Nghién ciru khoa hoc cong nghé

VE MOT GIAI PHAP THIET KE, CHE TAO BQ HAN CHE
CONG SUAT CO KHA NANG DPIEU CHINH
MUC TiN HIEU RA CHO RA DA BANG TAN X

Vit Minh Thanh", Tran Minh Nghia, Luong Vin Trinh, Nguyén Vian Viét

Tém tit: Bai bdo trinh bay mot nghién cuu thiét ké ché tao b han ché cong sudt ¢o
kha nang diéu chinh mirc tin hi¢u ra ung dung cho mady thu ra da bang tan X. Bg han ché
dwoc thiét ké dya trén 2 tang diot PIN dugc phoz hop tro khang trén duong truyen vi ddi
c6 kha nang chiu cong sudt tin hiéu vao dén 59 dBm va han ché mirc cong sudt ra cao
nhat & 19 dBm dé bao vé mdy thu, dong thoi cé khd ning diéu chinh suy giam mike tin hiéu
ra trong ddai 0-32 dB dé ndng cao dai dong may thu. Cdc tinh todn c6 thé thwc hién & dai
tan thich hop cho cdc vmg dung theo yéu cdu.

Tir khéa: Bo han ché cong sudt; Suy giam tin hiéu; bibt PIN.
1. MO PAU

Trong céac dai ra da ban dan, dé nang chit luong tuyén thu tin hiéu nguoi ta thuong st dung
cac bd khuéch dai tap thap ngay tai dau vao. Cac bd khuéch dai ndy c6 uu diém 1a hé sb tap réat
nho va hé sb khuéch dai 16n nhung c6 nhugc diém la cong suét chiu dung dau vao thuong nho.
Do d6, cac bo khuéch dai nay sé rat dé bi pha hong néu co sy xut hién cta mét nguon tin hiéu
¢6 cong sudt 16n (tin hiéu lot tir tuyén phat sang tuyén thu, tin hiéu tir mot ngudn phat xa khac ¢
cong suét 16n,...). Dé bao vé cho tuyén thu khong bi pha hong béi tin hiéu c6 cong sut 16n, may
thu ra da thuong tich hop cac bd han ché cong suat ¢ dau vao. Bén canh do, dé dam bao dai dong
cho tuyén thu cua dai ra da, cac mach didu chinh h¢ s6 khuéch dai theo thoi gian thuong tac dong
dleu chinh ¢ céac tang khuéch dai trung tan hodc khuéch dai cao tan, giai phép nay chua giai
quyét duoc triét dé van dé gidi han cac tin hiéu phan xa manh ngay ¢ ving gén, vi v6i tin hiéu
phan xa manh ngay dau vao cac tang khuéch dai cao tan da bj bao hoa. Két hop bo han ché cong
suét va suy giam tin hiéu co diéu khién 1a mot giai phap mang lai hiéu qué cao trong thiét ké may
thu ra da va 1a giai phap t6i vu nhat cho viéc nang cao dai dong cho tuyén thu.

Hién nay trén thé gidi, mot sé hang 16n chuyén san xuit cac thiét bi siéu cao tin nhu E2V
Technology, Toshiba, JRC da san xuat cic b gidi han cong sudt c6 kha nang diéu chinh mirc
suy giam tin hiéu. Tuy nhién, cdc san pham nay la san pham doc quyén va la bi mat cong nghé
clia cac hang, tai lidu nghién ctiru duoc cong bd khong nhiéu hodc dudi dang patent cu thé. Chinh
vi thé, viéc nghién ciru thiét ké bo gidi han cong sut c6 kha ning diéu chinh mirc tin hidu ra c6 ¥
nghia quan trong trong 1am chu thiét ké, ché tao hé thong thu cua dai ra da.

