;e3eTt: F6TT@ *166166* | ntegrated inor ganl c/organic co enentary thin-fil
transistor circuit. The invention concerns anrmm mﬂmﬂﬁﬁm ‘mnorganl c/b? dzhlﬁllﬂﬂl
conplementary thin-filmtransistor circuit co rst and a second
transistor which are operatively connected and prowsded on a combn
substrate, wherein the 5 first transistor is an inorganic thin-film

whor ai n e SeraraPRERCLAliglT AR o A ARRRR Gk thi bk 4IRlGY Ereuit

transi stors, ﬁnd wherein the conplenmentary thin-filmtransistor circuit
forms a nul tTRayRYCRRYR CPNFFANS AN EE egTaler OTRRBICAREANAY 6ATIRIAMENET Y oncer ns

a method f OrthﬁﬁmmﬁQ%ein@ﬂst@f‘cir@&ﬁ%roﬁi sﬂag d ﬂ%t%‘{ﬂ &lsgé&?d‘t (rj@fé't"&l fgpL ary

thin-filmtransistor, cjrcuit conp first a second transi stor

whi ch are ofdfaARSFaliye Wf&ﬁcé%lj &Trh@ Pﬁ%ﬂed]e‘éﬂ éwmm@mﬁswbswbestwh@@mm@r ein
the first trapsittdistod i#Bn '1H6’1rgt€lﬂfﬁ ﬂuhhﬁﬁﬁftfdrg@ﬁt'b?'aﬁli%@rseé‘é‘ﬁd tt{h%s?ﬁﬁp ad

transi stor aorgamc thin-fil ransi st or wherein the co ntary
thin-film trHgefiq BHng ke&ratnSi&SPhsterrﬁamttw égdéaratmgﬁtef¢1ﬁﬁﬁr9€e%@mprw@em th

successi vel o epesi dfad eapshspabt € an@dwhbBidinfthe Bohdy Bhent AY4neTIe: N t he
met hod conprises depositing separa ectrodes for “respectively the

te gate. el
first and tﬁéa%séﬁr@ﬁdmf%hgqrﬁ%@ %Htlia)@éﬁﬁﬁh fHgbsirreiuEe. and depositing
material for the source electrode and the drain el ectrode of the organic

thin-filmtriEmspsdsent omvdritorsalse dogeetns o nidthot fon fibdicatbig uatintezrafed he 20
or ganl an5| st or i_nal ent .i,nventiQn concerns a

hi I h
metnod for fapiadubiRaehs Srealre ARy Erea i ERE g e
thin-fil m t rfamsasdcarse:nandlmansm:t@rrm]mshrmea)p‘elratsvelqmbrmesmdmdd proavisiest ar

ohi ch.are ORer ALyl YgAnEckRd: A0, PR A0 SRR NI wher ol 1

the first tr an i norgani tTansi second
transi st or &wansiganandtthe rsetomdrtmnamm:sa orgamigdhivérlmi tranmtqroapdemrbmem y

thin-filmt f th
successi vel ;ﬁﬁébﬁéﬂqémﬁﬂﬁ’é‘ﬁ i P un e REE bl rhmﬁ% L
of sillTon Flac uzr@dwstb mmsew@mcbﬁgosrﬁsd@ndommngéﬁhwﬁwb ayess, dmﬁ nat e
the marketsyfidref Mﬁ'&h(fﬁe ngi‘r@&ﬁ%k %lbcw %rgg ﬁa@&f&' &ﬁetélé)dﬁoéékcfbras

mcroprocessors But co ary Cci Interest for

more gener aFeESSLIvERY 1rb:n,t apd the %?&PF&BF@%W Sya 69@1&%@1@%@&% 8Rfc

pr odUCE s, a&eﬁbﬁﬂrf‘gai@lapé&a/l'i@‘? tHeEYutRVEISERDIIE aB@Vﬁ.% dthEstReatiode diothedi gi t al
circuits.

turned oyt to be diffi
conpl ement aPYETHEBEHE FARHSTOR Hhe Sme Sova iR Gathit R tperier AERRS 1 or
35 comater ci afgaﬁplthﬁ—aﬁlﬁﬂ&ansmtoa 2 AUG 2002 i 2 Hydrogenated thin-film
transistors of silicon (a-Si:H TFT) have found a new application in

thin-film CPIE&QBefHeS {d%%ﬁf irﬁ*@n@iro‘nycdﬂbelrhglel'rﬂeﬁbﬂsfo%'faghé%ﬁg%n%&é'gﬁ@éd ve

matri x. However, enentary a-S gm}_ﬁlts are praqbl ema he hol e
transport rrHlﬂTB?P’jF PIEATBGICPIRR §mﬁ9@f¥Y|t %Hﬁn§4€i@fe‘f1é%l’ch=ochl’§P’E1F’é’r%%ort
nobi l'ity. Reesidrd/a FEdendvitidnsit@iawhiclpatd ¥petadinelp cbarectbeand mhnided ed and
w th performance co %ﬁfbl eto tha\(__hfﬁvx? c?f_can be .obtai ned w th. afgrﬂtphous
silicon deviCOEINQN SUDRrats, iierpin < ARRISLOf i3 AR LRATEAR1E

347 144 (CGatrahsistcy @&ld hhaﬂgamlndaeaimsﬁohlam-cﬁﬂgamd tlﬁhdﬁhﬁftmimsltbﬂﬂi&iditor vvnth
an MS structure 'Ch,rgﬂl ‘“’Fﬁ t.hlfg1 sem,conduct iltf en the
source and dP&FHY TFh OO HLRY BIIIC‘I“é%FmE&n]Pg? Y§ surface
of a thi n- fthlim fiimd e trafkctireol fthisug cessti e¢lyadepatsiteld atd patserned ahih-fiinf kyers.
contacts a conducting grid. The sem conductor is nade of at |east one

pol yconj Uga{trﬁg%&w@@h‘éuﬁ@m}@iﬁgoﬂmréﬂlfbdjﬁ %ﬂlp'll@xﬁeﬁﬁk?%tﬁf-ow&ht As

or gam c sem cohduct or ({el’l al rnier Qt her,s nmention

di fferent ERIGQRARFtTAGEIBGLS ecmiag ?F?JPB@&?LBB &r aﬁauamgc troraige
pol yaggnes. apH e aitioi3sduhods @ﬁc@@&@é@@o% But dsmplett @ftaFOcReu@iidycalsar |y

SUI ted as abe of t1r(1:thc"rg % fg; rr?orel clrefnelra app%cauon e.g. in portable battery-operated
electronic products, as they can provide very low static power dissipation for
digital circuits. It has, however, turned out to be difficult to realize
complementary integrated thin-film circuits with sufficient performance for

NIRRT
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35 commercial applications.



Al so sinple organic conplenentary thin-filmtransistor circuits have been
di scussed in the literature, but have not shown the desired perfornahddb 22
properties. Further attenpts have been,rade *bui |l di ng conpl enentary circuits
Wi th conbi nations of inorganic and or g%mi c devices on separate substrates
and with external connection. In US patent no. 5 b25 199 (Baunbach & al.)
there is, hohbneogentitsdithaedilam wenyikwrent ailjcon (o-@itHWET) havée foughainew
n-channel thip-fjlmte i SEor n 0 Kcip-channel thin-film
ranatstor MRt R BRI R RnARts PLIRM G SRS sritanaieoieds

anor phous  si wiltdpactase ardtrive Howevaratompdembet oy ch8hibktirohits hee proilentatic,
thin-filmtr | S enpl o a-.hexat hi.enyl ene cy 6T) as tive

sem conduct o?gﬂ#ﬁ %ﬁeaﬁrg&ﬂ%%%%ﬁ f&¢ YB%PH&?’I IOrW%rr@r@?@‘Fc#egir?%ui t
accor di 15g t otrBaspdracholiliay. Reaenthe Thdadwithrornganicaetve iwye3® have ibekggr at ed
conpl ement ary ,i_nverter ;or. other conplenentary.cirguits.. The integrate

conpl enent arga*%rhcc??%‘iﬁflé/%?gé’ﬁfﬁof{fiﬁ Pfcﬂl?mfra\éh%t%ﬁb%t vehieh, et CPB{%QE ach
& al. is, howitheamogpstoausbsiiednwevices (a48hel deficdssadvant ages both from a
processual point of view as well as wmth regard to general application in
mor e conpr ehegsi kSt j i T b d; to
provi de respe(_:tidvég?ﬁgthekiﬁ)ﬁncg%g%lﬂe ?glonb‘ﬁfgdrﬁ%g%%g%a?g dé%%??‘gges on
both sides dhinHdmighdietlass iransidorarh paydlS stuptirei wgiohhinghidasrasthin | s

not neqgssarsendRdnddeidri1aPa bviPBktuRc O UABIra R e diaad¥amhagrs i n the,
fabrication. Further the Source and drain cgntacts . of the organic thin-film

