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Abstract

This paper presents the design of a water-cooled radio-frequency(RF) load with simple structure, for use in the ultrahigh-frequency
(UHF) band. After establishing a formula to obtain the physical properties that affect RF matching, we measure the permittivity and
tan 0 (Loss tangent) of tap water. Because the temperature of tap water increases upon applying high power, we measure the permittivity
and tan 0 for all changes in the temperature of tap water. In order to reduce the length of the water-load, molybdate with high tan &
is mixed with tap water. The loss tangent of the mixture is found to be approximately 26 times higher than that of tap water. Finally,
we manufacture a water-cooled RF load and measure its characteristics. A reflection coefficient of —19 dB and bandwidth of 15 %
is obtained at 460 MHz.
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Fig. 1. (a) The layout of probe measurement, (b) equiva-
lent circuit.
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Table 1. 4 reference materials and permittivity.

Substances| Air | Distilled water | Methanol Acetone

e, |1.0006| 7842 | 32777 |20.7-0.8280
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Table 2. Coefficients obtained from Gauss Seidel technique.
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Fig. 2. Permittivity and loss tangent of changed tap water

temperature.
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Fig. 4. Permittivity and tand of changed molybdate mixture
temperature.

o] By 274 ARE HEgow
6-1/8" EEA i
oF g00lety HESL(EY SEE o 10C BT 7H)

a9 59 &= 283 2] A/2(%F 36 mm) Aol E&
M4
1 a2
_ W2
34
N2 ]

O3 5. Water-load®] %7] tjzel 29
Fig. 5. Early design of water-load.

448

S-Parameter(dB)
o

— S11(Tapwater)
30 - S11(Tapwater] 2STEP 4

300 350 400 450 500 550 600 650 700

Frequency(MHz)

J8 6. 2371 Zd o] Aledold 23
Fig. 6. Simulation results of early design.

A& 5, HFSSE A& o "ﬁ}‘iit}. oj, T4 FIt
460 MHZE AR ST F7 =

9 59 3 "3 2ol & 2l g
o]F 3 Al ol stk AlEH ol A 1 stepd 7
- 460 MHzol A 3710] Dol yar (1™ 69 AA), 2 step
d 79 460 MHz 92 ¢F 60 MHzS] 7H4 S £ 33
FoF7E FAE A7 AS g1 5 UHIE 69
).
a8 7
q [e)

rlo —"
_WH
o
>
]

-0,

o

=
o
ut)
2

[o

T2 RF load?] T ARl Zdejy. 3
S 9l A2 Zo)9) 2 stepS & AA A &, 1,000
o] 710]9] 1 step lineL & < AYFUTh £} 50

& A2 Addx wjAS 3] stepped transformer=
7haklth #7123 A AE9e] A& 8 trans-

H § H
—
= B

13 7. Water-cooled RF load®] CAD =4
Fig. 7. CAD layout of water-cooled RF load.

o I

=

8

e

ﬂ
g il
1




-5 —
— 511 (dB) - WIO Oring
\\.

10 S :
2 ™
= ™,
k) A /
@
g -15 N
= \
[y J
o Wy
) /

20 S

-25

400 420 440 480 480 500
Frequency (MHz)

8 8. 289 5o uwE water-load®] Sy
Fig. 8. S, of water-load with/without O-ring.

former$} water load Alo]ol teflons 2
A AY $Ee Bol AX YES 3
Yol Bkt

AR AAHAANA F7t2 BAFE O-ring?] F5-ol
w2} loade] S4J0] W3ld % 9l HFSSZ O-rings
Yol Bdgdt & AlEdolds Aok 1 A 119 83 2
o] Oringol &= BFFHAF e A+EDHES S,
kol o #7 UrQW Z 3427} down shifting® = @A
< sk kARt 5} T3 460 MHz A Sj©]
ok —20 dBE AAsitty HeeSith

