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Fig. 1. Power limit on microwave and millimeter
wave coherent radiation
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Fig. 2. Configuration of High power and high
frequency Gyrotron oscillator
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o webA gyrotronol ¥IE HAHE window
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Fig. 3. Temperature rise of ceramic window as
a function of pulse duration.
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(2.1) face cooled window

Double disk sapphire window= 27%9] sapphire
disk& 294 2A}o]lZ flucinert coolant =
FC-75 coolant& ZZA sfo AMetale] dx mw
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23 5a. FC-75 cooled double disk sapphire
window®] At Mg & A&

Fig . 5a. Temperature rise as a function of time
for FC-75 cooled double disk sapphire
window.
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Fig. 5b. Temperature rise as a function of
radiation power for the FC-75 cooled
double disk sapphire window.
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sapphire windowy ¥ %o| 37 uw&d
coolant ¢4&E& dulold LS By, =
o "¢ MIT 343 MEelA sapphire diskE
VYL Z WEO2H, coolant YHL 3u] o
4 wAE Aztde] AdY £ dn WFREPL 1
HE ¥Yo2H gyrotron AT EHL MW7
A AFAE F gice dFAFA HEAY

(2.2) Cryo-cooled window

FH-ITER 947" dAgY¢ =7d=2n 98
AA 140GHzE 7HxlE 158 ARE w272
AP, ord BIg Mg AEFFe Wz
wHog FAL ¥7 (cryo-cooling) ¥ A}
Azt AFFY EAZMW $AEA(dielectric
loss)®t E7Hd=A(thermal conductivity)o] &
Ti-doped monocrystalline AlOs(sapphire)o]™ Al
2 AFFe s1gRAE A8 = (boiling
temperature=77K)& 7}X3 Wztsick, HAEH =
22 A vhe] 93¥, Gaussian beamd %
500kW, Gaussian beam& 33+ 4ol HR) A =
t A% 700kW, 281 beam& ¥ E¥(annuler
distribution) 22 3l 1IMWe &87x A4d
F e ez yvehdoh?  140GHz gyrotrons
AE23, d43 dirz2 Y49 Ag9Y 1z3e
500kWell Al 500msec7t#] (NFF Ex}eo] = 3°K)
ZAEE F doy B Zolsk o 1 HS Az

2 EFF FHAAN A7) LA(electric arcing)o©l
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sapphire= H3td: 259 7PKolM Y oz
2 (liquid Neon)2 %2l 30°KojA] Ay o a4
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tangent= X @M tand = 315 x 1072 x
T 2 FAst=d, 7KAMEYG 2PKlE loss
tangent gto] A3 B2 ¢ $ Um, wey
LEY A A% Ago) M5E Aoz Juw
. finite element codeE £ AJE# o] M| }
BRI 229 Fg4ol By Joz mA
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Fig. 6. Thermal conductivity of sapphire, silicon,
and CVD diamond.
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AedA : 22%% 159 AR5 28 98— ANF, A, 13, 4D
AN A8 a3 Y= =9y, zute L A 24 HEy mode$} matching A THEUD. F

7} Ug Aoz sugc

¢] B 9] JAERI®A &= 110GHz gyrotrong &
9 AL W4 Akmolol IF
single disk sapphire window)& AM&RA° 5%
9] KfK gyrotron A5 o2 H& ATAEY
7t & o oA AU 4A g LA ¥n
2z ¥z AR Bz gAdAM 80K 28 F
WA Wz Al A 20°K7HA W7 s 9E
ZAL WZt7) (cryo-refrigerator) & 13-50°K ¥ $
2 zAag 4 A ngHY gduEs Aot
110GHz gyrotron°l HE; modeE® 7HAn U3l H
= 370kW, 04 sec AAT= Apgolo] AFAE
A o #RFee 257 FKAA LEo] 4
A =HHR oW 400kW lsec F2HA] 30°K7HA
Setgol HAEHA

ojel g ozt A} Az L
7+ A2gg olgF FAR 2AF3
(cryo—cooled ceramic window)& Alz¥ A7t
Bsta BaE go] AX 57 Wi 232 87
7b 44 48 oyl Mete W A7le of
ol Bl wEd AFAA IMW CWE HFE
% ole ANad 82 48947 ok

