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METHOD, MATERIALS AND PROCESS FOR NATIVE OXIDE REMOVAL AND
REGROWTH OF DIELECTRIC OXIDES FOR BETTER BIOSENSOR
PERFORMANCE

BACKGROUND
Field

0001} Aspects disclosed herein relate to methods for forming improved

substrates for bioicgical or other life sciences applications.

Description of the Related Art

0002} Titanium oxide (TiOx) is an example of a useful material for various
physical and chemical functions, including for use as a gas, ion, or biological
species-sensing material. Accordingly, TiOx is being used for various biometric
sensing applications, such as in a phosphate sensor for DNA seguencing.
Conventionally, porous TiOx films are formed on a subsiraie by anodization
methods, such as anodic oxidation of a titanium (T1) sheset in an agueous soiution
cortaining hydrofluoric (HF) acid. A porous TiOx film may include a plurality of
micro-glectro-mechanical systems (MEMS) devices, which are sensitive fo

temperature, pH, and light.

[0003} Current MEMS devices generally include a sensor stack having a
titanium surface on which an active dielectric sensing material is deposited. The
diglectric layer serves as a gale oxide, which responds to changes in pH levels
due to a phenomenon that causes surface hydroxyl (-OH) groups on the surface
of the dielectric layer {0 react with an analytic material in an acidic or basic
manner and produce a corresponding surface charge potential.  The ability o
detect changes in pH levels allows MEMS devices {0 be used for various sensing
applications, including in DNA sequencing which, in one example, records DNA
sequences by detecting discrete nuclectide incorporation events. However, the
poor signal-te-noise ratio inherent in pH signails limits the throughput of the

sensing substrate and negatively affects substrate performance.
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[6004] Removal of a thin native oxide layer that forms on the surface of the
titanium surface of the MEMS device before the dielectric layer is deposited
generally improves the signal-to-noise ratio of the sensing substrate. Various
methods for removing native oxides have been used, such as using wet etch
chemistry and radical-based plasma cleaning. These methods, however,
generally damage the other layers of the substrate, creating inconsistencies and

impurities that also negatively affect substrate performance.

[0005] Additionally, background noise from the pH signals is caused by an
excess in active sites for pH sensitivity. However, current methods for
manufacturing pH sensors using titanium oxide (TiO) preclude the ability to

effectively conirol of the number of active sites in aclive layers.

[0006] Therefore, there is a need for methods for removing native oxide layers
and depositing dielectric materials having a conirolled number of aclive sites Tor

substrates.

SUMMARY

0007} Methods of removing native oxide layers and depositing dieleciric
layers having a controlled number of active sites on MEMS devices for biological
applications are disclosed. In one aspect, 3 method includes removing a native
oxide layer from a surface of the substrate by exposing the substrate {o one or
more ligands in vapor phase to volatize the native oxide layer and then thermally
desorbing or otherwise efching the volalized native oxide layer. In another
aspect, a method includes depositing a dielectric layer selecled {o provide a
controlied number of active sites on the surface of the substrate. In yet ancther
aspect, a method includes both removing a native oxide layer from a surface of
the substrate by exposing the substrate o one or more ligands and depositing a
dielectric layer selected to provide a controlled number of aclive sites on the

surface of the subsirate.
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[6008] in one aspect, a method for reducing native oxides is disclosed. The
method includes positioning a substrate having an array of metal structures
formed thereon in a process chamber, the metal structures having a native oxide
laver formed thereon, exposing the native oxide layer to one or more ligands, and

removing the nalive oxide layer.

[0009} in another aspect, a method for deposiling a dielectric layer is
disclosed. The method includes positioning a substraite having an array of metal
structures formed thereon in a8 process chamber, introducing a first precursor into
the process chamber, introducing a second precursor into the process chamber,
performing a water puise in the process chamber, and forming a dielectric layer

over the array of metal sitructures.

[0010} in yet another aspect, a method for forming a substrate for biosensing
is disclosed. The method includes positioning a substrate having an array of
metal structures formed thereon in a process chamber, the metal structures
having a native oxide layer formed thereon, exposing the native oxide layer {0
one or more ligands, removing the native oxide layer, introducing a first precursor
into the process chamber, infroducing a second precursor into the process
chamber, performing a water puise in the process chamber, and forming a

dielectric layer over the array of metal structures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011} So that the manner in which the above recited features of the present
disclosure can be undersiood in detail, a more particular description of the
disclosure, briefly summarized above, may be had by reference o aspects, some
of which are illustrated in the appended drawings. it is {0 be noted, howsver, that
the appended drawings illustrate only exemplary aspects and are therefore not to
be considered limiting of its scope, and may admit to other equally effeclive

aspects.

