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DAMAGE INDUCED ON INP BY ICP PROCESSES
IN CHy4 - H; CHEMISTRY

A Cp, Cardinaud, Y, Feurprier, 1. Rolland, G. Turban, B. Grolleau
Laboratoire des Plasmas et des Couches Minces
Institut des Matériaux de Nantes UMR 6502 CNRS — Université de Nantes
2, Rue de la Houssiniére BP 32229
44322' Nantes cedex 03 — France

Etching of InP in CHy - Hy chemistry using a high density inductively
coupled plasma source is investigated. This study is particularly focused on
the characterization of the damage induced by the etching process on the
surface by means of quasi i situ x-ray photoelectron spectroscopy (XPS).
Three main kinds of damage are identified : contamination with carbon
species, phosphorus loss, and amorphisation. Sample bias is the major
parameter which controls the nature and extent of the damage and three
domains can be defined. Below an etching threshold 7%, deposition of
carbon inhibits the etching ; between % and a damage threshold 74 damage
is limited to a phosphorus loss in a very shallow region ; finally, amorph-
isation and severe phosphorus loss are observed above V4. Based on the

XPS results, a model is proposed to represent the etched surface and
quantify the extent of the damage.

INTRODUCTION

Reactive ion etching (RIE) of InP in CHy - Hy mixtures is known to produce smooth
anisotropic pattern transfer and high selectivity with respect to the mask material, but such
plasmas induce damage related to amorphisation and loss of P in the surface layers (1, 2).
Electron cyclotron resonance (ECR) excited plasma processes have the advantage of
offering high etch rates at low sample bias (3, 4). Up to now, RIE and ECR etching have
been the most studied processes and most studies were dedicated to optimizing the etch

rate (1, 3). However, to meet device fabrication requirements, it is also desirable to .

estimate or control the damage. Attention is set here on the characterization of the P/In
atomic ratio and on the amorphisation of the surface with regard to the etching conditions
in high density plasma processes using an inductively coupled plasma (ICP) source.

EXPERIMENT

The experimental set up is shown in figure 1. The ICP sonrce (Alcatel) consists of a
quartz hemisphere, 180 mm in diameter, surrounded with a bi-plane circular antenna. This
antenna is water cooled and can be powered up to 2 kW vig a matching box (SAIREM
CBA/PL) with a 13,56 MHz rf generator (Alcatel ARF2003). A cylindrical coil coplanar
to the horizontal branch of the antenna allows to increase the plasma density by using the

2) E-mail : Christophe.Cardinaud @cnrs-imn.fr
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electron magnetic confining effect. The source is mounted on the upper flange of the
etching chamber which dimensions and diagnostics facilities are given elsewhere (5). The
distance between the lower plane of the source and sample holder is 173 mm. The sample
holder, 150 mm in diameter, is designed to accept 100 mm wafers. It is water cooled and
separately biased with an additional 13.56 MHz generator (PlasmaTherm 500E).

Main etching conditions are ; pressure 15 mTorr, total flow rate 80 sccm, gas mixture
20%CHy - Hy, and etching time 600 s. The source power is varied from 220 to 600 W
and sample bias from 0 to 250 V. In some experiments 20 sccm of argon are added to the
gas mixture, the total flow rate being brought to 100 sccm. The samples consist of
5.1 cm?2 (100) semi insulating InP. To match with the sample holder the InP sample is
pasted with thermal grease onto a SiO2 (500 nm thick) thermal oxide on 8i wafer.

Optical emission spectroscopy (OES) (Jobin Yvon HR640 monochromator and EG&G
1456B multichannel detector) is used to analyse the plasma during the etching, in
particular to follow the emission of atomic In (A = 451.1 nm). After etching the surface
chemistry is characterized with quasi in situ XPS (Leybold AG LHS 11) using the
vacuum transfer facility between the etching chamber and the XPS. This system is
equipped with a standard Mg Ko x-ray source, the overall spectral resolution is 1.0 eV
when operated at a pass energy of 50 eV. High energy resolution analyses (0.34 eV) are
carried out ex situ with monochromatised Al Ko radiation. Binding energies are
referenced to the Au 4£7/2 core level taken at 84.00+0.02 eV. For spin orbit doublets, the
binding energy position and the full width at half-maximum (FWHM) given are those of
the component of greater angular momentum. Etch rates are determined by weight loss
measurements : considering the etching homogeneous over the sample, the weight loss is
converted into thickness loss.

