- 1- 2131605 THI N FI LM TRANSI STOR This application is divided from
Application No. 8039608 (publicatj.on *No."206,/353) which discl oses and

c thin filmfield effect transistor. Thiszﬁﬁgnt'invention rel ates

t )‘/;h'n film field 5 effect gransistor. | i fespect, reference is
de/to U.S. Patent No. 4,217,374 Stanford R Ovshinsky and Masatsugu |zu

10~ entitl ed: AMORPHOUS SEM CONDUCTORS EQUI VALENT TO CRYSTALLI NE

SEM CONDUCTORS and U. S. Patent No. 4,226,898 Stapf.ard R Ovshinsky and Arun
Madan, of the same title. Silicon is the basis of the huge crystalline
semi - conductor indu apgri bal which is utilized 15 in >
substantially all th:i%%ﬂng?%PZFﬁaﬁégﬁéé%d circuits now produced. VWen(i
crystal | i ne_sem conductor technol ogy reached a conmercial_state, it becane
t he foundaffitdf APR kEcptéoBnd shdieided chremdbppliedttennlRuf act uri ng

i ndustry. This was due . to the ability of the scientist_20 to grow
subst ant B3RP A1 &@;}Eétémurﬁ %5'6353} t¥Rich| QipG1eprSc AR ryst al s,

and then turn then |ntq,extrjnsi erials wwth p-type and n-type
conduct i i ’?%ai‘_b%“t%éi@i If.lesﬁfﬂcse_ St EEARFLEEEE by diffusing into such
32%3;? 'rr;tr‘grrrf%g}%e{e'f%?g?%%e%@c&o@',l.éi’é‘té’fs to a’thifNehk) Refpcertor (p) &

5 effect transistor.

&

In this respéct, reference' is made to.U.S. Patent No.
4,217,374 Stanford R. Ovshinsky and Masatsugu Izu
10 entitled: AMORPHOﬁS SEMICONDUCTORS EQUIVALENT TO "
| CRYSTALLINE SEMICONDUCTORS and U-.. S. Pat:ent No. 4', 226,898
Stanford R Ovshinsky and Arin Madan, of the same title.
Silicon is the basis of the huge crysﬁalline semi-
conductor industry and is the material which is_utilized
15 in substantially all the commercial integrated circuits -
. now produced. When crystalline semiconductor technology
reached a commeréial state, it became the foundation of
tﬁe present huge.éemiconductor device manufacturing |
induétry. This was due to the ability of the scientist v
" 20 to grow substantially defect-free germanium and particu-
larly silicon crystals, and then turn then into
extrinsic materials with p-type apd n-type conductivity
regions therein. This wa; accomplished by diffusing

into such crystalline material parts per million of



duced as substitutional inpurities into the sub- stantially pure
crystalline materials, to increase their electrical conductivity and to -
control their 5 sbeihg either of a p-or n conduction type. The

sem conductor fabrication processes for na??ﬁg p-n junction cyrstals

I nvol ve extrenely conplex, time consum ng and expensive procedures as well
as high processing tenperatures. Thus, these 10 crystalline materials
used in transistors and other current control devices are produced under
very carefully condomdredmorati tacmeptinr gipwidupantima te disml s simigtee- si | i con
or- ger mani um crystal s,. where p-n junctions are tequired by doping such
singlM 15  cryst akdsiogd R auhstE i Eianal arpurities ink®uthe s¥btopants.
These crystal growi ng processes pro- duce relatively, small crystal wafers
_upon whi ch the int 8§RPRtERIDY AL CHES YR IRE Matektals s &0 LNGReRTAL i on

t echnol ogy the 20 smal | _.area crystal fer Jimts,the overal i ze of the
i nt egr at ed CircuitgﬂﬁHﬂ1Q%ﬁ€§ﬁfq rﬁﬂf%&%ﬁ%ﬁﬁﬁyIqPqHﬁﬁiﬁgﬂﬁEﬁé.F fthiring

cannot be manubact FRARAEHRY B 5 B4 FOREHon gl V2%, "Geat red.
iWe devi ces are forned,Tﬂélégﬁgcédadgygr fﬁbfﬁéééﬁﬁﬂmbfbégséké3@5&d°pa”t5
a ' o making p-n junction cyrstals invpive extremelY_1
- complex, time consuming and expensive procedures as
well as-high.précéssing téﬁperétures. Thus, these -
: 10. crystalline materials used in.tfansisﬁo:s and other
current control devices are produced under very
carefqlly controlled conaitidns.by g;owiné indi-
'vidual.single silicon_of gegmaniuﬁ_érystals,_wheré
p-h junctions are required by doping such singie
15 érystals with extfeﬁely small and Criﬁical amopnts
of dqpants. “These éfystal-growing processes pro-
lduce relatively small érysﬁal wafers.uﬁon whiéh.the
integratedlcircuits are_formed;_.
In wafer scale iﬁtégrafién ﬁeéhnology thé

w 20 small area crystal_wéfer limits the overall sizé of

- the integrated circuit which can be formed thereon.

L7

In applications tequiring'large scale areas, such
as in the display technology, the crystal wafers

cannot be manufactured with as large areas as re-




i

I nto_tLhe substrate. Further, each device is fornmed between isolation

5 which are diffused into 5 the substrate..” Packing density (the
nurtb of devices per unit area of wafer surface) is also linited on the

A. waf ers, because of the3meak- age-current in each device. and the
power necessary to operate‘the devices, each of which generate heat 10
which is undesirable. The silicon wafers do not readily dissipate heat.

Al so,. the | eakage current adversely affects the battery or power. cell [|ife-

time in portable applications. In MOS tﬁpe CIFCUI% tching speed is -
GrEnatRerotuph, a%

1ﬁ hrelhat edalbﬁl’r%d@tCPz Q%s%h%dgat eThenge | engt h haw\yg
t he hi ghest spee The dj ff h d h
- crystalline% ?ak?d??ﬁ # géggégggﬁfgsﬁﬁp okgk F§g5§§ Z ?gng?h gan be

made. o ] Z,ﬁ% £ %hsﬁb gaCkFG?thF LXchSaB¥4EETELY el ant because |

_ onen re e cost of each device. For
“instance, 1¢§1§tfa§'aﬁahxe§5f aELEE GLot B9 FPaRERl 1k o decr ase

in cost on t tor of 25 Si X. -4- In summary, crystal'
silicond ra”éﬁété’&bé{lfiatel egpatRIng! aeastitpar(aﬁet abmbeli ©f are not vari -
| dev1ce5'per un1t area of wafer surface) is also _ '
11m1ted on the 5111con wafers, because of the leak—
age ‘current in each device and the power necessary
.to operate the devices, each of which generate heat'
10 which is undesirahle. The silicoh'wafers'dc.not
| readily dissipate heat. Also, the leakage current
| adversely affects'the battery or power cell life-
"tlme in portable appllcatlons._z
In MOS type c1rcu1try the SW1tch1ng speed is
15 related dlrectly to the gate 1ength with the small-
est'length having the-highest speed. The_diffusion
prccesses; photolithogrophy and other crystalline
manufacturing proceSSes limit how short the gate _
iength can be made. |
20 ' Further, the packlng den51ty is extremely
1mportant because the cell ‘size is. exponentlally
‘related to the cost of each dev1ce. For 1nstance,'
a.decrease in die size by a factor.of two'results-
in a decrease in cost on the order of a factor of

25 six;'

.



“able as desired, require |large anounts of naterlal hi.gh ‘pr ocessi:ng
tenperatures, aré only producible 5 only on- relatlvely smal |- area wafers-
and are expen- sive ahd time consuning to produce. - Devices based" ‘upon

- anor phous sil'icon can elininate these crystal- S|I|con dlsadvantages _

Anor phous silicon can be nade faster,. eagier, at lower tenperatures and in

10 "~ larger areas than.can crystal silicon. Accordlngly, ‘a considerable

~effort has been nmade to devel op processes for" -readily. dep05|t|ng anDrphous .
sem conductor alloys or filns each of which: can enconpass’'rel atively large -
areas, if 15 desired, limted only by the size of.the deposition . . '
equibﬁent and which could bamdlapgd toyEOam1pinypenahdanstspernahérlals to

~formp-n junction tran- sistors and devices superior.in:cost and/or: operaP
tion to those produintiepyatadi cicepitaprrametens- which asepaptsvarior many
years such work was substan- tially unprgducti ve. Annrghous silicqQn_or-
germa- ni um (G oup. Fb?efﬁﬁnﬁeﬁﬂéeﬁorﬁﬁﬁP}rFo&PFESIBmEBn §r QENBRERL AR rver e

found to have m croyoi ds an bonds and" ot her f ect s whi, roduce o
o o ety heBoarroeson, enpateRaPdd . ahS Rt B Saldible™ O

ifefﬁﬂﬁﬁs°2.?.2%%“s§ﬂ?§5%§ustﬁ Firiy PREAT, BhER MAGRRE, FRAL S sl Reth-

srve-and time consumlng to'produce. Devzces based

K ]
upon amorphous silicon can ellmlnate these crystal

silicon dlsadvantages.: Amorphous srlzcon can be ;"
made faster, ea51er, at lower temperatures and 1n B
10 1arger areas than can crYStal 5111con.:“';":f:_ :
| Accordlngly, a con51derable effort has been
hmade to develop processes for read11y dep051t1ng
'amorphous semlconductor alloys or f11ms each of
'whlch can encompass re1at1ve1y large areas, 1f _

