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TOM TAT : Bai viét gidi thigu mét 56 phép do thuc t& cdc hé 56 phdn xa va hé s truyén dat
ciia mdt mach di¢n tai vang tdn siéu cao. Phép do nay la vigc lam cdn thiét ciia nha thiét k€
nhéim muc dich kiém nghiém thuc 1 sdn phdm ciia minh. Phuong phdp do sit dung cdc thiét bj
do cdn bdn & tén s6 siéu cao (mdy phdt séng quét, mdy phan tich phd, b ghép dinh hudng...)
va cdc mach dién cu thé (mach loc, ghép, ...) dugc thuc hién bdng cong nghé mach in vi ddi.
Phép do cho cdc két qud do tuong d6i chinh xdc va phit hgp hoan toan vdi chii dinh thiét ké vé
ddi tdn hoat déng vé su phdi hgp trd khdng ...

v GIG1 THIEU

O viing tén s& siéu cao cdc mach dién c6 thong s3 thay déi rat nhiéu thy theo ddi tan
s& hoat dong. C4c thi€t k& Iy thuyét, biing cong thic, bing phin mém mo phdng thuding
chi dat do chinh xdc tuong d8i. Sau khi thi cong mach dién, cdc dic tinh cia mach phai
dudc kiém nghiém thdng qua cédc phép do thuc t€. Viéc do dac nay ciing khong hoan toan
don gidn nhu cdc md hinh mach dién thong thuOng vi tai vang tdn 6 siéu cao, nhiéu thdng
s truyén séng, thong s6 cdu triic phan bd, thong s8 ky sinh déu 4nh hudng téi k&t qua do.
Pidu nay doi hdi cdc thi€t bi do (va phu ting) phdi 1a loai chuyén dang, cdc ngudn nhiéu
ky sinh tit bén ngoai phdi dudc triét dé loai bd (do trong ving khong c6 bic xa dién t,
ching han 16ng Faraday), c&u triic mach &n dinh, thyc hi¢n phép do lip lai nhiéu lin va
14y k€t qua trung binh...

Bai vi€t gidi thiéu hai thong s& dién cin bdn ciia mot mach dién siéu cao tin (hé sO
phdn xa va hé s truyén day) < dude khdo sdt, cdc mO hinh mach do va cdc k&t qua thyc
t€ do dudgc.

1/ BE SO TRUYEN DAT VA HE SO PHAN XA

Mot mach dién don gidn d siéu cao tdn c6 thé dugc xem nhu [ mot mang hai ctta
(hop kin, khong dién ta cdu triic bén trong) c6 cta 1 va clta 2. Cdc tin higu vao ra tai cdc
cita dude dinh nghia dudi dang séng cong sudt tdi a; va song cong suit vé b; (xem'hinh 1)

Tiy theo cdu tric cla ma.ng hai ctta ma quan hé giita cdc song tdi va vé tai hai clra
dugc dién ta bing cdc s§ phdn xa cla hé sd truyén dat. Néu do dugc hai thdng s& nay
trong mot di tn s6 hoat dong clia mach thi ta c6 thé hoan toan hiéu dudc dic tinh cia né
dit khong bi€t cdu triic bén trong.
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1/ Hé s6 truyén dat cong suit :
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Heé s8 truyén dat cong sudt tircira | d€nca2: Ty =

Hé s6 truyén dat cOng sudt tif ctra 2 déncita 1 : Ty =

2/ Hé sd phan xa cong sudt :
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Hé s6 phdn xa cong sudt tai ctta 1 :

Hé s6 phan xa cong sudt tai cita 2 :

111/ CAC MO HINH PO THUC TE
1/ Diang dao ding ky :

Ding dao ddng ky chiing ta c6 thé nhin thdy dudc truc ti€p dang séng RF cida tin
hiéu khi ra khdi mang hai ctta cin do théng s6 (Device Under Test, DUT) (xem hinh 2). B§
_ Circulator nhdim ngin anh hudng clia séng phan xa tif DUT Ién cong sudt phdt clia ngudn
tin hiéu RF. Phép do nay tuy don gidn nhung bi gidi han nhiéu & viing tan s6 hoat dong ciia
dao ddng ky, do dé khong thé do truc tiép tai viing tan s6 siéu cao dudc.
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Circulator
Phit () oy
RF m/ DUT » Dao dong ky
! A
Biéu chinh
tdn s phit Hinh 2

