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SAOWALAK  SIRIBUNKUN: DESIGN AND FABRICATION OF WAVEGUIDE FOR
COMBINING HIGH-FREQUENCY ELECTROMAGNATIC WAVE. THESIS ADVISOR:
ASST. PROF. THANASET THOSDEEKORAPHAT, Ph.D., 91 PP.

Keyword: Rectangular Waveguide, Combining, Electromagnetic wave, High-Frequency

This thesis research proposes a waveguide design for the combination of high-
frequency electromagnetic power, achieved by utilizing a rectangular waveguide as
a guide for high-power, high-frequency electromagnetic waves. The rectangular
wavesguide capability to withstand high-power waves and exhibit low power dissipation
within the microwave band is an advantage. Therefore, employing a rectangular
waveguide as a signal guide for high-frequency electromagnetic waves is both
advantageous and widely adopted. Which combiner power by using a rectangular
waveguide as a signal guide. A key parameter tested the efficiency of the waveguide
in concentrating power is the return loss, transmission loss from source to load.
Additionally, the insertion loss, that occurs within the waveguide, known as the input-
to-output transmission loss, is also taken into consideration in addition, a high-
frequency electromagnetic wave source based on a magnetron is employed as the
power source. The chosen frequency is 2.45 GHz, as it aligns with the standard
frequency defined by ISM (Industrial, Scientific, and Medical) applications. This design
employs a standard rectangular waveguide with Y-plane and H-plane structures for the
integration of high-frequency electromagnetic power, making it suitable for industries

that require high power and enhanced efficiency.
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1) gULLUUﬁiA’]@ﬂWﬁ’]ﬁW‘U’JN (Transverse Electric Mode: TE Mode)
\dugduvvitldfiaualainluiienisnisunsnszanevosnd uudazdianiy
IR mﬁﬂagﬂuﬁﬁmaﬁ?u Tnsaunalnihazs@infuiiamensuninszane
Y9IAAY

2) EULLUU?{u’luLLﬁmﬁﬂé’M’J’N (Transverse Magnetic Mode: TM Mode)
Wugvuuuitldfiaumudimdnlufiamsnisunsnszaievesnd uudazdianiy
aulvidln agﬂuﬁﬂwﬁu Tngauuusdnasianfuiiamanisunsnssane
Y0IAAY

Tuviethrduazutsnnudianunsasuvievadulsioendy 2 nsdifie amnuddige

Manunsarwvietadu wazanudawannsauietnduld

1. anuddganansaniuvieiinau (Cutoff frequency)
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AUNTIveIv AGuA Il L UANN TENULAEY UaY UMMNIE AT 998N
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(m;zjz (n;zjz (3.5)
- + P
a b

k) A ApaunisANugeauluvietinay

A =

cutoff

(3.6)

3. NMsaanaunasuluviewndu

n1saaneuluvieiinduiiieviedindulugauaiiiiniu (Yeap, Choy et al.
2011) Aldisun1siiansen @nvaeiaveiinauyseiiuudaauluimeaunuiauysaiuuu)
n1sunsnszareaduluvieiadulugauaiagliiinisaanewiodumesiuvietndu in1s

= o A A A a a a4 o o = a d a
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dauUsEnauveIn1sgds aei &, AsA1AsinIsaaauLlesNnTanLdediul way @
A ! =~ = a4 a o a ° [ L= ! ! =t
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NUIRNAUAL KA ﬂ’?ﬂ\i‘ﬂﬂﬁiﬁﬂVI@um%N%’]ﬂﬂ’ﬁquﬁﬁJlﬂ@Lﬁﬂ@ﬁﬂﬂSLLﬁWQ@NﬁQJﬂ’ﬁ‘VI (3.7)



21

o

(u.g,00) oc
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A1AIN1saaneullosaInmsgadedidmsuinun TM luviethedudmaey deaunisi

(3.10)
]2

139 R, ADAIANNATUNIUNURIVDINTIoUARY

R - 1 (3.11)
o0

b®m? +a’n? (3.10)
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1 (3.12)
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= . o 1o A A = o
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2) Maen T 93u1U H
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S32 = _8427521 =0 (3.18)
LALLEDI9INNITHEINURT LT NITRUND DUN AU VU H hazukau E bl
AALATYIAUNaUAIIUIE LA

S,=0,5,,=0 (3.19)
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Avualil P3 A 1a1ving P1 uag P2 Aodunn awlauladn P1=P3/2 uag P2=
(P3/2P3) = (P1 + P2) = (2P1 + 2P2) USanaurndsnudieenannmedn 1 wag 2 Sveilu dB
Msgadensunsnaenlunsdsdyyrauansdsaunisd (3.20)

