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Tém tit: Bai bdo trinh bay mot nghién ciu thuc nghiém thiét ké, ché tao bo phat tin
hiéu siéu cao tan hon hop c¢é phé bién do-tan sé dang rdang hege (Comb generator) ddi
lam viéc siéu réng bao trum tir bang tan VHF dén bang tan X. Nguyén 1y tao séng hai sir
dung diot khéi phuc buéce (Step Recovery Diode-SRD) va cdc két qud tinh todn thiét ké,
ché tao b phat tin hi¢u rang lwoc co khodang cach tan sé hai chon trude la 100 MHz duoc
trinh bay. Bé phdt gom 4 dau ra cé thé diéu khién tity chon: Kénh A: 0,1-2GHz; Kénh B:
2-4 GHz; Kénh C: 4-8 GHz va Kénh D: 8-12 GHz itng dung cho thiét bi tw dong kiém tra
hoat dong cua cac may thu da kénh dai rong cua hé théng ra da thy dong trinh sat, dinh vi
vé tuyén. Cdac ddanh gid thue nghiém va kha ndng mé réng thiét ké véi cdc vmg dung trong
thuc té ciing dwoc gioi thiéu.

Tiwr khoa: Song hai dai siéu rong; Bo tao tin hi¢u rang lugc; bibt khoi phuc budc -SRD.
1. MO PAU

Bo phat tin hiéu ring lugc (Comb Generator) 1a mot thiét bi c6 thé tao ra tin hiéu hdn hop
gdm nhiéu so6ng hai lién tuc (Continuous Wave-CW) tir mét tin hiéu dau vao, khoang cach tan sb
giita cac song hai bang tan sd cua tin hiéu dau vao, bién do cac song hai kha on dinh [1-5, 7], do
d6, chiing c6 rat nhidu ing dung khac nhau. Mot ing dung dién hinh 1 dung phat tin hiéu chuan
tan s6 va bién d6 cho kiém tra danh gia hoat dong cua cac thiét bi vo tuyén, day la cong viéc can
thiét va quan trong dé dam bao chic chin mot hé thong dang lam viéc binh thuong, tuy nhién,
céc thiét ké d3 biét mai chi ung dung & mot tan s hodc mot dai tan sb khong 16n. Viéc xac minh
chinh x4c cac bd phan quan trong cua mot hé thong vo tuyén dang hoat dong bang kha ning
kiém tra tich hop (Built In Test- BIT) cang trd nén hitu ich khi d6 phirc tap va gia thanh cua hé
thong cang cao. Lay vi du viéc kiém tra danh gia hoat dong ctia may thu cta cac dai ra da noi
riéng va cta cic hé thong trinh sat, dinh vi vd tuyén néi chung 1a cong viéc phai lam thudng
xuyén nhung kho thuc hién nhat 1a khi hé thng co cu tric phirc tap, kich thudc qua 16n, ngay
ca khi sur dung cac thlet bi do luong chuyén dung. Giai phap phu hop nhét 14 tich hop mot may
phat tin hi¢u c6 dai tan du rong ¢ dau vao cia hé thong thu va sir dung cac bo ghép hodc bd
chuyen mach siéu cao tan cung voéi thiét bi diéu khién ché do dé co thé kiém tra thuong xuyén
trong khi hé théng dang hoat dong. Bo phat tin hiu rang lugc 1a Iya chon t6i uu cho giai phap
nay nho co nhiéu uu dlem s0 vO1 st dung cdc b phat tap thuong duoc sir dung trude day nhu co
thé dat trude dugc tan sb va cong sut tin hiéu, dic biét 13 wu diém vé dién 4p cung cip thip va
kich thuéc nho gon.

