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The study of improving drift characteristics with

co-fabricating ReFET and ISFET

Student: Kuan-Tseng Wu Advisor: Dr. Kow-Ming Chang

Dr. Cheng-May Kwei

Department of Electronics & Institute of Electronics

National Chiao Tung University

Abstract

The ion-sensitive field effect transistor (ISFET) was first introduced by
P.Bergveld in 1970. The metal gate IS replaced. by a reference electrode and the
electrolyte . Once the ions in electrolyte-are-trapped by the dangling bond at the
surface of sensing layer , which will-induce the modulation of channel resistance .
Therefore, the electric characteristics are changed by different kinds of electrolyte ,
and we can distinguish the properties of electrolyte .

During measurement , the drift characteristics is a major problem for stability of
device . That will directly affect the lifetime of device and accuracy of measurement .
Depending on different sensing layers, the property of sensing layers varies . In this
thesis , we use some kinds of CMOS-compatible materials as sensing layers
combining output differential measurement circuit in order to reduce the drift effect .

According to our results , the S-HfO,-SizsN4 pair has the best result of drift
characteristic (0.19mv/hr after 20000 s) . And the TiO,-ZrO, pair has the best of drift
correction up to 98 % . At last , we will discuss that how to use the results here to

choose proper ReFET in order to reduce the drift characteristics .
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Chapter 1

Introduction

1.1 Overview of ISFET

The first ion-sensitive field-effect transistor (ISFET) was reported by P.
Bergveld in 1970 [1] . The ISFET can be considered as a special type of MOSFET
without a metal gate , therefore the underlying insulator is directly exposed to the
buffer solution . The schematic representation of a MOSFET and an ISFET is shown
in Fig.1-1 .

At the beginning , in order to describe theéroperational mechanism of ISFET , P.
Bergveld and A. Sibbald derived the general expression for the drain current of the
ISFET in linear region .

Like in MOSFET , the channel resistance in' JISFET depends on the electric field
perpendicular to the direction of the current . Charges from solution accumulate on
the top of this insulating membrane and do not pass through the ion-sensitive
membrane . The dependence of the interfacial potential on the charge concentration
can be explained with the well-known site-binding theory . In 1974 , Yates et al [2]
introduced the site-binding model in colloid chemistry to describe the properties of an
oxide-aqueous electrolyte interface . In this model , the oxide surfaces are assumed to
be amphoteric , meaning that the surface hydroxyl groups can be neutral , protonized
(positively charged) or deprotonized (negatively charged) depending on the pH of the
electrolyte . This model was later adapted to describe the insulator-electrolyte
interface of an ISFET .

This basic model was adopted to the electrolyte/insulator/silicon (EIS) structure



by Bousse [3], a Ph.D student of P. Bergveld in 1980 , and proved to be applicable for
ISFET surfaces of SiO, and Al,Os; . Bousse developed a simple theory with two
parameters which is derived from the site-dissociation and double-layer models . One
of the parameters is the pHy,. , being the value of the pH for which the oxide surface
is electrically neutral , and the other is /5 . The value of 5 can be expressed in terms
of the acidic and basic equilibrium constants of the related surface reactions , for
which a parameter [H']; has been introduced , which represents the surface
concentration of H™ ions , being related to the [H'] bulk value by Boltzmann
statistics .

At present , the model presented by Bousse [4] is accepted as a good description
for the ISFET response commonly but a description of the sensitivity that can be
interpreted easily . Additionally , the model is not.valid over the entire pH range and

neglects the influences of ionic strength .

1.2 The characteristics of ISFET

The sensing layer is the most significant part in ISFET . A change of the pH
concentration in the electrolyte will result in a change of the surface potential between
electrolyte and insulator , which will induce the alteration of the electric field in the
insulator-semiconductor interface and the modulation of the channel conductance and
current .

In the past , various dielectrics , e.g. SiO; [1], Si3sNy [5,6] , ALO; [7,8] , Ta,0s
[9,10] , WOs [11] , and SnO, [12,13] , were investigated as pH-sensitive gate
insulator materials . The ISFET sensing properties are greatly dependent upon various
materials owing to the different electrolyte reactivity with these materials . Initially ,

Si0, was used as sensing membrane of ISFET , but the sensitivity and response of
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that is unsatisfactory . Afterward , SizN4 , Ta,Os , and Al,O; were used as gate
dielectric because of higher dynamic response . Besides , as the time of operating
increases , the drift characteristic of ISFET is also a major problem that we can not

ignore .

