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Abstract: A review of the large possibilities of sub-micron gap Suspended-Gate FETs, namely 
SGFET, to detect chemical and biologic species with high sensitivity, is presented.  Examples of 
detection of humidity, gas, pH of liquid solutions, DNA (through one mutation of BRCA1 gene that is 
the main indication of the possibility for a woman to have breast cancer) and proteins (through the 
transferrin that is the only carrier of iron in blood) are presented to highlight these possibilities. The 
high sensitivity is explained from the charge distribution inside the sub-micron gap due to the high 
field effect. Copyright © 2008 IFSA. 
 
Keywords: Electronic detection, Suspended-gate FET, Sensitivity, Chemical detection, Biologic 
detection 
 
 
 
1. Introduction 
 
The need of rapid and precise detection of early disease symptom, as well as the need of safe 
environment, becomes now the main leitmotiv of the societal development. Following these needs, 
there is a great demand for easy to use and low cost systems that can detect rapidly different chemical 
and biologic species with high sensitivity and specificity. The systems have to integrate sensing 
functions and conditioning electronics to increase the reliability. Electrical detection will participate to 
this integration. Moreover, electrical signal measurement is much easy and cheap. Finally, the 
electrical detection offers the capability of supplying a quick result with a competitive cost-in-use. 
Here, generic structure, namely Suspended-gate-field-effect-transistor with submicron gap, is 
presented and used in different applications (humidity, gas, pH of liquid solutions, DNA and proteins 
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detection) to show its high sensitivity in the detection of electrical charges. The high sensitivity is 
explained from the charge distribution induced by the high applied field under the gate-bridge that is 
suspended at sub-micron distance. 
 
SGFET based sensors are extensively investigated since ever the work of Janata [1]. Different 
variations of the structure (Hybrid SGFET [2], Floating Gate FET [3]) were introduced to improve the 
performance. All these structures use the work function variation as sensitive parameter. Then, their 
sensitivity is limited to the Nernstian response. Using recent surface microtechnology techniques, the 
present SGFET structure uses gate-bridge that is suspended at submicron distance. In this way, it is 
possible to increase highly the sensitivity by introducing the field effect as additional parameter. 
 
 
2. Technological Aspects 
 
SGFET structure (Fig. 1) is based on MOSFET device for which the gate insulator is composed of 
classical isolation with an additional free zone between the gate insulator and the suspended bridge. 
 
 

 
Source

Drain

Gate 

 
 

Fig. 1. SEM image of a suspended gate field effect transistor (SGFET). 
 
 
This suspended bridge is achieved by considering two goals: the production of a flat and homogeneous 
suspended gate-bridge with good electrical and mechanical characteristics and the use of a sacrificial 
layer easy to deposit and to etch. The gate-bridge has to be electrically insulated from the ambience. 
Moreover, it has to stay horizontal (constant distance between the gate insulator and the bridge so that 
the transistor characteristics will be reproduced) when the gate bias is applied and when the structure is 
dipped into liquid and then dried a lot of times [4]. Such conditions on the mechanical behaviour can 
appear particularly hard to meet. 
 
 
2.1. Suspended Gate Fabrication 
 
To reach the goaled mechanical behaviour, micro-bridges were fabricated using different materials to 
estimate the effect of the stress on their mechanical properties. The main process steps of surface 
micromachining to fabricate suspended bridge are basics: first, the sacrificial layer is deposited and 
then patterned using standard photolithography techniques [5]. Then, the anchor windows are opened. 
Finally, the structural films are deposited and patterned to form the micro-bridges. 
 
The electrical conductive structural layer is a 500nm polysilicon doped layer amorphously deposited at 
550°C and crystallized during 12h at 600°C. Two sacrificial materials have been investigated: APCVD 
silicon oxide and LPCVD germanium. Silicon oxide is deposited in a conventional APCVD reactor at 
400°C. The deposition conditions have been optimized to obtain a high etch rate in hydrofluoric acid 
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(HF). The etch rate in HF 49% is measured to be around 700 nm/min. Germanium is deposited in a 
LPCVD reactor at 500°C with 50 sccm GeH4. Then, the germanium sacrificial layer is easily etched 
using hydrogen peroxide (H2O2) warmed at 90°C and then rinsed in DI water. Both sacrificial layers 
were 500 nm thick. 
 
