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A novel analysis method of pin waveguide

QIAO Jingxin, HUANG Kama, ZHU Huacheng, YANG Yang

(College of Electronics and Information Engineering, Sichuan University, Chengdu Sichuan 610065, China)

Abstract: In order to solve the complex calculation problem of the pin waveguide port impedance
parameters, a new pin waveguide analysis method is utilized to establish the equivalent circuit model of
single pin waveguide. Using the cascading law, when analyzing the three-pin waveguides, the equivalent
circuits of the three single pins are cascaded together to solve the pin waveguide problem from the circuit
point of view. The impedance parameters of the pin waveguide ports calculated by HFSS electromagnetic
simulation software and by equivalent circuit are compared, and the results are consistent. The correctness
of the pin waveguide equivalent circuit and the effectiveness of the pin waveguide analysis method are
verified. The goal of simplifying the calculation of the pin waveguide impedance parameters is achieved.
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Fig.3 Admittance Smith chart and input impedance corresponding to the depth of single pin
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Fig.4 Equivalent circuit diagram corresponding to different pin depths
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Fig.6 Smith chart of input impedance and input impedance corresponding to the depth of single pin
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waveguide pin matching load
(a) pin waveguide model (b) experimental physical diagram
Fig.10 Three-pin waveguide model(a) and experimental physical diagram(b)
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Fig.12 Circuit model diagram of three-pin waveguides Fig.13 Circuit model diagram of modified three-pin waveguides
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Tablel Statistical table of input impedance for circuit model calculation when R=3.5mm

N hy/mm hy/mm hi/mm C\/fF Cy/fF Cy/fF Zin Q2 Zn 19 &/dB

1 23 6 15 416.54 14.73 109.97 38.28-j142.18 41.32-j141.2 -39.29
2 17 6 15 152.99 14.73 109.97 142.02-213.17 141.08-j208.65 —40.84
3 5 6 15 12.07 14.73 109.97 316.27-j171.16 315.81-j174.58 —46.39
4 5 28 20 12.07 1013.9 255.65 20.86+j938.6 58.23+j905.04 -31.30
5 5 12 20 12.07 63.80 255.65 155.27-j168.53 154.67-j158.36 -32.91
6 5 7 20 12.07 19.60 255.65 164.89-j247.67 164.14-241.21 -39.14
7 15 6 7 109.97 14.73 19.60 263.47-j164.88 265-j159.65 —41.12
8 15 6 17 109.97 14.73 152.99 149.23-j226.4 146.36-j220.13 -37.80
9 15 6 27 109.97 14.73 847.87 10.84-j136.8 13.65-j135.42 —38.82

MIEL 6() T K BL, HEETEAE N 10 mm fF, 8T 40 06 I 5 19 F RS M AN T 20, ] — A S IR FEL 2R
S o L 9 AT B, [ B ET R A A I R R Gy (HAE T IR BN S A kA, (HEEE 1T
TRIZSEIN, C, B B 22 B BRUE 19 T Wl 38 o o 3 R i 1 07 LB SR L0, 24 R=10 mm i}, C\'=C,'=C5'=5.03 pF.
PP 8 0 S AN [ 5 T B2 X 7 9 R P 2 (L, R TTACOA Fl B BT S A B, ST e 4 R L3 2.l &
2 AT LU, 8 IE Jr H O T i A BELT I S0 L 18 T R PR S R A A i A BELT SN 2 3 A RO vk R 7
BAFIH S B A B, BT DUB IE 5 25 5 A 1 S 10 T 028 I 7 A 45 0k L BB T

42 R-10 mm HLEFHUIFE ABLECSE 22

Table2 Statistical table of input impedance for circuit model calculation when R=10 mm

N h/mm  hy/mm  hymm Cy/fF Cy/fF Cy/fF Zin/Q Zn/Q Zin 1Q ¢/dB

1 23 6 15 565.56 29.72 170.62 831.45+j1247.67 1534.12+j1340.36 985.64+j1323.4  -25.26
2 17 6 15 233.19 29.72 170.62 244.9+j243 269+j275.94 241.44+j267.2 -29.20
3 5 6 15 22.75 29.72 170.62 130.26-j18.56 139.21-j11.46 136.8-j19.03 -32.28
4 5 28 20 22.75 1229.13 364.49 1.884j368.09 6.88+j433.01 5.27+j383.75 —33.43
5 5 12 20 22.75 106.52 364.49 45+j64.09 50.43+j87.26 46.83+j74.97 —23.58
6 5 7 20 22.75 41.96 364.49 60.12+j4.98 61.96+j28.24 59.59+j16.07 —20.79
7 15 6 7 170.62 29.72 41.96 358.04+j214.74 372.48+j192.88 340.2+j204.61 -31.98
8 15 6 17 170.62 29.72 233.19 156.72+j154.81 166.8+j185.38 153.82+j173.92 2738
9 15 6 27 170.62 29.72 1047.05 18.09+j258.51 20.28+j327.87 17.53+j295.28 —23.57
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TF B0 B9 BT I T i 1A BEL BT 2 2O i 25 28R BT 0 B BT I i 1 BT S B AT X b, PR AR, R T
TR BT T A A B Y IE W
5 % 30k

[1] kW O ES 5. =TRSO, BEaSl TR, 2017,59(1):25-28. (ZHANG Shaohui,FU Wenjie, CHEN
Zhen,et al. Research on three-pin adapters[J]. Vacuum Electronic Technology, 2017,59(1):25-28.)



