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(57) Abstract: Embodiments herein describe techniques for a semiconductor device including a HDB layer protecting the channel layer
ofa TFT from hydrogen diffusion, e.g., from the gate dielectric layer. Embodiments may include a substrate, and a gate electrode above
the substrate. A gate dielectric layer may conformally cover the gate electrode and the substrate. A HDB layer may be above the gate
dielectric layer, and a channel layer may be above the HDB layer. Hence, the HDB layer may be between the gate dielectric layer and the
channel layer, reducing the hydrogen diffusion from the gate dielectric layer to the channel layer. For a channel layer, TiO,, Al,O3, AIN,
doped-TiO,, or doped-Al,O3, may be selected as a material for the HDB layer. Other embodiments may be described and/or claimed.
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5 METAL OXIDE THIN FILM TRANSISTORS WITH CONTROLLED
HYBROGEN
Field
Embodiments of the present disclosure generally relate 1o the field of integrated
circuits, and more particularly, 1o transistors,
10 Background
A thin-film transistor (TFT} is a kind of field-effect wransistor including varicus
lavers, e.g., an oxide semiconductor material as a channel laver, a gate digleciric laver, and
metallic contacts, over a supporting but nov-conducting substrate. A TFT differs from a
converdional transistor, where a charmel of the conventional transistor 1s typically within a
15 substrate, such as a silicon substrate. Impurities such as hydrogen may diffuse inio the
channel laver of a TFT. Hydrogen in the channel laver of a TFT mav cause large
threshold voltages of the TFT.
Brief Description of the Drawings
Embodiments will be readily undersiood by the following detailed description in
20 conjunction with the accompanying drawings.  To facilitate thas description, like
reference nurserals designate like structural elements.  Erobodiments are illustrated by
way of example and not by way of limitation in the figures of the accompanying
drawings.
Figare 1 schematically tlustrates a diagram of a thin-film transistor {TFT) with a
25 hvdrogen diffusion barrier (HDB) laver, in accordance with some ersbodiments,
Figures 2{a}-2(j} schematically iliustrate a process for formung a TFT with a
HDB laver, in accordance with some ersbodiments.
Figure 3 schematically lustrates another process {or forming a TFT with a HDB
fayer, in accordance with some embodiments.
3¢ Figure 4 schematically illustrates an interposer implementing one or more
embodiments of the disclosure, in accordance with some embodiments.
Figure S schematically illustrates a computing device bualt in accordance with an

embodiment of the disclosure, i accordance with some embodiments.
Detailed Description

35 Thin-filrn transistors (TFTs) bold great potential for large area and flesuble
electromics, e.g., displays. A TFT may have a channel layer formed by one or wore of

varigus materials, e.g., metal oxide materials. Indium galliom zine oxide (G20} 15 a
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semiconducting material, including indiom {In), gallivm {Ga), zinc {£n) and oxygen {O),
which can be wsed 1o form the channel laver of a TFT, 1¢. an IGZO TFT. AnIGZO TFT
may be used in the backplane of Hat-panel displays (FPIDs), active-moatrix organic light-
emutting diode {AMOLED) displays, a thin-film-iransistor liquid-crystal displays (TFT
LCDs), micro hight-emitting diode (uLED) displays, or others. Other matenial comprising
zinge (Zny and oxygen (O) may be used for the chamnel layer of a TFT additionally or
alternatively,

Hvdrogen may diffuse mto the channel laver of a TFT, causing large threshold
voltage of the TFT, and other problems. Hyvdrogen mav diffuse to the channel layer from
a gate dielectric layver or a passivation layer comtairung S0y or Si3N; formed by plasma-
enhanced chemical vapor deposition (PECVE,

In embodiments, a hydrogen diffusion barrier (HDB} layer may be formed o
protect the channel laver of a TFT from hvdrogen diffusion, e.g., from the gate dielecinc
iayver. The matenal for a HDB layer may be selected to reduce hydrogen diffusion mto
the channel layer. For a channel fayer comprising zinc {(Zn) and oxygen {O), ALG:, Ti(;,
AIN, or doped AL or doped Ti(d, eg., doped by mirogen, carbon, sulfur, may be
selected as a material for the HDB laver to reduce hydrogen diffusion into the channel
fayer. The HDB layer covers the channel laver of the TFT, but may leave the sowrce area
and the drain area not covered by the HDB laver so that hyvdrogen may siill diffuse into
the source area and the drain area. Hydrogen diffused into the source area and the drain
area may reduce the contact resistance and iroprove the performance of the TFT.

Embodiments herein may present a senuconductor device, which includes a
subsirate, and a gale electrode above the substrate. A gate dielectric layver may
conformally cover the gate electrode and the substrate. In addition, a HDB layer may be
above the gate dielectric layer, and a channel laver mayv be above the HDB layer Hence,
the HDB fayer may be between the gate dielecinc layer and the channel laver, reducing
the hydrogen diffusion from the gate dielectric layer to the channel layer. Furthermore, a
source area and a drain area may be formed within the chanuel layer, a source elecirode
may be coupled {0 the source area, and a drain electrode may be coupled to the drain
area. The source area and the drain area may not be covered by the HDB layer so that
hydrogen may still diffuse mto the source area and the drain area.

Embodiments herein may present an elecirical system, which includes a
processor, a memory device coupled to the processor, and a display coupled {o the
processor. To embodiments, the display may include a transistor having a sobsirate and a
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5 gate elecirode above the substraie. A gate dieleciric laver may conformally cover the
gate electrode and the sobstrate. Moreover, a HDB laver may be above the gate dielectric
fayer, and a chaonel layver may be above the HDB laver. Furthermore, the chanunel layer
may include a source area and a drain area, a source electrode may be coupled to the
source area, and a drain electrode mav be coupled (o the drain area.

i0 In embodiments, a method for {forming a semiconductor device may include:
forming a gate electrode above a substrate, and formung a gate dislectnic laver
conformally covering the gate elecirode and the substrate. The method may also mclode
forming a HDB laver above the gate dielectric laver, and forming a channel layer above
the HDB layver. In addiion, the method may mclude forming a source area and a dran

15 area within the channal laver, forming a source electrode coupled 1o the source area, and
a drain elecirode coupled 1o the drain area

in the following description, vasious aspects of the dlustrative implementations
will be described using terms commonly employed by those skilled i the art to convey
the subsiance of their work to others skilled m the art. However, it will be apparent to

28 those skilled in the art that the present disclosure may be practiced with only some of the
described aspects.  For purposes of explanation, specific numbers, materials and
configurations are set forth in order to provide a thorough understanding of the
tustrative implementations. However, it will be apparent to one skilled in the art that
the present disclosure may be practiced without the specific details.  In other jnstances,

25 well-known features are omatted or simplified n order not o ohscure the illustrative
implementations.

