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Abstract

The ion-sensitive field effect transistor (ISFET) was first presented by
P.Bergveld in 1970. The metal-gate is replaced by a sensing layer and the solution.
Therefore, the electric characteristics:are-changed by-different kinds of sensing layers.
Depending on different sensing layers;.we can measure different kinds of solution or
proteins. In this research, we focus on the pH-ISFET.

The sensing layers dominate the pH-ISFET properties. Depending on different
sensing layers, drift properties and sensitivities vary with different chemical reactions.
In order to study the barriers effect under the sensing layers, we deposit different
kinds of barriers before the sensing layer. The results show that the barriers affect the
device greatly. With TaN barrier, sensitivity and drift of the pH-ISFET are more stable.
Moreover, the drift is lower than 1.08mV/hour with the WN barrier. As a result, the
barrier plays an important role in the pH-ISFET.

In this research, we will show details on the fabrication process and the
measurement setup. At last, the characteristics of pH-ISFET with barriers are

presented and explained.
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Chapter 1

Introduction

1.1 Introduction to the ISFET

Since P. Bergveld [1] first employed the field-effect transistor for
neuropsychological measurements in 1970, ISFET’s have developed into a new type
of chemical sensing electrode.

The device is similar to the conventional MOSFET except that the metal gate
electrode is removed in order to expose the underlying insulator layer to the solution.
Many theoretical and experimental’studies thave been published describing the
behavior of this chemical sensing electronic.device [2].

At first, Bergveld and Sibbald as an expression' for the drain current, Id, in the
linearr region, describe the operational mechanism of the ISFET. Therefore, changes
in the drain current are attributed to changes in the electrostatic potential only.

Afterwards, Yates et al. [3] introduced the site-binding model in colloid
chemistry to describe the properties of an oxide-aqueous electrolyte interface. This
model was later adapted to describe the insulator- electrolyte interface of the ISFET.

Nowadays, the famous model presented by Bousse is commonly accepted as a
good description for the ISFET response. However, the model is not able to give a
description of the sensitivity that can easily be interpreted. Moreover, the model is not

valid over the entire pH range and the influence of the ionic strength is neglected.



1.2 Reasons of using different sensing layers

Due to small size and short response time [4], ISFET devices show advantages in
comparison to conventional ion selective electrodes especially in biomedical
applications. However, most difficulties are resulted from the basic problems on
ISFETs. Consequently, we just focus on pH- ISFETS in our paragraph.

The sensing properties of the pH-ISFETs were greatly dependent on various
materials owing to the different reactivity of the electrolyte with materials. In the past,
for detecting pH, many sensitive materials, such as, SiO; [1], SisN4 [5], Al.O3 [6],
Ta,0s [7], WO3 [8], SnO, [9,10], etc. have been investigated. However, it is reported
that these material have lower pH-sensitivity than Nernst values.

The first membrane used was SiO, and unsatisfactory sensitivity and dynamic
response was obtained. Subsequently, SisNg4,-Al;O, Ta,0s5, WO3; and SnO, and were
used as pH-sensitive dielectrics because—-of-the / higher pH response. Moreover,
pH-ISFETs based on electron conducting.-material are widely investigated now

because of low drift and hysteresis. [11]

1.3 Intrinsic properties of the ISFET

In view of very small size, rapid response, low output impedance, compatible
with standard MOS process and low cost, etc. [12-13], it reveals a lot of advantages
in comparison with a conventional ion-selecitive electrode particularly in the
applications of the biomedical engineering [14,15,16].

Even though this device was discovered over 33 years ago, progress in
developing a commercial form has been slow. There are some serious problems that

have to be solved for applying such sensors. Aside from technological difficulties
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associated with the fabrication and packaging, the lack of understanding of basic
mechanisms, such as the effects of temperature and light, slow pH response effects of
the ISFET also cause problems, as these results in drift, non-linearity, and hysteresis
of the sensor signal.

When the intrinsic response of the pH-ISFET is completed, the output voltage of
the pH-ISFET still varied with time gradually and monotonically [17]. This
phenomenon is called as drift. Drift behavior exists during the entire measurement
process [18,19]. Drift is not only dependent on the sensing membrane/electrolyte
interface, but also depend on the measurement circuit, reference electrode, and device.

