=

MR R A

H
12
3
&
5
R
M
]

Technology of TR Module for Fhased Array Radar

1eN
v D

-“‘E-

Sl

SsaJdd AJJ‘

I H FBotm dhEmE

I




HE|

THIE G FARARAS

’f-EEl

1% W & 22 15

KA

TECHNOLOGY OF T/R MODULE FOR

PHASED ARRAY RADAR

ARE AW & K F



B BERS B (CIP) 817

R T R MR LA BOR /0 B A R S S L A
F . —dta . EBF Tk i Riat . 2010. 7

(HEBETEEHERAD

ISBN 978-7-118-06735-4

I.O#... 1.0O#8... @F... OF... 1.
OHHEFEREFX V. DTNI5S. 92

o [ R A B 3 1 CIP 38 4% 5 (2010) 55 079328 &

@ 5o~ E oz ope o BWRRAT
bR K ETBer i 23 5 BEBUHS 100048)
AU A B EEENRI) T ERR
HEBIELE

FFA 787X960 1/16 EPsK 23 =¥ 420 FF
20104F 7 A% 1 5045 | (REPR]  EP & 1—3000 i} EH 82.00 G

(EBWMHMRER, RUE AT ER)

B B 45 % : (010) 68428422 BFFHE . (010)68414474
RATEH :(010)68411535 KAk % :(010)68472764



B O &

74 i 5 By 5 B 5 H R & 3 B AR

Hp A EBHRTAEREBGR LN —NEREE. 5K E R
REREEEGAERRN 2, XEEBMARKFHERERRS. A TRHER
Bl A 2% B A ER B AL O R R L 5 A & 3 S R S FORS M OC B R B, B
FEBFRBAA . BREP A BT E AW, KEPF TET 1988 F£H %k
EFFRHEFCRILEBALE R HRES, RZFFRERS, K HEHR
B A B B A

EfMEEEHRES TN RE:

L ZEEBPHER ARG EARKFR, AEA QL , P & O i L 8
EMAFELENETERABRTHARBOMAMEEE.

2. ¥ RBEHF - AFEE LA MEHMEMRSESELRAAR KM
BERAMEE FUSEBANCNRBEREANRMCTENBHIERNEN
L B

. AEEREBAMRMAEAFHEAME. BULESEHARLMRERE
ARAETENF LEZ FHHBAFTNLE.

4. FANHRTREF LIS E B3FRA F 50RO E SR L% ER
R E A .

HR A BHRESTHRZRSAELREMNAR TR I/E, AFEE
H R < )58 PR O 1, VF S 32 2 080 R S o A, DR E T B Y T A5 o A A BE Bl & B LA
Bk PSR EEE. 2WHS TR E A, h &% &8 E B Tk iRt
3 3% Hh R .

EEpp A FENVC LG T 2R E O RR. EASEBREECRNLG
X2 AR, AR R A B R BOMR I Ay . FEBCE I BIE ST, R E PR TER
SeB L RS RIFHARA A, XRE—TRAREE 2. AR LNRE
o 0 iy B B 45 6t R B I B R B S B R R B B DX BE .

RIHRES R —GHEFY, X HR TN MK E. B, FHLAER



IV | e o e
EAWER AR ASMER S, X, A BEAFRNESEZEHE LD
HeE., PHFIHERFEEHARAREESBRRA ARETHE. 5.5
B UREESSE R RGN IH.

ERAMBEETF R, HHEE R P . B RERmMILREA}!

EpMERPEHRES
WFHERE



EppMEEBHRESE

FHRITHEZERSARAR
FEZER NARE
BEREZR £ % KERFE EREMW
# # K BH
B M B K #4p X &
% B prea#m
FEA ENE HRE WAL
MEE ZHAE MAHX KER
kiRl kBT KEE A-F
“ER FEF ERXZ Had
AF K Rt

AEEHZER



(BEEBEEARABIRER

ZEFE KAF

¥ & £#HFE ¥

B EFE FAEAL FH &
A% ¥

F R HERE Iiash FHABR  HE%
L ¥k MREW KEE KL
2 H ox H HBIXFE HKHK
FTXE #AKR K #H AREF
=Pl

R K

w?
}4\4
)



=

‘“’
Xt

HEREEMNFEBRBEE &, BE& M REERTFGMEEE RS
MEHE,EEP R SR PR PR, ZHREG T SRR E.
A I T A R A DR 7 R R B AR [ AR R AT R 2 R R A L AE
ZEHFTHRGR .5 THERE RN SERBOR . ATHEHAEERESE
B &I AL E LI R s 3 B iR KB M E R IIREN L H AR
B O T 3 1 B R S O T AR R B DU, RO 2 A A R R
W .

