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The experimental dependence of the etching rate monosilicon of self-bias voltages on the active electrode at other
constant conditions in the discharge is shows. With increasing negative bias potential monosilicon etching rate increases,
then reaches a maximum at Uy, = - (140...160 V). Further increasing of negative potential, regardless from method of
preparation leads to a decrease in the monosilicon etching rate. This effect can be explained by an increase in dispersion
of the active electrode. Application of a positive potential leads to polymer films deposition. Monosilicon etching rate
increases with a positive potential bias rise on the active electrode.
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INTRODUCTION

Despite the widespread use of plasma etching (PCTs)
in the technological processes of manufacture of
microelectronic products, computer and microwave -
machinery, electronics and other components. The plasma
etching process physics is poorly understood. The effect
of electron and ion bombardment on plasma etching
processes carried out in different conditions and in
different settings. Results presented in reviews [1,2] are
insufficient for unambiguous advice on the choice of
optimal energy of electrons or ions for optimal etching of
many materials, including mono-, poly-, and multi-
Si. The latest materials found very wide application in the
manufacture of solar cells with high efficiency (18%). For
proper insulation between the worker and the other side of
the solar cells is necessary to provide good insulation,
because leakage currents leads to a decrease in
efficiency. This is done using specially developed for JSC
«Quasar» plasma-chemical reactor (PHR), developed at
the Institute for Nuclear Research [3,5]. Productivity
developed PHR in 2,4 times higher than the performance
of the best foreign analogues. To further increase
productivity and the edge etching duration reduce of the
solar cells necessary to carry out further the technological
research. One of the most important is the e electrons and
ions energy effect on the monosilicon etching rate. As
shown in [3-5] results the question was not
addressed. The presented works carry out the study such
an influence on silicon etching rate.

RESULTS AND DISCUSSION

The studies were conducted in plasma-chemical
reactor with a closed electron drift [6]. He is the prototype
PHR to create the silicon wafers isolation for solar
converters Energy ions in the PHR can be changed by
several methods. As shown in [7], the average ion energy
approximately corresponds to the particle energy
accumulated in an electric field of bias. Bias voltage in
the PHR can be changed by several methods. One of them
- to change the size and configuration of the magnetic
field, from which the self-bias voltage is depended. The
etching rate dependence results of monosilicon from the
strength of self-bias are shown in Fig. 1.

The self-bias voltage influence investigation on the
etch rate were carried out at constant composition of
gases, their pressure in the chamber, a discharge current.
Area cultivated samples also were chosen the same. As
seen in Fig. 1 when the self-bias voltage changes from
(-100) to (-250) V, the etching rate increases smoothly.
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Fig.1. Dependence of the Si etching of self-bias voltage

Further increase in self-bias voltage (even a slight
increase in discharge current) leads to a significant
decrease in the etching rate of 1.8 up to 1,2 um/min. As
already noted, these results were obtained when adjusting
the self-bias voltage by changing the magnetic field
configuration. With this the plasma parameters may
change,: the degree of dissociation of sulfur hexafluoride
and oxygen, as well as the degree of ionization of the
working gas. Therefore the result, that is, the dependence
of Ve and Uy, can be ambiguous in these experiments.

Another Uy, variation way may be the ratio change in
areas of active and grounded electrode. But there may be
redistribution of current in the discharge. It can also lead
to mixed results. Therefore, this Uy;,s changes method not
used.

But the bias voltage can be changed by the additional
power supply with adjustable voltage, connected through
a special filter. All other discharge parameters, including
size and configuration of the magnetic field in these
studies were maintained constant. The velocity
dependence studies results from the bias when it is
changed from an external source of direct current shown
in Fig. 2.
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Fig.2. Dependence of the Si etching of self-bias voltage

From this follows that in the beginning with
increasing the bias voltage from etching (-110) to (-160)
is an increase in the silicon etching rate with a maximum
at about (-160) V. Further increase of bias voltage to
(-220) V leads to a decrease in the etching rate from 2.3 to
1,8 um/min at a current in the discharge ~8,5...8,9 A, as
well as constant pressure in the PHR of P = 3 - 107 Torr,
the composition of the working gas SF¢: O, = 10 : 1, the
constant rate of pumping and injection of working gas, as
well as a constant magnetic field.

