, =0V .

5. MACHXENNGI TEP — TIN HEU RA LGN HON NJA BAN KY DUONG — DOI TIN HEU XUONG:

Hinh 4-16 trinh bay mot mach xén st dung 1 diode, 1 dién tr§ R va 1 ngudn —V,,..

ID

—>

R
VDC;_T_+ %l .
R llR Vo

* -
Vi

s .

Hinh 4-16. Mach xén néi tiép - fin hiéu ra nhé hon nGa ban ky - ddi tin hiéu xudng.
Cho tin hiéu vao 1a séng sin cing vdi nguén —V,. lam tin hi¢u séng sin bi dJi xudng,
ngudng cdt khong thay doi tai gid tri ¥/, nén tin hiéu ra da bi cdt bd phan tin hi¢u 4m nhé hon

V, . Dang song tin hi€u vao ra nhu hinh 4-17:

20 K§ thuat xung
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‘ [l
V +F
e Vot ¥oc =V
[ gl
0 >

Hinh 4-17. Dang song vao ra.
Nguyén ly hoat dong:
Ta c6 phuong trinh: v, =V, =V =Vp =0
Suy ra dién dp trén diode:  V, =v, =V, =V,
biéukién d€ diode titthi ¥V, <V, hay ¥, =v,—V,. <Vy do dong bing 0

Hay v, <Vpe +Vy
Vadiéndprala v, = Ri, =0V

Vay diéu kién dé diode din la: v, 2V, +Vy
Vadiéndprala v, =Rip =v, =V, -V,

Pic tuy€n vao ra nhu hinh 4-18.
Khi tin hi¢u vao v, =V, >V, thi diode dan, dién dpra v, = Ri,, =v, =V},
Khi tin hi€u vao v, =V, <V, thi diode tdt — xem nhu hd mach, s&€ khong c6 dong dién

chay qua Rnéndi€éndpra v, =Ri, =0V .
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= AL 0 \

VYoV,

Hinh 4-18. Bdc tuyén vdo ra.
Né&u xem diode 12 1y tudng bé qua dién ddp rdi trén diode (xem V, =0V ) thi :

Khi tin hiéu vdo v,—V,.>0V thi diode din xem nhu ngidn mach, dién 4p ra
v, =Rip =v, =V
Khi tin hi€u vao v, —V,. <OV thi diode tdt xem nhu hd mach, s& khong c¢6 dong dién nén

diéndpra v, =Ri, =0V .

6. MACHXENNGI TEP — TIN HEU RA BANG NUA BANKY AM:

Hinh 4-19 trinh bay mot mach xén st dung 1 diode va 1 dién tré R.

JD
s
o D - T
Vi & TIR Vo

Hinh 4-19. Mach xén bé ban ky duang, lay ban ky am.

Cho tin hiéu vao 12 séng sin va tin hiéu ra da bi cit bd phan tin hiéu duong. Dang séng tin
hi€u vao ra nhu hinh 4-20:

2 K§ thuat xung
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Hinh 4-20. Dang song vao ra.
Nguyén ly hoat dong:
Ta c6 phuong trinh: v, +V, =V,
Suy ra dién dp trén diode:  V, =-v, +V,

biéu kién d€ diode tditthi ¥V, <V, hay ¥, =-v, <Vy do dong bing 0

Hay v, >=Vy

Va di€éndprala v, =Ri, =0V

Vay diéu kién dé diode din la: v, <-Vy
Vadiéndprala v, =—Ri, =v,+V,

Ngudng xén clia mach xén tai gid tri -V, : phan tin hiéu nhd hon — V, thi dudc qua, con
tin hi€u 16n hon -V, thi bi xén.
Pic tuy€n vao ra nhu hinh 4-21.

AV,

—F

Hinh 4-21. Bdc tuyén vao ra.
Né&u xem diode 12 1y tudng bé qua dién ddp rdi trén diode (xem V, =0V ) thi :

Khi tin hiéu vao v, <0V thi diode din xem nhv ngdn mach, dién dp ra v, = —Ri, = v,
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Khi tin hi€u vao v, >0V thi diode tdt xem nhu hd mach, s& khong c6 dong dién nén dién

dpra v, =—-Ri, =0V .
7. MACHXENNGI TEP — TIN HEU RA LGN HON NUA BANKY AM — DI NGUONG CAT LEN:

Hinh 4-22 trinh bay mot mach xén s dung 1 diode, 1 dién tr§ R va 1 ngudn +7V,..

D
K
D _ +
| Vo
; <[]l
viO) i
- +
— VYbc
- B

Hinh 4-22. Mach xén néi tiép.
Khi xui't hién ngudn —V,. thi ¢c6 th€ xem ngudng cit bi dji xudng mot gid trj bing
=V, =Vpe- Cho tin hi€u vao la séng sin thi tin hi€u ra da bi cat bo phan tin hiéu duong 16n hon
=V, =Vpc- Dang song tin hi€u vao ra nhu hinh 4-23:

TI

R
r i
e W W e

Hinh 4-23. Dang song vao ra.
Nguyén ly hoat dong:
Ta c6 phuong trinh: v.+V, +V, =V, =0
Suy ra dién dp trén diode:  V, =—v, =V, + V)

biéu kién d€ diode tit thi ¥, <V, hay ¥V, =—v,+V,. <Vy do dong bing 0

Hay v, >V =Vy
Vadiéndprala v, ==Ri, +V, . =4V,
Vay diéu kién dé diode din la: v, <V =Vy
Va diéndprala v, =—Rip +V,o=v,+V,
94 K§ thuat xung

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

Chuong 4: Mach xén. SPKT — Nauyn Vigt Hing
Dic tuyé&n vao ra nhu hinh 4-24.

Hinh 4-24. Bdc tuyén vao ra.

Né&u xem diode 12 1y tudng bb qua dién ddp rdi trén diode (xem ¥, = 0F) thi :

Khi tin hiéu vao v,<V,. thi diode din xem nhu ngidn mach, dién dp ra

v, ==Riy+V,. =V,

Khi tin hi€u vao v, >V, thi diode tit xem nhu hd mach, s& khong c6 dong dién nén dién

apra v, =—Ri, +V,. =Vp..

8. MACHXEN NOI TEP — TIN HEU RA NHO HON NJA BANKY AM — DOINGUSNG CAT XUENG:

Hinh 4-25 trinh bay mdt mach xén st dung 1 diode, 1 dién tr§ R va 1 ngudn +V,..
ID

Hinh 4-25. Mach xén néi tiép.
Khi xuadt hién ngudén —V,. thi c6 thé xem ngudng cdt bi ddi 1én mot gid tri bing
=V, =Vpe - Cho tin hi€u vao 1a song sin thi tin hi€u ra da bi cit b phin tin hiéu duong 16n hon

=V, =V, . Dang s6ng tin hi€u vao ra nhu hinh 4-26:

AR A A |

Hinh 4-26. Dang song vao ra.

Nguyén ly hoat dong:
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Ta c6 phuong trinh: Vv, +Vy+Vy +Vpe =0

Suy ra dién dp trén diode:  V, =—v, =V, =V

bicu kién d€ diode titthi  V, <V, hay ¥, =-v, =V, <Vy do dong bing 0

Hay v, >V, —Vy
Vadiéndprala v, ==Ri, Ve ==V,
Vay diéu kién d€ diode din la: v, <V, =Vy
Va diéndprala v, =—Riy =Vpe=v, +V,
Dic tuy€n vao ra nhu hinh 4-27.
Av,
: — Ve b 1.
Wi .
/ L e

Hinh 4-27. Péc tuyén vdo ra.
N&u xem diode 12 1y tudng bd qua dién ddp roi trén diode (xem ¥V, =0V ) thi :

Khi tin hiéu vdo v, <-V,. thi diode din xem nhu ngin mach, dién d4p ra

v, ==Ri, =Vpo =V,

Khi tin hiéu vdo v, >V, thi diode tdt xem nhu hd mach, s& khong c¢6 dong dién nén

diénadpra v, =—-Ri, -V, ==V,..

9. MACHXEN NG TEP — TIN HEU RA NHD HON NJA BANKY AM — DOITIN HEU LEN:

Hinh 4-28 trinh bay mdt mach xén st dung 1 diode, 1 dién tr§ R va 1 ngudn +V,..

I
D
| £—|:|J+ R
+
D =
Yoe- R TFR
+ \ Vo
Vi
l a2
— 1 -

Hinh 4-28. Mach xén noi tiép.
Cho tin hiéu vao 1a séng sin cung v4i ngudén +V,. lam tin hiéu séng sin bi dJi 1én,
ngudng cdt khong thay ddi tai gid tri —F, nén tin hiéu ra da bi cit bé phan tin hiéu dudng nhd
hon -V, . Dang séng tin hi€u vao ra nhu hinh 4-29:
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Mgwdng cit |
khSng dsi

-
EAVARYARY.

Hinh 4-29. Dang song vao ra.

Nguyén ly hoat dong:
Ta c6 phuong trinh: Vv, +Vy+Vy +Vpe =0
Suy ra dién dp trén diode:  V, =—v, =V, =V

biéu kién d€ diode tit thi ¥, <V, hay ¥V, =—v, =V, <Vy do dong bing 0

Hay v, >V, —Vy
Vadiéndprala v, =—Ri, =0

Vay diéu kién dé diode dan la: v, <V —Vy
Va diéndprala v, =—Rip =v, +V)p. +V,

Dic tuyén vao ra nhu hinh 4-30.
Av,

Hinh 4-30. Bdc tuyén vado ra.

Né&u xem diode 1 1y tudng bd qua dién dap roi trén diode (xem V,=01)thi:
Khi tin hiéu vao v, + ¥, <0V thi diode din xem nhu ngdn mach.
biéndpra v, =—-Ri, =v, + V)

Khi tin hi€u vao v, + 7, >0V thi diode tit xem nhu hd mach, s& khong c6 dong dién nén

diéndpra v, =—Ri, =0V.
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1. MACHXEN NG TEP — TIN HEU RA LGN HON NJA BAN KY AM — DO TIN HEU XUBNG:

Hinh 4-31 trinh bay mot mach xén st dung 1 diode, 1 dién tr§ R va 1 ngudn —V,,..

|
<D

TR
I+ v

+ @

t T

Hinh 4-31. Mach xén noi tiép.

Cho tin hiéu vao 1a séng sin cing véi ngudén —V,. lam tin hi¢u séng sin bi doi Ién,
ngudng cit khong thay ddi tai gid tri — V, nén tin hi€u ra da bi cit bé phan tin hiéu 4m nhd hon
—V,. Dang song tin hi€u vao ra nhu hinh 4-32:

AV

Tin hi€u bi
dG1xuong

Ngudng cat
khong doi

Hinh 4-32. Dang song vdo ra.

Nguyén ly hoat dong:

Ta c6 phuong trinh: v.+V, +V, =V, =0

Suy ra dién dp trén diode:  V, =—v, =V, + V)

biéu kién d€ diode tit thi ¥V, <V, hay ¥V, =—v,+V,. <Vy do dong bing 0
Hay v, >4V =Vy

Vadiéndprala v, =—Ri, =0
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Vay diéu kién dé diode dan la: v, <+Vp. = Vy
Va diéndprala v, =—Rip =v, =V, +V,
Dic tuyén vao ra nhu hinh 4-33.
A,
+F e — V¥

_ p. B "i‘!.
-, ﬂ T e —¥F

Hinh 4-33. Bdc tuyén vado ra.

Néu xem diode 12 1y tudng bd qua dién d4p roi trén diode (xem V,=0V)thi:
Khi tin hiéu vao v, —V,. <0V thi diode din xem nhv ngdn mach.
biéndpra v, =—-Ri, =v, =V,

Khi tin hi€u vao v, =V, >0V thi diode tdt xem nhu hd mach, s& khong c6 dong dién nén

diéndpra v, =—Ri, =0V.

. MACH XEN SONG SONG:

1 MACHXEN SONG SONG — TIN HEU RA BANG NJA BANKY AM:

Hinh 4-34 trinh bay mdt mach xén song song st dung 1 diode va 1 dién trG R.

IR
—
T o
R +
+ +
Vi | Vo
¢ o

9 >

Hinh 4-34. Mach xén ban ky duong, Idy ban ky am.
Cho tin hiéu vao 1a séng sin va tin hiéu ra da bi cdt bd phan tin hiéu duong. Dang séng tin
hi€u vao ra nhu hinh 4-35:

Ky thuat xung 29
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Hinh 4-35. Dang sdng vao ra cba mach xén.
Nguyén ly hoat dong:
Ta c6 phuong trinh: v, =V, =V,=0
Suy ra dién dp trén diode: V, =v, -V,

biéu kién d€ diode titthi ¥, <V, hay = ¥, =v, <Vy do dong bing 0

Va diéndprala v, =v,—Ri, =v,
Vay diéu kién d€ diode din 1a: v, 2Vy
Va diéndprala v, =V, =V,

Ngudng xén ctia mach xén tai gid tri V: phin tin hiéu vao 16n hon V, thi roi hét trén R,

con tin hi¢u nhd hon ¥, thi cho qua — khong suy hao trén R. Dic tuyén vao ra nhu hinh 4-36.

Av,

7 / N

Hinh 4-36. Bdc tuyén vado ra.

r

+ E-?

b L

Né&u xem diode 12 1y tudng bé qua dién ddp rdi trén diode (xem V, = 0V) thi :
Khi tin hiéu vao v, > 0V thi diode din xem nhv ngdn mach, diéndpra v, =0
Khi tin hi€u vao v, <0V thi diode tdt xem nhu hd mach, s& khong c6 dong dién nén dién

apra v, =v,.

2. MACHXEN SONG SONG — TIN HEU RA NHO HONNJA BANKY AM — DOIMAT CAT XUONG:

Hinh 4-37 trinh bay mdt mach xén song song st dung 1 diode, 1 dién tré R va ngudn DC.

100 K§ thuat xung
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IR
=
—4— 1 o
+ R + +

vi O ONZ|ip Ve

+ b CI_‘

Hinh 4-37. Mach xén lay ban ky am - d&i mét cat xuéng.

Sinh vién ty v& dang séng vao ra, phin tich mach va vé dic tuyén vao ra.

3. MACHXEN SONG SONG — TIN HEU RA LGN HON NJA BANKY AM — DOIMAT CAT LEN

Hinh 4-38 trinh bay mdt mach xén song song st dung 1 diode, 1 dién trd R va ngudn DC.
l R

+ + l_l
vi O %l[) Vo
VDC

+ *

Hinh 4-38. Mach xén Idy ban ky Gm - dgi mat cat lén.
Sinh vién ty v& dang séng vao ra, phian tich mach va vé dic tuyén vao ra.

4, MACHXEN SONG SONG — TIN HEU RA LGN HON NDA BANKY AM — DO TIN HEU XUBNG:

Hinh 4-39 trinh bay mot mach xén song song st dung 1 diode va 1 dién tr§ R.

IR
o
+ 1 I > 4 -
+ R + *
Vi ( OV/|ip Vo
Vo -

DC _-|-
d
T

Hinh 4-39. Mach xén Idy ban ky Gm - dgi tin hiéu xuéng.

Sinh vién ty v& dang séng vao ra, phian tich mach va vé& dic tuyén vao ra.

5. MACHXEN SONG SONG — TIN HEU RA NHO HONNJA BANKY AM — DOI TIN HEU LEN:

Hinh 4-40 trinh bay mdt mach xén song song st dung 1 diode va 1 dién trG R.

Ky thuat xung o1
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IR
R
—T 1 .
+ IR + i
Vi DSZlID Vo
\Y/
DC oo

Hinh 4-40. Mach xén lay ban ky Gm - dgi tin higu lén.
Sinh vién ty vé& dang séng vao ra, phan tich mach va v& dic tuyén vao ra.

6. MACHXEN SONG SONG — TIN HEU RA BANG NJA BANKY DUONG:

Hinh 4-41 trinh bay mdt mach xén song song st dung 1 diode va 1 dién trg R.
|
— R il
«—

o—+—|: ¢ %

R +

Vi b gSTID Vo
—y  E—

Hinh 4-41. Mach xén ban ky am, lay ban ky duong.
Cho tin hiéu vao 1a séng sin va tin hiéu ra da bi cdt bd phan tin hiéu duong. Dang séng tin
hi€u vao ra nhu hinh 4-42:
AV

+V,

Hinh 4-42. Dang sdng vdo ra cba mach xén.

Nguyén ly hoat dong:
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SPKT — Nguyén Vet Hiyg

Ta c6 phuong trinh:

Suy ra dién dp trén diode:

Pidu kién

Hay

dé€ diode tit thi

Va diéndaprala

v, +V,+V,=0

Vy=-v, =V,

V, <V, hay V,=-v,<Vy dodong bing0
v, >-Vy

v, =V, +Ri, =v,

Viy diéu kién dé diode din 1a: v. <Vy

Va di€éndprala

1

v, =Vp =V,

Ngudng xén cua mach xén tai gid tri -V : phan tin hiéu vao nhd hon — V, thi roi hét trén

R, con tin hi€u 16n hon -V, thi cho qua — khdng suy hao trén R. béc tuyé&n vao ra nhu hinh 4-

43.

- Vi

Hinh 4-43. Bdc tuyén vado ra.

Néu xem diode 12 1y tudng bd qua dién dép roi trén diode (xem V,=01)thi:

Khi tin hi€u vao v, <0V thi diode dAn xem nhu ngdn mach, dién dpra v, =0

Khi tin hi€u vao v, >0V thi diode tit xem nhu hd mach, s& khong c6 dong dién nén dién

dprav, =v,.

7. MACHXEN SONG SONG — TIN HEU RA NHO HON NUA BAN K.Y DUONG — DOIMAT CAT LEN:

Hinh 4-44 trinh bay mdt mach xén song song st dung 1 diode va 1 dién trG R.

vi O

IR
- +
—4— T 1 .
R = +
DZSTlD Vo
+
—t—

Hinh 4-44. Mach

VDC l_
¢

xén lay ban ky Gm - d&i mat cdt xuong.

Sinh vién tu vé& dang séng vao ra, phan tich mach va vé dic tuyén vao ra.

