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Abstract—ISFETs (ion sensitive field effect transistors)
are ion solid-state sensors based on MOSFETs (metal oxide
semiconductor field effect transistors) applied in many areas
including ion imaging, detection of viruses and bacteria and
DNA sequencing. ISFETs implemented in standard CMOS
technology adopt the inherent Si3N4 passivation as the sens-
ing layer, and benefit from a high integration level with no
need of post-processing steps. However, this implementation
is associatedwith non-idealitiessuch as output temporal drift,
capacitive attenuation of the input signal and random offsets
in the threshold voltage due to trapped charges. Most of these
non-idealities, which require better understanding, are char-
acterized through biasing a reference electrode immersed in
a solution in contact with the passivation layer. To remove electrochemical effects from the measurements, this paper
proposes a dry test where the wet test setup is replaced with a sputtered gold thin film that provides electrical contact
with the ISFETs. Dry tests were performed in arrays of n-ISFETs and p-ISFETs from chips fabricated in a standard 180 nm
high voltage CMOS technology. The intra-die threshold voltages of the n-ISFETs and p-ISFETs presented, on average,
similar offsets, but their die-to-die fluctuation was high. Wet tests on an n-ISFET and a p-ISFET of two non-metalized
chips indicated sensitivities of 38 mV/pH and 46 mV/pH, respectively. The dry test introduced herein allows the electrical
parameters of ISFETs to be determined without the interference of chemical contributions as well as the charges trapped
in the passivation layer to be estimated.

Index Terms— Dry test, ISFET, modeling, sputtering, trapped charge, threshold voltage.

I. INTRODUCTION

WHEN a viral infection such as dengue, zika and
covid-19 spreads around the world, an instrument for

rapid diagnosis that is affordable, portable, accurate and easy
to use is an important tool for contagious disease control.
An electronic platform with specific techniques, such as ampli-
fication of pathogen ribonucleic acid, and sensors allow both
the rapid detection of the virus in biological samples (e.g.,
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human blood, urine or saliva) and the communication of the
results to a cloud system to improve analysis within the health
system [1].

A suitable sensor for this sort of application is the ISFET
(ion sensitive field effect transistor), which is a small structure
based on the MOSFET (metal oxide semiconductor field
effect transistor) capable of measuring the ionic concentration
of solutions. Since its inception in 1970 by Bergveld [2],
the ISFET has been used in different areas including food
analysis [3], detection of viruses [4] and bacteria [5], ion
imaging [6], DNA sequencing [7] and DNA methylation
detection for early cancer screening [8]. With the advent of
the extended-gate technique in 1999 [9], ISFETs started to be
realized with unmodified CMOS (complementary metal oxide
semiconductor) processes, eliminating the post-processing
steps needed in the early fabrication methods.

The extended-gate technique expanded the sensor applica-
tion to lab-on-chip platforms and allowed the integration of
high-density arrays with more than 1000 sensors per die [10],
with small dimensions, thus requiring less reagents and reduc-
ing the testing costs. Additionally, the extended-gate technique
allows mass production at low cost and the coexistence of
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Fig. 1. ISFET structure in a standard CMOS technology.

the sensor readout and bias circuitry on the same chip.
These characteristics, along with low power consumption,
paved the way to implementing ISFETs in portable devices,
which are mostly desirable for point-of-care applications.

The extended-gate technique consists of connecting the
MOSFET gate (in red in Fig. 1), which is left floating, to the
top metal that is in contact with the passivation layer, usually
silicon nitride (Si3N4). In an ISFET, the passivation layer
in direct contact with the solution functions as a sensing
membrane. An external reference electrode (usually Ag/AgCl)
immersed in the solution serves as the gate terminal of the
ISFET (Fig. 1). Despite the benefits of using a standard CMOS
process, the use of the passivation layer as a sensing mem-
brane presents some challenges due to non-idealities, namely,
fluctuations in the threshold voltage due to trapped charges,
temporal output drift influenced by device size, the solution
and the reference electrode, and input capacitive attenuation
due to the capacitive divider formed by the passivation, oxide
and depletion capacitances [11], [12]. In spite of the use of
techniques such as circuit level compensations, differential
measurements and ultraviolet exposition [11] to mitigate the
effects of these non-idealities, most of them still need to be
better understood and characterized.

The ISFET threshold voltage varies in response to the
solution pH, as described using the Gouy-Chapman-Stern and
site-binding theories [13]. The current-voltage characteristic of
the ISFET is modelled through the combination of these two
theories with the transistor model, which in this paper is the
advanced compact MOSFET (ACM) model [14].