Fig. 2 shows an example of these free standing micro-bridges using germanium (Fig. 2(a)) or SiO2  
(Fig. 2(b)) as sacrificial layer. The down face of polysilicon bridge is very rough when using 
germanium and smooth with SiO2. The roughness of polysilicon deposited on germanium is attributed 
to the rough surface of the sacrificial germanium that is polycrystalline as-deposited. The mechanical 
behaviour of the bridge is highly improved when using germanium. This improvement can be 
explained from the surface roughness as asperities significantly reduce the area over which the 
adhesion is active. In other words, smooth surfaces are more highly prone to collapse with another 
smooth surface [6]. 
 
 

10 µm

Poly-Si/Poly-Ge process (a) Zoom-in

Poly-Si/SiO2 process (b) Zoom-in

10 µm

Poly-Si/Poly-Ge process (a) Zoom-in

Poly-Si/SiO2 process (b) Zoom-in
 

 
Fig. 2. SEM image of micro-bridges realized using Ge sacrificial layer (a) or SiO2 sacrificial layer (b)  

and zoomed-in view of the central zone. Ge has roughned the down face of polysilicon in touch. 
 
 
Moreover the beneficial effect of the use of germanium on the mechanical properties, the etching step 
of the sacrificial layer is much easy as the etching selectivity of Ge versus all other materials used in 
the process is very high. H2O2 does not etch any more silicon, SiO2, and Si3N4. The etching rate of  
Ge by H2O2 is very high. Its value is 100 nm/min at ambient temperature, but can be as high as  
1100 nm/min at 90°C [7]. These important properties lead to an easier integration of MEMS devices 
with their electronics. 
 
The mechanical behaviour of the bridge improves more, when conductive doped polysilicon is 
embedded between 2 layers of Silicon Nitride (Si3N4) to ensure its electrical insulating. Indeed, it has 
been shown [8] that boron doped polysilicon micro-cantilever has a high positive mechanical stress 
gradient which can lead to out-of-plane deflection of the cantilever. On the other hand, Si3N4 layers 
present a negative stress. The negative stress of Si3N4 layers balances the positive stress of doped 
polysilicon layer and the mechanical behaviour of the embedded bridge is improved. 
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2.2. SGFET Process 
 
Eight masks were designed for the fabrication of the sensor based on classical MOS technology. This 
sensor has also been developed in low temperature technology (>600°C) on glass by using undoped 
polysilicon for the channel and highly doped polysilicon for drain and source regions [9]. Both 
technologies can be developed for N-type or P-type field effect transistors. 
 
Fig. 3 presents a scheme of P-type SGFET just before removing the sacrificial layer that is the 
germanium film. It is nearly a usual MOSFET where the silicon dioxide insulator is replaced by the Ge 
film. Wafers used are <100> oriented and low-doped N type. The drain and source wells come from 
nitride boron diffusion at 1100°C with a 650 nm SiO2 as protect layer. The channel is oxidized at 
1100°C on 70nm. Then, the channel oxide is protected by a 50nm Si3N4 LPCVD (Low Pressure 
Chemical Vapor Deposition) layer performed at 600°C. On the nitride layer, a 500nm Ge sacrificial 
layer is deposited by LPCVD at 550°C, following by a 50 nm silicon nitride layer, which acts as 
isolation layer for the bottom of the gate. Gate and drain source contacts are silicon thin films 
amorphously deposited at a temperature of 550°C and a pressure of 90 Pa in a Low Pressure Chemical 
Vapor Deposition (LPCVD) reactor and are in-situ solid phase crystallized at 600°C. This technology 
allows depositing boron in situ doped silicon films using a mixture of either silane or disilane, and 
diborane as doping gas. Previous study [10] showed that a boron doped polysilicon layers deposited 
from disilane gas that is temperature compatible with diborane gas have good electrical characteristics, 
with the advantage of a high deposition rate. A last 50 nm silicon nitride layer protects the top of the 
gate. Vias are opened in the nitride layer for the contact with Aluminium path. Due to the use of liquid 
ambience, all metal layers are insulated with a last photoresist coat. The last step of the process is the 
releasing of the gate-bridge by wet etching of the Ge sacrificial layer using hydrogen peroxide (H2O2). 
 
 

Al

Poly Si  P+
Ge

Si3N4

Si P+

Bulk Si N

SiO2

Al

Poly Si  P+
Ge

Si3N4

Si P+

Bulk Si N

SiO2

 
 

Fig. 3. Process of the P type SGFET before the releasing of the Ge sacrificial layer. 
 
