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(57) Abstract: The present invention generally relates to a thin film semiconductor device having a buffer layer formed between the
semiconductor layer and one or more layers. In one embodiment, a thin film semiconductor device includes a semiconductor layer
having a first work function and a first electron affinity level, a buffer layer having a second work function greater than the first work
function and a second electron atfinity level that is less than the first electron affinity level; and a gate dielectric layer having a third
work function less than the second work function and a third electron affinity level that is greater than the second electron affinity
level.
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BUFFER LAYERS FOR METAL OXIDE SEMICONDUCTORS FORTFT

BACKGROUND OF THE INVENTION

Field of the Invention

{0001} Embodiments disclosed herein generally relate to buffer layers for
thin film semiconductors. More specifically, embodiments disclosed herein

generally relate to high work function and low electron affinity layers.

Description of the Related Art

{0082} Current interest in thin film transistors (TFTs) is particularly high
because these devices may be used in liquid crystal aclive matrix displays
{(LCDs} of the Kind often employed for computer and television flat panels.
The LCDs may also contain light emitling diodes (LEDs), such as grganic light
emitling diodes {(OLEDs) for back lighting. The LEDs and OLEDs require
TFTs for addressing the activity of the displays. One of the applications for

the semiconducior is for the thin-film transistor traditionally used for displays.

0003} The current driven through the TFTs {ie., the on-current} is limited
by the channel material (often referred 1o as the aclive material,
semiconductor material or semiconductor active material) as well as the
channe! width and length. Additionally, the turn-on voltage is determined by
the accumulation of the carrier in the channel area of the semiconductor layer
which could change as the shift of the fixed charge in the semiconductor
material or the charge trapping in inferfaces and the threshold voltage shifls

after bias temperature stress or current temperature stress.

[0004] in current MO-TFTs, the interface between layers, such as the
interface between the gate dielectric layer and the metal oxide semiconductor
layer, can be problematic for the overall function of the device. In indium
gallium zinc oxide (G20}, zinc oxide {Zn0) and zinc oxynitride (ZnON} TFT

devices, problems can include mohbility problems and turn on voltages.

[0005] Therefore, there is a need in the art for methods and devices {0

reduce interface problems for TET devices.
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SUMMARY OF THE INVENTION

[6008] The present invention generally relates {o a thin film semiconductor
device having a buffer layer formed at the inlerface of the thin film
semiconductor and one or more other layers. The buffer layers can have a
high work function and a low electron affinity fo prevent charge transfer
between the semiconducior layer and the gate dielectric layer. As such, the
use of one or more bulfer layers can mainiain the charge formed in the
semiconductor fayer and prevent increases in threshold voltage for the thin

film semiconductor.

[0007] in one embodiment, a thin film semiconductor device can include 3
semiconductor layer having a first work funclion and a first electron affinity
tevel, a buffer layer having a second work function greater than the first work
function and a second electron affinity level that is less than the first electron
affinity level and a gale dielectric layer having a third work function less than
the second work function and a third electron affinity level that is greater than

the second electron affinity level

(00081 in anocother embodiment, a thin film semiconductor device can
include a semiconductor layer having a first work function and a first electron
affinity level, a buffer layer having a second work function greater than the first
work function and a second electron affinity level that is less than the first
electron affinity level, and a passivation layer having a third work function less
than the second work function and a third electron affinity level that is greater

than the second electron affinity level.

BRIEF DESCRIPTION OF THE DRAWINGS

100091 So that the manner in which the above recited features of the
prasent invention can be understood in detall, a more particular description of
the invention, briefly summarized above, may be had by reference to
embodiments, some of which are illusirated in the appended drawings. Histo
he noted, however, that the appended drawings illusirate only typical

embodiments of this invention and are therefore not to be considered limiling
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of its scope, for the invention may admil to other equally effeclive

embodiments.

{0010} Figure 1 is a depiction of a generic MO-TFT showing the gate

dielectric layer and semiconducior layer interface;

[0811] Figure 2 is a schemalic, cross sectional view of a process chamber

that may be used to perform the operations described herein;

180121 Figures 3A-3H are schematic llustrations of an MO-TFT according

to one embodiment; and

{0013} Figure 4 is a MO-TFT incorporaling a buffer laver according {0 one

embodiment.