9 9= AA A2E 4992] RF loade] E&o|th AA
2 el $RES A T VNAS Fol S E 2
Atk 19 82 WA AA 24 A A
B0 Bol T8 RS HLE o) Zolrt A
4 A% 279 @ BAA AR, AlEd ol
A Holz] 9FH F3k oF 17 MHzE 2t 2lE /g0
A sATh A0S 271 s 584 RF load7t 172 &
Z1712kaL 7HY 81, load®] 4ol 1, £ FHES ¢ ]

B W, T () Thedt 2ol 28E 5 9

T=e T uye @

Load®] Z°l& 1,000 mmo| B2, f+ 16.8 MHz7} &7,

1EY nlo]A R 1 Y24 RF Load A A

ol E]E-‘ﬂ Fopr o} %A}ﬂ &E YehA k. o
A, EZ& load ol AlZ 7} BkALE o] Folel F317]
7F FAEo] Yepde do ]U‘r 5, FxEN A ZJ_X}
«47} w0 A HA B GEIF WAbE FFREE
ggtke ouloltk FHolA Z]&s AT, molybdate &
AHEFFO A AR 7L FE8] 7 Eo] o] g
P 98 7 stk &4, AlEdH oA 2R o
H W3] kS w], =347} down shifting ¥ o]
= AA Al A o] Q& wfj ol Ak A
At webd FAFATEE 460 MHZE 5H 5
3| transformer®] Zo]E 53 tt. Transformer®]
10 mm £ F< uf, HFSS AlEd o)A A3 5
7} o 20 MHz B E2Hts Btk ol & &3}
, X‘] YA RF loadd] AT 94 440 MHzE 460
MHzZ O]%/‘] 717] Y3 AA transformer®] 2] 10 mm
2 293, AU E 20 MHzZ} o5 HE A g9
& UATHIE 11). Z“ZFJ}—’F F 460 MHzol| A AL
A ok —23 dBE & F UL, —15dB 7[FOE o
70 MHz®] 9 Zs Z2te s F38dth

27l A A5 At 2ol FEE el molybdateE 4>
T Water-load®] RS S5 S48 th S4F3

oL

oo o oy
o X oF

[0 ¥O i ofd mdt oft

U 3@ e X o

oK

[¢]

]

I
— do
of
=

_&1:1>“\l
fr‘

F

Transformer

Inlet & outlet

==

02 9. AA Az 4] RF load
Fig. 9. Manufactured water-cooled RF load.

449



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 6, Jun. 2019.

0
——S11(VNA)
— — 511 (HFSS)
-5
-10 ]

A

-15 \/\/:i‘\n A‘Z-“ﬂ

AR
y 7
25 =

-30

S-Parameter (dB)

-35
400 420 440 460 480 500

Frequency (MHz)

8 10. AAHE ¥4 RF load®] S
Fig. 10. S;; of manufactured water-cooled RF load.

—— 511 (-0mm)
— — 11 (-10mm)

5

L
o
=
.
F
X

Pl
Yy
¥
\

-15 Fal

29
Ny
L
)
"

S-Parameter {dB)

N

-35
400 420 440 460 480 500

Frequency (MHz)

2 11. Transformer Z°] W3lo] wE 2] RF load?
W% 54

Fig. 11. S;; of water-load based on change of length of
transformer.

= molybdateS A7) ALY 129] Az EA3A o
460 MHzol A e (2R 129] A4, A Bl 23
St FARSHAl Uebas S0 5 Slth B9 molybdate
2 X80 ZM tand 7t oF 268 AR L, WALEE Ao

SRR PEE AA e AS #ET QU

450

0 T ——
— 511 (tapwater)
! — — S11 (mixed molybdate)
-5
Ty M
~uE~, 10 F=
© Mo
© by
D; 15 an .
P
@ 6 £~
N A IR IR Y
W\ v
-20 Yo by
/
-25
400 420 440 460 480 500
Frequency (MHz)
J8 12, £33 58S 930S 9o 54 v 1
A
Fig. 12. Comparison of the characteristics of a mixture and
tap water.
V.2 &