The hysteresis also called memory effect, it is affected by the slow response of
the pH-ISFET [20], such that, there are the different output voltages when the
pH-ISFET was measured many times at the same:pH value. This voltage deviation is
defined as the hysteresis width=Therefore, in-order to extend the applications of the

pH-ISFET, it is important to measure:these-non-idealphenomena.

1.4 Other problems in the ISFET system

In spite of intrinsic problems, to be useful for chemical analysis, all devices must
be integrated into a complete analytical instrument. A system with small size and low
cost is required, for example, for portable analytical applications. The integration of
the ISFET measurement circuitry with the ISFET sensor in the same silicon chip can
be advantageous. An integral ISFET system is shown in Fig.1-1[21].

In order to set up the complete analytical instrument on a chip, reference
electrode is very important. When Bergveld first introduced ISFET [1], the device
was operated without a reference electrode. However, later work by other

investigators indicates that proper operation of ISFET requires a reference electrode
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to establish the electrolyte potential with respect to the semiconductor substrate [21].

Apart from drift problems that can easily be minimized by using the ISFET
under flow conditions in flow-injection analysis (FIA) systems [23], the most
important problem is the packaging of the sensor. In order to solve the packaging
problem, backside-contacted (BSC) ISFET devices represent one of the most
interesting approaches [12] [22]. In this way, the encapsulation and final packaging of
the sensor can be greatly simplified in order to automate the process.

Until now, several fabrication methods for ISFET-based biosensors have been
reported. Esashi and Matsuo [24] applied the anisotropic etching technique to make a
needle-like ISFET device, which was completely isolated from the water. Another
most frequently used method is based on a silicon-on-sapphire (SOS) structure
[25-28]. After that, extended gate field effect transistor (EGFET) was invented and
extensively used [29]. Fig.1-2 [24].is a BSC.system-of ISFET and Fig. 1-3 [26] is a

system of FIA.

1.5 Thesis organization

In this study, devices with different sensing layers and barriers were produced.
At first, the theory of the ISFET is described. The single layer model is the basic
theory and multi-layer model provides advance knowledge about the barrier. In
chapter 3, the entire experiment procedures and measurement details are described.
Though chapter 3, devices with different barriers are manufactured. After measuring
the characteristics of the devices, we bring up some ideas about the results and show

the conclusions in chapter 4. At last, some works are presented to do in the future.
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Chapter 2

Theory for the ISFET

2.1 General expression for the single sensing layer
2.1.1 Theory for the pH sensitivity of the ISFET

In order to explain the theory of the pH-ISFET, we have to return to the basis of
the ISFET. According to R.E.G van Hal’s paper [1], a new theory describes the
electrostatic potential at the metal oxide electrolyte solution is presented.

This theory describes the variation of the electrostatic potential as function of the
differential double layer capacitance and-the intrinsic buffer capacitance. ISFET
measurements are interpreted. using this theory,’ and it is shown that these
measurements can differentiate between the theories for the double layer and the
theories for the charging mechanism for the metal oxide.

The operational mechanism of the ISFET is described by Bergveld and Sibbald

[2] using an expression for the drain current, Id, in the unsaturated region :
W | ®Si Qox+Qss QB
|d:|JCoxT ((Vos(Erer-Wor X - q Cox Cox

+2W1))Vos-1/2V2ps) ....(1)

where | is the average electron mobility in the channel ; W and L are respective the
width and length of the gate; E is the contribution of the reference electrode; Vps
and Vs are respectively the drain source voltage and the gate source voltage; ®s; is
the silicon electron work function; q is the elementary charge; Cox is the capacitance
of the gate oxide; Qox, Qss, QB are the charges located in the oxide, charges located

in the surface states and interface states and the depletion charge respectively;
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™ is the surface dipole potential of the solution , andys is the potential difference
between the Fermi levels of doped and intrinsic silicon. All parameters are constant
except the electrostatic potentialW, and the surface dipole potential, %**. The
surface dipole potential is supposed to be independent of pH and changes in the drain
current are therefore attributed to changes in the electrostatic potential, Wq ,only.

The surface reaction between the gate insulator and the electrolyte solution will
build up a charge at the oxide surface. Due to this charge an electrostatic potential, W,
is developed in the electrostatic potential near the oxide surface.(Fig.2-1).