Besides the ion sensitivity, for which the maximum is
theoretically 2.3φt /pH (=59 mV/pH at 25◦C) [13], where φt is
the thermal voltage, other ISFET electrical parameters related
to the passivation layer and the MOS transistor must be char-
acterized to achieve an appropriate design. The conventional
characterization of ISFETs is affected by the electrochemistry
of the solution, changes in the reference electrode potential
due to leakage currents, which affects the temporal output
drift [12], and the degradation of the passivation layer due
to long-term contact with the solution [11].

In order to remove these electrochemical effects from the
measurements, this paper proposes a dry test by replacing the
wet test elements (solution and electrode) with a sputtered
gold (Au) film, for the characterization of the ISFET electrical

Fig. 2. (a) The chip encapsulated in DIP40, (b) details of the epoxy
chamber, (c) array layout with identification of devices, and (d) pixel
layout.

parameters, such as the capacitive attenuation, trapped charges,
slope factor and specific current. This is a complementary tool
for ISFET analysis, given that the conventional wet test is still
needed to determine the pH sensitivity.

II. MATERIALS AND METHODS

A. The Fabricated Chip
The chip, designed with Virtuoso® and fabricated in a

standard 180 nm high voltage CMOS technology, consists of
an array with 15 p-ISFETs, 15 n-ISFETs, 1 p-MOSFET and
1 n-MOSFET. The ISFETs and the MOSFETs employ thick
oxide transistors (12.5 nm oxide thickness, supporting VGS

up to 5.5 V, mainly used for input/output pins) with a gate
width (W ) and length (L) of 9 μm and 1.8 μm, respectively,
and top metal area A pass of 80 μm x 80 μm, which results
in A pass = 395Amos (Amos = W∗L). The total area of the
die is 2.28 mm x 2.28 mm with a sensing area of 871 μm x
420 μm at the die center. In order to facilitate access to the
components, the die was packaged (Fig. 2), as described in
the next subsection. The available n-ISFETs and p-ISFETs of
the array are identified as N01 to N15 and as P01 to P15,
respectively, as in Fig. 2c (the remaining devices are dummy
elements). The pixel dimensions are shown in Fig. 2d.

The technology employed has six metal layers and a
passivation layer of Si3N4 on top of undoped silicate glass
(USG), with typical thicknesses of 500 nm and 900 nm,
respectively, and relative dielectric constants of 7.5 and 4.2,
respectively. The MOSFET gate oxide capacitance (Cox) is
44 fF, calculated using the relative dielectric constant of 3.9 for
silicon dioxide, the specified oxide thicknesses of 12.5 nm and
Amos . The passivation capacitance values for the Si3N4 (CSi N )
and USG (CU SG) layers, for the previously specified A pass,
thicknesses and dielectric constants, are 849 fF and 264 fF,
respectively. The total passivation capacitance (Cpass) is the
series association of the capacitances of the Si3N4 and USG
layers:

Cpass = CSi N CU SG

CSi N + CU SG
= 201fF (1)

B. Chip Packaging
The die was wire bonded in a DIP40 (dual in-line package

with 40 pins) with an open cavity (die is uncovered), as shown
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Fig. 3. (a) Cross section of a metalized ISFET; (b) diagram of the die
encapsulated in DIP40 package, and (c) encapsulated chip.

Fig. 4. Au metallization process: (a) mask application, (b) removing the
mask after the sputtering, (c) applying the silver paste, (d) final assembly.

in Fig. 2a. In order to protect the pads and bonding wires,
epoxy was applied to them only, leaving the top plates of the
ISFETs exposed (Fig. 2b). The resulting chamber (diameter
of 1 mm, height of 0.5 mm) allows different solutions or other
materials to be applied.

In order to check the integrity of the electrical connections
after the epoxy deposition, the devices were visually inspected
using X-ray images and electrically tested through measuring
the bulk/source and bulk/drain junctions of the ISFETs.

C. Gold Sputtering for Dry Tests
In order to carry out the dry test proposed herein, an Au

layer was deposited on the chamber to provide electrical con-
tact with the floating gates. Sputtering, a commonly technique
used to deposit sensing films in ISFETs [15], was employed to
form the thin film with neutral Au particles [16]. Illustrations
of the ISFET cross section with a metallization layer and the
encapsulated chip are shown in Fig. 3.