P P
=10log,, — =10log,, —

2P, 2P,

1
1 2

10log,,

<O |-O

1
=10log,, > =38 (3.20)

MNAENaINNaTH (T-Junctions) Ussnmidinefanvasiauuanidsenisien T 89
Jueetgaunesnfifaosdunniaznliaedng dmsuumsndnisnszidwesa3syivay

NOIMDIAUTENDUDATLAIEUNSN (3.21)

Pk T (3.21)

wingunsalidunuumadviuazlii vanuoulalanseUn gunsaliuazdenduiuy
= o LY a s a a a a =] o w
FatuuaziulazivsndniInszidsasaninms S,=S; lngund lilenanifesnisgosdendany

A 9 va o = 9 I3 D ] 1 I & M v
deliivnauenildgadosasnsatuynnesnaiunsanandlaatieing agelsfinmudululils

1% A 1 ) 1Y

azasrunIeviedeiumas fusuuliiinsagdsuuuaunesninsaiuynnesn nnneose

(%
Y

g./l (Y = 1 a1 v a a ¢ v Ql'
YNUAUARNITINU ANUU Sij =0 WAYUINLAIDVIYUFIUNAUAU NITNTLLIWUNINYAIANNIIN (3.22)

anauu

0 SlZ Sl3
[S]=|s, O sy, (3.22)
S3l S32 0

winmaenbidnisgads nsrsidsudesnisuningnisnszidaduluay

AATRTINAENN1SN (3.23) FailudReuludelull

|Slz|2 +|813|2 =1, (3.23n)
|312|2 +|823|2 =1 (3.23%)
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|Slz|2 + |Sls|2 =1 (3.23A)
S13S5 =0, (3.239)
S35S1 =0, (3.239)
S1,S;; =0, (3.239)
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component1:solid1
Material Aluminum

Type Lossy metal

Mu 1

Electric cond. 3.56e+07 [S/m]

Rho 2700 [kg/m*3]
Thermal cond. 237 (W/K/m]

Heat capacity 0.9 [kKJ/K/ka]
Diffusivity 9.75309e-05 [m*2/s]

Young's modulus 69 [kN/mm#2]
Poisson’s ratio 033
Thermal expan, 23 [1e-6/K]

JUT 4.3 Msdmesierfudmvasuaunndimaeunnsgiy WR340

HANIIAINAFRUNITIANITITWe SR 9 Ingldlusunsunsuimes CST Studio
Tunisdaedldviothaduuuudivasy WR340 wesaiordnauasSanaldidu (Waveguide
port) lun1ss1aes Tnefinnsaneinsaeieunduvesdanaiienud 2.45 Aneidsn wanids
Ul 4.4 wasail 1 (511) eiennsaesioundudnyaai -22 dB wazlumwednil 2 (522) T
nsazToundudtynnT -96 dB iuriy dwsuANsgeyde N dsdaysyn LLamﬁagUﬁ 4.5
(521 ,512) dewifu 0 dB Wuwansliiiulinsnmsdsdyauszninmesn dunaluds
winalifimsgapdeainvietheau wagludrunsnszaoaunslifiuansdasuil 4.6 A
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S-Parameters [Magnitude in dB]
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V/m
534
400

100
60

e-field (f=2.45) [2] [
Component Abs
Frequency 245 GHz
Phase 270°

Cross section A

CutplaneatY 0.000 mm
Maximum (Plane) 534.448 V/m
Maximum 534443 V/m

X -

A o ' dll ' < ' o A A a
JUN 4.6 wan1sdnaeansinsnszangaauauaivan i luvetirdudvasuune

193514 WR340 91A10D 2.45 Anzigse
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ponuuuly lassadrsvuwavesiaanumesngnunudie (a) Mauwamifuisauwesniioun
arwniunielusie 86.36 fadiuns ilefiansaniszesvinssenitanoindunevisanuay
AmeTveviethedy fuusRemsdives (U1 B 13) Aernuenvesviethaduduuen (d1
uay d2) Reszrvinsseminmesndunariaes uaznafiees (rl wag r2 ) AeAus1ives

vierhaduauludurunaiildsunisesnuuuinusasUsulsbinuadiu Awns1ed 4.2

AN 4.2 NSUSUIUINVDIYIDUNAAUSINAIAI UL N DI AL T ALl

wisdimasnidluniseanuuuy ANTEeLEENIS AINTSEEYLEENTTES

s

(Haguns) dziiounau (dB) deyayreu (dB)

