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CHUONG 4

UNG DUNG VARICAP

TRONG DIEN TU THONG TIN

4.1 KHAI NIEM

Varicap 1a mot linh kién ban din c6 dién dung thay doi theo dién 4p dat vao mai
noi p-n cia né. Varicap duoc tng dung nhiéu trong cic bo thu phat séng VHF va UHF,
dung dé thay déi tdn so trong cdc bo cong hudng dé lua chon cdc kénh séng, dé nhan
va chia tan s6, tv dong kiém soat tan so, diéu ché AM, FM hoic sir dung trong cic may
do tan so6 cao va cac may do cuong do truong.

Varicap dugc ky hi¢u nhu sau:

@B

Hinh 4.1

Mach tuong duong Varicap:

Il
L

Hinh 4.2

L,: dién cam do day dan két hop véi cau tric ban dan. R,: dién trd noi tiép.

C;: dién dung bén trong varicap, c6 gid tri thay d6i theo phan 4p dat vao.

R,: dién tr6 thay doi theo dién dp vao, ¢6 gid tri 16n nhét khi varicap phan cuc nghich
va rat nho khi varicap phan cuc thuan.

C.: dién dung ti€p xiic do day dan.
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Mach tuong duong varicap thuong dugc sit dung khi phan cuc nguoc:

R C
—WS_ |Jﬁ
A

Hinh 4.3 mach tuong duong cua don gianVaricap

Cong thuc tiéu biéu dé tinh dién dung theo dién 4p phan cuc:
S
vV +9)

C,: dién dung tuong duong véi dién thé vao

4.1)

V: dién dp dat lén varicap gém dién ap phan cuc va dién dp tin hiéu xoay chiéu
V =V +V,.

7. hé s6 phu thudc vao vat lieu y=1/3...1/2

K: hé s6 phu thudc cau tric ban dan hiéu dién thé tiép xic ¢= 0,5 + 0,65

Dic tuyén varicap tiéu bi€u ctia Varicap

Cv APF
2504
2004
1504
100
50T
—t "
0 5 10 15 20 25 30
bién ap phan cuc nghich

Hinh 4.4 Dac tuyén cua Varicap

Ta nhan thay dién dung varicap déu thay d6i khi phan cuc thuan va phan cuc nghich
thay doi. Tuy nhién, khi phan cuc thuan thi dong qua varicap 12 dong thuan s& thay déi
rdt 16n va R, ¢6 tri s6 nho, diéu nay lam giam phdm chét cia mach cong huong. Trong
diéu kién phan cuc nghich, dong qua varicap rat bé, R, rat 16n, varicap dugc xem nhu
khong tiéu tan nang luong (QT). Do d6 varicap thudng duoc phan cuc nghich dé 1am

viéc. Dac tuyén c6 dang tuy thudc vao su phan bo tap chat trong diode bién dung.
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Vi du phan cuc cho Varicap:
BA163 Tén : BA 163
Dién ap nguoc tt —1V dén —12V
B Cuong do dong dién thuan cuc dai:

-1V+=-12V ILvmax = 12/331( = 0,4 mA

4.2 CAC CHi TIEU K¥ THUAT CUA VARICAP

1. bién th€ lam viéc cuc dai cua varicap: MWV (Maximum Working Voltage) la
dién ap lam viéc cao nhat DC va AC & dinh, qua dién ap nay varicap sé hong. Dién ap
nay bang dién 4p phan cuc, thay daéi tiy timg loai varicap tir -7V + -200V

2. bién 4p danh thing: BRV (Breakdown Voltage) la dién 4p lam cho dong phan
cuc gia tang nhanh gay hu hong (danh thing).

3. Dong dién nguoc cuc dai: 1a dong dién tng véi dién th€ nguoc lam viéc cuc dai,
ty thuoc vao loai va cdch ciu tao varicap ma dong dién ndy thay doéi tur:
0,005pA—>5SpA.

