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Atomic scale study of InP etching by GFAr ICP plasma discharge
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Fernandez

Institut des Matériaux Jean Rouxel, CNRS - Unitérde Nantes, France
Abstract

A gas phase kinetic model combined to a 3D atotiasicieg model have been developed to
study the etching process of InP under&1 ICP plasma discharge. A gas phase global kineti
model is used to calculate the reactive particleds implied in the etching mechanisms. The 3D
atomic InP etching model is based on the MonteeQdrietic approach where the plasma surface
interactions are described in the probability walge coupling between the plasma chemistry
model and the surface etching model is an interg@stipproach to predict the etched surface
properties in term of the etch rate, the surfacsyihmess and surface steochiometry as a function
of the operating conditions.

A satisfactory agreement is obtained by comparirey éxperimental and the simulation
results concerning the evolution of the main plagtisgharge parameters such as the electron
density and temperature versus the ICP source pfiwesurface recombination coefficient of
atomic chlorine fixed ayc=0.04. On the other hand, simulation results shuosveffect of the
operating conditions on the etched surface roughaed the etch rate evolutions with time in the
early stage. Moreover, the simulation results sttencorrelation between the decrease of the ion
to chlorine flux ratio and the decrease of the RRM% function of the pressure.

|. Introduction

Nowadays, plasma process represents one of thefé&eylse integration enhancement of
electronic and optical devices. Indeed, it is nmggible with plasma etching process using high
density plasma reactors such as Inductive Coupladnfa (ICP) to transfer nanometer scale
patterns from the mask to the substfat&]. The success of the high aspect ratio pattersfiean
without geometrical defec{§-9] (bowing, undercut, trenching,..) is tributary af good
understanding of the physical and chemical mechanisf the plasma discharge and the surface
kinetic processes. Some attempts of Si and lll-Wepa transfer developmetike photonic
crystals, deep trenches or mesa structures arevachby plasma etchir{d0-16]. For this type
of devices, dry etching based on the plasma digehiardeveloped by using a variety of gas like
Cl, [13-15], SiCl, [10,16], etc. Experimental studies concerning the chlopl@sma discharges
have been carried out to investigate the electiaral kinetic properties of mentioned plasma
discharge$17-23]. Modelling of plasma discharge in different degreé complexity, specially,
for the chloride precursors have been developedsig different approach¢8,24-28] such as
fluid model, Particle In Cell or global model to ded the electro-magnetic phenomena transport
of charged species in different types of reactors.

Some atomic approaches of surface kinetic moded baen developed to study the plasma
surface interaction phenomena for etching procestbe first one concerns the molecular
dynamics which is based on the solving of the equadf motion for a system of interacting
particles. Newton’s equations of motion are integgtanumerically to compute the atom’s
trajectory [34,35] Such method is developed to compare physicaltesng and chemical



sputtering for the silicon etching by fluoride puesors[34]. The accurate information obtained
with this method is conditioned by the good knowledf the interaction potential functions.
This method is applied for small etched surfacesabse of the time consuminghe second
method is based on the Monte-Carlo kinetic met[88] where the initial etched material is
represented in 3D layer. Such method allowed tdyeteke into account of several adsorbed
precursors impinging on the substrate surface @addentities during the etching process. The
Monte-Carlo method was already applied to the icRieg by CH-H, plasmg36]. It allowed to
show the role of both the chemisorption probaketitof CH and H and the surface migration
process on the phosphorus depletion in the shaddgers[36].

In this study, we have developed a kinetic modsklaon the global approach in which the
densities of neutral and charged species produt@thsma are assumed spatially unifdaé-

28]. Its advantage is to give approximate informatiaout the reactive species transport with a
reasonable simulation time. This model is appliedtiie Inductive Coupled Plasma (ICP)
discharge of GIAr. The model consists in the calculation of tlemsities of species from a set of
mass balance equations describing the major gasepiracesses. The gas phase kinetic model is
connected to 3D etching model in order to predietaétched InP material properties as a function
of the operating conditions. 3D Monte-Carlo meth®dpplied to follow the properties of the
etched InP surface evolution with time.

