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Etching with an ECR Plasma
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Abhetraact

An electron oyclotron resonance plasma
is used to etch organic resisr with oMygen

and Si with SFe. Etch performance was
studied a2 a Tlunction of  opsrating
conditions, resonance chamber gecmetry and

vomposition of the microwave window. Using
8 qUartz microwave window results in the
redeposition of a thin 8i0; layer on the si
substrate surfare. Thic significantly
impacts etch performance .

BEtch rate studies performed on 81 with
5 Plasma revealed an unexpected
Saturation with atomirc flueorine
concentration, A model based on  the
Caobrera-Mott mechani=m is developed to

a4 SF

explain the zaturatbion, The rate limiking
step for conditions with both high tree
fluorine flux and low ion energy

bombardment s dus Lo cleckrom Lunnel! ing
from Lhe gi bulk, through Lhe flucrosilyl
layer, te the adsorbed Flunrine,

Introduction

Plasma etching with an electron
cyclotran Tesonance (ECKR) aource has a
nrumber of advanlages for single wafer
proceasing of sub-micron features, The ECR
denerates a high density plasma (1012 cp-3)
Mhdich pields baigyl wweul races and pozsibly
high through-put. The discharge can and
must be maintained at a low Drocegy
Pressure, 0.5 to 5 x 1072 Torr(0.07 to 0.7
Paj. At these prescures Che mean Lree pakh
ol plasma species ie an the order of
chamber dimensions (>10 cm). This permits
the resonance uzone rto be spatially
geparated from the subsbrate. This allows
4 decoupling of Lhe plasme species
production occurring in the ECER zone from
2nergetic ion bombardment of the substrate,
which ecan Le indepﬂndently controlled
through RF substrate biaging. Another
result of the long mean free path lengths
ig that the plaema stream is composed of
leae scalbtered ionsg which arrive
Fercendicular to the gubstrate. There is
oo need for large substrate biases bto re-
direct the ion flux to obtain anisobropic
etchingy, The lower ion energiee ars
welcomed because of CONCerns raised over

the effects of makterial damage on device
performance,
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The ECR Drocess, however, is mnot
without its problems. Thers are concerns
with radial uniformity in Lhe diverging
downstream magnetic field, The ECR magneis
are large and interference wich cne another
may prevent Lhe incorporation of ECR into a
cluster Lool configuration. The ECR
process is very inefficienk with mest of
Ehe ‘input power heating the resonance
chamber walls. The walle are typically
conled which in practice becomes & source
of particulalte contaminatinn, High enerqgy
electrong in the ECH zong produce ¥-rays
which may eleclrically damage oxide
materials on the substrate. [1]

In this investigation, an ECE has beaen
used ko etch multilayer resist {MLE)
Structures with an ouxyoen plasma, and
silicon with a SF; plasma at Cryogenic
substrate temperaturas. Cpecifically,
Some inkteresting effects regarding reactor
deomelry and microwave wimndow composil ion
have been observed, Further, a
Saturation in the etch rate of g£i with SFg

has been observed. a model has been
Proposed based on the Cabrera -Matt
mechanism te account For the experimental
observation,

Rxporimental
Apparatus

The etching study waz performed in a
custom buill ECR reactor, a sketch of which
ig shewn in Fig. 1. Microwave power at
2.45 GHz iz applied te the resonance
chamber through a quartz
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Fig. 1. DPiagram of the EBECR reactor.
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window. The microwave applicator has a
gradual transition Ercm a WR 284 guide to
an 11 cm. diametar cylindrical segment.
TWO ElEeCLIvmdgisls ares located arcund tha
resonance chamber and provide a magnetic
field of approximately 325 € near the
window which drops to the required ECR
condition of 875 G at approximately 5 com
into the chamber. The rzsonance chamber is
15.25 cm in diameter, 23 cm long and is
geparated from thes substrate chamber by a
constricting orifice that is typically Y <m
in diameter. The resonance chamber
diameler woes modified with ULwo ctainlegs
steel cylindrical inserts