1.3 The reasons of using ReFET

The reference ion-sensitive field-effect transistor (ReFET) is nothing but another
ISFET which is less-sensitive . The ideal ReFET for a pH sensor would be completely
insensitive to hydrogen ions but identical to the ISFET in terms of transconductance ,
thermal response , etc [14] . This can be achieved by coating an ISFET with a
polymer membrane to prevent the:hydrogen ions from reaching the insulator surface .
In the thesis , we choose some €MOS-compatible. oxides to fabricate ReFETs . After
combining the differential measurement.setup,with' the ISFET-ReFET pair , some
non-ideal effects , such as drift ‘characteristic and temperature effect , can be

alleviated .

1.4 The problems of ISFET system

The ion-sensitive field-effect transistors (ISFETs) have potential advantages to
conventional to ion selective electrode (ISE) in their small size , rapid response , low
output impedance , low cost and so on [15-17] . These properties make ISFET have
great prospective utility in the field of chemical analysis , biomedicine research , and
industrial manufacture and monitoring .

In practical application of ISFET , a standard reference electrode is required to

provide a reference electric potential . However , the size of the standard reference
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electrode is relative big , it is not suitable for applications , especially when the

sample is little .

1.5 Thesis organization

At first , we briefly introduce the history and properties of ISFET and the reasons
of using ReFET in chapter 1 . In the next chapter , the operation mechanism of ISFET
and ReFET is discussed . The entire experiment procedures and measurement setup
details are described in chapter 3. In this chapter , the different kinds of
ISFET-ReFET pair is fabricated . 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

2.1 General expression for the single sensing layer
2.1.1 The operational mechanism of ISFET

The ISFET is in fact nothing else than a MOSFET with the gate connection
separated from the chip in the form of a reference electrode inserted in an aqueous
solution which is in contact with the gate oxide .

The general expression for the drain current of the MOSFET and thus also of the

ISFET in the non-saturated mode is

IdZCOXMWT[(Vgs—Vt)VdS- %Vdsz] ............................... (1)

where C, is the oxide capacity per unit.area ;;W.and L are the width and the length of
the channel , respectively ; Vgs and Vds are the gate source voltage and the drain
source voltage . And the p is the electron mobility in the channel .

In case of the ISFET , the expression of threshold voltage becomes

D o
_ 1 Si Qox +Qss+Qs
Vt=Epr—¥ot+y™ - 4 - Cox

+2¢f

where E.fis the constant potential of the reference electrode , and the interfacial

sol

potential ¥, + x * at the solution/oxide interface of which ¥, is the chemical input
parameter , shown to be a function of the solution pH and y ** is the surface dipole
potential of the solvent and thus having a constant value ; @g; is the silicon work
function ; q is the elementary charge ; Qox , Qss , Qp are the charges located in the

oxide , charges located at the oxide-silicon interface , and the depletion charges in the

silicon respectively . And the ¢ ¢ is the potential difference between the Fermi levels
6



of doped and intrinsic silicon .
The general expression for the drain current of the ISFET in the non-saturated

region described by P. Bergveld and A. Sibbald [1] is

W D Qox +Qss +Q,
Id = Cox MT { [ VgS - (Eref_ ¥, + X ol q - = CO?(S :

+2¢ )] Vds - %Vd#}

All parameters are constant except the electrostatic potential at the surface ¥,
and the surface dipole potential y *' . 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 , ‘¥, , only .

2.1.2 The pH sensitivity of ISEET

A general expression for the pH, sensitivity , ¥, , which is the change of the
B

bulk pH over a change of the insulater-clectrolyte potential , ¥, , is given . The
expression is derived from a separate treatment of both sides of the double layer ( gate
insulator and the electrolyte ) . The site-dissocuation model introduced by Yates et al
[2] in 1974 describes the charging mechanism of an oxide as the result of an
equilibrium between the AOH surface sites and the H' ions in the bulk of the solution .

