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drain to source voltage 20 In an attenpt to_understand and minim ze.
this voltage drop behavior the currerf vol t age characteristics of the netal
N contact, the [err]/intrinsic silicon structure, and the influence of
silicon layer thickness and doping on the voltage drop and ON currents have - -

ttﬁI‘Fal n eI ectrode, overlap_near the drain S



t he nol ybdenum el ect r ode. The cont act structure can be nodel ed as an. n- | n
structure. Current through this structure can be linited by contact - )
resistance at the nol ybdenum N i nt space- char ge- limted . .
current flow through the intrinsic Ie%%g%% %jegzonduct ivity of the N | ayer
which is 7 x [err] S/cmis too high to be a linitation. 30 The . :
current - vol LaGR & Ak 2akel, Stinesun®d oftyars, Ma/ Dhd/ dkpefebmiT otV sanag, gativily. In the
lineat and wghv, Tiid b terhgdRutre idbsuRa :in [degreds Konli)/amdh i BlitzmarihsOconstingr The forer of]
exp (-0.33 %t{édﬁ&h ashifvies the Ischlfig ta@ IR @pabdhiagelintted cirentBiRl + ¥iPosork een beanplier 1o other
Thi s char actyéhessdsCotGatruisiat silen, eix pdsaming dhebyantehmatitial pecpertiosa Figwiai & bhoa Shep current

- fact-or of 51Qﬁnshy-gimq%e charauiaristics vt Mg/ /FBin:attgcts?asmemm@aﬁr‘oomepemely snepay(ed characteris-
activation eaibestgyoi ard.\VE-Si suctges. Jhe WoIN sturvpleare aloterrined fiom JarF bYyiee sbgye. and are
limtation aie bihetokmbdlrons thaMadt intdviscaNitial i/t zare bickrieessof fnkipsic giigoad usi-n
di fferent depogsirgitwrst®gard gl thannalsapproximetion faq thel RiTesharasteristis and Hiej werrya on that
di fferent cHaer chennel ¢onductince i ipepertionalf 1p draciaeal falthr the: aifachef toe FrATEEY YOIATe [9FRR ARIEFT
t he radi oof rcbejetareties pashermagelodh I §19/FEF i ity sqtption Ahe;eipeneheus Al Fieh 8Y- measur ed
current voltage characteristi¢c at several tenperatures. This data has been .
corrected fde~ tQ'%W’\'rBH‘(fgé’Td?’G% at the Mo/N interface. The points shown are

experimental data and the |nes are
polarity | s W ﬁ"ﬁ\A\ﬁ’F' °I1'F' betH %éaé ﬁ'ﬁjﬁe smm’% cont %{lt‘)é/ﬁh%{nfﬂff

r sho I ag n 41} Vet n,
case are y ob w|§ty %?é bon ab ﬁagd Fp is -
space- charge V\éotg ey rb éu@ébtcthé ?&Fﬁrghm Bgn@apﬂtedram :
expef i m?ntaere %r 5 Bk s@ Vi hohggus, silicon (a-Si)
structures has een |scuss In the art. See W Den Boer, ,J. Phys. Pari s,
Vol nme 42, qr L]J,(Ve)m,e 4] (1981) and KD I\/ackenzr e, PG Le Oorrber “and WVE -
Spear , PhiT . Mag. | VOl une B46, pp. 377-389 (1982). At very |ow voItages t he
current is GihgleW, méfre&m&bﬁ&depaﬁhehnwwercaé thB @urekap el eholiige Ofr the sqntaad
to the bul k esrsdget énirel PO veinh emalindoniactSiveriabagiszancesi, tlh =ad. For 3 gbr rchmdot oveslag] tzen
activation enrénguisBbutioDuas e edtationusy bé taiculaldai ahd ian Gffectitecd; deteentinedHfom the contact
i ntrinsi casl ayikdnt tisxibuadn. ddpinebethl adt censmht foraggiten EET Sustugks but Terends Lmorcmw@tdeq'tt
W t h. the tr ajesciowsvet,yt isdppHxinatple corstafitend Is adisefulravantibycbetauemit paddaswiysicalinsion
t he space- char Qeee impthedscal determieing datanth |t@hé€rp9$g%p¢q efcidrein |cumenb on a¢H! overjag . a’°
densi ty i npldoesideredsirsttanidistpnce eonlg o thef curent fallafioynderetie contagh cansion efimatpc from the
t hi ckness. Aellowipgiher vol t ages, the dependence becomes quadraticin V.

which is  characteristic of rrqple constant’ trap: density _
space- chargéleT'r'n?Q’ﬁ@J@?‘)oW(WWJPW(%‘{’ X | ﬁ?gher povvers of V at larger

vol tages, as- the q asr Fer eve nt er |for tra ' |
reQI on. The nel 'QBTG ? %d 08%? e loaﬁn :E&JDWQE éd ét¥he
currents. ?.‘igF ﬁ Gid Y b 6>&nkH%
Fer m Iev%ﬁ tl ?ﬂ &g ."i'ngf gﬂ °““’ arems P as § o avraeamfz .

‘equati on: g rttfs' ﬂ' )§ Rolf B0, Whbre Qb istibFeufroHt Bdds®/ 4t ihesdge

[ rr] exp([ er cm&hﬂt%rré ﬂ%& onPhé tﬁﬁﬂe%&&re ﬁz bt 13AGquafion’ 2 Xnd[tﬁé &ubrent at
3 4 X d ddgé BinePSoliled 8dntabils GRAY iRJollbRihg:] Oof 0.58. 0.54, and 0.4

eI ectron ),bolts respectively. The EP 0 211 367 Bl values of a, [err] and

[err]. assung=umpvexe,vyolt sy )cmsyand anperes/[err] for [err] and [err]
respectively. In the above, T is the tenperature neasured in degrees Kelvin.
and k i s BolFoz absiniisionspast astx. 10Thierafisiem?) o =cbRPadni?OT'sT", asd Mnes2Vt Revatingcthgsa dwo
| aw f or spacsuat lcarreyts- ididsi the dervative @V gnd rthereferp dher pstigetei for themamuaRiptel contct
ot her thi ekrdismes nasfeli ntrinsic silicon, t, assum ng the same nateri al
properties. Figure 9 shows the current 4 density-voltage characteristics
of [err] corfatldVasVadatdiMdhed® r om separ ately measured char acterr s- tics

