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Cavity effects in the design of microwave modules
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Abstract: The problems of self-excitation and worsening of S-Parameter caused by structure of
microwave active module always happen in the design of microwave circuits. Up to now, there is no
complete theory to support the design of cavity. This study presented a theoretical analysis of the cavity
effect of microwave module, in which microwave was transferred by microstrip lines. The microwave
module with microstrip lines was simulated by High Frequency Structure Simulator(HFSS), a powerful
full-wave simulation tool. A microwave module of X-band was designed according to the results of
simulation and measurements of S-Parameters. The measured results agree well with the simulated results.

Key words: microwave module; cavity effect; resonance frequency; quality factor

TRCIBE 20 A 2 A T 42 [ 3k b ) S SR A 22—, R e 2R T B R P 8 R A ke S IR TR BB AR S 1 Rk
K ARME S T RN T e . B TR 1K B R TG0 4R i HL # (Monolithic Microwave Integrated Circuit, MMIC)
FAR M R, X HRSF AR Bk — D4R o TR0 J2 i SO 28 1R TR R . RO R 8% A1 JR) 45 45 4 S 800 S S8
(AR ], 33K 4 45 K S 00K AL AP 1) M R i s 00 2 B MR B DR PEAE T ol T RO LR N B A S 4, 1 b %
PR s AR B BRCHE L i TC AR o8 Y B SRR R R Tt . TR b LR UL T VA SR I b R, i
B A RS 3k I T A A4 55

z

1 ERERS /

TR 2L v S o i 30) ) s A 22 2 RO I AR 2 R PR S A By 41 |

A, HeEMmE 1 pR, X B AR B R SR ax e ¥
b, KERN | HWmERER S, Hik, ssBED a0 m o6 bl
WEAETE W T B 450, 009k ) 2 A AN 8] [ AR T2 8 IR O m) 45 4 x ] a >
Js A ] REAFAE TE R TM RSB AR masie ™, S0 s Fig.1 Schematic diagram of cavity
PR 4h S TE TR TM L, 40 1 Ik 0 1 R A
2, =2/ \[(m/a)® + (n/b)’ + (p/1)? (1)

Arb: mon,p SRR B RE I Xy, z O5 I B9 BE AN, mon AR R, X T TE AL, p MIEEEG X T TM

Wi BEE: 2010-07-08; fEE HEA: 2010-09-09




176 5 B 5E B F I8 o9 %

B, p AR SRR AT AR A R S T IR B R
i 5 I Q R LA
AR AR G AR R A I )P 2 @
RGP P REREBIFE
M QHAE CAT LA Y, Q (EMAR, R s, I LAHERE, 4 Q Ik &) —DEARMME, A il 4k 5
P X T IR A0 3 1 L R T S ¢

2 EHREHKEEE(LTCC)BBEEMMBEEIERS 7

LA LTCC(Low Temperature Cofired Ceramic) i b i i 1% i #1145 il 15 5 1% i i 4R 230, 00 o0 S 1 4 I 1 s 1
B YA I T A BRI IR R 4 A v O X T 3 T T R 0 A A A A R ik
ERER AR AR, W PR TR R R
A

A = : - (3)
1_m
1Moty \2a
b £,
Xrp: AR ABMSHEERK; WRRNMTNEE. Y h=0¢ =1HT/ B 1.
PR W (4)

ATUUE RN A A B b i, L R e e s AR U
AL DL 3k 6 B8 A 1 %) T Ak TSR TS R AR

M BN O 4 MR DL R A AR, R, B
RNEREE S 2%, IR IRIERMN EmsAMBE, CaRbE
JH a7 B A it Mr 5 2ok A3 BB B B e R 37 05 L T HFSS ok
XoF S5 o oy FH AR S 0 1 R R PR R AT 43 AT

Xf A BT Z AN FE UL I . R (R S AR 5 5 2 (AR
A—EH e, T RETTERCE, XBAEEREFES; 4
FERE MMIC, 2. SRR S RAENABTRDERE. Fig.2 Schematic diagram of simulation model
£ 1 A5 e AR S PR 0 A R R . BRI 2 R S 2 PR

FEERR TN 60 mmx18 mmx6.3 mm, NZF LTCC &N
0.288 mm, A~ HLH R 5.9, BAFES S 0.007, FIH HFSS FAFSE1T05 B, B R o148 09 T AR 56 fdi 44 it