transi stor rfdRicpadpgiordaysmcentasisramiriaceps adhn-ilmynadegisigolpding

di fficult tanpailfnhicAttae Se@ndfiRfiRPc&itatiRn @619@15&&1?%%9%@“0" or
unl ess shadow nmasks are  used, Ié\\ﬁkzr has the conplenentary Thjn-film

transistor SCEHFARAYCIOs IBMAHRACH leAst B RO BERTre QFEARIOFRIEPBRA With
material in g heepmadet tdlbéwlat Wedlbht 206 bsddfic sfmitdnddibr Beategal GabhRrt 0 be
abl e tg turg*ttfe morgaglc t ransi Sf. on and to 10 turn bgce ﬁ).rganlc

transi $for SFfRlopmPpgHt E’FSS@GGEIPHQC{%{%%%Y%WO% PIPTRFC PAREEYSIGN, this may
be g{j oblherratliﬂrod:arrbbhe a@grmilueﬁgﬁhweypdlbhgeﬁésl. mglltertalméismlrofalemﬁdi &gﬂ st
Baunbach & al., i,t, .S proba t hat ;an undesi rabl e | ar.ge. | eal cage w e
probl emat i csk tegﬁg b&o‘ﬁ?ﬁ@?f@%ﬁ%?’g}ﬁ?%ﬁﬁ-&fWﬁ?fi‘lr‘%n%ri %1?18?1?% & e‘ffgg,'used in
conplex circuits. An inverter realized accordi ng to, Baunbach g al, switches
15 as st at ed\sA simple prganiosopm lementarydbsunli Lo/ Iansistauepe Yty BAYa gecns 7, 2

V. Anot her @H%ﬁ‘é@fﬂ“i@gﬁe Hfteﬂalﬂﬁe(}@ﬁph%%@woﬁvhitﬂefdésmeﬁr Soighiceaccor di ng
to Baupbach & al .. is

tht%t a corrm)?1 ga&ge el ecérgd is used both for the

- chanfil  aRECPHEIes. EHEMAE EIEREa eV o ceRuneds BRIAIE SPRALBERIaTY icnsditss
built from egfiplemdihatiynse?itagashabhd begatiicaleviieds e0eeParatd eclistades are
not 20 used | in sinple inverters a common gate el ectrode wll

t .=
give i ncreagga ‘gﬂﬁ%‘gﬂ?g\éggp{lﬁﬁg&o@mrt her it shall be remarked that the

conplenmentary _thin-filmtransistor according to Baunbach & al. uses the

i nor gani ¢ t Fatsy setnt 0. 3- ehad A8l (BaugHag ey &ralahders s, fQyssv e fisghesesidr as

p-;:hannel t EaRYlémehtars VIR UM HGtHVHM ehbriganitAahehaslgihefilh thd@istophnd @ 25
mat er i

s proposed. |t is,. however, evide from Baunbach..& al . that the
use ofzaslor gafif rl%ﬁtpé?]il?ﬂ%eﬁ\m}rb‘%ﬁ%vaﬁ%lstﬁe&%F(ﬂf‘c 699;%&31@3}1m§an513t0r
sem conduct @ipleys hh@rokehdRel geoesitsuy siliabh gl actiePhicradlethdth@ costly

fabricating proces eg and hence js_not easy to realize for the tinme being.

In US pat e~-Prchignel o ibe opgamerhiuhiigndraysipios sgnplovaichedaaenylfge hod of 30
fabricatingid1hy s 4dtive sémtdnuetor¥nbierdAPThalRdraslletnRItest efesm The

i norgani ¢ and o.rganl,c thin-fi]mtransistors_are of .the pe p3nd g.t épe
respect i vel JABNGIHr GTQHLRRCIMLRG LA BAmbach & &lo s dretht r{%dfr’r FHENHRBh t he
sour cgand £h ante gedtedtdoRtisiem dht B8t hvieF @R 9ir tBEr Sopdientany cheukame _
respective levels. The organic thin-filmtransistor is shown patterned with

he. pr obl ent up SRCE Ty AnEHAIg iulrghilt et ReuAltnln A bE T B el
relies on according to Baumbach & al. is, however, encumgered with a number of
disadvantages both from a processual point of view as well as with regard to
general application in more comprehensive transistor circuits. Thus
35 Baumbach & al. propose to provide respectively the source and drain



2 2 AUG 2002 4 | owtenperature processes in the deposition of the ?QtAUﬁEQP]UZ
sem conductor nmaterials, but does not consi ger the probl eminherent int
conventional patterning nethods applied‘to an' organi c seni conducting
material. Neither is the device as disclosed by Shieh & al. anenable to
enbodi mrents with n-type 5 organic materials, particularly as the netal

el ect rodes &rlectdedmsom ddtlosiddsenfithp arfjahtvesamicppduttarisyst,consethitg waiand

"% hence. 1 o BuaPasie tireeneckats addinbbihy BRI Ch R AR LR T

and parti culiarthy febripatden déurher titeegmatedndampienentaatsyof ther gegangé or gani ¢

i e 0L RIS RROCL SR b WO RIS P AR Lo SRR WL IRRAS 4 ansi Stor

circuits. Ano er-o rovi dé” conp Eeht ar ansi st or
circuit$ whidaffialt dmvpatteheapnfaaltﬂ oxdhée oop atﬁdhsongﬂmarsenusblydme uhdegsst at i ¢
power consug&%’ag&, {)ehgge hey can be used in portable battery-operated
equi pnent . ra.r 0 of the present invention is to provide an
unconpl i cat nd 5 | nexpensi ve net hod for fabricating integrated

conpl enent a Ta}h%ﬁr nFURBrEERERIAry Hin-Rim dransaser 3ceprding s ibatmbarh ans i n

as f ewt proc Q%a’ﬁ&@ﬁga@ﬁc B@@$¢d}irﬁbct&¥1ﬂa@eﬁattldi%V1!|h‘éQ)lfg'ahfb ﬂﬁﬁ%lﬁ{ %hsis%or t
properties is o particul ar ossihle to
real i ze the‘t %Br"éj’iLBE%FPHﬁE{m oli"'e é@ieaw Wrﬁﬁgﬂh’é?r&aflé%?@?’é?mp% aRRdr gani ¢

transi 50 or asrrathe efpanietrahsBng @ﬁfor \ﬁbe %rs/a agngqfc&anua'lhwn@bm\e%amt i oned
and ot her Oblrﬁﬂs g ar e Chl e n he | nve

\é d a nttll Oﬁ an
integrated P WBFX §aoC ¢8 rﬂexﬁa P sttﬁﬂm%tlofcwt
which is chacamtdemg z@cBawmlbitm&tdde 1t nmbabha thait anfurldesimabhslatolealsagen

b channel t PANIEbEfbBRA ot EPul ety bl i85t IS SRR o
in each caseonmlﬂgcrreunecmmelvyrtar peaiimuimicomdgrgﬂocBaemb(aohdiacaﬂoxwrtahes| al
o 2N I Chan0gle 08 92918 cRERSENINHOL JIBLEENAL: o LRI NALBLOBRTS .

sem conduct OF “fma erla r ov I'n a su stan ayer over at
| ease one sAurtoémxydlpadvettngd ofgbe apmrdenméarydhmfém Upnsifstqrmcerdmg to,

such that seidriinhaki Ai3hal a%imon SUETIed P & WeRkSA fOrtche T egl on of

t he second transi st or, mbere or nIC active sem conductor in the
second t r andicaane] andihe @a@lewmr@@ﬁsst%é\d@a@Pe@pé%treﬂaismresvlé%q%hegt

:her eof t andfﬂcAﬁn @bmﬁlee@nt %Wﬁ)ée%ts?la@ﬂ fiteCalat lc@ﬁirﬁbnetmbcﬂﬁaddasaretmg flt rst
ransi.st or c e invention the inorgan ive, sem. conduct or
mt or 120 01 <0485 AR B Behdn o BBt e AP POP RO S ST DGR 1 | | con
(al- Si: H),( 1n2:ré?as@sti@tﬁk@0é’apfacmadbegﬁmheﬂltwhaﬂllﬂﬂmjﬁhsmgﬂ«mmdt ther ocryst ?I i ne
icon (~,¢C- olyGCr i ne
21 con (pelabighgtiay tnig HihdRENIEE oBLotIDEHb HEATER BOuY BSUSHR
pol ycryst al iniongamjertnarsishor (29 1-Gear@s) trt_tr&dt‘:tnunnééhemgwlcm)lstocadm um
telluride (ﬁﬂﬁhglep{raﬁﬁgqus Eﬁe'&ﬂﬁg%ﬂ%& R xﬁ%@r&%ﬂ? E%S’h%?rs@fjt p@n said

mat eri al s, “possi orm e inorganic thin-film

e Crys
t r ansi2st or mgternalhmnmmﬂ ?t FSathV‘SﬁtWa evident fomg Fruenbach &eals dhatdbadiset or
material i Soﬂ)éﬁ’fai'i@ AHeATRRRAYS TS lH d B5rSorfline 3bdvIRBEE LM dLARY §aNi C

transi st or IS annel transi st e |nor anlﬁ active sem conduct or
material id srlené?%éwaa prelasveb C%mpﬂlééW 1ndraeely RbriGaing PIACEsFSs

p- channel WB&%@E%@&EA&RB%&I@& IFbC e ﬁﬁreslbelh%- I n an advant ageous
enmbodi nent the active sem ctonductor naterial in the