15 de51red limited only by the 51ze of the depos1tlon:
equlpment, and wh1ch could be doped to form p-type '_"';
and n-type materlals to form p-n Junct1on tran-re:f?
51stors and dev1ces superlor in cost’ and/or opera- B

g  _ | txon to those produced by the1r crystalllne coun-__

20 terparts.' For many years such work was substan-““'
tially unproduct1ve._ Amorphous s111con or. germa—a o
.nlum (Group vy f11ms are normally four-fold co-
ordlnated and were found to have mlcrov01ds and h

danglrng bonds and other defects which produce a 3



Wei ng successful |y doped or otherw se nDdlfled to shift the, Ferni |evel
e to the conduction or val ence bands making them unsuitable for making
"junctions for transistors and other current contfol device
pplications. 10 In anfﬁttenpt to mnimze the aforenentioned

probl ens invol ved wi th anorphous sjlicon.and ger- manium WE. Spear and P
G Le Conber of Carnegie Laboratory of Physics, University of Dundee, in
Dundee, Scotland did some work on "Substitutional 15 Doping of Anorphous
Silicon", as reported i n a paper published-in Solid State Comrunicati ons,

I Ly R N O
L A By MR 4 Ty T

I d I h I n-
Si o and o?p%f)e?’ sa%odn Y o el 14 @L@é%&%gﬁi’%‘ﬁ? e 1 ocal | zod

states was :.byfﬂi:@é"’ ég:ﬂ_aéd;e“g ggor- phous silicon
films mhereln a gas si | ane was passe a reactlon t ube where
- the gas ghas b'élngd%m@ﬂjmfy EHb;Sed oglm&@%rﬂ@aﬁﬂﬁe_deees! ted o»

shift the Fermi level close to the cpnduction or:
valence bands making them unsuitable for ﬁaking pP—n
jundtions.for_transistors_and other current control
device applications. | |
10 ..~ In an attempt to minimize the aforementioned
problems involved with amdrphous silicon and ger-
manium, W. E. Spear and P. G. Le Comber of Carnegle
:Laboratory of Physics, Unlversxty of Dundee, in
Dundee, Scotland didﬁsome work on "Substitutional
15_._D6ping 6f'Amorphous Silicon", as reported in a
paper published in_Sqlid.State.Communications,_Vol.
17, pp;_1193-1196, 1975, toward the endlof reducing
.the locaiized States in the energy gap in amorphous
- silicon or germahiuﬁ to make the'same,appr0ximate‘
20 more closely_intrihsic crystalline silicon or ger-
..manium and of“substitutiénaliy-éoping.the amerphous
materials &ith suitable éiassic dopants,_as in
doping.crYStailine materials,'ﬁo make them extrin-

~ sic and of p or n conduction types.



-

on a substrate at a substrate‘tenperature of about 500- 6000K (227 [err])
The material so deposited on the substrate was an intrinsic anorphous mat 4
rial consisting of silicon and hydrogen To pro- 10 duce anorphous
"material a gas of phosphine (PFB) for n-type conduction or a gas of .
di borane (B2H6) for p-type conduction wese-preni xed with the silane gas: and -
passed through the gl ow discharge reaction tube.under the same operating
conditions. The 15 gaseous concentration of the dopants used was be- _
tween about 5 x [err] and [err] parts per volunme. The material so deposited.

i ncl uded supposedly subT ghiesah g@ogm@oqg%ary'éamgybgggmugsand was

3
showr#t o be extrinsic an * n or p conduction 20 type. Wirle 1t was not

known by these resgacGhSi $shel by BIWWKRAWRHAY Jeh@apdds tioPidersmothat the
hydrogen in the sil ane .conbines at "an opti numtem perature with many of =

the dangling bondspiduéhgilicor- £31hisC Whedwin Gl REa syl ahesClBIL) was
.deposition, to substantially reduce the density of the localized states in -
the energy gap tovwwdslsédethndugh aRkieagtibn eudet nivire reperds esa®f the
anor phous- material 5. approximate nore nearly those of the corresponding
iiystalllnelnﬁéﬂldécomposed by an r. f. glow discharge. and dep051ted -

on a substrate at a substrate temperature of about
500-600°K (227-327°C). The mater1a1 so deposited
- on the substrate.wés an intrinsic amorphede_mate-"'
rial conSisting of silicon and hydrbgen. To pro~;
10 duce amorphous mater1al a gas of phosphlne (PH3)
for n-type conductlon or a gas of dlborane (B2H6)
for p-type conductlon were premlxed w1th the 511ane.; .
gas and_passeq th;ough the glow dlscharge_reapt1on rfﬂ:?”' .
tube under the same'operating-cbnditioneﬁf}Tﬁe |
15 .éaseOus cencentration'of the dopants ueed_ﬁae'be— f?':
tween abodt 5 :-:'IL~'()"5'.and'»-lO'2 parts §EE VOihme.z.- _
.The mater1a1 ‘SO depos1ted 1nc1uded supposedly sub- f;e'h
st1tut10na1 phosphorus or boron dopant and was
. | shown to be.extr1ns1c and of n or p conduction
20 ' type. | | | _.
'While'it.wes not known'by-these:fesearéhefs; | ?T.;f
it is now.knewn by the Qork of othe:s.tﬁaﬁ the
. hydrogen‘in the silahe'combines at an optimum tem—-e:”

perature with many of'the'dangliﬁg bonds of the



D.I. Jones, WE. Spear, P.G LeConber, S. Li, and R Martins al so worked on

zparing-a Ge:H from[err] using S|n1Iar deposition techni qués. The .10
eYial obtai ned gave evidence of a high density of localized states in
Energy gap thereof. ‘Although themterial coul d be doped the ‘efficiency
was /substantially reduced fromthat obtainable with a Si:H In this work

orted in Philosophical 15 Magazi ne B. Vol. 39,-p. 147 (1979) the

aut hors concl ude that because of the |arge density of gap states the

material obt NEEohSauring: thé "g?lso@tdlkéﬁ‘étrb\éea?éc?éi@ioﬁhaﬂoa Si for

dopi ng experinents and p055|ble applications. |ncorporat|0n

of hydrogen dubé#£nepayeysiredir-dmthedaeat iexl bﬁaﬁélm&an@aa based upph
“the fixed ratio of hydrogen to silicon in silane, but, nost inportantly,

various Si: htwpéls ninCehe fin@ti i 9ap tthQGU%éW%@%fbﬂaﬁhﬂg states
whi ch -8- can have del eterious consequences in these mate- rials.
- Therefore, tdtes ceheetbosiic [propettDes off reéducingr pheugemnsteyiafl | ocal ized
states in these nmaterials which are particularly harnful in terns 5 of .
“effectiwe p apprekinatenmbom npadhy theoslkt iofy enscdyrebpshdtiag of t he

- silane deposited naterials |eads to a narrow depl etion w dth mhlch inturn. P
crystalline materlal. - _

D.I. Jones, W.E. Spear, P.G;.Lééomber, S. Li, A .
and R Martins also wbrked on preparlng a Ge:H from
GeHy using 51m11ar dep051t10n technlques.. The
.10 - mater1a1 obtalned gave evidence of a high density
'of_lo&alized siétes in the energy gap thereof.
'Althouéh;the material could be doped the efficiehcy'
was substantially reduced from that obtainable with |
a Si:H. Iﬂ this work reported;iﬁ Philosophical.

15': Magazine B. Vol. 39,'?. 147 (19?9) the autho;s..
conclude that ;ecause oﬁgghe large'density of gap
states the méﬁerial obtained is ". . . a less at-
tractive material ;hén é-Si for'dbping experiments
and possible applications.” -

20 The incorporation of hydrogen in the éb0ve

- silane method not only. has limitations based upbn "
the fixed ratio of hydrogen to silicon in silane,
but, most importantly, various Si:H bonding con-

figurations introduce mew antibonding states which



limts the efficiencies of devices whose operation depends on the drift of
free carriers. The nmethod 10 of making these materials by the use of onlfy-¢.
sil- icon and hydrogeh also results in a high density of surface states :
whi ch ‘affects all the above param eters. * - After the devel opnent of the
gl ow di scharge 15 deposition of si | idh fromsilane-gas was carried out,
work was done on the sputter deposition of anorphous silicon filns in the
at nosphere of a mxture of argon (required by the sputtering de- position
process) and nol ecul ar hydrogen, to deter- 20 m ne the results of such
nol ecul ar hydrogen @inth&veh@éBster i6tsCéonseyiiendeposnt EHe88DRMABOYS
'silide#n film This research indicated that the hydr ogen. acted as a
conpensati ng agent mhar$. bohhedeforeucthaereagraesbasicellimétabhidohscahi zed
states in the -9- energy gap. However, the %err}' whi ch the | o-
~calized states in thedeningytherdé¢nsity eEdlccaliredheatapest én tbpseition
‘process was nuch |ess than that achieved by the silane _depgsition process
5 described above.matgeiabeyehichearei pagtpcuharhyobarminl #ht EEFBPs al so
were introduced_in the sgut-,terin process to groduce'[egr] doged -
_apterials. Thes? ne®EresFechive P ﬁe?ef r8F NefPPLNBncyThRgpesulting

density of states of the silane deposited materials

* leads to a'narrow'depletion width which in turn

"limits the efficiencies of devices whose operation
depends on the drift of frée carriers.; The method
10“ of makihg these materials by the uée of oniyﬂsil-
icon and hydrogen also résulfs in.a'high density of
‘surface states which affects all the above param-
eters, R o
 After the development of the gldﬁ discharge
15 deposiiioh of silicon from silﬁne'gas was éarried.
-ouf, wak was déne on thg:sputter depositioh'of
amorﬁhcus siliéon films iﬁ the atmosphere_of a
mixture of"éfgon'(reQuired by the éput;eting de~
position érocess) and moleéular.hydrogeh, to deter-
20 ;mihe'the results of such mdleculaf hydrogen on'the.
. | - characteristics of the depoéited,émorphoué silicon
film; This research'indicatéd that'ﬁhé hydrogen
acted éé'a compenSating agent whiéh bonded in such

a way as to reduce the localized states in the



terials produced in the gl ow discharge pro- 10 cess. hblther

d éac ss prduced efficient p-doped materials with suff|C|entIy high . ¢
ept or con- centrations for producing commericial p-n- Junctlon ‘devi ¢ces:.

