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WD 2005/ 023940 PCT/ DE2004/ 001903 *159159* | nt egrated
circuit conprising an organi c sem conductor, and
net hod for the production of an integrated circuit 5

Theoi poeBY02B946! at es t ' ted cis@/8£2004/001903
according to the prean‘oﬂ]ﬂmmw @mﬁ, and to a process
for producing an integr conpr|5|ng an

organi ¢ sem conductor as cld#¥d in claim9. 10

Systens conprising integrated circuits based on

orgﬁﬁé@ra@@m e9REUGEOICHm Fﬂs%r {%Lﬁg%ﬁ%‘?é‘%ﬂ&g%%ﬁhguctor,
cons

ff t
GESCIETS éagshgfggﬁﬁag§°§bﬁFF€8tPSna§eéPGF969ted circuit

econoni cal electronics. Afield effect transistor is

copsi der.ed tq .15 be _organic particularly if t
serrﬁlﬁ%oncf‘unc‘{el lcf%yerrel%%eﬁr odgged F onﬁﬁﬁe&r&&ﬁldt circuit
naaecoad1n§|MOenne|pr¢mmb1®Ieftaﬂaﬂﬂcﬂuandonmiex process

ci it OFETs, r po I al
ap%?#caﬁfgﬁgeg EE % %q%é?é e ]St:rltré Lé%l%%Pg an
of°¥$3$EF(F@m+Epn¢HIF©r ﬁﬁeqééhm?dldenpiﬁnmaﬁlon)

systens based on this technology is considered as a

potential replacenent for the bar, code, which is
sus¥epETdI @Oﬁsrﬁaapss 1Bk IZAN e Cirsdd tonIRR 51 % eEganic
V|semuccm@metbrm4thlhhep&&aﬁﬁ&ﬂarZSdﬁydﬁﬂdI(E&éﬂd effect

UL ORcLl AL SUEBERLERL M B oS cacnnonosy

produced rn Targe g
prbtessels armas$ | mppkitahior. 39e@ndng toft heeconomical

tr@ﬁé@%rgh§&9rtho@lgﬁdng%%e%Q'%ﬂ%!%h %% (¥g(%%ns1dered to

substrates (e.g. polyethylene tere
be organic particularly if the semlconductlng layer is

produced from an organic material.

Since it is possible to build up complex circuits using
OFETs, there are numerous potential applications. Thus,
for example, the introduction of RF-ID (RF-ID: radio
frequency identification) systems based on this
technology is considered as a potential replacement for
the bar code, which is susceptible to faults and can be
used only in direct visual contact with the scanner.

In particular, circuits on flexible substrates, which
can be produced in large quantities in roll-to-roll
processes, are of interest here.

Owing to the thermal distortion of most suitable
economical substrates (e.g. polyethylene terephthalate
(PET), polyethylene naphthalate (PEN)), there is an
upper temperature limit of 130 - 150°C for the
production of such flexible substrates. Under certain
preconditions, for example a thermal pretreatment of
the substrate, this temperature limit can be increased
to 200°C

N
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(PET), polyethyl ene naphthalate (PEN)), there is an
upper tenperature limt of 130 - 150C for the .
producti on of such flexible substrates. Under certain
35 preconditions, for exanpleja-thernal pretreatnent
of the substrate, this tenperature limt can be

| narteaseth the2QREHGRART brit W bhthBeghettHd i Sbrtion
t hat , althqg h the distortion of the substrate is
r SHuCEE §Y %ﬁf%&ﬁ b7 eVentesds Alkrifieal Pre¥ertedt ep
in the case of electronic 5 conponents is theI .
deposi t.i f ielectric l.aye in_particular. the .
gg?eq%ﬁ%ﬁggﬁﬁi 'ﬁégkﬁg %%egh OFE %heTh%ga%al?fy SreGenic
dieImeRanerss | ASORERs Heposbtiert ofverlye hidgklectric layer,
' Ot pERRALE 1! HEOBEL el il LhE ARl ayethe £aby oppy.
nmechani cal. and el ectrical grogertles. i'I'i con

fE

dil0ig deupsier) o5 the cdie yiadstirf r @ELBAt Ihas used meet

gatéa:lﬂlbﬁﬂll%?i r !r@du&x_@ﬁ't%-ﬁébs ?@&Qﬁegﬁﬁg?ggy g?’hu%he thermal,
avai l'abi |ity in sem conduct or , : S,
tr Bl ’5??%hﬁ%ﬁ%%9iﬁp F P E HoRR P EPPEEBRE fuaf er