B =5 B9 §4A 9% tand & S5}, o] F o] &
st A RF load A4 A% 0 5RE 3499
FRA 9} tans & Fo}7] H3l F71, ST, HEE, ok
e = T3k

1% =42 A9, ol Fal 4
t}. Load®ll high power”} 17Fe|™ &9] &%
el §1&3 tand 9o EAE HeA HEZ, 29 W
st WE FHEH tand o WIS FFUTE T3
load®] AolE Z017] fl&) 74 =, & tand H= Ze
molybdateE %3] o]
tnd WSt FFSTE 1
o

3 3}, molybdate &gt
tand v TEE F 26 o]} = A e E
g, 257t S7Hsk wet B2 fd&> gaste F
A& BolH, tand & Aeole sttt 257t Fot
AW Z7het g whEste s Btk olgd §
g ol &dl TY2] RF loadE A7 2 A 233 th Load
E FEEE AR F WS 548 34 49, g
o] HAFAIY, FEE molybdates T3t + A}

g&o| A FoE3Uth
@A, high power A% AIXF & A Fol, F5
Al2=®ol] 2] RF loadE ¥ high power testE 13}



g o Ho|til,
References

[1] K. Ebihara, H. Nakanishi, and E. Ezura, "RF high power
water-loads for KEKB," in Proceedings of the Asian Par-
ticle Accelarator Conference, Beijing, 2001, pp. 633-635.

[2] M. Ebert, F. R. Ullrich, "Glycol substitue for high power
RF waterloads," in Proceedings of the 2005 Particle
Accelerator Conference, Knoxville, TN, May 2005, pp.
841-843.

[3] E. Eves, V. Yakovles, "Analysis of operational regimes

5 o ® [Eeui st/

https://orcid.org/0000-0002-0811-7276

2019+ 29 Feish AR ekt
(%A

20199 2€~&A: FLHtA ARG

o) A A AR

https://orcid.org/0000-0002-5710-9731

F W 20199 29: FeE AAEREGH
(F3h
- 2019 68 ~&A: A HEND A}
e 4% A
g, (& BAEO] 1%Y $27, RF 324
— BN I

V%9 nlo]A2 3 42 RF Load 47

of a high power water load," Jowrnal of Microwave Power
& Electromagnetic Energy, vol. 37, no. 3, pp. 127-144,
2002.

[4] F. T. Ulaby, T. Bengal, J. East, M. C. Dobson, J. Garvin,
and D. Evans, "Microwave dielectric spectrum of rocks,"
The University of Michigan, NASA/GSFC Grant NAG-5
843 and JPL Contract 947450, Mar. 1988.

[5] S. Park, K. Jang, B. Kim, J. Park, and J. Choi, "Experi-
ments on a 80 kW power combiner using RF LDMOS
power transistors," in 2018 Asia-Pacific Microwave Con-
ference(APMC), Kyoto, Nov. 2018, pp. 141-143.

o A RRARY

https://orcid.org/0000-0003-3903-2969
2015 8 =i Fristal A vkestal

(&2
20193 2¢: F2u sty Ayt (3
: A}
- 20199 6€ ~&A: AAAAA MEY]A A
-«
[ HAZ0H] X&Y =7, RF 3|24

A, Cavity Combiner 5

2 A F[RedswEs

https://orcid.org/0000-0002-8016-7841

| ' 1983 89: Mgt dt =8| 05383} (o
b

1985 8<Y: "= Georgia State University
=283} (]84 A

1991'd 8€: 7= University of Michigan
335k (b

1991 59 ~1997d 8€: W= A+

2 (NRL) -4

1997 98 ~AA|: Feoisty AAGHT S wF
A

[F ZHAEOH RF 3|2 A,
plifier &

¥ ZZ7), Vacuum Tube Am-

451