Ky thuat xung
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8. MACHXEN SONG SONG — TIN HEU RA LGN HON NJA BANKY DUONG — DOIMAT CAT XUONG:

Hinh 4-45 trinh bay mdt mach xén song song st dung 1 diode va 1 dién tr R.

R
+ | —o .

vi O DZST D Vo

DT+
¢
Hinh 4-45. Mach xén Idy ban ky Gm - déi mat cdt lén.

Sinh vién ty v& dang séng vao ra, phian tich mach va vé dic tuyén vao ra.

9. MACHXEN SONG SONG — TIN HEU RA LGN HONNJA BANKY DUONG — DOI TIN HEU LEN:

Hinh 4-46 trinh bay m6t mach xén song song st dung 1 diode va 1 dién trg R.

IR
% +

L 2 2
+ R - +
Vi DZST D Vo

— R +

VDC-|-_

¢ .

Hinh 4-46. Mach xén lay ban ky Gm - dgi tin higéu xuéng.

Sinh vién ty v& dang séng vao ra, phan tich mach va vé& dic tuyén vao ra.

1. MACHXEN SONG SONG — TIN HEU RA NHO HON NIJA BANKY DUONG — DOIL TIN HEU XUONG:

Hinh 4-47 trinh bay m6t mach xén song song st dung 1 diode va 1 dién trg R.

IR
- +
5 &
+ R +

Vi DZST'D Vo
+

¢ 1 °

Hinh 4-47. Mach xén lay ban ky am - ddi fin hiéu Ién.

Sinh vién ty vé& dang séng vao ra, phan tich mach va vé& dic tuyén vao ra.
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Vi du4-1:

Hay xédc dinh dang s6ng ra ciia mach xén hinh 4-48.

P V=5V

+ 0
I
-
-+ O

O
@]

Hinh 4-48. Hinh cho vi duy 4-1.
Giai:
Xdc dinh dién 4p vao lam thay d4i trang thdi ctia diode. Ta c6 mach dién nhu hinh 4-49.
K&t qud tim dudc: v, =5V
Khi dién 4p tin hiéu vao Am hon — 5V thi diode s& di vao trang thdi ngung din — xem nhu
hd mach — dong biang 0 — nén dién 4p ra biing 0 xdc dinh bdi phuong trinh:
v, =V, =i,R=i,R=(0)R=0V
Khi dién 4p tin hiéu vao duong hon —5V thi diode s& di vao trang thdi din — xem nhu ngin
mach — dién 4p ra dugc xdc dinh bdi phuong trinh:
v, =v,+5V
Dang s6ng tin hi€u vao — ra nhu hinh 4-50.
i-_—li 2 o o o o
5V

—

oO— < O

Hinh 4-49. Mach vé lai.

20 p.+5V=20V+5V=25V
SV4E v,=0V4+5V=35V
L/ "y
\ 2
Transition S e SV 4§V =0V
voltage 0= = ;
Ky thuat xung po
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Hinh 4-50. Dang séng vdo ra cOa vi dy 4-1.

Vidu 4-2:
Hay ldp lai vi du 4-1 nhung tin hi€u vao la séng vudong nhu hinh 4-51.

AV

=

0

RSTES

—10

Hinh 4-51. Dang séng vdo cua vi dy 4-2.
Trong khodng thdi gian [0,T/2] tin hiéu vao v; = 20V ta ¢6 mach dién tuong duong nhu
hinh 4-52. Diode & trang thdi din xem nhu ngin mach va dién dp ra dugc xdc dinh:
v, =20V +5V
Trong khodng thgi gian [T/2, T] tin hiéu vao v; = -10V ta ¢6 mach dién tuong duong nhu
hinh 4-53. Diode & trang thdi ngung dAn xem nhu hd mach va dién 4p ra dudc xdc dinh:
Vo=, R=(0)R=0V
K&t qua dang séng ngd ra nhu hinh 4-54,

- 5V
T ot B B=UV
+
Hinh 4-52. Mach dudc vé lai lan 1. Hinh 4-53. Mach dudc vé lai lan 2.
>
25V
0 T [
Hinh 4-54. Dang song ra.
106 K§ thuat xung
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Vidu 4-3:
Hay xdc dinh dién dp ra ciia mach xén hinh 4-55.

ﬁ

16 [ -

Y

0]

Hinh 4-55. Hinh vi du 4-3.

Giai:
Xdc dinh dién 4p vao 1am thay d6i trang thdi cia diode. Ta c6 mach dién nhu hinh 4-56.
K&t qud tim dudgc: v, =4V

Khi dién 4p tin hiéu vao 16n hon 4V thi diode sé di vao trang th4i ngung din — xem nhu hd
mach — mach tuong duong nhu hinh 4-57 — dién 4p ra bing dién 4p vao:
v, =v,
Khi dién 4p tin hiéu vao nhd hon 4V thi diode sé& di vao trang thdi din — xem nhu ngin
mach — dién 4p ra bing dién 4p ngudn dc bing 4V:

v, =4V
Dang séng vao ra cda tin hi€u nhu hinh 4-58.
V= LU
o AAA— 5
+ R — -
fr=0A

Hinh 4-56. Mach dugdc vé lai lan 1. Hinh 4-57. Mach dudc vé lai lan 2.
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. 1-',‘

4 -V transition level

0] 'y !

16 V

Hinh 4-58. Dang song vao ra.

Vidu 4-4:

Hay lap lai vidu 4-3 v6i ¥V, =0,7V .

Giai:

Xdc dinh dién 4p vao lam thay ddi trang thdi clia diode tuong tng vdi dong iq = 0 tai dién
4p va= Vr = 0,7V. Ta c6 mach dién tuong duong nhu hinh 4-59. Ap dung dinh luat Kirchhoff ta
dugc:

v, +V, =V =0

K&t qud tim dudc: v, =V -V, =4V -0,7V =33V

Khi dién 4p tin hiéu vao 16n hon 3,3V thi diode s& di vao trang thdi ngung din — xem nhu
h& mach —dién 4p ra bing dién 4p vao:

v, =V,

Khi dién 4p tin hiéu vao nho hon 3,3V thi diode s& di vao trang thdi din — xem nhu ngin

mach — mach di€én tuong duong nhu hinh 4-60 — dién 4p ra dudc xdc dinh:
v, =4V -0,7V =33V

K&t qua dang séng ra clia tin hiéu nhu hinh 4-61.
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vg=igR=i,R=(0)R=0V
R ‘{‘tl'

OeS=UNA—1 : kT o
+  iy=0A + i R l i 7

Vo 07N " : 07V
vV, " o Vi + Y

2 3 +

v T 4V T 4V

& = o o — o

Hinh 4-59. Mach dudc vé lgi lan 1. Hinh 4-60. Mach dudc vé lai lan 2.

A ""(;

Hinh 4-61. Dang song ra.

IV. MACH XEN V&I DIODE THUC TE:
Mach tuong chinh x4c cta diode nhu hinh 4-62.

4 e
Iy (A (8]
D + ,:“ -
10 _
D
T ay j diod
iode
Vb G =
7 = ¥ tudng
—|— T Tav —
o——| A VAVA e -
10
J.in IU a7V
a 0.70.8 Vp (V)

Vr

Hinh 4-62. Mach tudng dudng thyc té cOa Diode.

a. Diénap V,:

Khi di€n dp V, so sanh dugc vdi v, va nhatla V. (trudng hgp diode Silic va ¥, nho) khi
d6 phdi xét d€n dnh hudng ctia dién dp V.

G vi du 4-4 ta da khdo sdt 4nh hudng ciia dién dp 7, .
Khi dién dp V), 16n hon 7, rat nhiéu thi ta c6 thé bd qua V, xem nhu diode Iy tudng.

b. Pién tré rd:
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Trong mot s trudng hop khi khong st dung diode chuyén mach ma s dung diode thudng
thi dién trd ndi cla diode 7, c6 thé so sinh dugc véi dién trd R (dién trd tdi) khi d6 tin hiéu ra
s& bi méo dang. C6 thé thdy dudc thong qua céc vi du sau.

Vi du 4-5: tin hi€u ra ciia mach dién hinh 4-63a va hinh 4-63b.

ID - IR +
+D|—E +  — ® °

» L 4 @ | M|
+ D + + R — +

—-+
" DG YocT-  _
Ly St . :
Hinh 4-63a. Mach xén néi tiép. Hinh 4-63b. Mach xén néi tiép.
Chitng minh nguyén nhan gdy ra méo dang song:
Xét mach dién hinh 4-63a.
o R R O O 0 1 P AV
o Khi diode phan cuc thudn — di€n trd dong cua diode dugc xdc dinh: r, = —
. . : \ . . AV,
a Khi diode phén cyc nghich — di€n tr6 ngugc cua diode ratlén: R, = £ Q)

ng

Véi gid st R,, — 00Q khi d6 ¢6 thé xem R,, >> R: di€u nay phi hgp véi cdc diode Silic.

o  Xeét trudng hgp v, <V, +V,: khi d6 diode ngung din — xem nhu hd mach — dién dp ra

bang dién dp vao: v, =V,
1%

Hay 2 =1
v

0 Xét trudng hgp v, 2V, +V, : khi d6 diode dan:

. N&u r, << Rvi dy nhu rg = 5Q, R = IMQ thi quan hé dién d4p vao va dién dp trén
diode:
Voo fa o1
v, r,+R R

Vi R 16n thi %—) 0 néndién dp v, =0V va dién dp ra bing V..

. Néu r, so sanh dugc v6i R vi du nhu r, =50, R =10 thi di€n 4p trén diode dugc
x4ac dinh:
p
\% =Vl. d
r, +R

K§ thuat xung
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Gi4 tri dién 4p nay khong thé bd qua va c6 dnh hudng d€n dién 4p ra, do6 doc hoi nghién
tao ra su tron dau.
Anh hudng cia n6 dudc bi€u dién qua hinh 4-64.
T

AV, r +R A

Tron dau

il — VDC Ly
P I

Hinh 4-64. Dang song thyc té cha Diode.

c. Khdo sat dnh hudng cia dién dung lién cyc Cd:

0 day chua xét d€n qua trinh qud dd trong chuyén mach ding diode da khio sit & chuong
3, dién dung nay ciing gy dnh huéng lam méo dang s6ng ra.

Vi du: Khdo sdt mach dién hinh 4-65 va tin hi€u vao ra trong trudng hgp c6 dnh hudng thi
dang séng vao ra nhu hinh 4-66.

Ky thuat xung M
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Chuong 4: Mach xén.
AV (1)
P’CC
| \ < | .
| | 0
4 DI 4 & tp
D e
|l R [] . Ve Voc
1M Co
2o
Fil

I —

Hinh 4-65. Mach dién thyc té cOa Diode. Hinh 4-66. Dang song vao ra.

V. MACH XEN DUNG TRANSISTOR:
Xét mach dién dung transistor nhu hinh 4-67. Mach ¢6 2 miic xén 1a V,, =V, : di€n dp dé

transistor din va ¥V, =V,: dién 4p d€ transistor din bdo hoa — khi d6 dong 7, > % Cho tin

hiéu vao va tin hi€u ra nhu hinh 4-68.

-:;: iy RC

P i
- _ + Ve
+ i

i bt [!f
- Ol:: ¥
&
Hinh 4-67. Mach xén dung transistor. Hinh 4-68. Dang song vao ra.
VI. MACH XEN GHEP CUC PHAT DUNG TRANSISTOR:

K§ thuat xung
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Xét mach dién dung transistor nhu hinh 4-69. Mach c6 dang gin giong mach khuéch dai
vi sai, mach hoat dong & ch&€ do khué&ch dai trong tam Av,:

Khi dién 4p vao nam trong khodng v, >V, +%Avi thi transistor T1 din bdo hoa, T2 tit:
di€ndpra v, =V,
. . kS 2 1 ~ . < X 2 N
Khi dién 4p vao nam trong khoang v, <V, —EAv,. thi transistor T1 tat, T2 dan bao hoa:

diéndprav, =V, —-R.1,.

Pic tuy€n xén clia mach nhu hinh 4-70:

A

/]\Vcc
— > | e—ar,
Cc2
le4 []RC )i Vee
Vi /
V"'I‘—Il B_. T1 T2 N . I'yc.g . Rc j’c ' 'T/BB
_ llvsa i ——
1 E1] IE2 >
R < » | < >
E| : :
Ic Bdo hod dm Bao hoa dudng
i) T1 tat 1‘ T2 tat
Vung kdai
Hinh 4-69. Mach xén ghép cuc phat. Hinh 4-70. Péc tuyén mach xén.

VIl. MACH XEN DUNG OP - AMP:
Trong mach xén dung diode thi tin hi¢u vao phdi 16n hon dig¢n dp ngudng ¥, ctia diode, khi

dién dp vao v, <V, thi khong th€ xén dugc. D& xén dudc cdc tin hiéu ¢6 mic dién 4p nho thi

phai dung mach xén s dung op-amp con goi 1a mach xén chinh xdc.

1 MACHNAN CHINH XAC — XEM NHU DIODE LY TUONG:

SJ d@6 mach xén nhu hinh 4-71 va dic tuyé€n nhu hinh 4-72:

AV,
| I —
' -7, 0 + 1,
Hinh 4-71. Mach xén dung transistor. Hinh 4-72. Pdc tuyén vdo ra.
‘ Ky thuat xung 1
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Hoat dong ctia mach:

Khi dién dp vao v, >v_ =0 thi dién 4p ra rdi vao viing bio hoa duong v(/) =V,c, diode

din dién.
bién dpra v, =V, - V,.
Ta c6 V= Ay, v )= A(v,-v,)
Thé vao phuong trinh ta dudc v, =Av,—Av, -V,
Suy ra dién 4 b=y b
uy ra dién 4p ra: Y, =V, ——-
vy aenap 1+4 ' 4
y . . 2 14 . .
Do hé s6 khuéch dai vong hg 16n 4 =00 nén —>1lva ——>0
1+ 4 4
Vay di€n dp ra v, =V,
Khi dién d4p vao v, <0 thi dién 4p ra roi vao viing bio hoa am v, = Ve, diode tdt

xem nhu hd mach, dién dp ra cach ly v6i dién dp vaova v, =0

2. MACHNAN cHINH XAc ¢ NGUBN DC:

So dd mach xén nhu hinh 4-73 va dic tuyén nhu hinh 4-74:
AV,

Bl /
Ry T 0 \ +V,

y g
LDC

P 1;

Hinh 4-73. Mach xén ¢6 ngudn DC. Hinh 4-74. Pac tuyén.

Hoat ddng ctia mach:

Khi dién 4p vao V; >V, thi dién dp ra vé <0, diode tit thi dién 4p ra v, tach khodi v/
nén v, =V,

Khi dién 4p vao v, <V, thidiéndpra v, >0, diode din thi dién dp v, =V

Vill. MACH XEN 2 MUC POC LAP:

Hiy khéo sdt mach xén nhu hinh 4-75. Gid st ¥, <V, va I6n hon V, ciia diode rat nhiu

nén bo qua dnh huong cua V, .

™ K§ thuat xung
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Chuong 4: Mach xén. SPKT — Nauyn Vigt Hing
+ R - + x
vi O DZST'D SleD Vo
h T+ S

o st
A I_ Vo l_
#
Hinh 4-75. Mach tudng duong thuc té cUa Diode.
Tim cdc gid tri dién 4p vao 1am diode D; va D, thay ddi trang thai:
Vdéi diode Dy: vi =V,
¢ Ne&u v, <V, thi D, din— xem nhu ngdn mach.
¢ Neéu v, >V, thi D; ngung din — xem nhu hd mach.
Vi diode Dy: vi=V,
¢ N&u v, <V, thi D, ngung din — xem nhu hd mach.
¢ Neéu v, >V, thi D, din — xem nhu ngdn mach.

K&t hop lai ta dudc:

< Neéu v, <V, <V, thi D, ngung din — xem nhu hd mach, D, din - diéndpra v, =V].

*,

R/

% N&u V, <v, <V, thicd D, va D, ngung din — xem nhu hd mach—- diéndpra v, =v,.
7

% N&u V, <V, <v, thi D ngung ddn — xem nhu hd mach, D, din- diéndpra v, =V,.

Dic tuyén vao ra nhu hinh 4-76 va dang séng vao ra ctia mach nhu hinh 4-77.

Hinh 4-76. Pac tuyén vdo ra cing tin hiéu vdo ra.

Ky thuat xung 113]
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Chuong 4: Mach xén. SPKT — Nguyén Bvh PHil
Vi
V,
»
F
0 >
Hinh 4-77. Dang s6ng vao ra.
C6 thé st dung 2 diode Zener 1am mach xén nhu hinh 4-78.
— .
+ R *
vi O D, Z8 vz
== 1 vo
SAVA V25
! S
Hinh 4-78. Mach tudng duong thuc té cGa Diode.
Khi di€n 4p vao: v, 2V, +V,
D; hoat ddng nhu diode Zener, D, hoat ddng nhu diode thudng — di€n 4p ra:
Vo =V, +V,
Khi di€n 4p vao: v, <=V, +V)

D; hoat dong nhu diode thudng, D, hoat dong nhu diode Zener — di€n dp ra:
vo ==, +Vy)

Khi dién dp vao: Vi (V2 + V)
D; va D, cing ngung din — dién 4p ra bing dién dp vao:v, =v,
Va+V, <v,<=(V,,+V,)

Dic tuyén vao ra va dang séng vao ra nhu hinh 4-79.
Va+V, <v, <=V, +V)

K§ thuat xung
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Chuong 4: Mach xén. SPKT — Nauyn Vigt Hing
AV
-V,
Vo +V7
0 >
-ty
ER AT T
SR W A0 o A
’ :
=+ ) D.____\ /___\ /____\ /_ g
o
Hinh 4-79. Mach tudng duong thuc té cGa Diode.
IX. BAITAP:

Bai tap 1: Hay vé tin hiéu ra cia cdc mach dié n nhu hinh 4-80.

