WO 01/ 80287 PCT/ US01/ 12429 PROCESS FOR FABRI CATI NG THI N FI LM TRANSI STORS
This invention relates to a process for fabricating thin film transistors.
Thin fil wooasmsstors (TFT's) are known to be useful for,PCnUSe1/RNI%A, 5
controlling various types of display; for exanple TFT's are commonly used
to control liquid crystal displays used in portable conputers and simlar
el ectronic devices. TFT's can al so be used to control el ectrophoretic

di spl ays; see, for exanple, WO A-00/67327; WO A-01/08241; WO A-01/17029;
WO A-01/17040; and WO-A-01/17041. The disclosures of all these

applications are herein 10 incorporated by reference. Al though nost TFT' s
have hitherto beenPRAGCESSIRARIMABRICATINGLEEHINGFHI TIRANSISEORSCr easi ng
interest in fabricating TFT's on flexible substrates, especially flexible
polymeric films. TFT' s Thisr invattsesh onlatcto fd exodese Hubfbriedtng thioufitnf or m
the basis for, | arge displays which would be Iight-weight yet rugged, 15
t hus pern‘ittitﬁﬁlsfsﬂ(g?r use in nobile devices. TFT's based upon anor phous

silicon semconductor STRRSNIR iR RTFPE) HGaRosUt ddofitinth FusUb,r at es

since they allow fabrication with a mninum nunber of processS steps and
with a fow t hemimallinghvatipets. typesoehiisplays firi eample ddT's tusr eonaorlybesed to

et ol Aol 1 ctpoph el Syl UPaS wedb i poRblE 5o T dmiBh AR ot de.
films (see O @skeya BFT&l can hisEBELQM! t0 B0k Sl6ctidPhbRAiS : dispdisD)see, 403

(1999)). However, the polyimde used in the process described in the latter

0
paper, sold cowmei WO-H-QHeER27 REOHufb/ 08 At R-A¢RELT020e W AFP Hd ¢04%hr k)
has a | ass Ny t er re. of only u 00C...which restri.cts the
Lenper atures T A YATRRRS e Sistoalit 2oy R ctoe o ARG P QS 2

resul t$0i n a nesporasal bysfefdbdey anor phous silicon seniconductor |ayer. This
polyi m de also has a hi gh noi st ure_absor ption (about 43}5e_rcent by wei ght)

and” such hi gh noi sture Adbeeghptiesh TRhsrbag hitherta gen; fyrisated hen sigidt rat e
S0 con=euery e kB0 0l MURLE TR 17 B SR
especially flexible polymeric films. TFT's fabricated on such flexible substrates
could form the basis for large displays which would be light-weight yet rugged,
15 thus permitting their use in mobile devices. TFT’s based upon amorphous silicon
semiconductors are attractive for use on such flexible substrates since they allow
fabrication with a minimum number of process steps and with a low thermal
budget. Amorphous silicon transistors have been fabricated on ultra-thin stainless
steel substrates (see, for example, Ma et al., Applied Physics Letters, 74(18), 2661
20 (1999)) and on polyimide films (see Gleskova et al., IEEE Electron Device Letters,
20(9), 473 (1999)). '
However, the polyimide used in the process described in the latter
paper, sold commercially under the name "Kapton" (Registered Trade Mark) has a
glass transition temperature of only about 300°C, which restricts the temperatures
25 which can be employed during the fabrication process, and results in a less
satisfactory amorphous silicon semiconductor layer. This polyimide also has a
high moisture absorption (about 4 percent by weight) and such high moisture
absorption can result in swelling of the substrate and consequent cracking of thin

layers deposited on the substrate, or delamination of thin layers from the substrate.



-1 WD 01/80287 PCT/USO01/ 12429 Al though stainless steel substrates can

W t hst and process tenperatures nmuch higher than 300C, such substrates
requi re boohugassi vati on and pl anari zati on steps before PeBHUSIISR®9S can be
fabricated thereon. Passivation is required to ensure proper electrical

i sol ati on between adj oi ning netal conductors to be fornmed on the 5
substrate, and to ensure that potential contam nants within the stainless
steel do not diffuse into the transistors. Stainless steel substrates do,
however, have the advantages of high dinmensional stability and ease of
handling in a nanufacturg;g environment. It has now been discovered that

certain typesAbRoysh sfaiplesresieq) subsiistes camwitheigld PIOSSSSUAMEST a?“é%d‘é\ich highgrvery
31 10 B B D T S g,

pol yi m de subStrates—nay be used _
Accordingly, fritiststdrd V@At bed fabPicéll ABSredn. PIMEEFSIdOls fRuFbddo ¥nsikr8dsibperone
transi stor on a substrate by depositing on the substrate at |east one |ayer

