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Effect of N2O to C4Fg/O2 on Global Warming during Silicon Nitride
Plasma Enhanced Chemical Vapor Deposition (PECVD) Chamber Cleaning
Using a Remote I nductively Coupled Plasma Source

Ji Hwang Kim, Chang Hyun @i, Nae Eung IEeE and Geun Young ¥OMm*
Department of Materials Engineering, SungKyunKwan University, Suwon, Kyunggi-do 440-746, Korea

(Received July 17, 2002; accepted for publication November 6, 2002)

For the silicon nitride plasma enhanced chemical vapor deposition (PECVD) chamber cleaning, a remote inductively coupled
plasma (ICP) source was used withFg/O,/N,O and the effects of PO on the silicon nitride cleaning rates and global
warming were investigated. By adding 5% of®lto G,Fs/O,, the cleaning rate comparable to that of optimized AgNéuld

be obtained. At the exhaust line, SE4Fg, NF;, etc. were detected and the significant decrease of million metric tons of carbon
equivalent (MMTCE) observed by the addition of®to C,Fs/O, was due to the decrease of emitted,CFhe MMTCE for the
optimized GFg/O,/N,0O was also similar to that for Ar/Nfat the highest cleaning condition. [DOI: 10.1143/JJAP.41.L.1495]
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PFC (perfluorocompound) gases such ag, CiFg, C3Fs, uses N as the purging gas and the flow rate of the gdis
C4Fg, and NF; have been used extensively in chamber cleaiwas estimated as 33.2sIm. The remote plasma source was
ing and etching processing for silicon nitride or silicon diox-a homemade ICP source using 13.56 MHz as the rf power.
ide~® These compounds are chemically and toxicologicallp00 W of rf power was applied to the ICP source while
benign, however, these species absorb an infrared spectromintaining the PECVD chamber pressure at 40 Pa. Clean-
region and have long lifetimes such as thousands times iofy species generated by ICP source were injected to the
C0,.4® Therefore, the reduction of emitted PFCs should bside of PECVD chamber through a quartz injector. Silicon
made by abating emitting PFCs after the processing or by reitride samples deposited on silicon wafers were loaded at
placing with the gases emitting less PFCs. three locations of the PECVD chamber, that is, substrate cen-

For the plasma enhanced chemical vapor depositidar, sidewall and front wall of the chamber facing the in-
(PECVD) chamber cleaning, a direct plasma cleaning methgector. As the chamber cleaning gas mixtures;MF and
which uses the PECVD plasma source or a remote plasr{20 sccm)GFgO/(140 sccm)@N,O were used, and the ef-
cleaning method which uses a separate remote plasma sourets of gas mixing ratio on the silicon nitride cleaning rates,
could be utilized. Currently, a remote plasma source is premitted species, and PFC emission rates were investigated.
ferred in the PECVD chamber cleaning because it can cle@ieaning of silicon nitride samples was conducted at room
the chamber walls and the corners of components more easmperature.
ily and does not damage the chamber components comparedbilicon nitride cleaning rate was measured using a step-
to the direct plasma source. For the cleaning gas used wiphofilometer. The gas analysis tool used in this experi-
the remote plasma source, nitrogen trifluoridegNfas been ment was a fourier transform - infrared spectrometer (FT-IR,
mainly applied and preferentially used in the cleaning of silIMIDAC 12000) connected to the exhaust line. The intensities
icon dioxide or silicon nitride PECVD chamber due to itsof each molecules detected by FT-IR were calibrated using
superior cleaning properties with low global warming effectvarious calibration gases. The destruction of feed gases and
However, due to the cost, shortage of supply, and safety protiie amount of the emitting global warming gases during the
lem of NFs, various remote plasma cleaning sources usingeaning process were estimated as DREand MMTCE?
alternative gases are being widely studied. respectively.

