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The Characteristics of Al Thin Films on Ar Plasma Surface Treatment
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Abstract - Al thin film was the most popular electrode in
semiconductor and flat panel display world, because of its electrical
conductivity, selectivity and easy to apply to thin film. However, Al
thin films were not good to use on the bottom electrode about the
crystalline growth of inorganic compound materials such as ZnO, AIN
and GaN, because of its surface roughness and melting points. In this
paper, we investigated Ar plasma surface treatment of Al thin film to
enhance the surface roughness and electrical conductivity using the
reactive ion etching system. Several process conditions such as RF
power, working pressure and process time were controlled. In results,
the surface roughness showed 1553 Awhen RF power was 100 W,
working pressure was 50 mTorr and process time was 10 min. Also,
we tried to deposit ZnO thin films on the each Al thin films, the
upper conditions showed the best crystalline characteristics by x-ray
diffraction.

1. M =

WeA 9 gxagyol, #E o] &d Ay T 35 H4FoE Zn0
9} AN, GaN Cng} re g 5}3 B9 Z2 9 ARG dist
A7} thakatA AFHm ek ol d Axe AZTom prol &
F Al Hold AVAERARY =& gdA Mdy, uuk S golA
5 ML QoA Aoz de AMEEa gl s e Al
S dwtog =g 75‘-?— ES ZuAAV|Y B meder A
s9t8 utet g4 A ARAol dAF WopA = AT QoA AHA
4g o] &3 Axe AL ool Brhll-2]

B o=FoAe Al ete] ARV i AVAEAS FAA
717] falA dbS Aol A AN & o] &3te] RF Q7bdE, Fepzu} 7}
248 FuAe S 2dste] Ar T 2vl ZUAEE D§ L,
AFM(atomic force measurement)ﬂr 287 SAGUE ol gste nwW

bowsk Zhzbe) 2

A2 B AHe WHEES EUALSE A,
Aow EWAY @ ARl Zn0 WAL F
diffraction)Z %38t} =43}t

ol A 17 2& g ol 2444 E ol &3te] % 13}

Zo] RF 71483 Zehzul 7pxgke FUAAHS HEA 7| A

Al 9hube] Ar Eebznl g A s sl £33 Zn0 wehe xd

A obst AW Ao zdoz WA ® A RF Pl EE
g

A, ZnO wtere] A4 w3

QL
L2
L

£ XRD( ngaku*} D MAX2200)2 #= o gAY e MEY
ﬂﬂol 2oz FaAe A 4% EAALY% A/ AEEEARM
(PSIAAL, XE-150)7 & & }H(hall effect) 27 % H](Ecopiatt, HMS-3000)
& o] &33ith

gate valve

gas inlet

turbo
pump

rotary
pump

X manipulator
— >

€D

G# 1> 93 02 Az FH|2| =,

sample

RF

venting venting

<E 1> Ar E21=0F EHAZ| SHEH.

18 - 20

processing time RF power pressure
(min.) (W) (mTorr)
sample #1 none none none
sample . . -
¥, 43, 44 10, 20, 30 fixed at 100 fixed at 50
sample . .
45, 42, #6 fixed at 10 50, 100, 200 fixed at 50
sample . .
¥1, 42, 48 fixed at 10 fixed at 100 10, 50, 100
2.2 44 o u#
B =EdAE Al wtete] 3RARY AVHAERE BT 9

A Ar Sehznt ZWAYES
Fep2np 7pxqie s nAE

2 oA, #19

2

FHA

YTk A WA RF 7bds

Ak w2 Al whute] 7
714719 wgE a9 20 Yeiglt 29 3ol 29

ﬂa] ,\] 7}0“ mfe Al 1—u]-o] AFM aﬂz\L;‘ﬂr 71—71—4 Al ul—ul—oﬂ ;(LE
Zn0 ¥eke]l XRD S4 4345 YERSITh
2100 v r r 9.5u
27.52 —4— RMS roughness (A)
2050 | working pressure : 50 mTorr
9.0u
2000 | ~
85u 8
< 1950} 2
ﬁ 8.0u§'
£ 19001 B
2 7.5u "
S 1850 5
1800} 47.0u
1750 6.5u
none 10 20 30
Ar plasma treatment time (min.)
<Al 2> EHA2| AlZto] W2 Al Yato| £, HIXE, EHHET|
wst.
189 (a)none | (b) 10min |
10k 4
= 5k4q 4
€
E]
g
8 0
%‘ 15k (¢) 20min |
c
2
£ 10k -
5k 4
20 30 40 50 60 70 30 40 50 60 70 80
2 theta(deg.)
<8l 3> EMAZ| AlZHo [E Al 8Hato] AFM &€&t ZnO Biato

1333 -

XRD &3 i}



FuA e Ao Z7hste] uwhef Bl—u]—_4 _I_y;ﬂt NgR o7 7439

L, drehe] HA G gRAAT)E A aas wolth oe
RF SI7h0es) ez} ochelol QAT W, ol 3k wekrstel 5
EWMESTE Az whe} A S A where] gl At Wakgs
o otk AT 27 (e AFM ¥4¢ B EWHAY Azbe]

78 E]E”W Zghznh yo A wtete] I} o] 29 FEWESFTF Jk
s FAEWA uet gele] 2Ed syt GG Aoz AZEHA
FEwx ﬂ Al H“’L ol F2e 7n0 AAAE wWAL AZto] 108
EHAY °h’1 AZol Hls] wA debga, ~2EH2T A A
of 2% ZnO ¥ake] A4S w$- v ‘Jr st

gee ;iuq;qa] /\]7h} “a}xu} 7}/\OL I'_ J3ta RF <17bd 9
g 2% 4o Yehigith
tié*oﬂr Zzhe] Al 4

o

N
=1
o
©
o
<

27.52 —+— RMS roughness

working pressure : 50 mTorr 1
Ar plasma treatment time : 10 min. s

©
o
=

20001

o
c

19501 3
—_ J a,
o 8.0u ﬁ
‘3' 1900}, 17.5u 5
g 2
§ 4 47.0u b
£ 1850 o

{6503
1800F
6.0u
175 " L L " 1550
none 50 100 150 200
RF power of Ar plasma treatment (W)
<J3 4> RF QI1M=0] WE Al Hate] £ % HIXE, EHHED|
Sk

