ELECTRONICS AND ELECTRICAL ENGINEERING

I SSN 1392 — 1215

2008. Nr. 6(86)

ELEKTRONIKA IR ELEKTROTECHNIKA

MIKROELEKTRONIKA

T171

MICROELECTRONICS

| nvestigation of Etching Processin Nano Structures

D. Andriukaitis, R. Anilionis

Department of Electronics Engineering, Kaunas University of Technology,
Sudenty st. 50, LT-51368 Kaunas, Lithuania, phone: +370 37 300503; e-mail: darius.andriukaitis@ktu.lt

Introduction

Integral circuit (IC) and their elements must be
released with high precision.

The IC made modern day information processing and
communications systems possible. It's basic functional
element is the transistor, most commonly a silicon metal
oxide semiconductor field-effect transistor (MOSFET). In
MOS/ICMOS structures regions between the active
elements must be isolated [1].

After a photo mask has been created a layer under the
resist is etching. A large etch rate is like advantage in
technological process[2]. Too high an etch rate istreat like
lack, because it is difficult to control etching process. Etch
process rate can reach hundreds nanometers per minute by
common way.

Every technological process related with past one (for
example: diffusion depends on wafer (crystal lattice)
quality, which depends on technologica process
temperature) [3]. That's why etching process is important
to IC formation. Choosing correct type of etch is possible
to avoid disasters like: undesirable didlocations, bird's
beak (in thermal oxidation).

Very-large-scale integration (VL SI)

VLS is the process of creating integrated circuits by
combining thousands of transistor-based circuits into a
single chip [4]. The microprocessor isa VLS device. The
term is no longer as common as it once was, as chips have
increased in complexity into the hundreds of millions of
transistors. The first semiconductor chips held one
transistor each. Subsequent advances added more and more
transistors, and as a consequence more individual functions
or systems were integrated over time. The first integrated
circuits held only a few devices, perhaps as many as ten
diodes, transistors, resistors and capacitors, making it
possible to fabricate one or more logic gates on a single
device. Now known retrospectively as "small-scale
integration” (SSl), improvements in technique led to
devices with hundreds of logic gates, known as large-scale
integration (LSI), i.e. systems with at least athousand logic
gates. Current technology has moved far past this mark and
today's microprocessors have many millions of gates and
hundreds of millions of individual transistors.
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Billion-transistor  processors are commercialy
available.
Thin film and bulk substrate etching is

fabricationstep that is of fundamental importance to both
VLSl processes and micro/nanofabrication. In the VLS
area, various conducting and dielectric thin films deposited
for passivation or masking purposes must be removed at
some point or another. In micro/nanofabrication, in
addition to thin film etching, very often the substrate also
needs to be removed in order to create various mechanical
micro-/nanostructures. Two important figures of merit for
any etching process are selectivity and directionality.
Selectivity is the degree to which the etchant can
differentiate between the masking layer and the layer to be
etched. Directionality has to do with the etch profile under
the mask. In an isotropic etch, the etchant attacks the
material in al directions at the same rate, creating a
semicircular profile under the mask, Fig. la. In an
anisotropic etch, the dissolution rate depends on specific
directions, and one can obtain straight sidewalls or other
noncircular profiles, Fig. 1b.
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Fig. 1. Etch through a photoresist (PR) mask: a — isotropic

etching is independent of the plan the crystd; b — anisotropic
etching is dependent on the plane of orientation [4]

Also it is possible divide the various etching
techniquesinto wet and dry categories.

Wet Etching

Wet etchants are by and large isotropic and show
superior selectivity to the masking layer compared to
various dry techniques. In addition, due to the lateral
undercut, the minimum feature achievable with wet
etchants is limited. Silicon dioxide is commonly etched in
a dilute. Photoresist and silicon nitride are the two most
common masking materials for the wet oxide etch. Nitride
wet etch is not very common, due to the masking difficulty
and unrepeatable etch rates.



Anisotropic and isotropic wet etching of crystalline
and non-crystalline substrates are important topics in
micro/nanofabrication.

For short etch times, silicon dioxide can be used as
the masking material. However, one needs to use silicon
nitride if alonger etch timeis desired.

Dry Etching

Most dry etching techniques are plasma-based. They
have several advantages compared with wet etching. These
include smaller undercut (allowing smaller lines to be
patterned) and higher anisotropicity (allowing high-aspect-
ratio vertical structures). However, the selectivity of dry
etching techniques is lower than the wet etchants, and one
must take into account the finite etch rate of the masking
materials.

The three basic dry etching techniques, namely, high-
pressure plasma etching, reactive ion etching (RIE), and
ion milling utilize different mechanisms to obtain
directionality.
lon milling is a purely physical process that utilizes
accelerated inert ions striking perpendicular to the surface
to remove the material Fig. 2a. The main characteristics of
this technique are very low etch rates (on the order of a
few nanometers per minute) and poor selectivity (close to
1:1 for most materials); hence it is generally used to etch
very thin layers.

