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Abstract:

filter model . Considering the parasitic components of the limiter diodes, the whole limiter physical structure is setup. Diode parasitic

Equivalent circuit of a millimeter wave limiter is analyzed based on Butterworth ( maximally flatness) low pass

parameters, bonding wire inductances, and complete limiter circuit matching networks are analyzed with EM software. A Ka full-
band low insertion loss limiter is realized, the measured small-signal insertion loss is lower than 4.3dB in 26 ~ 40GHz, the lowest in-
sertion loss is 2.2dB, and the VSWR is better than 1.95:1. At large signal condition with input continuous wave power of 0.5W,
the peak leakage power is lower than 10.5dBm. The dimension of the limiter is 20 x 12 x 6mm’, and its performance achieves the
level of similar foreign products.

Key words: millimeter wave;equivalent circuit model; butterworth low pass filter; limiter

Tl AR AL AR BOR, BELAE 585 4F PIN AR 2R Y 1Y
IR W e DAy = . i1 25 PR Mt 42 FEL S 245 1 0 5 AT 0 T In 2K
B b2 G I B HOFE A A IR A R

1 3§
BRI 814 g — ol 280 B2 1 Al 2 ) S T 2 I

AT # I RPN R G, 1205 1R IR AL
14 5 555 D AR AR S By A 15 i A 21 B WHIL i i 162
SSCRT R L B TT T BRI 1 D —Fh B sl ] U AR
TEARAR AL A I BA T, 25055 D0 G0 B8 E (E
S 7 AR AR R B T, X WU (AR T R AP,
G A DR ARSI it D AR AT SR PR A AN . PR
A LRI A0 AR PR A BRI BRI A K
SR TR B 2 L YIG B 2 7, DA K B % 3k SR
P 1 255 P R 7 2 R B S R IR BE L o T/

WA H 91 :2012-10-11 ;&[] H 11 :2013-03-14; 524T: 4 45 - FR4R

SUEFIHY AT TOHM Al B, 73 2 JG U5 R e oo 0 A7 Y PR
i g , A7 A PR R 45 A PR o A 3 0 ARG T R A AR
BN I, /M S I R v AN R L PIN 48 523,
XM 5 AN 7= A 5 R AR 5 I, R I8 F T A 8 K i
PIN AR A 38 , TR UEXT R 2 A5 5 R AT PRk 19 3
ol , S BRSS9 PR AR 4 BR K, 70y PR A 2 PR
i 2% L SR FH 22 S BRI — WA I A5 A0 E AR 2 TR Y Zh R
I, — AT BRI AR T R R P B S PR R
TR ARG S B (IR W e 5 B o P i AL R



1810 H +

2 2013 4f:

AR P B o 1 T . AR RS i 4 X B R 28 A 2 9
R 7 1) B R B T A 2, AR A R 5

I S0 5 i PR s 25 B R B B, B FE L,
S,C, X, Ku 2550 Bt i i 75 B AR 22118200 Hoh g it
HL 2 R 98 Ir A TAE 2 Ku 8 B 75 B e 25 7=
. LSRR A B (B 5 SOk 5 7 i e AR 217
Triquint 23 A i — 3K TAESH N 3 ~ 26GHz 19 MMIC FR i
WA HE AT 35 T R A O A B A T ARSI R A T
TR b [E AP A G R 7 S AR AL T E A
FI7KF- A bt 22 80 AFEAR, [ A [ 25 B il 7 A i 52 T4
AR A B i) 2 K A B e 9 SCR A IR 22, B
T U0 - 8mm . Smm 3mm 25 3 BE 14 BR G #5452 ok
R 14 B e A v ARSI 93.5 ~ 95.5GHZ™ R 3% fik
PRI TR KW A5 /T 2.5dB; 25 ) 21 (19 7 FH 2 K
T PR s 72 A 7] 224 CPL. Cernex F1 e2v 5, EA1151
W T B AR A R 2] Ka I BE A BRWE 2% 77 5 . 7 Ka
B, CPL AN e2v 28 W] (7= i AR 9 A XHAR %5, 76 1GHz
WNAERHNT 1.6dB, /N 1.5:1; Cernex 23 7] 51 H
PRI I 25 7= i 2 A U B 1, 7 26 ~ 40GHz, 4 51 1L
T Hy 3.0dB, BEUE/NT 201 46 E N, 52 BR iR — 0 45 B
e T AEARR IR, B A S AT 5T A, 38 oK WL 34 56
22 K B IR 5 4 R 5 41

