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Abstract

This research presents the development of thin-film polyimide in NANO by sputtering.
The thin film was grown by RF sputtering technique. A sheet of polyimide was laminated on
metal disc and used as polyimide target. The thin-film polyimide was fabricated on glass slide.
The rate of grow was 1 A/min.

In addition, The thin film was fabricated as humidity sensor. There were printed circuit
board technology and integrated circuit technology. For printed circuit board technology, the
sensor was fabricated by patterning copper layer into interdigital electrodes followed by
application of hunﬁdity sensitive materials such as 60 pm in thickness and 45 A-thick sputtered
polyimide film. The results showed that sensors with sputtered polyimide film has
higher response time than those with polyimide tape. For integrated circuit technology,
the sensor was fabricated by patterning aluminium layer into interdigital electrodes followed by
application of humidity sensitive materials such as 45 A-thick sputtered polyimide film. The

response time of integrated circuit technology was better than printed circuit board
technology.
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light) 1482 microwave ayuMitun1dse lovilusunsuseminInsalat/fosr9Bursusa

2 o~ & o o
AANHFIUANUYIIAAU 2.5-25 Illliﬂ'illm'f)‘i

3 ' v ' < ' = 4
A1519N 2.2 naedaveasedutman I 1190 18ANR (frequency),  AINYIIADY

(wavelength) tagwavosssiaomsavuuaswes lumna

Type of Radiation | Frequency Range | Wavclength Range Type of'l‘ransiii()n
(V:Hz) (A : fm)

gamma-rays 10°-10% <1l pm nuclear

X-rays . 10""-10% 1 nm-1 pm inner electron

ultraviolet 10"10" 400 nm-1 nm outer electron

visible 4-7.5%10" 750 nm-400 nm outer electron

infrared 10"-10" 25 pm-2.5 pm Molecular vibrations

microwaves 3x10''-10" 1 mm-25 um molecular rotations, clectron spin flips*

radio waves <3x10" >1 mm nuclear spin flips*

*for energy levels split by a magnetic field

FrenduvosB U A
Region Wavelength range (mm) Wavenumber range (cm-1)
Near 0.78- 2.5 12800 - 4000
Middle 2.5- 50 4000 - 200
Far 50 -1000 200 - 10

) A ~ Y 1 A A
ﬂﬁ‘lJ’E)ﬂ“]f’Nﬂﬁu‘ﬂJi’N’fJu‘V‘]ﬁTLﬁﬂ'ﬁﬂ‘ﬂUi‘JﬂVLﬂ‘HiﬂUﬁM'JU A ANUUIINAU (7\, : wave length)

' ° ' ' - ' s a Ak
AUD (V : frequency) N3051MIUADUADIZOZNI 1 . (V : wave number) Mioiton 1y

o 1 a & o)
MIUARIRUNUIVDITIDUNTUTARD wave number FUT1HU1T0MLAS wave length 11U wave

number 18 1nu01AugAI
v = 10%/a
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i ] A o 4 T @ s
adumIvonyndanlugdues frequency ammnsaudautiunnuonnauldeuiu lavoido

’qmﬁ
v = c/A
o Y = anud (Hz)
c = anw§aunme (3.00X 10" cm.s™)

Arwonadu (cm)

>
Il

A I = ] ) o a 1
(193910 wave number 1HuaMudlu 1 vueszEENIG 92U frequency Wuanunlu 1 v

E7 »
(187 A91TUITIDIIWUNTNTIS 60 wave number 31048 1A UAY

2.6.2 maganauuasdususa
MIQANIULEIBUNI NI AVBINI NANBUZITUAINUMIGANIULA TiADUY TTUAD
d! =1 d’d s t:d' o Y a 3 zé 1 nizl )
Tuananilegazganfuumaiindsnuneanmmifamanszduniieg iy LALE
a A w o A A L o QY= A - v o
sudsusalwdsnua1 e lwonaganduursen mifamoinisiniou lMaveaiuse ey
Wuszuaazsilazganfuuaeiianudmmizuana1anu bl msganiuvinandsnuimwe
dy ~ ] B A @ a dy o Y 91 o
il 155003V quantized energy WavBINIIRANTUNGITIUT@WIZE 1AM TR uilu
A aa @ =) ' o A a [
msgandunasiifaniuszatiala  eolsfenn  minmsmionlnivesiuszitlums
A (Y P ’a a . 3 ;Y ] =
waon maludnuuz i luAamsn/feuuas dipole moment 1d7 1519243521 linumsganiu
¥ ] ) v v
HEIUBIRUTIY  Bimsmden lnveauseine 1iia dipole moment 1 ladyaam

¥ A P
m’m'lmzmqwummu

2.6.3 309300 (Instruments)

1- tutlsenevvsansesdursusaminInsliladines

(Infrared spectrophotofneter)

Sampl
ing

— | Monochro | —— | Detector

!

