SI LI CON CRYSTALLI ZATI ON USI NG SELF- ASSEMBLED
MONOLAYERS RELATED APPLI CATI ONS [ 0001] This

wapphkiot@sd on clains the priority of United StaP@RUS2004/019946
Application No. 10/622,606, filed July 18, 2003.
BACKGROUND [0002] Often in display devices, it is
useful to incorporate electrohic conponents onto a
gl ass substrate used in the display device. This is
especially the case in flat panel display (FPD)
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el ectroni c conponents including transistor arrays.
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The fransistors are arranged in’ a

patterned array, and are driven by periphera

géégggégﬁgto provide desired sw tching voltages to

nol ecul es of the LC material in the desired
Booer . Moeeysr int Besplansast 06ss of it hesatisayuadr eo

often forned directly on or over the glass_substrate
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controlleg using electronic components 1nclud1ng

transistor arrays. Typically, the transistors of the
arrays are thin-film transistors (TFT), and are metal
oxide semiconductor (MOS) devices.

[0003] The LCD displays often comprise a glass
substrate with the transistors disposed over the glass
substrate and beneath a layer of LC material. The
transistors are arranged in a patterned array, and are
driven by peripheral circuitry to provide desire&i
switching voltages to orient the molecules of the LC
material in the desired manner. Moreover, the transistors
of the array are often formed directly on or over the
glags substrate from a semiconductor material.

[0004] Because the mobility of carriers of a
semiconductor ig generally greater in crystalline and
polycrystalline materials compared to amorphous materials,

it is beneficial to grow crystalline structures on or over



and snoot hness, the sem conductor filns are typically

deposited in an anorphous state and then converted to
w@2sloysy/st al | i ne structure. Typically, thesePCT/US2004/019946

crystalline structures are polycrystalline structures.

[ 0005] Known net hods of sen1conductor crystalline

growth often require anneal i fi g a | ayer of anorphous
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[0006] While wvarious techniques have been attempted to
form polycrystalline silicon on glass substrates, there
are deficiencies in both the resultant material’s
characteristics and from the perspective of economic
feasibility. As such, what is needed is a method of
fabricating semiconductor materials over substrates and
the structures formed thereby that overcomes at least the

deficiencies of the known techniques.

SUMMARY

[0007] In accordance with an exemplary embodiment, a
display device comprises a substrate having a
monocrystalline or polycrystalline material disposed
thereover, wherein the substrate has a strain point that
is lower than a forming temperature of the monocrystalline

or polycrystalline material.



pol ycrystalline material over a substrate includes

providing a self -assenbl ed nonol ayer (SAM over the
wGemsi@se, depositing a |ayer over the SAM aPdI/US2004/019946

substantially crystallizing the | ayer. BRI EF

DESCRI PTI ON OF THE DRAW NGS LOOOQ] The invention is

best understood fromthe fol fow ng detail ed

descri ptign when read with the conpanyi draw ng.
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di mensi ons of the various features may be arbitrarily
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illustrative process_of formng.crystalline structure
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enbodi nent . [00012] Fig. 3 is a flowhart of an

illustrative process of formng crystalline structure
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[00010] Fig. 1 is a cross-sectional view of a LCD
display in accordance with an exemplary embodiment.

[00011] Figs. 2a-2e are cross-sectional views of an
illustrative process of forming crystalline structure on a
glass substrate in accordance with an exemplary
embodiment.

[00012] Fig. 3 ig a flowchart of an illustrative process
of forming crystalline structure on a glass substrate in

accordance with an exemplary embodiment.