Various operations will be desceribed as multiple discrele operations, in tum, i a
mamer that 19 most helpful i understanding the present disclosure. However, the order
of description should not be construed to imply that these operations are necessarily order

30 dependent. In particilar, these operations may not be performed in the order of
presentagion.

For the purposes of the present disclosure, the phrase “A and/or B” means (A),
{8}, or {A and B} For the purposes of the present disclosure, the phrase “A, B, and/or C7
means {A), (B}, {CL, (Aand B, (A and C), (B and ), or (A, B and C}.

33 The terms “over,” “under,” “between,” “above.” and “on” as used herein may
refer to a relative postiion of one material laver or component with respect to other layers
or components. For example, one layer disposed over or under another layer may be
directly in contact with the other laver or may have one or more intervening lavers.
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Moreover, one layer disposed betwesan two lavers may be direcily in contact with the two
fayvers or may have one or more intervening layers. To contrast, a first fayer “on” a
second layer 18 in direct contact with that second laver. Similarly, unless explicitly stated
otherwise, one feature disposad between two features may be in direct contact with the
adiacent features or may have one or more infervening features.

The descriphon may use the phrases “in an embodiment,” or “in embodiments,”
which may each refer to one or more of the same or different embodiments.
Furthermore, the terms “comprising,” “mcluding,” “having,” and the like, as used with
respect to embodiments of the present disclosure, are synonymous.

The term “coupled wuh,” along with its denvatives, may be used herein
“Coupled” may mean one or more of the following. “Coupled” may mean that two or
more elements are in direct physical or electrical contact. However, “coupled” may also
mean that two or more slements indirectly contact each other, bul vet still cooperate or
inferact with each other, and may mean that one or more other elements are coupled or
connected between the elements that are said to be coupled with each other. The term
“directly coupled” may mean that two or more elements are in divect contact.

In varous erobodiroents, the phrase “a first feature formed, deposited, or
otherwise disposed on a second feature” mav mean that the first feature is formed,
deposited, or disposed over the second feature, and at least a part of the first feature may
be in direct contact {e.g., direct physical and/or electrical contact) or indivect countact
{e.g., having one or more other features between the fivst {eature and the second feature}
with at least a part of the second feature,

Where the disclosure recites “a” or “a first” element or the equivalent thereof
such disclosure mcludes one or more such elements, neither requinng nor excluding two
or more such elememis. Further, ordinal indicators {e.g., first, second, or third) for
identified elements are used {o distinguish between the elements, and do not indicate or
imply a required or lumeted number of such elements, nor do they indicate a particular
posttion or order of such elements unless otherwise specifically stated.

As used herein, the term “circuitry” may refer to, be part of, or include an
Application Specific Integrated Circuut (ASIC), an electronic cirenit, a processor (shared,
dedicated, or group), and/or memory {shared, dedicaied, or group} that execuie one or
more software or firmware programs, a combinational logic circuit, and/or other suitable
hardware components that provide the described functionality.  As used herein,
“computer~-implemented method” may refer 1o any method executed by one or more
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processors, a computer system having one or more processors, a mobife device such as a
smariphone {which mayv inchude one or more processors), a lablet, a laptop computer, a
set~top box, a garaing console, and so forth,

Implementations of the disclosure may be formed or carried out on a substrate,
such as a semiconductor substrate. In one implementation, the semiconductor substrate
may be a crysialline substrate formed wsing a bulk silicon or a sthicon-opn~-insulator
substructure.  In other implementations, the semiconductor substrate mav be formed
using alternate materials, which may or may not be combined with silicon, that inclade
but are not limited {o germanium, mdium antimonde, lead telluride, indium arsenide,
mdiwn phosphide, galliuro arsenide, ndiwrn gallium arsenide, galliwrn antivoonide, or
other combinations of group -V or group IV maternials. Although a few examples of
materials from which the substrate may be formed are descnibed here, any matenal that
may serve as a foundation opon which a semiconductor device may be built falls within
the spirit and scope of the present disclosure.

A plurality of transistors, such as metal-oxide-semiconductor field-effect
transistors (MOASFET or simply MOS transistors), may be fabricated on the subsirate. Tn
various implementations of the disclosure, the MOS transisiors may be planar transistors,
nonplanar transistors, or a combination of both. Nonplanar transistors include FinFET
fransistors such as double-gate transistors and tri-gate transistors, and wrap-around or all-
around gate transistors such as panoribbon and nanowire transistors.  Although the
implementations described herein may dlustrate only planar transistors, 1t should be noted
that the disclosure may also be carried out using nonplanar transistors.

Each MOS transistor inclodes a gaie stack formed of at least two layvers, a gale
dielectric faver and a gate electrode layer. The gate dielectric laver may include one layer
or a stack of lavers. The one or more layers may include silicon oxide, silicon dioxide
{S10;) and/or a high-k dielectric material. The high-k dielectric material may inchide
elements such as hafnnen, siicon, oxygen, Gtamium, tantalum, lanthanom, alominom,
zirconium, bariurm, strontium, virium, lead, scandium, niohium, and zinc. Examples of
high-k materials that may be used in the gate dielectric laver inchide, but are not himited
10, halhium oxide, hafnium sihicon oxade, lanthasum oxide, lanthanmum aluminum oxide,
zircoptum oxide, zivconium sihicon oxide, tantalurn oxide, titauum oxade, barium
strontium fitantum oxide, bartum titanium oxide, stronfiwm antum oxide, yitrium oxide,

aluminum oxide, lead scandium tantalum oxide, and lead zinc niobate. In some



WO 2018/125140

PCT/US2016/069213

embodiments, an annealing process may be carried out on the gate dielectric fayer 1o
mprove its quality when a high-k roaterial 15 used.

The gate electrode laver 1s formed on the gate dieleciric layer and mav consist of
at least one P-type work fimciion metal or N-tvpe work function metal, depending on
whether the transistor is to be a PMOS or an NMQOS transistor. In some implementations,
the gate electrode layer may counsist of a stack of two or more metal lavers, where one or
more metal lavers are work fimction metal layers and at least one metal layer is a fill
metal layer. Further metal lavers may be included for other purposes, such as a barrier
fayer,

For a PMOS transistor, metals that may be used for the gate electrode include, but
are not limited to, rthenium, palladium, platinum, cobalt, nickel, and conductive metal
oxides, e.g., ruthenium oxide. A P-type metal layer will enable the formation of a FMOS
gate electrode with a work function that 1s bebween about 4.9 ¢V and about 52 eV, For
an NMOS transistor, metals that may be used for the gate electrode include, but are not
iimited to, hafnium, zivconium, titaniwm, tantalum, aluminem, alioys of these metals, and
carbides of these meials such as hafhium carbide, zirconium carbide, titanium carbide,
tantalum carbide, and aluminum carbide.  An N-tvpe metal layer will enable the
formation of an NMUOS gate electrode with a work function that is between about 3.9 eV
and about 4.2 V.