4V Si 5| V  Ideal
o o+ 0 0 | o o
20V + 4 + £ b ¢ +
v, 22kQ v, v, 6.8 kQ Vs
° * 0 o & 0
(a) (b)
Hinh 4-80. Mach cho bai tap 1.
Bai tap 2: Hay vé tin hi¢u ra cia cdc mach dién nhu hinh 4-81.
|ln v Si  22kQ Si ﬁiv |
e io—P—AMNV—y—o0 " i —— 0
|
1.2kQ g 47k0
L
10V = =
(a) (b)
Hinh 4-81. Mach cho bai tap 2.
Bai tap 3: Hay vé tin hiéu ra cua cdc mach dién nhu hinh 4-82.
Ky thuat xung i
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Chuong 4: Mach xén. SPKT — Nguyén Drh Pl
2V Ideal Ideal
O—II 4 - o Vi 0 B ’ oV,
+ +
v; 1 kG v, 22 kQ
o é o +5V
(a) (b)

Hinh 4-82. Mach cho bai tap 3.

Bai tap 4: Hay vé tin hiéu ra ciia cdc mach dién nhu hinh 4-83.

Vi = i 5 4V | .
+  22kQ ” Vi 0—‘\/\/\'—‘ Vo
V; W, Si
i
o— & 0 =
() (b)

Hinh 4-83. Mach cho bai tap 4.

Bai tap 5: Hay vé tin hiéu ra cua cdc mach dié n nhu hinh 4-84.

4V 10 k€2
oO— AN 2 O
+ e -

o
Y WS Si

S3V —T— 1.3V =/
[0

Hinh 4-84. Mach cho bai tap 5.

L
o |

18 K§ thuat xung
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Chuong '3

MACH KEP — MACH GIAO HOAN
[

MACH KEP
MACH DO TiN HEU XUBNG MOT LUONG DEN AP v,
MACH DO TiN HEU XUBNG MOT LUGNG DIEN AP NHO HON Vi
MACH DO TIN HEU XUBNG MOT LUONG DEN AP LGN HON Vi
MACH DI TIN HEU LENMOT LUONG DEN AP v,y
MACH DOI TIN HEU LENMOT LUONG DIEN AP NHO HON Vi
MACH DO TiN HEU XUBNG MOT LUONG DEN AP LEN HON Vi

MACH KEP DUNG DIODE XET ANH HUGNG DIEN TRG DIODE VA DIEN TRG NGUON
XET ANH HUGNG BEN DANG SONG RA
PINHLY MACHKEP

MACH KEP G CUC NEN CUA BJT

CHUYEN MACH C-E vGi TAI LA BPIEN DUNG

CHUYEN MACH C-C VO TAI LA DIEN DUNG

CHUYEN MACH C-E VGI TAI LA CUON DAY

BAI TAP
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Chuong B: Mach kep — mach gizo hoan. SPKT — Nguyén Bvh PHil

LIET KE CAC HINH
Hinh 5-1. Mach di tin hiéu xuéng 1 lugng Vm.
Hinh 5-2. Dang soéng vao ra.
Hinh 5-3. Mach dudc vé lai.
Hinh 5-4. Mach dgi tin hiéu xuéng 1 lugng nhé hon Vm.
Hinh 5-5. Dang song vao ra.
Hinh 5-6. Mach dudc vé lai.
Hinh 5-7. Mach dgi fin hiéu xuéng 1 lugng I16n hon Vm.
Hinh 5-8. Dang song vao ra.
Hinh 5-9. Mach dudgc vé lai.
Hinh 5-10. Mach dgi fin hiéu lén 1 lugng Vm.
Hinh 5-11. Dang song vao ra.
Hinh 5-12. Mach dudc vé lai.
Hinh 5-13. Mach dugc vé lai.
Hinh 5-14. Mach déi tin hiéu Ién 1 lugng nhé hon Vm.
Hinh 5-15. Dang s6ng vdo ra.
Hinh 5-16. Mach dudc vé lai.
Hinh 5-17. Mach dugc vé lai.
Hinh 5-18. Mach dgi fin hiéu lén 1 lugng I6n hon Vm.
Hinh 5-19. Dang s6ng vdo ra.
Hinh 5-20. Mach dugc vé lai.
Hinh 5-21. Mach dugdc vé lai.
Hinh 5-22. Mach kep c6 dnh hudng cba dién tré néi va dién tré nguaon.
Hinh 5-23. Khi diode dan - tu nap dién.
Hinh 5-24. Khi diode tat - tu phong dién.
Hinh 5-25. Dang song vao ra.
Hinh 5-26. Dang song vao ra.
Hinh 5-27. Mach kep cuc nén transistor.
Hinh 5-28. Mach kep cuc nén transistor.
Hinh 5-29. Dang song vao ra.
Hinh 5-30. Chuyén mach CE véi tdi dién dung.
Hinh 5-31. Dang song vao ra.
Hinh 5-32. Thém mach xén 2 muc.
Hinh 5-33. Dang song vao ra.
Hinh 5-34. Chuyén mach CC véi téi dién dung.
Hinh 5-35. Dang song vao ra.
Hinh 5-36. Thém mach xén 2 mduc.
Hinh 5-37. Dang song ra.
Hinh 5-38. Chuyén mach CE véi tai cuén ddy.
Hinh 5-39. Mach dudc vé lai.
Hinh 5-40. Mach dudc veé lai.
Hinh 5-41. Mach dudc vé lai.
Hinh 5-42. Dang song vao ra.
Hinh 5-43. Mach dung Diode thay thé cho R.

| o
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Chuong 5: Mach kep — mach gizo hoén. SPKT — Nauyn Vigt Hing

. MACH KEP:

Mach kep 12 mach ddi tin hiéu d€n mot mic dién 4p dc khdc. Mot mach kep phdi c6 mot
tu dién, mot diode, mot dién trd va con cé thé thém mot ngudn dién dp de. Gid tri ciia R va C
phai dugc lua chon sao cho thdi hiing T = RC di 16n d€ ddm bdo ring dién dp roi trén tu dién C
x4 khong ding k€ trong khodng thsi gian diode ngung din. Trong khi phan tich mach ta c6 thé
xem tu dugc nap day va x3 hét lugng dién tich sau khodng thdi gian 5.

1 MACHDOITINHEU XUSNG MOT LUONG DEN AP Vi :

Hinh 5-1 trinh bay mdt mach ddi tin hiéu st dung 1 diode, 1 dién trd R va 1 tu dién.
Ve

+

‘ C

Vi C) \/ E Vo

Hinh 5-1. Mach ddi tin hiéu xuéng 1 lugng Vm.

Cho tin hiéu vao 1a séng vudng va tin hiéu ra da bi ddi xuéng. Dang séng tin hiéu vao ra
nhu hinh 5-2:

1

‘ H
+17,
fow-
0 & 7 %T VT %T ¢
F 2 2
s T
v
A
»
Q " T T 2r| T
] " )
2P L

Hinh 5-2. Dang séng vao ra.
Nguyén 1y hoat dong — xem diode 1a 1y tudng:
Trong khodng thdi gian [O = %} thi tin hi€u vao la ban ky duong: v, =+V , diode phian
cuc thudn nén xem nhu ngdn mach.

t t

Phuong trinh nap chotu: V. = (vi )>< 1- e_;) =V (1- e_;)

Do dién trd thudn cta diode 7, nhd hon dién tr§ R nén thdi hing napchotula 7z, =r,C.

Ky thuat xung 121
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Chuong B: Mach kep — mach gizo hoan. SPKT — Nguyén Bvh PHil
Sau khodng thdi gian bing 57, =5r,C tu nap day V.=V,

Dién 4p ra bing dién 4p ctia diode: v, =V, =V, =0V
Trong khodng thdi gian {%: T} thi tin hi€u vao la ban ky am: v, =V, , diode phan cuc

ngugc nén xem nhu hd mach, mach dugc v€ lai nhu hinh 5-3:

VC=Vm
cl( .
Je 7 +
Ve | . Vo
R
+
.

Hinh 5-3. Mach dudc vé lai.
Thdi hing x4 cta tu 1a 7, =RC ¢6 gid tri I6n do R 16n nén ty x4 rdt chAim — xem nhuv tu

x4 khong ding ké.

biéndprabang diénédpcia R nén: v, =—[R=-V, —V.=-V, -V, ==-2V,

Do tu x4 khdng d4ang k€ nén sau khodng thsi gian [g: T} xem dién 4p trén tu van 1a
Vo=V,

Trong khodng thdi gian {T = %T} thi tin hiéu vao la ban ky duong: v, =+V, , dién dp clua
tu va dién 4p clia ngudn sé triét tiéu nhau nén dong dién sé& bing 0.

Dién 4p ra bing: v, =Rl =0V

O ban ky nay né€u tu bi suy hao & ban ky tru6c thi tu sé dudc nap day trd lai va dién 4p ra
van bing OV.

Tudng tu cho ban ky ti€p theo thi dién dpra v, =2V, .

Vay tin hiéu ra chinh 12 tin hi€u vao bi d&i xuéng mot lugng dién dp V,

2. MACHDOI TINHEU XUBNG MOT LUONG DEN AP NHO HON Vi :

Hinh 5-4 trinh bay mot mach dgi tin hiéu st dung 1 diode, 1 dién tr§ R, 1 tu dién va 1
ngudn Vpc.

clr —a
+ *‘\}“ + ¥
i c
g
_"_—.VDC

|_.

22 K§ thuat xung
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Chuong 5: Mach kep — mach gizo hoén.

SPKT — Nguyén Vet Hiyg

Hinh 5-4. Mach dgi tin hiéu xuéng 1 lugng nhé hon Vm.

Cho tin hiéu vao 12 séng vudng va tin hiéu ra da bi ddi xudng. Dang séng tin hiéu vao ra

nhu hinh 5-5:

1

1

A
+I”m
: »
A | x| | zZr]| F
5 ) ol
—T
1‘0
A
+ Ve
- >
A T 7| 1T 28] T
2 2 a2
I:DC'_EL;J

Hinh 5-5. Dang song vao ra.

Nguyén ly hoat dong — xem diode 12 1y tuSng: V,, =V, =0V

Trong khodng thdi gian {O = %} thi tin hi€u vao la ban ky duong: v, =+V , diode phin

cuc thudn nén xem nhu ngin mach, do dién trd thuin ctia diode nhd hon dién trd nén thdi hiing

napchotwla 7, =r,C.

Phuong trinh nap cho tu:

_L
Ve :(Vi_VDC)X(l_e 7)

Sau khodng thdi gian bing 57, =5r,C tunap day V.=V, -V,

bién dp ra:

v, =V +V, :VDC+V7 =Vpe

Trong khodng thdi gian {%: T} thi tin hi€u vao la ban ky am: v, =V , diode phan cuc

ngugc nén xem nhu hd mach. Mach dugc vé lai nhu hinh 5-6:

Hinh 5-6. Mach dudc vé lai.

Ve =Vm-Voe
Clf
5= ¥
= Vo
Ly [le
- bc L2
. -

Ky thuat xung
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Chuong B: Mach kep — mach gizo hoan. SPKT — Nguyén Bvh PHil
Thdi hing x4 cla ty 1a 7, =RC ¢6 gid tri 16n do R 16n nén ty x4 rdt chAm — xem nhu

khong ddng ké.

Diéndpra bang dién dp clia R nén: v, =—IR= —(vl. + VC): =2V, +V e

Do tu x4 khong ddng ké nén xem diéndp tréntu vanla V.=V, -V,

Trong khodng th&i gian [T = %T] thi tin hiéu vao la ban ky duong: v, =+V , dién dp cua
tu va dién 4p clia ngudn V. sé& triét ti€u nhau nén dong dién sé& bing 0.

Dién 4p ra bing: v, =V +Vy=v, V.=V =V +V,. =V,

J bén k¥ nay néu tu bi suy hao & ban ky trudc thi tu s& dugc nap day trd lai va dién 4p ra
van bing V..

V4y tin hiéu ra chinh 12 tin hiéu vao bi d&i xuéng mot lugng dién ap V., =Voe

3. MACHDOI TIN HEU XUBNG MOT LUONG DIEN AP LGN HON Vi :

Hinh 5-7 trinh bay mdt mach doi tin hiéu s& dung 1 diode, 1 dién tré R, 1 tu dién va 1
ngu6n VDC-

Ve
C! ( - .
ViJrC) é;l Vo

-~ DC
i i *
Hinh 5-7. Mach dgi fin hiéu xudng 1 lugng I16n hon Vm.

Cho tin hiéu vao 12 séng vudng va tin hiéu ra da bi doi xudng. Dang séng tin hiéu vao ra
nhu hinh 5-8:

24 K§ thuat xung
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A
+V,
> ;
0
Il 7| 2% 2r] 5=
2 2 z
-V,
& "
. . . . : >,
AN I} T} of) 27 41
_VDC' 21 i 21 I 21
e g

Hinh 5-8. Dang song vao ra.
Nguyén 1y hoat dong — xem diode 1a 1y tudng: V, =V, =0V
Trong khodng thdi gian [0 = %} thi tin hiéu vao la bdn ky duong: v, =+, , diode phan

cuc thudn nén xem nhu ngdn mach.

t
Phuong trinh nap cho tu: Ve = (Vi + Ve )>< (1-e ")
Do dién trd thudn cta diode 7, nhd hon dién trd R nén thdi hing napchotu la 7z, =r,C.
Sau khodng thdi gian bing 57, =5r,C tunap day V.=V, +V,.
Dién dp ra biang dién dp cla diode: Vo=Vt V=V +V, =Vpe
Trong khodng thdi gian {g: T} thi tin hi€u vao la ban ky am: v, =V , diode phan cuc

ngugc nén xem nhu hd mach. Mach dugc vé lai nhu hinh 5-9:

cl{

A5 T p
Vinze | [| Vo
+ =V, R

- 'DC
-
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Hinh 5-9. Mach dudc vé lai.

Thdi hing x4 clia tu 1a 7= RC ¢6 gid tri 16n do R 16n nén tu x& rdt chAm — xem nhu

khong ddng ké.
bién dp ra:
Do tu x4 khdng ding ké nén xem dién dp tréntu vinla V.=V, +V,.

Vo = _IR = _(vi +VC):_Vm _Vm - VDC = _2Vm _VDC

Trong khoang théi gian [T = %T] thi tin hi€u vao la ban ky duong: v, =+V, , dién dp cla

tu va dién 4p clia ngudn —V,,. s€ triét tiéu nhau nén dong dién s& bing 0.
bién 4p ra bing: vV, =Vt Vy=v, =V =V =V, Vo ==V,
J ban ky nay néu tu bi suy hao & ban ky trudc thi tu s& dudc nap day trd lai va dién dp ra

van bing —V,.
Vay tin hiéu ra chinh 12 tin hiéu vao bi doi xuéng mot lugng dién ap V., +Vpe

MACHDOI TIN HEU LENMOT LUQONG DEN AP vy, :

4,
Hinh 5-10 trinh bay mdt mach ddi tin hiéu s dung 1 diode, 1 dién tr6 R va 1 tu dién.
Vc
i Y L. 9 » °

_ C)I _ +
Vi) DET ﬁ Vo
+ +
T
Hinh 5-10. Mach ddi fin hiéu lén 1 lugng Vm.

Cho tin hiéu vao la séng vudng va tin hiéu ra da bi ddi xuéng. Dang séng tin hiéu vao ra

nhu hinh 5-11:

A
+b/??!
-
() T 7 3T 7 ij’ £
7 z T2
_Vm
P
+ 287,
»
O 7 7 P ar T

Hinh 5-11. Dang song vao ra.

Nguyén 1y hoat dong — xem diode 1a 1y tudng:

K§ thuat xung
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.. T . .
Trong khodng thdi gian {0 = 5} thi tin hiéu vao la ban ky 4m: v, =-F . Mach dién dudc

vé lai nhu hinh 5-12. Diode phan cyc thudn nén xem nhu ngén mach.

Vo
-\ » .
c/l i

ViZrVm Vi | Vi

1 *
Hinh 5-12. Mach dudc vé lai.

t t

Phuong trinh nap choty: V. = (Vi )>< (l-e )= v (1- ev)

Do dién trd thudn cla diode 7, nhd hon dién tr§ R nén thdi hing napchotula 7z, =r,C.
Sau khodng thdi gian bing 57, =5r,C tunap day V.=V,

Pién 4p ra bing dién 4p clia diode: v, ==V, ==V, =0V

Trong khodng thoi gian l:%: T} thi tin hi€u vao la bdn ky duong: v, =+V, diode phan

cuc ngudc nén xem nhu hd mach, mach dugc vé lai nhu hinh 5-13:

vC=|Vm

|+ .

C}I T + +

Vi FVm R l'R Vo
+——

Hinh 5-13. Mach dudc vé lai.

Thdi hiing x4 cda tu 1a 7, = RC ¢6 gid tri I6n do R 16n nén ty x4 rat chAim — xem nhu ty
x4 khong ding ké.

DPiéndprabing diéndpcia R nén: v, =IR=v,+V.=V +V, =2V,

3 N 2 ~ A 3 N, . T A 2 A X N

Do ty xa khong ddng ké nén sau khoang thdi gian [5: T} xem di€n 4p trén tu van la
VC = Vm

Trong khoang thdi gian {T = %T} thi tin hi€u vao 1a bain ky am: v, =V, , dién dp cua tu
va dién 4p cda ngudn sé triét tiéu nhau nén dong dién sé bing 0.

bién édpra: v, =Rl =0V

Ky thuat xung 27
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| Chuong B: Mach kep — mach gizo hoan.

SPKT — Nguyén Bvh PHil
J bén ky nay néu tu bi suy hao & ban ky trudc thi tu s& dugc nap day trd lai va dién 4p ra

van bing OV.
Tuong ty cho bén ky ti€p theo thi dién dpra v, =2V, .
Vay tin hi€u ra chinh Ia tin hi€u vao bi ddi 1én mot lugng di€n dp V,,

5. MACHDOI TINHEU LEN MOT LUONG DEN AP NHO HON Vi :

Hinh 5-14 trinh bay m6t mach dgi tin hiéu st dung 1 diode, 1 dién tré R, 1 tu dién va 1
ngudn Vpc.

Hinh 5-14. Mach dgi tin hiéu Ién 1 lugng nhé hon Vm.