15k4 (a)none 7 (b) 50W |

10k 4
o 5 ]
c
S
2> () 100W ] (d) 200w |
£ 0] 1

20 3‘0 4‘0 50 éO 7‘0 3‘0 4‘0 5‘0 éO 7‘0 80
2theta (deg.)

<28 55 RF QI7XZ{0] THE Al 4ato] AFM AN} ZnO 4ato
XRD &% Zih.

RF 1714 3—101 S7bEel uhet wrere] A 9 B A2 *df‘éx—iﬂi
DAy, RUANNE ASBEH R Haden. Ean) s
93 EuAe) Aztel 24T W, RF 7bao] FuhehuA Fehxo}
We] olee] BAUA FA8H B, webe FEAUA EF F
7hebA sl wrere] xo] AAsA wstdTh AT ¥ 5(d)«1
AFM 84S ®wy RF Q7bddo] 4A ooz Z7led ga].zu]_ 1H
oA 0|29 SEAUAT HEeA A weEHse 4 %

2 Qs 2E# 27 BAsE Ao AZHT RF QA7bAH W}E} B
dAE @ Al 9T 9ol FH9 ZnO ZAAS RF Q7bdEe] 100 W
@ o mEAe AP AEl vel w=A dEista, 2EGA7E B4 A
Zo S2¥ Zn0 Hepe] AL v WA ‘%E}”E}

o RF olZlAdAI FuAe AS nAsn Zelzv Ay
of ubE Al wrere] A B v AR, RUAEIIE 29 6 HERHSIT
a9 7ds %a}zw} Asgrele) e Al Wure] AFM 343 2429
Al Behe] F2g ZnO ®Here] XRD FA4 2345 ek

Sepzvl shagrdo] Fhad] wel vbete] T 2 WAL AEA
o2 adhgln. SAW vuke ERALNE Sekxel Aol 50
mTorr & o 7P W& 5 dvehllnh ol= RF 7P g F9Ae
Al7ko] dAE uf Z gz} tAagdo] ZrletAA Zgznk U o] &
91 7H%11T7} S7FetA Han, o] e FENESE F7hske] o2

FAUA EF FasA o, dexuse] FEAAUATL Ao

ofN

rlo

9o} e AREZ U Aow A=Y webd 9o gz g}

2ol b $5% vt EWALNE 9% 5 ok Fehzt
Jheqreel wek ZuAY B Al w9l 238 20 2448 &
zup7b2qke o] 50 mTorrd W FH A qbgh AZol vl =A et
Wk

205( 10.0u

2000 Ar treatment time : 10 min., 9.5u

1950 -
- 9.0u 8
< 190 2
ﬁ 8.5u é
E‘ 1850 B
L 8.0u *
s 1800 3’

1750 75u

170 7.0u

0 50 100 150 none
working pressure of Ar plasma treament (mTorr)
<38 6> Eat=0f iAo M2 Al Boto| S U HIXE,
EMMET| #3
18k (@) 1omTorr ] (b) 50mTorr |

10k

o)
S
f

1 | S
—

(c) 100mTorr | (d)none |

Intensity (arb. unit)

2
2
f

5k

20 30 40 50 60 70 30 40 50 60 70 80

2theta (deg.)

<ag 7> Eaix=0} 7RAY0| WE Al 9Ee] AFM AL ZnO
Hiatol XRD &3 Zit

w
[/
T

o
odt
o
>
)
_0, 2 N
LrEey,
o TH 2y
ﬂmﬁf
>
=] )
[l

)

a0

N

R =
A, FHAyg
At &
*mﬂE<L

X, o oo
S
rir

o E

K]
i)

)
= & 1}

o,
N
[
H

I
Lt
N
=}
:L
[~
2o [
e
N
mL

o iy

N
=)
o
=
i=)
N
N
10”
B
g
N
_Y‘i
i,
=2
ul
=2
2 ol
&
o,
ol
2 rw
i to

i 24
3R

i3 tﬂ 1
e
oft
o
jﬂ
32
:_L
£~
R
r2 °
R
b
(o
=21
2
N
Ach
>,
[

A

30 [ Nt o >
$

o=
>,
bR
i)
=
=S|
o,
Y
=Y
D
L o
ofN b
N
ﬂ
1o
i)
R
z
=

2
N
2
ki

TN VY ¢ A1 ot itﬂﬂﬂ e RF 9 4ol 100 W,
Zgzu} 7ba C:; o] 50 mTorr, WA E Al7te] 10 ¥ 4 wlolt} Ar
S o4 Zehzeh EW APk 0 £ wudn 443 5 S

[# 32 8l

[1] C. C. Surdu-Bob, J. L. Sullivan, S. O. Saied, R. Layberry and M.
Aflori, “Surface compositional changes in GaAs subjected to argon
plasma treatment”, Applied Surface Science, Vol. 202, Issues 3-4, pp.
183-198, Dec. 2002.

[2] M. Pascu, C. Vasile and M. Gheorghiu, “Modification of polymer
blend properties by argon plasma/electron beam treatment: surface
properties”, Mater. Chem. & Phys., Vol. 80, Issue 2, pp. 548-554, May
2003.

1334 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