When the current is reduced to 8 A and the pressure
increases to 5-107 Torr, bias voltage can be increased
without breakdown to (-400) V. (Fig. 3). The maximum
etching rate is observed at (-110) V, while increasing the
bias voltage up to 400 V, the monosilicon etch rate is
reduced from 1,6 to 0,8 pm/min. Connecting an additional
generator with a frequency of 440 kHz increases the
etching rate by 30% at constant other conditions.
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Fig.3. Dependence of the Si etching of self-bias voltage

The effect study of the positive potential and its value
at the monosilicon etching rate is interest. The study
results of etching rate dependence from the positive
potential bias on the active electrode is shown in Fig. 4,
i.e. with electronic stimulation of the silicon surface.

The main feature of these measurements was large
irreproducibility the etching rate dependence results from
polarity positive voltage. In this case, polymer film is also
deposited on the surface; this apparently leads to large
non-repeatable results.
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Fig.4. Dependence of the Si etching of bias voltage

But the general trend is an increase of etching rate
with  increasing positive bias voltage on the
sample Fig. 5 shows. The general dependence of the
etching rate with the potential variation on the active
electrode from (-400) to (+150) eV is shown in Fig. 5.
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Fig.5. Dependence of the Si etching of bias voltage

Influence additional make power to discharge due to the
constant voltage is negligible. The power source current
dependence from bias positive voltage as well as the
polarity negative is shown in Fig. 6.
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Fig.6. Dependence of the bias current of bias voltage

When the active electrode surface area is equal
1120 cm®, power density RF discharge is equal
0,89 W/cm?, on the direct current is equal 0,0134 W/em?.
The power ratio is equal 67,i.e.a few percent, that
should not lead to significant changes in plasma
parameters in the PHR.

It is characteristic that during the transition bias
through "O" there is no abrupt change in etching
rate. I.e. main contribution to the etching is made by free
radicals and fluorine atoms, and not fluoride.



In addition, with increasing the negative potential on the
active electrode higher - 250-300 the monosilicon etching
rate decreases. This effect may be explained by the
spraying increase of active electrode and redeposition the
of atoms and ions of metals (Fe, Ni, Cr), from which the
active electrode is make, on the substrate.

CONCLUSIONS

When the monosilicon etching is carred out by ions
stimulation, the dependence of etching rate from the bias
voltage is maximum. Increasing the bias voltage
(regardless of method of preparation), leads to a decrease
in etch rate. This fact can be explained by spraying the
active electrode and the deposition of material onto the
substrate stimulation When the monosilicon etching is
carred out by stimulation electrons, deposition of polymer
films is obtained. With increasing positive potential on
the active electrode, an increase of etching rate
monosilicon is obtained.

REFERENCES

1. B.S. Danilin, V.Yu. Kireev. Application of low
temperature plasma for etching and cleaning materials.
Moscow: “Energoatomizdat”, 1987.

2. Ed.N. Aynspruka and D. Brown. Plasma Processing
for VLSI. M.: “Mir”, 1987.

3. 0.A. Fedorovich, M.P. Kruglenko, O.A. Lukomskiy,
A.A. Marinenko, B.P. Polozov. Modernized equipment
for plasmachemical etching of insulation of p-n
transition of photoelectric converters / Problems of

Atomic Science and Technology. Ser. “Plasma
Physics™ (13). 2007, N 1, p. 203-205.
4. 0.A. Fedorovich, = M.P. Kruglenko,  B.P. Polozov.

Features of plasma etching of silicon wafers for
photovoltaic cells // Technology and Design of
Electronic Equipment. 2009, N 6, p. 46-49.

5.0.A. Fedorovich, = M.P. Kruglenko,  B.P. Polozov.
Technological Studies of The Plasmachemical Reactor
with closed electron drift // Problems of Atomic Science
and Technology. Ser. “Plasma Physics” (15). 2009,
N 1, p. 145-147.

6. V.M. Konoval, V.V. Ustalov,
Proceedings of the 6" International
“Microwave & Telecommunication
Sevastopol, 1986, p. 185-287.

7. E.G. Shustin, V.N. Isaev, M.P. Temiryazeva, et al.
Beam-plasma discharge in a weak magnetic field as a
plasma source for plasma reactor // Problems of Atomic
Science and Technology, Ser. "Plasma Electronics and
New  Acceleration Techniques"(6). 2008, N4,
p. 169-173.