Cho tin hi€u vao la séng vudng va tin hiéu ra da bi doi lén. Dang séng tin hi€u vao ra nhu
hinh 5-15:

v
A
+¥,
» ¢
A Il 7l 5] 26l 52
_Vm i = e}
AV,
Vo~ Ve
Il 7| 3Z| 2r| sZ
2 2 2 ;
0 | »
_VDC

Hinh 5-15. Dang séng vado ra.
Nguyén 1y hoat dong — xem diode 1a 1y téng: V, =V, =0V

Trong khodng thdi gian {O = g} thi tin hiéu vao la ban ky 4m: v, =V . Mach dién dudc

vé lai nhu hinh 5-16. Diode phan cuc thudn nén xem nhu ngén mach.

K§ thuat xung
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@
-\|+ .
/lc ZE T +
D|+

waVm

——=Voc =
+
l &

Hinh 5-16. Mach dugc vé lai.

Do dién trd thuin cta diode nho hon dién tr nén thdi hing nap chotula 7, =r,C.
_L

Phuong trinh nap cho tu: Ve = (V,- Ve )X (I-e")

Sau khodng thdi gian bing 57, =5r,C tu nap day V.=V, -V,

bién dp ra: V, =Vpe =V ==Vpe =V, ==Vpe

Trong khodng thdi gian {g: T} thi tin hi€u vao la bdn ky duong: v, =+V,, diode phan

cuc ngudc nén xem nhu hd mach. Mach dudc vé lai nhu hinh 5-17:
Vbiﬁm'VDC
- + . i
/lc +

Vi —/ Vm

I
+|
W)
O
|

Hinh 5-17. Mach dugc vé lai.
Thdi hing x4 clia tu 1a 7= RC ¢6 gid tri 16n do R 16n nén tu x& rdt chAm — xem nhu
khong ddng ké.
Dién 4p ra: v, =IR=(v,+V,.)=2V, —V,.

Do tu x4 khdng ding k€ nén xem diéndp tréntu vinla V.=V, -V,

Trong khodng thdi gian [T = %T] thi tin hiéu vao la ban ky am: v, =-V, , dién dp cuia tu

m?
va dién dp ctia ngudn V. s€ triét tiéu nhau nén dong dién s& bing 0.

bién 4p ra bing: v, ==V, =Vy=v, Vo=V +V —V,. ==V,

o
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| Chuong B: Mach kep — mach gizo hoan. SPKT — Nguyén Bvh PHil

J bén ky nay néu tu bi suy hao & ban ky trudc thi tu s& dugc nap day trd lai va dién 4p ra
vanbing — V..

Vay tin hi€u ra chinh Ia tin hi€u vao bi doi 1én mot lugng di€n dp V, -V,

6. MACHDOI TIN HEU XUBNG MOT LUONG DIEN AP LGN HON Vi :

Hinh 5-18 trinh bay m6t mach dgi tin hiéu st dung 1 diode, 1 dién tré R, 1 tu dién va 1
ngu6n VDC-
Ve

~\|+ .

NEUE fiT "
vi() D[+

B —Vbe _

J_ ®

Hinh 5-18. Mach dgi fin hiéu lén 1 lugng I6n hon Vm.

Cho tin hiéu vao la séng vudng va tin hiéu ra dd bi ddi xuéng. Dang séng tin hiéu vao ra
nhu hinh 5-19:

¥,
A
+V,
» ;
N Z] r| 2] 2] 52
2 2 2
_Vm
AV,
2V, + V5
+VDC i i ] i I
1 1 1 L L !
S
2 2 2

Hinh 5-19. Dang song vao ra.
Nguyén 1y hoat dong — xem diode 1a 1y tudng: V,, =V, =0V
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.. T . .
Trong khodng thdi gian {0 = 5} thi tin hiéu vao la ban ky 4m: v, =-F . Mach dién dudc

vé lai nhu hinh 5-20. Diode phin cuc thudn nén xem nhu ngén mach.
\(o
-\ |+ — o

/lC ZE +
|
e

— DC -
_T_ ° *

Hinh 5-20. Mach dugc vé lai.

- \/m

Do dién tré thuan ctia diode nhé hon dién tré nén thdi hing nap chotu la 7, =7,C.

t

Phuong trinh nap chotu: V. = (vl. + Ve )>< (I-e ")

Sau khodng thdi gian bing 57, =5r,C tunap day V.=V, +V,,

bién dp ra: v, =Vpoe =V =Vpe — Vy =Vpe

Trong khodng thdi gian {g: T } thi tin hi€u vao la bdn ky duong: v, =+V, , diode phan

cuc ngugc nén xem nhu hd mach. Mach dugc vé lai nhu hinh 5-21:

\Ve!
-\|+
/lc 7! 1 Y
+
Vit= vm HUR Vo
_ 7
—DC |-

Hinh 5-21. Mach dudc vé lai.
Thdi hing x4 clia tu 1a 7= RC ¢6 gid tri 16n do R 16n nén tu x& rdt chAm — xem nhu
khong ding ké.
Pién 4p ra: v, =IR=(v,+V.)=2V, +V,.
Do tu x4 khdng ding ké nén xem dién dp tréntu vinla V.=V, +V,.
Trong khoang thoi gian [T = %T] thi tin hiéu vao la ban ky am: v, =-V, , dién dp cia tu

va dién 4p cda ngudn V. s€ triét tiéu nhau nén dong dién s& bing 0.
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| Chuong B: Mach kep — mach gizo hoan. SPKT — Nguyén Bvh PHil
bién 4p ra bing: v, =V =Vy=v,+Vo==V +V, +V, . =+V,.

J ban ky nay néu tu bi suy hao & ban ky trudc thi tu s& dugc nap day trd lai va dién dp ra
van bing V..

Vay tin hi€u ra chinh 1a tin hi€u vao bi doi 1én mot lugng di€n dp V,, +V ),

. MACH KEP DUNG DIODE XET ANH HUONG DPIEN TRG DIODE VA PIEN TRG
NGUON:

Xét mach di¢n nhu hinh 5-22, b6 qua dién dp V:
Vg

R
S +|(_ . :

Vi t() DY R Vo
+ .

Hinh 5-22. Mach kep c6 dnh huéng cOa dién tré n6i va dién tré nguon.

1 XET ANHHUGNG PEN DANG SONG RA:

Trudce khi xdc 14p thi mach c6 1 giai doan qua do, xem mach dién tuong duong khi diode
din va khi diode tit.
e Khi diode dan thi tu nap, gid st Ry, R >>r,, mach dién dugc vé& lai nhu hinh 5-23:
Ve
=
I\

I'N

Hinh 5-23. Khi diode dan - tu nap dién.

e Khi diode tit thi tu phéng dién, mach dién dugc vé lai nhu hinh 5-245:
Ve

H (=

I\

Hinh 5-24. Khi diode tat - tu phong dién.
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Chuong 5: Mach kep — mach gizo hoén. SPKT — Nauyn Vigt Hing
Néu cho tin hiéu vao 1 séng vudng thi dang séng ra nhu hinh 5-25:

v

v JT‘D /
"r,+R; i\-
Ny

0 £z =ClR+Ry)

¥

1

1, =Clr R

" - r'(-'

Hinh 5-25. Dang song vao ra.

2. PNHLY MACHKEP:

O ché& do xéc lap thi lugng dién tich nap qua tu biing lugng dién tich x4 ra. Xét dang séng
nhu hinh 5-26:

A4

I

waid 1 L

~ P

4 Ag

e

Hinh 5-26. Dang song vao ra.

t2 Z‘ZV 1 t2 A
Lic nap: Qy :Iith=I—”dt=—jvodt:—N
1 n’p Tp "p
t3 t3v l t3 A
. P _ [ _ (Yo 3, _ ~ I
Lic phong: O, —;[zpdt—;[ﬁdt— R;[vodt R
Suy ra Ay _Ar
r, R

. MACH KEP G CUC NEN CUA BJT:

Xét mach dién nhu hinh 5-27, néu bién d6 vao dd 16n d€ 1am tit md diode (cuc BE) thi ta
s& c6 mach kep & cuc nén B.

Ky thuat xung 123

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

Chuong B: Mach kep — mach gizo hoan. SPKT — Nguyén Bvh PHil

Hinh 5-27. Mach kep cyc nén transistor.
Khi ¢6 tin hi€u vao ta c6 mach tudng duong nhu hinh 5-28:

V.
Rg C/;_
L \\ S

v O Rl | N/Dge

Hinh 5-28. Mach kep cuc nén transistor.
O ché& do xdc lap va cho tin hiéu vao la séng vuong thi ta dugc dang séng ra nhu hinh 5-
29. Dang séng c6 cdc gai nhon khi transistor bit diu chuyén sang trang thai bio hoa.
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A Ye
Vﬂﬂ
- -
of 1
PO
N— \\_ > :
O
A
VC’C
VCFS&:
pp— —1 oy
]

Hinh 5-29. Dang song vao ra.

IV. CHUYEN MACH C-E V3 TAI LA DIEN DUNG:

Xét mach dién nhu hinh 5-30 véi tdi 1a dién dung ngd vao cla taing k& ndi song song véi
dién tré tdi Rr.

c
+ 'B =

v O

e

Hinh 5-30. Chuyén mach CE véi tai dién dung.
Cho tin hiéu vao la séng vudng nhu hinh 5-31.
e Xét trudng hdp khi ¢ <¢,
Transistor dang dan b4o hoa:

Diénapra: V, =V .,

s 1s A N 2 . Vee =V,
va dong dién chay vao cuc C cta transistor: /. = % =1,
C
e Xét truong hgp khi 7, <t <¢,
Ky thuat xung 126
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Transistor dang bit diu chuyén trang thdi tir din bdo hoa sang trang thdi tit.

Ty C bdt diu nap dién vdi dong chay tir ngudn V., qua dién tr§ R, qua tu C vé GND.

bién dprala dién dp trén tu C va phudng trinh nap cua tu:

t

V(t):Vc(t):Vcc l-e Rec

N DA N . . V.-V
Dong dién chay vao cue C cua transistor: /. = —<<—<< =0

C
Thai hiing nap cda tu: 7, = R.C. Tuy thudc vao thdi gian transistor tit ma ty C c6 thé nap
diy hoic khong diy, lugng dién 4p tu C da nap dugc ki hiéu 1a: V,.(¢)= V.
e Xét truong hgp khi 1 =1,

Vee =V, .
—© 7 lam transistor chuyén trang

B
thdi tir tit sang din bdo hod — di qua viung khuéch dai nén dong dién chay vao cuc C cua

Vee =V, .
cc ~ Temsm 4y = Ic/,-

C

Tin hi€u vao ting lam v, >V nén dong dién [, =

transistor: /. =

Trong d6 i, 1a dong do tu C bit ddu phong dién: dong chay tir cyc duong clia tu qua mdi
ndi CE ctia transistor vé GND.

t

A z ~ A z A N ~ 2 —_— / C
Dién dprala dién 4p trén tu C va phuong trinh xa cho tu: Vo(f) =Vl e fe

Nt Y 2 2 . —
Thoi hing x4 cta tu: 7, =7, C

C o o A 1 x i . . _ V. —V
Sau khi phong hét dién thi dong dién chay vao cuc C cua transistor: /. = % =1,
C
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‘ VCI
7
VQ
: >
0 érl iy s
Al
.
0
A"
VCC'
VC’ES’Q! |
p
0

Hinh 5-31. Dang séng vado ra.
Nhan xét: xung ra c6 sudn tru6c bi méo nhi€u do 7, =R.C>>1 =7, C Vi dién trd
R, >>r,q, - D€ gidm b6t méo dang thi phdi thyc hién bing cdch s dung transistor khong bdo
hoa sdu c6 diode Schottky d€ chuyén mach nhanh hoic do sudn xung bi méo ta c6 thé gidm bt
méo biing cich st dung thém mach xén 2 mitc d& c6 dang séng ngd ra chap nhan dugc nhu hinh
5-32 va dang séng ra nhu hinh 5-33.

v v
CC ‘ 5
7 — i ;

: i

D2 Vo ’ ’

+ o ] ; !

21 . = >
L 0
Hinh 5-32. Thém mach xén 2 mdc. Hinh 5-33. Dang song vdo ra.

V. CHUYEN MACH C-C VG1 TAI LA DIEN DUNG:

Xét mach dién nhu hinh 5-34 véi tdi 12 dién dung ngd vao cla ting k& ndi song song vdi
dién trG tdi RE.
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VCC
Rg e
1
| I
+ | B
v, O I $
- R
B |- Vo
C
.

Hinh 5-34. Chuyén mach CC véi tdi dién dung.

Cho tin hi€éu vao la séng vudng nhu hinh 5-35.

e Xét truong hop khi 7 <¢,
Transistor dang din bdo hoa:
Biéndpra: V, =V .(t)=V, =V =V =V

e Xét truong hop khi 7, <7<t
Transistor bit ddu chuyén trang thai tir din bao hoa sang trang thai tit:
Tu C bit diu phéng dién v6i dong chay tir cyc duong clia tu qua dién trd R, vé cuc Am

cua tu.

bién dp rala dién dp trén tu C va tu C x4 dién theo phuong trinh:

t

I/o(t): Vec| e e
Thai hiing phong cda tu: 7, = R,C . Tuy thudc vao thdi gian transistor tit ma ty C c6 thé
phong hét dién tich hay con, lugng dién 4p tu C con lai dudc ki hieu 1a: V. (¢)=V
e Xét truong hdp khi 1 =1,
Tin hiéu vao lam transistor chuyén trang thai tir tit sang din bdo hoa — va dong dién chay
ra khdi cuc E clia transistor gom: dong 7, va dong nap cho tu C va khi da nap day thi chi con
dong 7.

Vcc - VCESat

I =
E RE

.7l
+i. =1,

Trong d6 i,. 1a dong nap cho tu C: dong chay tf ngudn V..., qua m&i ndi CE clia transistor,
qua tu C vé GND.
biéndprala di€n 4p trén tu C va tu C nap di€n theo phuong trinh:

t

I/o(t): Vc(t): (VCC _Vc{ l—e_@ +Vc/

Thdi hiing nap cho tu: 7, =7,,C

Dang séng vao ra cia mach nhu hinh 5-35.
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V.
‘ i
v, — —
v,

Hinh 5-35. Dang song vao ra.
Do 7, =R,C>>1, =r,,C nén canh Ién clia xung t&t hon 1a canh xudng ctia xung. D& cdi

thién dang séng thi mach dung cdp transistor phu nhau nhu hinh 5-36 va dang séng dugc cdi

thi€én nhu hinh 5-37:
“’o / Khéng dung BIT phu nhan

Pl o

7
0
(6 dung transistor phy ohau
Hinh 5-36. Thém mach xén 2 muc. Hinh 5-37. Dang song ra.

VI. CHUYEN MACH C-E VOI TAI LA CUON DAY:

Trong mot s6 mach dién cé st dung transistor Iam chuyén mach déng md cuon day cia
Relay hay diéu khi€n cudn I4i tia quét clia d&n hinh CRT trong tivi.

Xét mach dién nhu hinh 5-38, trong mach c6 vé thém dién tré », d€ xdc dinh dong 7, -

trong thyc t& thi khdng cin thi€t vi dién trd dc clia cudn day 7, va dién trd mdi n6i CE 7, s&

xdc dinh dong bdo hoa 7, .
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+ -
v, s

L.

Hinh 5-38. Chuyén mach CE véi tai cuén day.
Cho tin hi€éu vao la séng vudng nhu hinh 5-43.
e Xét truong hdp khi ¢ <¢,
Khi Transistor din bdo hoa thi dong dién qua cudn day L la:
VCC — VCESat VCC

1, = =
v, v,

c c

Piéndpra: V, =V,. vi X, =24fL=0 va r, =0, n€u r, #0thi ¢6 dién 4p rdi trén r, thi

dién 4p ra s& gidm. Mach dién c6 thé dudc vé lai nhu hinh 5-39.

R

Gl \Y
C__

\
C

Hinh 5-39. Mach dudc veé lai.
e Xét truong hop khi ¢, <t <¢,
Transistor bit ddu chuyén trang thdi tir dAn bdo hoa sang trang thai tit:
Dong dién ban dau qua cudn diy L khong gidm tifc thdi ma gidm din vé 0 theo ham mii

t
. -— . L
lL(t):Io{e ﬂj vdi thdi hdang Tl:E
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t
biéndp ra: Vo(t):VCC +i, (DR =V +Rlo£e T]J

N&u R c6 gid trj 16n thi dién dp RI, cang 16n c6 th€ 1am hdng transistor vi Vy >> V.

Mach dién dugc vé lai nhu hinh 5-40:

lg +
L
[ } ®
TRY
+
VCC—__— VO
.

Hinh 5-40. Mach dudc ve lai.
e Xét trudng hdp khi t =1,
Tin hiéu vao 1am transistor chuyén trang thai tir tit sang din bio hoa: tai thdi di€m nay
dong qua cudn day i, (t) =0.Dong qua dién tr6 R 1a

I(f — Vee = Vesa <]
R+ R,

o

Dong dién qua L ting dan tir 0 theo phuong trinh:

z-L<t>=zo[1—e%]

L
— vaR =R|r,

V6i thoi hing: 72=—
R

t
bién dp ra: vo(t):VCC_l‘L(t)R:VCC_RI:Ll_e 72J

Mach dién dudc vé lai nhu hinh 5-41:

Ky thuat xung iz

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

Chuong B: Mach kep — mach gizo hoan. SPKT — Nguyén Bvh PHil

|L=0

VCC—..— +
- r VC Cr=— 0

Hinh 5-41. Mach dudc vé lai.

Dang s6ng vao ra cia mach nhu hinh 5-42.

AY:
"
v -
0 t 1 ty
A, .
Ve :Vf
\ p !
(0 _ L
L 2 — F

Hinh 5-42. Dang song vao ra.
Nhéan xét:
Trong phin nay ching ta khong xét dién dung ngd ra mic song song véi tdi, dién dung
nay c6 th€ 1am mach dao dong.
D& loai trir gai nhon & dang séng ngd ra ta dung diode thay thé& cho dién R nhu hinh 5-43:
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e Khi transistor din bdo hoa thi diode PCN xem nhu hd mach.
e Khi transistor tit thi diode PCT va do dién tr§ clia diode khi PCT bé nén dién 4dp
tao ra nhd va gai nhon sé c¢6 bién dd nhd tuong Gng.