The substrate holder was constructed
by bonding a 10 cm diameter aluminum plate
ta a copper coil through which a
refrigerant mixture of freom and Ar was
circulated. The bond was made with =a
astyecast epoxy material with high thermal
conductivity and low electrical
conductivity. The chuck could be cooled te
-100 °C with a Polycold chiller. Thermal
vonkact to the samples, which were 3 cm by
1 em squares, cut fram 5 in. silicon
wafers, was obtained by a thin coating of
Dow Corning 704 grease. Samples were
clamped into place behind a countar sunk
retaining ring. The retaining Ting
prevented plagma exposure to the grease as
well as provided a thermal break between
the plasma and the chuck,

Sample Freparation and Etchiag
The samples Lo he etched contained

aither patterned MLR structures or blankeb
polysilicon on single crystal wafers. The
MLR akbructurs conesisted o5f a 1 pm thick
planarizing layer of Movolac resist, 100 nm
plasma depeosited silicon dioxide, and 0.8
um of exposed and developed photoresist.
Tha omida lager wae aApened unsing a short
fluorine based plasma etch in a standard
reactive ion etch{(RIE} reactor.

Diagnostics

The BECR plasma stream was characterized
uging standard optical emisgsion(OES] Lo
monitor relative emispion intensitles, mass
epectrometry to monitor the flux of
chemical species to the substrate, Langmuir
probee to estimate the plasma density and
electron btemperature and a Faraday cup
embedded in the substrate to measure the
ion current density. For comparison, both
optical emigsion and Langmulr probe
measurements were made bokh in  the
resonance and substrate chambers.

The quadrupole mass spectrometer was
positioned in a differentially pumped
chamber behind a mock substrate holder Lo
perform a flux analyeis of the plasma
stream. The two chambers were geparated by
a 200 pm diemeter orifice. The small
orifice also prevented the penstraticn of
the plasma inte the guadrupole chamber,

This apparatus was used [0 measure pf the
relative magnitudes of atomic and malecular
species in rhe oxygen plasma stream. It
waz alan nsed to ocualibatively identify
constituents in the 8F plasma streain.

piscueslon of Repulta
Etch Hate Ferformance

There are a number of lactors which
have been cbserved to influence etch rate
performance. These are reactor geameloy,
magnetic field configuration, and operating
parameters such as power, Dressure and f£low
rale. Theae obgecrvaticons have been 1sed Lo
develop a qualitative model of the ECR
process. Practivally all ien and radical
apecies production occurs in the resonance
zone. The ienic and neutral species
diffuse downstream toward the substrate
region. The ionic speries are direcbed by
the parallel magnetic field. Both species
undergo scattering collisions wilh gas
molecules which cause them to be last from
the plasma siream. They are scattered Lo
the chamber walls where they are lost
through recombinaticn or other chemical
reactions. Consider for example, an oxygen
plasma stream. Aa process pressure
increasaes, so does the density of possible
scattering sites along the path. A plot af
the ion current density as a Ffunction of
pressure is plotited in Fig. 2. The
calculated scattering cross section from
this curve la o = 0.12 nm®. This value 18
in reasonable agreement with the charge
exchange cross section for Op% in an oxygen

ambient & = 0.15 nm?.[2] &imilar behavior
is expected for the atomic oxygen Elux, A
curve of the atomic oxygen flux plotted as
a function ol process presgure is shown in
Fig. 3. The initial increase with pressure
iz simply due tc the increased density of
reactant alome avallabie Lor olssooldului,
one fector which can be used to increase
atch rate is to reduce the distance which
separates the resonance zo0ne and Ethe
subskbrate.

