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ECR-PECVD PZT Thin Films for the Charge Storage Capacntor of ULSI DRAMs
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ABSTRACT

PZT thin films were fabricated on Pt/Ti/Si0O»/Si substrates at 500C by
ECR-PECVD for the application to the charge storage capacitor of ULSI DRAMs.
Perovskite single phase PZT films were obtained by controling the film compositional
ratio Pb/(Zr+T1) close to 1. The anion concentrations in the PZT films were
successfully controlled by adjusting the flow rates of each MO sources. Capacitance
of a typical 94 nm thick PZT film prepared at 500C in this work was about 5.3
uF/cmz, which corresponds to the equivalent Si0: thickness of 0.65 nm.

A 2

—

250Mbit o]A4re] Z 113 A DRAM A x%}¢] sjute %’4"}04 storage capacitor 7} &
AWM E ERE AALLL stE S UEE G A2 2 oubul s zlo] )

S TR 5

t—iafoll da8 ey Akt 2 ngdd v 4% il ﬁ‘%}f’--‘n” 7HE el AR
o] str}brt lead zirconate ‘utanate (PZT ; PbZn xTwO; ojt}, PZT ¥iate] #|zx whilo
2y AdAR ez AxsAol gt sol- gel A3} sputtering ol sl we A4}
olfFolx o Lol = step coverage 7F £& MOCVD W& AFE-3F PZT vl Alx o
7b Ehbel 4 o Qduoh 1 therma] MOCVD H-& 44 #HadAefolA] F20kgo] ¢

A

ojufr g FAFZHo] o FERAAHNA 7]l A 2] homogeneous reaction ©] ¥ o]
= %o REAAHS A3 ok EE MOCVD WMo ZASed% sol-gel Holut
sputtering W2} wp27bA 2 @ FE 5= PZT wHehe] 23w 7t 600~700C HAERZA] ¥
th Alzubde] ghAIgle]l PZT whube] FAL vt oy whuhye] ph AR o FHu B
o5 213&te] wlako] stoichiometry & "41101 oje]& vtk ojye} ety 0} /l 9} A}po]of A
o] wkg, 4b Si vivabe] g 7FA hillock 0]‘/} pinhole ¢ ¥WAlE thakst FAA
& e ool

ole} Ze YA dEL ECR(electron cyclotron resonance) plasma & o] &30 & 4
ol ¥E 4= 9lvl ECRY & o] &3wW urAol RE plasma °l| H]g| & b=
oA Hxrt vl w& plasma & ¥€ 4 Atk U Ee9 ECR plasma & o]&3d
MO source 9] #3 4 &35 AEE vif U & oz oA dHAdo] 53
ks Ads o ar Hhhe) A FH ol %0]3}”1 T Az ¢fHo] vtong
homogeneous reaction & WA|& 4 Qlr}. B Ao i= ECR PECVD H-& AL-&3s}d
MO source ¢ F%&& HIA] ) ‘I‘.H Pt/Tl/Sl()/gl 715k flof PZT whabs E3sl9l o
oAl zE wbvte) Ay 24 iy HAVIH 548 stk

145



TSI

= Ao AHEg ECR-PECVD #x9 MFeer A8 218 18 1. o veh
Ak 2 P t(100nm)/T1(100nm)/8102(600nm)/51 £ AR&StATE (11D)W 9 p-type
Si wafer& wet oxidation 3t} SiO; "}g 7] ¥ RF magnetron sputtering < o] &
el Ti 3 Pt 55 420X FFstAh. NEUY82E lead B-diketonate (Pb(DPM),
Pb(C11H1902)2), zirconium t-butoxide (ZrTB, Zr(OC4Ho)s), titanium iso-propoxide (TilP,
Ti(OCsH7)a) 9k Oz & AH&3tTh Po(DPM), & ZrTB 183 TilP ¥ 2z}z} 155T, 70
T 2e]a1 8T oA Zzt 5, 3, 3scem® Ar gas® bubbling @OE’H chamber W& &
dAIAG 2 MO source 7} B33} gas line € source 9 €%8 Wx|3sl7) 9lstd]
z}zke] bubbler 2ot 30C 2 225 FAAIAHE A4 §UAFS MFC & Apg: 3}
ZzHstRen Ph(DPM): ¢ ZrTB Ze8]a TilP ¢ Y %<& fine metering valve 9
conductance & FHF 22X Aolatdct ol Z MO source o &YFL Pb(DPM)z
¢k ZrTB z28]3 TilP 9 F7I¢te] 155C, 70C 2l 85C oAl Z7Z 0.86 Torr,” 2
Torr,” 1.73 Torr” 2 ¥3 Astgich

THRHEE, TAA, F2LE, microwave power, AFA 2 Ph(DPM), &<¢l2e zt
7y 500C, 40+, 3mTorr, 200W, 29sccm @l 043scem &8 TAA7| 1 ZrTB ¢
TilP ¢} .?roﬂlako WASIA 710 Z38 g on Az PZT @eks 650C &7]%97)
of A 14%3F RTA(rapid thermal annealing) * @3} t}.

52 PZT Blete]l AA 32 BA4E ¢s5le X-ray diffractometer (XRD) & A}
gk om whute]l A HAS 935le] wavelength dispersive spectroscopy (WDS)E A}
&8ttt WDS & ol§ste] whute] A& =4 du) wlure] EAI} characteristic
X ray 24 ZolRt &HS FAHI: 1’“011 QA7 AT lerz oy 3k o
"?}%»ﬂ’\ﬁ}%}ﬂ 13l incident <lectron beam energy & 8 keV £ 3} 3, incident
angle & 7]—4‘3] TAgE kel OiE] 30°% tiltingstg ow, =3 HEHoZ WDS o %
4 FHeAE RBS & o] 8319 calibration &t Axzd PZT #tge] PV, [V 2

O -

C-V & o% JJ{Eﬂ st RT66A, HP 41458 Z1#]l1 HP 4192A & A}&35¥u. o
i *o”i"l%ﬁ sputtering o2 A2A F23 Pt E Algsigon MIFe WAL 7
X10 ' em®, 7% 200nm o] o},

02 ]’ MFC IL > []w—{ Magnetron
29scem 200W

meteting valve . \
o A b L g Magnetic
i Coil
Pb(DPM).: 043$ccm i /

PU/Ti/ Si02/Si
© ) | L~ 470, 500°C

3mTorr ECR
Ar - l Plasma.
Estream ﬁ Load

TilP: 0.12-0. ZGsccm Lock

@%—nﬁqa

ZrT8: 0.1-0.18sccm Stpm Turbo
Rotary Molecutar
Purmnp Pump

T2l 1. ECR-PECVD Ztd| 742tz of Als =

(=] -

146



Anion Concentration (%)
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