This potential between the gate insulator surface and the electrolyte solution causes a
proton concentration difference between bulk and surface that is according to

Boltzmann:

_ql.IJO

AHs+= AHB+ EXP ..(2) or

q¥,
Hs=pHg+ ...(3
p sp B 2 3KT ()

Where ayi+ is the activity of H™ g is the elementary charge, k is the Boltzmann
constant and T is the absolute temperature. The subscripts B and S refer to the bulk
and the surface, respectively. Here we define two parameters: [Biy and C;, and we

will explain their physical meanings later.

00,
IpH;

where Oy is the surface charge per unit area. The buffer capacity,[Bin; is called the

=-0Bint.-.(4)

intrinsic buffer capacity because it is the capability to buffer small changes in the
surface pH (pHs),but not in the bulk pH (pHg).

Because of charge neutrality,an equal but opposite charge is built up in the
electrolyte solution side of the double layerop, (Figl). This charge can be described
as a function of the integral double layer capacitance, C; and the electrostatic

potential:



OpL=-Ci¥o=-0p...(5)

The integral capacitance will be used later to calculate the total response of the ISFET
on changes in pH. The ability of the electrolyte solution to adjust the amount the of
stored charge as result of a small change in the electrostatic potential is the differential

capacitance, Cgjt

As a result, we can combine all

8%, :éq)o 90, :_qﬂint . (7)= )
pH, oo, PH, C it S(pH, + q¥, )

2.3KT

rearrangement of (7) gives a general expression for the sensitivity of the electrostatic

potential to changes in the bulk pH :

M _03K o (8) with. s €
JH., q 2 BKTC
e bl
q ﬂint

Note thataxis a dimensionless sensitivity parameter.-The value ofox varies between 0
and 1 depending on the intrinsic buffer‘capacity and the differential capacitance. For a
sensitivity close to the theoretical maximum,ctapproaches 1 ,the intrinsic buffer
capacity should be high and the differential capacitance should be small. The key
parameters, intrinsic buffer capacity and the differential capacitance are further

investigated in the following paragraphs.

2.1.2 The intrinsic buffer capacity and the differential capacitance

There are two general approaches to describe the titration data of oxides. The
porous gel model was suggested by Lyklema as a possible explanation for the very

high values of titratable charge on some oxidizations [3]; however, there is no direct
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evidence to show its factuality. The second approach describes the charging
mechanism of oxides by surface reactions. This approach is in agreement with the
conclusions drawn by Siu and Cobbold from the fast response times of the ISFET [4].
There are several theories that describe surface interactions. The principle features of
all these theories are:

—Interactions take place at specific sites

—Interactions can be described via mass law equation

—Surface charge result from these interactions

—The effect of surface charge on the interactions can be taken in to account by

applying the double layer theory.
The site-dissociation model introduces by Yates et al. [5] are used to derive the
intrinsic buffer capacity for several‘oxides and silicon nitride.

This model describes the-charging of .an oxide as the result of equilibrium
between the AOH surface sites‘and the H-ions-in the bulk of the solution the surface
reactions are:

AOH < AO™+Hs" and
AOH," < AOH+Hs"
These equations show the important part in the intrinsic buffer capacity.

It is known that the background electrolyte has a large influence on the surface
charge [6]. This dependence is ascribed to variations in the double layer capacitance.
The Gouy-Chapman-Sterrn model is most widely used to describe the double layer
structure in ISFET literature. [7]

In the beginning of this century Gouy and Chapman proposed independently the
idea of a diffuse layer to interpret the capacitive behavior of an electrode/electrolyte
solution interface. The excess charge in the solution side of the interface is equal in

value to that on the solid state surface, but is of opposite sign. The ions in the solution
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are therefore electrostatically attracted to the solid-state surface but the attraction is
counteracted by the random thermal motion which acts to equalize the concentration
throughout the solution. However, this theory has one major drawback. The ions are
considered as point charges that can approach the surface arbitrarily close. This
assumption causes unrealistic high concentrations of ions near the surface at high
values of Wy

An adjustment to solve this problem was first suggested by Stern. He proposed a
diffuse layer of charge in the solution starting at a distance X from the surface. After

that, a complete model is defined.