2. NGHIEN CUU BQ HAN CHE CONG SUAT CO KHA NANG PIEU CHINH
MU'C TiN HIEU RA SU DUNG PIOT PIN

Trong thuc té cac bo khuéch dai tap thip & dau vao may thu duge st dung phd bién thudng cd
cong sudt ddu vao nho. Cac dibt PIN co cong suat dau vao 16n thi twong tng cong suat lot & dau
ra cling s€ 16n, viéc su dung nbi téng thém mot hodc nhiéu dibt PIN ¢6 tac dung dam bao cong
suét lot ra ctia bo gi61 han cong suat di nho khong 1am hong cac tang khuéch dai phia sau [4, 5].
Hinh 1 thé hién so d0 nguyén 1y ctia bd giéi han cong suat sir dung mot va hai dlot PIN [2]. M6
hinh sir dung mot diét PIN thuong khong dap tmg duoc hé so cach ly cong suét cua tin hiéu.
Chinh vi thé, md hinh sir dung hai hodc nhiéu tang di 6t PIN thuong duge st dung phé bién, di ot
PIN dugc sir dung ¢ tang dau tién thudng cho phép cong suat tin hiéu vao 16n dugc goi la didt
han ché tho “Coarse limiter PIN”, di6t PIN tht hai cho phép cong sut lot & dau ra nho hon duge
goi 1a didt han ché tinh “Clean up Limiter PIN”. Khoang cach vat 1y giita hai didt PIN ludn phai
12 mot phan tu bude séng. Cac cudn cam dong vai trd cAp thién ap muc khong cho cac dibt PIN.
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Hinh 1. So do nguyén Zy b gidi han cong sudt mot tang va hai tang sir dung diot PIN.

So d6 nguyén 1y mach dlreu khién murc tin hiéu ra sir dung didt PIN mic kiéu ngan mach duoc
thé hién trong hinh 2. H¢ s6 suy giam muc tin hiu truyén qua phy thudc vao cau truc cua diot
PIN va dong dién thién ap thuan cap cho nd, dugc udc lugng gan dung theo cong thirc [2]:
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Trong do:
+ Zo 14 tré khang dau vao/dau ra;
+ Rs 1a dién tré ving I cua didt PIN dugce tinh theo cong thirc [2]:
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Trong do:

+ W 1a d6 day vung I cua didt PIN;

+ Hp VA Hn 14n Tuot 13 hing s6 mat d6 16 tréng va electron cua dibt PIN;
+ 7: Thoi gian ton tai trung binh cia electron va 15 trng trong ving I;
+I: Mirc dong dién phan ap thuan cap cho didt PIN.
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Hinh 2. So do nguyén Iy mach diéu khién mikc tin tin hiéu ra sir dung diét PIN mdc ngdn mach.

3. THIET KE BQ GIOI HAN CONG SUAT BAO VE MAY THU
CO KHA NANG PIEU CHINH MUC TiN HIEU RA

Xac dinh tham s6 k§ thuat diu vao

‘Trong bai bdo ndy, cac tham sb ky thuat tbiét ké duoc chon dua trén tham s6 ky thuat hé
thong phat cua mot ra da hang hai c6 cong suat phat dinh xung 16n nhat khoang 30 kW (74,77
dBm). H¢ thong thu cua dai ra gTa nay st dl;mg bd c}luyén mach thu, phat c6 hé so cach ly dat
khoang 23 dB. Khi do, cong suat lot 16n nhat tir tuyén phat sang tuyén thu s& c6 gia tri khoang
51,77 dBm (150,3W), gid tri cong sudt nay duoc xac dinh nhu 1a cong sudt 16n nhat dau vao cia

bd han ché cong suit. Dé bao vé may thu twong Gmg vo1 muc cong suat lot trén, trong thiét ké sir
dung so d6 bo gidi han hai ting di6t PIN ciia hang Skyworks gom: di6t PIN CLA4607 han ché
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tho tﬁng dau va CLA4610 hap ché tinh. Tham s k¥ thuét chinh cua cac diét PIN [3] duqc liét ké
nhu trong bang 1 va tham so ky thudt chinh cua bg gidi han cong suat c6 kha nang dicu chinh
murc tin hi¢u ra dugc liét ké nhu bang 2.

Bing 1. Tham s6 ky thudt chinh ciia cac diot PIN dwoc sir dung.

Tén tham sb Pon vi Gid tri
) CLA4607 CLA4610
Dién dung di 6t pF 0,3 0,28
bién tro khi lam viéce Q 1,85 1,3
bo day vung | pum 7,0 4,5
Thoi gian ton tai trung binh t ns 50 20
Cong suat xung 16n nhat dau vao dBm 59 43,5
Cong suét 16n nhat dau ra dBm 39 19
Thoi gian hdi phuc cuc dai ns 50 5
Bing 2. Tham s6 ky thudt bg gidi han cong sudt c¢é kha ndng diéu chinh mikc tin hiéu ra.

