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1. Introduction 4. Study of deposition and etching processes in a cycle

Deep reactive ion etching (DRIE) of silicon is a key process in MEMS and 3D-IC
technologies. The key challenges of DRIE are to achieve high aspect ratio (HAR) trenches
with smooth, usually vertical, sidewall profiles, obtain high etch rate and selectivity. Among |, arb. unit
the various DRIE processes, Time-Multiplexed Deep Silicon Etching (TMDSE) is the fastest 0l
process which alternates etching step (fast, isotropic removal of Si) and deposition step *
(sidewall etch iInhibition with polymer). One of the solutions to improve HAR etch |
performance is independent optimization of the polymer removal at the beginning of the 22 -
etching step by introduction of the third step in between the deposition and the etching [1-5]. 20-
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In this paper Iin situ measurements of the dynamics of deposition and etching of a

fluorocarbon film (FCF) during three-step TMDSE process using a laser interferometer have
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been carried out. Direct measurements of the deposition and etch rates, as well as the etch Y= ——r—— — - - - - - - -
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time of the FCF, open up new possibilities for optimizing the cycle procedure. For example, time. s fime. s
adjustlng.the e’FChlng time of the_ FCF 'mpm\_/es the selectivity of the etching process (etch Fig. 5. Reflectivity during one TMDSE cycle at Fig. 6. Calculated values of dl/dt according to the
rate of silicon divided by the erosion rate of SIO, mask). different trace intervals (Fig. 4) and the dependence [(t) for five cycles. The black line is the
measured dynamics of gas flow switching. result of averaging.
2 The three-step TMDSE procedure The different radiation power of the SF6 and c-C4F8 plasmas at the laser wavelength
affects the shift of the interferometer signal when the gas flow is switched.
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Fig. 7. Calculation results of deposition and \V, (SiQ):Vbias(tbias_tr)+vote’
Fig. 1 TMDSE parameters and etch sequence. The flow rate Fig. 2 The TMDSE principle of etching rates in cycle for three TMDSE o ; t
of SF6 during the deposition step varies from 8 to 12 sccm. anisotropic etching of the HAR trench. processes
The Initial portion of the etching step, at which the polymer is removed at the trench bottom,
plays a very important role influencing the trench profile and selectivity.
5. TMDSE optimization and Conclusions
3. Experiment V_ (Si0,), nm/s V_ (S, (SiO,)

0,40 - 1700
Experiments were performed by a laser interferometer (A=633 nm) with a double-beam -

scheme from Sofie Instruments. The reflection of the measuring beam from a continuous |
Si02 film (~1 um thick) on silicon was used. The dynamics of cyclic switching of the gas flow 0,30-
from SF; to C,Fg; during TMDSE was synchronized with the process of recording the |
reflection intensity (1).
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Fig. 3 Interferometer design: 1- Fig. 4 Partial etch trace of the ~200 nm silicon dioxide dTheI Oresl.erl;tledTI\S/ltll:J)CgES open up new possibilities for using the laser interferometer to
He-Ne laser, 2-beem splitter, 3,4- layer. evelop retiabie 11 Processes. | |
photodetectors, 5-filter (633 nm), v'The FCF etch time measurement allows you to fine-tune the removal step to achieve a
6-software ~ and  hardware Al A N | guality trench profile with a highly selective etch process.
V ~ , etch and deposition rate in cycle - - o
module. At 47AN v The demonstrated measurement capabilities are useful for evaluating the stability of

. o TMDSE conditions in industrial etching reactors.
Calculation of Al/At in intervals rl or r2
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