£3 2o 9 9T Ak W Az
&

EAgn JRAGFFEER
The Fabrication of Ta Oxide by Anodizing Method

Chang-wu Hur’

" Dept. of Information & Electronic & Imaging Engineering. Mokwon Univ.

E-mail : chang@mokwon.ac.kr

2 o
Ta0s AL A F3517] 918ty ANODE OXIDATION #4-& Y3t} Electrolyteo] 49
AR FAF RoddA GAHE At Wl 9FE FA AW, AAY E=da A
F9} wsltd %’W% FE Aoz yeigth A AAdAY Ay Zert §3448 AgH 2L g
Zt= A9, AFE TaOs /AdA AWNA Y AGZe7t F71ge] wet logarithmicd Felz ¥
35}5]4" Aoz eyt
T Ta0s BAT AT AR AHAANAY AP A3l AAF RoolA FAY &48&
“%‘3"]7111‘?}, AAYG Z2oA 1Al B{y7] fi, AF FAE 343 Agel ¥HE=
© 2 eyt .
23 Ta0s = AV 54 ZAG 23, FEAYGS Electrolyte® F=9 Anodization
Currente] #Wozlsle 2oz dehyt Hdwe F747F 1500A4Y @ Breakdown Voltage:
350volt. FAASE 292 HAHAT

L

714 =
Ta0s, Anode Oxidation, Electrolyte,

L M2 LH-?'"QI ZAse 299 BT 2@z, A

HE Fol o] FYel sivkE ol HF AEN

Anodic Tantalum Oxide (Taz0s) Film< Thin 3 ]$o]] olo] the e AFJL o] Fo] AL

Film Device -§&¥% kol A dielectric material 24  Vermilyea®™ Heat Annealing®] 28 Anodic

7 R ASA A& Ta0s A=) Aol st ATsge

Ta0s HAH2 0 £4971°lH  Reactive B, Drenier, Young, Albela S Anodic Ta0s

Sputtering ¥ o)1} Plasma Oxidation 22 Adute] AHx  Mechanisme 8oz
AzxE & YA, §30Hez AZF TaOs  Modeling 3H= o AF3H 0k

OH

Hd %ol Pin Hole®] {13, Dielectric Strengthi} ole{d A+ AFo] w2, Anodic TaO0s &
Dissipation Factor Z2]x, %24 W34 T4  dute) 242 EBlectrolyted T%o] AA 923
AolA A &3 Ao rE AT H, Constant Voltage Oxidation &3] A 42l

Eg Ta0s AT Ta & Native Oxide®] EA4S AAdEd 293 Qe e zow
7] WEd SFAHAPE ALY AL AE9HA Jdehdo
st Assteg, $9% 2499 Thin Fim B =B S3AHYE o] 8F Ta0s A
Transistor, Capacitor, Resistor 283, du AzFTA QojA A A BT w3t
Interconnector 5& W5 F & FHo] gk m& Anodization Voltage®t Anodizing Current

SFAAEE o) 8F TaOs IS Azol & o wzz zAsPes, o2 sty Ta0s &
¢ 47€ 191549, Randalll st Ago2 & odute) Jae) viale 983 A714 549 2
TEHATH °:*}§}‘%‘°i Az Ta0; 2T

- 873 -



S PP R BN 2006 F=AZHEWI

38 ZASFA
Il. Anode Oxidation

AA el 5] AHE
& Z#A71E Electrochemicaldt HHyo)ch.

2 € Al, Ta, Nb, Ti, 283 Zr§d
2 559 AgEg 47 cd F2 AL
%o gZozH MR
o}

A
2

, °lF B8 AsEE AY Oxide/Metal
AN & AAEY AFE olFA Hrh

2bsle] 9lolA Electrolyte Bathe] R
SF4kslete] wAe AAEA "ok Electrolyte
9] pH3kel @&t Oxide Filme 7142 A& A
713 Aol gautt A¢o mgelHE Anodization
NHeg dodlA %2 3452 &M 298
F71% ). T3 Anodization Voltage$} Electrolyte
o] &5 % Deposition Timee Ats}ate] %7 of

o

B
a4 B

a4 d
>

1)Constant Current Oxidation 533 2)Constant
Voltage Oxidation 3322 Yo,

Constant Current Oxidation 373°14 Anodization
Voltage "2 A8 ¥ Voltage Limito] =23 u
7+A  Anodization Current® QA3}A $- 3}7)
st MgHRoz FystA "t o F7] F¢
aglate] £ Z7Mge AFA wHEH, JF
FAE Aol o&) AAA. Aol FAA
=g, Weol o8 ZAA G #Hto] #AA
o Egd ¥ &FAs= AF 27 Fel 1~
2% 2 4% W 74X Constant Voltage Oxidation
FARo] o]FoFL o] FHL U4H FAZ A
g3 Agne AdsA By g&o), Asiete
BAg FAAyEY FoT ABL A Do,