The surface reaction are [2] :

AOH < AO +Hg'

and AOH," < AOH+Hg"

where B refers to the bulk .

with the following thermodynamic equations :

HOAOH + kT In VAOH — quO— + kT In VAO_ + HOHS++ kT In aHS+ ............ (2)
7



and

},lOAOH2 "+KkTIn VAOH2+: MOAQH+ kT In vaon + MOHS++ kT In aHS+ eeennnnn(3)

where v ; is the surface activity and p°; is the standard chemical potential of species
i.

Equation (2) and (3) can be rearranged to :

B . o 0 0
14 x4 . ﬂAOH 5 ’LIA07 ﬂH 5
—A0TH = K, with K, =exp z &

V poH kT
and
. o _ 0 0
Vaou O . Hpony “Haon ~Hyy
o = K, with K, =exp : B
V poH, kT

where the K; values are dimensionless intrinsier.dissociation constants ; v ; is the

number of sites per unit area . The relationship between the surface activity of H'

,aus ,and the bulk activity of H'., @8 3isgiven by the Nernst equation [3]:

+ + - q\P 0
ags = agB CXp
KT
or  pHy=pHp+ T 4)
2.3xT

where q is the elementary charge , k is the Boltzmann constant and T is the absolute

temperature . The surface charge density , o, is given by
go =q( )JAOH2+- vAo’)qus(9+-9') ................................... (%)

where Nj is the density of the available sites ; ©" and O are the fractions of Ny

carrying charge , i.e. , AOH, and AO , respectively . The fractions © and O are
calculated from the Eq. (2) and Eq. (3) and substitutes in Eq. (5) to give

a’ws' —K, K,
K, K, +K,-a, +a*us’

Oo —q -Ns



where [B] is the number of negatively charged groups minus the number of positively
charged groups per unit area . pH,,. , pH at the point of zero charge , is defined as the
pH were both fractions are equal and [B] is zero . The change in the number of
charged groups as a result of an infinitesimal increase in pHs is the intrinsic buffer

capacity , Sint:

oo, __,. 9Bl
BH, " pH,
g N, Kb-asz++4-Ka.Kb.?_HS+;_K+a.Kb2 23 A
K, K,+K,-a, +ams
T m v BRt et e e (7

the charge in the electrolyte is equal but opposite to the charge on the oxide surface .
The Gouy-Chapman-Stern model is used to.describe the electrolyte side of the double
layer . This model involves a diffuse layer-of charge in the solution starting at a
distance X, from the surface . This distance X, s the plane of closest approach for
the center of the ions in the solution (' Stern-layer ) ~The charge in the diffuse layer is

[4] (Fig. 2-1)

1

0y2 : Zq¢z .
Oo=-(8KTeg,n")? - smh(ﬁ)Z—Cl‘POZ—Oo ......................... (8)

where € o is the permittivity of free space and ¢ is the relative permittivity ; @.is the
potential at X, ; n° is the number concentration of each ion in the bulk and z is the
magnitude of the charge on the ions . the integral capacitance , Ci, is often denoted as
K . The ability of the electrolyte to store charge in response to a change in the

electrostatic potential is the differential capacitance [4]

00, _ 00,
oV, ov,




1
2.2,40)\3
2g6,2°Q°N cosh( zq¢2)
3 KT 2kT
T 1
1+ X, | 2e8,2°0°n" 2cosh ¢,
&g, KT 2KT
il O 17 )

combination of both sides of the double layer ( Egs. (7) and (9) ) yields
oY, _ oV, do, __ 9B
PH, o, dH, Cit

the relation between pH; and pHp is given by the Nernst equation (Eq.(4)) .

Substitution of Eq.(4) in Eq.(10) and rearrangement gives the general expression for

the sensitivity of the electrostatic potential to changes in the bulk pH :

o,y =—2.3k—Ta ....................................................... (11)
opHg q
. ~ |
with a = W
B )
q ﬂint

where « 1is a dimensionless sensitivity parameter . The value of «a varies between
0 and 1 depending on the intrinsic+buffer capacity and the differential capacitance .
The site-binding theory and the Gouy-Chapman-Stern model were used in the
derivation of this model , but other theories can be used as well to determine the
intrinsic buffer capacity [5] , the differential capacitance and thus the sensitivity

parameter « .

2.2 The ReFET

A pH reference field effect transistor (pH-ReFET) is just an ISEFT , which is less
sensitive to pH . Most of the attempts to creat a ReFET are based on covering the gate
oxide of an ISFET with an additional ion insensitive membrane .