In section 2, the gas phase model is describedaagidcussion of the kinetic reactions is
presented. Results from this model are given amdpeoisons between the simulations and the
experiments have been presented. The 3D Monte@#rhing model is described in section 3
and includes hypothesis justifications. The simatatresults from the etching model are
presented showing the interest to couple the plddn&tic model to the etching model in the
prediction of the etched surface properties veteasoperating conditions. Concluding remarks
are in section 4.

2. Global kinetic Model

The gas phase model is based on the time deperedatation of the mass balance equations of
main chemical species existing in the reactor. Thus rate equation for the primary molecules
(Cly and Ar in our case) with density (i=Cl, or Ar) is given a$26-27].

% = X% =2 kea(Te)Nine + 3 ker(T€)Npne = > ki TINiNM+ 3 k(TN N+ kg Ny —— (1)
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where the first term represents the source ternciwf) is the total flow rate, V is the reactor
volume, x is the fraction of the primary molecul@l,(or Ar) andzz is the residence time of
molecules in reactor. The second term represemdas rate of chlorine/argon by electron
impactwhich ke is the kinetic constant of th® teaction by electron impact with the molecule (i)
The third term is th@roductionrate of chlorine/argoby electron impacwith speciegn). The
fourth term is thdossrate of chlorine/argon by reaction betwd@nand(m) speciesThe fifth
term is the production rate of the species (i) dnction between (I) and (m) species, whighi&
the kinetic constant of the reaction between (J ém). The sixth term is the production rate of
chlorine/Argon on the surface due to the transfoionaof the species (I) to (i). For Ar,

IstlNl :k21l5J+kzolﬁ+J while for Cb, IstlNl =%'<17[C|]+k19

the loss rate by pumping. T and dre the gas and electron temperatures respectivetythe
other neutral and ion species the balance equatiengiven af26-27].

Ni
T

Cl3 ] (see table 1)The last term is



dN; N,
d—t1=-Zk| (TN g + X kn (TN g = 3 ki (TIN jNM+ 3 ket (TIN| Niy =k N + Z kg Nj -— (2)
[ n m Im I IR

ks N, is the surface lost rate df ppeciesFor the neutral specieks is determined as a function

of the diffusion coefficienD; and diffusion lengtirl of the " specieg27]:
D.
ks =y, 72' 3)
y; is the recombination coefficient on the surfacethef {1 species. A depends on the reactor
geometry parameters. For a cylindrical reagtaes given ag29]:

1. (’_Tj N (_2-405j2 )
N L R

whereL andR are the height and the radius of ICP reactor.
For the positive ion specidls; is given ag27]:

ksj =2 uB’j(RZ h + RLhR)/ R L (5)
whereug; is the Bohm velocityh, andhg are the ratio of the wall density to the bulk agr
density of species j for the walls located in tk@band the radial directions respectively [27].

The power balance equation is added to the plasimetik equation system to self-
consistently evaluate the electron temperatuiis.diven as [27,28]:

%(%qTene):PRF_F;bs (6)
wherePrr and Py, are the RF power injected in the reactor and theep absorbed by plasma
respectively. Bsis given ag27,28].

Pabs= Fev * Few * Rw (7)
wherePg, is power losses for inelastic and elastic colhsidy electron impact and.fand R,
are power losses on the surface for electron asdiy®ions respectively. The addition of power
equation to the kinetic system allows to self-cstesitly calculate the electron temperature and
thus to deduce the chemical species densities faacion of the injected power in the ICP
reactor.

The balance equation system is completed by thegyeheeutrality equation:

n+y.n=>n (8)
J J
wheren; and n; are the negative and positive ions respectively.

Table 1 shows kinetic reactions taken into accautite mass balance equations. The mass
balance equations are applied tg, @I, CL*, CI*, CI', Ar, Ar and A¥ which are considered as
the dominant species in the,@r plasma. Metastable states of,@nhd Cl are not taken into
account in the kinetic system. However, the reastivolving the metastable species are
considered in the power balance equation becautbe alignificant fraction of the injected power
which is lost by the excitation processes (table2).

