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Mé dau

V6 tuyén dién 13 mén khoa hoc vé phét — thu séng dién tit chita dung

théng tin di xa khdng ding dudng day.

K& tit khi mang dién thoai dugc st dung, ngudi ta da mo udc, cb thé

. trao ddi théng tin & khodng cach xa ma khong can day dan. Trai qua nhiu
nam nghién ciit, cudi cing Popov da lam thoa man niém mod udc dy. Nam
1896 6ng da truyén va thu duge tin higu phat di & cut ly ngan (250m). Ké
tit d6 ki thuat vé tuyén dign phat tridn khéng ngimg va cyc ki nhanh
chéng. Ngudi ta tim cach ché tao nhitg dung cy dé nang cao higu qué
truyén tin va cy ly théng tin. Nam 1904 phat minh ra dén dién b hai cyc
(diode chan khong), 1906 phat minh ra dén 3 cuc, réi dén nhiéu cuc.

Nganh ché tao dung cu dién tt ra d&i, kéo theo nganh kg thuat mach dién
tir, ngay nay dugc goi chung 1a k¥ thuat dién tlr. K thuat dién tl phat trién

lam co s& cho kg thut vd tuyén phat trién.

- Nam 1922 ché tao ra chét ban dan, 1948 transistor ra ddi réi téi e
mach tich hgp IC v.v... Nhd d da tao ra dugc cac thiét bi dién 1t cd kich
thudc nhé bé, gid thanh ré, lai ¢6 nhiéu tinh nang. K¢ thuat vo tuyén dién
phét trién sang mét giai doan mdi. Ngay nay ki thudt vo tuyén dugce Ung
dung rong rai trong cac linh vyc khoa hoc va ddi séng nhu truyén thanh,
truyén -hinh, théng tin vé tinh, théng tin vid try, phuc vu quéc phong
(radar), didu khién tif xa, diéu khién ty déng cac qua trinh cong nghé san
xust, do hudng va x If s& lieu trong vién tham va dy bao thdi tist vv...

Cé thé thdy riing nhing nghién cifu vé khoa hoc vat ligu da gidp cho
vb tuyén dién phat trién nhu ngay nay. o

Muc dich clia k thuat v6 tuyén dién la truyén tin tic di xa. Yeu cau
viée truyén tin 12 phai chinh xac va trung thuc déng thdi cy ly théng tin
cang xa cang tét. ' ‘

“Tin titc cin truyén di 1a cAc dai ligng vat Iy w6 cling da dang. K9 thuat vo
tuyén dign tlf cin phai tao ra cac thiét bi chuyén d&i ching thanh nhiing tin
higu dién, ghi, ltu tritva truyén thi ching di xa. Tét ca cic qua trinh d6 doi hoi
phéi dugc thyc hién mét cach ‘chinh xac, c6 d6 trung thuc cao. Cac thiét b
dign & ndy khong chi phuc w cho k{ thuat thong tin lién lac, ma mac nhién
né trd thanh céng cu dic lde phuc v cho nghién clu khoa hoc. Nhiéu thiét bi
do ludmg chinh xéc, nhiéu phuong phép nghién ciu higu qud cha hau hét cac
nganh khoa hoc déu dugc xay dung trén co s& cac thiét bi dién .

Chinh vi nhan thiic dugc tam quan trong 46, ngay tit khi thanh lap
truemg Pai hoc Tdng hop, khoa Vat 1y 83 dua gido trinh vat Iy vo tuyén
vao gidng day. Ké tit 46 mén khoa hoc nay 43 lién tuc dugc cac can bo dau



- nganh xay ding va gidng day. Bién soan gido trinh 13n nay 13 sy ké thifa va
tiép ndi truyén théng, ddng thai cap nhat duge nhitng k§ thuat tién tién
dang dugc ap dung. Khi bién soan gido trinh, ching 161 mong muén trinh
bay dugc cac phuong phap nghién ctu cd ban va dua vao cac mach dién td
hién dai dang dugc sif dung nhim cung cdp kién thitc cg ban d8 sinh vién
tigp tuc hoc cac mén tiép theo nhu ki thuat s&, cau tric may tinh...

Giéo trinh gém 7 chuong : ]

Chuong I : Gidi thieu cac khai niém cd béan, cac phuong phép tinh
toan trong mach tuyén tinh. '

Chuong IT : Trinh bay vé cfu trié. tinh nang cda cac dung cu ban dan,
y&u t& co béan tao nén cac mach dién tit. '

Chuong Il va chuong IV : Trinh bay céc thiét by khuéch dai st dung
transistor va khuéch dai thuat todn. Céc bb khuéch dai dudc trinh bay vdi
nhiéu loai, c6 nhing tinh nang khac nhau, dép (mg tinh da dang cha tin
hiéu va myc dich sit dung. :

Chuong V : Trinh bay vé cac heé tao dao dong, tao ra cac tin hiéu cb
dang khac nhau. May phét cao tan ¢ dao dong hinh sin tao ra song cao
tAn d& truyén t3i thong tin. Cac may phat xung tao ra céc dang tin hiéu
khac nhau, sit dung trong ki thuat xung-— 8, ki thuat truyén hinh, k§
thuat méy tinh va diéu khién tu dong va do ludng.

Chuong VI : Trinh bay vé cac mach phi tuyén. Day 1 cac mach dién
st dung y&u t8 phi tuyén 48 thyc hién qua trinh glA tin hiéu vao dao déng
cao tin &8 truyén di goi ka qua trinh didu ché va qué trinh tach tin hiéu ra
khai dao dong cao tan & noi nhan goi la qué trinh gidi diéu hay tach séng.
Ngoai ra & phan nay ciing trinh bay qua trinh 48i tin st dung trong cac
may thu déi thn. _ _

Chuong VII : Gidi thiéu cac mach chinh luu 8n ap. Day 12 thist bi bién
dong xoay chidu luéi dién thanh nguén nusi cho cic thigt bi dién tit.

Gigo trinh dugdc diing gidng day cho sinh vién nam thit 3 nganh vat 19
Vdi ndi dung da dé cap, nhém giup sinh vien hidu bidt toan bd cdu tric cua
chc may phat, may thu sit dung treng théng tin kién lac, kg thuat truyén
thanh va truyén hinh. Ddng that gido trinh cling pham cung cdp nhing
khé&i niém cd ban, giip sinh vién tiép thu hoc tap va nghién citu, cac mon
hoc dién tit tiép theo nhu ki thuat s6, kg thuat ghép ndi may tinh, cdu tric
may tinh va théng tin v& tinh v.v... . _

~ Gido trinh ciing cé thd 1am tai ligu tham khdo cho cac can bd va sinh
vién cac nganh khoa hoc khéc, cac nganh k§ thuat dién tlt, vién théng, tin
hoc. Séch do tap thé cac can bé gidng day bo mon Vat Iy v8 tuyén khoa
Vat 1§ thyc hién. Ching toi da hét sitc c§ géng bién soan, mong trinh bay-
day dh va rd rang céc van dé dé phuc vu ban doc, song chéc chén khong
tranh khi thiu sot. Chiing t&i rét mong nhén dugc nhiéu ¢ kién dong gop
cha ban doc. Thu gop ¥ gl vé : Cong ty C8 phan sach Dai hoc - Day nghé
25 Han Thuyén - Ha Néi. '

Céc tdc gia



Chuong 1
CAC MACH TUYEN TiNH

1.1. TIN HIRU

Tin hiéu 13 biéu hién vat 1y cua tin titc. Cic dai lugng v&t 1y thuong
bign d6i lién tuc theo thdi gian, thong tin vé cdc dai lugng nay khi chuyén
d6i thanh tin hiéu dién ¢ hi¢u dién ap hoac cuﬁmg do dong dién ti 1¢ vdi
chiing. Céc tin hiéu nay I nhimg ham bién déi lién tyc theo thdi gian.
Chiing dugc goi 1a tin hiéu tuong ty vi quy luét bién déi cha né cling gidng
nhu quy luat ciia bién déi cha céc dai luong vat Ij ma né mo phong.

Chéng han Am tdn dién thoai 1a mot dong dign bi€n ddi theo quy ludt
ctia tiéng néi dugc truyén di trong mang. Tin hiu vo tuyén la séng dién
tir ma cdc thong s6 clia nd (bién do, tan s6 pha) bién ddi theo quy luat cla
tin titc muén truyén di. ' .

‘Trong vat 1y thuc nghiém, cé rdt nhiéu dai lugng vat 1y cdn blen déi
thanh tin hiéu dién. Tia phéng xa dap vio ong d€m tao ra xung dong dién,
né cho ta biét tinh chat cla tia phéng xa. Cic dnh sdng tdc dung vao t€
bao quang dién tao ra dong quang dién. P6 Ia tin tic cho ta biét nhiéu
dac tinh cha 4nh sdng d6. Rét nhiéu dai lugng vat 1§ khdc nhu nhiét do,
do &m, kich thudc, khdi lugng déu c6 thé bién thanh tin hiéu dién.

Nhu vay, moi tin hiéu vio c6 thé khong phai 12 tin hiéu dién nhung dé
¢6 thé do ludng, xirly va diéu khién cin dugc chuyén sang tin hi¢u dién.

Cic tin hiéu nay rdt phic tap vi c6 dang khéc nhau nhung mot céch tong
quat c6 thé dugc phan loai th?mh tin hiéu tudn hoan va khoéng tudn hoan.

-+

1.1.1. Tin hleu tudn hoan

La tin hiéu ma sau mdi khoang thoi glan Xac dmh gid tri ca noé dugc
lap lai

F(t) =F(t +T)



T chu k¥ (s)
f=— tdn sd (Hz)

Tin hiéu tudn hoan don gian nha't 1a tm hléu diéu hoa duge biéu dién
bdi Biéu thic :

A(t) = A sin(ot+)
hoac AQ) = Amqos(o)t+(p)
A, ©, @12 hing s6, trong d6
© tan s& géc, @ = 2nf = 2n/T ;
© pha ban diu ;
O+ pha tiic thoi ;
A, 1 bién d¢ tin hiéu.

Moi tin hiéu tudn hoan phic tap déu c6 thé phan tich thanh chuﬁl
Fourle cua céc tin hiéu diéu hoa.

- 1.1.2. Tin hiéu khéng tudn hoan

La tin hiéu khﬁng lap lai sau nhiing khoang thdi gian nhat dinh.
Tin hi¢u khong tudn hoan don gidn nhat 1a ham don vi

[0 khi t<0
O=1=11 i t20

Ham don vi cham thdi gian t duoe ki hidu 12 :

0 khl t<t
Kt-1)=1 _
| ¢ ) v {1 khi t2t
| . . N 1
A . C A(t-1)
0 | ) 't 0 T t

HINH 1.1. Dang tin hi¢u cida don vi ham 1 (8} va 1(t-3)

{
%)
'&Q nl



Cic tin hiéu ta dé cap & trén la tin higu twong ty, thong tin ma né
truyén dat cho ta la gia tri bien d¢ cua tin hiéu tuong tng véi thoi gian.
Viéc luu tri, truyén din, xir 1§ trong k¥ thuat dién tir gap nhiéu kho khan.
Vi vy, ngly nay ngudi ta su dung tin hiéu s6 12 mot chudi xung nhi phin
(1,0). Théng tin ma tin hiéu s6 truyén dat cho ta la s6 xung nhj phan tai
thdi diém nao d6 cha tin hiéu. Con bién 49 cta tin hiéu khong bi€u hién
mot gid tri thong tin ndo. Tin hi¢u s8 cho phép sit dung mdy tinh dé luu
trit vi xtr 1y. Khi truyén thong trén mang chiing bao dam do chinh xéc va
chéng can nhiéu cao. Dé chuyén déi tr tin higu tuong tu sang tin hiéu s6,
ngudi ta ding bd bién ddi ADC (Analog to Digital Converter). Tin hiéu
tuong ty dugc dua vao ddu vao ctia ADC. Tai timg thoi diém nhét dinh,
ADC 14y miu tin hi¢u tuong ty chuyén thanh dang ma nhi phén tuong
@g. Ta khong thé quan st mot céch tryc tiép cac théng tin 4n chira trong
tin hiéu s6. D& quan sit duge phai thyc hién qud trinh bién ddi ngugc lai
tir tin hidu sO sang tin hi¢u tuong tu bing bo bién ddi DAC (Digital to
Analog Converter). Tin hi¢u s6 d& dang chuyén vio mdy tinh dé xu 1y,
khai théc, t8 chitc, sap x&p, luu trif thong tin. Khi truyén din tin hiéu s8
" ¢6 dac tinh chéng nhiéu cao, kha nang bao mat, ma hod 16n.

1. CAC PHAN TO CO BAN CUA MACH PIEN

1.2.1. Céc mach tap trung, phan bé va diéu kién chuan dimg
Céc phin tit RLC duge mic tap trung trong mét mach dién hoac 'mot
t6 hop mach vdi kich & cia mach la 1. Nguén & hodc ] tic dong 1én mach
46 ¢6 bube séng A. Diéu kien dé khong c6 phit xa séng dién tr 1a kich
thuéc chia hé phai rdt nhd hon so véi budce séng A.
| Al - (1.1

Day 1a didu kién chudn :dﬁﬂg_va‘i mach hoic t6 hop mach trén duge goi
1a mach 1dp trung. _ S

Céc mach tap trung c6 thé biéu dién bing cdc phuong trinh vi phan
xay duyng duya trén hai dinh luat Kirchhoff vé the hidu va dong dién.

C4c mach khong théa mén diéu kién trén dl_rq_c_ggi 1a mach phdn b6
(dudmng day, cdp truyén, ng din séng...). Dé gidi quyét 'nh_ii_ng bai todn
cho mach phan b& ta phai sit dung phuong trinh toén 1§ véi nhimg diéu
kién bién cy thé. C e ey .



-Qua trinh tho man diéu kién chuin dimg goi 1a qué trinh dimg. Qué
trinh déng dién va dién th€ & trong mach di én dinh goi 1a qud trinh '
dimg. :

Khi chuyén tir trang thdi ditng ndy sang trang thii dimg khéc, trong
mach xay ra qui trinh qud do.

1.2.2. Phin t tuyén tinh va phi tuyén

Cic linh kién dién tir nhu dién trd, tu dién, cuén cdm, diode, transitor
I3 cdc phén tir co ban clia mach dién tir. Ching dugc, phan 1am hai loai
phén tir : tuy€n tinh va phi tuyén.

Phin tir tuyén tinh 1 phdn ti ¢6 thong s6 dic trung khong phu thuge
vio dién 4p tdc dong lén né va dong dién di qua né. Thong s6 dac trung
clia cdc linh kién tuyén tinh cling khong phu thudc vao céc tdc dong vat
1y chia mdi trudng ngoai. Ngudi ta goi céc linh kién nay 12 cdc linh kién -
thu déng. Ba phén tir tuyén tinh co ban thudng diing trong k¥ thuat dién
tir 12 dién trd R, tu dién C, cudn cam L.

Biéu thiic giita dién dp tdc dung va dong dién di qua ching la

_Ur . : _ : R
R—K—const_ . (1.2) R L, T
L A L

T —e
L=$=—I'~—=const (1.3) _
I t
' C

HINH 1.2. Ky higucla R, L, C

R 1a dién tr& don vi do bing Ohm (). Dién tr& trong thyc 1€ sir dung céc
loai ¢6 tri 56 16n hen : kQ (1kiloOhm) = 10°Q, MQ (1 MegaOhm) = 10%Q2.

L 12 hé s6 tu cAm clia cudn day, don vi do 1a Henry (H). Trong thyc t€, L
thudmg c6 giA tri WH (micro Henry) = 10™H, mH (mili Henry) = 10°H.

C 1a dién dung ciia ty dién, don vi do 1a Fara (F). Céc ty dién trong
thic t€ thudng 6 gid tri :

pF (pico Fara) = 10”"*F, nF (nano Fara) = 10~°F, pF (micro Fara) = 10°F.



Trong thuc t& cdc phdn tit ndy khong hoan toan 1a tuyén tinh vi ching
vin phu thuoc vio dong dién va dién dp. Ching chi 1a hang s trong
nhiing diéu kién nhat dinh va bd qua nhiing sai léch nho. Ching han véi
dién trd khi i nhd, nhiét tod ra trén R nho, gid tri cia R thay ddi khong
déng ké nén duoc xem 1a khong ddi, Nhung khi i ¢6 gid tri 16n, nhiét tod
trén R 16n, R s& thay déi nhiéu, né khong con la phdn 1 tuyén tinh.

Déi véi L, cdu tac chia né 1a mét cudn day trong c6.16i. Hé s0 ty cam
cha cudn day duge xdc dinh theo cong thirc

L _ popmzs
_ ' 1
Trong d6 : n 12 s& vdng day, S 1a dién tich cha Sng day, 1 1a chiéu dai
cha day, p 1a do tir thdm tuong d6i cha 151, s [a do tir thdm clia chan
khong. R ' .

“ Khi I qua L nhd, 15i chira bi biio hoa tir. p ¢ thé xem 12 héng s, L
khong déi. Khi dong 16n trong 6ng xuat hién tit truéng manh, 16i bi bdo
hoa tir, p s& thay déi, L thay déi. L khong con 1a phan tlr tuyén tinh nifa.

Déi v6i C, gid tri dién dung cha nd phu thudc vao kich thudc cha tu
vi dién méi giifta hai ban cyc tu dién. V6i tu dién phéng thi
' £€0S

C=d

Trong d6 .

S 1a dién tich hai ban cuc ;

d 12 khodng céch giita hai ban cuc ;

¢ 12 hing s6 dién moi 1y d6i, 5 12 hing s6 dién moi clia chan kh()ng-.

Khi hiéu thé dat vao hai ban cyc cha tu nhod, cudng do dién trudng
trong chét dien méinhd, & dugc xem la hing s6 C khong déi. Khi U 16n,
cudng do dién trudng E manh, € thay ddi theo E, C s& thay d6i.

Phdn tir phi tuyén Ia phén tir c6 gid ui céc théng sé dac trung phu
thuoc vao dién 4p tdc dong va dong dién chay qua né. Trong ky thuat
dien tir cic dung cu ban din, quang din v.v... la céc phén tir phi tuyén.
Cic thong s6 cha ching phy thudc vao U va 1. Dic trung Von—-Ampe la
mot dudng phi tuyén. Céc théng s6 ciia linh kién nay. con. chiu, tic dong



vat 1y cha méi trudng nén ching con duoc goi Ia céc linh kién tich cyc.
Tuy nhién trong mot diéu kién gidi han nao dé, véi cdch chon ché dé hoat
dong thich hgp v chiu tic dong cita tin higu nhé, céc linh kién bén dan
vén c6 thé xem 12 phén tir tuy€n tinh. ' '

1.2.3. Mach tuyén tinh va mach phi tuyén

Mach tuyén tinh 13 mach bao gém nhiing phin tir tuyén tinh. Mach
tuyén tinh cé nhimg tinh chét co ban sau : .

Piac trung von—ampe cia mach la dudng thang. d

Phuong irinh vi phan moé ta trang thdi hoat 40ng clia mach 1a phuong
trinh vi phan tuyén tinh (hé s& 12 hang s06). ' '

Mach tuyén tinh tuén theo nguyén 1y chong chat ; Khi tic dong cung
lGc hai hay nhiéu sic dién rong 1én mach, thi hi¢u dng t8ng thé clia mach
duge xac dinh bing cdch cong céc hiéu Ung riéng 1é.

Khi tdc dung lén mach mot tin hiéu c6 phd bat ky, trong mach tuyén
tinh khéng sinh ra cdc thanh phén phd mé6i.

‘Mach phi tuyén 12 mach c¢6 chta phdn tir phi tuyén. N6 khong dép
Ung nhimg tinh chat trén. '
1.2.4. Khi niém dién tré thudn va dién trg khang

Khao s4t timg phén tr tap trung tuyén tinh R, L, C khi cho dbng dién
diéu hoa chay qua. - o '

Doi véi dién trd R :

Khichodongdiendiéuhodl=lsinot » L @ A €

st F T ET T "
I, 12 bién do dong dién xoay chicu ; = ’ L
o 1a tdn s6 g6¢ @ = 2af ; - A Tae
© flatdn s6 cda dong xoay chidn. . | o
Ap dung dinh luat Ohm d6i véi e ©

dong xoay chidu, ti cong thic (1.2) ta  HINH 1.3, Gifn 46 Vector oia thé
- . ‘ . 3 Vi 17 Ly
tinh duoc dién 4p sut trén dign tro R 1a g

Ug = RI = R ]gsinot |

Dién 4p sut trén dién tr& va dong dién qua né 1a cung pha. Do léch
~ pha giita dién 4p va dong dién béng 0.

10



R dugc goi la dién trd thudn.
Doi voi cudn cdm L
Khi cho dong xoay chjé’u diéu hoa chay qua cuén cam I = Isinet ta c6

UL = L idlt- -—(DLIO COSOJI

oL ¢6 tht nguyén 1a dién 3, duge goi 12 dién trd khang cia cudn

cam L. oL, 12 bién d6 dién dp xoay chiéu trén cudn cam.
L

bién 4p Uy léch pha so véi dbhg [la o= g- Dién dp qua cudn cam
nhanh pha so v6i dong dién qua né. '
Poivéim C
Khi cho dong xoay chiéu diéu hoi Qua tuC:
_ Ic = Igsinot
The trén tu :

L — [pSin(ot - —)

=— jlcdt = -I0 C — Cosot = oC

Dién dp U va dong I léch pha ¢ = ——2». Dién 4p trén tu cham pha

so v6i dong qua nd la %

1 . a4 -
Zo% 1a bien do dién 4p xoay chiéu trén ty C.

1 . k] - - 1 ' +
oC cé thi nguyén 1a dién trd, duge goi 12 dién trd khing cua tu C.

Tit khio sdt & trén, ta rit ra sy khdc nhau gifta dién trd thudn va dién
tr& khang. '

Dién trd cé gid tri R khong phu thude vao tdn s6, dong dién chay qua
R va dién 4p sut trén né 1a dong pha. R duge goi 1a dlén tr& thudn hay
tr& thudn.

‘Con dién trd cla LvaCcé tri 56 oL va alaphl_l thudc vao tin s6 @
clia ddng xoay chiéu. Dién 4p trén ching la dong dién qua chiing ¢6 do
léch pha oL va _col(f dugc goi Ia dién trd khéng hay trd khdng cia L va C.
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Trong thuc t&€ khong ¢6 ph§n tr nao don thudn 13 R, L hoac C.

Chéang han dién tr& dugc ciu tao bang diy kim loai quin lai hoic
bing 16p than phil trén s c6 khia thinh dudng xoén dé thay dai chi sé.
Cic vdng xoén kim loai hodc than tao ra dién cdm. Gilta cdc vong xoan
tao ra dién dung va & hai dau trd ndi ra hai cuc kim loai ciing tao ra dién
dung. Nhu vay trén mot phén tir duge goi 13 dién trd thuan van t6n tai C
va L. Tuy nhién trong didu kién
nio dé, ching han & viing tin s& \ Cp .

- . p o . A G Ry B A B
thap, L vi C nhé so véi R, sai s6 — ._LI_}_.
do ching gay ra trong tinh todn
khéng ding ké. Cé thé xem yéu
t0 don thuin la dién tr& R. Doi
véi tu C trén thyc t€ gifta hai ma
cuc tu C c6 ton tai mot 16p céch -
dién (gidy, khong khi, gém, si, n,
ban din) nén ton tai mot dién trd. .
Co wé s .16 30 6 sumg, ML oty ey
duong la tu n6i ti€p hay song clia thé va dong
song véi dién trd. '

C, mdc ndi tiép R,
— @ day R, 14t nhd —> sind ~ &
- tgd=~ 3

= RI'I.
tgd = ZC.

=oR,C,

— Dong s6m pha hon thé€ mét géc ¢ < % .

~ 8 chinh 1a géc l¢ch pha gnua thé Lrén hai md tu (thuc t€) va thé khi
tu 1a 1y tuong (R = 0)

C, mdc song song R,

— Tuong ty nhy trén R/, rdt 16n — & rat nho.
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-5 chinh la gbc léch pha giita dbng_I‘thl_rc t€ va I qua tu 1y tuong
Dé phdm chdt Q

W
Qc = T _
W=Upy. Iy cong sudt khdng

P=Upg.Ipg-(sind=8) codng suit tiéu
thu, phy thudc vao tinh chét cich dién cla 16p dién moéi

* . 1 1

nCn
' P6i véi 1 xoay
'« C=ap+ Cy(Cplatu khi ¢ =0, o 12 gbc quay)
Vay déi véi khung thi tdn s6 riéng cia khung phu thudc vao géc
quay ¢ : | '

T e——r—r— T m—

Do voi ty varicap, gom dp dién hay dién dung lop tiép xiic p-n

C= CoeaU

_ | o c
phu thudc phi tuyén vao U. | |
Dién dung Varicap hay dugc . ' _
dung dé diéu khién tdn s6. . il .
_ L ~

Thuc t€ cu6n cam L con t6n

tai dién rG Ry, . HINH 1.5, Pac trung Clu) ctia Varicap
Vi vay, didc trung cua cudn :

cam cdn cé thém 3 thong s6 :
+ Dién trd cudnday R, va cong sudt tiéu tin P
+ Gid tri ciia R tang theo tdn s6

+ D¢ phdm chét: Q; = ;:—L , d dudng kinh day ;
L

Ry =Ry %, ) d6 xuyén sau hiéu ing skin.

13



_ . h ] T AR lUAB
a,J_f_ I dotuthir'n. A R L B :
nufo ‘twong dai ; — T -
f tinsé; _ . Ur Tre
46 din dién. HINH 1.6. S0 d6 tuong duong cda dign cam
1) > d dign. thue t& va gidn dé Vector ciia thé va dong
: {vGi @ 0 dinh)

1 3. PHUONG PHAP PHO — NGUYEN LY CHONG CHAT

Phuong phép phé dua trén nguyén li chéng chét duogc 4p dung khi néng
lugng ban ddu bing 0. Phuong phép n2y dua trén tinh chét clia mach tuyén
~ tinh v nguyén 1y chéng chat. Nguyén 1y d6 la tdc dong cla ngoai lyc

gém tdng cong nhiéu lyc 1én mach, thi. bing t8ng tac dong clia ting luc,
dé 1én mach. ' B :

B&i vy mudn khdo sit mot tin hiéu phic tap nao dé tic dong lén
mach, trudc hét ta phan tin hi¢u dé ra thanh nhimg tin hiéu don gian. Sau
d6 xét tac dong cha timg tin hiéu don gian d6 lén mach. Téng hgp ching
lai s& dugc két qua cén khao sat. :

Can luu § 13, nhitng ham don gian d6 phai 1a ham phd bién va dé tinh
todn, va khi téng hop ching lai phai cho ta ham phitc tap ban ddu.

Nhitng ham don gian thudng dung 1a :

— Ham diéu hoa, dugc ding trong phuong phéap phé, phuong phap
bién do phnic.

— Ham don vi 1{t), xung don vi 8(t) duge ding dé phan tich qué trinh
qué do dugc diing véi phuong phép todn tir.
Ham don vi 1(t) con goi 13 ham bac thang c6 biéu thitc
- .10 khi t<0 |
=) -
- 11 khi t21
‘ham don vi cham thdi gian 12 T duge biéu difn nhu sau :

10 khi 151:'-
t—-1)=

1 khi t21

14



Xung don vi 8(t) 1a xung c6 d¢ rong la At vatdnsd la EIT .

'Phuong phép phé dua trén nguyén ly chéng chat, nhung né khéng
tinh dén diéu kién ban ddu. Nguyén 1y chéng chat & day dugc phat biéu
nhu sau : Phdn tich qud trinh qud do cia tin hiéu phitc tap la phdn tich
qud trinh dimg, gdy bdi cdc thanh phdn diéu hoa don gidn.

Phuong phép phan tich phé, phan tich cdc ham tudn hoan va khong
tudn hoan.

1.3.1. Phd cia ham tudn hoan
Xét tin hiéu tudn hoan F(t) 0<T, <o
F(t) = F(t+T)) T, chuky;
f, = 1T, tin s8 ;
o, = 2xf, tdn s6 goc.
Néu ham tuin hoan F(t) 1a ham gidi ndi loai 1 ¢ thé phan tich thanh
chubi Fourie. :

F(t) = 12"— + z (a, cosaynt + by sin col.nt) (1.5)
n=1"

n. : s& ty nhién

| i, 17 ”
Vi co=e=g jF(t)dt
=T{2
A=k I F(t)cos nojtdt |
“T/2 o
o, .
by = | F@sinnojuds
| Seme

Néu dat cnz = a,,-2 + b‘,,2 , 180, =b,fa, thi

a, = C,CO8P, VA by = ¢ SINP,

. o0 _
Taduge F()=c,+ z c, cos(nayt - ¢y, )

n=1 -

15



Hoac dudi dang phic

E(t) = ¢, + i coelerton) o (1.6)

' n=1 _
" Nhut vay, ti mot ham tudn hoan phitc tap F(t) ta da khai trién ra dugc
tdng chc thanh phdn diéu hda don gidn v6i tdn s6 0y, 20, .. Oy, bién do.
13 C,. M&i thanh phdn dicu hda 12 mgt thanh phén cha phd. Tap hop tdt ca

c4c thanh phin diéu hoa tao ra phé cia tin higu.
‘ .

Xét phé bien do va phd pha : bi€u dién cdc thanh phan bién do C, ctia
F(t) sang dang phuc :

T2

C, =lc, e =% j F(t)e ™ t'de (1.7 .
Pt $. ()= Cﬂz(‘”)"r
' _ Ti2 _
suyra: S (w)= I;F(t)e_’“"’"dt : o (1.8)
~T/2 -
1 S
va FO) =5 D, S e (1.9)
n=0 .

- §, () duge goi 1a ham phé clia ham tuin hoan. Sau khi 14y tich phan
thi ham ph8 khong phy thudc vao thdi gian t ma phy thudc vao tdn s6 . |
S, (®)1a ham phifc bao gém : bién dé Sy(w) va p(w@).

Ci 2 thanh phén S(@) v (e) déu phy thude o.
Phd bien d6 S(®) : -

Vi c4p Furie 1a khong lién tuc, nén ham phé cta ham tudn hoan F(1)
ciing khong lién tyc. Ngudi ta biéu dién phé bien d6 va phd pha dudi
dang phd vach nhu hinh (1.7). '

M&i thanh phdn diéu hoa dugc biéu dién bang mot doan thing ding
c6 chiéu dai bing bién do cba diéu hoa d6. Cic doan thing nay goi la
vach phé va phé ¢6 dang nhu vay goi la phé vach.

16



Phé pha ¢(m) cling dugc biéu dién tuong ty nhy hinh 1.7.

Qué trinh F(t) 12 tudn hodn 1ap lai v6i tdn s6 ©y. 3 day @, = n.o| 1
gidn doan, nén ket qua cha Sﬁtheo biéu thic (1.8) chi c6 ¥ nghia tai céc
oid trj gi4n doan twong ing v6i céc gid tri noy ma théi. Nhung néu tinh
theo biéu thic (1.8) thi Sn(co) lai Ia lién tuc, Vi tich phan la giai tich voi
bat k¥ gid tri n2o cha ®. Nén §_(o)tinh theo biéu thic duge bidu dién
bang dudng chim chdm. N6 12 bao hinh cda phé vach.

Tém lai : Phé ham tudn hoan ia khong lién tuc.

Céc vach phé céch déu nhau, khoang cich gilta cdc vach phd 13 @
Phé ham tudn hoan dugc goi 12 phd tuyén tinh, diéu hoa.

Cin lwu ¢ 12 khong nhét thiét phai ham tudn hoan mdi c6 phd diéu
hoa, nhung nhat thit ham tudn hoan thi phd phai diéu hoa.

Dang ciia ham phd chi dac trung cho dang cba tin hi¢u né khong thay
déi khi dang tin hiéu khong 48i. N6 khong tryc ti€p biéu dién bién do ma
chi bidu dién mat 4o phé trong mot ving tdn s§ ‘o nao d6. Pudng bao cla
céc vach phé dac trung cho dang clia xung tudn hoan. :

St | %]
" - - , 7
""r. N ' e “ '
. : I .[ T. T'“T""T“"r - .-"l‘...T [ .
© @y ©3 O v @, ® 0y Oy Og.. Oy @
a) Phé bién d0 S b) Phé pha

HINH 1.7 : Phé.bién 8¢ va phé pha, n = ny vdin=123..

1.3.2. Phé ciia ham khong tuén hodn

Ta bié€t ring moi tin hiéu déu hodc 12 tudn hoan hodc la khong tuén
hoan. ' :

O tren ta d3 khio sét va tim ddqc_: phé cia ham tudn hoan. Bay gio ta
fim phé clia ham khéng tudn hoan. Néu thuc hien duge, thi c6 thé xem

17



phuo‘ng phédp phd dugc ing dung dé phén tich moi loai tin hiéu. Diéu ly
thid la & day ta s€ tim ‘thdy xung don c6 dang gidng xung tuin hoan c6
ham phé hoan toan tuong tu.

Gi4 sit ¢6 ham tuén hodn _

FO=Ft+T)
Néu cho T — oo thi ham tudn hoan F(t) s& thanh ham khong tuan hoan f(t).
Néu thay biéu thiic (1.8) vao bi€u thic (1.9) (a8 dugc :

T/2 '
F(t) = o i [ Py a g (1.10)
2n =03 -T/2

'Néu cho T—>w thi ©->dw,, no,—>o, F©) s& tién t6i f(t) va chudi
(1:10) s& bién thanh tich phan sau : |

f(t) = 1 j S(w)e™ do (L.1D)
2n A _
Trong 36 S(o) Ia ham phd chia ham khéng tudn hoin
- m . : . .
S(co) = ]’ f(t).e‘l"“ dt . (1.12)
—0 ' :

Khi cho T—-*oota chuyén tit ham tuan hoén F(1) t6i ham khong tuin
hoan f(t) cling dugc phan thanh tich phan Fourie, n€u ham dé6 1a gidi ndi
loai 1 va thod mén diéu kién :

] tf(t)|dt <M

M 12 s& hitu han. Ha1 cong thirc (1.11) va (1.12) c6 cdu tao d6i ximg

' ducc coi 13 cép bién ddl Fourie. Cong thic (1:12) 1 bién chuyén thuan

Fourie cho phép tim ham ph6 S(m) kh1 blé’t f(®).

* Cong thitc (1.11) 13 bién chuyén nguorc Founc cho phép tim f(t) khi
bict S(w).

. Ham f(t) 14 tich phﬁn nén ham ph6 ia lién tuc, f(t) 14 tong cla nhitng
thanh phén diéu hoa lién wc. Phé bién dg va phé pha ¢ dang hinh 1.8.

18 ' 2.VTOT-B
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S(cd)T - o

o——= — 0! -
LINH 1.8 : Phé bién a6 va phé pha ciia ham khong tuén hoan ' |

Ta thdy ring ham phé clia him khong tudn hoan, chinh 12 bao hinh-
ctia phé vach chia ham tudn hoan c6 dang gidng nhau.
Vi vay, n€u biét ham phd clia xung don, ta c6 thé suy ra phd clia xung .
tudn hoan c6 dang tuong tu, c6 tan s6 @, .

Tir ham phd ciia xung don, tai cdc pha @ ; nw, ta giong lén s& tim
dugc cic vach phd twong Ung. _

Chéng han muén tim phé ciia 1 ddy xung vuéng tun hoan cd tdn s6
12 @,. Ta chi viéc tim phd clia 1 xung vuong dd. T dd thi bi€u dién ham
phé clia 1 xung vudng vira tim dugc, tai cdc gid tri @, 20, 30 ... ta
gidng 1én s& tim dugc céc vach phd cia chuéi xung vuong tudn hoan. '

1.3.3. Nguyén 1y chong chit ‘

'Nguyén 1y chong chét 1a co sd cho viéc khao st cac mach tuyén tinh
(khong sif dung dugc véi cic mach phi tuyén). '

Nguyén 1y duge phat biéu nhu sau : Tin hiéu do nhiéu nguon ngoai
luc gdy ra khong phu thudc vao nhau. Gia st ngoai luc f)(t) gy ra mdt
nghiém x,(t), ngoai luc f(t) gdy ra mot nghiém x,(1) thi ngoai lyc tong
cong f,(t) + f,(1) s& gay ra nghi¢ém X (1) + X(0). :

Nguyén 1y chéng chat cho phép chi cin xét téc dong cha ngoai luc dicu
hoa don gian, con ngoai lyc phic tap s& coi 13 t8ng tic dong clia ¢dc ngoai
luc don gin (sine, cosine), sl dung phuong phép phan tich phé Fourie. -

1.4. NGUON THE - NGUON DONG - A

PHUONG PHAP SO B TUONG BPUONG
1.4.1. Ngudn thé o
" La nguén c6 tré ndi R; << Ry. Vi vay, . B ;
dien 4p ldy ra On dinh, it thay d8i theo R1.  HINM 1.9. So d6 tuong duong

Ac quy, pin (nguén.héa hoc) ¢ trd ndi ~ ctia mach dign ngudn thé
0,1 + 0,3Q 1 cdc ngudn the. SO

&) 1R
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s(1)
Ri
1 +I7R:

Uas =

ViR, << Ry - Upp~ &(t) = const

1.4.2. Ngudn dong .
La ngun ¢é g noi rét 1on R; >> Ry. Khi d6, dong dien hdu nhu
khong thay d6i khi thay 36i tré tai.

g(t)

1= £(t)
“R;+Ry

vi Ri>>Ry— If-rs—R—zconst
i

Vi du t€ bio quang dién c6 R; = 100MQ 12 mot ngudn dong.

Tuy nhién, viéc phan'biet nguén dong hay ngudn thé c6 tinh chét
twong ddi, thy theo ti s6 giita R; va Rq. Nguén the thudng duge su dung
trong cac mach khuéch dai, may phat. Con ngubn dong cung cap cho
mach emitter cia mach khuéch dai vi sai.

1.4.3. Phuong phip so 46 tuong duong

La phuong phap aé gian lugc, ndi bat phén tr ma ta cdn tinh cac dai
luong dién trén d6 va don gian héa tinh todn. Nghia 13, thay mét tip hgp

phdn tir cia mach bing céc phdn tir m6i twong duong, yéu céu 1am sao

cho thé va dong qua cc phdn tir con lai khong d6i.
Vi du : So 46 gém ngudn U(i)', trd noi R1 mic ndi tiép v6i Ry va R,

song song. Ta cin khio s4t cac dai lugng U, va I trén R,. Ta s& chuyén
vé so d6 tuong duong. ' '

a) So 48 mach dién b) So @8 tuong duong clia mach

HINH 1.10. Mach digén va sa d6 tudng duong
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P= i, +i
.. R,
- i, =iy =%
1 .2 Rl
- U(t) = (i1+i2)Ri+i2R2
l
= ipRyg+ KRy
) R,
Trong d6, Ry= (—R— + DR,
S

1.5. PHUONG PHAP BIEN PO PHUC

Phuong phép bién d¢ phic 1a phuong phép bidu dién cdc dai lugng
dién thong qua cdc s§ phic. Phuong phép nay duge ding dé nghién ciu
qué trinh dimg trong mach dién ¢c6 dong xoay chiéu 6n dinh. Xét mach
dien gém RLC méc n6i tiép hinh 1.11 chiu téc dung cia mot dién the
u(t) = u,, cos(ot +¢;). | '

Tir mach dién ta xay dung dugc phuong trinh vi phan mo ta trang thai
hoat dong cia h¢ : ' :

L%i-+-é—: jidt+Ri =u(t)=ugy cos{at + @) (1.129
Pién the u(t) c6 thé xem 1a phén thirc )
ctia thé phitc 0 | R
i = u, [cos(ot + @) + jsin(et + o)) U e
Hodc viét dudi dang : - . _\-
i= Umejq’lejmt —Ue® . HINH 1.11 : Mach dién RLC nGi

tiép chiu tac dong cia uft)
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v6i U =U,_ ™ goi Ia bien do phitc ciia dién the
vay U(t) = Re Ue/™ ‘
| Dong dién trong mach
- i =1 cos(ot +@;)
ciing dugc xem Ia phan thuc clia dong dien phic, tuong dng v6i dién thé
phtc néi trén. '

_ i) = 1,lcos(ot +@7)+jsin(ot +;p2)]
= Imejlpzlcjmi " iejmt

véi  1=1_.¢" 1a bién o phic ciia dong dién
vay i(t) = Re [
Thay n vA i trong phuong trinh ( 1.12) bang thé phic fJ_ va dong phiic 1 :
d(iejmt) 1 s jot r ot _ T jml.
L=+ G fie®'at + Rie!™ = Ue

3an1«3’"’t L jeiot 4 Rielot = e
_](DC
| Dcm glé.n /™ & hai v€, rit ra :

1

Phuong trinh (1 13) 12 phuong trinh da1 56 vﬂl bxé’n va ham méi la U, I
JoL 12 dién trd phifc cia dién cam goi 12 qam khéng ;

j?lc' 12 dién tr& phitc clia tu dién goi 1 qung khéng ; |
: .R 1a tr& thua‘n..C{ﬁ thé.viét phuong trinh (1.13) dusi dahg sau :
U=RejoL+gi=2
véi Z=R+joL+ JT;E 01 14 1éng wé phtc cita mach, hay
‘E'_ Umej'Pl.

I 1,e™

-2-ler
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véi | Umﬁm;\Z"=J;lz+(wL—Eo%)2 (L4

oL -1/wC
R

o=@ — @y = arctg (1.14.b)

Tir (1.14.a) va (1.14.b) ta hoan toan xéc dinh duge I, va @; néu biét
Uy @, V2 cac thong s6 R, L, C.

Tu céch tinh trén ta suy ra: Pé tinh todn v6i dong xoay chiéu ta co
thé dung phurong phép dong dién va dién thé phic. Trong dd ta gén cho wr

cim va tu dién cic dai lugng cam khang joL va dung k’h'z'mg ]c;—(f . Sau d6

dya vao dinh luat Kirchoff, xay dung duge phuong trinh dai 5§ giita bien
do phitc dién the va bién do phitc dong dign. Gidi rata tim dugc nghigm
du6i dang bién d phic, suy 12 nghiém phic. Phén thuc clia nghiém ph\’xc'
chinh 12 nghiém thyc cén tim.

~ Phuong phép bién d¢ phic rdt thuan tién vi chuyén dugc viéc giai
phuong trinh vi phéan phic tap v& viéc giai phuong trinh dai 30 don
giagnhon. - '

1.6. PHUONG PHAP TOAN TU
. 16L.Khdiniem

. _ V6i bai todn ma ngudn ngoai h,Ic~(U‘;) 1a nguﬁn didu hoa, viéc sit
dung phuong phap bién dé phic 1a rdt thudn tién. Tuy nhién, Khi ngudn
thc dong khong phai 12 tin hidu diéu hoa (chdng han 1a tin hiéu dang
xung) thi qud trinh dien xay ra trong mach dien khong phai 12 mét qui
trinh ditng ma 12 qué trinh qué 4. Loc nay khong thé dp dung phuong
phép bién do phttc. A :

_ Véi qua trinh qué d¢; sit ‘dung phivong phép todn tir ta's& chuyén
dugc phuong trinh vi phan (bién t) vé_phudng trinh dai s6 (bién p). Tuong
g c6 4nh xa 1-1 nhu sau : )
.

Ham goc f(t) Biént U,
tam anh B(p) ~ Biéap CUp)
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1.6.2. Tinh chit cha toan tix

Ham géc f(t) la mot ham phirc cia bién thuc t néu théa mdn 3 diéu

kién :

—Lién tuc khép noi trit mot s6 diém gidn doan loai 1.
— f(t) = 0 vé&i moi t < 0.
_ (t) tang khong nhanh hon ham mi |f(1) <Me™. M, s 1a 58 thyc.

Néu mot ham ndo d6 khong thda mén diéu kién 2 thi ta nhan né véi

ham don vi thi s& théa man diéu kién 2

. 24

Ham dnh Laplace
— N&u biét ham gdc 1a f(t) thi s& suy ra ham dnh Fp)

E(p) = J'e‘P‘f(t)dt (1.15)
] [l
£ bién thuc ;

p “bién phitc. |
_ Nguc lai, néu biét ham nh F(p) thl ¢6 thé tinh duge ham gdc f(V

. DU R S
£(1) —ma_jjwc F(p)dp (1.16)
~a=Re(p)

Quan hé giira f(t) va ir""(p) duge biéu dién nhu sau :
iy = Fpy
Cdc dinh 1y vé qudn hé giita ham dnh va ham géc

a) Tuyén tinh af(t) + pe(t) — aF(p) + BG(p)
b) Doéng dang

. . 1P
Moi o > 0 thi flot) > aF(a)



¢) Dao ham ham gé¢  f'(1) > pl?'(p) - f-0)

£ (1) > p"F(p) - Pn'_lfu:m - Pn—2f6t=0)' -
d) Paohamham anh  F'(p) > —t£(t)

£ (p) = (0" £(1)

t ) :
e) Tich phan ham g6c Néu g(t) = _If (t)t  thi G(p) = F@)

f) Tich phan ham anh  Néu G(p) = jil"(p)dp thi g)= f(t)
P

g) Dinh Iy cham " Néu géc cham 7 thi twong duong anh cham e ™
f(t-1) > c_p'_la'(p)

h) Dinh Iy chuyén dich. Néu anh dich chuyén py thi goc nhan véi P!
F(p - pg) = €M)

Cic dinh 1§ trén déu-cé thé duge chimg minh khi dua trén quan hé
giita anh va gdc (muyc 2) :

Mot sé ' ham dnh va géc tu‘cmg tmg thong dung

1 1

nw=1t - - -t -

t 1 ' ' 1
e - " —t - -

p-1 p

. ® ' n!

sinmt - 5 2 -tn - =1
: pTt+a _ P
M : +A

cosmt — 2 p 7 [ M'COS(Dt - —-p—z'—z
- p°+w o (p+A)y +o

Vi du cu thé cho mach dién

| D3&i v6i cdc phan tk R, L, C cha mach dién, ta-cd biéu thic todn tit
tuong Ung v&i biéu thiic vi tich phan theo bang sau :
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Phén tir Biéu thic vi tich phan Biéu thic toan &

-~

Dientrd | Up=IxR Ug =Rlg
Ue = U0 += [id ; I
3 c = Uc® +§I‘ t Ue =UcO+%
Ty dién dU~ - pC
Up =L% Oy = Lpl - LI (O)
Cudn cam 1 ' 100 ﬁL'
I, = 1.0 +EIULdl | L=LLO+

3 tren Ux(0), Ix(0) 12 ham thoi gian tai t = 0. Néu ého céc gia tri ban
dau d6 bang O thi :

0g =Rix > R dién trd todn tr;

U = ic_ > = dung khéng toén tir ;
¢ pC B e ’

fJL = LpiL : > pL  cém khdng todn t.

1.6.3. Tim nghi¢ém béng .phudng phap toan tir
Xét mach dién gém R, L, C mic ndi ti€p hinh 1.12.

3 161 vao mach dién téc dl‘_mg dién th€ u(t), R L
cdn tim dong dién i(t) trong mach . | I
~ Pé tim nghiém bing phuong phép toén 1l ¢ v, c
thé theo ba budc sau : : 1 _ T
Buoc 1: Thanh lap phuo‘ng trinh todn tir ‘ HINH 1,12 : Mach R, L,C

Budc 2 : Giai phuong trinh tosn 1ir, tim duge néi ﬁiﬁ:?ﬁ;‘;‘jﬁf"”g
ianh cia nghiém B _

Bugc 3 : Tim nghlém gdc tir anh clia 16.
Butde 1 : C6 hai cdch thanh 1ap phuong trinh todn tir :

— Céch thé nh4t : Cin.cit vao mach dién 14p phuong trinh vi phan mo
ta trang thdi cha mach. Sau dé ddi t4t ca cdc s6 hang ¢ hai v€ cla phuong
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trinh sang 4nh cda n6. K&t qua ta sé duge phuong trinh todn i tuong tng
v6i phuong trinh vi phéan. .
— C4ch thit hai : Can c vao biéu thic todn tir cha cdc phan tlf trong
mach dién, thinh 1ap phuong trinh todn tir. ' '
Trong truong hgp mach don gidn céeh thd hai rdt thuan ti¢n. Xeét
mach dién hinh 1.12, néu diéu ki¢n dau bing 0, thanh lap phuong trinh
todn tit. Véi :
it) > 1(p)
u(t) - U(p)

' Phuorng trinh todn t& biéu dién trang thdi ca hé :
U = RI(p)+pLI(p)+E 1(p) (1.17)
(1.17) 1 phuong trinh dai s6 giira T(p) va U(p)

) = R +pL+ 010 = Z0)T(P)

Trong dé : Z(p) R+pL + EIE goi la tong tro todn tur

 Buée 2 : Tim nghlém clia phuo‘ng trinh todn ti, chi 12 gidi phucmg
trinh dai s6. Nghiém nay chinh 13 anh cta nghiém géc cin tim.

Bitoc 3 ;- Tim nghiém g6c tX nghiém anh & buéc 2. Trudng hop don
giin c6 thé tra bing tuong ting gita ham s6 g6c va anh da trinh bay & trén.

Khi khao s4t qua trinh qué dﬁ vo’1 mach tap trung, ham géc cén tim
cé anh _

MB)
N
Trong d6 M(p) va N(p) la da thitc cha p, va bac cha M(p) khéng cao

hon bac ciia N(p). ﬂng dung dinh 1y khai 'trién va phép bién ddi nguoc
Laplace (1.16) tim dugc gdc cta anh bing cong thiic Hevisai :

£(0).1(t) = [M(O) o _Mipy) Pk‘] 1(t) (1.18)

F(p)—

N(©) z PkN(Pk)
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Trong d6 k=12,3..n

Py> P2---P---Py 12 nghiém clia phuong trinh N(p) =0
wp y - | NP |

Cong thic (1.18) tim £(t).1(t) tuong ding vé6i trudng hop tat ca nghiém
chia N(p) = 0 déu khac 0. :

Néu trudng hgp ton tai mét nghiém p = 0 thi da thic N(p) biéu dlen
duéi dang p.N(p) va

' M) _¢
f,.1 =F
HOWN @ P

Ham cén tim :
t
.10 = ;0.1
Né&y tén tai m nghiém cia phuong trinh N(p) = 0, bang 0 thi N(p) c6
thé biéu dién dudi dang pm.N{(p).

Sau d6 xac dinh duge £,(1).1(t) va ham cén tim f(t).1(t) bing cich idy
m l4n tich phan cda ham f,(t).1(t) trong gidi han tir 0 dén .

1.7. PHUONG PHAP THONG sG vOI1 TU CUC TUYEN TINH

T cuc tuyén tinh 12 mét mach tuyén tinh c6 b6n cuc, hai cuc tao
thanh 16i vao, hai cyc tao thanh 16i ra. Hinh 1.13.

Néu diing phuong phép s6 phirc d€ tim

hé s truyén K ctia mach thi ta hoan toan ! 2
' U K 0
xéc dinh duge tin hidu ra U, khi biét tin l ! :

]
2

_ 4
hiéu vao U,. Vi vay viéc nghién ciu sy phu :
. _ ) HINH 1.13 : T cue tuyén tinh
thuoc K viao « (hay p) 1a rat quan trong.

Ham | K =K(®) goi 12 dac trung tdn s6 cha mach, con ham @ = tp(co) tifc
12 argument ciia K goi la dac trung pha clhia mach.

28



3 16i vao ciia tif cuc thudng c6 ngudn tin hiéu tdc dung con & 16i ra
thudng méc tai (Hinh 1.14) - | |

Zy I,=14 1,=12 . I_V=l1 =12

' . Ai A
65?{%:% k| e, ElzT 1%)\(& T | L ETPRTR L
. . n .

a} Tt cue chiu tac ddng ngudn thé b} Tir cqc. chiu tac dung ngudn dong
HINH 1.14 : Tir cue chiu téc dung cda ngudn thé ngubn dong _

Nguén tic dung vao 16i vao co thé 1a nguon dién dp duge biéu dién
bing mot s.d.d va mot trd trong Z,. né cling ¢6 thé 1a ngudn dong dugc
biéu dién bang ;not mdy phét dong khong d6i T va mot dién dén trong Y.
Tai & 16i ra c6 thé biéu dién bing tdng trd thi Zy, hoic dign din tai Yo
Cic dai luong néi trén néi chung déu 13 phiic song dé don gian tir day o

di ta c6 thé bd k¥ higu () trén k¥ hiéu cho don gian. Con mot module cha
dai lvong phyc thi ky higu bing chif hoa.

Céc dai lugng dac trung cho tif cuc chinh'1a

Ky =U/U, hé s6 truyén dat dien ap;

- K= IJIV - hé s6 truyén dat dong dién ;.
221 = UL, = ULy dién 1rd truyén dat thuaﬁ ;
Y, =1/U,=L/U; .~ diéndin truyén dat thuan:
Z,= U/, ' dién trd 16i vao ;

Y, - /U, dién dén 16i vao;
Z.=UJL | ~ dién trd 16i ra.

Trong mot s6 truong hop dé nghién cu tit cuc tuyén tinh ngudi ta dat
mot cdch hinh thic cdc phuong trinh lién hé gifta céc dién ap va dong
dién 16i ra v6i dién 4p va ddng dién 16i vao nhu sau

Ul = lell + 21212 ' ’ (1193)

Up=Zol +Zpoly | (1.19.b)
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hOE_.C Il YllUl +Y 2U2 (1.203)

12 = Y12U1 + Y22U2 . (120.b)
hodc U, =h,I, + h),U, | (1.21.2)
/ 12. = h2111 + h22U2 . (1.21.b)

Y nghia cha cdc thong s6 cua phuong trinh (1.19) nhu sau :
khi I, = O tifc 14 16i ra h& mach
Uy =2l Z,=U,
Vay Z,, 12 téng trd 16i vao khi 18i ra hd mach.
Ly luin tuong ty ta cd
Zy lh.téng trd 16i ra khi 16i vao hé mach ;
7,5 12 téng trd lién ket nguge ;
Z,1 12 téng trd lién ket thudn ;
| Y, 1a dieﬁ din 16i vao khi 16i ra doan mach :.
Y, 1a dién din 16 ra khi 16i vao dodn mach ;
_ Ylé 13 dién dén lién két ngm-;ic‘;
Y,; 1a dién din lién ket thudn ;
- hy, 1a tdng tro 16 vao ki 16i ra dodn mach ;
 hy, 12 dign dén 16i ra khi 161 vao dodn mach ;
hy, 14 he s truyén dat ngugc vé dlén ip;
h,, 12 hé s6 truyén dat thuan hay hé s6 khuéch dai vé dong d1én

- Tu phurmg trinh (1. 19) néu coi I, 12 la 4n va g1a1 h¢ phuong trinh dé,
coi Ul,Uz la da biét ta s& dm:!c o

I, = (Zp/D)U, ~ Z/2)0;
L, = (Zy/DU, + Zy/DY,
vii Z =72y~ Z12Zn;
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Néu dem so sanh (1.20) véi (1.19) ta duoc :

Y11 =ZoofZ, Y= —LiofZ, Yo =~Zp/Z V& Yp=Zp/Z
Tuong tu nhu vdy ta c6 thé€ tim dugc :

Y =hy,  Yyp=-hp/hyy, ?21=h21/1111’ Yo, =h/hy,
véi h = hyhyy ~ hyzhy

Zi=Ynly, Zp=-Yuly, Zyy=—Yaly: Zy=Yuly,
véi ¥=Y Y- YipYy

Zyy =Wy Zyp =hphy, Zy) = —hyy/hyy, hy, = 1/hy
hyy =ZZy hip=Z1fZy,  hyy=-Znllyp, hp= 1/Zy,
h11=1/Y11’ h12="Y12/Yns hy, =Y /Y11, h22=Y/Y11

Ta c6 thé tim méi lién h¢ giira céc dai lugng dac trung cho i cyc voi
céc théng s6 Z,Y hay h néi trén.

Ta ¢é thé tinh céc dai lwgng cia hinh 1.13
U,=U,=E-7Z],
I =l =1-Y,U,
U,=U,=Z1,
| .= =Y1Up.
Ket hcp céc phuong trinh (1.19)
- | Z, =UM=Zy + 2oL/
va Zrly = Z2111 +Zpl,

Tudésuyra = Zy= (ZyZr— 2:)/(zT zgz)
Chiing minh tucmg tu‘ tach: _
g Y2 _Ya _ ZnZy
U Y=Y ZuZT - AZ
K, = L __YuYy  _ Zy
I Y Yr-AY Zp-Zy

Z = -L-]—2= YZI : = Zzl,ZT
Cmybn T T TN Y - AY 2y -y
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Y, et qu L _ oYy __ 7y
WRRTU, Yr-Yn ZyZr-4Z
U _ Yo-Yy _ZyZr-AZ
, .
z. Y2 __ Yyt '=_Zzzzn+AZ
Ngudi ta di ching minh duoc ring d6i véi mach & 16i ra ta c6 thé
thay todn bo t& cuc va ngudn tin hiéu & 161 vao bang mot mach hai ddu
(ludng cuc) b stic dién dong hoac ngudn dong tuong duong véi dién tro

trong Z, hodc dién din trong Y, nhu sau :

: 7

B gl ryd X
¢z, +7Z8 Y, +YS
B =Pl _xho_L g

¢ Z,+Z, u-“IY,|+Y\‘,1
Y. =Y, =—-(%-I—)I=0
r

Z. =Z, = -(%)E =0
I

Trong d6 céc dai lugng c6 k¥ hiéu h, d 12 céc dai lugng 1ing v4i trang
thai hé mach hoac doin mach 16i ra. Khi hd mach thi Y= 0 cdn khi doan
mach thi Zt=0. Vidu : '
zd .82 AY
Y2y Yo
Véi céc dai lugng tuong duong Hy, cdc so d6 hinh 1.14 chuyén thanh

so d6 hinh 1.15.ava 1.15.b _
ZT ®l| YT

Zy
a} Sa d6 iudng cve tuong duong 1a ngudn b} 8o dé ludng cuc' tuong duong 12
sire dign dong ' ngudn déng

Hinh 1.15. S0 d6 udng cyt tong duong véi so d6 hinh 1.14

Y = (chi ¥ Z, = 1/Y,)
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Trong céc thong <6 néi trén cha mach ti cuc, théng s& quan trong -
1hdt 12 he s6 truyén K. Vi th& ngudi ta thudng nghién ciu

Sy phy thugc ciia Kyl theo tdn s6 va goi 1a dac tinh (hay dac trung)
tin s0. '

Sy phuy thudc cia k (argument ciia K,) theo tdn s§ va goi 1a dac tinh
pha cho ta bi€t mot tin hiéu khi truyén qua mot mach tuyén tinh thi bi
thay déi ra sao vé phuong dien phé va vé mdi twong quan pha. Mot bo
khuéch dai tin hiéu chita transistor dugc coi 1a tuyén tinh khi nd hoat
dong trong mién tuyén tinh cba dac tuyén va tin hiéu vao 12 nho. Khi &y
ta c6 thé dimg 1y thuy&t vé ti cyc (hay mach 4 ddu) dé phan tich céc tinh
chit cla no.

1.8. MACH VI PHAN, TICH PHAN, MACH TRUYEN

1.8.1. Hé s0 truyén dat

He 56 truyén dat 12 dai luong do bing . .
ti s6 giita dai lugng 16i ra trén dai lugng 160 ‘ Mach | o
vio. : ' L&t vao dién Ldira
h—.
.U . 2 4
K=+ He s6 truyén dat the ; o
U, HINH 1.16a : Ky hiéu tuf ¢yt
K= %5- He s6 truyén dat dong ;
v . :
.U, L . )
K= T He s6-truyén dat dién 0;
v .
K= %- He s6 truyén dat din.

L'

_ K I3 mot dai luong phic K =/ K(®)| ).

- . K=K(») _ Dﬁc trung tﬁh_ s6 ;
9 = ¢(o) Dic trung pha ;

— Dai truyén A® = © —
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Trong d6, @, ®, 12 gidi han tin s& trén .
va ducn clia ving tdn s& truyén qua thoa - in/( oo
F
man didu kien Kq / V2 ~0,707Ky. .

1.8.2. Mach vi phan, mach truyén

£

O

=]

Cic mach khio sét sau dﬁy 1a mach

truyén va mach vi phan * HINH 1.16b. Djic trmg K(e)

- a) Mach vi phin RC 16i ra trén R. .
H‘mh trén 12 so 36 mach dlen vi phan RCl1Siratren R -

Khdo sdt ddc rru‘ng da‘ng Khi tic dong 16i vao mot tin hléu diéu
hoa U,(t)

Sir dung phuong phép bién do phuc:

jo U
1
R+ ———Jmc
: U =Ri= RU, - 'ijRUv ._ HINH 1.17a. Mach RC 16i ra
T - 1 1+ joRC trén R
"R+—=x . :
joC
~ CR(—l»U—v véi rl>>(oRC hay 1>>(m]

* goi 1a didu kién vi phan T = RC la hing sﬁ' thoi gian.

o . K, joRC _joRCU- joRC)
= K=, "TrRC ™ 1+ a®C

N\
_ o?R2C? yj— oRC ol +j 0T
1+o?R?C* "1+ m2R2C2 1+ l+oeit

' . I -|:4+o321:2 m'rx]1+c0212 Wt
- |K 1=
: (1+u)'c) 1+ 0%t \F+m1

Tz_liK=1/\/5 —)m1=l—)lﬁ)t=1/‘t
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Qua dé thi ta nhén thay,
o cang thap thi diéu kién vi
phan cang dip {ng sé cho
bién do 18i ra cang nhod, suy
ra cdc thanh phin tdn s6
cang thdp cang khé di qua
mach. Mach ndy c¢6 l¢i v€
phia tdn s6 cao nén dugc
ding lam mach loc "tdn
s6 cao. Diéu kién truyén 1a

® 2 o,o, goi 1a gidi han
tdn s& thép.

