2190242 METHOD FOR PASS | VATI NG THE BACK1EHANNEL OF AMORPHOUS SI LI CON FI ELD
. EFFECT TRANSI STORS The present invention is generally directed to a method

f'or passivating the back channel regions in anor phous silicon field effect

transi stors (FETs), such as t hose enployed in matrix addr ﬁgjﬂlzgty d

crystal displays. 5 Ebodi ments of the present invention

a treat- nent process for anorphous silicon FET devices mhich results in

significantly reduced ¥eygdS POR!PASSIVADINGOFRE BACKEOHANNELNBET i X

addressed liquid crystgﬁ"£§ &ugyg*ﬁq 5E§%IELEAE§FFQ£E@ Agsiggbgg field

effect transistor eV e s—at—tati—pretire—erarept—Tperr—= For
di spl ay applications, each pixel is approximtely 100 m crons square In
such matri x addressed liquid crystal displays, each one of the pixel

el ements is turned on and of f through the operation of an FET. Furthernore,
the desirability of | owWh® preseptrinventpencissvegefaldysdihectedl trati on

of FET deV'Ce%rQQﬂPr£§§r5h§¥¥@§Lfﬁg HQQOBEQKaERéﬂQQESréb 5qgn1nlgmgpgﬁg

tion, a selected FET or ‘set of 15 I's turned ’ arge I's peHﬂ
to accunulaIeﬁkﬁr%ﬁﬂexﬁ%ﬁ#u?@F%ﬁ?e?r%$§é§F%§§ (E§T§h tog%%%%ra%nth éueﬁeund

pl ane el ectradghicAfed AfiMatBiy 2WERebsks BiGaPACELy¥LaStQI8PEag8Vice. The
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In matrix addressed liquid crystal displays
N~ (LCDs), it is known to employ field effect transistor

10 devices at each picture element (pixel). For display
applications, each pixel is approximately 100 microns square
In such matrix addressed liquid crystal displays, each
one of the pixel elements is turned on and off through the
operation of an FET. Furthermore, the desirability of low

15 temperature processing favors the utilization of FET devices
comprising doped and undoped amorphous silicon. In opera-
tion, a selected FET or set of FETs is turned "ON" and
charge is permitted to accumulate on an adjoining pixel
electrode, which together with a ground plane eiectrode,

20 acts very much like a capacitive storage device. The
electric field between the pixel electrode and a transparent
greund piane electrcde preferentially affects iiquid crysctal
material disposed between these electrodes in a manner which
changes theair opticai properties and thereby provides a

25 display function. For purposes of image display stability,
it is desired that any current that flows during FET "OFF"
conditions is minimal. Typically, the OFF current is
required to be less than 50 picoamperes. Low OFF currents
ensure that charge placed upon the pixel electrodes persists



conditions is mniml. Typicalby, the OFF current is required to be less

t han 50 picoanperes. Low OFF currents ensuré that charge placed upon the

pi xel el ectrodes persists -2- for a desirably long tine without the need
for imedi ate refreshing. During this tinme, other pixels in the display may
be addressed. Anorphous silicon FETs typically enployed in 5 matri x
addressed liquid crystal displays enploy a structure in which a portion of

the ADPREE: Sbiy Olofy! €1he! viensupOtad BQEQU%rai%te%li Qntact |ayer.
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10 through openings in a metal contact layer. The region at

15

the bottom of this contact metal gap forms the channel
region of the device. It is known to rémove the doped idJ
amorphous silicon layer between the metal contacts by
etching methods. Typically an N+ layer of amorphous silicon
is removed by etching in a barrel plasma etcher using molyb-
denum source and drain contact metal patterns as a mask;
After etching, it is necessary to protect the exposed

silicon surface from environmental contaminétion. If

this protection is not provided, a net positive charge

20 state tends to be produced on the exposed silicon

surface. This induces an electron channel in the near
surface region. These electrons are mobile and produce
conduction between the source and drain, resulting in o

so-called back channel leakage. This back chahnel

25 leakage increases OFF current levels. Since low OFF

currents are required for display and imaging
applications, this is a significant problem in devices
of this kind.