In US patent No. 5 612 228 (Shieh & al.) there is disclosed a method of

30 fabricating a thin-film transistor with separate gate electrodes. The inorganic
and organic thin-film transistors are of the n type and p type respectively and
are shown integrated into a complementary circuit with the source and drain
electrodes in both transistors being on the same respective levels. The
organic thin-film transistor is shown patterned with an active semiconductor

35 material of the p type and it is evident that the problem with stray
capacitance essentially may be avoided. Shieh & al. relies on



inorganic thin-filmtransistor conprises at | east one pol yconjugated

organi ¢ conpound with a specific nolecular weight. It is then advani 2ga§igl]
t hat the pol yconjugated organi c conpound o# compounds are sel ected sel ected
anong 15 conjugated ol i goners, polycyclic aromatic hydrocarbons,

particul arly pol yacenes, or polyenes. Were the organic thin-film

transi stor i dow-temperanele proabsdestiarthel deplositisty afitlagectise sbalicdiducbgani ¢

active sem conductor nmaterial is pentacene,. and.where , the organic.thin-film
transi st or isfn%tr‘?rw?%% est%ﬁ?ﬁg%‘ﬂq&ﬁﬁprpgﬁ%l%ﬁfé‘b %gﬁl‘ﬁ%ﬁt@m@

organi ¢ anti pateningondtidyr apfie icthn iofg @R mMiconducting material. Neither is

12
hexadecaf | uor t al ocyani de. FEi.na Lt .is accordin o the | $vention
particularly tgg@&m% @Pécf%&fi thékge@uﬁk‘c%l émf&aﬁfdt‘) gwg’otdﬁ@eHiSaWﬁthem&P‘? ode
of the of ganicgghmicmbidrinls,rpearsicataly bs tipe avdtdeelectrodos asdepbsitedor thevel
in the thin-fil mz{lructgyure 0 hin-filmtr ns%stor. A first

f .t he, organic 25
method for faBRCLARE AgtvRs tf?ﬂséﬁtpétse%cq?%?ﬁiﬁﬁéﬁm HIRLGOHANCEAT MAteTidlsi st or
circuit is according to the invention characterized by formng the
i nor gani ¢ t hifn{frst ebjectnfthx presant inventidmisndncertanevestomeathd dinadvaniages
thin-filmtr ' = i : Lt iyely
an 50 - channar oy San S 8a AR Elor A Ae N Sicller EPREpHAEN SR pEA
organi ¢ act i vempdeinecotartidnorgane/erganicahin-dinetposidtorgtiycdid miiing is heited
or gani &4 hi Nebi Lep 4T AASE SHalsishSr BftclicNARBRer' SR8 A1 p@Rad he i norgani c
thin-filmtransistor a5 a p-channel transistor Dy depositing respectively
an n- channel COM@APMENtRY ithia-Eidmi Tansisior irdiitsevhigh aliewen gheamfalaication
i nor gani ¢ achh¥Qimukade ggoqqsﬁws ﬁti@ﬁi&éﬂ@ﬁ@dnsﬁﬁ?ﬁﬁ%ﬁ'sucﬂrt%t% ekl h8nY

case at | east one gl oba ver first transistor an n

ating laye
in the regi oW It H@rtébl?owtﬁfb’a%@@ide%‘ylpﬁlwitabl e patterning to expose
the source and drain electrodes and the gate isolator of the second
transi stor, Anfurthervitgecigof the mregent mveationeis 3o yrovodnsu ahoompiicatédbnd n a

gl obal .lcayer. f it i 80l aj.] o) such that it
covers 1tshe e?%%gtgg&ﬁ'tgrorﬁ?a%ﬁ doﬁb?t_flﬁgﬁg gfégﬁgnte?%'ﬁgeids{od#ﬁ %%%‘%tg% the active

or gani ¢ senilswngacicéergania Hensfaloo txhnsisins cicoits iasdphisvindesi fewmraceisngiephe
source and j ct.f 3 ' I rd1gad ol tion
2gai nat ik PUSTRREWIARES deVRPRHPR00A BLEEHE b Bl R U pednBId L 0y
the isol ati nyhresheritpertieylark. shalkbe peasivee hoaealine taonpesaniagransistor as

i ntegrated |g1phoHinGlPHARB sCoCAPHRBIEANY tiddsikth} hiMi-8RshSd1QFarkdi§@hick 1S
accord Qg to the invention characteriZed by conprising steps for depositing
separ ate gat'@Ce|%¢E€¥%F-odes of a first metal for each of the two transistors
on a common substrate, 15 depositing separate inorganic isolators of
silicon nitrikeabpsyedhemniaredeand othareolgketst aredehiakgsoataordipgte theor gani ¢
active sem (A i 4,-C (a-Si:H
above one otc"l H? Egﬁggt‘;‘_’eﬁ@[ﬂe@? F%%géfsgdo nlolgﬁgléﬁus g%drrggﬁﬁg&gg#%ril_tﬂé@t rﬁ(lT)&Ee of the
first transitsamvstoasssit WhirhaisochpaneisrivieddnahahthedopaaanigyBin-gilmei t her

hydr ogenat edr aiR§1b 94/an $-bh &1 2ar(sistdr BhdthaOthyidaagefidhedm transistor is

m crocrystalli n% Si ILcon (n+~uc-Si :H) or hydrogenated pol ycrystalli.nge,

si |i cof® (n+@cPShappeR2BE§ioTe ORNUCCIVETSA. Hih PEEANAC AGHVE REATSTHET MateHal &t or

deposi ting aadhRaké deMeespRetiser £9-aithrd] drpasilcaeiedsduor nhetetial ot
transistor in fo a setond et over the sourgﬁaand drain contacts

m of
t her eof , dea&mﬁﬁxﬁanaln@rg@am SeiGRpdustorshateraals Hhatdhg s SamI Ceteicrg Bt or o

the second tri#@sia$iPprdvideden faonubseintaallinplchaleipdr dvertdidesrnend ayiesblyevel
inthe thin-films ture

(u form an isqgl at.i ng doubl e | ayer. oyer the
whol e or ganPEERR _qu(f?ﬁngg ;;\qurﬁnoapeaﬁ?@ %éﬁ}ee?lﬁ?‘%& ﬁqﬁ?‘st%éﬁé%%t]ﬁaya%{% sour ce
and dr3d n elegdrr adeyesnd/drechrdatr ih sbe atgioni of thkeseseadncarsistos,i wherebyecone
exposed, whereafter. a l.ayer aof p nt acene IS decg itedtab.ove t he isol atti ng
30 doubl e | BYePTEAiC ARt vESEISaRTRIEr 30 the Sphaid Bepmatah Brant eae Cqects
pent acene | dyesourcetdial éraiosdectpodds therdwf md iy plovided i eospittecsideicioal
mat eri el of.tlle .organi c tﬂi -f'h_m transi stor and bei ng provided
el ectrical I ¥*9 @HP%%@&I 0& %E‘FS{ 813Gt i onal pentacene |ayer broken by a
re-entrant edge of the profile of the isolating double |ayer. 35 In an
advant ageoué cs@bdidignionthednvendon k¢ inergandh aetivie s edcardision matenal e
i nvent3on t hgy#iGREohaY sePlditdAntdty hi@@RRhfed HnBrpAduY diliRBRI(BIDIHYS €