[V
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[0012} Figure 1 is a perspective side view of a portion of a subsirate having

an array of titanium structures formed thereon.
0013} Figure 2 is a top view of the array of litanium structures of Figure 1.

(0014} Figure 3 is a process flow for removing a nalive oxide layer from a
structure on a substrate.

[0015} Figure 4 is a process flow for depositing a dielectric layer over a
substrate.

[00186] Figures 5A-5C depict cross-sectional views of a titanium structure

formed according o process flows disclosed herein.

[0017} Figure BA is a graph showing the contact angle of a dielectric layer at
various compositions of the dielectric layer for deposition of 2 nm of dieleclric
material.

{0018} Figure 6B is a graph showing the contact angle of a dielectric layer at
various compositions of the dielectric layer for deposition of 4 nm of dielectric
material.

0019} Figure 6C is a graph showing the contact angle of a dielectric layer at
various compositions of the dielectric layer for deposition of 6 nm of dieleclric
material.

[0026] To facilitate undersianding, identical reference numerals have been
used, where possible, to designate identical elements that are common io the
figures. it is contemplated that elements and fealures of one aspect may be
beneficially incorporated in other aspects without further recitation.

DETAILED DESCRIPTION

[0021} Methods of removing native oxide layers and depositing dielectric

layers having a controlled number of active sites on MEMS devices for biological
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applications are disclosed. in one aspect, a method includes removing a native
oxide layer from a surface of the substrate by exposing the substrate {o one or
more ligands in vapor phase to volatize the native oxide layer and then thermally
desorbing or otherwise efching the volalized native oxide layer. In another
aspect, a method includes depositing a dielectric layer selecled {o provide a
controlied number of active sites on the surface of the substrate. In yet ancther
aspect, a method includes both removing a native oxide layer from a surface of
the substrate by exposing the substrate to one or more ligands and depositing a
dielectric layer selected to provide a controlled number of aclive sites on the

surface of the subsirate.

[66223 Methods described hersin will refer to removal of a TiOX native oxids
layer and/or deposition of a dielectric layer on a MEMS device, as an example.
However, it is also contempiated that the described methods are useful {o
remove native oxides and deposit dielectric layers on any structures, such as

other metal structures or carbon structures.

[0023} Figure 1 is a perspective side view of a portion of a substrate 100
having an array of titanium structures 104 formed thereon. Figure 2 is a top view
of the array of titanium structures 104 of Figure 1. As shown in Figure 1, a
titanium layer 102 is disposed over the substrate 100, An array of titanium
structures 104 is formed on the titanium fayer 102, The fitanium layer 102

provides a bottom surface of the titanium structures 104,

[0024] The subsirate 100 is generally any substrate having a titanium or other
metal layer thereon. A porous layer is generally any layer having natural pores
therein. In one aspect, the substrate 100 has a porous fitanium layer thereon.
Some examples of porous titanium, which is useful for gas and biclogical-species
sensing, include uniform pore structures such as nanctubes and microwells,
bimodal pore structures, gradient pore structures, honeycomb structures, and
closed-pore structures. As shown in Figure 1, the titanium structures 104 are

microwells.
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[6025] in one aspect, each titanium structure 104 includes a MEMS device
used for DNA sequencing when nucleotides are flowed sequentially over the
substrate 100. In operation, protonation of the surface of the MEMS device
provides a change in surface charge, which is detecled as a change and vollage,

which may correlate {o a pH value for DNA sequencing purposes.

[0026} Figure 3 is a process flow 300 for removing a native oxide layer from a
structure on a substrate, such as a titanium layer or porous titanium layer. Figure
4 is a process flow 400 for depositing a dielectric layer over a litanium layer of a
substrate. Figures 5A-5C depict cross-sectional views of a titanium structure 104
formed according to process flows disclosed herein, such as al various
operations of the process flow 300 and the process flow 400. The process flow
300 is useful for removal of a titanium oxide (TiOy layer from the titanium
structures 104 formed on the substrate 100. The process flow 400 is useful for
depositing a dieleclric layer over the litanium structure 104 formed on the
substrate 100.