15 serves as the gate electrode, and thermal Si Q2

r t hereon. forns.the gate dielectric are
3§§¥ﬁﬁﬁ§léﬁé§%533?§t5?g g?ogﬁse8u5fepéﬁ§éF§Fﬁrégﬁﬁuently
apigd gsamte 10DGGectimr or ocFRBs, (&apedV)n f athd hevide
depgsitdwoin afy Si G2 on : | tra (X i se

oper at e at:ggﬁpera?ureggggbgggaggggoc.E%%apgﬁg%%f Thus,
PEHPSSHE Vni VEFYFEFTRES 1YeVdlicHed2 a qaRscessitionn wafer
besmweput her ity vhteh dBkesrodd, Pasd btgetfa deRIY,! Frown

méﬁgfggﬁieréé Hg égggeﬁielectric are described. This
Si0; is produced at temperatures of about 800 - 1000°C.
Other processes (e.g. CVD) for the deposition of SiO, on
various substrates likewise operate at temperatures
above 400°C. A group at PennState University has
developed a process (ion beam sputtering) which makes
it possible to deposit a high-quality S$iO, at process
temperatures of 80°C. This is described in the articles
by C.D. Sheraw, J.A. Nichols, D.J. Gunlach, J.R. Huang,
C.C. Kuo, H. Klauk, T.N. Jackson, M.G. Kane, J. Campi,
F.P. Cuomo and B.K. Greening, Techn. Dig. -lot.
Electron Devices Meet., 619 (2000), and C.D. Sheraw,
L. Zhou, J.R. Huang, D.J. Gundlach, T.N. Jackson,
M.G. Kane, I.G. Hili, M.S. Hammond, J. Campi,
B.K. Greening, J. Francl and J. West, Appl. Phys. Lett.
80, 1088 (2002).

However, the high process costs and the low throughput
are disadvantageous here for mass-produced products.

It is also known that inorganic nitrides, such as, for
example, SiNy., TaNy, can be used. Similarly to the

preparation of inorganic
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tenperatures of 80C. This is described in the articles
by C.D. Sheraw, J.A .N chols, D.J. Gunlach, J.R

Huang, 25 C. C. Kuo, H. Klauk, T.N Jackson, M G Kane,
J. Canpi, F.P. Cuonp and B.Ks3 G eening, Techn. Dg.
-lot. Electron Devices Meet., 619 (2000), and C D.

Shexades, Lthéha@dpodiks H@mﬂhoﬂ%ahldaﬁﬁﬂfﬁaéf r@ﬁulre high
Jackson, MG KngH1qug Hli,”MS Hamo

CanprPSRREBIRS e PEOCESaNEPShAd :rhlves}ts ‘gpperibed,
Ph§sr Leékampaav 10854 (200R¢. Hawevene thQﬁhlghB K. Crone,
prpc d the l.w th hpu
dlzga va %:é)\%ieg gpherg‘ fgrarﬁlﬁil 'erddllfcst's. BsY}(Lin,
|sZ al Bao knolv £ HatNé bk garii ¢ Imtralrxdiesﬁ guckaas, for Appl.