ETCH RATE AND SURFACE COMPOSITION |

Figure 2 and 3 report respectively etch rate versus source power and bias voltage. The
eich rafe rises linearly with the source power, a slope of 1.7 A/min/W is obtained at a
sample bias of 100 V, A minimum of sample bias is necessary to obtain etching, below
this etching-deposition threshold (%) an amorphous carbon film grows on InP. Indeed no
etching is observed at 0 V, whatever the source power or the gas mixture. Using XPS
(see figure 9 below), the etching-deposition frontier is observed at V= 25 V for 300 W,
whereas no deposition accurs at 25 V for 600 W. At 300 W, addition of argon to the gas
causes Ve to reduce to 10 V. So %% depends on the source power and on the gas mixture.
At 300 W, the etch rate (~150 A/min) is stable from %%to 50 V, and then increases linearly
with a slope of 2.3 A/min/V. The addition of argon gives very similar results, but the etch
rate happens to be always slightly smaller (below 150 V), or much smailer (above 150 V)
than without argon. The major reason for this is the decrease of the flux of active species
on the surface, in particular CHy radicals, due to the decrease of the CHy partial pressure.
However if one cotrects the data for this dilution effect (solid line in figure 3), the etch rate
for bias below 75 V with addition of argon is alike that without argon, whereas above
75 V it is slightly higher than without argon. In conclusion, addition of argon to the
mixture at low bias allows to clean the surface from an excess of carbon, but it has no
specific effect on the etch rate. At 600 W two regions are observed. For low bias (below
50 V) the etch rate varies scarcely with bias, whereas above 75 V the etch rate increases
linearly with bias with a slope similar to that at 300 W.

Electrochemical Society Proceedings Volume 97-30 - 196

It
relial
the e
has 1
inter,
samy

A
RIE
In-Ir
P2
3007
the b
and §
for R
epita
after
depe
simu
cone
decre
high
but s
trend
gas n
thick
conta
P2p
equal

Fi
In4d
InP. ]
highe
bias,
surfa
100 Y
high-
this 1
much
be cl
thres|
little
and (
inves
Vd tc
betwi
Vs
intery

Elect:




inge of the
sre (5). The
T'he sample
cooled and

).

zas mixture
) to 600 W
«dded to the
. consist of
P sample is
er.

and EG&G
etching, in
the surface
) using the
s system is
mis 1.0 eV
).34 eV) are
nergies are
loublets, the
are those of
weight loss
reight loss is

voltage. The
ybtained at a
shing, below
P. Indeed no
. Using XPS
v for 300 W,
on to the gas
gas mixture.
sases linearly
;, but the etch
ibove 150 V)
ictive species
rtial pressure.
, the etch rate
hereas above
argon to the
but it has no
» bias (below
rate increases

196

1t has been reported previously (2) that the intensity of the In* emission line was a
reliable signature of the etching mechanism. Here, the good agreement obtained between
the etch rate and the In* line (figure 4) indicates with confidence that biasing the sample
has little effect on the plasma characteristics. So, when dealing with plasma-surface
interaction, one can consider in a reasonnable approximation, the source power and the
sample bias to control respectively and independently the ion flux and the ion energy.

After ctching the chemical species observed at the sutface are identical to those after
RIE (2, 6) : namely (In)P-H (130.4 eV), C-C (285.1 eV), C-In (283.8 V), In~-In-C, or
In-In—P (17.0 eV) in addition to the contribution of the InP material located at 129.2 eV
(P 2p) and 18.0 eV (In 4d) (figure 5, 6 and 7). The intense C 1s signal in the case of the
300 W - 25 V etching condition is due to the existence of a carbon film at the surface since
the bias is close to Ve . Whatever the experimental conditions, one sees from figure 6, 7
and 8 that the In 4d peak intensity remains typically constant. A similar feature is observed
for RIE, the In 4d peak intensity being always equivalent to that of an oxide-free MOCVD
epitaxial-grown InP. This indicates no significant modification of the In atomic density
after etching. On the contrary the P 2p intensity and thus the phosphorus density strongly
depends on the etching conditions as observed from the loss of phosphorus and the
simultaneous presence of In-In-C, or In-In—P species (figure 8 and 9). The surface
concentration in phosphorus is always smaller than in the case of the MOCVD InP, it
decreases continuously with bias above 4%, This phosphorus loss increases when using a
high source power, or when adding argon to the gas mixture. On the other hand a slight,
but significant, decrease in the amount of carbon is observed when increasing bias, this
trend becomes more pronounced when using a high source power, or adding argon to the
gas mixture, At bias equal to % the carbon film on the surface is estimated to be 35
thick. Calculation is done assuming the film is of constant thickness and composition, and
contains no phosphorus or indium ; an inelastic mean free path of 26 A has been taken for
P 2p or In 4d photoelectrons (7). Since an etch rate of 150 A/min is measured, at bias
equal to Ve etching occurs through this thin carbon film.

