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(citrate) o] H&= E}FZEFEAES] (tartarate) ©]2& XEgsbal,
Ti" o] o Pt o]29] W& 100:1 WX 2:10]7,

NH, o] o) TiT o]ee] H&e 12:1 Wjx| 3:10]1L,

ke

2R 2u, WFe P UEAMS 9T £,
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lo
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[0004]

[0005]

S=506l 10-2455120
o] o AAloollA, W] s XA (deposition) & $1% &odo] AlFHTt. E &4 Ti

ol&, Pt o]&, NH, °]&, A|EEZ2d (citrate) @ FFEAA (gluconate) Ei EFEEFEAMY (tartarate)

B oggel e AAdAA, NFFe BN =3e AFHI] A% Wpel AT, W] FAN JEAM

=
S 98 golo] AEHET. B gAS TP o]& Pt o] o714, Ti' o] o Pt o] HEL 100:1 W)

A 2:10]3L, NH; ©]&, A|E2X2 (citrate) ® FF32Z4Y9 (gluconate) T EFZEF22F (tartarate) ©]
= e RS Mg FAs qEALS A% & wEHn

Boubgo] thE Ao, Ti't o] M o] @ N+ o]e; @ AEZMY (citrate) oL, FFIAY
(gluconate) ©]<, =& EF=ZEF2AFA (tartarate) ol & Aok sUE ¥, WMF9 FH3] gEAAS
93l gMo] AFHETE., LA 6 YA 109 HYES 235l (between 6 and 10, inclusive) pHE zZ+s 5 9l
o $9e Ol oleg o EeF & vk BedolA TiT olee] HEE 25 WA 75 miY S Uk, §lo

A g olee prloled itk SelelA TP ol ol Pt olee MEe 10001 UIA 2119 5 Yok &
dlo]= &4 (boron), < (phosphorus), 3=+ (hydrazine) % EEUHS|E (formaldehyde) 7} $1=
(free) & 3

Boubge] 02 AAdeA, M gEe] FAE B2 ATely] 93 wwoewA, T 43 LA AT

rO

o,
30#

%
o,
oty

-
i)
rlof
=
mlo
2,
ol

s} P
FE=, T obgsl fAowRE e TS (flow) = Pt A fol3 BRMEL] Trool A whi;
2Ti A3t &N Pt QbAS &9 IME EFEC VRS =EATE ‘%74]
98 ol AFETE. WelA, Ti otdst gzt ptl obgsl golo] FME B3t
7= @A=, 10 T WA 40 T ¥HHE E3st= (between 10 T to 40 T, inclusive)
}:

Z 39

=

ofj
Lo,

il

oy = I
xgshe,

_1%

815l (between 6 to 10, inclusive) pHE Al&3le &
Ag 238 ¢ vk, WA, Ti H83t &3 bt kAt &4 IAE TFEC MolHE =EA
71e WAL 25 WA 75 o] BEE ZE TS ATE S vk el Ti st §1e TiCI3 2 HC

Flo HPtCly B AEFE Jol==A= (ammonium
W FEIMAVER (trisodium gluconate) T FFEAF (gluconic acid) o NS LT3k 4

) o}
3+ _ . _ _ =
Atk WA, T kg3t &l NHLOHE o =TS 4 dvk. WHelA, Pt kg3t e s He

A& 713t (shelf life) & 2ta o Slvk. WHelA, Ti b4} &2 dEs de AR 7Ikbe 2S5+ 3

2 AAdelA, Ti' o] Tit o] ol Pt o]&e] Hlgo] 100:1 WA 2:191, Pt o] = NH,

rh
C

o

o

o]&; = AE=ZAY (citrate) o], ZFFFAY (gluconate) ©]&, T BlZE}24LY (tartarate) o] =
o
[s]

Hol& st Eshe, BFe T dEAMNS A3 o] ATHEG. S0 6 WA 109 WAE £
i+ (between 6 and 10, inclusive) pHE 2t 4 Aok, &4 Cl o2& ¥ TIT & Adrk.  &dellA,
i ol EE 25 WA 75 i & vk,