Bai bao trinh bay mdt nghién ctru thiét ké va ché tao bd tao tin hiéu rang lugc dai tan siéu
rong duogc chia thanh cac kénh tan sb co thé lua chon, dung cho tich hop tu dong kiém tra hoat
dong cta hé thong ra da thy dong trinh sat dién tir da kénh. Thlet ké nay cling co thé mo rong cho
cac ung dung khac can str dung tin hiéu chuén bién do, tan sb séng siéu cao tan.

2. NGUYEI\{ LY TAO T[N HIEU SONG HAI RANG LUQC
SU DUNG PIOT KHOI PHUC BUOC
Tin hiéu song hai co thé duoc chu dong tao ra bé'lng ky thpét nhan tan sé st dung cac phﬁn tur
phi tuyén nhu [8]: diét SRD; cac duong mach dai khong tuyén tinh; cac phan tir thu dong va diot
bién dung (Varactor); cac bg tron tén,... Trong do, d€ tao ra tin hi¢u hai ¢ dai rong (dang rang
lugc) hay c6 hé so nhan 16n thi diot SRD 1a thich hgp nhat [1].
bibt SRD co dac tinh hoat dong khac thuong d6 1a luu trit mot ugng dién tich 16n khi duoc

162 T. M. Nghia, V. M. Thanh, “Nghién citu, thiét ké, ché tao ... dii tin siéu rong.”



Nghién ciru khoa hoc cong nghé

phan cyc thuan va tiép tuc dan dién khi chuyén sang phan cuc nguoc cho dén khi tat ca dién tich
da luu trir duoc giai phong nhd dong dién nguoc, sau d6 mot sy tit dong rat dot ngot xay ra dudi
mot nano gidy (<Ins) két thuc qua trinh chuyén doi [1, 7]. bic tinh nay duoc su dung dé tao ra
bd phat xung hep trong so d6 mach hinh 1. Mach dugc cung cdp bang mdt ngudn tin hiéu dang
song sin hodc song vudng c6 tan sd fi, didt SRD trong mach gitip hinh thanh mét xung hep trong
mdi chu ky tin hiéu ddu vao nho ning lwong luu trir trong dién cam L & thoi diém dién dung didt
phan cuc thuan Csyg chuyén doi sang dién dung phan cuyc ngugc Cy.. Nang lugng duoc luu trir
trong cudn cam nay (1/2.L.1, %) xuat hién trén C,, sau khi chuyén doi, dudi dang xung nira sin hep
v6i bién do E, va do rong T D0 rong xung T, do thoi gian khoi phuc bude cia didt SRD quyét
dinh. Pé qua trlnh nay xdy ra hiéu qua, d6 rong T, cua xung tao thanh qua didt phai chon nho
hon chu ky cta tan s6 dau ra can tao (T,<1/f,) [1].
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Hinh 1. Mach tao xung hep ding diot SRD dién hinh.
Cac thf)ng sO quan trong ctia SRD 14 thoi gian khoi phuc bude Ty, tudi tho séng mang thiéu sb
T, tu dién tlep giap nguoc Cy, va gid tri dién ap nguoc danh thung Vi Gia tri lya chon cia cac
thong sd dé thiét 1ap diéu kién ban diu trong tinh toan thiét ké nhu sau [7]:

a) Thoi gian khoi phuc bude Ty <1/f,, trong d6 f, 14 tAn sb tin hiéu dau ra;

b) Thoi gian sng cta song mang thi,éu sf} T>> 1/2nf; véi (2nfi = o)t > 10 1a du cho hau hét
cac muc dich. Trong d6, f; va w;1a tan s6 va tan so goc cua tin hiéu vao.

c¢) Tu dién ‘Eiép giap nguge Cp, <1/2.f,X, véi 10<X <20. Trong d6, X 1a mic tré khang gan
dang cua hé thong (gia sir 50 Q).

d) bién ap ngugc Vi, cua SRD chon 16n hon bién do xung E,.

So dd khéi ctia mot bo tao song hai dung SRD dién hinh va dang séng duoc tao ra & mdi giai
doan dugc trinh bay trong hinh 2 [1].
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Hinh 2. So' d6 bé tao song hai rang luoc dién hinh.