2 [RUBSSHERT

AR SCHAF il ) Ka 382 BE 450 BETR A5 48 1 B i 2 R
TR 22 9% PIN A 45 25 40, MR 40 356 FH i) — B A8 48 s b
T , 25 A0 PIN 4K A8 FF 6 F oy v 6 v ol S B 4 0
BURRPE, DA A28 O R TR ST (0 30 1 D 48 r A AR
SR AP L PIN AR5 B0 R 8 538 7 PR3 8 08 X 246, 3 2ok
ST HER PR N EA T Z YR #), & g
PR SR NG S S8 UG RS FAES
B, 25 B4 S 2R S BT, Tk 4 22 v B RIIG i
W2 WF T Ka ok BE 400 B M RE R I 2
2.1 SZEESEST

G2 N T =K L R
W B 3% H B, LT S 0K
BOH H A LT ILA A &R lc cl
(1) AW o175 (2) HERR S 39T
(3) 1 3t 3 . A SR A = 4k L
53 W 1 HFSS X B i 2% o
1) 4z 22585 B R R R AT AR A3 AT N B AL, B 4
ZLAAA B T DL AE RO — S BRI B — 7 R I i R
TRV A0 s - 3K L, 2 L o A 9 30 0 48 19X 4% ] 1
TR WL 20T HIRFAR A B A R0 . T 1 DA B
1R 18 (Z5 BB WA 1) 4 22 Ay AT AR 28pm) |
HEE R 0.2mm 189 4 22 0 B LA B, 35 F i AT

Bl S2EMRBRE

DrENE 2, 53505 5 S S8, 18 i A S
SR AT B LL RN RLL A LT 19 55 30 i B ASE AY r BEL  H
250510 0.250Q.0.016pF 1 0.20Q.0.011pF, 244 22 51
AR AN 4 22 25 S5ORE TR 4y ekt 25 T DA 24 B AN 7 2T
FL BEL A 3 AR R 5 A, 4 22 155 I R A5 330 HL R 1) 56 R
MR AN 3, 7] LAF AL AR R A5 4 T, X2 i Bt L
B HL RN A 22 5 B RN R SRR A ) T R
G 2 5 R I B AT A S BOAS [ A R SRR A S SC PR T
ARVETT T VR 3 8 D 25 1 S5 R IR T 2 1T DA 4 22 55
SR F , A AR 1 L BERT A AR /N, 7 Ka 8 B2 AT DL Z00%
it

T m2 meupimm

—.—fﬁg

05F W

o
IS
T

HLEAH/nH

\;

0.24

0.2 0.3 0.4 0.5 0.6

2.2 FRIBZREREISHT

2 A 1 e A0 PR A A8 PR, 26 T Skworks 2%
F] 1 CLA4601-000 fif PIN FRIE — 4% 545750, i R HEAE T
YRS 30GHz LA %2 W8 T2 1pm, F 1w &
SN 0. 12pF, S SR IR R 2.5Q, S R GE S K
Z I 2W . FRIE AR R A0 18] 432008 B 2 S Ay
M E XG5, PZ T N2 BA = A4 22 B, DL/
fil FLBH, — 8 P2 HBHAE Z RR 5, N JZ B L+ 2
BRG], AER ZHS LT %358 43 B B2 7T DL 20 AT
M. 1240 F P 2R N 2206, WAE 2, & AR5 4
J2 R I BT LT, JHE A B A R R A g B
R AR A 45 J2 R LA P AT o DA R A SO AR A
HA o1y MHFEE Ty, RRSE A, A THF.