[0027] Prior to process flow 300 and process flow 400, the substrate 100
having the array of titanium structures 104 formed thereon is generally formed by
any suitable method. In one aspect, an array of titanium structures 104 is formed
by depositing a titanium layer, such as titanium thin film, over the substrate 100
and anodizing the titanium layer in a hydrofluoric (HF) acid solution to form the
titanium structures 104. As shown in Figure 5A, the formed titanium structure
104 is a microwell, which includes a natlive oxide layer 550 on the surface
thereof. In some aspects, the formed fitanium structure 104 also includes
various additional layers, inciuding but not limited 1o, a complementary metal-
oxide semiconductor (CMOS) stack 552 having a biometric sensor §54 therein, a
titanium nitride (TiN) layer 556 and titanium {T1) layer 558. As discussed above,

the native oxide layer 550 negatively affects device uniformity and performance.

[0028} To facilitate undersianding, the description of process flow 300

references Figure 1 and Figures 8A-5B. The process flow 300 begins at
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operation 310 by positioning a substrate 100 having an array of titanium
structures 104 formed thereon in a process chamber. The process chamber is
generally any suitable deposition chamber. Examples of the process chamber
include an atomic layer deposition (ALD) chamber or a chemical vapor deposition
{CVD) chamber, such as those available from Applied Materials, Inc. of Santa
Clara, California. It is contemplated, however, the other process chambers may
be utilized.

[0029} At operation 320, the substrate 100 is exposed {0 one or more ligands.
Without being bound by theory, the ligands bind {0 the native oxide, for example,
TiOy or TaO, surface and makes a volatile complex which results in the loss or
removal of native oxides, such as TiOxor TaO, In the aspect of Figures 5A-5B,
the one or more ligands are generally in a vapor phase and react with the native
oxide layer 550 {o volatize the native oxide layer §50. The native oxide layer
550, after being volatized, is then generally removed from the substrate 100 at
operation 330. For example, the volatized native oxide layer 550 may be eiched
from the surface or removed by desorption upon heating. In one aspect, the
substrate temperature during the process is varied from between about 150
degrees Celsius (°C) and about 350°C. The process pressure with the delivery
of the one or more ligands is varied from between about 200 mTorr and about 50
Torr, for example between about 200 mTorr and about 20 Torr, or about 100
mTorr and about 10 Torr, or bstween about 50 mTorr and about 5 Torr, or

between about 25 mTorr and about 3 Torr.

[0030} Generally, a submonolayer {o a monoclayer of the volatized native oxide
layer 550 is removed at a time, e.g., per cycle. Thus, exposing the substrate 100
o one or more ligands is generally continuously or cyclically repeated any
suitable number of times needed {0 completely remove the native oxide layer
550, as shown in Figure 5B.

{0031} The one or more ligands generally include any primary, secondary, or

tertiary amine. Examples of suitable ligands include, but are not limited o,
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TEMPO (2,2,6,6-tetramethyiPiperidin-1-yhoxidanyl, tert-butyl peroxyhenzoate,
hydroxylamine (50% in water), ammonia {(0.5M) in oxolane (THF), methylamine
(2M in THF), 2-flucroaniline, 2Z-fluoro-G-(triflucromethyllaniling, 2-fluoro-3-
(friflucromethyhaniline,  trimethyl(triftuoromethyi)silane, methylamine  solution
(40% in  waten

ethylmethylamine, ethvlenediamine, 2-dimethylaminoethancl, propyiamine,

. ethylamine solution, diethylamine, ethanciamine, N-
dipropylamine, dimethylamine solution{40%;), and mixiures thereof. A subsirale
may be exposed {0 one or more the ligands cyclically or sequentially.

[0032} in one aspect, a temperature in the process chamber during the
exposure to one or more ligands is between about 150°C and about 300°C, such
as between about 200°C and about 300°C. A flow rate of the one or more
ligands info the process chamber is between about 5 standard cubic centimeters
per minute (scem) and about 500 scem or about or about 5 scem to 200 scom or
about 5 scom to 100 scom or about 5 scom to 50 scom or about 5 scom to 25
scoem . A pressure inside the process chamber is between about 200 mTomr and
about 50 Torr, for example between about 200 mTorr and about 20 Torr, or about
100 mTorr and about 10 Torr, or between about 50 mTorr and about 5 Torr, or

between aboul 25 mTorr and about 3 Torr.