Ung dung :

1.2

0.8]

0,6'
0,41

0,2

Tg=>T1> T

& [-ermmmm e mmmmmm e

HINH 1.17b D3c trung tan s6 ctia mach

— B6 loc tén s§ cao, véi ving truyén qua tir @, —

r

— Bi&n thién R thi t bi€n thién vi viing truyén qua dugc md rong hay
thu hep. Dung 44 diéu chinh do trdm béng & phla tdn s thdp trong may

tang am, mdy thu thanh.

Khdo sdt ddc trung qud do
Bi€u dién U, dudi dang

todn tir :
0, =R
Rt
pC
Vai U, =1(1) :
O, =i tr=—p
| p1+_1_- p+l-'
pt
' Theo dinh 1y dlCh chuyén

* HINH 1.17¢ Dac tnmg qué &6 cia mach

Ut =‘1(t)._e.'.""-

Trong d6, © = RC1a hing s6 thoi gian

Um=e "
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Véi U, dang xung vuong U, =1(1) = 1(1='), bé rénglat’

~ U =1me " i) O
t<0 Uty=0
o<i<r  Um=c”
t>t U= Lt

t cang nho’ thi tin hiéu ra
cang méo so véi tin hiéu Vao.
Dang xung 16i ra v& & hinh 1.16.d

Khi cho t = 1, thi xung 161
ra c¢6 dang dudng 1. Do giam
thé & 16i ra so véi 161 vao (con

goi 1a 46 sut minh xung) la U,.
Xung 16i ra bi méo dang.

Néu gidm © dén gid i T,

13 <T
Ta thdy do sut the bay gid 1a
U,>U,

- HINH 1.17.d. Dang tin hiéu 16i vao va Ii ra.

xung 16i ra 1a dudng 2, cang bi bién dang nhiéﬁ hon. Vay T cang nho
xung 16i ra cang méo so v6i xung vao. DE dinh do méo xung ngudi ta
diing ti s6 T /t'. o ' .

Truée hét mot xung ving khi truyén qua mach RC, bao gid ciing bi
méo dang. Nhung khi © /t' 250, thi mic do bi€n dang rdt nhd (dudi 1%)
coi nhu tin hidu 16i ra khéng bi méo dang. Khi T /t' nim trong khoang
(2...50) xung ra cé.su bién dang, T /t' cang gidm sy bign dang cang nhiéu.
Tuy nhién trong khoang d6 vin duge sit dung dé truyén xung. Tuy theo
yeu céu vé do sut thé U cho phép, ngudi ta s& tinh dugce t/t’ thich hop.
Khi t/t’ gidm xudng dudi gia tri 1/10 thi xudt hién hién tugng 1a tir 1
xung vudng don ciuc 16i vao, 16i ra xudt hién 2 xung ludng cuc, dudmg 3
trong hinh 1.17.d. Ngudi ta sir dung hién tuong nay 1am mach vi phan.
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Piéu kién dé mach trd thanh vi phdn

Mach vi phén 12 mach ma tin hiéu 16i ra ti 18 v6i vi phﬁn tin hiéu 16i vao :

u, = const. duvldt

it mach dién ta tinh dugc :

4 = joRCa,
r 71+ joRC
Néu u, = Aet
du ;
s U _ Aipel™
thi m Ajoe

Vay biéu thic (1.22) s& c6 dang-

_ ARCEU_
U dt
t” T+ joRC
Néu oRC << 1 thi l}rmﬂ{%ﬂ&.

Vay oRC << 1 1a diéu ki¢n mach & thanh
mach vi phan. '

Ung dung : Tao ra xung kim tir xung
vudng 161 vao. Diéu kién vi phan cang t6t

thi xung cang nhon. Dang xung 16i ra khi
u(t) 12 xung vuong, biéu dién & hinh 1. 18.

b) Mach vi phdn RL I6i ra trén L
Diéu kién vi phén : T << T,vdit=L/R
' di

U, UR+UL—RI+L§£

Phuong trinh ¢6 nghiém

-_,U\.r —Rl,"L
= (1- )
- U, = %diw (- e‘“)l

(1.22)

Honon .
Epupugey

s

N N N o
lVVl"VV

Hinh 1.18. Dang xung vi phan 16i ra

L b
1 |

HINH 1.19. Mach vi phan RL
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U'ng dung : .

Ding mach tuyén tinh RC hoac RL @€ thay déi phd tin hiéu 16i vao
tao tin hidu 18i ra khdc dang ban diu. D6 1a mot phuong phip dé tao xung
diing cac mach tuyén tinh. Diéu cén thiét 12 tin higu vao phai c6 phé phic
tap, vi tin hi¢u don gian (sine...) khong bj bi€én dang ma chi 1éch pha.

1.8.3. Mach tich phan, mach truyén
R

a) Mach RC l6i ra trén C T__E:‘T__:i

Sa d(i mang dleﬂ hinh 1203. U, () c Ut

!

Xét qud trinh ding
I3 ' Hinh 1.20a. Mach RC 16i ra

1\1Kl|
e _ trén C
1 .
08 Khi tac dong & 16i vao mot
Yz tin hiéu diéu hoa Uy(t)
0.6
0.4 [ I - .U\,r
o R+
- joC
HINH 1.20b, DG tnng dimg K(e) 0 il =

" Tuong tu nhu trong mach vi phén, |
ta tinh dugc hé s6 truyén dat the : |

. .1
K=17 joRC
Tir biéu thifc trén ta rit ra o
1K I=
_ 1+ 0%t
Tai gid tri |K\ =1/42 sEcb '_
o =0,= T

@, goi 12 giéi han tin <& cao. Mach nay c6 l¢i vé phia tdn s& thip nén
duoc goi 1a mach loc t4n thap. '
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Ving truyén qua Aco =0+ o,

Muén m& rong vung truyén qua thi phai tang o, nghia 1a giam t
giam R hoac C). Ngudi ta tng dung tinh chét nay dé lam thay déi 4m
hanh cao & trong may tang am va mdy thu. :

- X6t qud trinh qud do : St dung phuong phép toan tur

- -~ ~ Lol .[j -~ ’
0,=0,-0g=0,- ‘.’Rl =0,0- 11)
' R+— 1+—
pC pT
Véi Ur) = 1(1)
~ 1 1 1 1
r=_l;(1__ ==
Pooje— P opa-
> U ()=1=-e""
Khi © cang nhd thi Uy cang M |

giong Uy. - | ' ' "

Véi Uty = 1(t) = I(1-1')
© KhiOsts<t
Um=1-e*"
Khi 1> t"’

R S .

Dang tin hléu ra phu thuﬁc vao 'c/t’ K}n ‘clt’nho thi dang xung ra bét méo

'rlt =1/50 dang xung ra gﬁn'
nhu khong méo, day la diéun. .
kien t5t nh4t dé truyén tin hi¢u.

2/’ tang 1én qué mic thi tin
hiéu 16i ra s& bi méo néu t/t’ it
1ém thi tin hiéu 18i ra ¢6 dang.

gin nhu tuyén tinh nhung bién 0 Y g
do giim. Ngudi ta ding trudng =~ HINH 1.20d. Dang xung ra khi 16 vio 13
hgp nay dé€ 1am mach tich phan. TR xung vuong -
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Diéu kién dé tr5 thanh mach tich phan 1A :
U, = const ijdt

NPy | U,
© Tir bidu thic U, =1. € = 1+ joRC chu’ng minh tuong tu nhu trén
khi RC>>1 thi
U, === IU dt

Vay diéu kién tich phan JaRC>>1.
b) Mach tich phdn RL l6i ratrén R |
U, .U, .
R+ ij R= L T T
1+ jo R U, R U,

U, =

Néu @t >> 1 (t=L/R) th

R _ Hinh 1.21a. So d6 mach
U= fu,at : tich phan RL

Ung dung :

— Lam mach lgc tdn s& thdp (khong cho di qua tin s6 cao), chéng
nhiéu. '

: RC nhd

— Lam mach loc ngudn

. C nap , :
chinh luu (nhilng thanh phén 1Uv /. C phéng l/RC 16n

. . ry ) - * / - 0 ™ I"'
pién déi tin cao s& bi mét, e\ ( / ',

7 . . . . b/ . |“‘ r P ra l\“ i I
chicho di qua thanh phén | Z N EA AN T
mot chiéu), tin hi¢u giam do . et e -
mép mo.

Hint 1.21b. Dang xung VO, Xung ra
~ Tao xung rang cua, tam

gisc dua theo viéc diéu chinh thoi gian phong nap T.

1.9. CAC MACH CQNG HUONG RLC

1.9.1. Mach cong huing RLC miic ndi tiép
So 46 mach RLC ni tiép hinh 1.22.
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Khi doan mach ngudn E(t) thi dao dong trong mach 13 nhimg dao
déng riéng tit dén vi trong khung cé tr& R s& 13 ngudn tiéu hao nang
lugng du6i dang nhiét ning. .

Khi E(t) 13 nguén sic dién doéng xoay
chiéu tic dong thi trong khung c6 thé duy tr
dugc dao dong cudng bitc. Dao dong nay co E) ¢
thé cé bién d6 16n hon phiéu so v6i do 16n R
E(t), d6 13 trudng hop cong hudng. Ta hiy xét
trudng hop cong hudng nay ddi v6i mach RLC

L

Hinh 1.22. Mach RLC

méic noi 1Hép. ndi tisp
Gia sit E(t) = ggeospt, 1(1) 1a dong dién trong mach.
Theo dinh luat Kirchhoff.:
L -d—i +Ri +% det = g400Spt ~ (pla tan s6 cua tin hiéu)

" Biéu dién E(t) duGi dang phic E(t) =s:0cjpl , tim nghiém phic
i(t) = ie®
"Thay vao ta dugc.:

1 .-
(jpL+R+—)I=¢
P wc 0
> 1= fo 12 bién do phic ciia dong dién frong khung ;
R +j(pL ——==) |

pC
Z =R+ jpl.— EIE) ~ReZ+Im7Z 12 t6ng trd phitc chia khung.

Vi 113 bien do phitc nén duge viét dudi dang
{ = i’ = Tglcose + jglsing
@ la pha clia dao dong cudng biic so vdi ngoal luc
So sanh & hai cong thic trén, tim duge
T, I e
JR? + (L —1/pCY?

pL—l/pcz'Imz
R ReZ

@ =arctg
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Dura vao cde ky higu

wg= 1/VLC t4n s6 dao dong riéng cia khung ;
Y = plog do léch tdn ;
wol 1 P, . L.
Q=—7x +RC R do ph im chat ciia khung .
p= Jg tr& dac trung hoic tro song.
VI, I= Lo ma (1.232)
\ﬁ*Qz(v— Vo o
— 4 - ¥
B
| p=acE- %TL) (1.23b)

‘Theo két qua nay ta nhén thay, khi p = mo' s& xay ra hién tugng cong
hudng the,
Ddc diém ciia cong huong the :

 _TéngudZcyctibu Zg,, =R
—Dolechpha ¢ =0
—~ Dong dién I cuc dai | I = Iy max = S&R
—Sutth€trén R Urcy = 10 max-R = €0
_sutfwenl Uy =@Lad lmx =@ @/R)=Qs
= Syt thé tren C . Ug = pCap lma = 1(060)- @/R) = Qe

Nhu vay, khi cﬁng hm:mg thi thé trén hai déu cuon cam va ty dién 16n
gdp Q 14n th€ hai déu di¢n trd (cling 1a thé 16 vho) Vi thé, hién tugng
nay duoc goi 1a cong hudng thé. '

“Ta ldn luot xét sy phy thude cla céic sut th€ nay theo tén s6 p.

J1+Q2(v }/)2

U 1= IIOIpL-! Qr'sg (1.25)
FQa-v>

| Up [=1 Iy R = (1.24)
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UR _
50- ----- SQ.Q1 -

i Q<@ ]
i QZ 50_02-
'1 1

A

V] 1 2 ¥
a) Sut thé trén R b) Suit thé trén L ¢) Sut thé trén C

HINH 1.23. Syt thé trén RLC khi tén s6 p bién d6i

Tir 3 biéu thic (1.24), (1.25), (1.26) v& dugc cic dac trung cua

UR’UL‘UC theo hlnh 1 23

- Ddc trung pha, v6i @ la dﬁ léch pha giira dong va thé

QU -1
b

¢= arc 1g—

Tai ving truyén qua 2A0
+0<p<wy: mach mang tinh chét dién dung :
+y<p<O: mach mang ‘tinh chét dlen cam ;
+ p = g : mach thuﬁn trd.

_ Xdc dinh dg phdm chdt Q’--me'o ddi tdn

! IO - _
fomax FQ (= / )
_ 2
N Q= co% 0F . o5 _ %o
T eb-p (mo p)(mo +P) . 20)0A(g 2A0
- %0 |
- Q=70

127

(1.28)
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[?ng dung : Nhd ¢6 tinh chit cong
hudng, khung ¢6 tinh chét chon loc cao
(Q cang 16n, do chon loc cang cao). Vi
~ vay, khung cong hudng dugc sit dung
nhu mot bo loc dai thong & cdc tang ddu
16i vao cila cdc mdy thu thanh dé bat mot
s¢ dai séng nhét dinh.

1.9.2. Mach cong huéng RLC méc

HINH 1.24. Bic trung pha
song song

theo tdn s6
a) Khi nguén &(t) la ngudn thé
- Phuong trinh Kirchhoff :

1 1
£ =~EJ'(1l ~Lpdt > &=, - 1)

dy
gt

g(t)= ggoospt

S:RIZ +L

. ' . ) ) HINH 1.25a. Mach cng hudng song
Tt phuong trinh thi nhdt, rit ra I, song

thay vio phuong trinh thi hai, ta dugc

_ de . dl) d’e
e(t) =Rl ~RC+L - -LC~ 5

. Thay s(t) dang ham phic &(t) =soejp' va tim nghiém I, dudi dang
phic 1;(1)=1e/ : | |
(R + jp)l; = 51 + jpRC - p’LO)

—> tdng tr& phiic : 7= R+ jpL T
1+ jpRC-p°LC

Chia ca tir va méu cho (—jpC) :
L .R RL R 1. R*> L 1
o ,__ Tl =‘E:"‘—'pc(PL"—pc)_jp—c“E(PL‘p—c)
' . 1 2 - 10 2 RN
R+jplL-—=) RIZ+(pL-—) R? + (pL.— —=)
Jol - pL-—5 +(pl- e
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Pat 0= 1/4LC ,y=p/c00,Q=o)0LlR

- Z=R_——————~*—1+jYQ
| 1-v? +'j—
1-7%) 19
' ) : . - .2M2
Thay Z =1 Z e > 1ZE=R 1470 (1.29)
a-y*F+ (3’6)2

|Z\ 1a gid tri tuyét d6i cha dién trd cong huong khung song song. Né

¢6 tinh chat cha mot duong cong cong hudng. Do vay, trudng hop nay
dugce goi la cong hudng dién trd.

Khiy=1,|Z|= RQ (1+Q2)..Néu Q>>1-|2|= RQ’ = Qp.

Nhu vay, khi cong hudng p = oy thi dién trd cha khung tang lén Q
lan. Liic ndy, dong dién vao khung 12 nho nhat.

2 L gt 1 L.

R @lRC

Trong trudng hop ny dién 4p gitta
hai ddu khung dao dong it thay déi,
gén bing dién dp ngudn ngoai. Néu do 0
dién dp nay thi s€ khong thdy cong '
hudng vi phu thudc vao nguén. Mudn
quan sat cong hudng phii mic n6i ti€p mot dién tr& véi khung.

e
Mt
-

HINH 1.25b. Dac trung Z{w)

b) Khi ngudn ngodi la nguén dong
Phuong trinh Kirchhoff :

dl, 1 _
L—(i—t-+R12~Ej13dt~0
Il = 12 +I3

- LI’ +RI, "16 _[(Il ~1,)dt=0



' I
@ Ry 2=k

- L iC~IC

Ky higu () va (2)1a cdp vi phdn cia I
pat 26 =R/L, 0 = 1/4JLC

12 + 2815 + ogly = Towoe!

Khi cong hudng (y =1), ddng trong L
khung 12 cuc dai, dien 4p hai ddu khung

tang lén Q lan (cuc dailalU = 10RQ2) W)= lpe™ c L
va goi la cong hudng dong dién (dong Tlla

trong hai'nhdnh khung tang 12n Q lan) : '
' HINH 1.25¢. Mach RLC song song.
khi tac ddng ngudn dong

lip|=ic|= QL 61 R rit nho bd
qua). Con dién ap trén hai ddu khung 12 cyc dai.

Pic tring cong huong :

1 Z(w) | _ 1 . (130)
Z{wg) \F Q- %)2
Z(wo) 12 cyc dai, va Z(®) biéu dién & hinh 1.25.b.
Tir biéu thic (1.30) ta vé duge dic tnmg i o
: . . . . AL
d46i cha trd khéng bhinh 1.25.d. o Zyo)
. u LI o
Kt ti 56 —— =
Uep . IlchZO_(m__)
vi 12 nguén dong nén = I; = Licy. .
o 7o oo TR
dodé: —=5-7< .
o Zo@ | Hinh 1.25d

1.30) ciing chinh la ddc tnmg truyén dat dién 4j

Vi vay biéu thic (
A dic trung tdn s6 ci

ctia khung LC song song. Hinh 1.25d ciing chinh |
hé s6 truyén dat dién 4p cla khung.
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c) U ng dung cong huong mdc ndi tiép va song song

1) Nhd tinh chit chon loc va khuéch dai dién dp nén thudng dugc
diing trong cdc mach vio clla mdy thu thanh dé€ chon loc hodc loai bd
nhiing tdn s6 khong cédn thiét. _

- 2) Dl‘mg ‘trong cdc mdy do budc séng : ndi khung céng hudng cd
déng hé do, dat gin khung mdy phat. Chinh C cho thdy cong hudng
(dong dién ddng hé chi cyc dai). Qua gid tri L, C, tinh duge tin 36 mdy

‘phito = 1/4/LC. |
3) Cong hudng dién trd c6 tinh chat ngdn chin cdc tin hiéu c6 tin s6
tring tan s& riéng cia khung. Vi thé, diéu chinh o, cong hudng véi tan s&
trung tin f,, = 465kHz dé tir mdy thu fy; khong truyén ngugc lai ra dngten
tranh nhiéu cho cdc dai khic. '
4y Mach c(mg. hudng néi ti€p s& thu nhiéu tidn s6 w; vao khung va
truyén xuéng dét, con cic tdn s6 khic vio mdy thu. .
5) Cic mdy do phdm chat Q-meter, do C, do L déu dua trén tinh chat
"cOng hudng clia khung Q = foy / 241 '

. 6) Dédo dugc dic trimg cong hudng cha khﬁng song song khi nguén
E(1) 12 nguén thé, cdn méc ndi ti€p mot dién trd 5-10kQ 1 ngudn vao
khung dé nguén th€ tré thanh nguén dong méi do duge dién trd cha

khung (tuy la d¢ phdm chﬁ't co suy giam do su ¢6 mit cila dién tré mic
ndi ti€p voi khung nay).

7) Hién tuong cOng hudng c6 thé gay ra céc chén dong manh trong
co hoc (tda nha, cdu dudng...). Vi vay, céc dong o hodic ngudn phai c6
tdn s6 khéc xa tén s cong hlm‘ng dé trénh rung va gidm céc chdn dong c6
tinh chit cong hudng.

8) Tinh chét cbng huémg con duge sit dung trong cdc phép do dia
chﬂ'n do nhip tim trong y hoc... :

9) Céc mach c¢ong hudng duoc s dung nhiéu nhat trong céc bo
khuéch dai chon loc cao tén, trung ‘tén. Diing d€ tao ra cdc may phit cao
tin, cic bo diéu ché, gidi diéu ché, tron tdn. D6 14 cdc mach co ban trong
k¥ thut vé tuyén dién, s& dugc khao sat & chuong sau.
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HINH 1.26. Cac mach ing dyung khung RLC

1.10. DAO PONG RIENG

c6 ngudn ngoai luc tdc ddng.

clia dién tich, dong dién hoic di¢n thé
trong khung. Trong céc trudng hop dé,
tir phuong trinh Kirchhoff tac6 duge :

Dao dong riéng ton tai khi khong

Dao déng riéng c6 thé 14 dao dong
E(t)=0

HINH 1.27a. Khung RLC ndi tiép

dq qu
2 L& et

hay - & Rdl, 1

Y a2 Ldat LC
I . .

hote  So R, =0

g2 L-dt LC
Thay bién s6 bing X dat 28 = R/L coo =1/VvLC,tacé:

X® + 28XV +0fX =0 3D
1.10.1. Xét trudmg hop c6 dao dong (8 < o)
Nghiém ctia phuong triflh vi phar béc 2 (nf = co%-—- §2sela:

X@®) = (A cos(@yt - ) = | (1.32)
= (bién 46 tai t). (phdn dao ddng) = X(t)
D6 1a d6i véi trudng hop c6 dao dong, ma sit nho. Dt 'co = 1/5 1a

hiing s6 thdi gian, 5 1a he s6 tat dan.
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Xéf phin bién do Ae %' giam dén theo t véi quy ludt ham exp. Y
nghia clia 1y 12 sau thdi gian nay, bién d6 giam di ¢ 1dn.

Pua thém vao dai llm_mg 0 =0T, = q.
8.2mj0, 1a decrement tdt ddn. Xet ¥ ‘
nghia clia decrement nay : Néu tai ty,
bien do X = Ae ' thi tai t; = tg + nTy,
bien do 1a X, = Ae~3tomT)

X —&nT; _ .-n@
5 Zh M=
X {
: Hinh 1.27b. Dao dong t&t dén
1 X ‘ & trong khun
- 0=-——.In.— _ g 9
' n X

Néu 6 = 0,001 thi sau n = 1000 chu k¥, bien do s& giam di ¢ lan.
Trong khung, 6 = (2 + 5)%, c6 nghia sau 20+50 chu k¥ dao dong, bién 4o
giam di e ldn. Do vay, xem nhr 6 ddnh gid kba nang duy tri dao dong.
© nho thi 4o suy giam ft va ngugce lai.

Xét sy suy gidm ndng Immg trong khung sau mot chu ky dao déong (¥
nghia cita 26) (Xem céch tinh toan chi tiét trong glao trmh Vit 1y dao
dong ctia PGS Vi Anh Phi).

Néu goi W 1a tdng nang lugng dy trit trong trudong cia’L va Cthi:

W(tg) - Wity +T)) _RT)
W(tg) L

Z28T, =20 (1.33)
Vay 20 1a sy suy gié@ tuong d6i cﬁa nang lugng sau mé&i chu k.
1.10.2. Trudng hop khong c6 dao dc)ngl &' > 00d)

Véi cong thic A =-8 £ j,/(mg _8%) = -8 jo, Vi 0} =8 -0f
'Thay vao nghi¢m X(t), ta thﬁy chuyén dong khong con tinh chit dao

doéng ma cé mot trong nhing dang sau :
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Hinh 1.28. Chuyén dong trong hg ma sét ion

Pé 1a nhiing chuyén dong t6i han, gidng con lic dao dong trong chat
16ng (he s6 ma sét 16n) thi lac d6 s& khong cé dao dong.

'1.10.3. Xét tac dong cila ngoai luc (cil.réi dang chudi xung vo
tuyén)

KhiR=0

Thuc t€ R rdt nho, vi du vong day lam bing chat sieu dan. Khi o,
dang bai todn : :

X® + @3X = Eq cos pt y (1.34)
s& ¢6 nghiém riéng va nghiém cudng bic X =Xg + X,
Khi E0= 0c6 nghiém riéng : X, = asinmgt — bco_sm'ot

| Con kh1 Egz0 thn cé ca nghlém cudng bic X, '= Acospt

- X(t) asmmot - bcoscoot + Egcospt /(coo -p )
Dit diéu klén ban ddu vao nghlem =0, X= x‘” =
 Thay vhonghi¢m X(t) oo a=0b =Ey/ (g’ - pz)

Dodé  X(t)= __E

5 [cos pt cos mot]
0 P -

- Egt . cospt—cos mpt

X(t) = —
(® (g +Pp) (0g — p)t
| . (09 — Pt
X(t) = Egt in (g + PN 3‘“—'—'—02
(g +P) 2 (g —pit

2
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Khi céng hudng ta c6 : ] o x(t)=%s-.msot

U,=Eycosapt

(g — PNt

2
(g — Pt
2

"~ sin

o X(t) = Egt sin @t (1.35) HINH.1.29. Dao dgng trong hé khi co tac dong
20y : xung v tuyén

Tix (1.35) suy ra dang dao dong hinh 1.29.

1.11. KHUNG LIEN KET

C4c mach vi phén, tich phan néu thda man cac diéu kién vi phan, tich
phan tuong ng thi khi tin hiéu truyén qua s€ bi méo dang (mot s& thanh
phén tdn s6 thap hodc tdn s6 cao cua phd tin hi¢u s& bi chan lai, khong
cho truyén qua). Néu la mach truyén thi tin hi¢u truyén qua khong bi¢n
dang. Néu 1a mach loc thi phd tin Hieu s& bi thoat xudng dat, chi con lai
thanh phdn mot chiéu. Cdu Wishton c6 tinh chét chon loc gdn giong nhu
cdc mach cong hudng. : '

Khung c@rig huéng cé tinh chat chon loc trong dai tdn 2Af nén cling
khong truyén dugc céic tin hiéu <6 phd khong nim trong vung 2Af. DO
phdm chat Q cha khung cang cao thi phé tin hi¢u cang hep. pé mé rong
© dai tdn vA nang cao tinh chon loc Q, ngudi ta phai lién két hai hodc nhiéu

khung cong hudng véi nhau. S

1:11.1. Anh huéng ciia mach lién két

Hinh 1.30a. S0 d6 khung lién két
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Xét tdc dong clia hai khung lién k&t hé cam :

Gia st ngudn e(t) = socjm‘.
Phuong trinh dién thé hai khung :
gty=1,R, +L; 9;—+—— i, dt+M
(1.36)
s di, .
| 0—12R2+L2—&?+E;IIZdI+M—aT
Tim nghiém du6i dang : |
il(t) = .Ilejmt N iz([) = -I.zejm‘
gy = LRy + joL,1, “j"m—lcj i, + joMi, o
' : (1.37)

l0=1,R, +joLyl, - ?o'%; i, + joMi,

. . R ) 1 .
—> 12 = — __-ED__BEI—I——
Ry + X2

pat I, vao phuo‘ng trlnh tha nhdt trong hé phumg trinh (1.37), ky

hi¢u Zz -—Rz +X2

v :
. . oM .
- en = LR, + Xy +——~ : 1.38
o = LRy +1& R2+jX2) (1.38)
Tach phin thuc va phdn 4o
242
gg = LRy +JX1 i~
2 2
. ’ 2M2
- th_ =(R1 + -—-—‘-—-Xz) R d +Jde
: 2 ZZ

Nhu vay, hai khung lién két c6 thé thay- bing mot khung tyong duong

¢6'trd hoat va trd khéng tuong duong.
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Ry =R, + 7 R,
2w 42

. M - g(t) R
Z)

Nhu vay, phdn trd hoat va trd khing cla  Hinh 1.30b. Khung fuong
khung 1 bi anh hudng 1S rét boi khung 2.  duong cla 2 khung lién két

2ap2
Khung 2 dua vao khung 1 mot trd 12 R,
' 2
2002 .
va mot dién khédng 3 X,
Z

1.11.2. Pic tinh cong hudng

Tinh nhu khung céng buéng ndi tiép, chi thay R =Ry X = Xy dé tim
t4n s& cong hudng. Hién twgng cong hudng s& xay ra khi tr& khdng coa
mach dién tuong duong Xtd =0.

| - 2742
(le—mi: oM™ 1 (mLz—-mlC—')=0 (1.39)
1 2 (oL, - 2 : 2
) Rz + (C‘D 2 __(OCZ ) .

(1.39) 12 phuong trinh tdn s6.

«) Néu hai khung lién két manh (z~1 €M 16n)

Véi %= My/L,L, goi 12 he s6 lien keét.
) | 1 2 1 o . -
n? = T, n; = Lc, 12 céc tﬁnl sé_rlen.g phén cla khung
I va khung IL . | o
" Khi bd qua R, biéu thic (1.39) s€1a: _'
2 2 |
- n 2
(-—Ha-—2)=x
@ w? _
- o'a- xz) - coz(ril2 - nzz) + nlz.nz2 =0 (1.40)

Giai phuong trinh nay ta x4c dinh dugc hai tdn s8 cong hudng ©, va ©;.
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Hai tdn s6 nay chi tring v6i tdn s6 rieng (n;.0;) cha timg khung 1 va Ii

chiy =0.
2 2 .
LURY, L A N
(1-2h1-25)=0
cd hai l'lghiéﬂ'l (1)2 = 1'12 = -—1-— u)z = 112 = 1
; v 1 1 LlCl 2 2 L2C2

Néu 4, # O s tim dugc hai tdn s6 ©y # 0y, 0 # Ny va ndm ngoai hai

Khéng

tdn s6 ny, Ny

Khéng tinh dén R

o RYREPY
HINH 1.31.a. Déc tung tdn s§ cla khung lién K&t khi nqny

Hai tdn s& cong hudng n;, n, ndm r4t xa nhau, khong chéng 1én nhau.

b) Néu hai khung lién két yéu (x =0 €M nho)
Khi d6, khong thé bd qua su c6 mat cha Ry

2 ﬂ%
2 ra-—=) _ )
oL, (_1—.315)-- “’22_ =0, dat d2=§f—'
2 +(1- 22 - 2
L . -0y
VioL; #0nén
_ | | ,
) n
Pi '7_{,2_(1-_-;)2; .
i-—-- =0
L)

dZ +(1—3%—')2
Xét trudng hop mach loc dai, khi hai khung hoan toan giéng nhau
L=L,=LC=C= C), lién két yéu (ny = n; =n), dat do lech tin (o, n)
BeE: | o
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2 2 2
g=1-2Loy- 2o
o ® ®
— E(1— > 2)=0 ‘ (1.41)
d; +& . - '

Phuong trinh (1.41) ¢é 3 nghiém

+&=0 - w3 =n

+8,,= £J(* —d2) > c6 hai nghiem thyc o, , khi x> d;’
Khi %, < d, (lién ket y&u), hai khung hoan toan gidng nhau thi &, ; 12
ao chi cdn mét nghiém thyc & = 0.
 Nhu vay, khi lién két yéu ta cé mot tdn s6 cong hudng o, = n. Con

khi lién ké&t manh, c6 hai tdn s6 cong hudng @, 0, cich xa tdn s6 n (ing
véi gy, *‘;2)__-‘

Lienkétlonhontsihan o2 x>d;
(iién k&t manh) < 7 Lién két nhd hon t4i han

: \ {lién két y&u)
Comit Rz _ .

1
1
1
1
[
: b3
0)1 n W0y

H;‘NH 1 31b. Bac tnmg t8n 58 cda khung lién ket vdi 2 khung
. tning nhaun1 np=n

Nhu vay, mic di hai khung hoan toan gidng nhau, l{mg do lién k&t s&
mé rong dai tan s6 cong hudng (2Af) clia khung niong duong. Nhiéu khi
sir dung 3 hodc 4 khung gi6ng nhau lién két s& tao dugc ving. truyfin rong.
(mach loc dai rong trong radio, U . G -G Ur
tivi...), trong c4c mach do buéc L T ']--_ S
‘séng, do tdn s6 mdy phit cdn d§ - %L _I_c : %L _ _l_c L
ghép yéu, cin R, nho dé khong T T '
tiéu thu néng lugng m4y phéat va +‘ R '*' ¥
déng hé do c6 46 nhay cao.

--Hmnh 1.'31c; La‘én ﬁé’b 3 khung don
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1. 12 BIEN THE

Trong Irm’mg ho‘p bién the, do ghep gilta cdc cudn day luén la ghép
chat (x ~ 1 «> M = /L,L,). Bi¢€n the tan s& thdp thudng diing 151 sit non,
bi€n th€ 4m tdn thudng ding 15i pecmaloy hoidc xuyén ferit.

Liki =L + Ly

Likz =Ly + Lo

Lk .Lk
Tir thong lign két P~ e
T =N 0 Ay LM I}
& {35 B OORr e J‘) 1_13 L, ”RT

HINH 1.32. S0 d6 bisn thé va so d6 tuong duong khi khdng tinh dén
tir thdng khuéch tan va dong Fuco

Khi khOng tinh dén tir thong khué&ch tdn hodc nhiing m4t miét do xuat
hién dong Fucé, thi so 46 twong duong c6 thé bd qua L, L, va so dé
gin gi6ng so 46 hai khung lien k&t véi Lyy, ~ Ly, Ligx, ~ L,

Tinh (I, @: '

Tinh todn nhu d6i véi hai khung lién két

§=1,7,

2 2 2 2 o
M M (1.42)

4 , ;

Zig =R, +

thudng Rt >> R, nén bd qua Rl. Tim dugc
I = =1 lel®
2 2 1
2(0 L,L, Ry + (oL, - co2 LlemL22

2L : 2 LooL, )
_2"’__1__2__2._RT + le_"’Tx_;“’_zz
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2
o“L,L,oL
oL, -2 Lur2®hr. |
R +(@Ly) © (1.43.b)
m2L1L2 )

R% +(wL,)?

va tg Q=
_ Ry

Cong sudt :
Cong sudt vao clia bién the :
Pl = P + thué'ch tan = P (khl thué’ch hn — =0 cﬁng sudt ra léﬂ)

P, =¢. T cos¢ - dat cuc dai khi ¢ = 0, diéu nay chi xdy ra kh1

(0L2 > RT
' 2
‘Khidé oL, -%-Iﬁﬂ%—:o
: : RT + (CDLz)
Va [=et—=o— V6 Ry = LR,
Lig . R L,
L, ¥
Thudng L;, L, ti 1¢ v6i s6 vong day nlz, n22 nén
L, m D2
. Ro(=-
, n
N o o (DMil (DLL _' l'_ g€ n; .
Dong 16ira I, = Zy oL, I —I, = __R?_ﬁ; = —nl,;
n = n,/n, goi Ia h¢ s6 bi€n thé.
Dau () chi ddng I, nguge chiéu.
‘ i n
Vi vay, - 2=-=L" (l44a
3y, _ A ( )
El:RTI? =_ET__8___11_2_ - 9_2_=_22, (1.44.b)
| U, U £ Ry n > 1y
Con | |  Ry=Rp.n’ (1.440)
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pay la 3 cong thic tinh tosn cho dién trd, thé va dong ra ciia cudn tha

(p bién th€ phu thudc vio hé 6 bién thé n, trong d6 1, nguge pha I}, Uy

puge pha U (g).

U”ng dung :
Bién d8i the va dong & 16i ra theo myc dich yéu ciu ;

" Thay déi cyc tinh cba tin hiéu 16i ra (dao pha 161 vao) ;

Loai bd dugc thanh phdn mot chiéu §16i 1a;

Phéi hop trd khang (Ryg= Ry-n) gifia hai tdng khu€ch dai.
Luuy: )

Quan h¢ gitta sudt dién dong cam fmg tac ra véi @ 1a

4o

_ jon
at D)= Dge’

_U;n

U = jontee™ = Ugd ™™,
Up = ondg bien d6 thé ;
$o=BS  Bo thong lugng bio hoa ;
n .. s6 vong 3’ o
_ S - tiét dién ngang 10 bié;l the.
— Khi & © cao tén hao do dong Fucoult va tiéu tan 16n. Khi d6 bai

to4n phai tinh todn dén Cys va Lks. Pé giam dong Foucoult, ché tao bi€n
thé biing céc 14 st non mong, ma silic céch dién va ép lai.

D trénh bio hda va khong gay méo tin hi¢u khi qua bién th€, ngudi

‘ta chon 15i sht c6 dudng cong ti tr& hep (vat lieu pecmaloy).

D& trdnh anh hudng cia can nhiéu dén bién th€ va dnh hudng ngugc .

lai clia bi€n thé dén céc bo phan khéc cha mach ngudi ta phai boc kim
bién thé. : ) ' :

Fel & ]



Chuong 2
DUNG CU BAN DAN

21. DIODE BAN DAN THUONG

L

Dién trd, ty dién, cudn cam 1a cdc don vi tuyén tinh (/inear), hay con

goi 12 cdc linh kién thu dong (passive), diéu nay c6 nghia I ching khong
~ ¢6 kha ning tao ra céc ngudn ning lugng trong ban than ching (built—in
source of power). ' |

Mach vi dién tlr (mach tich hgp IC ~ Integrated C:rcmt) duge cu tao
bdi cac diode, transistor, dién trd. Con cdc yéu 6 L, Cdo kich thudc 16n
nén ngudi ta khéng ché tao ndm trong vi mach tich hgp. Cic yéu 16 nay
dugc mic & mach ngodi dé cic dic trlmg ciia vi mach, hoac diang ching
dé n6i cac vi mach véi nhau

Diode, transistor thﬁng thuo’ng ciing xua't hién dang don linh kién.
Mot hodc vai yéu 16 nay, ket hop R, L, C s& tao nén cdc mach dlen tlr thuc
hién dugc rdt nhiéu chiic ning da dang. _

Diode 12 mot dung cu bén din phi tuyén cé hai cuc (non-linear
two—terminal device). Hoat dong ciia diode dya trén tinh din dién mot
chidu cla 16p tiép xtd¢ p-n cba hai loai ban din p va n.

2.1.1. Khai niém vé chit ban dén rong (intrinsic semiconductor)

Chét bén din rong 1a chdt clia céc nguyén 18 nhém IV (Si, Gc) Gid
| tri dién trd sult ndm gidta chét dén dién va chat cach dién : popx dﬁn dien <

Pban din < Pchat céch dien: 3 nhigt do cao, ban din cé xu hudng ti€n dén

thanh chdt din dién. O nhiét 4o thap thi s& nghiéng vé tinh chat cta chat
cich dién.



Trong chat bin din rong, mat do céc hat tai dién
dién tir — electron (—) tu do va 16 tréng — hole (+) bang nhau :

n=n=ni € nhiét do

néu nhiét do tang thi Ni tang.
& nhiét do phong (20°C),

n.p=2,1.10" cm™ (Si)

=2.89.10% cm™® (Ge)

12. -6
=6,55.10"" cm ~ (GaAs) HINH 2.1. Chét ban dén Si rong
Tich n.p tai mdi nhiét do xdc '
dinh 12 mot hing so.
Khéi niém 15 tréng c6 nghia 1a nguyén tir khuyét di 1 dién tlr va tré
thanh dién tich duong tu do.

2.1.2. Khai niém vé chdt bin dan pha tap (extrinsic
semiconductor — doping of semiconductor)

Néu don thudn chi dimg lai & chat ban dén tinh Khiét thi khong thé
tao ra cdc linh kién dién tit ban dan da dang dugc, vi ring néng do dién tir
va 16 tréng do nhiét 4o quy dinh. Do d6, da nay sinh ra van dé 1a lam sao
thay déi dugc néng do dién tir nhiéu lén, it di, hoac tuong t, néng do 16
tréng tang lén, it di. Diéu d6 da dan dén vi¢c phan chia thanh hai loai bén
din khdc nhau 12 loai n va loai p.

Y tudng tiép theo la hai loai nay c6 cic néng do khic nhau, cdc loai
nay tiép xic v6i nhau theo céu trdc, do day mong cic 16p, cdc kénh khac
nhau s& hinh thanh nén mot su rat phong phi da dang ctia cdc linh kién
dién tir. Céc linh kién nay tuy theo su cdu thanh trén, s& ¢ chic nang, tdn
s6 hoat dong, kha nang chiu dong, chiu th&, chiu nhiét do, do nhay... la
khéc nhau va hoan toan dic trung cho timg nhém linh kién.

Dé thay déi noéng do dién tir va 16 tréng, ngudi ta pha ldn tap chat
thuéc nhém [l va V.

— Loai N : pha 14n tap chat nhém V, ching han As (Asen). As c6 5
electron héa tri, trong khi Si chi c6 4. Mdi nguyén tir As s€ thay thé mot
nguyén tit Si (Ge) nam tai vi tri mot nit mang tinh thé Si va thuc hién



4 lien két déng héa tri v6i 4 nguyeén tir Si ké can xung quanh bing 4 ¢
sé but khoi
mang tinh thé va trd thanh electron
tu do va la phan tir tai dién. Khi
nay, chit bin din c6 s6 dién tu
nhi€éu hon so véi 16 tréng. Do
chénh léch chinh 1a néng do tap
chat thém vao.

cia né. Con lai 1 e

n-type silicon

Excess El-ectron
~ From arsenic

Nhu vay, loai ban dan nay goi
12 ban dan loai n véi :

HINH 2.2. Chét ban dén loai N Si

+ Electron la phéan tu tai dién pha tap As

co ban (majority carrier)

+ L6 trong 1a phan tir tai khong co ban (minority carrier)

Nguyén tir arsenic dugc goi 1a donor vi khi ion héa né s& “cho” mot
electron thanh electron dan.

— Loai P : pha tap chat nhém III, chang han 12 Bo (Boron), c6 3 dién
tir héa tri. Ciing nhu trén, cic nguyén ti tap chat nhém III nay sé thay thé
tai vi trf cdc nit mang clia cdc nguyén ti nhém IV. D€ thuc hién di 4 lién
két cha vai trd mot nguyén tir nhém IV thi Bo phai mugn 1 dién tir cua
mot lién két Si—Si trong mang tinh thé. Khi d6 s& dé lai hau qua 1a mot 16
tréng tai lién két Si-Si nay. L& tréng nay la 16 trong tu do va tham gia
1am phén tir tai dién chinh. Mat d¢ 16 trong dugc tao thanh chinh 12 néng
do6 tap chdt pha vao.

Nhu vay, loai ban din nay goi
la ban dan loai p véi :

p-type silicon

+ L6 trong la phan tur tai dién
co ban (majority carrier).

+ Electron la phén tir tai khong
co ban (minority carrier).

Nguyén tir Boron dugc goi la
acceptor vi khi ion héa né “nhan”
mot dién tir.

- Postive hole, as orle sleatron was removed
a bond to complete the tetrahe dral
bonds of the horon atom

HINH 2.3. Ché&t ban dan loai P
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2.1.3.’Lép tiép xic p-n
— Khi cho b4n din P ti€p xic véi ban din N, do ¢6 sy chénh léch rat
16n vé néng d6 cdc hat tai dién (electrons and holes) 16n tai gan mién ti€p

gidp, 16 trong s& khuéch tén tir P sang N va dlén i khuéch tan tit N sang
P jua 16p ti€p xiic (diffusion curtent).

— K6t qua clia viéc di chuyén hai loai hat’ tdi co ban nay 1a viéc mat
c4c electron, Xu4t hién cdc ion donor tich dién duong (+, positive) 3 thanh
ban ddn N v mét cdc 16 tréng; xudt hién cdc ion acceptor tich dién am
(-, negative) & thanh ban din P. Toan bo ving chia cac ion nay goi la
mién khong gian tich dién (space charge region).

Mién nay cdn duge goi 1a mién nghéo (depletion regton) vi su ngheo
nan thi€u véng cha c4c hat 1di co ban da khuéch tan.

— Mién khong gian ban din nim ngoai mién nghto khong bi anh
hudng, duge xem 1 mién trung hoa dién (neutral region)

) Neutral Neutral
- pregion — ™ i""_N-region

1
b
I
]
1
|
. Xpoi XMg
: .
I
b
]
]

&

FY
++
+ 4+

v

[N N
1011

H [y

e

v

HINH 2.4. Céu tric !dp tidp giép p—n va g:én ds thé nang

— Diode dugc ché tao v4i mot mién bdn dén c6 néng do pha tap 16n
hon so véi mién kia. Mién néng do 16n hon duge ky hi¢u thém vai dau

(+), nhu 1a P*N hoac N'P. Néng do 16n hon 12 c& khoang 3 14n.

Toan b6 diode gém P-N 1a mot thé th6ng nhét trung hoa vé dién, va
téng dién tich mién ion (+) bing v ngugc ddu véi t6ng dién tich mlén '
ion (—): '

—qNA xp, = qND*xn,
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Vi mitc do pha tap chat hai mién khdc nhau nén xp, # xn,

— Viéc t6n tai mién dién tich duong mot bén va dién tich am mot bén
s€ 1am hinh thanh mot dién truong hudng tt N — P. Dién truong ngugc
chiéu véi su khuéch tdn cdc hat tai co ban, né s€ 16i cudn céc electron tu
P sang N va cdc hole tir N sang P (drift current).

— Dién trudng ndy sé tuong tng v6i su hinh thanh mot hiéu dién thé
noi tai noi mién ti€p xdc. Hang rao thé€ nay ngan trd viéc khuéch tdn cua
céc phén tir tai co ban. Ky hiéu clia hang rao thé nay 1a Vy;

w Kl . N,Np

q rli2

Vi
Vi ti€p gidp cua ban dan Si, Vy; = 0,7 + 1V. Cua ban dan Ge, V; =
1,0+ 1,4V
Driff and diffusion currents :

Tai trang théi cn bang nhiét, khi khong c6 nguén dién bén ngoai tac
dong, dong clia cic electron va dong ctla cdc 16 trong bang khong.

Ieleclron — diffusion N = P - o Ielectron =diffP == N

hote = diffugion P> N = = ol Grieg N P
— Trén thuc t€, mot diode dugc ché€ tao c6 cdu tric va hinh dang
nhu sau :

P-semiconductor Metal top contact

—D—

b)

N-semiconductor,
N*-semiconductor.

Metal back contact

a) ) c)
HINH 2.5a. C4u truc diode, b. Ky hiéu cla diode, c. So dé biéu dién

2.1.4. Phan cuc cho diode

Phan cuc cho diode (biasing a diode) 1a qua trinh dat mot nguén thé
(hodc nguén dong) vao giita hai ti€p xic kim loai ctia bin dan N va P.
Hiéu thé phan cuc ndy, tuy theo chiéu, s& lam cho diode bi phan cuc
thuan (forward direction) hay phan cuc ngugc (reverse direction).



D6i v6i phan cyc thusn, mot hiéu dién th€ nhod sé tao ra mot dong
dién 16n di qua diode. Trong khi phén cyc nguoc, dong 1a rt nhd, ¢6 thé
xem nhu bd qua. Chi trir khi hi¢u the ngugc rit cao, hién tugng dinh
thing (breakdown) s& xdy ra. Hién tugng biéu hién 13 ddng dién rat 16n
tai mot hiéu thé on dinh. ' : '

I(mA)1 : T
10 '
HmA) Ge Si GaAs

8.
51 | forward
2 .
_a0 20 2]}
reverse 0 Va(V) ]

02 04 06 08 1 Va(V)

breakdown ]

a) | b) c)
HINH 2.6 a. Déc trung Vol-Ampe cda diode,
b. Dac trung mot s6 loal diode khac nhau, C. Mach dién phan cuc thuan
a) Phdn cuc thudn |
_ Hiéu dién thé dat vo 1am cho P c6 dién the duong hon N, —> E, N Ey
lam cho dién trudng giam, hang rao thé ciling giam, mién ngh&o hep lai —
dién trd 1dp tiép xiic (trd ndi cua diode) giam.

V>0

.V1 Vo< QL vqmmm

e

[ . / Ve .
Vbi ) _'! b Vbl
e

l forward case ) ‘reverse case

xy
1

Hinh 2.7

— Khi phan cyc thuan, khi hang rao thé giam xu6ng, dién tir trong N
s& khuéch tan sang P mot luong rdt 16n (diffusion current), Dong khuéch
tan ndy 16n hon nhiéu so véi dong dich electron (driff current) khi
electron di chuyén theo lyc dién trudng tir P sang N.

Tuong tu, 16 tréng sé khuéch tan tir P sang N, v dong khuéch tén nay
16n hon nhiéu so véi dong dich khi 16 tréng di chuyén tix N sang P.
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3

— K&t qua 12 mat do dien tir trong P tai mién ngheo tang lén, va hinh
thanh phén b8 gradient clia dién it (electron gradient) trong mién P.
Tuong tu, 1§ tréng s& c6 mot phan b6 gradient cha 16 tréng (hole
gradient) trong mién N.

Hai gradient ndy s& hinh thanh bdi dong kKhuéch tdn (diffusion
current), nhung khong phéi cha cac hat co ban ma 1a cha cdc phdn tir tai
khéng co ban. Diéu d6 c6 nghia 14, 16 tréng khi & bén P 12 hat tai cd ban,
nhung khi da sang bén N lai 1a hat tai khong co ban. Nguge 15_1i, electron
«hi & bén N 13 hat tii co ban, nhumg sang P s¢ 12 hat tai khong co bén. Va
dong dién trong dic trung V-T thu dugc & trén thi chinh 1 dong khuéch
tén ciia cdc hat tdi khong co bdn ndy. Dong nay bi€n ddi theo quy luat

ham exponent.

Pop — T e V=0 ) Pon
P < N
h, ,""' *——Pon
P —depletion—
region
y Va =0
Pop

rbp ----- 1 1
p i Va‘O
e [ - Mon
H Y -~
IR
: p"" - “ S s pDn
Mop ==-r-==mn T "\P

HINH 2.8. Hang réo thé réng, va kich thudc mién nghéo

Biéu thiic dong cé dang :

qupon annop | qV,

I=A 4 —

[ L, + L llexp T 1]
Trong dé : |

A tigt dien 16p tiép xuc ;

D, D, hingsé khuéch tin (diffusion constant) ;

5. VTPT-A
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Pon mat d6 hole khong co ban trong N ;
Nyp “mat do electron khéng co ban trong P ;
L, L, chiéu dai khuéch tan (diffusion length).

~ b) Phdn cuc nguoc
— Hiéu dién thé 1am cho N duong hon so véi P, hi¢u dién thé tiép xic
¢ mién ngheo tang lén, dién trudng E cling tang lén. Nang luong can
thi€t cho c4c hat tai vugt qua hang rao thé cang 16n, 1am cho rat it cic hat

tai co ban chay qua duge l&p ti€p xdc, ma chi thuan l¢i cho céc hat tai
khong co ban chay qua.

- Vi vay, déng dién cta diode lic nay chi 12 dong At nho ciia céc hat
tai khong co ban.

Trong biéu thic tinh dong trén, V, < 0.

I = -, I; 12 dong dién nguoc bio hoa (reverse saturation current)

D.n : '
1, = qAl e uony

P-' i

— Chii § trong trudng hop phan cuc
thuén, mién ngho thu hep lai, dién tr& noi
cila diode 1 rdt nhé. Con khi phan cyc
ngugc, mién nghéo md réng ra, tré noi cia -
diode tang lén rdt 16n. Vi vay, diode duge
xem 14 linh kién chi cho phép dong chén di
theo mot chiéu nhﬁt dinh. -

HINH 2.9. Mach phén
cut Nguosc

c) Hién tuong ddnh thing

Khi tiép tuc ting Vngwc dén mOt gid tri
d 16n nhdt dinh, dong dién nguoc dot ngot tang rét nhanh véi mot sy
ting rdt nhd cha V.0 Phan loai thanh hai hi¢n tugng dinh thung
Zener breakdown (danh thing hiéu tng xuyén hdim) va dinh thing hiéu
ting thic il (Avalanche breakdown).
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Hiéu itng ddnh thiing thde li

Trong hién tugng dédnh thung thdc li, electron trong mién nghéo dugc
gia tdc bai dién trudng cao s& c6 mot dong nang rat 16n. Chiing s& va
cham vao cdc ndt mang clia mang tinh thé va phd v& cdc lién két héa tri.
Méi mot va cham s& ion héa mét niit mang, hinh thanh mot cap dién ti —
16 tréng tham gia lam hat tai*co bn. Céc cip nay goi 12 phin tir tai di¢n
thit cdp. Chiing lai nh4n dugc dong nang 16n va lai lam ion héa cédc niit
mang khdc. K€t qua 1a vi¢c hinh thanh mét lugng cyc 16n céc hat tai va tu
nhién 12 hinh thanh ddng dién danh thing r4t 16n.

Hiéu ting ddnh thung Zener

Co ch€ vat 1y cua hién tugng ddnh thing Zener hoan toan khdc co ché

danh thing théc 1i. Diém gidng nhau duy nhét 12 hinh ddng phan dac
tuyén nguge cia diode. »

— Hai di€m khdc nhau chinh 12 :
o+ Hleu dién th€ nguoc dinh thing Zener trong Silicon diode 1a @
khodng 5V hoéc nhd hon. Trong khi cha ddnh thing théc 16 12 vii chuc von.
+ Dic tuyén ddnh thiing Zener thi d6t ngdt tang hon dénh thing thic li.
~ Pdanh thing Zener dua chinh trén hiéu Gng xuyén him (tunnelling).
Kha nang xuyén him cang 16n khi d¢ rong mién nghto cang hep. Diéu
nay duge thue hién khi ca hai loai bin dan déu dugc pha tap véi néng do
rét cao (10'%cm™). Mién ngho bj thu hep s8 tao ra mot dién trudng rat

cao. Lic d6, cdc electron s& nhanh chéng thu dwoc dong: nang 16n va hi¢n
trogng danh thing xdy ra dé

~dang hon. Vavithé, V, < V.

. ¥
Ve v, |/
~ Dic diém néi bat cia e
diode Zener 13 hiéu dién thé -
ngugc V, gin nhy 1a khong d6i, " Avalance—
m? ¢ du dong diéfl C,é the thay HINH 2.10. Déc trumg danh thing théc
doi rat 1on. Vi thé, diode Zener ' v Zener.
thudng dugc ding dé tao ra céc
ngudn on 4p chudn.

Zener

Fada



2.1.5. Dong dién trong mot mach kin c6 diode

___electrons drawn by V, from contact electrons brought from p by Va

-

to contact to replenish to recombine and drift

electrons move from P electrons drawn from contact
rthose drawn by Va

;

i ol !

holes drift in P i ! electrons driftin N
o 4o .
i
- 0 e ®
holes drift in P ' holes diffuse in N
o-

1
!
]
]
1
O
1
I
]
]
]
]
L5

,O—"@_.‘

-

I
1
o- r |
holes drift in P ]
c;l: : T
1 1 ¢ g
C o o- ; L
slectrons diffuse in P v ! electrons drift in N
1
]

l< P - region :.depletion:q—-—N - region———>
region
metallic contact metalic contact
electrons moved by Va—» i electrons moved by Va —»
SRR
b
V!
® electron
o hole

electron - hole
recombination

HINH 2.11. Dong trong mach kin c6 Diode

2.2. TRANSISTOR LUONG CUC

Transistor 12 mot linh kién ban dan c6 ba cuc. Dong dién dugc tao ra
chay tir cuc nay sang mot cuc khac, trong khi cuc con lai co nhiém vu
diéu khién dong chay nay.

C6 hai loai transistor : transistor ludng cuc (bipolar junction
transistor — BJT) va transistor hiéu ung truong (field—effect transistor —
FET). Su khéc nhau co ban cta hai loai la co ché diéu khién dong dién
néi trén.

E‘{I



Hai ng dung quan trong nhat cia transistor la khuéch dai
(amplification) va khéa chuyén mach (switching). Dong dién, dién thé va
tham chi ngudn nang luong c6 thé dugc khuéch dai trong ting loai mach
c6 transistor bé tri thich hgp. Trong nhiing Ung dung s0, transistor tao ra
céc khéa chuyén giira hai trang thdi ON va OFF véi thoi gian chuyén
trang thdi rdt ngan.

2.2.1. Céu tric va hoat dong co ban (Structure and basic
operation)

Mot BIT dugc hop thanh tir 3 mién ban dén, tao thanh hai mién ti€p
gidp diode PN. Mién & gilta kep gilta hai mién ban dan cung loai
(sandwiched), c6 tinh chit bdn dan pha tap ngugc v6i hai mién nay. Vi
vay BIT c6 thé 1a PNP hoac NPN.

BJT dugc goi 1 transistor ludng cuc vi ca hai loai hat tai déu tham
gia vao qué trinh din dién. Dan dién trong FET duoc thuc hién chi véi
mot loai hat tai (hoac e hoac h). Vi thé FET dugc goi la transistor don
cuc (unipolar).

B E B
Aluminum SiO2
| % 7 A4
R LW R
NBass . vactel b
L T A P-epitaxial layer
. 1 1 1} 1 1] 1
1 1 1 1 [}
a) Carrier direction  + + 1 1 1
| 1 1 1 | |

b) e qop N P , :
) emitter base collector
E ﬁ 2]
Ves Ves
c) e d B

HINH 2.12. a) C4u tric cda transistor BJT, b) hinh m6 phdng, .
c) ky hiéu transistor PNP, d) ky hiéu transistor NPN
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Dung cuc B dé diéu khién dong chdy v E sang C :

Khi Vgg bi€n thién —> diéu kién phan cuc E-B thay déi — bé day
mién nghéo emitter—base thay déi — dién trd sudt p thay ddi. Mién
ngheo nay theo cau triic trén xem nhu 1a mét dién trd bién thién theo Vip
méc ndi ti€p trén dong Iy, nén khi Vg bién thién s& diéu khién dugc do
16n dong Ig, cling nhu I,

Ba mién cha BIT 1a emiter (E), base (B} va collector (C).

Trong PNP, hole duoc tao ra va xuft phét tir emitter di chuyén dén
collector. Vi vAy, miii tén hudng chiéu t¥ E qua B sang C. Trong khi
NPN, dong electron hinh thanh tit E sang C, do d6, chiéu mii tén chi
chiéu dong dién c6 hudng nguge lai.

Céc ché do lam viéc

BIT c6 hai 16p ti€p xuc PN :
emitter—base va collector-base.
Do vay, c¢6 thé xay ra bon kha Vea
‘nang phin cyc : ca hai ti€p xic _ -
déu phan cuc thuln (active), ca Cutoff Active
hai déu phan cyc nguge (inverse ‘
active), mot phan cuc thuin, moét ' Hinh 2.13
phan  cuc  ngugc  (curoff, ‘
saturation). -

Vs

Inverse active Saturation

_ @ Ché ag tich cuc (active mode) : 13 mode hoat dong co ban nhat,

thudng c6 trong cdc mach dién tuong ty. Ti€p xic E-B phan cyc thuan,
C-B phan cuc nguge. Véi didu kien ndy, céc hat tai co ban tix E s& khuéch
tin sang B. Tai,day, mét phdn rdt nhd cha ching s& tai hop (recombine)
véi cac phén tir tAi co ban trong base (bdi vi chiéu dai khuéch tdn cia cic
hat tai nay >> bé day ciia base), phin 16n con lai s& quét hét sang
collector qua ti€p gidp ngugc C-B. Vay chi ¥ diéu kién hoat dong cila
BIT 1a bé day cta base {(width of base) phai rdt mong << chiéu dai
khuéch tdn. N&éu khong cdc phdn tir tdi co ban xuat phét tir emitter s& bi
tdi hop hét tai base, va s&€ khong co dong dién chay qua transistor.

Danh ti transistor két hop ti transfer —resistor, transfer d¢ cap dén
m6i quan hé gifta 16i ra véi 16i vao. Trd rdt nhd (low resistance) tai diode
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- phan cyc thudn, trong ing ti 1& V/I nhd, trong khi diode thit hai phan cuc
ngugc ¢6 trd khang cao ing vdi ti 1& V/I 161 ra 1on.

Active mode thudng sit dung trong cic mach khuéch dai dé khuéch
dai th€ va dong. ‘ _

@ Ché do bdo héa (Saturation mode) : transistor duoc sir dung nhu mot
thiét bi chuyén mach & trang thai ON véi ti 1¢ V/I Ia nho, vi khi dé ci hai
ti€p xtc déu phan cuc thuan nén dong rat 16n. Tuong {ng trd khang nho.

® Ché d¢ khéa (Cutoff) : khi ca hai phan cye déu ngugc, dong dién
tdn tai rdt nhd, nhung van khac 0. Vi thé, ti 1& V/I rdt 16n, két qua 1a trg
khang rat 16n, ¢hi ra trang thdi mach hé. Chuyén mach s& & vi tri OFF.

@ Ché do ddo bdo hoa (Inverse active) : mach ndy it dugc s dung
nhat, collector s& déng vai trd cha emitter va nguge lai. Mot s6 thiét bi 80
cling hoat dong & mode nay. '

Sy pha tap chat clia emitter 16n hon rét nhiéu so véi cha base va
collector. Su yéu cdu khdc biét nay xuit phat tur yéu cdu khuéch dai trong
active mode. Chinh vi khdc biét nay, dan cling 1a su khéc biét cia hai 16p
ti&p xiic ma vai trd collector va emitter khong thé déi chd cho nhau. Vigce
hodn d8i chi xay ra trong inverse active mode, khi ma hoan toan khoéng
tinh dén nhitng dac tinh khuéch dai. |

Mach dién tuong duong - _

Trong céc Gng dung, transistor xuét hién dang t& cyc v4i hai déu vao,
va hai ddu ra. Vi thé, c6 3 kha nang n6i transistor ludng cyc vio mach
dién : base chung (common-base CB), emitter chung (common—emitter
CE), va collector chung '(commor'zs_—collecror CC). Trudng hop CE dugc sit
dung nhiéu nhat, CC sl dung it nhét. ' IR

-k
—l .
Ves
Comman-emitter Common-base _ Common-collector
a) Sa d6 E chung : EC b) S0 d6 Base chung : BC ¢) S0 d Colector chung : CC.

HINH 2.14. S0 d6 transistor méc trong mach khuéch dai
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2.2.2. Céc dong dién cia transistor trong active mode
Viét dinh luat Kirchhoff cho dong va the :

IE = IB + IC
Vep+ Ve + Vee="0

Trong active mode, Vgg =~ Vg >0, Veg =-Vac < 0.