No.| Rl |R2 |L1| L2 |L3|D1|D2| S11 S22 S33 | S13 | S31 | S23 | S32

—_

43 | 24 |24 | 122 |24 | 60 | 10 | 8.04 | 8.04 | 10.52 | 553 | 5.53 | 5.53 | 553

60 |24 |24 | 145 |24 | 60 | 10 | 13.84 | 13.84 | 15.63 | 5.21 | 5.21 | 5.21 | 5.21
60 | 40 | 40 | 145 |40 | 60 | 20 | 15.79 | 15.79 | 16.22 | 4.80 | 4.80 | 4.80 | 4.80
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S-Parameters [Magnicude in dB]
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e-field (f=2.45) [2] ) ¥
Component Abs

Frequency 245 GHz

Phase 78.75° Z = x
Cross section A

Cutplane at Z -24.590 mm

Maximum (Plane) 742.191 V/m

Maximum 7366.5 V/m
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S-Parameters [Magnitude in dB]
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2 5.7 2.78 0 -3.40 2.45
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4 11.5 3.01 0 -3.13 2.45
5 8.42 3.34 0.59 -3.08 2.45
S-Parameters [Magnitude in dB]
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S-Parameters [Magnitude in dB]
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AMNANYBIEAU (mm) AR
(dB)
(GHZ)
No.1 No.2 No.3 S13 S23 S31 S32
0 0 0 -4.97 -5.11 -4.97 -5.07 2.45
2.59 0 0 -4.36 -4.56 -4.36 -4.36 2.45
5.14 1.88 3.01 -4.57 -4.54 -4.27 -4.32 2.45
5.14 1.87 3.20 -4.56 -4.02 -4.16 -4.36 2.45
6.32 2.45 0.49 -4.15 -4.11 -4.10 -4.12 2.45
7.87 2.57 0.41 -4.05 -4.08 -4.05 -4.05 2.45
10.87 5.64 0.54 -3.98 -3.67 -3.95 -3.65 2.45
11.06 8.64 0.54 -3.89 -3.54 -3.78 -3.54 2.45
11.95 9.54 0.46 -3.71 -3.52 -3.65 -3.54 2.45
12.98 9.12 0.32 -3.49 -3.50 -3.51 -3.53 2.45
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Abstract— In this article, we propose to combine the powers of
two magnetrons. By combining the power of a microwave, two
continuous magnetrons waves are used as the source of the s-band
waves. We use square waveguides (WR340) the Y-structure to
achieve industrial high power at 2.45 GHz. To combine the power
of a 1 kW magnetron and use it to adjust the phase difference of the
two magnetrons. With low loss for using two magnetrons in the
process, insertion loss is less than 0.5 dB, reflection loss is less than
-28 dB at 2.45 GHz frequency.
microwave

Keywords—magnetrons, combining,

waveguide.

power

L. INTRODUCTION

The magnetron is a high-power vacuum tube that creates
a microwave. In great demand today, microwave energy is
used in a variety of industrial applications. Due to its many
advantages, such as being an industrial microwave source, it
is inexpensive, highly etficient and provides high power. The
magnetron only serves as an oscillator, generating a
microwave signal from the direct current that is supplied to
it. Magnetron vacuum tubes were used continuously on radar
during the post-war period. Nowadays, magnetron is used
such as communication satellites, microwave ovens,
microwave communication equipment / equipment. Cell or
energy is applied to the plasma industry[1] however, a single
magnetron is energy that is limited by the operating
frequency. CW Sources are excellent in a wide variety of
military applications. It is expensive, has poor performance,
50 it is not. The ideal choice for most industrial thermal
applications[2]. On the other hand, the energy capacity of a
single microwave source Limited by the limitation of
waveguide cavity size Which is limited by usable microwave
frequencies[3]-[4], for example The electrical capacity of a
single magnetron CW can be reduced by up to half a watt of
the cavity. Of total output power at 2.45 GHz

So. we have the idea to combine 1 kW magnetron
conductors with the same frequency band of both. To obtain
high power at high frequencies, a square waveguide is a E-
plane waveguide pattern and is known to operate at slightly
different frequencies. The output phase may have a slight
phase shift. To simplify the microwave output power
In this article, we present two combiner microwave power[4]
methods with a square waveguide. The main power of a
square waveguide is TE10 mode as the primary energy
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concentrator. Waveguide type (WR340) S-Band [5]-[6]band
uses aluminum material. Maximum frequency 2.45 GHz,
which is the solution for increasing the power of microwave
source. to be used for industrial applications that require high
microwave power, in this article, we present a cost-effective
combination of two CW magnetron at 2.45 GHz[7]-[8] with
1000 W / 1500 W power using two magnetrons. Together We
analyzed and built applications using low loss waveguides.
And the phase difference is negligible. And high efficiency,
suitable for use in various industries.

