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Abstract- Performance biosensor surface are often numerous bio-sensors ha &en successfully
controlled by the rate of administration of the analyte implemented  using t% 'GaN/GaN 2DEG
?0 t?le .detectio.n surface instead of detectil.lg sensors conduction as the Se% ement [1-2]. In these
intrinsic capacitances. On the surface, carries analyte previous works, severa nds of chip washing need
diffuses the biosensor surface severely limiting its * . .
. o to be condyeton Q» er the analyte incubation or
performance. At low concentrations, this limitation, . o
. immobiliz4 order to remove the unwanted or
commonly known problem of mass transport, causing )
extremely long detection time ranging from a few days unbound @ ¢ from the sensing area. To develop
to a few months. In this instance, we propose and compl nctional bio-sensing systems, it is highly
demonstrate a biosensor platform is based on a high- desNable to develop ways of manipulating and
mobility transistor electronic AlIGaN / GaN. g the bio-molecules and cells to the designated
nsing area. In this regard, there has been no report
Promising detection technology used AIGaN / . . . .
K i . on GaN based manipulating system suitable for bio-
electron transistors high mobility (HEMT GaN) as . .. .
sensing application. In this work, we propose a GaN-

biological sensor. HEMT structures have
developed for use in biological and biomedical ¢

based manipulation system based on the properties

because of their high gas two-dimension3 of 2DEG .
(2DEG) mobility and saturation velogi
channel line AlIGaN / GaN HEMT is ose to the The 2DEG density is modulated by changes in
surface and extremely sensitive tdythe allsorption of
analytes. the surface potential of the HEMT and thus, devices
@ without gate metallization directly sense charged
In this paper w recent progress on
functionalizing the s HEMTs for specific particles and molecules adsorbed onto the exposed
detection of glucos marker injury molecules, gate area [3-4]. For these reasons AlGaN/GaN
prostate cancer, er common substances. ) ) ) ) o
HEMT devices are subject of intense investigation
Keywordg-N/®¢N/GaN; 2DEG; HEMT; analyte; gate. and have emerged as attractive candidates for pH and
INTRODUCTION ion sensitive sensors or detectors for biological
e bandgap GaN and related compound processes [5—6]. In this work, we investigate the
S onductor materials possesses  attractive

different technological steps for sensor fabrication to
chemical inertness and bio-compatibility for bio-

sensor application. In particular, the AlGaN/GaN
heterostructure features polarization induced high
density two dimensional electron gas (2DEG) at the 1L BIOSENSOR FABRICATION
heterojunction that is only ~20nm below the surface.
Since any surface modifications such as change to
surface states, attachment of charged particles can of a 3 pm thick undoped GaN buffer, 30 A thick

affect the 2DEG density that ultimately can be Alp3Gag-N spacer, and a 220 A thick Si-doped
detected by electrical measurements. Thus,

various biological substances.

The HEMT structures in Fig. 1 typically consist
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Alp3Gag7N cap layer. The epilayers are grown on

thick GaN buffers on sapphire substrates. The gate

arca of HEMT is functionalized with different

chemicals depending on the sensing applications [7].

Figurel. schematic of HEMT.

Table 1 shows a summary of the surface

functionalization layers we have employed for

HEMT sensors to date. There are many additional

options for detection of biotoxins and biological

molecules of interest by use of different protein or

antibody layers. The advantage of the biofet

approach is that large arrays

produced on a single chip and

of HEMTSs can be

functionalized with ! ;

different layers to allow for detection of a broa

range of chemicals or gases [8].

N

TABLE.l SUMMARY OF THE SURF
FUNCTIONALIZATION,
Detection Mechanism ace

@ctionaﬁzation

H2 Catalytic

N

ot
dissociation

Pressure P @on Polyvinylidene
change difluoride
O

Bome ntibody Thioglycolic

m tb acid/antibody

Progins | Conjugation/hyb | Aminopropylsila
ridization ne/

pH Adsorption of | Sc203, ZnO
polar molecules

KIM-1 Antibody KIM-1 antibody

Glucose GOx ZnO nanorods
immobilization
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Prostate- | PSA antibody Carboxylate
specific succimdyl
antigen ester/PSA
antibody
Lactic LOx ZnO nanorods
acid immobilization
Chloride Anodization Ag/AgCl
ions electrodes; InN
Breast Antibody Thyioglycolic
cancer acid/c-erbB® Q
antibody \
*
CO2 Absorption of | Pol imin
water/charge e/agal
&
DNA Hybridization hiol-modified
q ﬁligonucleotides
02 0xidatio(07 InGaZnO
N *
Hg2+ ) &@ Thioglycolic acid/Au
O

.
&H. EXEMPLE OF BIOSENSOR

N\

A.  Kidney injury molecule detection

The functionalization scheme in the gate region
began with thioglycolic acid followed by KIM-1
antibody coating [9]. The gate region was deposited
with a 5-nm thick Au film. Then the Au was
conjugated to specific KIM-1 antibodies with a self-
assembled monolayer of thioglycolic acid. The