In some toplementations, when viewed as a cross-section of the transistor along
the source-channel-drain direction, the gate elecirode may consist of a “U’-shaped
structure that includes a botiom portion substantially parallel to the surface of the
subsirate and two sidewall portions that are substantially perpendicular to the {op surface
of the substrate. In another implermentation, at least one of the metal layers that form the
eate electrode may simaply be a planar laver that is substantially paraliel to the top surface
of the substrate and does not include sidewall portions substantially perpendicudar {o the
iop surface of the sobsirate. In further implementations of the disclosure, the gate
electrode may consist of a combination of U-shaped structures and planar, non~U-shaped
structures. For example, the gate electrode may consist of one or more U-shaped metal
favers formed atop one or more planar, non-U-shaped fayers.

In some mmplementiations of the disclosure, a pair of sidewall spacers may be
formed on opposing sides of the gate stack that bracket the gate stack. The sidewall
spacers may be formed from a malerial such as silicon nitnde, silicon oxide, silicon
carbide, sificon nitride doped with carbon, and stheon oxyvniinde. Processes for forming

.y~
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sidewall spacers are well known in the art and generally include deposition and etching
process operations.  In an alternate implementation, a plurality of spacer pairs may be
used, for instance, two pairs, three pairs, or four pairs of sidewall spacers may be formed
ot opposing sides of the gate stack.

As 1z well known in the art, sowce and drain regions are formed within the
substrate adjacent to the gate stack of each MOS transistor. The souwrce and dran regions
are generally formed using either an implaniation/diffusion process or  an
etching/deposition process. In the former process, dopants such as boron, alumimim,
antimony, phosphorous, or arsenic may be ion-implanted into the substrate to form the
source and dramn regions.  An annealing process that activaies the dopants and cauvses
them to diffuse further into the substrate tvpically follows the ton implaniation process.
in the latter process, the substrate may first be etched to form recesses at the locations of
the source and drain regions. An epitaxial deposition process may then be carried out {o
fill the recesses with maternial that is used to fabricate the source and drain regions. In
some implementations, the source and drain regions may be fabricaied using a silicon
allov such as sihicon germanium or sihicon carbide.  In some implementations the
epitaxially deposited sitlicon alloy may be doped i sutu with dopants such as boron,
arsenic, or phosphorous. In further embodiments, the source and drain regions may be
formed using one or more alternate semiconductor matenials such as germanium or a
group HI-V material or alloy. And in further embodiments, one or more lavers of metal
and/or metal alloys roay be used to form the source and drain regions.

Une or more interiaver dielectrics (1L.D) are deposited over the MOS transistors.
The TLD lavers may be formed using diclecine raterials known for their applicability in
miegrated circuit structures, such as low-k dielectric materials. Examples of dielectric
materials that may be used include, buwt are not limited to, silicon dioxide {810}, carbon
doped oxide (CD(), silicon miride, organic polymers such as perfluorocyclobutane or
and  organosilicates  such  as

B

polvietralluoroethyviene, Buorosilicate glass (FSG)
stisesquioxane, siloxane, or organositicate glass. The LD layers moay include pores or air
gaps to further reduce their dielectric constant.

Figure 1 schematically hustrates a diagrarmo of a TFT 110 with 3 HDB layer 109,
m accordance with some embodiments.  In ewshodimends, the TFT 110 may include a
substrate 101, a buffer layer 103, a gate electrode 103, a gate dielectric layer 107, the HDB
layer 109, a channel laver 111, a source elecirode 121 and a drain electrode 123, and an
interlayer dielectnie (ILD) laver 115 In addition, the TFT 110 way include an optional

7
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HDB laver, e.g., a HDB layer 113,

In emsbodiments, the buffer fayer 103 may be above the substrate 101 The gaie
electrode 105 may be above the buffer laver 103 The gate dielectric laver 107 may be
above the gate elecirode 105 and the buffer laver 103, The HDB laver 109 may be above
the gate diglectnic layer 107. The channel layer 111 may be above the HDB layer 109
The HDB laver 113 may be above the channel laver 111, The ILD layver 1135 may be
above the HDB laver 113, The source electrode 121 mayv be coupled to a source area 117
within the channel laver 111, and the drain electrode 123 may be coupled o a drain area
P19 within the chanvel laver 111 The source area 117 and the dran area 119 may not be
covered by the HDB laver 109 or the HDB laver 113 so that hvdrogen may still diffuse
into the source area 117 and the drain area 119

The structure of the TFT 110 shown in Figure 1 may be for illustraiion purpose
only and is not imiting. The TFT 110 may have other configwrations. For example, the
TFT 110 mav have a reverse stagger structure in which the gate electrode 105 may be
above the channel laver 111, separated by the gate dielectric layer 107 and the HDB layer
109 in between the gate electrode 105 and the channel layer 111

In embodiments, the substrate 101 may be a glass substrate, such as soda lime
glass or borosilicate glass. a metal substrate, a plastic substrate, or ancther suiiable
substrate.  Other inter-metal dielectric layer may be formed on the substrate. The
substrate 101 may inclode an mier-metal diglectric laver, or other devices, not shown for
clarity.

irn emboduments, the budfer layer 103 may be optional. Some other embodiments
may not have the buffer layer 103, The buffer laver 103 way mclude a silicon oxide
(810 film, a silicon nitnde (SIN) {ilm, or another suitable material.  In some
embodiments, there may be multiple buffer layers included within the buffer layer 163,

In embodiments, the gaie electrode 105 mayv be formed as a single layer or a
stacked layer using one or more conduciive films including a conductive matenal, eg.,
copper, alurminum, tantalum, tungsten, taotalum witride (TaN), tiantom, fitanium ounde
{TiN), the like, and/or a combination thereof.

In embodiments, the gate dielectnic layer 107 may include silicon oxide {(81G,),
siticon nitride (SiNy), ytirtum oxtde £Y,0;), silicon oxyniinide (S1O N}, aluminum oxide
{ALO3), hafmum{IV) oxide (HIO,), tanialum oxide (Ta, (), ttanium dioxide (T1(h,), or
other materials. The gate dielectric laver 107 may be formed by plasma enhanced
chemical vapor deposition (PECVD) at about 100 °C to about 200 “C. The gate dislectric

-
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laver 107 may prevent impurities, e.g., impusities in an atmosphere, such as moisture, of
impurities included in the substrate, such as an alkah metal or a heavy wetal, from
entering the channel layer 111

In embodiments, the HDB laver 109 may include ALO; Ti0, AIN, or doped
AlG; or Ti(,, eg., doped by nitrogen, carbon, sulfur, or another suitable material. The
HDB layver 109 moay have a thickness i a range of about 5 nim o about 20 . The HDB
faver 109 may be formed by physical vapor deposition (PVD), atomic laver deposition
(AL}, or chemical vapor deposition (CVD).