DETAILED DESCRIPTION

[00013] In the following detailed description, for
purposes of explanation and not limitation, exemplary
embodiments disclosing specific details are set forth in
order to provide a thorough understanding of the exemplary
embodiments. However, it will be apparent to one of

ordinary skill in the art that the present invention may



descriptions of well-known devices and nethods are

omtted so as to not obscure the description of the
w@e@senved nventi on. [00014] Pig. 1 shows a PCT/US2004/019946

cross-sectional view of an LCD display 100 in

accordance wi th an exenplary enbodi ment. The di spl ay

100 may be of a flat panel dfsplay, a head-up display

lar d i ted th di nent
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02 of nonocrystalline or polycrystalline (poly)
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IBEPy EVy SEaP e 2e HYSH uctég %ﬁcﬁoggasgﬁlc%ﬁ% diREA2%
dert-analy hakt ber ikpyemsnted ishayp) ikayibesf otied than
bet ween the substrate 101 and | ayer 102 . El ectronic
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crystallization tenperature

devices. Exemplary materials include, but are not limited
to, Code 1737 and Eagle?®°®® ™ glass by Corning
Incorporated, as well as other borosilicate and
aluminosilicate glasses. A layer 102 of monocrystalline
or polycrystalline (poly) material, is formed over the
substrate 101. In an exemplary embodiment layer 102 is a
monocrystalline or polycrystalline semiconductor such as
silicon. Optional barrier layers (not shown) may be
formed between the substrate 101 and layer 102.

Electronic devices (not shown) are fabricated from this
layer 102. 1In accordance with exemplary embodiments, the
electronic devices are MOS transistors used to selectively
gwitch on and off voltage sources.

[00016] The layer 102 is fabricated using a self-
assembled monolayer (SAM) that is chosen to introduce a
seeding effect that lowers the crystallization temperature

and speeds the nucleation of seed crystals. This results



and speeds the nucleation of seed crystals. This
resultsin relatively large grain sizes at | ower

WO eowper@sures and in a shorter tine period, anedDUS204/b19946
greater filmuniformty, than by known crystal growh
techniques. This is particularly advantageous in
applications where fabricatiﬁg monocrystal line or

polycrystalline materials ( % hllcon% i s useful
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The conductive | ayer enables the
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omplete the structure of the _display 100. It is noted
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conductive material (not shown) such as ITO therein. Thg
conductive layer enables the application of voltages
selectively to the LC material 103, whereby light incident
thereon is modulated by the LC material 103. Finally,
another glass layer 104 is disposed over the liguid
crystal material 103 to complete the structure of the
display 100. It is noted that other elements needed for
the overall function of an LCD device are neither shown
nor described, as these are not essential to an
understanding of the present illustrative embodiments.
These elements are, bowever, known to one skilled in the
art.

[00018] The description that follows is drawn primarily
the exemplary embodiments for fabricating a layer (e.g.,
layer 102) of poly or monocrystalline silicon over the
glass substrate of the LCD device 100. However, as will

become clearer ag the present description continues, the



| ayer 102) of poly or nonocrystalline silicon over the

gl ass substrate of the LCD device 100. However, as
wowdos/obwebme cl earer as the present descri pti OPCT/US2004/019946

conti nues, theexenplary nmethods may be useful in

fabricating other layers of crystalline (nono or poly)

materials on a substrate genérally, or for fabricating

nono _or pol¥ crystalline siliﬁon on a substrate for
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silicon-oninsulator (SO ) electronic appliCations.
ACheraetenedtyi, c&hley glelse mebbodstef mblye bexemploarige of

enbodi ments produce single crystal fil or
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cgypseddiac eigicoy, ¥witis>p crypgallfynehoEddse StHECE TS

e By ral Time at SPTAP™8e 5 whard i [T¥hare oore 17
otrhiefro appitlialtiiby st hawanf LICPs dfiaplayat esundi pg bmgwmic
B0 L0018, B om0y 20 s chospoesionsl o e
iekYSbabld Ngdray el ek rohnliccappaicatgbags substrate in
accordance with

Characteristically, the methods of the exemplary
embodiments produce single crystal films or
polycrystalline films. Beneficially, the crystal grains
have a preferred orientation. Illustratively, the
orientation is a hexagonal faée parallel to the substrate
(e.g., Si <111l>). Finally, because there is a higher
degree of order to the grains, the carriers of the
crystalline material as a whole will have more uniform
mobility than films fabricated using known methods.
[00019] Figs. 2a-2e are cross-sectional views of a
process 200 of fabricating a mono or poly crystalline
layer of silicon on a glass substrate in accordance with
exemplary embodiments.
[00020] Initially, as shown in Fig. 2a, a protective

layer 202 is formed over a glass substrate 201.