In this study, PECVD silicon nitride chamber cleaning with Figure 1 shows the effect of NFAr gas mixture ratio on
NFs/Ar and GFg/O, using an inductively coupled plasmathe silicon nitride cleaning rates for the three different loca-
(ICP)-type remote plasma source has been studied to invéi®ns of the chamber and the DREs of thegMireasured at the
tigate a possibility to use alternative gasegFLis cheaper exhaust line. The flow rate of Nfvas maintained at 20 sccm
and safer than NFfor the chamber cleaning, however, it hasand the flow rate of Ar mixed to Nfwas varied. The chamber
higher global warming potential if it is not dissociated com{pressure was kept at 40 Pa. As shown in the figure, the addi-
pletely. Characteristics of both gas mixtures such as cleanition and increase of Ar to NFinitially increased the silicon
rate, destruction and removal efficiencies (DREs), and mihitride cleaning rate until the ratio of Ar/NHs 0.5 and the
lion metric tons of carbon equivalent (MMTCE) were com-further increase of Ar decreased the cleaning rate. The highest
pared. To improve cleaning rate and reduce PFC emissigilicon nitride cleaning rate obtained was about 310 nm/min
of C4Fg/O,, N,O was added because NO radical dissociateat 0.5 of Ar/NF. Also, the differences in the cleaning rates
from N,O is known to increase silicon nitride etch rate signifamong the three locations were less than 10%, therefore, were
icantly during the plasma etchirfgt? similar for all of Ar/NF; ratios. The DREs for all of the inves-

The PECVD chamber was evacuated using a pump sytigated Ar/NF; were higher than 95%, therefore, most of fed
tem combined with a booster pump and a dry pump tbdlF; gas was destructed. The high DREs for all of Ar§N&-

0.13 Pa before the introduction of gas mixtures. The dry puntips appears to be from the high dissociation efficiency of NF
at the high rf power. The increase of silicon nitride cleaning
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Fig. 1. The effect of Ng/Ar gas mixture ratio on the silicon nitride clean- Fig. 2. The effect of NO to C4Fg(20 sccm)/@(140 sccm) on silicon ni-
ing rates for the three different locations of the chamber and the DREs of tride cleaning rate for the three different locations of the chamber and
the NFs measured at the exhaust line. (\ffow rate: 20 sccm, operating DREs of GFg measured at the exhaust line. (Flow rates gfgand Q:
pressure: 40 Pa). 20 sccm and 140 sccm, respectively, operating pressure: 40 Pa).

rate by the addition of Ar to 0.5 of Ar/NFis probably related sociated from the pD from the reaction (1) shown below.
Fo the furt.her dISSOC.I(?ltIOI’l of &Rx < 3) to ha\{e more.F rad- N,O + O — 2NO (1)
icals available for silicon nitride etching by increasing elec-
tron density due to the low ionization potential of Ar. How- N>O+ O — Ny + 0O, (2)
ever, the decrease of silicon nitride cleaning rate above 1.5

of Ar/NF3 ratio appears to be related to the loss of F radicalr% ;rétfi?)(r:]t, (tlh)?o)r iicvt/lg\r/]e(raflrz;n?r\:é nrfazﬁggrifdgf gan_t)than
to the pump without reacting with silicon nitride due to th ' ’ 2

lower residence time at high total flow rates. eNO+ N. NO radicals can be made again in the plasiiahe

. . oo . .. NO radicals generated in the reactions will be used to remove
To investigate a possibility of alternative gases for silicon

- - . .~ nitrogen from the silicon nitride surface by the reactions (3)—

nitride cleaning using the remote plasma source, gas mixtur . o N
o " . and promote the reaction rate between remaining silicon

of C4Fg/O,/N,O were used and its silicon nitride cleaning rat Hn silicon nitride and fluorine to form volatile SiE-19
was investigated. Before the addition of®lto C,Fg/O,, the
effect of GFg/O, gas mixtures on silicon nitride cleaning rate 2NO+ 2N(s)— 2N, + O, 3
was investigated by varying oxygen flow rate while maintain-
ing the flow rate of GFg at 20 sccm same as KHow rate in NO+N(s) ~ N20 )
Fig. 1 (not shown). The highest silicon nitride cleaning rate NO + N(s)— N, + O (5)

could be obtained atF5(20 sccm)/Q (140 sccm), however, Therefore, the increase of silicon nitride cleaning rate with

its cleaning ra’Fe was about 35% of the optimized Conditio{he small addition of BO is believed to be from the enhanced
O.f Ar/NF3 in Fig. 1. Therefore, hO was added to th.e' P~ surface reaction not from the increase of fluorine by the in-
“T"'_ZEO' C‘FB(.ZO sccm)/ 9(140 sccm) to improve the silicon creased dissociation of,€,. The slow decrease of silicon
nitride cleaning rate. Figure 2 shows the effect afNto nitride cleaning rate with the further increase ofNindi-