BEE AW B iR FRE L, ZORE AW &/ B 7S 808 W
HREEEE T XIS & EAR R ES A RS R R R
MEE BFHEETE . ZHBESS R UMEEREIR T Y5 MERE
HERBOWEE . HEEEEN TERBRBERKNY R BRT¥A
B PR B B BESh » 1 T B YR 2 A BB B i A R U PO B R Xk 1) b
EYV BREZERBEEGHIEFHEPR TR BEENOMERETIEL.

MEETFERRAEANEELR . ZRENISTHNRKEEN.
EANEEEI A B SERAORBITSHERARTRAT #AHE
MRk R AR B S TRFFER R . X Rl TR
HARB(HEEFTERARA W —ITEZRHA.

B AR T HORBEFEAT A 20 H 42 60 4 fCHT B JT 4 7 AR 48 M 3 ik RO
A RBARK WG, S5 76 3 B B U Zh Mo BF ] AR 2 b A L AR AR Bz A AH 452
B 5 s, 3F B 2 Ml AR D T AR % 0 B IR AN B R XA . X S AH 45 B R A BF
HERPHBNAMRANERRAN S EOAEES MER R, BT LIS,



I | femmmassmnmk

AABRHRE - ERE EHRBTHERE FRARAFRFHFZSHRTAENER
MBS . SmANBRE 8 1FHF R 24 N HARE R X TEFRELZH
EREMEREP R LKL R, W, AABRA AR R EAR T EIRRR
Kb 5 TR ERE A

(HEEREEARAA B QFE LR AFRERERETERK HERSE
BHA MEFTERRARSE ARMAEERE AR RRANF HEES
IR BN Aub T BT R 4 R RO 4 R AR R

XENBZBBERE THEAMAFASHEHEERR AMEMRAERSRR,
REFKZBHARA BT REEEHARREFENGT T AAOXIF FHAH.HS
MBI EERERIFLEHT T BRI B AR F R &R TAE, &
N A5 B 25 LA & R BUF 58 B /E TAE .

EABRELE D, BE TREP L P ERE L E N RER TR A
A R 5 PR A AR BT ST B LA R B BT K A T S L AR PR E e B
KBS, SMIMER TSN ERAA BN S HERERE RN, RFF
FHECHB Be B AR BTl AR A 4R FT AR 8O R B U L HE I BRE L E AR 04 R A
MBRBRE BT REAAN I X TR R A8 KRE KRB
BUKR AE DERERSEHEIEZTBT KBEXFRA HERMSE TIE &
bt — 3 R 0 R A

R 42 o B SR B AR DA 43 ) B9 AR 4 31 22 R o B P TR A5 R VP & )
S0 K 1 SCRE S B /N BB A A4 G0 VF & 5K R B B Tl YRR T B O G RS
E A B B R TR

BT KPR S R 2 b 5 AR T M e T 9 SR B W !

FE K

2006 £ 7 A 1H




HIJ

Tiilf

BM 20t 60 FRUR B TFHAELE MEFERESH MK T
LM CITRMEMERHTER BRENOTEARMM,FENTE
EEFABPRBREZMNGFE, MEVERELEGLZIEB. LK. B
PR R R TG IIAE, MERR S H HIRE B
ARBFRBBEA, A LB FHEEXMIHRRB HERERELEREBERZE
Bt EMERAENEDL.

RAFRE TFHMBEAESAHBRNERHLSESZEETREAS
(INEWS) F i S BE KR HRE M. AESA AT LA —# 4 T/R A58
B—Fh B, A 55 A0 T/R 20 44 58 B3 A 3 6B 5 o 7T A s 1] 43 B 8 O 8
ZEMF—BmETEREFMIEE. & 7EH 1T B W 42 (SAR/GMTD
by [0 36 | b, T BRI L B [ 3 A ] B, 3 BT S B X 245 R B AR A9 48 R f R
B HFTEE. BT AESA BHEANTHAR, SN THEXE
HEZA T/R HHH R, H i, 7] LU o 307 X 3R E B (DBF) | B & M 3
RERMS MR EHEBEAR EFENDEMERERRKY R, AL
WREMEZGTERMTE HEEETMAREREFHEELIME. [
B, R AESAEARFWUFEEN G SR FRASFEHAES KEEHK,
il PR AT SEPE AR S, SE B BB R S