The differential equation system composed of equatil,27,8 is resolved from initial
conditions until the study state when Te and adcgs densities become constant with time.
Tables 1-2 give the reactions taken into accoutiiénsystem for the @Ar plasma mixture. The
rate constants for electron impact are calculatadwing the electron cross sections and
assuming a Maxwellian distribution of electron eyd27,28,30,31,43-53]



Electron impact reactions

and volume reactions

Reaction constants, Te (eV)

Referencs

Kilescl, - Cly+2 ky = 921108 exp(- 129 /Te ) cnt/s 27, 28,30
k2 | g+Cl, & CI* +Cl+ 2 | ko= 388 10° exp(-155/Te) cnils 27, 28,30
Ks | g Cl, — CI* +CI™ +e k3=8.5510"10exp(-12.65/ Te)CNT/s 27, 28,30
Ka | e+Cly - 2Cl+e ky =3.8010°8 exp(-3.824/Te) cnT/s 27,43
Ks | o+ Cl, » Cl+CI~ ks = 3.691010 exp(-1.68/Te+1.457/T& enis 27, 28,30
- 044/T€3 +0.0572/Té -0.0026/T&)
Ke | e+Cl CI* + 2 ke = (Te 11296)%° exp(-1296/Te) 14191077 27,31
- 186410 Clog(Te /1296) — 5439108 log(Te /1296)2 +
330610 8 log(Te /1296)3 - 3541072 log(Te /1296)*
- 29151078 log(Te /1296)°)) cn®/s
k7 | cim+c1} = cl+Cl, |k =5x107 cnfls 27,44
Ks | cl"+CI™ o Cl+Cl | kg=5x108 cnf/s 27,44
Ks | e Cl™ = Cl+ 2 kg = 2.6310°8 exp(-5.37/Te) cnt/s 27
K1o e+Ar - Art+ 2 ki =1.2310° exp(-18.68/Te) cntls 27,48
Kit| e Ar o Ar* +2 kyy =3.71108 exp(-15.06Te) cnt/s 27,49
Kiz| e+ Ar"  Art + 2 kip = 2.05107 exp(-4.95/ Te) CNt/s 27,50
Kiz e+Ar _ Ar+e kg = 2.010°° cnt/s 27,45-47
Kia| At + A" o Ar+Art | kg = 621020 cnfls 27,45-47
Kis| Art +CI™ - Ar +Cl ks = 3108 cnt/s 27
Kis| Ar" +Cly - Ar+2CI kg = 712011 entls 52,53
Surface reactions
kiz| Cl - 1/2Cl, KL7= yo  xDgy /A2 S 27
Kig clt - cl k18:2UB’C|+(R2 h, + RLhR)/ RZL st 27
Kio| c13 - cl, kig =2 uB’C|2+(R2 h. + RLhR)/ R2L st 27
kool Ar* _ Ar koo =2 uB’Ar+(R2 h, +RLhg)/R2 L s 27
Kot Ar* - Ar kog = Daps [ A2 ST 27

Tablel. Kinetic reactions considered in the mass balagcations.



Electron impact reactions and volume

reactions Reaction constants, Te (eV) Ref
Kz | e+cl, = Cly®3ny) +e kop = 61310710 exp(274/Te- 685/Te? |27
+369/Te® - 0856/ Te* +0.071U Te)
ks | e+Cl, - CL(M,)+e kog = 3801078 exp( 3824/Te) 27
Kaa | ercl, - Clotn g)+e kg = 97410°° exp-1071/Te) 27
ks | e+cl, = Cly(ts,) +e kos = 212107 exp(-1116/Te) 21
kze | e+Cl, - Cly +e(momentum transfert) k,s = 4471077 exp-217/Te+ 0362/ Te? | 27
- 0.0196/Te?)
ka7 | e+Cly - Cl, +e(vibrational ky7 = 9261010 exp(585/Te- 494/Te? |27
excitation) +1716/Te® - 025U Te* + 0123/ Ted)
ks | o+l cliD)+e kog = 1991078 exp(-1006/Te) 27,51
K29 e+Cl - CI(*D)+e kpg = 924107° exp(-1115/Te) 27,51
koo |e+cl L Cl(*P) +e kgo = 1601078 exp(-1029/Te) 27
ka1 | e+cl . Cl(*9 +e kg = 127108 exp(-1097/Te) 27,51
K2 | e+cl_ CI®D) +e kgp = 522107 exp(-1112/Te) 27,51
kss | e+cl . CICP)+e ka3 = 2791072 exp(-1106/Te) 27

Table 2. Kinetic reactions of excitation of both £and Cl which are added in the mass
balance power equation.