Illustratively the glass substrate is the substrate of a



exenpl ary enbodi nents. [00020] Initially, as shown in
Fig. 2a, a protective layer 202 is fornmed over a gl ass
waenmsi@se 201. |l lustratively the gl ass substPEr/@S1084/019946

the substrate of adisplay device for an LCD such as

that of Fig. 1 . The protective layer 202 is
illustratively silicon nitride, silicon dioxide or a
combi nation of the two. The layer 202 is typically
ddepdsnt VB Fechem el L¥RpsiiclepssithRsn Oef BP-td-a The
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SzazcohlHuskndﬁuve&yath@mSAMbtap@rozo3hestwn org@eldayer

| ecul _ar t ha ds 0 the ass _subst

) S8 b B dho Berkd s ARy chdring v bR Arpra e
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spacifFtof aEhehempsial Fig.g2b, Sp) SAhileleirs 288siieabl y
0 t r 0 To

o P55 by oS o 6| aee Radhéd, RTgRFy aradred

taer SR dhybmngoehabned by@anaarmoﬂenuﬂamuma$erwhﬂchhat
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hydrocarbon molecules, which form a hexagonal structure.
[00021] The ordered structure of the SAM usefully
contains the Si atoms 204 bonded to the unbonded oxygen
orbitals of the surface of the glass substrate 201 or the
protective layer 202. The hydrocarbon chain 205 of the
SAM is as shown. By virtue of the structure of the
molecules of the SAM layer 203, a seeding layer of exposed
functional groups 206 is formed over the surface of the
glass substrate in a periddic array that is substantially
the same as crystalline silicon. Stated differently, the
silicon atoms 204 are a part of the SAM molecules of the
SAM layer 203. The ordering of the SAM molecules results
in an ordering of the exposed functional groups 206 that
is substantially the same as a plane of a silicon crystal.
As such, the exposed functional groups form a periodic

potential (seed layer) for crystallization by later-

deposited amorphous Si. It is noted that the molecular



SAM | ayer 203. The ordering of the SAM nol ecul es
results in an ordering of the exposed functional
wW@e@aps092D6 that is substantially the sane as BCPUSI084/019946
of a silicon crystal. A s such, the exposed functi onal
groups forma periodic potential (seed |layer) for
crystallization by |aterdepoSited anorphous Si. It is
noted that the nolecul arspacing of the SAM determ nes
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particularly, of the exposed functional groups 206 at
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subsequent |y fabricated. can he readily appreci ated
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described herein, by selecting a SAMmaterial with a
ssipist-albite sdgac imeg.cht Fdosgboifc at isdd iglorotlisdrt igeystsadl Itihed a
structures (t;a. . _paly._or n rystal ki . SiGe)
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techni ques. _[00023] In accordance with an exenpl,amé,
EiBede o tife t@mﬂrgyeracmda@@d o B iirg cat ton
JRRRCIMSAld A Re O RAUMERYS dtddNGetitld ek drSbed herein,
ilTustratively conprisSed of a material of the
byorsedsicttiiony R (SBM 2eNeliiaR ¥ithbeamplidsbdfe spacing, the
fabrication of other crystalline structures (e.g., poly or
mono crystalline Ge or SiGe) can be effected on a
substrate, which is not conducive to fabricating these
crystalline materials by known techniqgues.