Figure 10 and 11 report the mean P/In atomic ratio which is estimated from the overall
In 4d and P 2p signals as compared to those for the oxide-free MOCVD epitaxial-grown
InP. In every case a phosphorus loss is noticed. Generally speaking, one observes that the
higher the bias at a constant source power, or the higher the source power at a constant
bias, the more severe the surface degradation. Up to 500 W no significant variation of the
surface stoichiometry is noticed when increasing the source power at a constant bias of
100 V. But a severe degradation of the P/In ratio is observed at 600 W, ICP etching using
high source powers seems to be very harmful to the surface composition and morphology,
this result is very similar to what is observed in ECR processes (3, 4). The P/In ratio is
much more sensitive to the sample bias, this suggests the phosphorus loss mechanism to
be closely related to the energy flux at the surface. Between the etching-deposition
threshold 9% and a bias 7 that we shall call the damage threshold, the sample bias has
little effect on the P/In ratio. In figure 11 9/{is located around 75 V and 50 V for 300 W
and 600 W respectively. A severe degradation is observed above 74 : in the range
investigated, the P/In ratio drops linearly with bias. Increasing the source power causes
Vd to decrease. Comparing figure 11 with figure 3, a close relation appears to exist
between the sharp increase in the etch rate noticed around 50 V of bias at 600 W and
Vdspow. As the ion flux increases linearly with the source power, a reasonable
interpretation is that the severe P loss occurs above a particular energy flux threshold. This
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threshold is of course expected to vary according to the gas mixture, that is according to
the intensity and composition of the ion flux and active neutral species flux at the surface.

MODEL FOR THE ETCHED SURFACE

XPS measurements give the following information. Since the In 4d intensity appears to
be systematically equivalent to that of a MOCVD InP, an In atomic density equal to that of
the bulk is assumed for the surface layers. The P 2p spectra show (In)P-H and P-In
species. A simple decomposition of the P 2p spectra with these two contributions then
leads to the determination of the FWHM associated to P-In contribution (figure 12). For
bias below V4 the FWHM does not vary significantly from that of the MOCVD InP ; then
it increases continuously between ¥ and 200 V. These data strongly suggest that in every
case the total damaged layer is smaller than the XPS sampled depth, so that bulk InP
always contributes to the P 2p spectra. A three-layer model, similar to that proposed for
RIE (5, 8), is now taken to be representative of the etched surface. From the surface
towards the bulk, the plasma modified sample is described by : i) a superficial layer,
amorphous, depleted in phosphorus, containing the various surface species presented
above, and in which an exponential gradient of phosphorus is assumed to exist ; ii) a
damaged layer, amorphised but stoichiometric in composition ; iii) the bulk InP. The P 2p
spectra are thus fitted with three contributions : (In)P-H located at 130.4 eV, amorphous
InP, and bulk InP, both situated at 129.2 eV (figure 13). To operate the curve-fitting of
the P 2p spectra under the best conditions, the location and the FWHM of the component
relative to bulk InP are fixed to the reference values for MOCVD sample, respectively
129.2 6V and 0.93 eV ; in the same manner the location and the FWHM of the component
relative to (In)P-H are fixed to the result of the previous decomposition with two
components. :