[0614] To facilitate understanding, identical reference numerals have been
used, where possible, {0 designate identical elements that are common to the
figures. [ is contemplated that elements disclosed in one embodiment may

be beneficially utilized on other embodiments without specific recitation.

DETAILED DESCRIPTION

[0015] The present embodiments generslly relale o a thin film
semiconductor device having mulliple semiconductor layers. A buffer layer
having a high work function and a low electron affinity can be deposited
between the semiconductor layer and other layers. By inserting the buffer
fayer, mobility problems can be avoided and the threshold voltage of the gate
can be maintained at a lower level, While description will be made with
reference o g TFT, it is to be understood thai the invention has broader utility,

such as with any thin film semiconductor device.

{0016} Figure 1 is a depiction of a generic MO-TFT. In this depiction, a
substrate 102 has a stack deposited on the surface by various technigues
such as PVD, CVD, PE-CVD or other techniques. The MO-THT stack can be
deposited on the subsirate and can include a gate electrode 105, gale
dielectric layer 106, a semiconductor layer 108, a source slectrode 111, a

drain electrode 112 and a passivation layer 118
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0017} The interface between the gate dieleclric layer 106 and the
semiconductor layer 108 can be a source of problems. The work function is
the energy difference between the Fermi level and the vacuum level. The
Fermi level is a measurement of potential energy in a maierial, both chemical
and electrical energy. When two materials are brought together, the Fermi
fevels will try to equilibrate and will cause a charge transfer from the shallow

work function material to the deeper work function material.

[0018] When the semiconductor layer 108, such as Zn0O or ZnON
semiconductor layer forms an inierface with the gate digleciric layer, such as
intrinsic or undoped silicon, the different work functions can lead 1o charge
accumulation in the deeper work funclion material. In the case of undoped
siticon {which has a work functlion of 4.6 V) and ZnO {which has a work
function of 4.5 eV}, charges transfer from the ZnQ0 to the silicon at the
interface. This charge transfer increases the threshold vollage of the gate.
Further, the interface belween the semiconductor layer 108 and gate dielectric
fayer 106 has many defects present as a resull of bringing these two layers
into intimate contact with each other. Consequently, charges can become
trapped at this interface thereby accumulating within the semiconductor. This
leads to lower charge mobility within the semiconductor layer 108, as well as
farge threshold voltages and off-currents in the TFT device. To address these
problems and others, a buffer layer with a high work funclion and a low
electron mobility can be placed belween the two materials. The embodiments
of the inventions disclosed herein are more clearly described with reference o

the figures below.

{0019} The embodiments described below c¢an be performed using a
processing chamber, such as a plasma enhanced chemical vapor deposition
(PECVD) system available from Applied Materials, Inc, localed in Sania
Clara, California. However, it should be understood that the embodiments
disclosed herein are not limited o any particular chamber and can be
performed in other chambers, including those sold by the same or other

manufacturers.
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{0820} Figure 2 is a schematic, cross seclional view of a process chambaer
that may be used {0 perform the operations described herein. The apparatus
includes a chamber 200 in which one or more films may be deposited onto a
substrate 220. The chamber 200 generally includes walls 202, a bottom 204
and a showerhead 2086 which define a process volume. A subsirate support
218 is disposed within the process volume. The process volume is accessed
through a shit valve opening 208 such thal the subsirate 220 may be
transferred in and out of the chamber 200. The substrate support 218 may be
coupled to an actuator 216 to raise and lower the substrate support 218, Lift
pins 222 are moveably disposed through the substrate support 218 (o move a
substrate {o and from the substraie receiving surface. The substrate support
218 may also include healing and/or cooling elements 224 o maintain the
subsirate support 218 at a desired temperature. The substrate support 218
can also include RF return straps 226 to provide an RF retumn path at the

periphery of the substrate support 218.

{0621} The showerhead 206 can be coupled {0 a backing plate 212 by a
fastening mechanism 240. The showerhead 208 may be coupled to the
backing plate 212 by one or more fasiening mechanisms 240 o help prevent

sag and/or control the straighiness/curvature of the showerhead 206.