of [err] and [err structures The , ' curves are de rm ned rFom EJ
“as above, artthe®ds tha #oweslay siope 9 F*B%f’ f'a@g c\and
zero thi cR"nes?%""@)t‘e"i"nT Pf tﬁgp@e ‘|"1'tY8 for rw Eftéga‘t‘:‘ r°x' eachecl
appr oxi mat i JHCPY THig st ﬁ? : % ztlm to »
channel condfcd 8" pi, % qu r:’S'H a?c‘t,vo frﬁ gbi, ?
contact vol tagerdi o r| s |cs can e rrod

d .
IS in saty att g e'?:t(oret ) tog uraﬁrth z':u?re BthM umﬁe‘? %]co%?fo?frrﬁt@ E('Snucﬁov%% _
vol t age droprhggﬁmgur - the source contact and.t

nmetal of the source cont act and VT |s t he threshol d voltage. In

materi al s enpl oyed in t he present i nvention, [‘err] ‘the electron nobility is
.typically between about 0.5 and 0.8[err]. In saturation, contact voltage
drop is inportant only at the |owest voltzge cont.act (source) because of
the very high electric fields near the drain el ectrode. The contact voltage
drop at the source contact [err] is determned by: 20 [err] (3) where dc
_LS an. effectrve contact overlap distance and Jc is the current density at

o Y b1 o a



nearest the channel. For very small :contact overlap distances, [err] =

For larger contact overlap, the current distribution under the contact nust
be cal cul ated and an effective [err] det erm ned fromthe contact 25 current
distribution. [err] is in general BRG 2R Bt for -a given FET structure,

but @epends upon gate and drain bias. However, it is approxi mat el y const ant S

and is a useful quantity because it provides phyS| cal insight Three nethods
of det&rmining [err] and the d ence, of dr o § on actual overlap
[err] are considered. Fig&l) tﬁ%ﬁt%& Vscal Tof ?héeﬂgurrent fall-of f
under the contact can be estimated fromthe followi ng: 30 [err] (4) ‘wher e
X i's the di st ance al ong t he channgl an under, {1@ contact and _la]]c '
guantities are evaluated at the e Ghe cBNt aBt nearest th hannel

See Figure 5. .V is the vol tage al ong the channel both under the contact 35
and. in the FET channel. J is the current density across the contact. The
formulation is §n EppPr ax v as-su?inng vher) ivg thY &ddess of the sili con
is thiw conparedRo the II-atereaI Qi st ahce scal e. The factor of 2 defines.
[err] so that the total contact current is aﬁs)roxr mat el y [err]—;by\here[err] :
is the current density at the edbes tf theVEBhiAct. If the FET is in
saturation, the channel current is ob?al ned from equation 2‘and the current
at the edge of the source contact is given hy the follow ng 40 [err] (5)
For al#s simulations, ¢ = 3.8 fofer¥¢ 'f'aV@dBVyberr] [err]=0 26[err] cand VT .
= 2V. Equating t hese two equal currents yields the deri vat| ve of -V and
therefore the estimate.for the pmaxi mum ef fective contact di stance,
nanel y: 'e r*re1 aPPfeG?‘aRmé'Pé“ﬁ sjlicon fim, ‘Wmé?mw%t%t’wéefﬁﬂmeﬂﬁc’"e d'rﬂ tQllawing gryation
den ¥ = [err] In this regard, see Figure 9. The 50 second termis
of the °oraqler [,w ﬂ?for typi cal values of the other paraneters,- [err] is
appr oxi me¥el y eroff This estimate is-in reasonabl e agreenment with:

Figure 6 ,‘.’,[42, mi% AR, %&E‘g ﬁgﬁé&gtﬁxf}%& gﬁéei[}]%qn $hQ Enafiih G thé'"&n[l&ﬁé -t%ﬁfé@ WPt .

approxrmat di stances grea
m crgn ave I\lmt()ﬁ'\f'e g}af ect on t nt act voltage drop or the .drain

current ,‘&he SRNEVIS Vi p (sj(gverl fied by nore exact - nodeling presented bel ow.
55 A nore exact hod is to cal culate-the current distribution under -
the cont agerd @(v)Td RiVETHOBINAGE he WRb] BRILCIERLS CCHMMFET chdAhél &Hn abBoifiaigh WRiEh DY . .
t he st andgrsisediat n0fdag dccumulition,Ooud Inky 30 bBhdduudte hed tiresholdl. it & hbldorm of the
-appr oX bdredonduietahdbathatt 16&is b leatioh 7.1 Thesel Breb ruqaaummambe(tommnédnetol mﬁi‘rdilﬂrst and
di mensi onsscoridloadef eduatinng:ng equat i on hol ds:. 20 [err] (8) where-Jis taken
fromFigure 9. The lat eral current 1(x) flowing in the channel - ‘under ‘the
contact is related to the voI t age V(x) under the contact by the foll ow:ng:
26°[err] -(9) \/\/nerea [err]. This fpry
t he FE¥ channel i's aupp(r:pwnﬂt)lm Whise hi k3% vap_tory '10 telrong - '
aceunul ati on, but not be adequat® neaj"THsedifol d. t'fd formof the
30iconduct ance that |eads to equation 7. These three equatr ons can be-
conbined Into a pair of f| rst and second order equations: 35 '

[err] [wer‘?"]ee[ err] - (10a)

= (Va-Vr-Vix)  (10b)

(0]

and

v _ =Iix) . - = V() (10e) -
%-; = “ﬁ—. C_Je(vG VT V(X) )..

s0o These can be solved for V()_é), I(x}), and J(x) using forward iteration and a second order Taylor series for-V(x}. -

- The starting boundary condition, V(x) = V, is the contact voltage drop. This is varied to achieve id) =0, -
whore d is the contact overlap distance. This “approximation assumes the contact current abrupﬂy
terminates at the edge of the gate boundary. This approximation is-in the samse spirit as the separatron of
the vertical, J, and lateral, 1, currents, (see Figure 5) and is vafid if the silicon thickness is small compared fo