The thickness of the phosphorus-depleted layer is estimated from the decomposition of
the P 2p spectra with two contributions, using the intensity ratio Pyp/PMOCVD InP-
Whereas the total damaged layer is extracted from the intensity ratio Pyyji 1nP/PMOCVD InP
given by the three-layer model. The results obtained (figure 14) are consistent with
figure 11 : for low bias, typically below 94, the phosphorus-depleted layer is of similar
thickness whatever the bias and source power, whereas for bias above 7/ the layer
increases with ion energy, and strongly depends on the ion flux. On the other hand the
thickness of the underlying amorphous InP layer varies linearly with jon energy, and
appears independent from the ion flux in a given gas mixture (figure 15). Moreover
similar damaged depths have been deduced from photoluminescence measurements (9).
The phosphorus profile in the depleted layer is determined assuming the expression of the
P 2p peak intensity in function of depth z as,

Ip = [y’ Np(2)- exp[—ﬂ [

with the following exponential profile for the phosphorus atom density,

Np(z)=Np -exp[— (= ;Z')] 0<z<7 [2]
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in which Np = 5.8 104 cm2 for (100} orjented InP wafer, and z' is the thickness of the
superficial phosphorus-depleted layer. The slope of the profile (d) is then determined by
comparing the experimental and theoretical P Zp peak intensity. An example is given for
extreme bias conditions at : 300 and 600 W in figure 16. The slope of the profile remains
roughly constant for all conditions investigated : 0.20£0,05 A-1,

CONCLUSION

Chemical and structural surface modification of InP induced by ICP etching processes
have been characterized. Three kinds of damage have been identified : contamination with
carbon species, phosphorus loss, and amorphisation. The nature and extent of the damage
with regard to source power, gas mixture and sample bias strongly suggest a close relation
to the energy flux to the surface brought by the ion bombardment. A description of the
influence of these parameters on the etching mechanism in ICP should be proposed
shortly (10). ICP processes appear to be flexible enough to offer the possibility to control
composition and structural damage. Damage can be limited to phosphorus loss, and to a
very shallow region, by using low sample bias, and yet obtain reasonable etch rates. Such
a behaviour is of particular interest when the main objective is to obtain a selective etching
process, On the other hand, it seems more difficult to obtain anisotropic etching without
damage or without the use of a sidewall passivation,

REFERENCES

—

T.R. Hayes, M.A. Dreisbach, P.M. Thomas, W.C. Dautremont-Smith, and
L. A. Heimbrook, J. Vac. Sci. Technol. B, 7, 1130 (1989).
Y. Feurprier, Ch. Cardinaud, and G. Turban, Plasma Sources Sci. Technol., (1997).
S.J. Pearton, U.K. Chakrabarti, A.P. Kinsella, D. Johnson, and C. Constantine,
Appl. Phys. Lett., 56, 1424, (1990).
C. Constantine, D, Johnson, S.J, Pearton, UK. Chakrabarti, A.B, Emerson,
W. S. Hobson, and A.P. Kinsella, J. Vac. Sci. Technol. B, 8, 596 (1990).
M.C. Peignon, Ch. Cardinaud, and G. Turban, J. Electrochem. Soc., 140, 505
(1993).
Y. Feurprier, Ch. Cardinaud, and G. Turban, J. Vac. Sci. Technol. B, 15, (1997).
S. Tanuma, C.J. Powell, and D.R. Penn, Surf. Interf. Anal., 17, 927 (1991).
Y. Feurprier, G. Turban, and Ch. Cardinaud, submitted to J. Vac. Sci. Technol. B.
I. Etrillard, F. Héliot, M. Juhel, G. Patriarche, P. Carcenac, C. Vieu, M. Puech, and
P. Maquin, J. Vac. Sci. Technol. A, 14, 1056 (1996).

. Ch. Cardinaud, Y. Feurprier, L. Rolland, B. Grolleau, and G. Turban, to be
submitted to J. Electrochem. Soc.

—_
<o

Electrochemical Society Proceedings Volume 97-30 199




RF genarator
i 0X
T

Figure 1 : Inductive Coupled Plasma
etching experimental set up.

etch rate (Avmim) ]

' gas input

é tf biased sample holder

Fig
inte

° etchrate(A/nﬁn)]n-r,-m-rpw o 600W  RARERRRRREE
l = ] ] 300 W + Ar b
L ] o) 4
800[- o o 300W o ]
g | ] gso0 ’ 3
= 600 e = ]
35 : : %600 P 2
- . E g %)
8 4001 e 4 & ROl 1 5
s - . ] = 400 o ~ NG
g r 4 1 8 ] B2
2001 o 7 20 3 g
L J ] R
O-ln||||||l|u|||nu|nu|nu|un- O'-'|||||||||l|||L:|||||||||' 1
0 100 200 300 400 500 600 700 0 50 100 150 200 250
soutce power (W) sample bias (V)
amorphous carbon deposition
Figure 2 : Etch rate versus souce power, Figure 3 : Etch rate versus sample bias,
for a sample bias of 100 V. solid line corresponds to 300 W + Ar data )
corrected from dilution. Fi
Electrochemical Society Proceedings Volume 97-30 200 Elects




1pled Plasma
L up.