HRT, UM R FHRARTFRF(NRIED) R EFHE NFRBITZL TS
ZEMFRAMER, ELZAD BB T/R A4 0 HF5 7 E S RS K R K
JRCERBET ZHAHRKKBEA,CEHERIBE L HEE S MR
BA ERBE LR TRE MR AR A/ AT
ROAEBETRERS . FHIREFER,SGE BB T/R 44085



X | femmemamsmns

wl PR AR, B N SRR HEENMAR T/R4A
. it T/R APF4 7R % BRSOl FBT A 7™ B 2 B AR
WL HAERET T/R A8 & . e 5 70 A % 3 AR 3 L 380 30T
HBRAEAR A T/R A3 08 PRI % T/R A4 A& £
ETY AL R FEM 4000m® B B, E&THMEE T/R
AR H R A6 .

A H A HEERSE T/R AR T/R 440938 a6 T/R
HAFPREA B BBTTH T/R AAFBOHEAR: T/R AHRERART/R4A
PR AR s T/R 4L FALEE B B AR s 3 — 8 T/R 44 R A1
A MBFEARE 8 . 2F W R EEANFKEARKFRBEARKF T
T/R H A RT3 66 A O 48 T EL % U1 45 & B By B4R Ak A0 ok 4% 2 & 3L
RALB T, iy R B H R L T2 B4 . 0 i 7 R 2 K IR E PRk 4
oK ) & & 75 161, it 51 2 Y L R S ) 0 R I 9 B SE Y BOR RR , R B R 3
EPRSE#HEKTE. 2BAENITRMEEETESES T/R 40406 THE
AHAERNESEL R FIRGEFMEREHRILEAEESS
#riE .

AHEFEEMNBRERKPANSE T/R AFEARPIFRBEARN R, A8
WA ZNATEAXES TEMBMRES . HtAFEAE +0EER
HEMTRESEN., 2B 8T, HP B 1 EHHE. AEBRS
5.8 2 EmANERE B3 EAAX)TREHE 4 5l BB E AL E
BE.BSEHH.FRAEAE.F 6 EHMBFE . THESE,H7H
HEM XBEEE . B3 EHRK . FEHSTE BWH . A EA . EHE.
XA Bh S R BEAM L PRE R CBIRE KE URADNE BEE BRECHSS
THAETHEE. 2HaVlE AEBERNER. 2653+ H
TEBBE LKEXWBORPREL . 24 dREEE . B RFR R R
HHK.

7 45 3% B F 5 L T BR BF 5T BT 0 ) 17 BE B PR » B BT K 22 B R B
RAFHARRAEFTRATEHRRRABFKEZEHARASHS
FTRAZF  AHHAR BIREBHE A, % 0GL1FH RITF ERE 1F
£% .

EARBEREIEPKE P B £ 5K 6 LB+ BB £ 8 R 4
BR SR AER EWAEL I IMEA RS R LKA B
K AR R E B 5T 53 3 48 T G0 R T 5 AT B B R B X 58 A 4 B
BEERAL. RTPHEME SRR EH MO TR EH . HE
NI BRES | 00 30 25 [7] 5 % A< 45 B9 88 5 0 T K i 41 2 U A L e L R



s v |X

THE, EE A8 GRRE KALKCE KB AILE 7 BB R SR B
Ve A T KB SCF A HE AR 45 48 A L 76 0 — 9 3R0R 0 R
AHHHBL N ERHEGAREABHRESEFEFRERENKS
SR B E /N BE A B ALV B 5K % I B Tl YRR T B O% R Y
IWE B F B 1 TAE!
HMTFKPFER ARZASHERENESR, BIFHFEORHESE
W3 1E !