TVCC

+ =4
V] 's

Lo

- 2

Hinh 5-43. Mach dung Diode thay thé cho R.

Vil. BAI TAP:

Bai tap 1: Hay v€ tin hiéu ra cua cdc mach dién nhu hinh 4-44.

40 C‘ (
D—I{ —0 Vi O—l{ ; 0¥y
2 +
Ideal
v Ideal x g R Vo % R
7 I 5V
£ (a) (b)
Hinh 4-44. Mach cho bai tap 1.
Bai tap 2: Hay vé tin hiéu ra ca cdc mach dién nhu hinh 4-45.
T v, C
+10 o %{ s 0
+ 0.1 yF +
Si
. Rg S6kQ
YNF
f=1kHz o - o
Hinh 4-45. Mach cho bai tap 2.
Bai tap 3: Hiy thi€t k€ mach dién c6 chic ning nhu hinh 4-46.
Ky thuat xung 143
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vy

20V

Hinh 4-46. Mach cho bai tap 3.

Bai tap 4: Hiy thi€t k€ mach dién c6 chitc ning nhu hinh 4-47.

L Silicon diode

-10V

-173V

Hinh 4-47. Mach cho bai tap 4.

ai tap 5: Hay vé mach dao dong tao xung vudng ding OP- AMP va tinh todn cac gid tri @€ mach dao
ong vdi tin s6 1 KHz.

2 &

™=
&>

ai tap 6: Hiay v& mach dao dong tao xung vudng diing 555 va tinh todn cdc gid tri 4@ mach dao dong
vdi tin s6 1 KHz.
Bai tap 7: Hiy v& mach don 6n diing 555 va tinh todn cdc gid tri d€ thdi gian tdn tai xung don 6n 1a
100ms.

i
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Chuong 6

MACH DA HAI
e

GIGI THIEU
CAC MACH DAO DONG DA HAI DUNG OP-AMP
NHAC LAIMACH SO SANH
MACH S0 SANH DEN AP VEI BIEN AP OV: (CON BUOC GOI LA MACH PHAT HEN DEM OV)
MACH SCHMITT TRIGGER DAO — BOI XUNG
MACH SCHMITT TRIGGER KHONG DA — D8I XUNG
MACHDAO DONG BAT 8N DUNG OP-AMP
MACH DON ON DUNG OP-AMP
MACH DAO DONG DA HAI DUNG VI MACH 555
CAU TROC VIMACH 555
MACHDAO PONG DUNG VIMACH 555
MACH DON ON DUNG VIMACH 555
MACH DA HAI DUNG VI MACH SO
CAC VIMACH TRIGGER SCHMITT
MACH DON ON
MACH DAO DONG DUNG VIMACH CONG NOT €O TRIGGER SCHMITT
MACH DAO DONG DUNG TRANSISTOR
MACHDAO DPONG DA HAIDUNG TRANSISTOR
MACH DON ON GHEP CUC THJ DUNG TRANSISTOR
MACH DON 8N GHEP CUC PHAT DUNG TRANSISTOR
MACH TRIGGER SCHMITT
MACH DAO DONG DA HAI DUNG CAC LINH KIEN CO VUNG DIEN TRG AM
DIODE TUNNEL
UJT — TRANSISTOR DON NI
DIODE 4 LGP
UNG DUNG ClIA CAC LINHKEEN O VUNG DEN TRG AM BE TAO MACHDAO DONG DA HAI
MOT 50 DANG MACH DA HAIDUNG LINH KEN CO VUNG BEN TRG AM
BAI TAP

‘ Ky thudt xung
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Chuong 6. Mach da hai,

SPKT — Nguyén Bvh PHi

Hinh 6-1. SG d6 khéi mach dao ddng.

Hinh 6-2.
Hinh 6-3.
Hinh 6-4.
Hinh 6-5.
Hinh 6-6.
Hinh 6-7.
Hinh 6-8.
Hinh 6-9.

S dé khéi mach don én.
Mach dao dong.

So do mach va dang séng mach so sanh dién ap véi dien ap OV.
Sd d6 mach va dang séng mach so sénh dién ap véi dién ap ov.

Sd d6 mach Schmitt Trigger ddo - doi xGng.

Ddc tuyén vao ra cba mach.

So d6 mach Schmitt Trigger khéng ddo - do6i xing.

Dac tuyén vao ra cba mach.

Hinh 6-10. SG d6 mach bét 6n dong Op-amp va dong dién nap va xa coa ty.

Hinh 6-11.

Hinh 6-12
Hinh 6-13
Hinh 6-14
Hinh 6-15
Hinh 6-16
Hinh 6-17
Hinh 6-18
Hinh 6-19

Dang séng cua tu va séng ra.

DGi dang song Ién dé tinh chu ky dao déng.
S6 dé mach daon dn ding op-amp.

Dang séng vdo ra coa don én.

S6 d6 mach don dn dung op-amp.

Dang séng vdo ra coa mach don én.

D&i fin hiéu 1én dé tinh thai gian.

Mach vi du 6-1.

SO do khéi va s6 do chan vi mach 555.

Hinh 6-20. Mach dao dong.

Hinh 6-21.

Sd d6 khéi mach dao ddng.

Hinh 6-22. Dang song trén ty va ngo ra.

Hinh 6-23. Cdi thién dé dudc dang séng dbi xing.

Hinh 6-24. Mach don én.

Hinh 6-25. S6 d6 khéi.

Hinh 6-26. Dang séng cba mach dan dn.

Hinh 6-27. Céng Not va dang séng véo ra cba cdng NOT.
Hinh 6-28. Céng Not c6 Schmitt Trigger va dang séng vdo ra.
Hinh 6-29. Cac vi mach sé c6 trigger Schmitt.

Hinh 6-30. Dang séng mach don 6n ding 74122 va 74123.

Hinh 6-31.

Mach dao dong dung vi mach co6 trigger Schmitt.

Hinh 6-32. Mach dao dong dung transistor.
Hinh 6-33. Trang thai T2 dan, T1 tt.

Hinh 6-34. Trang thai T1 dan, T2 tat.

Hinh 6-35. Dang song.

Hinh 6-36. S6 d mach don 8n ghép cuc thu.
Hinh 6-37. Cac dang song: Vez, Vi Vce.

Hinh 6-38. Vé lai dang song Ve..
Hinh 6-39. Mach don n ghép cyc phat.
Hinh 6-40. Mach trigger Schmitt.

Hinh 6-41.

Ddc tuyén von-ampe.

Hinh 6-42. Mach tuong duong clUa diode tunnel.
Hinh 6-43. Ki hiéu.
Hinh 6-44. Cau tao, ki hiéu va mach tuong duang cia UJT.
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Hinh 6-45. S6 d6 mach va dac tuyén cha UJT.

Hinh 6-46. Diode 4 I6p.

Hinh 6-47. Pac tuyén hinh chi N va hinh chi S.
Hinh 6-48. Mach dién tré Gm dung dong khéng ché va déc tuyén.
Hinh 6-48. Pdc tuyén hoat dong 6 ché dé don én.
Hinh 6-49. Pac tuyén hoat dong 6 ché dé don én.
Hinh 6-50. Hoat déng song 6&n.

Hinh 6-51. Hoat déng bét én.

Hinh 6-52. Mach dién tré Gm dung dong khong ché.
Hinh 6-53a. Mach da hai dung dién ap khéng ché.
Hinh 6-53b. Ddc tuyén.

Hinh 6-54. Mach tuong duong.
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.  GIGI THIEU:

Trong k¥ thuat xung, ta thudng gédp cic dang da hai sau:
e Mach da hai bat 8n (astable multivibrator):
Khong c6 trang thai n dinh — da hai ty dao dong.
Ng6 ra luan phién thay ddi theo 2 trang thdi mifc cao va mifc thap vdi chu ky T va bién do V
do chinh mach quyét dinh.
So @6 khoi clia mach nhu hinh 6-1.

VCI
A
s
Mach dao
dong da ' . >t
o @ I r 27T
hai bat 6n 5 o

Hinh 6-1. SG d6 khéi mach dao dong.

e Mach da hai ba't 6n (monostable multivibrator):

Ngb ra c6 1 trang thdi 8n dinh § mic cao hoic mifc thap, con ¢ tén khac 12 mach da hai 1
trang thdi bén hay da hai dgi.

Sau khi c6 xung kich thi mach méi d6i trang thdi, sau mot khodng thdi gian T thi mach sé& trd
vé trang thdi &n dinh.

Thdi gian ton tai xung ba't 6n va bién do dién 4p ra do mach don dn quyét dinh, xung kich c6
dang gai nhon duong hodc gai nhon am.

So dd khdi cia mach nhu hinh 6-2.

|'| Mach h > !

0
> don ’
Xung kich 2 & Ve
011
+1

t
0 «—> "
T
Hinh 6-2. So d6 khéi mach don on.
e Mach da hai 2 trang thai 6n dinh khong d6i xitng (trigger Schmitt):

La mach stta dang xung thanh xung vudng.

Sd mach va sd d6 dang séng, ki hiéu nhu hinh 6-3.
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"'"re-i'

‘I"u'|=|: = T —F =
ar
“ou
Vs R
I 1B
) S O o ........ ""r;g
sl A l"f. e ".l’
v | L 1) 2
Ld] S A
I 5
Sevrdnd

Hinh 6-3. Mach dao dong.

Pién dp ra c6 2 mic cao va thip va chuyén trang thdi tuy thudc vao thdi di€ém dién 4p vao

vudt qua 2 ngudng kich: ngudng kich trén va ngudng kich dudi.
e Mach da 2 trang thdi 6n dinh d6i xtng (flip flop):

Pay la phin t quan trong trong k§ thuit sd, may tinh v chl y&u gdm cic loai Flip Flop RS,
JK, flip flop T, flip flop D.

C6 nhiéu mach dao dong da hai:

Dao dong dung op-amp.

Dao dong dung vi mach s&.

Dao dong dung vi mach chuyén dung.

Dao dong dung linh kién roi.

Dao dong dung linh kién c6 vung dién trd am.

Dung mach dao dong nghet (blocking oscillator).
Il.  CAC MACH DAO DONG DA HAI DUNG OP-AMP:

1 NHACLAIMACH S0 SANH

Op-amp ¢6 2 ving lam viéc : viing kd va viing bdo hoa, & ché d6 kd op-amp thudng lam viéc
& cAu hinh hdi ti€p 4m, & ch& dd bdo hoa thi op-amp thudng 1am viéc & cau hinh vong hd hoic hoi
ti€p duong. Ngd ra chi c6 2 trang thai bdo hoa duong va bdo hoa am.

Khi v,>v_thi v,=+V_,. vakhi v, <v_thi v,=-V,..

O c&u hinh vong hd op-amp s& 1am viéc v6i hé s& kd vong hd va hé s6 nay rat 16n nén chi
cin mot sy’ chénh l1éch rat nhd cda 2 tin hiéu ngd vao thi ngd ra sé& rdi viing bdo hoa.
2. MACHS0 SANH DEN AP V61 DEN AP OV: (CON BUGC GOILA MACHPHAT HEN DEM OV

S6 dd mach so sdnh dién 4p véi dién 4p OV va dang séng vao ra nhu hinh 6-4.
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b “Chatier™ aizemn
L ETOSSING

Hinh 6-4. S6 d6 mach va dang séng mach so sanh dién ap véi dién ap OV.
Nguyén ly so sdnh:
. Khi v,>v_ =0V thi v,=+V.
o Khi v, <v_=0Vthiv,=-V_. .

Tuong ty nhu mach so sdnh & trén ching ta s& c¢6 mach so sanh ddo nhu hinh 6-5.

Hinh 6-5. S6 d6 mach va dang séng mach so sanh dién ap véi dién ap OV.
Nguyén ly so sdnh:
. Khi v_<v, =0V thi v,=+V..
. Khi v_>v, =0V thi v,=—V,..

3 MACHSCHMITT TRIGGER DPAO — BOIXUNG:

Ciing chinh 12 mach so sdnh dién 4p nhung thudng diing d€ bi€n ddi dang tin hiéu séng sin
thanh séng vudng. Giéng nhu cdc mach so sdnh & trén thi mach Schmitt Trigger cling c6 2 mach
ddo va khong ddo. Ngoaira con cé cdc dang mach d6i xitng va khong doi xing.

Trong cdu hinh mach Schmitt Trigger op-amp lam viéc & cdu hinh hoi tiép duong.

So @6 mach Schmitt Trigger ddo — ddi xitng va dang séng nhu hinh 6-6.
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v ()
T / 1,(7)

Hinh 6-6. SG d6 mach Schmitt Trigger ddo - d6i xGng.
Cha y: dién tr§ R, c6 gid tri nhd va R, c6 gid tri 16n.
Nguyén 1y hoat dong so sdnh: nguyén 1y so sdnh vin dua vao nguyén Iy so sdnh c¢d bdn “ khi
v,>v thi vp=+V, vakhiv,<v_ thi v,=-V_. "

DP6i v6i mach dang khdo st thi

bién dp ngd vao tru: V.=V,
‘A ~ ~ N A RI
bi€n 4p ngd vao cong : V.=V, ———— (6-1)
R, + R,
Tuy thudc vao dién dp ra & trang thdi bao hoa duong hay bao hoa &m ma V', s€ c6 2 gia tri
nhu sau:
. R
Néu v,=+V. thi v, =4V L =4V, >0V (6-2)
1t R
~ 5 R[
Néu v,=-V. thi v,=V(e—"—=-V <0V (6-3)
R, +R,

Vi 2 gid tri cla v, thi ta ¢6 thé thdy dudc dién 4p v, khong phdi la 1 dién 4p cd dinh.
Nguyén ly hoat dong: cho tin hi€u vao mach 1a tin hi€u séng sin:
Gid st dién dpra v,=+V. thita suyra v,=+V..f >0V
Va Vo=V, <v, =4V f
D& thay ddi trang thdi ngd ra thi dién 4p vao v_ = v, phai bi&n thién theo chiéu ting cho d&€n
khi thod diéu kién
v.=v, >V, =40V, (6-4)
Khi thod di€¢u kién nay thi ngd ra ddo trang thdi tf v,=+V,.sang trang thdi v,=-V,. va
dién dp v, cling thay ddi gid trj v,=-V  .B<0V.
Tai thdi di€ém nay thi v_=v, >v,=-V,.B, d€ mach chuyén tif trang thdi v,= V. sang trang
thdi v,=+V. thi tin hiéu ngd vao phdi bié€n thién theo chi€u gidm cho d&n khi thod di€u kién
v.=v, <v,=—fV. (6-5)
Khi thod di€u kién nay thi ngd ra ddo trang thdi t& v,=—V,.sang trang thdi v,=+V..va

dién dp v, ciling thay ddi gid tri v,=+V..B >0V . Mach lip lai trang thdi ban dau.
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Trong dang séng dd vé § trén ta thdy c6 2 ki hiéu: UTP va LTP chinh 1a cic di€ém thay ddi
trang thdi. (upper trigger point, lower trigger point)
Do [UTP|=|LTP|=+V..p gid tri ngudng trén bing gid tri clia ngudng dudi nén dugc goi la

mach ST ddi xdng.

Dic tuyén vao ra cia mach nhu hinh 6-7.

A&
+¥eor
- Ve + OVee
ﬁ VT
" .
-V

Hinh 6-7. Ddc tuyén véo ra cia mach.
Gidi thich dic tuyén vao ra:
Khi tin hiéu bié€n thién theo chiéu ting tr Am sang duong nhung néu v_=v, <v = +8V,. thi
Vo =4V vakhi v =v, >v =+pV . thitin hi€ura chuyén sang trang thdi Vo =V
Khi tin hiéu bié€n thién theo chiéu gidm ti duong sang Am nhung néu v_=v, >v = -V, thi
v, = V.. vakhi v_=v, <v_=—pV,.thi tin hiéu ra chuyén sang trang thdi v, = +V..

4. MACHSCHMITT TRIGGER KHONG PAO — BOI XUNG:

So d6 mach Schmitt Trigger khong ddo — ddi xitng va dang séng vao ra nhu hinh 6-8.

? Vol

Hinh 6-8. S6 d6 mach Schmitt Trigger khng ddo - doi xiGng.
Nguyén 1y hoat dong so sdnh: nguyén 1y so sanh vin dua vao nguyén 1y so sdnh cd bdn “ khi
v,>v thi vp=+V, vakhi v, <v thi v =V, ".
Doi v6i mach dang khdo st thi

bién dp ngd vaotru: v_ =0V
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Di€n dp ngd vao cong phu thudc vao v, va di€n dpra v, cdch tinh nhu sau:
Vi€t phuong trinh mach vong v,—iR, —iR,. —v, =0 (6-8)
Suy ra I= Y17V
R, +R,
- R R
bién dp v,=v,—iR, =v, — R, Vi Vo _, F v —L v, (6-9)

- VI
R, +R, R, +R, R,+R,
Nhén xét: dién dp v, phu thudc vao dién dp cia tin hiéu vao v, va dién dp cda tin hi€ura v, .

Tuy thudc vao dién dp ra & trang thdi bdo hoa duong hay bdo hoa 4m ma v, s€ c6 2 gid tri

nhu sau:
. R R
Néu v,=+V . thi V,=V, L+ Ve (6-10)
R, +R, R, +R,
. R R
Néu v,=-V. thi V.=V £ LV (6-11)

"R, +R, R, +R,

Nguyén ly hoat dong: cho tin hi€u vao mach 1a tin hi€u séng sin:
RF + RI
R, +R, R, +R,

Gid st diéndpra v,=+V thitasuyra v,=v, Vee >v_ =0V

D& thay ddi trang thdi ngd ra thi dién d4p vao v, phai bi€n thién theo chiéu gidm (Am) cho
dén khi thdéa diéu kién
R R
V] F + 4
R, +R, R,+R,

v, =

Voo <v_=0V (6-12)

Khi thod di€u kién nay thi ngd ra ddo trang thdi tr v,=+V.sang trang thdi v,= V. va
RF RI

dién 4p v, ciing thay d6i gid tri v, =v —
' * 'R, +R. R,+R,

Vee <v =0V
Tinh gid tri cia di€n 4p vao v, tf phuong trinh (6-12) ta dudc:

Vi <_11:_IVCC =V B (6-13)

F

b LA A A o A, . R . 2.
Vay v, phai bién thién theo chi€u giam cho dén khi nho hon —R—’VCC thi mach doi trang
F
thai.

