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Etch characteristics of optical waveguides using inductively coupled
plasmas with multidipole magnets

K. J. An, D. H. Lee, J. B. Yoo, J. Lee, and G. Y. Yeom?
Department of Materials Engineering, Sungkyunkwan University, Suwon 440-746, Korea

(Received 13 October 1998; accepted 8 March 1999

In this study, silica glass etch characteristics of inductively coupled plasmas with and without the
multidipole magnets were investigated using,@Rd Sk as the etch gases. A Langmuir probe and
optical emission spectroscopy were used to investigate the characteristics of the plasmas. When the
silica glass was etched with the multidipole magnets, a significant increase in etch rate was obtained
with the magnets for both GFand Sk together with an increase in ion saturation current as
measured by the Langmuir probe. F radicals estimated by Ar actinometry also increased with the
addition of the magnets. When the etch characteristics gfa@ff Sk with magnets were compared

at the same etch conditions, gfhowed the higher etch ratés800 nm/mir) while CF, showed the

higher etch selectivity>70:1) over the Cr mask material used in the study. With the magnets, a
vertical etch profile was obtained with E®while the etch profile with Sfwas a little re-entrant. A

10 um deep anisotropic silica glass etch profile with a smooth sidewall could be obtained uging CF
and with the magnets at 7.5 mTorr of operational pressure, 1000 W of inductive power,188d

V of dc self-bias voltage. The silica glass etch rate and the etch selectivity over Cr under these etch
conditions were 700 nm/min and 70, respectively. 1899 American Vacuum Society.
[S0734-210(199)13904-9

[. INTRODUCTION waveguides by reducing the electron and ion loss to the

. . . . . chamber wall, thereby increasing ion densifie$®
Silica-based optical waveguides, fabricated on silicon or . ; ; .

- i o In this study, an inductively coupled plasma source with a
silica wafer substrates, are potential building blocks of planar

lightwave circuits(PLCs that are becoming increasingly im- multidipole magnet configuration was studied using, @Ad

portant for future telecommunications systetn$To fabri- SFs for application to the etching of silica glass optical
. . o waveguides. Differences in the characteristics of the plasmas
cate optical waveguides, 6—10n deep silica glass has to be

. . . X . : with and without the magnets were investigated and basic
etched using dry etching techniques with anisotropic etch.,. . -

. . . . silica glass etch properties such as etch rates, etch selectivi-
profiles and smooth sidewalls to reduce optical scatterin

lossl4 gi’ies, and etch profiles were studied.

To etch the silica glass, dry etching technigues similar to
those used in silicon integrated circuit processing can pd- EXPERIMENTAL METHODS
utilized >~8 However, in the case of optical waveguide etch- The inductively coupled plasma equipment used in this
ing, the materials to be etched are much thicked um) study was composed of a five-turn spiral Au-coated copper
than those in silicon integrated circuit processing, thereforecoil located on the top of a chamber and separated b cm
higher silica glass etch rates and etch selectivities over ththick quartz window. A rf power of 13.56 MHz was applied
mask material are required. In the case of silicon processingp the coil to generate inductively coupled plasmas and a
a possibly local nonuniform plasma due to the nonuniformseparate 13.56 MHz rf power was applied to the substrate to
magnetic field in our etching system may damage the deviceisduce dc self-bias voltage to the substrate. The distance be-
in the silicon wafer electrically by charging the wafer non- tween the quartz window and the substrate was 7.5 cm and
uniformly. However, in the case of optical waveguide etch-the substrate diameter was 6 in. For the magnet configura-
ing, such electrical damage may not have to be consideretibn, eight equally spaced 10 cm long permanent magnets
because the devices are not as electrically sensitive as tli2000 G on the surfagevere set around the chamber wall as
silicon devices. shown in Fig. 1. The inductive power was varied from 800 to

Currently various high density plasma sources such a&500 W, the dc self-bias voltage from 0 +e200 V, and the
electron cyclotron resonance plasiiaelicon plasmd® he-  operating pressure from 3.5 to 7.5 mTorr. Gfhd Sk were
lical resonators, and inductively coupled plasfrare devel- used to study the silica glass etch characteristics for the fab-
oped to etch materials at high rates. Among these high demnication of optical waveguides with and without the multidi-
sity plasma sources, inductively coupled plasma sources apole magnets.
widely studied for their simplicity in addition to their easy =~ The 10um thick silica glass layers on Si substrates that
scalability. The use of magnets with inductively coupledwere used in our study were prepared by plasma enhanced
plasma sources could be beneficial in the etching of opticathemical vapor depositioiPECVD). For the etch mask, 300

nm of Cr was evaporated onto the fn thick, silica glass

dElectronic mail: gyyeom@yurim.skku.ac.kr deposited Si substrate. Following photolithography, Cr pat-
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Fic. 2. lon saturation current measured by a Langmuir probe as a function
of inductive power for Cfrand Sk plasmas with/without the magnets. No
self-bias voltage was applied to the substrate holder.

the 6 in.-diameter of the substrate holder measured with the
magnets on the sidewall of the chamber was higher than that
measured without the magnets, which is possibly due to a
decrease in charged patrticle loss to the chamber wall by the
Fic. 1. Schematic of an inductively coupled plasma equipment using mulmagnets. The 6-in.-diam silica glass etch rate measured with
tidipole magnets. the magnets also showed a higher uniformity compared to
that measured without the magnets.