2/ diing dién 4p diéu khié€n dao dong ndi cia may ph4t (sweep generator)

Phén tif co ban clia mdy phat séng quét la by dao dong diéu khién bing drén ap
(VCO, Voltage Controlled Oscillator)

Tin s6 ctia mdy phét dugc diéu khién bing mot dién dp quét tuy€n tinh hinh ring
cua. Tin hiéu RF phdt s& c6 tin sd thay ddi lién tuc tuy€n tinh theo thdi gian. Do dé n€u
chiing ta dua dién 4p quét vao kénh X, tin hiéu ra clia mang hai cita DUT dén diode tdch
séng va dén kénh Y ctia dao dong ky thi trén man hinh chiing ta thu dugc ddp tuyén tan s§
clia mang hai cifa cin do (xem hinh 3)

Sweep - ﬂ DUT X

CIRC

Oscilloscope

X

Hinh 3

Pép tuyén tin s§ cho chiing ta biét dugc dic tinh clia DUT trong mdt dai tan s6 dinh
trudc. Phuong phép nay khd chinh x4c n€u dic tuyé&n bi€n ddi “dién d4p — tdn s8” tuy€n
tinh. Tuy nhién ching ta chi thdy dudc hinh dang va gid tri tuong ddi clia ham truyén dat
ma khong do chinh x4dc duge mifc cong suat vao ra. Ngoai ra phudng phdp nay chi dugc dp
dung néu may phdt séng quét cé ngd ra dién 4p quét (d€ dua vao Oscilloscope) va toc do

quét tuong ddi 1dn.
3/ Mé hinh do hé so truyén dat dung Directional couper

B6 Directional Couper nhim muc dich tach rdi séng tdi va séng phdn xa (truyén theo
hai huéng ngudc nhau trén cing mot dudng truyén) nhd dé cé thé do dac ting dai lugng
riéng ré (dudc tdch séng bién dd bdi cdc Director tai cdc ngd ra). Tir do, ta c6 thé suy ra hé

's6& phdn xa hay hé s@ truyén dat (module) nhu & hinh 4.

Detector gén tai cira 3 clia Directional Couper dé do mifc tin hiéu dat vao DUT :

Vouz = <source power>.<circulator attenuation>.<T)3>.<detector sensivity>
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Detector gdn sau thi€t bi cAn do DUT (Device Under Test) d€ d miic tin hiéu ra sau
khi tin hiéu da cho qua toan bd hé théng.

Vouspur = <source power>.<circulator attenuation>.<T,>.<detector sensivity>

Vdi Tyz (hodc Ty3) 1a hé sO truyén dat cong sudt tir cita 1 dén clta 2 (hodc dén cira 3)
ctia Directional Couper, T 12 hé s& truyén dat ctia DUT.

Detector
3 4
R“
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o LY —{ pur
ohit RF . CIRC i Hé s6 truyén  Detector
datT
R,
Hinh 4

Lép ty s& hai bi€u thic trén ddng thdi thuc hién viéc riit gon ta thu dugc :

T = & outDUT
TIZ Vouﬂ

Chi ¥ riing cdc dai lugng do dugc [ cong sudt tin hiéu lién quan truc ti€p-dén bién
do chiing, do d6 cdc hé s8 T do dudc la cdc dai lugng module khong ké dén do 1éch pha.

Phuong phédp nay ¢6 khuyét diém 12 midc do tin hiéu nhin dudc tai cra 3 rdt nhd va
dd ghép giita ctta 1 va 3 thay ddi theo tin s& tiy theo dai tAn hoat dong clia Directional
Couper.

4/ Mé hinh do h¢ sé phan xa diing Directional Couper

Ngudn 1 /-\ 271 X 2 il X = DUT ——%

phit RF

Hinh 5
Tuong ty nhu phép do hé s& truyén dat, 3 md hinh hinh 5 :

Chiing ta c6 hai Directional Couper va haiBetector giong nhau nhu hinh vé&. Song tdi
khi ra khéi CIRC dugc dua téi ddu vao ciia Directional Couper thit nhi't. Nhd hé sd ghép
'Ty3 va bd Detector, chiing ta ¢6 thé x4c dinh mifc cong sudt séng tdi tir ngd ra ngudn phat
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RF. Song tdi nay sau do ti€p tuc dugc dua vao Directional Couper thit hai. Khi tdi dau vao
ctia DUT né bi phdn xa va bi ghép trd lai gitta cdng 2 va 4 cia Directional Couper thi hai
cong suit tin hiéu tai cdng 4 dudc tich séng va biéu dién cong sudt clia séng phdn xa tif
DUT. Phén séng di qua DUT s& khong bi phdn xa do c6 tdi phdi hgp trd khdng. Ding hai
Directional Couper cho phép ngudn phat dugc an toan tuyét doi do song phan xa trdi qua
rdt nhiéu 14n bi hdp thu bdi tdi phoi hgp.