2 2 AUG 200Z realized in a tri-layer process which forns an inverted2 AUG 2002
staggered three-layer structure. |In another advantageous enbodi nent otz tqie

| ast - menti oned net hod according to the.invention the steps for form ng the
inorganic thin-filmtransistor are 5 realized in a back-channel etch

process. In an advant ageous enbodi nent of the |ast-nentioned nethod

accor di ng t ohytisogenaesd b@unh?&r@%@miat/&i ARGt qePdEniy siliohh gt OF:F1;0E-Si
pentacene in film

the organjc thjn-fi ransj stor j.s isolated hy. re-enfrant
profile of a¥ %?%%JBT un 39%e8ﬁ%%€P9b’éfWPHﬂea%ﬁ§P§t(BC(éﬁﬁﬂ)C‘§rli)3l
Nozfﬁl ac phot gin@ét&rysttépsiiiaoapc@@y@na@@apl e y§lﬁ¥?ﬁﬂil{1ﬁgg?xﬁﬁaﬁiﬂlﬁ}t ffGéT]E'ﬂiP,i oned
met hod accordi ng.to the .i.nvention g i'S evapor ermal |y, for fofming
t he source a%‘ﬂgi“gi’r?egffr@é?i(&rﬁ&&?o?a rﬁ@%ﬁ@ﬁi‘i‘ilgeﬂﬁid £ PhEPMRARSite ABPTganic
Fi nal | y,5 t hesgraidoa@reors eeed Wi ¢hid matepsisi peskibMem gihgiej enlsad]i gndoubl e
| ayer can be renoved. 15 The invention shal 1 * now be explainéd in nore

detail in co i - \M I i a ] reference to the
acconpanyi ng, ravvit_ﬁgs1 \/\%%rng‘%(n f%fﬂf?ﬁg%gpgpéiﬁﬁ%ﬁ?ﬁgﬁﬁﬁif’ﬁ ©l m
transi stor cinorganicaantivediemyicoodpeicamateriadss prefepablyiasotphousesilicon

above- nent i oned;. | g. i i.ent of

t he conpl ene) tgi'yﬁ_f E?E%?%Péi\lg? n%?%an%%&ﬁ ga%éfa)cr |n§?gei ?%nﬁﬁgggﬁ ntion,
fig. 2b a sdgongamssdivesremiconduciorphatesial a5 prafhiablyial pachaanel siliwonci r cui t

accordijpg t 41N | (A ' f k gy g. 2b,
P R L L e S L L S R
circuit accaording.,to the invention, fi.g. 3b a fourth enbodi nent ,of the
conpl ement arf FhAAYERREFNSABROIIRCR] HIE A SHPIRORG UL RALSTHRI AL e, 11 g.
3cafifthia \io8hin-Gil o trensiotm! i¢syatt lBhst-dnd polycenpigdied opkagiei t 30
accor di ng tc} ?ﬁgem}ln er?%hi olrlil ‘ffZ 2 fcﬁjgi%}lgoz 'a fig. ti'egb yrcva?igz;idnt og\gt le
erbod: mont | TFPRLEd gt § dpeciffe Boliiar Yeidu P iscden fBtagisdat Bos 1
an elrrbodi nerpodpéoz@iwgatehﬂodr@mcécdimﬁmhd cimﬁ)rgpematﬁ axiens&ad:ﬂedlrnsﬁlédté anfrgSd a
tri-layer etch.pr S§. as_use it h,.a et a rdi.ng to_the .5 present
nvent Fan, CreeRiREREt i Pl TR APk BEEELE. Bttty fed et o
accor di ng t palpecemessenpolyenest i on, fig. 7a schematically a section through
an inverter realized with the conplenentary thin-filmtransistor ci~~cuit

accordi ng t avhbee fHeco@iahid tMELfilARransistor is a p-channel transistor, it is
advantageous that the organic active semiconductor material is pentacene,
and where the organic thin-film transistor is an n-channel transistor, it is
20 advantageous that the organic active semiconductor material is copper
hexadecafluorophtalocyanide.

Finally, it is according to the irvention particularly advantageous that the
source electrode and the drain electrode of the organic thin-film transistor is
provided in one and the same level in the thin-film structure of the organic

25 thin-film transistor.

A first method for fabricating an integrated inorganic/organic thin-film
transistor circuit is according to the invention characterized by forming the
inorganic thin-film transistor as an n-channel transistor and the organic
thin-film transistor as a p-channel transistor by depositing respectively an
30 n-channel inorganic active semiconductor material and a p-channel organic
active semiconductor material or correspondingly forming the organic
thin-film transistor as an n-channel transistor and the inorganic thin-film
transistor as a p-channel transistor by depositing respectively an n-channel
organic active semiconductor material and a p-channel inorganic active



10 fig. 7b the circuit diagramof the inverter in fig. 7a, fig. 7q AAUS NR?
drawi ng based on a m crophotograph of the actual inverter in fig. 7a
realized in thin filmtechnol ogy, fig. 8a ghe voltage transfer curve fox an
inverter realized as in fig. 7a, fig. 8a a diagramof the transient current
for an inverter realized as in fig. 7a, 15 fig. 9a a line drawi ng based on

a m crophot oggapdbifucdr AGtFAL Wd@ﬁg%%ﬁ | dag @@t Wedsh oﬁl‘é”@lbgﬁf}?ﬂfo@éﬁn
thin-filmtransistor circuits accordl ng t he present_ inventjon, fi g 9b a

circuit di agraffrover AESNKRDSI§EEAN th biqlgn @atheflie@lo@@ {the SeeRRAr2psIst ey of

the NAND gat g shE‘taBléJpatQ@rmﬁ tb leftpod® i sbR e R n RAGAELAS hd the gaie
m cr ophot ogr ap n actual fi ve stage ring @SCI | lator realized W

conpl enent ar X rI]1”Fi0|’5 ofthenses and tLapsister Aadi RIOVA I@@r@er@'gﬁélq BELYR esent
inventi g, fiémicbhdulR€orCinatatidl Iﬁleﬁgkﬁﬁ‘l%yéﬂlﬁl e Ethd %b%tmgllfi}}di orl0,
figs. 12a-12 resg tlvelﬁ the gate del a E)ower (;WSSI ion and the
power 25 di sKAVgAL PR ShrdbRLitres e{%@erw%%@édaqr 19nRT The secgnd fBAnsdstotinct i on
of the SUpp|Wh‘é9éB}aﬂfb a@wb bi&imic %éﬁiéoﬂﬁ&iQ@ﬁidﬂﬁiyeédiﬁl gahdsaeliay, the
power dissipatiQq power dissip atdraglg o uct as functiaon of the

suppl y vol ta@@waﬁgaﬁn@cémn Lt S4ECE AR eAtiedss doergod sad|ingagpplete

realized w t@le@ﬁﬁ'@&lqg@ml@h)/agéih&ﬁtét M drsddist YA reCehGHt 8dFC6PEKE BEolkeh t he
present i nventi rﬂ t%lI’S.'[ ere shal now be grven a di scussi on of prl or art
|

with tHE aboRE Ad8olagngaled ON@YGSS 625 199 (Baunbach & al.) as

starting 5 point. Therein is disclosed a conplenentary circuit with
i norgani ¢ n- Amnaﬁ méthedf forfabrigating taprindegtated bragganis/ergahatinel thin-film

t ransi st or, t it n gate
el ectrode 2 ﬁeﬁﬁ?ﬂﬁgﬁﬁ;@% gﬂ(ﬁéor%%%g SEst %tta)li? eat&fgf%lf}% t tﬁ%%ng%lg@mct r ode
i s provided dlaia@ueexzteduhy omprising sieps fphdegamélmgssﬂp@r@ﬁe gaiel emtmﬂes of a

t | | at 3
1o SSERIRA] e STl e P A |20l oLo

t hen foIIovvs anor p |con orrhs the active
| ayer 8f th frmﬂg@gm@pacratmmganm:@ﬁiﬂtgtwf smﬁomh@txa s|(811‘éy)ecrve4 gash

provided a %ét&%ﬁét‘%{jodéfd gb‘sﬁfhé Y $horyatid SE'tﬁ@EEﬁi'fccSﬁHLth&\’ﬁf‘iheszHﬁ of

circuit between the sourc drain areas._o he n-channel transistor.
Over the | ayBfdogenated fanerphos siheen K%r@érH)aah%V%Pnﬁp dheEstpaEcEadeson has

been deposi tw@HichNGhuRfovingaEe §laes tldcedldecaithactirst eranlestag tdep@saliy phous
silicon layer 4. The source/ rlal n e %% g %_ 7 ar e%,lge 0Si ted tter ned such
that the solAETBINGHY B9doRGE 1aves A BIthet PYdosshat OE%‘?‘I’W PP5n5| st or
are noﬂOshor(h— @481&@) bﬁﬁydﬁgﬁbnrmécaimbmystzume biériodle® patSieHhed such that
t he n- chann hannel.,.tra nsl st rcuit are
connect od. | G EREHAER Porradr BYHRt SRSt Sl ds St baf drilg contects
transi stor a‘"nd t}ﬁoﬁm'st nrhmmmn; depeatingand pattanmg Nowsdwickans] draimyer 8 of
an isolatin Of_J. n n er
el oot ric SRR e AR STl 7 e e B S 8 R
active or gadirgirsemitectschhetant, dapesitigwr dpatterning el solﬁrcafran;kéltahnenyl ene
(a-dT)28Nnd ejectrodes for the second transistor in the form of a third metal in the same

layer level in the thin-film structure, forming an isolating double layer over

the whole organic thin-film transistor and patterning this such that the source

and drain electrodes and the gate isolator in the second transistor become

exposed, whereafter a layer of pentacene is deposited above the isolating

30 double layer and the exposed portion of the second transistor, the pentacene

layer in the exposed portion forming the active semiconductor materigl of the

organic thin-film transistor and being provided electrically isolated against

the additional pentacene layer broken by a re-entrant edge of the profile of

the isolating double layer.