(6633} As discussed above, the native oxide layer 550 is a TiOy layer.
However, described in-situ vapor phase cleaning processes using atomic layer
etching processes with ligand chemistry are also useful to remove other native

metal oxide layers, such as tantalum oxides (Ta0y).

[0034] The present disclosure also contemplates alternative operations for
reducing or removing the native oxide layer 550, such as by plasma treatment
and hydrogen exposure. For example, the substrate 100 may be exposed {0 3
plasma treatment process {o weaken the bonds in the nalive oxide layer 550,
such as fitanium-oxygen (Ti-O) bonds in a TiOy layer, to form a plasma-ireated
oxide layer. In one aspect, weakening the bonds includes physically damaging

the native oxide layer 850 such thal a lower-energy, for example 1-3 electron
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volts (eV), is reguired for subsequent breaking the bonds during subsequent
exposure to hydrogen radicals. The plasma freatment physically damages or
otherwise weakens the Ti-O bonds of the natlive oxide layer 550 so thai the

plasma-treated oxide layer is prepared for subsequent reduction and removal.

[0035] The substrate 100 may then be exposed to, or bombarded with,
hydrogen radicals to remove the plasma-treated oxide layer. Since the plasma-
treated oxide layer has already been plasma-ireated to weaken the Ti-O bonds of
the layer, a low-energy hydrogen exposure can be used to remove the plasma-
treated oxide layer by reacting the hydrogen radicals with the weakly bonded Ti-
O molecules. More specifically, the hydrogen radicals react with the oxide in the
plasma-ireated oxide layer and cause an oxide reduction and formation of
products, such as water (H:0) and titanium hydrides.  Using low-energy
hydrogen selectively removes the plasma-treated oxide layer and thus reduces
the potential for damage to the other layers on the substrate 100, The plasma
freatment and exposure to hydrogen radicals is repeatable any number of times

until the native oxide layer 550 is reduced or removed.

[0038] i one aspect, plasma treating the substrate 100 includes a low energy
plasma treatment at a plasma power of 13.66 Megaheriz (MHz). The plasma
precursor is generally an unreactive gas, including but not limited 1o an inert gas,
such as argon (Ar) and/or helium (He). The flow rate of the plasma precursor is
between about 10 standard cubic centimeters per minute (scom) and about 50
scem. The radio frequency (RF) power is between about 200 watts (W) and
about 700 W. The process chamber pressure is belween about & millitorr
(mTorr) and about 80 mTorr.  The substrate 100 is generally at a low
temperature, for example, about room temperature {(e.g., between about 20
degrees Celsius (“C) and about 25°C).

[0037} In one aspect, exposing the substrate 100 to hydrogen radicals to
remove the plasma-treated oxide layer includes a hot wire chemical vapor

deposition (HWCVD) process.  The HWCVD process generally includes
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providing hydrogen (H;) gas into a process chamber, such as an HWCVD
chamber, at any suitable flow rate, heating one or more filaments disposed in the
process chamber {0 g temperature sufficient to dissociate the H; gas and provide
at least a portion of the energy for facilifating subsequent removal of at least a
portion of the plasma-treated oxide layer, and exposing the substrate 100 to the
dissociated H; gas o remove at least some of the plasma-treated oxide layer.
The one or more filaments are generally healed {0 a temperature between about
1,200 °C and about 1,700°C. The temperature of a substrate heater is generally
tow, for example, between about 200°C and about 400°C. The flow rate of the
Ho gas is generally between about 100 scem and about 500 scem, for example,
about 400 scoem. The process chamber pressure is generally between about 0.1
torr {T) and about 1.0 T, for example, about 0.5 7. The duration of the HWCVD
process is generally between about 50 seconds and about 4 hours, for example
between about 100 seconds and about 200 seconds, such as about 120
seconds. In another aspect, exposing the substrate 100 o hydrogen radicals to
remove the plasma-treated oxide layer includes introducing hydrogen radicals {0
a process chamber from a remote microwave or radiofrequency (RF) plasma
source (RPS).

[6038] After reduction or removal of the native oxide layer, an initial protection
layer may be deposited to protect against formation of unwanted low quality
native oxide. In one aspect, the initial protection layer is a high quality dielectric
such as ALD TiO; or TiN.