In embodiments, the chanuel layer 111 may include the source area 117 and the
drain area 119, The channel tayer 111 may have a thickness in a range of about 10 wnto
about 100 nm. The channel! laver 111 may include a material comprising zinc {Zn}) and
oxygen (O}, such as, IGZQO, amorphous InGafnQ (a-1GZ0), crystal-like InGafnG (c-
IGZ0), GaZnON, ZnON, or C-Axis Aligned Crystal (CAAC)Y TFTs with the channel
faver 111 including a-1GZ0 may hold great potential for large area and flexible
electronics.  CAAC is a partially crystallized form of IGZ0, which may retan the
uniformuty of the amorphous phase while improving stability and exhubiting low leakage
current.

In embodiments, an optional HDB laver, e ¢.. the HDB layer 113, may be formed
above the channel laver 111. The HDB laver 113 may be similar to the HDB laver 109,
ncluding ALGs, Ti0:, AIN, or doped ALG; or TiOs, g, doped by nitrogen, carbou,
sulfor, or another switable material.  In embodiments, the HDB layver 113 may have a
different thickness than the thickness of the HDB layer 109,

In embodiments, the TLD laver 115 may be formed above the channel layer 111,
and above the HDB Jayer 113 The ILD laver 115 may include Os-tetracthylorthosilicate
{TEOS), Os-hexamethyidisiloxane (HMDS), plasma-TEOS oxide laver, or other materials.
The ILD laver 115 may be formed by chemical vapor deposition (CVD}, PECVD, or
another suttable technique.

In emboduments, the source electrode 121 and the dramn electrode 123 may be
formed through the ILD layer 115 and coupled to the source area 117 and the drain area
H19, respectively. When there i3 an optional HDB layer, eg., the HDB layer 113, the
source electrode 121 and the drain electrode 123 may be formed through the HDB laver
113 as well. The sowrce electrode 121 and the drain electrode 123 may include titanium
{T1), molvhdenum (Mo}, gold {(Aw), platimum (P1), ahmmimum (Al), nickel (N3}, copper
{Cu), chromium {Cry, an alloy of Ti, Mo, Auw, Pt, Al Ni, Cu, Cr, or another suitable
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S material.
Figures 2{a}-2(}) schematically illustrate a process 200 for forming a TFT 216
with a HDB layer 209, 1o accordance with some embodirsends. In embodiments, the TFT
210 may be simiar to the TFT 110 in Figure 1.
As shown in Figuwre 2{(a), a substrate 201 may be provided. In embodiments, the
10 substrate 201 may be sumular to the subsirate 101 in Figure 1. For example, the substrate
201 may be a glass substrate. such as soda lime glass or borosificate glass. a metal
subsiraie, a plastic substrate, or another suitable material.
As shown in Figure 2(b), a buffer fayer 203 wmav be formed above the subsiraie
201 In erchodimsends, the buffer laver 203 may be similar o the buffer laver 103 1o
15 Figure 1. For example, the buffer laver 203 may nclude 510, SiN, or another suitable
material. There may be mudtiple buffer lavers incloded within the buffer layer 203
As shown in Figure 2{c}, a gate electrode 205 may be formed above the butfer
faver 203. In embodiments, the gate electrode 205 may be similar to the gate electrode
105 m Figwe 1. For example, the gate elecirode 205 may inchule one or more of
28 conductive films inchuding a conductive material, e.g, copper, aluminum, {antalum,
fungsten, TaN, tiantum, TiN, the like, and/or a combination thereof.
As shown in Figure 2(d}. a gate dielectric layer 207 may be formed above the gate
electrode 205, In embodiments, the gate dielectric laver 207 may be similar to the gate
dielectric laver 107 in Figure 1. For exarople, the gate dielectric layver 207 may include

Yo, Ti0,, or other materials. The gate
dielactric laver 207 may conformally cover the gate electrode 205 and the subsirate 201,
where the dielectric laver 207 may follow the contour of the gate electrode 208, covering
a top surface, the side surfaces of the gate elecirode 205 Furthermwore, the dielectric
fayver 207 may have a wniform thickness relative to the surface of the substrate 201, the

30 top surface of the gate electrode 205, or the side surfaces of the gate electrode 205,

As shown i Figure 2(e}, the HDB laver 209 may be formed above the gate
dielectric laver 207, In embodiments, the HDB laver 209 may be simnilar o the HDB
laver 109 in Figure 1. For example, the HDB laver 209 may include ALG;, Tidh AIN, or
doped ALO; or Ty, ez, doped by nitrogen, carbon, sulfur, or other materials, formed

35 by PVD, ALD, or CVD,

As shown in Figure 2(f), a channel laver 211 may be formed above the HDB layer
209, In embodiments, the channel laver 211 may be similar to the channel laver 111 in
Figure 1. For example, the channel layer 211 may be a channel layer, mcluding 1GZ0, a-
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G20, ¢ IGZ0, GadnON, ZnON, CAALC, or other materials.

As shown in Figure 2(g), an optional HDB laver, e.g., a HDB laver 213, may be
forroed above the channel layer 211 In embodiments, the HDB layer 213 may be sinular
o the HDB laver 113 in Figure 1. For example, the HDB laver 213 may include AbL(Os,
Ti(h, AIN, or doped ALO: or Ti(;, eg., doped by nitrogen, carbon, sulfur, or other
materals,

As shown in Figure 2{k), an ILD laver 215 mav be formed above the HDB layer
213, In embodiments, the ILD laver 215 may be similar to the ILD laver 115 in Figure 1.
For example, the ILD laver 215 may include TEQS, HMDS, plasma-TEOS oxade, or
other maternals.

As shown in Figure 2(1), an opeming 212 and an opening 214 may be formed
through the ILD layer 215 and the HDB layer 213 to expose an area 217 of the channsl
laver 211 to be a source area, and expose an area 219 of the channel layer 211 to be a
drain area.

As shown in Figure 2(3), a source elecirode 221 and a drain electrode 223 may be
formed filling the opening 212 and the opening 214, and through the ILD laver 215 and
the HDB layer 213, The source electrode 221 may be coupled with the source area 217,
and the drain electrode 223 may be coupled with the drain area 219, In embodiments, the
source glectrode 221 and the drain electrode 223 may be simular to the source electrode
121 and the dran electrods 123 m Figure 1, respectively. For example, the source
electrode 221 and the drain electrode 223 mav include T1, Mo, Au, Pt AL Ni, Cu, Cr, an
alloy of T1, Mo, Au, Pt, Al Ni, Cu, Cr, or another suitable material.

Figure 3 schematically illusirates another process 300 for forming a TFT with a
HDB laver, 1 accordance with some embodiments. Tn embodiments, the process 300
may be applied to form the TFT 110 with the HDB laver 109 in Figure 1, or the TFT 210
with the HDB 209 in Figure 2(3). In addition, the process 200 shown in Figures 2{a}2(}
may be an example of the process 300,

At block 301, the process 300 may wclude fornung a gate electrode above a
subsirate.  For example, the process 300 may include forming the gate electrode 2035
above the substrate 201 as illustrated in Figure 2{c).