Riser = Otayer X Tager” Alager

PR AR 4 S5 5 B AN IR 5, Ry R R A R B

BH.C, A LA C B ELERE R I E 4



W T R TR AT B 1) 28 K B T 7 A o PR W e T S 1811

P
L
N”E‘_’ — g =

Hitg
B4 —iREREE

RIS CLA4601-000 145 2K 25 4 S50, 12 3
P AR ST TR TS i O BTN 4] 6,
HAHEEEH A RSB BN 1, N BRI P B 5 24
MRER A B ECN 1.9, RAIBSFE N 4.1 x10'S/m
B4R AR 05 T R AR A Rk A 52 R A HLHROR
11.9, HAEK/IME S ISR 5108 1.75 x 10°S/m(H
SRR AR R IR B 1 A5 3 R SR Y
AR, R FH Y 42 22 B A2 18pm Bt 4 0.2mm, B5
FEA 0.3mm, 8t AN & 3 Pros i) Ltk AT 18 7
PR A A 2210 S SECC, MR 5 A5 Ak AR
R SE S S SRR FEFIAA A h 8, 3845 AT I 45
WA B SHUE, Ry 5 0.12Q.C, 2 0.008pF .

1 —REMHSHEE

2
Bs ZHRE SN

pup e A HLH R | BUFE A IE Y A2 (S/m)
PRI BIR Si 2 4.1x 10
\Eilkicz ¥/ 4.1x 107

17! Si AfEZ KIEEHT:1.75 x 10?

/MEZI 0

2.3 [RiEs5&it

SRS B R R 45 1 B8 A, B T AN 7 Ca) BRI
ER I FELJBRAE Ay B — 0 1 oF g S AV i I8 5, I DB D
T IR 2R B A RO [R] R U R R JRRAE R AR
— TG R U R L AR R B — T Y IR R R 2
ANFEOT I, BRI AR R RE A A 5 H A5 00 L %45 0
RE S I = OB g 7 AR SR 5 i LR IR S0 1R
e N JEA BT T 3dB A B AR LR AR Ry 42GHz (1)1 g

P, DR B A S 24y B b 4 18] 8, 1% 8
AIFEREL AN 0.123pF, 10 2R B2k — 25 3 iy I8 U A 9 A
LRI i Bk — P AR B A1

50.002 0.117nH  0.379nH  0.117nH
T0.123pF T0.123pF 20,000
(a) 1&IM PEP AR B BB R A
8
sl
m
I
= 4
i
2+
0 L 4 1
0 10 20 30 40 50
$i%/GHz

(b) S2145 2L 1t 2
Bl7 ERRATRE M8 2%

BT FARGE IR AR A e, Bt T A 8 i
75 P IR 05 25 A5 P, B . PR 85 PR Ly B 4 2275 3]
THREE AT A SEE LT ME 5 B SR
BEL R, 1 C; I, — it R, Ay IR, £ 22 Mg AR i1
PO, BRI 25 /M55 B il F0R G 8 i 2 — A, L
1A B B A A A F A DRE I S AU E 8
U2 P P A L A 3 R B T A R I A A R
AR SCIE T AT 345 AR 45 i 28 BRI AR 848 0 2
TR RAE S AE BT N, T At L KK
G HL B, 3 Fof IR I 85 X 45 5 30 AR 42 B ST, S B R 1)