55 the contact overiap. Figure 10 shows the contact eurrent densnty J (dashed curves) and lateral- current, 1 .
{solid curves) for contact overlap distances of 0.5, 1, 2 3.8, 8, and 20 microns. The vertical axis scale-
applies only to the fateral current I. The scale for the current densrty J is in arbitrary units. The silicon -
thickness is 300 nanometers and the temperature is 20° c in the' present invention the amorphous srheon'. o

f_or ihe sheet conductance G of -



where 40 [err] and 45 [err] [err] 50 These can be sol ved for V(x), 1(x),

and J(x) using forward iteration and.a second or der Tayl or series for. V(x).
The starting boundary conditi on, V(V\% 2\(?%675? the contact vol tage drop.
This is varied to achieve I(d) =0 e d*I's"t he -cont act overl ap. di st ance.
Thiss/ appr oxi mati on assunes the contact current” abruptly term nates at the -
edge of thegatie pradisiaioys thdi1B6D ritd A ARUNBRL dn@RvdrSmérd plefabBRBBbUS H0Mrnt - thAR. dthé
separati on é? inbters &R ihdica@ld in Biguré VUl Theadr@h driontlwithéirlirly @Britact drop B@.shigrt-ampdgs. Berd
is:valid if obdilep Sdsh itt@art iidio kiR SentdcS st dengig np almed indepenlent bhe bbb ntrassbs as d

- overl ap. ' Fi gadreasds) Thik taotis tiechasio ot adsbiuCapprogimation assissad. belbw( Nats thetthe dramesyentisd
| at erral csir mimbt indepéraiotti off theovarias Yor Deeriaic distbrted greaterthaapi mlicst.ainisds inaspitDof3he fict
2,- 3.8, 8, thatlae wdriachnerlapineeases; themdsé significentomantficapmtiérde eontast at Brgedistances
| at eral cur fremtthel soufdecedge; dlihe rdagan. forhibis deitrecesitle iethes higly debrdesof inanlineaityt in dheéycontact
units. The sirrent Giguelil shawsasintiler Qlywation fan esedaeed digirvoltage ot 2yefe Evan fhquah the deyice,
In the presémut piegimtion ihettric shaes Fisurrvas [sistwer. Boure 123hogs the chapgst cprpny I yarsus
i s pref er/ablthp qoaiad overlap d3erchersme pondiiprs.asds Siown dO-Riavre W[ﬁh@"’spﬁ"ﬁiae%?‘}l’"s 84t
150 nm t hi cW"cfﬁ%@P“ng‘&%i"ér’@“‘sﬁsé“ﬂ qaks ot fdar & T'—ﬁ, ipf Figure 6

current wit Fofif™ as e’?“’s“f??‘&’?r@g -. ty '"Ifg?m% agmﬁ'égvs"aps
% T r "'19 Orgg CLB'glﬁ

than 1 mcrg callyy, B & n Oalf®
| ncr easeff a &Oe%% :urofr:e redr ron c %trc' verls a‘gdls or ﬁ@%ﬁﬂ?
di scussed’b
Can sh |sa

the overl ap (LR eOves th%roﬁg o i g }ueswnhaa ﬂ{:fge
of the fact gfBaby A% Qm@r&?@ésad%to 30Mﬁfo @I@rhb %Qe{c??e%&ﬁon 6N Gukeht dépdhds dnclﬁél"srrrcon :
C U rrent fl owidtRedsand Sifof QGHli@Qirap%nthWdﬂ?thS’ lefidcR B CBrtack UdhAgel didp i QME&%&?@ Qé%ere-ﬂ?

on fqp rsmﬂgrdhanﬁena@g@b e to the high degree.of non |near|ty in the .
cont act curr ents. mdritignét relibushiA\Wsgar 16 IFiglresifio 6 IVl tndlidtdhBity & theddréi® deRiCiorciontadt
vol t age of 3vevadstgieatdr@n 1tmidsiOdves e mdavthere is ifsigaiibantdontad iclitent ot disthiRed@6disr
shape of t héas tiimicsn foslargértontant oveffipg.UThis phdadealissuk 18 @us loatis strongCdependerice bilontact
versus 10 tirentaniobage. overl ap d for the same conditions as in:Figure 10.
Fi gure 13sshoviased on thepbsewation that orosms!l b@riath@ corktact aamens HérisiyOin néai Giktiomrs isstveaan x
i ncl udes t he dadx f=r dra drisepisionn exproTdine forithenchahnel @imgrtlat sl overiep chentecbBined. In this -
Figure 6 isagprodmationd. = JYiMend b 7 SHOYWAbThesiye eayations amﬁ@eﬁrar@owwor V() =
di fficulty Ve assbifereeitainareigdmationsip - lb'l/ér¢\’5,p’§‘9@r§*tr éardyhenror d < 0, the -
nmodel predicts no drain current however, ‘fringing fields do. permt sone
current 9ol B¥keasTVrn ¥t i VAN overl aps. The sinple one-di mensi onal’ ‘nodel -
cannot treat these effects. However, the i-s_ nodel does quite accurately
predi ct t he "% cr on characteristic overlap di stance seen experimentally. -
Fi gures 12 W ont gct | t age drop is-a very srgnrfrcant o
piobl emf q@ﬂo:‘gerh@ﬁ \?f’b}af)lzﬁ 4 (9\é9L = 0.5 mcrons the ON current /i § 15%
of the rraxr m possi bl e val ue vvrthout contact voltage drop for a silicon .
t hi ckness of 0.3 microns. Thé exact reduction in ON.current depends on the
si,l ,con thi q{gpes(esam(usrh?ﬁenz quagyity (trap densi ty) but the effect of
cont act voltage drop s always nore severe for 20. shorter channel lengths.
As menti qpeghdreviously in regard to Figures 10 and 11, the intensity of
the drain current for contact overlaps greater than 1 micron does not nean
there is ingtgnidd/@eapt coamfact current flow at di stances greater than 1
m cron for |larger contact overlaps.. This paradoxr cal result is due to the
strong depencnation 04, «cean tbaestinztad fomt Figure % dépbadye. updibthe contdBhsaentaansithdhe dotted
obser vat i“®ncuryeatin Figyre 4 2rae[thiapproxistion wish o oh e anst« €103 & A2 Siiis gppfosimation iy good
uni f or m bet orough jo ‘ke @seftdlt staile: for small ovasler desaysany dsc paties &t i nf Br3 inhibis obgionn dhis
current at 3ePEImalionegen é?ﬁ ugedio pREMa the slegel of 1 VereuR ioverians Br Usiop i $lepe from equations 11
J(V(0)) anda’["é’r‘f"ﬂ‘-“ A eyjticahgontagtovedabt wo equat i ons and equation 2 are sol.ved .
for V(O 591 ﬁqnﬁl bo/ipPd) f5 feiped, whera, jlop | r%ﬁg RERMORS 2% ogntmi Y°“999-‘Ef%‘h”1 srgrrrmre