1e/n-dopi ng efficiency was belgw desir- able acceptable conmer ci’al Ievels

and the p-doping 15 was particularly undesirable since it i.ncreased the -

nunber of |ocalized states in.the band gap. Various nethods of fabrlcatlon g:

and eonstruc- tion of thin filmtransistors and deV|ces have been proposed

wherein the various. fil of the an-. 20 si st %rghnage of different

mat eri al s ha®PREIYi B2Pr e ERVEELE ¢t MPEal™ charact er %F 8 exanpl e, gg}n .
filmtransis Ve, ed utilizing niekels %€ ;f silicom
[err] anorph%%%fggﬁ StQ%SQ ﬁngggn%nanurphous SI%ICOHG and nLydrogen fi _f

-10- formed éﬁen},gbheeﬁ ae @:Q(i‘é‘io'ﬁe'?:tr'co”ed Al $RchValdss Ykardeonetrical
configurations have been p opose such as a- pIanar-NCS construction.: The

prior deposithp QEn3BReBNOYS thiel isGQRn:5 whi ch than breredld ered by hydrogen
fromthe silane gas in an aftenpt to make it nore closely resenble .

crystall sne gakbg@Bedandboliech mae heenr-deped:imed pRRAME n idop--hat of

doping crystalline silicon, has characteristics which in all |nportantf
respects areant materials also were intrciucsd in the sput-~_
tering process.to produce p st ¢ doped mater1a1s." :ge
These materials had a lowe: f.;i;; efficiency than: :"j
the materials produced in thz 3l.w discharge p:cfe:.' ;e
10 cess. Neither process proﬁﬂ:ei'efficient pfqoéeéFe-ﬁa' _ef
materials with sufficiently in suceptor con-:};;1f} .fi
centrations for producing contortal p-n junctlon.;ffif~f' f?
. devices. The n-doping effic.: .., was below de51r-j;f'e 'if
able acceptable commercial i+v:ir and the p—dqp;ngf,%': ii
15 was partiétlariy undesirable . w2 it incteasediéhee;“;; wﬂ;
number of localized stetes ir "l band gap. BT j::
Various methods o fabricsTion and constfue;  f’“ lf
tion of thin film transistcr: 107 devices have'geeni': :f
p;oPOsed wherein the varicus (/. uz of the tran-"': Je;
20 sistor are made of.differen: ~ionrials hav1ng dlf- ﬁif
ferent electrlcal characr- i, . o&. For example,-" 1;f
_thln.f;lm transistors have :-n :foposed ut11121ng | .
nickel oxide films, silicer - .::, amorphous sll-'

icon films and amorphous =si.I.: . -ad hyd:ogeh £i1ms; ',ffﬂ5"°




10 -inferior to those of doped crystalline silicon. As reported by Le
Conber and Spear”and others refer- énced above, in the silane based
transi stor devices the | eakage current may-be as | ow as 10-11 anperes,. th
saturation current appears to be about 5 x 10-6 15 anperes, the device
switchi ng frequency appears to be abotd#0104 Hz and the stability is poor
since the material degrades with tine. It has been proposed to nake a sol ar

~cell which is essentially a photosensitive rectifier 20 utilizing an

- anor phous alloy including silicon and fluorine in the aforenentioned U. S
Patent No. 4,217, 3¢}, njeds 4ebnd/shd/R T2 aNBved hrint it .on-Aldes) orari-

Equi »&l ent to Crystalline Sem conductors, Stanford R Ovshinsky and

Masat sugu | zu-and QYu$ geonéairditialNeconk ijif,29%ns deved by /B®mpisathe sanme

title, Stanford R Ovshinsky and Arun Madan. According to the present

i nvention there is suchyigied Ppldriar-MOSncdrisimicdfifarst transi stor device 5
including a source region, a drain region, a gate insulator, a

thin-film deposited seniThengudicar degasi tieuplafd amenphoWH FiklcoRgi on, the

drain region and the gate insulator, and a gate electrode in contact with

he gate insul & or whilgh des keemalipred/ odyarogen e BIME The

ield effect transistor can  have various

gas in an attempt to make it more closely resemble

¢ crystalline silicon and which has been doped in a

'manner like that.of doping crystailine silicon, has
-charactériétics which in all impoftant respeéts are
10 inferior ;b £hdsé of doped crysfaliihg silicon. As
'_reportea by Le Comber and Spear and o;hers_refgr- i
"enced above, in the silane based-fransistdr deviées
~ the léakage §9rrgnt ﬁay-ﬁg as 16Q_a$'10‘1;'§m§e:es,.
" the sathrationldur;eht apéears to be about 5 x 1076
15.' aﬁperés, the device switching frequency appears to
'be about 104 Hz and the .stability islpoo: since the
material_degrades'with tiﬁe; | |
It has_been proposed'to'make a solar cell
which.is essentially a photosensitiﬁe kectifier_
20 utilizing an ahbrphous_alloy_ihcluding silicon and
- | flubrine in the afofementioned U.S. Patent No.
4,217,374, issued 8/12/80 for Amorphous Semicon-
. ductor Equivélent to Crystalline Semiéonducto;s;_-

Stanford R. Ovshinsky and Masatsugu Izu and U.S.



geonetries including a V-M3S |ike construction of the inventjon and can
deposited on various substrates with an insulator between the active
gions of the 15 thin film field effect: transistor and a

ohducting substrate such as a netal.. The transistors can- be

deposited on an insulator, =all sem conductor, an insul ated met al

or an I nsul at ed sem conductor substrate. Because of the capability -
be formed on 20 vari ous substrates 'and a |ow .|eakage and .
-operating_current, the transistors also_can 9e formed on_-top of one

anot her, PatentgiNepeq4,3763§985 issued TAQ/7ABR fpEm theel §aBLfect
transi st otithe, hSbanfardoBs Oushinsky shdr Arusr Medaos dependi ng upon t hex?

]p?rti_cul ar tgeoaeaby%shgseeoaﬂdghhi 95’.=Qgéfﬁt0f'ihbénrtiibﬁ' ofth@MDC 'p[lqust_si licon
uorine nateria en su . S, r _exagplLe, .a sat.uration '
curent a§r°§6§faa§ ?ﬁlg.iﬁ%gfeglg%g qu?SC r ggggFéFt°FhaﬁeviGE anper es,
an dpper tRElBAingag8EHEFeat TPEAOR: aBovETaip FRIiony nhiagh gate o
resi st anckns@batesi saathén-fdllmo deposited abenmticbiducaied aaldoy | ow .
| eakage gyupeRE tefthébQBhrcEer&Lngn, agHe Qﬁrhﬁﬁs-reﬁﬁkhhe%nd the. a|LQY

. does nOtth egéegeiﬂﬁﬁmalbg?'and a gate electrode in contact AR
with the gate insulator, the device having 'a V-MOS. L
- 10 like construction.

3

' The field effect transistor can have various
geometries including a V-MOS like construction . of the
invention and can be deposited on various substrates

. with an insulator between the active regions of the

15 thin film, field effect transistor and a conducting
substrate such as a metal. The transistors can be
deposited on an insulator, a  semiconductor, an

insulated metal- or an - insulated semiconductor
substrate. Because of the capability be formed on

20 various substrates and a low .ieakagé and operating °
'~ current, the transistors also can be formed on tbp of

one another, i.e., stacked. - : .
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The invention , B also includes a field effect transistor as

described ‘above wherein said drain region layer is formed on at .l eas

a portion of said 15- Ssubstrat e; sai d source regi on, sai d

anor phous sef conductor alloy 20 25 30 35 | ayer and said drain region
. form ng a diagonal surface; and said ggtthnsulator bei ng di sposed

. substantially parallel to said diagonal % rface and separating said gate

- el ectrode from said anor phous sem conductor alloy 5 | ayer for
controlling the current conduction through said current conduction channel.