35 In an advantageous embodiment of the last-mentioned method according to
the invention the steps for forming the inorganic thin-film transistor are



25 which for instance may be deposited by vacuum sublimtion. Finally, the
prior art circuit conprises the drain electrode 10 of the p-channel 5 2002
transi stor. The contact netal nay be ngde of an evaporated or sputtgtze%ju

| ayer of Au or Ag and will be connected to the positive supply voltage.
This prior art conplenentary transistor circuit is then in a final step
coated with geadlleddasd walapdt prayess whictefgrmohn Shveted stugigetatbtinee-layer
polyimde, to protect the circuit. A section through a first enbodi nent of
a conpl ement V¥ &nsi stor circuit according to the present invention is
shown in fig. 2a. Separate gate el ectrodes for respectively the inorganic
and the orgali enothansidvamiagaoes smbdepment of tion lastsnosti ozt mettiod aceontingy a

| ayer of siljcaqn .aitri: [ far ' (Fo 13N ' j
active sem ct!é)n@ltr%:clg1 g%’“r%éﬁéﬁ?éﬁhssﬁ er}g rerhgﬁﬁ)\%é ﬁjdfggﬁ%lj@%J@gF@gﬂgﬁgﬁée&f orm
of hydr dgenateatizadon phoack-shannadret¢lapsiceds. and provi ded such that it
registers with the gate el ectrode of the inorganic transistor, but also

extends beydmdad Ri$anfagesud EmftRdIB et ofl R ThsRiRas i ddd FRW G addskddhgite i N

the inorgani¢ transisto The contact materi glve?ro er, for the.drain or

source 5 el FrlﬁaénﬁlgnitgééP?lvFﬁ@Wlﬁé"&ﬂ%‘ﬁt?%H’ orgh @f RERtaFsng dRithenduct or
mat erial  ancorpghtattid-fi BR e thtBYy istisBRdtE @ byeslré-2atraht profikyef a Bkokéd i con

nitride. The terial of the s ce electr f .the . norganic transistor
Ty be-of | arAHE 1RetTr! RO REFeaT IRY CAAMAD egINeToaagnotor SISt
Correspondingly the contact material for the source and drain el ectrodes of
t he or dgéni ¢ Itramsdwamegesusl @mibeginened theelast-meergiined motlatbaceuding bmat t he

source and is r f r j r ' ' €4,ak
ocated on (RE ByEUTL pBER raidificrt BRRnaLY BETLERNE Ut FAGEe pRRAS

i nor gani ¢ arddettnedes ghthiecongaans thinofibn teansisier.and drain contacts a doubl e
| ayer of respectively pol ynethyl netacryl ate and Novol ac photoresist is
provi ded, b®RinpaYy} ﬂrd}%aataéerﬁsﬂalyef pétich ke dppbiitah obet theciRoldim gsdonisle and
drain el ectrodes in the organic transistor is exposed, the isolating double
layer in thi&YSrea 'P?mf%%‘ef/?@n having a re-entrant profile. The organic
active_ sem conductor material is now provided in the formof_ a |ayer over
the i sbf at i Adhedimvishéionzshal]l nierhe explsinegdsinnororedeeil Bneswiecaion witht he
exposed por t.l t i (o gt act s
bot h 1 he S0 e o e e e R

si mul taneouﬂvrﬁ}%o registers with the gate el ectrode of organic

transi stor. The broken re-entrant profile and the isolating ‘double |ayer
provi de a séguirlesledves trdorap lersmitaty thintfeweransisher oirgeihiaccondingits pororand
e o1 9aNkEr 44 RSkl Y uROM SR hBAEHYE RAANGG, 2%73eryaonduct or

mat eri el optiona enoved ere it covéers the isolating double

| ayer..In fi.g. 2a i.t is,,however, retained. It is.to be understood that the
activ d nor &%ﬂ?@ %gﬁ?tc‘?}ﬁéa&r%?ntn%ft@ﬁ %gmpgemﬁ-tta;yeg}ppiﬁlg% ANSISHOHGIAFSenat ed
anor phous shtte@ing bothébywvemtidn, consi st of hydrogenated m crocrystalline or
pol ycrystalline si%i con. The sburce and 30 drain material may al so be

deposited s Hat } e . ik doped
m crocrysta E%@fé%@g@ﬁgﬁ 8§H§|Eﬁ gfg% CBEQ{I]F@QS’B%?EEJF gllﬁﬁg%?lg%dgi Céfbglé?i ve
seni conduct &@cergiieg talthe invensias; gani ¢ transistor is not restricted to

pent acene, but may generally be made of pol yconjugated organi ¢ conpounds
W th suit abfig. peapestiassofithd dabbddimett byfigh2several such. As exanpl e of
such pol yconj ugat ed organi ¢c conpounds and as known in the art, it may be
ment i d cenj i i AUS 2 Eeh;

i ncl u?esg orﬁ%bgg?atsﬁlgrcgk b%%%?%%épg}égg%%ﬁ\l/ﬁ E%taﬁéfh l@e su%%}st}%t? %?ﬁnlt

ort ho- f usedaegordinghte thnthveationf used aromati ¢ pol ycyclic hydrocarbons with
4 to 20 fused rings, polyenes with the formula HC(T1)=C(T2)- H where T~

and TZ i ndefiendgni fotirkle BhRliinentloOthacheipdemahiayy thindfiimi tSartyistonicgait
whi ch 5 may var\é from8 to 50, as well as conjugated oligoners whose

repeati ng WBRIEOTHIGIRE HVERER%: a five-1ink heterocycle. Generally shall a
pol yconj ugat ed conpound used as active sem conductor material in the

or gani ¢ senfigoAductifth embodirsenirofcthatcimp lemdrgamt thanddm trgasistobeanesit and
have nol e - Wej J .S not greater than about 2000. For a nore 10
conprgk(i)ensi%%gogﬁls%g(gﬁ%enmyfeﬁpﬁ!&e materials it shall besides be referred to
t he above-nentioned US patent no. 5 347 144 (Gamer & al.).



As an alternative to the enbodinent in fig. 2a, the isolation of the active
sem conductor material in the p-channel transistor may be achieved iz Ry@zg
sinplified version of the conpl emantarygthi n-filmtransistor circuit. In
fig. 2b 15 this is shown by providing a photoresist |ayer over the
conplenmentary thin-filmtransistor circuit, whereafter the organic active
sem conduct ofigrsides vatiahs of enembodithshtén fige figr.gani c thin-filmtransistor.
The mask | ayer of the photoresist nay be retained as shown in fig. 2b, but
it may al so r ene s LR Sl [ ' : c e
active sem cgﬁr t'J%?lc)ftré e%&%#ga?gtrapglsth:eﬁxtﬁ Egg@ﬂ;srtg %lﬁllcl:g reég%?dslpj oe?ﬁgogcaoﬁrrgeghw

el ectrical | yareoidangdo fympresent eveanioimani ¢ transistor. In that connection
it shall be remarked that generally it has been regarded as a problemto
renove acti Vgl §aridca %%g&“@ﬂéﬁtﬁoceﬁ g4 Ladd Mtieh ehdtRed Reofdiel faBiher i al s
usual | yaare dama%ed or destroyed when they are subjected to comn

phot or es) st sSPERENE BRI for treatnment of the 25 photoresist. However, it
has turned out that a water-based etch process with water-based nateri al
provi des ver §iggobarGees bhcls-chennelhetchatrpeess agusdd witly. a oreghod @according to

opt oel ectr onj i . _e. g polyvinyl alcohol as solvent and gel atine
as photoresi J[slfe g%%%{g{\?gﬁéggeous alternative. Besides are both

phot ol i t hogr gphy and pri.ntjng other possible .alternatives tp etching 30
particul ar| yﬁgr??ﬁtSF amﬁﬁyailﬁ%t#étqoen TORE EOARVERIEr TRl BEdbBHA thﬁe si nmpl est
and cheapest complemaftasi ehys - Blraedn @stot Riuihaor ingatdl el prek&tNins ention,
thin-filmtransistor according to the present invention where an organic

thin-fijymt rﬂgsbﬁttﬁé A .CHJEk (ggg%r{ggbg-{}%gIr%{l%lquhﬁﬁg;e%conduct or is enployed.