Fig. 4 shows the main steps employed for the Au metal-
lization. Firstly, a mask was applied, consisting of a tape with
a central hole (Fig. 4a), to block the Au deposition in areas
other than the top of the ISFET arrays. The chip was kept
in anti-static foam. In the next step, the source material (Au)
and the substrate (the chip, in this case) were placed in parallel
plates of the sputtering chamber. The Au DC sputtering was
performed using a SPI-Module sputter coater with the para-
meters given in TABLE I, giving rise to an Au film thickness

TABLE I
DEPOSITION PARAMETERS FOR AU

Fig. 5. Cross-section illustration, schematic showing MOSFET, and
capacitive model of an ISFET with a metallization layer.

of around 40 nm, according to the following equation:
d = K I V t (2)

where d is the film thickness in angstroms, K is 0.17 for Au
mixed with argon (Ar), I is the plasma current in mA, V is the
inter-electrode voltage in kV and t is the sputtering time in s.

After the sputtering process had been completed, the mask
was removed, leaving only the ISFETs and some parts of
the epoxy covered with Au (Fig. 4b). An external connector
was glued to the Au layer with a conductive silver paste
(Electrotube SCP003), as Fig. 4c shows. To improve the
robustness for manipulation, the connector was also glued to
the DIP40 package using Loctite Super Bonder (Fig. 4d).

III. ANALYSIS OF METALIZED ISFETS

Fig. 5 shows an illustration of an ISFET with a metallization
Au layer for its gate along with its capacitive model. The
dry gate ISFET characteristics are modified with respect to
those of the MOSFET due to the following factors. Firstly,
the ISFET dry gate is made of a gold layer, whereas polysil-
icon is used for the MOSFET gate. The different materials
for the gates translate into different gate work functions [17].
Secondly, the ISFETs have a capacitive coupling between the
external contact (VRE F ) and the floating gate terminal (VG B);
therefore, the voltage VG B is attenuated with respect to VRE F .
Thirdly, the connection of the polysilicon floating gate to the
Al top metal generates a contact potential.

The advanced compact model (ACM) of the MOSFET [14]
was extended to the ISFET in a previous paper [18]. In the
following, we use the ACM model to derive a set of equations
for application to the dry gate ISFET. The drain current ID
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is given in terms of the forward and reverse inversion levels
(i f and ir , respectively) [14] by:

ID = IS(i f − ir ) (3)

with IS being the normalization current given by:

IS = μC ′
oxnmos

φ2
t

2

W

L
(4)

where μ is the carrier mobility, C ′
ox the oxide capacitance

per unit area, nmos the MOSFET slope factor, φt the thermal
voltage (around 26 mV at room temperature), W the transistor
width and L the transistor length.

The terminal voltages are related to the forward and reverse
inversion levels by:

VP −VS(D) =φt

[√
1 + i f (r) − 2 + ln

(√
1 + i f (r) − 1

)]
(5)

where VS and VD are the source and drain voltages, respec-
tively, and VP is the pinch off voltage:

VP = VG B − VT mos

nmos
(6)

where VG B is the gate voltage and VT mos is the MOSFET
threshold voltage. In the case of the metal-gate ISFET, (6)
can be written as:

VP = VRE F − VT I S F_met

nI S F_met
(7)

where VT I S F_met and nI S F_met are the threshold voltage and
slope factor of the metal-gate ISFET, which will be derived in
the next subsections. The combination of equations (3) and (5)
gives the transconductance-to-current ratio (gm/ID), where gm

is dID/dVG (for the MOSFET) or dID/dVRE F (for the ISFET).

gm

ID
= 1

nφt

2√
1 + i f + √

1 + ir
(8)

In (8), n is nmos or nI S F_met (for the MOSFET or ISFET,
respectively).

A. Slope Factor
The MOSFET slope factor is given [14] by:

nmos = 1 + Cb

Cox
(9)

where Cb is the depletion capacitance. Thus, considering
the passivation capacitance (Fig. 5), the slope factor of the
metalized ISFET is:

nI S F_met = 1 + Cb

Ce f f
(10)

where Ce f f is the series association of capacitances Cox and
Cpass:

1

Ce f f
= 1

Cox
+ 1

Cpass
(11)

Summarizing, there is an increase in the slope factor of the
ISFET compared to that of the MOSFET due to the passivation
capacitance. Since the Gouy-Chapman capacitances from the
electrochemical interface are much higher than Cox and Cpass ,
(11) can also be used for wet tests [19].