ke, gS NG 55 Tabhpyycan be used. Similarly to the

prepar atioh o |norgan| c oxides, the deposits of .
inorganic nitrides require high tenperatures or high

progess §Q§bskﬁUWﬁ5ﬂﬁé@eﬁfﬁkpédsolﬁ@&oﬁéamgﬁin i& ?fass
article by B . Crone, dabal apur Sar&ﬁs

o = FEa 1y OIJ_Cigﬁ.nlSI Zs:.%angs Hwhdokej ¢an Lprepared
anﬂk@hEa K&ﬂﬁtlbn Aprd . cafPhps. cB%vert2%l GQQQi) ésésllke"
ri.d sol utions spnon cej&

wn hat h
e %%é@dg ani'® s aolxancé%m&\?ﬁ%ﬁo anWGEepr
frmﬁ‘aels-%)iml ofnsnd Hfzbe iconveffedtédt oeighass- Iaﬂ(e"hlgh

| BY&HiSe Y & L mgbogeve;ro%% VY e Q gf&i%%hl cﬂmely partly,

conversion into is effected e|
t SHbETat GReYlEahdtt UooTIuerdt hkasspraes Gimllayll;ta/rt(w this
V\:hic@rhté}aia‘}ﬂ tscfn a frsluceshrtfansi stwy qual igys (in Fhiguck,

J.A. Rogers and M.A. Paczkowski, Adv. Funct. Mater.,
12, 526 (2002).

In addition, organic polymers, such as, for example,
poly-4-vinylphenol (PVP), poly-4-vinylphenol-co-2-
hydroxyethyl methacrylate or polyimide (PI), have
already been used. These polymers are distinguished by
their comparatively simple processibility. Thus, they
can be used, for example, from solution for spin
coating or printing. The outstanding dielectric
properties of such materials have already been
demonstrated (ct. article by H. Klauk, M. Halik,
U. Zschieschang, G. Schmid, W. Radlik and W. Weber, J.

Appl. Phys., in press, scheduled to appear in vol. 92,
no. 10 (November 2002)).

It has also already been possible to demonstrate
applications in interconnect layers (ICs), the required
chemical and mechanical stabilities of the dielectric
layers for the structuring thereof and the structuring
of the subsequent source-drain layer having been
achieved by crosslinking of the polymers (cf. article by
M. Halik, H. Klauk, U. Zschieschang, T. Kriem, G. Schmid
and W. Radlik, Appl. Phys. Lett., 81, 289 (2002)).
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15 context, cf. the article by Z Bao, V. Kuck, J.A
Rogers and M A Paczkowski, Adv. Funct. Mater., 12,

526 (2002). In addition, organic polynmers, such as,

for exanple, 20 poly-4-vinyl ghenol (PVP)

pol y- 4-vi nyl phenol -co-2 hydroxyet hyl nethacryl ate or
pdeem'éhe, (Phis haes s_ld'rl;ﬂﬁ&@/ Pfﬁ@fﬁé@éedﬂ%%tsiecveer?%eratures
0 oare distinguishe ei r._conpara ,

1 208, Becstitit 1 05, FRLOTHEY Can Deseascrgrion of
exiahptignld romsotatéormivingpanl2bgeoatéay or

printing. The outstanding dielectric properties of

such materials have al ready been denonstrated (cf.

arkt cl® Bye Hpbikeabkof MchRabirksent. iZLSf(elmitémhhang,pn_:évide an
Schyd : | d e J .Phys, ..
pﬁggfbg%%zgﬁ?%55F29a6§é5¥ﬁ?ﬁjv%lén9§?85§6%u5%qk#6hdUCtor

( NRRenBer Mo6BOY) . imt Wy &eal PEadychbien pefsidialaatric
denpnsty a £ OB | CAlPpONSihTe | it €I GRNERbe L AYEFSs .