of 15 seni codleiEcdr isplatien| batweam adigining cuelat cpndiustars | tot he foumest oat the
conprisgs a p nyl.en jmde...Thi s NProcess.is chally Jntended
for the§f or ma |otlri1)£t§’f %d:[(r}%%l%%%ﬁ{sa | llltcl:%r(f O{leraLrll%fngSt }tél,n tgégt%}n 8 ﬁ%ﬁf Y cga}se t he
sem conduct or diffakerintal theS tr@fisistGQUI SEaimBssaBREID Bebttratek | do; Olibwekt, Shdveveit i on
al so provides a transistor formed on a _substrate 20 conprising a

pol ypheny! eneadyanipges eichigh imenmenal siebilibe apd gepeaf handhng she mangfstusingr |

The sol e Fi gugg;obnile acconpanying drawing is a schematic cross section
through a single transistor of a thin filmtransistor array forned on a

pol yi m de substrate by Ithaspowdess dstotdied thaesatiin typeeof polyimideepesse’d
pol yphenyl ene pol yi mi des for use in the present process 25 are those sold
Commbr 0 &l | y PIRBEHCE RBIAT 58T BB ST PHERLSIOR e o FHskApY p¢he fabECaM0BY i ca,
Inc., 55 Eas'[oﬁﬁf“"h’s.stfhgé?:ﬁpol)fiﬁﬁ& SibQPtes %@%bg 95148 Wth grp@?tﬁoutlzl%étg%ac %t es of
Anerica. Both these materidls are state y the manufacturer to be of the

formul a: layer.

Accordingly, this invention provides a process for forming at least
one fransistor on a substrate by depositing on the substrate at least one layer of
15 semiconductor material. In the present process, the substrate comprises a
polyphenylene polyimide. This process is especially intended for the formation of
amorphous silicon transistors, and in such a case the semiconductor material is of
course an amorphous silicon.
This invention also provides a transistor formed on a substrate
20 comprising a polyphenylene polyimide, the substrate bearing at least one transistor.
The sole Figure of the accompanying drawing is a schematic cross-
section through a single transistor of a thin film transistor array formed on a
polyimide substrate by the process of the present invention.
Preferred polyphenylene polyimides for use in the present process
25 are those sold commercially under the trade names Upilex-S and Upilex-VT by
UBE Amerida, Inc., 55 East 59th Street, 18th Floor, New York NY 10022, United
States of America. Both these materials are stated by the manufacturer to be of the

formula:
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is an al kyl ene group. These polyimdes are derivatives of biphenyl

3,3 ,4,4woet/sesar boxylic acid and an a, eo- al kanedi am ne, P€DUSExamsl e 1, 6-
hexanet hyl ene di am ne (formally hexane-1,6-diamne). The main difference 5
between the two materials is that Upilex-Sis a sinple polyimde film

while Upilex-VT is surface-treated on one face to facilitate hot |am nation
of the film wthout adhesive, to ceramics or netal foils. For purposes of
the present invention, the Upilex VI may be lam nated to a stainless steel
backing film Another preferred polyimde for use in the present process
is Upilex-50SS, fromthe sanme 10 manufacturer. Pol yphenyl ene pol yi m des
have gl-ass transfition ter@eratures considerably higher, @nd water
absorptions consj derably || ower, than those of the other polyimdes
previously used fas transj@tor subs.rates The carqrer ci al ilex materi g
al ready nentiongd have gl ass\ira ; s iprexcess of 400C 15
and wat er absorptions/not gred ) 4 5 ) 3
transition te es all ow hi ghpr tenperatures (greateg-than

about 300C, and pref i n the fabrication
i g?/:r evi ously
hese hi ghe nper at ures

' rably grlea
process than has| hi t&{:o beex
used as transistjor subst 9
result in higher| quality |s| i con | ayers having 20 hi gher |Hvb| lity and | qw
off-state current | eakag Pol yphenyl ene pol yi n des al so ghave the
advant ages of hijgh di nensional stability during processing and snoot h
surfaces, which Ts inportant for the deposition of the thin layers of— T
mat eri al usedin Which® is an alkylene group. These polyimides are derivatives of biphenyl-

3,3',4,4'-tetracarboxylic acid and an o,0-alkanediamine, for example 1,6-
hexamethylene diamine (formally hexane-1,6-diamine). The main difference
5 between the two materials is that Upilex-S is a simple polyimide film, while
Upilex-VT is surface-treated on one face to facilitate hot lamination of the film,
without adhesive, to ceramics or metal foils. For purposes of the present invention,
the Upilex VT may be laminated to a stainless steel backing film. Another
preferred polyimide for use in the present process is Upilex-50SS, from the same
10 manufacturer.