An skated earlier the wvast majority of
ion and radical species preoduction ie
expected to occur in the resonance =zane.
The resonance zone contains a high density
af electrons whose energy distribution is
assumed Co Dbe Maxwellian, A reactant
molecule entering this region is likely Cto
undergo dissociation because of the large
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figure 2. Ton current denslicy in an oxygen
plasma a3 a funclion of process pressure,
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dengity of low energy electrons. Thisa
behavior is exhibited in Fig. &4 where [ree
fluorine concentration in an 5F; dischargs
ia plocced ap a function of microwave DOWETr
Ior Taree JirLEeTrent I[LOW rates. The CIross
section for electron collisions leading to
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Froire 4. Pres Fiunarine concentracion as a
funccion of microwave power for three
different etch rates.

ionizarion becomes significace only at
higher electron energies b= 10 eV 1.
Theae electrons are contained in the tail
porcion or

the Maxwellian distribution. Increasing
the microwave DOWEr level has an
appreciable effect on the concentration of
these higher enerqgy eleclrons. This
behavier is seen ‘in the iom . current
density's dependence on power in Fig. 5.
As expected lom current densicy increasas
strongly with microwave power due to the
increase in the number of high energy
eleclriens., Howewver, curtenl  depsily

decreases with sSF; Elow rate. 1Lt appears

rthat the hicgher flow rates deplete the
rezonance region of lower ensrgy electrons,
which suppresses the number which eventual
accelerate to higher energies.
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Figure 6§, Inn current densicy as a
function o©f microwave power Ecr cthree
different flow rates.

Decreasing the overall volume of the
redctor will assist in reducing gas
residence time. The RC diameter waszs varied
by introduoilng oconconkris stainless oeesl
inserts which reduced the diamster to 10,2
and TR em. The effect however, was to
réduce ion <current density and Eree
fluorine concentration, Figs. kB and 7. The
free fluorine concentration saturated with
increagsing diameter indicating its effect
on it was lees than that for ion current
density. The reason for the increéase could
he a larger resonance zone volume, or a
docreang in thoe gurfagce area to wvaelume
ratic of the reactor which would reduce
wall logeses, Another experiment cried was
te wary cthe diameter of the orifice
separating the RC from the substrate. The
same general Dbehavior was observed. Thig
indicates that the ion porcion of the
plasma stream remains gzsenktial
perpendicular ta the substrate and the
aorifice blocks species produced further out
in the resonance zona volume from reaching
the substrate, which i1s eguivalent o
reducing the chamber diameter.
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The magnetic field configuration
defines the location and shape of Ethe
resonance region. This configuration can
he modified hy moving the magnects or
changing the current to bhe magnets.
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Flgure 6. Argon ion current density as a
function of power for different diameter
resonance chambers.

This also changes the divergence of the
field that focuszses ions at the substrate.
An example of this dependence is show in
Fig. 8 where ion current demnsity and free
fluorine voncentration are plotted as a
function of current to the segond magneb.
I1f the effect waf scley due Lo ion
focusing, the current density would oot
decrease at higher magnetic Iield strength.
It appears to be due ko changes in the
regsonance region wvolume® In all cases Lhe
microwave power is matched to discharge
load.,
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Fig. 8. Ion current density and flucrine
concenkration ag a magneb current.

Compogition of Microwave Window:

Microwave power is delivered te the
ECR discharge through a dielectric window.
The choice of dislectric material s
critical because it. can impact the plasma
and process reoulbie. The dielectric
material typically used is quartz. In a
reactor ebching Si wikh a fluorine plasma,
there is8 a danger of etbching the quartz
microwave windew and redepositing 5i0, cn
the substrate. To investigate this
possibiliby, ebching slbudies were perfarned
with the existing gystem both with and
without the addition of a 1 mm thick
alumina plate ingerted on the vacuum =zide
orf the mMicrowave wWinodow.

Measured etch rate increases linearly
with fluorine concentration until the
surface saturates and the reaction becomes
surface limited, Fig. 3. The reaction
becomes surface limited at about the same
fluorine concenbrabion regardless of Che
microwave window material used. However,
the silicon et¢h rate was lower when the
guartz window was used than when Lhe
aluming wWindow was 1n place.

Quarktz will etch im a [luorine-
containing plasma if subjected Lo energetic
ion bombardment [3-51. Ions generated in
tha ECHR region stream in all directions and
thua strike the microwave window. The
quarcz etch products have a passivating
effect on the 81 subsktrate. AL very low
Eluorine concentrations (below 0.5 on Fig.
¥y, the etch rate at the substrate is low
enough that a net depeogition occurs when
the gquartz window iz used. 1In this range,
tha etch rate using the alumina window was
too 2mall ko measure with the surface
profiler. Analysis of the deposiled [ilms
by ESCA showsed that the films contained
primarily Eioz and were conesistent with

that of 2 thermally grown material.
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Figure 9. Silicon etbch rate as a f[unchkion

ef flucrine ceoncentration., with alumina and
gquartz microwave window.