At block 303, the process 300 wayv include fornung a gate dielectnic layer
conformally covering the gate electrode and the substrate. For example, the process 306
may inchuade forming the gate dielectiic laver 207 covering the gate electrode 205 and the
substrate 201 as iltastrated wn Figure 2{d). In embodiments, the gate dielectric tayer 207

-1 -
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may include $i02 or SiNx, and may be formed by PECVD at about 100 °C to about 200
‘C.

At block 305, the process 300 may nchude forming a HDB layer above the gate
dielectric laver. For example, the process 300 may include forming the HDB laver 209
above the gate dielectric layer 207 as illustrated in Figure 2{e). In embodiments, the
HDB layer 209 may mclude ALOs, TiO: AN, or doped ALO; or TiOs, eg., doped by
nitrogen, carbon, sulfur. The HDB laver 209 may be formed by PVD, ALD, CVD, or
another suitable process.

At block 307, the process 300 way inchude forming a channel layer above the
HDB laver. For example, the process 300 may include forming the channel layer 211
above the HDB laver 209 as dlustrated in Figure 2{f}. In embodiments, the channel layer
211 may include a material comprising zing (Zn) and oxygen (), such as, IGZ0, a-
IGZ0, o IGEO, GaZnON, ZnON, CAAC, or another suitable material,

In some embodiments, the channel layer 211 mav be formed by depositing an a-
IGZO film at about 25 °C to about 300 °C, .., by radic frequency (RF) sputtering, direct
currentt {DC) spultering, magnetron sputtering, plasma enhanced atomic layer deposition
{(PEALD), or PECVD. In some other embodiments, the channel laver 111 may be
formed by simuitansously sputtering IGZ0 and Zn0 at a temperature in a range of about
25 °C 1o about 400 °C, e.g.. by RF sputtering. DC sputtering, or magnetron sputtering, {0
form a crystal-hike MGaZn0 {¢-IGZ0) fim.

At block 309, the process 300 may include forming a source area and a drain area
within the channel layer. For example, the process 300 may mclude forming the source
area 217 and the drain area 219, as shown i Figure 2(), by forming the opening 212 and
the operung 214 through the ILD layer 2135 and the HDB layer 213,

At block 311, the process 300 may include formung a source electrode coupled to
the source area, and a drain electrode coupled {0 the drain area. For example, the process
300 mav include forming the source electrode 221 coupled to the source area 217, and the
drain electrode 223 coupled to the dram area 219, as illusirated in Figure 24y In
embodiments, the source electrode 221 and the drain electrode 223 may nclude Ti, Mo,
Au, Pt Al N1, Cu, Cr, an alloy of Ti, Mo, Ag, Pt, AL Ny, Cu, Cr, or other materials.

in addition, the process 300 may also include forming another HDB layer above
the channel layer, and forming an mterlaver dielectric (1LD} layver above the channel
faver, not shown. The process 300 may further include forming a buffer laver above the
substrate before forming the gate electrode.

-2 -
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Figure 4 illustraies an miterposer 400 that mcludes one or more embodiments of
the disclosure.  The interposer 400 i3 an intervening substrate used to bridge a frst
subsirate 402 (o a second substrate 404, The first subsirate 402 may be, for instance, a
substrate support for a TFT, e.g., the TFT 110 shown in Figure 1 or the TFT 210 shown
i Figure 2{j). The second subsiraie 404 may be, for instance, a memory module, a
compuier motherboard, or another integrated circuit die. Generally, the purpose of an
interposer 400 15 to spread a connection to a wider pitch or to reroute a connection 1o a
different connection. For example, an interposer 400 may couple an infegrated circuit die
to a ball grid array (BGA) 406 that can subsequently be coupled to the second substraie
404 In some embodiments, the first and second subsirates 402/404 are atiached o
opposing sides of the mterposer 400,  In other embodiments, the first and second
subistrates 402/404 are attached to the same side of the interposer 400. And in further
embodiments, three or more subsirates are interconnected by way of the interposer 400,

The mterposer 400 may be formed of an epoxy resin, a fiberglass-reinforced
epoxy resin, a ceramic material, or a polymer material such as polyimide. In further
implementations, the interposer may be formed of alternate rigid or flexible materials that
may imclude the same materials described above for use 1 a senuconductor substrate,
such as stficon, germanium, and other group H-V and group IV matenals.

The interposer may include metal interconnects 408 and vias 410, including bt
not limited to through-silicon vias (TSVs) 412, The interposer 400 way frther mclude
embedded devices 414, including both passive and active devices. Such devices imclude,
but are not limited to, capacitors, decoupling capacitors, resistors, induciors, fuses,
diodes, transformers, sensors, and electrostatic discharge (ESTY) devices. More complex
devices such as radio-frequency (RF) devices, power amplifiers, power management
devices, antennas, arrays, sensors, and MEMS devices may also be formed on the
mterposer 400.

In accordance with embodiments of the disclosure, apparatuses or processes
disclosed herein roay be used n the fabrication of interposer 400,

Figure § dlustrates a computing device 500 in accordance with one embodiment
of the disclosure. The computing device S00 may include a number of components. In
one embodiment, these componends are aitached to one or more motherboards. In an
alternate embodiment, some or all of these components are fabricated onto a single
svstem-on-a~chip (8o} die, such as a SoC used for mobile devices. The components in

the computing device 500 inchude, but are not himited to, an integrated cirawt die 502 and
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at least one commumcations logic wmt SO08. In some implementations the
communications logie unit 508 1 fabricated within the mtegrated civcuit die 502 while in
other implementations the comuynunications logic umit 508 5 fabricated i a separate
mtegrated circuit chip that may be bonded to a substrate or motherboard that is shared
with or electronically coupled to the integrated circait die S02. The integrated circuit die
502 may inchude a processor 504 as well as on-die memory 306, often used as cache
memory, which can be provided by technologies such as embedded DRAM (eDRAM}, or
SRAM.

In embodiments, the computing device 500 wav mclude a display or a
touchscreen display 524, and a touchscreen display controller 526, A display or the
touchscreen display 324 may include a FPD, an AMOLED display, a TFT LCD, a micro
light-enmutting dicde (ULED) display, or others. For example, the touchscreen display 524
may inchude the TFT 110 shown m Figare 1, the TFT 210 shown in Figure 25}, or a TFT
formed according to the process 300 shown in Figure 3.