(I1Cs), the required chem cal and nechanica

stabilities of the dielectric 35 layers for the

stThuict whiwct hes eathhadetipeastoudingi ng tofke tikerention, by

S §§$H§E§ rce- [ hayi bee achi eved by
c%gss I nking o I&thg{ego Gi/érr%%/%?c(?y ‘g%ll“r%l by M _

Hal i k, H Klauk, U Zschieschang, T. Kriem G Schmd
antdyr i ko Arfle Rftentds®id, . &k %%%ég%oaoc?éé éifeuit
However, this crosslinking is effected at tenperatures

of FHIC S cR s OpPBBrEnaEPRIFBPINRECEr oB@Rt i dfroduced
f |feodnblee pilhsierat farmedd bR digesteiep.ob It is the

obj ect of the present invention to provide an

a) 100 parts of at least one crosslinkable base
polymer,
b) from 10 to 20 parts of at least one di- or

tribenzyl alcohol compound  as the electrophilic
crosslinking component,

c) from 0.2 to 10 parts of at least one photo acid
generator and

ad) at least one solvent.

The integrated circuits according to the invention are
in particular OFETs having organic layers, which have
outstanding dielectric properties. Owing to the
specific polymer formulation wused, the integrated
circuits can be produced in a simple manner at low
temperatures (up to 150°C). This polymer formulation
can also be used in principle in combination with other
electronic components.

It is advantageous if at least one base polYmer is a
phenol-containing polymer or copolymer, in particular
poly-



10

integrated circuit conprising an organi c sem conduct or
and a method in which the production of dielectric

| ayers of CEFTs is possible at |ow tenperatures. 10
This object is achieved, accomrdi-ng to the invention,
by a nmethod having the features. of claim1.

Actorihylplhensd he inyemwxyh44{?h§1§ﬁgﬂéﬁf%bx@; 'f%ﬁyethyl
c n_organi c_sem conduct or can be produce

13 ¥?g%¢€§%%?%ner f or?ful at i on Qﬁﬂﬁﬁ%ﬁY%ﬁV%ﬁﬁéﬁo%Iﬁp'methyl
paretthafryutateast one crosslinkabl e base polyner, b)
from1l0 to 20 parts of at |east one di- or- 20

tribenzyl al cohol conpound as the el ectrophilic
criskiantagerp shpoasntleadt f oom @i tor 1@ rikenzyif atcohol
| QAR PAGL @18CHG ocBANAIALLL NG s A LEABLAGNR is 4-

sql vent. 25 The integrated circuits according

i PoMeihy LR pak t# &AL OFETs havi ng organi c.

| ayers, which have outstanding dielectric properties.
]@g 1 tg§ aseecific pol ymer fornul ati on used, the

i ntegrat ed“3Y2C-PEGCES carf bebrodGB8d | P18 siFifPeslinking

megnmrorsnt dvas tenperft tiie st ¢ Lipowind 58€ucTiies pol ymer

fornmulation can also be used in principle in

conbination with other electronic conponents. 35 It

i s advantageous if at |east one base polyner is a

phenol - cont ai ni ng pol yner or copolyner, in particular

pol y T -
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4-

vi nyl phenol , pol y-4-vinyl phenol - co- 2- hydr oxyet hyl

nmet hacryl ate or pol y-4-vi nyl phenol - co- net hyl
net hacryl ate. 5 Advantageously, at |east one di- or
tribenzyl al cohol conpound_ag el ectrophilic

crosslinking conponent is 4- hydroxynethyl benzyl
' oot 1

al gotrot—1t—TF —advantag e
cr¢sslinking | 10 conponsg Df ¢ f ol{l owi ng
stquctures: -16 5 0 of him he {f ol | ow ng
i sjtruesor RL: Q-4 -5- ( L, -, in which
x ¥ 1 -“20, ahd i on DAZ - -gfROR2  Ra
- 040- - wfhe fo] | ow i's al héving lto
10

A

OH

H

The following is true for R;: -0-, -S-, =-S0,-, -S4,
- (CHz) x»—, in which X.fml.T 10, and additionally:

Ra

—CmC— - S T —q';-—
o
)

0"
OO

The following is true for Ry: alkyl having 1 to 10
carbon atoms or aryl

TRy,

R
O~
Ve t

Advantageously, the photo acid generator used is at
least one compound which, on exposure to UV 1light,
generates a photo acid for transferring a proton to the
hydroxyl group of a benzyl alcohol, in particular a
sulfonium or an iodonium salt.