4. Cong suét tiéu tan Py 12 cong suat cuc dai ma varicap c6 thé tiéu tdn dugc. Tuy
theo timg loai cong suat nay thudng thay doi tir 200mW dén 2,5W.

5. bién dung dinh mic C: 1a dién dung danh dinh cta varicap, né duoc xac dinh &
mot dién 4p ndo do va tan so x4c dinh, gid tri c¢6 thé 1a vai pF dén 2000pF. Cac varicap
c6 dién dung dinh muc thip thuong dugc st dung trong cdc may thu phat viba.

Cac gia tri dién dung dinh mic nhu sau:

12 3 45 6. 9 1PF

3 456566 78 82 10 12PF

14 15 18 20 22 22,5 24 27 33 35PF
39 47 50 53 56 65 68 70 71 82PF
100 150 250 350 500 1000  2000PF

1
oCR,

6. He so pham chat Q : 1a ty so dién khdng va dién trd noi ti€p Q =

Q duoc ghi 16 & tan s6 va dién thé€ nhat dinh, Q thuong cé gia tri tir 3 dén 100
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7. Dién trd noi ti€p R,: tao ra chi yéu do dién tré moi nodi ban dan, tr cau tric ban
dan dén dau ra. Tuy no cling ty 1é véi tin s6 f nhung khong dang ké.

8. Tan s6 cat f.,: 1a f tai d6 Q = 1, thong thudong f,= 50MHz dén 500MHz

9. Tan s6 cong hudng riéng: la tan s6 ban than varicap cong hudng khong c6
thanh phan bén ngoai. Thuong do cac dién cam va dién dung trong varicap tao nén.
Thong thuong tir 150MHz dén 2GHz. D6i véi varicap hoat dong & tan s6 thap thi dong
dién thuéan I; 1a dong cua varicap cho phép khi né roi vao diéu kién phan cuc thuan. Khi
diép ap ngugc dat vao diode cang 16n thi khoang cach d cua tiép gidp cang tang va C,
giam.
4.3 HOAT PONG CUR VARICAP
4.3.1 VARICAP TRONG CAC MACH LOC

® | I - I ®
‘ l Gy R,
\% TV V, V [] R, V,
Vet
[ ® [ I ®

Hinh 4.5
Trong hai so do trén ta chon: R,>>R, dé R, khong anh hudng dén cdc thong s6 mach

loc. A A

Hinh 4.6. Mach loc thong thap va loc thong cao
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4.3.2. VARICAP DUNG TRONG MACH LOC NHIEU

Rl Cv ¢R2
fo B

o Hinh 4.7
4.3.3. GHEP CAC VARICAP
Cv, x R, CVZx R, Cv3x R, Cer R, = Cthx R 4
________ I —
Hinh 4.8

4.3.4.VARICAP TRONG MACH CONG HUONG
a. Cong hudng noi ti€p

e+ L
L b d
C. & V. C,
@ o [

Hinh 4.9
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b. Cong hudng song song

[
¢ | |
R C,

° Hinh 4.10

4.3.5. VARICAP TRONG CAC BO NHAN TAN

Loc Loc
° f, f, f——————
[ _—o
Vi CV - Rl VO
A Vec
—e
[ °

Hinh 4.11
Varicap dugc st dung trong cdc bo nhan tdn c6 wu diém la don gian hon cdc mach
nhan tan dung BJT, FET vi trong bo nhan tan dung varicap hau nhu khong cin cung
cap nang luong.
Tin hiéu V, qua bo loc f, tao ra dong dién qua varicap. Do dic tuyén khong thang
clia varicap nén sé& sinh ra cdc hai bac cao ctia f,. O ddu ra ctia bo loc thit hai c6 f, = nf,

s€ cho ra tin hiéu la nf,. Varicap c6 dién trd noi ti€p rat bé do dé cong suat tiéu thu la
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do thanh phéan khang la cht yé&u, su mat mat rat thap do d6 dung varicap c6 hiéu suat
rat cao, thong thuong 1a 90% (so véi BIT hay FET hiéu suét c& 50%).
4.4. UNG DUNG VARICAP TRONG CAC MAY THU

