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Thermal Analyses of Thin Films

Yutaka Sawada, Nobuyasu Mizutani

Thermal analyses of various films are reviewed. Drastic increase is observed for the
number of reports on thermal analyses of films in recent years. Examples of DTA, DSC and
TG of thin and thick films deposited on the substrates are reported. Thermomagnetometry,
high-temperature resistivity measurement, dynamic reflectance spectroscopy, thermal
desorption spectrum, thermal expansion measurement for the films on substrates are briefly
introduced. Examples of DTA, DSC and TG of the substrate-free films and the raw materials
for film deposition are reported. Importance of technological developments is stressed for

thermal analyses of thin films.
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Table I Number of literatures on thermal
analyses of thin films searched by

JICST on-line.

Date of filing Number of I}Ij\:gsgrgf

into JICST literatures per year
Apr. 1975 — Mar, 1981 36 7.2/year
Apr. 1981 — Mar. 1984 28 9.3/year
Apr. 1984 — May 1989 170 32.9/year
Apr. 1989 — July 1989 29 87.0/year
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Table 2 Classification of thermal analyses of
films.

il

1. Thermal analyses of films
(1) films on the substrate

1 on a planar substrate

2 ona bulky substrate

(2) films free from the substrate
1 substerate-free films

2 films separated from the substrates

2. Thermal analyses of raw materials for film deposition
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Fig. 1 Structure of differential thermocouples
of DTA for thin films. a and b;thermo-
couple materials, for example, Ag and Bi,
¢; thin films, and d and d’; electrode for
differential thermocouples.
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Fig. 2 Resistivity changes for InN during heating
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Talbe 3 Examples of thermal analyses of substrate-free films.

BREOFS T

Film Method
; : thickness of
Researcher Film materials specimen thermal Year Ref.
weight analysis
Gao Way & Fe, ,Ni, P, B, 4 um DSC 1988 33
Canter TG
Magnouche PdSi:H 40 um TG 1988 34
et al lg
Tsuzuki et al. V,04-Cu0 20 pm DTA 1988 35
V,0,-MoO, 36
Charbouillot Si0, s(CH, ), NH- 50-500 um DTA 1988 37
et al. (HC1O0,), ., etc. TG
van Rooyen Al,,Si:Sr 4050 um DSC 1987 38
etal
Tsuzuki ef al. V,0;-Zn0O 20 pm DTA 1987 39
Akhtal et al. NigsCryNb,, 2—3 um DSC 1986 40
Deng & Argon Cuy,Zr,, 40 um DSC 1986 41
Feg By,
Ezoe et al. ZrO, precursor 50 um DTA 1986 42
dip-coating TG
Nagata & Ino Fe-Ni aloys 8 um DSC 1985 43
Baricco et al. Fe ¢ Ni, CrP,, B, 1-10 mg DSC 1985 44
Fes By,
Fe76 C04 B2 o
Fe,sV,B,,
Hirasima et al. VO(OC, Hy), not DTA 1985 45
Ti(OC,H,), mentioned TG
Castle & Fe-9.75%Cr 40-450 um TG 1985 46
Smallman
Khan et 4l. Co,,B,, 30—40 um DTA 1984 47
Sekiya & Bi, 0,-8i0, 30-70 um DTA 1984 48
Torii
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Table 4 Examples of thermal analyses of films separated from the substrates.

Film materials Film Method of
Researcher & method of film thickness thermal Year Ref.
deposition specimen analysis
Tohge et al. 20B, 0,808i0, not DTA 1987 49
sol-gel method mentioned TG
Sumiyama et al. Feq.xTix 2 ym DSC 1987 50
sputtering DTA
Koiwa et al. Ni-Mo-P 8—10 um DTA 1987 51
electroless plating
Muranaka et al. S$nO, 0.55 um DSC-TG 1986 52
reactive evaporation
Chang et al. Fe-Co-B 1 um DSC 1986 53
flash evaporation 0.17 mg
Thomas et al. a-W-Si 30 mg DTA 1986 54
d.c. sputtering
Nagano SnO, not DTA-TG 1985 55
plasma assisted CVD mentioned EGAMS)
Kumeda et al. a-Si:H not EGA(QMS) 1985 56
uc-Si:H metioned DSC-TG
magnetron
sputtering
Williams ez al. fMoy.sRUg.4]a2Byo 2-10 uym DTA 1984 57
magnetron DSC
sputtering
Kneller et al. Fe-B alloys 10-30 mg DTA 1984 58
liquid quenching 30 um
1.f. sputtering 2.8 um
Campe AgGas, 0.1-7 um TG 1984 59
flash evaporation
Jain & Sehgal Pby.xHgyS not DTA 1984 60
flash evaporation mentioned
Chern et al. As, S, 2 um TG(B3-6 mg) 1983 61
spin-coating DSC (2 mg)
Easton et al. a-Mo-N 150 um DSC 1983 62
reactive E.B. (100 —
evaporation 1000 nm)
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Table 5 Examples of thermal analyses of raw materials for film deposition.

Researcher

Kuwabara

et al.

Chang & Wang
Hara et al.
Kato et al.
Shinohara et al.
Yanovskaya

et al

Sausa et al.

Nomura et al.

Saperstein

Kobayasi

Negishi

Kouda
etal

Matsusita et al.
Y(DPM),:

Ba(HFA), :
Cu(HFA), :

»1, 1,5,
1,1,5

Raw materials
deposition method

Sn(HPO,), « H,0
spraying (suspension)

Ti(OC,H,),, Si(OC,H,),
dip-coating

Si(OC,H,), etc.
dip-coating

Bi, 0,, SrCO,, CaCO,, Cu0
r.f. magnetron

Y(DPM),, Ba(HFA),, Cu(HFA),
CVD

LiNb(OC,H,),
spin-coating

platinum metallo-organic solution
spin-coating, laser decomp.

BulnOBu'

BulnOPh

BulnO, CEt

BulnOCPh

Buln, (CH)Et(CH, ),CH,
BulnC,H, 0,

cadmium atachidate;powder
LB-film

Zn0-8i0,-B, 0;-P, O,
Pb0-Si0, -B, 0,;-GeO,
glass films

Zirconium 2-ehtylhexonate
yttrium 2-ethylhexonate
painting method

V,0,.1.8H, O; colloidal get
painting method

GaySeq .y
evaporation

-

Method of
thermal Year Ref.
analysis
TG 1988 63
DTA 1988 64
TG
DTA 1988 65
DTA 1688 66
TG
DTA 1988 67
TG
DTA 1988 68
TG
TG 1987 69
DTA 1987 70
TG
DSC 1987 71
TG
DTA 1987 72
TMA
DSC 1985 73
TG
DTA 1985 74
DTA 1984 75

2, 2, 6, 6-tetramethyl-3, 5-heptanedionato)yttrium (II)
5, S-hexafluoro-2, 4-pentanedionato)barium (II)
»1,1,5, 5, 5-hexafluoro-2, 4-pentanedionate)copper (I)
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