P* ) N P
Emitter Base Collector

|
e EP 4 i
-— CP [ —*o

’ -3
Lis

HINH 2.15. M6 hinh cac phén tit ti chay trong transistor
Dong emitter (PNP BIT) '

Tai tiép gidp diode E-B phan cyic thuan:

" hole - diffusion from E-B
clectron - diffusion from B—-E
— IE- = IEP + IEn |

Igp hole current

Ig, ¢lectron current

Cic electron tir base di d&n emitter, t4i hop véi 16 tréng trong emitter.
“Tai tiép xtc kim loai'. vdi emitter, céc electron bi kéo ra mach dién ngoai
aho hiéu dién thé DC Vg, va vi vay du {hita ra céc 16 tréng ty do. Mot
phén 16 tréng ndy, va cling 14 hat tai co ban trong emitter, tai hop véi céc
clectron d&n tir basc. Phén 16n 16 tréng con lai s& di chuyén sang base
duéi tic dung ctia phan cuc thuan.
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Dong collector

Céc 16 w6éng phun (lIl_]CCt) vao base tir emitter s& dGi mat v6i hai kha
nang :

_ Khi do diy ciia mién base 16n hon nhiéu chiéu dai khuéch tin caa 16
tréng, thi tat ca 16 tréng nay s& t4i hop tai base. Transistor hoat dong lic
ndy chi nhu hai diode méc quay lung lai nhau (two PN junction diodes
back to back), khong c6 tuong tdc qua lai giffa emiiter va collector.

— Khi 46 day mién base nhd hon nhiéu chiéu dai khuéch tdn cha 16
tréng, phén 16n 16 tréng s& dén dugc mién ti€p gidp nguogc collector va
tham gia thanh dong collector.

Vay tai sao 16 tr6ng lai phun sang dugc collector? Do la vi tac dung
cla dién trudmg phan cyc ngugc s& thuan 1gi cho céc hat tai khéng co ban
di chuyén (hole tir base sang collector va electron tir collector sang base}).

Cudi cling ta cd
hole ~  ->  diffisionfromE—>B - imject — C
electron >  movefrom C—B
= Ie=Igp + Ien
Icp  hole current
Io, clectron current (Jeakage current - dong do)
Base current |
Dong base hop thanh tir ba thanh phan
Ig =1Ip; + Ipp — Ips
Ig; =lg, ~ -electron —  khuéchtintit B> E
Iy =L electron (B — E) tdi hop v6i 16 wéng  (E — B)
Ip; = Iy electron —  dichuyéntr C—>B
2.2.3. BJT hoat dong nhu ba khuéch dai dong

V6i mét s6 gia dinh nhung hoan toan ddng trong céc cdu triic BJT
silicon hién dai ngdy nay, ta s& ching minh dugc BIT mic theo so do
emitter chung 12 mot bd khuéch dai dong tuyén tinh (linear current
amplifier).
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" Nhu trinh bay & trén, BIT, ching han PNP, khi hoat dong & ché do
tich cuc s& ton tai 5 ddng dién phan biét

- Hole khuéchtin E - B (Ig,) - phén cyc thuan
— Hole khuéchitin B — C (Igp)
— Electron khuéchtin B - E (g

— Electron (in B) tdi hop v6i 16 tréng  (tir E) (Ig2)

— Electron di chuyén cC - B (Ig3) - phan cuc nguee

Tai ti€p gidp phan cuc nguge base—collector, ndy sinh hién tugng sinh ra
nhitng cap dién tir — 16 trdng tu do. Dong electron chinh 1a dong Ig;. Gid
dinh thit nhdt, dong hole thi rdt nhd so véi dong In, nén c6 thé bé qua.

Dong Iy thuc ra tao ra céc electron cho base, nén s§ electron nay s&
chia 1am hai phdn : mot phdn d€ tai hgp véi hole tir E (Ip), phdn con lai
di chuyén sang E (Ig;). Vi vay, thuc ra dong Iy chi bao gém hai thanh

phin Iy, vaIg,.

Gid dinh thit hai : trong cic BIT nhitng nam 60, dong Iy, trong dsi
16n vi bé day base 10micromét va thdi gian s6ng (lifetime) cha céc phdn
tir tii khéng co bén trong base ngén. Ngay nay, v6i be day base < 1micromét

va thoi gian sdng dii, ddng Iy, xem nhu bd qua.

Vi nhiing gia dinh nhy vay, dong Tg tinh bang Iy, chi ¢& khoing 1%
cia Io. Mic di nhéd nhu vay, Iy van rat quan trong vdi chic nang diéu
khién dong dién ngudn ciing cép cho ddu vao cla Cg BIT.

(Lee = 0) IC i IEp = (_-qAEDp)dP/dx ='qAE,Dpp(0)/wB

= (qAgDppy/Wp) exp(qVep/KT)
Vi bé day base rit mong nén sy phan bé hole 14 phan tir tai khong co

ban trong base dp/dx = —p(0)/Wyg va p(0) théa min quy luit ham
exponent. '

Ag  dién tich ti€p xtc E-B ;
Po mét do 18 trong trang thdi can bang trong base ;
p(0) mat do 16 trong trong base tai ti€p gidp vdi emitter ;
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Wy  bé day hi¢u dung cia base ;
Dp  hing s6 khuéch tdn hole trong base.
Ig, 1a dong tir emitter sang base, va duoc tinh toan trong base vdi cac
thong s6 6 vai trd 1a phén tir tai khong co ban

- I = Ig; = (GAED,p)d0/dx’ = GADurnEyLoE
= qAgD, engp/Lyg exp(@Ven/KT)
ngep, matdo dién tir trong emitter tai 1i€p xdc vdi base
ngg  mat do dién tir trang thai can bang trong efnitter :
L,z chiéu dai khuéch tdn cha electron trong erﬁi,tter ;
D,z hing s6 khuéch tén hole trong base.
Tuong ty, dong Iy, 1a dong tir base sang emitter, ciing du'qé tinh todn
trong emitter (khong phai base) cling vdi vai trd phdn tit tai khong co ban.
Cuéi cung, ta cé

1 _ DpPOLnE

B DueMieWa

Day 1a mét méi quan hé tuyén tinh gitta I va .IB khéng phu thudc vao
Vgg nén CE BIT 1a mot bo khuéch dai dong tuyén tinh.

2.2.4. Dac tuyén 16i vao (I - Vep characteristic)

Is - ] 151
, ,Characteristics shifted
by temperature

I !, Characteriftics i
Bifr--——————- 4 norma

! av €8
IB‘ ----_-..,,.J_I 'B :sexp(—-:_-r—}

VeB, Vg

aj) b) ' E 0

Hinh 2.16 a,b. Déc trung I6i vao cla transistor, ¢. Sd d6 phan cyt cho transistor

Theo quan hé exponent, Ip rdt nhay cdm véi nhiing bién déi cla Vgp
va nhiét 4o T. D& giam bdt nhimg thang gidng tap nhiu do nhiét do, do
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khong 6n dp clia Vg, ngudi ta méc ndi ti€p ngudn Vgg v6i mot dién tré
.RB Béing cdch diéu chmh Vpg va RB, c6 thé giit Iz c6 dinh Iz = (Vgg —
Vep)/Rp.

Khi I duoc giit & diém 1am viéc c6 dinh, I s& chi don thudn bi€n déi
gdp mot boi 1an khong ddi cia Ig. Khi Iy thay déi theo tin hiéu ddu vao
cdn khuéch dai dong, I ciing bién ddi tong tng. Su bi€n d8i nay cha I
thusn theo tin hiéu vao, chit khong phai su bi€n ddi theo cdc thang giang
T va Vgg.

2.2.5. Cac _tham s6 cua transistor (transistor parameters)

— Cic dong dién trong PNP transistor & active mode c6 dang :

IE = _I'Ep + IEn
. ._ IC = ICp + ICl'l = ICp + ICBO
Ip =1 + 1 —Ips =Ig, + Liec — IcBO

Lpo 12 ddng dién tix collector dén base khi emitter hé mach (emitter open).

— Hiéu suit phun emitter (emitter injection eficiency) : ti s& gila
dong 1& tréng phun tir emitter sang base vdi téng dong dién emiiter

I-r:p
Tl
— Hé s6 truyén dbng dlén (base transport factor) : ti s6 gilta dong 16
trong di dén collector véi dong 16 tréng dén base tir emitter

B thudmg ¢6 gid tri tir vii chyc dén vai tram.
T dé, tacé I =I5 (1+B)

X ' B

\Y =

a | (o] 1+ B
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2.2.6. Ho cac dic tuyén ra

Xét céc dic tuyén ra clia BJT khi hoat dong trong cic bo khuéch dai
vi chuyén mach.

Co-  imput, Ve = f(ip Vo)
output, Ic = f(Ig, Vo)
Cg - input, Vegg = (g, Vpo)
output, Ic =g Vgo)
: Ilc f I
Saturation ',/Vac Saturation lg,

B, Active

Cutoff IcEe  VeC _ WME{
' Cutoff lcg, Vec

Inverse active
Common- Emittar Common-Base
a) | b)

HINH 2.17 a) Dic trng I = fllg, VEQ), b) ddc tnmg I = f(ig, Vao)

2.3, TRANSISTOR TRU'CJNG

Transistor hiéu tng trudng dugc k¥ hiéu 1a vi hoat déng co ban dya
trén tic dong cha dién trudng ngang (transverse) lén chuyén dong doc
(longitudinal) cha cdc hat tai dién.

Csu tréic v hoat dong hoan toan khac biét véi transistor ludng cuc.
Trong khi dong dién clia BIT bao gém ca 1 tréng va dién 10 thi cia FET
chi 12 mot loai hat tai duy nhit. Bén canh.d6, dong cua BJT chit yéu la
dong khuech tén (diffusion) cla céc hat tai khong co ban. Con chia FET
thi d6 1a ket qué ctia dong dich (driff). cic hat tdi theo anh hudng cia dién
trudng. N6i chung, FET c6 mét vai wu diém hon so v6i BIT.

— Tro khdng dau vio 16n hon, nén cé thé bd qua phan nang lugng tiéu
hao cilta nguén thé mic tai ddu vao.
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— FET khong nhay véi nhiét d6 nén khéng bi anh huéng nhidu boi
thang gidng nhiét 46, va mién nhiém véi céc biic xa séng dién tir.

— Néu FET loai Silicon thi tap nhiéu rat it.

Nhuge diém chinh cha FET 1a hé s6 khuéch dai nhé. FET duoc san
xuét kinh t&€ hon BIT vi sir dung it cong doan hon v dién tich cho mot
chip thi nho hon.

Vi 40 6n (noise) nhd va khéng bi anh hudng béi bic xa dién tir
(radiation), bo khuéch dai JFET dugc st dung nhiéu trong thong tin v¢
tinh (satellite communication) & céc tan s6 gigahertz. N6 ciing duge dung
lam b6 khuéch dai trong cédc bo khuéch dai thuat todn (operational
amplifiers) va bo so sdnh (comparators).

FET
)
) 3
JEET - Junction FET MOSFET- Metal Oxide Semiconductor FET
Gate is junction - Insulated - gate -IGFET
: - Metal -insulated -semiconductor - MISFET
| |
¥ . ¥ ' 1 ¥
iconductor - M -
%in;-:g?\dtcgr . SQmic:rE:_,cto, Enhancement mode Depletion mode
Junction Junction {normal OFF) {normal ON)
JFET " MESFET (kénh cidm {mg) (kénh dat san)
NJFET| |PJFET | [NMESFET| |PMESFET| |P bh_annel N ¢channel | |P channel| [N channel

HINH 218 FE T va céc loai transistor trudng
2.3.1. Cau tric va hoat dong cliaJ FET(Construction and operation)
FET ¢6 3 cyc : cuyc clia (gate), cyc ngudn (source) va cuc méing
(drain). Cuc nguén la cuc ban din ma it d6 phdt ra cic hat tai dién di

- chuyén qua mot kénh dan ban din (sem:conductor channei’) dén dich la
cyc mang.

In NJFET, kénh dan la N v& hat tai dién 12 céc electron MOt hiéu

dién th& dwong dat tai cuc méng so véi cye ngudn s& gia tdc cdc electron
nay chuyén dohg trén kénh.

Cuc thit ba 12 cuc cira d€ diéu khién dong chdy céc electron. Gate la
P* trong NJFET, c6 d0 dan ngugc véi do dan chia kérh (P* so véi N)

Téc dung cia Vg (gate=t o—source voltage)

Kénh din cha NJFET 13 mot thanh silicon N, ¢6 dién trd phu thuge
vio chiéu dai L, d6 rong 2a, chiéu sau Z va do dan.



Giit ¢6 dinh Vg (drain-source voltage), d6 rong 2a cia kénh, hinh '
thanh boi gate va channel, s& duge diéu khién bdi hiéu dién thé phan cuc
ngugc ddr gijta gate va source (Vgg). '

Vi gate P* ¢6 néng d6 doping cao va phan.cuc nguoc tir bén nay sang

bén kia cla 1iép gidp gate—channel nén mién ngh€o gin nhu trai rfmg
toan bd kénh dan.

5~

Source

Ga{
/ g | . i
L _ : 1 Ip by
: : 2al N-channel P*
_ N-channel ¢ Vo £
_| 7 [ bran .

I Sdurce Géte Drain

L | L

HINH 2.19. Céu tric cGa JFET kénh N
Cuc cita trd thanh cuc diéu khién bdi vi khi thay d8i hiéu th€ phan
cuc ngugc Vg, mién ngheo thay d6i, d9 rong 2a ciling nhuy tiét dién cét

ngang (cross—sectional area) cla

_ #) D9 D¢
kénh dén md dong electron chay -
vuong géc qua cling thay déi theo. |-
Két qua 1a do din (conductance) clia HGHI:: PR ._l__‘
kénh din thay déi. Qua trinh diéu - '
khién nay duoc goi la diéu ché do ’ |
din kénh (conductance modulation). _ Se S5
Dong dién dich (electron driff 8) NJFET;  b) PJFET
current in NJFET) chdy vudng géc _ Hinh 2.20. Ky higu transistor JFET

v6i dién truong diéu khién .
(longitudinal current and transverse electric field), dugc tinh bang ti s6
gifta Vg v3i dién trd kénh dén.

Vs
IDzR DS

channel from Sto D



R = resistance of channal

—oV 5 =1V
e — — Ip,
S ; \Depletion Iayer--—-—.‘_ Vb R, = Vp 1 Ip{mA)
o [NNeoofoeomommeome | =
. ¥ I N .
a)
—¢VG =-2V v
s Y ..22 Ry = [—D v
r ------------ \ VD . Oz _4 —TT i GSN)
= = Ip, < Ip, ! .
e . : Dac tuyén truyén dat clia JFET
b) ' véi Vg =const
VG =4V Vo Id = f(Vgg) lVDS= const
\ ‘; IDJ R3 - — .

HINH 2.21 a,b,c BA rgng kénh dén N thay dbi khi Ug S thay d&i
Téc dung caa Vg (drain—{o-source voltage) .

D6 rong kénh din chi yéu diéu khién bing VGS..Tuy nhién, thuc t&
Vg cling tham gia mot phan trong qué trinh didu ché do rong kénh.

Hinh dung, di tir source dén drain cia kénh din, mic do phan cuc
nguge gitta cuc gate am va kénh din duong (so vdi source) tang dén theo
su tang ddn cla hi¢u thé phan cyc nguge. Vi thé, kénh din that dan vé
phia cuc mang. Khi tang Vps, 40 that xdy ra cang nhiéu. Ky hiéu Vgar 12
hiéu thé ngudng cla Vps, tai 46 kénh dat ngudng thit hoan toan chinh tai
drain (pinchoff), xuft hién mién. ngheo cdch dién (depletion isolation
. region). :

Tiép tuc tang Vps trén Vgar, Vpg — Vsar S€ roi trén mién ngheo cdch
dien, vi vay hiéu th€ roi trén phén dén 12 Vgar. Liic nay, mot dién trudng
doc manh (longitudinal electric field), xust phét vir cdc ion (+) trong mién
ngheo cich dién, két thic tai cdc dién v (-) trong kénh. Dién trudng nay
téc dong bat cac dién tir chuyén dong tir miii nhon cia phdn con lai kénh
din, xuyén qua mién cich dién va dén cuc mdng. SO cdc dién tr ¢6 mét
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tai miii nhon dé tham gia chuyén dong dong dién phu thuoc vao hiéu thé
roi trén mién nghéo cach dién Vpg — Vgar. Diéu d6 c6 nghia 1a chiéu dai

cha depletion isolation region cing kéo dai néu cang tang Vpg, tuong ing
dong dién s& giam di. Nhung, thyc t€ cdu tric JFET cho phép dua ra gia

dinh ring chiéu dai cha mién ndy 13 it nhé so véi chiéu dai L ciia kénh’

din. Vi th€, mot két luan quan trong la dong dién ming Iy, tai céc hiéu
" thé VDS > Vga 12 mot hiing s6 va béng gid tri dong tai diém Vpg = Vsat

Ip dat gid tri bdo hoa.

Pac tuyén 18i ra clia JFET theo d6 s& c6 dang nhu hinh 2. 22 a.

e
Y sl nt
r _----::::::::a.-- VD=V3AT
'--.’_’—..-—'—H-hl\
‘ d -
i pinchoff
|—=VG
ol Josar
r ::::______‘_',:::- 25 e Vo> Vear
e — A
. e Isolation

o - v ragion
- VeAT  Vp-Vear

a) Electric field by (-;-} : Isolation region and () : electron in N channel

' . " Lotus of pinchoff paint
1 Linear region
omV) " r /. + Saturation region

1,01 . V V=0V

0,8 1 0,5V

Breakdown
ov [ regen

v
J

0.6 1

0,4 1

-2,0V
~2.5V

0,2

Cutoff
. ————t / Vo(V)
2 4 8 8 10

b) Déc tuyén I5i ra cla JFET voi Vs = const

lo=f(Vos/ .Vss = const)
Hinh 2.22.



— Viing bdo hoa (Vp > Vgap) * Ip khong phu thuge vao Vpg ma chi
phu thudc vao V. Vi thé, ving nay la viing khuéch dai cua JFET. Dong
I, duoc diéu khién bdi Vs

— Viing tuyén tinh (Vp < Vsap) : Vp nh, bién thién ctia I, theo Vp la
tuyén tinh.

— Vang cutoff : khi Vgar = 0, dong I s& bang 0.

— Ving danh thiing : dong Ip dot ngot tang khi Vpg dt 16n dé danh
thing ti€p gidp PN gan D.

Nhdn xét ddc tuyén ra : Khi Vg cang am thi diém pinchoff cang dich
vé géc toa do. Li do 1a Vg cang am thi phan cuc ngugc cang 16n, mién
ngheo cang md rong, va hiéu thé thit kénh Vpg, xay ra cang sém hon.
Diém dénh thing ciing x4y ra som hon.

2.3.2. Ciu triic va hoat dong cha MOSFET

Thiét bi gdm cé cuc clra (Metal), phan cich dién (Insulator) phin
tach cuc clra v6i mién bén din (Semiconductor) ma tai dé la moi truong
kénh dan channel.

Véi cdu tric nhu vay, Ve Insulator
MOSFET tén tai moét tu dién
MOS nam gilta cyc ngudn va
cuc mang. MOSFET kénh N
sit dung d¢€ silicon loai P, cuc

An vi 4 a eili P substrate . N-channel MOSFET
ngudn va cuc mang la silicon
N*. Mot hiéu dién thé (+) du
16n dat lén cuc clra € tao ra : =
su ddo ngugc tinh ban din cia "HINH 2.23. C4u truc MOSFET
dé P, 1am hinh thanh trong d&

P mot kénh dan N (inversion layer).

Céc electron trong kénh din sé chuyén dong dich (driff current) tu
cuc ngudn sang cuc méng khi dat mot hiéu thé duong Vpg. Hién tuong
tuong tu v6i P-channel MOSFET véi d€ N va P.
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Hién tugng dao (Inversion)

Khi dat theé phan cuc vdo cuc clra kim loai (metal gate), mot phidn
hiéu dién th€ s& roi trén I6p cdch dién, phan con lai roi trén dé€ silicon.

Déi v6i d&€ P, V5 < 0 s& hiit cdc 16 trong trong d& P vé 1ap trung tai
mién ti€p gidp ban dan — cdch dién. Néng do 16 tréng tai day tang lén,
qué trinh goi 1a tich liy (accumulation). Hinh thanh tu dién, cyc am la
metal gate, cuc duong la vang tich luy trén, 16p cach dién chinh 1a 16p

di¢n moi. _ _

Khi Vg > 0, cdc phén tir tai co ban 1a 18 tréng trong P bi ddy ra xa
khoi bé mit ti€p xdc ban din — cdch dién va ving ndy trd thanh mién
ngheo (depletion). Ti€p tuc tang th& phan cuc duong Vg, ndng d6 hat co
ban (16 tréng) gidm dén ndng do hat khong co ban (dién tir), trd thanh vat
liéu ban déan thuin khi&t (intrinsic). Tang ti€p Vg, cang nhiéu 16 tréng bi
. ddy ra xa, cang nhiéu dién tir bi hit vé bé mat tiép gidp, dat tinh trang
néng do dién tir vugt xa so vdi ndng do 16 trong. K&t qua 1a trong vat liéu
loai P ¢6 mét vﬁng hat tdi co bdn 12 eléctron. D6 chinh la hién tugng dao
ng!mc tinh dﬂn cta ban dan (inversion).

Phan loal .
Chia 1am hai loai : kénh N d€ P (N—channel, P subs_trdte) va kénh P
dé N (P—channel, N substrate) Véi mbi loai, thi€t bi cd thé chia thanh

MOSFET kénh cam u‘ng (enhancemem—mode) va MOSFET kénh dit sin
(deplerwn—mode) )

- Kénh cam \ing : tai VG =0, do dan cla keénh rdt nho (trang thdi
NORMAL OFF). Cin phal dat mot hleu thé duong (N-channel, P
substrate) hodc am (P—channel N substrate) dé hinh thanh kénh. Vi thé
dugc goi 12 kénh cdm img. Su ting giam clia Vg trén gid tri th€ ngudng

-V (threshold voltage — khi bit d4u dat mvcrsmn) s& thay déi ndéng do
dién tit ca kénh, lam thay d8i do din kénh va tuong tng l1a dong dién
mdng I, chay qua kénh.

— Keénh dat sdn : tai V; = 0, da t6n tai sin kénh din N (N —channel,
P substrate)  (trang thai NORMAL ON). Khi dat Vg <0, s€ 1am ngheo
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nong do clectron cha kénh va gidm d¢ din kénh. Dong dxén duge diéu
khién thong qua sy ngh&o nhiéu hay it caa kénh.

N-channel 1Y ¥ ' T A N-channel
enhancement N . N _ depletion
(normally-off) P P {normally-on)
I I
bt - o Vg >0
1VG >V VG
VG <0
rVGé VT . : s Vas VT
Vb

T
P

P-channel I_MF‘T

P -chanﬁel
enhancement ‘depletion
(normally-off) N . {normally-on)

Iq . o ) Ip t
VgVt Vi Vg2Vy- XY
_ GeVT . D V>0 G=VY D
Vg <V Vg =0
V<0

r T
wI e wJ]Lw

c)

HINH 2.24 a,¢ cdu troc, dic trung va ky hiu lla MOSFET kénh N, b, d
cau tric, dic trung va ky hidu cla MOSFET kénh P
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Chuong 3
CAC MACH KHUECH DAl

31, KHAI NIEM VE KHUECH DAI

Pinh nghia

Bo khuéch dai 12 mot thi€t bi bién déi tin hieu cé bién d6 nho & déu
vio thanh mot tin hiéu c6 bién do 16n & déu ra ma dang cha tin hiéu
khong thay déi. '

Thuc chat khuéch dai 12 mot qué trinh bién d6i niang hugng c6 diéu
khién, & d6 nang lugng cba nguén cung cdp mot chiéu duge bi€n déi
thanh ning luong xoay chiéu ¢6 quy luat giong nhw quy luat caa tin hiéu -
diéu khién. : "

Phan loai

Chia mabh khuéch dai thanh nhiéu loai theo nhiéu cich khic nhau :

— Theo dang tin hiéu cdn khuéch dai : khu&ch dai tin higu lién tuc
(khu&ch dai micro, 4m thanh...) va khuéch dai tin hiéu xung (radar, may
thu hinh, c4c thiét bi tinh todn, diéu khién...)

_ Theo dai t4n s6 tin hiéu cdn khuéch dai : mach khuéch dai mot chiéu

(f = 0 va tin s6 rit thap), mach khuéch dai tin thip (f = 16Hz + 20kHz),
" khuéch dai trung tdn va cao tan (f > 20kHz). '

— Theo dic tuyén tin s6 : mach khuéch dai cong hudng (he s6 khuéch
dai K dat gi tri 16n nh4t tai tdn s6 cong hudng), khuéch dai dai hep (K
khong thay déi trong mot dai hep tdn s6 va suy giam rd rét ngoai ving
nay), khuéch dai dai rong (dai t4n lam viéc ¢d vai chuc MHz).

| — Theo tré t3i : khuéch dai dién trd, khuéch dai bién the, khuéch dai
cong hudng, khuéch dai di¢n cam ...
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_ Theo tinh chét cdc dai lugng vat 1§ 1y ra : khuéch dai thé (K,),
khuéch dai dong (K;), khuéch dai cong sudt (Kp)...

Céc chi tiéu va tham so co ban ciia mét tang khuéch dai

Hé 56 khuéch dai |

K=—"+ AcéthélaU, L P
Vi tdng khuéch dai co chua céc phin tir dién khdng nén K 1a mot s6
phtic
K = K | exp(joy )

IK| thé hién quan hé vé cudng do (bién dg) gilia dai lugng ddu vao va
dai lugng ddu ra ;

@y d6 dich .pha gifta dai lugng ddu vao va déu ra.
, Cdc ddc tuyén |
- —Nhin chung, K| va ¢y phu thudc vao tin s o cua tin hlcu ddu vao ;
- K= (@) dic trimg bién d6 — tdn 6 ;
@y = f,(®) - dictring pha —tins6; -
U, =f3(@)  dic trung bién d6 (18 tai mot t4n s6 ¢ dinh).
Chi tiéu ddura ' B |
- Pién ip fa dinh mitc (U,)
— Cong sudt ra trén mot tél quy dinh (P,) ©

" — Trd khing ra cua mach khué’ch dal (Zr) cﬁng nh6 cﬁng 16t — kha
nang chiu tai tot ‘ :

Chi tiéu ddu vdo

~ Dien 4p vao dinh mic (U,)

_ Dong dién vao (I,) |

— Cong sudt vao (P,)
— Tr& khang vio (Z,) cang 16n cang t6t — it tiéu hao ning lugng

~ tin hiéu
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Do nhay ctia bo khuéch dai : th€ vao nhd nhat ma mach c6 thé
khuéch dai — Uynin _
_ Khd ndng phan gidi : ti s6 tin hiéu / tap, & tdng ddu tap am cang nhé
cang 16t : :

3.2. HOI TIEP TRONG CAC TANG KHUECH DA (FEEDBACK)

Hoi ti€p (phan hoi) la thyc hién viec truyén mot phan hay, toan bo tin
hiéu ddu ra vé ddu vao bo khuéch dai. Hoi tiép s& cai thien héu hét céc
chi tidu chit lwgng ciia bo khuéch dai va lam cho né c6 mot s6 tinh chat
dac biét.

He s6 khugch dai vao he s6 truyén _
dat déu'1a nhiing s6 phic : Y} K

K =1Klexp(ior)
F = IFlexp(iop)
K=U,/U,; F=Uy 1Y, H;‘NH 3.1. So d6 khuéch dai voi mach

Vi ring K va F déu 1a phdn tir phic - phén h6i
phu thudc tdn s6 nén cén chi ¥ do phan héi 6 cdc viing tdn s6 khdc nhau.

© 3.2.1. Phan loai

o
<
£

Uhl

Phan logi theo pha ciia tin higu hoi tiép :
Héi tiép am:(ri'e'_gative feedback) ;
H6i tip duong (positive feedback).

H6i ti€p duong : tin hiéu héi ti€p déng pha vdi tisi hieu vao, do d6 sé
lam tin hiéu vao manh ién. Héi ti€p duong thudng lam bd _kh'ué'ch dai mat
én dinh, thuong dugc dung trong céc bd tao dao dong. . .

Héi tiép am : tin hiéu héi ti€p ngugc pha véi tin hiéu vao, nén lam
yé&u tin hi¢u vao. Duge st dung d€ cai thién chat lugng bo khuéch dai nén
duoc ding rong ral. Y

Phan logi theo dang tin hiéu : ~ Héi ti€p mot chiéu ;.
: Héi tiép xoay chiéu.
Héi ti€p am mot chieu ding dé én dinh ché do cong tdc, con héi tiép
am xoay chiéu dung d€ 6n dinh c4c tham s6 cha bo khuéch dai.
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' Phan logi theo mach dién : -

Phin héi ndi ti€p — dién 4p : tin hiéu héi ti€p ndi 1icp ngudn tin higu
ban dau va ti1é véi dién dp & ddu ra.

Phan héi song song — dién 4p : tin hi¢u hﬁl ti€p song song ngudn tin
hiéu ban déu va ti 1& v6i di¢n dp & ddu ra.

Phan héi néi ti€p — dong dién : tin hiéu héi tiép néi ti€p ngufm tin
hiéu ban ddu va ti 1¢ véi dong dién ¢ ddu ra.

Phin héi soug soug — dong dién : tin hi¢u héi ti€p song song ngudn
tin hi¢u ban ddu va ti l& v6i dong dién & dau ra.

UV . - Ur U\‘ Ur
Uy K Un U K Ui
| . U, . I v, I U,
U] F [ U U | F | Ym | |
a) NGi Hiép - dién ép b} Song song - dién 4p
U, ’ U; . U, ) U,
K _ K
U, 1 u, u, —l U,
| Svht ' Luht
Um| F | Ui Uw| F | Y
¢} NéGi tiép - dong dign d) Song song - dong dién

HINH 3.2. Cac mach phén héi trong b khuéch dai

3.2.2. Xét cdc anh hudng cha mach héi ti€p ndi tiép — dién 4p
Xét cac h¢ s6 khuéch dai |

K=2r, Kf=g_r., F:%Jm't-, Uy = U, + U
UvK v vht -
tht U
o K= U,




KU K

—>I Kfv_" D v T = T T
Ug ~FxKUx 1-FxK

3.1)

Viét tudong minh K va F

K =l K | exp(jy)
F = F | exp(jog)

—> KF =l K | Fexplj(py +¢)]= K | F exp(jo)

Xét d6 1ech pha téng ¢ tfong hai trudng hop :

a) Khi ;ol= 2nx{n = 0,1,2...), phdn hoi duong

Nghia 12 khi tin hi¢u phan héi t1d vé dong pha véi U,. Lic nay,
& _

1-XKF

- Kp = (3.2)

|
1-KF
Khi KF 2 1, thi K; =, lic d6 h¢ khong con 12 he khuéch dai, ma
~ chuyén sang trang thai mdy phdt, dac trung cho diéu kién tu kich cha
mach khuéch dai. Vay, diéu kién ty kich cha mach khuéch dai khi cé
phan héi duong gém hai diéu kién : '

D¢ léch pha toan bo 14 2nn (n = 0,1,2...)

TichKF > 1 . |

Diéu kién tu kich thda mén chi vdi mot tdn s6 c6 dinh (tdn s6 ndy xic
dinh theo cdc thong s& linh kién clia mach phén héi dé théa min diéu
kién tin hiéu phan héi tr& vé déng pha vé6i tin hiéu vao). Tich KF 2 1 dé
sau méi chu k¥, ning lugng ciia dao doéng nhd tdn s6 c¢6 dinh d6 duge
thém vio, 1am cho bien d6 va nang lugng dao dong tang dédn, ddn dé€n hé
dugc tu kich dao dong va phat tin hiéu hinh sin.

b) Khi 9= (2n+1)7t(n = 0,1,2...), phdn héi dm

_ K
~1+KF

Khi héi ti€p am, dién 4p phén héi trd v€ ngugc pha véi U, —» K; <K

Khi KF< 1, phan héi duong K; >K mot lugng 14n.

K (3.3)



mét lugng tucmg dsi AKf =

o

dnh hudng cia hoi tiép dm dén do 6n dinh ciia hé s6 khuéch dai.
Vi phan cong thuc

dK1+XF)-KdKF _ dK

dK, = ~_ =
f (1+KE)? (1+KF)?
K&t hgp hai cong thitc
Ky __ 1 dK
- X CTIRER (3.4)

 Nhan xét : Khi K thay d8i mot luong tuong d6i AK thi K thay déi

1 T3 %F ——_AK, tic 1a su thay ddi 1a nhd hon

1
+ KF

Vi vay dua ra mét két ludn quan trong la :

lan.

— D¢ 6n dinh hé s8 khuéch dai s€ tang khi tang do sau hdi ti€p (tang F).

Tinh chét ndy dic biét quy gi4 trong diéu kién hé s6 khuéch dai thay doi
do sy thay déi chia tham s& theo nhiét do (nh4t 14 d61 vdi transistor) va su
gid héa cia linh kién.

Lic d6 K; ==

— Néu he sd khué&ch dai K 16n va hdi ti€p am sau (F rdt 16n) thi ¢ thé
loai tri su phu thudc ctia hé s6 khuéch dai vao s thay ddi cdc tham s6.
' 1
F

~— Bén chét cha viéc tang tinh 6n. dinh hé s6 khuéch dai khi c6 héi tiép

am 12 : khi thay ddi K thi dién 4p héi ti€p Uy, Uy, cling thay ddi, din

dén thay ddi U = U +U,, theo hurmg bir lai sy thay déi dién 4p ra

U cua bg khuéch dai.

— Ting 6n dinh cda h¢ s6 khué’ch dal bang héi tlé'p am dugc sit dyng

rong rdi dé cai thién dac tuyén bién do — tdn s6, s& mé& rong dugc dai tdn
vi nhitng suy hao viing tin s6 thép va cao do tu dién méc néi tiép giira cdc
‘ting khuéch dai va tu ki sinh mic song song dnh hudng dén 1o
khdng vao ' '

Z = Z,(1+KF)tang 1én1+KF 1dn



dnh hudng dén trd khdng ra Ky

= L - 1 . K fo---- e
Z?f‘1+1<1= gidm T 14 ye
Kt f=-1f74

3.3. KHUECH BAI PIEN 'I'RO

r

C6 3 loai so d6é twong duong |
f \
cla ;ransmtor hoat dong & tdn s8 b Af B

i Afht 4
thap (f << fyy) HINH 3.3. Biic trung bién d6 — tin 6 khi c6
‘ phan héi am

a) So d8 base chung b} 50 6 emitter chung ¢} So dé collector chung
" HINH 3.4. S d6 tuong duong clla trans:sror trong céc mach BC, EC, CC

Base chung

Dic diém : trd vao nho, trd ra lo‘n KP thdp, dlén ap Chlll dung cao.
R,=rg+mp(l-o);  a=p/(+p)

Emitter chung : '

Dijc diém : hiéu sudt 16n, Kplén L
R,=rg+rg(1+p) B =a/(l-0)

C ollector chung : '

Piac diém : d6 méo phi- tuyén nhd (do ¢b mach phan héi am). Hay
diing cdc mach c6 nguén nudi thép. Trd 16i ra nhod,

Khuéch dai dién trd thudng sit dung hai so d6 : ‘Emitter chung va
Collector chung.
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3.3.1. S¢ d6 khué&ch dai Emitter chung

b0
PNP 1 n I o
el ST

a) S0 d6 khuéch dai dign trd EC " b) Sa d6 tuong duong
HINH 3.5. So d6 khuéch dai dién trd EC va 50 d6 tuong duong
" Vai tro cda cde yéu t6 trong mach |

— Nguén mot chidu (-E¢) dung thay cho hai nguén phan cuc
transistor ; -

- Co1: Cp2 lﬁo céc tu n6i tdng. C,; loai trlr anh huéng 1an nhau cua
nguén tin hiéu va mach vio v¢ dong mot chiéu. Mat khdc, né6 dam bao
cho dién 4p U, & ch€ d¢ tinh (khong c6 ngudn tin hi¢u vao) khong phu
thudc vao dién trd trong r, cua ngudn tin hi¢u. Tu C,, ngan khong cho
thanh phdn mot chidu va chi cho thanh phén xoay chiéu ra tai.

- — Ry xdc dinh ché& do tinh cho tdng khuéch dai, né s& phan cuc cho
transistor bing dong ¢6 dinh (I). Dong Ly tit ngudn mot chiéu cung cdp
| I, = E. —Usg
S Ry

Nguyén tdc hoat dong cua tdng EC nhu sau :

Khi dua dién 4p xoay chiéu t6i ddu vio (Upg) thi xust hi¢n dong xoay
chiéu base I, (theo cong thic trén, khi Ugg thay déi thi dong I, thay ddi
thanh dong I). Do d6, xust hien ddng xoay chiéu I & mach ra cha ting
khuéch dai. Roi 4p trén dién trd Re (dién trd gdnh) s& tao nén dién dp
xoay chiéu 14y ra trén collector. Di¢n dp ndy qua ty Cj, duge dua dén ddu
ra ciia tdng va dén Ry.
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Cdc ché d¢ lam viéc co bdn cua mét ting khuéch dai :

Dé phén tir khuéch dai 1lam viéc binh thudng, tin cdy & mét ché do
xdc dinh, c¢4n hai diéu kién co ban : '

Xéc 14p cho base, collector, emitter nhithg dién dp mot chiéu c6 dinh,
goi la phén cyc tinh cho phén tir khuéch dai (EB 13 phan cuc thugn, CB la-
phan cuc nguoc). Néi cach khac 12 xéc 1ap ché' do lam viéc tinh.

B dinh ché d6 tinh di dugc xéc 13p dé trong qué trinh 1am viéc, ché
d6 cla phin tir khuéch dai chi hoan toan phu thudc vao dign 4p diéu
khién dua téi 16i vao. Diéu ndy thudng dugc thyc hién nhd cdc phuong
phép héi ti€p 4m thich hop.

. Dudmg tdi tinh (duomg tdi mot chiéu) va diém lam vige tinh

Dudng tdi finh duge vE trén dic tuyén ra tinh cla transistor dé€ nghién
ciru dong dién va dién 4p khi né méc trong mach cu thé (khi ¢ tai) khi
khong c6 tin hiéu ddt vao. _'

Diém cong tée (diém 1am viéc tinh, diém phan cyc) 12 diém ndm trén
dudmng tai tinh xdc dinh dong dién va dién ap. :

| Tacod: UCEO = EC - ICORC'
Khi IC =0— U_CE= EC. xac dlnh diém A (UCE9 Ic) = (Ec, 0)

Khi Ueg = 0— Io = Eg/Re xéc dinh diém B (Ugg, Io) = 0, ERQ)
Dudng tai dong (dudng tii xoay chiéu)

Néu coi dién trd xoay chiéu clia ngudn cung cdp Ec bing khong, thi
dién tr& xoay chiéu cia tdng gém hai di¢n tr& R¢ va Ry méc song song,
nghia 1 Ry, = Ry // Re. Trong khi thiy rd dién trd tai mot chiéu cia ting
Ry= =R > R '

Xay dyng dudng tii xoay chiéu theo i s& gia s clia dién 4p va ddng dién

AUcg = Alc(R7// Re)

Khi c6 tin hiéu vao, dién 4p va ddng dién 13 18ng cia thanh phin mot
chiéu va xoay chiéu. Vi thé, khi thanh phén xoay chiéu bing 0 thi dudng
tai xoay chiéu di qua diém 1am viéc tinh P clia tai mot chiéu. D6 déc cnha
dudng tai xoay chiéu s& 16n hon dudng tai mot chiéu (xdc dinh baoi
AlJAU ).
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Y nghia ctia dudng tai dong : Khi cung cip Uy thi trong mach base s&
xudt hién thanh phan xoay chiéu iy c6 lién quan dén dién 4p Uy, theo dic
tuyén vao (Ugg, Igg)- Vi ic = Bi,, nén xudt hién tuong tng ic. va dién dp
ra xoay chiéu U, lién h¢ v6i dong ic. biang dudng tai xoay chiéu. Vay
dudng tai xoay chiéu dac trung cho su thay déi gid tri tic thoi clia dong

ic va dién 4p trén transistor, hay dac trung cho su dich chuyén diém lam

viéc tinh.
g L
Budng tai = %
Ving bao hoa
xoay chidu —— d :
B} (5.~ Mién hoat dong
Buong tai [ ) {//p, Mién qua cong suat
mét chiéu b /}fn s g

UBEmax

HINH 3.6. Cach chon ché dé cia transistor
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Cdc ché do lam viéc ctia mot tdng khuéch dai
Piém lam viéc finh P xdc dinh béi cic toa do (Ico. Ucgo) hay (Uceor

Uggo)- Ty theo vi tri cda P trén dudng tai, ngudi ta phan biét cac ché do
lam viéc khéc nhau : '

Néu P niim gifta hai diém M v N 12 nhithg giao diém chia dudng tai
{inh véi cdc dac tuyén ra tinh tng véi céc ché do t4i han cua transistor

Uggmax (1aY Ipmax) va Ugg = 0 (hay Ig = 0), tdng khuéch dai 1am viéc ¢
ché dé A.

Ché do nay cé hai dic diém co ban 12 : ving 1am viéc gy ra méo nho
nh4t va hiéu qua bién ddi ning lugng cla ting khuéch dai 12 thﬁp nhat.

Khi P dich ddn vé phia N, tdng khuéch dai chuyén ddn sang ché do
AB v ltc P tring N, tdng khuéch dai lam viéc & ché do B.

Pic diém chi yéu ctia ché do B : méo tin h1éu 16n va hléu suﬁt bi&én
déi nang lugng cha tdng twong déi cao.

Khi P nam ngoai N va 1an can duéi M, tang khuech dai 1am viéc & ché
d6 khéa v6i hai trang théi phan biét cha transistor : md bio hoa (P gin M)
va khéa dong (P ndm dudi N), Ché 46 ndy thudng gap & cac mach xung.

Chon diém lam viéc cho tdng khuéch dai
— Pé trdnh méo dang trong viéc khuéch dal, nén chon di€m lam viéc

P & giita dac trung tai, ché’ do A.(I C _-_-iEEE, U g ==C

— Vi B-E 12 phan cuc thua'n, trds rit nhé nén . I:, = RE

Ty
bl

' b

= ITC = Eﬁ-— = 2BRC (ddl v6i thanh phﬁn mot chi€u)
C —__ . .
B 2Rc
— Chon E¢. phai theo yéu cdu déi véi U,
E>2Uipax = 2\/—2_ - Urhie.u dung)- -
Ngoai ra tranh roi vao ving cét va viing bdo hoa :

Uctmar > E > 2Umax + AU, + AU, % 2U, e + 1V
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Véi Ueg max 12 dign 4p chiu dyng ciia transistor (tra ciu str dung clia
timg transistor) '
Tinh todn cdc dai luong
Trd 16i vao Ry
R.V trd vao cha transistor ;
Ry trd vao ctia bo khuéch dai ;
Ry =R //RbmaRb>>Rv—>Rv~Rv
Uv Ibrb + IErE Ibl‘b +(Ib + 10
RV = Rv ==
Ib Iy Iy
_ ibrb +(Ib + Bib)i‘B
Iy

=1, +(1+PB)g C o (3.9)

Tré i raR,

Tuong ty nhu tinh trd vao.

R,,_tr(’:f ra clia transistor ;

R, trd ra clia by khué’ch dai ;

R, =R, //Rgma 1 c>> Rc— Rg > Re (1 ¢ hang trim kQ, Re 3
1+-1,5 k) ; _

Nén cé thé bd qua anh hudng cla r*c dén I

o Rr?-‘i RC
Hé s6 khuéch dai thé
5= Ur _-IcRc _BlbRc _ 4R 5 Ro (3.6)
Uv TRy DRy Ry, HtA+Prm
Hé sé khuéch dai dong
‘ ir ~C | '
K ==t =2= 3.7
v 1 g
Hé s6 khuéch dai cong sudt
U.lc IcR IR R R
Kp = C _ B C B2 lC = BZ - +(1iﬁ)r (38)
UvIb iRy TRy . Ry b E
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& day khong xét dén Ry. Néu tinh dén vai trd Rr thi phai thay Re bdi Re

«  RqR¢
Re= Ry +Rg

3.3.2. So d6 kKhuéch dai collector chung (lap lai emitter)

1 “Ec
ml Rot Rc PNP
AN
= Cpz /L
Cp1 i
UV UBE RE Rl Ur

a) Mach khuéch dai CC

r
|
!l lg 1

Bﬂ——‘ i E

— ]
B e

e — —— 1

b) Sd d6 twong dudng

HINH-3.7. Mach khuéch dai CC vé so d6 tuong duong

Dugc goi 12 tdng lap lai emitter vi dién 4p ra 14y trén E cha transistor.

Dién trd R trong so dé déng vai trd nhu Rc trong so d6 E..
So dé lap emitter ¢6 dac diém :

Trd vao 16n.

U, nhé hon Uy (= Uy) va tring pha véi dién ap vao, Ky =~ 1. Tuy

nhién Kp 16n.

Tr&s 161 ra thay ddi nén thudng ding tdng lap emitter dé phéi hop trd

khéng giita cdc tdng (tdng dém).

- YITEOYT. A
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-I'I]—V L +_IEi(rE YRE) 4 @+B) +Re) - B9
¥ i b

do ry, << (1+B)(rg + Rp) va Rg >> 1

| R'y~PBRg
Néu tmh dén Ry, trong tré vao thi =
Ry = RyRy
_ RV +Ry -
* va néu ké dén Ry // Rg thi |
» _ RgRy
Re = Rg + Ry
Trdra '
Chua ké dén R thi goi R R,
. U, Terg +Io(p +5) 1 :
R.==—=~ —2—3= =g + f, + ¥ (3.10
e Ir | IE E (1'*'|3)(b % | )
R.Rg

_ Trd ra rat nhd. Néu ké dén cé RE thi tm ra R, =
R + RE

DoREszconR mvhlchucﬂ—a»R wR

Ta thdy : R, rdt nho, phu lhuOc Vo trd noi r; cia nguén ;
_ - Ry rét 16n, phu thuOc vao R-r va Rg (RV cang 16n khi Ry va
R cang lan) : : _
. So d6 CC c6 kha nang phSi hop tr& khéng t6t gilta nguén 16i vao (r;
nho) véi tai tigu thy (Rt 19n). o -
He s6 khuéch dai
- U _imRy _ a+ B)IbRg
Tv 1Ry  IbRy

o Rg . .
= +B T +Re) 31D

09 )
T vTOT. O



Thé ra nho hon the vao va cling pha

L
Hé s6 khuéch dai cong sudt
_Uile _Ry(+Pl Ky +p)<@+p)yi6n  (312)

P Uvh Ib
Nhir vay, trong khuéch dai CC, hé s6 khuéch dai dong va cong sudt
6n, con hé s& khuéch dai the < 1.

Tinh todn linh kién va chon diém lam viéc

Lap lai emitter c6 phan hoi am sau 100%, KU < 1nénUgg=U, U
gia tri rdt nho, béng ban. din hoat dong & ch€ do dnén ap vao nho dd Uy
16n. Vi vy, d¢ tuyén tinh rit cao (it méo dang). Va nhu th¢, so d4 it nhay
véi sy hIa chon diém lam vigc béi dién trd phan cyc Ry nhu d&i véi so do
EC (Rbl = 2BRE)

Tuy nhién, nén chon E theo cong thuo

- Ucg max > E > 2U; pax + AU + AU, = 2U,max v

3.3.3. Mot vai bién phép ‘én dinh ché do 1am viéc cha tAng khuéch dai

Diém 1am viéec tinh cin én dinh duoc én dinh, vi trong qud trinh hoat
dong (Uy # 0) va khi nhiét 46 moi trudng thay ddi thi diém 1am viéc s& bi
trugt vé phia viing bao hba hodc vé vtmg qué 1ai. Dléu nay lam cho tin
" hiéu bi méo phi tuyén va c6 thé gay : '
hiong transistor. Vi vay, phai c6 bién
phdp 6n dinh diém Ram vi¢c tinh nay.

a) Khuéch dai cé p}ufn héiam

* Phan héi am RE trong mach EC
, (461 véi tin hiéu xoay chiéu) c6 tic
dung.lam gidm cdc méo phi tuyén,
6n dinh he s6 khuéch dai (xoay
chiéu).

HINH 3.8, Mach khuéch dai EC véi mach
phén héi &m Rg
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Gidi thich co ché phdn hoi dm
_Gia sit vi mot 1y do nao dé, Uy thay ddi mot lugng AUy
- — iy, thay d8i mot luqng Aiy,

> ig, thay d6i mot lugng Aig = (1+B)ij

~ Ug thay ddi mot lugng AUg = Aig . Rg

Ugg = Vg — Vg = (Vg — 0) — (Vg - 0) = Uy — Ug s& thay d6i mot
lwgng AUgg = AUy - AUg |

Néu gié tri Rg thich hgp thi AUy = AUg - AUpg =0

— Ugg khong déi hay la diém 1am viéc c6 dinh.

S phan hi am thé hién & chd khi c6 mat R thi s& c6 sut 4p Ug trén
Rg, tao ra mot dién the phan héi dua vé ddu vao (dién dp Vg duge dua veé
phan héi trong Ugg). '

Véi sy ¢6 mat cha R, cdc tinh todn hoan toan tuong ty khi thay rg =
rg + Rg ' '

Ry = R'V =g, + (1 + B)(rg + Rg) téng lén

R, = R khong déi

Re

Ky =- : : iam di
v Brb+(1+[_3)(rE+RE) &
Ki = :i_r = -,-.-i-c— =
Iv 'Ib
K, = p? Re giam di

n, + {1+ P)rg + Rg)
‘Nhan xét : D6i véi cac béng cong sudl nho, rg = 10€2 thi chi cdn Rg =
0+50Q) (ciing bac véi 1) ciing di anh huéng déng ké dén trd vao, Ky va
Kp. Vay dua Rg << R vao cho phép tang tinh én dinh ctia bo khuéch dai
va dé diéu chinh Ry, Ky va Kp. '
b) So do ba nhiét ding 3 dién tré (Ry,, Rbé, ‘E)

Thuc t& khi béng bdn din hoat dong thi phu thuOc rat nhiéu vao moai
trudng (nhat 1a nhiét do).
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Khi nhiét d6 tang —> dong do I tang
—> IC = BIb + ICO lang
—> diém lam viéc bi troi va he s khuéch da1 giam.

Thuong khi nhigt do tang 10+12°C thi dong g tang gip doi, ¢6 thé

= 1am hong béng ban din. Vi thé, sit dung so d6 3 dién r§ bu nhiét s€
chédc phuc duoc hién tugng trén.

- biéu klen phai thoa méin vOL R gvaCgp:

i
"JTCE .

<< Rg +1g << Rg

R*E tao phan héi am v6i thanh phéan
mot chiéu (su bién déi nhiét 13 thanh
phdn mot chidu va tin s6 rat thdp —
khong ch& dong do qua tran51st0r) Chi
¢6 thanh phin mot chiéu nay qua R’ E-

Cg dé dodn mach vdi dong xoay

<< RE ), tranh

T-E . "_ 4'
khoug cho thanh phan xoay chiéu di qua =

chiéu (thda man

HINH 3 8. So d6 khuéch dai c6 d6 6n

*E (vi néu di qua R*E' s& lam phan héi dinh cao

am thanh phdn xoay chiéu, s&€ lam glam
hé sé khuéch dai xoay chiéu).

Nhu vay, mach thién dp Cg // R’ E véﬂ dléu kién bat déng thic trén s&
4n dish diém lam viéc theo nhiét do va khong anh hudng dén hé s6
khuéch dai cia tin hiéu xoay chiéu.

Chon R g & 1+2kQ, Rg = 50Q,Cg ~ 50 +100pF (mach 4m tén), 10
+50nF (mach cao tdn).

_ Khi c6 Ry va Ry, thi ddng 1, chay qua hai dién tr& nay cling quyét
dinh dén thé Ugg, tic 12 quyét dinh diém lam vige clla transistor.
Néu chon Ry, Ry, 12 nho sao cho |

Il > Ib > ICO
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thi Ugg sé do dong I; quyét dinh ma khong phy thuge vao bi¢n dong bén
trong transistor. '

Chéng han khi nhiét do T tang - iy, i¢, ig, Vg tang.

Ma Vy dugc xdc dinh theo 1i s6 Ry, Ry, nén cé gid tri khong ddi
— Upg = Vg — Vg gidm - iy, ic gidm. Do d6 ic s& khong doi.
Thudng chon Ryy; Ry, 88 1) = (7+10)g. '

RpiRp2

=(5+10)R.
Ry + Ry v

© Khinay Ry =

3.3.4. Ghép néi nhiéu tang Khuéch dai -

_— -Ee
R Rp2
b1 .
Cp;
. | C_P1 \.\_,SS‘CCE-L -L
l‘i“ . Ceor Gt
a) Mach ghép ndi 2 tdng khuéch dai . b) So 8 wong duong cda

. mach ghép néi 2 tng khuéch dai
HINH 3.10. Mach ghép nGi 2 téng khuéch dai va so dé tuong duong
Xét viéc ghép hai tdng khué&ch dai vdi nhau (emitter chung)
Xem transistor v2 R¢ 12 mot nguén sudt dién dong c6 € = K,U,, ¢6
tr& ndi 12 Re - | ' -
Ccg  diéndung gitaCvaE; .
C,, dién dung k¢ sinh do lépﬁ riptaora;
~ Cp . diéndungchatditing 1;
R,  dién trd tai. o
Ta ¢6 trong s¢ d6 tuong duong :

C1=C_CE+Cks+Ct‘
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Re

véi  Ky=p T (ET {3 he s6 khuéch dai the max Kpax
U; =K.0, Z,+ 22
He s6 khuéch dai cha toan mach :
. U 7
K==L= 2
U, Ka Zy+Z,
Trong dé, Z; =R + 70C,s
| 1
Z, = JmCl‘
R, + !
L jC,
Vi gin ding R, = R << R, v C; <<Cp,
: — - K = Ku 1 1 I Ku' 1
' - 1+ jlety -—
1+ j(oR:C, lesz) + jlo1; ‘9":2)

Vél‘fl _'RCCt’ Z—RCPZ

> 1K= K, - (3.13)
| '1 + (o1 -'—611—2-)2 | ' |
Ta cé dutmg dac trung nhu hinh Vv&. _
—Tai 1K 1=K, =Ky 06 K
' 1 ' .
m-_:. JCﬁCtRCRt'=¢ch '
goi 12 tin s6 g.ié. cong hudng.
~Tai IK=K, /V2

A X
£

=

: 1. _ 1 o Ji - W, . OcH o,
+{oT-—) = :
(o7 0)1.‘2) o o -‘.:HINH310c)Bacmmgténs6cuab¢
' ' ' ' khuéeh dai ghép téng
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 s& thu duoc hai tin s6 gi6i han dudi o, v giéi han trén o
Xét 1dn 36 thdp o < @, : '
Kbhi d6, bd qua duge thanh phin ot; - 1 1> = L
. O T2
~Gi6i han tén 56 thip @, do thanh phan C, quyét dinh. Vay muén mo
rong vé phia tdn s& thp ta phai gidm o, Nghia la phdi tang C; (chon &
rdt 16n = 5+ 100pF)
Xértdn sécao 0> @ :
s aa 12 s : 1
Khi dé, bd qua dugc thanh phén /o1, - ot =1 > 0, = =
: 1 _
Gidi han vé phia tdn s6 cao o, do C, quyét dinh. C6 nghia 12 mu6n
m& réng vé phia tdn s& cao thi phai giam gid tri clia C;. '
Néu mudn lam giam o, thi ta méc tu C; //R,.
3.3.5. Dac trung tan s6 cha khuéch dai dién tré

Trong séch tra clu transistor, cho &, B tuong ¥ng véi dong mot chiéu
va & tdn s6 thap. Khi tdn s6 cao thi a, B déu gidm.

o = }—C— Hé sé truyén dong dién ;
B _
B= ;L Heé s6 khuéch dai dong dién ;
B _
_ B a1
*TTep PTrme T 1
.o a .
Mg, O goi 12 tan s8 gidi han trong so d6 BC va EC.
B _ u1
Prax - ®max
- N e} e
Ty T

HINH 3.11. Dac tnmg tén sG clia ava p
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Nguyén nhan ava p giam : .

Dong dieén qua base la dong khuéch tdn cta cac phén tlr tai dién
khong co ban (16 trdng qua base, PNP). Vi viy, & tin s& cao, céc hat tai
dién chua kip dat téi collector thi phéi quay trd lai base (o0 gidm). Diéu
d6 ciing tuong duong P giam.

Ngoai ra con nhitng y&u t6 khéc nhu dién dung 16p ti€p xic p—n (BE
va CE) va dién tr& base cling anh hudng dén gidi han tdn sO.

Vi vay, he s6 khuéch dai o khong phai Ia hing s6 ma chi xdp xi bing

I - ~ X » £ -
o, = == va cdn phai phu thudc vao tan s0
Ig

. v} .
Tan s6 cang cao thi h¢ s6 truyén dat cang gidm.
Tén 50 gic’ﬁ han og, @p c6 quan hé

oWy = Bop

Khi o = 1 thi op = 0¢/B. C6 nghia la so dé base chung c6 tdn s6 gidi
han cao hon so v6i so do emitter chung, hay 12 so d6 base chung khuéch
dai & tdn s6 cao hon so d6 emitter chung. '

3.3.6. Mot s6 thi du vé viéc lién két cdc tiang khuéch dai — lién két
truc ti€p (galvanic) o :

Viec ghép néi tdng diing céc tu truyén Cy, C,... s€ tang hé s& khuéch
dai dién ap gitfa cdc tdng khuéch dai nhung s& thu hep dai tdn vé hai phia
tin s6 thdp va tAn s6 cao. D& md rong dai tén vé phia tdn s§ thdp (khuéch
dai dong dién mot chiéu), ngudi ta st dung cach néi truc ti€p gifra hai
ting khuéch dai (gidm duge linh kién ghép ndi ting).

Thidul: -

Ghép mot tdng khuéch dai EC v6i mot tdng khuéch dai CC.

Chon diém lam viéc :

UCI = —Edz

UE2 = —Edz
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Vi U, = Ug; nén trong sd d6 nay
U = Uc1 = -Ec/2.
Nén c6 thé bd qua tu C,, ndi tdng. NS s& khong anh hudng dén ché
do lam viéc. '
bién dp U, = —E/2 xic dinh ché& d6 lam viéc cha T, vadong qua T,
dugc tinh : '

Iﬁz_UE2 _Ec/2
Rg;  Rp

Mach trén dam bao b nhiét 6t vi :

Khi nhiét do ting — Ic; t:'mg -

Uy = Ug, gidm xubng. T, méc theo Roff | Ret -
so 36 lap emitter nén Ug; gidm xudng. Q Ecp2
Tuy nhién, khi nhiét o tang thi [“éﬁ
I, cling tang — lg, tang — Ug, = U, U,
Ig,. Ry tang theo. Sy tang nay bi trit | l
sy gidm xuéng do tdng T, truyén - J,- .
dén. Két qua 1a diém lam viéc cia T, HFNH 3.12a. So d6 ghép tric tiép tng EC
dugc giit 6n dinh theo nhigt d9. va CC
Thidy2:

Tﬁng lap lai ‘emitter dung T), T2 g16ng nhau méc chéng tdng kicu
Daclington. .

By = Bz =30
B By =2.5.10°
Rg = 1kQ
Rbl = (p+1DRg =2, SMQ
’, = PRg = 2,5MQ
-R\, tuong doi lon
R Rp1

R,=——— =1,25MQ
R + Ry,

HINH 3.12b. So d6 Daclington
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3 4. KHUBSCH DAI DAIRONG

Cic bo khuéch dai
dien trd thudng c6 ving
tdn s6 hoat dong tir S0Hz
‘dén 20kHz: Mudn c6 ving
tdn s6 rong, ta phai ding
bo khuéch dai dai rong
Nhimg bd khuéch dai dai
rong cho phép khuéch dai
céc tin hiéu c6 tdn s6 i

OHz dén 6MHz (khuéch

dai thi tan trong T.V).
Tix khao st bd khuéch
dai dién tr& emitter chung

& muc (3.3.4) ta da rdt ra-dac trung t

Nguyén nhan lam giam hé s& khuéch dai & phia tdn s
Nguyén nhan lam giam hé s6 khuéch da
mé& rong ving truyén qua.thi phéi giam

" hién 'bél_ig cdch tang tu C;

va gidm C; Tuy nhién

céch nay chi cho phép md

rong ving truyén trong .

pham vi “rdt han ché.
DE md rong ving truyén
" trong pham vi rong va hiéu
quihon ta phai  ding
mach stra. :

' Xét so d6 khuéch dai
véi mach sita phia tdn. 56
thdp va tdn s cao nhu
hinh 3.14.

@y Imch

G <1}

HINH 3,13. Déc trung tén s6 cla khuéch dai

khi chua sa

in 56 cbia he nhu hinh 3.13.
& thdp la do C,.

i & phia tdn s6 cao 1a do C;. Mudn
t va tang c. Diéu ndy c6 thé thuc

HINH 3.14. B khuéch dai voi mach si¥a phia tén s6

th&p va tén s6 cao
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Trong so d6 nay Ty, T, 14 transistor khuéch dai.

Rbl’ sz, RCI" Cpl’ sz la céc K
linh kién cia so d6 khuéch dai khi | @

chua ¢6 mach sira. Kg ==& -

R, Cy 12 mach sita ﬁhia_tz?in s6 | fe
thap.

Lc1» Ly 12 mach sira tan s6 cao.

1
1
1
1
L]
[}
]
1
1
1
1
1
]
1

Lcp» Ligep €6 tri s6 rat nho.