MGéi varicap c¢6 dién dung danh dinh khdc nhau, vé6i dién 4p phan cuc thay doi sé
cho ta gid tri Cy,yu—> Cyma. TUy thudoc vao hé s6 trum biang ciia mdi bang song

(K=f,pafmin) ta chon varicap thich hop dua vao cong thiic sau day:

fmax Cmalx
fmin Cmin
f = L

274/ LC

f max l/I‘ng Vél CVmin Vé’ fmin lfI‘ng Vél CVmax

4.4.1. VARICAP MAC DAY KEO (CONG HUONG CAN BANG)

L Ve FAWW—
N
Hinh 4.12

Thong thudng ching ta ding mot varicap dé cong hudng. Trong mot s6 trudng
hop d6i véi tin hiéu xoay chiéu varicap s€ roi vao viing phan cuc thuan lam tang dong
phan cuc, gidm hé s6 pham chat ciia mach, dong thoi 1am quan hé giita Cy, va V khong
con tuyén tinh. D€ khic phuc nhuoc di€ém nay ngudi ta dung hai varicap mic day kéo
nhu hinh vé&. Hai Varicap duoc phan cuc dong thoi nho dién dp phan cuc dua vao mach
qua dién tr& R. Khi tin hiéu cao tan dp vao 2 Varicap giong nhau, né s€ ldi chiing dén

nhiing gia tri dién dung cao thap luan phién nhau. Do d6 dién dung tuwong duong cua
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mach gin nhu khong ddi theo dién dp cao tin. Tuy nhién mach c6 nhugc diém la lam

giam gia tri Cy,4, do d6 phai chon varicap c6 dién dung danh dinh 16n hon.

4.4.2.VARICAP DUNG TRONG MACH CONG HUGNG DON TANG.

R L, Ve [
G LI —Y Y — -> e
L R —_V
L v —
% B O o= —
1T

T R L, Vec e
{ ) > =
J. LI el
CV 1 C2 :l: -l-
|

Hinh 4.13b Varicap ddy kéo/ can bing
R: tr& phan cuc
L,, Cy: khung cong hudng
Ry: chinh dién dp phan cuc cho Varicap
L,: cudn can cao tan, khong cho tin hiéu cao tan tir khung cong hudng trd vé gay

nhiéu nguoén cung cap. C,: tu thodt cao tan.
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4.4.3. VARICAP DUNG TRONG MACH CONG HUONG NHIEU TANG.

\V4

RFAMP MIX }—M—

OSC Cyy L,

Hinh 4.14

L, R, G,
Cv4 LS

L, R C;
- [ I L

Cv3

C L, R L, R, G,

— IT—’""—EI—P—”"'—:IT—I

Ls % chl Cs— R, j T Co Le

Hinh 4.15
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Hinh 4.16

4.4.4. MACH TUDONG KIEM SOAT TAN SO AFC (AUTOMATIC FREQUENCY
CONTROL) Thuong dung cho cac may thu FM

f

a

10,7 MHz

fIF °
RFAMll’v[ . KDTT Hl DETECTOR AF e|:<I -7

Hinh 4.17
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1 : Pac tuyén chit S thuan, 2: dac tuyén chit S nghich.

Khi f = f: vy =0, f, & tri s6 6n dinh. Khi f > f;: vy>0 hoac v,<0 (tuy theo dac tuyén chit

S). Khi f<f : v, <0 hoic v, >0 (tuy theo dic tuyén chit S). Muc dich 1a giit 6n dinh f,,.
Gia st f,, thay déi — f,-f, = fjr thay d6i — ddu ra bo tdch séng s& c6 v; 20 — lam

thay d6i phan cuc varicap lam khung cong hudng trd vé f,,.