: tTEg Q;&n; iggna\éw' |1 nawdaigs ofi higd flb’eMYef;f?cﬁé(ar@ﬁmsﬂégk r efay {Cfed 0

-vertical secti o(r;l"%@%l%sw n?r?:blzeﬁbo ér%‘%? roﬁs‘i%?grth#ﬁprﬁ"ﬁpﬁl tn%pgorgf |t¢]e}f

~effect transist cBaW%rrra%m% chagrn and thigfnees siaf | #he o faﬂ;ﬂ anar
MOS-t ype ‘transi siPramdrghous | il edrenef lworine Uidatdwigilamdiodédre lsuch

~ transistorsshowyd n f%:g e:éampieg, é3 isc a yﬁﬁféﬁ@io&et‘édmﬂl WLW 1dif Ougd a
: second enbodi menf -(ﬁ amperes am{n epé)SI te 4

grefai?tl_xd eth &t 10” amperes,

.ii . an upper cut qff frequency at least above. 10 MHz, a

high OFF resistance: ON resistance ratio of about
107, and a very low leakage - current of about 10711

- - .10 amps or less. Further, the alloy does not degrade
with time. '

The invention also includes a field . effect
transistor as described above wherein said drain
region layer is formed on at least a portion of said

15 substrate; said source region, said amq:phous
" 'semiconductor alloy . ' ' '
20 -
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. transistor simlar to the transistor shown in Fi¢g. 1, having-seni.conductor
rce and drain regions. 20 - Fig. 4 is a schematic circuit diagram of
transi stor shown in Fig. 3. - 14 - Fig. 5is a vertical sectional
f/ew of another enbodi ment of thih®f71 m deposited, field effect transistor
simlar to the transistor shown in Fig. 1, having netal _source and drain
regions simlar to a5 V-M3S-type transistor. Fig. 6 is a schematic circuit
di agram of the transistor shown in Fig. 5. Fig. 7 is a vertical sectional
vi ew through a second enbodi ment of a thin filmdeposited, field 10 )
effect tAaysrstand Safid flrabntregiennspsmdnsioidgeraly swfarging -
sem conductor source and drain -regions.  Fig. 8 is _a schematic circuit ™
di agr am én& said gaistipsukehari hekng. disppsed syhspantially vert cal
. sectional view through a_thin filmdepaosited, field effect trapsistor,
sinilar PRFANRY HP tIp1hedl paABALt ST TARRANG SRR AL G RAMAving a
_different enmoetrical _copstructign. 20 - F@ferri$ﬁ now t o #fe figures in
greater QLS (el8FrAe SLFPRSRLY: BROPIOYF SETL EHIFREFOT 2H QY ¢

.5 layer'for controlling the current conduction through

said current conduction channel.
The.ihvention will now be
 described by Qay of éxample, with reference to:the
drawings.accompanying this specification in which:
10 Fig. 1 is a vertical seétionaIVﬁiew of one embodiment
o_f thin f-i_lm- deposited, field effect transistor _ha‘ving'
" metal source énd drain regibns’#imilar to a planar .
'MOS-type transistor. |
'Fig. 2 is a'séheﬁatic'circuit diagram of the
15 - ‘transistor shcwh in Fig. 1. .

Fig. 3 is a verzical sectional view through a second
embodiment of a.thim film deposited,-field effect
transistof similaf to the transistor shown in Fig. 1,
having sémiconductor'source and -drain regions. |

20 Fig. 4 is a scheﬁatic circuit diagram of the

transistor .shown: in Fig. 3.



.effect transistor 10 forned on a substrate 12 of =15- insulating
mateeri al which could be a silicon material, a layer of polynmer material
an insulator on top of a‘'netal. Deposited on the substrate 12 is a thin
alloy layer 14 including silicon and fluorine which can also'5 contain
.hydrogen and whi ch can be doped to forni&n-N or P type alloy. On top of
thirs-alloy .layer 14 is a layer or band 16 of insulating material such as. a
field oxide and spaced therefromis another |ayer or band 18 of insulating "
. “material such as a field oxide. 10 - A channel or opening 20 is fornmed, as . -
-..by conventional photolithography t echni ques, ‘bet ween the two bands 16 and '
18. A source netal conductor 22 is-deposited over thé band 16 with a

porti-on thereof in contact with the alloy layer 14 to forma SchottKky

- barrier contact abié5 fi?% ”%EtiiﬁﬁlbgéﬁﬁfgnéfevEQQr&f Qﬁgéﬂ?32 and the

anorphous alloy Ila manner a conduct or ayer - 24 of -

. drain nmetal is @ﬁﬁﬁﬁhhﬁﬂtpoﬁrthﬁﬁ ERsHl abpogiLaay £8e Y tdefecportion
thereof in contact wth the alloy lLayer 14 20 spaced fromthe source of

metal 22. The igraifiseorbeineeart 86 €nai Branbabtdd shewhhen aDs: 1,

I | having metal source and drain.reoions similar to a
5. VBMOS-type transistor. | h | |
o fig. 6. is a schematic circuit diagram of the
_'transistor shown in-fig. 5. |
Fig. 7 is a vertical sectional viewethrough a
'second embodiment of a thin film-deposited;'field
10 :effect transistor.sinilar.to the transistor shown.
-in'Fig. 5,.having semiconductor source and-drain-u
”regiOns. - . | _ S .
 Fig. 8 is a SGHematic circuit'diagram'of'the__
trans1stor shown in Fig. 7. | 1 :_
15 " Fig. 9 is a vertical sectional view through a
| thin film dep051ted, field effect transistor,

- similar 1n function to the transistors shown in

PO ' Figs. 1-8 but having a different gemoetrical
| h construction.- - | -
N 20 B Referring now +to  the figures in greater detail,

there is illustrated in Fig;'l-a thin'film, field

| effect transistor 10 formed on a substrate 12 of

PR . P e e mmee e st mLamWTe o € e



- -16- phous Iayer 14 creates another Schottky barrier contact.- A gate
. sul ator layer 26 of insulating material such as gate’ oxi de or gate
' tjiride 26 is deposited over the urce metal 22 and drdin metal, 5 24 and
in/contact with the annrphous-dTlig Tayer 14 between the source and drain -
tal. On this |ayer 26 of gate insulating material is deposited a gate
~ conductor 28 which can be made of any suitable netal such as al um num or
nmol ybdenum On the gate 10 conductor another |ayer 30 of insulating
material is deposited to passivate the device, which is identified as a
- field oxide. The insulating Iayers 16 and 30 would be join- ed before t: e;
~ next adjacent transistor with the 15 source 22 connected to an externz
* conduct ofNSulpding akerbal ayai che crylss hene isktieRrmeEeriALnext device
simlar to_the insulator 18 of the transistor 10 shown. The gate insul ator
| ayer ZGaa%&ﬂﬂﬁaQﬁnRﬁlﬂ%eEOmatﬁﬁ&a@8Qﬁ qqu&ﬂ%ﬂl?ﬁPﬁa?%rFSP Péferred to as

being a field i de_can be t al OXIde silicopn.di oxide or other
i nsul at of ﬂﬁﬁ? sﬁ??%%ﬁtﬁaaPPd§LeTé§Eﬁﬁﬁ R 523 Eﬁandﬁghﬁynetal 24
can be f3%@%5“1&ﬁiﬁﬁwuéghgagkii%%%mﬁﬁd‘¥3d§¥f%e wﬁlcﬁscan Tso ;'17"

5° contain hydrogen and which can be doped-to form an N or

P type alloy. .On top of this alloy 1éyer 14 is a layer
or band 16 of insﬁlating méterial.such as a field oxide
‘and spaced therefrom is another layer or béna 18 of
insuiating material such as a field oxide.
10 A channel Or.bpening 20 ié formgd;'as by conventional.
| photolithograéhy techniéues, beﬁween'fhe two Bands 16
aﬁd 18. A source metal conductor 22-is;dép§si£ed over
the band 16 with.a portion thereof in contact with the -
alloy layer 14 tb'férm a.Schéttky bafrie:_cdntact at
15 the interface between the source metal 22 and'the
.amorphoﬁs alloy iayér 14.
| In.a similar ménner'a.conductor.or 1ayér-24 of dfain
metal is deposited over the insulating band 18 with a
portion'thereof in contact with the alloy layer ‘14
20 spaced from_the_éoﬁrcg qumetal_22;. The interface’

between the drain metal 24 and the amor-



-

num nol ybdenum.or a .high work function netal such as gold, pal adi um
~platinumor chrofmum The gate insulator can be a nitride, silicon dioxi

or silicon nitride material. 5 An alloy containing silicon and fl-uorine

whi ch-can al so contain hydrogen is uti- lized for forming the anorphous
alloy layer 14. This alloy provides the_dgsirable characteristics 10
enufrer at ed before which can be utilized for many different circuits. The
alloy layer 14 is pre- ferably made of [err] where a is between 80.and 98
atom c percent, b is between 1 and 10 atom c. percent and ¢ is between 1 and
10 atom c percent. phbus layerThd akleayegaanbehdepsehvittRyabaepaey from