556

n=2or orgﬁ)the[faé:r flhrt dcc(ri:ﬂatem e[)rgeftrry]by tr(efgl))wzgq-)approxrmatron
' l“e o : : S
doe = € 20 Lo _.r;s;._-*

For overlap distances much larger than d, the ‘channel current in satr.rration _be_dqmes indepe_nd_ent of
contact overlap. This approximation shows the significant dependencies of the minimum ‘confact overlap

9 . .



or [err] (13) 40 and [err] (14) In, equation 14, a can be estinated
fromFigure 9 dependi ng upon the contact current denS| ty. The dotted 46
curves in Figure 12 are this app t withn,= 2 and a =0.2 Aferr].
Thi s approximation is good -en‘oughgﬁﬁqﬁéaﬂg& ul . It fal | s for small overl ap
because J is better fit by n 3 inthis region. Thi's approximation can be

used t 0 tfsﬁnbm &Eaﬁc sal'\@ pigtelﬁgl p&r% Jrs fHen gép \gﬁhé ‘?cpmulg lt éﬂﬁuk‘jl w;tecd tﬁ%t%e
from eqyglibPi op hind Yegiortwhef .ﬁ{ah s qgéﬁ?artl fifciof’ 'l 1S
defined, Wagiictthd ioouissfon ab&,ed.{d?aatas & WothBd for HABIMIGQ: SPBHnRtallyY R ke vdlsfdwn A

-signi fi aRdts B Qelatbd RCINY HickRosk Snd Bsd &ensily di iRt uldBpdd] or lightly’ ddbéd Sfboh Quy&rEd the
geonekr Yolldwing way: f ol | owi ng approxi mation: [err] [err] 55 For overlap

dirstances much larger than [err] the channel current in saturation becones
i ndependent . of  contact overlap. This approximati on shows the significant

. dependenci es of thaign ni mum contact overlap 9 0 211 367 Bl distance
on the device & T &gle (¥ BiretEy s- mg?h/em)y this forpsja, it
"shoul @ be verified that the region of opération refdins within the region
where J can be approxi mated as a quadratic function. Wiile the discussion
above i rrdietochleds thy epuivalepiciensity oﬁ@tn@cmnrhangstete%w&um@ntdamsﬂyof g gep plated. s & be
~shown t Hhg reiptive dielgcisic porstant whighfer giligpr fe rerreximately 1 2-8yo diothe dielpetd canpiant ohflfped
or |ight 9259&1’%‘?“?? E‘o'hEﬂI i\ foe distance picaugsi-Fergi feuelt f‘i gy con étf°f‘ band edge. To a
(16) o rp B {?fa!s Rt Fam devel, Agab ‘6’ Yo mehil

[err] i sa"i°ﬂ°§' F°’ ;Uy" 2 t"é’?" sﬁg@ﬁ"? “c'ﬁ %’P’é\ ?)%1 ﬁ’F'@c P’
constantg"\?\%a’é1 'f°8? s'i‘i"f‘ll 5 VpiEa oBt?” Mgw ? q’iat ?gé'?’éé:'(t?j
anst ant « iS a materia encla'nIf §5, dl st

quad 5 am% n JsesﬁE 'fﬁ Subs fa

S L in%i?ﬁ

apprOX| drQFlabo %g 9 _{;\ﬁe %do Bg?‘év 79 %ga[u%‘)f“bya[er r]

is the el'eg JéBchfiEq doweecﬁbearr.%a ILQI g 5o SHIBH BILP Yin £ hyes Abn

nost  serd,aPRdp 6l 8. Sthishs adcomgligiel @Y1 rﬁrcfn taml P GaseO8leh PR H%esé Con
[err] | susby/ididesdsk e RRABHRAS siftidR. 0P By aﬁt.@luam dn brb nAfp5 dofdrk biom&Triolthe difdon, In
- general ,thd faitdr Tasef Msking A usdd itSiinit 18 U6HahE lto B8 REMAELR Rioad INBIRBY bininaling e BIRHIEEN -
about O.dbletn6ls lefidcts @F tle dobatits Wi AR EHaNBIMBGIRA 08 Sthes IFET.CDGPing Nle SHBRHhaS tsifiddn Y

| ar ger fsobstantig tincybashs Peitha 5681 @NAIDS 18)i aridCB6rofore dravRatiddlly Qedited msroﬁﬁdaedonhyt 20

r educi ngvérap. dieni d.y (sed equatibn AP This péraits Alsubistantiah&diuties Brdontadt\vesilep Gistadic @l -

dopi ng iand twesbes reduetion &i the sarcecto lyste Tafanitdrcs. Pbésphdiaustdofifly Baused) #dr eRamp, fo

bet we®n aghiengta réormateuip@urd\cindugtiyity o bput20etdi ¥ Bomiimthe ahorpiwuglgiion.i bed herein
rel ates t oNot gaeghdiosy i iinisfsely ipeopgrtionalde e $ccifial ibetier aiorghaus siligee matspiai with & lewkr as P
or Sbh. THensilyofstaiesin el 9ap Haga B*g, llgt  pnsitherefaerasiealierahe: Asainplg thatithe os matetial ées
[err], \M"P‘h’ ‘{"Fi'é’h[’@l‘“i"?“sd’é éiﬂeft'lb‘ t the Hifferaiieg (o h Giis radured: 5or, a Gt slpsiron wolt