Computing device 500 may include other components that may or mayv not be
phvsically and electrically coupled to the motherboard or fabricated within a SoC die.
These other components include, but are not houted to, volatile memory S10 (e g,
dynamic random access memory {(DRAM), non-volatile mamory 512 (e.z., ROM or flash
memory}, a graphics processing unit 5314 (GPU), a digital signal processor (5P) 516, a
crvpto processor 542 {e.g., a specialized processor that executes cryplographic algorithims
withan hardware), a chipset 520, at least one antenna 322 (in some iroplementations two
or more antenna may be used}, a battery 530 or other power source, a power amplifier
(not shown), a vollage regulator {not shown), a global positioning system (GPS) device
528, a compass, a motion coprocessor of sensors 332 (that may nclude an accelerometer,
a gvroscops, and a compass), a microphone (not shown), a speaker 534, a camera 536,
user input devices 538 (such as a kevboard, mouse, styvlus, and touchpad}, and a mass
storage device 540 (such as hard digk drive, compact disk (CD), digital versatile disk
(DVD), and so forth), The computing device 500 ray incorporate further fransoussion,
teleconwnunication, or radio functionality not already described herein. In some
implementations, the computing device S00 includes a radio that 13 used to communicate
over a distance by modulating and raduating electromagnetic waves in air or space. o
further timplementations, the computing device 500 includes a transmitter and a receiver
{or a transceiver; that is used {o communicate over g distance by modulating and
radiating electromagnelic waves in air or space.
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S The communications logic unit 508 enables wireless commumications for the
transfer of data {0 and from the computing device 500, The termy “wireless” and its
devivatives may be used 1o describe circuits, devices, systems, methods, techmques,
conmmunications channels, etc., that mayv commumnicate data through the use of modulated
electromagnetic radiation through a non-solid mediom. The term does not imply that the

10 associaled devices do not contain any wires, although in some embodimenis they mught
not. The communications logic unit 508 may toplement any of a number of wireless
standards or protocols, inchuding but not himited to Wi-Fi GEEE 80211 familv), WiMAX
(JEEE 80216 famuly), TEEE 380220, long term evolution {LTE), Ev-DO, HSPA+,
HSDPA+ HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA, DECT, Infrared (IR}, Near

15 Field Communication (NFC), Bluetooth, denivatives thereof, as well as any other wireless
protocols that are designated as 3G, 4G, 3G, and bevond. The computing device 500
may nchide a plurality of commumications logic units 508, For instance, a first
communications logic unit 508 may be dedicated to shorter range wireless
cormmunications such as Wi-Fi, NFC, and Bluetooth and a second communications fogic

20 umit 508 may be dedicated to tonger range wireless commuanications such as GPS, EDGE,
GPRS, CDMA, WiMAX, LTE, Ev-DO, and others.

The processor 304 of the computing device 300 includes one or more devices,
such as transistors. The term “processor” may refer to any device or portion of a device
that processes electromce data from registers and/or memory to transform that eleciromic

25 data mto other electronic data that may be stored in registers and/or memory.  The
communications logic unit 508 may also include one or more devices, such as transistors.

In further embodiments, ancther component housed within the computing device
S60 mav contain one or more devices, such as MRAM, or spin-transfer torque memory
{(STT-MRAM), that are formed in accordance with mmplementations of the currend

30 disclosure, e.g., the memory array 100 shown in Figure 1, the MRAM memory cell 210
shown in Figure 2, or a MRAM memory cell formed according to the process 300 shown
in Figure 3.

In various embodiments, the computing device 500 may be a laptop computer, a
netbook computer, a notebook computer, an ulirabook computer, a smariphone, a

35 duwobphone, a tablet, a tablet/laptop hyvbnd, a personal digital assistant (PDA), an ultra
mobile PC, a mobile phone, a deskiop computer, a server, a printer, a scanner, a monitor,
a set-top box, an entertainment control unit, a digital camera, a portable music player, or
a digital video recorder. In further implementations, the computing device 500 may be

- 15 .



WO 2018/125140 PCT/US2016/069213

S any other electronic device that processes data.

The above description of lustrated iroplementations of the disclosure, ncluding
what 15 described in the Abstract, 15 not mitended 1o be exhaustive or to hmut the
disclosure to the precise forns disclosed.  While specific implementations of, and
examples for, the disclosure are described herein for illustrative purposes, various

10 equivalent modifications are possible within the scope of the disclosure, as those skalled
i1 the relevant art will recognize,

Some non-limiting Examples are provided below.

Example 1 may include a semiconductor device, comprising: a substrate; a gate
electrode above the substrate; a gate dielectric laver conformally covenng the gate

15 electrode and the subsirate; a hydrogen diffusion barrier (HDB) layver above the gate
dieleciric taver; a channel layer above the HDB laver, wherein the channel laver includes a
source area and a drain area; and a sowrce electrode coupled o the source area, and a dram
electrode coupled to the drain area.

Example 2 may include the semiconductor device of example 1 and/or some other

20 examples heren, further comprising: another HDB layer above the channel layer, wherein
the source electrode 1s through the another HDB laver and coupled (o the source area, and
the drain electrode is through the another HDB laver and coupled to the drain area.

Example 3 may include the semuconductor device of example 1 and/or some other
examples herein, further corprising: an interlaver dielectric (ILD) laver above the channel

25 laver, wherein the source electrode is through the ILD laver and coupled to the sowce
area, and the drain electrode is through the ILD laver and coupled (o the drain area.

Example 4 may include the semiconductor device of any of examples 1-3 and/or
some other examples heretn, wherein the HDB layer includes T, ALOs, AIN, doped-
Ti(d,, or doped-AlO;.

30 Example § may inclode the semiconductor device of any of examples 1-3 and/or
some other examples herein, wherein the channel layer meludes zine (Zn} and oxygen {O).

Example 6 moay oclude the senvconductor device of any of examples 1-3 and/or
some other examples herein, wherein the chamnel laver inchudes InGaZnQ (1G70),
amorphous InGaZn( (a-1GZ0), orvstal-hke nGaZinQ {c-1GF0), GaZnON, Zn0N, or C-

35 Axis Aligned Crvstal (CAAC),

Example 7 may include the semiconductor device of any of examples 1-3 and/or
some other examples herein, wherein the channel fayer has a thickness in a range of abowt
10 o to about 100 nm.
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Example & may include the semiconductor device of anyv of examples 1-3 and/or
some other examples beremn, wherein the gate dielectric laver includes silicon oxade
(8100}, silicon nitnide (S1N), yvitrtum oxade (Y04, stlicon oxyatinde ($10 Ny, alununum
oxide (ALO;s) hafmum(dV) oxide (HIG, ), tantalum oxide (Ta,(Gs), or titanium dioxide

Example 9 may jnclude the semiconductor device of any of examples 1-3 and/or
some other examples herein, wherein the source electrode or the dramm electrode includes
titanipm {T1), molvbdenum (Mo}, gold {Aw), platinum (P1), aluminum (A, nickel (N1},
copper {{Cu), chromium {Cr), or an alloy of Ti, Mo, Ay, Pt, AT N, Cu, Cr.

