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Abstract:  In  this work, process development for the
realization of Microchannels is carried out using standard micro

Jfabrication techniques with polysilicon as sacrificial material.

Polysilicon (PolySi) material is deposited using LPCVD process.
Thermal silicon oxide layer work as a capping layer after the
polysilicon layer is released using wet chemical etching using
Tetra Methyl Ammonium Hydroxide (TMAH). Fabricated
microchannels are characterized using 3D optical imaging and
scanning electron microscopy. Fabrication of the Microchannel
with an open cross-section of 4 ym X 0.85 um and 50 um length
is demonstrated.

Keywords— Micro/nanofluidics, microchannel, ionic switch,
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I. INTRODUCTION

Microfluidics has become a very attractive field for
scientific community due to its capability to manipulate
liquid at micro scale. Microfluidics has enormous
applications in many biological tests, screening devices,
biomarker detection for different diseases, micro-viscometer,
ionic switch etc. [1-5]. The properties of the material of
microfluidic channel plays an important role in the operation
of microfluidic based devices. Different kind of fabrication
techniques have been explored for microfluidic devices
[6 -8]. The advancement in micro fabrication technologies
have attracted many biologists for the development of
miniaturized sensing platform for detection of different
diseases due to their capability of low sample requirement of
body fluids, better response time ezc. Microfluidic devices
also enable to integrate various processes like mixing,
extraction, chemical treatment ezc. on a single chip.

This paper reports a process development for fabrication
of hydrophilic micro/nanofluidic channel for different
applications such as biomarker detection for different
diseases, micro-viscometer, ionic switch etc. This paper
reports PolySi as a sacrificial layer for fabrication of
micro/nano-fluidic channels and thermally grown silicon
oxide layer works as a capping layer after removal of PolySi
using wet chemical etching using Tetra Methyl Ammonium
Hydroxide (TMAH). In many applications, the high quality
of thermal SiO; is very essential such as FET based devices
[9-11] to avoid gate leakage current and also for those
devices which requires passive pumping.

[I. FABRICATION DETAILS

The properties of the material for fluidic channels plays
very important role in micro/ nano-fluidics. The material of
microfluidic channel is decided based on their application.
In most of the application, hydrophilic based microfluidic
channel is preferred due to its ability to drive liquid without
any external force. Here, SiO; is used to make microfluidic
channel because of its hydrophilicity (contact angle < 90°).
In this work, a process is developed for realization of
microfluidic channel using PolySi as the sacrificial layer
Fig.1 represents the detailed process flow of micro channel
fabrication. Fabrication is started with first lithography for
patterning fluidic channel, post this 0.85 um silicon is
etched by Reactive ion etching (RIE) using SFs at power
200 watts. After RIE process, wafer was put in acetone for
20 minutes for photoresist removal. Fig. 2 represents 3-D
optical image of RIE etched structure.

. Si

. sio
a2

Silicon<100>

1 " level Litho + Silicon ctching (RIE) PolySi

Wafcr with
Channel etched

§ Sacrificial

Thermal Oxidation Removal

Thermal
Oxidation

Fig.1: Detailed process flow for realization of micro/nanochannels

Then thermal oxidation is done to make channel
hydrophilic for 90 minutes at 1100°C to achieve 200 nm
SiO;. Post this, 1 pum PolySi is filled in the channel trenches
and both the reservoirs using Low Pressure Chemical Vapor




Deposition (LPCVD) and the unwanted PolySi is removed
using chemical mechanical polishing (CMP) for 20 minutes
with rotation speed 30 RPM, slurry rate 110 ml/minute,
back pressure 3 bar, front pressure 2 bar.

After CMP, thermal oxidation is performed to obtain 0.2
pm of SiO; and PolySi is removed using TMAH solution at
70°C for 6.5 hrs. followed by 2" level lithography to open
the window for reservoir to etch SiO, using RIE. Fig. 3
shows the microscopic images of microfluidic channel at
different times during removal of sacrificial layer using
TMAH at 70° C without using CMP.
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Fig. 3: Microscopic images of microchannel during PolySi etching

in TMAH solution without using CMP (a) Partially removal of

PolySi (b) complete removal of PolySi

Fig. 5: Microscopic image of fabricated structure after thermal

oxidation followed by CMP process

IIT. CHARACTERIZATION

Fabricated structures are characterized using 3-D optical
profiler and Scanning Electron Microscopy (SEM). Both the
released structures i.e. with and without CMP are
characterized and analyzed using SEM and optical 3D
profiler. Fig. 4 represents the SEM image of released
structure without CMP which shows the bending of SiOa
layer due to residual stress which is not required for a
microfluidic channel. This problem is removed using CMP.
Fig.5 represents the optical image of fabricated structure
after thermal oxidation followed by CMP and stress free
structures are observed. Fig. 6 represents the optical image
of released structure along with SEM image of opening of
microfluidic channel. Fig. 7 represents the SEM image of
complete released structure.

