=

MBI

& 1= 2k 3 o B 7 % o

%C’A])O/byy 0/:7/%%0/(1&/‘01‘ Tﬂaseofﬂrray WGOIGI'

$SaJdd AJ‘S"DUI asuajaQg |euolleN
—
X = ¥ YRR

# H FohaE DhEE

I




o [=]

FEIRPEE IR AR

HEETIEW L BERAR

TECHNOLOGY OF T/R MODULE FOR
PHASED ARRAY RADAR

WRE AEM S F

[

« L3 -

2010063978



B HE % B (CIP) $i 7

ME TR R A SR AR E, BEN, ™5
%= —Abgt . B ok A, 2010. 7

HEBEFEBREAMS

ISBN 978-7-118-06735-4

T.004... 1.0#... ... O... 1.
OMEEFE V. OTNIS8.92

of [ MR AS B 54 CIP BUHE A% 5 (2010) 56 079328 5

@ o A oz e BREA
AL A e K TR R B 23 5 BRIECZRAS 100048)
LR EZENR] T ERRI
HHBESE

FFA 787X 960 1/16 EP# 23 ¥ 420 TF
2010 4E 7 A% 1 FRSS 1V KEDRI  EP ¥ 13000 A EM 82.00 JG

(EBMAPEER, REAFER)
B B 45 0% . (010)68428422 B AT IR (010)68414474

HFTEHE :(010)68411535 K47k %5 :(010)68472764



B O &

A4 h E R A HRE S R B HA

H A SEBHR TEREEBAKF LY - EET@. £F K E PR
EAHEEREEBGFAERRNY 2, XEEBARKFREZERE. ¥ TREE
B B AR B S B IR L A9 R TR, I 3R At 2 3 SO B S W FORS OB B B, 4
FEFEHRBEAA HREFRKEFTE B HR, HEP R TET 1988 £y R
EGFERHEHRCBRLEGREES B RES, R IWEFRR S, KT FE B
EBRERNFES.

ERFMEEBHRES RN RE:

1. EEPRFERRGE T FARKFE, WEA R, 7EFB b &S5 AL
HuPFHELEE:;ELBEAERTHARBEHMARELE.

2. ¥ RBHEFH . AFAEK TH . MEGAEIRSBEERBRBAARAHE
HERMEE  EUSSEBARCAMRSREEARACTENRTHIEARAEH
e+

. AEEREMRMAEXRTHEAME . FVNESEHRARALMRSEE
ARUEFERNF LZ FHRATNELE.

4. EAHAREMKTAREEAHEAFEEN AR RO ESHERMA%%R
BB A .

EHpAKEPHRESFHFZERRSELSRKREBNAS T ARIE  AFEE
H R B B R O 1 VR S B A PR S R L SR E B B s BRI R BY & 4, LU
RREFBRBIEEBE. KIFHES THRBME S, b 8545 E B Tl f Rt
Bl 3 H AR .

HpAKSELEEBUE TREMEERRR. EREESREEICRMLY
REEHR, HRMERR MR ER. EREFRPOFEET, FEHHATER
SRR EES RFHEBEE S, X R —TRE FEE A2, 2R
55 ] iy 52 10 45 9 1 A D B R B M B R TR R DM

W MRES R~ EEY, R MR TN - E. B, EH TEFR



NV | Amrmrs oo a vr 3ok

ERB MR AL S E MR B, X A RN ES RIEHE AW
e, FHFIHEREEHAEARBELSBBRE AREIEE. X .4
B U RS & RK GRS,

LR TR, W E SR B € R R TR A

EppMEEEHRES
WHERE



EppREEBHREE

SEEIHERSAMAR

F £ ZE R
BEEZER
M B K
B O P K
e R
FEL
mE %
4% JE BH
AF K

EHEHZER

1 R%,

E % KRBEE
A2 3

BER B 5
K 2T H )
I HRE
ZHE MHFX
kBT HRERE
TEF OERA

E AL 2

) 4 A&
®ER
A—F

$ 488

Fre#
R EH
R R AL
&K



(HEBEBEEARLABIRER

ZEEE kAP
X & A#MFE ¥
B £ F£ wAXL &
A7 *
iR EiEsh F AL HE%
L % MmEW HEE LKL
& XA RXE KGR
TXE #HRAER #H #H REF
APl

&

%

s



[%=

JJ'
Xt

BRREEMNFBRBKE, REMEHIERTFaMEELEH AR
MEH,.ZEEHER . SF R FEHRFLA)ZHRE TIHELE.
MR E LR A R SUE R R BRAE 10 BRI AR T £ 8K ST LT
FERFTHRER B TERENT RS SEBER T EAEERESE
BV G ITE R EN R #E 3 HAr LA M E A DREME H iR
BT EAERERS T HARARMNORE BB ESTEELRE
9 E W .