Advantageous solvents are an alcohol, in particular n-
butanol, propylene glycol monomethyl ethyl acetate
(PGMER) , dioxane, N-methylpyrrolidone (NMP) , Y-
butyrolactone, xylene or a mixture.
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carbon atons or aryl Advantageously, the photo acid
generator used is at-- 10 | east one conpound which, on
exposure to UV light, generates a photo acid for
transferring a proton to the -7hydroxyl group of a
benzyl al cohol, in particular a sulfoniumor an

I aoni Wl brotesAdyantiageous tsok¥ent §vah€agBous if the
al cohol , in part&gular éﬁ but anol , propg[ene gl yco
MONSTRYHA Ot Ry | P2CE: R YHPAVERFOSaldRkABY cOmponent and
N-predty| pyidobedenatolVR)s, &-pbobytolact baewesyl enerdl 20%
aﬂ§>%ég§. For good processibility, it is advantageous

i f 't he ~Pproportion of base polyner, crosslinking

conponent and photo acid generator is a proportion

befyeen, > and 209 éd)y Jessen P JO8 0@%.605 ir?e@“éc? for the
achi eved by a net ho .?or {he production of an

i MEfugerri péuian %ﬁtﬁgFFF@dléﬁﬂﬂUlﬁnl(FEP@rtlcular of
CUIPI icHENY a cdn@raGliniC hayehe1BayikAg theyeteatwiesngf the
claiml. Acc erQg?to the inyention 10 a)” a pol ynmer
fo%ﬁﬁ%ﬁ?%rf’gsc ned AFCRFAFRY 1EPsthappRYREELE A
substrate, in particular having a prestructured gate

R T AR R

r é4ct i oh Fo
| Bprlied cakpi ed ousubsEoatehe pmodupdibicwiaan GEEIng a

Apd EAST ANE YD o BLLUELHL] NOAOLy Bt Oduci ng the
OEET I's then 20" advantageously carried out.
b) a photoinduced crosslinking reaction for the

formation of the gate dielectric layer is carried out.’

For the production of an OFET, at least one further
structuring for producing the OFET is then
advantageously carried out.

The photoinduced crosslinking reaction is
advantageously initiated by exposure to UV radiation.
It is particularly advantageous if, after the exposure,
a heating step, in particular a post exposure bake, is
effected. It is advantageous if the temperature in the
heating step is not more than 140°C, in particular
100°C. After the post exposure bake (PEB), it is
advantageous 1if at least one further structuring for
producing the OFET is effected.

The application of the polymer formulation is
preferably effected by spin coating, printing or
spraying. '

The crosslinking reaction i1s advantageously effected
under an inert gas atmosphere, in particular an N,
atmosphere.
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The phot oi nduced crosslinking reaction is
advantageously initiated by exposure to UV radiation.
It is particularly advantageous if, after the
exposure, 25 a heating step, ign_particular a post
exposure bake, is effected. It is advantageous if the

t @Uﬂ@éﬁt he | Qpﬁbﬁca@@@h' o SLER 'ﬁo%emrf%r'in%@%tlon and
artlcular 00C. After the post exposure

ba é(Eﬁ%guc Fiops© ad%bﬁqt%@%m%ruﬁlém | é&stipnedvantageous

f urd hexrs¢ roet Ul POng prin3Papt 08ULhRgatheoOFET i s

ef fected. The application of the polymer formul ation

is preferably effected by spin coating, printing or
sprayi hiye BBodnettonsslfi mhien@REdactiitonid sthen advantageous

ad&’@”%%gggf‘séys%t&%%t—%] allﬁndf%&@ln l.nert, ga atg dielectric

at nosp I n particular an at mospher
app¥®ation of the polyner formulation and the
producti on of the polyner film it is advantageous to

carry out dr in particular at 100C. 5 For the
%’dﬁ%ﬂ%n b %eaéﬁﬁtqqeq%s then2ndeshidged@yen for the

fﬂﬁﬂgmatﬁ@mraﬂfdmm ndFEger Eﬁ tb@rﬂ@&ﬁléke|§§ﬁﬁt£s1ng the
i s advant a i f an active |ayer

t ot st R By GReT. SPRLIER | &bl arhe  Souzce-

cohprini npydme. sé qoskictatningentagene,iss appnesdgdOusly

tig%ggggégaogr@ﬁ@ Layera fhygﬁgivating | ayer is

advant ageously -arranged on e active layer. 15 The
invention is explained in nore detail below for a

The invention is explained in more detail below for a
plurality of embodiments with reference to the figures
of the drawings.