TAEH 98K 8 GHz~12 GHz, Lk 7 GHz MR WOR I ARG &, T L S IR, 8 T I 2 55
EDT A R A 2t BRI T 2 ANy EARL A, BT 1
D5 A5 R I BAR, B 2 4R EEAL T R 2 e 1 AR 07 LS R
H 3 5 AL Sy A s 2 il N 44 Tablel Simulation results of resonant cavity
o+ cn ERBA T AT AR AL, AR IR 1 resonant frequency/GHz quality factor
BT 7R o model 1 model 2 empty cavity model 1 model 2
= " e " 8530 8.11 8.87 253 157
W XT R 1T ORI, Y TR A 9.240 8.52 10.33 208 11358
Bl b A B SRR N LR 5 R R T IR R e on e s o
A, TEAGBO B T B AT 8 o fF B S T g ad ﬁ%g 3'8(1; isji gég ggg
N AR SR S PR O, AN Y E 1] | DT AR 1290 9% 1713 253 1225
B AR R A 28 45 14420 1112 20.14 179 299
15.622 12.00 20.65 244 7 208

3 EFLICCHEEIEWN SSHIWN

TEAF RIS IR B IS , B e 2B L S S|k T 70 i, RATSEI LA BIAR ) S S8, A e Aot ARk R



55 2 4] B E RURAMRIT PR R 177

PR A TIR ALAFAE T ARSI N A3 45 - B e b o IR, X R) — 8RS R S S8t AT 70 Mo i 1 SRIE D FLRY
IEWTE, R T E T 2 g5, 1R A B ERAY 1R AP RS . 2 DRERLZ [ 25 e
PR BRAE AT e AR 2 B AN [ o (5 A5 SR LA 3,

8.08.48.89.29.610.0
1 1 1 N

10.410.811.211.612.0 8.08.48.89.29.610.010.410.811.211.612.0
[0 R IR 0 Ot o 0
-5 101 -5 4-0.1
-10 -10
4-0.2 4-0.2
% -15 03 g I:D_15 0.3 [an]
R Y 03 5 [~ g1 1 1008 [~
L o5 ity - S =-20 =
o -‘\ ”' '\- I'*O.4 —— |S,y] <23 ;—0.4 [0} —— [Sy|
-30 ~ ~ 2
_35 -\ J 705 -30 W'_O-S
40 “‘WV""\;—O.G -35 v et ~0.6
_45 0.7 -40 -0.7
fIGHz

®) If/GHz ol
result of model 2
(&) result of model 1 Fig.3 S-parameters of model 1 and model 2

3R 1,2 1Y S 2%
WS SE T A R T LR, IR IEIRREXT S S8CH HEM MW, S SEEERIE S L ERE, |
HASACRR B HIZOE IR MR A Q (HE, Y Q EE/D, ZIERMAM R mIMFER KA, S SHRBKR/N, RZ
IREK . RIEFHF 2 DEIR RO R R BEA—FE, WAk T 2 MBI B R 2R

4 WRAEREHEERIEE

N T B E D HACR A RSP, AR D7 BB R BT AR T ALY T/R AL G VR R L B R AR BEA TR BC I A,
BRGSO HA R 4.

08.0 8.4 8.89.2 9.610.010410.811.211.612.0
T e T s 0 a— [Sy| simulation

—== ISzl test —— |Sy| test

0%9,86,92 88 104 10 A6 12

-5 -0.2

= |Syy test —a— Sy simulation
-10 04 === s, simulation v [Sp| test
_15 .u‘m‘*:_“““‘?‘—n ol-0.6 —— |Syy simulation
m -20 T Nt os @ g o
= iV L \v/ 10 & 4 =]
@_30 1‘“_ ;' \ i 1.2 = ﬂw
- NS
-35 1.4
w0 il R L PN L“ X —ll6
v T .
_45 1.8
fIGHz fIGHz
(a) result of model 1 (b) result of model 2

Fig.4 Comparison of simulation and test results of model 1 and model 2
&l 4 BOALF ELE5 RIS, 2R g
FREAY 1 f J A P S H 3 43 A DL 5

2. 0080e+082
1.8758e+802
1. 758@e+082
1. 6258e+002

1. S088e+082
1.3750e+002

I 1. 258@e+002
ll 1.1258e+802

1.0000e+002
| 6.7500e4001
7.5088e+001

" 5.2500e4001

5. 0008 +001
3. 75e@e+001
2.5000e+001
1. 258@e+001
0. 0028 e +000

Fig.5 Field distribution diagram of simulation model

P 5 (i EUREEL Y AR L R 3 A 7R T

N\



178 5 B 5E B F I8 %9 %

T XS B 2 AR A A7 R RO 45 R LR DA, AR X S S AR S R B Y, TEA K Q
(A IR R AT, S MW AL, St A R i Bk iy, SR T LU RCA B B A et R,
R 7R PR AR RS LAS 3 5 08 Bl 4 A9 23 A A S D 20 B8 e 3 A

AR b A B AN T T — A TR AL sy U e g SR R AN 1 6 R

limiter —> attenuator »

SP2T
O phase shifter
circulators —Oo—
SMA SMA
connector power preamplifier connector

~J

Fig.6 Schematic of T/R module
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Fig.7 Picture of T/R module
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Fig.8 Gain of T/R module’s receiving channels
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