[00023] In accordance with an exemplary embodiment of
the SAM layer 203 used for forming monocrystalline or
polycrystalline silicon is illustratively comprised of a
material of the composition R- (CH;)yx-Si-R’;. Examples of
such a molecule may include undecenyltrichlorosilane
(C11H2:C1381) or docosenyltriethoyxsilane (CpgHss038i) . It is
noted that to form monocrystalline silicon, or other
monocrystalline materials in referenced exemplary
embodiments, long-range order of the particular SAM
material is beneficial. This is achieved through chain

lengths of N=8 to 20, with the highest degree of ordering

around N=16.



such a nol ecul e may i ncl ude undecenyl trichl orosil ane
(G 1H21 A 3Si) or docosenyltriethoyxsilane (C28H5803Si )
WO 2005/01®6410t ed that to form nonocrystalline siPCT/OR2000019946
ot her nmonocrystalline materials in referenced
exenpl ary enbodi nents, |ong-range order of the

particul ar SAM naterial is b8neficial . This is
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fuke hShr abers 204tt @hat Rachrbopkharexygeavetl theaghass the
as referenced above. Al koxy silanes or.  trihalo silanes
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| ayer r.silico row h | es of
SHPPbrS 5B Senfum sqrbuneei RETUE Chl SPGePraRaSS. wouia
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et hoxysi | anes -SI% CH3) 3). 100025] Anot her net hod
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oBegSomuptrate houl 6" ut 211 e poss i vely charged spacies
such as quartenary amines, phosphoniums or sulfoniums.
Positively charged groups are chosen since the surface
silanols of the glass substrate are acidic (pH ~ 3-5) and
give the glass a bulk negative charge. These are also
highly orientated systems that could contain the desired
pendent functionality for reaction with the SiH, in any of
the aforementioned reaction mechanisms.
[00026] In general, in order to form monocrystalline or
polycrystalline silicon in accordance Qith exemplary
embodiments it is useful for the SAM material to be
comprised of silicon-terminated organic molecules, or of
organic molecules terminated with a functional site such
as an alkene that is favorable for silicon attachment.
According to an exemplary embodiment, during CVD

deposition of silicon, (e.g., as described in connection

with the embodiments of Figs. 2c¢ and 2d below) the pendent



t he af orenenti oned reaction nechani sns. [00026] In
general, in order to form nonocrystalline or

w@oelogoropst al | i ne silicon in accordance w th exeopUs2094/019946
enbodi nents it is useful for the SAM material to be
conprised of silicon- term nated organi c nol ecul es, or
of organic nolecules termnated with a functional site
fsuch as an al kene that is favorable for silicon
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t he pl asnma |nvolves the use of spin Iabels or _spi.n.,
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R %HS@&IBesonance (ESR) st udi es (such as the
N-oxyl) that have an unpaired electron that is stable.
[00028] Another pendent functional group that addresses

the radical nature of the plasma involves the use of spin
labels or spin traps. These are organic groups typically
used for Electron Spin Resonance (ESR) studies (such as
the N-oxyl) that have an unpaired electron that is stable.
These molecules can interact with other radicals to form
fully spin paired species. As such, the spin traps can
interact with the SiH; plasma forming an N-silyloxy
hydride group that could then, as above, allow for normal
gsilicon growth.

[00029] Another property of the SiH, group is that it is
highly pyrophoric when exposed to air. This highlights
the hydride nature of the hydrogens bound to the silicon.
Since the hydrogens are hydridic, another reaction pathway
could include SAMs with labile hydrogensg that are Lewis
bases. That is, organic groups such as alcohols, amines,

thiols, to name a few, could react with the SiH,



These nol ecul es can interact wwth other radicals to
formfully spin paired species. A s such, the spin
WO e@p®1ah i nteract with the SiHA plasma for ni PQI/ER2004/019946
N-silyl oxy hydride group that could then, as above,
al low for normal silicon growth. [00029] Another
property of the S|H4 group ilslthat it is highly
rophoric m& o e osed to.,air. This_highlights the
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is the seed of the crystal formation for the silicon
afamg PateprstBpus bonded to the glass substrate, and
provide the highly ordered array, which is the seed of the
crystal formation for the silicon in a later step.