Ngudn tin hiéu dao dong & dau vao tan s fj cung cip ning lwong cho mach tao xung st dung
diot SRD. Pau ra cua mach tao xung c6 dién ap xung biéu dieén trén hinh 3 [1].
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Hinh 3. Pién dp dau ra ciia bé tao xung trong mién thoi gian.
Xung dau ra cia mach tao xung dugc biéu dién trong mién thoi gian dudi dang [1]:
Vo = E,sinNot v6i t=0 dén t=T, 1)
=0 voi t= T, den t=1/f;

Trong do6: V, 1a dién 4p xung dau ra;

@ la muc dién ap phan cyc thuan cia SRD;

N=T2T,voi T = 1/f;.
Trong mién tan s6 dién ap xung dang nira sin (1) c6 thé dugc tinh gan ding theo:

0

= Z %ej"m (2)

Trong do: Co = 2E,/nN;

n la bac hai cta tin hiéu vao f;.

Dang dién ap xung trén hinh 3 c6 thé dugc biéu dién bang mot tdp hop cac song sin twong
ung voi cac hai cua tin hiéu vao dua trén bién doi Fourier ciia dang song xung tuan hoan (hinh
4). Trong d6, cac mirc bién d hai dugc tinh theo cong thic sau [1]:
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Hinh 4. Dang séng xung va phé Fourier ciia no.

Khi b tao xung SRD cé dau cubi & bang thong rong, tai dién trd thuan, dau ra s& 1a dang
song xung nang luong va pho rang lugce tuong Gmg ctia nd. Néu khong st dung bd loc dau ra
hodc st dung bo loc dai thong rong ta cé cac song hai dang rang lugc vai cac tan so ra 1a bdi s
tan s0 nguodn tin hiéu vao (f, = nf;). Trong do, f, 1a tan s6 ctia song hai thir n.

Khi sir dung mach cong huéng dau cudi cho bd tao xung SRD, xung nang lugng c6 phé rang
luge duge sur dung dé kich thich cho tai 13 mach cong huéng cd pham chat Q duoc diéu chinh
xap xi bang n/2 (n béc cta song hai). Mach cong huong nay chuyén doi xung thanh dang song
chudng giam dan c6 tan s6 dau ra f, = nf;. Nang lugng nay sau d6 duoc loc dau ra 1a song lién tuc
(CW) 6 tan sb f, va dwa dén tai nhu biéu dién trong hinh 5.

Céc SRD thyc té ciia cac nha san xuit co kha ning tao ra cac xung nhu vay cho cac tan s hai
déu ra 1én dén khoang 18 GHz hodc 16n hon [6].
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Hinh 5. Dang séng dau ra ciia bé tao séng hai va phé trong mién tan so.
3. THIET KE BQ PHAT TiN HIEU RANG LUQC DAI TAN SIEU RONG

Trong bai béo nay, cac yéu cau thiét ké dugc dya trén tham sé ki thuat hé thdng thu cta tram
ra da thy dong trinh sat tam xa c6 dai tan lam viéc tir 0,8 GHz dén 12 GHz duoc chia thanh 4 dai
gom kénh A tir 0,8 -2 GHz, kénh B tir 2 — 4 GHz, kénh C tir 4 — 8 GHz va kénh D tir 8-12 GHz.
Dai thong tirc thoi 16n nhét ciia may thu & tit ca cac kénh 1a 100 MHz do d6, tan sé ngudn tin
hiéu chuén can chon f; > 100 MHz. Dé c6 thé kiém tra danh gia dugc sy hoat dong cia may thu
tai nhiéu diém tan sb nhat & day tan s6 chuan dugc chon 1a 100 MHz.