Tuong tu phin trirde ta cé thé thi€t 1p cong thic :

Séng tai cita 3 cda bd Directional Couper thif nhat (dién ta song téi) :
Vou = <source power>.<Circulator attenuation>.T3

S6ng tai cita 4 ciia by Directional Couper thif hai (dién td s6ng phdn xa) :
V4 = <source power>.<Circulator attenuation>.Tiz. Ti2. T Tag

Vi Tyz Tiz Taa 12 hé sO truyén dat (module) ctia bd Directional Couper
I" 12 hé s& phan xa (module) cia DUT

V6i didu kién hai bd Directional Couper giéng hét nhau ta ¢6 T3 = Tas
Phép do cho chiing ta xdc dinh tif quan hé trén :

\Y

out4

L.
v T

outd “12

1v/ KET QUA PO THUC NGHIEM CUA MOT VAI DUT DUNG CAC MO HINH PO
TREN

1/ Mach loc théng thap LPF thi€t k& biing phép bién déi Kuroda, Richard

Phép bi€n doi Richard diing cic dudng truyén 1/8 budc séng hd mach hodc ngin
mach diu cudi cé trd khang vao tuong dudng cdc dién cam hodc dién dung ty theo tin s&
hoat dong. Phép bi€n déi Kuroda thiyc hién bién d8i cdc trd khdng dic tinh khong khd thi
trén dudng truyén vi ddi thanh kha thi. Hinh 6 1a bé mat dai din cla mach, hinh 7 la so
sdnh k&t qui do thé hién trén man hinh OSC cta LPF va BPF.

Mach loc bic N = 3
Tin s& cit thi€t k& f=3.5 GHz

Hinh 6 : Bé mdt ddi dan ciia LPF
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M
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K&t qua hién trén OSC vdi don vi truc X dié€n dp, truc Y 1a bién d0 (theo V/div)
Hinh 7 : Két qud do hé s6 truyén dat cong sudt ciia LPF va BPF ding dao dong ky
Hé si truyén dat cong suit Hé so phan xa cong suiit
10 LD
08 - Wik
Toe - e
r
0.4
0.4
0
0.0 - N
6 -3.% 3 4 5. % 7.8 -9 W 0 1R RATAYE B aTR.- 8

Tin SG (GHz) Tian SO (GHz)

Hinh 8 : Két qud do T va I'ciia LPF thiét k& theo phép bién ddi Kuroda Richard
K&t qud do the hién tudng dGi ding nhu § tudng thi€t k€ ban diu

Viéc thiét k&€ mach loc thong thip bing cdc doan dudng diy M8 cho ta dang dic
tuy€n tuan hoan. Diéu nay do trong khi ding phép bién ddi Richard :

ZL = jR,tgpd
T = ~ IR,
tafBd
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Né&u ta cho Bd = w/4 thi Z, = jRo, Zc = -jRy. Ciing vdi chiéu dai dudng day nhu vy
khi Bd = 3w/4 thi Z, = -jRo, Zc = jRo.

‘ Ta nhén thdy riing ¢6 su hodn ddi giita Zy va Zc, khi chiéu dai pha thay déi (tuong
dudng v4i tAn sd tin hiéu thay ddi). Mach loc thong thap s& chuyén thanh mach loc thong
cao. T4n s8 cit cao s& biing khodng 3 lan tan s& cdt thap.

Tuy nhién trong thuc t&, n€u ta ldp ti s6 :

B, k, oy five ] Js

—=f =3—Ff

B, a0 % ey

Vay tin s6 cdt cao f, thudng khong ting gip 3 14n tin s& cit thap f; do cdc hing s
dién moi €, va &, ciing di theo tin s3 . K&t qua do thuc t€ cho thdy tin s6 cdt cao gp
khodng 2 14n tin s6 cdt mach thong thap. T4n sd tudn hoan nay thuc t€ rat khé xdc dinh
chinh xdc vi hiing s& dién moi 1a dai lugng rit khé tinh todn khi tin s& thay dai.