 

3. Modeling of Charge Detection 
 
Intrinsically, SGFET structure is a sensor of electrical charge that can be present between the bridge 
and the channel. Indeed, the threshold voltage VTH of MOSFET can be expressed by: 
 
 

∫ ρ−+ϕ+Φ=
oxe

0ox

SC
FMSTH dx)x(x

Ce
1

C
Q

2V , (1)

 
where ΦMS is the difference between the work function of the gate material and the semiconductor, ϕF 
is the Fermi level position in the semiconductor versus the mid-gap, QSC is the space charge in the 
semiconductor, C is the total capacitance between the gate material and the semiconductor, eox is the 
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thickness of the insulator (air-gap, Si3N4 and SiO2), ρ(x) is the charge in the insulator, located at a 
distance x from the gate. 
 
VTH value depends on the charge and on its distribution inside the insulator. In the present SGFET, the 
gate insulator is a sandwich of 4 layers SiO2, Si3N4, air-gap, Si3N4. For fixed charges in the SiO2 film 
and both Si3N4 layers, VTH depends on the variation of the charges and their distribution in the air-gap. 
 
Moreover this dependence, VTH can change when ΦMS varies due to some chemical reactions at the 
inner surface of the gate material and at surface of the insulator channel film. Commonly, only this last 
dependence is considered in historic SGFET. Indeed, when the air-gap is thick, the field effect has a 
small influence over charges and the distribution of the electrical charge is uniform inside the air-gap. 
 
However, the present SGFET shows a very low air-gap, 500 nm, between active layer and gate, 
implying an important field effect inside the thin air-gap. In this case, the distribution of the electrical 
charge becomes non-uniform due to high field, leading to a variation of ρ(x). Moreover, the high field 
can influence the adsorption by shifting the charges on the surface. All these effects lead to a variation 
of ΦMS but, also, of the last term in the VTH expression. Then, VTH variation can be very large if the 
effect of high field are considering. However, this effect can occur only with very high fields: we 
observed a high decrease of the sensibility when the air-gap increases from 500 to 800 nm. The 
charges sensitivity becomes high due to an increase of charges content accumulated on the surface 
channel. This accumulation becomes more and more important when the gate-source voltage increases. 
 
The modeling is based on the determination of interface charges concentration QSS, depending of the 
gate voltage [11]. It is the original part of this modeling, this effect being not taken into account in the 
classical MOS theory. The insulator is supposed to contain constant positive charges concentration, 
NTOT. These charges are moving under electrical field, due to positive gate VG, and accumulated to the 
channel surface where there are fixed. The positive charges concentration by surface unit on channel 
surface QSS, is took proportionally to VG. The variation rate of QSS with VG is proportional to the 
positive charges concentration NTOT present in the air between gate and channel. 
 
We take into account that it needs NLIM = 1014 charges by surface unit to cover completely silicon 
surface (by taken the silicon atomic density to 5.1022 atom/cm3). In this case, the variation rate of QSS 
with VG is also proportional to the number of empty places at the silicon surface (qNLIM-QSS) as: 
 
 ),Q - (qN qN   

dV
dQ

SSLIMTOT
G

SS α=  (2)

 
where α is an experimental factor. 
 
From this model, the concentration of accumulated charges in the channel by surface unity, Qn has 
been calculated and has been drawn in Fig. 4. For few positive charges NTOT in the air between gate 
and channel, the quantity of accumulated charges in the channel increases slowly versus gate voltage. 
When the density of positive charges increases, the subthreshold slope decreases, leading a strong 
increasing of drain current. Finally, when NTOT > 1013 cm-3, there is a value of gate voltage Vg for 
which the current Ids saturates. 
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Fig. 4. Accumulated charges in the channel Qn vs. gate voltage for different concentration  
of positive charges in insulator. 

 
 
Effect of charges on the air-gap transistor characteristics depends on the density and on the type 
(positive or negative) of charges Qss. We have summarized the evolution of transfer characteristic for 
p-type and n-type SGFET in Fig. 5. After introduction of positive Qss, the IDS (VGS) curve of n-type 
SGFET shifts towards lower voltages (negative shift of the threshold voltage). On the other hand, the 
presence of negative charges has the contrary effect on the air-gap transistor characteristics: transfer 
characteristic shifts towards higher voltages (positive shift of the threshold voltage). 
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Fig. 5. Evolution of transfer characteristic of (a) P-type and (b) N-type SGFET after introduction  
of positive or negative charges. 