0022} A gas source 232 can be coupled to the backing plate 212 o
provide process gases through gas passages in the showerhead 206 o 2
processing area between the showerhead 206 and the substrate 220, The
gas source 232 can include a silicon-containing gas supply source, an oxygen
confaining gas supply source, and a carbon-containing gas supply source,
among others. Typical process gases useable with one or more
embodiments include silane (SiHa), dislane, NzO, ammonia (NHa), Hy, Ny or

combinations thereof.

[0023] A vacuum pump 210 is coupled to the chamber 200 to control the
process volume at a desired pressure. An RFE source 228 can be coupled
through a match network 250 o the backing plate 212 and/or o the

showerhead 206 to provide an RF current to the showerhead 208, The RF
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curreni creales an slectric fisld between the showerhead 206 and the
subsirate support 218 so that a plasma may be generaled from the gases

between the showerhead 206 and the substrate support 218,

[0024] A remote plasma source 230, such as an induclively coupled
remole plasma source 230, may also be coupled belween the gas source 232
and the backing plate 212. Between processing substraies, a cleaning gas
may be provided to the remote plasma source 230 so that a remote plasma is
generated. The radicals from the remote plasma may be provided to chamber
200 1o clean chamber 200 components. The cleaning gas may be further

excited by the RF source 228 provided to the showerhead 206.

[0025] The showerhead 206 may additionally be coupled io the backing
plate 212 by showerhead suspension 234, In one embodiment, the
showerhead suspension 234 is a flexible metal skirt. The showerhead
suspension 234 may have a lip 236 upon which the showerhead 206 may
rest. The backing plate 212 may rest on an upper surface of a ledge 214

coupled with the chamber walls 202 1o seal the chamber 200.

(0626} Figures 3A-3H are schematic liusirations of an MO-TFT according
to one embodiment. As shown in Figure 3A, the MO-TFT is fabricated by
depositing a conductive layer 304 over a substrale 302. Suilable materials
that may be utilized for the substrate 302 include but are not limited to glass,
plastic, and semiconductor walers. Suitable materials that may be utilized for
the conductive layver 304 include bul are not limited o chromium,
molybdenum, copper, aluminum, tungsten, fitanium, and combinations
thereof, or lransparent conductive oxides {(TCQO) such as indium tin oxide
(ITO) or fluorine doped zinc oxide {(ZnO:F) which are commonly used as
transparent electrodes. The conductive layer 304 may be formed by physical
vapor deposition (PVD) or other suitable deposition methods, such as

electroplating, electroless plating or chemical vapor deposition {CVI).

[0027] in Figure 3B, the conductive layer 304 is palterned o form a gate
glectrode 305. The conduclive layer 304 can be patterned by forming either a

photolithographic mask or a hard mask over the conductive layer 304 and
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exposing the conduclive layer 304 to an etchant. The conductive layer 304
may be patterned by exposing the exposed portions of the conductive layer
304 o a wet etchant or to an etching plasma. In one embodiment, the etching
plasma can comprise gases selected from Skg, Oy, Cli, or combinations

thereof.

{0028} As shown in Figure 3C, afler the gale electrode 305 has been
formed, a gate dielectric layer 3006 is deposited thereover. The gate diglectric
fayer 306 can include SIOF, SiN, SiOx, and silicon oxynitride (GION).
Additionally, while shown as a single layer, it is contemplated that the gate
dielectric layer 306 may comprise mulliple layers, each of which may
comprise a different chemical composition. Suitable methods for depositing
the gate dielectric layer 306 include conformal deposition methods such as
MW-PECYD, PECVD, CVD and atomic layer deposition (ALD).

[0029] Figures 3D and 3E depict a buffer layer 307 formed over the gate
dielectric layer 306 and a semiconductor layer 308 formed over the buffer
layer 307. Figure 3D depicts the buffer layer 307 deposiied over the surface
of the gate dielectric layer 306. The buffer layer 307 can be a layer with a
high work function and a low selection affinity, as compared 1o a
semiconductor layer 308 (described with reference o Figure 3E). In one
embodiment, the buffer layer 307 has an electron affinity of less than 4 ¢V, in
ancther embodiment, the buffer layer 307 has a work function of greater than
5 eV. The buffer layer 307 can be of 3 thickness between 5 nm and 50 ym.
Further embodiments, the buffer layer can be thicker than 50 ym. In one
embodiment, the buffer layer 307 has a thickness of & nm. The buifer layer
307 can be deposited using CVD, PE-CVD, ALD, PVD or cother known
deposition iechnigues based on the material chosen and the available
precursors. The buffer layer 307 can be relatively defect free with relation to
both the inlerface belween the gate dielectric layer 306 and the interface
between the buffer layer 307 and the semiconductor layer 308. The buffer
fayer can be composed of a material which meets the above criteria, such as
a p-type silicon {boron-doped silicon), vanadium oxide (V,0s), aluminum