Do tinh chit tuin hoin nén mach loc nay cé thé diing lam mach loc chin déi.
2/ Mach loc thong thap LPF thiét k& dung phudng phép trd khing budc

Phuong phép trd khdng budc thay th€ cudn cdm biing duding diy truyén séng 6 trd
khdng dic tinh Ry 1dn, thay tu dién bang dudng day c6 trd khdng ddc tinh nhé R, . Hinh 9
va 10 thé hién bé mit dai din cia mach loc va két qué do thuc nghiém.

Mach loc bic N =5,
Tin so cdt f= 3 GHz

Hinh 9 : Bé mdt ddi ddn ciia LPF thiét ké bing phuong phdp trd khdng budc

Hé s6 truyén dat céng suit Hé so phin xa cong suit
1o _ 1o
0y
0N -
n.7

08 -

nea - 0.6

T - I

n4 - 4

1% S

0.2 - 0.2

0.1 :

T ¢ (it =g N . S S S < ol 00 «= =rmwe—-—

0. sl 3. Al CsaSel B N T ) 0 I 2 R} 4 5 6 v H]
Tdn s¢ (GHz) Tan s6 (GHz)

Hinh 10 : Két qud do T va I'ciia LPF thiét ké theo phuong phdp trd khdng budc
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D6 suy hao trong ddi théng khong bing trudng hdp LPF thi€t k& biing phép bi€n déi
Kuroda Richard mic dit bac ctia mach loc duge chon cao hon.

Ti 0 giita Ry va Ry, cang 1dn cang t6t nhung do bi gidi han bdi cong nghé ché tao
chiing ta thudng chon cau tric ¢6 dién trd dic tinh Idn nhat va nhd nhat dé c6 thé thi cong

dugc. B suy hao ngoai dai thong cia mach loc diing phén ti phan b kém hon diing phin
t tip trung.

3/ Mach loc théng dai BPF thi€t k& dung dutng truyén ghép

Xét mot thi€t k&€ c6 bé mit ddi ddn nhy Hinh 11, gdm nhiéu doan dudng truyén
ghép lién ti€p nhau, chiéu dai mdi doan ghép 1 phin tu budc séng tinh tai tn s§ trung
tdm ciia ddi tdn hoat dong. Hinh 12 12 k&t qua do dac thyc t&€ c4c thong s6 Hé s6 truyén dat
va Hé s6 phdn xa trén m6 hinh mach nay. '

Rp o MA
i) Mach loc bic N = 3
) e ae
| Tén s6 trung tim f,=3 GHz
)  mrZh. R Bing thong 20% f,
; 22777
? 4
Hinh 11 : B¢ mdt ddi ddn ciia BPF
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Hinh 12 : Két quad do T va I ciia BPF thiét ké theo phuong phdp dudng truyén ghép

T dic tuy&n hé s8 truyén dat ta thdy cong sudt diu ra & viing ddi thong chi dat tGi
da khodng 60%. Diéu nay xay ra mot phin do hé s& ghép clia duding truyén khdng cao, thi
cong trén ¥4t liéu khong tot. Trong mach loc dung dudng truyén ghép suy hao di€n moi
déng vai trd rat 16n, vi n€u dudng mach lién thi do 16p dong din dién tSt s& cho suy hao
twong d6i thdp. Trong dudng truyén ghép thi do tin hiéu bi ghép qua I6p di€n moi khén%
khi va 16p vét liéu nén thudng xdy ra suy hao rdt 16n & tin sd cao. Pong thdi con phdi ke
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dén céc ton hao xdy ra do cdc khdp ndi, do dic trung clia mdi trudng truyén séng 1a duding
truyén vi dai.