Polyphenylene polyimides have glass transition temperatures
considerably higher, and water absorptions considerably lower, than those of the
other polyimides previously used as transistor substrates. The commercial Upilex
materials already mentioned have glass transition temperatures in excess of 400°C

15 and water absorptions not greater than about 1.4 percent. These high glass
transition temperatures allow the use of higher temperatures (greater than about
300°C, and preferably greater than about 400°C) in the fabrication process than has
hitherto been possible with the polyimides previously used as transistor substrates,
and these higher process temperatures result in higher quality silicon layers having

20 higher mobility and low off-state current leakage. Polyphenylene polyimides also
have the advantages of high dimensional stability during processing and smooth

surfaces, which is important for the deposition of the thin layers of material used in



WO 01/80287 PCT/ US01/ 12429 the formation of thin filmtransistors; for
exanpl e, the aforenentioned Upil ex- 50SS has a dinensional stability of
about 0. WO®astsan average surface roughness of about 20P€DUS@Q/MIIMY An
addi ti onal advantage of pol yphenyl ene polyimdes is their |ow coefficients
of thermal expansion, which are typically about 2-10 x 10"6 5 C1, in
contrast to the 35 x 10-6 C- 1 typical of the polyimdes previously used.
Since silicon has a coefficient of thermal expansion of about 3 x 10"6 C'1,
the coefficient of a pol yphenyl ene polyimde substrate is much nore
closely matched to a silicon |ayer deposited thereon, so that the silicon

layer is nuchtheefosmgsionef thin filey Biensistersafu/ ownmpds. dht méeremantioned dUmitex-

o oneme s oncsu RS hEhedle POPLETIRAT® O0) MOl ShaB el 1
deposi tion of of &Rus0itc BodkA! 0An AEAIEb4 advanteéd 6f belpBEhydene it yifidassisweb

of the polyim de substrate. As already nentioned, the polyphenyl ene

pol yi mi de sub®erdew qesEisientssof) thefmpad expansion Widtasdypagilioabashy-19ok 1Aave a
met al backi ngo.-ay.er i t Cen-6 QPPQsSI .t t hat .on. whi htg

sem conduct or dmattlgrcloaﬁ‘agltstgtﬂg‘yggea}(dg%os{%t g[gPlcgluéfﬁthg p%%)gﬁléﬁles LERPR §Iu5§/dér IS

useful in enhgigé BlichhhatRCORM G JINhedid] tekp@isid8f Bbdun3 duiohnect h@ge
transi stor fabrication process, thus avoiding, for exanple, any tendency

for the pol yi enefiaciéntafiat polgpheaylehe polyonidersubsimtalissnoeht mate ¢lngelharatithiedg, and

thus 20 reducjng .distortion of the substrate during formati.on of th
transi stors tfﬁe’«?aﬁﬁ?n et ‘ge 8?1}§dotlﬁ?regn’nsé)tté?t @Séﬁ}cﬁﬂq?yﬁésr n’88]?1?e§§?r°§]§et8' l'i ght
barrier to degheaseaddiyr diMiRibesh. photo-effects in the sem conductor :
material (for exanpl e,_ﬁhoto enerated current in an anorphous silicon

i

filn d8used by |ight i'hbs dateremaentioned r peapestiasf afe rofynbsaylepsol polyirgidef i | m
Th tal backj i - this |
Aper tur o5 ext bRl BE Brteh: FocGRNeUARRY, ATUE W - BRI DRGRLD,

met al - backedinswihish dapaitivar & the ssthioohducior nhitersal A6 efigeed ot € somirtiotio wb
provi ded, for obvious  reasons it is desirable that they be fornmed in a
regul ar pat t e?ithe BRI SHRRIRE y  some or all of the apertures may be used

for nechanical regist rﬁ}é\g% e y&QﬁioﬁH%&?ﬁ@h\éﬁﬁ@n@ﬁ&?{nﬁhH§ul5§‘f1%f€ hddqt he

fabrication process. | I'n some cas
15 in the present process may or may not have a metal backing layer on its surface

opposite to that on which the semiconductor material is to be deposited. Such a
metal backing layer is useful in enhancing the mechanical integrity of the film
during the transistor fabrication process, thus avoiding, for example, any tendency
for the polyimide film to stretch or otherwise distort during handling, and thus
20 reducing distortion of the substrate during formation of the transistors thereon. In
addition, a metal backing layer can act as a light barrier to decrease any unwanted
photo-effects in the semiconductor material (for example, photogenerated currént
in an amorphous silicon film) caused by light incident on the rear surface of the
polyimide film. The metal backing layer need not be continuous; this layer may
25 have apertures extending through it to reduce its stiffness and thus give the metal-
backed substrate more flexibility. If such apertures are to be provided, for obvious
reasons it is desirable that they be formed in a regular pattern, and accordingly
some or all of the apertures may be used for mechanical registration of the
substrate with apparatus used in the fabrication process. Indeed, in some cases, a