B. Threshold Voltage
The MOSFET threshold voltage (VT mos) is given [14] by:

VT mos = VF B + 2φF + γ
√

2φF (12)

where φF is the bulk Fermi potential and γ the body-effect
factor, related to the slope factor by [14]:

γ = 2(nmos − 1)
√

2φF (13)

VF B is the flat band voltage given by:
VF B = φM S − Qo

Cox
(14)

Qo is the equivalent charge at the interface oxide-
semiconductor and φM S , designated as the contact poten-
tial [20], is the difference between the work functions per
electron charge of the gate and semiconductor materials given
by

φM S =φpoly − φsc =φpoly −
[
χ+ Eg

2q
+φt ln

(
Na

ni

)]
(15)

where φpoly and φsc are the work functions per electron charge
of the polysilicon gate and the semiconductor, respectively, χ
the semiconductor electron affinity per electron charge (4.05 V
for Si), Eg the silicon band gap (1.12 eV), q the electron
charge, Na the substrate doping and ni (1010 cm−3 at 25◦C)
the intrinsic carrier concentration in the silicon [21].

The ISFET threshold voltage is defined in a similar way to
that of the MOSFET, i.e., at the threshold condition the surface
potential ϕS at the semiconductor equals 2φF . For this surface
potential, the semiconductor charge is equal to −γ Cox

√
2φF .

Similarly to the MOSFET, the gate voltage needs to be equal
to the flat-band voltage (VF B,I S F) to compensate both the
difference in the work functions of the materials employed
in the ISFET and charges Qo and Q pass , where Q pass is
the equivalent charge trapped at the interface between the
passivation layer and the top metal of the technology.

VF B,I S F =φAu −φsc+φpoly −φmet − Qo

Ce f f
− Q pass

Cpass
(16)

where φAu and φmet are, respectively, the work functions of
gold and aluminum, the latter being the metal of the bottom
of the passivation layer. The term Q pass/Cpass represents the
offset in the flat-band voltage due to the charges trapped at
the passivation.

Assuming that the flat-band voltage is equal to zero,
a voltage VRE F must be applied to the ISFET Au gate,
such that the surface potential φS equals 2φF . At this surface
potential, the semiconductor charge is equal to −γ Cox

√
2φF ;

therefore, the value of VRE F is given by

CpassCox

Cpass + Cox
(VRE F − 2φF ) = γ Cox

√
2φF (17)

Finally, superimposing the results from equations (16)
and (17) we find that the threshold voltage of the metal-gate
ISFET is

VT I S F_met − 2φF = φAu − φmet + φpoly − φsc

+ 1

Ce f f

(
−Qo + γ Cox

√
2φF

)
− Q pass

Cpass

(18)
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Note the similarity between the result of (18) and the
threshold voltage of the MOSFET. In the ISFET, another
contact potential, between Au and Al (top metal), is included.
The effects of both the oxide charge and the semiconductor
charge are, in the ISFET, coupled to the Au gate by means
of Cef f , rather than Cox (as in the case of the MOSFET).
Equation (18) can be rewritten in terms of the MOSFET
threshold voltage as:

VT I S F_met = φAu − φmet + Cpass + Cox

Cpass
VT mos

− Cox

Cpass

(
2φF + φpoly − φsc

) − Q pass

Cpass
(19)

Equation (19) can be expressed as:

VT I S F_met = φAu − φmet − Q pass

Cpass
+ VT mos

+ γ Cox
√

2φF − Qo

Cpass
(20)

The work functions per electron charge for Au, Al, and
heavily doped n+poly (n-MOSFET) and p+poly (p-MOSFET)
silicon gates are: φAu = 5.1 V, φmet = 4.28 V, φn+poly =
4.15 V and φp+poly = 5.27 V, respectively [22].

IV. RESULTS AND DISCUSSION

The test setup was configured with the Agilent 4156C
semiconductor parameter analyzer and the Agilent 16442A
test fixture. The threshold voltage, the specific current and
the slope factor were extracted with the gm/ID methodology
described in [14].

The ID xVRE F and gm/ID xVRE F curves for the ACM
model, implemented in Matlab®, are compared with measure-
ment results for an n-ISFET (Fig. 6a) and a p-ISFET (Fig. 6b).
The extracted parameters for the n-ISFET under test are
VT I S F_met = 3.32 V, IS = 231 nA and nI S F_met = 2.72 while
for the p-ISFET they are VT I S F_met = −0.75 V, IS = 73.2 nA
and nI S F_met = 2.41. The model and the experimental results
are in close agreement.