Example 10 mav mclude the semiconductor device of any of examples 1-3 and/or
some other examples herein, wherain the substrate includes a glass substrate, a metal
substrate, or a plastic substrate,

Example 11 way mclude a computing device comprising: a processor; 4 memory
device coupled to the processor; and a display coupled {o the processor, the display
including a transistor, and the transistor including: a substrate; a gate electrode above the
subsirate; a gate dielectric layer conformaily covering the gate electrode and the substrate;
a hvdrogen diffusion barrier (HDB) layer above the gate diclecinic layer; a chanmel layer
above the HDB layer, wherein the channel laver includes a source area and a drain area;
and a source electrode coupled to the source area, and a drain electrode coupled to the
drain area.

Exanple 12 way mclude the computing device of exanmple 11 and/or some other
examples herein, wherein the transistor further includes: another HDB layer above the
channel fayer, wherein the source electrode 18 through the another HDB laver and coupled
{0 the source area, and the drain electrode 15 through the another HDB laver and coupled
{0 the drain area.

Example 13 may include the computing device of example 11 and/or some other
examples herein, wherein the transistor further includes: an interlayer diglectric (JLD)
laver above the channel laver, wheremn the source elecirode 1s through the ILD laver and
coupled 1o the source area, and the drain elecirode is through the ILD faver and coupled to
the drain area.

Example 14 may nclude the computing device of any of exaroples 11-13 and/or
some other examples herein, wherein the HDB layer includes TiQ,, Ab(;, AIN, doped-
Ti(y,, or doped-ALO;.

Example 15 may include the computing device of any of examples 11-13 and/or
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some other examples herein, wherein the chammel laver includes InGaFnG (GZ0),
amorphous InGaZnQ (a~-1GZ0), orvstal-like InGaZinG {c-1GZ0), GafnON, Zn0ON, or C-
Axis Aligned Crvstal (CAAC),

Example 16 may include the computing device of any of exarples 11-13 and/or
some other examples herein, wherein the computing device 15 a wearable device or a
mobile computing device, the wearable device or the mobile computing device mcluding
ong or more of an antenna, a touchscraen coniroller, a battery, an audio codec, a video
codec, a power amplifier, a global posilioning system {GPS} device, a compass, a Geiger
counter, an accelerometer, a gyroscope, a speaker, or a camera coupled with the processor.

Example 17 may include a method for forming a semiconducior device, the
method comprising: fornung a gate elecirode above a subsirate; forming a gate dieleciric
fayer conformally covering the gate elecirode and the substrate; forming a hydrogen
diffusion barner (HDB) laver above the gate dielectric laver; forming channel fayer above
the HDB laver; forming a source area and a drain area within the channel layer, and
forming a sowrce electrode coupled to the source area, and a drain electrode coupled to the
drain area.

Example 18 may wnclude the method of example 17 and/or some other exaroples
herein, further comprising: forming another HDB layer above the channel layer, whearein
the source elecirode is formed through the another HDB laver and coupled o the source
area, and the drain electrode 1s formed through the another HDB laver and coupled to the
dramn area.

Example 19 may include the method of example 17 and/or some other examples
herein, further compnising: forming an interlayer dielectric (TLD) layer above the channel
tayer, wherein the source electrode 18 formed through the 1LD laver and coupled to the
source area, and the drain electrode is through the 1L laver and coupled 1o the drain area.

Example 20 may include the method of example 17 and/or some other examples
herein, further cornprising: forming a buffer laver above the substrate, and wherein the
formung the gate electrode above the substrate includes forming the gate elecirode above
the buffer layer.

Example 21 may nclude the method of anv of examples 17-20 and/or some other
examples herein, wherein the gate diclecinic laver includes $10; or SiNy, and wherein the
forming the gate dieleciric laver includes forming the gate dielectric laver by plasma
enhanced chemical vapor deposition (PECVEN at 100 °C to 200 °C.

Example 22 may mclude the method of any of exaroples 17-20 and/or some other
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5 examples herein, wherein the HDB layer inchudes Tilk,, ALG;, AIN, doped-Ti(,, or
doped-AL(0s, and wherein the forming the HDB laver includes forming the HDB laver by
physical vapor deposition (PVD), atomic laver deposition (ALD), or chenucal vapor
deposition {{CV D,

Example 23 may mclude the method of any of examples 17-20 and/or some other
10 examples herein, wherein the formung the channel laver includes deposiiing an arvorphous
InGaZn0 (@-1GFO)Y film at 25 °C 1o 300 °C by radio frequency (RF) sputtering, direct
current {DBC) sputtering, magnetron sputtering, ALD, plasma enhanced atomic layer
deposition (FEALDY, or PECVD.
Example 24 may mclude the method of any of exanples 17-20 and/or sorse other
15 examples herein, wherein the forming the channel layer includes sinwlianeously
sputtering InGaZn0 (IGZ0) and ZnO at a temperature in a range of 235 °C 1o 400 °C by
radio frequency {RF} sputtering, divect current {DC) sputtering, or magnetron sputiering,
to form a crystal-like InGaZnQ (c-1GFZ0) film,
Example 25 may mclude the method of any of examples 17-20 and/or some other
28 examples herein, wherem the channel laver includes InGaZnQ (GZ0), amorphous
nGaZn0 {(a-1G70), oystal-like InGa¥n0 (¢-IGFO), GaZnON, ZnON, or C-Axis Aligned
Crystal {CAAQC).
Various embodiments may inclode any suitable combination of the above-
described embodiments including alternative {or) embodiments of emboduments that are
25 described m conjunctive form {(and) above {eg, the “and” may be “and/or™).
Furthermore, some embodiments may include one or more articles of manufacture (. g.,
non-transitory computer-readable media) having nstructions, stored thereon, that when
sxecuted result 1w actions of any of the above-described embodirnents. Moreover, some
embodiments may include apparatuses or systems having anv suitable means for carrying
30 outthe various operations of the above-described embodiments.
The above description of iHlustrated tmplementations, inchuding what 1¢ described
i the Abstract, 1 not idended to be sxhaustive or 1o hmut the embodiments of the
present disclosure to the precise forms disclosed. While specific implementations and
examples are described hersin for dlustrative purposes, various equivalent modifications
35 are possible within the scope of the present disclosure, as those skilled in the relevant art
will recognize.
These modifications may be made to embodiments of the present disclosure n
light of the above detailed description. The terms used n the following clairos should not
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be construed to it various embodiments of the present disclosure to the specific
implementations disclosed in the specification and the claims. Rather, the scope 1s to be
determined entitely by the following claims, which are to be construed m accordance

with established doctrines of claim interpretation.
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Claims

What is claimed s

I A semiconductor device, comprising

a substrate;

a gate electrode above the substrate;

a gate dieleciric layer conformally covering the gale electrode and the substrate;

a hydrogen diffusion barner (HDB) layer above the gate diclectnic layer;

a channel layer above the HDB laver, wherein the channel layer includes a source
area and a drain area; and

a source electrode coupled to the sowrce area, and a drain electrode coupled {0 the

drain area.

