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Enhanced Sidewall Growth (ESG) process: towards PEALD with conformality above 100%
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1. Introduction thickness (Fig.5). The Si-OH peak at 935'cwas clearly
Plasma Enhanced ALD (PEALD) can deposit conformal observed in PEALD Si©film, whereas the peak disap-
dielectric films into deep trenches at 1084CIn this work, peared in ESG film. The Si-N peak was not obserlived
we report the Enhanced Sidewall Growth (ESG) pmices ESG film so that film nitridation is not presentarsignifi-
modified PEALD SiQ process providing a step-coverage > cant way. Additionally the intensity of Si-OH beteve
100% with an accurate control of the ratio sidefal 3000 and 3800 crhalso reduced in ESG film. Based on
thickness (Fig.1). We also discuss the ESG mecimnis these results, we propose a mechanism in ordexpiaia
which is based on ion-assisted surface reacticgesibility the ESG process that is basically ion-assistechserfeac-

of this process is demonstrated for different agapions. tion (Fig.6). In PEALD SiQ, absorbed Si precursor on
SiO, is oxidized after each chemisorption step. Ihizught
2. Experimental that hydroxyl groups on SiQwere chemisorption sites for

PEALD SiO, was performed in a single-wafer reactor with Si precursor in which amine groups were inclufedThe
parallel plate electrodes where RF power of 13.598zM SiO, profile can be controlled by ESG process because
was applied. One cycle of ESG process consistEai P ion-assisted reaction preferably proceeds at tlpe aid
SiO, deposition and C1 plasma irradiation (Fig.2). hist  bottom trenches.

process, an aminosilane was used as a Si preauitbo©,

as a reactant gas and C1 which consists 0§ g, with 4, Applicationsfor ESG

arbitrary x, y and z numbers. The gas pulse wagaited The gap-filling profiles into Si trenches are comgzhbe-
with a switching valve, and the reactor pressure main-  tween PEALD SiQ and ESG films. There was a little pat-
tained at constant pressure by feeding Ar and Heeca tern loading effect on top films thickness betwéswiate
gases. Deposition was carried out between 100°C andnd dense trenches (Fig.7). Filling capability &G was
400°C. PEALD SiQ was performed by repeating a significantly higher than PEALD SKDMoreover, no seam
few-second process cycle, where the chemisorbeuteSi  was observed in ESG film after dipping into dilute HF

cursor was oxidized by {plasma to form Si©) water (Fig.8). The ESG process was applicable ® th
spacer deposition onto photoresist patterns byciadithe
3. ESG results and mechanism RF power to prevent {plasma damage (Fig.9). In the ESG

The ratio of sidewall/top film thickness (S/T) wexgaluated  process, the films thickness can be precisely obett with
on isolated trenches by changing C1 plasma irratiat an excellent within wafer uniformity. These propestare
time and RF power from 0 W to 800 W (Fig.3). Withou important for the critical dimension control in $ea De-
RF power during C1 supply, S/T ratio stayed aro@r@ fined Double Patterning (SDDP).

which corresponds to the conformal deposition byAEE

SiO,. When the RF power was applied, the S/T ratio in-5. Conclusions

creased linearly with the C1 plasma irradiationetihen  We developed the Enhanced Sidewall Growth (ESG) in
the C1 plasma irradiation with twice RF power wdsed order to reach conformality above 100%. The ESG¢ss
after each PEALD Si©cycle, S/T reached 1.9. The ani- controls the ratio of sidewall/top >1.0 and thenfithick-
sotropic shape is not due to the sputtering of Gkrpa, ness is also controlled at a nano level. Theseifsgaons
because the conformal shape of PEALD Sidid not were confirmed at temperatures from 100°C to 40@%C.
change by the C1 plasma irradiation with same PEALDproposed mechanism for anisotropic film growth lie t
cycle numbers after the PEALD Si@rocess. The film ion-assisted surface reaction on Si@Quring C1 plasma
thickness linearly increased with the cycle numbed S/T  irradiation. This SiQ process enables a nano level film
ratio was compared between ESG and PEALD, $Ky.4).  formation without damage for various applicatiorier
The S/T ratio of 1.7 was not changed by the cydimlmers  example gap-filling, SDDP, TSV and so on.

in ESG process. This indicates that Sfiims growth was

anisotropically suppressed by inserted C1 plasmaalia- 6. References
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FT-IR spectra were compared between PEALD ,Si@d

ESG films where the intensity was normalized bynfil
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Fig.1 Step coverage comparison between PEALD, 8@ ESG films  Fig.2 PEALD reactor and process gases.
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Fig.3 One process cycle consisted of several $6edsSG process Fig.4 Thickness ratio (S/T) and film thickness as a

function of ESG cycle number.
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Fig.5 Comparison with FT-IR spectra between

PEALD SiQ, and ESG.
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Fig.7 Gap-illing film profiles over Si Fig.8 Wet etching evaluation by 1%HF.

trenches between PEALD SiGand ESG Seams formed in the middle of the trench with photoresist patterns at tempera-

films.

PEALD SiO, during HF dip.
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Fig.9 SiQ deposition on the

tures below 10%C.