Thea fluorine concentratian,
conkrolled by varying the &Fg Elow rate,
wag eslightly lower when the quartz window
was usex] due to the loading effect of the
guarkz, Otherwise the Elucrine
concentration increased linearly with 8Sr:
flow rate.

It was found tha: the 5104 deposition
rate. waricd dopending eg the ‘vasuuam
condition. Samples 1 and 2 (Tahle 1) were
run after an extended pumping time (base
presgure 2.0 x 10" Torr- (2.7 x 1073 Pa)).
No deposition coourrand after silher 3 or 10
min process ctime at 1.0 mTorr(0.13 Pa).
This was wverified by ESChA where only a
native oxide was deteckted. If, however, as
in sample ], the process is run without an
extended pumping time, deposition does
ccury ol a sabv wl duproxlmacely 8 Om/min.
The base vacuum was 7 x 10°° Torr (9 » 1077
Pa) which contains a gubstantial partial
pressure of water (detected by the
quadrupole mass spectrometer).

Reducing the process pressure to 0.5
mTorr (6.3 x 1072 ra) produced a deposition
regardless of the wvacuum condition. The
decreased free-fluorine concentration, dus
to reduced pressure. derresasad rhe atch
rate at the substrate allowing deposition
Eo occur abt a rate of 20 om/min {(sample 4).
The deposition rate, however, depended on
the wvacuum bage pressure, Increasing the
vacuum base pressure to 7. x 10°3 Torr(9 x
107° Pa) increased the deposition rate to
almost 40 nm/min (sample 5) .

Table 15 rroceas description of
deposited fllme. 2

Thickness Thickness = Base
Sa.mpic 2Fs Pressure E.]hpsm[u— ESCA Pressure
(Pa) (nm) (nm) Pa
1 0.13 = <2 L7E-03
2 .13 - <3 2.7E-03
3 J.13 44 38 9.0E-03
4 0.065 1601 9% 2.76-03
5 0.065 in2 =100 9.0E-03
6 0.065 32 35 2.7E-03 w/
1E02Pa
07}

Mags scans with the guadrupole showed
that both ©' and H,0" intensity increased
&t the higher base pressureg. For sample
G, dry ox¥ygen was introduced into the
ruar:ll:nr after an extended pumping time to
see if diatomic oxygen participated in the
S1C, deposition reaction in the absence of

a }grge parlial pressure of water. The
adclt}un af dry oxygen decreased tha
depasicion rate to about 6 nm/min. This

indivates that water playa a large role in
the deposition reackion. The deposiktion
rake decrease with cxwaen is experted cinca
adding oxygen Lo the SF; plaema increases
the free fluorine concentration [6] as
foal Lowsa .

C + 8Fp --7 80Fp 1 + F . = ik=5) (1)
and
C o+ SGFn-rl <3 SOEF'“ + F in = 0=2). (2)

This increase in fluorine copncenbtration
increases the et{h rate at the substrate
resulting in a decreased net deposition
rale.

The plasma stream was analyzed using
the guadrupele mass spectromater with
alumina plate covering the quartz window
albernately installed. The major

differences were the presence of SiF;",

EiF,", and SiF' and the sulfur-comtaining
spocies 80%, Rﬂ2+, B0F*, and 3{')?2‘ when he
quarts window was used. These species wore
not dertected when the alumina window was

used.
The principal reaction product, when
quartz 18 etched by SF¢, is H'i‘F“i [7-9]
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which readily fragments to SiF:®, SiFzt,

and SiF* in the quadrupole analyzer. The
brosence of these species when the guarcsz
window was used indicabes that the windaw
wae ebtched by rha nlasma. Thess are |le
only ﬂilican~cantaining species debected
and mist be the silicon source For the
deposition. Conaidering that water
increased Lhe depoaition rate, the reaction
at the substrate was mosk likaly:

ISiF; + QHEU -=> 8i0, + EHRSiPE (3)

4nd fluesilicie acid readily dissociates as
follows;
H3S8iF, --» gir, + 2mp, (d)

These dissociation products are volatile
and may have an additional impact on the

ectch kinetice. HF* was not detected and
wds likely fragmented increasing the
fluerine concenlration slightly, The

sulfur-containing species observed are
expecbed from a SFy plasma that has gz

Buntrce of oipegen. Etching the quartz
window liberated ygen, which was taken up
by sulfur to form the observed uspacies.
This increaged the Eree-fluorine
concentration as well {egs. 1 and R

If a quartz microwave window is used,
it will be etched and unwanted species will
ar added Lo the plasma etream. Thege
Species can cause a degradalion in process
by contaminating the substrare ar affegting
2teh rate. AL low fluorine concentrations,

it

510, redeposits on the substrate in the
bresence of background water, Care must b
takan in che choice of reactor materials Lo
pPrevent inadvertent Process contaminal ion,
Tn an ECRE reactor, alumina ie the praferred
choice For the microwave window when using
a fluorinc-ccnta:rinq Dlaema.

Etching Rata Saturation with ®Flunricas
CwuvBOCration

A saburation in ths gi glch rate is
ohiserved for increasing flunrine
concenlrations, Fig. ¢, Previocus ztudies
however, have shown thal the etch rate of
silicon in an S5Fc plasma is directiy
Sroparcional ko the partial pressure of
freep fluorine[?-lzj. These studies
indicated that the rate limiting factar is
Lhe adsorption flunrine. Tt iz believed
that f[luorine adsorbs in 8 multi-layer
fashion and it is diffirult tg Baturate the
eilicon surface with fluerine [13.34] - In
this ztudy with anp ECR reactor however,
experimental dala indicates that the eteh
rale saturates with increasing fluorins
concentration, At  Eaturation neither
increasing fluorine Partial pressure por
increasing ion turrenl density incregse Lhe
gilicon etch rate. However . increasing the
ivil energy by Li-biagsing the substrate does
increase the si1licon etch rate.

Plasma Characterizacion

rree fluorine concentration was varied
al constant pressurs by changing the SF,
flow rate and adijustingn the Process
pressure with the throttle valve, Fig. 4,
Free fluorine concentration ig alse
dependent an ProCess pressure as jg shown
in Fig. 10 For various flow rates. Beloy
0.3 Pa the free fluorine concentration ig
Strongly dependent on the flow rate as the
eleclron mean free path becomes large,

a
= -
E [ ]
E u

fam

2 (]
a LY
g Vo ",

[ ] .’ |

Z A Ay
E { - u“‘ ‘I.
o
£
'8 ey e "

[} T T T T

¥
0.0 0.1 8.2 0.3 0.4 0.5 0.8
Preasurs (Pa)

Figure 10. Free flucrine concentration asg
a funcbtion of reactor pressure for [our
different flow rales.

lon current densibty on che other hand ip o
strong linear function of microwave power
and reactor pressure as shown in Fig. 11,
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Figure 11. Ion, current densily as a
lunction of microwave Powar and reactor
pressure,

Silicon Ereh Rate
When the fluorine concentration is
above sacuration, the etch rate was
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obgerved kv be constant with both misrowave auove saturation,
aried power and decreasing process pressure.
.u SFE I'ressure (Fa) Te
PCess
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Figqure 13. Etch rate as a funcktion of fon
Snergy controlled through RFE substrate
108 . - - : — Lrizging.
180 e &1 ] 40 589 e .
Cabrera-Mott Mechani sm
Power (Watts) Fluorine spontaneously reacts wilLh
—j gilicon to form a thin laver gf wvar 1LOUS
0.§ gilicon fluorides [14-1§]. The energy
Figure 132. Saturated etch rate as g barrier for addiltional fluorine to
funecion of reactor Pressure and microwave benatration this surface -« high and zome
Fower . mechanism for lowering the barrier is
Be needeg[l17-217 . A model based on Lhe
I The ion current density can be varied Cabrera-Mott mechanism [22] hias been
independently of free fluorine developed to explain Lhis barrier lowering
concentration by altering the magnetb ic and the fluerine etching of silicon [17-
lield in the Pesonance chamber. Changing 211 . The compLete solution of thizs model
:'e? the iou gurrent independent of fluerine alsc predicts a saturation of the silicon

concentration had no effect on the silicon
etch rate abowve saturation.