Fig. 7 presents the spatial distribution of the threshold
voltage (Vt) across the n-ISFET and p-ISFET arrays, for
four chips. Device malfunctions were mainly caused by
open connections in the bonding wires due to the epoxy
deposition. Histograms of the threshold voltages are shown
in Fig. 8. Threshold voltage dispersions are mainly caused
by fluctuations in trapped charges.

In floating gate devices, charges are trapped in the gate and
mostly in the passivation layer during the fabrication process,
causing offsets in the threshold voltage. Using the model
developed and practical results, it is possible to estimate this
charge. TABLE II presents the offset considering the value of
VT I S F_met , assuming that there are no charges (Q pass = 0 C)
at the passivation layer, and the mean values of VT I S F_met

measured on different chips. The value of VT I S F_met for
Q pass = 0 C was calculated using (20) with mean val-
ues of VT mos equal to 1.012 V and -1.213 V, and nmos

of 2.50 and 2.01, measured on 15 dies for the n-MOSFETs
and the p-MOSFETs, respectively, and |2�F| = 0.8 V.

Fig. 6. ID × VREF and gm/ID x VREF of model and measurements for
(a) an n-ISFET and (b) a p-ISFET.

Fig. 7. Spatial variation of threshold voltage across the array after the
dry characterization of four chips (“X” means failed device; empty spaces
are dummy elements).

Thus, the resulting VT I S F_met values, assuming Q pass = 0 C,
were 2.38 V for the n-ISFETs and −0.76 V for the p-ISFETs.
Defining offset as the difference between the theoretical value
of the threshold voltage for Q pass = 0 C and the measured
values, the value of Q pass can be readily calculated using (20).
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Fig. 8. Histograms of the threshold voltages measured on the n-ISFET
and p-ISFET arrays of four chips.

TABLE II
ESTIMATION OF THE OFFSET IN THRESHOLD VOLTAGE DUE TO

TRAPPED CHARGES AT PASSIVATION

TABLE III
ISFET THRESHOLD VOLTAGE DISPERSION COMPARED WITH

PREVIOUSLY PUBLISHED VALUES

For the chips under analysis, one can note close values for
the charges trapped at the passivation layer for n-ISFETs and
p-ISFETs on the same die. However, the inter-die fluctuation
of the threshold voltage offset is relatively high, ranging from

Fig. 9. Measured gm/IDxID curves for the MOSFET and ISFETs of
(a) n-type and (b) p-type.

approximately −8.5 V to 1.5 V, which is an indication of
significant differences in the amount of passivation charges of
each die.

Different methods have been reported to measure the thresh-
old voltage offsets, usually using the conventional wet setup.
The offset estimation includes removal of the passivation
using laser [19] and reactive ion etching [23], and comparison
between MOSFETs and ISFETs curves [24]. For example,
offset estimations of −1.32 V for one n-ISFET [19] and
inter-die averages between −1 V and 4 V for n-ISFETs with
different geometries [24] have been reported. In contrast to the
procedures employed in the researches described in [19], [23]
and [24], the method presented herein is neither destructive
nor affected by chemical potentials, and it can cover the whole
die area, thus being suitable for the characterization of ISFET
arrays.

TABLE III shows ISFETs threshold voltage dispersion
obtained in this work compared with the values reported in
the literature. It can be observed that the dispersion in the
ISFETs threshold voltages of this work is comparable with
those reported in other publications for different technologies.

The insertion of the mean values for the measured nmos

of n-MOSFETs and p-MOSFETs of 15 dies (2.50 and 2.01,
respectively) in (10) results in slope factors of 2.82 and 2.23
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TABLE IV
MEAN MEASURED AND THEORETICAL SLOPE FACTORS AND

(gm/ID)max FOR ISFETS OF � × � CENTRAL ARRAYS

OF FOUR DIES

Fig. 10. Readout circuit used to measure pH sensitivity: (a) n-ISFET
schematic. (b) p-ISFET schematic. (c) Implementation.

for the n-ISFETs and p-ISFETs, respectively. The increase
in the slope factor (n) decreases the maximum transcon-
ductance efficiency ((gm/ID)max), according to the following
equation [14], [27]:

(gm/ID)max = 1

nφt
(21)

As expected, the transconductance-to-current ratios of the
n-type and p-type ISFETs are smaller than those of the nMOS
and pMOS transistors, as shown in Fig. 9.