The results of the OD global plasma model have bmmnpared to electron density and
temperature measurements performed in a SenteBlOGBICP etch system used to etch IlI-V
materials, and customized to integrate electriodl @ptical diagnostics [41, 42]. The ICP source
consists of a planar antenna with an@l coupling window. The reactor chamber is made of un
anodised aluminum. The height from coupling windowvelectrode surface is of ~130mm and the
internal chamber diameter is of 350 mm. A ¢@J wafer was used as the (un-biased) electrode
coverplate during measurements. Details of the axgatal procedure can be found in [43]. The
RF-compensated Langmuir probe was positioned ~ Bbaibove the electrode surfacn@l ~
130 mm away from the reactor centetliring the measurements. The surface recombination
coefficient of Cl atomgc; in the reactor was estimated using the PIF mefddand was found
to be lie in the range of 0.03-0.05 for ICP powershe range of 150 W — 800 W, at 10 mT
pressure. Except for the study of the effect of yhieon the CJ-Ar kinetic plasma properties
(figures 6-9), the simulations are carried outytgr=0.04.



Figure 1 shows the electron density evolution wpibwer for different pressure and
pressure values. For different gas pressuresyetedensity increases with power because of the
increase of the ionisation rat&t low power [ne] decreases with pressure. Thigattarises the
electronegative plasma. However, over 400 wattetbetron density increases with the pressure.
We can observe that the electronegativity of &l represented by the ratio [{Zln¢] decreases
with RF power (figure 2). [Cl[n¢] is sensitive to the pressure for Bbwer than 400 watt
Beyond this value, [dI[n] becomes less sensitive to the pressure variations
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Figure 1. Variation ot electron density with power for press ranging trrom 2 to 10 mtorr,
Q(Cl/Ar,
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Figure 2. Variation of CI" ion to electron density ratio with power for pnaess ranging
from 2 to 10 mtorrQ(Cl,/Ar)=10:10 sccm



The variation of the electron temperature for défe values of pressure is presented in
figure 3. For the pressure ranging from 2 to 10rmft. decreases as a function of power for Prf
<400 Watt. In this power interval, the augmentavbpower has more effect in the production of
electrons by ionization processes (figure 1) legdio the diminution of electron energy.
However, for a high power values one fraction ofvpp causes the acceleration of electrons
leading to the increase of their average energc(@n temperature).
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Figure 3. Electron temperature variation with power for gree ranging from 2 to 10
mtorr, Q(Cl,/Ar)=10:10 sccm

Figure 4 shows the variation of the dissociatiorcpetage of Glas a function of power

and pressurdt is calculated asdis(%):%&[c'?] x100, wherexc, is the fraction of Gl N,
2 No
is the initial total concentration in the reactdnigh is determined as a function of the presgure

using parfait gaz lawNg(cm™3) =3.539106p (torr) . At low power, we observe a high variation of

the Cb dissociation rate. Over 600 Watt of pressure, siactation becomes low. Noting that the
dissociation rate of @ldecreases with the pressure [32-38]addition to ions, determination of
atomic chlorine density as a function of the opataparameters is useful to determine the ClI
flux in the etching process. Such parameter i®thtced (see below) as input data in the etching
model.
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Figure 4. Dissociation percentage of Llas a function of power and pressure,
Q(ClL/Ar)=10:10 sccm.

In figure 5, we present, the variation of the cimerdensity [CI] with power for pressure
ranging from 2 to 10 mtorr. The increase of suctapeeter with power is due to the increase of
the dissociation rate of molecular chlorine (figdje
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Figure 5. Atomic chlorine density variation with power, Q¢@&r)=10:10 sccm.