Magnetron #2

=
==

Magnetron #1

i
| —

Input

Port2 l

-

Fig. 1. Schematic diagram of the magnetron power
combination system on the Y-structure

II. THEORY AND ANALYSIS

A. Lossless Power Combiner

To obtain a total of 3-dB of bidirectional microwave
power. The E-plane T-junction (E-T) is used to combine two
3-dB elements. E-plane T-junctions are designed with output.
impedance matching Lossless distribution matrix3-dB E-T
power Combiner with perfect impedance matching at the
output port can be a form of [9]. Ports 2 and 3 are two input
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ports of the T junction. Combiner and port 1 are the output
port.

Combiner 3 ports can be represented by 3 x 3. matrices
concluded that he three port matrices should always be
standard and Lossless. Fragmentation parameters combine
the resulting three ports. will comply with the specifications
[10]ports 2 and 3 are the E-plane Combiner's input port and
port 1 is the output port.

S S S
[S]= Sy Sn Sy

Sy Sn Sy

Sin=0
S$21=S12=-172
S31=8S13=1/2

B. Structure of the power combiner

The presented collector is based on the low loss Y
structure waveguide. The collected tubes are shown in Figure
2. The high-frequency waveguides, port 1 and port 2, are
inputs paired with square waveguides. Using a mid-range S-
Band waveguide between port | and port 2, we created the
correct symmetrical structure in the design of high-frequency
converters for square waveguides. In this article, we used a
wide wall-to-wall design (E-plan) to make it easy to assemble
or mold the structure. We simplified the alignment of
aluminum substrates using standardized (WR-340).

/
y Port3
Port2 N input
input 3 ¢
e e |
Jre

Port1
output

Fig 2. Design Y-structure 2-D.

C. Design and simulation

To examine the structure, waveguide power converters
are used to simulate 3D models. Wide frequency range 2.45
GHz (S-Band), the return loss is better than -28 dB according
to the CST simulation results Fig 4. (a)

Structural waveguide from conventional waveguide
conversion to E-Plane rectangular waveguide design to Y-
structure pattern, it can divide the power to form the travel
structure of electric field wave travel well.

All power dividers / energy consolidators have a simple
solution. And ease of use, including full height surfaces,
using a customizable design with an S-band waveguide.

Authorized licensed use limited to: Suranaree University of Technology provided by UniNet. Downloaded on June 20,2023 at 08:51:18 UTC from IEEE Xplore. Restrictions apply.

[TI. RESULT AND DISCUSSION

The two-way waveguide couplings, Y structure design
were simulated with the magnetic field CST program, we
demonstrated the excellent amplitude balance (S21, S31), the
total loss simulated and measured data. The output of the two-
way waveguide combiner is shown in Figure 3. The results
are large. And the insertion loss (Loss <0.5 dB ,2.45 GHz),
the power divider parameter, the simulation Y-structure and
the results are shown in Figure 4 (a). This includes more than
-28 dB in the (2.45 GHz) range, which includes the entire
operating frequency range (2.45 GHz). In addition, the
parameters required to divide / combine the power, S21 and
S31 are essential to Power Consolidation Efficiency The
results of S-parameter are shown in Figure 4 (b).

P + BB cos0 M

Equation (1) shows that the larger the input phase, the
lower the total output power, the phase and the output power
are inversely proportional, and Efficiency is maximum when
0=0°

The typical measured S parameters Shown in Fig. 4 all
high energy losses are returned. The path is better than -24
dB and the insertion loss is Approximately equal to 0.5 dB,
isolation loss-20 to -23 dB in the subsequent experimental
bandwidth. Joint efficiency.
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Figure 3. Simulation result of the E-TYPE waveguide
combiner using CST.
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(a) The Simulated results of the return loss of S11 and insert
loss of S21, S31
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(b)The simulation results of the isolation of S23, S32
Fig. 4 The simulation results of the power divider/combiner
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Figure S. The simulated results of the phases of S21, 831, in
degree two-way power combining.

IV. CONCLUSSION

The waveguide power divider/combiner with Y-structure is a
square tube built to industry standards (WR340), with the S-
band frequency of 2.45 GHz as a three-dimensional mixer.
There are two basic forms a waveguide in the H-plane and in
the E-plane. As shown. The Y-structure waveguide consists
of an input port 2 and an input port 3, an output port I, return
loss is better than -28 dB at 2.45 GHz structure is small with

low loss for using magnetrons in the power combination and
there is the high-power efficiency.
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