BE & Bk B AR A1 £, BOR R XTI E K B AR 2 808
HREEEBR TSN RERRHINOES . AHEMBEEE S W HEE
MEE HRTFHEEEE SHBESE KA HERTERT 45 HER
BEERBRNERE R, MEEREN TERBROERKY B.KT %A
BB BB S 1A T BV B B 5 B B B, Bl i K b P B A BE R 3k 5 1) |k
EY BEZERBRKEGAETFHTARABEEOMEEERE.

HERTARAEARNEELR, ZAEAISTEHMOHEER.
EANEEETR A BFSEAOMITSHRAREAT MHHAE
BEEBREEARMONEB ST RFERS. XREER B FHEARFRHN
HAREGHERFTERAA NP EEFH.

PR TFREARPFRTN 20 42 60 FERWEIFFE T HIEREXERE
A RBEARB DI, S )a 76 3 B & YR D b BF ) i 2 b 0 e R 7 AR
R B 38 o B T L R TR T AR G B0 B S RN B R HE R, 7 X 4 A 4 B A B
FERPHBNMRAMEREANBECEESER R, B AT U3,



il | mmmExksxanmk

ANBH IR — R PR TR TR SR TSNS R
HRE. SMANBBREREZYRESFENEMBEEEEHH TAEFRELSH
ERRHERFHERBELOE R, B, AAHRHNAQH . EARE EEKR
SRR 5 T B

(HEBEERERABEGE LM, NA RSB E A RS HEET
KR MEEEEERARS A RHEREE AR LBk R At ST
5 BB b T | T A 4 I T 3 R 45 I R BB

XEABZABEEATHATRFTOSHEEER, EFTKERSEFAA,
REFKERFRA BFKRERFRARENBS T TAAXLF AHAL. 1S
MBRBELEE FRHTHRBERERIT ARG RIITMITFE RS T, &
A4 1 2% (046 2 BE TR 52 AR B FE T4E

TEABRE SRS, B8 TRAFEL B EE L AN R YR . JE
TEAR HERE A HE B IR A AL IR S B 5T A LA B BT R T S D6 L B E Y B
TR LS, SN ERTIENERENBHEREEEH RN, RIF
BHEHE R 3 R R B R BT IR0 I 10 £ B E 15 )1 R R . F 46 0% R & st
ABHBEMT AROAL HE B BN T/ EE A8 KEE KK
BOKR AIE DEESRETHESMT AR IFHA HIRMGETHE, &
i — 3 32 R 2 0 R !

(R o B s AR A 5 ) B0 o4 R 9 R FE B R T B M AR R B R
LK SR B /N B R RV R % E B Toll AR A B Ok 4 8 9
NEL BRI S B A9 T AR !

BT KT B R 2 b 5 5 R 7 BT A S, T I 30 SR i T 1

e

2006 £7 A 1H




£l

i

B M 20 g 60 FERLUKR. I FMAETERE MEFEHESB AR T
PLEEF TS ME M ERETEN BENTEA RN, FERTE
BEABEFRBRELNGFE MEVNERBTXEEFZYR.ZEH . B
EREEE RAE THROIE. BEERRS 42 E HirfE B
RBFFTHBTEA LA KRB F5 83T P H 38R 80, A0 B H 5 R Gl ks 3 3
WItEMEREOER.

KABRBE TFHMEEAESHOEANBEEIRSELZAHRTRESL
(INEWS) P EHEHE K HRER®B . AESA AT —# 4 T/R A5
FR—FPThEE, A 55 4h B9 T/R 4044 58 B 3 fh 2 68 5 o wT A B 18] 4 B 9 O 3
XERAF—BEETEREMIEE. WHEXEHFTHENELS (SAR/GMTD
b 4y [0 5k | 3tb T BR IR L BN (1 38 19 [R] B, 5 BT SE B XY S b H AR i 18 R f R
L EHH#TRE., BT AESA RBHE N THEAR. MTENFHEXLE
HZA T/R AMGH MR, B, 7T LU 3 307 R 3R E B (DBF) | A & B 3
WRER MG MR EREHAR , FEEWIIRMERBSBR KT B, TTL
HWREEMEFGTERNTE  FEBEETMAREREFNETEDE. A
Bf, R AESA EART LIE# AN E56 8 T 1R R G /E FBE B K08 B 3 K,
fRR AT R MBI A, LR G A%,