D& mach chuyén tif trang thdi v,=—V,. sang trang thdi v,=+V,. thi tin hi¢u ngd vao v, phdi

bié&n thién theo chiéu ting cho d&n khi thod diéu kién
R R
v=v,—F -1

R, +R, R, +R,

Ve >v_=0V (6-14)

Khi thod diéu kién nay thi ngd ra ddo trang thdi tr v,=—V.sang trang thdi v, =+V.va
R, . R,

dién 4p v, ciing thay ddi gid tri v, =v
: “ "R +R, R, +R,

Vee >v_=0FV . Mach lidp lai trang thai

ban dau.
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Tinh gia tri cia dién ap vao v, tif phuong trinh (6-14) ta dugc:

R
v, > R_IVCC =+Vee B (6-15)

F

Vay v, phdi bié€n thién theo chiéu ting cho d&n khi 16n hon + g_chc thi mach d6i trang thdi.
F

Trong dang séng da vé & trén ta tha'y c6 2 ki hiéu: UTP va LTP chinh 1a cic diém thay ddi
trang thai

R . . S . . 9 40 A DEREN
Do [UTP|=|LTP|=+V, R—I gid tri ngudng trén bing gid tri clia ngudng dudi nén dudc goi la
F
mach ST ddi xidng.

Trong dang séng ta thiy tin hiéu ra cling pha so véi tin hiéu vao nén goi 12 mach ST khong
dao.

Dic tuyén vao ra cia mach nhu hinh 6-9.
A&,

+¥er

4

-8V + BV W

Ve

Hinh 6-9. Bdc tuyén vao ra cba mach.
5. MACHDAO PONG BAT OGN DUNG OP-AVP:

S6 dd mach dao dong nhu hinh 6-10.

| I |
Vee

Hinh 6-10. SG d6 mach bét 6n ding Op-amp va dong dién nap va xda coa ty.
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Nguyén 1y hoat dong so sdnh: vAn dya vao nguyén ly so sdnh cd badn “ khi v, >v_thi

2

Vo=+V.c vakhi v <v_thi v, =-V_.

Ta c6 dién d4p ngd vao tru: Vo=V,
2 3 A 2 ~ N A R[
Ta c6 di€n 4p ngd vao cong : V,=V, ———— (6-31)
R, + R,
Tuy thudc vao dién dp ra § trang thai bdo hoa duong hay bdo hoa am ma V', s€ c6 2 gia tri
nhu sau:

~ s RI

Néu v,=+V. thi v, =+Ve =+V. >0V (6-32)
1 H
Né&u v,=—V,. thi y=v, R __y B<OV (6-33)
o cc + cc RI +RF cc

Vi 2 gid tri cda v, thi ta ¢6 thé thdy dudc dién dp v, khong phdi la 1 dién dp cd dinh.
Gid st khi c4p dién thi dién dp ngd ra v,=+V,. nénta c6

R]

v, =+Vc =+VomBSV_=v,

1 4

Tu C sé& dugc nap dién v6i dong dién chay tir ngudén +V.- qua dién trd R va qua tu C ve

GND. Phuong trinh nap chotu v.= +VCC[1 —eﬁ]

Dién 4p sé ting dan theo thdi gian cho d&€n khi v_=v, >v,=+V,.A thi ngd ra ddo trang thdi

Vo=V vadiéndp v,=—V . f<v_=v..

Tu s& x4 dién véi dong dién chay tit GND qua ty, qua R chay vé ngudén -V, diéndp trén tu
C sé& gidm dan theo thdi gian cho d&€n khi v_=v,. <v,=-V,.B thi ngd ra ddo trang thdi v,=+V.
vadiéndp v,=+V . B>v_=v..

Quy trinh dugc thuc hién nhu ban dau.

Dang séng trén tu va dang séng ra nhu hinh 6-11:
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Vo

| BFan

A

N
N
A\ 4

r
4

Hinh 6-11.

Dang séng cua tu va séng ra.
Tinh chu ky dao dong ctia mach:

P& tinh chu ky dao dong thi ta ph3i dJi tin hiéu I1én trén 1 lugng dién 4p nhu hinh 6-12.

4 vo®) v ()

A

T T
2 2

Hinh 6-12. Di dang séng 1én dé tinh chu ky dao déng.
Trong khodng thdi gian tir 0 = ¢, thi tu C x4 dié€n theo phuong trinh

Ve (t) = (Vcc + Ve )eiﬁ

T

Ve (%) = (Vcc -p Vcc) = (VCC + Ve )e_ﬁ

C T .. .
Tai gid tr;tzzthlta co

21]; _ (VCC +ﬁVCC) _ (l+ﬂ)
s V- (-5)
Tinh dugc T =In (1+'B)
2RC  (1-p)
(1+ )
H T =2RCIn
Y (1-p)

156

Ky thiat xung

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM

http://www.hcmute.edu.vn
Chuong 6. Mach da hai.

Vi tan s6

SPKT — Nguyén Vigt Hing
1
S=7
N ) N I R A
Nhian xét: tan sd6 dao dong ctia mach phu thuéc vaoR, Ctisdo f= z IR chtt khong phu
1 + F
thudc vao ngudn cung cap.
Bai tap

1. Tim tan s6 dao dong clia mach dao ddong véSi cdc thong s6 nhu sau: R =12KQ, C =100nF ,
R, =10KQ, R, =18KQ

2. Thi€t k&€ mot mach dao dong diing Op-amp c6 tan s6 f =100Hz, bién dd ngudn cung cap:
+V,.. =25V, R, =R, =10KQ.
a. Tim thdi hing 7 = RC
b. Néucho C=1uFva tim R =?

6. MACHPON ON DUNG OP-AMP:

a. Mach don &n véi trang thdi 6n dinh & mic +V,.:

So d6 mach dao dong nhu hinh 6-13.

c s
——
D1 Vo
GND GND L d
GND
D2
_H_ RI
T xx
GND

Hinh 6-13. S6 d6 mach don én dung op-amp.

Nguyén Iy hoat dong so sdnh: van dwa vao nguyén ly so sdnh cd ban “ khi v,>v_thi
vo=+V, vakhi v, <v_ thiv,=-V_. "
Ta c6 di€n 4p ngd vao tru:

Ta c6 dién 4p ngd vao cong :

25

R, +R,

(6-31)
Tuy thudc vao dién dp ra § trang thdi bao hoa dudng hay bdo hoa 4am ma V', s€ ¢ 2 gid tri
nhu sau:

Né&u v,=+V,. thi

v,=+V.e R _ +Voe B >0V (6-32)
I +RF
~ ~ R]
Néu v,=-V thi v,==V,

Ve —L =V <OV
+ CCR1+RF CCﬂ

(6-33)
Gié st khi c&p dién thi dién 4p ngd ra v,=+V . nénta c6
v, =4V, R Ve f>v =v. =V,
R, +R,
Ky thiat xung 157
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Chuong 6. Mach da hi, SPKT — Nguyén Bvh PHi
Tu C sé& dugc nap dién vdi dong dién chay tr nguén +V,. qua dién rd R va qua ty C vé

-t
GND. Phuong trinh nap cho tu v.=+V. [l —e RCJ

bién 4p s& ting dan theo thdi gian cho d&€n khi v_=v. =V, 2V thi diode D1 dan — r& dong
qua diode lam dién 4p trén tu khong thé ting 1én dugc nita — mach &n dinh & ludn trang thai nay.

DPé dio trang th4i ngd ra thi phai kich mot ngudn ning lugng dién 4p Am vao ngd vao cong
saocho v.=-V . .B<v_ =v..

Khi d6 ngd ra ddo trang thdi v,= V.
Tu s& x4 dién vdi dong dién chay tit GND qua ty, qua R chay vé ngudén -V, diéndp trén tu
C s& gidm dan theo thdi gian cho dén khi v_=v, <v,=-V..B thi ngd ra ddo trang thdi v,=+V,,

vadiéndp v.=+V..B>v_=v..

Quy trinh dugc thuc hién nhu ban diu cho dén khi diode D1 din — mach trd lai trang thai 6n
dinh ban diu cho d&n khi c6 xung kich ti€p theo.

Dang s6ng xung kich va dang song ra nhu hinh 6-14:

A
1'0(1)
+Vee
+ ¥
0
— Ve
Ve
———><—>
Ty T,
> f
0 V
~ xk

Hinh 6-14. Dang séng vdo ra cba don dn.
b. Mach don 6n véi trang thai &n dinh & mic — Vee:

So d6 mach dao ddng nhu hinh 6-15.
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Chuiong 6. Mach da hii, SPKT — Nauyén Viet Hryg

C %
e
D1 Vo
GND GND 1
GND
1 S RI
XK B'

GND
Hinh 6-15. SG d6 mach don dn ding op-amp.
Nguyén 1y hoat dong so sdnh: vin dya vao nguyén 1y so sdnh cd ban “ khi v,>v_thi

2

Vo=+V.c vakhi v, <v_thi v,=-V_.

Ta c6 di€n 4p ngd vao tru: Vv_=v, =V,
2 3 A 3 ~ N A RI
Ta c6 dién 4p ngd vao cong : V,=V, ———— (6-31)
R, + R,
Tuy thudc vao dién dp ra § trang thdi bao hoa duong hay bdo hoa &m ma V', s€ c6 2 gid tri
nhu sau:
~ S R]
Néu v,=+V . thi v, =4V =+Voe >0V (6-32)
1 73
Né&u v,=—V,. thi vV __y B <OV (6-33)
o cc + cc RI +RF cc

Gid st khi c4p dién thi dién dp ngd ra v,=—V,. nénta c6

R
=—Vee —=—="Vecf<v_=v.=Vp,
R, +R,

Tu sé& x4 dién véi dong dién chay tir GND qua tu, qua R chay vé ngudén — Vee,di€ndp trén ty
C s& gidm dan theo thdi gian cho d€n khi v_=v,. =V, < =V, thi diode D1 din — ré& dong lam dién
4p trén tu khong thé gidm hon nita.

P& ddo trang thdi ngd ra thi phai kich mot ngudn ning lugng dién 4p duong vao ngd vao
congsaocho v.>v_=v.=V,,.

Khi d6 ngd ra ddo trang thdi v ,= 4V,

Vadiéndp v,=+V .f>v_=v..

Tu C sé& dugc nap dién v6i dong dién chay tir ngudén +V.- qua dién trd R va qua tu C ve
t

GND. Phuong trinh nap chotu v.= +VCC[1 —eﬁ] , diode D1 phan cuyc ngugc — xem nhu hé mach.
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Chuong 6. Mach da hai,

SPKT — Nguyén Bvh PHi
Dién 4p sé ting din theo thdi gian cho dén khi v_=v,.>v, mach ddo trang thdi ngd ra

vo=-Ve vd v,==V..f.Tu C x4 dién cho d&n khi diode D1 din thi mach trd lai trang thdi 6n
dinh va chd cho d&n khi c¢é xung kich ti€p theo.

Dang s6ng xung kich va dang song ra nhu hinh 6-16:

A

Vn(f)
+ V(_,(_, /—
Velt)
L
-7, L [ —
< > <>
7 Ty
i VC’C’ l,\'r
/ JK
h .

Hinh 6-16. Dang séng vao ra cba mach don dn.
Tinh thdi gian tdn tai xung don 6n clia mach:

D& tinh chu ky dao dong thi ta phai dJi tin hiéu I&n trén 1 lugng dién 4p nhu hinh 6-17:
A Vg(t)

Vy P Y
VJ’ + ﬁVCC SRV ——— /

+V

e (£)

V}_, A Vcc

Hinh 6-17. Di tin higu Ién dé tinh théi gian.

Phuong trinh nap cta tu C
t
vc(t):(VCC +Vy{1—e RCJ

T,

X

_ _ RC
Taigid tri t =T, thita co VC(TX)_(VCC+Vy l-e

=(BVee +V7)
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Chuong 6. Mach da hai SPKT — NguyBn Vet Hing
V
n —]
[1 _ ez%} _ (BVec +V7) _ Vee
Suy ra (VCC+Vy) (“__7}
VCC
Vy 2| (B+k)
3 _ 7 11— _
Pt k V. khi d6 ( e J (1+%)
E_0-p) g (+h
RC _ RC _
Hay R (P B N ()
T 1+k
Tinh dugc é =In ((1 j ,B))
(1+ k)
T, =RCI
Hay X n (1 ~ ﬂ)
(1+5)

Vi du 6-1: Cho mach dién nhu hinh 6-26. Cho cdc thong s6 nhu sau: R, =56KQ,
R, =18KQ, R=56KQ, C =0,224F , ngudn cung cip +V, . =6/ . Hiy tim thdi gian Ty va T,.

| c
D1
GND GND
1 Dﬁz RI
XK
GND
Hinh 6-18. Mach vi du 6-1.
V 0,7
Gidi: tinh k=_"=>L=0]1166
VCC
R 5,6 KQ2
Hé s6 p= R = =0,237
,+ R, 5,6KQ+18KQ
1+k
Vay thdi gian ctia xung don dn: Ty =RCln El _ ,B)) =4,Tms
1+
va thdi gian phuc hdi 1a T, =RCln ((1 _']f)) =4,2ms
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Chuong 6. Mach da hi, SPKT — Nguyén Bvh PHi
. MACH DAO DONG DA HAI DUNG VI MACH 555:

1 CAUTRIC VIMACH555:

Vi mach 555 chuyén diing c¢6 sd d6 chin va sd d6 khdi nhu hinh 6-19, vi mach nay cé thé
diing 1am mach dao dong bat n hay mach don dn. Pién 4p sl dung tir 3V dén 18Vva dong dién
ngd ra c6 gid tri khodng 200mA né€u dung BJT va ¢6 gia tri 100mA néu dung loai CMOS.

1. Ground Ground Yo
Z. Trigger
3. Output : .
4. Reset Trigger Discharge
5 Enﬂtrnl
e Dutput Theeshnld
6. Threshaold UEpu
7. Discharge B
B. ¥ee (+) ReSEL voltage
L 4 ®
o0 4
7
[:I R
. e SS1 g
R PRQ i T

552
S Qi oot [®

Hinh 6-19. SO do khéi va s6 do chan vi mach 555.
Theo so db khdi thi vi mach gdm c6 cdc khdi nhu sau:
e Cau phin dp véi 3 dién trd R =5KQ.
e Hai mach so sdnh dién 4p dung op-amp: mot so sdnh di€én dp ngudng dudi va 1 so
sdnh di€én 4p ngudng trén.
e Mot mach flip flop RS.
e Khdoi dém cdng suit ngd ra.
Chdc ning cdc chan cla vi mach 555:
Chan s6 1 : “GND” Ia chan ndi mass.

Chan s6 2: “trigger” 1a chan kich.

e Chan s0 3: “Output” 12 chian xuAt tin hiéu ra.
e Chan sd 4: “reset” 1a chan reset vi mach.

e Chan sd 5: “Control voltage” 12 chan dién 4p diéu khién.
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Chuiong 6. Mach da hii, SPKT — Nauyén Viet Hryg

e Chin s6 6: “Threshold” 1a chin ngudng.
e Chanso 7: “Discharge” 13 chan x4 dién.

e Chan s 8: “Vee™ 1a chdn ciAp ngudn.

2. MACHDAO BONG DUNG VIMACH 555:
Sd @6 nguyén Iy mach dao ddong diing 555 nhu hinh 6-20 va s¢ dd khdi nhu hinh 6-21:

VCC
lfl\
R1|j
8 04
— — — —
1 +Vs l T ! 1
! [] R
R1
#Vs |reset + S81 o
| discharge[ 8 4 LrTes R FRQ ¥
7 Rz[] 5 |:| i
utput
threshold e tiﬁnﬁgl outpu l T R -
| s %,
1 5 T 2
oV | control ——
[ i ;
0.01pF l T
(if required) 1
I & I ov o
Hinh 6-20. Mach dao dong. Hinh 6-21. So d6 khéi mach dao déng.
V&1 op-amp so sdnh 1 thi di€n dp cdc ngd vao: Vg = EVCC va Vg1 = Ve
V&1 op-amp so sdnh 2 thi di€n dp cdc ngd vao: Vg =Ve Va Vg = EVCC

Béng trang thdi lam viéc cta Flip Flop RS

Ngd vao | Ngo ra
S |[R |2 |0
0 |0 1 1

0 |1 0 |1

1 |0 I |0

1 |1 o, | o0,

Gié st khi c&p dién thi dién dp trén tu C bing 0: v, =v o, =0V .
Theo nguyén 1y mach so sdnh dién 4p thi:
o Machsosdnh2cod v g, =V, <V, g, = %VCC nénngdra S=1.
o Machsosinh1co v, o =v. <V g = %VCC nénngdra R=0.

Tra bang trang thdi cta Flip Flop ta dugc é =0 sé& lam transistor T tit va ngd ra out O =1.
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Chuong 6. Mach da hai,

SPKT — Nguyén Bvh PHi
Tu C s& dugc nap dién dp v6i dong chay tf V., qua R,, qua R,, qua tu C vé GND, phuong

t

ve(®) =V, l_eia

trinh nap cua tu:

Thoi hing nap cia tu 12 ry=(R +R,)C

A Ve A - A Ny . A . 2 N
bién dp trén tu C tdng dan theo thoi gian cho dén khi v, > =V thi

. . 1 A
o Machsosinh2c6 v g, =v. >V, o, ==V, nénngdora S=0

o Machsosidnh1¢co v, =ve >V g = chc nénngdra R=1.

Tra bang trang thdi ctia Flip Flop ta dugc ngd ra cia flip flop O =1 s& lam transistor T din
bado hoa va ngé raout Q=0.