i ‘mpl ant ?’Iﬂﬂ ihFe -t Frer RCrPA5PR rogep WW% The, Beayy polid syves) ip Figures fand Hh t er
ase; f ' YOrjuR 'ad‘o é‘s'f‘ 1 ‘Eq" B $an .
C at°5s Efs‘%%ld'f‘ﬂ ’F‘?‘?f orjup & g the ‘EHH’E’%H afion Q) Evpentialyy
elinm naﬁqw °€ 'é?t'i"% V%sfuztfm_raa Yo %e’E?FF 'f"ﬁ'@'aéﬂ%?nnel :
j r\QQJ on roxxmate odel ﬁoh gur cé:g %B g% (IS :E‘ gr '
al pha ( %élﬁ gf 9% ﬂ% cg?wt Iéag% shavior & kg)w d aif vol ges ?h
cont agt yaVERLAGe b ShiR BGSr .ﬁ.r..{ é&em. m

0
~ Subst antn‘lt ack. TH! fcfohi QBnthdd chrv h3Grh esch\ﬂ% a@@d t@%ggg&gix %lssg WCt i on
i n the SQME efefifontiflifa GAREAS Witk Bif&ent P%&@Q%%&m%@@ém Agst APGbvicdsHays X @NPI €, -
to 30 aChicRNLand W CDDIC RIEBRY. BldsS(a)Cind @y Ghel 5 308 nR thidl Mtnsie sillcoh,8b) tbr 200 niahe -
anor phousicls inkin§i® Biicohldng (ENBEIGE hWialightly pitospoNAs-8epbY SREPMIEH b GBM 1dniderslfe’ ] SO
t hat JsetchRucthmpsf@NOSS Sicthi THa ottt Bvetiat) fokthése devided \botwdRR 3 iahy 18TmiGdnsleRRpt N
t he gap fdrasrve (dy Whbrb @ris 5 mitruls.(uBe &) s the Barhd1Bdvice sirdoRirg 4s cule4) siddbEthd tuatactt he
as mat erovexlap iiss5 wiopes! Nl e solab SipleaseGUON @urredt foethis tadioy pES thopasetin cdntagt overlap. .
- di ff er erfbe dpwnerviith a[lightiy |N-doped aativecsiidon Bymr, carv (4, wh@es e dovich whikiais gmitedby[ err |
- [err] ‘heaMp/NC icerast end/iot shagecharge-imitasinconduetinnr Fhisican beT aelelstad) froms diiel thisaryiofv €S
in Figu rspase-Thasgedlimitad @rents, g dusi ma) qaerige lifsthe fratip [of frefy. t9i trappedrelestiens sideesindhedy?ai n
vol t age "%Q!qnng;'e tsPRee-ghesgetimflgsjeurrentsheuict heopromortional s expir{Fcc BT (eepuaouation ). Thesul ts -

ar e -obt SrhrAgiahincresse dn pusentApd redéctien iicanteqh vollagn drorbahador s low|degin (piacey varifies
exact nikpeprreyt ed(ﬂqgrease in « as the silicon layer is’ lightly n-type doped., Of course, the light doping of the - -

channel tends to increase the OFF cuirents. However, with the small- amount of introduced dopant in the:

55 above experiment, OFF currents at Vg = -5 volts of less’ than 10™'° amperes have been obtained. '
The theory and data in Figure 7 indicates that a considerable penaliy in device performance occurs for

intrinsic silicon layers thicker than 300 nanometers. Flgure 15 summarizes this conclusion. it shows exact

model calculations based equation 10 and the contact voltage drop data shown in Flgure 8, of the drain

EETRE



bi.as (for exanple, see Figure 12) and by using this current to choose an . -

effective overlap, [err], which fits the approxi mate nodel (equations 3 and -
7). In Figure 7, note the mgmﬂcar%&&f.l%r? f the intrinsic silicon’|layer -

- thickness on the maxi mum ON current -and”al’so the cont act voItage drop.

beQgvi or at |ow drain voltages. The 40 theoretical-device with a zero:

i NETiNSi ¢ Shinehiof vi, N BKBREG, 3SOVIBEMNIcH. hidnetdiol HYotESFatslbidriipe. Ndﬁaamb/bdttNr
interface. Iha nd@ak 1GABLAGIUBLE MRroR DFHAR.SBIS ¥ @lidrat] eheCdralf) cartent dapreasa traptlys .
Figures 7 amgbsd fbsitls 3R dpsidént oilihe Quale hicpas Bdp dbasitg) dnd Feintt kselwf thi siltioh fagsrdmihe
i ntrinsic sithahenReiting kidetdgmttp deindssreastl the dentact esitagradrep. Changd imthe Ferm levah d

W =_200 né coiome intridsic \sticon (Iaypr bavel ab dysnamere fdcamaBo effectnHetrec the jcriical thisknesssipl dayign,
(b) for 200pevmbdncacdegiaridtivn depprs sipdn vedngs Heatmgnt progesses? Woethanlight jiHyredoping Is useful
phosphor ous deepdsdriticallyi cwodhe QfiFtcurent reodnmentshioethe patiulangpplicaighduct i vity of 2 x
[err]. The cori st theny iis saen thathereie 8 eritigal velaiorshipbetweer,ehapnel loagiL, poucergateroyiiiep
except for dusiigen fhigknegshteand o in pasticglarnit é w9em thatCeffogie af deprepaing he sURRe0FRQPEAR to
st ruct ur go adecaape, the Parpsitis,cepastiance, Bsadi® AHtiselly ligited by fheifact E}‘a'frf'?f'?go??s'"t"q%‘ieé t"ﬁ ge

smal | incr eg?cg r;t? ;‘rg f%@g};ﬁ%?f ig acqorsiace fith ﬁ*@r%’ﬁ'@éé&ﬂ;ﬁ% ﬁ“ﬂ o ?Og ym sit co{
: | Th nimum_over
et R . Ly %WW C %wmg;;g{:{g‘r
h i
:gacgpgc % gﬁ'é roFers vrcFeg ﬁ?d on ? c%v% %\ﬁr A tahsﬂr%n ?a all 400 =

to trapped 8?53 r’sur?g "%r nce n the[err] regr on, the space charge fr m_ted
current show g be proportional to exp[- ([err](see equation 16). The
subst anti al |ncrease in current and reduction in. contact vol t age drop -

behavi or at 41 oy é#ro%hsus\emtanaﬂ@am\rﬁh Ieifdce O%.tter BarRAEAPEr (580 RARRrysEl dspRP adviess;
silicon Iayer ga@f,gmgmc{yang\stg%gﬁp pged. course, the |ight doping of the
channel tends t0aiRsUI@RPRbITEE (Sl F currents.- However, with the smal |- am)unt

of i ntroduced dopgﬁt&erbamadt(ez)&ir&p&bmuesammmﬂwmsmﬁ:F currents at [err}].

