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silicon to increase
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Introduction

Brief description of Bosch DRIE process as developed into
Advanced Silicon Etch (ASE) process

To increase tool throughput:
Increase silicon etch proportion of each cycle
Reduce passivation step time
Reduce time to remove passivation from base of feature
Use of parameter ramping to gain in process efficiency
Increased process tool efficiency
Typical results
Very high etch rates
Conclusions
Acknowledgements
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Alternating passivation/etch cycles:

Passivation cycle:
a) CF, polymer from C,Fg plasma, deposited on all surfaces.

Etch cycle:

b) Due to ion directionality, polymer is removed from base at much higher rate
than from side-walls

c) Exposed Si surfaces are then etched by fluorine species, from the SF;
plasma
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STS’ ASE® Process

Sequential Etch and Passivation Steps
Step 1 Deposit passivation layer
Step 2 Remove passivant from feature base
Step 3 Etch exposed silicon

Repeat steps to required etch depth
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For the DRIE etch process ST50)
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To maximise etch rate, the part of the etch step in which etching of
silicon by fluorine radicals is taking place, needs to be the largest
possible proportion of the total cycle that is consistent with accurate
feature definition.

This requires a short passivation step

And a short part of the etch step during which passivation is
removed

Often the passivation step and the first part of the etch step account
for ~50% of cycle time, leaving only ~50% of cycle time for silicon
removal

AlM: To reduce the passivation step and first part of the etch step

to ~20% of cycle time, increasing to ~80% the proportion of the
cycle time used for silicon removal

For a high etch rate with reasonable profile control (small scallops).
Short total cycle time is required
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Etch step STS)
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Aim to make the silicon removal part of the etch step the majority of
the cycle time ~ 80%

Changes in SF4 plasma parameters:
Increased gas flow
Increased pressure
Increased ICP coil power

Create more fluorine radicals and guide radicals to the silicon wafer
by choice of efficient plasma source and a good combination with
processing chamber geometry.



Passivation step STS)
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Aim to make the passivation step as short as possible
Changes in C,F4 plasma parameters (flow, coil power, pressure)
Reduction in substrate temperature
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Removal of passivation STSY
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To increase overall etch rate, the rate at which passivation is
removed from the base of a feature should be maximised to allow
reduction of time T2

Passivation removal rate was investigated by
Measuring blanket passivated Si wafers pre and post passivation
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Removal of Passivation STS)
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Investigation of gas used

Increased ion bombardment alone is not sufficient to
increase the removal rate of passivation
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Process tool developments STSY
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Inductively Coupled Plasma (ICP) systems are predominantly used
for DRIE (high ion and radical densities).

The plasma may be formed in the same chamber as the wafer is
processed (conventional ICP tool).

The plasma may be formed in a separate smaller chamber located
above the chamber holding the wafer (de-coupled plasma).

Simpler design if plasma formed in same chamber as the wafer, but
de-coupled plasma allows:

Increased plasma density due to increased RF power density
locally applied to gas feed in smaller volume.

Greater flexibility to control ion and neutral radical fluxes and the
ratio of each reaching the wafer.



Conventional De-coupled ICP STSD
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Plasma Generation Vessel
Background

— : Historical Design Concept
Plasma generated in a small vessel
Diffuses into a larger chamber

Wafer located within the diffusion
chamber
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Problem?

Such designs have fundamental
limitations

Small plasma generation area makes it
. difficult to achieve good U% for larger
‘ wafer formats

"¢ Substrate Limited power capability and hence
limited etch rate

The profile of the radicals and ions tend
to be Centre High
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A Conventional De-coupled
ICP System




Further development of the de-coupled source STSD
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Data Storage

Background

A source geometry designed to overcome the
problems of the conventional de-coupled

gE source for 200mm wafers
B % Benefits
<A . ‘- ..
PLASHA  PRODICTION . The Power Handling capability is improved
A and the etch rate scales well with power for
this design

The plasma generation area is larger and
results in better performance for larger wafer
formats

The plasma source can produce a neutral
radical profile in the centre of the wafer
that matches the loading effect and
generates good uniformity over 200mm
wafer.

At the same time, it can generate a near
uniform ion density profile  and sheath
thickness, causing much reduced tilting of
features.
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Increasing throughput
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Depth 300mMm
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Microfluidic application

82
5 3 Use of parameter
3 8 ramping to obtain profile
and etch rate
18mm/min
g
a
Wafer capping
application
27mm/min

Use of parameter
ramping to obtain high
throughput
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¥ High throughput needed for commercial applications
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Cost of ownership critical




Pushing the boundaries of DRIE
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The goal is to further increase process tool throughput.

Fundamental need to understand physical/ chemical limitations to
silicon etch rate.
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Investigation of etch rate achievable by:
Increasing the proportion of the cycle where silicon is etched.
Reducing the length of time to deposit passivation.

Reducing the length of time for ion assisted removal of
passivation.

Optimising parameter ramping arrangements.

Photonics

Compound
Semiconductors

Have extended tool operational window beyond normal for R&D
proof of principle experiments (not yet available on commercial tool).




Very high rate trench etch
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Achieved on a specially modified R&D tool at STSIwi
< 1% exposed wafer area
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Depth 116 m etched at a rate of Depth 134 m, etched at a rate of
103 m/minute 104 m/minute
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Conclusions

Increasing the silicon etch portion of DRIE cycle in conjunction with
parameter ramping enables increased etch rate for current
commercial applications.

Experimental measurements show that DRIE of silicon can be
achieved at a rate in excess of 100 m/min for an exposed wafer
area of < 1%.

Results show that there is no fundamental limitation to etching
silicon at this rate.

To provide a commercially useful process the “scallop” size must be
significantly reduced by reducing cycle time from 9 secondstoc 1
second with further improvement to sidewall passivation.

For practical applications an increased exposed wafer area will be
required and the etch rate may be expected to reduce due to
limitations to the supply of fluorine radicals. The challenge is to
supply increased numbers of radicals and to remove the reaction
heat produced.
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