B oae) vhe Ao, WF gfFel B mae AT A% WHel dolA, 10 oe; T ol
o P oolee] wlge] 1001 WA 2:191, Pt ol B NH, o) R AE24Y (citrate) o€, FFEIAY
(gluconate) ©], T+ EFZEFZAFY (tartarate) ©] T Aok s ¥Eshsl= wFo FHs] fEAAS
AT AL ATse Wi 4 WFe) T OEAMS AD S MBS wFAVE WA EPeE, )
T FHEe wA =2 AT A% el AFHG. delM, LA& AFse wAE 6 WA 109
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[0012]

SE53 10-2455120
WS F33= (between 6 to 10, inclusive) pH, E 10 T WA 40 C¢ HHYE *33+= (between 10 T
to 40 C, inclusive) &% &89S AT 5 9o,

B ool ol B4E % U S4Ee Bovwel JA% 49dA aeln tee] BRES Fxseld o
Spol A mrk GAsHA 7169 Aol

Boye dAgor Mgggor Y mWEe RHEA dAs, R¥ SREA fAR B2 Pt
AR 225e e

w drgo] oA HA ELEOHH oAlgl Wik e dwe] gY wigAd A dEs FxsteM GAlEH
71=d Aotk vao AHedA, v 54 AlRALEe] & B HAG olalE Alwsty] fsiA AAE
o aEy, 2 3R olefs 54 AFARE A e A Qlolk: AAlE £k gl B e Bk B39
Aol Al Aatek. e Ao, & 4zl ZRAX dAE /B FEEES 2 UHS BIoE Be

I
A

st/ Al =S a] el AFHeRE Ve

wge] Fsl UEANS BRAS2A A= (hydrazine) 2 HE 4 T HTEES A8 94
of gtk oleld 4 (hydrogen) - BAAET Any #4H wAlol vse], oleld B (species) o A
8 g TEA (deposit) oA BFE F Qi N, 7hso) MAS Fuad, ol mge] A®w ohel, o

XAHE 9 (deposioned film) ¢ £Zd%E J&gS Foh. FrHHoz | sl=gxl-wWg ds]d (hydrazine-
platlnum electrolyte) < &8s 99, Aed 25 E 52 pHdAe A8 8%, o)d a9t e, FAd
A BAEC] =2 pl e XA &341717] /7] witel, HvEA JAHAYE (interconnect) E9] W=

%3} (back end metallization) o H}H23}A] &

wye] A ANelE Pt B OEAMS] 3, Ti 8 FHebs B £F vk (bath) B AT, o7

FtE

A, TiTE 84 O obdd A48 AE (oxidation state) ¢ Ti 2 AH8tE: Hob, Pt folo iy 9w
o} (reduced). Ti' & sl=agldl @ the $4 4 BAA50 va AAD o] HEL A1 YT}, sl=A
2 1" 74 ol BPAR gAEE AL smae UAE 454 2 ANAS AASL, 3 vAE o 8

=
7 RgtHoR wrer. FrPHoR, 71A S (gas evolution, —f—, Ny) EE 2k (side reaction) ©] A=
o o

oA HHEHA e o= Feglu, AEZH o, =3 ptuS 2AA|ZIT, 24 ol g T upa
RS H2 25 9 pH HAolA F2E 4 k. B Asd (convent nal electrolyte) E°¢] & &
3] (pattern collapse) & ©F7]8h= %2 pl ¥ &XdA 5= 37] wlitol, 2 Adgigos v pHo A &
3 g 2BSs MeH oz fxxAHEE EHS ‘ﬂi?ﬂE QAU E u#ﬁt (back end interconnect
metallization) oA 9] X8-S 53] wlg A (attractive) oAl g},