[0039} Figure 4 is a process flow 400 for depositing a dielectric layer over a
substrate. Generally, the process flow 400 provides a method for atomic layer
depositing a dielectric layer 580 having a controlied number of aclive sites, such
as hydroxyl (-OH) groups, over the substrate 100, such as on the fitanium layer
5858, as shown in Figure 5C. The process flow 400 may be performed alone, or

in combination with the process flow 300, for example, after operation 330.

10
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[00640] To facilitate undersianding, the description of process flow 300
references Figure 1 and Figure 5C. Process flow 400 begins at operation 410 by
positioning a substrate having an array of structures formed thereon in a process
chamber. In one aspect, a substrate, such as the subsirate 100 having titanium
structures 104 thereon is posilioned or remains in the same process chamber as
the process chamber used for process flow 300, In ancther aspect, the
substrate, such as the substrate 100 having titanium structures 104 thereon, is
positioned in a second process chamber. The process chamber of process flow
400 is generally an ALD chamber, such as those available from Applied
Materials, inc. of Santa Clara, California. |t is contemplated, however, the other

process chambers may be utilized.

[0041} At operation 420, a first precursor is introduced into the process
chamber. At operation 430, a second precursor is introduced into the process
chamber. At operation 440, a water pulse is performed in the process chamber
to form a dielectric layer 560 over the titanium layer 558, as shown in Figure 5C.
The process chamber is optionally purged with an inert gas, such as helium (He),
argon {(An, neon (Ne), krypton (Kr), xenon (Xe}, and/or radon {Rn), or the like,
between operation 420 and operation 430, as well as between operation 430 and
operation 440. Operation 420, operation 430, and operation 440 generally
deposit a submonolayer to a monolayer, for example betwesen about 0.3
Angstroms and about 0.6 Angstroms, of dielectric layer 560 per sach cycle.
Thus, operation 420, operation 430, and operation 440 are generally repeated
any suitable number of times until the dielectric layer 560 has been deposited to
a desired thickness, for example between about 2 nanometers (nm) and about
10 nm. The desired thickness may be, for example, 2 nm, 4 nm, or 6 nm.

{00423 in one aspect, since native oxides may have been previously removed,
for example, by the process flow 300 described above, a plurality of active sites

are provided on the substrate, for example through exposure to water, prior {o

11
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contacting the substrate with the first precursor, in order to facilitate adhesion of

the first precursor.

0043} In one aspect, at operation 420, the first precursor is generally pulsed
into the process chamber and then the second precursor is generally pulsed into
the process chamber at operation 430. The process {emperature is generally
varied between 150°C and about 250°C. The pulse times generally vary from
between about 50 msec and about 0.25sec. The process pressure is generally
any suitable pressure for the process chamber. In one aspect, the pressure is
between aboui 30 mTorr and about 100 mTorr. In another aspect, the pressure

is between about 40 mTorr and about 200 mTorr.

[0044] in another aspect, the first precursor is pulsed into the process
chamber followed by a water puise, in a first operation. In a second operation,
one pulse of the first precursor is introduced, foliowed by or concumrently
introduced with a pulse of the second precursor. After the second operation, a
nitrogen gas N, purge is performed, and then a water pulse is performed.  Thus,
in this aspect, dielectric layers of TiSiOx or HSIO, or HIZrSi0 films are
deposited, rather than the surface being terminated with either SiOy or TiO, for
TiSIOx or HfG, or SiOx (for HISIOK) ZrO or SiO for (ZrSi0,), as is the case in
conventional methods,

[0045] The first precursor and the second precursor are selected to form a
dielectric layer 580, which serves as the aclive layer, having a surface potential
of between about 50 milivolis (mV) dec-1 and about 70 mV dec-1, which is
increased from the 25 mV dec1 to 55 mV dec-t surface potential of
conventionally-deposited dielectric layers and thus provides increased sensing
capability for the subsirate. The dielectric layer 580 is generally any suitable
diglectric material including a high concentration dielectric material, a low
concentration dielectric material, or mixtures thereof. Examples of suitable
dielectric layers include, but are not limited to, Tax0s, HISIO, TiSIO,, andfor
ZrSi0y

12
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[6048] The concentration of the first precursor and the concentration of the
second precursor are generally selecled 1o improve subsirate performance for

various processes.