%
2009 4 12 A



B

eau

B1E HEETEET/REAGER i,

1.1 57
1.2 HABKEESL - —
1.2.1 RFEMEHEX--

1.3.2 ITHEE -
1.3.3 FEHHHHER

1.6 SZH T/R HE26 -

W O Ul = e

- 10
- 10
B T LR R T —————————
R IE 1 T S E Y SRS ——
1.7 HEBEEE T/RABGHHE e
1.7.1 B2 T/RAMHE eeeeveeens
-+ 30

16
16

= 16

18

- 18

18

21
21
22

-~ 24
- 26

27



ax | X

F2F T/RAHMERER -
2.1 5%
2.2 PABBARER -

2.2.1 HHRUWE LRI RIER o sssivrr et Soieinnes sendhsbudsinesy
2.2.2 WABR ENERREEB R ooovteiosonioivnns srnossbosson
2.2.3 PHNEMERERBEBEITTI coreeeveeoresnonnressnenseosssisnes

2.3 BHAEMRER o v sesisy b
2.3 1R R vovveoorasonnnes

e il T OO SESRTRLS GRRROUTROP I B BTt e S N
R R B s S0 et P SN B B o lorres sevans vavites sos

2.4 Y EIKIELEYTHELRE e veerrorenns

2T AR AR A oo coines enid vesnen Ronsus e asnie

242 $BEWERFE oo
24T PHERER i e diaiin g

SR - b sumss
F3FE T/RAHTEFHMETH -

3.1 8|8 .

3.2 TCIEERM s ereverereenseneenes

A -
REE -

.6 HEH -
3.3 ﬁﬁﬁ%

wow oW ow oW ow

3.3 7 PINF=MAPTFL oo svvissvnwsansusss

3.3.2 HME-REFE o
3.3.3 WRBERE wacemonnmiin

3. 38 NEERES FP 5 is covminiuwdonsin e Gonas vmidbe taliis Wen s ssawdvibsesanin
3.4 R BEREIR v simmcnsn i va PR Y e ke d P B mnkivasivs

3.4.1 AFEREE covennenn

587 BN I < Smesiitnias wesd b2 2 bt dienn iy

3.4.3 BARBEE «oovneenenn

3.5 PRBEIIE IR IR e niivorsiss one sesaniliviberant bodbeduitn

2.4 4 B R—E G PAE ot rsanserlintsihndosvanis anilh svinen

B 73 T e et e e e A

9 i
'3 5&.%%%
5

599
530
et 30
31
.88
36
« 39
veee. 30
41
44
v 45
. 45
soor AE
s AT
. 55
& BT
~ B8
Juse B8
ceise 69
.. 69
v 7D
Jous 713
74
v 75
w76
cewon T8
- 78
o 88
v 83
. 84
85
w 85
« 188
sess 86
%86



W | Aermer o s e 3ok

3.5.1 PIN ZHBHMBEEIBIFHEE ovrerrnrniiiiiii e 87
3.5.2 GaAs MESFET # M B I F B  +vcevrrrcinmnniiiinciena 90
8 8. AR IRR A RE BN <o - <2 220 w00 15 3pmansy s ke i g pawrwnv syt smpssssiwiasvt 1
2.6 4 JUNERAERIE o rovinivesnsion g jo onn s ivs ssnansgp ypmpe dfssisinsss 95
3.7 BRI B BE e oo e et et e e e e e §Q
3.7.1 BB FARE A KA e it i e e e 90
3.7.2 FHWAMBERF R AR oo coevererrsssssscnnsnnconccnsascssssessesss 103
3.8.2 MBI B KB «coovevercrrmniinniiniiiie e e 105
3%1& L e 14):
4.2 T/R ZHAE B A TAEJRFE e eer e e et e 110
4.3 T/Rgﬂﬁ:ggignggﬁ&*§gk spp iR R spmsmenerasavve T10
4.3.1 T/RYUFEEH EEIhEE  orveeeeerenrmrmniiii e 112
4.3.2 T/RABHEERARER oevrrerrmnniieineees 114
4.3.3 T/RAHEWH EEF RIGHR oevever e 117
4.4.1 T/R ABFEEAE R IT  creveeererrrriiiiii e e eee 124
4.4.2 T/REBHERBAF  ooooseoevoosongeessanos sovmns sasions so sposss s se 149
4.4.3 T/RAGBBEIER B e eeevreorrvmrsmnrmnm e 154
4.4.4 T/Rggﬁ:qﬁ:&&ﬂ— teeesssee s ssscsssssangesesescescsecesssassases 156
5. TR B ARBEB B A LIEIEIL vreormesiesseomngnon ssespomusmenes ons T6A
dindiESR gﬂ%&gig&;ﬁg;ﬁ cesssecee’ses seeensanscns s ase sassessessssssssssees 165




B® | W

4.8 T/IR gﬂ%m&ﬂ—
4.8.1 T/RUAZGEFEWITE oo oovvvr v

4.

