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Lab-on-a-chip

The goal of lab-on-a-chip systems is
to transfer the analytical capabilities
of a traditional lab on to a single chip

The benefits of integration and
miniaturization are many

— Analysis time

— Sample and reagent consumption

— Portability
Sample analysis is realized in many

different ways, often involving optical
detection

— Fluorescent detection
— Absorption spectroscopy
— Raman spectroscopy...?

» Device fabrication » Device performance
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Platform:

« Thermally oxidized
silicon substrate

e Glasslid

> Device fabrication

« 40 pm epoxy-based cemponent
photoresist (SU-8 25)

Motivation

— Raman spectroscopy: SERS-on-a-chip
— Integrated optical system and microfluidic system
— On-chip spectrometer

Structural component

Optical

w—)
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/ / Microfluidic channel

L .y

L

(adhesive PMMA bonding)

» Device performance

Waveguides
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Input

At the output:

— Linear dispersion

Integrated spectrometers

mA = Al + Al
Output §
« Design parameters: « Important characteristics:
— Diffraction order — Transmission loss
— Wavelength — Resolution
— Focal length — Free spectral range

Linear dispersion

» Device fabrication » Device performance » Conclusion
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Integrated spectrometers

« Challenges in the
photolithographic
fabrication process
— Line broadening
— Corner effects
— Sidewall angle

 Consequences
— Increased transmission loss
— Decreased resolution

> Device fabrication » Device performance » Conclusion
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Device fabrication

Substrate preparation
Spin coating
Pattern transfer
* Bonding
 Dicing

N

4
= i
Silicori

> Introduction

> Conclusion
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SU-8 processing

SU-8 is a chemically enhanced,
negative tone photoresist.

Cross-linked SU-8 is transparent in the

I

range, and has a high refractive index
(1.6 @ 633 nm)

visible and near-infra red wavelength LLLLLL{ M

e Spin coat

« Soft bake

* Exposure

« Post-exposure bake

« Development of non-cross linked SU-8

> Introduction » Device performance
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SU-8 processi

O

— 10 um

50

Line broadening and corner
effects due to proximity effect
caused by the edge bead
Solution:

— Remove edge bead

— Optimize process parameters

30
20
10

Height (um)

> Introduction » Device performance

40}

10}
20k
30k

_40 1 1 1 1 1 1 1 L Il
0 10 20 30 40 50 60 70 80 90 100

I

ng

SU-8

— 10 um

y

L

Distance from edge (mm)

> Conclusion

Ph.D. defense

Thomas Anhgij



Experimental approach

« |nvestigations and optimization

I

IS carried out using design of /O

experiments (DOE) ﬁ/

* Once suitable ranges of the L
Involved parameters have O
been chosen, the experiment
IS designed using commercial O

Thot
Y
N

&

software (MODDE 6.0 from
Umetrics, Sweden)

* The result of the experiment is
modelled and the models are O 1

used to optimize the process O

tsal
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Experimental approach

Edge bead removal Parameter optimization

« 8variables e 6 variables, 6 responses

« Response surface modeling * Response surface modeling
iIncluding both second order iIncluding both second order
and interaction terms and interaction terms

« 54 wafers « 76 wafers

> Introduction » Device performance » Conclusion
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When a wafer is spin coated with
resist, a surplus of material builds up
at the edge of the wafer.

This effect is called ‘edge bead'.

The edge bead has a negative effect
In the photolithographic process, as
well as in the bonding process.

7
]

> Introduction » Device performance

Edge bead removal

I

Edge bead removal

Solvent reduction

{- SR temperature

* SR time
* Cooling step time

Edge bead removal
* EBR arm position
* EBR time

Post-EBR spin
{- Post-EBR acceleration ]

* Post-EBR spin speed
* Post-EBR spin time

> Conclusion
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Edge bead removal

B

3

g3 « The application of the

=) - onc

o 5] | solvent during EBR (position

? 20l ] and duration) is the most

| _ significant factor in the

O)

il _ model

g 5 - »  The model is used to

ookt optimize the EBR process

o 0 5 10 15 20 25 30 - —
Observed edge bead height (um) 40t

30
20
10

Optimized process:
* Solvent reduction 9:23 min @ 50 °C:;

Height (um)

- Edge bead removal (PGMEA) 40 s, 5 mm from edge; ¢ | _
» Post-spin 28 s @ 1440 rpm. 'ZOJ\] \‘\1
-30
RGSUltZ . . . '400 110 2|o 3'0 4'0 slo 6|0 7'0 8I0 9‘0 100
Edge bead height < 1 um, i.e. practically gone. Distance from edge (mm)
> Introduction » Device performance » Conclusion

Ph.D. defense Thomas Anhgij



jw—)
|
a

i

Edge bead removal results

With edge bead
4 8. 8 7

7 um trenches

Without edge bead

4 um trenches

> Introduction » Device performance » Conclusion
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Process parameter optimization

With the edge bead gone the lithographic
resolution has improved significantly. This
makes it possible to study the effect of
process parameters.