30 patterned metal backing layer might be used as a shadow mask for exposure of



30 patterned netal backing |ayer m ght be used as a shadow nmask for
exposure of -4 WD 01/80287 PCT/US01/ 12429 photoresist in a patterning
step duriwgof/gnenti on of the transistors on the substrat ePCT/BStIen2mzt i vel y
or in addition, it may be advantageous to incorporate a dye into the
polyimde itself to refuse or elimnate such undesirabl e photo-effects. As
in certain prior art processes, it may be desirable to deposit a 5
passivating |layer of silica, alumnumnitride, silicon nitride or other
material on the substrate prior to the deposition of the transistors on
this substrate. Typically, such a passivating |layer will have a thickness
in the range PHoteisgsitin2matternambhsier doong frmape of thettrapaisioss o tieipubsteate.onl y
for increasin . f ae | St. f i, 1 face,. t hus
For i nor oasi o teAgify BERP g iPRS A advifeRE (THtSretllt PR infifhey

al so for i ncrpsgintide ithaf @irokins boelahinateasnich uhdestvhble potowdifectsat e by
preventing the substrate absorbing water during processin and for the
latter purpose it is d8g§jp &Bﬁ@ntm'l%l%érqcﬁ%?%dgg}a\)’abq ﬁ@smag&etp dpopben

surfaces of thesSulS! Fle shilcal Sl nfif8s CARLE RabEAbuLE Sllori BAkE™) the

substrate to Tenove er fronit strat’e prior eposi tion of
t he passi vati supstraty ripr ®uthl dbgdsitivg ofi the trgesigto’l dnythisesubdratar Typachliyusucht a

tenperature of at.|east about,K 150C for a .period of .at |east about |
mnute, and pf B?%%VQ-B?%{WB‘FWQLB%}F sgihigkagtodd 1nq engag? dhas 0eo abollPAgERuS o

post - bake t heppagsfivdisalemyRst S for in&EESRN HRGutRcPreBidRRke &ythg)?hyhﬂﬁie
AM_CDs Pol r

Research Laboratories entitled an El ectronics on
Substrat es" (fufage,RDindphay for 380G} asinghelesthicalnkagatiorabaweén adjacent cemdistandi ng

lyi m,de fil .red by.. t wo. .Of ituyde after 10 f
oat | nda o7Bv A%t i FoSEha firhefRiotab P Sl B ubstibo Bhtivetthe iR ° °
same tenper at §{{b8irath NatROMISP SFdtdrl BuiSXd PrddBBIhe, ARKE ThOE dttek NhdpMRPRT is af ter

100 baking at 275C, a polyimde film (brand not specified) shrank at 3 ppm
hr- 1. Accor distigbly to place therpasesatingaleyergeroboth tyerfpnes oif et abstaibs Itriatalsoi s

desired, 10 BRGNS 2R B8 GkeolinhuRrlE TRSLRONE Selll (i W62 SlpefiRC O

a period of a east ours. er m ned experi
whet her t hesepti@stdl the @pobiYioh s thelsdssiabttnd hybResuch Gakingf wéll tgenshpnad rol |,

nor haslsi t bega%gde(t)l%rartriar{ggl exPer [ lmsnt al ly whether the

perature of at least about 150°C for a period of at least about 1

minute, and preferably for about 3 minutes.
It may also be advantageous to post-bake the passivated substrate.
According to a paper by Philips Research Laboratories entitled “AMLCDs and
Electronics on Polymer Substrates” (Euro Display 1996), the shrinkage rate of a
20 free-standing polyimide film can be reduced by two orders of magnitude after 10
hours of heating at 275°C, and by 2.4 orders of magnitude after 100 hours at the
same temperature. In one specific experiment described in this paper, after 100
baking at 275°C, a polyimide film (brand not specified) shrank at 3 ppm hr'’.
Accordingly, if such post-baking of the passivated substrate is desired, it should be
25 carried out at a temperature of at least 250°C for a period of at least 5 hours. It has
not been determined experimentally whether thése results apply the substrate in the
form of a tensioned roll, nor has it been determined experimentally whether the
reduction in shrinkage still applies after the pre-baked substrate is cooled, unrolled,

exposed to the processing necessary to form transistors thereon, re-rolled under



reduction in shrinkage still applies after the pre-baked substrate is
cool ed, unrolled, exposed to the processing necessary to formtransistors
t her eon, weoersi2Bed under -5 WD 01/80287 PCT/ USO1/ 12429 rpenssa23azyd
reheated several days later, as is necessary for formation of transistors
on the substrate in a roll-to-roll process. Alternatively, the substrate
could be pre- baked in a conveyor oven i nmedi ately before deposition of the
| ayers required to formthe transistor. 5 The surface electrical
resistivity of polyphenyl ene polyimdes is, however, so high (typically >
1016 S2) that in nan% cases it nq§Bpe possi ble to obtain adeguate