2o o AAlelel A AMEEE, T #% ol TAA Ff vhak A oklE awlm e pHE $74
Tath.  ol: slma 9 te #dA @4 dadme Whsdt. seld v4

operation) + HH FHEF HAEE a4 E 2 pll 2 stoll A 2] A
BEowA oad uxag Agayld wEHold @k, & Agske vwd P4 (memory
application) & 1@ Pt Aol FAL oY}, B welo] o Axee, Zehzv} o Yo ALE Qe WA

(window of

ey
o
rfo
ki
i
P
ally
ro
i)
N
i)
2 )

d ol
Jb

Az A Pt A= A9 gHYES 7tsetAl gt Ti w5 ol Al dad] e A9 52 (near
room temperature operation) W&o, E=Fdl= B & 259 HXx¢ A HE = ZFA (complexity)

8 Z5 5 Ak,

o
m
o,
i)
re
i
>
2
=2
>
=3
Lo
o
ot
ofo
2
o,
2
of
i,

E 12 B ¥ o A9 2 d¥ (high level) TF
4-

o (@A 104). Pt 9bgs golo] AwHEL (9 108). Ti <kAE gawl pr orgst gole] s)AE £
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[0014]

[0015]

[0016]

[0017]

[0018]

S=50l 10-2455120

(sH7) 112). slol®= Ti' obgsl gst pt obgsl galo] FAw BEEo| wFHT (A 116). 3|4
]

5 =
EELe - (collected), T AMES A8l AZA (reactivated) FHAY, =7
o) (
S

o e, Ti" bdst g TiT s gole] A2 (source) olA AFTHT (A 104). Pt kA &
HO pto kA3 MY Axo M AFTHAT (FHA 108). = 2% E dgol o Ao AFRE £ e A
28 (200) o Akwelth, B OAAES Ti A £ ek Ti A 89 4 (208), Pt b
3} 898 FgHte Pt s £ A2 (212) ¥ Dol2F (deionized water, DI) & Ffste ol &
2 (216) 2 FFIT. T ordst faw pt obgst golo) HAE BAE (232) & ATHEE, TP M4
8 ol 22 (208) REE|S] T (220) = Pt oobgEt £ aa (212) RRES T (224) ¥ o]
G 2 (216) EEEO TS (228) oF FAAT (VA 112).  fol® (326) = Ti bk felw pt oy
3} gMo] slaE EEE (232) o =EFHU (@A 116). ¥ sA®E EFE (232) & F=HHAL} (

7] A2~ (disposal system, 240) 2 3|4 ® &3E&E (232) & H7|e=u AHeE = k. tEd= A4
He e =3t (232) 9 4F (collection) & AlF3c).

il

3+ = . . . — . . . =
B, Ti ¢FA3 8RS A EZ4F (citric acid) =5 AEZAMNIEE (trisodium citrate) ¥} &7

= glo], A" 94k (hydrochloric acid) A9 TiCl; NS FE3H3it), pt"’ o433t gNe HPtClg, FF

= F24F (gluconic acid), ¥ 4EFH Sle]=FA= (ammonium

i

>
>
sk
T
(m
=
o
=
=,
o
a.
o=
=]
oQ
=
o
o
=
o
B
D

A Aol A, 0.05M TiCls, 0.32M NH,0H, 0.002M H,PtCls, 0.15M NasCitrate 2 0.025M NasGluconate2] 3]41%

_ - - - e - — 4+ - — —
EREe AAARS, TN A4F gl Zze (220 & Pt A4F gole) Tz (224) % Folefo E
(

228) 9} FAHATE, sldH TFELS 9 A 109 pH E ¢F 20 T =EE&E Ze=t).

g (pure) Waolty,
def A, dolH= e EFES ALH<
slA g 23hEe ¢ vk (still bath) ol 3]
Aolg- S]], d AAdel A, 84 =
120), W& v g gelge 42 dvro]l MEAE AL ousitt. g AAldeA], 3AH
golFel =EHoW I AFEHAT}t. B AFEL FXE TR RS S 2A4E £ Q)

ot
wo oo ot wx My
o X 2 (o > )