2. The semiconductor device of claim 1, further comprising:
another HDB layer above the channel laver, wherein the source electrode 1s
through the another HDB layer and coupled to the source area, and the drain electrode is

through the another HDB layer and coupled to the dran area.

3. The senmconductor device of claim 1, further comprising;
an wterlayer diglectric {(IL.D} laver above the channel layer, wherein the source
electrode i through the ILD laver and coupled to the sowrce area, and the drain electrode

is through the ILD laver and coupled to the drain area.

4. The semiconductor device of any of claims 1-3, wherein the HDB laver

includes Ti(,, AL, AN, doped-Ti(,, or doped-AlL s,

5. The senuconductor device of any of claims 1-3, wherein the channel laver

mcludes zing (Zn} and oxygen (3).
6. The semiconductor device of any of claims 1-3, wherein the channel laver

includes InGaZn( (GZ0), amorphous InGGaZn(d {a-1GZ0), crystal-like nGaZn0 (¢~
IGZ(), GaZnON, ZnON, or C-Axis Aligned Crystal {CAAC).
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S 7. The semiconductor device of any of claims 1-3, wherein the channel laver has

a thickuess in a range of about 10 nm to about 100 nm.

8. The semiconductor device of any of claims 1-3, wherein the gate dielectric

layer includes silicon oxide {Si(3,), silicon nitride {SiN), ytirium oxide €Y ,33), silicon

10 oxynitnde (S0 N, aluminum oxide (ALGs ), balnhum(IV) oxede (HIO,), tantalum oxide

(T2, G5y, or titanmum dioxide (T10)).

9. The semicondactor device of any of claims 1-3, wherein the source electrode
or the drain electrode includes ttaraum (T1), molvbdenom (Mo}, gold (Au), platinum
15 (P, aluminum (Al), nickel {(Ni}, copper (Cu}. chromium ({r), or an alloy of Tt, Mo, Ay,

Pt, AL Ny, Cy, Cr

16, The semiconductor device of any of claims 1-3, wherein the substrate

includes a glass substrate, a metal substrate, or a plastic substrate,

1 A computing device comprising:
& Processor;
a memory device coupled to the processor; and
a display coupled {0 the processor, the display including a transistor, and the
25 transistor including:
a substrate;
a gate electrode above the substrate;
a gate dielectric laver conformally covering the gate elecirode and the
substrate;
30 a hydrogen diffusion barrier (HDB} laver above the gate dielectric laver;
a channel layer above the HDB laver, wherein the channel layer includes a
source area and a drain areq; and
a source electrode coupled to the source area, and a drain electrode

coupled to the drain area.

757
7]

12. The computing device of claim 11, wherein the transistor further includes:
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S another HDB layver above the channel laver, wherein the source electrode is
through the another HDB laver and coupled {0 the source area, and the drain electrode is

through the another HDB laver and coupled to the drain area.

13, The computing device of claim 11, wherein the transistor further inchudes:
i0 an jnterlayer dielectric (JLI3} laver above the channel layer, wheremn the source
electrode is through the HLD layer and coupled to the source area, and the drain glectrode

is through the LD laver and coupled o the drain area.

i4. The computing device of any of claims 11-13, wherein the HDB layer

15 mcludes Ti(y, AL, AN, doped-Ti(d,, or doped-ALO:.

1S, The computing device of any of claims 11-13, wherein the channel laver
wncludes InGaZnG GZ0), amorphous InGaZn(} (a-1GZ0), crvstal-like nGa#n( (c-
IGZ0, GaZnON, ZnON, or C-Axis Aligned Crystal {CAAC).

16, The computing device of any of claims 11-13, wherein the computing device
13 a wearable device or a mobile computing device, the wearable device or the mobile
compuiing device inchiding one or more of an antenna, a touchscreen controller, a battery,
an audio codec, a video codec, a power amplifier, a global positioning system (GPR)
25 device, a compass, a Gerger courder, an accelerometer, a gyroscope, a speaker, or a

camera coupled with the processor.

17, A method for {ormung a semiconductor device, the method comprising:
forming a gate electrode above a subsirate;
30 forming a gate diglectric laver conformally covering the gate electrode and the
subsirate;
fornung a hydrogen diffusion barner (HDB) laver above the gate dielectric layer;
forming a channel layer above the HDB laver;

forming a sowrce area and a drain area withan the chanoel laver; and

757
7]

forroing a source electrode coupled o the source area, and a drain electrode

coupled to the drain area.
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1&. The method of claim 17, further comprising:
forming another HDB layer above the channel layer, wherein the source electrode
1s formed through the another HDB laver and coupled 1o the source area, and the dramn

electrode is formed through the another HDB layer and coupled 1o the drain area.

19, The method of claim 17, hurther comprising:
forming an interlayer dielectric (ILDY) laver above the channel laver, wherein the
source glectrode is formed through the ILD layver and coupled to the source area, and the

drain electrode is through the ILD layer and coupled to the drain area.

20, The method of claim 17, further comprising:
forming a buffer laver above the substrate, and wherein the forming the gate

electrode above the substrate includes forming the gate elecirode above the bufter laver.

21. The method of any of claims 17-20, wherein the gate diglectric layer includes
8103, or 8iN,, and wherein the forming the gate dielectric taver includes forming the gate
dielectric layer by plasma enhanced chernical vapor deposttion (PECVD) at 100 °C 1o

200 °C.

22, The method of any of claims 17-20, wherein the HDB layer includes TiO,,
AlG;, AN, doped-Ti0,, or doped-AlLO;, and wherein the forming the HDB laver
inclides formung the HDB layer by physical vapor deposition (PY D). atornic layer

deposition (ALY, or chemucal vapor deposition (CVD)

23, The method of any of claims 17-20, wherein the forming the channel laver
includes depositing an amorphous InGaZn0 -1GZ0) film at 25 °C 10 300 °C by radio
frequency {RF) sputtering, direct current {DC) sputtering, magnetron sputtering, ALD,

plasroa enhanced atomuc laver deposition (PEALD), or PECVD.

24, The method of any of claims 17-20, wherein the forming the channel layer
mcludes simultaneousiy sputtering InGaZnQ (IGZ0) and ZnO at a temperaiure n a range
of 25 °C 10 400 °C by radio frequency (RF) sputtering. direct current {DC) sputtering, or

magnetron sputtering

0

to form a erystal-like InGaZn( (¢ 1GZ20} film.

- 24 -
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25. The method of any of claims 17-20, wherein the channel layer includes
InGaZn( G203, amorphous MGaZn( (a-1GZ0), avstal-like InGaZnG (- 1G70),
GaZnON, ZnON, or C-Axig Aligned Crvstal (CAAC),
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