Plasma enhanced ebching is viewed asm
a1 ion assisted proceas whose rate has been
Successfully expressed as-

eteh racte a bk high Eree fluarine
concentraiions and low ion energies. Below
2aturation the etch rate isn limited Ly the
adsorption rate of fluorine

At saturabion the rate is limited by

r=3jno,0 5] resonant tunnelling of electrons through

Lhe insularing Lluerinated layer which

and the surface coverage is determine from depends on layer chickness Whos 5 fves
& mags halance of the susfare. Ddubrine abom adsorbs on the Eluarinated
E=E¢|I'E?10’,j'l-5¢} (6) surface, it abstr.icte an ulecl_;ron From the

silicon bulk due to itg high slectro-

; : Degabivity. The electron must tunnel from
The terms are defined as: the silicon to Lhe adsorbed fluarine atem.
The resultant charge separatian Produces an

LR ebeh pabe - 1S gdectric field anrose the develaping

J = ion current CEnsity insulating surface layer, bthis redures the

M = energy coefficient surface penatration barrier, Continued

g = sticking coefficient Lluorination of rhis gips LR = b BN TR

produces BiF, whiech is the major vaolatile
= oy £

¢ = free radical flux acch product.

O,= density of sites. The field 8Lrength, =x, across the
surface laver in dependent on the surface

The ion-induced reaction rate density of iomized Eluorine, w,

constant, W, dis a function of the ion Nq
energy . lon energy can be controllas by € = Ear' (7}
rf-biasing the substrate, Silican etch whisp s oy e i

; i : i8 Lhe ect ok
rate 1s observed teo increase with q electronic charge and L, and
increasing negative bias, Pig. 3. The fr are the vasuww  and relative
eteh rate increases with ijon |elnergy but not b bt : ek
with ion current density or free radical PErmitivities, in this treatment, E_ is
flux. This indicates thal emuation {3} aPProximated as 3.9, the relative

does not correetly predict the &tch rate Permittivicy of 510, .

Other assumptions
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about the barrier height and location of
the absorbed fluarine ion are the same as
that made by Babanow[20]. The rate
expression for the surface concentration af
Lluorine ions is taken from Babanov and 1is

ds follows:
- O | R
dt tr : Ts

T
where I' is the Lotal surface cuncentration
of fluorine, T, is the eleectron tunnelling

(a)

time, Tr iz the tunnelling time of the
reverse reaction, and T, iz the time

required for fluorine to penetrate the
surface barrier, The rate ¢of change of
total surface fluorination is expresaed as

ot {3 A )
at T g £

whera Fk is the total concentration of

adasrption sices on the sur face and T, is

the fluorine adscorption time. If the rate
af Lhe reverse tunnelling reaction is
assumed to be amall, tha steady state
solution vields

o -
N=—-1%% (10)
(Tg + tr + 1a)
The mean time for the Eluorine ion to

penetrate the surface barrier is estimared
aeg

= Bl i kjﬁ (11)

where tg is estimated by rhe molecular
vibration Lime (10-1? g), E, is tha fluorine

penetration barrier height (1.5 ey}, and a
iz the thickness of Lhe tluorcsilyl layer.
In cgualticou (11}, che exponential Eerm iz
the Iraction of fluorine ions energetic
enough to overcome the penetration barrier,
The electron tunnzlling Lime is sstimated
v the expregsion

1, = 7 exp {%E' [r1epy ™8 o 1]} (12

whara l:-‘i— iz sstimated Ly che electron
movement fregquency (10 1) apnd the
exdponential factor is the Cransmisaion

coefficient determined by the Wknm
approximation [23] where
=13

4ua:2mvu}”2
=, B w20 (33

h Vo
and where m is the effective masgsg of the
electron, Vo is rhe barrier to electron
mowenenl, and e i3 the electronic charge.