L, L, L,
W MW MW—
, % DZY

(a) LB R
L, L, L,
—WW, AW AW—
Ry I:EEC/I R, [jjcﬁ
(&) MESER A
L, L, L,
W, MW MN—
Rf‘ @ sz @
(©) RIGSEH K

E8 FHLPIN IR FRIEse



1812 H +

S

2013 4

FET 1304 22 H IR 2 A BT, 25 R 4 S AL
P RS TR 43 BT, L R TR B0 I 3 U8 U0k 2% 00 B — 2 A Uk
0.155nH H1 HAZH 18pm HEE 4 0. Imm B FE 0. 3mm ., [H]
B 0. 2mm 114 4 22 3T AU 35 35075 31, fi JR i 11 3F — 25 D /)N
Z i/ NESHE RV 4 24 HLAR T B (32 8 0 4 B R
FEA S AR IR ) 50.379nH HLJEH A2 N 18pm,
BEREA 0. 2mm B5HE 0.3mm (1) 4 22 %5 5045 2] ; I BE R 45
P BRI B 4 v 25 3 AL A 801 3 . A L B R AR AL
BEVTET, BT AR 5 H B AH X R KRR TR B IR
WG B A 2 HONT BRI 1 15 A0 1 8 1) 52 i), 2 51 ACRH
PUAMEEDTHC ) 2%, 0035 A% 11 55 250 28 0 4 22 vl 3 K
4 1) L, SR FE 7 R0 RR 45 B B 43 BT 7 325 BE T BR i 1 . 38
F ESCRA AR A8 S SO (US4
ZZHE) BT BRIR AR 1 /M5 5 F B O FLA T AN 18] 9, 7
ADS HL B BLER v, DA BRI 5 14 /N5 5 4 450 R 3
FAE Bbr, kAT S 28005 B4 U Ak 5 FH e S e 9
LI HIE . 4 v BRI 25 1 /M 505 EOR JE , 35 T 45
FAFEN S BE , 763507 B g sr T B 25 19
FEAR 5 BSR40 &) 10, 37F — 25 SO0 BIR W £ D i BH Bt
LR T8 B RN, DA ST B SR 4 450 R 9 AR b, 40
Ry B AT R HAR, A LR B A 25 &
FIBETT Rl R, R ELAS 3 A B AR 18 bR i e ZR R 1k
R 2 B, AR F AT S 3 - Duroid 5880 ( A = 0. 127 mm
e, =2.2 WFEAMIEY] 198 = 0.01) 5 Fiy Ay Hi 35 >R 8 5
HHL AR H 7R 40GHz DL, FRAS L A4 P/ T 0.5dB;
LI [9] 6SR R 2 1o 3k 40GHz 149 555 A 6 7 v, J 1) b, 512
PR s B A B 2 O BAR R 0. 3mm 4R F5F .

VoRE [ SHRGEL [ | vume [ | sy || DLA
441 SSHUERE %2 S Y sk 4 %3

B9 MEESBIE

/ —
N/ ST,
aY,
| /

E10 35 EHE

3 [RIESFIIK

BIR 5 25 00 1ot T ) 190 2% 23 BT A Agilent N5245A
(10MHz ~ 50GHz) , 175 FL F1 15 1) FR e 2% /)M 5 48 450
BEE EC AN 11, AT R TR A T AR ) i
BR e 25 7 05 ELAF B AR A Do g, 518 7 B TR B2
S0 20 11 L TR A0 0 20 08 0 e R 45 2R b 34 A
AL, 5 U v 0§ 158 R A8 R 3 IR A 2 R 2 Ml

HHi/dB

0.2 1 1.0
25 30 35 40

#i#%R/GHz
(@) HEGR

Hit/dB

2.0 1 1 1.0

25 30 35
% /GHz

Oy EVES
E11 /MEESSH

KIKJFEHE . TE 26 ~ 40GHz, I 45 PR i #5475 51 /N T 4.3dB;
A NI T 1.95: 1. KI5 S St 155
TERAMINR RS, S BRI 28 5 A S D) 2276 0.5W /2
AT, B R i LR A & 12, v LA L ZE B Y
KPR MR ST, PR 25 R0 4 B DR 6.5 ~
10.5dBm. FRUE#S S WA 13.

1"

101

9

8

PR 46y Hi /dBm

as

6

5 ! ! 1 1 1 1
26 28 30 32 34 36 38 40
Pi#/GHz

Bl12 PRG-I A

B13 sy

M 2 RIS BR W A 7 il LB H A SCHIF AR A R
BRI A AN FR R 2 R AR AR IS B T RE A B B 1Y



o9 M

B T R TR U PR D B A 14 2 R DB T A 458 PR 8 A AT 72 1813

FE| S [ BE 7= ity A A 458 MBI e i o S SRR AR B R
AL P ) 2 BRI 5 R L ARL . X T BIR A A Ot
7 Aty I 7 AR Y — BN B 22 1], PTG e Bl 4 22 IR
PATRAMEAR b1 22 51 S B B BOR R ARIBTIE T A