Sita dic trung phia tan sd thap o Oy Oy @

Ta xét ving tdn s6 thdp tir tdn s6  HINH 3.15.a. Dac trung tén s6 ¢6 sifa
gan t dén 0. . ~ phiatdn s6 thap

3 ving tdn s6 ndy xem nhu tr& khéng cha Ly va Ly, 1a rdt nhé va
“duge bo qua. ) ‘

Ta da tinh dudc hé s6 khbuéch dai clia mach khi chua cé mach sira 13 :

-BRCI _ BRCI

Ky= 'yb+(l+B)yE -7 g+ (1+ B)rg (.14)

Ta thay K,, phu thuéc vao Re;.

Ta chon gi4 tri cha R, C, sao cho tif tdn s6 0>, (©; rdt gan vdi o)
thod man dicu kién '
|

R, >>
o oCy

Do d6 c6 thé xem ké tir >y, 1r Ry, bi doin mach. N6i cdch khic Ia
mach sira tdn s6 thdp R,, C,, bi loai khdi mach. Trong khoang w>w, bd
khuéch dai hoat ddng nhu khong ¢é mach stra tin sd thdp. Moi tinh todn
va dang cla dac trung nhu cii (dudng 1 hinh 3.15a). 0 khodng tin s& |
0<o,, thi gia tri cla 1/oC, 12 ding Ké. Mach sita gém R, C,;- méic song
‘song cd t8ng trd 1a Z,, c6 gid tri ddng ké va Z tang khi giam.

Biéu thic tinh K, (3.14), cdn phdi thay R, bing tdng trd (R+Zy).
Vay khi o gidm, Z, tang lam cho K tang. Sy ting K, nay s&€ bu lai tdc
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dung lam gidm K, clia Cpp. Keét qua ta sé thu duoc dudmg dac trung (2) 8
hinh 3.15.a.

Bay gid ving truyén qua dugc md rong dén o, < o, . Thay doi Ry va
C,, ta ¢6 thé thay d6i o.. . | _

Tuy nhién khong thé lam cho o = 0, vi sz khong cho thanh phén
mOt chiéu di qua. Mudn truyen thanh phédn 1 chiéu, ta phai thay tu lién
k&t Cp, bang lien két ganvamc Vin dé nay s& dugc khio sit & phin
khuéch dai tin hi¢u bi€n ddi cham & phin sau.

Mit khéc ciing khéng thé gidm o qud mot gidi han nao d6. Khl‘

giam o, dén qua mét gidi han nao d6, dudng dac trung s& bi nhod cao
(xudt hién budu & phia tdn s6 th&p) hon binh thuong. Tai ving budu
K>K, nhu dudng (3) hinh 3.15a.

Thong thudng ngudi ta chon héng s6 thoi gian cua mach slra
Ta= RaCy=Tt '

Sau dé tim dugc gis tri Ry < 1,6 R, dic trung s& khong xudt hién
budu.,

Mach sita phia tdn s6 cao

Ving tin s cao ta s& khdo sat la viing ©>0,, lrong dé o, 1a gid tri
rdt gdn voi w. 0 viing tdn s& cao ¢ thé bd qua anh hudng clia Ry, Cy; v
C,y- Mach sira d tin s6 cao bap gém L va Lo

Diu tién xét Ly, (coi dodn mach Lyg,). Vichon Ly nhé nén & viing

®<®, trd khing cua né rit nho, nén bod qua. Ducng dic trung c6 dang
nhu cii, dudng (1) hinh 3. 15.b.

K

S — -4

B ChN \
g R
R

0y O Ogyy O O Ggpp O ®

rd

[T E———— A

HINH 3.15b. Dic trung co sia & phia tén 6 cao
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Khi 0>, xét thc dung cha L. Ly va Rg tu
C(C, = Cck+Cks+C ) tao thanh khung COl’lg huéng

: Lses
song song nhu hinh 3.15.c. - : _ C,
R
Trong cong thite (1.14) tinh K bay glo phai thay ¢
R, bing tdng trd : . _
i HINH 3.15
7 __ Retjoly 1 ¢
SCl 1 ) " joC,

Rc + j(mLscl - _C
1

| Day 12 mach cong hudng, nén hé s¢ khuéch dai s& c6 cyc dai tai
| 1

L

w = ——
chl
scl ‘C

Pudng dic trung cla bd khuéch dai cé dang nhu duong 2 va duong 3
& hinh 3.15.b.

Ta cling thay dic trung xudt hién budu & phia tdn s6 cao. Néu chon

Re, Lois C; khong thich hop, thi tai ving buéu ¢6 K > K, (dudng 3).
Budu cao, thdp 1a'do d6 phdm chat Q clia khung quyét dinh. =

Q = 0,4 thi bu6u gAn nhu khong xuét hien (dudng 2); Q = 0,5 trd lén,
budu xudt hién ro rang (dudng 3). Trong thuc t& dé giam Q tic 13 1am
nhut khung, ngudi ta mic song song véi L, mot ud R c6 gid tr thich

hop. Thudng ngudi ta ding mét tr& R, r6i cudn lén né mot s§ vong day '

tao nén cip RL,, méc song song.

P& md rong ving truyén hon nifa, ngudi ta sir dung mach cong huong
ndi tiép. Trong so dd hinh 3.14, mic thém cudn cam L. Ly, cling vi
C,” tao thanh khung cong hudng néi ti€p. G tdn s6 cong hudng oy, he s6
truyén dat dién 4p s& cuc dai. Két qua déc trimg tdn s6 dugc md rong nhu
dudng 4 hinh 3.15b. Gidi han tén s6 cao clia bo khuéch dai duge md rong
dén o, T4t nhién d€ tranh xust hign budu, cin chon do phdm chat Q
thich hop. Ta ciing mic them R song song véi L. Pbé md rong
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ving truyén hon nita c6 thé méc thém khung cong hudng néi ti€p nita véi

Oy » Ocha-

/s

3.5. KHUECH DAI CAO TAN - KHUECH DAI CONG HUONG

3.5. l Khuéch da1 cong hudng

Nhu ta d3 biét, trong thong tin vo tuyén dién, séng cao tdn c6 tan s6
¢& hang tram kHz tr& 1én. Cic mach khuéch dai nhiing tin hiéu nay goi la
khuéch dai cao tdn. C4c bo khuéch dai cao tdn c6 thé dung dién tr§ ¢6 tri
s6 nhd, c6 thé ding dién cdm hoac bién thé, ciing cd thé ding khuéch dai
dai rong. Trong thong tin lién lac ngudi ta ding dai séng tir hang tram
kHz dén GHz. Chiing dugc chia thanh nhiéu dii séng : séng dai, séng
trung, séng ngin, cyc ngén v.v... Trong céc dai séng nay lai chia nhiéu
kénh thong tin khdc nhau, mdi kénh chi€ém dung mot vtmg tdn s6 rat hep
xung quanh tin s6 song mang cha kénh. O cac dal phdt ciing nhu tram
thu, hoac mdy thu, cin cé cdc bo
khué&ch dai, chi chon loc tdn s6 séng-
mang clia kénh mudn thu va ving lan
can con loai bd cdc séng khic khong
cho lot vao mdy thu. Muén vay phai
dung khu&ch dai chon loc. Cic bo
khuéch dai chon loc & cao tin, thudng
dung khung cong huong LC vi vay _
cing dugc goi 12 khuéch dai cong H!NH3 16. S0 06 tdng khudh dai cong
hudng. So d6 ting khuéch dai cong : © hudng EC
huéng vé & hinh 3.16. ' :

So d6 tdng khuéch da1 codng hudng vé co ban gidng so do khuéch dai
dién’ tré. Vai trd cla céc linh kién C» C Ry, Ry, Rg, Cg hoan toan

giong khué&ch dai dién trd. 0] day chi thay tr& ginh R, bing khung cong
hudng LC. Néu thod min diéu kién '

<<Rg, va goi Z 12 tdng tré
) '
cta khung thi hé s6 khuéch dais€ 1a:
I 7
T+ (l+rg)



Nhu Qay K phl.i thudc vao Zc, ma :

. ! 2
1Z|=2= £ véi R << oL

1
J;"'((DL";C—)

R 12 tr& tén hao cua khung, p = J% trdr khing song

. - 2
Zc=Z= p

2 _ iy
J;+(mL u)C)

Tix biéu thic ta v& duge dic trung Z(») hinh 3.17b.
Tir hinh 3.17b ta thay. '

1

khi D= Oy = 7ic thi Z 14 cuc dai
2
p
Zvax =g =PQ
| voiL Q= %J%

Viing tdn s§ o >wg, khi tang Z giam. () ving tdns6 o<wmg, khi giam

.y ... L L . R
7 ciing giam. Tai gia tri \’E" , tuong (g tim duoc o, ©c. Ving truyén

qua 200 = oc—0,. Ta t‘lm_duqc Q= ;E‘D

Vi Q rit 16n nén 20w rat nho

Pic trung K(w) cling ¢6 dang tuong nhu Z Hé s6 khuéch dai ciing
cuc dai tai 0, c6 gid tri Kpyy- Tai ©, va o ciing thu duge gia tri khuéch

dai K

\7’5’“ . Bo khuéch dai ciing c6 do phdm chdt Q va do chon loc nhu

khung cong hudng. Tin hi¢u 16i ra cd thé 14y tir L; qua ho cam, hode
qua C,.
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a) Mach tudng dudng clia khung

“I
Kmax /\
Kmax B '
2 b
ol |
At |
A
, Ad
o T @y OcHb @
b) Dic trung t4n s6 ciia Z{w) c) Pac trung tén s8 by khuéch dai

HINH 3.17. Mach tudng duong cda khung, 0ac trung tén s6 cla Z{w)
' dic trung tén 56 clia b khuéch dai
B6 khuéch dai cong hudng duge sit dung lam khué&ch dai chon loc 8
cao tdn, khuéch dai chon loc trung tdn, va may phét cao tdn.

Trong thuc t&, khi sit dung khuéch dai cong huéng v6i muc dich khac,
s& xu4t hién nhidu vin dé cdn gidi quyét. Khi khuéch dai & tdn s& rat cao
inh hudng cha dién dung ky sinh & vao, tré 1a cla transistor 1am gidm
d6 phdm chat ciia Q xudng c& 20. Khi lién k€t v6i ngudn tin higu va tai,
cdn luu ¢ dén trd vao, trd ra dé thyc hi¢n phoi hop trd khéng tt. Khi cdn
ci thién dic trung tdn s6, phai ding hai khung hodc nhiéu khung lién
Két. Liic d6 do phdm chat cha tdng khong chi phy thugc vio mot khung
ma phu thuéc vao cdc khung. Do khuéch dai va 4o chon loc ciing khdc va

]

phu thugc nhiéu vao do lién ket gitta cac khung. Khi sit dung nhiéu ting

khuéch dai, d€ ca he c6 he s& khuéch dai 16n, Itic d6 lai ¢dn chd ¥ dén
phan héi k¥ sinh gy ra hi¢n tugng W kich.

Tém lai khi st dung khuéch dai cong huéng cho mot ing dung cu

thé, cin cin cf vao yéu ciu v diéu kién thuc t&, dé ra mach di¢n thich -

" hop, céch tinh todn chinh xéc.

BVTOT-A | 113



3.5.2. Khuéch dai cao tan chon loc EC

Bay gi® ta khdo sit cic bd khuéch dai cong hudng Gng dung lam
khuéch dai cao tin chon lgc. Trong céc mdy thu thanh va thu hinh (Tivi)
cdn goi 12 khuéch dai anten hay khuéch dai tuner. S& di cé tén goi nhu
- viy vi cdc bo khuéch dai nay truc ti€p khuéch dai céc tin hiéu thu ti

anten. Cach goi nay dé phan biét vdi ting khuéch dai trung tdn (s€ xét sau
day), vi thuc chat khuéch dai trung tdn cling la ting khuéch dai cao tan
~ (c6 t4n s6 tin hiéu 12 465kHz, 2MHz, vai chuc MHz).

D61 v6i may thu thanh & bang séng dai va séng trung, thuc t€ khong
cdn tang khuéch dai cao tin. Bdi vi & dai séng nay, cy ly thong tin khong
16n, s luong kenh phat khong nhiéu, tin hiéu thu tir anten khd Ién. Muc
dich cta khuéch dai cao tin trong mdy thu 13 ting d¢ nhay, ting tinh
chon loc (tich cic kénh khong cdn thu) va chi yéu 1a triét tén s6 anh. Vi
vay chi tir dii séng ngin trdy 1en méi ding khuéch dai cao tan.

" Céc transistor ding trong khuéch dai anten phai chon loai transistor

cao tdn c6 tap 4m nhd va tdn sd gidi han f cd hang tram MHz trd lén.

Dudi day sé gi6i thiéu hai so d6 khugch dai cao tin mic theo so d6 EC

b) L3+L4=L]L1+L2=L

HINH 3.18. Khuéch dai cao tin méc theo so dé EC
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Cic trd'R;,, Ry, trong hai so do lam nhiém vy phén cuc cho Baze cua
céc transistor. Tu C; va C, trong so d3 hinh 3.18 a lam nhiém vu loc cao
tén, c6 tri s6 16n 1000pF. N6 khong tham gia vao mach cong hudng. Tu
C,, C5, C; trong so do hinh  3.18b, dong vai trd truyén tin hiéu va cich ly
mot chiéu, chiing khong tham gia vao tinh chdt cong hudng cua khung.
Tr1 s6 ctia chiing 16n ¢& hang tram pF. -

“"Xét mach vao tdng thi nhat ca hai so do tin hiéu tir khung cong hudng
anten LC chi dua mot phdn vao T; qua lién két bién th€ (hé cam) mach
hinh 3.18 a va trén phén L, qua lién ket bi¢n the tr ngiu hinh 3.18 b.

Muc dich la phéi hop tr& khédng gilta khung va 16i vao cla transistor
va it anh hudng do phim chat Q ciia khung LC. Vi so d6 EC tr& vao cla
tdng khuéch dai c& 1,2k, 1a khd nhé. Néu néi trye tiép 16i vao cha

transistor vao toan bo L, tr& ndy s& méc song song véi khung, Khéng phdi
hop trd khdng va lam do phdm chét Q gidm nho. Theo 1y thuyét cua bién

th€, néu goi n 12 1y s6 vdng day gilta L va L, (ciing ¢ thé xem la ti s6
L/L; vi hai cuon day cuén trén cling 16i) thi R, cla transistor s& dua vao
khung dién trd Ryy = anv khé 16n, do d6 n&u chon n thich hgp s€ thuc
hién ph&i hop tr& khang va it dnh hudng dén do phdm chdt Q ciia khung.
Xét mach ra clia tdng T) trong hai so d6, c6 hai vin dé anh hudng dén

d6 phém chdt Q cla khung. Thi nhit 1am gidm anh hudng cta R, tang

hai dén phim chat Q ctia khung va thyc hién phdi hgp trd khing t6t so dé
ciing ding lién két giita hai tdng bing bi¢n the hoac bi&n thé tr ngiu.

Viéc lam gidm anh hl_m‘r_lg_ cta R, ting hai dén 49 phim chét Q, hoan toan
giéng nhu trén. Viec phéi hop trd khing can thuc hién vi tr§ ra cha T,
kh4 16n, tr& vio clia T, khd nho. Viéc diing lién két bang bién th€ hodc
bién thé tr ngu hoan toan giai quyét dugce.

Van dé thit hai cén luu § 13 cdc cu6n L thudng ding 18i ferit. Dong L,
khi chay qua L lam thay déi tir thong do d6 L thay déi. DE giam anh
hudng nay ngudi ta hay ding cdch méc kiéu bi¢n 4p ty ngu. Lic d6 dong
qua mot chiéu chi qua L, (hinh 3.18 a) va ddng xoay chiéu & phédn nay lai

nhé. So db hoat dong én dinh hon. Ciing ¢ thé loal hin dong mot chiéu
qua bang dién cim, hodc dién tr& R nhu hinh 3.18b. :



~ Céc so d6 EC khi diing & tdn s6 kha cao bi han ché, vi vay ciing it slt
“dung. Thuc t&€ so d6 EC thudng dugc dung trong céc ting khuéch dai
trung t4n vi né c6 hé s6 khué&ch dai 16n.

Nhuoge diém ciia s¢ dé EC khi hoat dong & tdn s6 cao 1a do phan héi
am vé th€ qua tu Cp (tu giifa collector va baze cla transistor). Ban than
168i vio cla so db, cé tu Cgg v Cgs. ThE giita collector va baze cla ting
khuéch dai 12 nguoc pha. Do vay xudt hién phén héi am giita 161 ra va 16i
vio qua chinh tu Ccg. Trd khéng clia tu 1/oCcp. Tdn s6 cang cao, r¢
khédng cang gidm, 40 phan héi 4m cang 16n, hé s6 khuéch dai cba ting bi
gidm. Diéu nay 1am gidm gidi han tdn cao cla bo khuéch dai. Thé 16i vao
baze ciing ¢6 thé truyén truc ti€p dén 16i ra collector qua chinh Cep. Thé
‘ndy ciing ngugc pha v6i the tai collector, né triét bét the collector va lam
gidm gisi han tdn s6 cao clia tdng khué&ch dai. Néu bo khué&ch dai c6 hé s6
khuéch dai 1a K, thi cdc hién tugng trén, tuong duong nhu dua thém & 16i
vao, (giita baze va emitter) mot dién dung KCcp, 1am gidm gidi han tdn s§
cao clia transistor. Vi vay & tdn 6 cao ngudi ta sir dung so dé BC hinh 3.19.

3.5.3. Khuéch dai chon loc cao tin BC

Trong so d6 nay Ry, [a trd phan cuc cho Baze, C; ¢6 tri 56 16n c& 2000 pF,
nén coi nhir baze ndi dat. ‘
So dé BC ¢6 dic diém 1a trd vdo rit nhd c& dudi 20Q, trd ra lcm
khong khuéch dai dong ma chi cé khuéch dai thé,
Xét anh hudng cha dién dung dén gi6i han tdn cao cia ting khuéch
dai T,. Dién dung 16i ra Cen
< LR v
Ceg duge ghép chung vao
cg dugc ghep g _ Py

C cha khung méc trén
collector. Dién dung 16i

vio gfrm CI(S va CBE’ Di6n
dung giita collector va

. PR . *Ecc
emitter Cog c6 tic' dung

phin héi duong vé thé. S8 HINH 3.19. Khusch dai cao tén méc theo so d6 BC.
di nhu vay vi th€ 16i ra

\ << Ry, . Xem nhu B nbi dét
trén collector ddng pha _ oCy

116



i thé 16i vao trén emitter. Phan héi tir collector vé& emitter qua Ccg 1a
han héi duong. Tdn s6 cang cao phin héi duong cang 14n, d6 khu&ch dai
iing tang. Diéu nay lam tang gi6i han tén s6 cao ctia ting khuéch dai.
'hé truyén tryc ti€p tir emitter qua Ccg 8¢€n collector cling d6ng pha véi
he trén collector. Do hai tdc dung nay ciia Ccg, tuong duong nhu dua
101 tu Cyq & 161 v (giffa E va B) ¢6 i s6 12 _KCcg (k 12 he s6 khuéch
fai thé clia ting). Diéu ndy cho thdy tac dung clia Ccg lai 1am giam dién
Jung 16i vao. Véi céc 1y do d6, ting khuéch dai BC hay dugc ding d cao
tdn. Tuy nhién, nhugc diém cda tAng nay 13 & vio nho, dong vio 16n,
nén chi khuéch dai nhitng tin higu c¢6 cong sudt 16n. N6i cach khéc la 4
nhay clia may thu s€ khong cao. ' '

~ 3.5.4. Khuéch dai cao tin chqn. loc Cascod
" Pé khéc phuc cic nhuge didm trén ta ding s d6 hinh 3.20.

So d6 gom hai transistor Ty, T, lién ket tryc ti€p. T, méc theo sO dé

EC. T, méc theo so d6 BC, vi C; c6 i s 16n’c 2000 pF xem nhu baze
n6i dat d6i véi cao tan. '

T, méc theo so dé EC
c6 dong vao Iy khd nhd

cd i0pA 6 vao tuong CZ'I!‘-CCM |

a6 16n 5 12k, so véi o= L3HLKT) U
so 6 BC try vao chi du6i Ly |
200 Nhés vay khic phuc . ¥ URe

dugc nhuge di€m cha'sg S
dé BC la w& vao nhd, | +Ee
dong vao l6n. Cdn inh  HINH 3.20. So 06 khusch dai cao tén Cascod :
hudng phdn h6i am qua , © Cp 0 2000pF

Ccg; hdu nhu rét it. Sa di .

nhu vay la vi T| hdu nhu khong 6 khuéch dai the mac di mic theo so dé

EC. He s6 khuéch dai th€ clia so a6 EC phu thudc vao trJ tai Re. Trd tai

cita T, & 8y lai chinh 12 tr& vao ciia T, ¢6 gid tri rdt nho. '
Theo tinh todn hé s& khuéch dai thé cba T, R K =1. Vay T, thyc chat

chi khué&ch dai dong, he s6 khuéch dai dong 12 p. Dong raclia Ty 1a I ¢6
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gid tri 4t 16n dé€ diéu khién ting T, (vi I = I). Néu mudn gidm thém nita
anh hudng phan héi am ctia Ccg;, ta méc Ry, 1én collector céa T. Lic d6
phén héi am vé th€ qua trd thudn Ry, (khong phy thude tdn s8). Tang T,
méc theo sg dé BC, do chon G lé‘n; nén xem nhu baze néi dat. Vi vy né
tan durig dugc phin héi duong qua Ccg,. Phan héi duong qua Cegp nhu &
irén di chi rd, no tang gidi han tdn cao va lam gidm dién dung 16i vao cha
T,. Toan bo tdng khuéch dai cascod c6 do khuéch dai the cd 100.

T6m lai khuech dai cascod c¢6 d¢ nhay cao (dong vao nho) ¢ tap 4m

nho, ¢6 tin s6 gidi han cac. Vi vay nd thudng dugce sit dung 1am khuéch
dai anten trong may thu thanh chét lugng cao va mdy thu hinh (Tivi).

3.6. KHUECH PAI TRUNG TAN

3.6.1. Khai niém vé khuéch dai trung tan

Ta biét ring cc mdy thu thanh cén thu duge nhitng tin hiéu cé t4n s6
tir hang trim kHz dén hang chuc MHz. Céc mdy thu hinh, cdn thu nhiing
tin hiéu tit hang trim MHz dén hang chuc GHz. Tin hi¢u thu duoc ti
anten thudng rdt nho, cin phai khuéch dai lén nhiéu lan, dé c6 tin hi¢u dl
16n (trén vai von) ddp img yéu cfu cha mach tach séng. Do d6 cdn nhiéu
ting khuéch dai. Néu diing t4t ca céc tdng nay nhu khuéch dai cao tin
anten, tGc 12 t4t ca cdc ting ctlrig khuéch dai tin hiéu c6 tdn s6 nhu nhau.
Kiéu méay thu khuéch dai tryc ti€p s& gap phai nhitng khé khan sau :

- Khi thu nhimg

tin hiéu c6 tdn s§ hang -~ Y

g Vhudch dai cac I_Lé o0 i e
-4 , - Opf=0y| Ng

tdn doi hoi két cau va CT '

k¥ thuat rat phic tap. K:ﬁf::n:ﬁ“ '

Hon nita & tdn s6 cao

cic tdng khuéch dai =~ - '

chi dat dugc do khuéch . [T L2

khong 1én. .

"'\,"Dao déng ndi
~ T4t cd cic tdng

cing khuéch dai tin  HINH 3.21. S0 6 khoi
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hiéu c6 tdn s6 nhu nhau, nén cdc khung cong hudng phai giéng nhau.
Diéu nay din dén khé khan 1a khi mu6n thu céc tin hiéu khdc nhau, phai
bi€n déi tdn s& cong hudng cha céc khung twong dng voi tin s6 cla tin
hiéu cdn thu. Gia s gilt nguyén L clia céc khung va ding tu bi€n déi, dé
khung cong hudng véi tin hi¢u c4n thu. Lic d6 twong tng v6i bao nhiéu
khung cin tu xoay ddng truc ¢6 bay nhiéu ngan. Ket qua cla tu xoay
cong kénh, phic tap. Thudng tu xoay chi c#u tao v6i vai ba ngan.

— Khi sir dung nhiéu ting khuéch dai ciing mot tdn s6 rat dé tu kich.

Véi nhiing 19 do dé, may thu khuéch dai tryc tiép c6 do nhay khong
cao, chét lugng kém. ' '

Ngay nay tdt ca cdc mdy thu thanh va thu hinh déu hoat dong theo
nguyén tic déi tin. Mdy thu d6i tn hoat dong theo nguyén tac sau : Tin
hiéu thu tir anten c6 tdn s6 thu duoc dua vao mot bo bién tan. Trong may
thu cé bo dao dong noi phét ra dao dong ¢ tin s0 13 o, Dao dong nay
ciing dugc dua vao b bi€n déi tdn tron vai tin hiéu o,

. & 16i ra cilia bo bi€n tdn hinh 3.21 s& thu dudc tin hiéu cd tdn s6 :
L | Oy = log— f’t)_ni

Khi cn thu tin hiéu c6 tdn s6 oy, bat ky, thi dit oy, bién ddi thé ndon .
ciing bién d6i mot luong tuong dé ludn bao dam «, ¢6 gid tri cd dinh.
Dé 1am duge didu 46, t C trong mach cong hudng anten va mdy phét 12
tu xoay hai ngan ddng truc ludn c6 cing tri 56 nhu hinh 3.21. Con dién
cam L va L, cétri s6 khzi__é dé tao ra sy léch tin 6 12 oy

Vay o 12 tdn s6 trung gian giifa oy, va @, va dugc goi 1a 1dn s0 trung
tin. Cac ting kiruéch dai tin hi¢u c6 tdn s8 ©, g0l 1a khuéch dai trung’
tan. @, d6i véi may thu diéu bién (AM) quy dinh 1a 465 kHz, d&i vdi may
thu diéu tdn (FM) 1a 2 MHz, d6i v&i Tivi 1a tix trén 20 MHz dén dudi 30
MHz. Nhu viy o, luon nim & déi cao tan chon loc. S& di goi ching 1a
khuéch dai trung tdn dé phan bigt véi khuéch dai cao tdn anten. Méy thu
461 tin c6.uu viét 1 c6 th thu céc tin hieu véi tin s6 oy, bién déi trong
viing rdt réng tit hang tram kHz dén hang tram MHz, & 161 ra cua-bo bién
tAn chi 1a tin hiéu c6 mot tdn s3 cd dinh, rét thép 1a @y Diéu d6 c6 nhitng
thuén 1gi nhu sau : ' :
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— Cic téng khuéch dai trung tdn hoat dong & tdn s6 thdp o, nén dé
_ khuéch dai va hé s6 khuéch dai dat duoc rét 16n, tinh én dinh cao. -

_ Cic ting khuéch dai trung tdn, chi khu€ch dai mot tin s6 ¢6 dinh,
nén céc khung cong hudng 1a L va C 6 dinh rat dé ché tao va gon nhe.

Vi rat dé ché tao cdc bo khuéch dai trung tdn, nén trong mdy thu chét
lugng khong cao, s6 lugng céc tang trung tdn 12 hai. Trong may thu chat
lwong cao va Tivi s6 luong tdng trung tdn la ba. C6 thé néi dd khuéch dai
cla b phan cao tdn tinh tir anten dén trudc tich séng chi yéu la do hé
khuéch dai trung tdn quyét dinh. D6 loc séng cing do trung tdn quyét
dinh.

3.6.2. Khuéch dai trung tin trong may thu thanh

‘Trudc hét khuéch dai trung tdn clng 12 khuéch dai cao tdn chon loc.
Vi vay cdc vén dé da dé cap & khuéch dai cao tan déu duge Ung dung &
day. Trong phdn nay chi néu nhiing diéu Iwu ¢ rigng v6i khuéch dai
- trung t4n. _
Vé ddc trung bién d¢ tdn 56

Ta biét ring tin hi¢u diéu bién c6 phd 12 @g, wg £ Q. Trong dé wg la
séng mang, tan s& tin hiéu 4m tdn diéu ché. Vay bé rong clia phé tin hiéu
trung tdn s& 1a 28w = 2Q (la t4n s6 cao nhat cha Am thanh, né c6 gid tri
c& 10kHz). Vay bé rong cia ving truyén qua cha khuéch dai trung tan
phai 12 2Q. Khuéch dai trung tin ciing quyét dinh d6 chon loc cla mdy
thu. Vi vay dac trung tdn s6 phai that déc & hai bén (c6 dang gdn gidng
hinh nh@ nhat). Do vay & khuéch dai trung t4n thudng ding khung lién
két (gém 2 hoac 3 khung lién két v6i nhau). 3 phan 1y thuyét vé khung
don va khung kép (chuong 1) dd cho thdy véi Khung don va khung kép
lién k&t y&u dac trung tdn s6 cd gid tri cyc dai & @y, va gidm dén ¢ hai
phia, nhung d& déc khong cao. V6i khung lién két t6i han, & phin dinh
khé bing phing, hai bén cé 4o d6c cao. Néu lien ket qué manh, s xugt
hién hai dinh & hai bén va 13m gii¥a hinh 3.22 0.

So d6 khuéch dai trung tdn va dic trung tdn s6 dugec trinh bay &
hinh 3.22. - -

Trong so d6 nay, ngay sau tdng bién t4n, s& dung ba khung lién két
v6i nhau qua tu C;, C,. Con céc tdng sau sir dung hai khung lién két.
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Nhiéu khi dé m& rong ving truyén, ngudi ta lai mac song song véi
khung mot dién rd R. R 1am giam d¢ phdm chét Q cha khung, ngudi ta
goi 1a 1am nhut khung.

Tr& R thudng ding c& tir 10kQ dén 20kQ2

R& rang nhd sit dung khung lién két, nén & dinh dac trung tdn s6 kha
bing phing, nén mbi thanh phdn phé cla tin hitu duoc khuéch dai giéng
nhau, tin hiéu khong bi méo. 'e) ngodi viing trén qua d¢ déc cua dac trung
16n, nén kha nang loc loai bo nhiing tin hiéu khéc rét tot.

Cy
C.UL c= L
K|
Kmax
0,7 Kpax

b) Dac trnung tan s6
HINH 3.22. So d6 khuéch dai trung tén va dic tning tdn s6

_ Vin d& sit dung mach trung hoa dé triét dao dong ky sinh. Viéc
xuét hién hién tuong ty kich ky sinh, bién bo khuéch dai thanh mét hé tu
dao dong phét ra tin hiéu khong mong mudn. Nguyén nhan do cdc phan
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* héi ky sinh rdt phic tap. Trong hé khuéch dai nhiéu tdng hién tugng nay
r4t d& xay ra. Mot trong nhiing phan héi ky sinh thuong gap 1a do w Ccp.
Binh thudng trong mach EC tu Ccp tao ra phan hdi am. Nhung trong
khuéch dai cong hudng thi c6 lic né lai tao ra phan héi duong. Gia sit c6

mot dao déng c6 tdn s6 o <@y, Lic d6 khung mang tinh cam khang. Su -

léch pha gifta U, va U, bay git khong 1a 180° ma trd thanh déng pha. Lic
d6 phén héi qua Ccg 12 phan héi duong. Trudng hop nay giéng nhu mdy
phét ba diém dién cdm. D€ khac phuc ta mic mdt mach trung hoa gém
R"C" giifa baze va khung (phia nguge pha véi Ug). Vi tin hi¢u ma Cep
tao ra phan héi duong, thi R'C" s& tao ra phan héi am va triét tieu ty kich
ky sinh. Déi Idc chi ding C (R™ =0).

Hién tugng tu kich ky sinh ciing xay ra & cao tan, viéc trung hoa ciling
thuc hién tuong tiu.

3.6.3. Khuéch dai trung tin cita tivi

DG6i véi tivi phd ciia tin hiéu trdi mot ving tdn s6 rdt rong. Bé rong
phd d&i véi hé Secam la 6,5 MHz, d6i voi he Pal 13 5,5 MHz, d6i v6i he
NTSC 1a 4,5MHz. Vay bé rong ving truyén qua chia h¢ trung tin ciing
phai cé d¢ 16n twong . ' o

Vé mach dién, co ban gi6ng khuéch dai trung tin mdy thu thanh.
Nhung do tdn s6 hoat dong rat cao vi ving truyén qué rong nén ¢6
nhitng dac diém riéng. V& s8 tdng thuong dung ba ting khuéch dai, nhung
céc transistor phai 12 loai cao tdn, c¢6 tdn s6 gidi han hang tram MHz ur&
lén. V€ mach dién ciing sir dung lién két hai hodc ba khung. Nhung vi yéu

céu dai thong rit rong, nén phai ding phuong phdp so le tdn s6. Tat ca

céc khung déu c6 tan s6 cong huéng léch nhau, khoang céch gifta cic tan

's6 nay phai chon sao cho, dic trung tdn s cua ca hé khuéch dai trung
tin, déng déu trong khoing 6,5MHz. Do bé rong phé cla méi kénh
truyén hinh rdt rong, dé c6 duge nhicu kénh trong dai séng truyén hinh,
céc kénh nay duoc sip dat rit gin nhau. Diéu nay 1am xuét hién tin sO
anh dam xuyen giita cdc kénh. Gia st & kénh 2 6 Oy — ©= Oy thi &
kénh mot s& c6 @y nao d6 ¢6 ®, — Oy = Oy - Oy goi 12 tdn s§ anh cia
Wypo- Hién tugng ndy thudng xay ra séng mang am thanh cla kénh trudc
14 t4n s6 anh cla kénh sau.
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Trén man hinh thinh thodng xudt hién séng nhiéu cha am thanh. pé
triét tin hiéu tdn s& anh, ngudi ta sir dung khung cong hudng ndi ti€p, mac
tir dudng truyén tin hiéu xu6ng ddt. Khung nay ¢6 tin s6 cong hudng
bing tdn s6 anh. D6i v6i khung LC néi iép, khi cong hudng cb ir3 khéng
hd nhat. Do dé 4t ca tin hiéu tén s& anh bi loc hét xudng ddt va bi triét
tiéu.

3.7, KHUECH DAI CONG SUAT

4

3.7.1. Khai niém vé khuéch dai cong suft

Khuéch dai cong suft 13 ting khuéch dai cudi cing trong mdy thu
thanh, tivi va mdy tang am. Yéu cdu d6i voi t‘c’ilng khuéch dai cong sudt la
phai bao dam dugc cong sudt dua ra phai theo yéu cau. Co do khuéch dai
cong sudt K, 16n nhat. Ma K,= K, K;, do d6 ¢6 thé ding so d6 EC vira ¢6
khuéch dai thé K, vira c6 khuéch dai dong K;. Cling c6 thé dung sd a6 CC
chi c6 khuéch dai dong K;. Ciing ¢6 thé ding so d6 CC chi ¢6 khuéch dai
dong K; cdn K, = 1. Vi phai tan dung cong sudt t6i da, nén cén chd ¥ khi
{hiét k€ phéi bio dam, cong sudt t6n hao trén transistor phai nhd hon
cong sudt cho phép Popax - Mot yéu cdu rat quan trong nia 13 hiéu sudt
truyén dat phai 16n. Muén vy phai thuc hién phdi hop tr& khdng gitia tai
. .R, v6i tdng khuéch dai. Cén chon ch€ d9 hoat dong thich hgp dé c6 cong
sust 16n, hiéu sudt 16n ma L -
khong méo tin hiéu. Tu dac
wung fnh I = fUcsUpe): |
v& dac trung tai ta s& suy ra
I, = f(Ugp)- ‘

Ngudi ta quy dinh 3 ché do
hoat dong ctia transistor *

Ché do A 13 ch€ do dong
colector xudt hién trong toan
bo chu ky tin hi¢u (dudng 1
hink 3.23). Uu diém cia ché 40
nay 1a tin hiéu khuéch dai

ik

——- —— O

HINH 3.23. Céc ché do hoat dong ctia transistor
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khong bi méo. D€ tan dung t6i da wu viét nay, diém hoat dong A chon &
giita doan tuyén tinh DE. '

Ché do ndy cé nhugc diém 1a khéng tan dung dugc ti da ving tuyé&n
tinh (vi bién do Ugg chi bién thién trong nira viing tuyén tinh. Hon nita
dong tinh Iog 16n nén hiéu suat kém. Khi khong cé tin hiéu Ugg = 0 van . ,
c¢6 dong tinh I, do d6 transistor bi néng vi phdi hoat dong ca khi khong
c6 tin hieu. Ché& do A dugc st dung trong ting khuéch dai don.

Ché do B 1a ch& do dong colector chi xudt hién trong nira chu ky tin
hiéu (dudng 2 hinh 3.23). Diém hoat dong B trung véi diém 0. Uu diém
ciia ché d6 nay 1a dong tinh I = 0, nén hiéu sudt cao. Khi khong c6 tin
hiéu transistor khong hoat déng (T it bi néng hon). Tan dung t61 da vang
tuyén tinh DE. Ugg 6 thé bién thién tr D dén E. Tuy nhién tin hiéu 161 ra
chi c6 mot nita chu ky. D€ sit dung wu diém ché 46 B, ta sir dung so dé
ddy kéo, ding 2 transistor, mdi transistor chi hoat dong trong nira chu ky.
D6&i - véi transistor doan tir O dén D dac trung 12 phi tuyén. Pé khac phuc,
nén chon diém hoat dong & D. Ché do nay goi la ch€ do AB. 3 ché do
nay khi tin hiéu bing 0, vin c6 dong Iy nhung rat nho : B6 khué&ch dai
s& hoat dong tuyén tinh véi thé€ vio nhd, dén hét ving tuyén tinh tuong
¢ing véi diém E. D6 véi transistor S;, thé phan cyc c§0,5V.

Ché d6 C 1a ché do dong colector chi xuat hién trong mot phdn cla
" nita chu ky. Diém hoat dong s& chon 1i di¢m C sau diém 0, th€ phan cuc
Ugg < 0. Ch& do nay thudmg dung cho médy phat.

3.7.2. Khuéch dai cong suit véi so d6 EC

- Tabiét ring.so d6 EC c6 tr& 16i ra 16n, trong Khi trg tai 1 loa c6 tri s6
nhéd (4Q, 8Q) do d6 so d6 phai ding bi€n thé dé

phéi hop tré khang. B +Eec
So dé khuéch dai cong sudt don EC . I
So dé hinh-3.24 12 mach Khuéch dai cong

sudt don EC. Vi chi ding mot transistor, nén ché “ BT.Ry

do hoat dong clia so d6 chon & ch€ do A. Tir
dic trung ta tim ra dugc dong Iy, va tinh duge

) HINH 3.24. So d6 khuéch
R,, thich hgp. dai cong sudt don EC
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Cong sudt ra cuc dai :
1

Prnax = ) I; max Y e max
Tomax » Uemax 12 bién do cuc dai clia dong va th€ trén colector.
Cong sudt ti¢u thu tix ngudn-
Py= Ecc-Eo
Dé tan dung t6i da cong sudt ra thi Uemac = B,

do dé hieu sudt 161 da;

PI.‘ max

s =~ = 30%

Chon E,, bing mot nira U, cho phép cong sudt ti¢u tn trén transistor :
P,=1.Ucg = Pemax
P,ax 12 cONg sudt tiéu tan cuc dai cho phép clia trapsistor. Tt B, va
Peax, im dugc tai dong t6i vu cla transistor : '
2
ECC

PC max

Rip =

Neéu goi ti sG bién thé [a n, thi 3 thi R, khi chuyén mach sang
colector s€ la Ry = n’R,. T d6 suy ra ii s6, bién thé n.

Khuéch dai cong suft don, hoat dong & ché do A. Diém hoat dong
chon & giita ving tuyén tinh, do d6 c6 vu diém d6 tuyén tinh rdt cao.
Nhung hiéu sust nho, 16i da chi dat 50%, viing tuyén tinh hep, cong sudt
ra nho. D& khéc phuc ta sit dung ch€ 46 AB cho tdng cong sudt, va miéc
theo so d6 ddy kéo.

So dé khuéeh dai cong sudt kép— khuéch dai ddy kéo.

Sg d6 khuéch dai ddy kéo gém 2 ting khuéch dai. Tang khuéch dai
th nhat gém T, va bi¢n thé BT, goi 2 khu€ch dai dio pha. Bién th€ BT,
goi 1a bién the dao pha. BT, gém mot cudn so cdp L, va hai cugn thit cip
L, Ly: hai cuon cam L,, Ly cudn cling chiéu, diém gilta néi d4dt nho tu
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C,. V6i céch cuén nhu viy,
tit tin hiéu mot pha & L, co
2 tin hiéu ngﬁQC pha trén L,
va L;. Th€ phan cuc cho T,
va T3 do cap dién trd Ry,
sz tao ra. Th& nay chon sao
cho T,, T, hoat doéng & ché
- d6 AB (tuong Umg v6i diém
D, D3) hinh 3.25a.

Vi T,T; cing thé€ phan
cuc, nén doan tir D, D5 thuc
. 1€ khong tdn tai. Dac trung
I, — Ugg cua T, T; dugc
nhip chung nhu hinh 3.25b.
Diém D, D; va 0 dugc nhap
chung 1am mét diém. .

Nhu vay la mt nira chu
ky tin hiéu T, hoat dong (c6
I.,) nira con lai T, hoat déng

(c6 I 3). Pay 12 nguyeén tic
hoat dong ddy kéo ciia T, va

Ts. O 16i ra colector clia T, va
T3 hoan toan ‘giﬁ_ng nhu dong
I,, va tir hinh 3.25b ta thiy
ddng chay trong cudn so cip
cha BT, la dong hinh sin
(mac dd mébi transistor chi
hoat dong & nira chu ky tin
higu).

Bién th€ BT, goi la bién
thé xu4t, hay bién th€ ra loa.
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+ECC

HINH 2.25a. So 8 khuéch dai cong suét
kibu ddy kéo

Icz
Ez

Uges v asv Uge2

lay

. lc24

Vs
Uges ' 0 ! V Use2

e

L]

HINH 3.25b. Dac trung I (Ugg)
cla T2 va T3



BT, dung dé phdi hop tr& khéng gifta tdng KDCS va loa. Tir phan tich &.
trén rit ra két ludnla:

— Khuéch dai diy kéo, ting khuéch dai hoat dong & ch€ do AB, nén
dong tinh ban ddu rat nhd (I, = 0). Do dé khi khong khuéch dai (khong
c6 tin hiéu vio) thi transistor gdn nhu khong hoat déng, va khong toa
nhiét. Hiéu sudt dat trén 80%. _

—Ving tuyén tinh rong gdp doi trudng hop khuéch dai don (bang hai
vung tuyén tinh clia 2 transistor gop lai).

Tuy nhién khuéch dai bién thé c6 nhuge diém sau :

— Bién th€ ché tao phtic tap, kich thudc céng kénh, trong lugng nang,
gla thanh cao.

— Chat luong am thanh khong t6t. Nhu ta da biét khuéch dai bién thé,
thuc chat 1A khuéch dai dién cam. T3i colector 1a dién cam méc song song
v6i dién g chuyén mach ‘R, = an,. Do d6 tdn s6 tang hé s6 khuéch dai
lang. Tang khuéch dai loi vé phia tdn sé cao. Pé nén do khuéch dai & phia

“tdn s cao va sira cho dac trung tdn s¢ dong déu, ngudi ta mic song song
vdi,cudn so cip cic bi€n thé mot tu dien (nhu ty C;, C, & hinh 3.25a)
Ciing c6 thé diing mach RC thay tu dién nay. Hodc ding ty C ndi giita
colector vi baze cia tdng khuéch dai, dé tao mach phan héi am. Du cai
tién cdch nio thi dai thong ciia khuéch dai bién th€ vin hep, khong ddp
ung dugc phé cta 4m thanh. O tdn s6 qua thap, hiéu suét bign th&€ kém
(o = 0, khong truyén qua dugc). O tan s6 khd cao cha phé am thanh,
trong bi&n thé lai xuat hién ddng Fuco lam gidm higu sudt truyén.

Vi vy ngay nay rdt it-ding khuéch dai bi€n thé. Trong trudng hop
ddi hoi chét lugng cao, thi khong thé diing duge khuéch dai bién the.

C#4c mach khuéch dai chét lugng cao, sir dung lién két truc ti€p mic
theo so d6 CC. .

3.7.3. Khuéch dai cong suit méc theo so df‘) colector chung CC,
khong diung bién thé _

Tdng khuéch dai ldp lai emitter

C6 thé ding tAng khuéch dai lap lai emitter lam tdng khuéch dai c()ng
sudt don hinh 3.26.
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Diac diém cha tng 1ap lai emitter 1a :
— Khong khuéch dai the :

.KU= %1

:ls:
==

¥
~ D6 khuéch dai dong rit 16n

K--—I—E=B+1

1~ .
Iy HINH 3.26. So d6 t8ng khuéch dai
Do d6 cé khuéch dai cong sudét  1ap fai emitter

Trd vao 16n, ding 1am tdng khuéch dai
141 t6t. Dac biét trd ra rat nhd nén ¢6 thé méc tryc tiép loa tir emitter
xudng d4t khong cdn qua bi€n thé. Néu chen tr& loa khé 16n ¢6 thé bd Rg.
NE€u trd noi chia ngudn vao bing O thi trd ra cha tdng :

I,

1+

Trudng hop ndy trd ra chi c&
12Q). Néu tr& nguén c& 1kQ trd
ra ciing chi ¢@ vai chuc Q.

. Pay la tdng khuéch dai don,
nén luén hoat dong & ché do A.
Mit khic do c¢6 phan héi am
100% qua Rg (hodc R,) nén Ugg
thuc t¢ bién d6i rét it. Vi vay
ddng nuoi 14y tif ngudn Eqe cling
thay déi it. T4t ca nhitng 1§ do d6
1am hiéu suit rat thdp. DE khic
phuc, diing so dé ddy kéo va cho
transistor hoat dong & ch€ 46 AB.

Khuéch dai ddy kéo mac theo
so d6 CC

So d6 khuéch dai ddy kéo CC
duge vé & hinh 3.27

~ Hinh 3.27 a 12 so d6 khuéch
dai cong sudt nho, thudng dung

R =g t5—Fx

b} Khuéch dai ddy kéo cong suat lan

HINH 3.27. So d8 khuéch dai
déy kéo CC

cho mdy thu thanh. T, la ting
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khuéch dai mac theo so d6 EC. Téi colector clia T, ding 2 dién tré Ry,
Rs, trong dd Rs vi 2 diode d; d, dé tao thé phan cyuc cho T, va Ty hoat
dong & ch€ do AB. Khuéch dai cong sust ddy kéo dugc thyc hién bdi T,
va T; khéc loai. T, 12 transistor npn con T; 1a transistor pnp. Khi chua ¢
tin hi¢u dieu chinh bién 1r& R, sao cho Uy, = 0,6 V va Upg; = -0,6V. Hiéu
thé Upyps = 1,2V nhd d; va d, (vi thé m& clra d, vi d, 13 0,6V. Khi 6 tin
hiéu xoay chiéu Uy & 16i vao, trén colecior cha T, s€ xuﬁt hién dong xoay
chiéu I¢, va thé xoay chiéu Ug,. O bén chu ky duong cia Ugpy T, s6
khuéch dai. O ban chu ky am cta Ugy, T; s& khuéch dai. K&t qua dong
qua tai (loa) s& 1a dong xoay chiéu hinh sin nhu 16i vao. Cic dién trd R,
Rg lam nhiém vy bdo vé cho T, va T3. N6 ¢6 tri s6 rdt nhd.c5 0,5Q. Trd
ra ciia T, va T, thuc chat Ia mac song song véi nhau, hon nita Rs =1k va
2 diode d,, d; mac & 16i vao, nén né ¢6 tri s6 nhd phi hop véi tré ciia loa.

Vi cong suat 16n hon dung so dé hinh 3.27 b. T4, Ts 1a ting khuéch
dai cong suét. T,, Ty 12 tdng kich cho T, va Ts hoat dong. Cic cap T, T,
va T3 T5 duge miac theo so dé Daclington c6 h¢ s6 khuéch dai dong rat
. Ién (B+1) va tré ra rat nho, phu hop véi loa ¢6 trd c& 82, 4Q0.

D€ so d6 hoat dong 8n dinh ngudi ta con mic mét mach phan hdi am
tir 16i ra qua mach RC dén 16i vao T,.

bicu cdn luu § khi diéu chinh, 14p rap hoac sira chita phai bido dam
tinh can xing cha so dé. Khi khong c6 thé xoay chi€u 16i vao, th€ mot
chiéu trén loa phai dam bdo 1a OV.

O nhing mdy tang am cdng sudt tir 100W trgd lén, tdng cong sudt
thudng dung loai transistor. Bdi vi & céng sust 16n rat khé ché tao céc
transistor khic loai nhu Ty va Ts & so dé trén, c6 do twong dong vé cdc
thong s8. Khi dang T,, Ts cling loai, chéng han cing loai npn, thi T, mic
theo so d6 CC con Ts mic theo so d6 EC. Cich phan tich ciing khong
khic gi nhiéu so véi so d6 hinh 3.27b.
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- Chuong 4
- KHUECH DAI VI SAl, KHUECH DAI THUAT TOAN

4.1. KHAI NIEM VE KHUECH DAI TIN HIEU BIEN pOI CHAM
VA DO TROI DIEM 0

D& khuéch dai tin higu bién ddi cham c6 tén s6 w —0, cdc méi lién
ket giita ngudn tin hiéu véi ting khuéch dai, giira tdng khuéch dai véi tai,
gilra cic tdng khuéch dai v6i nhau phai 12 lién két ¢6 trg khong phu thude
vao tdn s6. Lién ket c6 tré khong phu thudc vae tdn sé la lien két tryc
ti€p, lién két qua trd thudn, lién két qua ngudn dién (pin ching han) goi 1a
lién k€t ganvanic.

Xét s¢ d6 khuéch dai hinh 4.1

Trong so d6, T; mic theo so dé
EC dugc néi truc tié’pl véi T,. T, mic
theo so d6 CC. Trong so dé st dung 2
dién tr& phan héi am 1 Rg,, Ry, nén

c6 do Sn dinh cao. Dién tré Ry c6 thé
bién d8i dé diéu chinh diém O ban _
ddu. Khi U, = 0, diéu chinh Ry, sao  HINH 4.1, 50 d8 khuéch dai tin higu
" bién d8i cham

cho U, = 0. Khi ¢6 U, thi U, s€& bién
thién theo U, va he s khuéch dai s& 1a K = U/U,.

Tuy nhién trong qué trinh hoat dong, r_1€u diéu kién méi trudng (nhiét
do ching han) thay d8i hoidc thé nguén iEcc thay déi, mic ddu so 46 di
ding phan héi 4m dé én dinh, vin x4y ra hién tugng tréi diém 0. Khi
nhiét d6 moi trudng thay déi, hay +E_ thay déi, dong qua T, va T, vin
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déi (di nho). Khi d6 db U, =0, U, vin ¢6 gid tri khéc khong. Hién tugng
d6 dugc goi 1a hién tugng troi diém 0.

Vay hién tugng troi diém 0 1 hién tugng the ra khdc O khi th€ vao
bang 0. - '

Neén nhé ring cdc bo khugch dai xoay chiéu cé lién k€t bing tu dién
va bign thé, khong cé hién tugng troi thé 16i ra. Bdi vi céc the 1r6i 46 bi tu
dién loai bd. ' -

Do 1roi diém khong 1a mot thong s6 t4t quan trong voi b khéch dai
mot chiéu. Cic bd khuéch dai ndy thuong dung trong c4c thiét bi do
ludng chinh xdc. DE tang do nhay clia may do phai ding nhiéu ting
khuéch dai. Dic biét trong céc vi mach khuéch dai thudng goém nhiéu
tdng khuéch dai lién két truc tiép v6i nhau. Chi cdn mot do troi nhd O
1dng ddu s& din dén dd troi rit 16n & 16i ra. Do troi anh huong dén d6
chinh xdc ctia phép do. Hon nifa céc tin hiéu cén khué&ch dai va tin hiéu
troi cé dang gin giéng nhau. Thanh thir ta khong bi€t dau la tin hi¢u hir
{ch, dau 13 tin hieu tr6i. Vi vay, do tréi 12 mot thong s6 ddnh gid chat
lugng ciia bd khuéch dai. D6 tréi cang nho, chat luong ctia bo khuéch dai
- cang cao. Du6i day ta s& Kkhio sét cac bo khuéch dai v6i cac phuong phap
triét do troi cao. Nhung phai khing dinh rang du phuong phdp nao di niia
chi c6 thé giam d¢ tréi dén mic t6i thiéu chit khong thé triét hoan
toan no. o ' : '

42, BO KHUECH DAI KIEU CAU
Bo khuéch dai kiéu cdu dugc xay dyng trén nguyén tic can bing cdu
Wheatstone. '
Xét sg 46 cAu Weatstone hinh 4.2a.”
Khi thoa man diéu kién can bing
ciu : R, = Ry, Ry = R, thi thé ciia Ucp
khong phu thudc vao thé cua Upg. -
Ugp = 0 v6i moi Uyp bi€n ddi.

Néu céc cap dién tr8 R{R, , RyRy
hoic tit ci déu giong nhau vé cdu tao
va tri s6 (ch€ tao theo cling mot cong HINH 4.2a. So d6 cdu Wealstone
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nghé va cing vat liéu) thi diéu kién can bang cdu s€ ludn thyc hién véi
cdc diéu kién moi trudng (nhiét do, 46 4m) va gid tri U 4 bién déi.

Dua trén mach cdu hinh 4.2a, ta Rb3+Ecc
c6 thé xay dung mach khuéch dai
cau hinh 4.2b. Trong so d6 hinh 4.2b P
cdc linh kién Rey Ry Ty, T, 12 4 Res
nhdnh cha cdu (coi T; 1a ud R, T,

ov
1 tr& Ry). Rey, Ry déng vai trd - |
tu,o.ng dumg Vél R] Rz: T]v TZ tlICmg HiNH42b So dé khuéch dai Kiéu cdu

duong véi Ry Ry.

Chon Rey, Re; hoan toan gidng nhau (v€ tri s va cdu tao), T, va T,
clng loai Transistor khi U = 0, diéu chinh bi&n tr& P sao cho U, = 0 mach
khuéch dai cdu di dugc diéu chinh can bing. Lic nay dit Eg¢ hoidc nhiét
d6 moi trudng c6 bién déi, su bién ddi clia nhénh R, T, hon toan gidng
sy bién ddi cha nhinh Rg,, T,. Do dé diéu kién can bing cha cdu luén
duge ddp tng. Néi cdch khic, ta da loai duge hién tugng tréi diém khong
& 16i ra. Tuy nhién vi khong thé ché tao chinh xdc R, Ry va T; T hoan
toan giéng nhau nén thuc t&€ van cé do trod, nhung rdt nho.

Bay gid, n€u ta tic dong & 16i vac mot dién thé U, hoac dong Iy thi
tr& ndi R;; clia T s& bién ddi. Cdu bi léch can bing va xuat hién thé 18ira
U,. Trong viing tuyén tinh cha T,, U, s& bién déi tuyé'ﬁ tinh theo Uy,. D6
14 nguyén tic hoat dong cfia bd khuéch dai kiéu ciu.

So d6 nay ¢6 nhugc diém 12 chi T; 1am nhiém vu khuéch dai, con T,
chi don thudn déng vai trd mot dién trd.

4.3. BO KHUECH DAI VI SAI

4.3.1. Khdi niém vé khuéch dai vi sai

Trong so d6 khuéch dai kiéu cdu hinh 4.2.b, néu thém vao dién trd Rg
ta s€ cd so d6 khuéch dai vi sai.
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V& tinh can xtng thi khéng khic gi so véi so d6 cdu. Nmmg hoat
dong khuéch dai thi khéc. Pay 1a b khuéch dai can xing ¢6 hai 16i vao
Uy, va Uy, va mot 16i ra 1a hi¢u the giita UCI va Ugy.

U= UCI Ue
Ciing ¢6 thé 14y tin hiéu tir 2 16i ra .
so véi dat 1a Ugy va Uy, Nho thém R

ma ca T, va T, cing tham gia khuéch
dai. Gia st sau khi diéu chinh bién trg
Ry3;, mach khuéch dai dat miic céan

bang U, = 0. Néu giit nguyén Uy,, cho

Uy, tang thi Ig; va Io tang. Ig, tang

HINH 4.3. So d8 khuéch dai vi sai

lam cho Ug; giam, I, tang lam cho
Ug, tang. E; va E; néi chung nén Ug,
tang nhu Ug,. Uy, khong ddi, nén Ugg, sé giam lam cho Ig, va I, gidm.
I, gidm lam Ug, tang. Nhu vay nho ¢6 Rg ma khong nhing T, tham gia
khuéch dai ma ca T, cling tham gia khuéch dai. RS rang véi cung su bién
déi cha Uy, thé U, s& bi&n déi gdp 2 ldn so véi khuéch dai cau. Tuong tur
néu giit Uy; khong d6i va cho Uy, tang hoac gidm, hién tugng xay ra
hoan toan phu trén. Rg méic & emitter nén tao phan hdi am 1am ting do dn
dinh cta tdng khéch dai. Dac biét, khi Uy, va Uy, bién déi theo hudng
nguoc nhau, (Uy, tang Uy, gidm, hoac Uy, gidm Uy, tang) thi sy bién
thién cha 16i ra s& tang gdp boi. Nguoc lai néu cho Uy, va Uy, bi€n d6i
ciing chiéu (bién ddi dong pha), ciung tang hodc cung giam, thi th€ 16i ra
bién déi rit it, it hon su bién déi cha 16i vao rdt nhiéu. Vay bo khuéch dai
vi sai c¢6 dic diém 12 rat nhay cdm véi nhimg bién déi ngugc pha & 2 16i
vao va khong nhay cam véi nhitng bi€n d6i déng pha &2 16i vao.’

Né&u chon Rg di i6n, d6 triét tin hi¢u dong pha s& rat i6n, do triét céc

tap 4m déng pha cao; c6 do 6n dinh ch& do hoat dong cao Kkhi nhiét do
thay déi. ‘

Nhu & khuéch dai cdu, mic dé can ximng trong khuéch dai vi sai phu

" thudc vio sy can Xing va déng nhat cla hai transistor T|, T, va hai tr§
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R¢; Rey. Vi vay cap transistor Ty, T, dugc ché tao trén cing mot don tinh

4.3.2. Tinh hé so khuéch dai

thé theo cing mot cong nghé. Cdc thoéng s6 dac trung cla ching gidng
hét nhau trong ca dai nhiét do lam viéc.

Dudi day s& trinh bay céch tinh todn hé s6 khuéch dai tin hiéu déng

Uy =Uy,
U;=Uy
.Dbng Iivao: I;=1y,
L=l
'][‘hér U¢;,» U phu thudc vao Uy, U,
Ue = f (UL Uy)
Uy =£ULUy)
U= Ug-Ugl
U, va U, ¢6 thé biéu dién nhu sau :
U +U, U -0,

Ui=—3 2
U==5—"""3
Dt
U, +U,
Up=.—-§—
U, -U
Un_ 12 2
Suy ra :
U1=U +Uﬂ
U, = U U,
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pha, tin hiéu ngugc pha va do triét déng pha. D¢ biéu thitc duge don gian
ta dat :
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4.2)



Tir biéu thiic trén ta thiy U, va U, ¢6 ciing thanh phén gi6ng nhau la
U, va nguge nhau 1a U,. U, chinh la tin hiéu ciing pha, U, Ia tin hi¢u
ngugc pha.

Goi K, 14 h¢ s8 khuéch dai tin hi¢u déng pha, K, 12 hé s6 khuéch dai
tin hiéu nguo'c pha, ta s& c6 :

U =K, U+ KUy, (4.3)
U = KU, - KU, (4.4)
Diendplsira U =Ug - Ug
va coi T}, T, hoan toan gidng nhau nén
Tpy = Tpp = Fp 3 TE1 = TE2 = TE
Chon R¢j = R =Re
- Tinh Ugy va Ugy. Tix Ibiéu thtc (4.3,44)tas€ritra:

_Ug Vg
Kp = - 20,
~Ua-Ye
Ko = 2U,
- Thay Ug, va Uc, vao ta s€ nit ra
ko —PRe
PRy +(1+[3»)rI3 +(1+[3)R
Ky = roRe

" TRy (+B)g

Tix biéu thic ta thay K khong phu thuéc vao R vé dat 4o khué’ch dat
nhu so d6 E chung.

Tréi lai K, lai phy thudc vao R, Néu chon R, > §>' R, thi K' <<l

R& rang chon R, cang 16n thi hé s6 khué'ch da1 tm hi¢u’ dﬁng pha cang

nho va tir bléu thite thi K, khong anh hudng. Tuy nh\lén khi R, Ién thi sut
thé trén né sé tang. K&t qua thé dat vio transmtor gidm nd.s€ roi vao vung
phi tuyén. Do d6 hé¢ s6 khuéch dai s& glém Dé khﬁc phuc ta s€ thay tré

R, bang ngudn dong.
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Tir biéu thic trén ta thdy U, va U, c6 clig thanh phdn giéng nhau la
U, va ngugc nhau 13 U,. U, chinh 13 tin hiéu cung pha, U, 1a tin hi¢u
ngudc pha. '

Goi K, 1a h¢ 56 khuéch dai tin hiéu déng pha, K, 1 hé s6 khuech dai
tin hle_u ngugc pha, ta s€ ¢ :

Ua =K, U, + KU, 4.3)
| U =K, U, - KU, (44)
‘Ditndplsira U=Ux-Uq
va coi T|, T, hoan toan gi6ng nhau nén
Tpy = Iy =y Tgy = TE2 = [E
Chon R =Rz =R¢
Tinh Ugy va Ugy. T bidu thitc (4.3, 4.4) tasEritra:

_Ug+Uc
Kp=- 20,
_VUg -Ug
Ko = 20U,
- Thay Ug; va U, vao ta s& rlit ra
' K. = _BRC
PRy +(1+Pg +(1+PR,
K - —PRc

nTR, +(L+Prg

Tir biéu thiic ta thdy K, khong phu thuge vao R, va dat 46 khuéch dai
nhu so dé E chung.

