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Fabrication of Thin Film Resistance Thermometer
and Application to the Experiment
of Dropwise Condensation
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Abstract

Thin-film resistance thermometers have been fabricated for the accurate determination of sur-

face temperatures without affecting the heat transfer phenomena. Quartz glass, stainless steel and

carbon steel were employed as the substrate, and the surface thermometers were produced using

microelectronic thin film technology. The resistor layer of the devices was made of 0.5 zm thick

aluminum forming a meandering pattern to measure the surface averaged temperatures. The sen-

sor calibration shows that the resistance is in proportion to temperature and it is found that the

thin-film resistance thermometers can monitor the surface averaged temperature with an accuracy of

+0.12K. An application to experiments involving dropwise condensation of low pressure steam is

considered in detail.

1. 12U®IC

EARERE * EHICHIET S 2 & IREERK T
BTHLECREBETHD, —RICIE, BEHEAIMICES
DBRBE A HEHAA, HEHEE,OREMBELHEET
BHEBLLAVLNRTWES, ZTOFEIZLIUE, KH
KBITAEARBEETET I L3 %L, T/, EHERED
BRI KEME L HEL 255, BEOBREREH/N
BB LBEFKEL LD, BOBERERT LSS
ICRFREBEYEBUNET L AW E L b, BHHR
FEOFHEIIE, REHLY—IRSFEOL I -FHER
EICIE ) D1 28 &, BOHREER R RIBERHFIIN

RENDFEMROZOOHRAD D 5, WEMRIZS R
BEEHL R E V) HTIRIEEMADENL TV B,
REBEOE T TD LIV I RV OPBKTH L, &
ETHE, BEBSBTERIICERAL, £0ROEL»S
TR K CIRBES A & BT DARMAER L T\ 528,
BOGHEBEE U CTRILES T 2 LEL S, HEL
ARZCEHEOBEOEEL 2 2HKICIFHET LS
EDTTE R,
ZTITHEMAETE, Y —BHOBRHBEN BV
WO EMROFEEELL, HENRICE I LEELE
NAELTHENT, BEETEEL -2 8ET 5
T LI L7, fEkDBMAOBBLIL, BRBOELR



26 BHREE - BN -
Rifl, WHOMRER Yy — VIR THHITIEAAES {Rw
720, EBRBARICEETSR, $LABTENKECLE
RISERENZ NV EWIEFRXH AL, 370
F— - DO THEVWBRERFEZINMFIITENRLDRE
BL2EBLLIETELINOTH L, 2Tk, MFHR
B EHUNES D /2o OBFERUEE £ > 3 — 2 Z8E
Rz L, BE-EPAEEERE L, e iEiReE
ERIZICH L TEREEREOEH L HLXTWE, &
B, BEIRIURE Y W — 2 RRERAREERICEH
Lz hFEFTcoHEL LT, HIE500km, BEEO. 1um
»F ¥ =% L% FTF & L7 Hannemann-Mikic D%,
MIE200 em, BRE 1 gm D= » 7 VFETFIZ L % Nagata-
Tanasawa OB 953 5,

$19.5

[ —
\ [—

—]
— ]

e

Electric terminal Sensing element

HRES - MRt

2, ARERAE Y —

2.1 BEAE

BPLEUIRE & v — 2 TR T B OEM & 2 B {58k
EMEHS, EREEERNOILH % ZE L C{zEE)s
BRUDAEN IR, A7 LR (SUSIM) B L U pxE
i (SS41) D 3FEH L Lze ThHOMENE, ExL
Smm, EEL. SmmDMBIKICMT Sh, #2O—kE%
BET T 2DV TILRERE, SBRMECOWTIEE
HE BT EIT o728, 7V 3= 2% 8lRIESTEE L7
BEIRIRE £ > — 2T 5,

RLIETW I =7 2 BHED/ Y — IR ST
CH—DBEBER R, SR, RBNECERZES
LU - EBRTHIEIIL T, EREOTFELRE
TEERHLEIIETALDT, £20-DIERENII

Conductor path
width = 10um

0.5

0.1

Detail of sensing
element

(a) Pattern of aluminum resistor

Leading  Conductive

wire epox
d// PoXy - SiaNg
AR

Quartz glass

"lm Wy Al 0.5Mm - ad
SiaNg 1um
™~ Substrate ="