5349

Z(cryo-cooled

slEd A2t a3
ceramic window)

gt A 71& & uigt Zeol FAL W7 HHE
ANAF gyrotrone P Alade] sty 7
317 olae @Fe] v WEel, At AFH
dHAEANE ¥ ANEE ¥F F4e] GA(General
Atomic, & U]Z¢] ITERETE)A aj&3y A=
o AFFL ARG YA B w2
o], Wzt AdE Aty Aold] FozM A
AAE 98 Fedez AA & F e FH
glth. HE; mode® F3A1717] H3A A&
sapphire2 ES 29, WZAN'd2 niobiumS E

DEded, ot Adde Y =PI 433 E
(thermal expansion rate)® 7}4 ZHF F£F 2
&tel7] wEol brazing & W, 8|3 JIFF
deEe g¥sHthermal loading)dl & 2AY F
A zet Hol v}, AAH9] mismatchingE &
°]7] &AM F&e 4 FEEES IHTNA B
E RAY AAE A gon AAEY Holvt
1524 H38 WAlE = powers -30dB °o|& 2
AAitgc}. 8l sapphire®d 7= N A¢2 (N
€ integer, Aot At oM )R FFPe

(2.3) (distributed
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347} 110GHzol ZAE 2UgdE o HEd AF
& N& 622 281 sapphire F77} 2.7mmZ
sojglon, olgd F7= sapphired] d2le F
A stress( minimum stress) & 83MPag 7€

AA FE8 FAA ZEH U

H =0.84 mm t———a—— 22,7 mm i
\ ELECTRIC FIELD
h=2.2 mm

" ! INCIDENT POWER

-———

' — COOLANT CHANNEL
we0.74 mm
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a8 7. uEg A9 A3
Fig. 7. Distributed window.
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HEY dFFo] X 37HA @HL linearly
polarized® HAlzyt E3 slesitts Aot} o
2 F40=2 9597 cooling channele] 43
g F3Udlinear array) & o] gled), o )
g9eksl +AHEHE E-field polarizatinng 713l
Azt owr BoEy] qEojtt, dAPoz FEd u)
whaks e W o= polarized @ AATE

HZol 100% WA 714 o

rir

ag

G-z
+ electrical conductivity, J+ electrical current
density, 283 E¥& electric fieldelth, = 3}i}e]
2 g4 Aa9y niobium®  brazingd 7€
2 o &el vk oF 60707 ¥ (FF 10.16cm
e 713) 259 A ololE brazing®d W
T e gE Ede] Ty HE REWHAAN 7
E(void) flo] A EF HEHE 3= brazing 71E
& oA @& FEH ool Utk HAR GA
A AEHE 717 HATE ALEHA AEE &
£t ohmic loss$} dielectric loss7} Z+ZF 49%
2%7} EAEoE AFFY A7H ZdHANE
EF Aast UgAiwt 153 1MW gyrotron®ll
AANA AHEE IFALE brazing FAHANA IF

Agto] LA & £ QA HIUT ol F Ul
A Jedt Uz, 357 Mol HES § 0\1"1
2] brazing©} 7]%’5"‘ Aol des T F
Aot

N

AE

(2.4) CVD diamond window



gutA o F  golid crystalline ZElX  poly-
crystalline material £ sapphire 83 silicon #
& Aage dAxge F4H7 ddve FHEst
BE submillimeter®t & M(infrared) A
Asted, ol E2E& TAsE AAY IAF
(lattice vibration)@ phonon &% && ©i& o
AR FF7F 97 WEeltt. A7 tojeE ==
288 24 ANAE i 4 47 Axde &
F7b A9 wsidAd dejurl wE,
submillimeter® ¥ ¢ Z 110 GHz - 170GHz A
FE3tx= ECR 7194 gyrotrond)AE  CVD
diamond7t & Aad AFTF A2 AR &
tt, 2z gelojB&Ev A e B4 T E
e g AEA, ¥ #FAH&4d, 2314 (maxmum
bending stress = 600-900 MPa)o] £7] @&
%9 gyrotrondl ©€ BAYE EAZ A4AH
qrt. oE7tx CVDR AFHE folojE=E
Azl A7 ey, H2 CVD 7Iegde
2 dolejge 271E F/7A 10.16em7tA THE F
Ago g, gyrotrond 71E9 AFF At of
Agoz B A3y 1Y Hu U @A ¢
2 uld 93, ©%2  Norton Diamond
company, 183 %9Z¢ DeBeers Company7t
gyrotron 3FFEox A7 1016cm7A| He
CVD diamond& THEth #FlME KISTA
10.16cm7tA A #sted AFRou ok HAAA &
AEA % loss tangent, EAEEE submillimeter
o ¥9je]A A¥ data’t 9k DeBeersel A 2
E CVD diamond® 2 7ol 100mm 2 F7A7}
25mmyt S, A7 160mm7tA A2 7hEsicha
2748 DeBeersoll A Az2®  diamond(F 7
=0.6mm)e] &% W3t w2 tand ghol Y8
REupel o] 100°K-400°K 7Hx] Aol dA e &
(10%% 3 U1, dielectric permittivity® &%
wato] BAe] A AT RS 22 Y% F
7 25mm7} S|& diamondi loss tangent’} 107
A= g Rog A Al Sapphirett Au-doped
HR(High Resistivity) Silicon A%t &&=/ £
79 tand 7t F2A8) F71ste AAE dzHeld,
diamond®] tand £ =& HAxlate] Fuhse] wis
g v#Esz] dEe &9 power (5,