Several ReFETs have been made based on different approaches , such as using a

10



buffered hydrogel as insensitive membrane [6] or with an ion-blocking parylene gate
[7] . The first publication concerning this approach is from Matsuo , who deposited a
parylene film on the SisN,4 gate of an ISFET [8] . Although the goal to make pH
sensitivity decrease as possible is obtained , the stability of FET was not as expected ,
probably due to its pinholes on this very thin layer . Once time of measurement
increases , the characteristic of ReFET will gradually get worse because of the
trapping charges in the film and the loss of the ability to isolate H™ from oxide
beneath . Therefore , other membranes have also been deposited , usually thicker
layers , such as Teflon [9] .

Recently , PVC membrane is another choice , especially in chemical detection
and analysis [10,11] . However , there are still some problems about the utility of
PVC membrane . The PVC has usually not been considered for ReFETs as it typically
shows cation permselectivity [12].. This behavior-is common to many polymeric
membranes , and means that the membranes-are permeable for cations . That will
affect dramatically the electrical characteristic’and the stability of ISFET because of
the directly contact between sensing film and electrolyte to be analyzed .

In the thesis , we develop a ReFET which can be fabricated with ISFET at the
same time . To measure ISFET-ReFET pairs , a differential measurement setup shown
in Fig. 2-2 to maintain both Ips and Vpg constant is taken into our experiment . The
upper current source forces a constant current Ips through the ISFET , while the lower
current sinker forces an identical current through the fixed resistor Rpg to give a
constant voltage drop . The qRE we implement here is a conventional reference
electrode . Under the condition of both Ips and Vpg are given constant , and according
to Eq. (1), Vi 1is varies with the change of threshold voltage , V1, which depends on
the pH value of electrolyte that we analyze . For an ideal ReFET , V1 does not vary

and so Vgrg)is constant ; the difference , ( Vgas) — Vgre) ) , forms the pH-dependent

11



signal .
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Chapter 3

Experiment

3.1 Procedures of experiment

All procedures of experiment are done in NDL (National Nano Device
Laboratory) and NFC (Nano Facility center) . The corresponding crosssection graph is

illustrated in Fig . 3-1 .

1. RCAclean .
2. Wet oxidation 6000 A .
Temperature = 1050°C for 65 min .
3. Mask - I . S/ D definition .
4. BOE etch wet oxide .
5. Dry oxidation for screening 300 A .
Temperature = 1050°C for 12 min .
6. S /D implantation .
5e15 (1/cm?) > 25Kev (P)
7. N-type annealing .
Temperature = 950°C for 30 min .
8. PECVD - oxide for 1 pm .
9. Mask - II.. contact hole & gate region definiton .
10. BOE etch PECVD - oxide for 1 pm (contact hole region) .
PECVD - oxide for 1 um+ wet oxide for 6000 A (gate region) .

11. Dry oxidation 100 A ( gate oxide ) .
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Temperature = 850°C for 60 min .
Sensing layer o deposition .
Mask - III. sensing layer a definition .
Etch of sensing layer a .
Sensing layer B deposition .
Mask - IV. sensing layer 3 definition .
Etch of sensing layer 3 .
Annealing in pure O, .

Temperature = 850°C for 60 min .
Deposition of Ti / Pt .
Mask - V. Ti/ Pt region definition .
Pt annealing .

Temperature = 400°C for 30 min..

Thermal coating of Al ( back side) 5000-A-,

3.2 Experiment details

must be done in our experiment . P-type wafers were purchased from CARTINA
(Table. 3-1) . Then we deposit wet oxide (6000 A) for the define of S/D region . The
oxide is also used for blocking layer during S/D implantation . The density and the
energy of S/D implant is SE15 (1/cm”) and 25 KeV in phosphorous .

implantation , N-type annealing is required for activating the dopants . That is done at

3.2.1 Gate region definition

First of all , in order to remove particles > metal ions and native oxide , RCA clean

950°C for 30 min .
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In standard MOSFET process, we do not have to deposit oxide for 1 um by
PECVD , however , it is necessary for protecting structure in using as a pH-ISFET
[1] . During our measurements , the sensing region is immersed in electrolyte for a
long time . The ions in electrolyte may diffuse into structure of ISFET and influence
the electric characteristics . So we must deposit a thick passivation layer to avoid the
influences of electrolyte [2] . Following above , we grow dry oxide for 100 A as gate
oxide after etch of PE-oxide . This layer is not only the critical structure which is
significant for the electric characteristics of FET but also the key of improving

adhesion toward our sensing layers .