9

£.8.3 EWERBEH R

iﬂg TR gﬂ%gggu

2% 30k -

5.

5.

5.

5.

5.

1

3

4

5

6

55

5.2 T/R Aok iR EmHAR - O
5: 2.1 AL AN MEMERMBEAR foorvesremrdioncnconcng
5.2.2 A EEXBEELESEEBERB B AR oocrverrerermennn
5.2.3 BEBBSEEBEBRFBEAR --orevrerrerrermronacnioninnnn
T/R BRI TR 5500 cindoveon aip s bovivespenssns

5.3.1 MBF A THR v evvorrosn dor iiesinoniunnne

5.3.2 BERBZA
5.3.3 MEE#HBA
5.3.4 MEHRHEA
T/R SR T acononmnsons sivivsases

5.4.1 UTEBUEZNYEIN T/RABABHE R -rreeerioemmmececinnnn

5.4.2 S4BXAWT/RABEHAZERA
T/R A FHEAR -

5

5.2 A A & &
5.3 #BmH
5.4 KA EFEH
5.5 HAeRHE
5.6 FATHR
5.7

. 5.

C)“ g o o o O O Ot
. . by . . . .

8 HEimgusH
L 21 -
5.6.1 SHET/RAH

5. 8. 2 LA B TR AR . oo voninnsssabocounines s i Gegieesi o 1iy <fo powers
5.6.3 BBEE HTWE T/RABRJHE reeeeernnreerarecmrananennnnns

2%1&

o B O s SRS ko R e R TR B ey B 1 O AR A

B HE R B oon o wes cnponmncnsepacsmrnsos axpass sansus ke 4543

165
166
167
- 168
sl
178
LIS
- 181
osve 1181
+ 181
182
187
45 <1003
- 200
-+ 200
o b D0F
- 205

“een 207

-+ 208
208
- 217

oo spe: 206
226
- 227

-~ 228

-+ 228

- 231

wies | D30
e 234
-+ 236

« 236

-+ 236
238
239
- 241



I | Amrm e b 2 1 R

F6E
6. 1
6.2

6. 8

6. 4

6.5

6.6

T/R AHM KA
El

1 R AR AR ALK -
L VAR DL 5 A0 B B FE A BN AX -
it oh R

5 K
%&fvﬁﬁ%ﬁ%ﬁ
LT Wl R R R AR
WR%#&W%&&*

S N

6.3.2 RFRHKMK

T/R 4 AR oo

B2 e T R MR B o~ v s ssn wwvans ms sns 53 s simignbbonnsy s 6455 o3
6: 4.2 AL B B IMAR, <o creems subioen suvoss punisas vosiass sovins oma sesnne sans
PLI MR B EE IR BB o wue votivtromnss voshun iasibin s 4ok 543 S3sss siswrenns
6:5. 1 “T/RSAY S MR BIEMAR oo s vos 00 evo vnevensorsannnss
6.5.2 T/RAHEEAMKE G LA cveeeeoremenvenes

6.4.4 | AH MK

MR T/R 2 14 e e ) A A o -
6.6.1 [ AEMN BKAE -

6.6.4 N ERZ#EH

S % 3CHR -

18
7.1
%4

Bl »
LB S LA Bt -
7.2.1 HRTH#

7.2.2 KE%

7.2.3 HEEZL%

T/R B RSWILEAR -

T/R EHHENBEIZIEAR oo

ceees 243
-+ 243
- 244
-+ 246
2 -+ 250
2 “ee terstssstettesiastistssensanees 259
4 BUEEREBEAL THBA TBERE v eennreseneennns
5 S ok 8

6

256

-+ 257
-+ 259
seees 261
6.3.1 BEWCUE E O A AL R ceeverere e e

6.3.3 FHAUBUMKABELEFZHERK) ooveeeeenenn

6.3.4 MEFEKABPRE BRI FERR -ooeeoremermmemmmennn
-+ 270
-+ 270
- 271

263

267
268

271

273

- 273
- 277
-+ 280
6.8 R BB B -on et sanaon susvns sanaes wugavsFesnes senlen

281

ond s D82
-+ 283
- 284
- 287
s 287
-+ 288
-+ 288
-+ 289
=+ 290