Fig. 3 shows the sinples possi wherei n separate gate

el ectrodes are providedq on. the 2 2 AUG 2002 a2 substrate, the gate,

Csol at or - coniBslG ARG ARSI AITICEORRYTS SEaRb0T tHesactal HRYSHER B ¢ he
sour ce/ dr ai nfig| egtregigieeSinmbiafibn technlbéoggme for both transistors. As an
exanpl e of an organic n-channel material my be nentioned copper

nexadecal | uongpes SOGULDS LSTAQUEG) PS8 ek HBclap i ionglc 0
IS, 92N G50 SN Pk Sl LG LA tRchoo 8 4oL

sem conguct or materjals of the n-type such as buckm nsterful |l erene (C60).
Or gani é2n- cHagnd? alMendsawingihashdidn o mickeplzefosraptpot an actual NAND gate
copper - hexadegBzd o igp BbaipdeMantar¢ thir=GtmPein A5t ekdNels AcBARInG to the

sem conductor nmaterial ,of 'the n-type may be conbined with one of several

i nor gani ¢ p-RIGSAHSLVERHPRonduct or materials in order to formthe
conplementary thin-filmtransistor circuit. As exanples of suitable

i norgani ¢ sdhg.cOmawiranitdisigramesfptheySANRyzaie in$igrdas i oned p- channel

anor phous silicon which has f eld effect nobilities conparable with

FI 6CuPc, or figppethadoppdt polige wattak N ANy neait fig Opc- Ge: Cu) whicA in the
literature is shown used in conbination with indi umdoped cadm um sel eni de
(Cd- Seapn) iy & Ak r alli see J.
bout o7 a1 gnds & A B ol O e T o)
CdSe: | n/ Ge: €ing Re¢illptomsealizad vtk comud prsney thit-Tilmeirapsstar draptsays.

Sol i d- St at e a6k8£dih@Nbqfe pYSdent Idv&iior (1991)). Polycrystalline gennani um
has di spl ayed field-effect nobilities of about 5-15 cnR/Vs, but requires a

nore conpli gat r ocessi t han r phaus, silicoen.. 25,Fig. 3b shows an
enbodi nment *D'teﬂeﬁbeo%?"élﬁgﬁ%g&?? Pﬁgﬁe- P’in%nqstc}%%tgfé{lg}g'gior cuit according to
the invention with an n-channel transistor. The enbodinent in fig. 3bis
anal og to tKgs.ildaf}2p rexpechvelyvihersate debamiheposicr daedpatoen end the payérand
drain g ect H?%‘%‘?aﬂiéh ?9&&&%?%@}ﬁ?oscfhﬁtdrﬁi%'fgé.' NWaé Bt i8or BY Be SByploe
realized as 1n Tig. 2a, namely consisting of 30 pol ynet hyl netacryl at'e”and
Novol ac phof"@ﬂ@gﬁs@n@uch that the portion above the n-channel organic

sem conductor is exposed, the isolating double |ayer al so here being broken
by a re-entfest 1faed idspeciihelyahei gate dehdy; ahepotiar dissipation and the power

dissipation product as function of the supply voltage for an eleven-stage ring



t he n-channel organic transistor will then be isolated fromthe p &Ef:&gﬁ
i norgani ¢ transistor, sonething which my be advantageous, but whi A
2 2 AUG 2002 1.3 a necessary condition Jor usi ng an organi c active

n- channel sem conductor nmaterial. The isolation of the organic active

n- channel sem conductor material may al so be achieved in correspondi ng

manner as sheug){Q6r f&?lﬁﬂ%ﬂh’@ﬁﬁg&?éﬂ&b&&ﬁ% lsiétcﬂrz : aEE‘?Ifdng

3c, where a photoresist Is etch such that t anne
organi c acti V@ tBepres6ntiik¥®itials i sol ated. The etch mask, i.e. the
ghotoresi st, may al so here be xenoved fromthe organl c n-channel transistor

and it is thﬁhrsobhaiermdlltxhww gareh aisehsdion ofgwiord art fwigh 3kle of the
enbodi nent in f|

whi ch SchemaEPELPTBESieFd | eé%etaﬁﬂﬁto 5@%?3}%5&%&3@&‘3 SRR ary

? Si : H df ganpeirttr a*}ll;lsranqs dhs:d?msﬂhag:pniqﬂlememearyaclct&ﬁ_cW1?i }mgaﬁm@exnahnel
eatures in ricati.on _of, the conpl enentary .t il mtransistor
circuit acco larfﬁed 5r?§e3tpfé\i§?£ngﬁga?gpfﬁn§§{m—gn' L&D B3nSISIAL.eYCl as
t t thitradsi @ lgate eleetrogld 08 bib
tL?QZ'.FaSLr' e, e NG ML Ch S haLl b detar | ped fosely in
the follow né Mﬁ%g a@gﬁlg%é% e;i é?w %@lel@ reeecgléop‘fees]%tpéaghdsﬁﬁﬁ%(1)‘%1“ ic 3
O e T B T

' S duk g%o le Q b ? 1 37 4

t o o dp #

? ?n ﬁp:‘J il ﬁwr te rlanéwmd)amofp}eomudmenamhmhrﬁuarhlsdhecatcmdeleyaf of thee moggéx?g :
Ll L m { ANSSher niBLsieRas i £ A BANS, Blovi el Bla:RYARRTANILAR

order to iso ate eaC|ve sem con organi c ﬁlnf I m
transi stor, hayef ﬁu\gh@s@rﬁehtcae&@ntahpét emmﬁhpwpm meesgugpe gRefdnain was

used consi stmas O (RO bV EmANE TRt B} 09 Mea@ Aoalse f@HH&PIat%'%'r%t

whi ch toget hgr forps an_jsolating d | ay he conpl enen
transi ﬁgor e euamormms pidiconfeasclesy eE,QSéﬁ@ %\%C{ PIFﬂVﬂ 25 Flrﬁctrﬁaﬂsmaﬁstst%th

pent acene a&h@-@*ﬂm@hoﬂﬂiddﬁlﬁ@aﬂw@wtme F&iRE/ @hinlelatdodew7l drehave a
positive thr shold

el ectrode t Hefiﬁ@t"celrﬁﬁgFE?%Fh%fft\heosllOEﬁg%eﬁg?f%g @&i@éﬁgl%cgrecheotgﬂg an

active p- chamhlanﬁ@l 13€eiston dide ot shbrtp@m&manerhmnielﬂa layganiic besrizsi stor in
ent ac

d t k t h t I t
O 0Pt §epb AR b ok RER AUl on B AR PPLEFERE s o
i sol at 26n wiark conaeated. Gfonshguenily tlye tgtey 7aéxtends tmvateisdbﬁtp -ohamifelt he
or gani ¢ semeoNdueL U8 4o grthe%hg%é b EL DA SR DOhR 4 Dk BvErkd O
t he |solat|on I's achi eve eposition o ent'acene a er
by breaki ng ib@iagingvapterid, for- it %IaiﬁtSﬂlch 211TA@@ PG@ZlmdedE@@IOéh¢Ta‘§'1@ﬂecﬁfléfl l e

in the organhCrieahs e thE%uE‘@éVHFMH‘él@&'EP@d@twagaiﬁét% Hegveisegheri ng
the fabrication was 250C. Now the process steps for,the fabrication of a

transi stor GEUHAPBARGtAH layeslq “&Rﬁh F%f@ﬂf@ﬁcb@f &'E@%BE@YW&%(%@%t e short
referepse tayhiciSfor4Astdhcdim£be @eﬁ@!ﬂ@é@b @Hﬁﬁﬁﬁﬁﬂlﬁhhﬁow Finagy, sgé f

explanatory to a person skillled in hea at gaeelectrode
metal is depSSITtHE CHRUItROBRHSET Hite Ik?yn§ﬁﬁftt¥%d}% L@ggﬁlep Pﬁg??ntnﬁie USBSIOR o
gate el eCtrQQ@c@it@c@ﬁi&&ﬂﬁﬁ@?B&hﬁdé offiamSév apesktel @%pﬁmw layericef. Adlpr By
nmeans of pl sma- z% apout deg)osutlog g&l Ia er structure
i s thereaftét2dB d’%quﬁ COEBﬂ%tleé Pﬁée@fosg%fa WRE SO 1{atgl‘a RPEBT 3%r bot h
?at eI IeI ectr Qdﬁlspleﬁimlteﬁ@rll@mmtoh"&ymmt)i‘s t{ch)tdrmgleﬁfnile;ilepmoambwsthsal [ conhand

i na an isoql.at er, once.again of ;sild.con nitri such as
shown 1011 S HliBR 1R B B SRR RETE o BoAT g PO kO et st

now patt er nedrcwitt h another mask |1 in order to actively define a

A section through a first embodiment of a complementary transistor circuit
according to the present invention is shown in fig. 2a. Separate gate
electrodes for respectively the inorganic and the organic transistor are