3.2.2 Deposition of sensing layers

Subsequently , the sensing-layer which is the 'most significant part of ISFET is
deposited . We have six kinds of sensing-layers which are deposited with LPCVD ,
E-gun or Sputter respectively in NFE.. Nitride  has been grown by LPCVD , and
HfO, , ZrO, have been deposited by Sputter . E-gun is used for depositing Hf0, ,
TiO, , and Al,Os; . Because the LPCVD-nitride (low pressure chemical vapor
deposition) is a good material as sensing film for its high sensitivity and low drift .
There are lots of researches about it [3] . And the PE-oxide (plasma enhanced
chemical vapor deposition) has unstable sensitivity and drift characteristics because of
being not compact structure as LP-nitride . ReFETs will be choosen through their
sensitivity . All parameters of sensing layers deposition is shown in Table. 3-2 .

In this thesis , ISFET-ReFET pairs have been combined with external differential
measurement setup , and that will accomplish the goal of improving long-term drift

and stability .
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3.2.3 S/ D contact area deposition

Following sensing layer deposition , LP-nitride layer is etched by HDP-RIE
(High Density Plasma Reactive Ion Etch) (Table. 3-3). And the etch of the other
sensing films in our experiment is done by 49 % HF .

In deposition of S/D contact area , Pt layer of 1000 A is chosen . However ,
adhesion between Pt and silicon is very bad. Ti is a good adhesion layer between
silicon and Pt . So the double layer of Ti/Pt is formed by E-gun [4]. At last, 150ml
HNOs3, 450ml HCI and 600ml water are mixed for the wet etching of Pt . Finally , Al

is deposited on the backside of the silicon by thermal coater .

3.3 Measurement system

3.3.1 Electrical characteristicsimeasurement

In our experiment , HP-4156 is used to measure the electrical characteristics of
the ISFETs . The system of measurement is shown in Fig. 3-2 . All the measurements
must be done in the dark box at 25 “C , because of the influences of light [5] . In the
setup of HP-4156 , substrate is grounded and the reference electrode is sweeping to
different voltages .

Before measurement , we have to glue a plastic container right on the top of the
sensing area which must contact with buffer solution . In the plastic container , we
add the buffer solutions with different pH values with the dropper . At first , adding
buffer solution of pH 7 for several minutes is to balance the interface potential
between electrolyte and oxide . The pH buffer solutions that we use are purchased

from Riedel-deHaen and the pH-valueis 1,3,5,7,9, 11, 13 respectively .
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Because the electric potential of the pH-solution is always floating [6] , the
disturbance from the surroundings would induce the electric potential variance of the
solution . A reference electrode must be inserted into the electrolyte for provide a
constant potential . An ideal reference electrode for use as the ISFET gate terminal
should provide [7] :

1) an electrical contact to the solution from which to define the solution
potential .
2) an electrode / solution potential difference that does not vary with

solution composition .

3.3.2 Differential sensing measurement

We use external circuit to-make a differential potentiometric measurement with
an instrumentation amplifier between the ISEET and the ReFET , which are both
oxide-based FETs and electrically identically.devices [8] . In our experiment , we still
make differential sensing with a conventional electrode (QRE) to provide a constant
potential . Since both ISFET and ReFET operate under the same conditions , changes
in temperature and solution potential will affect both equally and then the non-ideal
influences of ISFET can be alleviated . Between measurement with next one , in order
to reach the accuracy of measurement, the container has to be washed by the next

pH-solution after measuring previous pH value.