8 pate

el ectrical inOPgR PBH reheplzd saveral Te BhIFRSCHSAYAOE FRIMmatiey of trgnsistors
passi vating | ) >k ali y i i A i :
Pevant ageous 1o ubldpth FRRIoR Adeody Hitckdufdbly) I Suplitase Sl bl brer 1 o

| ayer t her eonbakedon deronveyatraver iththedfatelyhtiore depbsaton oftthe tayes| raguited to
materi al s absPrbeta&on the polyimde, thus reducing - swelling of the
pol yi mi de due!¥™® HEFErSIS¥sor pti on and increasing the di mensional stability

of the golyinide duri ”gTh@%uffgéer@feE&Qapfesfsfiaﬂ?iﬁ;ﬂﬂ%&ﬂ%@?@?ogﬁgﬁés Raki ng

is desirably effected at a tenperature greater than 250 eriod of at
| east 1 hour howeveons highf(eypiedlyertioti ©phat de snariybededél may bt hpwssiblestor at e

is heated to '15 350C, close to its glass transition tenperature, for a
period of 4 hoRfE adﬁﬂ%atﬁre&mﬁaﬁ ysHraBeR beRres rAsiRerHerRdueieTs Wehouhauak idon

described  behow e Aer. trlﬁgfegﬁgs&itﬁ{g}%fe&rggoxﬂﬁt%hﬁ@ is dtifll LG HodolE LML

el ectrodes |ie adjacen bstrate formsuch i nverted transistors,
the first st ethe(abditmte befyrepdepssitian pHthe semitondugorlapakhegonin ordder ®udrister at e

inth I descri bBed) js.the depositjion 20 of. a tal | ayer on the
Cpet T AlSY S Tt o 26 R VoleBlc misteaa ARigthel briihe Shen hus rediging
general Iy pre§Rsngd ot aled;mﬁxa ! i%iiae hﬁ@t&%@%ymrﬂimp&]{ae%ﬁta%iﬁg (t)lgesdiﬁqenﬁgﬁéli nuous

film typically havi n% ni ckness in the range of nm and
t her eaf t er t ostplilityeofrthe pelyimaidel during the foymiaten pftransisters VizanednorSiich baking

et al Do RoleRirinE SHaked 5Ee slibdiutrtafn MER bl 3 Sppidfoff TrRg 1™ O
transi stor arpay. (B S bRIIRMS ehPSdiRRAL dsdcBBed BeloWehdE@RER sShaarkun®! | Y

the deposition of a layer of dielectric material, for exanple
- 15 350°C, close to its glass transition temperature, for a period of 4 hours.

The presently preferred embodiments of the invention described
below use an inverted transistor design, in which the gate electrodes lie adjacent
the substrate. To form such inverted transistors, the first step (after any passivation
and/or pre-baking of the substrate in the ways already described) is the deposition

20 of a metal layer on the substrate. The preferred metal for this purpose is
chromium. It is generally preferred to deposit the chromium or other metal as a
continuous film, typically having a thickness in the range of 50 to 200 nm, and
thereafter to pattern the metal film, typically by conventional photolithographic
techniques, prior to the deposition of the semiconductor material, to form the gate

25 electrodes and the select lines of the transistor array to be formed. The next step in
the process is normally the deposition of a layer of dielectric material, for example
silicon nitride; this deposition is conveniently effected by plasma enhanced
chemical vapor deposition. The semiconductor material, preferably amorphous

silicon, is then deposited, again conveniently by plasma enhanced chemical vapor



silicon nitride; this deposition is conveniently effected by plasm
enhanced chem cal vapor deposition. The sem conductor material, preferably
anor phouawo 8i/8i286bn, i s then deposited, agai n conveni ent| yPOYURI 12N
enhanced chem cal vapor -6 WO 01/80287 PCT/US01/ 12429 deposition. As

di scussed in the aforenenti oned WO A-00/ 67327, the anorphous silicon |ayer
(and the associated dielectric layer) can, in an appropriate design, be

| eft unpatterned so that the anorphous silicon |ayer extends continuously
between pairs of adjacent transistors. Next, a |layer of n- type siliconis
deposited over the 5 anorphous silicon, again convenientl pl asma