4.4.5 MACH PIEU CHE FM
A
Ve Vm
R] fc
T L, G, T
1 I i e |
Vl’l’l | C
1
fm §”¥ _T_lOOOpF 4
_ c kL é
1
s
2,2 uF :
| fo+Af fo  fo-Af

Hinh 4.18
CyL,: Khung cong hudng & dau ra cua 1 bo dao dong, bién do dao dong & khung nay

duoc gitt khong déi.
T: Bién thé lién lac (am tan). V,,, f,: Dién dp va tin s6 am tan can diéu ché.
V., f.: Dién 4p va tin s6 séng mang cao tan, f, ¢& hang trim MHz. Néu f, cao (ching

han trong video) ngudi ta thay bién thé T bang OP-TRON.

| I Varicap

¥-K —@
V600/V601

Hinh 4.19

R,: Dién trd cach ly, C,: tu ngan DC, L;: RFC, C;: tu thoat, C,: tu thodt cao tin dé ngin
anh hudng cao tan vé am tan.
Né&u 2 cudn day cua bién thé€ lién lac cung cuc tinh thi:

* Khi V,, tang: dién ap phan cuc C, tang do d6 Cy giam lam f tang.

* Khi V|, giam: dién 4p phan cuc cho C, giam nén C, tang lam f giam.
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4.4.6. MACH DIEU CHE AM
Khung cong hudng ctia bo dao dong c6 tin s6 séng mang RF = f chuin duogc
ghép sang (L,, Cy) bing dién cam. Mdi khi tin hiéu v,, (am tdn) thay déi 1am thay déi

phan cuc varicap va lam Cy thay déi — L,, Cy ¢6 tdn s6 cong hudng riéng

léch so véi f,, — Bién do phat xa ra anten giam, nghia la tin hiéu phat

1
foy =———
“2rfLC,
ra c6 bién do thay doi theo v,,. Ta c6 thé diéu ché theo dang AM, SSB, DSB....
Trong mach vi dién trd varicap rat 16n do dé tin hiéu am tan dua vao di€u ché
khong can c6 cong sudt cao ma chiing ta c6 thé thuc hién tir micro sau 2 tang khuéch

dai ciing du cho tin hiéu can diéu chd

A7
Rou oY

l |} |
Vm - C
im 3I€ : 1
" L ok
L] L,
V= '|'C3
Hinh 4.20

4.4.7. MAY PO SONG HAP THU (GRID DIP METER)

DF L volt . ,
C, k& s6 Khac do chi f
I T
£ 5(:)()0
C, I R, | 1+
CO:‘E LO L CT C3 'I' Rv i_VDC

Hinh 4.21
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Day la phuong phép do tan s6 dé do céc tan so rit 16n (cd >100MHz) Néu L va C,
ding tan s6 — khung L, C, cong hudng manh — tu C, dugc nap dién qua D — Volké&
s0 chi gia tri cuc dai — khi d6 doc Lva C, thi ta biét duoc tan so6 f, can do.

Céch do va doc: mdy do c6 nhiéu tdm do tuong ting véi cdc cudn day L, L’, L™,
L’>’. Chang han:

L twong tng: 10 MHz +~ 20MHz; L’ tuong ting: 20MHz + S0MHz

L’ tuong tng: SOMHz +~ 100MHz; L’’’ tuong tng: 100MHz -+ 300MHz

Khi chon moét trong cdc cudn day thi twong ing v6i cac bang khiac do f dugc khac
lén bién tré Ry, dé chi tri so f can do.

Gia str can do mot tan s6 f, ndo do, trude tién ta chon tim bang cach chon mot trong
cac cuon day L, L’, L’’, L””’, sau d6 chinh bién tré Ry dén ldc tuong ung véi pA chi
gia tri cuc dai — doc dugc gid tri ciia f, khac trén bang khac do cta Ry,.