.C?oup“V'or G oup III of the Periodic Table mate- rials in an anount
constituting betweeont@cand AOga@teainhsupatowm lhayes @Ppof. insindatdpgnt
mat eri al s and anount of doping can vary. 20 The thickness of - the

all oy layer 14 of maberipBosschafer gatecoxille bet gete DA®ride 260G sAng-
stroms, one thickness utilized being approxi mately 1000 Angstroms.. The
source netal 22 andephsigedi ovest the2sovsneametahadd anﬂcﬂﬁesgeﬂetaﬂglng

from 500 - -18- to 20,000 Angstronms with one utilized thickness
;. h . 4 and in contact with the amorphous alloy layer 14

between the source and draln metal. On this layer-
26 of gate insulating material is deposited a_gate
-conductor 28 which can be made of any suitable
“metal such as.aiuminum or molybdenﬁm. On the gate
10 conductor another layer 30 of 1nsu1at1ng material
is de9051ted to pa551vate the device, which is
1dent1f1ed as a f1eld-ox1de.
- The 1nsu1at1ng layers 16 and 30 would be Jo1n-
.ed before the next adjacent trans1stor w1th the
15 source 22 connected to an external conductor._ The
1nsu1at1ng layer 16 forms the insulator for the
- next device similar to the‘lhsulator_ls of the
tran51stor 10 shown. |
The gate 1nsu1ator 1ayer 26 and the bands 16
20 and 18 of 1nsulat1ng material referred to as belng
e | S a field oxlde can be made of a metal ox1de, 5111con
.d1ox1de or other insulator such as s111con nltrlde.
_ ihe source metal 22 and drain meta1.24 can.be form-

'-ed_of any suitable conductive metal such as alumi-



.be’ng of apprOX|nater 2000 Angstrons The gate conductor 28 although

/. desgcribed as being made of netal, can be made of a doped seni condutt or

. ng"f;S rial if desired. Dependuﬁg upon the geonetry of the various

" lI'ayers and thicknesses of the vari'ous layers, a field effect transistor can
\ ‘constructed as de- scribed above wherein the | eakage current is ap- 10
#prOX|nater 10- 11 anperes thereby to provide a high OFF resistance and a

fufDC sat ur at'i pomGumedntbdénamp- opr axhighewprk0-furepiorsmelta lcauthr ucti ng t he

_”zthln film field effect transistor 10 shown in Fig. 1, the layers of mate-
“15 rial, asdgedd,ipadadiym;hplatiopm orerchiriomins.defbs tgatkeby vari ous~

' gdepos|t|on t echni ques,. pre- ferably by glow discharge. A conventional A

~schemati c gan§q$3§0$0@aneb€8? an&rdd&dw4131Q¢mcénDXGd&gman1of the field
s;_effect 20 transistor 10 is illustrated in Fig. 2. Referring nowto Fig.
73, there issillienn nbtr ddel maserdedstructed thin film field effect tran-
- sistor 40 which, like the transistor 10, is formed on an insul ated

" substraPe layer 42.  On top of the -19- substrate material 42 is
- deposited, ‘such as- by gl ow di_scharge, an alloy layer 44 including silicon

. and . _ An alloy conta1n1ng s111con and
R "fluorine which can also contain hydrogen is uti-
-lized for forming the amorphous alloy layer 14.
.This.alloy provideslthe-desirable characteristics
"id' enumerétéd before which can be utilized for many
"different circuits. The élloy iayef 14 is pre? 
ferably'madeiof:é-sia:szﬂé where a is between 80
and 98 atbmié percent, b is’between.l and ‘10 atomic
percent and c. is bétween 1 aﬁd'io atomic percent.
.¥'5  -15 - The ailoy can be doped with a dopant from-
o Group V or”Grogp'III-of the Pe:iodié Table mate—
fialS”ih an amount constf%uting-between 10'énd.1000
éarts per million (ppm). The dopant materlals and
amount of doping can vary. . _ |
20. :' 3 The thlckness of the alioyllaYéful4 of amor-
.-phoué material can be betWeeh 106 and 5000 ‘Ang-
1 sttoms, one thlckness ut111zed belng approximately
1000 Angstroms. The source metal 22 and the dra1n

metal 24 can also have thlcknesses ranglng from 500

«{



f1uorine whi ch al so preferably includes hydrogen and can be of the N or
type. On this alloy Iayer 5 44 are deposited two layers of insulating
material 46 and 48 which are referred to in Fig. 3 as being made of a fi
oxi de with an opening 50 forned t her ebetygen. Above the insulating |ayer
46 and 48 are deposited, respectively, a source alloy 10 | ayer 52 and a
drain alloy layer 54 which also include silicon and fluorine and preferably
i nclude hydrogen. The source 52 and the drain alloy 54 are N or P type
anmor phous alloys. An NP or.P-Njunc- tion is then formed at the interface
where the 15 | aydios 282, 0000 Ang sterdomnec ovittdc tong tut itlhiezead |thidkayess 44 After

: depoéTﬁlng the layers 52 and 54, a gate insulator |layer 56 referred to as a
gate oxide 56 is dbgdha @f mrqmmémummomm Shegate0
portion of the anorphaqus | ayer 44 and the drain reglon 54. . Then a gate
conductor 58 i s defOSAMEIB A8 @dhengdh desqardhed &5 heing mads @f i ng

insu- lating |ayer de ogi ted on top of t ate CQ ductor 58,

i dentified asaflé\eg'a&m ép% magle fg %é’rﬂ%%o ci’-’d‘éﬁl"é*'(G)
source (S) and _drai D). Lig.cuit |agran10f the transistor 40 is

&l I Ustrated |n5F|g QES 15: 51redj

Depending upon the geometry of the_various.
layers and thicknesses of the various leyers,'a'
field effect transistor can-be-constructed;as-de-
scribed ebove wherein the leakage current is ape'
10 proximately 10-1l amperes thereby to provide a hiéh

OFF tesistance3and a DC saturatioe eu;rent of ap-

| éroximately 10‘4'amperes.- . | :
In construct1ng the thln fllm, fielda effect
transistor 10 shown in F1g. 1 the layers of mate-
15 _rxal, and partlcularly the alloy layer 14, are
dep051ted by var1ous deposztlon techniques, pre-
ferably by glow discharge. |
A conventional schematic'gate (G),“source'(S)
and drain (D) circuit diagram of the field'effect |
.éo transistor 10 is illustrated in Fig. 2.
g' . ' | - Referring now to Pig. 3, there is illustrated
fa planar.constructed'thin fiim, field effeCt-traﬁ- -
sistor 40 which, 11ke the tran51stor 10, is formed

on an 1nsu1ated substrate layer 42. _On ‘top of-the



-di fference between the transistor 40 and 5 the transistor 10 is that
rain and source regions or conductors 52 and 54 of the transistor 40°
{ de of a seniconductor material and prefer- ably an‘a-Si:F:H alloy. In
g/ 5 there is illustrated a ”;ﬁLV'NCS 10 | i ke construction illustrated
“a thin film field effect trafsistor 70 made in accordance with the
- teachings of the present invention. On a substrate layer 72 is first
. deposited a layer or band of drain netal 74 which has a central portion
t hereof 15 cut or etched amay. On top of the drain netal 74 is deposited
~a thin layesubstbane mitemiaihd2s isl depord e clsurds as dantglaw portion cut

or etched away aligned with the cut away portion of |ayer 74. S|n1larly’§%
‘| ayer of sodisehacgel, a8 B§1@§pégwﬁéd4ZOIHQ&$QHR9IﬁﬁkﬂCQHi%nﬁla . .
. correspondlng central portion thereof is cut away. Alternately, all the

u

~layers can B @rénedwmcanélﬂprﬁéﬁrm ¥y ined NHIR&R all the
| ayers. Then a gate |ns ator .80 r ferred a i de is de 03|ted
. over the anélg"’@om"c rn?ﬁ"ﬁ N or a d tYRes tf?té‘ rtg‘s‘lﬁ t%%gﬁ > VA cgt :
. space 8 ont:o the in ned e ft 76 and 78
_r”agd ove g4e?585 ﬁpgﬁﬂgfpa °7§%%Fﬁ% ghégFﬁﬁgﬁﬁﬁﬁi é¥€?1$% de- .

46 and 48 which are referred tozln.Fzg. 3 as being

made of a field oxide with an opening 50 formed
therebetween._ Above the:insulating leyers 46 ahd'
48fare~deppeited. respectively, a source alloy |
10 - leYer'BZ ahd a drain'ailoy layer 54 which also
a include eilicon end fluorine and preferably include
_ hyaregen. Tﬁe source 52 and the drein ello§ 54 are -
N or P type. amorphous alloys. &An N-P;Or P-N junc-.
~tion is then formed at the 1nterface where the .
 ¥e__15 1ayers-52 and 54 make contact with the-alloy layer
-'44.--_-'--' Y |
| After dep051t1ng the layers 52 and 54, a gate
”_1nsu1ator layer 56 referred to as a gate oxide 56
.isideposited over the source region 525 the exposed_
720' pdrtion of the amerphqus_layer 44 and the drain
region .54. Then a gate conductor 58 is'aeposited_
oﬁer'tﬁe gate insﬁlators46*and a passivating insu-
1ating_léyer 60 is_deposited_on top of the gate

.conductor 58, identified as a field oxide.