Trong 1y thuyét, cdc cdng thic tuong dudng gifta phan ti phan bd va phan ti tip
trung dugc x4y dung trén cd s& rong bang thdng clia BPF rat nhé dé dp dung cdc cong thic
gin ding. o) day ta chon bing théng mach loc dung dudng truyén vi ddi 12 20% tin s&
trung tdm. :

- V/KET LUAN

Do ludng cdc thong s6 dién & tin s§ siéu cao cia mdt mach dién 12 mdt cdng viéc rat
phiic tap va khé dat dugc két qua chinh xdc (do mach dién khé thi cong chlnh xdc, do
hiéu @ng da clia dudng din, do thi€t bi, do cdc tdc nhidn bén ngoai,..). Vdi cdc phuong tién
t6i thi€u c6 sdn cdc tdc gid da thuc hién phép do trén mach dién vi ddi (bé rong dai tir 0.1
mm dé&n 3mm), dii tin s tuong ddi cao (vai GHz) va di nhin dugc cdc két qud hgp 1y.
Mic du chiing chua hoan toan dat d§ chinh xdc cao nhung phép do ching td dugc kha
ning hoat dong ciia thi€t bi, nguyén 1y do ding din va c6 thé phat tfi€n hon vdi mach
DUT phifc tap. Ngoai ra vdi cdc thi€t bi cao cAp hdn, c4dc théng s& pha ctia T va I ciing ¢6
thé suy ra dugc. C6 thé cdc phuong phép trén dugc st dung trong cdc phong thi nghiém
cdc hang sdn xuit nhim kiém nghiém sdn phdm tai tin s siéu cao trudc khi xudt xudng.
Céc tdc gid rat cdm on PTN Vién thong, Khoa Pién — Dién tir, Pai hoc Ky thuit TP. HO
Chi Minh di tao diéu kién thudn 1di cho chiing tdi thi cdng mach va ti€n hanh phép do trén
tai quy Phong.

CHU THICH

Cic thiét bj dung trong phép do

1/ Programmable Sweep Generator (may phat séng quét ¢6 thé 1dp chuong trinh
hoat dong)

Hang Wiltron model 6659A
Tinh ndng :
" -Dai tdn hoat dong 10 MHz 26.5 GHz
-Phét don tin 6 '
-Quét lién tuc trong mot ddi tin s8 ty theo ngudi s dung
-Hoat ddng theo s6 liéu nhdp vao bing ban phim
-Cé thé quét ty dong hoic quét biing tay
-Piéu chinh dugc cong sudt phdt ra
2/ May do da ning VOM MX553
3/ Circulator (CIRC) :
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B& CIRC dung 16i ferite tao ra dién trudng lam cho hé s6 truyén séng theo chiéu tdi
@ mifc cao con theo chiéu ngudc lai & mitc thip, bd CIRC ludn ding véi ngudn phat dé
ngin ngifa séng phdn xa quay lai ngudn tir tai tiéu thu. Piéu nay ngin chin viéc bd ngudn
bi néng 1&én ngoai ¥ mudn va cfing ngén ngita ngudn bi vugt qus kha ning khi mat tii phdi
hdp.

4/ Directional Couper :

B Directional Couper bao gdm hai dudng diy truyén séng song song nhau. Cjo phép
c6 sy ghép ndi gilta chiing qua dién trudng. M6t phin clia séng tdi s& xuét hién trén mot
c8ng dudng-diy ghép va mot phin ti€p tuc di 1én dudng day chinh. Vi vdy Directional
Couper c6 thé dudc ding d€ phan chia s6ng tdi va séng vé ma khéng cin do dac céc théng
s6 s6ng ditng phuc tap.

5/ Detector :

Detector dung diode chinh luu nita séng va LPF, nhiém vu bi€n ddi dang séng cao
tan thanh mét dién 4p chinh lwu mdt chiéu tuong ng vdi cong sudt cAp cho né.

6/ Matched load (tdi phéi hgp)

Téi phdi hgp ¢6 nhiém vy lam cho hé s phdn xa bing 0 (hodc 1am cho né nhé nhi'),
trong phin nay chiing ta thuing ding trd khédng 50Q

PRACTICAL MEASUREMENTS ON SOME PARAMETERS OF MICROWAVE
CIRCUIT

Vu Dinh Thanh - Dinh Quang Vinh — Pham Van Vu

ABSTRACT : The paper presents a few practical measurement of the transmission and
reflection coefficients of a circuit at microwave frequencies. The measurements are strictly
necessary for designer in order to check thei design products practically and modify them. The
measurement procedure uses some basical measuring instruments operating at microwave
Jfrequencies (sweep generator, spectrum analyser directional couper, ..) are used, some passive
circuits (low-pass or band-pass filter, couper..) are realized by microtrip technology. The
measurements provided relatively accurate results and fitted well to the intentional design
parameters, such as the working frequency band, the impedance matching ...
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