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Biosensor as ' Converts biological information into
a device

physical one

They have a high sensitivity to a
broad range of biologically active




Because there are many promising fields for
potential use of cell-based biosensors:

® Environmental monitoring (chemical/biological
warfare agents, groundwater contamination...),
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Diamond

The crystal structure of diamond is
equivalent to a face-centred cubic
(FCO) lattice.

The conventional unit cell is cubic
with a side length &, approximately
equal to 3.567 A at room
temperature.

The C — C bond length d'is equal to




Diamond Surface
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Microelectrodes
|
To realize a diamond
lab-on chip

we need a technique
able to micromachine
diamond

The components of diamond-
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The damage threshold indicates the damage density above which the damage layer converts to
graphtie after annealing. And below which the damage region recover to diamond after annealing.



How to make channels?

I I
The procedure consist

of four main stages:
a) evaporation of Cr-Au a)
adhesion layer
b) deposition of semi-
spherical Au contact mask
c) implantation with scanning
ion microbeam
d) mask removal
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Sample (d_hpht 06, I5)
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AFM measurements
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The charachterisation of the channel was done by AFM

[ | Contact AFM
- Non-Contact AFM
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Morphological characterization
of swellings of Sample “1”
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Morphological characterization
of swellings Sample “2”

canale fluence (cm2) channel (nm) End channel (nm)
A 1,3-1017 160 200
B 2,1.107 200 300
C 2,9-10%/ 300 480

The morphology maps of the
implanted channels (A, B, C)
show the profile of channel
and its end part. Observed
swelling at the endpoint of
channel considered a
fingerprint of the emerging
channel.
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Sample “2” description and
swellings characterization
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(b) side view: C - semi-
spherical gold contact, A
— Cr-gold (Cr:10 nm)

© Sumitomo

nm) pad, D - contact
wire. Contacts were

deposited before o 0
implantation. The black :
(a) Optical image of |ines are implanted AFM_ morpho]ogy map of th.e regl_on
Sample 3 is 3x3x1.5mm?  channels. hightlighted with red square in optical
single crystal diamond d a
oroduced by HPHT method. image of the samplle.Two parallel swellings
The sample is cut along related to respective channels are clearly



AFM height image of the central region
marked with red rectangle

EFM amplitude map (right side) from the same region
and profile of it; tip bias= -3.24 V.
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Height [nm]
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Sample 2 (not annealed) - single
channel characterization. Height map (a)
and corresponding Current map (b)
where Sample Bias voltage is +10V.
Cross-sections of channel marked with
white lines showed separately as Height
cross-section (c) and Current cross-
section (d). IV curves measured at point
“1” (e) and those at point “2” (f)
corresponds to channel and rest of the
surface, respectively
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Cap layer over the channel
is produced with help of
Variable thickness mask.
This mask allows to tune
the penetration depth of

the ions.
direction of scanning

1. After implantation
of the channel the cap




Optical characterization
I
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Channel 1 before (upper image)
channel #1 annealing and after annealing
(lower image)




EFM maps of the area shown

in Fig.3.21, describing
absence of conductivity

of channel 1 on

d_hpht_01 sample after
annealing: height (a) and

current (b) maps of
endpoint region, height
(c) and current (d) maps

of channel
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e Swelling of the surface due to ion
Implantation

e Evidence of channels emerging at the
surface




Conclusion
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The scheme of diamond-based biosensor Is
presented. This scheme serves as a goal for
development of different components of integrated

biosensor device.

In this study in order to characterize the morphology
and electrical features of MeV ion implantation
channels has been preformed. The experimental
evidence that the residual damage in diamond
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Scheme of a typical sample

Active layer (0.3 -5
um): HOMO lla
diamond

Substrate (0.5-
1mm): HPHT Ib
diamond (100)




Electrostatic Force Microscopy
N E—

Electrostatic force microscopy
(EFM)

applies a voltage between a
conductive tip and the sample, with
the cantilever hovering above the
surface.

At such distances the deflection of the
cantilever in variation with

cantilever tip

path of cantilver