Tréi lai K, 1ai phu thute vio R,. Néu chon R, >> R, thi K, << 1.

R& rang chon R, cang 16n thi hé sG khuéch dai tin hi¢u déng pha cang
nho va tir biéu thic thi K, khong anh huéng. Tuy nhién khi R, l6n thi sut

thé trén né s& tang. K&t qua thé dit vao transistor giam nd s& roi vao ving
phi tuyén. Do d6 hé s6 khuéch dai s& glam D¢ khic phuc, ta s& thay tr&

R, bing ngudn dong.
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4.3.3. Khuéch dai vi sai v6i nguén dong

So d6 khuéch dai vi sai véi nguén ddong vé & hinh 4.4.

Vi ngudn dong cé tré ndi rat 19n (phu hop véi yéu cau R, 16n) nhung
the sut trén nd lai nho.

D¢ tao ra ngudn dong, cé thé dung
nhiéu sg d6 khic nhau. So 46 hinh 4.5
la b khuéch dai vi sai sir dung mot
trong sG cdc mach tao ngudn dong.

Trong mach dién hinh 4.5 cdc linh
kien Ry, R,, R,, Ry, diot 6n 4p d va
transistor T3, T4 tao ra nguén dong I,
Mach dién gém R, va d tao ra thé€ én
ap Ug,.

HINH 4.4. So 86 khuéch dai vi sai dung
ngutn dong g

Véi cdch n8i mach nhu hinh 4.5 tacé:

Uggs + Ig3-R3 = Uppa+ Ig4.Ry
Néu chon T; va T, giéng nhau nén :

Uges= Uggy
Né&u chon Ry =R, thi ta luén cé:

Ig3 = Igy

Dong Ig, duge tao ra tir Uy, va céc

tré R,, R3¢0 dinh nén luén c6 gid tri c6
dinh. Do vay Ig, cﬁng- luén ¢6 dinh va
Iy = Iy luén 1a dong khong déi.

Bo khuéch dai vi sai c6 nhiéu wu
diém nhu do tuyén tinh cao, d¢ 6n dinh
ch€ do hoat dong khi nhiét do thay déi,
triét tap Am dong pha va gidm 4o troi
dén midc 161 thiéu. Do d6 né cé rat

HINH 4.5, S0 d8 khuéch dai vi sai voi

_nhiéu dng dung. Ung dung trong cdc mach tao ngudn dong
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phép do chinh x4c céc dai lugng vat 1y. Céc dai lugng vat 1y nhu nhiét do,
4nh sdng, khoi luong v.v... sau khi qua senxo bién thanh tin hi¢u dién.
Cic tin hiéu nay thudng c6 dinh hoac bién di cham, dugc dua vae 2 161
vio clia tdng khuéch dai. 3 16i ra mic cac bo chi thi. Trong trudng hgp
cdn ting do nhay phép do, ¢6 thé mic thém mot tdng khuéch dai vi
sal ni¥a. _ '

Khuéch dai vi sai, dugc ding 1am ting tién khuéch dai trong khuéch
dai thuat toan, d€ tao ra hai 18i vao vi sai, va l1am tang chét lugng ctia bo
khuéch dai thut todn. Ta s& khio st k¥ trong phdn khuéch dai thuat todn.

Khuéch dai vi sai ciing ding dé khuéch dai tin hiéu xoay chiéu.
Trong trudng hgp nay né cdn phdt huy nhiéu tinh wu viét nhu m& rong
ving truyén. :

4.4. KHUECH DAI VI SAI DAIRONG

Bo khuéch dai vi sai, cling ding dé khuéch dai tin hi¢u xoay chiéu
nhu cdc bo khuéch dai da khio st & phin truée, nhung ¢6 kha ning md
rong ving truyén mot cdch dé dang.

Khi can khuéch dai tin hiéu xoay chiéu, ta ¢6 thé dua tin hi¢u d6 vao
déng thai hai 16i vio clia khuéch dai vi sai (n€u tin hiéu vao khong ¢6
diém ndi d4t). Trudng hop tin hiéu can khuéch dai cé diém néi dat, ta dua
tin hiéu vao moét trong hai 161 vao, 161 vao con lai khéng déi. Tin hiéu I8i
ra cé thé 14y tir hai 16i ra dong thdi, hodc 14y tir mét 16i ra vdi dat.

Khi cdn cdch ly th& mét chiéu gilta nguén tin hiéu vdi 161 vao bo
khuéch dai va 16i ra bo khuéch dai véi tai cé hai cach. Trudng hop khong
yéu cdu dac biét vé ving truyén qua (nhu véi tin hi¢u am thanh) c6 thé
diing lién két bing tu C nhu théng thudng. Trudng hop cdn khuéch dai tin
hiéu ¢6 tin s6 © giam dén O, ta ding lién k&t ganvanic. Nhu vay vé
nguyén tic vi thuc 1€ ta hoan todn md rong viing tdn s6 thép dén 0.

Vén dé chinh 13 tim cdch m& réng ving tdn sd cac. Nguyén nhan lam
giam hé s6 khuéch dai va han ché viing truyén & tdn s6 cao la do di¢n
dung giita cac cuc cha transistor Ceg, Cpg, Ccp VA cdc dién dung tdi, dién
dung clia ngudn, dién dung do lap rép.
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4.4.1 anh hudng cia dién dung trong 3 so d6 khuéch dai
Ta xét 3 so d6 khuéch dai vdi cic dién dung ké trén & hinh

T

HINH 4.6.5. So d6 khudch dai CC

Dién dung trong cdc so d6 hinh 4.6 : |
C, : dién dung ngudn tin hi¢u ;
C,, : dién dung lap rép & 16i vio;
Cy, : dién dung 1ap rdp §1Gira ;
C, : dién dung tai ;
Ccg : dién dung cyc colector va emitter ;
Cgg © dién dung giita cuc baze va emitter ;
Ccp : dién dung giita colector va baze ;
Ccp» Cep €6 gid tri nho ;

- Cpg ¢6 gid tri 16n (vi BE phan cyc thuén).
Xét so dé EC hinh 4.6.a
Cic dién dung tao nén bo loc tdn thdp & 161 vao va 16i ra. 3 161 vao

goém C,, C;; va Ccp. Dic bigt Cep tao 1a phan hdi am tir colector vé baze
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a chinh Ccg, 1am gidm hé s8 khuéch dai thé. Néu hé¢ <& khuéch dai cla
1¢ 1a K, thi do tdc dung phén héi am ma Ces s lam tang dién dung 16i
vio thém ACcg. Dién dung 16i vao bay gios€la: '
Cy=C;+Cy +ACcR
Né’l;l A dt 16n thi cé thé xem Cy = ACcp
3 16i ra o6 céc dien dung Ccg, Cpp, Gy 130 nén
C.= CptCntC
Tac dung ctia C, lam giam gidi han tan s8 cao di duge khao sét & tang
khuéch dai dién trd (chuong 3). Do C, va Cy, dac-biét do phén héi am qua
Ccp ma ving truyén qua bi thu hep. |
Péi véi so dé CC hinh 4.6.D

Do th€ colector ¢8 dinh, nén khong xudt hién phén héi am qua Cep.
Mat khdc, Cgg néi qua Ry xudng dat, do tac dung phan hoi am clia Rg
lam giam tdc dung ciia Cpg d€n di¢n dung 16i vao. Mach nay c6 dién
dung 16i vao nho. Do c6 phan héi &m 100%, nén ting lap emitter cb trg ra
it nhé hon Rg. Céc dién dung 16i ra méc song song vGi trd ra rit nho,
nén hing s6 thoi gian nho va gidi han tn cao dugc tang 1én. V6i ¢ hai 1y
do trén, tdng 1ap lai emiiter ¢6 vimg truyén qua rat rong.

Xét so d6 BC hinh 4.6.c | | |

Téng khuéch dai ndy c6 nhugc didm 1 trd vio rit nho, khong cb
khuéch dai dong, chi ¢6 khuéch dai thé. Nhung vé mat tdn s6 lai rat tot,
¢ gidi han tdn cao khéi 16n.
S& di c6 duge uu diém d6 12
vi trong so d6 khong ¢ phan

héi am qua Ccg. trdi lai con R

xqa't hién phan hoi duong vé U,

thé qua Ccg Do xudt hien

phan héi duong qua Ccg, nén -

hé s6 khuéch dai con dugc HINH 4.6¢. So d6 khuéch dgi BC
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tang vé phia tin s& cao. Tdc dung cta hi¢n tuong nay tuong duong nhu
lam gidm dién dung 16i vao : '
CV = Ci+cll+CBE_ACCE
Mat khéc do tr& vao nhd, dnh hudng ciia Cy dén gi6i han tdn s6 cao
cling giam. ' ' -
K&t qua 1a tAng BC c6 viing truyén qua kha rdng.

Tir khao sat vé 3 tang khuéch dai, ta s€ tao ra cac so dé khuéch dai vi
sai dai rong.

4.4.2. Khuéch dai vi sai khong can xing _
So d6 tang khuéch dai vi sai khong can ximg hinh 4.7
Trong so d6 T; T, la ting khu¢ch

dai vi sai khong cin xing, T; la tang
lap lai & 161 ra. '

T, méc theo so dé lap lai emitter |

v6i the colector E| 1a ¢6 dinh. Do d6

khong c¢6 phan héi am qua Ccp,, d6ng

_ HINH 4.7. So d6 tang khuéch dai vi sai
thdi gidm tic dung cba Cgg, do ¢6 khong cén ximg
phan héi am trén Rg. Nhu phan tich & trén, tdng nay hoat dong & tin s6
r4t cao va 6 trd ra it nhd, phi hop véi tang Ti, cé trd vao nho. Tang T
mic theo so dé BC, vi baze n6i dét. Ting T, ¢6 trd vao nhd phi hop véi
16i ra cha Ty. Tdng nay khong c6 phin héi am qua Cepp Vi B, néi dat, nén
khong 1am ting dién dung 16i vao, nhung lai c6 phéan héi duong qua Ccga.
1am giam dién dung 16i vho. Nhu phan tich & trén, ting nay ciing hoat
dong & viing tdn s cao. Viéc trigt 4anh hudng cia C,, hoac dién dung 161
vio cfia tang tiép theo (néu cdn méc thém ting khuéch dai), ta dung tang
lap lai c6 trd ra nhd T;. Toan bo hé khucch dai s& c6 gidi han tdn s cao

r4t 16n, dai thong rat rong. Nhuoe diédm cha so do 12 he s6 khuéch dai chi
bang nira ting khuéch dai vi sai can xung.
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4.4.3. Khuéch dai vi sai can xi’mg dai rong

So d6 khuéch dai vi sai can xing dai rong v& & hinh 4.8

Trong so d6, T| va .Tz mic nhu
khuéch dai vi sai thong thudng, nhung
tai cba chung 1a T3, Ty |

T, va T, duoc néi v6i ngudn dong
I, c6 tr& ndi R rdt 16n, nén xuat hi¢n
phan héi am. .

Tang khuéch dai c6 phan héi am,
hé s6 khuéch dai nhé, nhung dai thong
lai dugc md rong.

HINH 4.8. S0 d6 khuéch dai vi sai
dai rong c8n xung

Dé phan tich dnh hudng cla cic
dién dung, ta xét v€ trdi cha so dé, tir 36 suy ra v€ phai tuong tng. V& tai
cia so 46 gém Ty, T3. T; do ¢6 R (ird ndi ngudn dong Iy) tao ra phan héi
am, 1am giam tac dung cia Cgg, dén dién dung 16i vao. T c6 ti colector
14 161 vao cta Ts. 'DI‘3 mic theo so d6 BC (vi By ndi véi nguén cd dinh Ey)
nén tré vao rit nhd. Vi vay ting T, ¢6 hé s6 khuéch dai thé rdt nho, xdp
xi 1. Téc dung phan héi am qua Ccp hdu nhu khong c6, tic 12 khong dua
them dién dung.éi 16i vao T,. T; mdc theo sa dé BC, ¢6 phan héi duong
qua Ccgs nén giam di¢n dung 161 vio va tang gidi han tan s cao. pé triét
anh hudng cia dién dung tai, hodc dién dung 16i vao téng tiép theo, so dé
sir dung tAng 1ap lai emitter Ts. Phan tich wong wr voi vé phéi gbm Tp, Ty
' Tsx. Qua phan tich cho thdy so do R“Q - [DRM [ +Ecc

hoat dong véi gidi han tdn s6 cao rat
1én-va dai tdn rong. Uca

Néu mudn so d6 khuéch dai chi =
c6 mot 161 ra so v6i ddt, ta s€ dung
s d6 khuéch dai ddy kéo & 16i ra
hinh 4.9

D6i véi so d6 nay can Ts la

transistor loai p, Tg 1 transistor loai n. HINH 4.9. So 6 khuéch dai vi sai
! d8y kéo dai rong
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Dé so d6 hoat dong dugc, cdn tinh to4n va diéu chinh sao cho
Khi Uy =Uyy=0
Uca=Ugy =0
~ Khi d6, tuong tng véi nira chu ky tin hi¢u, mét trong hai transistor
T5, T, lam nhiém vu kbuéch dai, nira chu ky ti€p theo dén lugt transistor
con lai lam nhiém vu khuéch dai. '

Ca hai so dé khué&ch dai vi sai khong can xdng va cin xing déu st
dung céc transistor cao tan, c6 tdn s6 gidi han.hang tram MHz. Khi d6 ca
hai so d6 déu c6 dai rong dén hang chyc MHz.

Céc so d6 khuéch dai vi sai, khuéch dai vi sai dai rong dugc dung lam

~ tdng tién khuéch dai, va mot s6 ting khuéch dai, trong bo khuéch dai
thuét todn.

4.5. BO KHUECH DAl THUAT TOAN

4.5.1. Khai niém vé khuéch dai thuat toian

Bo khuéch dai thuat todn (KDTT) la bo khuéch dai ¢é pham chat cao
bdi c6 he s6 khuéch dai rét 16n, trd khdng vao cao va trd khdng ra thép.
Do dé tinh chdt va tham s& clta b KDTT chi dugc xac dmh bdi céac tham
s& clia mach hoi ti€p.

Trudc day ching duge s dung trong céc may tinh analog dé thuc
hién c4c phép tinh nhu cong, trir, tich phan v.v... nén tlr d6é ma cé1én goi
12 b6 khuéch dai thuat todn (operation amplifier). Hién nay céc bo KDTT
dugc ché tao duéi dang cdc vi mach tich hop don khéi (IC—integrated
circuit) va dugc st dung rat rong rai trong thuc t€. Gém nhiéu ting
khuéch dai lién két tryc ti€p nén ving truyén rong, hé so khuéch dai 16n.
Téng tién khuéch dai 1a khuéch dai vi sai, ti€p theo la tdng dém roi ting
khué&ch dai vi sai. L6i ra 12 khuéch dai cong sudt miic theo kiéu ddy kéo.

Tinh chdt cia bé KPTT

Hinh 4.10 1a k¥ hiéu ciia mot bo KDTT va so d6 twong duong ly
tudng héa cha nd

L&i vao ddo
n .Un U"
=G 4R |
. B AlUg-Up)
p U + >
—t]
LGi vao

khéng dao

HINH 4.10. Ky hidu va s0 d6 tuong duong cla KBTT
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N6 ¢6 tdng 16i vao vi sai gom hai 16i vao : khong dao (p) va ddo (n).
Thé 16i ra c6 thé duge vi€t : '
| U, = AU-Up) | (4.5)
Trong d6 : A 13 h¢ s6 khuéch dai khong ¢6 phan héi ciia bo KDTT &
tin hitu mot chiéu (hodc tin s6 rdt thap), né thudng c& tir 10.000 dén
1.000.000.
Up 1a th€ dat téi 161 vao khong dao ;
U, la th€ dat téi 161 vao cé dao ;
U, déng pha véi U, va nguge pha véi U,
B0 khuéch dai thudt toan 1y tudng cb 1§ vao vo cung 16n, ddong vao
- L=l= 0. Nhung thuc t€, trd vao vin c6 gid tri ndo d6é nhung rat 16n, I,
I, vén c6 mot gid tri rat nhé khi tinh todn c6 thé xem nd bang 0.
D& dim bio cho bé KDTT lam viéc dugc véi ca tin high vao duong
va 4m, ngudi ta thudng dung mot ngudn nudi ludng cuc ch va V. (v
du: x15V).
_ C6 nhiéu dic trung k¥ thuat dé danh gia xem céc bo KDTT thuc gan
giong bd KDTT 1§ tudng bao nhidu nhung & day ta chi dé cap t6i mot vai
ddc trimg quan trong sau :
Hé s6 khuéch dai vi sai
A = AU/AU, = AU/A(U,-Uy) (4.6)

Con goi 1a hé s6 khuéch
dai riéng cia bo KDTT, tic fa | Urf
~ hé s8 khu€ch dai khong c6 Y s
phan héi. Hinh 4.11 mo ta sy ' ' R
phu thudc cia dién 4p ra vao o/ '
hiéu dién &p vao khi khong ¢6  _— SV LY
héi tiép. -100 s /|0 100 mV

Thé thién dp diém khong o
16i vao RRTOE._ cffm— A2V
D6 13 hieu dién thé cin dat
vao hai 16i vio dé dam bdo cho

HINH 4.11. Béc trung Uy (U,) khi
khéng co héi tiép
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th€ 16i ra ding bing khong. Vi cé thé thién 4p diém khéng nay nén dic tinh &
hinh 4.11 cda bo KDTT thuc t€ bi dich khoi diém khéng mot chiit (thuo‘ng
vai milivon) dudng cham cham.

Hé 56 suy gidm tin hiéu dong pha _

Vi khong phéi 1a bo KDTT 1y tuéng nén néu ta dat vao hai dau vio
cing mot dién dp U, thi 16i ra ciing khong hoan toan bang khéng. Néi
cdch khic ta ¢6 hé s6 khuéch dai tin hiéu déng pha :

A= AU/AU, #0 . 4.7
Do d6 ¢6 hé s6 suy giam tin hiéu déng pha :
G = A/A, (4.8)

He s& nay c& 10%+10° va c6 thé nhédn c& gid tri am hoac duong.
4.5.2. Phan héi am va cic so dé mic bo KDTT

Hé so khuéch dai khi c6 phdn hoi

Cing nhu cdc bd khuéch dai thoéng thudng, mét bo KDTT cé méc
mach phan héi nhu hinh 4.12 s& cé hé s6 khuéch dai nhu sau :

U.= AU, -kU)

—> Ap=U/U, = A/(1+kA) (4.9)

Né&u xét A rat 16n (kA >>1)

‘— Ag~1/F 4.10)

Bo khuéch dai khong dao .
(

_So 43 mac b0 KDTT ¢6 phan 44 15 B knusch el thuat toan voi
héi khong dao nhu sau : mach h6i tiép
Mach héi ti€p & day 13 bo phan
ap dién trd Rp va R do d6:
_R
R, +Rp
Vay theo (4.10)

B&é KDTT ]

U, - KU,

Mach héi tiép
KU, K

F=

-.(4.11)
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Trudng hop dic biét khi Rp=0; Ry =
ta c6 so 46 cua bo ldp lai (hinh 4.13) véi hé
s6 khuéch dai th€ bing 1 nhung 1a bo
khuéch dai c¢é tr& khdng vao rdt 16n, tré
khdng ra rit nho.

Dic tuyén tdn s6

Véi mot bo KDTT khéng ¢é phan héi,
¢6 thé tinh hé s& khuéch dai A phu thudc
viio tdn s tin hiéu theo cong thic sau :

Vif,=0

Nén Af=f HINH 4.13. So d6 khuéch dai
© ' : khong déo
A

A= m. 4.12)
1+j— f
fe

Thay vao (4.9) ta ¢ su phu thuge cua hé s6 khuéch dai ¢6 phan héi
vao tin sO : .
A An | '
= - = - = 413
AF =T kA “TYAF i @.13)

m l ———
(+A_Pf. |
o] day: A lahé¢ st khuéch dai khong c6 phan héi cuc dai (0 moét chi€u) ;
f. 1a dai thong tdn ¢ mirc suy giam 3dB.

Do d6, v6i mach cé phan héi, he s6 khuéch dai cuc dai (0 tin hieu.
mot chiéu) 1a :

A, .
Afmax =ToA— (4.14)

Va dai truyén & midc 3dB la:
fop =fc(l+A k) (4.15)
Ta dua vao khdi niém : tich ctia hé s§ khuéch dai v6i dai truyén va
tinh né ta thay dé 1a mot hing s6 va ciing bang tich dé véi bé KDTT
khong ¢ phan hoi :

A .
Apmac foF = T2 A oAl A = Afe (4.16)
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R& rang : n€u bing mach phin héi ta 1am giam hé s6 khuéch dai di
bao nhiéu 1an thi bé rong dai truyén cha bo KPTT lai duge ting 1én biy
nhléu 14n hoac ngugce lai.

Hinh 4.14 cho ta mot bic tranh vé tic dong cla hé s6 phan hdi RF/RI
t61 hé s& khuéch dai va dai truyen

H& mach
{khéng phan héi)

T =
O

: ﬁ = @ {Bé lap lai - phan
i R, h&i 100%)
'fCF chMAx

1 10% 102 107 104 105 108

HINH 4.14. Dc trumg Ae(f) voi gia trf Rp/Ry khéc nhau

Bo khuéch dai co ddo

" Do ¢6 héi tiép Am nén trong mién tuyén tinh bo KDTT bao dam mat
dién 4p 16i ra sao cho dién dp trén 16i vao dao (n) ludn xdp xi bang 16i vao
khong dao va bang 0. Nhu vay 16i vao ”
ddo nay (diém N) (hinh 4.15) tuong tu
di€m c6 dién thé "khong". Ngudi ta goi

néi 12 di€ém "khong" do.

Vi dong vio bo KDTT ly tudng
“bling 0 nén co phuung trinh Kirchoff

i

" HINH 4.15. Sd dé bod khuéch dai

cho diém nit N. thuét toan co dao
=9 U
Ry Rf
. 14 Ur RF |
: =L == . : 4.17
Do dé Agp =T, R, | ( )

Nén nhd : Trd khéng 16i vao ca bo khuéch dai cé dio nhd hon véi
trudng hop bo khuéch dai khong dao.
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4.6. UNG DUNG BO KHUECH DAI THUAT TOAN

Nhu trén ta di thdy : hé s6 khuéch dai clia bo KDTT ¢6 phan hdi chi
dugc quyét dinh bdi mach phan héi ma hdu nhu khéng phu thude vao
tham s6 ban than ciia bd KDTT. Do d6 néu ta ding mot bd phén dp dién
tr& 1am mach phéan héi ta s& c6 mot bo khuéch dai tuyén tinh. Néu ding
mach RC }am mach phan héi ta s& ¢6 mét bd loc tich cyc mach tich phan, _'
vi phan. Va néu dung phén tir phi tﬁyé’n (vi du : diot, transistor) lam mach
phan héi ta s&€ c6 mdt bod tao ham phi tuyén (vi du : mach tao ham logarit
clia thé 16i vao). Ung dung ciia b6 KDTT trong cdc mach nhu vay rdt
nhiéu nhung ¢ dﬁy ta chi khao sat mot s mach.

4.6.1. Bo khuéch dai cong/ trir

Thi du mach trong hinh 4.16 s& thuc hién ca hai thudt toan cong va
trir cdc tin hiéu 16i vao .

© Céc he s6 khuéch dai theo céc 16i vao 1,2, 3 12 :
o U, _ Rg |
Uzz  Rias

Cic he s6 khuéch dai tinh theo cic 16i vio 4, 5, 6 dugc tinh theo
cong thitc (2-3) c6 chi ¢ ring cdc th€ 16i vao t6i 16i vao + chia bo KDTT
a3 duoc phan 4p trén céc ry Ry, Ry, RgVAR :

(theo cong thic 4.17)

" Vidu: |
U, ___R|Rs|Rs 1+ Rp_ )
+ Ry+R[Rs[Rg " " R[Ry[R;
Do d6:
--& __R_F _Re vy Aq RJlelle
Ur= R, Ur R, U2 R, U-”4‘124+R||115||R6 Ys
AcRIR[Rs | . A,RIRJRs

+ + U
Rs+R[R,Rg °  Rg+R[RyJRs °
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rrm—
U,
U, +
Us
U
R
HINM 4.16. So d6 b6 khuéich dai HINH 4.17. Bo khuéch dai vi sai
cong/ trit

Trong trudng hop dac biét nhu hinh 4.17 ta ¢6 bd khuéch dai vi sai.
U, =k(U,-U,) véi diéu kién chon cdc dién trd nhu sau
Ry/R,=Ry/Ry=k = |
4.6.2. Bo khuéch dai tich phan
Vi diém N 1a dat 4o (=0 V) nén dong
dién qua R 1a U,/R va né ciling bang dong R

nap di¢n cho tu C vi dong 16i vio bd KBPTT U, '—E—N
bang khong. i

0

Dodé: U =—1 idt=—-l—j’ﬂldt

r C C IR o
1 ' HINH 4.18. Mach khuéch dai tich
=-%¢ [u.di+u, i
trong d6 Uy ta dién dp ban ddu trén tu in—w R

4.6.3. Bo khuéch dai vi phan _
So d6 bo khuéch dai vi phan hinh 4.19
Vily=0nénI =1, =1

Un=0nén U =-I _ _ N
;lU _ HINH 4.19. So d6 khuéch dai
i phén
[=Ic=C—& o VR
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MaU,=U,
Do do:

du,
dt

U, = -RC

4.6.4. Khuéch dai loga

Bo khuéch dai loga 12 b khuéch dai ¢ thé 16i ra ty 1& v6i loga th€ 16i
vio. Day 12 mach bién d8i ham vi vay ta phai si dung yéu t& phi tuyén co
dac trung thich hgp. Trong trudng hop nay ¢d thé diing yéu t& phi tuyén
1a diot hoac transistor nhut hinh 4.20.

HINH 4.20. S0 d6 khuéch dai loga dting diot

D4i vi diot, & nhiet do phong (20°C) dac trung ctia né duge mo ta
bing biéu thic sau :

My CAak
I=Igled ™ _1l=Ig]e P -1

Trong d6 U, = Ky/q goi 1a the nhi¢t dong (U, = 25mV dnhigtdo T= 290°%);
U ak 12 dién ap tdc (it_mg, U > 0 khi phan cuc thuan, U < 0 khi phan
cuc ngugc ; :

q : dien tich cta dien tir (1,6x107°C); |

K : hing s6 bondoman (Boltzmann) (1,38x10_23J/K) ;

T : nhiét do tuyét d6i K (K = 273°+°C) ;

2 : héng s0 kinh ngﬂiem nim trong khoang tir 0,5 dén 1 ;

I, : dorig ngugc tinh. o

Khii  Upc<Ugthil=],
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Wak

Khi Uag>>UgthiT=e Y 55
u, 1
Tir s¢ d6 hinh 4.20 ta ¢6 :

U I U, U
Ur=-Uax = - lnp-=-3 Lagy

Tir biéu thic ta thiy U, ti 1¢ véi loga cha thé U,. Tuy nhién vi ding
diot nén ¢6 trd ky sinh giy sut th€ khi dong do 16n 1am méo dic trung
loga. Mat khédc A ciing phu thudc vao dong I. Do d6 néu diing diot, s& han
ch€ pham vi thay déi th€ vao U vio.

Dé khic phuc, thay diot D bang transistor T hinh 4.20. ddi véi
transistor ¢6 phém chit cao, giam dién tr& ky sinh. Hon nita khi Ucg = 0 thi
| Mge

Io =alg =algg(e Ut —1)

‘Su phy thuéc cua a vd A vio dong 14 nguge nhau, nén bit trir nhau.
Kétquala: :

| Ic =Igee Ut (khi Upg >> U)
: Do_ doé :
Uge —U In = L
_ ES
Vay thé16ira:
| I ‘U,
U, =-Ugg = -UthTQ— ~U,Ln (4.18)
- ES RIES

Néu chon transistor thich hogp, dong 1. c6 thé bién thién tr 10°A dén
10°A, so dé vin hoét dong t6t. Diéu d6 c6 ngh'ia 1a phgm vi bién déi clia
_dién 4p 16i vao duge md rdng rét nhiéu so vdi so d6 dung diot.
Tir biéu thitc 4.21 ta théy U, phy thuéc vao U, va Igs. Khi nhiet d6
bién thién tir 20°C len 50°C, dién ap U, tang khoang 10%, Igg ting gin 10

14n. C6 th€ khéc phuc dnh hudng cla ddng nguge Igg bing céch sir dung
tdng khuéch dai vi sai trong b khuéch dai loga theo so dd hinh 4.21.
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D&i véi transistor T, va T, tacé

Ugki
ICl = IESe Uy
Usea
Ie, = Igse
ICl [l:l]l
=e"t vGi Ul UBEI_UBEZ

IC2

HINH 4.21. S0 d6 khuéch dai foga, ding téng vi sai bl nhiét
Tir so dé ta cb | |

Uy
Cl Rl
Ica '=.E=L
o oo R,
Ug, @ the chuén |
, U.l "R, +Ry L
. ' ' R +R R,U, A .
Viy : U =—U 3 4Ln( 2 ) (4.19):
' ' Ry RlUch o _
Trong biéu thic 4.22 khong con dong Re B

ngugc Igs, do d6 mach da loai dugc inh
hucng cha Izg dén dac trung loga. Con dé b M""
nhiét cho U,, ta sir dung R, 13 1rg nhiét vOl ;
hé s6 b nhigt duong 0,3%/°C, c6 tri 6 1kQ.

3’.
HINH 4.22. Mach tao ham mii
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* Ta ciing c6 thé xay dung mach tao ham mi, bz‘mg-b@ khuéch d@.i thudt
toan, sir dung thém transistor hinh 4.22.

Uge
Ta Cé H IE = IESC U1
U =~Igr’
Uy
U, = —Rlge ™!

Mach tao ham mi va tao ham loga chi 1a sy déi ché ctia T va R. Tat
ci moi khao sat d6i v6i mach khuéch dai loga hoan toan duge sir dung g
day. D& m® rong gidi han dién 4p 16i vio ta dung dong I¢ cha transistor
(thay transistor loai n bang loai p) va dé b nhiét ciing sir dung tang vi sai
LM394. Ban doc c6 thé tu suy luan va xay dung so dé.

47. KHUECH DAI CHON LOC G TAN 88 THAP VA TAN S6 CAO

Céc bo khuéch dai thuat toén, bao gém nhiéu tdng khuéch dai lien két

truc tiép. Do d6 dai tdn s6 hoat dong tir o, = 0 dén w¢ (o, ©¢ 12 gidi han
tdn thdp va tin cao). Né6i cdch khac viing truyén qua' Ao = o cic loal
khuéch dai thuat todn khic nhau, ¢6 o¢ khéc nhau tir hing chuc kHz dén
hang chuc MHz. Nhu vay b6 khuéch dai thuat todn c6 thé dung dé
khuéch dai tin hiéu mot chiéu, tin hiéu bién ddi cham (o =~ 0) tin hiéu am
tdn, tin hidu cao tan. Khi khuéch dai tin hi¢u mot chiéu, hodc bi€n déi
cham, méi lién két giita ngudn tin hidu véi hai 16i vio cha KDTT va lién
két 16i ra cia KDTT vdi tai phai 14 lién ket tryc ti€p. Khi khuéch dai tin
hléu zoay chiéu, néu cédn céch ly th€ mot chiu giita ngudn tin hiéu va tai
véi 161 vao va 16i ra clia KDTT, ¢6 thé diing lién két bang tu di¢n. Thuong
hai 16i vao cia khuéch dai thuat todn &€ hd, do d6 khi sir dung, du khuéch
dai tin hiéu loai nao, ciing phai chi ¥ phan cyc cho cic 18i vao. Phan cyc
16i vao, c6 nghia chon th€ mot chiéu (khi chua c6 tin hiéu) ban dau, bang
cdch st dung céc dién trd néi dat hodc qua ngudén mot chiéu nao d6. The
phan cuc voi mdi loai KDTT déu cho trong sdch tra ciu. Khi ding KDTT
dé khuéch dai tin hiéu xoay chiéu cdn chon loai KDTT ¢6 viung tin s6
thich hgp theo yéu cdu. Nhiéu KDTT cdn ¢6 mach hi¢u chinh tn s6, cho
phép thay déi viing truyén theo yéu céu.
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Khi ding KDTT dé 1am khuéch dai ¢
t4n s6 cao, ta cing diing mach cong hudng
LC ndi ti€p hoac song song. Ta c¢6 the
ding khung cong hudng song song mic ¢
16i ra, hoac & 16i vao clia bo KDTT. Tuy '
nhién cén luu ¥ trd ra cia KDTT rét nho;
khi méc khung & 16i ra, tr& nay sé€ ndi song
song véi khung, né lam giam do phdm
chit Q cda khung. Muén khic phuc phai
méac L theo kiéu bién thé ty ngdu. Mach .
dien khi dé c6 nhimg bat tién. Vi vay thuc t€ ngudi ta thuong ding khung
cong hudng trong mach phan héi. Vi du néu ding khung LC xong, ¢6 thé
méc theo so dd hinh 4.23.a.

" Khung LC méc véi tré R tao ra mach phan héi am.

Goi Z 1a téng & cla Al
mach LC

So d6 ¢6 he s6 khuéch dai

HINH 4.23a. So d6 khudch dai
cong hudng

Z

Vi vay Ag co dic trung T
tin s6 giéng nhu Z, bidu
dién & hinh 4.23b.

Cac bd khuéch dai chon
loc & tdn sG thdp, thudng HINH 4.23b. Dic trung tén s& 50 d6
dung RC mac theo so dd cau . khuéch dai cong mudng
T kép hinh 4.24a.

) K {
_ i 4

g

Y

i C
=i 067
R .04+
- H L
T l

a) b)
HINH 4.24. So d6 céu T kép va dac trung bién 06 — tén s6

(N ps] -

L

uc—-é:--—b [+

L]

o 02 04

- e
M

Foe

—_

o
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P6i véi mach cdu T kép, c6 dac trung bién do, tdn s6 nhu mo ta &

hinh 4.24b. O tén s6 dai cong hudng o= Rl c thi hé s8 truyén dat K =

-|='

o =0. COn & tdn s rat cao va thap so vdi wgy, K~1.
T .

Dic trung bién do-tén s6 cha cdu duge biéu dién béng biéu thirc :

1 1
k= - =
PR BN |
L G y
0; O
véi y=‘mio_%0

Dac trung ndy gidng véi dic trung cia mach cong hudng RLC néi
ti€p. Vi vay ta tinh dugc do phﬁm chat Q clia cdu T kép :
Q=

Ta ¢6 thé méc cdu T kép vio KDTT dé tao ra bo khuéch dai chon lgc
tdn sd thédp, theo ha1 s d6 hinh 4.25 '

a) . ' b)
© HINH 4.25. So db khuéch dai chon loc tdn 56 thép. Tia Ky higu cla céu T kép.

Véi so dd hinh 4.25a, cdu T duge ndi ¢ 16i véo cia KPTT. Con
KDTT duge méc theosodd laplaic6 A=1. _

bac trung truyén dat cia ting nay hoan toan giﬁ‘ng dac trimg cha cdu
T kép. KDTT chi déng vai trd tdng dém khong gay 4nh hudng dén diéu
kién cén bang cdu va giit d6 phdm chat Q khong ddi. So dé hinh 4.25b,
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mic cdu kép trong mach phan héi am.

aén A 16n nhat. O céc tin s8 khac do

() tin s6 wg, 46 phan héi nho nhat,

phan h6i am tang 1én, hé s6 khuéch

dai cia hé s& giam. Dac trung truyén dat clia mach c6 dang ngugc vdi dac

trung cla ciu T kép. So db co h¢ s6
khuéch dai 16n hon 1. Tuy nhién
trong so dé thudng phdi s dung
thém & phan cyc ndi tir 161 vao
xubng dat. Néu trd nho c6 thé anh
hudng dén tinh chdt cha cdu, néu 16n
6 thé gay khong 6n dinh.

Dé tang d6 phdm chat Q, va giit
cho khuéch dai én dinh, ta ding so
d6 hinh 4.26.

' Véi s¢ d6 hinh 4.26b, cdu T
dugc ndi vai 2 16i vao, - o
Tirso dé cé:

U/ =kU' k 1a he s6 truyén dat
cha cdu.

Ma U= UV—U

Hi'NH 4.26. So d6 khuéch dai chon loc
céu T kép o6 do phdm chét ion

Goi Ala hé s& khuéch dai cha KD’IT tas€chd:
U, = Ak(U, - Uy

U, Ak 1
Suyra: ﬁ_=1+Ak= —
. v 1
'1+Ak
Thay k = 1 ¥ vio bidu thitc trén, ta rét ra :
143 -
U __ A
Uy av1+
Talglétrl}]—rz—l— thiy:ylzl
v Q
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Ta s€ nit raduoc y; ~ 4/A 5Q = A/4

Gia sir A = 10° thi Q = 2,5.10° |

Két qua nay cuc ky uu viét coa mach dién khi thuc hién khuéch dai
chon loc & tan s& thép, vi ¢d duge Q rdt 16n. K&t qua nay rat dang luu y
vdi ching ta, khi khao sit do dac cdc dai lugng vat 1y, cin thuc hién & tdn
s thip. Trong trudng hop chi cin khao sat & mot tan s6 nao dd, va loai
bd cdc tap chat khéng cén thi€t ¢d cdc tan s6 khdc, so do khuéch dai nav
hoan toan ddp iing dugc. Trong trudng hgp khdc, cdn thu thap tat ca phd
tin hiéu ¢ dai tan thdp. Cic tin hi¢u thu thip thudng rdt nhd so véi phong
can nhiéu cla ludi dién (cé tdn s6 50Hz). Lic dé ta s& dung mach loc dé
triét phong SOHz dé.

S¢ d6 hinh 4.26a ¢6 do phim chdi Q rat 16n, trong trudng hgp cén
thay ddi d6 phdm chat Q dé chon dugc dai thong phi hop, ta ding so do
~ 4.26b. Trong so do nay, do phin am dugc thay d6i nhd cap dién tro R va
(B-1)R,. 3 day B la hé s8 chon. P6 phdm chédt Q clia mach la :

' I
=3B

Néu chon B = 1, KDTT mac nhu bo lap, Q = 0.5 khi ting h¢ s6
khué&ch dai lén, bang cich ting B thi Q sé tang. Khi B — 2 thi Q — <.

Bo khuéch dai thuit todn con nhiéu ing dung khéc, nhu lam bo loc
tich cuc, lam cdc hé ty dao dong v.v... Ta s& ¢c6 dip dé cap thém 0§ cic
chuong sau. '
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| C hwo’ngv 5
CAC HE TAO DAO DONG

5.1. KHAI NIEM VE MACH TAO DAO PONG

Céac mach dién tir dé tao ra cdc dao dong dién ¢6 dang theo yéu ciu
dugc goi 12 céc hé tao dao dong. Céc he ty tao ra va duy tri cic dao dong
6 bien 4o va tdn s6 xdc dinh, khéng cin téc dong 1it bén ngodi goi la céc
hé ty dao dong. Céc hé tu dao dong con goi ta mdy phdt nhu : mdy phat
cao tan LC, mdy phét am tdn RC tao ra cic dao dong xoay chiéu hinh sin,
mdy phat da hai tao ra xung vuong, may phit tich thodt tao ra cac dao
dong rang cua tam gidc v.v...

Ciing c6 nhimg hé¢ tao dao dong c6 dang yéu cdu, nhung phdi nho céc
tin hiéu tic dong & bén ngoai, nhu trigo, cac bo tao xung tir dao dong
hinh sin v.v...

1. Lit)

a) Khung dao dong b) Dang dao ddng tit dan c) Cho thém vao
khung trd &m R-
HINH 5.1. Khung dao dong va dang dao dong

Cic hé we dao dong hinh sin hoat dong trong dai tan s6 tir 10Hz dén
hang tram MHz. Chiing dugc chia thanh may phdt am tdn, mdy phat cao
tdn, sidu cao tan. Mdy phat 4m tan su dung mach RC, tao ra céc dao dong
6 tin s6 tir 30Hz dén 30kHz. Cic may phdt cao tin tao ra céc tin hiéu c6
" tin s& tir 100kHz dén hang tram MHz. Cic mdy phit ¢6 tdn s6 cao hon

goi 1a may phat siéu cao tdn. Ngoai ra con ¢6 mdy phat chiic nang, tao ra
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cdc tin hiéu xung vuéng, xung tam giic, dao doéng hinh sin c6 tdn s tit
0,1Hz dén 1 MHz. Cic méy nay tao ra tir cdc mach tich hop va céc linh
“kién RC. Ching duge dung trong cdc phong thi nghiém 1am céc may do
ludmg rat tién loi.

D& hiéu nguyén tic hoat dong clia cdc hée tu dao dong ta xét mach
dién hinh 5.1.a. Day 1a khung dao dong LC mic song song. Tro R 1a trd
twong duong cla cuén day va t6n hao trong tu dién.

Khi déng khéa K, tu C s& nap dién dén E. Khi md khéa K, trong
mach xuét hién dao dong 14t dan, hinh 5.1.b. 54 si dao dong bi tat dan vi
mot phin nang lugng bi tiéu hao trén trd r. Muén dao dong trong khung
duge duy tri ta phdi dwa vao khung mot nang luong bl dip ding bang
nang luong mét mat sau mdi chu ky. D& lam diéu d6, ta lap vao khung

mot tré 4am R hinh 5.1.c. Dién trd am R : khong tiéu thu ning lugng ma

lai cung cap ning lugng cho khung (vi du tunel diode). Néu dién tré am
cé tri 56 dung bang trisfcuar: '

IR7 =1 _
thi nang lugng bd dip diing bing nang lugng mat mdt. Khi d6 dao dong
s& dugc duy tri. C6 nhiéu dung cu di¢n tir bin dan c6 dién tr¢ am nhu
tunel diode, diode hai déy, tirister, d&n chita khi v.v... Ngudi ta ding
tunel diode dé tao ra cac may phét sin, mdy phét da hai tdn s8 cao. Ding

diode hai day tao ra mdy phdt da hai, may phat tich thodt. Dung tirister
den chita khi tao ra dao dOng tich thoat.

Ngay nay da s6 cdc mdy phat dugc xay dung trén o $5 mot bo
“khuéch dai v6i mach phan hdi duong 14 LC hoic RC.

Ta biét rang mot mach khuéch dai ¢6 hé s6 khuéch dai K, n€u ta dua

vio mach phan héi dwong v6i he s phin héi F, khi KFI_>. 1 thi he s&
tu kich.

Xet mot tdng khuéch dal K v6i mach phin héi F hinh 5.2 |

Tin hiéu ti 16i vao khi qua mach . n P -
khuéch dai dugc khuéch dai 1én K ldn va Uy U,
dich pha di 12 @g. o |
" He s6 khuéch dai sg 13 : | - —~ ¢

K = K/ HINH 5.2. Bb khuéch dai

vdi mach phan héi
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Tin hiéu tir 16i ra dira qua mach phan héi vé 16i vao bi glam di F I4n
va bi dich pha 1a . H¢ s& phan héi :

F = Fel*k
Hé s& khuéch dax cua hé (gdbm mach khuéch dai va mach phan héi) s& la:

Néu téng do dich pha ¢ :
QP=¢g +¢r =2nm (v6in=0,1,2,...) -

thi tin hiéu phan héi vé dong pha véi tin hiéu 18i vao. Truémg hop nay
goi 1a phan hoéi duong. Khi dé hé s6 khuéch dai cia hé :
K
1-KF

Néu tich s6 KF > 1, h¢ s6 chuyén sang trang théi phét, ta goi dé 1a
hién tugng tu kich.

Vay diéu kién ty kich clia mot hé 56 khuéch dai c6 phan héi duong 1a ;

Kr=

_ Tﬁng dich - pha ¢=¢ +9pg=2nt (n=0,12,..) 5.

vi tich s6 KF > ~1

Duya trén nguyén tic nay, ngudi ta di tao ra cdc mdy phdt cao tdn LC,
mdy phédt am tdn RC va céc loai mdy phdt khdc.

Ta ciing ching minh dugc ring, nhd ¢6 phan héi ducmg tuong duwong

nhur dua vao khung cong hudng mot trd am R Van dé nay s& duge khio
sat & phén tiép thco

5.2. MAY PHAT CAO TAN LC KIéU
HO CAM

5.2.1. So dé va nguyeén tic hoat dﬁng

ciia may phat hé cam T
M4dy phét cao tdn kiéu hé cam cﬁng

duge goi 1a mdy phat Thomson. So d6 may oV

phdt Thomson v& ¢ .hinh 53.a. HINH 5.3.5. Méy phat cao tén

- Thomson
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So dé gdm mot ting khuéch dai cong hudng T va khung LC va mach
phan héi 12 hé cim M giita L va L.

Trong so do R,C, la mach tu
thién dp, Rg la trd phan cuc cho
ca G, Cg ia tu truyén, r 13 tén
hao tuong duong cta khung L.C.

Nguyén tac hoat déng cla
mach nhu sau : Gid st ¢’ mot.
thing giing nho (thang gidng nay

luén tén tai trong mach dién) c _ .
~ trong khung LC s& xuat hién mot Use Uss Uea © Uas
e > o - l
dao déng ¢6 tdn 86 14 0= m\/LLC_ HINH 5.3b. Bac trumg dong Ig(Ugs)

Dong dién nay chay trong L qua hé cdm M, sé tao ra Ug. Ug dugc truyén
qua tu Cg vao cuc cira G duge T khuéch dai 1én. Néu M tao ra phan hoi
dwong va hé théa mén diéu kién ty kich KF = 1 thi dao déng dua vao
khung dugc ting 1én. Qud trinh cif ti€p tuc nhu vay, bién do dao dong &
trong khung tang din. D&én mot lic bién d6 nay-sé ding lai 6n dinh, he
trd thanh mdy phét. Qud trinh nay s& duge khao sdt k§ & phin sau.

5.2.2. Khio sat may phét Thomson trong ché do mém

Gia sir hé dang phat, trong khung c6 dong dién i, tir so d6 hinh 5.3.a
ta rat ra hé phuong trinh sau :

di 1 ¢,
La-kri:-é-jlcd{

(5.2)
i+i, =iy
taritra i, = ig—i
va
2. .
LCd—;+rCﬂ+i=id (5.3)
Goi S 1a do doc ctia dac trung hinh 5.3.b,
di
§=—d
dU,
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Néu chon diém hoat déng A ndm giita viing tuyén tinh khi dé mdy
phét hoat déng & ch€ 36 mém. Ché€ do nay do mach RgCq quyét dinh. Khi
d6 S c6 gid tri 16n nhat va khong ddi trong mot ving clia Ug. Tasuy ra:

id(UG) = SUG

‘Khi ¢6 dong i chay trong L, do hé.cam M lam xuat hién trong L5 mét
stfc dién dong '

di
J = +M —
Ug M i
Chon chiéu cuén day clia Lg, ta s& chon duge :
_ A i _
UG =+M a

,Thay ig» Ug vao phuong trinh (5.3) va sau mét vai bién déi, rit ra :

di? MS. di I,
L'dt—z'i' r+?)a+61—0, (5.4)

Trong phuong trinh (5.4) dai lugng r - % la dién trd cia khung LC

trong mdy phdt. Ta thdy ring do tic dung khu&ch dai ciia transistor T va
hé cdm M, ma hé da dua vao khung mét tré dm : '

MS
- |
Dién tré R : mic néi ti€p vé6i r va cung cdp nang luong bt dép nang
lugng tén hao trén r. Gidi phuong trinh (5.4), tim dugc nghiém :

R-=

A 5 . i |
mc ‘.sin oyt | (5.5)

i=
vGi: Alahgso
1 -1 MS
A v A
Tir d6 it ra 3 trudng hop :

Khi r < % thi 8 < 0 dao dong tang dén, vi ning lugng b dap 16r

hon ning lugng mat mat.
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Lic nay tuong ing v6i KF > |

. M _ . .

Khir= '—(j§" nang hrgng bu dép ding bang nang lugng tén hao trén r.
Dao dong trong mach duy tri gid tri khéng d6i. Lic nay tuong ung véi
KF =1.

. MS _ . . L

Khir > —C_ hang lugng bid dap nhd hon nang lugng mat mat trén r.
Trong khung ¢6 dao dong tat dan. Trudng hop nay tuong iing v6i KF < 1.

Bay gi c6 thé gidi thich hoat dong clia mdy phét nhu sau : Khi thiét

k& chon RgCg cho diém hoat dong cla transistor 1a di€ém A hinh 5.3.b
(ch€ d6 mém). Lic nay d6 déc S ¢6 tri s6 lon nh4t. Tinh todn hé s6

khuéch dai K va hé s6 phan héi F sao cho KF>1, titc Ia % >r. Khi ¢é

mdt thing gidng nhd, xu4t hién mét dao déng nhd véi tdn 6 © = —

i

MS \ ' : ,
Vi T>r nén dao dong tang dan, ving hoat ddng ra ngoai viing tuyén
tinh. Lic niy bién d6 dao dong ting din dén S giam. Dén mot bién do
nao d6 khi do déc S gidm dén mic % =r (hay KF = 1), thi bién do dao

dong ding lai. May s& tao ra Imot dao déng c6 bién do va tin sé xdc dinh.
Co ch€ han ch€ bién d¢ & day 1a do tinh phi tuyén cia do déc S cha
transistor. -

Xic dinh bien o dimg. ,

Goi A 12 bien do ciia dao dong.

Aq 12 bién do dimg. S bién d8i theo A va S(A) dugc vé & hinh 5.4.a.

Vi diém hoat dong chon & giita viing tuyén tinh, hay néi cich khic
khi A =0, S16n nhat. A tang S gidm. |

Tir diéu kién néng lwgng ba dép dling béng nang lugng tén hao :

. MS(A) |
P

rit ra S(A) = % (5.6) .
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a) ' b)
HINH 5.4.a. Duding bidu difn S(A) ; b. Budng AgM)

Phuong trinh (5.6) cho phép xéc dinh bién do ding A4 clia mdy phat.
VE trdi 12 dudng S(A) hinh 5.4.a. Khi cho M = M, v€ phéi 13 dudng nam
ngang hinh 5.4.a. Giao diém (1) cha hai dudng cho ta bién d6 dimg Ag;.
Diém (1) la diém 8n dinh vi khi A tang, S giam 1am A gidm va trang
' théi s& quay vé& (1). Khi A giam, S tang lam A tang kéo trang théi vé (1).
Bay gid néu gidm M dén M, < M,, ta tim dugc giao diém (2) va bién
do dimg Ay, < Agy. Chimg minh twong ty nhu trén ta thdy (2) ciing 1a,
di€m 6n dinh. Khi gizm M dén M* thi dudng -rh% s& ti€p tuyén v6i dudng
S(A), dao dong trong mach barg 0. |
Dudng bléu dién Ay(M) v€ & hinh 5.4. b.

Tu khao sdt J trén ta it ra mét s6 nhén xét vé may phat hoat dong & |
ché€ do mém : ' :

Tin hiéu c6 dang sin vi- larn viéc & ch€ d¢ tuyén tinh.

Hé dé dao dong, v6i M > M* h¢ luon tu dao déng Bién d¢ dao déng
dirng A, ting khi M téng. '

{t hoa ba, 14n s6 cia m4y phat 6n dinh, © ~ g -

VLC

Nhung cé nhuge diém 1 hiéu suat thdp, vi hoat dong & ché do A, 6
dong mot chiéu Ig. Bien do nho, cong sudt nhd vi viing tuyé&n tinh hep.
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5.2.3. My phat trong ché do cimg
Mudn cho may phat hoat dong g ché dd cimg, diém hoat dong chon i
diém B (tuong {ng véi ché do B) hoac diém C (tuong tng v6i ch€ 46 C)
trong dac trung 1;(Ugg) hinh 5.3.b.
Khi d6 4o d6c S(A) s c6 dang hinh S
5.5. Dudng tang ddn dén gid tri cyc dai,

sau d6 lai giam ddn. Ching minh tuong e e o RN
tu nhu trén, cdc diém tir dinh cua dudng N MC2
S(A) vé phia phai la céc diém én dinh | CN W
(dudng lién nét), cic diém vé phia trai '

khong 6n dinh (twong Gng véi dudng : ; ;
chim cham). Khi cho M = My, muén he  © Ar Az A A
dao dong duge, cdn phai kich vao hé mOt LN 5.5. Duding dic trung S(A)
dao dong 1én hon Ag*. Khi d6 bién do trong ché do cting

dao dong dirng tuong tng voi diém (1) 1a Ay,.

Khi giam M xu6ng M,<M,, méc du dudng rC/M, cit dudng S(A) &
hai diém 12 2 va 2. Nhung 2' 1 khong n dinh nén khong t6n tai. He chi
t6n tai & diém 2 1a diém on dinh. Mudn c6 dao dong 6n dinh trong mach,
ta phai kich vao hé mot dao dong c6 bi¢n d6 16n hon Ay* . Khi hé tén tai
& diém 2, bien do dimg s& 12 Agy. | |

Khi gizm M dén M*, thi dao dong khong t6n tai, ma nhay tir Ag* vé 0.
May phat & ché do cimg xudt hi¢n mot ving tré. Tix phan tich ta thiy mdy
phét hoat dong trong ché do cting c6 nhiéu uu diém :

Bién d6 dao dong 1dn, cong sudt 1on.

Vi hoat dong & ch€ do B (hodc C) nén khong c6 dong mot chiéu L.
do vy c6 hiéu suit cao. '

Tuy nhién, mdy phat rat kh6 tu dao dong. Mudn cho may phat tu dao
dong, cdn phai kich thich mot ngoai lyc di 16n. Khi may dang hoat dong,
vi 1§ do nao d6, mét ngudn ching han, mdy khong ¢ phat tré lai dugc.

Két hop wu va khuyét diém clia mdy phit hoat dong trong hai ché do,
ngudi ta xay dung mot mach méy phat khi méi hoat déng thi & ché do
mém nén dé tu kich. Khi dd phét én dinh mdy chuyén sang ch€ do cing
dé c6 cong sudt 16n, hiéu sust cao.
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5.2.4. So d6 may phat chuyén ché d¢.tir mém sang cing

So d6 méy phat hinh 5.6 chi khéc so d6 hinh 5.3.a & mach ty thién dp
trong so dé hinh 5.3. andm g cyc S cua T.

Do d6 thién 4p tao ra dong mot chiéu Iqo, diém hoat déng ban ddu

nam giita vung tuyén tinh cia [j(Ugg) (ch€ d6 A) mdy phdt hoat dong
trong ché dﬁ mém. Trong sudt qué trinh hoat dﬁng thlél‘l ap nay hiu nhu
bi€n ddi rdt it, mdy phét luén & ché do
mém. So d6 hinh 5.6 mach tu thién 4p Ia
‘RgCg ndm & trong mach cuc cira G, con
cuc S néi dat. Thién 4p ban ddu cia
transistor xap xi 0V. Khi xuat hién dién

thé& xoay chiéu Ugg, & nlta chu ky duong

ctia Ugg, thé cuc G duong so véi S. Cuc

5 . . . s HINH 5.6. So d6 may phat chuyén
G va S tao thanh mot diode (vi G la ban tif ché do mém sang ohé a6 cing,

din loai P, S 12 bdn din loai n). 3 nira Rg Ion hang tram ke, C 1én va
chu k¥ duong cia Ugg diode GS thong L R,
]Am xu#t hién dong mot chiéu va trén . ©Cs

mach RgCq hinh thanh thé mot chiéu Eg

¢6 cyc Am dat vio cira G- (hinh 5.6). Thé E; ddy diém hoat dong cia
" transistor T dich vé phia trdi cha dic irung Iy(Ugs). Néu he thoa man diéu
kién tu kich, bién do dao dong s& tang lén sau mdi chu ky va tri s6 Eg
ciing tang 1én. Diém hoat déng ti€p tuc dich vé phia trdi. Trong sudt qud
trinh bién do dao dong tang trudng, méay phét hoat dong trong ché 4o
mém. Khi bién d6 dao ddng di 1dn; Eg 16n, diém hoat dong chuyén dich
dén diém B hinh 5.3.b. Ldc d6 may phat chuyén sang hoat dong & ch€ do
cimg. Néu bién do dao dong ti€p tuc tang, diém hoat dong c6 thé chuyén
dich dén diém C hinh'5.3.b (tuong Ung vdi ch€ d6 C cua transistor) may
phdt hoat dong & ch€ do cing. Khi bién d6 mdy phdt dat dén bién d6
dimg, thi Eg s& én dinh. Mdy phét duy tri hoat dong & ch& dé ciing.

Nhu vay, nhd dat mach tu thién &4p RgCq & mach cyc cira G, ma thién
4p Eg thay d6i, lam dich chuyén diém hoat dong tr OV vé phia trai.
Trong sudt qué trinh dao dong tang, may phat hoat dong & che do mém,
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nén dé ty kich. Khi bién do dat dén bien do dlmg, mdy phét hoat dong &
‘ch&€ do cing, nén céng suft va hiéu sust déu rat lon :

' 5.3. MAY PHAT CAO TAN V31 5O B0 3 PIEM

_ Ciing nhu mdy phat kiéu hé cam, médy phat sd d6 3 diém bao gﬁm
_ mét ting khuéch dai coéng hudng va mach phan héi duong. Sw khéc nhau,
chi & mach phan héi. Déi v6i may phat Thomson, mach phan héi duong
thuc hién bing mach hd cdm. Cac so d6 mdy phdt 3 diém mach phan héi
duong duge thuc hién bang dién cam hoic dién dung. Khai niém 3 diém &
day, d6i véi so d6 dung transistor BIT 1a 3 diém ndi cdc cuc EBC vao
mach. D6i véi transistor trudng 1a 3 di€m néi cha cac cuc SGD. Cic so dé
mdy phdt 3 diém dwgc ding phé bign hon trong thuc t&, ca & linh vuc dan
dung ciing nhu quéc phong. D6 12 do ching sit dung it linh kién, dé& 13p
rdp, s d6 cé thé bi€n ddi theo nhidu céch va cdn nhiéu wu diém khac
nira. Tuy nhién viéc di€u chinh khé khan hon. So d6 nguyén 1y cita may
phét 3 diém v& & hinh 5.7

. _]ZCE

BE —=C
-| CE

| ”"E]T“‘E }

E
b) So d8 3 diém dién cim " ¢) 8033 3 giém dign dung
HINH §.7. So 66 nguyén Iy clia méy phat 3 diém
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Trong so d6 hinh 5.7.a

Ucg : Thé giifa colector va baze »
Ugg : Thé giita baze—emitter
Ucg: The giita colector —emitter

- Zges Zpgs Zcg 12 cac téng trd tuong dng, ¢ hung cé thé 1a dien cam,
dién dung hodc khung LC. Tuy nhién & tdn s6 hoat dong cla mdy phat,

ching déu 12 cdc yé€u t§ khang. Cho nén cd thé thay ching bang Xcgs
XBE» XcE- |
Gia sir dong dién di qua XCB va Xgg 12 1, lic d6:
| Upe = ilXge
Ucg = il(Xcp +Xspe)
Vi thé Ugg khi qua transistor khuéch dai, & colector nhan dugc Ucg
nguoc pha véi Ugg. DE bao dam diéu kién vé pha thi tdng dich pha ¢ = 2nn

(n =0,1,2...), nghia la thé colector qua mach phan héi vé baze phal
dao pha. -

Diéu kién vé bien 06 KF > 1.

~Diéu kien vé tdn $6 tike 1a dléu kién cong huomg Khi cong hudng
téng tro khang phér bing 0:

XCB +XBE +X(:E = 0

Ty ba tinh chﬁl trén, t_a ¢6 thé xéc djnh duac tmh chdt khéng cta timg
y&u 1S trong so dé, né'u blét trudc tinh. chat khéng cha mot y€u 6.

Chéng han, n€u XCB la cém khé,ng (quy ude nd mang déu +), thi Xgg
phai 12 dung khéng (mang dfu —) va ¢0 tri so' tuyét ddl IXBEI << I Xcgl. Boi
vi chi khi d6 thi Ucg va Ugg méi ngugc pha (nguge dduy vi:

Upg = ~ilXpg
Ucg = 1Xca - Xsp) = Xcp

Tit diéu kién cong huomg : Xcp — Xpe=-Xce
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S6 hang bén trdi 16n hon 0, nén X¢g < 0, tic 1a Xep phii mang tinh
dung khéng. Tit d6 rit ra so d6 hinh 5.7.c. Mdy phit 1ap theo so dé nay
goi 12 mdy phat 3 diém dién dung, hay mdy phét colpit.

Nguoc lai, néu Xg 12 dung khéng, thi Xgg va Xcg phéi 1a cam khéng.

So d6 mach dién din ra & hinh 5.7.b va dugc goi 1a so dé 3 diém dién
cdm, hay so d6 Hacley.

Toém lai & so dd 3 diém Xcg, Xgg tuén cing tinh chat khing (cing la
cam khéng hodc dung khdng) va nguge tinh chat khing véi Xcp.