=
i
f
k1
all
9,
>,
oo
tn
rir
oo
12

o
%
i
rlo
o
o
rlo
=
Y
o
rlo
o
=
o
o
=
[«
—
=
>
Do
—_
o
=3
o
rlo
HE
8y
o

£S5zt By upEEEHAE, S5 AMEEHE 89 EFES T o2 pt' o] 29 wge] 50:1 A

>

419 Ti" ol 2 pt' ol 2Ty, wH, o BB AEZAA o Ti' o] Hlgo] 30:1 YA 2:1
=2 AEEAY W Ti o]&e] mlge] 15:1 WA 3:10lt. nigh# sl =,
&9 wjgoel 12:1 WA 3:lolvh.  EFH, & FEES AEEMUER
E

AAEF

=

(NagCitrate) =+ AJEZ4F (citric acid) LS 2HE AEZ29  (Citrate) % ZFF

el



[0019]

[0020]

[0021]

[0022]

[0023]

(NasGluconate) TEx ZFZ4F (Gluconic acid) C2HE e FFFZALY (Gluconate) & zZr+=t}. 3 pt"’ o]

& HPtClgE2RE Y&tk Ti o]&& TiCl, 2% etk NH, o]=S NHOHEF-E] v&t}, o2 o&) A
shE glo], dEYel it o W £ 9 o v pH Wlg YEAHAS AFEES w5 o2 AdHEn

gAZ, doly e e Eu U2 10 T WA 40 T |4 &8 Z3Eo =EdT. Tg XU 9

= FFsel Adgdor fxAd He xwoltt 1818t A8 gxxde, gyxxas Y3hA g tuE

S HI3IES uxaE AR X Q. uEA s Z}ES 6 WA 109 pHE Zreth.  wpEE s}

A, g8 EdE2 5 g x] 300 MY L2 2= Ti 2 ATt ®Bo vagddsiA s, 89 232 25 )
3+ _ 3+

el
lo
lo
i)
oX,
ot
N
@]
Q
<
oy
=
o
=
mt}
B3
ﬂJlﬂJ ol

v AstAlE, &9 EFEE BA (boron) 7F gtk (free). v e AE, &9 ZFEFAE <
(phosphorus) ©] §it}. ulRAsAE, &8 E3Eoe sl=gkxlo] glvt. ngAsiAe=, &9 £3EL X F
dH3= (formaldehyde) 7} $1th. B4 (boron), 1 (phosphorus), 3=}zl (hydrazine) ¥ X EFELH 3=
(formaldehyde) 7} §lv €9 E£3}ES AlFde AL, F4-TF A, A-3F YA, sl=gzxl == 2F
B EE AMEo RN ATHE BETES 24 g d &7 =52 58t do] HAHUY. Eg
Sl=gbd ARES Tohe AL, o hdsta f 34 HeHA T2AMAE AT

o2 AAGESoA, Ti' 9 AAE Tiy(S0); B o Ti ¢ b 8 7158 94 (soluble salts) olt}. A

[m

AU EE (trisodium citrate) HE AE22F (citric acid) & EF2EF2AF oA & A (isomers of
tartaric acid) 2 °JUEFSH (disodium salts) o <& oAl & Ay, FFZAMIYUEF (trisodium
gluconate) H+= =FIZ4F (gluconic acid) & WEAJOLHEAE (methoxyacetic acid) & UE FFEEHALE
(carboxylic acid) #t== diAd 4 o,

A AN, HEARE W FREFES HolE 00.94 2% Wtk nmuh whgAslE, UEAME WG
)

®odgol 8 )] whgrAd AAelEe] SN JEHAAR, B owwe] wel el WA, g 0 ok
WAl #EARFEC] Jbseth, Ed, ¥ Wl WWE 2 NS THSE Sue thE P50 24w,
b, theel ARE PTYEe B wye A4 We wE AP ol Sat ZE oldd W, A 2
CFE oA FEAFES TS o 4 Hojop g}
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