In low pressure ICP, the role of the plasma surfateraction is very important in the
transport study of both charged and neutral spemieated in the plasma. In our 0D kinetic
model, the loss term of atomic chlorine by diffusimechanism is introduced using Chantry
theory[29]. This term is assumed proportional to the recoatimn coefficienty on the surface
(equation 3). The impact ok (reaction 17) on the transport phenomena is danerder to
understand the mechanisms of the neutral interstan the surface and their effects on the
plasma discharge behaviour. Figure 6 shows thecteie the variation of the recombination
coefficientyc on the electron density variation for 2 and 5 mtdrpressure, 1000 watt of RF
power and 10 sccm for both Gind Ar flow ratesTwo regimes can be identified: fgg lower



than 0.01, we observe a slow diminution of [ne]Jnwi; from 0.01 to 1, the diminution of [ne]
with yc becomes very fast. In the case of the][€Volution withyg (figure 7-a), we observe a
fast increase of [dlfor yg from 0.001 to 0.1. Beyond 0.1 a stability of JG$ observed by
varying yc.. On the other hand, fog, less than 16 electron density [ is less sensitive to the
pressure. This tendency changes whgtakes values up to FOWe can also observe thet has

an important effect on the electronegativity of/&t plasma discharge. Indeed, figure 7-b shows
that in the operating conditions mentioned aboy@XF000 watt and ga=10:10 sccm), GIAr
plasma is all the more electronegative tlyanis higher because of the increase of the][Cl
(figure8) and consequently the attachment phenoneaaing to the augmentation of the’|ClI
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Figure 6. Effect of the recombination coefficient of chlwei on the electron density
variation.
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Figure 7. (@), (b): [C]] and [CI]/[ne] evolutions with recombination coefficient Gf.

Figure 8 presents the Cdlensity variation as a functiog,. For yc lower than 0.2, [G]
increases by increasing,. Over 0.2, a low increase of [lis observed. Noting that for both
pressures 2 and 5 mTorr, s lower than that the initial @density [C}], for yc=0.04 because
of the high C} dissociation rate (figure 4). Furthermore, higilues of atomic chlorine are
observed whery is less than 0.01 due to the high dissociation lef Beyond this value; we
observe a decrease of [CI] (figure 9) due to tlweeiase of the loss term on the surface of the ClI

(reaction 17)

10
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Figure 10 presents the comparison between the afionland the experiment concerning the
electron density and the electron temperature fascion of RF power for 2 mtorr of pressure
and Qp/a=16:4 sccm. For electron density, a less differaaagbtained between the simulation
and the experiment (figure 10-a). For the electemnperature, a small deviation of the simulated
curve from the experiment is observed which id lgdser than 1 eV. However, a good tendency
is obtained. The average electron density is ergettt be smaller (i) due to its radial decrease
within the diffusion chamber, from the centre te thall, as observed in probe measurements; (ii)
due to its axial decrease, from the source toubstsate holder.
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Figure 10. Comparison between the simulation and the expe@tin{a) electron density
variation with power, (b): electron temperaturehappwer, p= 2 mtorr, ga=16:4 sccm.

3. Etching model

The model of InP etching by &ZAr plasma is based on the Monte-Carlo approach.
Contrary to the dynamic molecular approg8#-35], the Monte-Carlo kinetic approach permits
to use a large etched surface. This method iadyresed by representing the initial etched InP
material under a simple cubic network which thdaundand phosphor are randomly pla¢af]
to respect the amorphous structure in the shallayerk existing near the surface. The
transformation from monocrystalline to amorphousitire in the shallow layers is mainly
caused by the ion bombardment [36]

In our new version of etching model, we consittex realistic representation of InP etched
material based on thanc-blendestructures. Figure 11 presents the initial etcim€dwhere I,

Ny and N represent the lattice number along X, y and ztiors respectively.