So d6 chirc ning cua b tao tin hiéu dugce trinh bay trong hinh 6. So d6 nay duoc tinh toan
thiét ké dam bao cac yéu cau dé tao ra tin hiéu c6 phd tan s6 rang luge dai rong co thé diéu khién
chon loc dugce tan sb va cong suat tin hi¢u 6 cac kénh dau ra. ‘Trong do, bg tao dao dong chuan
100 MHz c6 thé chon loai tao ra tan s6 cb dinh hodc loai ¢ thé diéu chinh tin sd xung quanh gia
tri nay, dang song cta bd dao dong ciing c6 thé chon la séng vudng hodc séng sin. O day, bo dao
dong dugc chon la loai CVSS-945 tao séng sin co tan 50 ¢0 dinh, d9 6 6n dinh tan sd rét cao, tap
pha rat nho, didu nay cho phép tao ra cac song hai c6 tan s rat 6n dinh.
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Hinh 6. So' d6 chirc nang bo tao tin hiéu.

Bo phat ring luge duoc lya chon theo cac yéu cau va diéu kién dd néu trong muc 2, theo dé
lqai duoc chon la GC100 cua Herqtek Step Recovery Diod@ Comb Harmonic Generator. Tham
s0 chinh va dac tuyén bién do-tan so cua GC100 dugc tim thay trong hinh 7 [6].
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Hinh 7. Tham s6 chinh va dwong bao phé céng sudt ra ciia GC100.

Bo chuyén mach thir nhét c6 tac dung diéu khién tin hiéu dao dong chuén cép dén cho b tao
tin hiéu rang lugc 1a tin hidu lién tyc hodc tin hidu diéu ché xung tiiy thudc vao 1énh diéu khién
ché d6 1am viéc. Vi viée diéu khién dang tin hiéu chuan cép dén s& thu dugc & dau ra bo tao tin
hi€u rang lugc cac dang tin hi€u lién tuc hodc diéu ché xung tuy theo ché do 1am viéc duoc lua
chon. B khuéch dai tin hiéu dao dong chuin dam bao mirc cong suét tin hiéu dua dén bod phat
rang lugc khong nhé hon 20 dBm (mirc cong suat nho nhat dam bao cho bo phat tin hiéu ring
luge lam viée). B chuyén mach siéu cao tan (SCT) cho phép lwa chon dau ra trong sb cac kénh
A,B,C va D nhu yéu cﬁu thiét k&. Tin hiéu trén cc kénh ra khi chon dugc loc phdi hop dé dam
bao dai tan mong muon dong thoi duoc dleu chinh suy giam hodc khuéch dai tiy vao timg kénh
dé diéu chinh cong sudt tin hiéu ra theo yéu cau.

4. MOQT SO KET QUA THUC NGHIEM VA KHA NANG UNG DUNG

Theo so d6 chirc ning da xay dung cua bd tao tin hiéu (hinh 6), cac khdi thanh phan cua
chung duoc thiét ké, ché tao va thir nghiém danh gia thuc té. Bo tao dao dong chuan CVSS-945
¢6 muc tin hiéu ra & +7 dBm duoc khéch dai cong suét 1én mirc > 20 dBm dam bao cho hoat
dong cta b phat rang lugc sir dung diét SRD 1a GC100, dAu ra nhan duoc tin hiéu co phé trai
dai tir 100 MHz dén 12 GHz, v6i budc nhay tan s6 100 MHz. Hinh anh b tao dao dong dugc
biéu dién trong hinh 8a, tin hiéu ra do trén may phan tich phd dugc trinh bay trong hinh 8b.
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Hinh 8. B6 dao dong chuan (a) va tin hiéu dau ra ciia bé phdt rang e GCI100 (b).

Céc khéi con lai clia so @6 gdm chuyén mach cao tan, cac b loc va suy giam, cac bd loc va
khuéch dai duoc thiét ké, mo phong trén phan mém CST, ADS va dugc ché tao dap ung yéu cau
vé dai tin 1am viéc, mirc cong suit tin hiéu ra theo yéu cau tung véi timg kénh da thiét ké. Bo
diéu khién dugce tich hop voi hé théng diéu khién cta tram ra da trinh st dién t&¢ dam béo cho
hoat dong dong bo cuia toan hé thong.
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Hinh 9. B¢ tao tin hiéu rang luoc dai rong da kénh.