According to the present invention, there is provided a

30 method for passivating the back channel regiom of an

amorphous silicon field effect transistor, said method

comprising:



conduction between the source and draijy. resulting in so-called back
channel | eakage.. This back channel- 25 | eakage increases OFF current
tevels. Since |low OFF currents are required for display and i magi ng
applications, this is a significant problemin devices of this kind.
According to the present invention, there is provided a 30 nethod for
passi vating the back channel region of an anorphous silicon field effect
transi stor, said nethodspwtier setching theitbettencofng gap botaonebdla gap
in a nmetal |ayer overlying doped anmorphous silicon material whereby any
silichde materi al lw@sewerhyf gnﬂ“@ﬁéh?% ngiiheoanmapesial siherehy
material is renoved; 5 | asma et ching sai d doped anorphous_silicon
mater- ial and 61ﬁﬁft$¥*ﬁ?ﬁdﬁumiﬁﬁﬁi¢ylPEF%M%?pﬁBuShglgﬁEoﬂn¢a9%?r%5 R%pose
a surface of the said anorphous |I|con | aye { g X a,basic solution to
?}ng
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etching, it has
layer to expose a surface of the said amorphous silicon

layer;
applying a basic solution to said amorphous
10 silicon surface; and
depositing a passivating dielectric layer over

said field effect transistor.
The basic solution may be inorganic or organic.

While it is known to employ sili-
15 con nitride protective caps as a passivating material
subsequent to back channel etching, it has been found
that such known passivating means alone are much more
susceptible to the production of back channel leakage
than processing in accordance with an embodiment of the

) 20 present invention.

e ——

In accordance with a preferred embodiment of the
present invention, a method for passivating the back channel

region of an amorphous silicon FET comprises a sequence
of process steps starting with the sputter etching of a
25 layer of doped amorphous silicon material at the bottom
of a gap in an overlying metal layer. This first
etching is performed to remove approximately 10

nanometers of material which is thought to comprise a



that such known passivating mdans al one are nuch nore susceptible to the
production of back channel |eakage than processing in accordance with an*
enbodi ment of the 20 present invention. In accordance with a preferred
enbodi nent of the present invention, a nethod for passivating the back
channel region of an anorphous silicon FET conprises a sequence of process
steps starting with the sputter etching of a 25 |ayer of doped anorphous
silicon material at the bottomof a gap in an overlying netal layer. This
first etching is performed to renove approxi mately 10 nanometers of .-
mat eri allaylerclvof $i00WINIMESE P imndwn compos ByPon okh{etir] or [err] of
unknown conposition which tends to formduring sputter deposition of

nmol ybdertemdso o of camdl dinziing st t e d eposi tiion ngf smdbebdieram pr ocessi ng
steps. Next, the doped anorphous silicon 5 material is plasma etched al ong
with a Pouricen agid draimametad mpdmlshadrring i swhseguental . The back
channel region thus forned is exposed to an organic base prior to formation
of a paPFiorassifx fepach Nexti |thefloped iamorphougcoitibeer with an

especi ally preferred 10 enbodi nent of the present invention, the organic
base %offfiteEdal; i Riasma atahetk alang iwith A pereien wEshr i nvention

P e e ihpts ‘811 fdon matestal ] 'file "Badk Mannef'' "9 1" A
region thus formed is exposed to an organic base prior
to formation of a passivating cap, such as silicon
nitride. 1In accordance with an especially preferred o/

10 embodiment of the present invention, the organic baée

comprises a monoethanolamine solution. Also, the present
invention preferably includes rinsing the FET in distil-
led water and heating in air immediately subsequent to
exposure to the organic base. 1In a preferred embodi-

15 ment, back channel leakage currents may be reduced from

approximately 50 picoamperes to current levels which are

typically less than 1 picoampere.