nifride  {AIN}, tungsien nitride, other metal oxides or metal nitrides, or
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combinations thereof. V05 has a high work funclion of approximalely 5.6 eV,
an electron affinity of approximately 2.3 eV and forms a nearly defect free

interface with ZnC.

{0030} As shown in Figure 3k, the semiconductor layer 308 is deposited
over the buffer layer 307. Suilable materiais that may be used for the
semiconductor layer 308 include IGZ0O, ZnG, ZnON and others. The
semiconductor layer 308 may be deposited by suitable deposition methods
such as PVD. in one embodiment, the PVD may comprise applying a DO

bias 1o a rotary cathode.

{0031} As shown in Figure 3F and 3G, a conductive layer 310 may be
deposited over the semiconductor layer 308. The conductive layer 310 may
be formed by PVD or other suiiable deposition methods such as
electroplating, electroless plating or CVD. In Figure 3F, the conductive layer
310 is patterned to form a source electrode 311 and a drain electrode 312 by
a back channel efch process. The patterning may occur by forming either a
photolithographic mask or a hard mask over the conductive layer 310 and
exposing the exposed portions of the conductive layer 310 to an etchant. The
conductive laver 310 may be patlerned by exposing the exposed portions of
the conductive layer 310 to a wet etchant or to an etching plasma. In one
embodiment, the conductive layer 310 may be patterned by etching areas of
the conductive layer 310 that are not coversed by a mask with an elching
plasma comprising eichants such as Skg, Op, and combinations thereof. In
forming the source elecirode 311 and the drain electrode 312, a portion of the
semiconductor layer 308 is exposed crealing an exposed portion 314, The
exposed portion 314 is between the source electrode 311 and drain electrode
312. The areag between the source electrode 311 and drain electrode 312 is
referred {0 as the aclive channel 316, The combined gate elecltrode 305, the
gate dieleclric layer 306, the semiconducior layer 308, the source elechrode
311 and the drain electrode 312 are referred o herein as the metal oxide thin
film transisior (MO-TFT) layer 350,
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{0032} in Figure 3H, a passivation layer 318 is deposited over the aclive
channel 316, the source electrode 311 and drain elecirode 312, In one
embodiment, the passivation layer 318 that is in contact with the exposed
portion 314 of the semiconductor layer 308 is a metal oxide or metal nitride,
such as 30, SiN, SION or combinations thereof. The passivation layer 318
can be deposited to a thickness of from 20A {0 3000A. The passivation layer
318 can be deposited using CVD, PECVD, ALD or other deposilion
techniques known in the art.  using Deposition gases for deposiling the
passivation layer 318 can include silanes, such as SiH,, NG, Oy Ny, an inert
carrier gas or combinations thereof. As depicied, the deposilion of the
passivation layer 318 is subsiantially conformal across the surface of the
active channel 316, the source electrode 311 and drain electrode 312,
Further, the passivation layer 318 can be composed of one or more layers
including, inorganic lavers {including embodiments described above), organic

fayers, or combinations thereof.

{0033} Figure 4 s a MO-THFT incorporating one or more buffer layers
according to one embodiment. in this depiction, the substrate 302 has the
stack described with reference to Figures 3A-H including the gale eleclrode
305, the gate dislectric layer 306, the buffer layer 307, the semiconductor
fayer 308, a source electrode 311, a drain electrode 312 and the passivation
fayer 318, In this embodiment, a second buffer layer 317 has been deposited
over the semiconductor layer 308, the source electrode 311, and the drain
glectrode 312, The second buffer layer 317 acls o prevent the interface
between the passivation layer 318 and the semiconductor layer 308. Much in
the same way that the gate dielectric layer 306 can receive charge from the
semiconductor layer 308, the second buffer layer 317 can receive charge from

the semiconductor layer 308.