Recorder

zﬂ‘ﬁ 18 Block diagram of an infrared spectrophotometer

Taeva ldusznoudae 5 aau A
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1. IR source UHWEINUNALLTI L']J'LIff']u'V]WﬁF’]W?@!Lﬂﬁ\'jHﬁ\?ﬁlﬁl'ﬂuuﬂﬁiu‘ﬁjﬂﬂ’]u'Ju
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]
s

A A A o Y o &4 o - Y Ay y = Yo aa
aouNaeIms nasaithunlsdundossuiaumszdod idwasaianniol4ssdsunsusa
Yy a Y ¢ . .
it wiaNlonld 1dun Nernst glower, Globar 1l8¢ Nichrome coil
1 A s A ~ @ ' w [~
2. Sampling area  lusgnieamuduvoensiuS LMo Snyneiiy
Y " P PR P 9 d w S o Y o Y @ a Y
MNMWBNAMMALY sample cell 1157 191 uAIND19TATY sample doamdoTaafivenls
a 1 ] o) o '
WeBUNI UIAKTY 19U NaCl, KBr, AgCl, AgBr, CaF,, BaF, 1udu msidenlddossiiiags
1] ] }4 ] )
Amdvewasiimamariloen iy fnuneioons Trenmiueaadt sample aANiu
s = < o v A v o @ w a o
3. Monochromator AAANDUA HuAMensIBvSosad e uSIFVeTs 9199
v . A .
778 prism Y139 grating
A o o ! o o > 9 Y IS
4. Detector 130905001 iudmnTundsaugsdugahoudutasenunily
@ 1 9 4' @ R o
dyuauiunIeaiunn I

o Y v @

4 ar a : o o
5. Recorder inSestiufindyaa shwihfisudwanmen Detector B MaAINASNS

S| { a 1 a
VNN Iﬂﬂll'lﬂ%%uﬂﬂﬂ!ﬂutﬁluﬂi?WﬁLiUﬂ'ﬂ'ﬁLﬂﬂﬂiM

g aQ a d
2.64 yilpveunsosdursusaanlnInsivilndimes
' I~
wuaIdiu 2 Ussian An
1. Dispersive infrared spectrophotometer

[~ =Y o & Y T = a s
Tavannezitluaiia double beams fiolAdwasnilariudisgnefideanisSing ey (sample)
s e £ I A ' A o o S Y e
UEONAMTINLINIY reference (01910 UDNA 30 cell 1a1 MSodaThazaedlfins oy

Il ¥ » '
1 9 o =1 a1 )
sample) sample -~ vzgAnAULAITIUNTT T MinTunmesfindefinnoonuasgnauds

'
@ o @ o A

4 o i o [~ 1 L]
monochromator #43g¥ T NTas S uIunduveLaITiriLee N T U9 uEEdush
i Detector B99303903AuaeTifueonINazd9anud Tnoinatuasiisiuang e

Y o 2R Y A I o
1ag reference LAIVUNNAWATBOI recorder DBAN NI U NATY

irror optics
> H R S,
& . Samplg ——%

[

= ¢
GEow;ng@)_,/ ¢ P
sourca VAN, j

|

~E .

?‘_-—} Asterence
5 e,

Rotating segmentad miror jakes
infonmation from sample and
reference beams allernately

.

3 U 19 Dispersive infrared spectrophotometer



28

2. Fourier Transform Infrared Spectrophotometer (FT-IR)

. A @ o Y @ . . . !
FT-IR 4nannsN1Iunn1eny Dispersive infrared spectrophotometer ua 1% Interferometer
LN monochromator 19y FT-IR 921AANMTNUBLUEINTINIUARUMG 9 po1doilDuoY

w [ Y a S e )
AUN umuﬂawaqummmmmmﬁmﬂmmw Fourier transformation

@ = -~ v a () a
Walaves FTIR autlnlasiiwes 1)y Michelson interferometer  S98 IR 2IALHAISLR