Tu C s& xa dién v6i dong chay tir cyc duong cla ty, qua R,, qua transistor T, vé GND,

t

2 :
phuong trinh x4 cla tu: ve(t) = gVCC e’

Thoi hing x4 cia ty 12 7, =R,C

N » A .0 A o . A . 1 <
bién dp trén tu C giam dan theo thoi gian cho dén khi v, < -V, thi

) . 1 A
o Machsosinh2c6 v g, =V, <V,, ==V, nénngdra S=1

o Machsosinh1co v, o =v. <V g = EVCC nénngdra R=0.

Tra bang trang thai ctia Flip Flop ta dugc ngd ra cia flip flop O =0 s& 1am transistor T tit va
ngdraout Q=1.
Tu C bit dau nap dién trd lai vd mdt chu ky mdi lai bit dau.

Dang song nap xa cla tu va dang séng cua tin hiéu ra nhu hinh 6-22

A voit)

LT
e

Tu xa

ve(f)

Feo
3 e

ey

Tu nap

0 1

A
=3
v

Hinh 6-22. Dang song trén ty va ngé ra.
Tinh chu ky dao ddng ctia mach:
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Chuong 6. Mach da hai.

SPKT — Nguyén Vigt Hing

t

Trong khodng thdi gian ¢, =1, thi tu nap dién theo phuong trinh ve(@®) =Vee|1-€e ™ | va

thdi hiing nap ctia machla 7, = (R, +R,)C:

1 —
5 VCC

Taigidtri (=t thi ve(t) = =

t1

Veel 1—e ™

t2

Tai gid tri t=t, thi

Pon gidn cdac phuong trinh ta c6

2 .
velt,) = EVCC =Vec|1—-e ™

2_ o
Phuong trinh (1) 5 €
2
't
Phuong trinh (2) g =e
Chia phuong trinh (1) cho phudng trinh (2) ta dugc:
t2-t1 T1
2=e¢™ =e™
Hay T =r,In2=0,7C(R +R,)
9 _7
Trong khodng thdi gian 7z, = ¢, thi tu xd dién theo phuong trinh Vc(t ) = chce ™ va thoi
hing x4 ciia machla 7, =CR,:
12
2 2 T
Taigidi  t=,tn Vell)= chc = chce g
13
() =V = 2o ™
Taigidtri  t=t, thi velty) = g cc = g cc€
Pon gidn cdc phuong trinh ta c6
N
Phuong trinh (3) l=e ™
3
Lt
Phuong trinh (4) 5 =e€
Chia phuong trinh (3) cho phuong trinh (4) ta dugc:
13-13 T2
2=¢ ™ =e™
Hay I,=7,In2=0,7CR,
Vaychuky ciamachla T =T, +T, = 0,7C(R1 + R2)+ 0,7CR,
165
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Chuong 6. Mach da hi, SPKT — Nguyén Bvh PHi

s 1
Tan so la: f==
T

Nhan xét: v6i mach dao dong trén thi thGi gian nap khac véGi thsi gian xa nén dang séng ra

khong d6i xitng, dé dang séng gan ddi xitng v4i nhau thi ta gdn thém mot diode nhu hinh 6-23 dé
khi nap dién thi diode din s& ngdn mach dién tr§ R,.

L +Ws
A1
+Ws |meset

discharge[ & 4

threshold 555 output

S?HE |_|"’i timer 33—
trigger
oger},

+ ov |wnlror

T Y e 0.0 1UF
(if required)
ov

Hinh 6-23. Cdi thién dé dudc dang séng dbi xing.
Né&u cho R, =R, thi khi tu nap thi dong dién chay t V., qua R,, qua D, qua tu C vé GND.
Thdi hiing nap cia tu 1a 7, = R,C. Khi ty x4 dién thi thdi hiing x4 clatu 1a 7, =R,C - diode D bi

phan cuc ngudc khi tu phong di€n.
Vay néu cho R, =R, thi chu ky dao dong ctia machla T =1,4CR, = 1L 4CR,
3 MACH BON BN DUNG VIMACH 555

Sd @6 nguyén Iy mach don 6n diing 555 nhu hinh 6-24 va sd @6 khdi nhu hinh 6-25:

S
+¥ m[]] |
i 3 4
.ﬁ 7
s
; 3 i i S .
Input 2| 585 ——+ Output CT 5
trigger [] R
Ss2
XK 2
C | 1
_'_ fig. 9a 5%“
Gnd. =
Hinh 6-24. Mach don én. Hinh 6-25. So dé khéi.
o ) A A e 2 5
V&i op-amp so sdnh 1 thi di€én dp cdc ngd vao: Vg = EVCC va Vg1 = Ve
V&1 op-amp so sdnh 2 thi di€n dp cdc ngd vao: Vogr =Vyx =Vee V&V, gor = chc

Gié st khi cAp dién thi dién dp tréntu C bing 0: v, =v, ¢ =0V .
Theo nguyén 1y mach so sdnh dién 4p thi:

. . 2 A
o Machsosinh1cé v, o =V, <V = EVCC nénngdra R=0.
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Chuiong 6. Mach da hii, SPKT — Nauyén Viet Hryg

1
o Machsosinh2cé v g, =V >V, , = EVCC nénngdra $S=0.
Tra bang trang thdi ctia Flip Flop thi rdi vao trang thai khdng ddi nhung khi mdi bit ddu nén
ta khong thé xédc dinh dugc trang thai clia ngd ra, gid st trang thdiingdrala Q=1 va 0=0.

Do g_z =1 s& lam transistor T tdt nén khod khdng cho tu C nap dién va _ -
mach & trang thdi dn dinh.
P& thay ddi trang thai thi phdi c6 xung kich duong dwa dé€n chan s8 2 sao cho

1
Vg <Viger = EVCC thingdra S=1.

Tra bang trang thi ciia Flip Flop ta dugc ngd ra cia flip flop Q=0 va _

Do Q: 0 s& lam transistor tit, tu C s& dudc nap dién ap véi dong chay tt V., qua tu C vé

t

GND, phuong trinh nap clia tu: ve(t) =Vec|l-e ™

Thdi hiing nap cta tu 1a 7y =RC

A A NN T 2 S X A
bi€n dp trén tu C tdng dan cho dén khi v, = v, > EVCC va do hét xung kich nén:
! . 2 A -
o Machsosinh1co v, o =V, >V o = EVCC nénngdra R=1.

p ) 1 A
o Machsosdnh2céd vV ¢, =V >V, g, = chc nénngdra §=0.

Tra bang trang thai ciia Flip Flop ta dudc ngd ra cta flip flop O =1 s& 1am transistor T din va

Tu C bdt dau x4 dién vdi dong chay tir cuc duong cda tu qua R,, qua transistor vé GND,

T
phuong trinh x4 cda tu: vel(t) = g Vece ™

Tu C ti€p tuc x4 cho dén khi v, =V, < %VCC thi ngd ra R =0va cung v6i S=0 thi ngd ra

ctia flip flop khdng d6i trang thdi nén tu C ti€p tuc x4 dién cho d&n khi dién 4p trén tu vé 0. Mach
& ludn trang thdi 6n dinh nay. Cho dén khi c6 xung kich ti€p theo.

Dang s6ng xung kich, dang s6ng nap xa cta tu va dang séng cua tin hi€u ra nhu hinh 6-26
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Chuong 6. Mach da hi, SPKT — Nguyén Bvh PHi

g T Additional pulse has
Trigger | no effect on output

Extended pulse does

1 243 Ve

Capacitor ; 5
VYoltage / _____ L oy
— + Ve
Output ; i
P J _____ R .
S + Yeo

Reset
L oV
A reset pulse applied during
timing interval terminates

the output pulse

Hinh 6-26. Dang séng cba mach don dn.

Tinh thsi gian ton tai cia xung don 6n:

t

Ta c6 phudng trinh nap cta tu: Vc(t) =Vee|1-e v

_r
Tait=T thi ve(T)=Vee|1—-e ™ :EVCC
Suy ra T = R1C1113 = 1,1R1C

IV. MACH DA HAI DUNG VI MACH SO:
1 CAC VIMACH TRIGGER. SCHMTT:

Trong céc vi mach ddo thong thudng ta gip cdc dao dong tai cdc sudn 1én hay sudn xudng
néu thdi gian tré cla xung vio qud 16n thi dang séng ngd ra bi dao dong nhu hinh 6-27.

UlN UOUT _—74/————————————-|\—\\—08V

T4AS04N | |

Hinh 6-27. Cng Not vé dang séng véo ra cba cdng NOT.
Pé& tranh hién tugng nay nén mot s6 vi mach dudc thi€t k€ theo ki€u trigger Schmitt ¢6 chic
ndng stia dang xung nhu hinh 6-28.
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Chuong 6. Mach da hii, SPKT — Nauyn Viet Hrg
LiN F 9 ;
i
//
/// y
b
17V == /_/T_—_—_———————“T\_——- Uy
e M= U,
: > t
v 4
faT
33V ;U,z,wza.av —
u, =02V
DA L o1 hn

Hinh 6-28. Cdng Not c6 Schmitt Trigger va dang séng vdo ra.

Trong dang séng vao va dang séng ra ta thdy mach chi chuyén ddi c6 2 trang thai: trang thdi
chuyén tir mifc 1 vé mic 0 tai ngudng dién 4p cé gid tri 1,7V va chuyén trang thdi tir mic logic 0
sang muc logic 1 tai ngudng di€én 4p 0,9V.

C6 nhiéu vi mach c6 chiic ning trigger Schmitt nhu 74LS14 1a vi mach cé 6 cong NOT,
74LS13 c¢6 4 cdng NAND véi ngd vao c6 trigger Schmitt.

v SN54/74L514 0. SN54/74L813
e Vee

[14] [13] [r2] [1a] [ro] [s] [e] [14] [13] [r2] [v1] [ro] [s1 [e]

) ) =

P (o =

ngAgnEnEagaga HjEgEnREaga

GND GND

Hinh 6-29. Cac vi mach sé c6 trigger Schmitt.

2. MACHBON O

Céc vi mach don 6n dung trong k§ thuit sd thudng c6 mic tich hdp trung binh MSL, ngoai
chitc ning la mach don dn thi vi mach con c6 thém nhiéu chan tin hiéu diéu khién linh hoat cho
mach vi du nhu mach don 6n diing vi mach nhu hinh 6-30.
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Chuong 6. Mach da i SPKT — Naiyn Dvh PHi |

o Vee Vac o Vee 7 Vee :;HC f ? Voo
Rextz | i "—-L

1t L oi o 0.1F
L Cext T ¥ Red V. I
i Cet Rew/ Voo = CT—IIKQ C: -

oRr Q0P B2 2 Q0P

g 1218123 Bl EER

A2
al—o al—o
Pin A GND Pin Al GND
510 l 51Q J_

R—

RETRIGGER

Hinh 6-30. Dang séng mach don n dung 74122 va 74123.

L5122 FUNCTIONAL TABLE L5123 FUNCTIONAL TABLE
INPUTS QUTPUTS INPUTS OUTPUTS
CLEAR Al A2 B1 B2 L] a CLEAR A B [} Q
L X X X X L H L X X L H
X H H x * i H X H X L H
X X X L X L H X X L L H
X X X X L L H H It T JL 1
H L X T H |l H L H I 1r
H L X H T |l ur i L H | +r
H X L 1 H (ol +r
H X L H T I ir
H H 1L H H gl 1r
H 1 1 H H || r
H Il H H H ||
T L X H H JL 1r
T X L H H JL r
Bdng 6-1. Bang trang thai lam viéc cOa vi mach 74122 va 74123.
3. MACH DAO BONG DUNG VIMACH C6NG NOT €0 TRIGGER. SCHMITT:
Mach dao dong dung vi mach 74HCT14 nhu hinh 6-31.
170 K§ thit xung
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Chuiong 6. Mach da hii, SPKT — Nauyén Viet Hryg

R ANVCC

>0+ JUL

74HCT14N Vo

-~
C ——

GND

GND
Hinh 6-31. Mach dao dong dung vi mach co trigger Schmitt.
Nguyén ly hoat dong cda mach nhu sau: gid st khi mdi cAp dién thi dién 4p trén tu C bing
OV. Tin hiéu ngd ra biing 1, tu C dugc nap dién vdi dong dién chay tif ngudén V., qua dién tré R ,
qua tu C vé GND. Pién 4p trén tu C ting din cho dé€n khi biing dién dp clia mic logic 1 thi ngd ra
d4o trang thdi bing 0 va tu C x4 dién v6i dong chay tir cuc duong cia tu C, qua R v& GND.
Tuy thudc vao loai vi mach ma ta sé c6 cdng thifc tinh tan s6 dao dong.

0.8
f_RC

V. MACH DAO PONG DUNG TRANSISTOR:
1 MACH DAO PONG DA HAI DUNG TRANSISTOR:

So @6 mach dao dong nhu hinh 6-32.

Hinh 6-32. Mach dao dong dung transistor.

Hoat dong ctia mach nhu sau:

Gia str khi m&i cAp dién thi transistor T1 tit — xem nhu hd mach, transistor T2 din bdo hoa
nén Vo, =02V va Vy, = 0,6V va tu C2 da nap day dién dp trudc d6 thi bay gid tu C2 phéng
hét dién tich da nap va nap dién theo chiéu dong dién chay tir ngudn qua Ry, , qua C,, qua mdi
néi CE,, vé& GND. Cung thsi di€ém d6 thi tu C1 dudc nap dién theo chiéu dong dién chay tu

ngudn qua R, qua C|, qua mdindi BE;, vé GND - dién 4p clia tu C1 ting din.

Hinh 6-33 minh hoa dong di€n nap cho céc tu.
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==
Hinh 6-33. Trang thai T2 dan, T1 tét.
Quad trinh nap cta tu C2 lam dién dp cuc C cia transistor T2 giam va dién dp tai cuc B cla

transistor T1 ting va qud trinh nap cda tu C1 s€ lam dién dp tai cuc C cua transistor T1 tdng va cuc
B cia transistor T2 giam.

Cho dé&n khi dién dp V-, =0,6 thi s& 1am transistor T1 chuyén tir tit sang din bdo hoa —
xem nhu ngdn mach mdi ndi CEy,, khi d6 dién dp clia tu C1 s& dit1én mdindi BE,, - 1am phén
cyc ngugc transistor T2 nén transistor T2 chuyén tir trang thdi dAn bdo ho sang trang thai tit.

Khi transistor T2 ddn bido hoa nén Vo, = 0,2V va V,, = 0,6V va ty C1 da nap diy dién dp
truSc d6 thi bay gid tu C2 phéng hét dién tich d3 nap va nap dién theo chiéu dong dién chay t
ngudn qua Ry, qua C,, qua méindi CE;, vé GND. Cung thdi di€m d6 thi tu C2 dudc nap dién
theo chiéu dong dién chay tif ngudn qua R, , qua C,, qua mdi n6i BE;, v& GND — dién 4p cia
tu C2 ting dan.

Hinh 6-34 minh hoa dong di€n nap cho cic tu.

1

ij | l le Rg2 lchz
R St

= I\ — I

W

T1:I|<_(_ I:T2

—)—>_T_

Hinh 6-34. Trang thai T1 dan, T2 tat.
Cho dén khi dién dp V-, = 0,6 thi sé 1am transistor T2 chuyén tir tit sang din bio hoa —
xem nhu ngin mach mdi ndi CE;,, khi d6 dién dp clia tu C2 s& dat 1én mdindi BE,, - 1am phén
cuc ngudc transistor T1 nén transistor T1 chuyén tir trang thdi din bio hoa sang trang thai tit.

Ctt thé mach sé lip lai chu ky dao dong méi, ngd ra clia mach c6 thé 14y & ngd ra cha
transistor T1 hoac T2.

172 K§ thidt xung

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

Chuiong 6. Mach da hii, SPKT — Nauyén Viet Hryg

Dang séng ctia Vyy, Ve, Vi, Vs nhuhinh 6-35.

* 1’?.5’1

—> {%ﬁ
v

7!:“(!'
VC’EM
] N
; ; : ; >
I ; | — L

Hinh 6-35. Dang song.
Chu ky dao dong cia mach gdm T =T, + T, v6i T, = 0,693R,,C, va T, = 0,693R,,C,

Trong trudng hgp dic biét n€u chon R, =R,, =R, va C,=C, =C thi chu ky dao dong ctia
machséla 7 =14R,C.

2. MACHBDON ON GHEP CUC THU DUNG TRANSISTOR:

So @6 mach don 6n ghép cuc thu nhu hinh 6-36.

K§ thit xung 173

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

Chuong 6. Mach da hi, SPKT — Nguyén Bvh PHi

Rei
G
T
. 1
2
R1
R2

c

S

Hinh 6-36. S6 d6 mach don én ghép cuc thu.

Hoat dong ctia mach nhu sau:

i

Mach don 6n c6 thé xem 14 2 mach ngit din ghép v6i nhau:
e Cuc nén cla mach ding transistor T1 ghép v6i cuc thu clia transistor T2 qua Rg;.
e Cuycnén cia transistor T2 ghép ac vdi cuc thu cla transistor T1 qua tu C.
Mach dudc thi€t k& d€ & ch& do xdc 1ap sao cho:
e Transistor T1 tit.
e Transistor T2 din bdo hoa.
Transistor T2 din bdo hoa 1a do cdc gid tri Ry va R, dudc chon dé€ thod diéu kién

Pl > Legy , khido Vig, = 0,2V

Do ghép truc ti€p véi transistor T1 qua dién trd Ry néntacé Vegry = 0,2V =Vypr, <Vy

nén lam cho T1 tit. Pién 4p ra ctia mach & trang thdi n dinh 1a V, =V, = 0,21

Tu C dugc nap dién vé6i theo chiéu dong dién chay tit ngudn qua R, qua C, qua mdi n6i
BE,, v& GND - dién 4p ctia tu C ting din cho d&n khi bing dién 4p ngudn cung cip Ve .

Khi c6 xung kich duong vao cuc nén B cia transistor T1 1am T1 chuyén tir trang thdi din
ngung din sang trang thdi din bio hoa va tu C, bit diu xa dién lam phin cuc ngudc mdi ndi
BE ., nénlam tit transistor T2 — diéndpra V, = V..