[00031] Spacing between the molecules of the SAM layer
203 is controlled in part by the length of the hydrocarbon
chains. The molecular spacing may be further modified by
fluorinating all or part of the chain (i.e., converting
CH; to CF;), or by adding side hydrocarbon chains. 1In an
exemplary embodiment the molecular spacing is
substantially equal to the in-plane spacing of the
semiconductor atoms in their hexagonal plane, or has an
integral relationghip (e.g. 2:1).

[00032] After the deposition of the SAM layer 203 is
complete, a solution silylation or alkene termination as a
seeding process may be carried out prior to the physical
deposition process of amorphous silicon. For example,

after the completion of the processing sequence of Fig.



[ 00031] Spaci ng between the nol ecul es of the SAM | ayer

203 is controlled in part by the length of the
why@soomsbon chai ns. The nol ecul ar spaci ng mayP@EUS2004/019946

further nodified by fluorinating all or part of the

chain (i.e., converting CH2 to CF2), or by adding side

hydrocarbon chains. In an exéhpl ary enbodi nent the

Iecular spacj n substantially equal tao the
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apeesencecf 1a-catal yst ssuch as chloroplatinic acid.
Thi s sequence results in fhe structure shown in Fig.
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layérfaéuéﬁ@whniﬁlngbyzalHKTO LRiei thar gaseusthehseedym
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known techniques such as.plasma enhanced chemical vapor
deposition (PECVD), catalytic CVD, sputtering, or similar
processes.

[00033] After the deposgition of the gilicon 208 is
completed, the glass substrate may be annealed to more
fully crystallize any amorphous regions in the silicon
208. The annealing step is carried out at approximately
400 °C to approximately less than 600 °C in an inert or
reducing atmosphere for approximately 2 to approximately
72 hours. The above parameters of the anneal step are
merely illustrative. For example, the upper limit of the
anneal temperature is dependent on the substrate 201, and
is set to avoid damaging the substrate 201. In general,
the materials chosen for the SAM depend on the desired

crystal to be formed (e.g., Si, SiGe, Ge), and the anneal

step is carried out using furnace anneals, instead of



techni ques such as plasma enhanced chem cal vapor
deposition (PECVD) , catalytic CVD, sputtering, or
W@ R0vsloawepr ocesses . [00033] After the deposit PONUSI004/019946

the silicon 208 is conpleted, the glass substrate may

be annealed to nore fully cr%st al l'ize any anorphous
regions in the si I i con 208. The annealing step is

c rried out at i_mat el OCt roxwrately
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was controlled by the SAM layer 203 rather than by random
nucleation, the carrier mobility has a high degree of

uniformity. The variation of carrier mobility is less

than approximately +10%.

The larger grain sizes and higher carrier mobilities
are beneficial to the improvement of the performance of
the display, and allow for the ready integration of the
drive circuiltry on the display substrate. Furthermore,
the use of high mobility silicon as described above also
fosters the use of OLED devices, which have higher
mobility and uniformity requirements than LCD, on display
panels. Of course, the field effect mobility may be as
great as 600 cm®’/Vsec or greater when the silicon 209 is
monocrystalline and grown on SAM templates as discussed
above.