HAl, U R THRARBIFEF(NRIET) AR EWE NP2 S
ZEMARMER . EEITEE T/RAGOBIR T EC RS KR
B ERWBTZHMHRKRBEAR,EENSLXINREL HESE MR
BEERFEHH TREMAEEE EXHAFTLA/NEL . BEE.FT
ROTHBETRIFRSG. FAIRIEFER, SEZMBEER T/R 4405



X ] 4B 3% PR A kK LA 1 FR

L TR A 2 R B 5T, BF 40 s 2 Bl /DN B K L RO 4L T/R 4
. 23351 T/R G047 4% SR BOE FBT A7 6 Bl 2 A E#
B, BRTEEA T T/R 400 ) o 20T e B 2 4 1) 26 . B B 5T
B REBR A T/R 406418 48 4 ME BRI % T/R 4L (R 7= IR BT % £
ETY AR E MR ERM 1000m? LB, BE&T &1 HEB T/R
L1 LR AR R S

745 49 AR I 5 T/R A A5 T/R 4104 9 2R 285 T/R
2 4 o SRS I OB T 5 T/R A B 80K s T/R Al R SR T/R 4
PR B A s T/R 4L BB R BOR  # — R T/R 41 R
FRGERMFEARS 8 &, 2HW RN EENFNERKTREARKT
T/R 447 BRI 46 68 0 O (8, 10 EL 9 D0 45 4 I B AR A A iR 25 2 4 B
RACKITEE, BT R RO BOR T & B2k I 8 7 R4 2 5% B B i 47
K (9 K R I 1, BT 51 36 1 oL R S5 1 4 R D D BSE O Be R R R L Bk e R ik
EFRSGHEAK T &4 X FF R B 5 5 A T/R 4140 5F il T4
HHABERMESELNHTFHR GBEREREATRIFAEESS
iR

A HEENTHEKYIAE T/R AHEEARBROHEARAR, b8
BRAFEMATERES TRABFREE R B4 BAA+HEEY
M TEREIEL. 268 H. Wb | FHWNE AEMmE
E.H 2 BHANERE B3 EhANTRE B 4 B BUEE ALME
AE.BSEHTH.FRESE.H6 HHEBE . EHEAS,.H 7%
HESXIEESS. B8 HHBK FLFAE BH . BEMA. EHE,
XU R b 6 | BE B PR AR R K EE URANE A RS Y
THAENHRE ., 2HaHNE AEME KGR, 45854 "
TERREREKREXHBOEIMEL, 25 dFRE. I RHFRR R
HHK.

7 45 32 B R 50 T R BRI BT 00T 10 G B T UL WO AE T K 22 BE A B
RAFHAARAEFTEKATEHRA BFTRAEERAERSHS
FTRAZS HHAR I FEBIE E, 45 G016 BRI A 52 RS 1F
5.

EABRELSBT KERRE KL X+ R e
MEAR VBB R RS CHER A B P A R M 2 B 9 B A R B
K Tk bR E A B 4 T AL S S AT BB AR IR X 52 AR A
BEAE A 2. H TR B S BOR S R SRBE ST 1T 80 B E 3 L 0h i
DIPRS00 % R A X A 45 4R 5 T K 9 41 OE L G e L e xd



W v | X

T, XM A8 RRE. K KXH KB AUE DERFRERHB
EZEM T RBXFHA HERR A %6 88 TAE , 78 00— I R w20 B !

A AR A ERHEG AR RESIFEFRER SRS
RSB EDERLREMAIFEFCRXEEG T HREERLREFRN
INE EMFE B TR

HTKFER ARZAESHRENESR, BFEFEORHEHE
W iE !

E X
2009 4 12 A



L

1.