(0047} in the example of substrate 100 having titanium structures 104 formed
thergon, the titanium layer 558 generally includes a plurality of hydroxyl groups
on the surface thergof. Without being bound by theory, the hydroxyl groups are
generally formed by exposing the litanium layer 558, which is highly hydrophilic,
to water or O; molecules. Referring back to Figure 4, the first precursor reacts
with a first portion of the hydroxyl groups on the titanium layer 558 during
operation 420, and the second precursor reacts with a second portion of the
hydroxy! groups during operation 430 it is contemplated that increasing
exposure time of the first precursor or second precursor, or pressure within the
process chamber affecits the growth rate and relalive proportion of the first
precursor and the second precursor in the deposited diglectric layer. In one
aspect, exposure lime or pressure i3 adjusted to occupy & pre-determined
number of active sites. Accordingly, the first precursor and the second precursor
are useful o control the number of hydroxyl groups, which serve as aclive sites,
and increase or decrease the hydrophobicity of the dielectric layer to improve the

functionality of the substrate.

[0048] The first precursor is generally any silicon-containing, fitanium-
containing, fantalum-containing, or other metal-containing precursor. Examples
of suitable tifanium precursors  include, but are not  limiled o,
tetrgkis{(dimethylamidotitanium, titaniuim{lV)isopropoxide, titanium(iV)butoxide
and titanium{lV)ethoxide. An example of a suitable silicon precursor includes,
but is not limited to, tetrasthylortho silicatef (TEOS) silanol. Examples of suitable
tantalum precursors include, but are not limited to, tantalum(V)ethoxide,
tetrakis{(dimethylamidojtantalum(V} (Ta{NMes)s,
tris{diethylamido}(ethylimido)tantalum(V) (Ta(NED{NEL,);, TalCls, Tals, and TaFs,

13
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00649} The second precursor is generally any suilable hafnium-containing
precursor. Examples of suitable hafnium precursors include, but are not limited
to, tetrakis(dimethyiamino) hafnium, tetrakis{ethyimethylaming) hafnium, hafnium

chioride, and hafnium iodide.

0050} Depending on the first precursor and the second precursor used in the
methods disclosed herein, the diglectric layer, which serves as the sensing laver,
generally includes, but is not limited to, one or more of TiSiOx or HfSIOx or
HIZrSiOx.

0051} While the forgoing aspects contemplate using thermal ALD to deposit
the dielectric layer, the present disciosure also contemplates using plasma
enhanced ALD (PEALD) fo deposit the dielectric layer 560, PEALD provides
deposition of good qualily films and also provides for reduced substrate
temperature or other process temperalures. In one aspect, the PEALD
deposition of the dielectric material utilizes an oxygen plasma. In another aspect,
the PEALD deposition of the dielectric material utilizes a mixture of oxygen and
nitrogen plasma. In another aspect, the PEALD deposition of the dielectric

material utilizes a mixiure of oxygen and argon plasma.

[00523 Methods disclosed herein generally provide metal structures without
native oxides and having improved dielectric layers deposited thereon. By
removing the nalive oxide layer from the surface of the metal structures, such as
TiO, from titanium structures, the signal-o-ncise ratioc of the substrate is
decreased. By introducing first and second precursors selected {0 increase or
decrease the hydrophobicity of the metal or silicon layer, the number of aclive
sites on the surface thereof is controlled according to the requirements of the
subsequent functions to be performed by the substrate. For example, MEMS
devices formed according to methods disclosed herein exhibil belier sensing
capabilities for biosensing applications, such as DNA sequencing, because the
signal-to-noise ratic has been reduced and the number of aclive sites of the

dielectric layer is controlled for optimal DNA sequencing by detecting pH signals.

14



WO 2019/067315 PCT/US2018/052127

[0053] Additionally, the disclosed methods provide for substantially uniform

deposition thickness across the substrate 100, independent of precursor
composition, as shown in Tabie 1. Moreover, a uniform consistency in the
composition of the dielectric layer across the surface of the substrate is also

achievable, as shown in Table 2.