35 deposited on a substrate and covered by a layer of silicon nitride which forms
the gate isolator. The inorganic active semiconductor material is here shown



thin-filmtransistor with hydrogenated anorphous silicon. In fig. 4e the 15
uppernost silicon nitride layer is etched and in the subsequent proZésAiJG 2002
step in fig. 4f the layer of hydrogenajgd anmorphous silicon is etched. In

the process step shown in fig. 49 a photoresist is patterned for etching of
i -stopper and the |owernost nitride |layer by neans of a third mask I11. The

tchi itsel. t | trid
Shown in 11 o n4RE E, df Bl ABRERRR A PRLINSTESH (B EP Ap B Oui B U (1
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Fig. 3a shows a section through an organic/inorganic thin-film transistor

according to the present invention where an organic thin-film transistor with

an n-channel organic semiconductor is employed. Fig. 3 shows the simplest
35 embodiment possible, wherein separate gate electrodes are provided on the
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2 2 AUG 2002 20 CLAIMS 1. An integrated inorganic/organic conplenentary
thin-filmtransistor circuit conprising a first and a second transi 204U6 2002
whi ch are operatively connected and pr?%/l ded on a common substrate, wherein
the first transistor is 5 an inorganic thin-filmtransistor and the second
transi stor an organic thin-filmtransistor, wherein the separate gate

el ectrodes amenguessaryexbrfdotiondoh using #re Ot gamig iastive 91- chamh alksermican thetor

conpl enent ar y, thja;filmtransistor circuit forms a multilayer thin-film
structure, characterlzed in that the inorganic thin-filmtra nsistor is an

n-chan. |l el transisfor angl that the 1Q org@?lc h|n fil tranmstoi IS a
p- channel tr an¥iSP&y10ToP thecerapmic gty p g- SCREE PGP AAtekial MRt er i al

in each Cﬁse abgy 5'@aélﬁfl%ﬁ)edhh\t@rifeds@oﬁdﬁhaﬂfa@lhe@létﬂ@lt@?]ﬁ/{lsf%mtﬁ@@m&mdmt1ﬁr' al
or an n-gchan ani conduc ria a
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said isolatign |ayer ers js/are broken in e of e secon
Cransi svor. GsKeby HHRBSEReh g Glsoutere det i Fibnt the ety

transi stor in- mneamnsmmmam@ itt iaethsmwbmanaﬂdhdrvaruaneka&nth @@Iehowmmeﬁ@ and
I s provided | ete el ec sol ati on against the first transistor.
20 2. A conppaﬁgqﬁg §ﬁ??§?P§ql %S|stor circuit according to claiml1,
characterized_ in that the |noﬁ%an|c active sen1conductor material is

sel ect ed anohdersyshalganst vittarmpreadodigs. dendy whesh pghemglicalye shewdthsr

unhydr ogenat ﬁPOdE‘S§ @Qﬁéﬁ/ﬁtf@k Hﬁﬂé%rét'eﬂ'db%bl@méhtﬁz 4381 I-Poﬁbamc*ﬁ/éﬁs?ﬂ%f‘at ed or
unhydr ogenat ed poiqu %st alline"silicon
0

c-S) I ngl e cryst
silicon, 25 t5PB eEI § Aoy grtlatlpnr?é” S@@p@h efﬁmeacmég ég}vrlcaaem%ﬁhe
sel eni de (CdMglﬁﬁémaﬁmﬁmLﬁ%l teign i §aF @ircut ad‘c@ﬁ@ﬁ’@ tfoethlerlﬁﬁzgﬁﬁbﬁ The
sem conduct ors based erials ossibly in’sin ystal, form 3.
A Compl enont SRR -5 Eh LR sHBhSramsisior S0 s bt OGSt B BRp Sidmae!
tﬂe i nﬁrSgani mvieridsstag geredsthode- Iaydﬂﬂatnmetuﬁer a@meﬂilng,wﬁi@hodlﬁﬂlabé gesm@bdhn
that the inog gani, tLv onduc mat er | enat e r phous
silicon (a- §f“ P%C?Al%gl}ﬁof@r% Wi y&“ﬁﬁllﬂ}f?rﬁlqﬁ% ﬁhﬁgs}éﬁ 9; falggcgrdi ng
to claim2, mmage]frplahaa+erdragaad©hbrranasll \setpnurléepasmmhélfhtei;ubsequsnst or,

ghzr f‘JCtGerzi)é r%c@sst gt%h c{]ﬁgh?@s{: %%HH& cfé‘fri{ﬁa"g‘?a%ﬁfé‘x%{h%‘&%ta?{d %ES{dh"i‘ﬁl; 'sa 2

hydr ogenat edeah@rqmmmg welliassputtersl deposmonmfd@mpq:@mdutdaam migtal-for Ithe
Lransi shor gp&)%ﬁércftgfrp fxﬁﬁ%ﬁ%rsfdarﬁpgb LoutdPhAE UPdinZREcirBdd 8t G Anlid Ve
hin-film transistor were deposxted by means of thermal evaporation. In order
to isolate the active semiconductor material of the organic thin-film
transistor, in this case pentacene, a re-entrant photoresist profile was used
consisting of polymethylmetacrylate (PMMA) and Novolac photoresist which
25 together forms an isolating double layer in the complementary transistor
circuit. This is a necessary step, as thin-film transistors with pentacene as
p-channel active semiconductor material usually will have a positive
threshold, i.e. a positive voltage must be used on the gate electrode to turn
the transistor off. It is hence necessary to isolate an active p-channel
30 semiconductor of pentacene in the organic transistor in order to prevent
leakage in the pentacene layer, but as pentacene is sensitive to most forms of
chemical processing, it is difficult to achieve isolation with the use of
photolitography after the deposition of the organic semiconductive layer.
With the method according to the invention the isolation is achieved during
35 the deposition of the pentacene layer by breaking this over the re-entrant
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Now follows in the process step shown in fig. 4n a patterning of a photoresist
for lift-off of the metallization of the organic thin-film transistor. This takes
place by means of a fifth mask V. A metal layer of a third metal M3 is now
deposited over the whole transistor circuit, as shown in fig. 40, and then

35 follows the lift-off of this metal layer M3, such that the organic thin-film
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hydrogenated amorphous silicon and a further Iayer of silicon nitride are
25 deposited on the patterned gate electrode. The uppermost silicon nitride layer
is patterned as shown in fig. 5b and an n* doped layer of amorphous
hydrogenated silicon is deposited all over as shown in fig. 5c. The metal of
the source and drain electrodes is patterned and the doped amorphous silicon
material over the uppermost silicon nitride layer etched away, as shown in
30 fig. 5d. As the uppermost silicon nitride layer protects the channel area in the
inorganic thin-film transistor, this etch step is not critical. However, the
tri-layer process requires two deposition steps of amorphous silicon and as
the source and drain electrodes must be patterned on the top of the uppermost
silicon nitride layer which is patterned with the channel length, this requires

a more aggressive photolithography for a given channel length.
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but is based on the embodiment according to the present invention such this
for instance is shown in fig. 2a. As therein the organic transistor of the
inverter is based on a p-channel semiconductor material, viz. pentacene, and
hydrogenated amorphous silicon in doped and undoped form is used as the

20 semiconductor material in the inorganic transistor. As the input signal to the
inverter shall be conveyed to the gate electrodes, there is for this purpose
provided a gate electrode contact as shown to left in fig. 7a. This gate
electrode contact may then be deposited in the same process step as shown in
fig. 4a-4b with the use of mask I. As in fig. 2a the isolating double layer of

25 polymethylmetacrylate on Novolac photoresist will isolate both the organic
transistor as well as the inverter gate contact against the inorganic transistor.
Besides may also here the pentacene layer which is provided over the
isolating double layer as well as over the gate electrode contact of the
inverter, be removed. The well-known schematic circuit diagram of the

30 inverter shown in fig. 7b and an inverter realized with use of a
complementary transistor circuit and a method according to the invention is
shown by the line drawing in fig. 7c. The organic thin-film transistor is here
located at left and the inorganic thin-film transistor in the complementary

thin-film transistor circuit at right in fig. 7c.

35 Fig. 8a shows the voltage transfer curves for different supply voltages for an
inverter with a p ratio of 1. The P ratio is here defined by
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In this regard it shall be remarked that in CMOS circuits both transistors may
be operated both as driver and load. Due to a topological similarity B is
sometimes defined as the width/length relationship W/L for the n-charfhel
5 device divided by the length/width relationship for the p-channel device.
— The inverter shows sharp transitions with a gain which exceeds 22 for a
supply voltage of 20 V. The on voltage of the inverter is equal to the supply
voltage and the off voltage is 0 V. This shows the complete maintenance of
the voltage levels of the complementary thin-film transistor circuit according
10 to the invention. The transition current for the inverter reaches a top near the
logic transition voltage and is otherwise very low, such this is evident from
fig. 8b. This shows that the complementary thin-film transistor circuit
according to the present invention has a true complementary behaviour.