2.1.3 Conclusions for single sensing layer

The sensitivity of the electrestatic potential to. changes in pHg, as measured with
an ISFET, can be very well described-in-terms-of the intrinsic buffer capacity of the
surface and the differential capacitance.. This-expression can be used for all theories
that describe the charge of an oxide electrolyte solution interface as a result of specific
interactions at specific sites. A theoretical value for the sensitivity can be calculated

using several combinations of models.

2.2 Theory for the pH sensitivity of Multi-layer ISFET

After discussions of single layer ISFET, we realize the relation between the
electrolyte solution and the sensing layer. However, different layers under sensing
layer are another factors. According to C. G. Jacobson’s paper [9], the entire theory of
Multi-layer ISFETs could be explained.

The standard ISFET includes an intermediate gate formed by one or more
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conducting layers, like aluminum, polysilicon, titanium and platinum. Fig. 2-2 [9]
shows the layers considered in the model that correspond to a vertical cut along the
sensing area shown in Fig. 2-3 [9].

The model considers two insulators and an intermediate conducting gate. The
first insulator is the thin gate oxide of the MOSFET, and the second insulator is the
sensing layer of the ISFET.

Considering Gauss surfaces as indicated in Fig. 2-3 and the unit area charges in
the interfaces, the following equations are written (from top to bottom):
QsoitQags=-E2E>...(1)

Qic=€:E,-£1E;...(2)

Qs+Qss=€1E1...(3)

Fig. 3. Gate layers of the intermediate gate ISFET, where Q| is the intermediate gate
charge, Qs is the silicon surface states charge, Qs is the silicon charge, Qags IS the
charge adsorbed in the sensing layer,iand Qsot-IS-the solution charge.

E1Ez €1,€; are the electric fields and-dielectric econstants in the insulators.

The application of a voltage to the reference electrode yields the voltage balance
equation

VRr-Vret@o(pH)=V1+Vot+ P+ s. .. (4)
wheredg; is the work function difference between the solution and the semiconductor,
which includes the work function differences introduced by the intermediate gate.
Vge is the constant potential drop between the reference electrode and the electrolyte,
andJs is the silicon surface potential. V; and V.are the potential drops at the
insulators.
o(pH) is called the potential drop which is derived from above.

The voltage across the insulators is given by
V| =V1+V; =-aE,-bE; ...(5)
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a and b are the thickness of the first and the second insulator (the gate oxide and the
sensing layer), respectively.
From (1)-(5)

Ve-Vre+@o(pH)-(Pss 2—%— :-8—:+q;s...(6)

where C, is the capacitance of the composite insulator given by
=+ L(7)
and C1=(£..£1/a),C,=(=(.£1/b), are the capacitance of each insulator separately.

At threshold s =2 being the Fermi energy level at the bulk of the silicon.

The semiconductor charge is approximated by the maximal depletion charge,

Q QD max Q|G
Vin =VRe- H+dg - —= - ’ - -2 ... (8
th RE (Po(p ) SS C| C| C2 ) l-IJF ( )

Equation (8) provides the basis for the operation of the ISFET with an intermediate
gate. As in a regular ISFET, the-potential drop at the interface is directly related to the
threshold voltage. The difficulty arises-from-the additional term in (8), which may
introduce a change in the threshold veltage.and hence a drift in the readout of the
sensor. The main challenge in the intermediate gate ISFET is to assure the operation
of the device at constant intermediate gate charge.

Moreover, it must be noticed that classic ISFETs use composite insulators where
the interface traps act similarly to a conducting layer. Instabilities in the charge
trapped at these sites area possible source of drift. Hence, the intermediate gate model
may explain some of the drifts present in classic ISFETs. A first condition for the
presence of a constant intermediate gate charge is found when the sensing layer
operates as an ideal insulator. In this case the intermediate gate is placed between two
good quality insulators and no charging or discharging of the intermediate gate is
possible.

An ideal insulating sensing layer cannot be obtained in a practical device.
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Considering a typical sensing layer capacitance value of 10 'F/cm , a leakage current
density through the sensing layer lower than 3x10 **A/cm is required to obtain a drift
lower than 1 mV/h. In memories, current densities of the required order of magnitude
or lower are achieved at high temperature processes of the order of 1000 C.