Two reactive species are taken into account inlimRretching model, atomic chlorine and
ion. The main steps of our etching module are sumzed as follow:We start by giving the ClI
and ion fluxes which are calculated with the glokiaktic model as a function of the operating
conditions (RF power, pressure I flow rates..). By generating a random numbeg, select
one of the considered precursors. If the neutratigg is selected (Cl in our case) then, two
random numbers are generated to select its randasitiqgn (x,y). the z position is chosen on the
non occupied plane over the InP surface. The nlepdiréicle is moved into the surface InP sites
until encountered occupied nearest neighbour,A@és (A=In or P and x=0-3) in the 1/8 of the
InP lattice (sub-cub) of the zinc blende structuheside this sub-cube, Cl can adsorb, desorb or
jump to one of the nearest neighbour sub-cube.aserbed site AGl; can chemically desorb

12



(chemical etching). When the ion is selected, thettered indium and phosphorous sites are
randomly selected as a function of their sputteyire¢ds

N,

v

Figure 11 Initial representation of InP (zinc blende ste)

3.1. Precursor transport
Knowing the neutral antbn fluxes [ign+ =T ar+ o +rC|+) calculated from the global
2

kinetic model, we define time steft corresponding to average time between two ind¢iden
etchant precursors:

fr=—t )
Sty

wherel 1 is the total flux of precursors and S is the It¢hed surface. To determine which
precursor j (Cl or ion) is selected, a random nunibés generated and is compared to the flux

fraction Xj =—-. Cl is selected fdR< X¢| and ion forXc) <R<1.

i
It
3.2. Chlorine surface interaction

The probability of each process is defined as a&tfan of surface energies associated to
each process by considering Arrhenius law:

exp — ]
KTs

Ead j Ede j Emi j
exp ——2b l+exp - 3L {rexp -2
KTg KTg KTg

where E; is the surface energy associated to the procgssadsorption, desorption,
migration) on the ¥ site (j=ACl, x=0-2). Chemical etching process may ocaafter the

Rj= (10)

13



formation of the ACl:; by adsorption of Cl on AGI The chemical etching probability is defined

as:
Eetch'
Fehemj = Po EX[{_ K EI'SJ;

whereEgcnjis the desorption energy of tHegpecies (j=AG] x=1-3),p, is a constant and s T
the surface temperature.

The main difficulty to develop the plasma surfanteiaction is the lack of the data base
concerning the surface parameters such as adsoguticd desorption energies of all the formed
sites on the etched surface. Table3 presentsutface kinetic of the etched InP under Cl and ion
fluxes and their associated surface energies. TaAesealculated by Jenichen et[&F] using
molecular models for local surface structures dmddensity functional method. The migration
energy of Cl is assumed independent of the,/A€lghbour sites and it is estimated at 1.3 eV.

(11)

3.3. lon InP sputtering model

The energetic ion transport study in InP substvatieme is very complex and requires
introducing the linear cascade regime thel@8j. It is not easy to combine our neutral kinetic
Monte-Carlo approach with linear cascade regimevelbeless, a semi-empirical expression
giving the sputtering yield versus the ion eneggysed39]:

Y(a’Eion) =a BOEpon - \/E_th) (12)

wherea is the modulation coefficient associated to the AICk (x=0-3). For x=0,a=1 while it

is higher than 1 for x>0. B is estimated using TRiMIe[38] (table 3).

Neutral (Cl) InP surface interactions

Surface kinetic Adsorption Desorption | Etching energy | Migration
reactions energy (eV) |energy (eV) | (eV) energy (eV)
Cl+In 2 InCl 1.2 1.7 1.5 1.3

Cl + InCl = InCl, 2.8 1.7 2.79 1.3

Cl +InCl, 2 InCl3 0.473 1.7 0.35 1.3

Cl+ P> PCI 2. 1.7 2.48 1.3

Cl + PCI 2>PCl; 1.2 1.7 1.14 1.3

Cl + PCl = InCl3 1.2 1.7 0.057 1.3

lon sputtering mechanisms

B (eV'?) Eth(eV) a
ion+1In = In 0.02 0 1
ion+ InCl = InCl 0.02 0 3
ion + InCl, = InCl, 0.02 0 3
ion + InCl3 = InCl 3 0.02 0 7
ion+P>P 0.011 0 1
ion + PCI >PCI 0.011 0 5
ion + PCl = InCl, 0.011 0 5
ion + PClL = InCl, 0.011 0 10