vol ts of | ess thaninfubiiig layeriaerdisposedvwer Exitbgatedidcirodeed. The theory and data |n-.
Fi gure 7 2 ndi cat esahdiptousisikeom tiyetd26h disposgoal tajd insulaiey lage, wammmwcews
for intrinsic medessbgrathickpesss: t hi cker than 300 nanoneters. Figure 15 .

sunmari zes this edrin aestrasie (30) tispobrslen seid amerphwd sllicandaveusaes to mertigiy seadie Sa!d gate
equation 10 areectréde; cont act vol tage drop data shown in Figure [err] of the
drain 10 EP Oa3quicesippirgde dispaspe(3B) assaip @metphaous giliconrjgyet/s9 as g defing @ chgnael region -
sili con t#Ai ckrddengthdyinsgig a@aa'rqyes‘%c@r daypry 894 ghpgnel fegiop exRpding,ip igai a@praiqus silicon
effect of 1 milgyeppeterep §%s°3rcmet9?t G\F‘éﬁ'ﬁé’ﬁ"“ %@F?ﬂﬁ ?"’rﬁ%‘t"% ﬁ'°°"i°H%°"6'f‘Véﬂgr?a'd gate -

current decrea%%’%%qef B disip “°°'ﬁ'r6'§$ nythat re d Bﬁn% ?5 ?g fafbﬁ)g | .
(nmid-gap trap d -
Redcing Lhe i e- ey i r&gsémrfﬁg% R 8 %gebagz AU

Changes i*h t he”F erm ve‘f : of the intrinsic silicon Iayer have - an even

more dramat ,¢ & gl% stor H%ﬂﬁrﬁ intwhfeh Sdid thickibs ¢ tbiaQ%%gEQWr?%b&ﬁn perf ormance

degr,adati on depen S upon various treatnment processe _ her. 1 ght- N-type
dopi'ng is usef e ndRRENSIsRK | nivhith bifd BRidebier i B proxkateR 50 hAGUI rement s for -t he
particul g application. In-sumthen, it is seen that there is a critical . -
rel ati onshi p. brdeVeadstsrha ron@h 11 iangich e, is FRWBEE bgwden dppekimalyd0.5 ginhi~toNand 0.8
t hi ckness t angh?a-tstn particular, it is seen that efforts at decreasi ng the-
source, gate overlap to 10 decrease the parasitic capacitance [err]
critically i nfhedensisior bitviaind hintwhich afis approximatslp 4ix10T8dehadséan®a vol t age dr op at
the contagts. However, in accordance with the practice of the present "
~invention, frauThetrnsistor picisim 1 niwbich sald ovariap distanpadinless dhen a@pr@rr@teémteem&re
provided in the geonetry of the devi ce together with [err] doping '
control a i offgdiensisipr cbeleide! inhyhich seld FP%?‘G séi'ﬁ"'a@\%.d’i BiEsRIOYP. G%ped It? aghigve 2
al so not ed tha’P°'N?ﬂ\HE‘PtH"@°9Wé°“¥'qu&Rﬂ'PW°M3re *86Ma snal | val ue can reduce
t he cont &8t voIta e drop. However, thi-s-has undesirable effects 15 on the .

pr ocessi ng | ces and on the threshol d.vol t age cont roI Hence, - .
silicon thi i bl usual le des&nj;a | e g
1 é al
A oo phout “? b i Rl e S48
use in liguid g c? evl ces, sal d ct transrstor .
- conprisi ng an | b?thQ:Qan? Q)strate (20) a gate el ectrode (22) di sposed on. ..
said insulating § 4o Sie gg;g (éﬁlﬁl%ggarwsdb%@go|£&4) di sposed over-said-gate -

el ectrode; . 25 unecoumarsoertpzmseﬁrrér&%uedergﬁre (26) di sposed over said
I nsul ating layer, said anmorphous sil.icon |ayer - possessing a thi ckness t;. a

drain el ectrode (30) disposed on said anqrphous silicon. |ayer SYop as to :
partially overlie said gate electrode; = - - S _ R



a source el ectrode di sposed (35) on said anor phous silicon Iayer so as to
define a channel region 30 of length L in said Iayer,
sai d channel region extending in sagﬁloaégpggﬁgqs Si Iﬁmﬂm;‘mﬂ n said
source el ectrode and said drain electro sai d source el ect no e overlying
said gate electrode by a distance d; characterized in that said distance d
bei ng gi venursppatoki FrdY ehy VH im/we}sps wilieen ehicknéss fdrlteo gatres-gaspaeildpaNoe® e Father
uni i area, pealr §ffettsoft thmiceh fversts § enieedreaioriapn Batowi1l micson) the tdrain amentpdecreases irdpidiyon
| ayer and dhass rdsdits\eesedeperidont on Brequally (mid-gapdiap Hensitd abd Fekm| level bf th@silictiniayer in the
t ransi st or chanel| Refyeing thermiddaprcirarsisnsily derreakescthes cantaitovoltage siraph@irangas by thx Ferant leve)
300 nm 3B ofTie intngia Hisandpavep have| 3 ¢yerL mpie gipmatin effegt.oHenes. dthe) erdfisalithiglgess for device
appr oxi mat 8pr{prmanep ¢agradation depengguppr ‘é?ﬁ%qsé'leétﬁ’eﬂifpf‘&PﬁP?nV!heﬂ\‘?’ it Ryrp dpRing i yseful
bet ween bef’W@é‘i’F“Q Pyo%tPPa‘PFéﬁiéP“B“tS‘aq[" éﬂ'iél‘e(PaE'C‘['%IaP lication. The transistor of
claimiin m']'p ?emm ?' lgngth Ly Boupee gty Querlap
transi st or 0 "Pe Y "°? °"°"ap to