O.A. Fedorovich //
Conference
Technology”.

Article received 15.10.10

O BJIMSIHUU SHEPT WU DJIEKTPOHOB 1 HOHOB HA CKOPOCTD 3JIEKTPOHHO- U HOHHO-
CTUMYJIMPOBAHHOI' O INTASMOXUMHMWYECKOI'O TPABJIEHUS KPEMHUS

O.A. ®eooposuu, M.I1. Kpyznenxo, b.1I1. Ilonozoe

[IpuBeneHs! SKCHIEPUMEHTAIBHBIE 3aBUCUMOCTH CKOPOCTH TPABJICHUS MOHOKPEMHHS OT HAIIPSDKCHUI CMELIeHHs Ha
aKTUBHOM 3JIEKTPOZE IIPH APYTHX HEH3MEHHBIX YCIOBHAX B paspsane. [Ipn yBennueHnu OoTpULIATENbHOTO HOTEHLHAa
CMEIIEHNs] CKOPOCTh TPABJICHHWS MOHOKPEMHHS YBENIWYHMBAeTCs, HocTuras makcumyma mpu U, ~ -(140...160) B.
JanpHeiiee yBeNMYECHHE OTPULATENHHOTO MNOTEHNIMANa, HE3aBHUCHMMO OT METOAA €ro IIOMYyYeHHMs, IPUBOAUT K
YMEHBILICHUIO CKOPOCTH TPABJICHUS MOHOKPEMHHs. YKazaHHbIA O3(QEKT MOXKET OOBACHITHCS yBEIMYCHHUEM
pacIibUIeHHsT aKTUBHOTO 3JiekTpozaa. [lojaya MOJIOKMTENPHOr0 NMOTEHIMANa MPHBOIUT K OCAXKICHUIO MOJIMMEPHBIX
IJICHOK. CKOpOCTb TPpaBJICHUSA MOHOKPEMHUA YBEJIMUYNUBACTCA C YBCIIMYCHUEM IMOJIOKUTECIHBHOI'O MOTCHI[MAIa CMCIICHU A
Ha aKTUBHOM DJIEKTPOJIE.

PO BILIUB EHEPT'Ii EJJEKTPOHIB I IOHIB HA IIIBUJIKICTH EJJEKTPOHHO- I IOHHO-
CTUMYJIOBAHHOTI'O IIVIASMOXIMIYHOI'O TPABJIEHHA KPEMHIIO

O.A. ®eooposuu, M.I1. Kpyznenxo, Bb.I1. Ilonozoe

HaBeneno excriepuMeHTa bHI 3aJ€KHOCTI HIBHIKOCTI TPaBJICHHS MOHOKPEMHIIO BiJl Hampyru 3MilIeHHS Ha
AKTMBHOMY €JICKTPO/Ii ITPH IHIIMX HE3MIHHUX yMOBax Yy po3psii. [Ipu 301ibIIeHH]I HEraTUBHOTO MMOTEHIIATy 3MILICHHS
IIBHJKICT TpPABJICHHS MOHOKDEMHIIO 30imbInyeThes, gocsarae Mmakcumymy mpu U,, =~ -(140...160) B. Tlomanbie
30ibIICHHS HEraTUBHOTO MOTEHILIaNy, HE3aJleKHO BiJ METOQy HOro OTpHMaHHs, NPH3BOAUTH IO 3MCHILCHHS
LIBUJIKOCT] TPaBJICHHS MOHOKPEMHIIO. 3a3Ha4eHHI e(eKT MOXKe MOSCHIOBATUCS 30UIBIICHHSIM PO3IMHICHHS aKTHBHOTO
enekrpona. [Togaya NO3UTUBHOIO MOTEHLIANY MPU3BOAUTE O OCAJDKEHHS IOJIIMEPHHX IUIBOK. IIBHIKICTE TpaBiIeHHS
MOHOKPEMHIIO 301IBITY€ThCS 31 30UIBIIEHHSAM MO3UTHBHOTO ITOTEHITiaTy 3MIIIEHHS HAa aKTUBHOMY E€IIEKTPO/IL.
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