.

!

)
el g, 1M

]
(=]
(=]
N
L
(=]

V)
on deposition

nple bias,
' W + Ar data

200

e 600W O 600W
. 3OOVYJ'|" O 300w
1000:— 6 _E
L. [ e
Hsoof o © _gg*
2 f EE:
;600:' ] F
8 F ] ER
24000 ® ol 3
8 [ e " . 3 E.
200 ] E
OF o 3
-llllllI|I||III|l||||IIIII:O
0 50 100 150 200 250

bias voltage (V)

Figure 4 : Etch rate (full pattern) and In*
intensity (open pattern) versus sample bias.

300W-25V
300 W+ Ar-25 V
600 W-25 V

T T

/
v

o
£

¢

(In)P-H } InP

A

\
".
\
\

t

\

dandaa )

?34| 132 130

128

binding energy (eV)

126

LI I

L
A AN TEREE I A |1'»"4

C-In

FERTN SRR S TS B A 2 )

P,
ety

)

288 286 284 282 280

binding energy (eV)

— — -300W+Ar-25V

300 W25V
600 W-25V

Figure 5 : C 1s spectra at various power
and gas mixture for 25 V of bias.

LML S

s b L s 1y

20
binding energy (eV)

18

- 7
(=)
[
oY

Figure 6 : P 2p and In 4d spectra at various power and gas mixture for 25 V of bias.

Electrochemical Society Proceedings Volume 97-30

201




300 W-250 V — 300 W-250V !
— — -300W+Ar250V [T T ] — — -300W+Ar-250V 1T

--------- 600 W-200 V 1 |- 600 W-200 V v ]
5 ] F In-In—C -
3000 . 60001~ b or
R InP 1 & [ f Y In-TnP |
) ) 1 2 5 /AR -
£2000(- . 54000 | A v, / 4
8 [ 1 8 - \; ]
o g - {1 8 - & T
1000 - 20001 P \: -
[ ] i \ ]
0 L s My o1 ] 0 L M B T .I‘ =) ]

134 132 130 128 126 22 20 18 16 14

binding energy (V) binding energy (eV)

Figure 7 : P 2p and In 4d spectra at various power and gas mixture for high bias.

25V 25V
— — -100V 1 |——-10¥ ]
--------- 200V 1 |- 200V 1
30001 . 6000~ a .
2 L 12 | A ]
& - 1 & [ i I, ]
£2000( 1 4000 S 2
8 C 1 8 - b \ : .
5 - 1 8 - ; \i .
1000} . 2000}~ A \: =
: : [ O]

s i 0 (S DT I B S
Y39 132 130 128 126 22 20 18 16 14
binding energy (V) binding energy (eV)

Figure 8 : P 2p and In 4d spectra at various sample bias for 600 W of source power.

Electrochemical Society Pr(;ceedings Volume 97-30 202 I




16000_!l_rllllllllllI'IIIIIIlIII- 16000‘_1!!’!'1lllIIIIIIIIII'I"I'II‘- i
] P ey h 6 e e e ]
~InC | 12000 < 12000 .
or ) [ A A Cils| 1 & H A Cls | ]
=In-P 1 & ] ] P zf E ) _': ] P2 .
s ] 28000F | @ Indd| 4 2s000f ¢ Indd| -
. é G S 300w 1§ & 600 W !
] . - o BNy, 4 g .Y
: 4000 6",:‘ LA R n 4000} RN N N }
] W kdgekeg g k] D ha ] |
' e oo braa by g bysvalinanl 0 IAL"IIll‘fl.:'l.-lf;-l“;.;*lIIII- |
hﬁﬁ_ 0 50 100 150 200 250 0 50 100 150 200 250 |
1\?) 14 ’ sample bias (V) sample bias (V) ]
' Figure 9 : C 1s, P 2p and In 4d intensity versus sample bias for 300 W and 600 W,
th bias. open patterns at 0 bias represent the contributions for an oxide free MOCVD InP.
\
1
|
® Pn ‘ o  600W |
AR . : 1.0 W 300 W+Ar .
- 0.9F 3 0.9 b 300w |
- g 9: 8 o o : '% . . |
i g 0.8F ® 3 508 y= = |
T a E k ‘B "m On.. g 3 ’
- 5 0.7F ® 3 207 " |
B ® - . < N ] E ‘v
i & 0.6F 4 Hos6 ‘ o g
o] = osk 1 Zos 5. m ;
A\ ] 0.4F = 0.4 Vi "o 3
el ] E ] 600W 1 |
DIEMB-IA 03:LIJI'ILLIIIIIIIII|IIIILlIII]IIIIII: 0.3 (ARREREREN SRRNI FRUNE AT NE N RN
oV "0 100 200 300 400 500 600 700 0 50 100 150 200 250 300
&V) source power (W) sample bias (V)
‘ce power. f