High-pressure plasma. In high-pressure plasma etchers,
highly reactive species are created that react with the
material to be etched. The products of the reaction are
volatile, so that they diffuse away and new materia is
exposed to the reactive species. Directionality can be
achieved, if desired, with the sidewall passivation
technique (Fig. 2b). In this technique, nonvolatile species
produced in the chamber deposit and passivate the
surfaces. The deposit can only be removed by physical
collision with incident ions. Because the movement of the
ions has a vertica directionality, the deposit is removed
mainly at the horizontal surfaces, while the vertical walls
remain passivated. In this fashion, the vertical etch rate
becomes much higher than the lateral one.

The RIE etching, also called ion-assisted etching, is a
combination of physical and chemical processes. In this
technique, the reactive species react with the material only
when the surfaces are “activated” by the collision of
incident ions from the plasma (e.g., by breaking bonds at
the surface). As in the previous technique, the
directionality of the ion’s velocity produces many more
collisions in the horizontal surfaces than in the walls, thus
generating faster etching rates in the vertical direction (Fig.
20).
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Fig. 2. Simplified representation of etching mechanisms for: a —
ion milling; b — high-pressure plasma etching; ¢ — RIE

MOS technological process

To improve MOS structure parameters parasitic
capacities. gate-source, gate-drain has to be returned to
minimum [3]. In order to reduce parasitic capacities we
must avoid lateral diffusion, the size of gate electrode must
be the same during all technological processes in order to
avoid source-drain channel shortening. The area of element
formation must be the same during all technological
processes. Separation of MOS elements can be produced

using local oxidation [5] and slicon on sapphire
technologies.
Thermical grown silicon oxide  separates

semiconductor elements. It is necessary to get hole with
less lateral etched side wall. The lateral oxidation can be
formed during local oxidation. Therefore length of the
source-drain channel decreases, because source and drain
regions can be moved under the gate. A large attention
must be paid to this process.

Silicon on Sapphire (SOS) technology have recently
attracted more and more interest in the development of
next-generation high-performance VLS| circuits and
systems. The absence of latch-up, the reduced parasitic
capacitance, the transparency of the substrate, the isolation
and multi-threshold devices are just a few of the
advantages of this technology.

Silicon on sapphire is an integrated circuit
manufacturing technology. It is a hetero-epitaxial process
that consists of athin layer of silicon grown on a sapphire
(Al,0O3) wafer and this epitaxial layer etching (Fig. 3) [3].
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Fig. 3. SOS technology: a — epitaxia of silicon; b — separated
regions of silicon creation; ¢ — formation of NMOP and PMOP
transistors

Created silicon regions are isolated by wafer from
bottom and from the side by air space. It is necessary to
avoid lateral encroachment during region formation,



because “active” length of region can be reduced, where
transistors are formed.

MOS transistor characterized by the output
characteristic (Ip(Ups)). It is connected by common-source
scheme. The inversion layer charge density varies in the
channel between the source and the drain from O to L,
channel voltage varies from 0 to Ups:
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where 1 — the mobility, cm?/V; C,, — Capacitance per unit
area, pF; B — gate width , nm; L — gate length , nm; U —
gate-source voltage, V; Ug - drain-source voltage, V;
U, - inversion channel voltage, V; U, - threshold

voltage, V. Output current direct proportional channel
length (2" formula). In this we got, that decreases channel
length increases escarpment of transistor output
characteristics, threshold voltage and drain current.

Process simulation

Etch process is simulated with ATHENA. ATHENA
is a simulator that provides general capabilities for
numerical, physicaly — based, two dimensional
simulation of semiconductor processing.

The ELITE module of ATHENA allows the use of
sophisticated models for etch process. This process is
modeled by defining a machine and invoking the machine
to perform etch [6].

For all models except Monte Carlo Etching, ELITE
uses a string algorithm to describe topographical changes
that occur during etching process.

As micro/nanofabrication technology becomes more
complex, modeling each step of the manufacturing process
isincreasingly important for predicting the performance of
the technol ogy.

Etching is a step that is wuniversa in
micro/nanofabrication. It may take place as the dissolution
of a photoresist by an organic solvent, the etching of an
oxide by an akali, or the plasma etching of an electron
resist. Whatever its physical details, the etching process
can in many cases be modeled as a surface etching
phenomenon. Etching simulation starts from an initial
profile that moves through a medium in which the speed of
etching propagation can be a function of position and other
variables that determine the final profile.

Main task of etching process simulation is avoid
lateral encroachment during region formation. Ideal
structure is shown in Fig. 4.