 
 
4. Humidity 
 
To check the charge sensitivity of the present SGFET and its modeling, the device is characterized in 
the air-water mixture with different relative humidity (RH). It is known that the content of negative 
charges decreases when RH increases. 
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SGFET is placed in a moisture chamber where humidity and temperature are controlled. Transfer 
characteristics, drain-source current IDS – gate-source voltage VGS of an N-type SGFET, at fixed RH, 
are plotted in Fig. 6(a). The threshold voltage (Fig. 6(b)) and the subthreshold slope highly decrease 
and in the same time, IDS saturates at lower gate-source voltage when humidity increases. The 
threshold voltage shift is more than 18V when the humidity ratio varies from 17 to 70%. The variation 
is particularly important for low humidity rates. It highlights the high sensitivity of the present sub-
micron SGFET. The decrease of VTH is well compatible with the use of N-Type SGFET and the 
decrease of negative charges when RH increases [12]. 
 
 

-5 0 5 10 15 20 25 30
10-11

1x10-10

1x10-9

1x10-8

1x10-7

1x10-6

1x10-5 RH

VDS=1V

75%
65%

55%
50%
45%

40%
33%

25%

17%

I D
S (A

)

VG (V)  
20 40 60 80

0

5

10

15

20

V TH
 (V

)
%RH  

 
(a) 

 
(b) 

 
Fig. 6. (a) Transfer characteristic drain-source current IDS – gate-source voltage VGS of a N-type SGFET  

for different humidity ratio and( b) threshold voltage versus relative humidity RH. 
 
 
5. Gas Sensor 
 
The detection of humidity confirmed the possibility to use SGFET in charges sensing with high 
sensitivity. Next step consists to check the SGFET possibility in gas sensing. N-type SGFETs are 
placed in a stainless steel test chamber (200 ml) where a controlled atmosphere was provided by means 
of mass flow controllers connected to a computer [13]. The transfer characteristic, drain current versus 
gate voltage Ids (Vg) at constant drain-source voltage Vds, is measured at room temperature under a 
flow of synthetic humid air at a flow of 200 ml min-1. Therefore, the gas is introduced at the same flow 
rate, keeping constant the level of relative humidity. Then the transistor is characterized another time. 
 
The SGTFT sensor shows its ability to detect specific gas with a very high sensibility through the 
examples of the detection of NO2 and NH3. These two gases were chosen for their contrary effect on 
the threshold voltage shift. Indeed, whereas introducing NH3, the current curve shifted towards lower 
voltages, i.e. negative shift of the threshold voltage. Introducing NO2 had the reverse effect. 
 
Fig. 7(a) shows the variation of transfer characteristics under different NO2 concentrations. The 
detection is based only on the reaction of NO2 with silicon surface. The molecules of NO2 act as 
acceptor centres [14]. Once they have been adsorbed on silicon surface, the acceptor-like character 
would lead to an increase of free carrier (holes) concentration in silicon: negative ions NO-

2 act as 
negative charges –QSS in gate insulator thus explaining threshold voltage increasing. This negative 
charges support the known oxidizing character of NO2 [15-16]. 
 
Fig. 7(b) shows the variation of transfer characteristics under different NH3 concentrations. The 
negative shift of the threshold voltage confirms its reducing character [17-18]. The molecules of 
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ammoniac are dipolar and act as donor centres. Once they have been adsorbed on silicon surface, 
positive ions NH+

3 act as positive charges QSS in air thus explaining threshold voltage decreasing. 
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Fig. 7. Transfer characteristics of SGTFT under different NO2 (a) and NH3 (b) concentrations.  
The reference is synthetic humid air. 

 
 
6. pH of Liquid Solutions 
 
One of the main problems when using suspended microstructures in liquid solutions is their 
mechanical behaviour when they are submitted to multiple diving and drying. Indeed, the effect of 
sticking forces can be important particularly when the distance between the suspended structure and 
the substrate is submicron as here. So, it is important to check the behaviour of the present gate-bridge 
before using SGFET as sensor in liquid solutions.  Fig. 8 shows Scanning Electron Microscope image 
of SGFET after several diving in different solutions. The bridge stays horizontal as shown in Fig. 8(a) 
and confirmed in the zoom-in view (Fig. 8(b)). 
 