exposure to the organic base. In a preferred enbodi- 15 nent, back channel
.1 eakage currents may be reduced from approxi mately 50 picoanperes to
current levels which are typically |less than 1 picoanpere. -4- FET

devi ces enbodyi ng the present invention nmay typically be used in the
fabrication of matrix addressed liquid crystal displays. Preferably

enbodi nents of the present invention provide a process for the fabrication
of FET devices which is at the sanme tine 5 ecpnomcal and in keeping with
conventi onal FET fabrication nmethods. An enbodi nent of the present

i nvention, given by way of non- limtative exanple, wll now be descri bed
with reference tc the acconpany- ing drawings, in which: Figure 1 is a
cross-sectional, side elevation view 10 illustrating a stage in FET
processing prior to etch back of the anorphous silicon in the channel
region; Figure 2 is a viewsinmilar to Figure 1 illustra- ting the effect of
back channel etching; Figure 3 is a viewsimlar to Figure 2 and which 15
more particularly ill u%ﬁ']?é?%%ceﬁh@"‘wm it RIESENY iIA¥PNYI Q8 sTAYatyeiralay &e
Figure 1 illyghrat @pe Fdbr3EO6iTnSEE bl aMdRWsed 1i¥RiE adry@BBI RRepEaysi.| i con
as enployed in a matri x addressed |jquid crystal display device. I,

particul ar, an insul at Pif§eraer eMﬂ?‘i“éoﬁfo dﬁrﬁn?sl%’le%b%(?r%‘ﬁ‘ | &ss 20
substrate 10orofefdrebiOthedEaptixakic] o€t FEM@evidebSwitilcBOis at the same time

5 economical and ir keeping with conventional FET fabrication methods.
An embodiment of the present invention, given ty way of non-

limitative example, will now be described with reference tc the accomgany-

~ ing drawings, in which:
Figure 1 is a cross-sectional, side elevation viasw
19 illustrating a stage in FET processing prior to etch back of
the amorphous silicon in the channel region;
Figure 2 is a view similar to Figure 1 illustra-
ting the effect of back channel. e=ching;
Figure 3 is a view s.m:.ar to Figure 2 and which
15 more part:icularly illustrates =ne Zformation of a £final
passivation layer.
e
Figure 1 illustrates, 1n cross=-secticnal view, a

Typica. amorphous silicon TZI7, as =smploved in a matrix

addressed liquid crystal display device. In particular, an

insulating layer of silicon oxide 12 is disposed on glass
20 Substrate 10. A portion of pixel electrode 14 is also

visikle. This electrode typically comprises a transparent



visible. This electrode typicaT?y conprises a transparent  -5-
conductive material such as indiumtin oxide. 6 Al so disposed over
insulating |ayer 12 is conductive gate netal 16 typi- cally conprising a
material such as titanium An insulative |ayer 18 is disposed between gate
material 16 and anorphous 5 silicon material 20. Insulative |ayer 18
typically com prises a material such as silicon nitride. Figure 1 also
i |l ustcatiestihie fatertaat saabr peousdsiiun ¢can oatidei.al A2@oaldsdarddides -an
upper l-é¥ef;n§8;9219?p?9~ gkl hgonsmaianial s Iyphed bxan Ng dopant, sus# as
phosp%orpus, I's enployed. 10 _ Ewerf ing this structure,” source and drain
met al ¢#zavi ATPAE EERASANABANIRE suenpmEVitdEErikm.parni GHswlaTom act 26
al so pgle-t 93cogn@ctpb e FEd ikt BhXxel makecthddeeldng FndaeHHde 9round
pl ane el ectrode_and the liquid cr¥stalﬁnaterkal itself are not necessary
tor uhtetSPRNBRRETIRL $PesehBSELaTIVRYAAYLSN LEnGYFITae Lth&P™mr e
convepti 98al kynkoewnaf eabdress EReYconenhet:kkl UsEiat.e@ hergigy For proper
FET operation, it _is Eecessarﬁ1to repove the portion of qoged anor phous
sili contPEyERTSS Heet hrShotPdM BMOFRACYS. SHGRERBr MaSATdR Y & DIdistfh et ching
of 20inclayessar2uppédrphayepf 2baper ddpednsalhabhemapnleddnn .etcher to renove
N natgyiaé_fgon1th§+back g angel It hﬁg akso been . found.that, it is
desi rabre Tb‘gpﬁ?t r BYRA T he ?efg PHOSR 8Fagﬁ'afﬁo§gﬁéﬁ¥ﬁ95 renove
Hppr odveni el yglOhbansuetetsref saueceakn@ndrashomethéddaseicn scale). It
I'S be$é€¥§gngh§& and 26 are provided. In particular, contact 26

alsc acts to connect the FET with pixel electrode 14. Since

the ground plane electrode and the liquid crystal material

itself are not necessary for understanding the present
15 invention and since they are conventionally known features,

they are not illustrated herein. '