CaFs(20 sccm)/Q(140 sccm).on silicon nitride cleaning ratecates the sufficient supply of NO to the silicon nitride surface
for the three different locations of the chamber and DRES_ . . )
nd is possibly from the loss of fluorine radicals to the pump

ga(i:rz:t':azzir:gza;tu:l%dpzt ;23 fﬁg?ﬁ) ?At/ lrlg,?és-rhggéﬁzsg %g?es ar\j‘s\’/ﬂhout the reaction due to the increase of total flow rate.
2 ; Because the silicon nitride cleaning rates and cleaning uni-
kept at 20 sccm and 140 sccm, respectively. As shown in tl?g

. . on rmities are similar each other for the optimized conditions
ﬂg_ure, th.e .addltlon qf bO to C“FS/QZ up to 5% increased the of Ar/NF3; and GFg/O,/N,O, the NR gas system might be
silicon nitride cleaning rate drastically, however, the furtheF laced by the §Fs gas system for the silicon nitride clean-
increase of MO decreased the etch rate slowly. The highes{3 P y &g y

silicon nitride cleaning rate obtained at 5%® was about Ing using a remote ICP source if total global warming effect

300 nm/min similar to that of Ar/Nf-obtained in Fig. 1. At g;swgsﬁgrplzc gases at the exhaust line is also comparable

this condition, the differences in the cleaning rates among . .

. oS Total global warming effect of emitted PFC gases at the ex-
the three locations were also about 10% similar to the Caﬁeaust line is estimated by MMTCE When Ar/NF; was used
of Ar/NF3. As shown in the figure, the DREs of4E were y )

higher than 99% for all of the conditions, therefore, almo in the cleaning of silicon nlt.rlde, only smal! un-destructed
F3; was detected as the emitted PFC affecting global warm-
all of the feed gas was destructed.

The increase of silicon nitride cleaning rate by the smalpg' Figure 3 shows the calculated MMTCEs for the ex-

» N . periments with Ar/NE and GFg/O,/N2O in Figs. 1 and 2.
addition of NO shown in Fig. 2 appears to be from NO dis “As is” means the MMTCE calculated with the emitted PFC
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Fig. 3. The MMTCESs calculated for experiments in Figs. 1 and 2 as big9- 4. The emitted PFC volumes and other detected species by FT-IR at
function of Ar/NF; ratio and adding BO to G4Fg(20 sccm)/Q(140 scem). the exhausted line as a function of®to C4Fg(20 sccm)/Q(140 sccm).
(“As is”: the MMTCE calculated with the emitted PFC species during the
cleaning for the period of 2 min, “normalized”: the MMTCE re-calculated

for the time to remove 1000 nm of silicon nitride). o . "
) con nitride cleaning rate by the addition of®, the decrease

of normalized MMTCE was as large as 75% by the addition
of 5% of N,O to GFg/O,. When the highest silicon nitride

species during the cleaning for the period of 2 min and norc'leaning conditions of Ar/NFand NO/CyFs/O, were com-

malized” means the MMTCE re-calculated for the time tq .
remove 1000 nm of silicon nitride. As shown in the figurepared’ the normalized MMTCE of 0/C,F5/O, was about

10 1o .
the MMTCE of “as is” for Ar/NF; was not significantly de- ig : 118__10 ggiiﬂ? tﬂzrsmee::Zrergall\iﬂzl\ggcl\:ﬂliﬂc'?cAlzréNo%\,IAV?/;IF
endent on Ar/NE ratio because the PFCs being involved to_’ . o : . )
IF\)/IMTCE Calculatﬁ)n is only NE and the DRES ng] NEis in and NO/C4Fg/O, are not significantly different while the sil-

the range from 95 to 97%3;0r the investigated ArNAlso icon nitride cleaning rates and cleaning uniformities are sim-