If we use low-temperature evaporated sensing layers, these layers will show leakage
currents in the range of 10 ® —10 * A/cm [10]. For a leaky sensing layer
intermediate-gate ISFET, the steady-state condition is achieved when the sensing
layer current is zero and equal to the gate oxide current. Hence, at steady state, E,=0.

Evaluating (1)-(5) the charge-voltage balance equation is

Qu = Q
c, )= C, +s...(9)

VRr-VRe+@o(pH)-(Pss -

which corresponds to a MOSFET equation, where the terms Va-Vge+
@o(pH) work as an equivalent gate voltage=The threshold voltage is derived from (9)

as follows:

Vin =Vre-Po(pH) + D -%-M)-zmp...(lo)

which is only function of¢p, and constant terms. Hence, threshold voltage changes are
directly related to pH changes.

The steady-state condition is achieved controlling the thickness of the sensing
layer to avoid large insulation. In any case, even at the lowest leakage current
densities observed in low temperature evaporated layers, the transient is no longer
than a few seconds.

In addition, the steady operation of the device is achieved with an appropriate
design of the electronic readout. From (2) and (3) and considering that

Qic=Qs+Qss...(11)

Eq. (11) shows that once the steady state is first achieved after the immersion of the

ISFET and first stabilization at E,=0, the intermediate gate unit charge is only
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function of the silicon charge. In other words, the variations in the adsorbed charge
introduced by pH changes are compensated by the solution charge without affecting

the intermediate gate charge.
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Chapter 3

Procedures of the experiment

All processes were done in NDL (National Nano Device Laboratory) and Nano
Facility center. A simple list of the experiment is presented and the corresponding

graph is shown in Fig. 3-1.

3.1 Fabrication process

1. RCAclean
2. Wet oxide thickness =600nm.
temperature=1050 ,time=65min
3. Mask 1 S/D define
4. BOE etch wet oxide
5. Screening dry oxide thickness=300 A°
temperature=1050 , 12min
6.S/D implant
Dose=5E15 (1/cm?), Energy=25Kev (n-type)
7. N+ anneal 950  30min
8. PE- oxide thickness=1jam
9. Mask 2 contact hole & gate region define
10. BOE etch PE- oxide 1jam (contact hole region)
PE- oxide 1jam+ wet oxide 6000A°(gate region)
11. Dry oxide thickness=100 A’
temperature=850 , 60min

12. Barrier deposition
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13. Sensing layer deposition

14. Mask 3 sensing region define
15. Barrier etching

16. Sensing layer etching

17. Deposit Ti/Pt

18. Mask 4 Ti/Pt region define

19. Thermal coater Al (back side) 5000A

3.2 Experiment details

3.2.1 Gate region formation

In the beginning, RCA clean is carried out to reduce the effect of diffusion ions,
particles and native oxide. In order to-Create-a-S/D region, wet oxide with thickness
600nm is deposited as blocking layer for. S/D-implant. The density and the energy of
S/D implant is 5E15 (1/cm?) and 25Kev in phosphorous. In our experiment, p-type
wafer is used (fig. 3-2). After S/D implanting, a 950  30min N* anneal is executed
to activate the dopants.

In standard MOSFET process, we don’t need to deposit PE- oxide with
thickness 1jam. However, it is necessary to do for protecting structure in the pH-
ISFET [1]. During a long period of electrolyte immersing, ions may diffuse in the
structure and affect the electrical characteristics [2]. In order to avoid this influence, a
thick PE- oxide is deposited. After PE- oxide depositing, we grow dry oxide with

thickness 100 A° as gate oxide.
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3.2.2 Sensing layers and barriers deposition

The most important part in our experiment is using different barriers and sensing
layers. The drift, hesterisis and sensitivity will improve by different layers [3].
Low-pressure nitride (LP-nitride) and PE- oxide are deposited as sensing layers.
LP-nitride is a good sensing layer for its high sensitivity and low drift. Therefore,
there are so many researches on it [4]. PE-oxide is another choice. However,
sensitivity and the drift are unstable in different electrolytes [5]. At next chapter, we
will show different sensing layers with different characteristics.