1,

s

4

5

6

1

73'[ ‘—é"‘ [ P

mﬁ%%ﬁ coeesense st catneon e
124 %ﬁﬁ% M;'%ié...... teases sessen sessce seesee ses ase nee

*EEI@%E’% T/R gﬂ{tf: ees ess s 0se b0 seesenaee sen ses ses aes ses sens
1.3.3 i%%}sﬁ:w'ﬂg}ﬂ ceis senisse soe see sme see bee bue ene sae bad esn sas as

— I E R TR LR ovvonsvnsnosse somuveaspwrs wusians sis sas
1.6.1 %*If/ﬁ}/ﬁ}ﬂ See eeteeeeeneee st ataaen bee tae tee aae see eenoonnan
%%iﬁ SN Sem Bele e e eiven meniews Daaiane BEIAs aiseese SEE HES §onBEE S5R Bae e see

© O G = e e

10
10
13

s 06
16

16
18

- 18

18

- 20

21
21
22

e 24

26

« 27
+ 30



B& lm

2.

1

5l

2.2 PRIEBIRERY -

2.4

.3

2.2.1 HMAEHBFBEEAAM oroeroeromrmmmmremcenenn i
2.2.2 WANBH KA REAEEHER I oo

#m%ﬁ%

58,1 BTl R R BAR  sasni s snanin dansss shahdss e SRR 55

2.4.3 PN ﬁ’%%#

%%iﬁ
F3E T/RAHPEXMRETH -

3.

3.

3.

3.

1

3

4

5

%I

T I ———

3:2:2
3.2.3
3.2.4 BEHPFE oo
3.2:5
3.2

3.3.2 BB E ARA T E oo enennsnriesietes e s e e e
3.3.3 B BIM FFE vevverrenuennenuennene ot sne see et ses et ses aen seseen sen een
BT BB B BE v cv ce eenere een tee ten ceu een ten ten e aen e aee e bee bee e re v e ae
30401 A TEMIEE coere e ot it et et et et et et eet et et et et een ten sen s aas
34,3 FBARBEEIE -overenreersee e ere e et ere et ers e st e et ee e eee e
B B BE R BE o+ vov vov venven een ten te e tee e e ee e e e e e ae v e e

31

- 31
+ 31
31
33
36
- 39
39
41
44
45
45
45
o AT
55
- 67
woa 68
- 68
69
+ 69
- 2
- %3
- 74
75
76
w T8
78
83
83
84
85
85
86
86
86



W | Aermme @k gk

3.5.1 PIN Z A M BIBERE  coorrerrmmmresmmmn e nenee 87
3.5.2 GaAs MESFET %ﬁ/&ﬁ@ﬁﬁ%ﬁ ciis susene ednEna sanmae wassssnesy 90

3.7 PTG I EE e e e ren se e e s s e e O
5. %1 PR T UL Yk € 8 TR R L L R R U LR L
3.8.1 %&%%ﬁ,&;};gﬁkg 104
ﬁﬁiﬁ mm.“mmmmmmmmmmmmmmmmmmmlw
F4E T/R gﬁﬁ;&ﬂ-ﬁ* se suEiEEE Saisiae Semiens Selens soviehs SenEe seseney sesEes seseee ses 110
4.2 T/R éﬂﬁsﬁgéﬂﬁi;ﬁul{/ﬂ?g s e s Mo s anmessess. 110
4.3 T/Réﬂﬁ:ﬂgfgyjﬁgﬁ&*g;ﬁ seaears e Haterne o e Sags maeimieit wining 5w 1D
4.3.1 T/RUAEWE T EIHE  corvereeereemmrme s 112
4.3.2 T/R éﬂﬁ:l‘ﬂigﬁﬁgi Tuld
4.3.3 T/REBEH EERRFEER - crererre e cn e 117

4.4 T/R HMHEEIT - i A T IS SHIOR S et s BeRTew veieides ]
441 T/R BB A coeerevermremmmnneemnneesisnnee s e 124
4.4.2 T/R ggﬁ:%#ﬁ&ﬁ— L L R Ty B 0
4.4.3 ‘T/R 2ﬂﬁ‘l¥_ﬁ§%7§-’&ﬁ‘ 154
4.4.4 T/R gﬂﬁci]‘fg»&;&ﬁ— sioie e s e s sverseE seaTRes s messessaseee 156
4.6 T/R éﬁAﬁggj:éﬂﬁEﬁIﬂ;[g}g S eecome. smatente SUleae e ETRATA wewseen weeness I
4.7 T/REAEGSHETFHARENR rocvvvrrermriiiiiiii i e eee 165




B | XV

4.8.1 T/RUA RGBT IEE cvooee oo i et et e et cee eee e
4.8.3 EEBFHEIR BB HF ooeoeeeeeeeeeee ee et tre e e e e e e e e
4.8.4  FRE B JE BN AE A oo veevreeee ern e et e e e e
SEFD T/R LG ZER v oeevermmnnves et ennies eee een e ce ees vvs e e

4.