Cracks are an issue, especially in the large
spectrometer slab, but also in waveguides
and in the fluidic channel.

Y e Ty —

L L (- 3 1
Response monitors =+ =) L4

— trenches

— ridges
— cracks

=

» Device performance

Soft bake

I

» SB temperature

* SB ramp time
» SB time

—

!

Exposure

{- Exposure time

—

Post-exposure bake

* PEB temperature

* PEB ramp time
» PEB time
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Starting point
« Soft bake:
— 30min @ 95 °C
* EXposure:
— 255 @ 9 mW/cm?

— 4min @ 95 °C

— 10.5 trench aspect ratio
— 5.1 ridge aspect ratio
— 1-9 % cracks

* Post-exposure bake:

Process parameter optimization

Optimized recipe
— 5min @ 65 °C
— 20s @ 9 mW/cm?

— 30 min @ 65 °C

— 11.4 trench aspect ratio
— 8.8 ridge aspect ratio

— No cracks!

» Device performance » Conclusion
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« The soft bake temperature has
the biggest effect in several of
the second DOE models.

« Soft bake effects
— Polymerization
— Resist sensitivity
— Resulting material strength
« May be explained by
— Solvent dependent photoinitiation
— Solvent dependent polymerization

» Device performance

The effect of soft bake temperature

Polymerisation temperature (°C)

Crack density (%)
e )
o O

40}

35t

30+

25}

20 S D —
60 70 80 90 100 110 120

Soft bake temperature (°C)

]27
126
|25
{24
|23
22

N W
o o1 O
T T T T

ickers hardness (kp/mﬁ)

N
=
\Y

o2 9

. : : : . 0
0O 70 80 90 100 110 12%
Soft bake temperature (°C)
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Parameter optimization results

Starting point Optimized recipe

> Introduction » Device performance » Conclusion
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-10
15[
20f
25[
-30
-35
40f
45[
50
55
60 . . . . . i
500 600 700 800 900 1000 1100

Wavelength (nm)

Grating

Transmission (dB)

Spectrometer characterization

("\

Output

I

> Introduction > Device fabrication

(from source)

» Conclusion

(to bulk spectrometer)
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Spectrometer performance

Transmission (dB)
w
(6]

bt
]
diid
b \'
i LtiAr
R HLOn
y S i —
b W

; Output -1
1 ——Output 0
Output 1 ]

> Introduction

700 800 900 1000 1100
Wavelength (nm)

> Device fabrication
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Order:

— m=9 (m,=9)
Wavelength:

— 726 nm (730 nm)

FSR:
— 89.2nm (91.3 nm)

Linear dispersion:
— 7.5%£0.2 um/nm (7.5 pm/nm)
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Result of optimization

-10 - - - - - -10
~ Lo ] -15}
o -20f ] m o0l
% -25+¢ E 5l
S -30} 3 -30
o -35} 8 35
(% -40 i € 4ol
2 .45 2 .45
@ ' @
£ 50| £ 50}

|_
55} : 55}
-60 - . . . . . - 60} . . . . . ]
500 600 700 800 900 1000 1100 500 600 700 800 900 1000 1100
Wavelength (nm) Wavelength (nm)

Loss: 22.3 dB 13.1 dB
FWHM: 5.8 nm 7.5 nm

The transmission increase due to the optimized fabrication is 7.5 dB
The intrinsic spectrometer transmission loss is estimated to 9.8 dB
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Using the spectrometer

P ’!,mrcroscope objective
—_

v

spectrometer \.1 inpu
(54 <

I

pCCD

input fil?gr

m m
:
>
g g
g g
S 400} > & 400¢
o )
200+ 200}
0 - - e 0l - - -
50 100 150 200 775 800 825 850 875
Pixel nr. Wavelength (nm)
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Using the spectrometer

785 nm laser

1000+
800+
600 -
400}
200+
0

Signal (counts)

775

> Introduction

800

Commercial spectrometer

825 850 875 900
Wavelength (nm) /
/

Nile blue
(10 pL, 100 pm)

> Device fabrication

I

Signal (counts)

350+
300+
250}
200}
150+
100+

S0t

Integrated spectrometer

075 800 83 880 875 900

‘ Spectrometer

Objective
Filter

CCD

Wavelength (nm)
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Conclusion

 Trench aspect ratio
Increased from 6
to above 11

 Cracks eliminated

* Spectrometer
transmission increased
six-fold

e QOutlook

— Proof of concept
— SERS active surface
— Blazed spectrometer design

> Introduction » Device fabrication » Device performance
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