824

AZBFEERTFERER VS

[2]

[31]

[4]

[5]

[91

[10]

[11]

[12]

[13]

X4 R, Rk A S BEPTIC L R E M FRE]. I E B AR, 2007,30(6):40-42. (LIU Hua,WANG Libin. Research
on microwave automatic impedance matching system[]J]. Electronic Measurement Technology, 2007,30(6):40-42.)
SO AR LA AU A ShBEBTVE R RG], MR HAR, 2015,34(3):113-115. (YUE Wenwen,CHENG Jian,
XU Gongguo,et al. Embedded microwave automatic impedance matching system[J]. Measurement and Control Technology,
2015,34(3):113-115.)

M, KAk, SR BE BB JE e 48 T S S B P E RN F B, 2006,12(2):71. (YANG Li,LIU Hua. Design and
implementation of microwave intelligent impedance adapter[J]. Journal of China Science and Technology Information
Technology, 2006,12(2):71.)

XUEE Rl B K R . —Fh B i PTC B 5k (J]. 1ML T, 2009,35(9):275-276. (LIU Hanfei, CHENG Jian,QIAN
Yuliang. An automatic impedance matching algorithm[J]. Computer Engineering, 2009,35(9):275-276.)

REGOLI C. Impedance matching by using a multi-stub system[C]// Proceedings of 7th WSEAS International Conference on
Simulation,Modeling and Optimization. Beijing:[s.n.], 2007:340-345.

BOLIK V. Stub swapping in automatic three-stub impedance matching system[]J]. Microwave Techniques, 2013,12(11):192-196.
Ik, IR AT EC AR R IR S R R D] MO R iR, 2009,23(11):146-148. (ZHANG Zhaotang. The limitation
of waveguide three pins adapter and its countermeasures[J]. Materials Review, 2009,23(11):146-148.)

LIU Y W,MEI K K. Generalized transmission line equations[J]. IEEE Antennas and Propagation Society International
Symposium, 2002(3):798-800.

MR, BB WS — A A s 2R d %[]] Yy H 2, 1956,12(5):459-476. (LIN Weigan. A discontinuous
equivalent circuit for rectangular waveguides[J]. Acta Physica Sinica, 1956,12(5):459-476.)

AR TR DR N IR S A HL vk o R A R S R T I SE(CL B T A R AR 2 A R
e A /e = EH:[s.n.], 2005:141-144. (LI Yanhua,DING Yaogen,SHEN Bin. Research on the Output Window of
Klystron Rectangular Waveguide Using Microwave Equivalent Circuit [C]// Proceedings of the Military Microwave Tube
Seminar at the 15th Annual Academic Conference. Kunming,China:[s.n.], 2005:141-144.)

T XM R SR T B L I BT I 2 S ROR B ()], R E 2R, 2004,19(1):32-35. (XING
Feng,LIU Yaowu,SONG Wenmiao. Equivalent circuit of rectangular waveguide based on generalized transmission line
equation[J]. Journal of Radio Science, 2004,19(1):32-35.)

PARRO V C,PAIT F M. Design of an automatic impedance matching system for industrial continuous microwave ovens.
part I:modeling and off line tuning[C]// Proceedings of the 2003 SBMO/IEEE MTT-S International Microwave and
Optoelectronics Conference. Foz do Iguacu,Brazil:1IEEE, 2003:791-795.

TOCHE. R TR R[M]. 2 k. db50:E B5 Tl i Bk, 2005. (WANG Wenxiang. The second edition of microwave
engineering technology[M]. 2nd ed. Beijing:National Defense Industry Press, 2005.)

BILIK V,BEZEK J. High power limits of waveguide stub tuners[J]. Journal of Microwave Power and Electromagnetic Energy,
2010,44(4):178-186

EE -

FREN991-), F, BEFELET A, FEFRI(1964-), B, EEKWA, #&E, B4R
TEBLAR A 5T 4, EBHFSE 7 ) A T o2k Ui, KITEERFMEAR, BRREEFEEEREE,

o fiE B 1L i email:853141620@qq.com. 973 THRIE BRI, FEWIE T 0] (0L Ae FE a2

i o ' 45 A0 .

KREER(1986-), B, LHAEHEIMTAT A, Cornell ¥ PFH(1983-), B, HERWA, El#EZ, w4
University BCA 8 5 4, Rl#d2, EEMFIE4E M T, RS 5 R SO I A L D Ak 2 DA R

PR 2 IR AR Tl PR gL