9

%2 CHk -
ES5E T/RAHHERHA

5.

5.

9.

5.

5.

5.

1
2

3

4

5

6

55 -
WR@#M&%%%&%&&*

5.2.1 WHEEANFHEBEERE B AR crrerrrereiniiie i cree e een o,
522 1&,&1&@%;&}5}?@%5,};—;%%%&%}]%&*
5.2.3 MEHHESEBBERF LR o oorererrmrernnrreeeeeeeeeee
5.3 1 BB T R o ornns suiions swnsns s 68in0s 550 55 0 o mon amn wesiaws s omiens

5.3.2 HMERAHFA

5.3.3 BEEHEA

5.3.4 KEHERA
T/RAMHABEHA -

5.4.1 um%#%ﬁz%ﬁmﬁﬁﬂ%&*
5.4.2 4#% H%wRﬁ#ﬁﬁ%&*
T/R HHmHEAR -

1 &

R Hs ) o

% A

BB H

KL B HE

AT 4 2

LS S S S S RS, By
LS B S S S RS S
N o U e W N

-8 H bR g

f%#ﬁ

5.6.1 s%&n@ﬁ#

5.6.2 LMK T/R4A# e R
5.6.3 M#BX ﬁﬁz%nﬁ%#ﬁm%ﬁ

JACH R S oo e e,

165
166
167
168
- 171
- 178
+ 179
- 181
- 181
- 181
182
187
192
200
200
« 202
- 205
< 207
- 208
- 208
« 217
veen D0E
- 226
- 227
- 228
- 228
+.231
- 232
- 234
- 236
- 236
- 236
- 238
- 239
- 241



XM ’ HE 3 B S Uk S 2 1R R K

6.2 T/R 20 4 % 5 B R - O T
o1 B B B AR B e wweiens e wininnn s ssisens vussr snvve spmene senmss D48
2 %,&ﬁﬁ% }g,ﬁjﬁﬁﬁﬁﬁmﬁ segaes sumine o Somie snsrEs yenmes iws ox D50
4 ﬁ’%fv&ﬁ/iﬂ'l& TR TR ccccerorereransirnnennen 256
5
6

;ﬁﬁﬁ%;{:g{jn%ﬁjﬂﬁ e tereaeieiiee it i see s seaes 250
g ;ﬁﬂjj\'ﬁgg[ WA, - Teeeeeee it i e e e e e 28]
6.3 T/RAHEKNREA - $408E B SeTHEE e ven neaieen vesions ves wes ses DB
6.3.1 B FOABLI K covvoevomvmeeermnre e s e e e 263

6.3.2 MEAE RBE MR  cercereeeeenennnnn Ceeeereriiii e 264

6.3.3 FELXMLFHMNKXOIBE L F = MBEIEE) reevervincirnnnninns 267

6.3.4 Tﬁﬁﬁﬁ{kéﬁﬁ[‘ﬁ%%lﬁziﬁlﬂfﬂl ceseesiiiaiiiiiiiiiii e 268

6.4 T/R é_ﬁﬁ:ﬁﬁgfﬁ;ﬁajﬁ b i semnn emien  ascenn g pup sy san s DG

R @ 8 L | . AT 270

6.4.2 @*ﬁﬁfﬁﬁlﬁl/ﬂﬂﬁ 271

6.5 T/RAHEEHNRES - e U RN § KRS KR SR SR e ome e DD
6.5.1 T/R 4% & zhM K & 54k - VRIHE 553 4% 55 A v memiwen wewnvs DTG

6.5.2 T/R éﬂ{&rggy/ﬂj /?‘%QZW L TV & 4

6.6 & T/Rgﬂﬁ:ﬁyﬁﬁnmﬁﬁy& 280
6.6.1 MEHLN KA - R 110

6. 6.2 ﬁ@y“m/}n ﬁ;ﬁ B ol
7"%%‘1#}( B S SSIARR dnmiwe wum e eaiey Seions 60 NE 68 S0 nas DG
i T/Rggﬁ:ﬁgmﬁgjhgﬁﬁ* e e e e e 287
T2 @@g%vfﬁjmﬁﬁjﬁﬂ— R PR TETTRI PP TPPUTRPPIRPRIRRREY ¥-F-3
7.2.3 BHREDE e 2000

[SEE =L I = B e IS B P o
NI\JS\DNL\DL\')N