. L ilar each other, it is believed that Mbased gas mixtures can
the normalized MMTCE was not significantly dependent oy replaceable to fFg-based gas mixtures for the silicon ni-

Ar/NF3 because the variation of silicon nitride cleaning rate§ride PECVD chamber cleaning using a remote ICP source if
was less than 20% for the investigated Arj\i&tios. The nor- an additive gas such as,8 is added. The other gases such

malized MMTCE for the highest silicon nitride cleaning con- .
dition was 18 x 1010 as NO or N which generates NO when added tgFg/O, are

also believed to be useable as additive gases.
In the case of ¢Fg/O,/N,0O, the detected PFCs at the ex- . - - -
) ’ X . Using a remote ICP source, characteristic of silicon nitride
haust line were €Fg, C3Fg, CF4, etc. in addition to the un- 9

: . PECVD chamber cleaning were investigated for AriN#ad
destructed gFg. Some of the emitted species such a&& .
CaFs, CFi. CiFs. COR, and Sif at the exhaust line for C4Fg/O2/N,O. When gas mixtures of f£¢/O, were used, the

. - g silicon nitride cleaning rates were much lower than those by
(20 sccm) GFg/(140 sccm)@Q/N,O during the silicon nitride " o
cleaning are shown in Fig. 4 as a function of@percent- Ar/NF3, however, by the addition of 5% of#® to G4F/O,

age. As shown in Fig. 3, the MMTCE of “as is” decreaseénhe silicon nitride cleaning rate comparable to that of opti-

- : ) ized Ar/NF; could be obtained with the chamber clean-
ng t(;u:{: Incroe/?:s?: c/)fO&DTpr)]er((:jentage unt;l&ﬁ/‘:?g;ﬂ)_ma; ing uniformity less than 20%. The increase of silicon nitride
added to l? 04 872 le tf.cgefsdetoth q wi ﬁCchleaning rate with the addition of 5%, to C4Fg/O, is
LCi(t;Let?]Sei:crEasvev?)? bng)ag]e)r/c?anrtlas:begausee (if];‘araF?E 8 gas believed to be from the removal of N on silicon nitride by
such as GFs, CsFs, and GFs were not significantly changed O dissociated from PO, therefore, enhancing the forma-

: A ion of volatile Sik formation by the reaction of exposed sili-
W!th N20 per_c_entage as shown in F|g. 4.The decrease gf CEon on silicon nitride with fluorine. MMTCESs of Ar/Nfand
with the addition and increase of,M is not clear, however

o . ' C4Fg/O2/N20 during the silicon nitride cleaning were also
Itthmlrght :)nebirnel?iter?I t?é)frt hr?] gmizogs f ?gurtr(l: Of':"m?y_ compared. The PFC gases detected by FT-IR at the exhaust
tioi nggN or?\llg b?/ the rgcombianationXo?anndeNofrori line during the silicon nitride cleaning wereks, CsFg, CF4,

X - -
N,O. However, the measured C@®as not increased with and un-destructed s for C4Fs/O2/N20 and un-destructed

the i ¢ i h in Fia. 4 and th NF; for Ar/NF3. No significant change of MMTCE was ob-
re |nr(1:reas;]e O0 b\(IJ i?el;r:e?nat%e ?‘é/so ovxI/n Irrr]1 '9. v ";nwither%erved for different Ar/NEgas mixtures, however, significant
are enoug avafiable & 2 plasmas even v 'Tdecrease of MMTCE was observe by the addition of small
out N;O, therefore, the case of 2) mlght be more feasible. RIZO 10 C4F /O, for CaFe/O,/N,0O due to the decrease of GF
compare MMTCE with the case with Ar/NFthe MMTCE with the addition of NO at the exhaust line. The MMTCEs at

was als_o normahzed and the resylt 1S shovyn in Fig. 3. A.t%e highest silicon nitride cleaning condition were not signif-
shown in the figure, due to the significant increase of sili-
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