For proper FET operation, it is necessary to

remove the portion of doped amorphous silicon layer 22 at

the bottom of gap 25. However, prior to plasma etching of
20 layers 22 and part of layer 20 in a barrel plasma etcher to

remove N material from the back channel, it has also been

found that it is desirable to sputter etch the wafers in an

argon atmosrhere to remove approximately 10 nanometers of

material (not shown kbecause of scale). It is believed <that
25 this material is a layer of SiO, or MoSi  of unknown N,

X
composition which tends to form durin putter deposizticn of
P < <

/]

molybdenum source and drain material. This surface layer
etches very slowly in barrel etchers and would therefore
tend to resuit in non-uniform removal cf the N+ layer if not
30 removed by sputter etching. This sputter etching step is
highly desirable to provide good contrel for subsequent
barrel etching. While barrel etching is preferred, a planar



25 this material is a layer of [err] Of _ [err] of unknown conposition
_which tends to formduring sputter “deposrtion of nol ybdenum sour ce and
drain material. This surface |ayer etches very slowy in barrel etchers and
woul d therefore tend to result in non-uniformrenoval of the N layer if
not 30 renmoved by sputter etching. This sputter etching step is highly
desirable to provide good control for subsequent barrel etching. Wile
barrel etching is preferred, a pl anar etcher may be desired in the event
that wafer sc&E &T f@rniney ARFIFRS ifidie ®iter: “BuBsRUeRe ¥ oSSplet er
et ching, pl asnm-et-chis 1R Qfedca#g Boch-ae portion of layer 20 is perforned,
as illus- 5 trated in FL ure Subseq_ent to this plasna et chi ng whi ch
is preferably done in a3, eQﬁ(ﬁﬂH5p%+mF<}ﬁirﬂﬁq%mt% ¥FMR hetEeviEEesfare

very | ow i ndi Calylerrg 2d0 aelieat oo et aid e I:ecye:rs ipebesimédanael 1 1 egion

30. However, if _these devices ed_using sima de 05| ted amorphous,
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silicon n|tr|de
surface is exp@sed=ﬁ@*acnwn@©mhamﬁaanburﬁﬂﬂlﬂn:harzuth&xmﬁ'[emr} rtasefl in

distilled watek, and;ai ed. a : lef utes. prior
to cap- 15 plﬁjr? QQ’ azlt%q%ugree ts%g)g%ach "f({/qf%ses %)#1 rlnlgcoa‘r‘rp rech
for an FET w t-ﬁyerchanhepkl Sh@rinedf mW@afiwy Gits. arftbweévih of‘zﬂ@emcqxems»eﬂ'he

OFF current i %rEYQ'a%QEByurs‘igw PAG drfh R d iS5 dd AP GO UPEL ESn T 91 c L2,
type appl | cations _
the CFr currents rise dramatically.
However,
if the surface is exposed tc a monoethanolamine
soluticn, at about 60°C, rinsed in distilled water, and air
baked at approximately 250°C for 15 minutes prior to cap-
15 ping, the OFF currents are typically less than 1 picoampere
for an FET with a channel length of & microns and width of
200 microns. The OFF current is typically required to be
less than 50 picocamperes for LCD type applications. A
monoethanoliamine solution which is a strong base, such as
20 commercial resist stripper R10 for example, is therefore
seen tc be employable as a passivating treatment followin
back channel etching of amerphous silicon FET While a
menoethanolamine solution is a preferred material fcr such

iiliar
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rovide masking for the plasma etching of the doped amor-

nous s:irlicon and underlying ameorphous silicon lavers.
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Following the passivation step of exposing amecrrhous silicon
30 to a basic solution, a permanent passivating cap 28, as
shown in Figure 3, is provided over the substrate. Cap, or
dielectric insulating layer 28, preferably comprises a
material such as silicon nitride. More particularly, cap 28