III. Theoretical Model @ A&

2 HAYdA AgE Ta9 Anode Oxidation
System< Ta/Tax0s/Electrolyte System2.2 I
4 4 o

Anodic TazOs& Electric Fieldel 9l&& &
Resistor R(E)$} Capacitor Co} #HEdHd2 g3
g 4 o, Electrolyter 7|0 ¥ Azdy

£ Resistor Re2 FX&8% & Ut}

SFAaF Aol A 0ol
= Ionic Current27 FoJA|A Hol AyH
doj AFS A Aol BAALE

= -
A

79l

a
A%
L=z

Ia=A exp (B,E)

2 FoAn, dF%E WAL Exponential &7t
#oh 4714, A9 BE Ionic Canduction® A9
st Agola Ex Aot

SFAsEFA glojd AF g Aslag
£ A9 100%°] =2, Anodization Time t 3¢tel
Oxide Thickness®] %7} Dt Faraday's %39
2]}, Electrolyte Cells A2k AFo Foz
EdHr}

dD = K#dQ = K=Ixdt

o714, K& Oxidedl EA= @AY vyl
1= 5 :
A+ Anodic Oxide$}t Electrolyteoll A 9] ¢t
et oz Fojxmz

V = E«D + I*Re
o @
o714, Rex Asld Al apolct,

R l PR l
S ]

Corning 7053 Glass

2% 1. Ta Alg2] 9HE=E

Anode Oxidation& % ¢l
e

g1o] 4 Electrolyte
2 xx 28 x pH 32 Oxide Filme A
713 §A4E dAsed T8¢ 988 &7 9
Tol Oxidation 312 s Metald /ol ©
2t 23 Electrolyted] 7 2 =L Ads)
oF gtch

ElectrolyteZ Z% A93&¥ Anodic Oxide
Filmol Solventd &#E F7] diFo), A=
Anodic Oxide Film<& Porous 3 #E|& 2t7] o
ol Leak Current’} # 2™, Breakdown Voltage
g #&A71A foh o] Z$o Anode Oxidation

- 874 -



3 23} Qo) JF I 8L Az

& o o He 718E e AgHI gE
Abs} F7A%¥E  Anodization TimeZ

Anodization Current © ¥ &34 ot
22 Ammonium Tartratetd Ammonium
Citratest Z2& €92 AHfAZ ALgstd A
o) Solvent® AFME A FA YeEs=
Constant Voltage Oxidation F73lA Atsteto]
QA T =gdtA HE AgEd A do
2 #as ge2, 2 JAF FAs Agd 9
ZsHA ®h o9} e ASde SH 4 F
A7 Ae glo] e FAg AsdE Az
& gl= FAo| glrk zey Asite] FAE 7
2 .
=z

£ oox

2,
HL

2,

Hog A EFo AEEA "o}
Ta:0si= Anode Oxidation ¥ o2 AzdE A
ol Wi$ HHT Aow ANY F Utk 2 olF=
ALO;9 Z& HA™E Citrate 1} Phosphates 2
€31, Carbonate®} #2 Buffer &%k A

w

F1. Ta0s 343 o A3 dafde =2

32 No
= +E
(AmmoniumTartrate PH .

) (%) ()
1 0.001 6.99 23
2 0.01 6.93 23
3 0.1 6.78 23
4 1 6.62 23

z7} 7b5En, pH < 8§ 2 AFdE wE v

o, Ta:0s AL Hydrofloric Acids A& &
Ao RE HAHAL ALT 4 JoH, pHtel
-]

o8 A 4L vz @] WZolth

B A Anodic TaOs A AZE
918t} Ammonium Tartrate® AAZ A&3}
At

Anode Oxidation®* & Ta¥ Anodizationste
Electrolyte CellZ} Electrolyte Cell®] Anode A=
3} Cathod HF Atolo]l Anodization Voltage Va
9} Anodization Current IaZ 33 HPARY
6510 Constant Current Power Supply2 TF8€th

Anode Oxidation F#& %°l4 Anodization
Voltage Va$t Anodization Voltage Ia®] ®3Z
223}7] 815l Kethly At¢] Electrometor®} HP
A}e] X-Y Plotter® A-83814.2.9, Electrolyte?l
pHE ZA37] sty ORIONAS] pH Meterg
Arg-stach

Electrolyte BathelE Anode Oxidation 3% %
o] Electrolyte FEE TYsA F+AA7171 9
% Magnetic StirrerE 3335 2™, Electrolyte
o] 5o TE Ta0s FAoe] EXWsE 47
&7] ¢18t9 Bathd E#ol Band Heater W3
ANA.