5 posited on the gate insulator 82 and a | ayer 86 of insulating nmateri al
identified as a field oxide is deposited over the gate metal conductor 84
as a passivating kayer. This particular V-MOS |ike construction with 10
‘the open space 80 has the advant age t?@L a very short distance L.is

est abl i shed between the source netal and the drain nmetal 78 through the
alloy layer 76. The layer thickness or distance L re- sults in a high
operating frequency, and a higher 15 saturation current than the transistor
configu- ration of Figs. 1 and 3. The | eakage current . nay i ncrease over the

: L : h
(S 4 arain (D) di agr AnEonvEns loRats Fersn %cféa 86%0% %%
Fig. 7 is-illustratgg aggggeqbyhyg?thgedagbqa A § |e§Q ap5|stor

90 fornmed on a substrat oy | ayers S|I|con

and fluorine (Norig ma)stiieeeal §adreg.t Qg - 22- _Substrate 92 _The
respective layers 94, -96 and 98 have a central portion 100 cut or etched

away thereof. Then a gehe BaffeabAtelB2twden! ithecd ransd st/ 40XiatR i S
deposited over the edge of the layer 5 98 and contacts the exposed edges

af the- Iayers 54, the trans1stor 10 is that the drain and source

regions or conductors 52 and 54 of the *ran51stor
40 are made of a semlconductor mater1a1 and prefer— '
ably an a-Si:F:H alloy. S |
In Fig. 5 there 1s 111ustrated a new V-MOS |
10 11ke constructlon 111ustrated in a th1n film, field
effect trans1stor 70 made in accordance w1th the
teachlngs of the present 1nventlon. On a substrate
layer 72 is first dep051ted a layer or band of
drain metal 74_wh1ch has a central portlon thereof
15 pcut or etched-away; On top of the drain metal 74
is depos1ted a th1n layer- pr band of amorphous
alloy 76 which has a central portion cut or etched
' away aligned with the cut away portion of layer 74.
'Similarly, a layer:of source metal 78 is deposited
20 on thellayer 76 and a corresponding'central portion
thereof is cut away. Alternately,_all the layers .
can'he etched in One'step following the deposition_
of.all-the'layers. Then a gate 1nsu1ator 80 re-

.ferred to as a gate oxlde is dep051ted over the



nd 98 and al so the exposed portion of the substrate 92 as shown. A
e tonductor 104 is deposited over the insulator layer 102 ahd lastly a
%zer 106 of insulating material, such as a field 10 * oxide,.is deposited

er /t he gate conductor 104. The transistor 90 operates utilizing'the
0 sitely biased P-N junctions formed hetween | ayers 94 and 96 and between
96 and 98. The transistor 90 is sT#Tar to the transistor 15 70 as shown
in- Fig. 5 except that the source region 98 and drain region 94 is made of
a sem conductor alloy, such as a-Si:F:H The V-MOS |ike construc- tion of
the invention illustrated by transistors 70 and 90 i s advantageously = -~

i zed 1 e 45Rest 78 and {EkSBAEOPORE] PingRLERLPRY PUCh as but b

only a silicon oy containing at Teas rogen-as oSited from

silane. A cquyenipsd@l s chedon fo Cthé Ui hotliAGA2BaGEst B thansi stor 90 is

il.lustrated in Fig. 8. -23- Referring nowto Fig. 9, there is _
~illustrated 1ysei poridner74 j erel ehder8 ananevetothdl@xpdBeatransistor 110
is formed on a netal 5- substrate Il which has deposited thereon a thin

“layer of i nsubdtrutesl2r i dthdrdavdatd cepduates BAeciaclewe conponents of
~the transistor 110 from - L
5 posited on the gate insulator 82 and a layer 86 of
insulating material identified as a field oxide is
deposited ovér the gate mefa; conductor 84 as a
passivating layer.
This particular V-MOS like construction with
101 the open space 80 has the advantage that a very
short distance L is established between the source
'meta1'74 and the drain métal_78 through.the allby
1ayer'76.-.The layer thickness or distance L re-.
suits;in_a high operating'f;equency; and a highér
15 'saturatiqn.current thaﬁ the transistor configu-
ration of Figs. 1 aﬁd 3. k71'h’e leakage.current may
increase over the configu#ation of1Figs._1 and 3.
A conventional schematic gate (G), source -(S)
"and drain (D).diagram of the transistor 70 is éhbwn
20 in Fig. 6. " o |
In Fig. 7 is illustrated aﬁother-VhMOS like
thin film, field effect transistor 90 formed on a
 substrate 92:with.alloy layers 94, 96 and 98 having

silicon and fluorine (N or P type) déposited on the.



Lo the hetal substrate 111 and yet is_thin enough so that heat generated in {
..the 'transistor 110 can flow 10 to the netal substrate which fornms a ‘hea
fq)San”Therefor The thin film. field effect transistor 110 is formed by
. 'deposi-ting a’source conductor |ayer 114 nade of netal or N or P type
;jjsen1conductor alloy. 15 A drai'n conducto22416 is deposited on the insu-
'l'ati.ng layer 112 and also is made of a netal or a P or N type seni conductor
~al'loy. ~‘On'top of the con- ductors 114 and 116 is deposited an intrinsic or
"*Ilghtly doped alloy layer 118, such as the a-Si:F:H 20 alloy previously.

. described. On top Qhydie Ald | avehol 1 dphctergst igde Posis bRSULA! 96 120

'Q;mhlch;can be a S|I|con oxl de.or a sIlicon®ni e gate

insulator 120 is dgpgsl tae‘izéhﬂé‘éf—‘ {see@qdrprld@y@atlaf %bﬁ@d awag?- can be
a metal - or sem conduct or- mat eri al pas- sivating layer 124 is deposited

" over ‘the gate con- yditeds 122rhdHeaV gbitQlsi ds @08t 6} 0182196404 £1Qa ¥y And
".'5...-110 can be forned in a matrirx -so that either the source or drain region

. extends as a Y axi g@: “oxiigé 0f s28EpoS itk dsvesi tRE subhet bt Q.hlelaaye-lihen
the drain or source region. is deposited to forma

?fgw.”f”-f,-v. 5 .98 and’ contacts the exposed edges of the layers 94,

96, and;98 and also the exposed portlon of the
iSubstrateeB? as shown. A gate conductor 104 is
; depositediovet:the insolatot'iayer_lozland lastly a
"~;'jajet;10$1¢ftinsulating hatetial, such as a field
;%_2;5;[ihthf'tlﬁ'hszide; iS'deposited-over the gate  conductor iod.
Giela | ”_The tran51stor 90 operates ut11121ng the oppos1te1y..
"{iblased P-N Junctlons formed between layers 94 and |

”h'ef5”96 and between 96 and 98. -

3 The trans1stor 80 is 51m11ar to the transistor
:ﬂhf157f¢70 as shown 1n-Flg. 5 except that the source reglon
o '198 and draln reglon 94 1s~made of a sem1conductor

.'Talloy, such as a-51 F H . The V-MOS like construc—
.t1on of the 1nvent10n 111ustrated by.transistors‘70
f'#fi_'dt'ff;hjﬁ.-;ahd 90lisﬂadtantageously'utilized-with any depos-'
o :”7ff203"1tea semlconductor materlal, such as but not only a
**{:salzcon alloy conta1n1ng at least hydrogen as de-
19051ted from 511ane.-
o A conventlonal schemat1c c1tcu1t dlagram of

L‘the trans1stor 90 is. 111ustrated in Fig. 8.



gated drain or source region which is then 10 connected, to an X axis
ctor.' Then the gate electrode is deposited so as to exténd parall el
he Y axis to forma Y axis gate conductor. In this way, .the field
effect transistors 10, 50, 70,,90, and 110 can be utilized in corijunction

- wth 15 PROM devices to fcwrn% e isolating device in a menmory circuit
“therefor which conprises a nmenory region and the isolating device. The thin
film field effect transistor of the present invention and the various
specific enbodi - 20 nments thereof described herein provide a transi stor

which is very snaﬁéﬁ_ﬁpglxg n%@ft‘@r 1goog OREL 1 %t(‘iglal{ gés ics as -~

‘enuner at ed above I NQ Iayer €of SIS ors, suchwds
124 in Fi 9. theldinbansthlied i fof Febheeritididldd}o 119, 25 laver for
anot her transistor to be forned thereon to provide a stacked transistor
configuration and hence further increase the packing density of the
devices. This is possible because the |layers are 5 deposi ted and because

of the | ow operati nghand rbeasane U1 16Nt sOfrdrid pm the foregoing
~description it will be apparent that a tﬁl nfil m%cfahe%ect transi st or :

i ncor posat i nghisgr phteyihayehieh ahsh: GePolsh¥ed thereon 2 thin

layer of insulating materialwllz which separates
the active components of the trensistor 110.ftom
' .the metal.substrate-lll'and yet-is thin enough so
that heat generated in the traneistor 110 can floﬁ
10 to the metal substrate which forms a heat sink
therefor. | |
The thln f11m, fielad effect transxstor 110 is
formed by dep051t1ng a source conductor layer 114_
made ef metal or N og P type semiCOnductor alloy.
15 A drain conductor 116 ie'deposited_on the"insu- -
lating layer 112 andzals;tis made Of“a metal or aPp
or N type semiconductor alloy. On top of the con-
ductors 114 and 116 is deposited an intrinsic or
lightly dopedealloy'layer-118, such as the a-Si:F:H
20.] alloy previously descrlbed., |
On top of the alloy- layer 118 is dep051ted a
_gate insulator 120 which can be a silicon oxide or

a silicon nitride. On top of the gate 1nsu1ator

120 is dep051ted a gate conductor layer 122 wh1ch



10° has a nunber of advantages The pIanar structures of Figs. 1, 3 and 9
al so can be’ forméd in inverse order ‘to that shown with the gate on the
bottom The Schotiky barriers al'so can be an M S (et al ‘i nsul at or
senlooﬁductor) con- tact. Also, the gate conductor in a device can be
met al ,- “pol ysi licon or doped. sen1conductor material with a different netal