HEMT
dependence

source-drain  current

on the KIM-1

showed a clear
concentration in

phosphate-buffered saline (PBS) buffer solution

(b)

PSA antibody

PSA antigen

passivation

GaN

) ohmic
AlGaN contact

Figure 2. Schematic of HEMT sensor functionalized for PSA
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Figure 3. Drain current versus time for PSA detection gigen
sequentially exposed to PBS, BSA, and PSA

B. Breast cancer

Antibody-functionalized d AlGaN/GaN
high electron mobility tr n EMTs) show
promise for detecting c-e tigen. The c-erbB-
2 antigen was spec1ﬁ gmzed through cerbB

antibody, anchore ate area. We investigated
a range of clin elevant concentrations from
16.7 lg/ ml t /ml.

surface was functionalized with a
bi-functional molecule, thioglycolic acid.
bnchored a self-assembled monolayer of
thioglycolic acid, HSCH2COOH, an organic
compound and containing both a thiol (mercaptan)
and a carboxylic acid functional group, on the Au
surface in the gate area through strong interaction
between gold and the thiol-group of the thioglycolic
acid. The devices were first placed in the ozone/UV
chamber and then submerged in 1 mM aqueous
solution of thioglycolic acid at room temperature.

ICNCRE 13 ISBN : 978-81-925233-8-5

This resulted in binding of the thioglycolic acid
to the Au surface in the gate area with the COOH
groups available for further chemical linking of other
functional groups. The device was incubated in a
phosphate-buffered saline (PBS) solution of 500
lg/ml c-erbB-2 monoclonal antibody for 18 h before
real time measurement of c-erbB-2 antigen.

After incubation with a PBS buffered solution
containing c-erbB-2 antibody at a concentration
lg/ml, the device surface was thoroughly rms&
with deionized water and dried by a mwower
The source and drain current from MT were
measured before and after th as exposed to
0.25 1lg/ml of c-erbB-2 ai b’[ a constant drain
bias voltage of 500
ambient of the H T’ ect the surface charges on
the AlGaN@ese changes in the surface

charge a sduced into a change in the

sllght changes in the

concer@n of the 2DEG in the AlGaN/GaN

$T$, leading to the slight decrease in the
$0 uctance for the device after exposure to c-erbB-
135

0 100

2 antigen. Fig. 4 (top) shows real time c-erbB-2
antigen detection in PBS buffer solution using the
source and drain current change with constant bias
of 500 mV. No current change can be seen with the
addition of buffer solution around 50 s, showing the
specificity and stability of the device. In clear
contrast, the current change showed a rapid response
in less than 5 s when target 0.25 lg/ml c-erbB-2
antigen was added to the surface. The abrupt current
change due to the exposure of c-erbB-2 antigen in a
buffer solution was stabilized after the c-erbB-2
antigen thoroughly diffused into the buffer solution.
Three different concentrations (from 0.25 Ig/ml to
16.7 lg/ml) of the exposed target c-erbB-2 antigen in
a buffer solution were detected. The experiment at
each concentration was repeated five times to
calculate the standard deviation of source-drain
current response. The limit of detection of this device
was 0.25 lg/ml c-erbB-2 antigen in PBS buffer

solution. The source-drain current change was
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nonlinearly proportional to c-erbB-2 antigen
concentration, as shown in Fig. 4 (bottom). Between
each test, the device was rinsed with 1 M KCl, pH
6.0, phosphate buffer solution containing a wash

buffer of 10 to strip the antibody from the antigen.
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Figure 4. Drain current of an AIGaN/GaN time for
c-erbB-2 antigen from 0.25 lg/ml to 17 ml (to®) and change
ofdrain current versus different concentr from 0.25 lg/ml to

17 lg/ml of c-& afftigen
Clinically relevant ¢0 @ rations of the c-erbB-

2 antigen in the saliv erum of normal patients
are 4-6 lg/ml lg/ml, respectively. For
breast cance ts, the c-erbB-2 antigen
inwhe saliva and serum are 9—13 lg/ml
1, respectively. Our detection limit

sugge HEMTs can be easily used for

daig of clinically relevant concentrations of
r ers. Similar methods can be used for

dNg€ting other important disease biomarkers and a
compact disease diagnosis array can be realized for
multiplex disease analysis[8§].

V. CONCLUSION

In conclusion, we showed a biosensor using a
robust HEMT AlGaN/GaN These devices can take
advantage of the advantages of microelectronics,
including high sensitivity, possibility of high-density
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integration, and mass manufacturability. The goal is
to realize real-time, and inexpensive

There is great promise for using AlGaN/GaN
HEMT based sensors Depending on the
immobilized material, HEMT-based sensors can be
used for sensing different materials. These electronic
detection approaches with rapid response and good
repeatability show potential for the investigation of
airway pathology. The high surface area (gate)
provides an ideal approach for enzymatic detection
of biochemically important substances.
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