In this study, the effects of the multidipole magnets on the
characteristics of Cfand Sk inductively coupled plasmas
Wiere investigated using a Langmuir probe and OES for vari-

it dtof ide with® d ds ous inductive powers from 800 to 1500 W at 5 mTorr of
pattern was used to form a waveguide with8 deep an operational pressure, and the results of the ion current den-

pm high silica glass bars on the silicon wafer. The etch ratesity and relative F radical densities are shown in Fig. 2. As
and the etch selectivity were measured with a surface profileghown in Fig. 2, the increase of inductive power increased
befgre_ and ?ﬁetr r(tar:nov;?g ;che ;em"’llt'.nd'.ng Ichrome TaSk‘ h the ion saturation current, possibly due to the higher power

0 nvestigate the etects of muftidipole magnets on edeposition to the plasma with increasing inductive power. If

characteristics of the plasmas and etch properties, ion Salihie jon saturation currents with the multidipole magnets and

rat;_on lcurrgnt; using at Langrgglrzgrobe and F radlc;ls .l:s'ngvithout the magnets are compared for Qifasmas, an in-
optical emission Spectrosco Were measured wi crease of more than two times the ion saturation current was

and without the multidipole magnets. In the case of OESobserved for those with the magnets. Also, the differences

apgly&s, Ar act.mome.try was used by addlng'8% Ar andbetween the ion saturation current with and without the mag-
dividing the F intensity (703'8 nm by the A'f Intensity .__nets increased at the higher inductive power although the ion
(750.3 nn)._The etch profiles were observed with a scanning. . ~tion currents of SFand CK were similar to each
electron microscopeSEM). other. The F radical densities estimated by Ar actinometry
also increased with the increase of inductive power and the F
lil. RESULTS AND DISCUSSION radicals for Ci with the multidipole magnets were about
The effects of the multidipole magnets attached to théwo times higher than those without the magnets. The F radi-
sidewall of the chamber on the uniformities of the ion satu-cals for Sk were higher than those for Gt a given induc-
ration current and silica etch rate were studied usiggg@  tive power. The increase in ion saturation current and F radi-
the previous study and the results are described elseWherecal density with the magnet is probably related to the
The ion saturation current was measured using a Langmuitecrease in ion and electron loss to the chamber wall due to
probe between the magnets along the centerline of the waféne multidipole magnets used in the experimérhe higher
and at 1 cm above the substrate holder. The previous study radical densities for SFcompared to those for GFare
showed that the uniformity of ion saturation current within probably due to the lower dissociation energy of SF

terns were made by wet chemical etchifggchant: CR-75
Various Cr pattern shapes were used in the experiment, ho
ever, for fabrication of the optical waveguide, a8 Cr line
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Figure 3 shows the effect of operational pressure on the
ion saturation current and F radical densities at 1000 W of
inductive power without applying dc self-bias voltage. The
percent of measured error of the ion saturation currents and F
radical densities in our experiment was less than 5%. As
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shown in Fig. 3, an increase in operational pressure slightly wl 7 N
increased the ion saturation current in the case qff@l&ma - 130
without the magnets, however, in the case of thg @lBsma 300 - N

A/A 420

with the magn he ion ration curren r with
th the magnets, the ion saturation current decreased wit ool A

an increase in operational pressure. In the case gp&BEma

Silica Glass Etch Rate (nm/min)

—m— SF,, with magnets

with the magnets, the ion saturation current appeared to de- 100 L —e—CF,, with magnets 110
crease after 5 mTorr of operational pressure. Instead, an in- —4—CF,, without magnets
crease in operational pressure appeared to increase the | 03 : :1 5 é 7 80
radical density in both the GFplasma and the SFplasma i

(b) Operational Pressure (mTorr)

with the magnets while the F radical density in the,CF

plasma without the magnets appeared to decrease. TR 4. siica glass etch rate and etch selectivity over Cr by @fd SE

higher F radical density was observed for the,Gifasma  plasmas as a function @¢8) inductive power and bias voltage afio) op-

with the magnet compared with that of the Qffasma with-  erational pressure with/without the magnets.

out the magnet. Also, the F radical intensity of thegSF

plasma with the magnet was higher than that of the CF

plasma with the magnet. The decrease in ion saturation cuxoltage applied to the substrate. More than two times the

rent with an increase in operational pressure is possibly resilica glass etch rates was obtained for the, @asma with

lated to the loss of the magnetic confinement effect of thehe magnet compared to that without the magnet. The silica

multidipole magnets due to increased scattering. The highaglass etch rates for the §plasmas were higher than those