enhanced cherdePapitignndys diswisenst inj the afqrementioped %QméfQO{ﬁHﬁethe &morphmisng
step to renov S peSs S a
retal ayer, ottt hnd T ORne S MR, 14680 dhn SERESIHARN GERET RS, o
silicon | ayerl,eﬁtdmpsttemécaho tay dfe aastphaisesitidon lbwrregtendepmairtuedslwetw@hrml
evaporation. The netal tl)x/ier can then be patterned to form 10 source and

drain el ect r RS O\adjasheRAnSisRIE- PDIFst A leveroRfr b silicontin idgersited gier tge
patterngd metg,bLayey sHﬁ:%g % aii"e Hle k%%%las?na[ %?Aﬁ%ﬂrcl\ég ;Iféﬁugatlco jp the

n-type silicon layer; etchl g mnt a ca tetraf oxygen Xture
has been f oundepositibnsflinaly yorrRalgf efiereal cmahmgls“mntosmniovtehes1dmseﬁbmoﬂnevw |1

now be descrihed. |n 15 re detail, thou illustration only,
wi th refer enc@Hc HEAPOy B%%%PW@%?PM %&talv&%rhwafémw Rle 4 glhygingm
Cross-secti omagar gt&goﬁteawe% e nttsra@&m%&maytepmﬁle%l epeé,rweﬁfcﬂ%& 888

pol yi mi de substrate Dy the process of the ~present |nvention
acconpanyi ng @hpasﬁﬁdgb)sﬁmvmalam@pm@tlent Tha siettldryarfcan thenalrs patteoned R0omnr ay

enerally desi 10 d. on a pol yi i de subsirate 12.
oreceibet, oot e e o eR R e bo B b Lt Gy L ! e
metal  backi qgatﬂeﬁa\earmétél 1YEOUSHA WharC BicRth RRMof AGdh@RveYios RAhesk aRal-typees 16,
only one of which is visible in the drawi ng. As already nentioned, the

presence of tskcomelaxer; etshing wifhlaagasbon tetiafluorde/exugen imixivne hps bews Hupel t he
pr esent '”Venah&ﬂc t hough such a 25 netal backing | ayer does provide
addi ti onal anrcal” integrity to the substrate

Preferred embodiments of the invention will now be described in

15 more detail, though by . way of illustration only, with reference to the
accompanying drawing, which shows a schematic cross-section through a single
transistor formed on a polyphenylene polyimide substrate by the process of the
present invention.

The accompanying drawing shows a single transistor of a transistor

20 array (generally designated 10) formed on a polyphenylene polyimide substrate 12.
This substrate 12 is shown in the drawing provided with a stainless steel metal
backing layer 14 through which extend regularly-spaced apertures 16, only one of
which is visible in the drawing. As already mentioned, the presence of the metal
backing layer 14 is optional in the process of the present invention, although such a

25 metal backing layer does provide additional mechanical integrity to the substrate
and may thus facilitate handling of the substrate, especially when the invention is
to be carried out on roll-to-roll coating apparatus.

On the upper surface of the substrate 12 (as shown in the drawing),
there is deposited a passivating layer 18 formed of silica or silicon nitride. As

30 previously mentioned, the presence of such a passivating layer 18 is optional, and



and may thus facilitate handling of the substrate, especially when the
invention is to be carried out on roll-to-roll coating apparatus. On the
upper sum@ossmB7 t he substrate 12 (as shown in the draw npdT/USelies® i s
deposited a passivating layer 18 fornmed of silica or silicon nitride. As

30 previously nentioned, the presence of such a passivating layer 18 is
optional, and -7 WO 01/80287 PCT/US01/ 12429 in sone cases the passivating
| ayer 18 nay be omitted, since the high surface resistivity of the

pol yphenyl ene pol yi m de provides sufficient insulation between adjacent
transi stors. Care should, however, be taken in elimnating the passivating
| ayer 18 si nci@ soime passs [thag passivating tlaysr dSemay dgt omyittedi sieé rtenhighesybicyi mi de

bstrate 5 12 _nay. t t del ani nat i on .qf i_ous. | f t hi
substrate. Ofeone Ghfb oty ARieRner® pRTR Bty s Y Epe pHP mefiRet pele¥ " °
deposited an adgdcealytrésistacEdreBhbald, Bewevet| ROk AUnARTY the PAKIREIn®¥OI Ch

is seen in the draw ng), and above the electrodes 20 are deposited

successi vel y 1ayeils seea i ¢hip dgysr is ot presspheid-gassing fogohemolyimdds subsidata | ayer
24 of rph il . i § in. forenentioned
WO A- 0%732(7)%??1%%&&8? ggg%@?idgiaﬁl%%fﬁ%f Vg?l& St1 e?%ﬁré)ﬁlp bsuséﬂjs%t?'i con |layer 24
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15 drain electrodes of the transistors.