Tham s6 k§ thuat Pon vi Gia tri
Tan s6 lam viéc MHz 9350 + 9450
(C)Z.rllr%gsg?gudzﬁévgg rong < 1ps, tan sd lip > 840 Hz) dBm =32
Cong suat han ché dau ra dBm <20
Tén hao truyén qua dB <2
Dai diéu chinh suy giam tin hiéu dB 0+32

M&b phéng va thiét ké trén phin mém chuyén dung

Vit liéu lam mach in st dung loai mach Roger 4003C véi d6 day 16p dién moi 0.305 mm.
Viéc tinh toan phdi hop tré khing thuc hién bang cach sir dung cac tham s S ciia cac diét PIN
dugc cung cip tir hing san xuét tai tin sb 9410 MHz. T bang tham sé S s& tinh toan dugc tré
khéng vao (Zin) va trd khang dau ra (Zow) cta ting diét PIN [1]. Str dung cong cu “Ifilter
Synthesis / Matching” ciia phan mém AWR dé tinh toan cc phan tir phdi hop trd khang tir cac
gi4 tri Zin VA Zow. Sau cung st dung cac cong cu “Optimize” va “Tune” cua phin mém AWR dé
t6i wu tham sé S11 tai tin s6 9410 MHz. Két qua cu thé sau khi t6i wu thé hién nhu cac hinh 3 va
hinh 4. So @ nguyén ly va mach in thyc hién trén phan mém Altium cy thé nhu hinh 5.

SuBCKT
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Hinh 3. So do nguyén Iy bé giGi han cong sudt trén phan mém AWR.
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Hinh 4. Két qud mé phong tham sé S ciia bo gidi han céng sudt trén AWR.
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Hinh 5. So do nguyén Iy a) va so‘dé‘ mach in b) ciia bg gidi han cong sudt
¢6 kha nang diéu chinh muc suy giam.

4. MOT SO KET QUA NGHIEN CUU THU'C NGHIEM

Hinh 6 1a cac két qua do danh gia trén méay phan tich mang N9918A va hién thi trén phan
mém AWR gém: muc ton hao truyén qua trong dai tdn sé tir 9300 MHz dén 9500 MHz khi
khong cap dong dinh thién cho cac didt PIN va cac mirc suy giam tin hiéu twong tng v6i dong
dinh thién tir 400 pA dén 2 mA cap cho didt PIN.
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Hinh 6. Két qua do danh gid mirc suy giam tin hiéu.
Dé thi cho thiy trong dai théng 200 MHz quanh tan s6 trung tam 9410 MHz, mirc suy gidm
6 thé di€u chinh mot cach rd rét nho thay doi dong dinh thién cua cac diét PIN va tuong doi
dong déu khong qua 3 dB tng véi moi gia tri dong, dai diéu chinh 32 dB kha rong so véi [6].
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Hinh 7 thé hién so do két nbi véi mot hé thong phat cua ra da hang hai va két qua do danh gia
murc cong suét tin hiéu tai ddu ra, cu thé: murc dién ap dinh ¢ déu ra 1a 1.48 V, hé s6 quan hé glua
cong suat dau vao va dién ap tai dau ra cua bo tach song MDTO080120M la 500 mV/mW, nhu vay,
cong suat 16n nhat khi khong diéu chinh suy giam tai dau ra do dugc 1a 2,96 mW (4,71 dBm) dam
bao an toan cho bd khuéch dai dau vao may thu.
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Hinh 7. Két qua do danh gid cong sudt giéi han tai dau ra.
5. KET LUAN

Bai bao di trinh bay cach thiét ké ché tao mot bo han ché cong sudt bao vé may thu c6 kha
ning diéu chinh muc tin hiéu ra tmg dung cho ra da co cong sut phat xung 16n. M6 dun sau ché
tao co két qua do danh gia thuc nghiém hé sé ton hao truyén qua tai tan s 9410 MHz Ia 1 ,465
dB, gia tri nay 16n hon so véi [6] nhung ¢ mire chap nhén duoc, nguyen nhan c6 thé do sai sb
trong qua trinh ché tao mach in, ton hao tai cac gidc két ndi vao ra va sai léch vi tri trong qua
trinh lap rap linh kién 1én bo mach. Hé s6 suy giam tin hi¢u 16n nhét c6 thé dap lmg la khoang 32
dB tuong u'ng voi dong dinh thién khoang 2 mA cap cho dibt PIN. Cac két qua nay co ban dap
tmg duge cac yéu cau va hoan toan co thé ing dung trong thuc té ché tao hé thdng thu cho dai ra
da lam viéc ¢ bang tan X.
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ABSTRACT

AN APPROACH TO DESIGN AND MANUFACTURE A LIMITER,
CAPABLE OF ADJUSTING OUTPUT SIGNAL LEVEL FOR X-BAND RADARS

This paper presents a study, design, and manufacture of a power limiter capable of
adjusting the output signal level applied to the X-band radar receiver. The limiter is
designed based on 2 stages of PIN diodes impedance matching on the micro-strip line is
capable of withstanding up to 59dBm of input power and limiting the highest output power
to 19dBm to protect the receiver while also being able to attenuate the output signal in O-
32dB range to enhance dynamic receiver range. Calculations can be performed at the
appropriate frequency range for the required application.
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