Tabie 1
Target thickness |2nm  4nm | 6nm
TiOx 24nm 1 42nm 1 6.2nm
HOX 2.2nm  144nm 57 nm
HTIOX(80 % TiOx + 2.8nm  [47nm | 6.5nm
20% HfOx)
HITIOX(50 TiOx +50 24nm 1 3.8nm 5.1 nm
HIOx)
HITIOX(20% TiOx + 1.9nm | 3.5nm | 5.0nm
80% HfOx)

Tabie 2

% Atomic Concentration
Site Hf Ti O
(Peak .. = 46 {Peak 1.D. = 2p) | (Peak 1D = 18)

511 5.79 22.42 71.79
51 2 16574 22.23 72.03
1.8 (580 22.10 72.30

[0054] Figures BA-BC depict graphs showing the contact angle of the
dielectric layer at varicus compositions of the dielectric layer for deposilion of 2
nm of dielectric material, 4 nm of dislectric material, and 6 nm of diglectric
material, respectively. The contact angie is indicative of the weltability of a solid
surface by a liquid. Controliing the wettability of the surface provides for better
control of the subsirate performance. For example, control of the wetiability of
the surface of a biosensor substrate improves the biological interaction between

the surface and the surrounding medium. As shown in Figures B8A-6C, the

15
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hydrophobicity of the dielectric layer generally increases as the proportion or

concentration of hafnium in the dielectric layer increases.

[0055] Aspects disclosed herein may further include additional processes
such as radical treatment and/or high temperature annealing, for example at a
temperature between about 300°C and about 500°C, and for a duration between
about 30 minutes and about 4 hours, to further reduce defecis and improve

crystallinity.

(00586} While the foregoing is direcied to aspecis of the present disclosure,
other and further aspects of the disclosure may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims

that follow.
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CLAIMS

1. A method for reducing native oxides, comprising:

positioning a MEMS device for biological applications having an array of metal
structures formed thereon in a process chamber, the array of metal structures having
a native oxide layer formed thereon;

exposing the native oxide layer to one or more ligands to volatize the native oxide
layer, the one or more ligands being selected from the group consisting of primary
amines, secondary amines, and tertiary amines; and

removing the volatized native oxide layer by etching or desorption during a heating

process to reduce a signal-to-noise ratio of the MEMS device for biological applications.

2. The method of claim 1, wherein the array of metal structures comprise titanium
structures.
3. The method of claim 1, wherein each of the one or more ligands is selected

from the group consisting of diethylamine, propylamine, and dipropylamine.
4. The method of claim 1, wherein a temperature of the process chamber is
between 150 degrees Celsius and 300 degrees Celsius.
5. A method for depositing dielectric material, comprising:

positioning a MEMS device for biological applications having an array of metal
structures formed thereon in a process chamber;

introducing a first precursor into the process chamber;

introducing a second precursor into the process chamber;

performing a water pulse in the process chamber; and

forming a dielectric layer over the array of metal structures, the dielectric layer having
a surface potential of between 50 mV dec-1 and 70 mV dec-1 and a controlled number
of active sites.
6. The method of claim 5, wherein the first precursor is a titanium-containing,
tantalum-containing, or silicon-containing precursor, and wherein the second precursor
is a hafnium-containing precursor.
7. The method of claim 5, further comprising purging the process chamber with

an inert gas before introducing the second precursor, wherein the inert gas is selected
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from the group consisting of helium, argon, neon, krypton, xenon, and/or radon.
8. The method of claim 5, further comprising purging the process chamber with an
inert gas before performing the water pulse in the process chamber.
9. The method of claim 5, wherein the dielectric layer has a thickness of between
2 nanometers and 10 nanometers.
10. A method for forming a substrate for biosensing, comprising;

positioning a MEMS device for biological applications having an array of metal
structures formed thereon in a process chamber, the array of metal structures having
a native oxide layer formed thereon;

exposing the native oxide layer to one or more ligands to volatize the native
oxide layer, the one or more ligands being selected from the group consisting of
primary amines, second amines, and tertiary amines;

removing the volatized native oxide layer by etching or desorption during a
heating process to reduce a signal-to-noise ratio of the MEMS device for biological
applications;

introducing a first precursor into the process chamber;

introducing a second precursor into the process chamber;

performing a water pulse in the process chamber; and

forming a dielectric layer over the array of metal structures, the dielectric layer
having a surface potential of between 50 mV dec-1 and 70 mV dec-1 and a controlled
number of active sites.
11. The method of claim 10, wherein the forming the dielectric layer over the array
of metal structures comprises performing a plasma enhanced atomic layer deposition.
12. The method of claim 11, wherein the first precursor or the second precursor is
selected from the group consisting of oxygen, a mixture of oxygen and nitrogen, and a
mixture of oxygen and argon.
13.  The method of claim 10, further comprising:

depositing a protection layer over the dielectric layer; and
annealing the substrate at a temperature between 300 degrees Celsius and 500

degrees Celsius for a duration between 30 minutes and 4 hours.
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