A second preferred embodiment of the invention is generally similar
to that described above, but used a polyimide substrate without a metal backing or
passivating layer. In this second preferred embodiment, the aforementioned
Upilex-50SS was first baked for 4 hours at 350°C to remove water and any other

20 solvents present. A layer of chrome 100 nm. thick was deposited upon the baked
substrate by thermal evaporation and photolithographically patterned to form the
gate electrodes and select lines of the final transistor array. Next, a 320 nm. layer
of silicon nitride dielectric was deposited on the substrate by plasma enhanced
chemical vapor deposition (PECVD) using a silane/ammonia mixture; during this

25 deposition, the substrate reached its maximum processing temperature of 350°C.
A 160 nm layer of amorphous silicon semiconductor material was then deposited
by PECVD from pure silane, followed by deposition of a 40 nm layer of n-type
amorphous silicon by PECVD from a silane/phosphine mixture.

Following these PECVD steps, a layer of aluminum was deposited

30 on the substrate and patterned photolithographically to form the source and drain
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barrier layer covering the thin film transistors to protect the transistors against the

15 effects of solvents or other materials which may tend to diffuse out of the
electrophoretic display.

The thin film transistor arrays produced by the process of the
present invention are especially intended for use in electrophoretic displays,
especially encapsulated electrophoretic displays such as those described in U.S.

20 Patents Nos. 5,930,026; 5,961,804; 6,017,584; 6,067,185; 6,118,426; 6,120,588;
6,120,839; 6,124,851; 6,130,773; 6,130,774, and 6,172,798, and in International
Applications Publication Nos. WO 97/04398; WO 98/03896; WO 98/19208; WO
98/41898; WO 98/41899; WO 99/10769; WO 99/10768; WO 99/10767, WO
99/53373; WO 99/56171; WO 99/59101; WO 99/47970; WO 00/03349; WO

25 00/03291; WO 99/67678; WO 00/05704; WO 99/53371; WO 00/20921; WO
00/20922; WO 00/20923; WO 00/26761; WO 00/36465; WO 00/38000; WO
00/38001; WO 00/36560;, WO 00/20922; WO 00/36666; WO 00/59625; WO
00/67110; WO 00/67327 and WO 01/02899. The entire disclosures of all these

patents and published applications are herein incorporated by reference.



Applications Publication Nos. WO 97/04398; WD 98/ 03896; WD 98/19208; WO
98/ 41898; WD 98/41899; WD 99/ 10769; WD 99/10768; WD 99/10767; WO 99/53373;
WD 99/ 56 WO p1/528D9/ 59101; WO 99/ 47970; WO 00/ 03349; WO 25r0006®22129 WO

99/ 67678; WO 00/05704; WO 99/53371; WD 00/20921; WO 00/20922; WD 00/20923;
WD 00/ 26761; WD 00/ 36465; WO 00/38000; WO 00/38001; WO 00/36560; WO

00/ 20922; WD 00/ 36666; WD 00/59625; WO 00/67110; WO 00/ 67327 and WO
01/02899. The entire disclosures of all these patents and published
applications are herein incorporated by reference. -9 WO 01/ 80287
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the risk of cracking and/or delamination of the semiconductor layer due to

differences in thermal expansion between this layer and the substrate. The present

invention provides a process which is well-adapted to roll-to-roll operation, and

20 thus the present process is very suitable for the fabrication of large area transistor

arrays on flexible substrates.
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arrays on flexible substrates. -10 WO 01/80287 PCT/US01/ 12429 CLAIMS 1 1
A process for formng at | east one transistor (10) on a 2 substrate (12),
whi ch pr ocessswenpri ses depositing on the substrate (12) BCTUS@SR24293 onhe

| ayer of sem conductor material (24, 26), characterized in that the
substrate 4 (12) conprises a pol yphenyl ene polyimde. 1 2. A process
according to claim1l characterized in that the 2 polyphenyl ene polyimde
is a derivative of biphenyl-3,3 ,4,4"-tetracarboxylic acid. 1 3. A process
according to claim?2 characterized in that the 2 polyimde is a derivative
of biphenyl-3,3 ,4,4"-tetracarboxylic aC|d and an a,w 3 al kanediamne. 1
4. A process accordlng to any one of tG AﬂNHSedlng clains 2 characterized

in that _a passivating | yer posi ted o one or both s aces of 3
the subdtrate (12) befo e th %ﬂ?ﬁ%?ﬂi g%‘ﬂngrré{ fash ong plyansisyr {Jé)gc%‘pési t ed

thereong 1 5. s&s&ét@‘"(‘?éf Vﬂﬁ@l@?ﬂic@% EGnfristh Wefostiiy éﬁtﬂ% biffstate19)8¢ 1 Eé’te 2