Ilc
appr oxi it &°44° ﬁ:: ° PEBH c c/apac'ﬁ{’get F%l scf'g es a voltage

anor phous ?Aﬁh 5\5 J:.ntac However Q% ?a gaa ese % |l L?
at

conduct i vi Eé’ doc?(lh% I{ |9@t§o ucing the
transistor g ?o&éﬁ%ﬁpal& daf g J‘Boﬂﬁ& ol‘é‘a eﬁ.‘o 'ﬁdw}d eres.r le effocts
spéci al QETEBE ther.)@:féésrﬁ@H‘rthtJ devibds!ah@ &t e hredRdiPvotsse M&P%héd ﬁ%mééﬁ thidicRdd lﬁ@& hQn
i cristaux J,gs;gw,msauyg@swgmany stor a effet de chanp 6 conpr: enant
substrat |sol ant (20); une electrode de grille (22) pI acee 'sur ta substrat
dgss;;l ant; umauﬁsuche i sol ante (24) placee sur |'Mectrode de grille; *

* current at [err] = 8V and VD.= 10V versus silicon -

t rck nesus flo rArt anerphousr sflieongbit mmmrelffeqm gransisiot, @artiduterly &dr lngs in dgmd trysd tiegwdy dalicds,

m .cron ver sussa@ figid effeshtrapsistor comprisdgl ow 1 m cron, -the drain current decreases
rapi dly. These eriosHiating sypsraigd2Mndent on t he qual ity (md-gap trap density)
and Ferm | evel agfts plaerods @R)cksnosed prpeid insuldtieg wwhetiaeel . Reduci ng the ni d-gap
trap density deiEudaliag eysehfipater ovaspridgaie d?%'ﬁde’Changes in the Ferm |evel
5 of tB& intri ﬁ‘éF’E°’§'?°I”‘T E"b’ﬁ" [248r l£6) Kligpesed Avas Faif) Infyipting dpvamsrid @metphus siitcondpyee

©
b ke o ass SriEen
critically on g: oy, % remants or the art cu q
I sum ter abt%"ﬁse%gdfﬁ ey ; ?;c} s e e
channel engtI oFbotwddH s qs%’l% rifing & d?ate
particul ar, idigdhsieDsa dis 9&3 easin € so urce ga
to 10 decr eases&ch@st%ﬁ %Sﬂefnb vﬁr?-%ﬁ:lerﬁfé% é.ia)l whérb 'ctlé #dlgh chﬁagkatw@éjpépxmt

the fact “t hatahOL)@ wPetetthvé 6 ﬁ>ﬁ$noﬁm G 3 DotphUR sficort 1Bfer @R LAS bstwesh AVELY 8'A
I.n accokgancenyei-R aidsd Admey+2ce of t e present invention, maximumsilicon

t hi ckness and mi ni num overl ap di stances are provided in t he geonetry of the. .

devi ce toget e traststor pfefain] 1 Hoich Gaid Hick@ss £16 lessitharnapprdtiiatelyosoo@suce t hi s
robl emto an acceptable value. It is also noted'that reducing the silicon
thi ckness 8.0 e yamistor ofziaire! wawhich ealditiskiohet is eprraximatohoig0age drop. However,
this ha%e undesirable effects 15 on the processing of the devices and on the
t hreshol d @ol?ha ngigiant 9f sdaim Pieln chich giuesip | bisteen befivednerpsoximeateiyy P§ecnf¥ 9o santl A&
i s usual ly desrYapl'e. Cains 20 1. An armrphous silicon thin filmfield
effect transistor, {Joart cul arlé for use in q'w d cr%/{stal di spl ay devi ces,
said fi gﬁlzdsef-rfhggf’"sls BRI biP WolER 5 LPiRymatal 4|"n§_!1 B substrate” (20); a
gate el &ttgo n.-said insylating su |nsulat|ng
Pover (2 b BabEReLHERR aﬁ"d"?’gafaéd et e 5483 i BorSim Ay s et
2: : : 282 : ZygThg %QAslsgar %P 8§ r%d! bi chss%l‘]d(jimorp%ousasmcgrg Iaygl ylg rphospﬁc;rcgus%gggdplooagﬁeve a
y ro&rpéﬁiseﬁ'&ln@gorﬁu ately 2 x 10~5 S/cm.

50
Revendications

1. Un ftransistor & effet de champ & couches minces: en silicium amorphe, spécialement prévu pour
l'utilisation dans des dispositifs de visualisation & cristaux liquides, ce transistor & effet de champ
55 comprenant : '
un substrat isolant (20); _
une électrode de grille (22) placée sur s substrat isolant; -
une couche isolante (24) placée sur I'Slectrode de grille;

11



a drain el ectrode (30) di sposed on sai d armrp’h_o,u,s,m licon | ayer so.as. to :
partially overlie said gate el ect rode; a source electrode sed (35) on -
sai d anor phous silicon layer so as to define a “\‘““‘ ma ~of
length. L in said anmorphous sili cEhORaY 887 Bty d“‘“m *ext ending in
sa| d anorphous silicon Iayer bet ween sai d source efectrode and sai d draln

el ect r ode, S@ri% £?{Eure X s:?c %:t r?ﬁ% %)eé%f& r;gr ga&ogchgq%gmgl &l rcggge Qy siflcium .

di st.ance di st ance el ng.given approximately.—

by [err], .,,.e e,‘éd kg édrg.at(a%) GRRACk) AERORPEe Wiin Bnbifhe bEtodn bl

effective E' g&iy Y the anorphous silicon |ayer and a is betweeh_’
about, 5 A 354, ele rodd e[(gé') rlacéesur -Er&uéhéaﬁssili&hﬁ Farn@ifphd; |da|fd§brléld6f nvhingh

sai d thic KBESSd cdn deQSuddd &R IcAENSTES Sicm3QRonpe) cele dbloe db baabd'@énaantof .