Then, SGFET can be used in liquid ambience to sense charges. Obvious application is solution pH 
sensing. The experimental procedure follows the next steps. The SGFET is dived into a buffer solution 
for which the pH was fixed before. Then, the transfer characteristics drain-source current IDS versus the 
gate voltage VGS is measured. The drain-source voltage VDS is kept constant at -2 V during this 
measurement. The SGFET under testing is rinsed using de-ionized water between 2 measurements in 
buffer solution with different pH values. The pH value is varied between 3 and 10. Fig. 9(a) shows the 
transfer characteristics IDS-VGS of the same P-type SGFET dived in buffer solution with different pH 
values at ambient temperature. The threshold voltage decreases for higher pH values and then for 
lower H+ concentration. To check the sensitivity of SGFET to solution pH, the VGS value at  
IDS= –100 µA is plotted as a function of the pH in Fig. 9(b). The variation of VGS with pH is perfectly 
linear. The slope of the straight line gives a sensitivity of 209 mV/pH [19]. 
 
The present SGFET is sensitive to solution pH. However, the more important is the very high value of 
this sensitivity. It is much higher than the usual value given by the commercially available ISFETs. In 
the classical ISFET theory [20, 21], the concentration of H+ ions that is adsorbed at the surface of 
silicon nitride, is in equilibrium with the H+ concentration in the solution. Then, the concentration of 
adsorbed H+ ions varies with pH value that leads to a variation of the threshold voltage. ISFET 
Nernstian response gives a pH sensitivity limited to 59 mV/pH at ambient temperature [22, 23]. 
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(a) 
 

(b) 
 

Fig. 8. SEM image of the gate-bridge after several diving in different solutions and drying (a).  
The zoom-in view (b) highlights the good mechanical behaviour of the bridge. 
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Fig. 9. (a) Transfer characteristics of the same SGFET dived into solutions with different increasing  
pH values at ambient temperature. (b) Plot of the VGS values versus pH for a drain-source current  

fixed to -100 µA at ambient temperature. 
 
 
The high SGFET sensitivity can be explained by the submicron gap where a high field effect appears 
when the gate voltage is applied. The H+ concentration becomes then non-uniform in the gap. The OH- 
ions contained in the solution are shifted near the channel and the H+ near the gate.  This effect leads to 
an increase of the device sensitivity. The effect of the low gap height is highlighted by the lower 
sensitivity obtained when the gap is larger. Indeed, when using an 800 nm gap instead of the usual 500 
nm value, the sensitivity decreases from 209 mV/pH to 90 mV/pH. This high decrease of the 
sensitivity highlights also the non-linear effect of the field. 
 
In fact, it seems that both the adsorption as in usual ISFET and the effect of the new charge 
distribution induced by the high field, participate to the SGFET answer. It is possible to separate 
experimentally these both effects by using salt solutions that do not change the pH and do not 
introduce an adsorption at the surface. Salt solutions of KCl and NaCl and basic solution KOH are 
prepared with exactly the same concentration. pH does not change when using salt solutions as KCl 
and NaCl. When plotting transfer characteristics of SGFET that is dipped in these salt solutions, only 
effect of the field on the charge distribution will be observed. In the presence of KOH, pH change and 
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then both effects of the new distribution of charges inside the gap and of the adsorption will be 
observed. Fig. 10 shows the transfer characteristics of SGFET dipped in DI water and in solutions of 
KCl, NaCl and KOH with the same concentration. Similar shift of the characteristics is shown in 
presence of KCl or NaCl with the same concentration. This shift is only due to the distribution of 
charges induced by the field inside the gap. VTH shift is induced by the variation of the last term of 
equation (1). Same charge content gives same shift. With same concentration KOH solution, extra shift 
is observed. It can be due to the pH of KOH and then to the charges that adsorb at the surface of 
silicon nitride (first term in equation (1)). Then in presence of KOH the shift is due to both the charge 
distribution and the adsorbed charge. Both origins contribute to the high pH sensitivity of the present 
device. 
 