-or sen1conductor drain ma- terial, |nstea%ﬂbf bot h being of the sane netal
or 20 sem-conductor material. - CLAINB 1. A thin film field effect
“transistor deV|ce including a source region,. a -drain region, a gate
5 ~insulator, athin-film dep05|ted -sem conduct or alloy coupled to
t he seurce reglon the.drain &g UL nd the te I NS or, ate
- electrode in cont a&arwb[enat i3 gag't é”i selﬂmtod} qthoer d‘éa\L}i aV| ng éa%—
'l i ke construction A NSt %%/é dd & coflaim
1, wherein the tran5|storng| ncyteres two a ent surfaces ﬁa‘;[ t%orma V-type

_structure 15 . 3gquctdr tarosi stor. deV|ce ~according. to - claim 1 or
claim2, wherein the V-MOS 1 ke construction-includes the saurce region

cand the . drain  regipi vaididis transistors 10, 40, 70, 90, and
. . | .'5: f110 can be formed in a matr1x so that either the
f;i . ff | t~'i source or dra1n reglon extends as a Y axis con-
.3fductor across the dep051ted substrate 112. " Then,
'frthe drain or'source_reglon is dep051ted to form a
:f;segregatedJafaim'or”source region whioh is then
'_10 a'oomnected.tolan.x axis_conductor.' Then the gate
-f;;electrode is'deposited sooas"to extemd parallel to
::l-the Y axls to form a Y axis gate conductor. In
'fifthls way,_the f1eld effect tran51stors 10 50, 70,
ﬁft90, and 110 can be utlllzed 1n conjunctlon with
715;t;PROM dev1ces to form the 1solat1ng dev1ce in a
..’3fmemory c1rcu1t therefor wh1ch comprlses a memory
:fwreglon and the 1solat1ng dev1ce. | _ | _
| The: th1n f11m, fleld effect transistor of the
f-g_' .;* _ _ - present 1nventlon and’ the various spec1f1c embodi- .
N 2of“;ments thereof descrlbed herezn provide a tran51stor '
.jwhlch is very small and yet has very.good operatlng
';oharacteristios'astenumerated-above. The top in-
'“fesulating_iajer;of tbe'transistors, sucﬁ_as 124'15_

'r_Fig.'Q,fcan be ﬁtilired'tO'form;the'inSulating



. - . . 1

posli ti oned one above the ot her, and vertically arrayed wth

jspect to a substrate, and the 20 deposi ted sem tonduct or’
oy extending between and in _ggatact wth the source region and-
drain region, and wherein the gate insulator and the gate
el ectrode are positioned to apply an electric field to the

sem conduct or all oy between the source region 25 and the drain region

to cause electrical conduction therebetween. 4. A transi stor device
_-accordlng t e lal Sﬂng [ eposited
o.osem conduct]gar)?%% £82, an(gnthné-petgéggr?nggggdﬁct c?rgs é‘i FP%E% gt or devi cer

according tg, aﬁwov@a@ aofstsa@e@r%sﬂts@gt@ra'é&f@ﬂ £ fohN@pgdeposi ted u

sem conduct or S an anor phous al eVI ce

according hdQce €hditRer Sma@@sgéntheep%'amd r@éﬁ@fgyf blfort*h%e oA

- transistor device according to claim 5 or T wherein the

alloy inclaggescesl.!icis ﬂ@dpaygﬁgg@nbe%ausé thé ansiater ardeeV' ce
accordi ng to claim 7, wherein the alloy has the enhpirical formula

[err] whereaépbsikeaesia BeeadseddE %‘}@ﬂl%w RepEeating ahabetween 1 and
10 atomc percent, and c¢ is between 1 and 10 atom c percent o
leakage current of the devices.
From the foregoing desCription_it'wiil be

apparent that a thin film, field effect transistor

“incorporating an alloy layer of a-Si:F:H'thereih

.10_-
has a number of advantages.
The planar structures’ of Flgs. 1, 3 and 9 also
can be formed in inverse order to that shown w1th
the gate on the bottom. The Schottky barrlers also -
15 can be an MIS (metal 1nsu1ator semlconductor) con—_'

. tact. Also,_the gate conductor in a dev;ce can be
metal, poiysilioon or_dopea semioonductof material
with a differentlmetaIIOI semiconductor drain ma-
te;ial, instead-of.both being of the same metal or..

20 Semiconductor material.



hit
- .

10 9. A transi.stor .device according to,gny one of the preceding
clains, wherein the drain, and the §§ ce regions are deposited
materials. 15 10. *A transistor device according to any—ene—eéef—the
preceding clains, . wherein the drain region is a p-t

sem conductor. 11. A transistor device-according to any Hmlﬂm’jmuuwm“
“preceding clains, whereinthe drain regionis a netal or an n

alloy. 12. A transistor ,device according to any one .of the preceding
clainms, wherein. the source region is a 25 p-type sem conductor.
13. - A transistor device according to agyarmge of the preceding clains,
wher &#n . the -source. region is a nmetar or an anorphous all oy. 30m%4. A
transi stor device according to_any one .of the preceding clains herein
the deposited Xen dondtRIRr B tﬁ*%&ﬂes%fﬁﬁcgetVﬁéﬁﬁgkkpﬁﬂd.éﬁﬁece
angstrons. 35 indGluding ransostoe - deegibenaccar drain o veyiompe aofgatée
EB gcedijngos glogi MBnsuldEsE) Na iﬂgﬁx-ﬂimn déﬁaépe%@asseﬁé@ﬁ&xgaeéﬁt 051?@}\/\/862
- an , 00 o : r r cejaccording.to any, on
of the precedin @%?ﬁ‘f?%%r%?%&% hgpéé?)%!?'ce ﬁ%gi%ﬁa;?\as’fe HOR cﬁ%'ss
_of between 500 atRP 2RPR(IRFHLIEOFs.and a gate electrode in contact

= ‘with the gate insulator, the device having a V-MOS

like construction.

= ‘10
- 2. A transistor device according to claim 1,
wherein the transistor includes two adjacent surfaces
that form a V-type structure. '
15 - 3. A transistor device according to claim .1  or

claim 2, wherein the V-MOS liké--conStruction"includes

the source region and the drain region being.

positioned one above the 6the;, and vertically

arrayed with respect to a substrate,’ ahd', the

20 deposited semiconductor alloy extending _bétwéen and

in contact with the source region and “the drain

region, and wherein the gate insulator and . the ' gate

electrode are positioned to apply an. electric field

_ :_to the semiconductor alloy between the source region

25 and the drain region to cause electrical conduction
therebetween. : ' S

_ _ 4. A transistor device according to any one of the
B preceding claims, wherein the deposited semiconductor
' 30 is an n-type semiconductor. '

5. A transistor device according to any one of " the
preceding claims, wherein the  deposited semiconduéto;
- is an amorphous alloy.: '
35 | o | |
6. A transistor device according to claim 5,
wherein the alloy includes fluorine.



R s, whererm—the— gate

~;_,]”tra accor di.ng 11 claim 17, 10 wherein the gate
jﬁ;;ula ﬂ"l ﬂ&l Hg;ﬁu d Iayer_ 19. A tranS|stor devi ce accordlng to any
~Nofie. 0

B A A tran5|stor deV|ce accordlng to any one of the precedlng
sul ator conprises an oxi de | ayer. 18.

I ng cl ains, wher ei n the ~drain regi on IS

i?ﬁdep05|ted on the stbst rat e, and ‘extends as a y-axis 15 conduct or
acrossthe .substrate to ‘an” adjacent__thin film field effect
. transistor ‘device; ° an. x-axis conductor extends. from another

.~ adjacent - T¢ hi nA ftrnpswetprcaﬂeVipeldaceotésng t tensedadm S5deorce to.N
" w.the sourcelaimd 6he whetreinel eher od2logxt tndiudésri sbbiebhy 28nd paralhﬂ
- to-the, -y 9& g ﬁo ‘an adjacent, . thin film vertical field effect '

'*ﬁtran3|stor A transistor deV|ce according to any one of the

i preceding. clalns =jconpr|51ng
?ffurﬁher tﬂrn fbln?raVEiPFEEl evire. arrerdinganstot or cladwi ce7.stacked on

covering  insulating 25 Jlayer and a

ymftop of whébein Ehésallognhastahedempeezcal fofmakahod of forming a thin.

én1conductor
tfe gate
etyaen } agﬁtéoeﬁéépisdﬁerﬁengontact with the gate i nsul ator,

-.'._af__;‘}'.f"m fighde ff@ﬁaréoa i baPaLahOBo’RKCCoBN Lt BATA aguaﬁ region, ~a.
:ng{?o; ngé 25 t%efﬁs gou#nsu eoﬁgn atPﬂgcdrEFﬁc P&glo% g
rk

_ ,|nsulato
theypgbs devi-ce having.a V-MOS like. construction, the nethod |nclud|ng .