TABLE IV shows the mean values obtained from the mea-
surements and the theoretical values for the slope factor and
(gm/ID)max for ISFETs of four chips in the 3 × 3 central
array (devices 04-12, for better matching). The differences
between the measured and theoretical values indicate possible
capacitance deviations from the typical values used for the
calculations.

In this design the passivation capacitance is dominant in
relation to the oxide capacitance (Cpass ≈ 5Cox) and thus the
slope factor and, consequently, the gm/ID characteristics of
the ISFETs and MOSFETs are very close, as can be inferred

Fig. 11. pH sensitivity: (a) n-ISFET. (b) p-ISFET.

from (10). Therefore, making the passivation capacitance
dominant over the oxide capacitance results in an ISFET with
a higher gm/ID value, close to that of a MOSFET [19].

A discrete readout circuit was built to measure the pH
sensitivities of both p- and n-channel ISFETs (Fig. 10).
Measurements were taken over one minute for each sample
of 650 μL of pH (4, 7, and 9) buffers. The ISFET was biased
with a tiny Ag/AgCl reference electrode. A large chamber
(glued at the top of the chip) and an electrode support were
3D printed in the Laboratório de Prototipagem/Fiocruz-PR.
After each measurement, the chip was cleaned twice. The
cleaning process consisted in (i) immersing the top of the chip
with Mili-Q water during 1 minute, (ii) removing the cleaning
solution, (iii) drying the top of the with a wiper, and (iv) letting
it dry for 1 more minute.

Wet tests indicated a sensitivity of 38 mV/pH for an
n-ISFET of one chip and 46 mV/pH for a p-ISFET of another
chip (Fig. 11), which are close to the values obtained from
simulations in our previous work [18]. The n-ISFET was
measured by both increasing and decreasing values of pH,
while the p-ISFET was measured only for increasing values
of pH.

After several hours of testing, we were faced with unstable
responses, which prevented us to characterize the full array of
each chip.
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The readout circuit was designed to generate a current
ID of 8 μA, using the following parameters: VD D_O P =
−VSS_O P = 15 V, VD D = −VSS = 2.5 V, Vsource = 0 V,
R = 300 k� and the TL072 for the operational amplifier.
Since ID = IS .i f for a saturated device, and knowing that the
average specific current measured in 4 chips using the dry test
(Is = 200 nA for n-ISFETs and Is = 55 nA for p-ISFETs)
the corresponding inversion levels (i f ) are 40 and 145 for the
n-ISFET and the p-ISFET, respectively. Using once again the
UICM, eq. (5), the output voltage (VO), which is the gate
voltage of the ISFET, is given by:
VO = VT I S F + nI S Fφt

[√
1 + i f − 2 + ln

(√
1 + i f − 1

)]
+ Vsource (22)

Using the measured values of nI S F (TABLE IV) and VO at
pH 7 (Fig. 11), results in VT I S F = 1.13 V and VT I S F =
−3.6 V for the tested n-ISFET and p-ISFET, respectively.
These values are within the measured VT I S F ranges using the
dry test (TABLE III).

V. CONCLUSION

This paper proposes a dry test for the characterization of
the design parameters of ISFETs. The dry test avoids the
influence of both the chemical characteristics of the aqueous
solutions and the reference electrode in the measurements.
The dry gate was realized through a DC sputtered Au film
for the electrical contact with the floating gate. The ISFETs
were fabricated in a standard 180 nm high-voltage technol-
ogy, and encapsulated using DIP40 and epoxy to create a
chamber. Several n-type and p-type devices on different dies
were measured. Comparison of measurements and simulation
results using the ACM model adapted to the dry gate ISFET
are in close agreement. Trapped charges were estimated by
physically modelling the metalized ISFETs. The n-ISFETs and
p-ISFETs of the same die presented, on average, a similar
offset, mainly caused by the trapped charge. However, inter-die
measurements of the trapped charge differed considerably.
Wet tests on an n-ISFET and a p-ISFET of non-metalized
chips indicated pH sensitivities close to expected values. The
proposed dry test can be used as a complementary tool for
ISFET analysis and characterization, since the conventional
wet test is still needed for the full characterization, in particular
to determine the pH sensitivity. Through the improvement of
the metallization process and the external connection, the setup
proposed herein could be extended to unpackaged devices
resulting in a less expensive and more rapid characterization
of ISFET parameters, such as the threshold voltage, trapped
charges, and capacitive attenuation. Summarizing, the dry test
introduced herein can be used for a separate analysis of the
chemical and electrical contributions to ISFET characteristics.
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