Another advantage of the present SGFET consists on the extreme small volume needed to measure the 
pH. The commercially available ISFETs require a small probe but in combination with a rather large 
reference electrode. The use of a REFET (identical FET that does not react with the ion concentration, 
and so covered with insensitive membrane) needs a differential amplifier system [24]. 
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Fig. 10. Transfer characteristics when SGFET is dipped in DI water, and in solutions of NaCl, KCl or KOH. 
These 3 solutions have the same concentration. 

 
 
7. Biologic Species Detection 
 
The high sensitivity of the submicron SGFET to electrical charges that can be present in liquid 
solutions opens the way to biologic species detection. Indeed, DNA or proteins electrical sensing 
consists on the detection of the variation of charges induced by linking between complementary 
strands of DNA or antigens-antibodies for proteins. These links insure the specificity of the detection 
in the same time. 
 
 
7.1. DNA Detection 
 
DNA detection systems have opened the field for several years to a very important technological step 
in the field of knowledge of the genome. The detection system uses the concept of DNA hybridization, 
where known single strand DNA sequences (probe) are immobilized onto a surface and the 
complementary DNA strand (target) is recognized by its specific binding affinity. 
 
SGFET sensors detection consists to immobilize under the gate well-defined sequences of DNA single 
strands and to put the device in contact with solution containing the target to be detected. When probes 
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and targets are complementary, the molecular hybridization occurs and the adjunction of negatives 
charges (brings by phosphate groups) under the gate involves a shift of the threshold voltage VTH of the 
transistor. 
 
Before and after each step of the procedure of the DNA immobilization, SGFET is characterized by 
plotting its transfer characteristics, Drain-Source current Id as a function of the Gate-Source bias Vg 
with fixed Drain-Source voltage. This characterization is systematically done with SGFET dipped in 
the same ambience. Indeed, the transistor characteristic depends on any electrical charge that comes in 
the space under the bridge. So, it is important to produce a constant ambience that does not change 
between 2 steps of the procedure. Any variation of the transistor characteristics has to be attributed 
only to the extra charge coming from the attachment of the DNA. Neutral solution of Phosphate Buffer 
Saline (PBS) was chosen as constant ambience during the electrical measurements. 
 
Fig. 11(a) shows the transfer characteristics when P-type SGFET is dipped in PBS after grafting of  
25-mer ODN, after hybridization trying of non-complementary and complementary DNA. A 
displacement of the characteristic in the direction of the lower negative voltages is observed after 
hybridization with complementary DNA. It corresponds to the detection of negative charges due to the 
phosphates groups of the complementary DNA which was grafted (the direction of this displacement is 
in conformity with the addition of a negative charge for a P-type MOSFET). The shift for a fixed 
current of -1x10-5 A is of 0.35V. We also observed that there is a relation between the value of the 
voltage shift and the concentration of the biological liquid. 
 
 

-1 -2 -3 -4 -5 -6

0,0

-5,0x10-6

-1,0x10-5

-1,5x10-5

-2,0x10-5

-2,5x10-5

-3,0x10-5

 grafted ODN
 non comp. DNA
 comp. DNA

Id
(A

)

Vg(V)  

 

 

0.01 0.1 1 10 100 1000

50

100

150

200

250

300

350

D
el

ta
V

(m
V)

Log(Concentration ng/µl)

Ids= 25µA

0.01 0.1 1 10 100 1000

50

100

150

200

250

300

350

D
el

ta
V

(m
V)

Log(Concentration ng/µl)

Ids= 25µA

 

 
(a) 

 
(b) 

 
Fig. 11. (a) Transfer characteristics when SGTFT is dipped in PBS after grafting of ODN, after hybridization 
trying of non-complementary and complementary DNA. Positive shift shows the presence of negative charge. 

(b) Shift of the SGEFET characteristic at constant drain current (25µA) as a function of the target 
concentration. 

 
 
Fig. 11(b) shows the increase of the voltage shift of the electrical characteristic taken at fixed drain 
current (-25 µA) when the concentration of the sequence targets increases. As expected, the curve of 
the shift as a function of the logarithm of the concentration is perfectly linear (Fig. 11(b)). 
Remarkably, the sensitivity is constant over 5 decades of concentration. Such large range is unusual 
with biosensors. Moreover concentration, as weak as 10pg/µl, is detected. Such high sensitivity can 
open the way for detection without biologic amplification (PCR). 
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The high sensitivity of the present sensor for DNA detection [25] led us to check the possibility to 
detect one particular mutation of BRCA1 gene that is known to be difficult to sense by usual 
techniques. This variant, known as (c.2731 C>T, p.Pro871Leu), consists in the substitution of only one 
base. One C base is replaced by one base T in the mutated gene.  Mutations of BRCA1 and BRCA2 
are the main indication of the possibility for a woman to have breast cancer [26]. Indeed, in case of 
these mutations, the risk of breast cancer is multiplied by 8. Success in such detection is vital as breast 
cancer is the first cause of women mortality between forty and forty-five years. 
 