So d6 thuc t€ cha médy phat 3 di€m dién dung dén ra & hinh 5.8.2

a) Sa dé 3 didm dign dung b) So dd 3 diém dién cam L = Lq+Ly
'HINH 5.8. So d6 may phat 3 diém

So dé hinh 5.8.a [2 so dé méy phdt 3 diém dién dung, transistor T
méc theo so d6 khuéch dai BC. T4c dung cla céc linh kién trong so d6 :
Ry Ry, 12 mach phén cuc cho baze, Rg 12 tai emitter, L 12 tai colector.
Cy, Cy c6 gid tri rét 1én c& 2000 pF. C, ¢6 gi4 tri 16n, nén xem baze ndi
dét d6i voi thanh phin cao tidn. C, ding d€ cich ly thanh phdn mdt chiéu
chay qua L xudng d4t. C; c6 gi4 tri 16n nén xem nhu colector ndi tryc tiép
vio khung vé phuong dién cao tdn. Khung céng huéng gém C,, C,, L. C,
vi C, tao ra mach phan héi duong. L¢ ¢6 tri s6 rélt 16n so v6i L, nén xem
n6 khong anh hudng dén L (vi L méc song song véi L). Mdy s& phat véi
~tin hiéu cd tdn 56 :

1

CC
GG,
L(C1+C2)

168



So dé 3 diém dién dung v6i mach BC c6 uu viét phat & tin s6 rét cao.
Dien dung Ccg ghép chung vao C,, Cgg ghép chung vao C, Ccg ¢6 tri s6
rdt nho, nén C, c6 thé chon nhd ¢ 10pF. Vi vay so dé hay dugc dung &
dai tin s6 rdt cao hang tram MHz. _

Hinh 5.8.b 12 so dé médy phét 3 diém-dién cam mic theo mach BC.
Téc dung cha cdc linh kién ciing tvong v nhu so dé hinh 5.8.a. C; c6 gid
tri 16n nén xem baze ndi dét. C; ding dé cach ly mot chiéu gitia khung va
emitter, C, ¢6 tri s& 16n nén xem emitter ndi tat véi diém giita Ly, L.
M4y phit s& tao ra dao dong vGitins6:

0=-—A— viiL=Lj+Ly
gcE
Ly, Lz_tad ra mach phan héi duong.

My phdt 3 diém dién cim hoat dong & tdn 6 c& vai chuc MHz tr&
lai, hay dugc ding trong miy thu thanh. :

5.4. MAY PHAT AM TAN RC

5.4.1. Khai quat vé may phat am tan RC |

May phat am tén 1a cdc h¢ dao dong tao ra céc tin hi¢u dang sin, cd
tan s6 tir 10Hz dén 30kHz. & dai tdn s& thap nhur vay, viéc sir dung khung
cong hudng LC 12 bat cap. Dic biét tir tan 6 20 Hz trg xudng, cdn LC co
tri $6 rét ién. Cdu tao cia may rit cong kénh va gid thanh rat dét. Hon
nifa, khi L, C 16n, thi trd 18n hao ciing 16n, khi d6 do phdm chat Q cua
khung 14t nhd, khong phdt huy dugc loi thé ciia khung LC. :

Ngudi ta cling nghi céch tao ra mdy phdt 4m’tan bang phuong phédp
phéch. Mdy phdt am tdn dugc tao ra tr hai mdy phét cao tdn c6 tan s6
lech nhau f;, f5. Tin hiéu tir hai mdy phdt nay cho qua mach bién tin, &
16i ra nhan duge tin hi¢u phdch If, -Gt = f. Tén s6 f nim & dai am tdn. Khi
muén thay déi tdn s f, chi can thay d4di f,, gi nguyen f; Thoat nhin,
phuong phép nay cé vé don gidn, song thyc t& cho thdy, phuong phép nay
chi thuan loi & ving tin s6 khd cao, hang chuc kHz tré lén. Con g tin s6
thap, nhat 1a tr 1000 Hz tré xubng, phuong phdp nay khong st dung
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dugc, vi ¢6 do 6n dinh tn s6 rét thap. Tham chi thdp hon cd mdy phdt
diing mach RC. M4y phat am tdn RC, mach dién rét don gian, gid thanh
ré va ciing rat hiéu qua. Nhuge diém ctia mach RC la d9 pham chét Q rat
nhé, chi ¢& 0,5 trd xudng. Do vay do 6n dinh tan s6 vi bién d9 kém, dang
tin hiéu khong cn diéu hoa nhu mdy phat LC (do chia nhiéu thanh phin
hoa séng). Tuy nhién, chi cdn sif dung thém mot s6 mach bd trg, c6 thé
tang tinh 6n dinh va cai thi¢n dang tin hiéu mét cich ding ké.

Thue t€, cac mdy phét am tdn déu sit dung mach RC.

5.4.2, May phat am tan véi nhiéu mit loc RC
Hinh 5.9 din ra mdy phéit am tin RC

véi 3 mit loc RC. So d6 gém mot tdng Y D Rcf.cc

khuéch dai dién trd SC, véi trd 13i R¢ va ¢ c

mach phan héi dwong gom 3 mét loc RC. R

Diéu kieén tu kich : c Rs
=

¢g=¢p+¢g =2nt (n=123.)
: HINH 5.9. May phat am tdn -
KFz1 ding 3 mét loc RC

Xét diéu kién vé pha : _
~ Tin hi¢u tir cye G qua T duge khuéch dai 1én va bi dich pha 180°. Vay
" muén c6 phan héi dwong, mach phan héi gém 3 mét loc RC phai lam dich
pha 180°. M&i mét loc RC phai lam léch pha 60°. Méy s€ phat & tdn s6 :

2 _ 1 R
(RC) (6R +4R )
G tdn s6 thﬁp RC << R nén :
J_RC g 5.7
Diéu kién bien do : o |
| KFz 1

Heé s& phan héi : F = 1/29
Vay hé s6 khuéch dai: K229
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M4y phat ding 3 mit loc RC don gian, nhung c6 nhiéu nhuge diém.
M4y khé phét & tdn s8 cao c§ 10kHz tr& lén. Khi tin s& cac R¢ nhd lam
giam tai cha ting khuéch dai. H¢ s6 khuéch dai khé dat gia tri 29.

Khi muén may phat bién d6i tdn sd, phai dung tu xoay 3 ngan hodc
bign trd 3 ting. D6 phdm chat Q rt nhd, nén méy khong dn dinh. Mach
dién rat it st dung trong thuc t€.

5.4.3. M4y phat am tan sir dung mach cau vién RC

So d6 méy phat am tdn ding cdu vién RC hinh 5.10.

So dé gbém 2 tang khué&ch dai )
dién tr T\T,, Céc linh kien Rs R,. ¢ [Re
Cs. Rg; Cgp 12 mach ty thién édp,. A
R4 R4, trd génh, Rg, tré phan . T,
cuc cho G,. C{L_ ﬁ R, . _ﬂ@
Mach phin héi- duong sit T Cs:[_ Res
dyng mach cdu vién R;CR,C;. :

DG6i v6i cdu vién, khi tin hiéu 16i
vao c6 tdn s twong ing VOi di€u 10 5006 may phat s dung
kién can b?ing cha cu, thi U, . chuvienRC
déng pha véi Uy. Bo khuéch dai :
phai dung 2 tdng, d€ thod mén di¢u kién pha Tin hiéu qua mOt tang
khué&ch dai bi dao pha 180 - qua hai tang s€ dlch pha 360°.

Xét diéu kién ty kich : KF > 1

Trudc hét xét d6 khuéch dai K. Goi heé s8 khue'ch dai cha T, va Ty
14n lugt 12 Kl, K, hé s6 khuéch daiKchacaheta K=K K, - '

Vi tin hiéu 16i ra déng pha vdi tin hlél.l 161 vao, nén K la s8 thUC
= |Kt =
Tinh hé 56 phan h6i F : : -
Goi tdng trd khdng mach R,C, 1a Z,, téng try khéng cha mach R,C,
12 Z,, hé s6 phan héi _
= 22
Zi+Z,

171



Thay gié tri Z,, Z,vao, tinh dugc

£ = Ry

) _ 1
Ry, +(1+ JoR,C MR, + oC

)

Tir diéu kien KF =KF =1 hay KF—1=0riitra:
KR,
R, + (1 + joR,C)(R, +

—-1=0

joC, ‘

1
joC,

' R,C, . : 1
R,(1-K)-R; - (2:1 L . j(@R,R,C, "m_c,) = 0

V& trdi cha bidu thic 1a s6 phic biang 0. Vay phédn thyc va phin 40
phai bang 0. Ruitra :

R,(1-K)+R, +.—I%C—2=0 (5.8.a)
o 1
1
(DRlecz - E)"C'—l =,0 (58b)
Tix (5.8.a) rit ra diéu kién vé bien 4o :
PRI I 5.9
K 1+_ R, + g, (3.9)
Tir (5.8.b) riit ra diéu kién pha :
PR S , (5.10)

JRiRG Gy
Néuchon R;=R;=R
Cl = Q = C
ritra K=3vi bang 1/RC

Vay chi cdn bo khuéch dai c6 hé¢ s6 khuéch dai K = 3 hé¢ s¢ tu dao
dong véi tan s6 1a 1/RC.
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Muén thay déi 14n s6 cia miy phét,: ta sir dung tu xoay 2 ngan, dong
truc rat thuin loi.

Cin chi ¥ 12 mach cdu RC c6 d9 phdm chit Q nho, nén d6 chon loc
kém vi do én dinh kém. Cén phai diéu chinh do khuéch dai K chinh xdc,
miy méi pht ra tin hi¢u dang hinh sin, bang cach thay déi bi€n trd Rg -
Néu hé s6 K 1én, tin hiéu 16n, tdng T, s& hoat dong & vung phi tuyén, tin
hiéu ra s& méo dang gan nhu xung vudng.

Pé 1am tang 46 én dinh tdn s6 va bién 46 déng thdi dang tin higu
khong bi méo, cin dua vio hé cdc mach phin héi am. Cich thi nhdt, bd
cic tu Cg va Cg, mac song song v6i Rg;, Rgp: Khi d6 s& xudt hién phan
héi am vé xoay chiéu trén RS RS,, gi¥f cho hé hoat dong én dinh. Khi
xudt hién phan héi &m trén Rg;» Rg; hé s6 khuéch dai K s& bi gidm.
Nhung trong trudng hop naty, viéc giam K Khong gay kho khan cho viéc
thoa man diéu kién bién do. Bdi 1€ hé khuéch dai gém 2 téng, ma chi cén
hé s& khuéchdai la 3.

Céch thi hai, ding mach phan héi am phi tuyén 1a dién tr& nhiét Ry
n6i tix D, vé S, hinh 5.10. Cach ndy rdt hidu qua, vi khi bién do tang phan
hoi am tang, khi bién do giam phan héi 4m gidm (R 1a trd nhiét bén dan,
¢6 hé s6 nhiét am). _

Véi hai cach phan héi am trén, do én dinh cha h¢ tuong duong véi
mach cong hudng LC ¢6 40 phdm chat Q@ =9.

5.4.4. May phat 4m tan RC ding khuéch dai thuat todn

So d6 hinh 5.11 mdy phat am tén sir dung khuéch dai thuat toan, va
mach phan héi duong 1a cdu vién. '

So d6 hinh 5.11.a 12 méy phét sir dung khuéch dai thuat todn A, voi
céiu vien RC dua vao 161 vao ® € 1a0 ra phan héi duong. Nhu trén da chi
ra hé s6 khuéch dai ciia hé chi cin bing 3, nén ta ding mach phan héi am
R;R,. Khi d6, h¢ s6 khuéch dai cia hé : '

R
Ap =1+t
F RZ

Vi chi cdn do khuéch dai 12 3, nén h¢ s§ phan hdi am rat 16n, may
hoat dong khé 6n dinh, sd d4 don gian.

173



Tuy nhién, khi bién

do phét 16n, vin gay méo
dang tin hiéu 16i ra, va do
6n dinh cha mdy sé giam.
Su méo dang tin hiéu la
do, khi bién do phat 16n,
th€ phan héi duong dua
vé 16i vao @ qué 16n.
Nhiéu tdng trong khuéch
dai thuat todn roi vao
ving phi tuyén. D€ khic
phuc dung mach hinh
5.11.b. Trong mach nay
dua thém transistor
truong T dong vai trd mot
trd R duge diéu chinh ty
dong. Luc nay R, =
- Ry'+Ry. Gia st hé¢ dang
phit, tin hiéu 16i ra dua

qua ty C,;, mach phan th&

R;Ry. G la tu truyén
xoay chiéu vi céch ly mot

chiéu giita 16i ra véi diode -
d. Tin hiéu xoay chiéu

trén R, duoc d chinh hn,
tao ra th& mot chiéu E

lo
L
4

a) 50 d6 may phat 4m tdn RC ding khuéch dai thuat
toan, véi phan héi am cd dinh

b) May phat am tdn RC, v6i mach phan héi am
- bién ddi theo bién 46 phat

- HINH5.11. Sod6 méy phat &m tdn
diing khuéch dai thuat toan va c4u vién

trén mach loc RgC, Chiéu 4m cha thé E qua R4 dat vao clra G cia T, tao
ra th€ phan cuc. Khi bién d6 thé 'ra-ti’lhg_ th€ phan cyc ~E dit vao G tang

lam tré Ry ting, R, tang, hé s6 phan héi am F tang :

E
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Khi bien do giam Ry gidm va F~ ciing giém. Nguyén tic hoat dong
clia hé dugc gidi thich nhy sau : Khi déng dién, bién 46 dao dong rdt nhd
(Rt nho) h¢ s6 phan héi &m F nho. He s6 khuéch dai ca KDTT 16n hon 3.
M4y phdt dé tr klch bién do ting nhanh. Bien do tang R tang, R2 tang

phan héi F tang. Bién d6 taing dén mitc nao d6 khi hé s6 A;= 3 s€ dimg
lai. Vay co ch€ han ché€ bién do 1a do mach phan héi 4m quyét dinh.
Tham chi khong cén ding tinh phi tuyén cia KDTT. Tin hi¢u 16i ra c6
dang hinh sin t6t gidng nhu miy phat LC. Bién'do ra déng déu trong ca
bang tin s&. Bién d¢ niy do bo chia thé R;R, quyét dinh. Mdy phét ¢6
thé tao ra tin hiéu c6 tan s6 tir 10Hz dén 1MHz. Ngoai ra dé m& rong
vilng tuyén tinh ctia T, sit dung thém mach phén héi am cuc b, riéng véi
T bing mach C3R7 '

5.5. MAY PHAT THACH ANH

5.5.1. Khai niém bé-cong huong thach anh

D9 6n dinh tdn s6 clla mdy phit rit quan trong trong théng tin hén
lac, trong céc hé do luomg. Nguyén nhan gay mat én dinh tin sg trong céc
hé tao dao dong 1 nhiét o, d6 &m, moi trudng thay déi, su thang gidng
chia ngudn nudi v.v... lam thay d8i cic thong s RLC ciia mach dién. Do
khong 6n dinh tdn s6 Af/f dugc quyét dinh bdi d¢ phdm chét Q clia mach
dién. Céc mdy phat am tdn RC c6 40 phdm chat Q nhd, nén do én dinh
tdn s6 khong cao. Cc mdy phét cao tdn LC, c6 d6 phdm clidt Q cla
khung c& 200, nén d6 én dinh tdn s6 twong dé&i cao. Do khong én dinh tin
s6 clia céc may phat LC c6 thé dat dén 107* (khi h¢ hoat dong trong diéu
kién chudn). Trong nhiéu trudng hgp cdn ¢6 46 én dinh tdn s§ cao hon,
ngudi ta st dung bd cong hudng thach anh. Thach anh c6 nhu’ng tinh chat
vat 1y ddng quy 12 do bén co hoc cao, it chiu anh hudng ctia d6 4m, nhiét
dé va tic dong hoéa hoc. Thach-anh cé tinh dp dién thuan nghich, tic 1a ¢
thé bién nang lwgng trudng dién thanh nang lwgng dac dong co va nguoc
lai. Vé mat dién, bd cong hudng thach anh gidng nhu mot khung cong
hudng c6 d6 pham chat Q rét cao. Q ¢ thé-dat dugc tir 5.000 dén 25.000.
Hé s6 nhiét chia do khong én dinh, tdn s6 cong hudng clia thach anh Ia rét



nhé. Nhitng may phat thach anh trén thuc 1€ c6 thé dat dugc do khong én
dinh t4n 56 oo tir 107° dén 107"°.

~ Khi téc dong vao thach anh r;ujL dien trudng bién ddi, trong nd Xudt
hién dao dong cg. Khi tdn s6 dién trudng bing tin s& cong hudng riéng
chia thach anh, trong h¢ ciing xu#t hién hién tugng cong hudng. Tan s6
cong hudng riéng cla thach anh phu thuéc vao kich thude cha né. Kich
thuée cang nhd, tin s6 cong hudng rieng cang cao. Céc tham s8 vé dién
ciia thach anh dugc mo 1 bing so d6 tuong duong hinh 5.12.b.

Thach anh
_ ﬁ | : Ly Cq Rg

:

—|\/J- 10HE L T

a) Ky higu thach anh trong b) Sa d8 diéu chinh 18n s& c) So 88 mach dién tuong

sd do mach dién cdng hudng ndi tiép duang cla thach anh
t Xa
! \
;
0 / 1q '(.'Dp r ?D
.——' !—u =TI i .—' |—-o
Zg
)
0 wq OJIp . i}

d) P4c trung tan sd clia Zyy va Xy
HINH 5.12. Ky higu, s0 d6 tuong duong va dic trung tén s6 cia thach anh

Trong so d6 twong duong R, L, C, 12 céc thong 5§ cla tdm thach anh,
né phu thudc vao kich thude cia thach anh. Kich thudc cang nhd, thi L,
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C, cang nho, tin s6 cong huong cang cao. Ry 1a biéu thi su suy gidm clia
dao dong ca, n6 ¢6 tri s6 khong lén, cdc thong s6 Lg Rq Cy ¢é 86 on dinh
' cao. Co 12 w di¢n cha gia 4 va dién cuc, né ¢é do 611 dinh khong cao.
Céc thOng s& cla thach anh 4MHz trong sa 46 tuong duong la
Ly= 100mH, R =100Q,C= 0,015pF, C, = 5pF
Q = 25.000

~ Tir so 48 tong duong hinh 5.12.b, va bo qua R, tinh duge tdng trd
cila mach :

Tod = _ “ (5.10)

Tur cong thuc 5.10, suy ra 46 thi Zva Xy hinh 5.12.d. Tir d6 thi ta

thay tai tdn s6 ©y, Zy = 0 va tai tdn s6 ®, Zyy dat gla tri cyc dai va tién
dén co.

Nhu vay, bo cong hudmg thach anh xudt hién hai hién tuong cong
hudng. Hién tuong cdng hudng cé Zyg cuc tiéu va bing O la cong huéng

néi tigp. Tdn s8 oy goi la tdn s0 cong hudng ndi nép, duge xdc dinh bang
cong thic sau :

1
. = 5.11)
1 ,}L C,

Hién tuong c(’mg hudng & d6 Z,4 c6 gid tri cye dai va tién dén © la

cong hudng song ‘song. Tén s6 @ go1 la tin s6 cong huong song sONg.
dugc xdc dinh bing cong thifc sau :

o, = L (5.12)
L, C.Co

C+C

Nhu vay thach anh xuat hién 3 mién 6 tinh chat khdng lan luot la: o
viing tAn s6 @ < ©, thach anh tuong duong v6i mot dung khing. 3 ving
tin s§ @< © < O thach anh tuong duong véi mot cam khang. O mién
tdn s6 © > o, thach anh tuong duong véi mot dung khéng. Hai tdn s6 0
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va o, clia cong huong thach anh rdt gdn nhau, chi cdch nhau cd chuc
kHz. C6 thé thay déi tdn s6 cong hucmg g déi chit, bing cich méc ndi -
tiép vdi b6 cong hudng thach anh véi mot 1 C; hinh S 12.c. Khi d6 toan
b heé s& c6 tdn s6 cong hudng ndi ti€p 1a o *

m:l:m 1+ a_ ' (5.13)

Cbn tan s6 cOng hudng song song aii, khong thay déi. Tit (5.13) cho
th&y c6 thé thay ddi tdn s6 cong hudng ndi ti€p doi chit. Néu C, cang nho |
tdn s6 o * cang tang, C; tang thi @ * cang tién vé gin oy Khi sir dung
thach anh dé 1am mdy phat, thu’cng dung thach anh nhu m6t khung céng
hudng néi ti€p mot dién cAm tuong duong. Thach anh hdu nhu khong

duoc sit dung & tdn sé cong hudng song song, vi vé mach dién kho khan,
hon nira bién d6 dao dong qud manh, c6 thé 1am hong thach anh.

5.5.2. May phat thach anh véi TA 1a khung cong hudng néi tiép
o Sor dé cic mdy phat thach anh
sit dung cfng hudng thach anh '
néi ti€p dén ra & hinh 5.13 _
Céc so d6 hinh 5.13 transistor
dugc méc theo so d6 BC, vi u G,

c6 - gia tri 16n c& 2.000 pF, nén
xem nhu baze dugc ndi dat vé

phuong dién cag tdn. Céc tré Ry,

R,, ding phan cyc cho baze. Cic
sd 36 nay déu dung khung cong
hudng LC & bén ngodi. Con thach
anh TA mic n6i tiép v6i C, lam
mach phan héi, né c6 tdn s6 cong
“hudng n6i ti€p la og* (5. 13).
D61 v6i so d6 hinh 5.13.a, khl -

chon 1dn s6 cong hudng cla
khung L, C bén ngoai 1a :

b) May phét thach anh 3 diém dién dung

HINH 5.13. So d6 méay phét thach anh
© voi thach anh fa khung céng hudng néi tiép
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1 *
B = ——==0. (voiL=L+L,)
= Jc a tla

Mach dién gém TA va C s& 1a mach cong huding ndi tiép co téng rd
Z,5 = 0. Lic 46 diém ndi giita Ly va Ly dugc néi tit véi emitter cla

transistor. Mach dién tr& thanh so d6 mdy phit 3 diém dién cam.

Tuong ty v6i so d6 hinh 5.13.b, khi chon L va C cla khung sao cho
tdn s6 cong hudng c6 gid tri :

- _L_ — O — C\Cy
Qe = E—mq voi C= C + G,
Thi diém néi gita C, va C, dugc ndi tat v6i emitter clia transistor.
Khi d6 mach dién chinh 12 so 6 may phét 3 diém dién dung. |
Tén s6 cia cong hudng thach anh bi gidi han bai kich thudc. Muén co
tin s6 cong hudng cao, kich thudc cta thach anh phai nhd. Viéc ché tao
thach anh c6 kich thuéc qué nhé 13 khé khan, hon nita do bén cd hoc
ciing khong cho phép. Thudng thach anh dugc ch€ tao & tén s& 20MHz trd
Jai. T4t nhién ngudi ta dd ché tao duoc nhing thach anh cé tan so trén
50MHz dung trong trudng hop cdn thiét. Mu6n ché tao nhimng may phdt
thach anh c6 tdn s6 cao tir cong hudng thach anh c6 tdn s6 thap, ta dung
* phuong phép boi tan. Hai so d6 hinh 5.13 r&t thugn tién dé thyc hién boi
tdn. Trudc hét cac transistor dugc méc theo so d6 BC, nén hoat dong & tin
s& cao. Mu6n thuc hién boi tdn, chi viéc chon L, C sao cho tdn s& cong
hudng oy, 16n g4p vai ba ldn so voi o :

5.5.3. My phét sir dyng thach anh tuong duong v6i dién cam
' Sod6 méy phat ding thach anh nhir mot di¢n cim Ly dan'ra &hinh 5.14.a,

+Ecc

a) S0 6 may phat ding TAnhurdigncam Ly ;  B)SO a6’
HINH 5.14. May phat thach anh vé s0 d6 ang duang vé cao tan

- ong duong



Trong so d6 may phét, chon C ¢ gi4 tri 16n ¢ 100pF. Do do, vé
phuong dién cao tin xem nhu thach anh TA dugc ndi truc ti€p véi cuc D
cha truong T. So d6 khong su dung mach cong huéng LC bén ngoai.
Trong so d6 sit dung dién dung gitfa céc cuc Cps, Cgs 4é tao ra mach
phan hoi.

So d6 tuong duong & tin s6 cao ciia mach vé & hinh 5.14.b. D€ bao
dam diéu kién pha (nhy phan tich & phan mdy phét 3 diém) TA phai mang
‘tinh cam khang. : :

Day la so dé mdy phét 3 diém dién dung, trong d6 TA 13 L. Tan s6
" clia mdy phit ndm trong khoing oy < ® < O Tén s6 nay dugc quyét
dinh b&i Ly, Cpo Ggs Mach mdy phit don gian nhumg rat dé ty kich. Chi can
chon Rg ¢& tr IMQ = SMQ, Ry = 1k, Bec = 10V, hé s& hoat dong toL. '
Néu cdu thay déi tdn s6 chit it, hoac khi chon transistor trudng chua that
thich hop (c6 Cps, Cas knong d 4o phan héi) ¢6 thé méc gitia cye D va S
mot dién dung nhé cd (2+8) pF.

So d6 thudng duge st dung dé tao ra cdc dao dong tdn s6 cao, bdi Vi
céc dién dung giita céc cyc cha transistor déu dugc sit dung trong mach
cong hudng. So 48 c6 do dn dinh tin s6 cao, bdi Vi Ly luon bién doi
nguoc véi su bién ddi clia tan s6 phat.

 Duéi day s& gidi thiéu mot vai so 46 may pht thach anh, st dung cac

cita logic rat hay dugc st dung lam mdy phat xung chudn trong céc thiét
bi s0. '

- | NOT
A cs=9 15)pF : | [So—
L A R=10MQ |
_ C=1000pF _ | 1A
‘ ‘ 01:[ - #Fe
) T | = é
R=2K R=2K . )
a) Sg 46 may phat thach anh st dung B S0 d6 may phét thach anh
cla NAND ding cifa NOT

HINH 5.15. So a6 may phat thach anh strdung cac clia logic
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Sy d6 hinh 5.15.a bao gdm 2 y&u 16 (1) va (2) la cita NAND (khong
va). Céc trd RjR, tao ra phin héi am trong timg cira NAND. Piéu chinh
R, s& tao ra.dugc dao dong-cd dang sin. Tin hiéu khi qua mdi clta NAND
bi déo pha 180°. Ban doc ¢ thé ty suy luan TA va Cg tuong duong vai
mach cong hudng néi 1i€p hay dién cam. '

" Mach dién hinh 5.15.b sit dung ctra NOT. Tin hiéu tir 161 vao dén 16i
ra cira NOT bi déo pha 180°. Tré R dé tao phan hoi am. Diéu chinh C, h¢
s& phat dao'd()ng. Ban doc ciing ty suy luan va riit ra TA tuong duong voi
mach cong hudng ndi ti€p hay dién cam.

5.6. MAY PHAT DAO PONG TICH THOAT

5.6.1. Khai niém vé may phat tich thoit

May phét dao dong tich thoat 1a thi€t bi tao ra céc xung c6 dang hinh
rdng cua (xung tam gidc). Xung nay duoc dung lam mach quét trong cac
dao déng ky, trong céc mdy thu hinh, may tinh. N6 con dugc sir dung
rong rii trong k¥ thuat do luong s6, trong diéu khién v.v...

Dang cha xung ring cua vé & hinh 5.16, c¢6 cac tham s6 va yéu cdu
cdn chi ¥ sau day : ' )

— Bién d¢ xﬁng U, = Upax = Uiy €80 €6 gid tri theo yéu céu.

_ Céc dai luong thoi gian : Ty thdi gian quét thudn, cén c6 do 16n
theo yéu cdu. Day 1a thdi gian tin hieu duge sit dung di€u k}lién tia dién

tr quét trong dao dong k¥, U
_trong méy thu hinh va mdy Bce B
tinh (xung dién rang cua). Upax [---=="==="A=""=" 1" """ AT

Thoi gian nay doi hoi tin hiéu
phai bién ddi tuyén tinh.

T,, 12 thdi gian quét Bl e A S .:
nguoc, day la thoi gian tin 0 ' ‘ . b
hidu quay vé gid tri ban déu, _ r"—Tq_"":'.'_TnE'E t
dé thuc hién chu ky quét . T

ti€p, thdi gian ndy cang n in -
p £ -.y g ng HINH 5.16. Dang xung dao dong tich thoat
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' cang t6t. Ti s6 T;T,, la mot thong s6 dénh gid chat luong chia mach quét.
T 12 chu ky quét. T c6 gia tri theo yéu cdu, trong thyuc t&€ cdn T c6 gid tri
nhd, tic tin sé dao dong cao. -

— Hé s6 loi dung dién 4p &
Pé taora xung rang cua ¢ bién d6 U, cdn phéi sir dung nguén nudi
E.. Hesloidung diendpla: -
U
E=g"
oC
£ cang gin dén 1 cang t6t.

— He s6 méo phi tuyén & :

¢ Ia thong s6 quan trong nhdt, dénh gid chat lugng ciia tin hieu. ¢
cang nhd cang t8t, trudng hop 1y tudng € = 0. Trong thyc t¢-dai lugng nay
dat ¢ (48)%.

D¢ tao ra xung rang cua, tat c4 cdc mach dién déu sir dung su nap
dién cia tu C qua mach tich phan RC. D€ diéu khién ty C phéng nap, hay
tao ra mdy phat, tin hiéu rang cua c6 thé ding cic dung cu 6 dién trd
am, nhu dén neon, tiristor v.v... hoac ding cdc hé tu kich nhr may phat
da hai v.v... _ '

Ta bi&t ring, thé trén tu C va dong qua tu ¢4 biéu thiic :

L.
U.=g Jicdt
Khi i, = I = const thi U, = Io/C.t
Vay mudn cho U(t) bi€n déi tuy€n tinh theo thoi gian, thi dong nap

cho C phai khong déi. Moi so d8 miy phét tich thodt déu nhim tao ra
dong nap cho C c6 gid tri khong déi.

182



5.6.2. May phat tich thoat dung phan ti ¢ tré am
- Ppé diéu khién tu C nap dién '

qua mach tich phén, ¢6 thé s | C nap
dung cdc phén tir c6 @ am nhy o __é_ .
der neon hoac tiristor. So do _ Cphéng J_
mdy phdt tich thot dung den _ E= N c U

. . . 1 .
neon va dang tin hiéu 16i ra T T l
hinh 5.17. : :
' Pin neon la dén chira khi a).May phat tich thoat, ding den neon
nd cd dac trung von-ampe hinh In

5.17.b. Dé vé& dac trung cla
neon, ta thuc hién nhu sau : Cho
ngudn nuoi E tang tx OV lén,
khi E < U, thi dong qua dén R
neon rat r_1_h6, thé U trén 2 cuc

cba neon, tang 1én. Khi E = Uy

thi trong d&n xust hién hién -
tuong ion héa, dong Iy tang dot b) Bc trung von-ampe clia neon

K '
R

C
L]
T
3
Cy

0

ngdt, thé U gidm tit Uy xubng  y
U, (twong {ng vdi diém B). Néu =
tiép tuc tang E th€ U vin  Umf-
khong d6i v bang U U goi

s the md, U 1a H chéy sing.
Néu gism E- xu6ng, U van ¥ S _ -
“khéng d6i. Cho dén khi E < Uy~ S c) Dang ,;,, h,éuu ; t

" |
thi dén tét va U gidm theo E. & H!NH 5.17. S0 06 méyphér tich rhoatva dang tin
day xuét hién hién trong mévi . o mgu

thé U nhay tit B xudng C ma c
khong qua A. Doan dac trung tuong ung AB 15. doan dlén e am

So d8 mdy phét hinh 5.17.a bao gém mach tich phan RC, deén neon N
ngudn nuoi E ¢6 gid tri 16n hon U, Khi d(’mg mach dién, tu C nap di¢n
qua R, thé U, tang theo quy luat ham mi véi hing s6 thdi gian 1 = RC.
Khi U, < U, neon vin tat. U, tang dén Um, neon sing, thé trén hai cuc

183



clia né giam xudng Ug. Tu C phéng nhanh qua neon vdi hiding s6 thoi gian

T, = C-Ry {Ry tr& ctia neon khi chdy sang rat nhd). U, gidm, do quén.
tinh, U, gidm nho hon U, neon s& tit. C lai nap dién, qud trinh tiép tuc

lap lai va hé tao ra dao dong ring cua nhi hinh 5.17.c. Nhuge diém cia

mach dién 1a h¢ s& st dung dién &p rat thdp. The nuoi E ¢& 150V, bién do

xung rang cua U, chi khoang 20V. Qud trinh ion héa va khir ion héa xay

" ra cham, so 46 chi tao ra dao '

dong tdn s3 thdp. Dang tin | C phong

hitu ra khong t?yén tinh. R /A\RM N
Mudn tang do tuyén tinh phai ¥
diing RC ¢6 gié tri 16n, tdn &
khi dé6 lai thdp. Cé thé thay R +

. G1 C
—E T U
. G K c
_ Re

T7C nap

bing dén dién tit 5 cuc, hodc -
méc nbi ti€p v6i R mot
transistor truong. Cic dung

cu nay c6 dac diém 1a dong a) S0 d8 may tich thoat dung tiristor
qua chiing hdu nhu khong déi
khi thé trén ching thay ddi. H
' Ding tiristor thay dén
neon, s& ting dugc tin sé 71—
hoat dong va ting hiéu ich sit B2 361
dung dién 4p. So 46 may tich N
tho4t sir dung tiristor ddnra & o
hinh 5.18.a. .0 | UnaUnzUnt - U
Tiristor '¢6 dic trung b) Bac trung Von-ampe cla Tiristor
von-ampe hinh 5.18.b ciing - Ug3 > Ugz > Y1
¢6 doan trd &m AB nhu dén
chita khi. Nhitng.th€ ngudng Yj

" U, lai phu thudc vao thé cuc

ciia Ug. Thay déi Ug thay T
d8i Uy Nguyén tic hoat
dong ciling gidng nhu trén.
Khi déng nguén E, C nap qua °

R + Ry, v6i hing s6 thoi

Un

c) Dang xung I6i ra

- \ HINH 5.18. Méy phét tich thodt dang tiristor
gian Tl‘l = C(R+RT1) (RTI la . vé xung ra
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trd tuong duong clia T) U tang lén theo quy luat kh4 tuyén tinh. Khi
U = U,, T thong, thé UAK clia né giam xuéng thé hoat dong Uy. Tu C €
phéng nhanh qua tiristor, v6i hing s& thoi gian T, = CRy (Rt 1a trdd noi
ciia T). Khi U, giém xuong dudi Uy thi T c4m, C lai nap. Qué trinh ¢t lap
lai nhu vay tao ra tin hiéu hinh 5.18.c.

Thue t& 50 dé khé tu dao déng, Vi thé Uy thudng nhé ¢ 1V. Do vay
khé 1am cho T cdm. Phai diéu chinh Ug thich hop, hé mdi ty dao dong
dugc. .

Trong so d6, s dung transistor trudng T, mac ndi ti€p v6i R, Dic
diém cia trudng 1a dong I, it phu thudc vao Upg. Do do trong qud trinh C
nap, dong nap hdu nhu khong déi, U c6 do tuyén tinh cao.

5.6.3. Mach tao xung riang cua dung transistor

Cac mach tao xung ring cua, ¢b thé hoat dong & dai tdn s6 rong. Dac
biét cé khé nang dao dong & tin s cao. Dang tin hiéu c6 do tuy€n tinh
cao. Ching dugc sit dung nhiéu trong mach quét cta dao dong ky.

Mach tao xung rdng cua kiéu ba trit
Xét mach dién hinh 5.19.a.

~ Gia sir trong mach dién hinh 5.19.3, ngudn e, = 0. Khi déng khéa K,
tu C s& nap qua R, thé U, tang theo quy luat hdm mi. $& di U, khong
tang tuyén tinh vi dongnap cho C bi giam kh1 U, 1ang. Tinh dong nap
cho C, ciing 12 dong chay qua tr¢ R :
[ = E;-U
¢ R

Khi C nap, U_ tang, U, s€ giam. Néu ta dua vao mach thé bl trit e,

¢ chiéu xung d6i voi U va €0 gid tri legl = |U,| trong sudt qué trinh C
nap dién. Khi d6 dong nap :

1 =Eo™ U+ee _Eo

¢ . R R

=]y = const

Mudn tao ra ngudn bl trif e nhu vay, ta ding mot bo khuéch dai k,
tin hiéu 16i vio 1a U, th€ ra 1a e, nhu hinh 5.19.b. Bo6 khuéch dai cén ¢6
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diac diém san : Hé s6 khuéch dai
bang 1, thé€ 16i ra déng pha vdi thé
vao, trd vao 1én vo cing (d€ khong

anh hudng dén U,) rd ra bang 0. Ta

thdy bé khuéch dai lap lai emitter
¢ nhitng tinh chat dép dng vdi yéu

cdu trén. T d6 ta x4y dung mach

dién hinh 5.19.c. Trong so d6, T,
- déng vdi trd khéa K, RC la mach
tich phan. T, la tang lap lai emitter
" c6 thé vao 1a U, the ra la e, xdp xi
U,. Tu C; chon gia tri 16n Cy 2 10C,
th€ trén né sé déng vai trd nhu
nguén E; Nguyén tic hoat dong
cba mach dugc giai thich nhu sau ;

‘Binh thudng T, thong, the irén tu

C 1a nho nhét, e, ciing tuong ty, diode

d théng, Co nap dién dén gia tri cuc

dai Eq. Lisc nay Uy = Eg+ ¢, = E,
Khi tdc dong & 16i vio mot xung

diéu khién am, T; s& cfm. Thé Uy

- tang lén, U, va e, déu tang ¢do C nzp).
- K&t qué l1a UA > ECC (V.i UCO = Eo

khéng d6i), do d6 diode d s& cdm va

cit ngubn +E_, khoi mach dién. Lic
nay C s& nap trong mach 6én dong
gébm nguén E,, th€ bu e, va R.

Mach nap cda C gi6ng nhu mach’

hinh 5.19.a. Chinh vi viy th€ U, s&
tang tuyén tinh va the U, ciing tuyén
tinh. Khi hét xung diéu khién, T,
thong, Uy gidm, tu C s& phoéng
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a) Mach nap clia C vdi ngudn bl trif e

co

K Bk

Bl

b) Mach tao e bling tang khuéch dai K

+Ece

¢} Mach tao-ra xung ring cua kiéu

Ust -

bd trir

T

d) Dang xung I6i ra

HINH 5.19. Mach tao xung rdng cua

ki€u bix trit



nhanh qua T, vé.gi tri cyc tiéu. Khi cé xung am dicu khién, qué trinh lai
- Xayra mcmg ty. Dang xung ra tuong ing véi xung diéu khién biéu dién &

hinh 5.19.4.

Vi Gy 6 gid tri rdt 16n, nén trong qué trinh C nap dién coi nhu thé
" trén n6 khong d8i va 1d Ey. Néu chon Co khong da 16n, qua trinh C nap
' dlén thé E; bi€n ddi s& lam cho U, khong tuyén tinh.

Vai trd cia diode d trong so do la khi chua c6 xung diéu khién; d
thong dé dan ngudn nuéi E_, vao nudi mach dién vA nap cho C, dén E,,.

Khi ¢6 xung diéu khién tdc dung, d cdm, tich ngudn E_. khoi mach va

bugc C nap trong mach 6n dong.
Mach dién tao dugc th€ ra
rdt tuyén tinh, nhung can c¢é

xung diéu khién téc dong & 161 .

vao ma khoéng ty dao dong
duge. Muén c6 may phét tu dao
dong, ta s& dung may phat
phantactron.

May phat phantactron

Miy phdt phantactron cé
thé hoat dong & ch& do chy-doi
~ hodc ty dao déng. Dic diém cia
nd 13 tai qud trinh tao ra thé
bién d8i tuyén tinh, c6 sy phén
héi am qua chinh tu C phéng

dien. So d8 = mdy phat
phantactron cho doi va .ty dao -

dong, vé & hinh 5.20.
Hinh 520.a 1a méy

‘phantactron chd dgi, cén <6 .

xung diéu khién Uy hé méi
phat xung. Hé ¢6 mét trang thai
can bing bén va mot trang thii
can bang dong. Trang thdi can
bing bén tuong img véi T,

b} May 'phé.t phantactron ty dao ddng

HINH 5.20. May phét phantactron
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thong T, cém. Khi h¢ & trang théi ndy, né khong lat trang thai dvgc.
Mudn hé déi trang thai cdn phai kich thich mot xung diéu khién. Trang .
thai can biing dong tuong tng v6i T\ cdm, T, thong. Khi hé & trang théi
nay c6 ty 14t trang thdi nho C phong dién ma khong cin kich thich xung
diéu khién. T3 luén thong trong sudt qua trinh hoat dong. Mach tich phan
tao ra xung tuyén tinh la RC. Khi bt ddu n6i nguén, T, thong do dugc
phén cyc bdi R, Ry con T; cdm do R, néi dat. Lic nay he dang & trang
thai can bing bén, né giff nguyén trang thdi. Trong giai doan nay tu C sé&
nap dén +E_~Ugs (vi Ty cdm Ug=+Ecc)- Bay gi¥ néu tic dong mot xung
diéu khién Uy, dwong (xung kim) xung nay qua C, tdc dong vao T, lam
T, tit c&m chuyén sang thong. Tai thoi diém nay T,T, déu thong, cic
mach lién két R, va C tao ra vong phan héi duong kin, véi hg s& phan hoi
rit 16n, nén hé tr kich va xay ra qué irinh dot bién. Qua trinh dot bién
xay ra nhu sau : Khi T, thong U,, gidm, truyén qua Clam Uy; gidm dan
dén Uy, tang. Cs, Ey, E; néi chung 1ai N, nén Ug, tang, trong khi d6 Ug,
giit nguyén. Hiéu th€ Ugg; gidm, dong I,

tang, trong khi d6 Up, gilf nguyén. Higu "y,

truyén qua R; lam Uy, cing tang, Uy Urg o ‘
cang giam. Vong phan hdi duong nay ti€p b
tuc cho dén khi T, tir thong chuyén sang —T n
c#m. Qua trnh dot bién domg lai, he
chuyén sang trang thi can bing déng : T,
cim T, théng va bat ddu qud trinh bién .
d4i cham. Qud trinh dot bién xay ra rdt nhanh, nén C chua kip phong di¢n
thé trén nd van gilt nguyén 'Uc= +Eqc = Ugs. Con thé ra bi nhay bic tuong
Gng véi doan AB trén hinh 5.20.c. o

Trong qud trinh dot bién C déng vai trd mach phin héi duong. Bat
ddu qué trinh bién d8i cham, T, c&m, mach chi con T,, T; hoat dong. T, ,
T, néi vdi nhau va tao thanh mot tdng khuéch dai, lien két tryc ti€p. Luc
nay C lai déng vai trd phan héi 4m va qua trinh phong dién clia nd tao ra
th€ bién déi tuyén tinh. Day 13 giai doan chinh, dip ing muc tiéu la tao ra
the quét tuyén tinh. Trong giai doan nay C phéng qua T,, thé U, giam.

thé UBEI glém. df)ng Icl glém, Ucl téng ) k N

B

Hinh 5.20.C Dang xung ra
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Thé trén colector clia T, 12 Uy, cllng giam, truyén qua-C phéh hoi am vé-
B,. Két qua hai qua trinh ndy lam Up, giit nguyén, do d6 dong I pilt
nguyén va tdt nhien dong I, cling gilf nguyén vi (I3 diéu khién I,). Két
qué 1 C phéng v6i dong khong d8i, tao ra thé bién déi tuyén tinh & 161 ra.

* Qué trinh bién ddi cham dimg lai khi thé trén collector clia Ty 1aUg,
khong gidm dugc nita, trong khi dé C vin ti€p tuc phong lam cho Ug;
tang. U, (th€ ra) c6 doan ndm ngang ngén trén hinh 5.20.c. Khi Up, tang
hé tai diém N gidm, tic 1a U, giam, Upg;.tang. Khi Upg, d0 16n lam
‘cho T, chuyén sang thong, bt ddu qué trinh dot bi€n thi hai xay ra. Qud
trinh dot bi€n thit hai dimg lai_ khi T, chuyén tir thong sang cam. K&t thuc
qué trinh nay, hé lai chuyén vé trang théi can bing bén 13 T, thong T,
cm. Muén hé chuyén trang thai, lai phai kich xung diéu khién duohg.
That ra trong qué trinh 120 ra th€ tuyén tinh (C phéng die_nj dong Ici cb
giam chit it. Dic biét § cudi giai doan C phéng dién. Dang tin hiéu 1di.ra
khong hoan toan tuyén tinh. DO méo phi tuyén € = 5%.

So sénh gita mdy phantactron chd doi va mdy phat ki€u b trir ta thay :
c4 hai ciing phai cdn cé xung diéu khién. Nhung & mdy phat phantactron,.
xung didu khién chi mang ¥ nghia kich thich cho h¢ hoat dong. Thoi gian
tao xung tuyén tinh do cde théng sd clia mach phantactron. Con mdy phat
kiéu bi trir, thdi gian phét xung tuyén tinh phu thudc vao do rong cla
xung diéu khién, 86 1a mot nhuge diém. s

Piéu cin luu § 13, trong mdy phdt phantactron, doan tuyén tinh ding
lam thé quét, 12 doan gidm clia th€. Con & mach bi triY, doan thé tuyén
tinh twong vng v4i doan the tang.

May phét phantactron cling hoat dong trong ché do tu dao dong. SO
46 hinh 5.20.b 1a mach phantactron ty dao dong, mach nay khac véi mach
chty doi I thay R, bing tu C; vA ndi R, lén nguén +Ecc. Mach
phantactron trong ch€ do ty dao dong, c6 hai trang thdi can bang dong,
tuong Gng v6i T, thong T, c4m va T, cm T, thong. Sy chuyén déi tr
trang thdi nay sang trang thai khdc do chinh rhach dién tao ra, khong cdn
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tac dung clia xung diéu khién. Trong khoang mot chu ky dao dong, trorig
h¢ xay ra hai giai doan dot bién va hai giai doan bi€n déi cham. '
Khi néi nguén nuoi Egc, cd T, va T, déu thong, hé khong thé tén tai
& trang thdi nay vi xudt hién hién twong tv kich. Qu4 trinh nay diy hé vé
mot trong hai trang thdi can bing dong. Gid sir hé chuyén vé trang théi
cin bang dong \ng véi T, théng T, cdm, tam quy dinh la trang thdi can
bang.1. Lic nay U, 12 nhé nhét, cdn U, 1a Ecc. Tu C, phéng dién con C
nap dién nhanh dén +Ec¢. Tu C,; phéng dién cham, thé trén né gidm lam
cho Ug, tang. Qud trinh bign déi chdm dimg lai khi Ug,>0, T, tit cdm
chuyén thanh thong. Lic nay T, thong T, van thong trong mach x4y ra
dot bign lan 1. Qud trinh dot bign két thic khi T, tlr thong chuyén sang
cam, T thong hoan toan. H¢ da chuyén sang trang thdi can bing déng thit
2. Trong qua trinh nay C; lai nap nhanh dén Eq¢, con C phong dién cham

tao ra th€ bién ddi tuyen tinh. Keét thic qué trinh bién déi cham khi Ug,
‘tang va chuyén sang qué trmh dot bién thit hai, hé lai trd vé trang thdi can
bang dong 1. :

Qua trinh cif ti€p dién, h¢ s& tao ra xung & 16i ra giong nhu hinh
5.20.c ma khong cdn xung diéu khién. :

Miy phét phantactron rat dé thlIC hién & tdn s6 cao, nhung lal khé
thire hién & tdn's6 thap Mudhn tao ra dao dong tin s& thdp, phai ting thoi
‘gian phéng dién cha ty C. Viéc nay chi thuc hién dwoc bang céch ting C.
Tu C trong thyc t€ chi sin xuft ¢6 gié tri hitu han, va lai C 16nkich thudc
rdt cong kénh. Con ting R, thuc 1€ khéng c6 tic dung. Ding vé tin hitu,

bién ddi thi R thue chét méc song song vdi tré vio ca T;. Ty luon thong,
© trd vao cia né chi khoang 1,2kQ2. Do dé du tang R c3 nao thi rg phéng

dién coa C cung chi c& 1kQ. Dé khac phuc, chi viéc thay T; bang
transistor trudng loai JFET. Déi véi transistor trudng 16i vao (gitta cuc G
va S) duge phan cue nguge, cb trd vao rat [6n.

Qua phén tich cho thay, thdi gian cha qud trinh bién d6i cham la wr
phéng dién quyét dinh. Thoi gian C; phéng dién, tu C nap dién khong
tuyén tinh, th€ ra khong tuyén tinh, tuong ng véi thoi gian quét ngioc.
Trong thdi gian C, phéng dién thi T, cdm. Do d6 C, sé phéng di¢n qua R,
va T,. T, thong, nén trd ndi nhéd. bé qua. Vay hing s6 thoi gian phéng
di¢n ca C; 1a C; R. Ta tinh dugc thdi gian quét nguge T,, = T;C/L,; =
0,685 R,C;. Mudn thoi gian nay ngin, cdn chon C; ¢6 tri s6 nho.
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Thdi gian tu C phéng, tuong tng véi the tuyén tinh, day chinh 1a thoi
gian quét thuan t. Nén chi § la C phéng dién khi T3 thong. Néu bd qua
tr& noi cta T,+T;3 (vi T, va T; mic néi ti€p) thi tré phéng dién cia C bao
gém R mic song song véi R,3 (R,3 la trd vao cua T3). Vi tré vao Ry cd
gi4 tri ¢& 1,2kQ, rdt nhd so véi R (R 12 trd phan cuc cho By, tri 56 cla nd
tir 10kQ. tr& 1én). Do vay tré phéng cia C chi bao gdm R,;. Nhung trong
mach c6 phin héi am vé thé. Néu goi hé s6 khuéch dai the cuia tang gdm
T,+T; 1a K, hé s8 phéan héi qua chinh tu C 1a F. Theo Iy thuyét phan héi
tré vao cua hé s€ 1a:

R, = (1 + KPR,

T thyuc t€ khong khuéch dai th€ ma chi c6 khuéch dai dong. Do d6 K
chi 12 hé s6 khuéch dai riéng cia T,. F phu thudc vio gid tri coa C Trong
thuc t€, Ry = (3 + 5) R,.

Vigc tinh todn chi ti€t thoi gian phong cua C, va C s€ mnh bay &
phan may phat da hai.

C6 thé diing khuéch dai thuat todn dé tao xung rang cua rat t6t. Trong

chu‘cmg khuéch dai thuat toan da trinh bay vé mach khuéch dai tich phan
varitra:

1 g
_U,=_-ﬁ-6juvdt

Néu U, Ia xung vudng thi U, s& c6 dang rang cua, ca doan thé ting va
giam déu rédt tuyé&n tinh. Tuy nhi¢n, mach di¢n phai dung xung bén ngoai -
kich thich va thdi gian quét thuan va quét nguge hoan toan phy thude vio
xung kich thich. D6 14 diéu khong thugn lgi, n€u diing 1am th€ quét trong
dao déng ky. Thudng chiing dugc ding trong thiét b bién ddi ADC (bién
d6i tuong tu s6) hojc trong cic thiét bj do ludng hodc chudn thdi gian
nhu IC555. Trong céc thiét b ndy, bo tao-xung nang thu’émg két hgp véi
bd da hai hoac trigo, ta sc khao sdt & phén sau.

5.7. TRIGO

Trigo 1a thiét bi c¢6 hai trang thii can bﬁng bén, su chuyén bién tir
trang thdi nay sang trang thai khac la dot bién va duoc khoi mao bdi xung
- diéu khién ¢6 d6 16n theo yéu ciu. Xung 16i ra 1a xung vuﬁng
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5.7'.1. Trigo transistor lién két colector—baze

Trigo lién keét colector-baze dugc trinh bay & hinh 5.21

Trigo 1a thiét bi tao
xung vudng nhung cin
phai cé tin hiéu kich
thich & bén ngoai.
Trigo 13 thi€t bi nhd,
hai trang thdi nhd
tuong Ung vdi hai trang
thdi can biing bén. Hai
trang thai nthé cia trigo
twong tng la T, thong
T, c&m va T cdm T,
thong. Céc transistor
_thong phai hoat dong &
trang thdi bdo hoa, con
transistor cim thi cdm
mot céch ddng tin cay,
tc 1a Ugg cdn nhd hon
thé md cua transistor
mot gid tri thé xdc
dinh. "

Xét so d6 hinh
5.21.a, gébm hai ting
khuéch dai T, va T,
duoc lién két bdi RiR;,

HINH 5.21 a. Sa d6 trigo lién két colector-baze

+Ece
Re2

Ur'l . C CZ ] Ur2
B ) T.

10 0
=

HINH 5.21 b. Trigd lién két colector-baze
hoan chinh

tao ra vong phan héi duong kin. Nguén E d€ tao ra thién 4p am, bio dam
transistor c4m tin cdy. Khi n6i ngudn nuoi, hé s& & mot trong hai trang
thai can bing bén. Gia sk h¢ & trang thai can bing bén (1) tuong tng voi
T, thong T, com. Uy, c6 gid tri cyc i Upymin: Uz = +Ece 3 Upez < Uner
(U = 0,6V d6i véi transistor 3i). Néu tic dong mot xung kim duong vao
B,, vOi Ug > Up Duéi tic dong ctia xung diéu khién T, s& thong, T,
vin thong. Lic d6 trong mach xudt hi¢n phan hdi duong rdt manh va tao
ra qué trinh dot bién. Két thiic qud trinh dot bién khi T, c4m, T thong
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bio hod. He chuyén sang trang théi dot bicn thit (2) twong ng véi T,
c&m, T, thong. Mubn hé chuyén trang théi, phai kich mot xung diéu
khién duong vao By (Uyy), lam cho Ty thong. Trong hé lai xiy ra dot bi€n
~ va hé chuyén vé trang thai bén (1). Mach dién c6 3 nhugc diém sau :
mach dién phai ding thém nguén E, xung diéu khién phai dua vao 2 16i

vio, trong thyc t€ chi ding mot ngudn duy nhat. T6c do-cha qud trinh 4ot~

bién khong cao. T6c do dot bién khong cao la do céc dien dung 101 vao
Cgg clia transistor. Moi bién déi cha T, tic dong vao T,, phai cdn mot
thoi gian nap dién cta Cggs qQua R,. Tuong tu moi bién déi clia T, truyén
" sang T, cling cdn thdi gian nap dien clia Cgg; qua R

So d6 hinh 5.21.b s& khéc phuc 3 nhuge diém trén.

Diing mach tu thién ap RgCg, tao ra thé am cho baze, loai bd dugc
ngudn E. ' .

Dang 2 diode dy d, va trd Rp s thyc hién viec diéu khién chuyén
trang thai bang mot ngudn kich thich duy ahat. Gia st he & trang thai
bén (1) twong ing v6i T, thong, T, cdm. Khi d6 U= imin << Beer €01
U,, = E.. Liic d6 d, thong 1am cho Un=Uimin: budc d, cdm (vi thé A cha
d, nhd hon thé K cia né). Xung diéu khién duong qua d, va Ry tac dong
viio B, lam T, thong tao ra qué trinh chﬁyén trang thdi. Khi hé & trang
thai bén (2) T, cdm, T, thong. Lic d6 d, thong buQc. d, cim. Xung dicu
khién ducﬁg lai qua d,, R, tac dong vao T, tam nd thong, trong hé lai xay

ra dot bién. Nhu vay nhd sit dung cap diode d, d,, xung diéu khién tir mot
181 vio, 14n luot téc dong vao transistor c¢&m, tgo ra dot bién.

Dé giam thoi gian dot bién, tic 1a tang toc 4o dot bién, trong mach
méc thém tu C va G, song song V6i R,, R,. Céc tu nay s triét tiéu qud
trinh nap cla Cgg; v2 Cpg, lam 1ang 16¢ do chuyén trang théi. Cy, Cpgz V2
C,Cpg; tao ra bo chia th€ dién dung. Moi bién chuyén clia T, trong giai
doan dot bién, dugc truyén tic khac sang T qua b6 chia the dién dung
C,Chpgy, cling nhy moi bién déi tir T, qua bo chia thé C;CpE, truyén tic
khic sang T). '

Mach dién 6 thé téc dong bing xung vuong. Mach C,R, dong vai tro
mach vi phan, hai xung vi phan c6 cyc tinh duong va am. Nhung chi xung
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du’cmg lam mach chuyén trang théi Ui
Dang xurnig vao v xung ra v& & hinh

5.21.c. Ta thdy cif hai xung 16i vio ¢6 _! !—1 !_! r_! .
mot 16i ra, trigo dugc dung trong cic Ung 1§ Lo
thi€t bi d&€m. \ - o

Thyc t€, T, T, gi6ng nhau, R = U F V ’ i

R =R Ry =Rz = Ry Ry = Rz- | : i——- _

nén trigg la can xitng. o _ t

Hign nay c6 nhiéu loai trigo Xhic vy, 521 c. pang tin hiew i6i vao va
nhau, nén trong thuc t€ loai trigd nay 16i ra ciha Trigo
rit it dugc st dung. Mot ing dung quan
trong nhdt cha trigo loai nay la tao ra cdc 0 nhd trong cac RAM co téc
dé cao.

5.7.2. Trigo lién két emitter—trige Smit

Trigo Smit hinh 5.22 1a tngd khéng can xing. Trigo Smit c6 hai trang
théi ben la:

T, Thong bao hoa ;
T, Thong binh thudg.

T; Cim ;

(2') a1
T, Théng bio hoa

Dac diém cha trigo ny 1 T2 luén
théng

T; lién ké’t voi T2 bing R, con T,
lien két voi T, 1a 2 emitter ndi chung
-qua Rg tao ra phan héi duong. Gia sit he dang g trang tha1 bén (1), Tl
khong bio hoa, T, thong. Chi céin tac dong & 16i vao mot the giam du dé
‘kéo T| ra khoi bio hoa, hic 6 T, ¢6 tic dung khuéch dai, trong mach s&
xudt hién dot bién. Thé U <) tang lam cho Ugs tang, th& trén Rg tang tifc
Ug, tang cang lam cho Ugg, giam.

HINH 5.22, Sa &8 hinh trigo Smit’

Qud trinh dot bién dimg lai khi T; c&m, T, théng bdo hoi, d6 1a trang
thdi bé&n (2). Néu tic déng & 161 vio mot thé tang sao cho T, thong, trong
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hé s& xudt hién qud trinh dot bién, dua hé vé trang thdi bén (1). The 1a.
cho T, tir c4m sang thong va thé kéo T, ra khdi bdo hoa, thyc t€ rdt gin
nhau. Day 1a mot dac diém va ciing 12 wu diém cia trigg Smith cho phép
tao dao dong hinh sin ¢6 d6 6n dinh cao, khi qua trigo Smit tao ra xung
vudng c6 tin s& 6n dinh cao tuwong tu.

Trigo Smith dugc ding d€ tao xung vuéng, tix dao dong hinh sin, su
dung trong cic mdy do tan sd, trong k¥ thuat s§ v.v... Ngay nay nguoi ta
ché tao trigo Smit thanh nhitng mach tich hop, sir dung rong rai trong k§
thuats6. .

5.8. MAY PHAT DA HAI

5.8.1. May phat da hai sir dung transistor
So d6 mdy phat da hai duge trinh bay & hinh 5.23

c) So dé may phét da hat tén 56 &n dinh
HINH 5.23. So d6 may phat da hai
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Khao sét so d6 hinh 5.23.a. Day 12 may phat da hai hoat dong & ch€
do doi. He c6 mot trang thai bén twong tng vdi T; cdm, T, thong va mot
~ trang théai khong bén (con goi 13 trang théi dong). Tuong dng v6i T, thong
" T, c&m. Khi hé & trang thai bén, mudn h¢ chuyén trang théi phai tdc dong
mot xung U;,k duong ¢é gia tri 16n hon Upgye. Vi 'vay trang thdi bén cdn
goi trang thdi doi.