In CMOS process [6], tungsten and tantalum are popularly used .By using
different barriers, drift lowing for a long period of time and compatible with CMOS

can be accomplished. All parameters are listed on Eig.3-3 and Fig.3-4

3.2.3 Contact area and the Pt reference-gate

After sensing layer deposition, HDP-RIE is the best way to define the region for
the sensing layer exposuring to electrolyte (Fig.3-5). By using CHF3 and Ar, all layers
can be eliminated from the top of the passivation. Afterwards, the Ti/Pt layer can be
deposited for the reference gate [7].

In our experiment, 1000A Pt layer was deposited. However, adhesion between Pt
and oxide are very bad. Ti is a good adhesion layer between oxide and Pt. Afterwards,
150ml HNOg3, 450ml HCI and 600ml water are mixed for the wet etching solution of

Pt. At last, Al is deposited on the backside of the silicon.

19



3.3 Measurement system

3.3.1 Preparations before measuring

To define the characteristics of the device, we use HP4156 to measure the I-V
curves of the pH-ISFET. Entire system of measurement is showed in Fig.3-5.
Otherwise, light will produce serious influence on the pH-ISFET [8] so that we
measure in a dark box.

After device being made, we glue a container on the wafer. Entire sensing layer
region must be included in the opening under the container. The material of the
container is made by silica gel and the bottom has to be small enough to avoid
touching others devices. However,‘the opening on the top of the container has to be
big enough to insert the reference electrode.

The pH-solution that we use is made-from-Riedel-deHaen and the pH-values are
1,3,5,7,9,11,13. The electric potential-of the pH-solution is always floating [9]. The
disturbance from the environment would induce the electric potential variance of the
solution. By eliminating this variance, a reference electrode is needed to put into the

pH-solution.

3.3.2 Setup of measurement

In the beginning of the measurement, the reference electrode is suspended on the
air over the container. Then, pH-solution is filled in the container. It is noticed that the
pH-solution must touch the sensing layer entirely because of the small opening.

In the setup of HP-4156, substrate voltage is ground and the reference electrode

is sweeping to different voltage. In the measurement of sensitivity, the response of the
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pH-ISFET is the function of time. According to P. Woias [10], the first equilibrium
achieves in a minute. Therefore, we measured the 1-V curves after 4 minutes, which
the pH-ISFET had been covered by the pH-solution. Because of the drift, we
measured again after two minutes later to make sure that the response was saturated.

The pH-solution in the container is about several milliliters. In order to control
the accuracy of the result, the container has to be washed by the next pH-solution after
measuring previous pH-solution.

In the measuring of the drift, we apply a constant gate voltage for a period of
time. The drift changes fast at beginning but changes slowly several hours later.
According to this phenomenon, we can observe the reaction on the surface and in the
barrier. Total measurement time is 43100 seconds and Vg depends on the Id current

we choose.
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Chapter 4

Results and discussions

4-1 The drift and sensitivity characteristic for TaN

According to I-V curves (Fig4-1), we find some characteristics in our pH-ISFET.
When the TaN barrier is under the PE-oxide, the sensitivity is higher and more linear.
In the standard pH-ISFET with sensing layer PE-oxide, the sensitivity is very unstable
and the range is usually from 30-50 mV/pH [1]. However, the sensitivity in our
experiment approaches to 61.2 mV/pH (Fig.4-2) after inserting TaN barrier.

On the other hand, we observe the.first and:the second measurement at 4 and 6
minutes. Sensitivities are different because of the fast response has not completed [2].
The sensitivity is higher after a‘{ong pertod of time (Fig. 4-3).

In the discussion of the drift, ‘the standard pH=ISFET with sensing layer PE-oxide
always unstable even after several hours [3]. After inserting a TaN barrier, the drift
becomes stable (Fig.4-4). It is linear after 10000 seconds although the drift
approaches to 18mV/hour. By observing the curve, we find the Vy, is graduating lower
by the time. We explain the situation for the H" ions diffusing in the sensing layer and
barriers. In the standard pH-ISFET, the drift is unstable because the PE-oxide cannot

block ions [4]. After inserting TaN barrier, the ion will be blocked by it.