Cathode RF& Acid® ElectrolyteZ Al4&
Ao BAg WAH7) ko] FF Fisher A
o Al A2tk 99.99%¢] Pt ALE-319 2.9,
EWAL AA 7] Y8t 28 BREY H471%
Helz A=Zs49ct Anode = Ta Sampled

de JIGY 71%E e Cu 522

=0
Zfl—l‘i

g &
Azstgo

28] 3 Bathd] 3Wel & Cathode 53 Anode
A= ¥ 3, pH Electrode® A& a7 fidke 3
A¢ StandZS M A 3E

B g¥o|A A3 Ta AlE2E v Coming
A9 7059 GlassE Substrate® e, 48 I&
= el i Az Ta targetd v
SFCALY] Sputter® & 2tste] HERTE Ta target
9] £mE 99.99% 24 Fe 0.01% Nb 001%, Si
0.003%¢ E&£ES TFEh

Tar &9 A% 33 &7 2o

1. Glass A& : NH OH: HO : DI Waterg
1252 E§ste ©E £ &M 30 B3 B
, TCE, Aceton, Alcohol €802 77} 384
S0 Mg g
2. Dry : A#o] B4 Glass® IR LampZ 7t
gste] 78 AAZH.

3. Ta 24 : Sputter 3222 Glass #lol Tag
UNAFAZ Zagch FHEAL Pb=3X10"Torr,
P0=3X10_3T01’1’, Ar Flow Rate= 150 SCCM,
Idc=05A, Vdc=400 Volt, Ts=60.0min, T=25C°l
th

4. Ta A& A3 : TCE, Aceton, Alcohol &4
ore| A 27y 387 223 A3

Anode Oxidation F#&°l4  Anodization
Current densityd] Z2d& A 7 Hsdd,
Photolithography (X & 3-ol= @olqd) 4L ¥
&l Ta Xl 12cm BAT Anode Oxidation®
% E PR Pattern® &t}

5. PR Coating Spin Coaterg ©]4-3}4
S5000RPM2] £%2 AG 1350 Posi-PRE& 1.5uim
ZA & Coating Tch.

6. Soft Baking

B ok

95TAM 20232 PRE

- 875 -



FINGFHHFAIN] 2006 FAFTHSEH3

Baking ¥t}

7. PR Patterning : Photolithography &3&
%3] Exposure ¥ PRZ develop3dtol PR Pattern
lig ==

8. Hard Baking : PR Pattern € 105CelA 15%

Baking3ted PR 384 34 & 2A @)
9. Anode Oxidation.

z

V. A% 9 13

Anode Oxidation A doJA Electrolyted] &
Eo] m& Anodic Oxide Film2} A% Mechanism
S EA37] 9sled, Electrolyted 5% & 94
3t9€¢ W Anodization Voltage®t Anodization
Current®] ¥3hE& dolR ) Electrolyted] =
£ 0.1at %< 001%= 3t Va=100Volt, Ia=20mA
ol Anode OxidationZA& AP o,
Anodization Voltage, Va ¢} Current, 1a9 3}
& =A% ZAHo uw29W Electrolyted FE7}
Z43ol| w2}, Electrolyted A 2] A(7Aal Verl &
7¥atAl &H, o] g2 Constant Current Oxidation®ll
A Anodization Voltage, Va?l &7 3ol 94 &
£ 9t} 28y Anodization Voltage, Vad 71&
ZllE 94%E AR govg x| Vad £7)
Z 2422 U389 Anodization Voltage Limitel
E2gstE AE 9EA]7)4 "

Constant Voltage Oxidationol ]34 Electrolyte
o o] AH¥Asl, Ved ZF7ll W&  Anodization
Voltage, Va2l %7] 3 4422 23}y, Anodization
Current, [a9] Z47l #y @A A "o} a9
#4288 Electrolyteol A9 A8 Vert #Ad+S
243 H9, Lagalithmic 3 ez 48 dozl
. aeub Alzke] Aol whe} Anodization Current,
Tae 2% A39 de& 022 Saturation®th.