[00035] In addition to the benefits of the exemplary

embodiments referenced above, the methods and resultant



was controlled by the SAM | ayer 203 rather than by

random nucl eation, the carrier nobility has a high
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mobi lity is less than approxi mately 10% The |arger

grain sizes and higher carrier nobilities are

beneficial to the inprovenent4 of the performance of
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processing sequence 300 for fabricating a display device
such as display 100 according to an exemplary embodiment.
It is noted that the processing sequence, materials and
process parameters, in many instances, are substantially
the same as the description of the processes of the
exemplary embodiments described in connection with Figs.
2a-2e above. To the extent that these are applicable to
the process of the exemplary embodiment of Fig. 3, these
are not repeated.
[00037] The glass substrate is provided at 301, and a
barrier layer is disposed thereover at step 302. The
barrier layer is used to block migration of contaminants
from the substrate into the device region. The barrier
layer commonly consists of silicon nitride, silicon
dioxide, or a combination of the two, and is typically
deposited by chemical vapor deposition (CVD) to a
thickness of 100 to 500 nm. After the disposition of the



fabricated in accordance with these enbodi nents.

[00036] Fig. 3is a flowchart of an illustrative
w@e@ses®sng sequence 300 for fabricating a di SPCHYS2004/019946

devi ce such as display 100 according to an exenpl ary

enbodinent. It is noted that the processing seqguence,

.materials and process parareters, in many instances,

are.substantia same as_the description of the
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it is clear that nodifications of the invention wll

be apparent to one having ordinary skill in the art
whansogokad t he benefit of the present di scl oSEPCBUSHOQNI946

nodi fications and variations are included in the scope

of the appended clainms. CLAIM5S 1 . A nethod of

fabricating a nonocrystallin€ or polycrystalline

mat eri al over a substrate, conprising: depositing a

Sassenbl ed nonol ayer (SAM over the substrate;

1deposi ke Ay @frab%\i%rattﬁ% éA%n%%q?%gatm@ ally

crystallizing the |ayer. . as recited in
p@llmcmyﬁtal\Mmeeumttelreaslt @p’e@f as Bydrsameital, | yomprising:

i zing t rther .conpri annea
S5, & 613" SR e SR BRI e ST
swhgtebﬁethe annealing is carried out at a tenperature

that is | ess_ than a strain poi nt of the substrate . 4
depRSABIRGd 2ad 3YEET CFEY Hhel &PMi1anfherein the material

sh%s%a%%EEQQﬁd : %al%&aﬁ%#ﬁﬁ@pq Secited in claim4

wherein t m con I's chosen fromthe group
2condi skeithgdessentecdltied dft cdialimcan, W@QWEBMIumEaGdep of

con od.as re in claim4
P T He SRIBSA P S ot e Tof ey conprsts
aseFaeandueher substrAtet hod as reC|ted inclaiml ,
wherein the layer is an oxide . 8 . A nmethod as

3recPt BELIRICRS MeEitaNeda fleRa SAVMREEELRaltheo mpiiesdd ng
igolacylies, dW@' ch %ﬁ %r%% ¢t 2 tSE%Cﬂ%%StE%En a strain

substantially mat er and spacing o
point of the substrate.

4. A method as recited in claim 1, wherein the material
is a semiconductor.

5. A method as recited in claim 4, wherein the
semiconductor is chosen from the group consisting
essentially of: silicon, germanium and silicon-germanium.
6. A method as recited in claim 4, wherein the substrate
is an oxide of the semiconductor.

7. A method as recited in claim 1, wherein the layer is
an oxide.

8. A method ag recited in claim 1, wherein the SAM
material comprises molecules, which have an order and
spacing that substantially matches an order and spacing of
a lattice of the material.

9. A method as recited in claim 1, wherein the step of
crystallizing the layer forms the polycrystalline the
material.

10. A method as recited in claim 1, wherein the step of
crystallizing the layer forms the monocrystalline

material.