SCRRME e e 7 12 00 B AR 8o, B T ikl fE
ARG g 3 e A B BRI A5 R PIN A5 S L B AT 56
T T A 55 D RERL T B A LT

R2 AXSENEAREE AR

NGB LR T ARSI (GHz) #i#5 (dB) BEJ H R e 1 T 23 Gt 45 1)
K 4.3 R 1.95:1
— 26 ~ 40 i KAE 10.5dBm(0.5W
AL B 2.2 FUME 1101 KA m( )
CLM264030 26 ~ 40 LRI 3.0 R 2:1 13dBm@25°C (1W)
Cernex
CLM353835 35~38 KIE 3.5 RAE 201 13dBm@25°C (1W)
e2v BS20781 Ka(7 % 1GHz) 1.4:1 S0mW(50W,4% 545 H)
CPI VDA1523 34.5~35.5 RME 1.6 R 1.4:1 75mW(80W,0.2% (575 1)
. IEEE, 1977.528 - 531.
4 ZEig

BT B R IR 0T MU 208 D AR, IO T A K B
W5 6 /M5 5 TR AR B 1 S5 20 Pl B S T 1 4 22 . Uk
1B 25 B 3 AR A8 45 Bl 2 A SO0 = SRR S SR
AR EEAHLS B 15347 073, 4t it 5 B i 4 1k 7, F
T Ka B w87 A 3 FRIE 4% . 78 26 ~ 40GHz, FR1E
#/ME SN T 4.3dB, 3EPE /N 19501, M A
LRI TR 0.5W B R R 565 4 2%/ F 10.5dBm,
FEABRIEES R ST R 20 x 12 x 6mm’ . A< SCHIF ) 1 PRI 2
IRE T E A E 28 B 5 7 i e Re, T AR AR
HNHEC P

5% Sk

[1] GOLDIE H.A 2-kW average power X-band receiver protector
[J].1IEEE Transactions on Electron Devices, 1977,24(1) :53 —
55.

[2] GOLDIE H, PATEL S. An RF-primed all-halogen gas plasma
microwave high power receiver protector [ A]. IEEE MTT-S
International Microwave Symposium Digest [ C] . Dallas: IEEE,
1982.69 - 71.

[3] GOLDIE H. A high power broadband millimeter-wave switch
and receiver protector [ A]. IEEE MTT-S International Mi-
crowave Symposium Digest [ C]. Ottawa: IEEE, 1987. 354 —
356.

(4] UEBELE G S. Characteristics of ferrite microwave limiters
[J]. IEEE Transactions on Microwave Theory and Tech-
niques, 1959,7(1) :18 - 23.

[5] CARLISLE T P. X-band high-power multipactor receiver pro-
tector [ J].TEEE Transactions on Microwave Theory and Tech-
niques, 1978,26(5) :345 - 347.

[6] STITZER S N, CARTER P S, GOLDIE H. A high power X-
band frequency selective passive YIG limiter [ A]. IEEE MTT-
S International Microwave Symposium Digest [ C] . San Diego:

[7] SARKAR B K. Cutoff frequency of microwave coaxial multi-
mode limiter [ J]. IEEE Transactions on Electron Devices,
1982,29(3) :463 - 464.

[8] SEYMOUR D J, HESTON D D, LEHMANN R E. Monolithic
MBE GaAs PIN diode limiter [J].IEEE Microwave and Mil-
limeter-Wave Monolithic Circuits, 1987,87(1) :35 - 37.

[9] KATOK V B,KAMANKO A A,SOLOVYOV D A.The self-
controlled MM-band limiter of power [ A]. 9th International
Microwave and Telecommunication Technology Conference
[C].Crimean: IEEE, 1999.85 - 86.

[10] DEVLIN L M,DEARN A W,BEASLEY P D L. A monolith-

ic, dual channel, 0.5 to 20GHz limiter [ A]. Proceedings of
the European Microwave Conference [ C] . Paris: IEEE, 2000.
172 - 175.