(0034} The second buffer layer 317 should have similar characteristics (o
that of the buffer layer 307, with consideration that the second bufier layer 317
will have a higher work function and a lower electron affinity than the malerial
which creates the interface between the passivation layer 318 and the

semiconductor layer 308, Stated another way, if the passivation layer 318 is
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composed of a first silicon conlaining layer, an organic layer and a second
silicon containing laver, where the first silicon containing layer is in contact
with the semiconductor layer 308, the buffer layer 307 should have a higher
work function and a lower electron affinity than the first silicon containing
layer. Thus by eliminating the defeclive interface, the electrons can be

maintained in the semiconductor.

[0035] Either the buffer layer 307 or the second buffer layer 317 can be
compaosed of one or more layers, so long as each of the layers of the buffer
layer 307 or the second buffer layer 317 have a higher work function, a lower
electron affinity and form a defect free or nearly defect free interface with the

fayers that they contact.

[0036] While the foregoing is directed to embodiments of the present
invention, other and further embodiments of the invention 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 thin film semiconductor device, comprising:

a semiconductor layer having a first work function and a first electron affinity
fevel;

a buffer layer having a second work function greater than the first work
function and a second electron affinity level that is less than the first electron affinity
fevel, and

a gate dislectiic layer having a third work function less than the second work

function.

2. The thin film semiconductor device of claim 1, further comprising:
a gate electrode disposed over a substraie;
the gate dielectric laver disposed over the gate elecirode;
the buffer layer disposed over the gate dielectric layer;
the semiconductor layer disposed over the buffer layer;
a source electrode disposed over the semiconductor layer; and

a drain electrode disposed over the semiconductor layer.

3. The thin film semiconducior device of claim 2, wherein a second buifer layer

formed over the semiconductor laver, the source slectrode and the drain electrode.

4, The thin film semiconductor device of claim 1, wherein the buffer layer

comprises a p-type silicon.

5. The thin film semiconductor device of claim 1, wherein the buffer layer has an

electron affinity of less than 4 eV and a work function of greater than 5 eV.

B. A thin film semiconductor device, comprising:
a semiconductor layer having a first work function and a first electron affinity

fevel;
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a buffer layer having a second work function greater than the firsl work
function and a second electron affinity level that is less than the first electron affinity
tevel; and

a passivation layer having a third work function less than the second work

function.

7. The thin film semiconductor device of claim 6, further comprising:
a gate slectrode disposed over a substrate;
a gate dielectric layer disposed over the gate electrode;
the buffer layer disposed over the gate dielectric layer;
the semiconductor layer disposed over the buffer layer;
a source electrode disposed over the semiconductor layer;
a drain elecirode disposed over the semiconductor layer; and
the passivation layer disposed over the source electrode, the drain elecirode

and the semiconductor layer.

8. The thin film semiconductor device of claim 6, wherein the buffer layer

comprises a p-type silicon.

9. The thin film semiconducior device of claim 6, wherein the buffer layer

comprises a boron-doped silicon, Vo0s, AN, WN or combinations thereof.

16, The thin film semiconductor device of claim 8, wherein the buffer layer has an

electron affinity of less than 4 eV.

11.  The thin film semiconductor device of claim 6, wherein the buffer laver has a

work function of greater than S eV,

12. The thin film semiconductor device of claim 6, wherein the buffer layer is

composed of a plurality of layers.
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13. A thin film semiconductor device, comprising:

a gate electrode dispossed over a substralg;

a gate dielectric layer disposed over the gate elecirode, the gate dislectric
layer having a third work function less than the second work function;

a p-type silicon buffer layer disposed over the gate dielectric layer, the p-type
siticon buffer layver having a second work function greater than the first work function
and a second electron affinity level that is less than the first electron affinity level;

a semiconductor layer disposed over the p-type silicon buffer layer, the
semiconductor layer having a first work funclion and a first electron affinily level;

a source electrode disposed over the semiconductor layer; and

a drain electrode disposed over the semiconductor layer.

14.  The thin film semiconductor device of claim 13, wherein a second buffer layer

formed over the semiconductor laver, the source slectrode and the drain electrode.

15. The thin film semiconductor device of claim 14, wherein the second buffer

laver comprises a p-type silicon.
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