=4 eeotans [IB? - dye Fdsel 2A
o] dAgsjct. o]A EF sapphirett silicone] ¥l
AN T& EXYE #1 gled, = sapphire &
silicon®] loss tangent= Z+7+ f, 281 172 H]
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dstn weaky E49 power: £ adm 7=
vl g tr] W el 2xF3 £ submillimeter range
M= diamond’t &% gyrotron WFZELOE
= 8L 7Axzm ek 2832, sapphire Y
siliconol 81814 diamond7} thermal shockoll i@
WA zeln £ 93EA4E /3 A7 4E

of, el 49 FAHL Wzhd4(cryo-cooling)
& 2A g3, ALdA ad WAFEE IMW @
&3 29¢ 1% ¥ & e 2 FHe AMn
ik
Sappire
(HEMEX grade)
L ]
PACVD-Diamond HR Silicon
(DB#580126) (Au doped)
A |
2 . :
1 7!

TEX)

g% 8. 145GHzol M %9 W& loss tangent 3t
Fig. 8. Temperature dependence of loss tangent
at 145GHz.

DeBeersol 4 A &g CVD-diamond(2} 73 96mm,
%7 22mm, tans=13 x 107} Mgz Y
JAERI®} Toshiba®] #&3ez 2" 170GHz
gyrotron (£3=165kW)¢] Ale}d AFFoz Rzt
ol AAZ test HAULM CVD dolojgsg

loss tangent, tan 8= fj%‘il?lz— (e:; L _AaT

Z2HHAt 97N Coe @ &%, p= AZY
LZ(mass density), DE A= 333 AR, C&
H] <& (specific heat), f= YAt AR Fa4,



& £ fA&(dielectric constant), ATYE At ¢
2=Z7h Pree YAME AR &8, 293 ate
¥ 2% (pulse duration)e]t}. 28 CVD diamond
2] 9@%&(thermal conductivity)® 47] $18)A,
24" Age WFFe 2=F5719 JAEZEE
et 498 BN $E @y vlagoez
dARES 78 7 Uk o7 Yoz &7
¥ Joss tangent® 1.3 x 10700, dAxg
(thermal conductivity)= 1800 W/mKeo|t}, o}3 7}
A IMW CW gyrotron® 2 diamond& %HEo| A
AFEEL HAZ test 81X EFTh go Fdo]
djell o} CVD-diamond’} IMW d&3 A4 43
o] & A¥gdd, z A¥ FAP FEY
diamond®] 54} & finite element numerical code
2 A g & By, d2dA gty Whez
ttolojE =9 sMAAEE WzEE 3-TMW d%
A2 AE & F Us Ao dE&HEd, o)y
A Asr oz AYold FHeAdod, gyro-
tronel] 2ol AFF2Z rjolojR =) 7 Y
g Agtgoz FHT g 30de] YA e
o) gyrotron®] B, 7&H FWdA H713
Q Z2Adoz JdA & AHold,

3.4

oo

2

&% Azls #A7], & gyrotron oscillatord)
A IMW d&3 388 92387 98 M3 F
8% a4 AEte AFFY EHL AT FAR
o ® ldAe AEee B4 5 RS, U
4 123 loss tangent Wl A, sapphire, silicon,
aei CVD diamondE Hl® ¥4 2 89 o}
H1o)M BE u#ie} o], CVD diamond’} 1MW
A4 Axa A, b2 At vjsi dA
Tgo] £33, 2% W& A EA Wzt AY
Az, E Fd UFAHELE AU 7] g e s}
F AYE AT AF el
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