passi vating | ayer (18) conprises silicon dioxide or alumnumnitri
and/ or Bas a O® tayerc kh egsiconducke mategel @f, 20), taharkO@rimed il tiGyt thie prhstretss

accor di g to im4.or 5 ch (‘]Ferlzled dn that the 2 substrate (12) is
heat ed SPHPTIFSS ag}’rowl‘g?y PAPPYEYESt or a period of at |east 3 1
m nute @efore deposition of WhgrReasShacdlding tb A 8m ﬁlﬁﬂarac@en%ed%l%&c&%s
according to any one of clainms 4 to 6 2 characterized in that the

subst r ake (1ZPOWBhﬁW@é@Ol}@anléﬁﬁémthﬁ@f bivbendr3,3 h‘hﬁ’—teaaczesmworac@ perl od

of at least 5 hours aftegr deRosition of a5|v

process?accordi ng to ang oneB‘oPM{CFﬁéS %cfc(% ﬁ‘g 2}né?i a%hﬁﬁé?éé‘ﬁ]tﬁ%zg]ﬁ in
that the subspsighmidé kgl d&ivagdé od vighedyl BINEUaAtdiaBarBbRACECcid A and0gR0C for
a period of at least 1 hour before dep05|t| on of the sem conductor 4

mat eri aB (24, alkahediamige. A process according to any one of the preceding

cl ai ms 1 4. A process according to any one of the preceding claims

characterized in that a passivating layer (18) is deposited on one or both surfaces of
the substrate (12) before the semiconductor material (24, 26) is deposited thereon.

5. A process according to claim 4 characterized in that the
passivating layer (18) comprises silicon dioxide or aluminum nitride, and/or has a
thickness in the range of 20 to 100 nm.

6. A process according to claim 4 or 5 characterized in that the
substrate (12) is heated to a temperature greater than 150°C for a period of at least
1 minute before deposition of the passivating layer (18).

7. A process according to any one of claims 4 to 6
characterized in that the substrate (12) is heated to a temperature greater than
250°C for a period of at least 5 hours after deposition of the passivating layer (18).

8. A process according to any one of the preceding claims
characterized in that thé substrate (12) is heated to a temperature greater than
250°C for a period of at least 1 hour before deposition of the semiconductor
material (24, 26).

9. A process according to any one of the preceding claims

characterized in that the substrate (12) comprises a metal layer (14) on the side

W N = B W N = W= W= W= W N

thereof remote from the semiconductor material (24, 26).
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2 characterized in that the substrate (12) conprises a netal |ayer (14) on
the side 3 thereof renote fromthe sem conductor nmaterial (24, 26). -11 WD
01/ 80287 WRC01/8080871/ 12429 1 10. A process according to cl ai PCBUSOHIANRa eri zed
inthat the 2 nmetal layer (14) has apertures (16) extending therethrough.
1 11. A process according to any one of the preceding clains 2
characterized in that the deposition of the sem conductor material (24) is
effected 3 at a tenperature in excess of 300C. 1 12. A process accordi ng
to any one of the preceding clains 2 characterized in that the .

sem conductor material (24) conprises anorphous silicon. 1 13. A process
accordi hg to claim 12 cHaracfiepiosess qogoxding te idaimp9 oharagtesiged 4n |thatothei s not
patterngd so i i . | east 3 sone pairs of
adj aceh? tran@?@%lgyér.ﬁ?ﬁ%%&ﬁ%%&fgggge%é%?ﬁ%gﬁ&d&ghy one of the preceding
clainms 12 characterizedii.n tAaprodeosicbiddiy 0F ahkeoreot dengteceding rorigiki al
(24, 26) is effected .3 gn a conti nuous web of substrate él%(%)

.1 15. A
substrate ( 125DagastRsized P%&la_éﬂffo‘lleypﬁﬁélﬁp' o ke promigondugtor mafgrial 224 daffested
beari nggat I_eﬁ%tc}el@ggrg%@&sé&g}%rof%gac- 3 16. A substrate according to claim

15 characterize one or nore of the features defined in any of
claims 2 to 14. -12 12. A process according to any one of the preceding claims
2 characterized in that the semiconductor material (24) comprises amorphous silicon.

13. A process according to claim 12 characterized in that the
amorphous silicon is not patterned so that it extends continuously between at least
some pairs of adjacent transistors.

14. A process according to any one of the preceding claims
characterized in that deposition of the semiconductor material (24, 26) is effected
on a continuous web of substrate (12).

15. A subsirate (12) comprising a polyphenylene polyimide, the
substrate bearing at least one transistor (10).

16. A substrate according to claim 15 characterized by any one

W N =W =W N =

or more of the features defined in any of claims 2 to 14.
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