4-2 The drift and sensitivity characteristics for W

Although TaN can improve the stability of ISFET, the drift is still not good

enough. W and WN are barriers we choose to improve the characteristics. For W, the
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drift can approach to 3.6mV/hour (Fig. 4-5). Moreover, WN barrier can reduce the
drift to 1.08 mV/hour (Fig. 4-6). The results show that different barriers can change
the drift characteristic. WN barrier is the best barrier to show the lowest drift in our
experiment

W and WN barrier show lower drift. However, there are different in the response
of sensitivities. 1-V curves for the W and WN are shown in Fig.4-7 and Fig.4-8.
The sensitivity for W from pH1 to pH7 is 49.1 mV/pH (Fig.4-9) but from pH13 to
pH7 is 69.1 mV/pH (Fig.4-10). The difference is close to 20 mV/pH. However, there
IS an opposite situation in the WN. The sensitivity from pH1 to pH7 is 75.8(Fig.4-11)
mV/pH but from pH13 to pH7 is 36 mV/pH (Fig.4-12) in WN. Up to now, there is not
a clear expression for this phenomenon. In standard theory [5], the surface reaction is
the only factor for sensitivity. However, PE-oxide.is not a good diffuse barrier so that
the diffusion phenomenon has te be.considered.

After inserting W and WN barrier-under the pH-ISFET with sensing layer
low-pressure nitride, the sensitivity is.stable(Fig.4-13, Fig.4-14). The drift of WN
barrier approaches to 1.44 mV/hour (Fig.4-15) and W barrier approaches to 2.52
mV/hour (Fig.4-16). The drift in the standard pH-ISFET with sensing layer LP-nitride
is about 1-2 mV/hour. According to the result, we can conclude that the barrier is

more useful to PE-nitride.

4-3 Conclusions

After comparing different barriers, we can give some conclusions:
1. For different barriers, the characteristic of pH-ISFET with sensing layer PE-oxide
can be improved.

2. WN is the best barrier for the drift improving. The drift is 1.08 mV/hour when the
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WN is under the PE-oxide.

3. WN and W barrier have different sensitivities in different pH range.
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Chapter 5

Future work

5-1 Future work

In our experiment, barriers can improve the characteristics of the pH-ISFET with
sensing layer PE-oxide. Similarly, the other sensing layers with porous structures can
be added barriers under the sensing layers. We suppose that is more stable than the
original structure.

Although W, TaN and WN get better characteristics, we can attempt other
barriers to identify their drifts and sensitivities: ,Perhaps there will be some barriers
better than WN.

In the applications of the ASFET, it-always companies with other systems. For
example, FIA system contains the.channels, ISEEFarray and circuit on a chip. In our
group, we have had the techniques in the channel and circuits. The most important we
will do in the future is to integrate all devices in a chip. Although there are still some

problems, we believe it is an achievable target in the future.
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Figure 1-2 Basic diagram of a back-side contacted ISFET
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Production method: CZ
Type/ Dopant: P/BO
Crystal Axis: <100>

Resistivity (ohm-cm):0-100
Diameter (mm): 99.5-100.5
Thickness (Jam)

500-550

Figure3-2 Specifications of Wafer

parameters of W sputter

power 150W
Ar:24sccm
rate=0.3A/s
pre sputter 10min 60W.
pressure=7.6x107

parameters of WN sputter

power 150W

Ar: 24sccm Nap-4.8sccm

rate=0.4A/s

pre sputter 10min 60W
pressure=7.6x107

parameters of Ta sputter

power 500W
gas:Ar
rate=2.07A/s
pre sputter 5min 300W
pressure=7.6x10"

parameters of TaN sputter

power 500W
gas Ar:N,-47:2.6
rate=2.146A/s
pre sputter 5min 300W
pressure=7.6x107

Figure 3-3 Parameters of barriers deposition




parameters of LP-nitride deposition

NH3= 17sccm SiH,C,=85sccm
18min =1018A
temperature=850C
pressure=180mT
n=2.321

parameters of PE-oxide deposition

temperature=300C
TEOS=10sccm
2000A=4 " 44"

Figure 3-4 Parameters of sensing layers deposition

HDP-RIE
process pressure=10m torr
flow rate of CHF3;=40sccm
flow rate of Ar=40sccm
ICP power=600
Bias power=150
etch time(min)

TaN 3'
Ta 2'
WN 3
w 2'
LP 3
PE 2'

Figure 3-5 Recipe of HDP-RIE etch rate
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