3.3.3 Drift measurement

On measurement of drift characteristic , Id-Vg curves at pH 7 will be extracted

for every particular period we set in stress program . Then under the condition of

18



constant Id , we plot the diagram of Vg versus time . Drift characteristic of ISFET
changes fast initially and then keeps stable several hours later . Using differential
measurement of ISFET-ReFET pair , the goal to reduce this non-ideal effect can be
obtained . Total measurement time is 25870 seconds and Vg depends on the Id current

that we keep constant .
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Chapter 4

Results and Discussions

4-1 Drift of different kinds of ISFET-ReFET pairs

In our work , we choose five kinds of CMOS-compatible materials which are
silicon nitride (SisN4) ~ Hafnium oxide (HfO;) -~ Titanium oxide (TiO,)
Zirconium oxide (ZrO;) ~ and Aluminium oxide (Al,O3) as sensing layers of ISFET .
Sputter and E-gun are used for deposition of HfO, film . So we have twelve kinds of
ISFET-ReFET pairs for demonstrate the drift characteristics of sensing layers we
choose here . Table. 4-1 shows the composition of ISFET-ReFET pairs . In different
kind of ISFET-ReFET pair ., 'we kéeprdd constant respectively . The drift
characteristics curves of every kind of ISFET-ReFET pairs in our work are shown in
Fig. 4-1 ~ Fig. 4-12 . The relative drift after-ten thousand seconds and the correction
coefficient are listed in Table. 4-2 .

We can find that the drifts of silicon nitride film and E-gun HfO, film are very
unstable . But we can correct the shortcomings by using differential measurement
setup . The correction coefficient means that the drift improving percentage after ten
thousand seconds . If the ISFET-ReFET pair has compatible drift characteristics , the

result of improving drift characteristics is remarkable .

4-2 To choose the proper ReFET

According to our results about ISFET-ReFET pairs , we can obtain the drift
characteristics of every kind of sensing films we choose . First , we must choose a
sensing layer of ReFET that has similar drift characteristics with the sensing layer of

ISFET we used here . Because the ISEFT-ReFET pair has compatible drift
20



characteristics , we can obtain better result of improving drift characteristics . And
then we take the sensitivities of sensing layers into consideration in order to define
ReFET . Even if the sensitivity of ISFET-ReFET pair is not quite high after
differential measurement , we still can distinguish the voltage difference due to

different pH value of buffer solution .

4-3 Conclusions

In sample-1 ~ sample-10 and sample-11 , the correction coefficient is quite high
because of the compatibility of drift characteristics of two kinds of sensing layers .
That is to say we can obtain a great improvement of drift characteristics . If the
difference of drift between two kinds of sensing layers is large , the result of
improving drift is limited (sample:3 ~ sample-5and sample-12) . Once the difference
of drift between two kinds of sensing layers.is quite: large , we even may not obtain
any improvement (sample-4 and sample-7)--According to our results about drift , we
can choose the most appropriate. ReFET -that has the most compatible drift
characteristics with ISFET we use here and even predict the effect of drift to
sensitivity of ISFET-ReFET pair . Once the drift characteristics can be reduced as
possible , the stability of ISFET-ReFET pair will get better naturally to solving a
major problem of ISFET .

According to our results , the S-HfO,-Si3Ny pair has the best result of drift
characteristic (0.19mv/hr after 10000 s) . And the TiO,-ZrO; pair has the best of drift

correction up to 98 % .
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Chapter 5

Future Work

5-1 Future work

According to our results , we can have a data base to choose proper ReFET for
the ISFET we used . We can find that some kind of ISFET-ReFET pair has great
improvement to drift characteristics . In order to realize miniaturization , we can
integrate reference electrode with ISFET-ReFET pair on the same chip in the future .
Combining with MEMS technology , we also can fabricate a multi-channel sensor
for sensing different kinds of materials at the.same chip .

Besides , the external differéntial measurement circuit is a subject that we have
to study in the future . Even we can focus on compensation of the non-ideal effect at

the same time .
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(a) RCA clean bare silicon

(b) wet oxidation

(c) mask I

(d) screening oxidation

Figure 3-1 Experimental process
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(e) implantation

(g) mask I

(h) dry oxidation

Figure 3-1 Experimental process
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(i) sensing layers deposition and mask 1

() Ti/ Pt dep ion and mask IV

(k) backside Al deposition

Figure 3-1 Experimental process
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Diameter (mm): 100+/-0.5
Type / Dopant : P/ Boron
Orientation : <100>
Resistivity (ohm-cm):1-10
Thickness (¢« m) : 505-545
Grade : Prime