H

Assuming that every Efluorine aton
that penetrates the surface reacts to forn
SiF,, the etch rate is defined by

v 3 — N— -I: 14 b b
4"31«5
where n, ig number dengity of 5i.

Substituting equalicn (9) leads Lo
Mo Ay (%5 + w4 thl'l {4:5})-
4ng .
From chis eguation ik is apparent that the
rate limiting step will be that with Ethe
largoct time conslant, The fluorine

adsorption time, T,r was wvaried in such a

WiY a8 Eo represent the range of Fluorins
concentrations wused to produce Lhe
axperimental dala. The electrical Ffield
strength was determined by selecting gz
value for (a) and iteratively solving
equations (10), (11) and (12) Eor x. Ths
etch rate was then calculated from equation
(L5,

For a given layer thickness the &Lch
rate increases with fluorine cancentration
and then saturatss sz shown in Fig, 14.
The insert in the figure shows that the
saturation etch rakte ig Vary sensibive to
Ehe fluorceilyl laver thickness.

Below saturation Pelietier's [9,10]
assertion that the ailicen etch Tate is a
linsar Functian of fluarine partial
presgure still holds. Ra thke fluprine

concentration increages, T, becomes smaller

and T, the rescnant tunnelling time,
becomes the rate limiting factor. a layer
thickness of appraximately 1.3 mm predicts
an etch rate curve which corresponds to the

2(00
1

1000
1

Predicted Etch Rate (nn/min)

= - !
1.5 2.5 3.5
F Iniensity (ark Units)
Figure 1d. Predicted etch rate as a

Lunction of Fluorine concentration for
several fluoresilyl layer thickneunses,

experimental data abtained in Lthis
investigation as shown in Fig. 15. In the

range of the variablec inveatigated,-% was
mich laee than bsokh T, and 1. and did not
limit the etch rate.
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The steady stace thickness of the EiFy
film is determined by the 8iF, desorption
rate. Above saturation, increasing lon
energy Lhins the Efluoresilyl layer
{reducing +,) and increasing the etch rate.
This inorease is limited however, because
as 1. becomes smaller T, again becomes the
limicing factor in the etch rate.

Summaxy

The most significant factors
effecting etch rate in an BELCK reactor are
the dietance separating the regonance =zone
and the substrate, the overall volume of
the chamber which limits gas throughput,
the resonance chamber diamebter which limits
the resonance veolume and the magnetbic lield
configuration which alters resonance region
volume the direction of i1one at the
subslrale.

ﬁm-|

= o
E o Ao
| o
E o uuo*"ﬁ
= o
= i (]
-E’ o
& a
£ 2004 o - O Actual
- i o Mode
- O
o m]

¥} T T F

0 : 1 2 k)

F Intenasily {Arb Unitg)

Tigure 15. Predicted saturation of the the
3i etech rate with fluworine concentraticn,

Another imporbant consideraticn is the
compositbtion of the microwave window, which
in the case of Fluorine etching &i, 510, is
removed form the window and redeposiboed on
the subatrate. This reduces etch rate and
conceivably could influence the structurs
of the etched gpactern. An alumina window
appears Lo be a good splution te this
particular process problem.

Experamental data shows Lhat silicon
gtching with §$F; din an ECR reactor
saturates with increasing fluorine
concentration. A model based on the
Cabrera-Maotkt mechaniam predicbts this
gaturation. The mechanism involves Lthe
tunnelling of an electron from ths silicon
bulk threugh the SiFx {x=1.2.3) laver to
the adsorbed [luorine atoms. At high free
fluorine flux, electrion Luunelling becomes
the rate 1limiting =step producing a
saturation. The steady state thickness_of
the fluorasilyl layer is dependent on ion
Incredsing ion ensergy decreases

2NeErgy .

the layer thickness and increases the ebtch
rate.
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