nonoet hanol am ne sol uti on which ?s a strong base, such as 20 commer ci al
resist stripper RLIO for exanple, is therefore seen to be enployable as a
passivating treatnment follow ng back channel etching of anorphous silicon
FETs. Wil e a nonoet hanol am ne solution is a preferred material for such
passi vation, organic and inorganic bases provide simlar 25 passi vati on.
It is noted that contact netal patterns 24 and 26 provi de masking for the
pl asnprerehaBgyotchpe:idepediamebon pARYS del Whaeh iandieprdarded gy anmor phous
silicon_|ayers. Fol owﬂng*the'ga§§Lvatign st ep of exposing anor phous "
silicon?8B® “£8™aBasi P50l HEPSA 2 ~a°FefrmafeMEFASH VES 77 cap 28, as shown
in FigppecB8imasepyolbdéd.over theasdsbsprantedCamt ahat ¢llaca ¢ i nsul ating
| ayer_28.:preferafly r.ses terial. _suc Sislicon nitride. Mre
parti%DTéﬁﬁé,g&abREBdggggréigfgnggcgﬁﬁﬁfg smgf%iEgﬁﬂﬂﬁﬁﬂo S5 ch i s
depostevdedy prasatephenidubtvaped dapdivuires dt and enermswlasofin

appr oot sliat el of| bop84aL50-00! BhAdcRdl ol Naly B A Gthlng Of the
doped anor phous™si 1 i con terral, as occirs s between the steps

i |l us?$a$B@WRn Figures 1 and 2, results in the formation of doped source
and drain |layers 22a and 22b, as shown. The above met hod for passivating
t he back 10 channel region of anorphous silicon field effect transis-
tors can be seen to The aoove j nvBRFBOD SPIsRESSLVAGT e &AGH ng N

HwpedcrahhéDNré§Ooht b€ hmekprbaBnei13a6nt Fe¢R1d effect transis-
LOrs can oe seen to involve plasma etching for
removing N  doped silicon from the back channel and then "
providing a sequence ¢f wet and dry chemistry prior to
capping with a low temperature silicon nitride layer to

15 produce a protected and stakle device. It is also seen that
the passivation prbcess . is in
conformance with conventional FET and LCD display fabrica-
tion methods. It is also seen that the passivation method

resuits in significantly

20 reduced FET back channel leakage currents and accordingly,

results in an FET gdevice which is'much'more suitable for use

n LCD devices.

[0

While the invention has been described in detail

here.n in accord with certain preferred embodiments therecf,

many modifications and changes threrein may be effected as will be N

apparent to those skilled in the art.



providing a sequence of wet and dry chemistry prior to capping with a | ow
_temperature silicon nitride layer to 15 produce a protected and stable
device. It is also seen that the passivation process

is in conformance wi th conventional FET and LCD displ ay fabrica- tion
methods. It is also seen that the passivation netho

significantiy 20 reduced FET back channel | eakage1mﬂnmmulm:ﬂ“ " |III
accordingly, results in an FET device whieb=is nuch roré stit#bl¥® for use
in LCD devices. Wiile the invention has been described in detail herein in
accord”with certain preferred enbodi nents thereof, many nodificati ons and
changes ther eChAIMS be effected as will be apparent to those skilled in the
art. CLAIM5S 1. A nmethod for passivating the back channel region of an
anor phous si | i coh. fiélUebhbécforrahsstvatgngatuenbanbdcbenpeﬂsrﬁgios of
sputter etching the bottomof a aP in a netal |ayer overlylng doped

amor phous si | #BoRmAEPReYS| shhifeByiinldseffertctransipkprpr 63 ﬁthﬁhPQe gap

and overlying the gnP ghous silicon material is renoved; plasma etching
sai d doped anPPPPBLSIRYFicon material and 10 a portion of an underlying

roronots o1 R ASHEE (ECRIEER S f et THCaRREI e o
overlying doped amorphous silicon material whereby any
silicide material present in the gap and overlying the
amorphous silicon material is removed;

plasma etching said doped amorphous silicon material and
10 a portion of an underlying amorphous silicon layer to expose
a surface of the said amorphous silicon layer;
applying a basic solution to said amorphous silicon
surface; and
depositing a passivating dielectric layer over said

15 field effect transistor.