F radical density for the case with the magnets appears ttor the CF plasmas. The increase in silica glass etch rate

suggest increased dissociation by the existence of magnetsth increasing inductive power appears to be related to the

used in the experiment. increase of both ion saturation current and F radical density
Figure 4a) shows the effect of inductive power atl00  shown in Fig. 2 and, therefore, is related to the increased ion

V of dc self-bias and the effect of bias voltage at 1000 W offlux to the substrate at a given substrate bias voltage as well

inductive power on the silica glass etch rateg @8Rd CR at  as to the increase in the reactive radicals. The increase of the

5 mTorr of operational pressure were used. As shown in Figglass etch rate with an increase of bias voltage is related to

4, the silica glass etch rate increased with an increase dhe increase of ion energy at a given ion flux to the substrate.

inductive power and also increased with an increase of biashe higher silica glass etch rate for the #asma with the
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magnets compared to that for the L£plasma without the
magnets at a given inductive power and bias voltage also
appeared to be related to the increased ion saturation current
and radicals of the Gfplasma with the magnet shown in
Fig. 2. In Fig. 2, the ion saturation currents for the ,CF
plasmas with the magnets are similar to those for thg SF
plasmas with the magnets, however, the silica etch rates for
the Sk plasmas are higher than those for the, @fasmas.
However, also in Fig. 2, we see that the F radical density for
the Sk plasma with the magnets is higher than that for the
CF, plasma with the magnet. Therefore, the higher silica
etch rate with S compared to that with GFappears to be
related more to the higher density of reactive radicals.

Figure 4b) shows the effect of operational pressure on @
the silica glass etch rate at 1000 W of inductive power and
—100 V of bias voltage. Also, the etch selectivity over the Cr
used for the etch mask is included. The increase in opera-
tional pressure generally increased the silica glass etch rates
for all of the conditions possibly due to the combined posi-
tive effect on the silica etch rates of the ion flux and radical
density. The increase in operational pressure also increased
the etch selectivity over Cr for the GFplasma with the
magnets. In the cases of the (Splasma with the magnets
and the Cl plasma without the magnets, the etch selectivi-
ties remained similar regardless of the change in pressure
and were in the range of 30—45. However, in the case of the
CF, plasma with the magnets, an etch selectivity close to 80
could be obtained at the pressure range investigated. The ()
increased etch selectivity of Gplasmas with the magnets at
the increased operational pressure was related more to tife. 5. SEM micrographs of the silica glass etch profiles:CF, and (b)
decrease in the mask erosion rate than the increase in tf$& at 1000 W of inductive power, 5 mTorr of operational pressure, and
. . . —100 V of bias voltage with the magnets.
silica etch rate. The decrease in the mask erosion rate ap-
pears to originate from a decrease in the physical sputtering

of the Cr mask resulting from a decrease in the ion flux W'thlectivity over Cr under these conditions were 700 nm/min

increa_lsing operationgl pressure. . and 70, respectively. Therefore, a highly anisotropic silica

Using 300 nm thick Cr as an etc_h mask, silica glass_eﬁlass etch profile with a high silica glass etch rate and etch
were etched by CFand Sk plasmas with magnets, and their g ectivity which is applicable to the fabrication of an optical
etch profiles were investigated using SEM. The results are

shown in Fig. %a) for CF, plasma with the magnets and in
Fig. 5b) for SFK; plasma with the magnets. The etching was
conducted at 1000 W of inductive power,100 V of bias
voltage, and 5 mTorr of operational pressure. As seen in Fig.
5, 5—6 um deep silica glass was etched and an anisotropic
etch profile could be obtained with the g£plasma with the
magnets, while a little re-entrant etch profile was obtained
with the Sk plasma with the magnets. The re-entrant etch
profile of the Sk plasma with the magnets appears to be
related more to the F radicals associated to thg B&ma
with the magnets.

Silica glass 10um deep was etched again by increasing
the operational pressure of the £plasma to 7.5 mTorr
while the other conditions were kept the same as those
shown in Fig. 5 for CE, and the result of the silica glass
etch profile is shown in Fig. 6. A near vertical etch profile
similar to that in Fig. 5 was also obtained. The slight pOSItlveFle. 6. SEM micrograph of the silica glass etch profile by a @lsma with

angle at the top of the etch PrOﬁIe is due to the slope of thgne magnets at 1000 W of inductive power, 7.5 mTorr of operational pres-
wet etched Cr mask. The silica glass etch rate and etch seure, and-100 V of bias voltage.

J. Vac. Sci. Technol. A, Vol. 17, No. 4, Jul/Aug 1999

Downloaded 29 May 2013 to 115.145.196.103. Redistribution subject to AVS license or copyright; see http://avspublications.org/jvsta/about/rights_and_permissions



1487 An et al.: Etch characteristics of optical waveguides using inductively coupled plasmas 1487

waveguide could be obtained with €iductively coupled of an optical waveguide, could be obtained with,GRduc-
plasmas by the application of a multidipole magnet aroundively coupled plasmas by the application of multidipole

the chamber wall. magnets around the chamber wall.
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