5i:the st epsgof dﬁp9§5ﬁsﬂgtbgedg5§ba a&@grﬁ@ngoﬂoaaﬁybsbﬁateof d@ﬂgs't'ng t he
_y;senlconductor _ o

- precedlngoglalms, where1n the drain, and the source
”Vf-reglons are depos1ted materials.__ ' -

“5_r_153yf!10.[ A transistor device accordlng to any one of the

___,"preceding clalms. wherein the draln reg1on is ' a
VfoP-tYpe semlconductor.e ' -

*&f!ll. A trans1stor dev1ce accord1ng to any one of the'

'?;_jgdﬁif?precedrng claims, whereln the dra1n region is a 'metal

'“'ff:or an amorphous alloy.-__

::};412 A transistor dev1ce accordlng to. any one of the:
o f?preceding c1a1ms, whereln the source region is a
25=_¥fP-type semlconductor. B ' -

:f1f13._ A trans1stor dev1ce accordlng to any one of the
;rLJPrecedlng c1a1ms,- whereln the sonrce- region is a -
_ ,J'jjfmetal or an amorphous alloy. . - 1

rd

“ 14. A transistor:deV1ce according to any .one. of the

"L_preceding claims, wherein the depos1ted semiconductor.

o has a thickness of between 100 and 5000 angstroms.
*]j.35n ;;15;' A transistor'device_according to any"One 'of the

B f?tprecedlng claims, wherein . the drain. region. has a
.'f”thickness of between 500 and 20 000 angstroms. '



~top of the drain region; depositing the gsource region on top of the
sem conductor alloy - whereby to form»& verti cal array wth respect
to the . substrate;- renoving a portion of the deposits —wiereby to

expose 5 edges of the drain region, the sem condu t he
source region; depositing the gate insulator over . mﬂ“mnmm l\ﬂm
of “the drain region, the sem conductor ~alloy, and ®he¢ seurtes *

regi on; and depositing the gate el ectrode over the gate insulator. 10 22.
A method according to claim 21, wherein the drain region is an

~anor phous,  p-type. szentﬁaﬁwlwwf daéwmye décord@fng Yo amy hoshe aceHr ding to

claiqu 22, - whergideed iy défam.feglmfémy tne! @g&&-"ﬁ%o@‘lha ngt hod

accordin to clal aim drajn Tegion allo
|ncludesgfluor|n é&P?ﬁﬁ © ?ﬁﬁ?ﬁﬁp %ﬁkﬂ?ﬁ%gféb é Vame 14 r°%?g cl ai ms y21

‘to 24, wherein the drain region is deposited by glow discharge. 25
26. A met pod acTds diRgtiansigtordevide #tcordingltotanyS, onderefn the

. sem conduct or aI P@cé&fﬁ descié£m>|ne |ncT dée 2@* od ggggordlﬂgsuigt%%lalm

26, wherein the. senjco ductor 1q¥ Icon and fluorine
comprises an oxi yer.

9]
18. A transistor device accordinq' to elaim'- 17,
. 10 wherein the gate insulator is a deposited layer.

19. A transistor device according to any one of the

. preceding claims, wherein the drain Tregion is
deposited on the substrate, and extends as a y-axis

15 = conductor across the substrate to an adjacent thin
.~ film, field effect transistor device: an x-axis

g conductor extends' from another adjacent thln £ilm,
vert1ca1 field effect tran51stor device to the

B source; and- the gate electrode extends horlzontally -
20 parallel to the y-axis to an ad]acent, thin £ilm,
- vertical f1eld effect transistor." -

- 20. A transistor device accordlng to any one of the
precedlng claims, comprising a covering insulating _
25 . layer and a further thin film, vertical field -effect
transistor device ‘'stacked on top of ‘the first
transistor device; o |

™ _ 21. A method of forming a thin f£ilm, field effect

b 30  transistor device that has a source region, a drain

' region, - a gate insulator, a ' thin-film deposited
semiconductor alloy coupled to the source regidn, the

drain region and the gate insulator, and a gate

: electrode in contact with the gate insulator, the

'35 device having a. V-MOS 1like construction, the method
including the steps of depbsitiﬁg:the drain region on

a substrate; depositing the semiconductor alloy on

pe



28. A nethod accordlng to any 0&8 of - clains. 21 to 27, mhereln t he
”'QQnduQLQL__aLLgy——+s- deposited by gl ow discharge. 35 '29. A nethod

rd|n claims* 21 to 28, wherei'n the source region is
ﬂ“mﬂ“a“‘ uusem conductor all oy. 30 30. A nethod according
the sourceg region alloy includes silicon. 31. A

.nethod accordlng to claim 29 -..or claim 30, 5 wherein the source
region alloy includes fluorine: 32. A method according to any - one of
clains 21 to-31, wherein the source region is deposited by gl ow
drscharget090083theAdneihoueaten:ddngosbténg thee source| arsgionrl to 32
wherein émetoprafntheegeniconductiopoalley wherebyt htoknéssmof abet ween=800
and 20, 000 %gééionﬁ rdy with = felp L{sgd 260 dLRA 1 OgaBKeraRe, Of claims

21 ereln t em co ductor 18 £03|te thlckness of
betmeen 1E%m%ﬁﬂn%0609955§?Po the eﬁPﬁ% ﬁodwﬂﬁ 8P3|n§°toe§99530ne of
cl aPms  2adge® of the3drainhe199ﬁ°ntheth§ou$eslcﬁeéuéh°rlsaléQH05|ted t o-

a thi cknegsa othdesvapte50@gdof; 28epOPioifg!  €He: gate Aimeuladogccording to
any one 03 &La'ghél ekBosda: LAGLYYI B8 tPfieSI8PS1RT QEBQEht'”QhEhe drain

regi-on :
€glo sem1conductor alloy, and the. source region; and
depositing the gate electrode over_the gate insulator..

22. A method according to claim 21, wherein the.
drain region is an amorphous, . p=-type semiconductor
alloy. R S L

15 23. A method accordzng to clalm 22, _wherein the
S dra1n region alloy 1ncludes 3111con. A

| 24, A method accord1ng to claim -22 _or c1a1m 23,
whereln the dra1n reglon alloy 1ncludes fluorlne._

20 o : ; o . L
25. A method according to any one of c1a1ms 21;~to
24, wherein the dra1n region is deposited "by glow
discharge. = : o _
25 26. A method according to any one of claims 21 to
25, wherein the semiconductor alloy includes fluorine.
27. A method according 'to claim._26,' wherein the
semicondqctor_alloy'includes silicon and fluorine.
30 | R
28. A method according to any one.’ of claims. 21 to
"~ 27, wherein the sem1conductor. alloy - deposited Dby
. glow discharge. '
35 29. A method'accordihg'to any 'ohen“of _c1a1ms 21 to .

'28, whereln the source reglon is an. amorphous, - p-type
semiconductor ‘alloy. - '



25  the substrate as a y-axis conductor to an adjacent, thin film/f’

vertical, field effect transistor deviqﬁ?.depositinnghE‘srmﬁf*%+4¥y4ma_a

an x-axis conductor to another adjacé thin fil i Cfikld
ef fect ‘transistor device;, and depositing the gate 30 rmm,mm’m% l”"'t
hori zontal ly par al | el to the y-axis conductor to an a et hin

fitm vertical, field effect transistor device; whereby to form a
filed effect transistor matrix. 35 37. A nmethod according to any one
of claims 21 to 36, further including the steps  of "depositing an
-Insulg;lng_layegogn BOmeEhEBe sehsfahﬁgtreae EQQEm fg@.ffwﬁgﬁ%ﬁﬁ Eﬁ?'on?
. anch_y form ng e 1hi g Ik rL R eld effec ransi st or
device on top ofspgé ?FP%% %%ﬁgisgg%ﬁﬁggvgge}c &ﬁereby to form . a
transistor stack.. 5 10 15 20 25 30 35 : ' -

31. A method according to claim 29 ‘or claim 30,
5 - wherein the source region alloy includes fluorine.

32. A method according to any one of claims 21 .to' _
31, wherein the source region .is deposited by glow -

discharge.

10 ' _ _
33. A method according to any oine of claims 21 - to
32, wherein the drain region is deposited to a
thickness of between 500 and 20,000 angstroms.

15 34. A method according to any one of claims 21 to

33, wherein the semiconductor alloy is deposited to a
thickness of between 100 and 5000 angstroms.

N 35. A method according to any one of claims 21 to
20 34, wherein the source region is deposited to- a
thickness of between 500 and 20,000 angstroms.

36. A method according to any one of claim 21 to 35,

including the steps of depositing the drain region on

25  the substrate as a y-axis conductor to an adjacent,

‘thin f£ilm, vertical, field effect transistor device;

depbsiting the source region as an x-axis conductor

to another adjacent, thin £ilm, vertical, £ield

v . _ effect <transistor device; and depositing the gate

‘) o 30 electrode horizontally parallel to  the y—-axis

{f o ' " conductor to an adjacent,'thin'_film, vertical, field

' o effect transistor device: whereby to form a filed
effect transistor matrix. ' ' '

35 "37. a method.accdrding to any one of claims 21 to -
36, further including the steps of depositing an
insulating layer on top of the gate electrode and the
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source region; - and  forming another thin

the first transistor device, whereby to
transistor stack. '

film,
vertical, field effect transistor device on top of

form

a -

.
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