Hinh 4nh b6 tao tin hiéu ring lugc da hoan thanh dugc trinh bay trén hinh 9 va hinh dnh pho
tin hi€u dau ra mg véi tung kénh dugc biéu dién trén hinh 10.

Tin hiéu & dau ra cia mdi kénh 1a tap hop cac song hai c6 tan s6 12 boi s6 cia tan sd dao dong
chuan dau vao da chon (f, = nfj), bién do pho co6 thé dicu chinh theo cac mirc mong muodn nho sir
dung cac bd suy giam hodc cac bo khuéch dai thich hop, tin hiéu nay dung dé kiém tra sy lam
viéc binh thuong ciia méy thu tai cac tan so tuong ung voi cac pho do b phat tao ra.
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¢) Kénh C: 4-8 GHz d) Kénh D: 8 12 GHz
Hinh 10. Phé tin hiéu dau ra & tung kénh ciua bo tao tin hiéu rang luoc.

Béng viéc Iya chon tan s khéi dao dong chuén va lwa chon cac diét SRD thich hop cho khéi
bd phat rang lugc cung véi viée thiét ké cac by khuéch dai va b loc thich hgp nho cac phan
mém ho trg da bict, hoan toan cé thé tao ra cac bd phat tin hi¢u c6 tan so va mirc cong suat theo
yéu cau cho cac img dung can dung. Dai tan so cung cap c6 thé thay doi rat rong, 46 on dinh tan
s0 dugc dam bao bang viéc lua chon bd tao dao dong chuan va viéc thuc hién thuan ti€n hon
nhiéu so véi cac phuong phap tao tin hi€u khac.

5. KET LUAN

Bai bao di trinh bay cac ndi dung chinh vé nguyén ly va phuong phap cung céc tinh toan thiét
ké bo phat song hai rang luoc dya trén cac dibt khoi phuc bude SRD, dong thoi trinh bay mot
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thiét ké cu thé tao ra bd phat tin hi¢u rang lugc 4 kénh, dai tan siéu rong (0,8-12 GHz) bién do
cac hai diéu chinh duoc theo yéu cau, ddy la nhitng tinh ning cao so véi cac cong bd da biét. Két
qua nay tng dung cho thiét bj tich hop kiém tra, danh gid may thu da kénh dai rong cta hé théng
ra da trinh sat dién tir thu dong trong thuc té.

Cac két qua thu duogc co thé m& rong cho nhiéu ung dung da dang va hiru ich khac cta cac bd
tao tin hiéu dua trén co s& cua cac diét SRD trong cac thiét bi vo tuyén dién ta.
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ABSTRACT

STUDY, DESIGN, AND MANUFACTURE AN ULTRA - WIDEBAND FREQUENCY
COMB GENERATOR

This paper presents an experimental study on the design and manufacture of a mixed
ultra-high frequency signal generator with a comb shape frequency-amplitude spectrum
(Comb generator) with an ultra-wide working band covering from VHF band to the X
band. The principled of creating harmonics using step recovery diodes (SRD) and the
results of design and fabrication of comb tooth signal generators with a preselected
harmonic frequency interval of 100MHz are presented. The transmitter includes 4
optional controllable outputs: A channel: 0.1-2GHz; B channel: 2-4GHz; C Channel: 4-
8GHz and D Channel: 8-12GHz are used to automatically check the operation of
wideband multichannel receivers of passive radar reconnaissance and radio navigation
systems. Some empirical evaluations and extensibility of the design with reality
applications are also introduced.

Keywords: Ultra-wideband harmonics; Comb generator; Step recovery diode.
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