Khi hé & trang théi dong, nho sy phong dlén cha C, s& lam hé ty
chuyén trang thai. Khi néi ngudn nudi, hé s€ & trang thai bén tuong
dng véi T, c&m, T, théng. Thé trén colector cha T} 12 Ugp,, = 6U,, con
Ug; =0. '

Thé trén colector T, dz_n. gid tri nhd nhat U gyps ¢on Uy = Ugpe. Liic
nay C; nap dién dén E. Tai t = 1o, téc dong xung Ug > Ugne T s€
thong, T, vin dang thong. Trong mach c6 vong phan héi duong manh nén
xuat hién qud trinh dot bién. Két thic qua trinh dot bign, hé chuyén sang
trang thai déng tuong tng véi T thong, T, cdm. Thé trén colector cha T,
12 U pin con Ty 12 +E,. Qud trinh dot bién xay ra nhanh, tu C, khong kip
phéng (Cl ¢6 gid tri 16n) the trén C, vin 13 E.. Th€ Ugy = —E + Ui Vi
Ucmin ® 0 nén coi Up, = —E.. Bit ddu qud trinh bién déi cham C; phong
dién qua ha va T; v6i hing s6 thoi gian T} = Ry,C; (v tr& noi ctia T,
nho bd qua). Ug; theo quy luat ham mi 1am Up, tang theo quy luat ham
mi bat dau tir —E,, (tai ty) d€n két thic +E.; (12). Do do :

CT
Um:E[l—c_E‘?} | (5.14)

Tai t=t,, Upy=Upg, T, thong két thic qué trinh bi€n d6i cham. Vi
U,,=0, nén coi Up,=0, tir (5.14) tinh dugc thdi gian bién d4i cham t,;
| t, =t~ o= RyyC Ln2 = 0,685R,C; (5.15)

K&t thiic qué trinh bién déi cham, h¢ chuyén sang qué trinh dot bién.
Qua4 trinh dot bién két thiic khi Ty cdm T, théng. HE tr& vé trang thai bén,
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chy-c6 xung diéu khién dé’chuyén Uﬂ

trang thdi. Chu k¥ cla xung ra, bing Ugmé |- === -
chu ki xung didu khién Tg. Dang UUaj it e -’: v
xung ra trinh bay & hinh 5.23.d. o P_ """" -~
. Hinh 5.23.b 1a so 46 may phat da Us:; - x_:
hai trong €hé& d¢ tu dao d(‘_)\ng. Mach / T, W -~
dién c6 2 trang thdi can bing dong, -Ecc |-
U, =

~trang thdi (1) tuong ung T, cam T, u ;
. cmax Y
~ thong, trang thai (2) tuong tng voi T) . l l

Ucmm —
thong, T, cém. Khac so dé hinh 5.23.a e t

la thay R2 ba'lng C2 va né‘l Rbl 1&én +E’CC‘
“Khi ndi nguén dién T, T, déu thong, hé
thod min diéu kién ty kich, n6 s& trd vé trang thai dong (2) tuong ing voi

HINH 5.23d. Dang xung Idi ra -

T, thong, T, cam. Trong hé xay ra qué trmh bién ddi chﬁm, C, phong
dien lam Up, tang. Qué trinh nay dd dugc trinh bay & phén trén, va thoi
gian clia qud trinh 12 t,; dugc tinh theo (5.15). Keét thic qué trinh bién d6i
cham, T, thong T, thdng trong ‘hé xay ra dot bi€n. Qud trinh dot bién dua
hé dén trang thdi dong (1) twong Gng v6i T, cém T, thong. Trong hé lai
xdy ra qud (rinh bién déi cham ldn thit hai. Qud trinh nay C, phéng dién
lam cho Uy, tang lén cho dén khi Up=Upmg thi két thic. Tuong tu nhu
qué trinh C; phéng dién, tinh dugce thoi gian ty, *
1,3 = Ry CoLn2 = 0,685R,,,C, = 0,7R,C;,
Chu ky dao dong : T = ty+,, |
Néu chon Ry, = Ryp= Ry C = C,=C
Thi T=14R,C ' (5.16)
Trong khi tinh t,; va t,; ta coi Ugpe béng 0, thuo"té' né cé gia tri nho.
" Ugpg lai phu thude vao nhiét do. Day 14 nguyén nhin gay mat én dinh tin

& clia may phat. May phal da hai c6 do én dinh tﬁn & kém, tdn 86 clia nod
phu thudc vao Uppys.
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M4y phdt da hai dugc ding 1am ngudn xung vudng trong k¥ thuat
dién tir, k¥ thuat s6 va do ludng. N6 ciing duge diing lam dac déng quét
dong trong TV. Khi d6 n6 cdn c6 d 6n dinh tdn s3 cao. Mdy phat da hai
~ ¢6 do 6n dinh tdn s6 cao duge trinh bay & hinh 5.23.c.

Trong so d6, méc thém khung dao dong LC ndi ti€p v6i R;;. Khi may
phdt da hai hoat dong trong khung s& xuét hién dao dong hinh sin véi tén

6 o= %/E rat én dinh. Diéu chinh tdn s6 bing b6i 56 cha tdn s

mdy phét da hai. Khi 46 dao dong sin s& diéu khién dong b dao dong da
hai, giif cho tan s6 clia né 6n dinh.
5.8.2, Mdy phit da hai sit dung khuéch dai thuat todn va cic
mach tich hgp
Mady phédt da hai si dung
khué&ch dai thuét toan.
Mady phat da hai dung
“transistor cdn mot nhuge diém
12 4nh huong dén dién dung
k¢ sinh giita cic cuc dén giai
doan dot bién. Khi transistor
chuyén tir thong sang c&m, thé

U, khong ting dén +E.. do | a) S0 46 may phat da hai

dién. dung k¥ sinh chua kip : . dung khuéch dai thuét toan

nap. Dang x_ll_ng 16i ra bi méo U '

nhu hinh 5.23.d. Tdn s6 cang

cao, méo cang 16n. Dé khic Umesx

phuc, c6 thé ding khuéch dai  fu,,, |--- ..

thuat tosn 1am mdy phét da " \

hai hinh 5.24.a." ' . .0 -

_ t, | \ : t

‘Trong so d6 st dung hai '
mach phan. héi. Mach phan T e ol b
héi am do RC tao ra. Mach ~Urmax b-
phan héi duong do R,;R; tao b) Xung 161 ra va xung Uc

ra v6i hé s6 phéan héi : . HINH 5.24. S0 08 méy phat da hai
) diing khuéch dai thudt toén v dang xung idi ra

_ _FUm\ax
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Rl
R, +R, "

F=

Vi c6 mach phan héi du&ﬂg, nén khuéch dai thuét todn hoat dong nhu
b6 so sanh dién 4p. Nguyén tic hoat dong cla bo so sdnh la : Khi Uy< U,
the 16 ra 13 +U, ., khi Uy > Up thé 16i 1a 1 — Uy, Gid sit tai £ =0, Uy
= Upna Up= F-Upg €08 Uy = ~FUpgy DEn thoi diém t;, Ug = Uy =
FU_ . hé chuyén tréng thdi, U, = ~Uppay Liic ndy Up = —FUqpy
' phéng dién qua R, véi bing s6 thdi gian T = RC, t gid trj FUyp,y xu6ng
~U,,,. Dén thdi diém t = tp, U, = —FU, 5. hé lai chuyén trang théi va
U, = +U,ax- Tif phan tich & trén ta nit ra phuong trinh dé tinh Uy(t) :
duy _ _1_U,m_z_m +Upn
e RC
Tl?! dxéu kién ddu va cudi ta rut ra

up (1) = urm[l (1+Fet!1)]

y Vit =t =_lx. ta tinh dugc :
1+ F) RCLn(l + ok

= RCLn(l > Rz (5.1
chu ky xung
T=21, = 2RCLn(1 + —-) ‘ : (5.18)
Néu R 1 =Ry chu k)‘f dao dOng gin dung o _
~ T=22RC . : (5.19)

M4y phat da hai sit dung mach tlch hqp

Cac mach tich hogp, trir khuéch dai thuat tofn hoat dong trong ché do
tuyén tinh, da phén hoat dong trong ch& d6 chuyén mach nhanh (con goi
1a ch& do kho4). Trong phin nay, ta sit dung mot s6 thi€t bi nhu bo so
sanh dién dp, cdc cira logic, cdc trigo dé xay dung méy phat da hai.
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Hinh 5.25 1 so d6 mdy phét da hai sir dung hai cira ddo.

R,=2200 R=2200)

C Rz oL
| = C=1nF
=1n
_ _ —T—il '
‘ TA C,
a) Ky higu clra dao b} So d8 may phat da hai c) Mach da hai 8n dinh ding
dung 2 cita dao thach anh TA

HINH 5.25. So d6 méy phat da hai dung cira ddo

Cira dao c6 ky hiéu hinh 5.25.a, ¢6 mot 16i vao X vamot 16ira Y. X
va Y nhan hai mitc thé, mic thap k¥ hiéu 12 L, mic cao ky hiéu 1a H. Néu
stt dung ho logic TTL, thi mtc thdp L=0, mic cao H=5V. Hoat déng cua
n6 tuan theo quy luat sau : .

Khi X=L(=0V) Y = H (=5V)

X = H(= 5V) Y = L(= 0V)
nhuvay Y lusnladdocha X.
Mach dién hinh 5.25.b gém hai clra dao, ndi thanh vdng phan héi
duong tao thanh mdy phdt da hai. Néu chon c=150pF, R;=100K,
| R,=470K hé s€ tao ra xung vuoéng cé tdn s8 cao, ta sir dung cong hudng
thach anh. Hinh 5.25.c 12 mdy phat sir dung hai clta ddo va cong hudng
thach anh néi thanh vong phan hdi duong. Cong hudng thach anh & day
duge sir dung nhu mach cdng hudng néi ti€p. Hai trd R=220 dé tao phén
héi am, dé tao dao ddng &16i ra ¢6 dang hinh sin, hoat dong 6n dinh. Hai
clra d4o tiép theo 1a dé tao xung vudng. Tin s6 hoat dong c6 thé lén dén
1MHz. | | - |

Pa hai tu dao dong sir dung vi mach thdi gian 555.

Vi mach 555 12 mot loai "mach lai" nghia 12 t6 hgp cé hai loai phu
kién : phu kién tuong tu (analog) va phu kién sé (digital) : 1C555 thuoc
ho TTL hoat dong dén tin s& 100kHz. Trong khi dé IC555 thudc ho
CMOS hoat dong dén tdn s6 500kHz.
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~ Hinh 5.26 trinh bay cdu tric rdt gon cla 555 va mot s6 linh kién méc
“thém & mach ngoai tao thanh may phat.

4 " 4B =5V
8 1 e
L Compattor 6 : Uc/
Rl P
2 N
3Ecc
1
R c T .
1
3t
- | B
? Qi o
' ‘ : ;
' ' 3 L — Xung ra
555 B __l J chan 3
1 . ——— —
Reset - GND t
a) May phat da hai v6i so d6 ¢4u tric rit gon : b) Dang tin hiéu 16i ra
clia IC555 '

HINH §.26. So d6 may phat da hai ding IC555 va dang xung i6i ra

Ciu trifc ciia IC555 bao gém 2 b so sdnh dién 4p (1) va (3) tigo RS
(3) cira dao (4) transistor T va 3 dién tr& cling c6 gid tri R.

B9 so sénh dién 4p (transistor) c6 cu tric khd giéng khuéch dé}i thuat
todn, nhung hoat dong & ché d6 chuyén mach. N6 ciing ¢6 hai 16i vao vi
sai, trong dé p 12 16i vao khong déo (+) va N 1a 161 vao dao (). Hoat
dong ciia né nhur sau : Khi U, > Uy, U, ¢6 gid tri cuc dai Ugpay = Eee. Khi
U, < Uy, 16i ra c6 gid tri nhd nhat Upis = OV (n6u nudi biing nguén Ec,
thi U in = —Uimax)-

“Trigo RS 12 loai trigo ¢6 hai I6i vao R va S va hai i6ira Q va 0. Léi

vao S(set) 1a 16i vao x4c 1ap, 161 vao R (reser) la 16i vao xo0d. Hoat dong
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- ciia nd nhu mdt yéu t8 cd hai trang thii can biang bén. Do trong mach c6
* phan héi du’crng khép kin, ddu ra Q nhan hai gia tri loglc 1va0.

Logic 1 1a mifc th€ cao. H twong tng 5V (ho TTL)
Logic 0 1a mitc th thap. L tuong @ng véi OV
Hoat dong ciia né tudn 't_heo bang chin 1y duéi day :

S Q 0 ) ' Py Iy loai trigo téc dong
. 4 bang muc thé 0. T bang chan
0 khong d6i 1y, hoat dong cia trigg RS duge

0 1 0 1 giai thich nhu sau ;
1 0 1 0. Khi $=0(=0V) R = 0 (= OV)
1 1 khong xdc dinh . | thi Q va O vén giit nguyén trang

théi, nghia la néu Q = 0(0V) nd
van giir nguyén trang thai Q = 0
con néu Q= 1, né van giit
nguyén trang thai 1(= 5V) dé.

Mode hoat dOng clia ICSSS mic theo '$0 d6 hinh 5.26.a dugc mé ta
sau day :

Bdng chédn Iy cia trigo RS

Gia sl so d6 dang hoat dong dn dinh, tu C dang nap dién. Khi Cnap
dén thdi diém Uc = 2/3E_, (chinh x4c 14 vugt qua 2/3E_, mot chiit) 16i ra
ciia bd so sdnh (1) 12 U,,,, nén S = 1 ( = 5V), con 16i ra clia bo so sinh
(2) 1a Uy, nén R = 0 (= OV). Theo bang chan 1y ciia trigg RS thi Q = 1(=
- 5V). Qua cira dao (4) xung 16i ra & chan 3 ctia IC555 12 0 (= OV). Léi ra
Q dong thoi tdc dung vao transistor T, 1am cho T thoéng bdo hoa, thé &
- chan 7 (cua 555) s& xdp xi OV. Tu C lai phéng qua-R?_. Khi C phéng qua
U, giam tir 2/3E_ xu6ng, dén th&i diém U, = 1/3E_, (thdp hon mot chiit

nifa) thi mach lai chuyén trang thai. L& ra cia bd so sanh ()laUu én

rmm
S = 0(= 0V), cdn 16i ra bo so sanh (1) 1a U ,,, nén R =1 (= 5V). Theo
bang chin 1y thi Q = 0'(= 0V), 16i ra chan 3 clia IC555 14 mitc 1 (= 5V).

Q tac dong vao T lam né c4m, th€ & chan 7 cha [CS55 ting dén +E, tu C
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lai nap. Qué trinh ci tiép dién, tu'C phdng nap gifta hai muc thé E./3 va
2E,./3, tao ra dao dong & frong mach. Mach nay tao ra d6ng thdi xung
~ vuong (chan 7 ctia IC555) va xung rang cua trén tu C (chﬁh 2 chia 555).
Néu phan tich chi ti€t hon thi 16i ra cta hai b6 so sanh chi chuyén lén
mifc logic 1 {(=5V) trong thdi gian ngz‘m,‘ nhung ciing di lam trigo smit
chuyén trang thai. Dang xung ra tai cdc chan cia IC555 v& & hinh 5.26.b.

Thoi gian C nap dién t, = 0,685 (R; + RyC

Thdi gian C phéng dién fyp = 0.685CR,

Chu ky xung  T=0,685(R, + 2R,)C (5.20)
Tin s6 dao dong f= 1,46/(R, + 2Rp)C 521
Gi6i han linh kién 1K <R,R,<3M

500pF < C < hang nghin pF

5.9. BO HAN CHE BIEN PO VA MACH GHIM PIEN AP

- 5.9.1. Bo han ché bién do

Bo han ché bién do 12 mot 1k cyc ma the ra gif gid tri khong 461, Khi
thé 16i vao 16n hon mot gié tri vy giéi han ndo d6, goi 12 han ché trén,
hoac th€ vao nhé hon gid tri gi6i han u, 1 han ché du6i. Trudng hop han
ché ch haf phia 13 khi u, nhd hon u, v 16n hion uy. |

Céc b¢ han ché ding dé t.E_tO xung vudng tr dao dong hinh sin, hoéc
sira dang xung ctia c4c m4y phét da hai, v.ve.. ' '

Bo han ché bien do c6 thé st dung diode"hoéc transistor. Bo han ché
diing transistor ngay nay dugc ch€ tao thanh cic cilra dao trong-cdc mach

tich hop rét tién 1¢i. Do d6 & day ta chi xét bd han bién (han ché bién do)
sir dung céc diode. - _ '

St d6 b6 han bién ding diode méc n6i tiép duge trinh bay & hinh
5.27. Goi R, 12 trds clia diode khi thong va Ry 1a trd khi d cim. Dé so dé
thuc hién duge han ch€ bién do, cdn chon tr& R thod min diéu kién sau :
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a) Han ché trén

_ ¢) Han ché& 2 chigu

HINH 5.27. Sd d6 han ché ndi tiép va dang tin méu ra (duting lién nét),
tin hidu vao la dang sin (d‘ul?!ng cham ché’m)

Ry >> R >>Ry" - _ . (5.22)

D6i véi so d6 hinh 5.27.a, khi U, > E, d cdm. Vi Rd; >> R nén U =
E. Khi U, < E, d thong, R,* << R, U, = U,. Tin hi¢u bi c4t bd phdn ti E
trd 1én. E 1a mitc han ché€ va bo han ch€ l1a han ché trén. |

D61 véi so d8 hinh 5;27.b, khi U, > E, d thong, Ry" << R, U, = U, con
khi U, < E, d ¢dm, U, = E. E 12 miic han ché€ tin hiéu 16i ra bi cat phdn ur
E trd xudng, bo han ché€ 1a han ché& dudi.

Déi v6i so d6 hinh 5.27.c, 1a so d6 han ch€ 2 chiéu. Diéu kién d¢€ so
d6 hoat dong duge 13 E; > +E,, R, << R,. Khi U, > E,, d; c&m, U, = E,,
d, théng. Vi R, << R, nén U, = E,. Khi E, > U, > +E,, d, théng, U, = U, =
U,. Khi U, < +E, thid,d, cing cam, U, = E,. E; 12 mic han ch€ trén, -E,
la mitc han ch& dudi..
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Khao sét bo han che diode song song hinh 5.28

R R ‘R .
] d I | ] d ] I '
Uy U, Uy U, Uy U,
s Y W R s s
a) Han ché trén b} Han ché dugi ¢) Han ch& 2 chiéu

: HINH 5.28. S0 d8 han ché diode song song
. Diéu kien dé so 6 han ch€ dugc vin 12 didu kién (5.22) véi so 46
hinh 5.28.a, khi U, < E d c&m, U, = U,, khi U, > E'd thong U, = E. E la
mmic han ché, bd han che€ 1a han ch& trén.
Tuong ty so 6 hinh 5.28.b, khi U, <E.d thong U, = E, khi U, > E, d |
c&m. U, = U,. So dé 12 han ché dudi & mic E. :
So dé hinh 5.28.¢ 1a bo han ché 2 chiéu. D& mach hoat dong duc thi E; > Ey.
Khi U, > E,, d; thong, d; cam, U, = Ey, khi B, > Uc> E, ca d, d
cing cim, U, = U,, khi U, < Ey; dy com, d, thong Uy = E,. Muc han ché
trén 1a E;, myc han ché duéi 12 E,. Tin hiéu 16i vao ¢6 dang hinh sin, tin
hiéu 16i ra cé dang hinh 5.27. '
Ung dung bé han ché bién do
B6 han ché bién do dung dé tao xung vuong tir dao dong hinh sin
(nhu khdi lugng khio sat & trén). Trong bo han ché hai chiéu néu chon
: E,=[—E2l va dao chiéu cia E, trong so dd, ta s& dugc bo tao xung vuong
can xting. Tuy nhién ngay nay ngudi ta rdt it sit dung b6 han ch€ diode dé
tao xung. Cic mach tao xung tir dao dong hinh sin, thuong diing ciac bo
so sénh, trigo smit va céc cira dao thuan tién va hiéu qua hon.
Ding bo han ché dé sia tin hiéu xung do cic may phdt da hai, mdy phat
phantactron tao ra. Tin hiéu ndy thudng bi bién dang & dinh xung. Ding bo
han ch€ d€ cat bo phan bién dang & dinh xung, tao ra xung vuong.

Ding trong cdc mach chéng nhiéu : Khi xung vuong truyén tr noi
nay sang noi Khac, bj can nhiéu lam cho dinh xung bi bién dang hinh
5.29.a. Khi dung cdc xung nay tac dong vao cdc mach xung, nhu bo dém,
cac map mo & dinh xung nay ¢6 thé gay ra sy chuyén trang thdi khong
mong mudn. Bo dém hoat dong sai lech. Ditng b¢ han ché trén dé cit bo
cdc map mo do di.
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Trong trudng hop cdc tin hi¢u hitu ich (1), (2), (3) trong hinh 5.29.b
khi truyén trong khong gian (radar) bi can nhiéu. Khi thu cin cat bd can
nhiéu, bang céch ding bé han ché dudi. Tin hiéu sau khi cat chi con lai
tin hiéu hitu ich.

E
immwfp e R—-— o - -E
f\A AVATONAY
a) Dung han ché trén i b) Dﬂng han ¢hé dudi
c&t phdn map md & mifc E cét bé can nhiéu dudi mirc E

“HINH 5.29. Diing han ch€ ioai b6 can nhidu

5.9.2, Bo ghim dién ap

B4 ghim dién dp 12 mach dién c6 tin hiéu 16i ra gidng hét tin hi¢u 161
vao, nhung bi ghim & mdt miic dién 4p nao do.

. u
So dé hinh 5.30 13 bo ghim dién 4p v
o S _
0 \ 3 \ A
5 N S O S
Ghim trén !

3 mitc OV

.
b—— M —
/

—

T
E
Ghim dusi | .

& mic 0V 0 ' ry

b) Bo ghim dudi - : <) Dang xung I01 vao va xung I6i ra
HINH 5.30. BO gh:m dlén ap va dang rhé' vao va thé I6i ra

So d6 hinh 5.30.a 13 bd ghim dién 4p phia trén néu R, = 0. Trong
mach R, va d 12 bo han ché song song. Trong mach mic them tu Cva R,.
Gia st R| = 0 va R, c6 tri s8 rét 16n : R, >> Ry,, va gid sir xung 16i vao la
chudi xung c6 dinh xung & mic E|, vd ddy xung & mic —E,, chiéu cao
cta xung la E=E, +|E,|. -
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Khi tac déng U, & 161 vao, khi U, > O thi diode d thong C nap nhanh
qua d vdi hiang s6 thoi gian T, = CR]. Gia st C'ngp hoan toan, tic 12 nap
~ dén E, (chon C dii nhd). Khi xung 16i vio U, < 0, d céim, C phéng rat
chdm qua-R; véi T,= CR,. Néu R, rdt 16n, the tren ty C giam rét it
(khong ddng ké). Theé trén C giir & gid tri gdn bang E,. Bat ddu tir xung
1i€p theo, thi khi U, = E, d théng va U, = 0, cdn khi U, < E, thi d cdm va
U, = U,. K& qua la tin hiéu I6i ra giéng hét tin hiéu 16i vio, nhung dinh
bi ghim ¢ muc 0. B¢ ghim dién 4p nhu vay goi 12 ghim trén v miic ghim
la OV. Néu mudén ghim & miic th€ ndo dé, chi cdn méic néi tiép véi d
ngudn th€ d6. Nhung mifc th€ cdn ghim khong dugc vuot qué E,.

So dé hinh 5.30.b 1a bo ghim dién 4p dudi khi cho R, = 0 va R, rat
16n. Ly luan twong ty, khi U, < 0, d thong va U, = 0, C nap nhanh qua d,
dén gid tri ~E,. Khi U, > 0 d c&m C phéng chém qua R, va thé U =U,.
Két qua 1a trén C t6n tai th€ —E, nhu hinh vé&. Tir lic nay, d chi thong khi
U, < -E, va U, = 0, cdn khi U, > E,, d cdm, U=U,. Thé 16i ra hoan toan
gifng th& 16i vio, nhung ddy xung bi ghim & mitc-0. B ghim dién dp nhu
vay goi 1 ghim dudi va mc ghim 14 OV.

Ung dung cha bé ghlm dién ap c6 rdt nhiéu, chi néu vai dng dung
- sau day :

Diing dé khoi phuc thanh phdn mét chiéu trong k¥ thuat truyén hinh.
Tin hiéu cila ciing mot 4nh thu ngoai trdi, lic rdm va lic ning phoéng sing
khdc nhau. Phon'g sing tao nén thanh phin bién ddi cham (mot chiéu)
. trong phd clia tin hiéu dnh c6 chia thanh phdn mot chiéu. Khi truyén qua
tu dien hoac bién thé, thanh phin mot chiéu s& mat. DE khéi phuc lai thanh
phidn mét chiéu ta diing mach ghim duéi & mifc OV Minh hoa & hinh 5.31.

u - {u o v
Eof I | o Egl-o]f.
0 L - i . 1 :
. t _0 | t 0 ' t
a) Xung ¢b chifa thanh b) Khi truyén qua s& mét Eo c) Tin hiéu dugc ghim dudi
60V
phén 1 chiéu Eq

HINH 5.31. Dung bd ghim dudi 8 mire OV 38 khoi phuc thanh phén 1 chibu

i
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"~ Chon xung theo bién do : - 1

Chang han cidn chon 1 xung Mo han ché I
trong 3 xung, ta ding mot bo 0 A \ N

han ché dudi cit bo 2 xung nhu 4

Muc ghim f--=----= it

hinh 5.32 khuéch dai. C6 thé A m—
xay ra 3 trudng hop : . 0 A N -
X . ) oot

Véi hé s6 khuéch dai k nhu a) K ddng nh tinh toan
thiét k&, viéc chon xung dugc ‘
thuc hién hinh 5.32.a. | .

Néu vi 1y do ndo dé, he s6 B ~
khuéch dai k bi giam, cd 3 - |
xung déu gidm bién d¢. Mach -----_]-_._-(‘:--.r--.--:
han ché s& cit ca 3 xung ma 0 -

khong chon dugc xung nao

hinh 5.32.b. . 4

Néu k qué 16n, bién do clia . \ )
3 xung déu lén hon mic han 0 ‘\ \ -
ch&. Két qua sau khi han ch€ |
vin t6n tal cd 3 xung hinh e \
5.32.c. [+ R W v W

Néu diing bo ghim trén, vl ¢} K 8ing 50 Vi tinh toan
muic ghim bang xung cao nhat. - HINH532

5.10. MAY PHAT BLOCKING

5.10.1. Khai niém vé may phat Blocking

May phét Blocking 1a loai mdy phdt tich thodt sir dung mot transistor
va mach phan héi duong la bi€n thé. May phét Blocking con c6 tén la
mdy phit dao dong nghet vi mdy chi phét trong mot thdi gian ngén roi
ngimg hoat dong trong mot thdi gian dai. Transistor hoat dong trong ché
d6 phat xa xung, né chi thong trong thoi gian ngin va c4m trong thoi gian
~ dai. Vi vay dong I ¢6 thé sir dung 16n gdp (10+100) 14n dong dinh miic,
d6 toa nhiét trén transistor binh thudng nhu ché do dinh mic. N6 ¢6 thé
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tao ra cong suit xung cuc 1én vi bién thé du trit nang lugng trong thdi
gian dai. Day 1a dic diém cia Blocking, mdy phit da hai khong thé hoat
dong & ché do phat xa xung vi ding 2 transistor. o] mdy phat da hai, néu
cho mot transistor hoat déng & ché do phdt xa xung thi transistor con lai
phai hoat dong & ché d6 phat xa lién tuc, khong cho phép dung dong 16n.
Vi hoat dong & ché do phét xa xung, Blocking ¢6 thé tao ra nhimg xung
rdt ngin, do rong thoi gian phat xung chi tir (0,1+1) ps, cong sudt xung
phét xa 1a 16n, nén thudng dugc ding lam xung khdi dong trong cdc he
diéu khién cin cdng sudt 16n, trong radar v.v... '

Mot dic diém khéc nita clia Blocking so véi da hai 1a y&€u t6 du trit
ning lugng vira 1a dién cam, bién th€ v tu dign, con da hai chi 1a tu dién.
Do dé Blocking c6 thé tao ra dao dong da dang, c6 th€ dang hinh sin, c6
thé 1a xung vuong, xung tam gidc. Thoi gian hdm xung ¢6 thé bién ddi
trong pham vi rdt rong, nén duge Wng dung lam mach quét dong trong
TV, va nhiéu &ng dung khéc. | '

So dé mach dién cha Blocking rdt giong véi may phat cao tin LC kiéu
hé cam, vi cing ding mach phan héi duong 13 bién thé. Nhung & may
phdt cao tdn, dé tao ra dao dong hinh sin, h¢ s6 phan héi chi vita da dé
thod man diéu kién tv kich KF 2 1. Thudng hé¢ s6 phan héi F = 1/3 hoic
nhd hon nita. Nhung & Blocking, hé¢ s6 F 2.2, vi vay Blocking con duge
~ goi 1a mach dao dong siéu ghép (siéu lién ké&t). Chinh vi vay ma KF 2 1
vi c4c qué trinh dot bién xay ra rat nhanh. Day la mot trong nhiing diéu
kién gitip Blocking tao ra cic xung hep.

Nhuge diém céia may phat Blocking 12 tén s6 kém 6n dinh. Co thé
xem do én dinh tin s6 ciia n6 13 kém nhit trong céc loai mdy phat. Tén s&
clia né phu thuoc T4t nhiéu vao th€ md ciia transistor, va do ddc dic trung

.Ic (U BE)' +Ecc ﬂ-ll-., 1+

Bi€én th& xung la y&u t§ phi tuyén rat g
phitc tap, phitc tap ca vé cfu tao va khéo sit L2 1k
tinh to4n. _ Co. CC1
_ ' ' U NT Ry
5.10.2. Blocking trong ché do de¢i l Us _
+T Ep
-

M4y phét trong ché do dgi dugc trinh
bay & hinh 5.33.a. Trong ché 4o dai,
blocking c6 mot trang théi bén va mot trang

¥

HINH 5.33a. So dé méy phat
Blocking & ché d6 doi
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thai dong. So d6 gém tdng khuéch dai bign thé va bién thé BT ¢b L, nbi
véi 16i vao cha transistor T tao ra mach phan héi duong manh (L, > Ly).
Tu dién Cg 12 tu ky sinh gilta hai dén bién the (d6 12 dien dung giila céc
vong day, cdc 16p day tao thanh) c6 tri s¢ nho. Tu dién C 13 tu du tri
nang luong 6 tri s6 lon. Ry, 1a tr& phan cuc base. Ey la ngudn am dua vao
dé tao ra ché d9 doi, n6 1am cho T bi cam, twong Gng v6i trang thai bén.
Hoat dong cla blocking c6 thé chia lam bén giai doan : _

— Giai doan dot bién 14n thit nhat : Khi déng mach dién, T cdm.do Ey,
dat th€ am vao base Uy = — Ep, Uc =0 va U, = 0. Khi tac dung mot xung
diéu khién Uy, duong ¢6 bién d¢ da 16n 1am cho Uy > Ung » T thong va
trong mach xay ra dot bién (vi tho4 man diéu kién tyu kich va v6i d6 phan
héi duong 16n) 14n thi nhdt. Trong qué trinh nay, tu C khong kip nap dién
do dé U, vin bang khong (vi C c6 tri s6 16n) con C nap nhanh (do Cycd
" tri 56 nhd). Qué trinh nay s& ding lai khi Up = Upy, tuong ing véi lic

dong collector bi bdo hoa. Do déc § giam xudng xap xi bang khong, K
gidm vA he khong thod mén dicu kién tu kich. Thoi gian qué trinh dt bi€n
lado tu Cy quyét dinh vi téc 4o tang cha U, phu thugc vao tdc d6 nap cla
Co- Mudn qué trinh 46t bién xay ra nhanh dé tao ra cc xung cyc ngin thi
C, phi nh. DE gidm Cq, cuon L, phii Vs
_ dugc cuén theo kiéu t8 ong, tic 1a céc

vong day lién ti€p khong duoc song song o A L .

ma phai cat nhau. ' . ‘. ; t
_ Giai dogn bién di cham lin the . |Mi N .

phdt : Day 13 trang thdi dong cla U : -4

blocking. Khi Ug = Ugy, qué trinh dot S Us AT A t

bién két thic va bit ddu qué trinh bién A |

.d6i cham l4n 'th¢ nhét. Trong qué trinh g

dum=

nay I = constant, nén bién thé khong
hoat dong. Nhung nang luong du trif _
trong L, 1am cho U, hdu nhu khong adi. Y21y
Trong qud trinh nay C, phéng diénconty - - :
C nap nhanh véi hang s6 7, = C. RBi-: nhd vi '
T thong _vﬁ c6 dong Iy 16n. U nap U, khong H INH 5.33 b. Dang tin hiéu tai
d8i lam cho Ugg gidam. Khi Ugg = Uns céc diém trén so d6

t
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transistor dugc keo ra khoi viing bdo hoa, d¢ d6c ting, hé thoa mén diéu
kién tu kich va két thic qui trinh bi&€n déi cham 14n thit nhat vi bat ddu

giai doan dot bién l4n thit hai. Thoi gian kéo dai ctia dinh xung (tir 4 dén
tn) do dién cam L cia bién thé, di quy ddi vé thi cap, va tu C.
~ Giai doan d6t bi€n 14n thit hai : Khi Ugg = Uy, T duge kéo ra khoi

ch& d6 bio hoa, do déc S # 0, transistor ¢6 do khuéch dai du 16n. Lic d6
hé thoi min didu kién ty kich va trong hé xudt hign dot bi€n 14n thit hai.

Dot bién x4y ra khi dong collector gidm, tiic la dong qua L, giam, U, .
gidm va Ugg gidm, cdn Ug gilt nguyén. Giai doan dot bién ket thiic khi
Ugg < Ugzy va T bi cam.

— Giai doan bi€n ddi cham lan thit hai : Khi T bi cdm, qua trinh dot
bién két thic va blocking bat ddu qud trinh bién déi cham lan thi hai.
Lic nay blocking & trang théi bén. Bt ddu qué trinh bién d6i cham Ugg
c6 dién thé am rdt 16n. N6 gom th€ trén tu C va thé U,. Phén thé U, giam
nhanh do C, phéng dién. Con th€ U¢ giam cham do C phéng cham qua
'Ry (c6 gid tri 16n) v6i T, = C.Ry,. Qud trinh phong cua C két thiic khi U =
-E,. He & trang thdi dgi. Mudn hé chuyén trang thdi, phii téc dong vao
hé mot xung diéu khién duong Ug- '

5.10.3. Blocking trong ché do tu dao dong

Trong ch€ do nay blocking c¢6 hai trang théi can bang dﬁng Mf)t
trang thdi ung véi T thong va mot trang thdi Ung v6i T cdm. So d6 may

phat blockmg tw dao dong dan ra & hinh 5.34.a. Trong so d6 ndy R, dugc

n6i 1én nguén +Ecc. Do vay khi ni ngudn nudi ECC, T thong. Hé ciing
hoat dong giéng nhu blocking cht dgi va gém c6 bén giai doan. Gia st
khi n6i ngudn nudi, h¢ & giai doan dot bi€n 14n tha nhat. Hoat dong cla
hé s& 1i€p tuc qua giai doan bi¢n ddi cham 4n thi nhdt va dot bi¢n 1an thit
hai giong nhw blocking doi. Sy khédc nhau giita blocking tu dao doéng va
blocking dgi chi & qué trinh bién di cham 14n tht hai. Bat dau qué trinh

nay T c&m vi Ugg cling c6 gid tri am rdt 16n gém Ug cong v6i Uy Uy
giam nhanh do C, phéng nhanh. Ug gidm cham do C phéng cham véi
T, = C.Ry. Uc giam lam cho Ugg tang. K&t thic quéd trinh nay khi C
phéng (ciing c6 thé coi 12 C nap theo chiéu nguge lai véi the +Ecc) 1am

cho Ugg 2 U, Liic nay T thong va trong h¢ lai x4y ra qud trinh dot bién
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ldn thd nhat. Nhu vay 12 qué trinh bién déi cham 14n thit hai tuong ung
v6i trang théi dong. Do C phong dién 1am cho hé ty 1at trang thdi ma
khong cén tac dong clia xung dicu khién.

a) Sa dé Blocking tu dao déng
UBE‘ M N
WA

b) Dang xung cOa Ugg
HINH 5.34. S0 d6 .méy phét Blocking ty dao dong va dang tin hidu

Upa
— t

c) Dang I¢g va 9én ding

Tinh todn mot s& thong s6 cha xung.
Thoi gian sudn xung tuong img véi U, tr 0 1én Uy la ts. Thi gian
ang dudng dut

Ké&t

niy do qud trinh nép dién cba Cy quyét dinh, Dong i, ¢d d

nét trén hinh 5.34.c va c6 thé coi gin ddng 12 hinh tam gidc 1lién nét.

qua tinh toén sai léch khong dang ké.
. ) ts

Ug, =é§ Iicodt"
0

Vi coi i c6 dang tam gidc nén :

UCO = iCQ max s /12=U,
Co
Goi n 1a he s6 bién thé : Uy = nU, = nU, (coi th€ ra ldy trén
collector).
(= 0Co (5.22)
nlC(}max .
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Tix (5.22") cho thay muén gidm fg phai gidm Cg va ting hé s6 bién thé
'n. Gidm C, bing céch cudn céc cudn day bién thé theo kigu td ong sao
cho cdc vong day ké nhau khong song song ma cit nhau. Dén day ta cing
thdy ring d&i v6i mdy phét blocking cdn ¢6 hé s6 phan hoi duong 16n vi
cén n 16n. Théng thudng n 2 2. '
Thoi gian dinh xung (minh xung) x 1a thoi gian U, bign thién tit M
dén N. Goi L 12 dién cam ctia bién thé khi da quy d6i vé thi cap, khi d6
dl
| &
dong / trong giai doan dét bién, coi la tuyén tinh, bién ddi tr 0 dén

U, =L

gid tri dong bdo hoa Iy, nén:

= LIH

=0 (5.23)

Tir (5.23), néu cho trude 1, va U,, tinh dugc L.
{
1 X

Trong giai doan nay, Ip tit gy d€n /gy, tinh gan ding

Igy +1
C=-BM T IBN

S 2Uc

Thoi gia_n'c'ﬁa qué trinh bi€n déi cham 14n thi hai do tu C phéng dién
qua R, quyét dinh. Thi gian ndy goi 1 thoi gian hoi phuc 4, ¢
' o ( BeetU |
=R ~ec” TC 5.24

thp = ReC ln[ Eoc + U ] - ©:24)

 Chuky dao dong T =t, +1p,. Vi thp. >>t,, nén T=ty,.

Mady phat blocking dugc ng dung 1am mach chia t4n rat thuan 1gi,
lam céc mach quét dong trong TV va ciing ding d€ diéu khién cic mach
cin céng sudt 1on.
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Chuong 6
MACH PHI TUYEN

- Mach phi tuyén la mach ¢6 chira phan tir phi tuyén. Khi cho mét tin
hiéu cé phé bat ky qua phdn tir phi tuyén, trong h¢ sé xuit hién nhitng
thanh phin méi. Tinh chadt ndy rit quan trong trong ky thuat v6 tuyén
dien. Nho n6, c6 thé tao ra cdc mach ¢o ban clia hé théng thong tin. Tu
mach chinh luu, nén dong xoay chiéu ludi dién thanh-dong mét chiéu
nudi céc thiét bi dién tl, cdc mach déi tdn trong mdy thu, dén cédc bo diéu
ch& gii tin tic vao séng cao tin truyén di va bo giai diéu gilip noi nhan,
tach 14y tin hiéu khoi séng cao tin. :

6.1 PIEU CHE BIEN DO (PIEU BIEN)

6.1.1. Khai niém vé diéu ché tin hiéu

Nhu ta di biét, c6 thé truyén cic loai tin hiéu di xa bling séng dién tir.
Qud trinh tao ra séng dién tir va truyén di 1t mdt ngudn nio d6 goi 12 qud
trinh bic xa. Qué trinh bic xa séng dién tir chi xdy ra véi cac dong cao tdn.
Tén s8 cang cao, cang dé thuc hién phdt xa séng dién tir. Trong k¥ thuat vo
tuyén dién, thudng dhng nhiing dao dong cao tan trén 30 kHz tré di.

Tr& biic xa cha antenna 12 Ry, va dugc tinh bing biéu thic

" _(nY
()

_v6i k 1a chiéu cao hiéu dung chia antenna va A 1a budc séng dién tir.
Antenna bdc xa t6t nhit khi Ry, ~ 1, néu tdn s6 clia tin hiéu 1a 10 kHz
thi antenna phai c6 chiéu cao h= A =30 km, d6 11 diéu khong chip nhén
dugc trong thuc t& T4n s6 cang cao, kich thuéc clha antenna cang gidm
D6 chinh 1a 1y do trong thuc t€, ngudi ta thudng ding séng tdn sg cao.
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Nhung tin tifc 12 tin hiéu c6 tan s6 thip cin truyén di. Chéng han, tin
hiéu 4m thanh c6 phd tdn s& tir 50 Hz + 10 kHz. Ngay hinh anh trong ky
thuat truyén hinh ciing 13 tin hiéu c6 phéd tin 6 tr 0 + 6,5 MHz. N6i -
chung cdc tin hiéu cén truyén di déu chia thanh phén tan s thap. MuOn
truyén nhimng tin hi¢u dé phai dich phd cha tin hiéu vé phia tdn s6 cao.
N6i céch khac 13 phai glti chiing vao tin hiéu cao tan. Qua trinh gui tin

hiéu vio dao dong cao tdn, hay qua trinh dich phé cia tin hi¢u vé phia tdn
s& cao goi 1a qué trinh diéu ché.

~ Gia sl ¢6 dao dong cao tan
U=U,_ sin{wt+9)
trong d6 U, 12 bién do tin hiéu, @ 12 tdn 56 géc, ¢ 1a pha ban ddu, Dé
thuc hién diu ch€ tin hiéu nay, ¢6 thé cé ba céch :

_ Bién d8i bién do U_, theo quy luat clia tin hiéu tin s thép goi 12
~ diéu bién.

— Bién ddi o theo quy lut cla tin hi¢u tdn s6 thép goi 1a diéu tan.
— Bién déi ¢ theo quy luat chia tin higu tén s6 thap goi la diéu pha.
6.1.2. Khai niém diéu bién
Xét tm hiéu cao tin '
U (t) = Ug cos oot +@g)
véi Uy, 0, @g 14n luot 12 bién do, tdn s6, pha ban ddu. Néu dao dong diéu

hoa thi Uy, o, Po la céc héng s6. Nhung n€u mot trong ba thong s6 dg,
ching han bién do thay déi theo quy luat cha tin higu ¢4 tén s& thap X(t)

Uy, =Up +AUX(1)
- véi AU 12 hing s6, ta s& c6 tin hiéu diéu bién :
Uy =0, cos(coot + (Po)
hay "
Uy, = [ Ug +AUX (1) Jcos (ot + 9) 6.1

Ham X(t) dugc goi 1a him diéu, o la tdn s& cha séng mang cao tan,
va AU la do sau diéu ché. '
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Néu ham diéu X(1) c6 dang : X (t) = cos Qt, thi khi d6 : '
Ug, = Up {1+ m cos Qt] cos (gt +9p) (6.2)

A . . oaes 1
trong d6: m= U—U goi l1a h¢ s6 di€u bién,
0

Q 1a tan s6 cia ham diéu X(1) va Q <<@p.
Dang tin hi¢u ctia X(t), U(t) va Uy, (t) v& & hinh 6.1. U, chinh 12 |
bao hinh cfia him diéu bién Ug,.
6.1.3. Phé ciia tin hiéu diéu bién
‘Khai trién biu thitc (6.2) va cho @y =0, ta s& dugc :

my

Uy, = Ug cos gt + — cos{wg + Q)+ Ugcos (g ~Q)t (6.3)

Tir (6.3) ta thdy dao dong diéu bién 1a tong cla ba dao dong cao tdn
véi tin 88 @, g + Q, By — Q. Ciing tir (6.3) ta c6 thé vé duge phd cla
dao dong difu bién hinh 6.2.

Tix hinh 6.2 cho thdy, qua trinh diéu ch€ thuc chit 1a qué trinh chuyén
phd tdn s6 thap Q vé phé tdn 56 cao wy + Q. Cic tén s6 wy = Q 12 tan s6
bién. Bién d6 ciia dao dong c6 tan s6 bién ti 1& véi m. Khi khong diéu ché
m = 0 va khong tén tai dao dong bién. Khi hé s6 diéu bién 1a 16n nhat m
= 1, ltic d6 bien ¢ dao dong bién s& bang 1/2 bién d¢ séng mang. Néu m
> 1, tic 1a didu ch€ qui mic s& gy méo dang, liic d6 bién d¢ dao dong
diéu bién s& khong bién ddi theo dling quy luat ham diéu. Trong thyc t&
thudng chon m = 0,4 +0,5 dé trinh diéu ch& qui mic c6 thé xay ra. Be
rong phd ham diéu bién 1a 2Q. Cong sudt dao dong diéu bién ciing phu
thudc vao m. Cong sudt dao dong séng mang khong thay doi va ti 1& véi
U2. Cong suit mdi dao dong bien 1a m*Uj /4. Khi m = 1, thi cong sudt
dao dong diéu bién 12 3U% /2 16n gdp rudi cong suit song mang.

Trudng hop téng quét, ham diéu 12 X(r) ham tudn hoan véi t4n s6 la
®;. Lic d6 X(t) duge khai trién thanh chudi Fourie :

X (t) = z Ck COS(k(Dll + Py ) ) (6.4)
k=1 :

véi k=1, 2, 3... (Cho thanh phidn mét chiéu Cy = 0).
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Thay (6.4) vao (6.1) ta c6 :

Ua =Up {1 + mz Cx cos(kmlt + @y )] cos ot
k=1

Khai trién biéu thitc trén ta c6 :

. oD
Ug = Uy {cosm T+ %ch cos| (w0+k(n,)t+(pk]
Lo+ —ZCk cos[(coo—kml)t+(pk]} (6.5)
k=1

Phd cha dao dong didu bién, gdm @, va 6 hop tdn s6 oy * ke, Té

hop @y = ke goi 1 hai dai bién.

umwaﬂsz |
_w!J; |

HINH 6.1. Dang dao dong X(t), Ut), Ugp
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Néu phé ham diéu c6 tin s6cao | Yo
nhdt 12 o, thi bé rong phé dao dong
diéu bién s& 1A 2w,. Phd dao dong
diéu bien duge vE hinh 6.3. 0 ©

Cic dai phit thanh ddng dé | B!
truyén tai tin hiéu am thanh. Tén s6
cao nhat cha phd am thanh @, = 10 | I ' I
" kHz. Mu6n cic dai phat thanh ° 0= o wp=Q ©
khong can nhiéu 14n nhau, thi phé  HINH 6.2, Phd cia dao dong dién bién
cia tin hiéu cdc dai dé khong duge
tring nhau. Mudn vay tdn s séng mang ciia hai dai gan nhau phai cich
nhau hon 2@, tic 1 cdc dai phdt thanh phai cdch nhau trén 20 kHz. Dudi
day s& tinh todn s& lugng dai phdt
thanh trong céac dai séng.

Bing séng trung c¢é tdn s6 tir ]H “
(0,5 + 1,5) MHz. Tan s6 trung binh Il
chia bang 13 1MHz. S6 lugng dai phét ‘“0*"’ "
16i da 13 10%/(20.10%) = 50. Nhu vay ‘—2“ —
& bang séng trung, t8i da c6 thé cho | :
phép 50 dai phdt hoat dong ddng HINH 6.3. Phé ham diéu hoa

_ thoi ma khong gay ra can nhiéu.

Bang séng ngén bao gém tin s6 1 (5 +.1,5) MHz ¢6 thé cho phép
500 dai ciing phédt ma khOng gy can nhiéu: Nhu vay dai séng cang cao,
6 lugng dai phat cang 16n.

6.1.4. Phuong phép diéu blén

- T biéu thic (6.2) ta thiy qud trinh diéu bién Ia qud trinh nhan hal dao
déng tdn 58 thap (Q) va tn s& cao (@) véi nhau. Gid stt ¢4 hai tin hiéu :

U, =Ugcoswgt
U, =(1+ mcoth).
véi oy >> Q, thikhidé:

Uy, = kU U, - (6.6)
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Gia st c6 mdt 1t cuc ma thé ra ti 1 v6i the 161 vao U = a.U,. Déng
thoi ¢6 m6t mach ndo d6 diéu khién he s6 a bién déi tuyén tinh theo U,
a = k.U, khi d6 ta s& thyc hién dugc bo diéu ché€ bien d6. Dé thyc hién
diéu bién c6 thé ding mot s6 mach phi tuyén. '

Mach diéu bién sit dung y€u 16 phi tuyén la diode.

Xét mach dién trén hinh 6.4, trong d6 d 1a yéu t6 phi tuyén, c6 dic
trung von—ampe

i=ag+au+ a2u2 +az0° + ... (6.7)

Hai tin hiéu & 16i vio U va Up c6 dang

U, = Umz cos 2t Uy

voi @y >> , § day o 1a cao tan séng Uz

mang,  la tin 56 thap , U, 1a tin hiéu diéu

ché, Thay u=U 1 + Uy vao biéu thic (6.7), HINH 6.4. Mﬁg:;él{ bién ding
ta- cé

1—5\0+al (U1+U2)+a2 (U +U2) +a3(UI +U2) +.

i= ag + alU '+’alU2 + a2U1 + azUz +23.2U U2 +a3 (Ul +U2 )3 + ...
Thye hién céc phép blén dél don gidn ta c6

i= alU +2a2U U2 + ao s alU2 + azul + 32U2 + zazUle

+ a3 (Ul +U2) +...-
-i=alul[1+'2aﬂu2]+ao+a1U2'+a2(U%+U§)+a3(U1+U2)'3+...

2a )

Dit a—lemz =m,tacod

i=aU, (1+mcoth)+a0+alU2+a2 (U2 +U2)+a3(Ul +U2)
| * (6.8)
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$6 hang dau clia biéu thiic ¢ dang ging bicu thuo (6.6) v6i a, = k.

Bay gi& n€u tich duoc s6 hang thit nhat ciia bidu thic (6.8) va loc bd
phén cdn lai, ta s& duge dao dong diédu bién U/ 4. Ta thdy s6 hang thd nhat
ndy c6 thanh phin phd 1a wy; @y £ Q. Céc phan con lai chia céc thanh
phan phd €, 2Q; 2ay... déu rat xa v6i phé cia sd hang thit nhat. Néu
thay Z bang mot kKhung cong hudng LC song song, véi tin s6 cong hudng

wg =1/ JLC, va ving truyén qua 2A@ = 2€Q2. Khung cong hudng nay s€
chi giit 1ai tin hi¢u s¢ hang thi nhat va loc bo 14t ca cac s6 hang con'lai
cta biéu thic (6.8). '

Mach diéu ché can bing

So dé cha mach didu ch€ can bang sk
dung hai diode dugc biéu dién trén hinh
6.5. Gia sit d, va d, 1a hai y&u 16 phi tuyén
¢6 dic trung gidng nhau

1=ag +alu+a2u2.

. G mot thdi diém f nao do, thé dat
vao d, 12 u;(t)+u, (1) thi the dat vao
d; s& 12 uy (t)—u; (t) Vay dong qua d,
s€ la

HINH 6.5. Mach dibu ché can bing

i\ =ag+a, (1 +u2)+a2(ul ru, )

Hiéu dién thé U s€co gid ri

Uac =Ry
Tuong t, ddng qua d, s& 1 |

ij =ag +a (1 ~u )} +az (v —“1')2

va the Ugp 1

Ugp =Raip-
Gia sit d; vh d, gi6ng nhau, R, =R, =R, lic d6 so dé 1a can Xing va :

Uap =Uac ~Ucs-
Thay céc gid tri clia /| va i, vao he thic trén, ta s& co

UAB = 2Ra2u1 + 4Ra2u1u2'. . _ (6.9)
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Cécithianh phan khdc ty triét tiéu nhau, chi con lai thanh phin chia
* tich uyu, vA u,. Vivay ta s& dugc tin hiéu diéu bien 1y tudng.

Mach diéu ché vong

Ghép hai so dé diéu ché can bing ta s& duoc mach diéu ché vong
~ hinh 6.6. Ly luan tuong tu nhu trén, thé U,p s& chi chifa tich uju, va. u,.

Mach diéu ch& vong cho phép
u; vd u, bién déi trong pham
vi rong hon.

Mach diéu ché st dung yéu
t phi tuyén transistor

Trong thuc t€ mach diéu
ché thudng sit dung transistor,
bdi vi ngodi viec diéu ché
transistor ¢on lam nhiém vu
khuéch dai va tao tin hig¢u cé
cong sudt 1n. Mach diéu ché

Ui®a

Ux%0)

U,(€2)
HINH 6.6. So db didu ché vong

st dung transistor c6 hai loai 1a diéu ché base va diéu ché collector.

Mach diéu ché base

So d6 mach dién v&é &
hinh 6.7. S¢ d6 gém
transistor T 14 yéu t6 phi
tuyén, tin’ hiéu séng mang
cao tn u, (wp)qua bién the
cao tin BT, va tin hiéu diéu
ché qua bién thé BT, vio
16i vao cha transistor T.
Dién tré R, ding dé xéc
dinh diém 1am viéc cta T &
doan phi tuyén bac hai. Tu
dién C; 1a tu truyén, C; la tu
loc cao tdn nham tranh

U{®a}4 -

" +Eee

Uap

T
Uyl6) L) -
Icsv-t_

HINH 6.7. S0 38 didu ché base

U3 |

BT,

BT,

khong cho cao tdn vao BT,. Khung céng hudng lam mach loc, chon ba
thanh phan phé ctia ham diéu bién va loc bd céc thanh phan phé khdc.

221



Hoat dong cha so dé dua vao dac trung phi tuyén /g(Ugg) (ciing cé
thé coi la dic trung phi tuyén cha I(Ugg) Vi I = Bls. Nhu vay viéc diéu
ché & day giong véi diéu ch€ bing diode, trong d6 16p tiép gidp
base—emitter ddng vai trd cia mot diode. Transistor lam nhiém vu khuéch
dai. Chimg minh tuong tu nhu diéu ch€ bing diode, ta thu dugc dong Iy
ciing nhur I ¢6 chia cdc thanh phdn phé : Q, wg, 20, 20q, ©g = Q. Néu
chon thong s6 LC clia khung ¢6 tdn s6 cong hudng :

1
W, =—F—=0
ch \/ﬁ . 0
va c6 vung truyén qua 2Ae = 2Q), thi trong khung s& chi t6n tai ba thanh
phén phé @g vd wg £ Q, cdn céc thanh phédn khic sé bi loai bo. U, s& 1a
ham diéu bién. Diéu ch€ base c6 uu viét 12 tin hieu vira duge diéu ché va
vira dugc khuéch dai. Tin hiéu diéu ché u, (Q) chi cin cong sudt nhé (vi

I3 nhd). Tuy nhién véi cdch diéu ché ndy, chi c6 thé sit dung hé s6 diéu
ch€ m nhé (m = 0,25). Khi m 16n s& gay méo tin hiéu diéu bién vi ving
phi tuy€n hep. Hon nifa tin hi¢u diéu bién thudng c6 céng sust nhé, cén
qua cdc tang khuéch dai cong sust. Dé bio dam tin hiéu khong méo thi he
s6 m phai di nho.

Mach diéu ché& collector

Dé thuc hién didn ché€
- collector, ta s& sit dung dac trung
phi tuyén I(Ucg). D€ tranh phai
sit dung céc tdng khuéch dai tin
hieu di diéu ché (Ug), diéu ché .
collector thudng duge sit dung & .
tdng cong sudt cy6i cling cha .
mdy phdt. So d6 mach duge din
ra & hinh 6.8. _ _

Hoat dong cha so dé dugc -
trinh bay sau day. Tin hiéu cao . HINH6.5. So a8 diduché collector
tin séng mang cao tin u; (wg) |

dua qua bi€n thé BT truyén qua tu C, vio base cia transistor. Tin hiéu
nay dugc khuéch dai 1én va tao ra d collector hodc trén tré R mot thé séng
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mang wp ¢6 bién do 16n hon u, (@g) & 16i vao. Tin higu u, (Q) dua qua

bién thé BT, vio mach collector. Dya vao dic tru’ng phi tuyén cua -
I1(Ucg), ta ciing rit ra dugc dong I ¢6 phé phic tap nhu cic trudng hop
trén. Khung cong hudng LC c6 tdn s6 cong hudng oy, =1/ JLC = o
va ¢6 viing truyén qua 280 =20 $& loc ldy ba thanh phin phd wp va og
+ 0 va loai bd céc thanh phan khéc.-Tin hiéu 16i ra chinh la Ugp- Trong
mach dién c6 sit dung tr& R dé ban doc dé thay rang trong mach collector
¢6 hai tin hieu 1a u, {0g) va u, (Q) mic n6i tiép. Trong thyc 1€ khong -
cdn méc thém dién tr& R bdi vi th€ wén collector chinh la u, (mo) dugc
khuéch dai lén. Tu C, ding dé doan mach thanh phdn cao tin wg khong

cho thanh phan nay lot viao BT,. Dién trd R ding dé khir cdc dao dong ky
sinh c6 thé x4y ra, anh hudng dén tin hiéu.

Pidu ché collector, tranh dugc cé¢ nhuge diém cua diéu ché base,
c6 thé sau dén mitc m = 0,4 va hon nita. Nhung nhuogc diém cta phuong
phép nay 12 phai ding bi€n th€ cong sust BT,. Cong sudt cha bién thé nay
phai bang cong suit cia tin hidu diéu bién. The 16i ra cla bién thé ciing
phai di1 16n méi cé thé thuc hién duge diéu ché nay. Vi vay phuong phip
nay chi diing cho céc tram phét ¢6 dinh cén chat lugng cao.

6.2. PIEU TAN, PIEU PHA
6.2.1. Khai niém vé diéu tan, diéu pha
Gia sit ¢6 dao dong cao tdn didu hoa :
U(t) = Ugcos(@pt +9p) -
v6i Ug, 00, 9o 1a cc hing s6. X(t) 12 tin hiéu c6 tén s6 thap.

Néu 1a giit nguyén 'UOI\'!& 1am cho tdn s& cla dao dong cao tan bi€n
~ d6i theo quy luat cha X(t) ta s& c6 tin higu diéu tin. Tan s6 clia tin hiéu
diéutdncédang: . : ' .

o(t) =0y + 20X ().
Tin hiéu diéu tdn s& c6 dang :

U, =U, cos[(mo +Am.X(t))t+q)0] __ (6.10)
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Néu ta giit nguyén Uy va cho pha clia dao dong bién thi¢n theo quy. |
luat ctia X(t) ta s€ c6 tin hi¢u diéu pha. Pha cta tin hi¢u khidésela:

o(t) =g+ bpX(t)

Tin hiéu diéu pha s€ c6 dang :

Ta d3 thdy ring d6i véi ham diu bién thi X(t) 12 mot thira s& nhan
v6i U(t). Con d6i véi trudng hop diéu tdn va diéu pha & day thi X(1) nim
trong d6i s6 ciia ham cosine. Theo dinh nghia

_do
o{t)= &
cho nén déi v6i tin hicu diéu pha tdn s6 gbée w(f) bién déi theo quy luat :

dX (1)
& (6.12)

Nhu vay 13 khi diéu pha, tdn s6 bi thay d8i ty 1& v6i dao ham bac nhat
ctia X(t) theo thoi gian.

D6i v6i tin hiéu diéu tdn, ta c6 thé viét :
Uy =Ugcosp(t)

véi @ (t) 1a pha tc thdi cia dao dong. Ciing tir dinh nghia ciia tdn s6 goc

d
0)(t)=ﬁ('r—=(00+A(P.

o(t)= %(%’ ta c6 hé tim biéu thitc cia pha @ (t) va ham Ug nhu sau :

o(1)= ';[0_3([) dt = ;n-_coo + Aco.X(l)]dt

L
o(t) = ot + Aw X (t)dt + corist,
0

1 .
Uy =Yg cos[mot+AmIX(t)dt+oonst} (6.13)

Nhur. vay, khi diéu tdn khong nhimg tdn s6 bién déi ma ca pha cia tin
hiéu ciing bién ddi ty 1¢ véi tich phan ctia ham diéu X(1) theo thoi gian t.

Tir nhitng phén tich trén, ta thdy diéu tdn va diéu pha ¢4 quan he véi
nhau. Chi céan cho tin hiéu diéu tan qua mach vi phan ta s€ nhan dugc iin
hieu diéu pha, cdn khi cho tin hiéu diéu pha qua mach tich phan ta s€
nhan dugc tin hiéu di€u tdn. '

224



6.2.2. Phé cua tin hiéu diéu tin, diéu pha
Xét harn diéu c6 dang :

X(t)=cosn

Thay ham nay vao (6.10) va (6.11) ta c6 :
Uy =Ugcos |:m0t+%slin QH—(pO] , (6.14)
Ugp =Uyp cos(m0t+mp.cos Qt+(p0) ' (6.15)

Pat = Aﬁm 12 hé s diéu tdn va A¢ 1a hé s6 diéu pha.
Phé cia dao déng diéu tan
D& don gian ta coi ¢ = 0, bidu thifc (6.14) s& c6 dang :
Uy = Ug cos (oot +Bsin Q)

= Ug [ cos (aqt).cos (B sin Qt) - sin (ot ) . sin (B sin Q)] (6.14)
Khai trién (6.14) ta s& thdy phé cia dao dong diéu tin 13 vo han.
" Nhung ham Bessel gidm nhanh khi # gin bing B (# 1a thi tu cdc hoa ba
clia phd). Khi n>P thi tri s6 chia ham J () rat nhd va cé thé bd qua.

Néu bb qua céc thanh phan phd c6 bién dé nhd hon 0,01 va méi dai bién
d6 c6 2n vach phd thi bé rong cha phé 1a 2nQ. Thuc 1€ B >> 1, khi d6 c6

thé coi n~ P (khi J,(8) = 0,01). Vay bé rong phé sé 1 :
' 200 = 2BQ = 2Am
Bé rong ctia phé dao dong di€u tdn, khi § >> 1, khOng phu thuoe vao Q.
Phé ciia dao déng diéu pha
Ta thdy hai bidu thic Uy va Uy, chi khéc nhau v& he s6 diéu ché.
Do vay, néu thay B bing A ta c6 thé nit ra nhiing két luan tuong tw nhu
khi khao s4t phé cta dao dong diéu tdn & trén. Khi Ag >> 1, bé rong phd

cua dao dong diéu pha sé 1a 2A9.Q. Bé rong phé cla dao dong diéu pha

phu thude vao Q. Trong khi d6,  bé rong cha phé dao dong diéu tan chi
phu thudc vao Ao, tic la chi phu thudc vao bién dé cha ham diéu.

So sédnh vdi diéu bién c6 bé rOng phé 12 2Q, thi bé rong phd cia dao
dfmg di€u tdn 16n hon B ldn va cla dao dong diéu pha 16n hon Ag l4n.

Tuy nhién ngudi ta da ching minh ring hé s8 tap 4m trong diéu tdn giam
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_ ]
8% 14n so véi diéu bién. Chinh vi tinh chéng nhiéu t6t nén diéu tdn duoc
si dung trong thong tin chat lugng cao, Tuy nhién vi bé rong phé 16n,
diéu t4n va diéu pha chi duoc si dung & séng circ ngin.