claim1l i rhavl\@ iaC Bt Ho TslbiGrk NRBIHhS chife PERRIGYNS] dBidicy ef Bllecttde dd)drin, dhestte.
transi st orgigfrodelddisbirde leBouWaitTBleduedd de grifie SaeineRimtanked; uirautirisdpT @Xuerat el y 0.5
[err] and O. & digkinkd d et dofiiee abprowimdtiedm@nt faf ciGl(Zlixyed désignanh pas le lccaparité de grille

appr o¥i mat gk Ui Seirg, Par ik 1& aobitits sfeetve Jdes él&ctrbns d‘ﬁhsslabmahesdmlunm@fnomhealemaial n .
whi ch sai dnfpaaniém)cumpsisann@enﬂmnchesévtzhaethVﬁateIy 1 micron. 7. The
transistor of claim1 in which said anorphous silicon l-ayer is phosphorous
doped t @. alettispsisiorale layeyanticatipn f.alansrieque) Sérsiseaur Lest pfétqure pvipRi3pbael y 2 x 10-5
S/cm 50 Revendications 1. Un transistor A effet -de chanp a couches:mi nces
en sihi 8 U teentistyside la reyracicatipe frshns lpgueljepajseryr t ¢st enprw«m%waﬁemwég‘ -

di spositifs de visualisation a cristaux Ii. ch des, .ce tra gt de

champ 5% le “a“i’,'ﬁ?f'pﬂee'ﬁé?}‘?“d“iﬁwnsh gans laqueliig Bpt-HamPHSs §yire ?Pﬁ'ém rodé rille

(22) - pl ac~¥Nif sT'e substrat isolant; une couche isolante (24) pl acee sur

5551 i e L Bl e

ouc um anor phe - ayant

une epaisss l?eutFan%stor(L]ugq? %L&%%tf%ﬁ‘? $fis H41 10 aibeARb dP L&&ﬂ?en-:léh‘crd dsBinieRUe iS%ndRn 1

SI|ICIU agon recouvrir partiellement el ectrode de grille;
une e ectrode de source (35) placee sur |a couche de si Fi'ci um
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© couche de sil’icium anorphe entre |'el ectrode: deo source et Ieectrode de
drain, ohtentapbdrciR) ectrode de source recouvrant |'.6l ectrode de grl I'l-e sur
une dlstance ; caracteris6 en ce que |la dlstance d est donnee. '
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Ver wohdungeh+v-2 und 50 A cm=2V-2 betrégt. | ;
- 2. Transistor nach Anspruch 1, wobei die Dicke t Kieiner als etWa 300 nm ist.
s0 8. Transistor nach Anspruch 1, wobei die Dicke t ungeféihr 150 nm betragt
4. Transistor nach Anspruch 1, wobei L., zwischen etwa 05 cmZV“"S"" und 0 8 cmZV"‘cm"1 betragt i . =
5. Transistor nach Anspruch 1, wobei ¢ etwa 4 x 10"3 Fan‘adlcm2 betrigt. '
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6. Transustor nach Anspruch 1, wobei die Uberlappungsstrecke d k!emer als etwa 1Lm Ist S

7. Transistor nach Anspruch 1, wobei die amorphe Slllcxumschzcht phosphordotlert :st, um bei Haumtem- _

12



FRISSlgkrlstaII-Anzelgevorrlchtungen enthaltend ein isolierendes Substratif.
(20); .0ine Gate-Elektrode (22), die auf demisolierenden Substrat (20)"

angeordnet ist, elne Isolierschicht er de (22)
angeordnet ist; 35 ei ne anor phe: EI ?)I)zgl Ellrsrggglocht ( "mm mr EH

| so} i erschicht (24) angeordnet ist und eine Dicke t besitgt; Lemnes *
Dr ai n- El ekt r odgordtd@ne LeitiEnighbit vol @fva2XDIOBISEM 2 br@ibiiINBChi cht (26) SO . _
angeordnet ist, daf3 sie der Gate-El ektrode (22) teilweise aberlagert ist, -
ei.ne Source- Elektrode (35), die auf der amorphen Si'liciumschicht (26) so
angeordnet ist, daB sle ein 40 Kanal gebi et: der Lange L in der anDrphen
S|I|C|unsch|cht featl ogt, wobei sich das Kanal gebiet in der anorphen

Siticiunmschicht zw schen der Source-El ektrode ..(35):.und der Drain- Elektrode.'ﬁ

(30) erstreckt und wobei die Source-El ektrode der Gate-El ektrode um éi ne.
Strecke d UWberlagert ist; dadurch gekennzeichnet, daB die Strecke d
ungefahr durch c4L, (2La) gegeben. st, wobei c die Gate-Kapazitlt pro: FI
chenei nhePt, 45 Ue die effektive Elektronenbemegllchk0|t i n der-

anor phen Si[iciunschlcht st und a zwi schen etwa 5 A cm2V-2 und 50 A"~
cnmRV-2 betragt. 2. Transistor nach Anspruch 1, wobel- die Dicke t klelner
als etwa 300 nmist. so 3. Transistor nach Anspruch 1, wobei die Dicke t
ungeShr 150 nmbetrigt. 4. Transistor nach Anspruoh 1, wobel LLe zwi schen -
etWa 0,5 cn2V1iS und 0,8 cm2VWWcm' betragt: 5. Transistor -nach Anspruch 1,
wobei ¢ etwa 4 x 108 Farad/cn2 betragt- 55-6. Transistor nach Anspruch 1,
wobei di e Oberl appungsetrecke d kleiner.als etwa um1st. 7. Transistor nach
Anspruch 1. wobel die anmorphe Siliciunschicht phosphordotiert ist, um bel
Raupt em 242 EP 0 211 367 Bl peratur eine Leltfdhlgkelt von etwa 2 X
[err] zu er2|elen 5 10 15 20 25 30 35 40 45 50 'ﬁ- _ _
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