Figure 10 : P/In atomic ratio versus source Figure 11 : P/In atomic ratio versus sample
power, for a sample bias of 100 V. bias.

202 Electrochemical Society Proceedings Volume 97-30 203




O 600 W LI I L L O L

m 300W + Ar .

O 300W -

L o '

& 1.05f owt
~ N 2P 1
£ ok w ]
£ 1.00[ a',u 3
A ]

0.95F o l -
0.90;:1IIII!lIIIIIIIIIIlI'II!II:

0 50 100 150 200 250

sample bias (V)

Figure 12 : Full width at half maximum of
the P-In contribution to the P 2p spectra.

40‘_IIIIIIIIII|Irllllllllllllll_l'l—
—o— 600W .
2| — W -300W+Ar _‘
= 8- 300 W ]
(5
B A ]
= 201 -
B o o
k5 C ]
=) r ]
|5} I J
=} = -
o 10f ]
PP RRTTY FREVE RNNTY REUT FRETE
0 50 100 150 200 250 300

sample bias (V)

Figure 14 : Thickness of the P-depleted
layer versus sample bias.

2500 L L{ 1 L i U 1 1 ' T 1 T I T L) T i
2000 bulk P-Tri
B, C hous ]
E1500F pony &
2 r :
& o :
21000F" yp 1 ]
500 3
0: ek L ::';'-I ;"t-‘;‘ll a4 3

34 132 130 128 126

binding energy (eV)

Figure 13 : P 2p spectrum (600 W-100 V)
fitted with three components.

20 [T T T T T
~| o 600W i
S| m 300W+Ar| W]
o o 300W u- E
o . :
C oMo ]
2 1of 0 -
8 [ 0 ]
- . -
& 51 0 -
5 R ]
i m ;
0|l‘lllIlIIIIIlILLIIlIIlIIlII
0 50 100 150 200 250 300
sample bias (V)

Figure 15 : Thickness of the amorphous
InP layer versus sample bias.

Electrochemical Society Préceedings Volume 97-30 204




"

ulk P—In

TR AN EREEE N

128 126

eV)
0 W-100 V)
T"‘“""l"""'?
-
L :
> 5
RETETN RRTEN|
00 250 30
V)

e amorphous

204

| — 30w -50v
610"
& - amorphous InP
8 T
parofgliiE
o %
8 LB
%210‘4 g
g S
a0
0100-||z|:|||1||||||||||||||||

0 10 20 30 40 50

depth (A)
L———eoow-zsv]
6101
N
g
g
2410 &
o
2 2
e210%HpL: &
<=
N
Oloo-lllsll|LLJlllIIlIIIlI!I!I'

0 10 20 30 40 50
depth (A)

ty (cm?)

1]

phosphorus dens

ty (cm?)

1

phosphorus dens

| ———300w-250v1
14
610E :
14£ ': :
4104y [ :
- R
R g | 8
s/ &8 %
200g/ | E i E
/2N - I B
0100-4_||1||E||||||||E|||||I|LLL|
0 10 20 30 40 50
depth(A)

I——600W-200ﬂ

6 10" ,
[ :
410 & I
[ 2 2
3 .
L =Y .
w03 g !
2104 2 g i g
0 10°L ; i
0 10 20 30 40 50
depth (&)

Figure 16 : Schematic representation of the P profile in the etched surface.

Electrochemical Society Proceedings Volume 97-30 205