Khi transistor T2 tit thi dién d4p Very = Ve 1am cho transistor T1 ti€p tuc ddn bio hoa.

Khi transistor T2 con & trang thdi tit, T1 din néu tu C, x4 hét dién thi tu C| nap dién theo
chiéu dong dién chay tir ngudn qua R, qua C,, qua mé&i ndi CE;; vé GND — dién dp ctia tu C,
ting din cho dén khi V. = Vy s& lam transistor T2 din bdo hoa trd lai — khod transistor T1 va
ngd ra trd lai trang thai ¥V, =Vgr, = 0,2V va chd nhan xung kich ti€p theo.

Dang séng cta xung kich, ctia cyc B va tin hiéu ra nhu hinh 6-37.
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AV
Ve
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Hinh 6-37. Cac dang song: Vsa, Vi Vce
Tinh thdi gian ton tai xung don dn: dé tinh thi phdi ddi truc nhu hinh 6-38.

A V=2
W
r’;CC
0 Ts 4

Hinh 6-38. Vé lai dang song Ve..
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Truong DH SPKT TP. HCM
Chuong 6. Mach da hai,

t
Phuong trinh nap cia tu: ve(t) =2V, [1 —e RC]

Tait=0 thi V5, =0
“RC

Ty
Tait =1, =Ty thi ngchcszcc(l_e j

1 Ix
Hay P (1 —€ ch
Suy ra T, =0,693RC =0,7RC
Tuong ty ta c6 thé 4p dung phuong phdp niay cho mach bt dn ta tim dudc
1, =0,7RC
T, =0,7RC
7= I T,

Chu ky dao dong
MACH BON ON GHEP CUC PHAT DUNG TRANSISTOR:

2
Sd @5 mach don 6n nhu hinh 6-39, mach khong ding phdn hdi qua Ry ma thong qua dién

tré cuc phat R .

Lol

Hinh 6-39. Mach dan én ghép cyc phat.
Hoat dong cia mach nhu sau:
Mach dugc thi€t k€ dé & ché dod xac 1ap sao cho:

Transistor T1 tit.

Transistor T2 din bdo hoa.

[ ]
[ ]
Tu C dugc nap dién véi dong dién chay tit ngudn qua R, qua C, qua mdi néi BE,,, qua

dién tr§ R; v& GND — dién 4p ciia tu C ting dan cho d&n khi bing dién 4p ngudn cung cap Ve, .

Dong dién chay qua dién tr§ Ry taonén diéndp Vy = L7, R, khod transistor T1 tit.
Ky thiat xung
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Dién 4p ra clia mach V, =V +Vcps.r» mach § trang thai xdc lap.

Khi ¢6 xung kich duong sé& lam transistor T1 dAn bdo hoa — xem nhu ngdn mach, dién 4p clia

tu C s& dit 1én moi ndi BE,, 1am tit transistor T2.
bién dp ra cia mach V. =V.- mach & trang thdi bat &n.

Khi transistor T1 din bdo hoa thi dong dién chay qua dién trd R; tao nén dién dp

Vi =15 Ry khod transistor T2 tat.

Sau khi tu C phéng hét dién thi tu C bit ddu nap dién véi dong dién chay tir ngudn qua R,
qua C, qua m&indi CE;|, qua dién trd R; vé GND — dién 4p ciia tu C ting din cho d&n khi

Voo =V +Vpom + VE>V7T2 + V. thi transistor T2 din b4o hoa — kho4 transistor T1.
Pién dpra cia mach V, =V_.- mach tr§ lai trang thdi xdc 14p va chd xung kich ti€p theo.

4,  MACHTRIGGER SCHMITT:

Sd dd mach Trigger Schmitt nhu hinh 6-40

Tvcc

Hinh 6-40. Mach trigger Schmitt.

Hoat ddng ctia mach nhu sau:
Mach dugc thi€t k& d€ & ch& do xdc 1ap sao cho:
e Transistor T1 tit.
e Transistor T2 dan bdo hoa.
Khi T1 tit thi dién 4p Vpyc6 gid tri dién dp 16n nén qua mach ciu phan dp Ry, Ry, lam
transistor T2 din bdo hoa, dong thdi dién ap Vi = 1,7, Ry khod T1 ti€p tuc tit.

bién 4p ra ctia mach V,=Ve +Vegsur

Khi dién vao ting dan cho d&n khi V; > Vi, - ngudng kich trén thi transistor T1 din, dién dp

Vi gidm 1am tit transistor T2, dong qua dién trd Ry khod transistor T2 ti€p tuc tit.

bién dp ra cia mach V.=V,
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Khi dién vao giam din cho d&€n khi V; <V, - ngudng kich dudi thi transistor T1 tit, dién 4p

Ver, ting 1am transistor T2 din bdo hoa, dong qua dién tr§ Ry khod transistor T1 ti€p tuc tit.

bién dp ra cia mach V,=Ve+Vegsur

VI. MACH DAO PONG DA HAI DUNG CAC LINH KIEN CO VUNG DIEN TRG AM:

Céc linh kién c6 dic tuyé&n von ampe hinh chit S hay chit N — ¢6 viing dién trd 4m thi ¢ thé
dugc diing 1am mach song 6n, don &n va bt 6n.

Phan nay sé gidi thiéu lai cdc linh kién c6 ving dién trd am.
1 DIODE TUNNEL:

Diode tunnel 1a diode P-N cé ndng dd tap chit cao: mat do 10" =10%° / em? so véi diode
thudng thi mat do chila 10" /cm” . Diode c6 dic tuy&n von-ampe nhu hinh 6-41.

Negative differential
resistance region
g o=

Current {1} —

Volage (V) —

Hinh 6-41. Ky hiéu va ddac tuyén von-ampe cla diode tunnel.
Céc gid tri : Ip , V, : dong dién va dién dp dinh cla diode.
I, v, :dongdién va dién 4p thung liing.
Vp: gid tri dién 4p can thi€t d€ dinh cda diode.
Ciéc vu diém:
e Toc dd lam viéc cao.
e Tiéu hao ning lugng thip va so dd don gidn.
e Diéndplam viéc thap
Khuyé&t di€m:
e Mang 2 cuc nén van dé phan cdch gitta cdc ting kho.

e Pham vi st dung it hon BJT va vi mach.

178
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Mach tuong duong cia diode tunnel nhu hinh 6-42

Hinh 6-42. Mach tuong duong cua diode tunnel.

2. UJT — TRANSISTOR DON NOE

C6 3 loai chinh UJT thong thudng, PUJT (programmable UJT).
Ky hiéu cho cé 2 loai nhu hinh 6-43:

_Tgl G
g o K

Hinh 6-43. Ki hiéu UJT va PUJT.
Trong phan nay ta chi nghién cttu loai UJT thong thudng:

Cau tao ctia UJT, ky hiéu va mach tuong duong nhu hinh 6-44

Base-2 (B2) B2
+
R
T B2
n-type silicon bar +
n + \-'D - Vv
v E BB
Emitter (E g N > - +
Vis Ve
B T Ry 3 &
Base-1 (B1) Bl i
Hinh 6-44. Cau tao, ki hiéu va mach tuong dudng cia UJT.
Véi Ry =5kQ+10kQ2 = R, + R,
Ry, Ry,
Heé so n= =
Ry + Ry Ry
Va Ve =nVg +Vy
So @b mach va dic tuyén ctia UJT nhu hinh 6-45:
K that xug 179
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Vee1
| - Peak point

Vp

Saturation

region

Cutoff
region

e - AN
i '|F-“_ |

Negative resistance region

Hinh 6-45. So d6 mach va dac tuyén cGa UJT.
3. DIODE 4L0P:
C4u tao, ky hiéu va mach tuong duong ctia diode 4 16p nhu c4c hinh 6-46:

Construction Schamatic Symbal a A
Anode (A) T
Emitter p
(A} Q
P Base L e -P Collector
n Collector [ p |———~| p |Base o
Y = o
p n Emitter
" B l
(K} 2 2
Cathode (K} ’ SUS Split construction Equivalent circuit
Hinh 6-46a. Diode 4 I6p. Hinh 6-46b. Diode 4 I6p.

V
Vr VariF) Gl

Hinh 6-46c. Ddc tuyén cOa Diode 4 16p.
4. NG DUNG CDA CAC LNHKEN ¢O VING PEN TRG AM BE TAO MACH DAO DONG DA HAL

a. Pdic tinh clda viung dién trd Am:

Tur dang dic tinh ving dién trd 4m ki€u chit N nhu ctia diode tunnel, ta s& xdy dung dudc cic
dang mach khdng ch& bing dién 4p va dang dic tinh viing dién trd 4m kiéu chit S nhu cia UJT,
diode NPNP, SCS thi ta c¢6 thé xay dung cdc dang mach khong ché bing dong dién.

Dic tuy€n hinh chit N va hinh chit S nhu hinh 6-47
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SPKT — Nguyén Vigt Hing

‘Lf

b. Mach nguyén ly:

N

Hinh 6-47. Bdc tuyén hinh chi N va hinh chi S.

Ta khdo sdt mach dién tr§ 4m ding dong khong ch€ nhu hinh 6-48:

B
A
L
0
47
P
A
= X,
: Ay
) g _ > 17
0 L1 \ )\ 1\

I

jr\’-fl

Hinh 6-48. Mach dién tré Gm dung dong khéng ché va déc tuyén.

Dién 4p v rdi trén dién trd 4m c6 phuong trinh dién dap: V="V, — iR (D)

Vé6i 1 1a dong dién chay qua linh kién ¢6 vung dién tr§ Am.

Vi I 1a dong dién chay qua tu.

V6i Ve =V, :1a mot gid tri ngudn dién 4p DC cu thé.

O ch& do xdc 1ap thi ir =0 nén i =i,

1

Ta c6 dudc dudng tdi DC véi do doc — n

V6i Vo =V, hay V. =V; thita c6 thé xay dung dude cdc dudng tii qua V, va V5 véi

1

cung 1 do doc R

S, Vo
Tir sd dd nguyén 1y hinh 6-48 ta ¢6: ig = ic +i=C—+1

dt

()

Ky thuit xung
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. dv )
Két hgp 2 phuong trinh (1) va (2) ta dugc CR E =Vpe — (lR + V) 3)
NG Tinh Kic (o) hoat dong tai 1 diém| X ; NG/ = i, [l v = v, [l v, = ~i, R +V; hay
Ve =i,R+v,

Ngudn DC c&p cho mach lic nay 1a V- =V thi ta vi€t lai phudng trinh (3):

dv
CR—| =V,-V, 4)
E
Tir phuong trinh (4) ta nhan thi'y: N&u linh kién c¢6 (-r) hoat dong tai X va dién 4p ngudn
I, , I , [ ]
BV=Vithi —>0nsuVy>V, va — <0 péu Vg <V,
dt dt
I I I

Nhin xét: khi 4p dung nguyén 1y nay vio mach ta thdy: khi dién 4p ngudn cung cap ddt ngdt
|

tingvidu Vg =V, thi — >0 wi Vg =V, >V, =V, va diém lam viéc s& di chuyén v& bén phai
— dt I
doc theo chiéu ting cta v.
c. Hoat dong & ché& d6 don 6n:
Xem mach nhu hinh 6-48, dién dp cung cap ban ddu cho mach 1a V] véi di€m lam viéc 6n
dinh 12 X,. Khi c6 1 dién 4p ham budc vio lam dién 4p ngudn ting d€n gid tri ¥, 1am dich chuyén

dudng tdi qua khéi diém tdi han A nhim tao trang thdi 6n dinh méi tai diém X, .

) dv
Ap dung phuong trinh (4) tai A ta thdy tai ddy —— > 0 vay di€m 1am viéc c6 xu hudng ting

dt
dan (di chuyén vé bén phai) dé dat X, .
2 2 2 dv
Nhung di€m lam viéc khong th€ di chuyén theo huéng AB vi khi theo hudng nay thi E <0

nén phai chuyén trang thdi dot ngdt tir A dé€n A’.

) dv
Ap dung phuong trinh (4), tai A’ ta thdy E <0 vay di€m lam viéc di chuyén theo hudng

A’B dé dén x, .

Lic nay néu dién 4p ngudn lai trd vé V| thi diém lam viéc sé vé X, nhung khdng theo

[ |
V
huéng BA (E >0) ma phdi gidm dot ngdt theo BB’ vé& di€m lam viéc n dinh X;. Ta ¢ hoat
[ |
dong ctia mach don 6n.
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LEB E

» T
o1\ mE

Hinh 6-49. Bac tuyén hoat dong & ché dé don én.

d. Hoat dong & ch€ do song 6n:

Trong ché d6 nay thi dién 4p ngudn va dudng tdi phdi dudc chon sao cho dudng tdi cit dic
tuyé&n von-ampe tai 3 di€ém X, Y, Z nhu hinh 6-50.

Al
i
Z
B
\L; Y1 v
B % I
X 3 Y
0 ],f"r"r T; ?r I:"f

Hinh 6-50. Hoat déng song &n.
N&u ban ddu mach 8n dinh & X, mot xung vudng dit vio ngudn VS dua diém 1am viéc theo

chiéu bén phai d€ dat di€ém lam viéc 6n dinh tai Z, n€u xung dd 16n dé dich chuyén di€m lam viéc
qua khéi A dé dat A’ rdi vé Z.

Bay gid, khi d4 6n dinh tai Z, n€u ta dua vao 1 xung 4m c6 d6 16n va dd rong dt dé€ Z chuyén
vé X thong qua BB’ rdi B’X.

Ta c6 2 trang thdi 6n dinh tuong ng vé6i cdc gid tri xung kich duong va Am.
e. Hoat dong & ché& do bat 6n:

Trong ché d6 nay thi dién 4p ngudn va dudng tdi phdi dudc chon sao cho dudng tdi cit dic
tuyé&n von-ampe tai 1 di€ém X nhu hinh 6-51. Can phan biét & trong ch& do nay thi diém lam viéc X
12 khdng 6n dinh — khic véi trudng hop mach song n.

Do d6 khi ¢6 mdt tin hiéu nhiéu thi di€m lam viéc s& c¢6 khuynh huéng ddi xa di€m X.
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A/
B
L7
B
A
il 4
B’ y
e |
0 8

Hinh 6-51. Hoat déng bét dn.
Khio sat trudng hgp dién ap ngudn Vs ting dé&n gid tri V] :

-
Vi V; >V nén E <0: diémlam viéc ¢6 khuynh huéng di chuyén d&n diém B.

Va tuong tu néu V; <V thi diém lam viéc c¢6 khuynh huéng di chuyén dén diém A.

Ngoai ra ta con ¢ thé gidi thich tinh bat dn ctia mach thdng qua nhu hinh 6-52 véi phin tif ¢
viing dién tré Am dang & viung (-r) khi ¥ = 0, mach tuong duong sé& c6 hiing s6 thdi gian
()R

—-r

7 = RC véi R|| =

Hinh 6-52. Mach dién tré Gm dung dong khéng ché.

t

: x e . .. RC
Khi ¢6 nhiéu thi di€m can bing bi thay ddi, ddp tng sé& c6 dang € '

t

. N 2 . .+ 2 N _E A e R . < R . .
Khi 7> R thi R >0: ddp dng gidm theo ham e ™ vé trang thdi dn dinh va &n dinh tai

do.

t

Khi 7 <R thi B <O0: ddp tng ting theo ham e K€ diém 1am viec di chuyén ra xa khoi
trang thdi 6n dinh ban dau.

Trd lai vdi hinh 6-50 ta thdy Y &n dinh vi 7 > RII
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Chutong 6. Mach da ki SPKT — NawyBn Vet Hing
Trong hinh 6-51, vi tri ban dau X c¢6 xu huéng di chuyén vé A hay B tuy thudc vao chiéu clia
kich thich.

Hé thong c6 xu huéng vé nén dudng BB’AA’ theo chiéu miii tén ma khong cdn kich thich
bén ngoai.
f. Mach da hai dung dién 4p khong ché& va mach dién tré 4m c6 hinh chit N:

Xem hinh 6-53 ta thdy tu dién mic song song dudc thay bing cudn diy ndi ti€p vdi phan ti
c6 vung dién trg Am.

- L
R IR
K
7~ 'DC R

Hinh 6-53a. Mach da hai dung dién ap khéng ché.

7 AChédo  |Cheda\ Ché do
Song 6n  |bitén don 6n

(1) 5
>
0 1 ECR
Hinh 6-53b. Ddc tuyén.
Viéc xét 6n dinh clia di€m lam viéc c6 thé theo 2 huéng:
e Tur hinh 6-52a ta c6
di .
L—=V—-iR=v (7)
dt
Né&u di€ém lam viéc dang tam thdi & X (i, Vp)thi i;R+v, =V,
di
Ta cé: L— =Vs-V;
dt X,

Tir @6 ta riit ra: néu linh kién dang hoat dong tai X va dién 4p ngudn 1a Vs thi

dv
E>O, VS>VE
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Chuong 6. Mach da hi, SPKT — Nguyén Bvh PHi
dv 0
E <0,V <V,
e Theo huéng nay ta xét mach tuong duong nhu hinh 6-54 d€ tim dap tng ra.
i L
&II_R,_M'Y‘\
+
nR V

Hinh 6-54. Mach tuong duong.

_U(R=1)

T mach dién thi dap Gng ra c6 danghammi e

Ham mii s& c6 gid tri duong — trudng hgp bat 6n néu 7 > R tuong ng v6i dudng tdi 1.
Ham mii s& c6 gid tri Am — trudng hdp &n dinh néu ¥ < R tuong Gng v6i dudng tdi 2.
Nhin xét:

Su khéc biét co ban ciia cdc dang da hai dung dic tuyé&n hinh chit S (diing dong dién diéu
khién) va mach da hai ding dic tuy&€n hinh chir N 1a:

Trong dang dic tuyén hinh chit S ta c6 cdc buéc nhdy l1a dong dién AA’BB’

Trong dang dic tuyé&n hinh chit N ta c6 cdc budc nhdy 1a dién 4p AA’BB’.

Vil. BAI TAP:

end
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