6.2.3. Phuong phap diéu tin, diéu pha

Phuong phdp diéu tin

Ta bi€t rang khi thuc hién diéu bién, mach diéu ché€ 13 mach téch
- riéng v6i mdy phét cao tin séng mang. Tin hiéu cao tin vi tin hiéu diéu

ch€ tan s& thap cling dua vao mach diéu ché rieng. O 16i ra caa mach nay
ta dugc tin hiéu diéu bién. :

D6i véi dicu tdn, viéc diéu ch€ phai dugc thue hién ngay trong mdy
phét cao tdn séng mang. Ta biét ring tdn 5§ clia may. phét cao tan do
thong s6 cha khung cong huéng LC quyét dinh : o, =1/vLC. Muén
thyc hién dicu tdn cin phdi lam cho C hoac L bi€n déi theo quy luat cha
ham di¢u. Mudn vay phdi dua vao khung moét yéu 6 L hoac C ma tri s6
cha né duge diéu khién bsi ham didu. Ngudi ta thudng sir dung yéu t8 d6
1a dén khéng va dién dung cla 16p tiép gidp p—n. Chinh vi vay ¢ hai
phuong phip diéu tdn co ban sau day. _

Phuong phdp diéu t4n sit dung dén khéng.

B
2

b} So a4 dign dung tuong dudng,

ctd = SR.C

o c

B«
. E
'c) So dé dién cdm twong - d) Sod6 digncém ) So &b dign dung

duong, tuong duding, - tuong duong,
Lig=LARS). L= (RCYS. Cig = (L.SYR

HINH 6.9. Céc 50 d8 dén khéng

226 15-vTOT-B



- Pén khang 12 mach dién sir dung dén dién tir hodc transistor maéc theo
so d6 wong duong véi mot dién cam L hay dién dung C ma gid tri cha nd
¢6 thé diéu khién duoc bang mot dién thé & 16i vao.

Xét mach dién hinh 6.9a, thay transistor T bang nguén dong I va goi
S 1a do d6c cha dac trung I(Ugg) : '
dic

S=dUBE'

Tai diém bat k¥ cha dic trung ta ludn cé :
ic = SIJ.BE
Téng trd khdang clia mach ABla:

Ieg

Néu chon I >> I, thi Ic ~ Ieg va
. Tusodbtacd:

Vay - - R

oy IZ@+ZBE [_FZCB} - (6.16)

Tir (6.15) ta thiy Zcg gém hai thanh phn 13 trd va khing méc ni
Epla Ry va Xy: o IR
'ZCE = Rl.d +Xtd*

trong d6 Ry -1 I3 tr& thuéin con X4 = lé-ci Néu Z

»>1 thi khx
8 S Zpg

BE
dé ‘Xtdl>_> Ry VA Zcg rhang tinh chét clla X,4. Mudn vay thi
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lZCB ‘ >> ‘ZBEl va trong thuc t€ ciing chon nhy vay. Tir k&t qua nay, n€u
" méc mach nhu hinh 6.9b thi :

. 1
2oy = Goe
X 1 1 _ 1 1

¥ =5 JoRC joSRC joCy

Nhu vay doan mach CE mang tinh dung khdng va cé dién dung 1a
C,4 = SRC. Vi Cy4 c6 chifa S nén ¢6 thé didu khién dugc tri s6 coa né.

Gia slr chon diém lam viéc & doan phi tuyén bac hai cha Ic(Upg) vi tac
dung X(t} vao B-E, khi dé6:

Ic =ag+2,X(1)+ a,X* (1)

| dle
S= dX(t) — al + 2a2X (t) |
C,y = SRC = RC[ 3, +22,X (1)] (6.17)

Nhu viy C,q4 bién di theo ham X(r). Mudn thuyc hién diéu tdn chi cén
mic hai diém CE song song vo6i khung cong hudng ciia mdy phat va cho
ham diéu vio BE ca so 46 6.9.b. Ching minh tuong ty ta s& rit ra : voi

so d6 hinh 6.9.c s€ 1a dién cam tuong duong L4 = ELS- (véi oL >>R),
o . _RC 1\ s o

hinh 6.‘__9.d 1a dien cam tuong duong L = < (v6i R >> R—), va v6i 50
46 hinh 6.9.¢ 1a dién dung twong duong :Cm = %s (v6i R >> oL).

Phuong phap sit dung dién dung 18p tiép xic p—n

Ta, biét ring, tai 16p ti€p xdc p-n cha diode bén din hinh thanh mot
dien dung. Gid tri cha dién dung nay phu thugc vao dién the dat vao hai
cuc cha diode. Ngudi ta sit dung tinh chdt nay dé ch€ tao ra cdc diode
bi€n dung goi 1a varicap. Varicap duge sir dung nhu mot tu dién co dién
dung bién d6i. Hoat ddng cia varicap dya trén sy phu thudc cua dién
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dung 19p tiép xic p-n vao dién Cut
thé phan cuc ngugc dat vao hai
ddu cha diode. Dic trung

C,{X(D)

Cy(U) ¢hia varicap v& @ hinh
6.10. Cy n6i chung bién ddi
phi tuyén theo dién thé dat vao.
Khi s& dung varicap dé thuc
hién didu tdn cin chon doan
dic trung c6 do dbc 16n va ;
tuyén tinh nhu diém M 1irén G/
hinh-6.10. Khi tic déng ham '
didu X(t) thi Cy ciing bién ddi
theo quy luat X(t). Vi Cy bi€n

HINH 6.10. B&c tnung C{U)

déi trong pham vi rong nén khi sit dung Cy trong diéu tdn dé thyc hién
bién déi tdn s6 trong pham vi tuong d6i 1on. Ngay nay ngudi ta thudng st
dung Cy trong cdc mdy phat diéu tén. :

So d6 cha may phét diéu tan st dung varicap-dén ra ¢ hinh 6.11. May
phét méc theo so dd hd cam. Vi C; cé gié tri 16n, C; >> Cy, nén c6 thé

coi Cy dugc ndi song son vGi dién
v g g +Ecc

1 .
1t ¢
U,

cim L, tao ra khung cong huong song
song. Tdn s6 cha mdy phat

m_z,/l_cv M

d s L 1 . s’ LG R3
Trd R4 va bién trd R, tao ra dién the
E mot chiéu dé phin cyc &m cho & I
varicap. Th€ E dinh diém lam vi¢c cho =

varicap vi d6 1a diém M trén hinh 6. 10. HINHE.11. ﬁrScmvej may phat diéu tén
d .
Ham diéu X(t) qua tu C, tdc dong vao su dyng vancap

varicap, tao ra thé U, bién déi theo ham didu. Do d6 Cy bién déi theo
ham diéu vA 1am cho tin s8 clta mdy phat cling bién déi theo ham diéu.

Khi X(t)=0, Cy = Cyg. lic d6 tén s6 clia may phat la_coo =

1
JLCvo
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Tén s6 oy la tdn s§ séng mang cao tdn. Khi X (t) =0, tin s§ clia mdy
phat $& bién déi theo X(t). Trong mach sit dung trd Ry 6 tri s6 16n hémg
tram k. Muc dich ding R, 16n 13 d€ din dugc thé mot chiéu E vao
Varicép, song lai tranh cho varicap khong bi néi song song véi trd R, ¢6
- tri 56 nhd. Néu khéng cé R, thi varicap (hay khung cong hudng) s& néi
song song v6i tr&d R, 1am gidm d6 phdm chét Q cia khung, gay mat &n
dinh tén s6. Thuc t& R, c6 gid tri 16i 500 kQ.. |

May phét diéu tdn c6 tinh chéng nhiéu cao, do d6 dung trong thong
tin lién lac va phét thanh dat chdt luong rét t6t. Tuy nhién, vi phai diéu
ché tryc ti€p vio ting dao dong nén anh hudng dén do én dinh tdn 56
séng mang. Do tuong tic cha ham diéu X(t) vi khung lam tdn s6 s6ng
mang w, bi xé dich chit it. Do c6 d¢ di tan chdt lugng thong tin bi anh
hudng va viec khic phuc 13 rat khé khan. Khé khan bdi vi ban than diéu
t4n 1 tin s bi€n déi, d6 di tén ciing 1am tin s& bién d6i. Khong thé phan
biet dau 12 sy bi€n ddi tdn s6 do tdc dong cla ham diéu, dau 1a do di tin
séng mang. Phuong phédp khéc phyc hién nay la st dung vong bam pha.
Vong bam pha c6 thé 12 bo tich séng tin hieu diéu tdn. Tin hi¢u sau khi
tach séng dugc cho qua bo loc tan s6 rit thdp. N6 chi cho qua nkifng tin
hiéu bién ddi cham. Ta bi&t ring d¢ dich tin s6 séng mang ©g XAy ra rit
cham. Con sy bién ddi tdn s6 do téc dong cha ham diéu xay ra nhanh
hon. Vi vay qua bo loc tdn s rdt thdp, nhimg bién d6i nhanh twong ing
v6i tdc dong chia ham diéu déu bi loc hét. Tin hi¢u con lai chi 1a tin hiéu
bi¢n déi cham dac trung cho sy dich tdn clia wy. Ding the sau bo loc dé
téc dong vao varicap kéo tdn s6 &g vé gi4 tri ¢ dinh.

Phuong phdp diéu pha

Vi dao dong diéu tdn va diéu pha cé lién
quan mat thi€t dén nhau nén c6 thé sit dung bo
diéu tdn dé thuc hien diéu pha. H¢ s& dicu tén
1y 1& véi tich phan ham diéu, cdn hé s6 diéu
pha thi ty 1¢ v6i ham diéu. Do d6 chi c4n cho
dao dong diéu tin qua mach vi phan hinh 6.12, HINH 6.12. Mach vi phén

& 16i ra ta s& thu duge dao dong diéu pha. chuy i’;:: 3:2:: g;fau tén
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Ngoai ra c¢6 thé ding mét s8 phlidng phdp khdc dé diéu pha vi du nhu
diing mach RC va cho R bién d8i theo quy luat ham diéu X(t).

6.3. TACH SONG DPIEU BIEN

' Trén ta da khéo sét qud trinh didu ché tin hiéu, d6 1a qud trinh gli tin
hiéu tdn s6 thdp vdo séng cao tén dé truyén di. Qud trinh di€u ché, thuc
© chét 1a chuyén phé tdn thép cha tin hiéu vé phia tan s6 cao. O noi nhan,
firc 12 cdc mdy thu, phii thyc hién qud trinh tich tin hiéu tan s6 thap ra
khdi séng mang cao tdn dé st dung. Qud trinh d6 goi la qud trinh tdch
séng hay giai diéu. Gidi diéu thyc chét 13 qué trinh hoan phd, tic la
chuyén phé tin hidu cao tdn trd vé phé, tdn s6 thap ban ddu cua nd. pé
thuc hién qué trinh tich song, ta dung mach dién chia y&u t6 phi tuyén 12
diode ban din hodc transistor. “

~ 6.3.1, Mach tich séng ding diode ban din
So d6 mach tach séng ding diode bdn dan vé trén hinh 6.13.a.
' u,m

' IR IR ARIAY
- UAD _ __ . R 8K N

TR A
BRI 111

' 2) S0 46 téch s6ng diéu bien - b) Dang tin hiéu 16 vao
ding diode : - . valdira

HINH 6.13. So 06 va dang in hiéu & mach tach song diéu bién

i———
[——
-7
=
——
—
::-T';'-"
'7'

gy ¢

C T

| - Trong so do diode d 12 y&u t6 phi tuyén, dic trung dugc bidu dién bdi
biéu thiic : L : o

i=a0+alu+a2}_12_+... .

RC Ia mach loc, diing d€ tich cédc thanh phﬁri_cao tdn va tin thap. Tin
hiéu 16i vao 13 dao dong diéu bién : - : :

UV = Udb = UO [1 + m. sin Qt].Sinﬁ)ot
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Ta c6 thé gii thich hoat dong clia so 46 mot céch don gian nhu sau.
Gid sir trong mach chua méc tu C. Khi U, & ban chu ky duong, d thong,
dién tr& Ry << R nén U, = U,. Con & nira chu ky am, d cdm. Ry>> R, U,

— 0. K&t qui 12 thé & 16i ra chinh la th¢ U, cét di phdn am hinh 6.13.b.
Néu ndi tu C vio, & nira chu ky duong C'nap nhanh qua diode, con nira
“chu k¥ am C phéng cham qua R (that ra khi d thong C nap, khi d cam C

phéng). Két qua U, ¢6 dang gdn giéng véi bao hinh cia Ug, Chon Cva R
thich hop, dang tin hiéu ra s& rat gidng vdi bao hinh clia Uy, tic 12 tin higu
4m t4n cdn 14y ra. Khdo sat chi ti€t hon s€ rit ra diéu kién chon C va R.
D6i v6i d, ta chi chii ¢ dén thanh phédn bac hai va dat :
I= azuz ’

Thay # bing Uy = Ug[1+m. sin Qt].sin oyt , tinh duoc

UZ r ' 2
I-=az—2~0—{1+2msith--n;—coth-[l +-n~;—]0052m0t

2 . 2
— 24.. cos 2(@— )t + E;— cos 2{m + Q)i

_msin(ZmO—Q)t—m_s'm(Zmo+Q)t } | (6.18) |
i=ag +a|u+I

Ta th&y phd clia dong dién i gém Q 20, a)0+ Q; 2yt Q; 2w+ 29,
Céc thanh phén phé dugc mo ta bang phé vach hinh 6.14.

- 205+Q

. N

Q 20 w2 P wgrQ 20,-2Q T 205+20 @

HINH 6.14. Phé vach ciia tin hiéu I5i ra

Tir két qua tinh ton, ta thdy mach di¢n lam xudt hién thanh phdn phé
tdn s6 thap Q. Nhu vay mach dién da thyc hién dugc qud trinh chuyén

phd cao tdn ctia ham diéu bién vé phé tdn s& thdp cha tin hi¢u ham diéu —
mach da thyc hién qua trinh hoan phd.
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Diéu kién d€ mach loc RC tich thanh phén tén s6 thap Q va céc thanh
phén cao tin : ' :

1 1 ‘
oc >> R >> EOE _ (6.19)

Né&u mach loc thda mén diéu kién (6.18) thi 14t ca céc thanh phan tin
$6 cao tir g trd 1én hau nhw qua C xuéng d&t ma khong qua R. Con thanh
phén tin s6 th&p Q héu nhu qua R ma khong thodt qua C. Tin hiéu l1dy ra
teén R 12 tin hiéu tdn s6 thap cdn thiét. Tuy nhién trong thanh phén phd
con c6 2 d6 1a thanh phdn gay méo. Vi 2Q rat gin Q, nén thanh phéan
2Q) ciing tén tai trén R v2 1am méo tin higu. Nhin vao biéu thic (6.17) ta
thay thanh phdn phé Q ti 1& v6i m, con thanh phén 2 ti le vc’ri_mz. Muén
giam thanh phin 2Q phai chon m << 1. Tuy nhién khi gidm m, hiéu suat
phat khong cao. Ngudi ta thudng chonm =0 +0 4. _

" Ta ciing c6 nhan xét 12 néu u cang 16n thi bién do cia dién 4p s€ roi
vao ving tuyén tinh. Lic d6 thanh phan bac hai giam va it gy méo hon.
Ché d6 tach séng nay con goi 1a tich séng “tuyén tinh™.

Diode ding trong mach tich séng thudng 12 diode diém. Loai nay c6
tr nguge 16n va dién dung Cp, nhd nén it dnh hudng dén téch song.
Thutmg R, phai 16n hon rdt nhiéu so véi tr& nodi clia diode khi thong,
R, >> R} . Diéu nay khé thyc hién, vi sau tdng tdch séng 13 cdc tdng
khuéch dai transistor. Trd vao cla transistor ciing chi c& 1 k. Vi viy hé s6
truyén dat ciia bo téch séng chi vio khoang 0,5-0.6. Dé ting hiéu suat sit -
dung tin hiéu c6 thé ding mach tich séng hai nira chu ky sir dung hai
diode. Mach dién gidng mach chinh luu hai ntra chu ky.

6.3.2. Tach song diing transistor

Khi sit dung transistor d€ tach séng c6 thé thuc hién tich séng base
va tdch s6ng collector. .

Déi véi tach séng base, sit dung dac trung Iy = f(Ugg). Dac trung nay
~ ciing phi tuyén nhu dac trung cla diode. Thuc chat clia tich séng base
gidng véi tdch séng diode, nhung vi sir dung transistor nén tin hiéu dugc
khuéch dai 1&n. Tuy nhién tich sdng kiéu nay ciing khong duge hiéu qua.

Tich séng collector 1a téch séng dira vao tinh phi tuyén cla dic trung
Ie = f(Ugg). Thue ra phai goi 12 téch séng collector-base. Nhung vi tin
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hiéu 14y ra trén collector nén thudng goi 12 tdch séng collector. So dd tach
séng collector dugc dan ra ¢ hinh 6.15. So d6 4t giéng véi so d6 khuéch
dai nhung diém hoat dong chon &

+Ecc
" viing phi tuyén. Vay trd Ry va Ry, Ro1 Re

phii tao ra diém hoat dong cua & ' J_
transistor ¢ ving phi tuyén. Tach - T_I c,
séng collector ¢6 thé skt dung hai ché lf"b Roz T
do : tich song ché do A va ché 46 B. ' as

Téch séng ch€ do A chi sk dung khi =
tin hiéu vao nhd va hidu qua khong  HINH 6.15. So d6 tach sang collector
cao. Tich séng & ché do B dugc sk

dung véi tin hiéu 16n. Khi tin hiéu 16n thi bién d¢ tin hiéu roi vao vung
tuyén tinh (trong khi diém hoat dgng vin & vang phi tuyén). Do d6 tin
hiéu sau tich séng khong bi méo. Muén hé hoat dong & ch€ do B, diém
hoat dong chon diing bang thé md cia transistor.

= |
LA

r

L—-—C—-—O-

Gia sit dac trung I = f(Ugg) ¢6 doan phi tuyén bac hai
IC = So + SlUdb + SZU%“J' |

Tinh todn twong tu nhu trudng hop tich séng diode g trén,’ta s€ ¢ I¢
chita céc thanh phin phd Q, 2Q, @ + O 209+ Q; 200 + 2Q. Tré R vita
13 tré tai cha tdch s6ng vira tham gia khuéch dai. € la loc. Néu thoa
min diéu kién :

1

' ———>>-R >> 1
Qc, C 7 Cy

thi t4t ca c4c thanh phﬁn'tﬁn s8 cao déu bi thodt qua C; xudng dat. Trén
R s& 16n tgi thanh phén chia va 2Q. Trong so'dd C; 12 tu truyén cic
thanh phdn cao tdn nén chi cdn gid tri'nhd (khoang vai trim pF), con tu
C, dé truyén tin hi¢u tdn s6 thép nén tri s6 khoang 5 dén 10 uF.

6.4. TACH SONG TiN HIEU DIEU TAN
Tin hiéu diéu tdn c6 dang

Uy =Ugcos [coot + _Aﬁog_ sin Qt + (po]
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v6i ham didu X (t) = cos Qt. Mudn téch ham diéuX (t) ra khoi dao dong
cao tin ta khong thé chi. ding cdc yéu 16 phi tuyén nhu diodg v
t_ransistor. Bdi vi dao dong didu tin chi c6 tAn sG bién-d6i xung quanh tin
s6 séng mang @, con bién d6 khong déi. Vi vay bd tach séng dao dong
diéu tdn gém : . '

Mach tuyén tinh : bién dao dong diéu tdn thanh dao dong diéu bién.
Ngudi ta thudng sit dung khung cong hudng LC (tt nhién 1a ciing c6 thé
stt dung mach RC hay RL). - :

Mach tich séng dao dong diéu bién.

Sc do ma_lbh tach séng dao dong diéu t4n dén ra & hinh 6.16. Khung
cong huéng LC bién dao dong diéu t4n thanh dao dong diéu bién. Gia su khung
¢6 tin s6 cong hudng ©g, = 1/\[1_,_(':‘ vi c6 dic trung tdn s& hinh 6.16b. Néu
dao dong diéu tan co tdn s6 séng mang nim & doan d&c cia dac tuyén
(diém M). Khi tén s6 cha dao dong diéu tan bién d6i thi bien do thay doi
theo. Vi vay th¢ trén khung s& 1a dao dong vira diéu tin vira diéu bién. Vi
t4n s6 chia dao dong diéu tin bién ddi theo quy luat ham dieuX (t), nén
dao dong diéu bien ciing ¢ bién do bién déi. theo quy luat ham
diduX(1)., | ut

m e b
" g .
ol

-

a) Sd 48 mach tach séng didutan )P daold(mg didu tan
: ' thanh dao dong diéu bién

HINH 6.16. Bg tach song didu tn
Diing mach téch séng dao dong diéu bién gém diode d va mach loc
RC ta sé thu duge tin higu tuong ham diéu. '
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Vi doan tuyén tinh clia dac tnmg tan s§ rit hep nén hiéu qua tich
séng khong cao. Ngudi ta mé rong vung tuyén tinh bdng cich dung hai
khuag cong hudng song song méc ndi ti€p véi nhau. Tuy nhién phuong
phdp ndy vin chua that hiéu qua. Trong thuc t€ ngudi ta sit dung cdc bo
tach séng pha, tdch séng ty 1&.

Tdch séng pha '

So d6 mach téch song pha din ra & hinh 6.17. Khung cong hudng
L,C, va L,C, diéu chinh cong hudng & tdn s6 wy cla Uy, L, 12 cudn co
tri s6 16n va khong tham gia khung céng hudng. Do hd cdm nén L, cb
dién thé U,, trén L, c6 thé U, do C truyén sang. Ly n6i vao gitta L, nén
thé dat vao d; giasirla:

- o G,
thi
Ug =01 -

Khi khong c6 diéu ché thi o4 = 0y, L,C; va LC; déu [a thudn g,
I, déng pha véi U va sém pha 90° so véi T . Khidé [Ty, | =10, |, vay
U, =1k, -L,R, =0 -

Trutmg hop c6 didu ché g, # @, hai dien theé U;va U,c6 do lech
pha va U _=#0. D¢ lgch pha lai bién déi theo tin s6 o, . Khi
04 < 0gthi pha @ <90°vA khi oy cng gidm thi gidm theo va [Ty |
cang ting con lfjdzl cing gidm, khi d6 U, > 0 va cling tang theo.

+E
Khi o4 > oy, ¢> 90% va -

1
\ﬁdl| < lﬁdz\ thé U, <0. Khi L ﬁ

¢ .T_

— s
"
—
N

o4 cang tang géc pha cang

ting, ll_jd]| cang ting coOn

|Og,| cang gidm va U,sE gj——iclr——
cang giam. Ug,

HINH 6.17. Sa 8 tach song pha

236



Vay U, bién déi theo oy, tic 1a U, c6 dang tuong ty nhu ham diéu
X (t) §] day d, va d; van lam nhi¢m vy tach séng diéu bién.

6.5. DO TAN

6.5.1. Khai niém vé ddi tan

D6i tdn hay bién tan 12 qué trinh bién ddi tan s6 cha tin hieu sang mot
tAn s6 khdc. Tan s6 méi cha tin hiéu co thé cao hon hodc thap hon tdn s8
cii cita tin hiéu, nhung thudng 12 thép hon. Qué trinh d4i tén 13 qud trinh
chuyén phé. Trudng hgp cdn tin s6 méi thdp hon tn s6 cii, phai thuc hién
chuyén phé cta tin hi¢u tir phfa tdn s cao xudng phia tan s¢ thdp. Qud
trinh chuyén phé khong duoc 1am mat di cac thanh phén phd cta tin hi¢u.
Diéu d6 c6 nghia la trong qué trinh chuyén phé, chi tdn s0 1a thay déi,
con quy luat hodc dang cba tin hiéu phai dugc gilf nguyén.

Cic bo d6i tin déng vai trd quan trong trong cdc méy thu thanh, thu
hinh, thu radar. N6 cho phép chuyén céc tin hi¢u thu dugc tir antenna ¢
t4n s6 rit cao vé tén s6 thip hon nhiéu. Chéng han véi méay thu thanh, khi
hoat dong & dai séng ngan cé tin s6 trong khodng (5 + 15) MHz, bo déi
tdn chuyén ddi ching thanh tin hi¢u trung tdn ¢6 tdn s6 465 kHz. Ta biét
" ring tdn s6 cang thip cing d& khuéch dai va dé dat dugc 40 khuéch dai

16n. Hon nifa viéc chuyén céc tin hiéu c6 tdn 56 bién déi trong mot pham
vi rong nhu the vé& mot tén s6 c6 dinh r4t thuan lgi cho viéc ch€ tao nhiéu
tdng khuéch dai trung t4n lam tang do nhay clia mdy thu. Ngay nay céac
méy thu déu thuc hién theo nguyén tic nay, ching dugc goi 12 may thu
déi tan. '

Tin hiéu thu dugc tir antenna clia cdc may thu nay ¢6 thé 1a tin hiéu diéu
bién, diéu tin, diéu ché xung. Sau khi déi ching thanh tin hiéu trung tan thi
tin hiéu trung tAn vdn phai la tin higu diéu bién, diéu tdn, diéu ch€ xung.

Gia st 6 tin hiéu cao tan :
U(t)= A(t).sin ot
bien do A1) c6 thé 12 hing s6 va ciing c6 thé 1a bién ddi theo thdi gian £,
Chang han, n€u U(t) 1a tin higu diéu bién thi:
A(t)=Ug (1+msinQt).
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Khi déi 14n s6 cha tin hiéu tir © thanh ®,, tin hi¢u mdi s& c6 dang :
U, (t) = Uy (1 + msin Qt)sinot.

Nhu vay chi o déi thanh @, con bién d¢ vin giif nguyén quy luat bién
ddi cha né. Tin s6 o, c¢6 thé 16n hon hodc nhdé hon @. Nhung thudng thi
(.0'] < .

Ta bi€t rang khi cho hai tin hi¢u c6 tan s6 ®, v ® qua mét yéu t4 phi
tuyén, thi & 16i ra s& xudt hién tin hiéu c6 chia thanh phdn phd © + o, va
® — @, vd-cdc thanh phdn phd khdc. Néu dung mot bo loc dé chon mot
trong hai thanh phdn phd trén, ta dd thyc hién dugc qué trinh déi tan.
Thudng ngudi ta chon thanh phin o — ©,.

' Vay bo tr6n tdn phai c6 mot y&u t6 phi tuyén, mot b loc, va mét mdy
phét. Dé bdo dém quy luat bién ddi cia tin hiéu cdn déi tdn, may phit
phai tao ra dao dong cb bién do khong déi, ¢6 tdn s6 sai lech véi tan s§
cdn chuyén déi nhung ding bing tdn sd cdn chuyén dén.

~ 6.5.2. Cic phuang phép déi tan_

Mudn déi tdn phai sik dung. y&€u t6 phi tuyé’n Yéu 16 phl tuyé’n thudmg
su dung la diode ban, dan va transistor.

B¢ bién déi tdn sé bang diode
So d6 bo bién di tdn ding diode trinh béy & hinh 6.18. Mach dién

gbm cé ledC d 13 y&u t6 phi tuyén cé dic tung: d
b
’ L)
i=ay+au+ azu2 +os (6 20) U,
vA Z 1 mach loc ding dé chon tdn s6 cdn thiet. . z
2

G 16i vao cla mach cho ha1 tin hleu U \ val,

c6 dang : HINH 6.18. Bo d6i t&n

U (t) = U sinoyt R  dimg diode
U2 ( ) U2 sin (02[
véi U,(7) 12 tin hiéu cdn chuyén déi tdn s6 va U,(¢) 1a tin hiéu 1y ra w

may phat trong hé. Thay u=U; +U,vao (6.19)tacé:
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i=ag+a (U +Uy)+a, (U +U Y+
i =ay+a,U; +a,U, +a,Uf +a,U3 +2a,U U, +
Ta chi chii ¢ dén s6 hang 2a,U,U, va dat I=2a,U,U,, khi d6:
I =2a,.U,; sinot.U, sinw,t '
= a,U U, [ cos(w; — o, )t —cos (o) + ;) t].
Vay I chia hai thanh phén phﬁ ®; — 0, VA @, + ®y. Céc thanh phén
cdn lai ¢6 phé 12 0, 20,; @,, 20;.
Néu Z 12 khung cong hudng LC song song c6 tin s6 cong hudng :
Dch =1/J1C = o -,
lhi trong kKhung chi t6n tai thanh phin phé tuong tng véi (0 — 0z) va
U, = Z,g2,U U, cos (@) -0 )t

vél 7.4 12 tr& khdng & cong hudng cia khung c6 gia tri ¢6 dinh. Néu U, c6

gid tri ¢ dinh thi bién d6 cta tin hi¢u 16i ra giéng voi quy luat cha Uy,
chi nhan theém véi mot hing s6. -

3 day cdri ¢6 dléu kién 12 ©; — ©, phai cich xa ®; vi @, mot khodng

16n hon g1a1 thong clia khung. C6 nhu vay cdc thanh phin o, va @, mdéi
khong. 1ot vé.o khung. D6ng thdi khung phéi ¢ vung truyén qua bao dam
phd clia U.

Néu U, 1a tin hleu dléu bién th1 U, vin la ham diéu bién chi khéc c6
tdn s6 12 @y —0,. . Phé clia tin higu diéu bién c6 chita ®,, ® — . Trudng

~ hop tin hiéu diéu ché 1a 4m thanh thi 240 = 2Q vio khodng 20 kHz. Tén
‘56 trung tdn ciia méy thu didu bien quy dinh 12 465 kHz, khl d6 d6 pham

Q= (o -0,) 465
Tyriay v 20
Néu U, 1a tin hi¢u diéu t4n, bé r{mg phé 1a ZBQ Vi gid tri cta fldn

¢& 15, nén bé rong clia phd 16n dén hang trim kHz. Chinh vi vay, ma tan
s6 trung tdn v6i FM quy dinh 12 2 MHz.

chdt Q cé gid trj : = 23.
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Bo bién déi tdn'sé bdng transistor

Cic b ddi tdn ding diode c6 nhuoc diém 12 he s& truyén dat nhd
hon' 1. Thong thudng céc bo déi 1an duogc ding trong mdy thu. Tin hi¢u
~ thu tir antenna thudng nhé vi vay ding b d4i tin bang diode khong hitu

qua. N6i chung cic bo ddi tin trong may thu thudng dung transistor.

- So dé mach déi tdn dung transistor
duge din ra & hinh 6.19. Tin hiéu U, va
U, dugc dua vao 161 vao cha transistor T.
Tin higu U, = Uy (04) v6i Uy (o)
la tin hiéu thu tir antenna cé tan 6 O .' Uth‘“’th)g
Tin hieu U, = U, (o, ) 12 tin hidu 1dy tir un(mn)gi
mdy phdt dao dong ndi & trong mdy thu : -

U, vacé tin s§ 12 o, . That ra may phat HJNH 6.19. BY d& tén dung transistor
nay goi 1& mady phat ngoai sai (heterodin)
ngung vi ndm trong may thu nén quen goi 1a may phdt dao déng noi.

+E cc

Transistor T 13 y&u t8 phi tuyén thuc hién ddi tdn st dung dac trung
Ic = f(Ugp). Diic trung nay c6 doan phi tuyén va tré R, duge ding dé chon
diém Jam viéc cho transistor & doan phi tuy€n nay.

Gi st 1, thay u = U, + U, vio va thuc hién bién déi giong nhu & trén
ta s& rit ra ddng . c6 cdc thanh phin phd Iy, 0,, ®; + O, ©OF — O
Chon khung céng hﬁ(’:ﬂlg LC c¢6 tin s6 - cOng hudng
©4 =1/ JLC = ®, — Oy va ¢ ving truyén qua thich hop, ta s& thu du@c
tin hiéu trung tin 6 tin s6 Wy = @y — Oy,

Khi sit dung transistor con ¢6 wu viét 1a c6 thé tch hai tin hiéu dé

khdi anh hudng }4n nhau. Tin hi¢u thu tir antenna cho vao base va dat.
Con tin hi¢u 14y tit may phat dao dong ndi dua vao emitter va dat.

Trong nhiéu trudng hc_rp ngudi ta con st dung transistor vira 1am may
phét dao dong vira thyc hi¢n déi tdn.
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Chuong 7
NGUAN MOT CHIEU (DC)

Nguén mot chiéu ¢6 nhiém vy cung cdp nang lugng mot chiéu cho
céc mach va thiét bi dién tir hoat dong. Ning lugng mot chiéu DC tong
quit duge 1y tir ngudn dién xoay chiéu (AC) ctia 1uéi dién thong qua mot
qu4 trinh bi&n déi.

: Bn ap
Bién 4 Mach Bién & mét chidu
Up =~ P | Up~| crinhivu | Vi~ P | Yo~ (B0 dong) Vo2 ~

HINH 7.1. S0 d6 khéi cia ngudn nudi co 8n ap

— Bién 4p bién ddi dien 4p xoay chiéu U; thanh dién dp xoay chiéu
U, c6 gid tri thich hop véi yéu cdu.

— Mach chinh luu chuyén dién dp U, thanh dién 4p mot chiéu khong
bang phéng U,. Sy midp mé nay phu thuoc vao timg loai mach chinh luu. '
- Bo loc san phang cdc map md, chan céc thanh phdn xoay chiéu, chi
cho thanh phin mot chiéu di tiép dén Ry.

— Bo én 4p (hoac én dong) nhiém vu én dinh dién 4p (hay dong dién)
& diu ra Uy mic du céc dién ap phan truéc ¢6 nhimg thang gidng
thay déi. -

7 1. CHINH LUU KHONG DIEU KHIEN

Mach chinh luu 12 mét trong nhimg ing dung co ban va quan trong
nhdt cha diode.
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7.1.1. Chinh lvu ban chu ky

D nut H
. t -
a) S¢ dé chinh luu b) Dang tin higu 15i ra

HINH 7.2. So d& chinh luu va dang tin higu 15i ra clia chinh vy niva chu ky
Vi tin hi¢u sin ddu vao 16n hon nhiéu so véi dién 4p phéan cuc thuin
roi trén diode (0,6V d6i véi Si diode), tin hiéu d4u ra s& bj cit phdn am,
chi con phén nira chu ky dwong. Giai thich hién twong d& dang khi ta xéc

nhdn réng diode a mot linh kién din mét chiéu. Bo chinh hwu nay vi thé
chi 1a chinh luu bdn chu ky.

7.1.2. Chinh lyu hai nita chu k¥

D + .
E%éw | radl UT;—?“@

- Ura ..
¥ o2l |- ] Ra
ayMach chinh Iuu 2 nifa chu ky b) Chinh luu cdu
¢) Dang tin hléu WBira

HINH 7.3, Mach chink luw va dang tin hidu I5i ra

Mach chinh luu hai nira chu ky diing 2 diode: nita chu ky duong D,
thong, nira chu k¥ am D, théng. Vi vay, trong ca hai nifa chu ky déu cé
"dong qua R : :

Vi mach 4 diode: nia chu ky duong D,, D, théng, nua chu ky con
lai D,, D; théng.
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Chi ¢, trong tin hiéu chinh luu nay, c6 mot doan gidn doan Vg, =0
(d4t : gnp), gidi thich 12 hi¢u di¢n the phan cuc thuan roi trén diede (0,4V
- Ge, 0,6V - Si). '

7.1.3. Loc ¢dc thanh phan xeay chiéu clia dong dién’ra tai
Trong céc mach chinh luu néi trén dién 4p hay dong dién ra tai tuy ¢é

cuc tinh khong d6i, nhung gia tri clia ching thay déi theo thdi gian theo
chu k¥ (ripple). '

Khi tré tai thudn,

=2 a0
i, =1, + >, A, sinnot+ Y By cosnet

n=1 n=1

I, thanh phin mot chiu

20 o
Z A, sinnwt + Z B, cos not tdng céc thanh phin xoay chiéu

n=1 n=1

-V4n dé 1a phai loc cdc séng hai xoay chléu nay dé it it bi map mo, vi
cdc séng hii ndy gay sy tiéu thu nang lugng vo ich va gy nhiéu loan cho

su lam viéc cha tai.
Trong mach chinh hru hai nira chu k¥, thanh phin [, tang gap doi so
v6i mach chinh luu nia chu ky, va thanh phén s6ng hai co ban (n = 1) bi

tri¢t tiéu, chi con céc thanh phén tir bac hai. Vay, ban than mach chinh
~ huru hai nita chu ky da c6 kha nang loc song hai.

C6 céc bG loc tdn thap 3 Sau:
. a) Loc bang tu d;én C

~ Do su nap va phéng clia ty qua céic chu k¥ va do cdc séng hai bac
cao dugc 1& qua mach C xueing diém chung, dong dién qua tai chi con
thanh phdn mot chiéu va mot luong nhé cdc séng hai bac thap.

~ Diéu kién dé b6 loc hoat dong hidu qua 1a: Rj,q >> l/oCvawm pha1

méc song song v6i trd tai. Khi d6, véi cdc thinh phén tdn s6 cang cao, Z¢

cang nho, thanh phan dong dién tdn s& tuong tng di qua C dén di€m
chung cang 16n, kha nang loc cang nhiéu.
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ac T +

<~>ac c Rusi Ruai

ac - - —-% ¢

a)BdlocC . byBéloclL
L : L
+ : +
C-" Rléi Cy "' Ca T Rz
c) Bd loc chirL d) Bd loc chirnt

e) Dang tin hidu sau mach lpc
HINH 7.4. Céc loai mach loc

— Tu C cang 16n, hay la méc theo cdc tu song song véi nhau, Z¢ s€
cang nhd, s& lam tang kha nang “I3” phing nhiing médp mo.

— Trong mach chinh lru nita chu ky, tdn s6 map mo bang tan s6 dién
4p 16i vao. Mach chinh luu hai nita chu ky, trong mdt chu ky 16i vao, C
hai 14n dugc nap dién, tin s6 mdp mo s& ion gdp doi tdn s6 161 vao

(100Hz). Qu4 trinh phéng nap cia C ngén hon, nén giai thich dugc viéc '
dién 4p trung binh 16i ra cao hon so vdi bd nan nira chu ky..

b) Loc bdng cudén ddy L

— Cuén cam duge méc n6i ti€p véi 1rS tai nén khi dong it qua tai map
mo, trong cudn L s& xudt hién stc dién dong ty cam chéng lai. Vé mat
di¢n khang, c4c thanh phédn tin s6 cang cad cang bi cudn L chin lai.

— Diéu kién cho cudn L: Ry << oL. Khi d6, tén s6 cang cao, Z, cang
cao, hiéu thé chan xoay chiéu tin s6 tuong ttng roi trén L s& 16n hon
nhiéu so vi phin con lai roi trén Ry. Do d6, thanh phan xoay chiéu dén
R,;; 1a rdt nho bé.
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— L cang 16n thi kha nang chan cang 16n. Tuy nhién, khong nén chon
_ qua 16n vi kich thudc cong kénh va dién rd mot chiéu cia L cling 1dn
1én sut 4p mot chiéu trén L ciing 16n, s& lam giam hi¢u sudt bd chinh luu.

¢) Bé loc hinh L nguoc va hinh =
'Sit dung 1éng hgp cudn L va ty C. D& tang tic dung, c6 thé méc nodi

ti€p 2 hay 3 mit loc hinh 7 v6i nhau. Khi d6 dong dién va dién 4p ra gén
nhy bing phéng hoan toan. :

d) B¢ loc cong hudng
S L
Lk
Ly Ry
.3

a) Mach loc dling khung song song b) Mach loc diing khung LC n&i ti€p
HINH 7.5. Mach loc ding khung cpng hudng ' _

Mach cong hirfmg song song LGy méc néi tiép véi tai, nhd vay s€
chian séng hai ¢6 tdn s& bing tin s6 cong hudng Vi khi cong hudng thi
dién tré khung tang gép Q 14n. Ngoai ra, C, c6 tic dung loc thém.

Mach cfng hudng néi ti€p LGy méc song song vdi tai. O tén s8 cong
hudng néi tiép, trd khing cha né rit nho, dong dién qua nhénh song song
cuc dai, nén né ngan mach véi cdc tin s6 bing hay gin bing tan s8 cong
huéng. Ngoai ra cuén L c6 tic dung loc thém. o

Tang kh# nang chiu dung, khi dién dp Uy 1on hon dien 4p chiu dung
clia diode (Upguyc)s €6 thé thay diode bing hai diode méc ndi ti€p nhau va
- song song v6i cdc diode méc céc son dé dam bao thé phan bd.déu trén hai

diode (R, = 50 =+ 100K). , - . '
" Tang dong tiéu thu, mdi nhénh cdu c6 thé méc ‘song song hai hoac

nhidu diode. Nhu vay, dong dién s& fa ddng dién téng qua mbi diode méc
_song song. \ _

7 . CHINH LUU NHAN THE BOIL AP

Khi nguén dién 4p ac dua vio bo chinh luu thap, trong khi yéu cdu
dién 4p mot chiéu 16i ra cao, ta cin sit dung b6 chinh luu nhan ép. '
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7.2.1. B6 chinh luu nhan doi thé (voltage doubler)
Trong nfta chu ky duong, dong
dien s& di qua C,D,C,. Nap dién cho
C,. qua D,, C, va nap dién cho C.
Dién 4p nap cho G, tfong'céc chu’ ky
nap ngodi dién p xoay chiéu 14y ra tir

cuén thi cép, con bao g("fofn ca phén HFNH 7.6. S¢ d'g ;;hmh ;‘u‘u nhén thé
n

ngudn cung cap t C,. Vi vay, U, =
Uc,; + Uc, = 2U, xoay chiéu.
Trong nita chu ky am, dong dién s€ di qua Dl, nap dién cho C;.

~ Nhu vay, dién 4p mot chiéu 16i ra 14y trén C, 1 gdp doi so vdi dién ap
xoay chiéu cung cédp. Su nhan dfn ndy c6 & nira chu k¥ duong.

7.2. 2 Bo chmh luu nhﬁn thé béi ap (voltage multipliers)

C

_Il3
1

HINH 7.7. Mach boi &p nhidu 1an

Trong mra chu ky dau, D, théng, D2D3 cdm, tu C; dugc nap dlén véi
' thé Ur:x e Uz ' '

" Nua chu ky tlé'p theo, D2 thOng, D,D; cdm. Di¢n dp dat vao D, 16n
hon U, (do méc néi tlé’p v61 Cl), dong qua D2 nap cho C;,_ dién ap gap doi
Uz, Ug = 20, |

- Nira chu k¥ t1ep theo nita, D3 thOng, DlDz cim Hiéu the€ nap dién = U,
.+ Uc, = 3U,. Tuy nhién, C, da dygc ngp véi. thé U, nén C; duge nap v6i the
2U,. Vi the, dién thé 14y ra tai ddura C; vﬁn bing Uc1 +Ug; =3U,.

| Tuemg tu cho cédc mit ty vé. diode ké' 1i€p véu nhan thé nU,.
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7 3. CHINH LUU CO BIEU KHIEN (mach diéu chinh céng suit)

Céc mach chinh luu trinh bay trén 1a cdc mach khong diéu khién vi
dién 4p va dong dién 16i ra gilia c6 dinh. Viéc thém cdc mit loc chi 12
giam d6 mdp mo cha tin hi¢u, chit khong 1am thay ddi dugc do 16n cha
thinh phdn mot chiéu. V1 thé, dé tao bo chinh luu c6 diéu khién, hay con
goi 1a mach diéu chinh cong sudl, st dung mot linh kién goi 12 thyristor.

" "

P P :
: u
A —jér _g__ ! AT
2 1
b P = 2
G1 l
' K K
K
a) b)
1 c
' Thyristor théng

Ungt Unez lésacs Uyca Ua

- HINH 7.8. a) cu truc thyristor; b) ky higu thyristor;
_¢) So d6 tuong duong cﬁ_a thyristor; d) Déc trung Io(Up) ciia thyristor
Thyristor gém 3 cuc: Angt (A), Kat6t (K), va cuc cira diéu khién (G).
Cyc G, diéu khién thyristor thong bang xung duong. Cyc G, c6 the
dugc gén thém vao, diéu khién thyristor thong bing xung am.

Dac trimg V—A cua thyristor ¢ dang sauw:

—~ Vi Ig ¢6 dinh (hang rao the 16p ti€p xdc gil khong déi), tang dan
Uy < Unguang SE tang dan dong nang cho cdc hat tai vuot qua hang rao
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thé. Doan OA biéu dién lic Uy ting va fhyristor cdm. Lidc nay, trd ndi
thyristor 16m, va ddng dién rat nhd (dong nhiét).

— Tai diém A, dat Uy = Uygomg, thyristor thOng, trd noi thyristor
giam dét ngoét, I, ting nhanh (doan dién trd am).

— Tiép tuc tang U, > Ungyangs do thyristor vén thong, tr& ndi nhd, nén
dién 4p roi trén thyristor van rét nhd, nhung dong tang manh.

Té¢ dung cia Ig: 1g 16n, lam gidm hang rao 16p tiép xic phan cyc
nguoc, 1am kha nang mé cia thyristor d€ dang hon, Uyg s€ nhé hon.

Rui
1
A
Thyristor i ) :
Kig ) | i
9
w [0 0 0
_ t
a) Mach chinh Iuu c6 didu khién b) U, tac dung dang xung

- ©) U, téc dung dang tin higu didu khién
HINH 7.9. Mach chinh luu c6 didu khin ding Thyristor va dang tin hiéu

Diéu khién cita cuc Gate

Tin hiéu diéu khié;l I, (hogc U,) c6 thé ¢6 hai dang:

— Dang xung ; o

— Dang tin hiéu diéu hoa.

Tan s6 tin hiéu diéu khién phii cliing tdn s§ cha tin hi¢u cén chmh
luu. Khi thay déi d6 léch pha giita U, va U, thi s& thay ddi dugc dang

ciing nhu d6 16n trung binh cla I,. ‘Chinh vi the, b6 chinh luu nay con goi
14 b chinh hru didu khién dugc.
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Cong sudt clia dong dién mot chiéu ti 1& thuaﬁ v6i binh phuong cta
dong dién chinh luu nén con dugc goi 1a bo chinh luu diéu khién cong
suit. Theo hinh v&, s& thay, khi ting géc lech pha ¢ thi dong dién I, giam.

3 hai hinh vé trén chi 1a chinh luu chu ky. Dé chinh luu va diéu

khién géc mé thyristor trong ca hai chu k¥, ngudi ta s& méc hai thyristor
xung d6i nhau, mdi thyristor s€ _mc’! trong chu ky am va duong.

Trong cdc mach diéu khién cong sudt, 16 do quat, cdc ngudn phat
héng ngoai trong cdc may quang phé héng ngoai cling dua trén nguyén
thc nay. Trong cdc mach s& c6 mot bidn trd dé thay ddi do léch pha va
diéu chinh cong sudt.

7.4. GN DINH PIEN AP MOT CHIEU

~ Héu hét cic mach dién, tir mot transistor don gidn vi cdc mach
khuéch dai thuat todn... cho dén cic hé thong 3 va vi xur 1y déu yéu ciu
mot hoac mot s6 ngudn dién dp mot chidu én dinh (stable). Céc bo nin
dién thong thudng khong ddp ing thoa déng vi dién dp ddu ra cha né thay
déi theo dong tai hodc thang gidng dién 4p xoay chiéu cung cip ddu vao,
ban than tin hiéu ra duge ndn bang rat nhiéu tu dién, nhung vin con do
m4p mo tdn s§ 100Hz. Dac bi¢t, khi thay déi nhiét d6 moi trudng s€ lam
cho céc chi tidu cia bd nin thay ddi (15 nung, th sdy, giéng khoan...). Vi
th&, trong vo tuyén dién tir thudng st dung céc bo khéng ché, &n dinh
dién 4p. : e e _

7.4.1. On 4ap mot chiéu _dilng diode zener

Ry
2
a) Mach 8n &p Zener " b)Dang thé &n &p

HINH 7.10. Mach 8n &p Zener dang thé 8nép .
Mu6n c6 ngudn én 4p don gidn khi dong tiéu thu nhé khong qud
10 + 20mA, cb thé sit dung 6n dp ding diode zener (zener ¢6 nhiéu loai,
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ding véi cic mitc dién dp chuan U, khdc nhau). Trong mach dién gém Ry
vd diode zener. Ry, dung dé xic dinh diém lam viéc cho diode. Khong
nén chon I, quéd 1dn $& 1am néng va chdy diode, tiéu t6n dién nang, nén
~chon ¢3 khoang 3+10mA. -

_ Dién trd dong clia diode zener duge dinh nghia 1a 46 déc dac tuyén
finh cta diode rai diém lam viéc. '

£y, = dU/dI,

_ Khi dién 4p 16i vdo U, c6 thay ddi AU, thi dién dp roi trén diode
thay déi AU, rat nhd. Vi thé, theo cong thiic trén, do6 déc cua dac tuyén
phan dédnh.thiing c6 tic dung quyét dinh dén chét lugng 6n dinh cla
diode. Khi dién try dong bang khong (dic wyén phin danh thiing song
song véi tryc tung) thi sy én dinh cha dién 4p dat mic I tuong. Vay toan
bo su tang giam cua Uy hdu nhu ha trén Riyun ché> dién ap ra tai hdu nhu
khéng déi.

~ Khi I;; thay d6i (tdi thay ddi), U, = const, trong mach s& o sy
phin phéi lai dong dién. Diode zener 1am dugc diéu 46, giti cho 1, khong
461, ddng tai tang thi dong qua diode giam va nguge lai.

7.4.2. On 4p loai by | ' |

On 4p loai trén 1a dn 4p tham s6 v&i cac tham s6 cia linh kién on ap
thay d8i theo cdc yéu 16 thang gidng, 1am sao cho dien 4p ra ia 6n dinh.
. Uu diém 12 mach don gian, tiét kiem. Khuyét diém la chat lugng 6n 4p
thap va khong thay ddi dugc dién ap U, theo yéu céu.

Dé nang cao chit lugng 6n dinh, sir dung bo 6n dp kiéu bl (6n dp so
" sanh hay én 4p héi ti€p). Mot héi tiép am s& phan héi trd lai dé so sdnh
dién ap mot chiéu 16i ra v6i mot dien 4p tham chiéu chuén én dinh.

Loai 8n 4p ndy c6 hai dang co ban: kiéu song song va kiéu néi ti€p.

12=[T_. Ip=1r

Reai Uz Ryzi Uz

R R

a) Kidu ndi tiép b) Kiéu song song
HINH 7.11. So d6 khéi mach 8n ap
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C  phanti didu chinh; _
KDSS phén tit khuéch dai so sanh ;
Ey  diéndp chuin mot ._chiéu (reference voltage).
Nguyén tdc hoat dong cia &n dp noi tiép :
Phan tir didu chinh C méc ndi tiép véi tai. Nguyén }y hoat dong dua
trén su bién ddi dién tr& noi ciia C theo mic sai léch clia dién 4p ra.
Chang han, khi U, tang thi U, tang. Phan bién dong AU, = Uy — Eg, s€

a

dugc dua vao phén khuéch dai so s4nh d€ khuéch dai va tic dung vao phin
it diéu chinh C. Tré noi cha C s& bién ddi dé 1am cho dién 4p roi trén C cling
tang lén. Vithé U, = U, - Uc s& phdi gidm dén dién 4p ban dau.

Nguyén téc hoat dong ctia on dp song song: |

Phin ti diéu chinh C méic song song vdi tai. Hoat déng tuong tu, su
thay déi U, do nguyén nhan nao dé s& lam thay déi dong qua C. Dong
nay s& diéu chinh sy tang gidm 5p trén Ry theo xu hudng b lai su thay
d6i trén U, : U, = Uy — Ugg, lam cho dién dp ra tai giit khong doi.

a)'én dp mot ting

Ty

a) On ap r:nfpt ting - _ b) An ap hai ting
HINH 7.12. Sod68ndp.
Diode zener dugc méc nguge s tao ra thé chuén tai diém Vet (Ecp)-
Gia sit U, tang — Uj tang > Vyy am hon — T kém-thﬁng hon — tré ndi
cia Ttang —> syt 4p tren T Ugg = Uyisa cpinn 1898 —> Uy = Uy D Usgieu chin

giam mot lugng dung bang phan tang 1én - U, s€ dugc diéu chinh én 4p.
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b) On dp hai ting
" Gia str U, gidm — U, gidm — gidm Uy, tai A. Dién dp so sénh U =
Ugg; = Uy — Vir g1dm — T, kém thong hon — trd ndi T; tang > Uy =
Ve - Vs ting = V, = Vi, ting — T, thong hon — tré noi T, gidam —
Ucgr = Usiéu chinn 8idm — U, = Uy — Ugigy chinp tang mot luong diing
bing phin gidm di — U, v€ gié tri ban ddu.
7.4.3. B6 6n 4p IC tuyén tinh

DE thu nhd kich thu6c ciing nhu chudn héa céc tham s6 cia cic b n
4p mot chiéu ki€u bir tuyén tinh, ngudi ta che tao ching dwdi dang vi
mach, nh& 46 viéc sit dung s& d&€ dang hon. Céc IC &n 4p bao gbm: bo tao

dién dp chuin, bd khuéch dai tin hiéu sai léch, transistor diéu chinh, bo
han ch& dong.

Céc IC on 4p thudng bio ddm dong ra khoang tr 100mA dén 1A, dlén
dp lén tGi 50V, cong sudt tiéu tin khoang 500-800 mW.

a) IC on dp ba chdn néi (three—terminal regulators)

Seri 78xx cho ra céc dien &p duong (7805 — V,, = +5V, 7809, 7812, 7815)

Seri 79xx cho ra céc dién &p 4m (7905 — V,, = -5V, 7909, 7912, 7915)
Hai bd 78xx vi 79xx c6 hai loai trén thi trudng: loai nhd chan
TO-92, dong 16i ra L, chi khoang 0,1A, ding cho cdc mach tiéu thu

cong sufit nhd; loai to TO-220 c6 dong L, ¢ 1A, ddp ing duge céc
mach di¢n cong sudt théng thudng.

U, regulated inpul - 1 +5V (regulated)

+TVio+3sy | 7805 —:L— {0-1A)
_L2 I 0,1uF

HINH 7.13. 8n &p 7805

b) IC 6n dp ba chdn néi cé diéu chinh (three—terminal adjustable
regulators)

Loai nay dung khi‘'dién 4p 6n 4p ra c6 thé diéu chinh duge. LM317 1a
IC dién hinh cho loai linh kién nay.
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LM3174/LM337—-TO-92 I =0,1A V= +-1,2++/-37V

out max
_ 00230 1. =158 . Vi i=H-12+4/-3TV
Ngoai ra, mot s6 loai diéu v, L Fa T Vout
chinh ¢6 dong cao la LM350(3A),
- LM338(5A), LM396(10A), ADJ 0.1F
LM317H(60V), TL783(125V)... ! 1:
V.. = 1,25 (1+Ry/R,) von b

o

¢) Nguén nuéi én dp hai cuc
Hau hét cdc mach khuéch dai  HinH 7.14. So d6 6n ap dung LM317
thuat todn déu phai st dung ngudn
nuoi hai cuc déi xing (£5V, £15V...)

2 7815 +15V reg

in out] 3
2200I-1E.J_+ gnd J_+ 10uF O A
50V 20V
1 I : E D

3
: 7915 -15V reg

' 2200pF\_|J o Lo b
sV I+ i3 T v iD

.||||_

HINH 7.15. Mach 6n ép 15V ding IC 7815 va 7915

Vin___|in 317 © -15Vreg -Vj,___|in —15Vreg

0-1,5A i 0-1,5A
(unreg) adj 10uF -15A (unreg) | Ty 10p 1%
30V| 3 oV

a) Mach 8n ap +15V dung IC317 b) Mach 8n ap 15V dung IC317

HINH 7.16. Mach én &p dung IC 317
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Phan két luan

Qua 7 chuong da trinh bay, gido trinh d& 1an lugt gidi thiéu tur cac
linh kién dién tir, tuyén tinh va phi tuyén dén viéc sir dung ching dé tao
nén cic mach dién ti co ban dung trong k¥ thuat v6 tuyén dién.

Gido trinh cfing d3 trinh bay cic phuong phdp tinh toan trong hé
tuyén tinh vh phi tuyén dugc sir dung tir truéc dén nay.

Ta biét ring cdc tin tdc cin trao ddi trong thong tin lién lac thudng
chita dung céc thanh phin phd tdn s§ thdp. Ban than ching khong thé ty
truyén di bing k¥ thuat v6 tuyén. Musn truyén ching di xa bing k¥ thuét
vO tuyé€n, phai gii ching vao séng cao tdn thudc bang séng vo tuyén

mang nang luogng cao. Qua trinh d6 goi 1a qua trinh diéu ché. 3 noi nhén
tin téc, phai tich céc tin tic ra tir séng mang cao tan. Qud trinh dé goi la.
tach séng hay gidi diéu. Séng st dung trong k¥ thuat vo tuyén trai rong tit
0,1MHz dén 11,75GHz. Chung duge phan chia thanh cdc bang séng theo
bang sau :

Loai séng Bl.td(zrif)mg A Tan s6 f (MHz)
Lién lac trong| Séngdai > 3000 <0,1
bdu khi quyén, | Séngtrung 3000+200 | 0,1+15
trén mit ddt - |  Séng ngdn 200 + 10 1,6+ 30

S6ng mét .
Trai dat, vé tinh | (cde ngén) 10+1 30 - 300

' Séng dm 1+0,1. 300 + 3000

Bing C, K, hén :
lac tau vi tru vé Séng cm . 0,1+ 0,01 3000 + 30000
trai dat
Lién lac gidfa cac -
tau vii try -86ng mm -1 0,01 +0,001 30000 + 300000

Bang phan chia cic bang séng vo tuyén

Céc tin tic thudng cé bién do nho, ching cdn ducc khuéch dai lén.
Céc tin hiéu cao tdn, st dung trong cdc mach dién tir va phit song, can cé
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gia tri thich hgp. Trong chuong khuéch dai, gido trinh dé trinh bay khd
day di cdc mach khuéch dai céc tin hiéu tir bi€n ddi cham dén cao tin.
| Gido trinh da trinh bay khd ti mi vé cdc hé dao déng cao tin LC va
thach anh. D4y 13 bé phan co ban trong thong tin lién lac bing k¥ thuat
vo. tuyén. Cubi cing, gido trinh ciing gidi thigu cdc mach ngudn nudi, dé
nudi céc thiét bi dién tlr hoat déng.  ~ * _
T4t ci cdc vén dé dugc trinh bay s& gitp ban doc ¢ thé hiéu va xay
dung dugc hé Thu-Phat vo tuyén dién. So d6 khdi clia hé¢ thu phat . vo
tuyén duge mo 1 dudi day: - _ o
Thu phét vé tinh vé co ban vin dya theo phuong phdp chung, nhung
hoat dong & vung séng rat ngan, tdn s6 dén 30 GHz. Do dé cin phai ¢d
nhimg dac diém riéng cdn dugc khio sit. Van dé d6 s& duge trinh bay
* riéng & mot gido trinh Khac. '
Trong gi4o trinh con dé éap nhiéu mach dién khéc nhau. Chiing
duogc sir dung trong cic thi€t bi do lufrng, diéu khién va éng dung trong
nghién cifu clia céc nganh khoa hoc khdc. Hy vong ring, gido trinh s€
cung cip dugc phin nlo yéu ciu ctia ban doc. '

" | Phat cao tan 'WL Diéu 0‘, KBCS Khuéch dai | ,|Khué’ch dai | ﬂ: \
o] ch cao tn] cao tdn | am tén
Amthanh{ K'Huéch#_:lai
tif micro | amtanQ |}
N Khéi may phat / \ _ Khéimaythu -/
Angten ) o : _ _
parabgl = 3 . . — . i 5 —
Phéihep| [ Tién. Bo loc -Trén Khuéch dai May thu
O ctuvio [ khuéch'dail = “aai | LeEn || trung tén 7 Lvatih
. —. . :
: L - cap 750 MT900
Bang K, (10,95:11,75)GHz I Bokc
Bang C (3,35 +4,15)GHz: . __gé: _
Trong mdy thu vé tinh con hai [3n chuyén adi -
tan s6 xudng 612MHz rdi xudng 70MHz M
dua vio tivi - o H:{epr;i‘ :

HINK 7.17. So a6 khdi tram thu phat vb tuy8n vé tram thu vé tinh
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TiM DOC SACH THAM KHAO Ki THUAT

CUA NHA XUAT BAN GIAO DUC

1 |Co s¢ ki thuit Laser Tran Duc Han
Nguyén Mmh Hién

2 |Ki thuil dién tu DG Xuan Thu

3 |Bai tap ki thuat dién ta D3 Xuan Thy -
Nguyén Vit Npuyen

4 |Ki thuiit dién tu so Diang Vin Chuyct

§ |Ki thuét audio - video Neguyén Thanh Tra
Thai Vinh Hién

6 |Ki thuit mach dién tir phi Luyén Pham Minh Viét
Trin Cong Nhuong

7 {Hé thong vién théng (Hai tap} Pham Minh Vit
That Héng N

8 |Co st ki thuit dién tir s6 vu Dae Tho

9 {Ki thuit chuyén mach sé Neguyén Vian Thang

10 |Ki thuat diu cudi thong tin Vi Duc The

1! |Ki thuat dién tu ang dung Nguyén Vi Son

12 |V6 tuyén dién ta Ngac Van An - Dang Hung
Neuyeén Dane Lam
Lé Xuin The - Bo Xuan Kién

13 |Tinh todn mang thong tin di ding sé |V Duc The

14 |Ki thuat s6 Trin Van Hao

15 [Dung cu ban din va vi mach Lé Xuan The

Ban doc co (hé mua tai cac Cong ti Sach - Thiét bi truong hoc ¢ dia phuong hoac
cac Cia hang cua Nha xudt ban Gido duc
* 25 Han Thuyén, 81 Trdn Hung Dao hodc 187 Gidng Vo 23 Trang Tién- Ha Noi,
* 15 Nguyén Chi Thanh - TP Da Nang
* 104 Mai Thi Luy - Quén 1 - TP. Hé Chi Minh,

L
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