ol# 3 A= Constant Voltage Oxidation &
7ol Electrolyteol A o] d<tdst, VeZ <At
2732l log 3o} Anodization current, Ia®] ®
gloll | uiAQ A&G A HEZE [a8 A
 F7HE Yov)r] el

a3 Oxide/Electrolyte AHAe] 3
RE)N Z74E A Jad] 242 A8 Very ZA
st Hez dYstA S22 Oxide 48 ¥
o g dg8ches AL Ve

2Y 2. ¥ Anodization Voltage, Vad] m&

TaOs AdTe) 54 ¥3E ZF43 door). o] 4
o] 2J3H Anodic Oxide Filme] F7¥ Anodization
Voltage, Vaoll vldldh= Ao= vk

ja 1]

1348 s

A
"\

143§

Thickaews. |

588

L] . 1
L] ] 1% i3 189

fasdization Voliage, ¥a [¥siti

a9 2 Aol BE TaOs 2% %74 W

Anode Oxidationd A A}-&3 Electrolyte®]
% % Anodization Current, 1a2 ¥glo] w&
Tax0s 99 Breakdown VoltageE A3/ ¢
&}, Anodization Voltage, Va=150Volt, Anodization
Current, Ia=20mA, 30mA°) A Electrolyted %
£ 0.001%, 0.01%, 01%, 1%2 st} TaxOs 2
9g 15004 FAZ Azsgch

2] & Breakdown VoltageZ &3 37 $lsty
Ak getdFhelA TS 99.99% wEY Al
Metal& ®|& ULVAC®2| E-BEAMSE %3} 5}o]
THE o 24  Sandwich Typed)
CapacitorE A &3 At}

¥ 3.9 ZAxe] BE wked Zo] Anodic Ta:0s
A 9te] Breakdown Voltage: Electrolyte®] %%
7V 714t wia} 2+4A3I9, Anodization Current,
a7} 42 T3 g23e Aoz Yyt

=] [e)
AR AFE

4%

i¥alts]

5 -

akdaes Yultige, th

2983, Tax0s 29 Breakdown Voltage W3}

- 876 -



= Q8 Mol 99 43 vy Az

ol8]g AL Anode Oxidation &3 AM&
3l Electrolyte®] Anion®o] Ta0s @9 o=
e Adu FA9 < 1/2 o] AX FyAHE
Aoz B3 HYoh

Anodic Ta0s HAZe] FAEE FH 87
43l Electrolyte ¥%:=0.01%, Anodization
Voltage, Va=150Volt, Anodization Current,
Ia=20mA,dl A 1500 A2 THE Ta0s 28HS
z+= Sandwich Type®] Capacitorg |23t et
AF WAL ocmz 8 th. Capacitanced &3
€ 1% Genard AH9 RLC Meterg® ARt}

VI 2 &

Anode Oxidation ¥& ol&% TaOs A
Az oA g7 22 FES dAh

1. ELECTROLYTE %7} Tax0s A9 4%
o mAE JF '

7}, Electrolytec] A 9} At7+3} Vex Constant
Current Oxidation & 73°14] Anodization Voltage,
Va9 27| &g F7HAN71AT, Vao] 54 ¥
= 43g 2 gt 23y Constant Voltage
Oxidation 3314 Ta O/Electrolyte % Al ol
Aol Mt 787t Electrolytedl Aol A #sh
Vedl Hlsld Auzleg Zrgoz dsdd, ¥
A %7]9 Anodization Current Ia% Logarithmic
g Helz2 @37 A ol

L}, Anodic Ta0s Ad=e] F7# & Constant
Current Oxidation ¥ Z7]°] Electrolyte® A 2]
AYRE7t 2ageR At FAY Edo] o
FoxA "o FdF HdHe HF FAe
Anodization Voltage, Vaol ol&l dA =™, Varl
45 F7stA @

2. ELECTROLYTE %7} Ta0s da2e] A
718 530 vXEe 3%

7}, TayOs 999 Breakdown Voltages
Electrolyte®] s %7t 57t weh g =,
o] A& Electrolyte® Anion®] Ta:Os A9 A4
o Fgo R Qe LAFE AR FEHHT

}. Anodic Ta:0s 2d%e] 5771 1500A &
o}, Breakdown Voltage® 330 Volt, #4&& 29
2 EZ2HFAY.

_877_