Table 3. Surface parameters of etched InP undéraigarticles (chlorine) and ions .
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3.4. Simulation results

One of the advantages of our etching model is w@ gnformation abouthe structural
properties of the etched InP in the early staggurféi 12 presents the etch rate evolution versus
time for RF power of 1000 watts, 2 mtorr of prassd 00 V of \b¢c, 10:10 sccm of the @Ar
flow rates and 186C of substrate temperaturEhe calculation of the Cl and ion fluxes from the
global kinetic model giveEci=5 10" cm? s* and TMgns= 5.4 13° cm? s™.

Esl0 ! ! ! ‘ ! !
5000 £ s

5500
A000 -
4500 H
4000
3500

3000

Etch rate (A/min)

2500

2000
0

Figure 12.Etching rate evolution with etch time at the gathge

For t<t, (tn~0.04 s),the etch rate increases with time until it reachesaximum value
Beyond this value, a steady state regime is obdeiMee increase of the etch rate with time for
t<t, is due to the increase of the coverage rate oradtlserbed chloride sites on the surface
(figure 13) leading to the increase of the ion redwgynergy of etchingBeyond t,, we observe a
stability of this coverage rate (figure 13) leadinghe stability of the etch rate
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Figure 13. Chemical composition evolution of the etched stefaersus etch time

Figure 14 shows the variation of the Roughness eatdution with time. Contrary to the
etch rate that begins to stabilize at t=0.04 s,RMS is stabilized at 0.4 s. The control of the
roughness becomes an important challenge as thatorination of the optoelectronic devices
progress. So it is important to know more abouttigehanisms of the RMS evolution versus the

operating conditions.

35 : : : : :

1] 0.1 0z 0.3 0.4 0.4 06 07

Figure 14. Variation of RMS versus etch time.
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Figure 15 presents relative RMS variation versus fimessure for g2=1000 watts,
Vpc=100 V, Q24=10/10 sccm andF180°C. The relative RMS is defined as:

RRMS%) = "M
ech
wheretech is the InP etched thickned®RMS and {c, are calcundlated at t=0.5 Bhe simulation
result shows a diminution of the RRMS with the pres. It varies from 12.8 % for p=2 mtorr to
4.8 % for p=10 mtorr. This can be explained by dimainution of the ion to chlorine flux ratio
(figure 16). Indeedl o/l ¢ passes from 0.1 for 2 mtorr to 0.025 for 10 mtdhe increase of the
ion bombardment is a source of the etched surfagsghness enhancement

x100 (12)

=
L0

-
—  pa

RRMS(%)

4 5 B 7 g
Pressur (mtorn

Figure 15. Variation of the RRMS with pressure
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Figure 16.lon to chlorine flux ratio versus pressure.
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4. Conclusion

Gas phase kinetic model for£Ar ICP plasma discharge has been developed taligate
the plasma characteristics under operating comditioThe model based on the 0D approach
allows to predict average densities of speciesywmed in C)/Ar plasma discharge. Simulation
results show that the electronegativity of,;-BF plasma measured by calculating JQhe]
decreases with increasing RF power and decreasesgyre A minimum value of the electron
temperature is observed at 400 watt. Furthermoeehawve analyzed the effect of the surface
recombination coefficient of atomic chlorine on thlasma neutral and charged species transport
phenomenaThe simulation results show that in low presstine, surface parameters play an
important role in the transport phenomena of chéirged neutral species created in/&i
plasma discharge. A satisfactory agreement betwien simulation and the experiment
concerning the electron density and the electrorp&ature evolutions with power are obtained
for recombination coefficient of atomic chlorigg fixed at 0.04. The later is consistent with that
estimated experimentally.

On the other hand, a preliminary study concernimggiimpact of the operation conditions
on the etched surface properties is presentedatemtion is particularly paid on the early stage
study of the plasma surface interactions wheretwaved the effect of the correlation between of
the RRMS and ion to neutral flux ratio evolutionshapressure.
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