a lattice of the material . 9 . A nethod as recited in
claim1l, wherein the step of crystallizing the |ayer
wo cooa®1oke pol ycrystalline the material . 10. BECTEs1004019946
as recited in claiml1, wherein the step of
crystallizing the layer forns the nonocrystalline
material .11. A nethod as re€ited in claim9, wherein
the polycrystalline material _is polycrystalline
il | CofSHDC RSmEERSE SEs IPeCiledd Pn MP&FALTO Ehfher ei n
S ceh¥ebahline (aREeR LAl 1S JERReCtRsbah hhae (Sikiean.
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[ are cl eaved.during the providing of .t he SAM
CEYPEPIO08F [REEBS: rat BomOrTYSRotdrH5d a8 HFetit ed i n
1el.ai m kRtrhakesei krethec8AVN ayahin 9, awtefBoundnef sRv layer
(CH2)N Si-R_3, and the R' group are clegved duri ng
1fhe GepEsSHirngioft(RE20rM1-/er 806 thReRSuBEPEREC 2TE

cléavéd'@ﬁkqgg Afef gbbﬁéih@ & aEQEZSQNWEQ gi.n L he the

anneal 1 ng of "t he substrate substanti y pyrolizes
sgANLtréBe.An apparatus, conprising: a substrate having

nonocrystal line or l'ycrystalline terial disposed
1tzher o@?¥i°§h8Fefﬁcﬂﬁggséﬁs¥i§9@ hds gﬁgF?éFnthi M
lbatr is howempbhan arff erning) (-enperat upegotnEhe’ group
pol ycrystalline or nonocrystalline material . 17. An
AgFparapusdadurdapt EBSi ACBPEI R 1, ORhERE| AAMhéayer over

p ks a display device. 18. An apparatus as
t?gcgpg kd?ﬁkgl'aiml& wherein the material is a

15em @onmdbbbdr as recited in claim 2, wherein the annealing
of the substrate substantially pyrolizes the SAM.

16. An apparatus, comprising:

a substrate having a monocrystalline or polycrystalline
material disposed thereover, wherein the substrate has a
strain point that is lower than a forming temperature of
‘the polycrystalline or monocrystalline material.

17. An apparatus as recited in claim 16, wherein the
apparatus is a display device.

18. An apparatus as recited in claim 16, wherein the
material is a semiconductor.

12. An apparatus as recited in claim 17, wherein the .
display device is chosen from the group consisting of flat
panel displays (FPD’g) displays.

20. An apparatus as recited in claim 18, wherein the
semiconductor is chosen from the group consisting
essentially of: silicon, germanium and silicon-germanium.
21. An apparatus as recited in claim 18, wherein the

carriers of the semiconductor material have a mobility in



19. An apparatus as recited in claim17, wherein the
di spl ay device is chosen fromthe group consisting of
wo b@s/op@eel di spl ays (FPD s) displays. 20. An BODHESENUE19946
as recited in claim18, wherein the sem conductor is
chosen fromthe group consisting essentially of:
silicon, germani um and silicldh-germanium 21. An
apparatus as recited in claim1§, wherein the carriers
LOF TREISe Ritc GRETOFIMafrRL T PAI Cﬁ‘a»(/\ésﬁc nbBi RPPFOFHIRESLY
6@@ng§@p§8@@prOX|nately 50 cn®/Vsec to approxinmately
00 cnR/Vsec. 22. An apparatus as recited in claim18,
2®herémna@pakeays @ﬁerebecedonMCCdevmcé8lswh@mﬁad ot least

enl_conduct.or ug, as recgite
OB EaE LG, e iERe ROROLTED Hbe ChouAFTOFH LY BF he
20r. demno&p@@mawsmtsehdécw%a 23. cAaiapparakerasn the
recited in claim16, wherein grains of the material
TRR} e 15YpHaEePr 8@ 1EOTERT PBn tRe4orARTapparRPES*dgately
Jecited in claim16, wherein the material is
% chrystalllne silicon having grain sizes of

23PPr axi BBbekkthsmist @cappeaximBtebYm? 18),. wherein grains
of the material have a preferred orientation.

24. An apparatus as recited in claim 16, wherein the
material is polycrystalline silicon having grain sgizes of

approximately 1 um to approximately 2 um.