Conductive Leading
epoxy \ wire

e

Stainless steel
or Carbon steel

0.7um

(b) Make—up of thin—film thermometer

-1

BERIBERRE Y —0O/NE— LB



ST IR RS E P IR HUIRE & o Y — ORUE & i IREERE EERA~ DT 27

I FHP R EROEIE (5 mmX 5 mm) IZHEIRER % 5 » FrAC
BL., IS E2EFNIERRET 5 Z &I & - THFIGIRE
BHEDENLIHIZLTWDE, 7, WIROME LTS
REAERDEREMHICBVTIE, ERICKLFSTH
WiEPEIHI 2 2o+ KI U ORETHE T
EDS, TNLORIHOKEIRE % WTHE 2R ) #ih$ %
72012, 5y TR OMIEE10mE L, EVINEGR
W& DY - VAOEEYER L TZORIKREIT VY
RELTWE, &8, EHMETZY — FHROZELIY
7204 mFEIc kB &L,

Kz, EEIKPURE L ¥ — OBEEII DO W TR,
T, ARGEE (7Ebr, PIZLUYBIUOZFLT
VT —)V) 12X o THRGICERZ VS L, 51580
T D SisNy #IEIRT T X~ CVDEICE > TH 1 p
miEFE S8, FHE % BB L DR EFTESIIT-oTH
 (F2ZZ LIRS T I ADHEIZZDOLRIIARETDH
%) ZDOLEIZ, H2RE L L THNREIUEKE 2% 7V 3
ZYLAREREBEAA Ry ¥ ) IR AVTHO. S
miEfE S, BRO7+ by F UL BHIR
WA DINY — > =2 T RiT 572, ZOFIRF, T
ATIAT 7+ PLIVRAMEEAE Y F—RICE ) —H%
DREEIZHEBA L, 90CTIFTEOTIN=F > 7 %179,
Z D%, ISHEOEINRERIZL > TT + v A7 D3
y— v OFEBMNTEITY, ThEBE, S5ICY V2R
2iTo T, RAMR=F 7 %140TC T30FHITHo K
I, TVIZUADI oy F U 7ERELTY VBE C BERR
DREEE D K=75:15:5 I 5 EM@AL, TLI=ZTVAD
Ry — v EHET B, £ LTKRIELLRE, 50CHLI R
M RIBEAIC 3 SRIRELC T 4 FLY R MRERBREL,
BUOABRBHE TSRS TV, /8y —= v 7 TS
TS5, #£3BIE, WRETEORED/DIZ, B
SisNy #{KiR 75 X< CVD #EIC & 5 THHO. 7 pmEFE &
BTV D, TOKE, 400HFHICEITAFY I 2iTo
THEY, TREWMTFE,LD) — FROELD H LI,
E 0. 5Smm D T F X VM & EEEREE A 2 v
MLTWD, BE— 112, AEF T A EIZTE L - #E
EHRE £ 5 — OLhREE L MRTOBEMEEE 2R
36

T, PRIEHUAICT LI = AR B, Thr R
2Ny F) RIS TR LAEEE LT, TV
= AOEHORERBO B E {, BEOAEM
FEICHDENTWVWATE, E5ICIEI v F ¥ 7 IESTH

0 100 um
i
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Deposition Gas N2

Flow rate 40.0 scem
Deposition Gas Silly

Flow rate 18.0 scem
Depositing Pressure 1.4 X10°® torr
Magnet Current 17.0 A
Forward Power 400 W
Reflected Power 20 W
Deposit Rate 330 A/min
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SUBSTRATE RESISTANCE | TEMP. COEFFICIENT | STANDARD
AT 2/3 K | OF RESISTANCE DEVIATON
MATERIAL A [W/mK]) [t (k'] (K]
QUARTZ GLASS 1.3 111.709 2.859 x 10-? 0.060
STAINLESS 16.0 345.631 2.280 x 107? 0.048
STEEL(Sus304)
CAR?(N STEEL | 51.6 258.857 2.185 x 10°® - 0.052
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