Table 3-1 Specifications of wafers

TiO, HfO3 Al;O4
Density 4.26 13.3 3.9
Z-ratio 0.4 0.36 0.336
Tooling 50.47 65 50
Current (mA) 1~60 1~60 1~50
Rate (A/sec) 1.2 0.5 1.8
Pressure (Torr) | 5*10° 5%10° 5%10°
E -gun

Table 3-2-a Parameters of sensing layers deposition with E — gun

28



parameters of HfO, sputter

parameters of ZrO, sputter

power : 200 W

power : 200 W

Ar/0O;,:24/8(sccm)

Ar/0O,:24/8(sccm)

Density : 13.9

Density : 6.51

Acoustic impendance : 24.53

Acoustic impendance : 14.72

Tooling factor : 0.533

Tooling factor : 0.533

Rate :0.01 A /s

Rate : 0.01 A /s

pre sputter 60W for 10 min

pre sputter 60W for 10 min

Pressure : 7.6x107°

Pressure : 7.6x10°

Sputter

Table 3-2-b Parameters of sensing-layers deposition with Sputter

parameters of LP-nitride deposition

NH3 : 17 sccm

SiH>Cl, : 85 sccm

1000 A for 13 min

Temperature : 850 C

Pressure : 180 mT

LPCVD

Table 3-2-c Parameters of sensing layers deposition with LPCVD




HDP-RIE

Process pressure : 10 mTorr

flow rate of CHF; : 40 sccm

flow rate of Ar : 40 sccm

ICP power : 600 W

Bias power : 150 W

etch time of LP-nitride : 21 sec

Table 3-3 Recipe of HDP-RIE for LP-nitride

silicon

Figure 3-2 The system of measurement
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sample L R sample L R
#1 S-HfO, LP nitride #7 S-ZrO, LP nitride
#2 E-HfO, LP nitride #8 S-HfO, S-ZrO,
#3 E-TiO; LP nitride #9 S-HfO, E-Al,O;
#4 E-Al,O; LP nitride #10 E-TiO; S-ZrO,
#5 E-HfO, S-HfO, #11 E-TiO, E-Al,O3
#6 E-HfO, E-TiO, #12 S-Zr0O, E-Al,O3

1.7

1.6

15

14

VG (V)

13

1.2

11

1.0

Table 4-1 Table of composition’of ISFET — ReFET pairs
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Figure 4-1-a drift characteristic of sputter HfO, (sample-1)
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Figure 4-11-a drift characteristic of E-gun TiO, (sample-11)
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Type | Drift (mv/hr) |Difference|Correction(%)
L/R (10000 s ~)
Sample-1| S-HfO, 2.85369 |0.190548 93. 32
nitride 3. 04423 |0.190548 93.74
Sample-2 | E-HfO, 16.1036 | 3.74291 76. 76
nitride 19.8465 | 3.74291 8l.14
Sample-3 | E-TiO, 27.3981 |5.896106 78. 48
nitride 21.5025 5. 8956 72. 58
Sample-4 | E-Al,O3 | 6.912363 |4. 090433 40. 82
nitride 2.821934.090433| - 44.95
Sample-5 | E-HfO3 9. 18336« | 1.90321 63. 28
S-HfOy | 3.280151 -} 1,90321 41. 98
Sample-6 | E-HfO, 5.01777T | 2. 29111 54. 34
E-TiO, 7.30888 |2.291115 68. 65
Sample-7 | S-ZrO, | 0.226389 | 1.4155 -525. 25
nitride 1. 64234 1. 4155 13.81
Sample-8 | S-HfO, 6. 96181 0.22707 96. 74
S-ZrO, 6. 73497 | 0.22707 96. 63
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Table 4-2 The drift after 10000 s and the relative correction coefficient




Type | Drift (mv/hr) |Difference|Correction(%)
L/R (10000 s ~)
Sample-9 | S-HfO, 1.27486 |0. 838866 34. 2
E-AlL,O; | 2.11327 |0.838866| 60. 305
Sample-10| E-TiO, | 22.22541 0.431 98. 06
S-ZrO, | 22.65891 0.431 98.1
Sample-11| E-TiO; 18. 4696 0. 54397 97.05
E-AlLO3 19.014 0. 54397 97.14
Sample-12| S-ZrO,.:| 3. 744575 | 4.61626 19.64
E-Al,O3 |7 10. 36015 | 4. 61626 55. 44
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Table 4-2 The drift after 10000 s and the relative correction coefficient
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