May do nay c6 khung cong huong L, C, duoc nhan nang luong tir mot khung cong
huong khac nén goi la may do séng hap thu.

4.4.8. MAY PO TRUONG

Maiy do cudng do trudng, thudng dung cho nganh vién thong.

D
Icz CSI L’%m

Tot .01l 5k

R B Rl LV
_()47J_ 25m M —v—/ ----- C4J_ =
L1 % T C, I T
Volt 1
Hinh 4.22 ke s6

Dung dé do cudng do dién trudng tai cac diém thu dé xac dinh viing c6é cudng do
truong bang nhau hoic manh nhit, phuc vu cho cong tic qui hoach hoic kiém tra.
Gia sur séng t6i c6 tan so f = 100 MHz tai cac diém khdc nhau. Trudc tién ta chinh

R; dé L, Cy cong hudng diing tan so cta séng t6i f = 100MHz. Lic d6 doc chi s6 chi
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cuc dai cua Volké s6. Sau d6 van giit nguyén vi tri chiét 4p R, (dé gitt f = 100MHz) va
ti€n hanh do tuong tu & cdc diém khdc nhau can do. Méi 1an di chuyén dén mot vi tri, ta
ghi chi s6 doc duoc trén Volk€ s6. Lam nhu thé ta sé thong ké dugc nhiing vi tri c6
cuong do dién truong manh nhat.

Day cap dung dé cach ly noi do v6i nguoi dang sir dung may.

R,: ding dé diéu chinh tim cho Volt ké.
4.4.9. MAY PHAT SONG QUET: DUNG DE CAN CHINH CHO MAY THU

Dao dong quét | ”MMM

f (MHz) MR
: 10.8 > f0 min f0 max
P 30MHz 60MHz
: 6MHz 15MHz
300kH 600kH
Hinh 4.23 ‘ “

L, Cy la khung cong hudng cia 1 mach dao dong tu kich.

Tin hiéu dao dong quét c6 dang rang cua s€ cung v6i Ve phan cuc cho varicap Cy
lam cho dién dp phan cuc tang tuyén tinh. Do d6 khung dao dong L, C,, s& tao tan so tur
fomin dén ;.. Sau d6 néu ta dua tin hiéu V,, vao mach tach séong FM va dua vao mach
dao dong ky ta sé c6 dang dac tuyén chit S nhu hinh v& véi diéu kién dai tan s6 f,,;,, —>
foma duoc thiét ké trong khoang trung tin FM, AM clia mdy thu. Mdy ndy c6 thé két

hop v6i mdy ddnh dau va dao dong ky dé€ lam xuét hién dang séng ctia dép tuyén biang
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thong trung tan trong may thu hinh hé FCC. Thiét bi nay goi 1a may phat séng quét va

danh dau (sweep and marker).

A,

39.75 41.25 45.75 47.25
) Hinh 4.24
4.4.10. VOLKE DC

>
bién
ap DC
t 0
dén
Dao dong 1500V
thach anh
27kHz
>

Hinh 4.25

Khéa K ding dé chuyén (tdm 40) 15V, 150V, 1500V.

Tur dao dong thach anh chuén 27MHz ta ghép qua bién th€ cam tng L;, L,. Thiét
k€& L,=2+3 pH. Pinh chuin sao cho & tim t6i da 15V, 150V, 1500V thi L,, Cy cong
hudng ding tai tan s6 f = 27MHz va khi d6 pA k& chi gia tri cuc dai. Néu dién ap DC
can do < 15V thi tan s6 cong hudng L C, bay gid s€ léch gia tri 27MHz va kim dién ké
s& chi gid tri bé hon. Khi déi tAm do, tly thudc vao vi tri 1, 2, 3 ma cdc dién tr6 R, R,,
R;, R, hinh thanh c4u phan 4p dé suy giam dién ap 150V va 1500V xudng con t6i da 1a
15V.