Sapphire

Fig. 4. Silicon on sapphire technology
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Wet Etching can provide a higher degree of selectivity than
dry etching techniques. In isotropic etching (Fig. 5a)
materials are removed uniformly from all directions and it
is independent of the plane of orientation of the silicon
(crystal lattice). Anisotropic etching presents the opposite
behavior of isotropic etching. Anisotropic etchants remove
materials based on the crystal plane and do not etch
uniformly in all directions (Fig. 5b)

a) b)
Fig. 5. Wet etching types: a— isotropic etch; b — anisotropic etch

Anisotropic etch

N

Fig. 6. Comparison wet etching types: blue line — isotropic; red
line — anisotropic

| sotropic etch
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Anisotropic etching solves the problem of lateral
control. The laterally masked geometry of the planar
surface can be etched and a vertical profile can be easily
made. Although it solves the problem of lateral etching, the
process is not problem-free. The process is slow even in
the fast etching direction of the plane (100) and consumes
more time.

Despite its simplicity in controlling the etching, wet
etching is not flexible and reliable process. A dry etching
processis an alternative choise (Fig. 7)

©)
Fig. 7. Dry etching types: a— ion milling etch, b — high-pressure
plasma etch, ¢ — RIE etch



Dry Etching has several significant advantages compared 2. Using Dry Etching: it is possible to get less
with wet etching: it is much easier to start and stop than  undercutting; better process control, directionality (lon
simple immersion wet etching; less undercutting; better  milling).
process control. lon milling (Fig. 7) has two significant 3. Less lateral encroachment could be achieved
advantages compared to high-pressure plasmas. using dry etching technology — ion milling during region
directionality and applicability. With RIE can be achieved  formation in MOS/CMOS technology.
much higher selectivity compared with with ion milling.
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D. Andriukaitis, R. Anilionis, Investigation of Etching Process in Nano Structures // Electronics and Electrical Engineering. —
Kaunas: Technologija, 2008. — No. 6(86). — P. 77-80.

Problems of etching process, related with MOS transistors separation in SOS technologys was researched. Wet Etching provide a
higher degree of selectivity than dry etching techniques. In isotropic etching materials are removed uniformly from all directions. A
vertical profile can be easily made using anisotropic etching and it solves the problem of lateral etching. Using dry etching it is much
easier to start and stop than simple immersion wet etching and less lateral encroachment is achieved. The main avantage of ion milling
isdirectionality. That's why less lateral encroachment during region formation could be achieved using ion milling according to wet and
dry etching process simulation results. Ill. 8, bibl. 6 (in English; summaries in English, Russian and Lithuanian).

J. Anaprokaiituc, P. Anuninénuc. HcenegoBanne TpaBiieHHs B HAHOCTPYKTYPax // DJIeKTPOHHKA U JJ1eKTpoTexHuKa. — Kaynac:
TexHoJorus, 2008. — Ne 6(86). — C. 77-80.

HccnenoBansl npoOiieMbl, CBA3aHHbBIE ¢ OTAeNeHHeM TpaH3ucTopos B TexHosorun KHC. “Moxpoe” TpaBnenue obecnieunsaer Oosee
BBICOKYIO CEJIEKTUBHOCTh 10 CPaBHEHHMIO C CyXHUM TpaBieHHeM. M30TpomHoe TpaBiieHHE O00ecCleYMBAET PABHOMEPHOE YIaJeHHE
MaTepuasa BO BCEX HalpaBJEHMAX. BepTHkalbHOE TpaBJIEHHE C MHHHMAJbHBIM OOKOBBIM IOATPABIMBAHUEM TEXHOJOTHENl
AQHM30TPOITHOTO TPABJICHUS TpUMEHss ‘cyxoe” TpaBiieHHMEe. MonenupoBaHHEM IIpolecca HOHHOTO TPABJICHHUS OHPEETIeHO
MHHHMaJIbHOE 60KOBOe noaTpasienue. M. 8, 6ubi. 6 (Ha aHMIMICKOM sI3bIKE; pedepaThl Ha aHTTIUICKOM, PYCCKOM H JINTOBCKOM, ).

D. Andriukaitis, R. Anilionis. Esdinimo proceso nanostruktiirose tyrimas // Elektronika ir elektrotechnika. — Kaunas:
Technologija, 2008. — Nr. 6(86). — P. 77-80.

I$nagrinétos ésdinimo problemos, susijusios su MOP tranzistoriy atskyrimu SAS technologijoje. “Slapiasis’ ésdinimas uztikrina
didesnj selektyvuma nei , sausojo* ésdinimo technologija. Taikant izotropine ésdinimo technologija, ésdinamoji medziaga visomis
kryptimis pasalinama vienodai. Vertikalusis ésdinimas gali bati pasiektas taikant anizotropine ésdinimo technologija. Tai issprendzia
soninio paésdinimo problema. Tagiau lengviau kontroliuoti patj ésdinimo procesa ir mazesnis $oninis paésdinimas gali bati pasiektas
ésdinant ,sausal”. Maziausias soninis paésdinimas pasiektas joniniu ésdinimu, remiantis modeliavimo metu gautais rezultatais. 1l. 8,
bibl. 6 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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