' @ ' J o o o w 4 o v ad
Globar HIUE3AI8 1Az Ao 181 beam splitter (@Unsniuond15ad) Fevzuondr3efinn
=

@ ) 9 & 2 [ o . . 2
asmedaudInemie 1y dinszanfinyuld (moving miror) uazﬁ:ﬁaumiwaﬂnwuﬂﬂ

] k4
= ¥ o

(Y Ad o [ d' 9 {1 Q 1 .
INNISINNIANUN mmsaﬁv_mmamm:ﬁmumimamﬂ (Transmitted beam) %$Qﬂ’ﬂ$ﬁﬂu

[ P . = 4 a O ) A g ' z [
Adu U7 beam splitter IR anlalasiiwesunuduiuiniaziovadiuluusazass ue FTIR

=

a s 2 9 4 2 & | 4 Y, .
’ﬁﬂJﬂIﬂiﬂJmﬂﬁ Lﬂ‘lJ‘Uf’)ﬁ;lJﬁLﬁ‘Uﬂﬁu'V]\‘lﬁllﬂﬂluﬂ'i\‘]LﬂEJ'JLL'ﬂZLU'E)\ﬁ]'IﬂiJﬂW’U?JQﬁ (data pomts) UIn

q

Y a =Y o o [ o o { P s A a < 9
Al newWamasiudnlsznovdaglu FTIR aunlalasiimosiiednsizidoya He-Ne

U

Y

o3 1 =) < g ey = Y a o g
laser 1Husmlauaafiuna6328 nm)utluanuenniy (1ud) WIATFILS1d MY
d =Y a a9 2 Y = a1 W J d'
anwd fidufinly IR awlensy FTIR §defnaiode deu snie ATy IM ABAILIUNIU
3 E
(signal-to-noise) 9 390 IR BFAIY HaziTlog NIRRT U INUAYNEB4NTIA (scan)
i 3 1 a a = ' 345 o ) [ o ¥
awluganmdu (i 1 57) msdesnsianatgasstsmuisah 145 a5 waziihdoya
o [ A [~ v a a aa @ ) ' a
9wy dyana vinfisudqiuuin uagdnifiananudertunaidensia dauiinues
@ o o’z’ a o 4 1 o a ) 3}
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Ha1aniue dyguvesnausuniugnindsesn lal daiu 1513418 IR anlapsuidany
¥ Y v ~ o L a A w A 9 ' v Y v s =
waglyms drverunsudnies (1 Tadnsunietioondn) 1a Lmz"1ﬂm‘1Jﬂmw:Jﬂmmwmm

o y ™ ' a a w ) Y 1A a v 2 A 9
ﬂ'Ui‘lf TN NVUIA 10 UDANITU ‘U?JllﬂlﬂEU‘U'?Jﬂ‘U@‘HHQﬂ'E)ﬁlzllﬂﬂ’ﬂﬂJ ‘Yl ﬂ PJQLL?J'L!EH

W912 INOUNINTFIUIINAAUBY He-Ne laser
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6. QUNNNYDIPIWIBITanzilA1 25-400 DIRUBALTUN

7. Pre-sputtering time 20 U

8. manl¥fio Ar, Ar: 0, (85.15)

a@m152nouNdNYVDI SPF -RF Sputtering System

Ui 3.1 31U spE R

Low vacuum
gauge

Reducing
valve

e

Gas cylinder RV

MV

FV:

Ar gas NV

LV:
DP:
RP:

Stop valve NV

: Main valve

: Roughing valve

Foreline valve

- Needle valve

Leak valve
Diffusion pump

Rotary pump

Sputtering System

Lv

Chamber
MV DP
RV
Vent valve DF\/4
|
-g RP

Sputtering system

517 3.2 09A152n0VI M SPF — RF Sputtering System

B-A vacuum
gauge
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, 2 s . v 9 o
1.1 Mechanical Rotary pump #9921 Tumsanannuauluszdu Juas anusu
USSUINA 02 10 mbar
. . . 4 o ! o . o )
1.2 Oil diffusion Pump BIVEN1TUITINNY Mechanical Rotary pump lauaziiaune
21NN NUAUAINT 10" mbar 3UD2 10 torr
o & [~ '
2. MyusTYYINA Mamnduanad Seinsuiunsenszusnvuiaduriuguinets
20 LEURIAT
Y . A a Y < a
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(Supersonic cleaning)
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Aaunanas lug

- 4 a d
NNM Ao 210N INIANDAULAY

Q PCB
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