[11] SMITH D G,HSTON D D,HEIMER H J, et al. Designing re-
liable high-power limiter circuits with GaAs PIN diodes [C].
IEEE MTT-S International Microwave Symposium Digest
[C]. Seattle: IEEE, 2002 . 1245 — 1247 .

[12] BAHL I J. 10W CW broadband balanced limiter LNA fabri-
cated using MSAG MESFET process [ J] . International Journal
of Microwave and Millimeter-Wave Computer-Aided Engi-
neering,2003,13(2) : 118 - 127.

[13] ARMSTRONG A L, ANANAD Y. A limiter for high-power
millimeter-wave system [J].IEEE Transactions on Microwave
Theory Techniques, 1983,83(2) :238 — 241.

[14] SILLARD G,HENRY E R. Active high power limiter a MM
wavelengths [ A] . 15th European Microwave Conference [ C]
Paris: IEEE, 1985.593 — 598.

[15] KIRILLOV A V,SMIMOV V A, ROMANOV L P. Broad-
band semiconductor protection devices for 8-mm waveband
[A]. 15th International Microwave and Telecommunication
Technology Conference [ C]. Crimean: IEEE, 2005. 183 —
184.

[16] GUDKOVA N B, SHNITNIKOV A S. Millimeter-wave



1814 H +

2 2013 4f:

waveguide diode limiter [ A]. 16th International Microwave
and Telecommunication Technology Conference [ C].
Crimean: IEEE, 2006. 123 — 124.

[17] YANG S S,KIM T Y,KONG D K,et al. A novel analysis of
a Ku-band planar PIN diode limiter [ J] . IEEE Transactions on
Microwave Theory and Techniques, 2009, 57 (6): 1447 -
1460.

(18] BEh, T K #2 . 1-8GHz i 5E 17 IR A & (7). [ fA e 12
FEHE 1998, 18(3) :340.

ZHONG Wei, DING Yu-xia. 1-18GHz super-broadband lim-
iter [J]. Research & Progress of SSE, 1998, 18(3):340. (in
Chinese)

(19] et . X W Be /N AL TC R BR IR 2% A [T AR

i%,2005,27(8) :59 - 61.

GU Xiao-chun. Research on X-band passive limiter with small

size [ J].Modern Radar,2005,27(8):59 - 61. (in Chinese)

MRBiss, g in 55 mfbaR PIN 8 5 IR I 2% (7] &1k

HL T2 S, 2006,26(4) :573.

CHEN Xin-yu, JIANG You-quan, et al. GaAs PIN limiter

MMIC [J]. Research & Progress of SSE,2006,26(4):573.

(in Chinese)

[21] 478, 1%, 45 0. 185m CMOS 10Gb/s 432 I KL BR 18 i
K (3] 8 T2 40, 2004,32(8) : 1393 - 1395.

JIN Jie, FENG Jun,et al.0. 18m CMOS limiting amplifier for
10Gb/s optical receiver [J]. Acta Electronica Sinica,2004,32
(8):1393 - 1395. (in Chinese)

[20

—

[22] SUTOMO A,CAFARO N G,LASKAR J,et al. Experimental
modeling repeatability investigation and optimization of mic-
rowave bond wire interconnects [ J]. IEEE Transactions on
Advanced Packing,2001,24(4) :595 - 603.

fEE "I

. BEETC 51982 AR A TULI A RO I,
T, TR, SO T R a e TR RIS R
[ AT R R ABHIHE SCE — Ak IR 1)
P SI TRy SIGINGESENS
E-mail : yaocf1982 @ 163 . com

B B B 1974 4 AR FILHAE rE T, g LRI, LR
Frg 0L TR RS BT, D5 07 1R 2 K I i B 5 2R 4

E-mail : zright @ sina. com

FIEE U194 S IR T T A T, BE5E 01, BUBLHR T
PR dE RO I R e 2 STEEN RS

R B 55,1965 4F AR LR M AU, TR, Bt BT
LTSI , BFTE 7 I O 2 K BRI

VG 5B, 1981 4E AR FIL oA e, TR, SR+ 5
T TSI, WF 587 1 A 22 K I 2 T RE LA .