2. The method of claim 1 in which said sputter
etching occurs in an argon atmosphere.

3. The method of claim 1 or claim 2 in which
20 said plasma etching is performed in a barrel plasma etcher.

4. The method of any one of claims 1 to 3 in
which said basic solution comprises an inorganic base.

25 5. The method of any one of claims 1 to 3 in

which said basic solution comprises an organic base.




surface; and depositing a passivating dielectric |ayer over said 15 field
effect transistor. 2. The nethod of claim1'in which said sputter etching
occurs in an argon atnosphere. 3. The nethod of claim1 or claim?2 in

which 20 said plasma etching is perfornmed in a H m her .

The nethod of any one of clai msgl to 3 in V\:hl ch m"f uﬂm ,mlﬂm

conpri ses an inorgani c base. het net had ef any one of
claims 1 to 3 in which said basic solution conprlses an organi c base. 6.
T e o Of . 62 ™ b Tmdbh68 2 195478 EnDRRTCHORRIbSBRpdnic -
nmonoet hanol am ne® sol UtT on h hod any one of precedlng
dzmrhaSQuq¢mpriss$u§|mgnoqﬁbdnglémynguggéqﬁéﬁn to exposure to said basic
solution, the steps of: rinsing said FET in distilled water and heating in
air. -9- 8. The method of claim7 in which said heatin |n air occurs
at a tenperaturbsof TRPrBRERREcP RBY, PREoPLaSBLORIRELELPIIELAIRSt es. 0.

Thelﬁﬁfﬁﬁb@fimﬁru@ﬂﬁgOimméGiﬂtQE?déﬁBséhﬁéﬁE to exposure to said
basic solution, the steps of:
rinsing said FET in distilled water and heating in

air.



i-n mhlch sai d passivating |ayer conprlses silicon nitrj
pl.asma chemi cal vapor deposition.” 10. The nethod of cI Eﬂ'g m’&m"n
10 passivating |layer is deposited at a tenpegature of

11. A nmethod of passivating the back channel region of an anorphous S|I|con

field effect transistor, & n\Mﬂhﬁ1méuhdﬁnnﬁﬂunsumi7irmnwhﬁcmheadeKeéb&ﬁae

region is expoged,,t Wit n v o .
dielectric Iay?r?l i %ﬁogcﬁ]c% epostlht e(#jeq@ecr%ﬁly% acﬁ‘% 9};?5?‘@%*% 5 g C fer
12. A-pet hod ﬁbpp'mmﬁa:talwg Ihaenimaiesshannel regi on of an anor phous
silicon field effect transistor substantially as herein described with

reference to the acconpaﬁglng drawi ngs. 25 13. An anor phous
silicon field effect trarsi st FrehBATHPh PacdL Hamert ke obr 9aedivat edabys

a nethod accor d.lmglﬁl%rﬁ@éﬁ!‘%a@‘sﬂ\*h@uﬁ{&%éﬁ &r%f@seé—“s:.fié@ﬁ%%trlde

addressed liquid cryst di spl a 30 r|5|n anor phous silicon field
ef f ect trans?s %%ﬁéa' éﬁﬁﬁy a1 V=p°r depég;tlon.

10. The method of claim 9 in which said
10 passivating layer is deposited at a temperature of
approximately 150°¢.

11. A method of passivating the back channel
region of an amorphous silicon field effect transistor, in
which the amorphous silicon in the back channel regicn is
exposed, treated with a basic solution, and a passivating
dielectric layer is then deposited over the back channel

tn

region.

20 12. A method of passivating the back channel
region of an amorphous silicon field effect transistor
substantially as herein descrired with reference to the
accompanying drawings. .

25 13. an amorphous silicon field effect transistor
having a back channel region passivated by a method
according to any one of the preceding claims.

14, A matrix addressed liquid crystal display
30 comprising amorphous silicon field effect transistors
according to claim 13.