For the detection of (c.2731 C>T, p.Pro871Leu) mutation, two 25-bases sequences are used as probes. 
One is healthy (with C base) and the other is mutated (with T base). The healthy and the mutated 
targets had 240 bases and were furnished by the Nantes Hospital (France). Moreover to the possibility 
to detect the mutation, it can be possible to know if the subject is homozygote or heterozygote. As a 
consequence 6 tests must be done (Table 1). For example, if DNA of the subject (target) doesn’t 
hybridize with healthy probe and hybridize with mutate probe (Fig. 12), we can conclude that the 
subject is mutated homozygote. 
 
 

   
 

(a) 
 

(b) 
 

Fig. 12. (a) Characteristics before and after hybridization test of a mutated homozygote target with a normal 
probe. These characteristics are confounded because of the absence of hybridization (b) Characteristics before 
and after hybridization test of a mutated homozygote target with a mutated probe. Shift of the characteristic is 

due to hybridization. 
 
 
Fig. 13 summarizes the results of the 6 possibilities given in Table 1. It gives the shift of the transfer 
characteristics of the transistor for these 6 possibilities. When the subject is homozygote, the difference 
between hybridization and no hybridization is well highlighted. When the subject is heterozygote, both 
hybridizations with healthy and mutated probes occur. However, the shift is smaller than its value in 
the case of the homozygote. Moreover both shifts are similar. Then the heterozygote subject can be 
also well identified. 
 
Then the present example of the breast cancer highlights well the powerful use of the SGFET sensor 
[27]. Indeed, the detection was faced to only one base that is substituted in a very long sequence  
(240 bases). 
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Table 1. Prediction of results. 
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Fig. 13. Shift of the transfer characteristics of the SGFET for the 6 possibilities given in Table 1. 
 
 
7.2. Proteins Detection 
 
As for DNA detection field, there is high demand in a rapid, low cost and quantitative detection of 
proteins that can be targeted for diagnosis or prognosis. Indeed, the high cost of the present techniques 
limits their expanded use into the healthcare system. Here, the selectivity is insured through specific 
antibodies covalently bound to the surface of SGFET [28]. 
 
The example of the detection of transferrin is given here to show the powerful of SGFET in the 
detection and quantification of proteins. Transferrin is iron-binding glycoprotein. It is the only carrier 
of iron. It circulates in blood plasma and is produced by the liver. Its level in blood is important to 
detect iron diseases in the iron metabolism: overload or anemia. Fig. 14 shows the transfer 
characteristics when SGFET is dipped in PBS after linking antibodies and after specifically linking 
transferrin to antibodies. Obvious shift of the characteristics is related to the specific attachment and 
then to the detection of transferrin. 
 
 
8. Conclusion 
 
Submicron Suspended Gate Field Effect Transistor showed its possibility to detect any charge 
variation under the bridge with very high sensitivity. This sensitivity level was explained and 
experimentally demonstrated from the effect of the large electrical field that induces new distribution 
of the charges under the bridge. 
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Fig. 14. Transfer characteristics after linking of antibodies (anti-transferrin) to SGFET surface and after specific 
linking of transferring on its antibody. Shift of the characteristic is due to specific detection of transferring. 

 
 
Examples of the use of SGFET to detect humidity, gas, pH of liquid solutions, DNA and proteins were 
shown to highlight the large range of possibilities offered by this structure. It can work in gaseous or 
liquid ambience. The example of pH detection is particularly telltale of the high possible sensitivity, 
209 mV/pH, as the usual pH sensitivity of usual sensors is known to be theoretically limited to the 
Nernstian response, 59mV/pH at ambient temperature. 
 
The use of submicron SGFET in liquid solutions assumes tacitly that the gate-bridge stays horizontal 
when the gate bias is applied and when the structure is dipped into liquid and then dried a lot of times. 
It means that all the technological difficulties were surmounted as shown in this paper. 
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