BEGE TBE 20024 E KERMAEHIE pp.351~354

IS

o

e & (R atEr| g I ASEDY,

gol DHEE o8

ST (E=DEIIE

KSPE 02F045

F &l

Ha 2zHof

ro:

o 2|3 ETh

Precise Temperature Control by Locking on the Fixed point of Gallium

T. Keem(Mechanical Eng. Dept. KAIST), S.-W. Kim(Mechanical Eng. Dept., KAIST)

ABSTRACT

The new enhanced method of temperature control need not any reference temperature, the system itself can find the

melting temperature of gallium as a reference point by dithering input heat flux. If gallium is in melting state, the latent heat

of fusion works, so gallium temperature does not change on dithering input heat flux. Also, the control method can determine

the state of gallium; solid, liquid, or melting state by investigating the temperature in gallium. We apply this new temperature
stabilization method to stabilize a Fabry-Perot cavity, which serves as a ultimate length measurement technique. We achieved
1 mK-temperature stability and 1.5426 nn/ 95 mm-length stability over 10 hours.

Key Words : Gallium (2 &), Temperature control (% | 9}), Fabry-Perot Etalon (S} H.8].H| 2 FZ7]),

1. MB

71419 FUE wolFFE 7|4 AFd &%
o ¥ AEFEI} FolNHA L& AAgd de
dAFet o g wig AAY 84 Ao AL
=% opel, AY sFVAAE die F8F
2 Aojrt.

AZ7HA Y 2EA)E 42 & 1 mK F=
9 AEE du YN, 2=A9 i 84
2EE Aojgozi FEAQA EAr9 EFHIE
(Coordinate Reference Frame)] €]%3} o2 I3 &
A7l AAY EFEE Folt AHE AR

ZEL2 1960 o] olFo] =] Abgle] A A
Yo vz AdANE o] v F&A
24 I HE3Ho| 29.77406 °C ot} o] ZEH L
ZEY ¢E7F 2€TE ¢ AdAe]l Ao
AeodA HedE XA e 98 oG E A8E
of "jsl 2 F54do] wol @A ITS-90(Intemational
Temperature Scale-1990)9 A} 2o M2 FF 2x=2
AHH glon o] EF X & 114 H(fixed point)
olgkm ). old ZF F9 EF JBIYME
7N(99.99999 %)olAte] u&+E ZFS HeHE I
DA A3 45 vudte 29 2= EFE
< AR a 4F AMEY X EA Bl AL

g

3 gtk @A 289 5=3e 10°K 9 A=
Rusa ¢l
2 dPoqe g8y 5=d YAEE o83t
AL Fe A9 dolE AHFA = Al
£ 35 gx, 3o o9 HEEokz EA
713 AL dol BHTSE FEE 5 dE IAE
g-Hz A9 3307 dolg dAAAEHN
oA ujg HAEE do] FH7|9 FA Aol
EEZFoE A4E £ e dAHd To4E 85
e dTE s

g7 2% Wgdl ge dueldz g7
77 do] AdAsE mAHE SAHE AdMdE
F BIMAR AgaAzg A EEF I
A E AF 7FES ol8F 42 K AR
9l FAHLAA AxHz: oy FLdME %
AA R AFE 7R = Qul, Zerodur & 22 A F 9
Az 873 &= Aojol miEyH Ao e S
&3 2o Fxrt dag dAolvh wpA £
AT E ZFY HEHE o839 F2AN F
20 2% GAHEE vmH 7HEF WYygoez &
AN e PRI o]& o) 4% suI.maz F3J]

dolg <Az At s AestAn.

o
=

2. 8o Y 0|8 2z HO

- 351 -



2.1 B2 gs2)y §Y

ZEL AL 2977406 °C A HeHL 7HAH
2 95 44 AHY 9 6.095 gem®, DA AEIY
u 5904 glem® 02 A3 o) o 32 %9 Hst
S ® g7l dsld @ 53 wde
of —0.02 °C/MPa 2 =% Wt} FE2 803 Jg L&
o azier) of 14 Aot AEL AEHEG
Hgdol W AL ReZ wus]th Fig
1 & oA #F ZFY e AH [
2 Jepdt, == 7044 e e Hes 7t
Ax ZF9 A2 &3/ JEIYEA 227 43
A FAHEE A& & F Qo AgeHAAME
132 A (supercooling) EAFo] UehgG 1 x5t o
gatA 357 ojgot

—
Heating Time

Super
Cooling

Plateau

-

Fig. 1 Characteristic curve of Gallium melting and
freezing point.
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Fig. 2 Melting situation of a material with constant heat
flux
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Fig. 3 Experimental setup
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Fig. 4 Schematic diagram of gallium chamber; A:
heating wire, B: thermistor temperature sensors, C:
copper chamber, D: alumina cylinder, E: photo

detector, F: cooling part, G: heat pipes, H: Fabry-Perot

mirrors, I: gallium, J: gallium inserting hole, K: etalon

supporting unit, L: incident laser beam
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Fig 5. Gallium temperature result
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Fig. 6 Fabry-Perot cavity length stabilization; 1o = 1.5426
nm, 7.968 MHz
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