Opening of
Channel

Fig. 6: (a) Optical image of released microtluidic channel (b) SEM
image of microfluidic channel

Fig.4: SEM image of complete device without CMP with channel
length of S50pum and dimension of reservoir is 200pm>200pm

Fig. 7: SEM image of microfluidic channel with CMP
process




Opening of released microfluidic channel 1s confirmed by a
drop of DI water. It is observed under optical microscope
that after some time the water reaches to the other reservoir
of the released structure, which confirms the through and
through opening of the channel. These fabricated
hydrophilic microfluidic channels are the major component
of a microfluidic device where a passive pumping of liquid
is required. With the surface modification of inner wall of
the fabricated microfluidic channel, device may be used for
different biological sensing and also for controlling the
movement of ions inside the channel.

IV. CONCLUSION

A process flow is developed to realize micro/nanofluidic
channels with Poly-Si as a sacrificial layer using standard
silicon process technique which allows us to cap the
micro/nanochannels with high quality thermal SiO> which is
very essential for many applications such as ionic switch,
biosensing etc. Developed process may be used to fabricate
different kind of microfluidic devices such as ionic switch,
ionic controller devices, micro-viscometer, micro-mixers,
lab-on-a-chip devices etc. for different applications and also
various other applications such as cantilevers, hanging
structures efc. where suspended structures are used.

ACKNOWLEDGEMENT

The authors are very thankful to Director, CSIR-CEERI
for his encouragement and to Smart Sensor Area staff for
technical guidance. The authors are also thankful to Jamia
Millia Islamia, New Delhi for FESEM characterization.

REFERENCES

(1 J. EI-Ali, S. Gaudet, A. G€unther, P.K. Sorger, K.F.
Jensen, Cell stimulus and lysis in a microfluidic device
with segmented gas-liquid flow. Analytical Chemistry,
vol. 77, pp. 3629-3636, 2005.

[2] Hansen, C.L.; Skordalakes, E.; Berger, J.M.; Quake, S.R.
A robust and scalable microfluidic metering method that
allows protein crystal growth by free interface diffusion.
Proc. Natl. Acad. Sci. US, pp. 16531-16536, 2002

[3] D.K. Lathrop, E.N. Ervin, G.A. Barrall, M.G. Keehan, R.
Kawano, M.A. Krupka, H.S. White, A.H. Hibbs,
“Monitoring the escape of DNA from a nanopore using
an alternating current signal,” J. Am. Chem. Soc.,vol.6,
no.132, pp.1878-1885, Jan. 2010.

(4] Safdar, M.; Janis, J.; Sanchez, S. Microfluidic fuel cells
for energy generation. Lab Chip, pp. 2754-2758, 2016.

5] R.K. Maurya, R. Kaur, R. Kumar and A. Agarwal, A

novel  electronic  micro-viscometer. — Microsysteim
Technologies, pp.1-9, 2019.

[6] McDonald, J. Cooper, et al. "Fabrication of microfluidic
systems in poly (dimethylsiloxane)."
ELECTROPHORESIS: An International Journal: pp. 27-
40, 2000

[7] Perry J.L. and Satish G.K. “Review of fabrication of
nanochannels for single phase liquid flow” Microfluidics
and Nanofluidics, vol. 2, pp.185-193, May 2006.

3

(9]

[10]

(11]

P Vo, K. Ghade, L. Niowere, b B, L O T, Q.
Medoro, I. Chartier, N. Manaresi, M. Tartagni, and R.
Guerrieri. "Microfluidic channel fabrication in dry film
resist for production and prototyping of hybrid chips.”
Lab on a Chip, pp. 158-162, 2005.

R.K. Maurya and Ajay Agarwal. "Fluid-FET: an ionic
controller for lab-on-a-chip." /EEE Sensors, vol. 15(11),
pp. 6366-6373,2015.

W. Guan, R. Fan, and M. A. Reed, “Field-effect
reconfigurable  nanofluidic ionic  diodes,” Nature
Commun., vol. 2, p. 506, Oct. 2011.

R. Prajesh, N Jain, A. Agarwal, Low power highly
sensitive platform for gas sensing application.
Microsystem Technologies, vol. 22(9): pp. 2185-92,
Sep 2016.