With the complementary thin-film transistor circuit according to the present

15 invention it is, of course, possible to realize logic gates as otherwise well-
known in the CMOS-technology. An example of a complementary NAND-
gate realized by means of a complementary transistor circuit according to the
present invention is shown in the line drawing in fig. 9a and the
corresponding schematic circuit diagram in fig. 9b. By connecting the output

20 of the NAND gate to the inverter shown in fig. 7c a complementary AND
gate is of course obtained, the output of which then becoming the inverted of
the output signal from the NAND gate. The voltage transfer curve for
different input voltages for the NAND gate is shown in fig. 9c and has the
same properties as the voltage transfer curves for the simple inverter such

25 these are shown in fig. 8a. A person skilled in the art will, of course, realize
that generally may all logic gates as known in the CMOS technology and the
corresponding Boolean functions be realized with the use of a NAND gate as
shown in fig. 9a and inverters as shown in fig. 7c. The integrated
complementary thin-film transistor circuit according to the invention is

30 generally used for realizing logic gates in complementary thin-film
technology.

By means of the integrated complementary thin-film circuits ring oscillators
were made with respectively 5 and 11 inverter stages and with different B

ratios. These ring oscillators show a single gate delay as low as 5 ps, a gate
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relatively low supply voltage.

5 A line drawing of a five-stage ring oscillator is shown in fig. 10 and with the
circuit diagram rendered in fig. 11. In addition to the five inverter stages an
additional sixth inverter is used for isolating the circuit from the capacity
load of an oscilloscope used for measuring the characteristics of the ring
oscillator. From the measured oscillation frequency the delay of a single

10 inverter stage can be derived. Fig. 12a shows the single gate delay for the
shown five-stage ring oscillator, fig. 12b power dissipation and fig. 12c¢ the
power delay product for the same, all figures showing these characteristics

for a B ratio of 1/2.

A ring oscillator with eleven inverter steps is realized in corresponding

15 manner with the use of the integrated complementary thin-film circuit
according to the present invention, but not shown herein. Fig.13a, 13b and
13c, however, show the corresponding characteristics for this eleven-stage
ring oscillator as shown in fig. 12a-12c, but with a § ratio of 1/3.

The methods according to the present invention are simple and hence make it

20 possible to fabricate integrated complementary thin-film transistor circuits
according to the invention at low costs. Complementary transistor circuits
have an inherent low static power consumption, something which is of
importance for applications based on battery power. This makes the
complementary thin-film transistor circuit according to the invention

25 applicable in control circuits for liquid crystal displays in portable PCs,
so-called “lap-tops” or for low-level implementation such as programmable
tags. The circuits according to the invention have high switching
amplification and very good maintenance of the logic level in addition to low
static power consumption. The gate delay in the transistor circuits fabricated

30 according to the invention measured by means of ring oscillators is as
mentioned as low as 5us, the fastest speed up to now obtained with circuits

which ®se organic transistors.

The hybrid integrated complementary thin-film technology, wherein the
organic thin-film transistor may be an n-channel transistor and the organic
35 transistor a p-channel transistor or vice versa, is of course, not restricted to
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to single crystal silicon, while on the other hand gallium arsenide for the time
being appears less probable, but shall in no way be excluded in future hybrid
10 complementary thin-film transistor circuits of the kind disclosed herein.
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circuit comprising a first and a second transistor which are operatively
connected and provided on a common substrate, wherein the first transistor is
5 an inorganic thin-film transistor and the second transistor an organic
thin-film transistor, wherein the separate gate electrodes are provided for
each of the transistors, and wherein the complementary thin-film transistor
circuit forms a multilayer thin-film structure, characterized in that
the inorganic thin-film transistor is an n-channel transistor and that the
10 organic thin-film transistor is a p-channel transistor, or vice versa, the
organic active transistor material in each case being respectively a p-channel
organic semiconductor material or an n-channel organic semiconductor
material, that the organic semiconductor material is provided in a
substantially global layer over at least one suitably patterned isolating layer
15 in the circuit, such that said isolation layer or layers is/are broken
in the region of the second transistor, whereby the organic active
semiconductor in the second transistor in any case contacts the source and
drain electrodes thereof and is provided in complete electrical isolation
against the first transistor.

20 2. A complementary thin-film transistor circuit according to claim 1,
characterized in that the inorganic active semiconductor material is selected
among hydrogenated amorphous silicon (a-Si:H), hydrogenated or
unhydrogenated microcrystalline silicon (pe-Si:H;pe-Si), hydrogenated or
unhydrogenated polycrystalline silicon (pc-Si:H;pc-Si), single crystal silicon,

25 copper-doped polycrystalline germanium (pc-Ge:Cu), cadmium selenide
(CdSe), cadmium telluride (CdTe), or composite inorganic semiconductors
based on said materials, possibly in single crystal form.

3. A complementary thin-film transistor circuit according to claim 2
wherein the inorganic transistor is an n-channel transistor,
30 characterized in that the inorganic active semiconductor material is

hydrogenated amorphous silicon (a-Si:H).

4. A complementary thin-film transistor circuit according to claim 2,
wherein the inorganic transistor is a p-channel transistor,
characterized in that the inorganic active semiconductor material is a
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6. A complementary thin-film transistor circuit according to claim 5,

characterized in that the polyconjugated organic compound or compounds are
selected among conjugated oligomers, polycyclic aromatic hydrocarbons,
10 particularly polyacenes, or polyenes.

7. A complementary thin-film transistor circuit according to claim 6,
wherein the organic thin-film transistor is a p-channel transistor,
characterized in that the organic semiconductor material is pentacene.

8. A complementary thin-film transistor circuit according to claim 1,

15 wherein the organic thin-film transistor is an n-channel transistor,
characterized in that the organic active semiconductor material is copper
hexadecafluorophtalocyanide (FsCuPc).

9. A complementary thin-film transistor circuit according to claim 1,
characterized in that the source electrode and the drain electrode of the

20 organic thin-film transistor are provided in one and the same level in the
thin-film structure of the organic thin-film transistor.

10. A method for fabricating an integrated inorganic/organic
complementary thin-film transistor circuit comprising a first and a second
transistor which are operatively connected and provided on a common

25 substrate, wherein the first transistor is an inorganic thin-film transistor and
the second transistor a organic thin-film transistor, and wherein the
complementary thin-film transistor circuit forms a multilayer thin-film
structure with successively deposited and patterned thin-film layers, and
wherein the method comprises depositing separate gate electrodes for

30 respectively the first and the second transistor on a common substrate, and
depositing material for the source electrode and the drain electrode of the
organic thin-film transistor on the same level in the thin-film structure of the
organic thin-film transistor
characterized by forming the inorganic thin-film transistor as an n-channel
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p-channe] inorganic active semiconductor material, providing in any case at
least one global isolating layer over first transistor and broken in the region
of the second transistor by a suitable patterning to expose the source and

10 drain electrodes and the gate isolator of the second transistor, and providing
the organic active semiconductor material in a global layer on the top of the
isolating layer or layers and such that it covers the exposed portion of the
second transistor, whereby the active organic semiconductor in the second
transistor is provided contacting the source and drain electrodes thereof and
15 in complete electrical isolation against first transistor by a re-e¢htrant edge of

the broken profile of the isolating layer or layers.

11. A method for fabricating an inorganic/organic complementary
thin-film transistor circuit comprising a first and a second transistor which
are operatively connected and provided on a common substrate, wherein the
20 first transistor is an inorganic thin-film transistor and the second transistor an
organic thin-film transistor, wherein the complementary thin-film transistor
circuit forms a multilayer thin-film structure with successively deposited and
patterned thin-film layers, and wherein the method is characterized by
comprising steps for depositing separate gate electrodes of a first metal for
25 each of the two transistors on a common substrate,
depositing separate inorganic isolators of silicon nitride (SilNy) over each
gate electrode,
depositing an inorganic active semiconductor in the form of hydrogenated
amorphous silicon (a-Si:H) above one of the gate electrodes which thus
30 forms the gate electrode of the first transistor, depositing and patterning an
n" doped layer of either hydrogenated amorphous silicon (n*a-Si:H) or
hydrogenated microcrystalline silicon (n*pc-Si:H) or hydrogenated
polycrystalline silicon (n*pec-Si:H) as source and drain contacts for the first
transistor, depositing and patterning the source and drain electrodes of the
35 first transistor in form of a second metal over the source and drain contacts
thereof, depositing and patterning the source and drain electrodes for the
second transistor in the form of a third metal in the same layer level in the
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forming the inorganic thin-film transistor in a back-channel etch process.

15 14. A method according to claim 11, characterized by isolating the active
semiconductor in the form of pentacene in the organic thin-film transistor by
a re-entrant profile of a broken double layer of polymethylmetacrylate
(PMMA) and Novolac photoresist.

15. A method according to claim 11, characterized by evaporating gold
20 thermally for forming the source and drain electrodes of the organic thin-film

transistor.

16. A method according to claim 11, characterized by removing the
pentacene layer which has been deposited over the isolating double layer.

25