Fig. 1 shows a schematic diagram of an organic field
effect transistor;

Fig. 2 shows an example of a photoinduced
crosslinking reaction of a polymeric gate
dielectric comprising PVP and 4-hydroxy-
methylbenzyl alcohol as a crosslinking agent;

Fig. 3a shows a family of output characteristics of
an OFET comprising an electrophilically
crosslinked gate dielectric;

Fig. 3b shows a family of transmission
characteristics of an OFET comprising an
electrophilically crosslinked gate
dielectric;

Fig. 4 shows a trace of an oscilloscope image



plurality of enbodinments with reference to the figures

of the drawings. Fig.- 1 shows a schematic di agram of

an organic field 20 effect transistor; 25 30 35 Fig.

2 shows an exanple of a photoggduced crosslinking

reaction of a polyneric gate dielectric conprising

PVP and 4-hydroxy nethylbenzyl al cohol as a

cr nki ng agen 3a shoms a fam,(y of output

ch(gfgt%er%% i cegl o?tro g‘"(): hd'ﬁx’ consist of a

elreteraphtyi oAl [Lyyecsos:alhlnloe?d v\galceh dlaa}eedbasem: sfigctured,

3b h r | eristics of
FSred nogeheta e IMTATY | FINHTT wl o ions

ga@% l@@éVé@@@lclaF$§S 4 shows a trace of an

"oscilloscope image - 8a OFETs are electronic

conponents which consist of a plurality of |ayers,

all of which have been structured, in order to

generate integrated circuits by connections 5 of

i ndi vidual layers. Fig. 1 shows the fundanental

structure of such a transistor in a bottom contact

architecture. A gate electrode 2, which is covered by

a gate 5 dielectric layer 3, is arranged on a

Substrate 1. As
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will be explained later, in an enbodi nent of the
process according to-the invention the substrate 1
with the gate electrode 2 already arranged thereon
constitutes the starting materg al on which the gate 10
dielectric layer 3 is applied. A drain |ayer 4a and a

soRrige | ayeshdhs behd OfuM@éﬁQn@é§ CQEPSEESQetOOEhesuch a
active se€1condu téggFOa yer are arranged on

ga‘i’éa“%Jr% QEt i ) Cﬁnﬁagg fEChA§EFAYVER - e |s

arranged above the active |ayer 5. 15 The source

| ayer _4b_pr copnectjqn,to .t he |nter ect
2 ga]PeTh§§g‘é€gS|8 i o% rand prdcess ng &?Qf gate
du%i%bwtnlczaalysyreﬂs ase adlecinjed bar athatlbstrate 1. As

ergpodi mend c@xﬁf@ﬁnéﬂvefétgﬁGMhiﬁh 3 d@ﬁﬁé&?ﬁgngergf the

The circuits according to t |nven i on and
rnRﬁREﬁ$%na?ﬁ@F€6395EPvéhﬁhéqmaﬂﬂhﬂﬂ(ﬁhQiﬂ¥QﬁtmﬁEﬂcﬁ1Wlth

25: 104 O]Eﬁ{fe hawirg R dlI %IS eﬁhﬂk%ahgyte;tégﬁhlﬂged thereon
articular, w ani avi ng ou
ﬁé%ﬁg%?%ﬁﬁtes l#bﬁ C%Faéﬁ&ngle@?FFEéPlpr%%eﬁﬁPégliﬁhe gate
ccmtnmcttnm wWibkerl Gw s oappiitanper ai:tb:ijﬁﬁ é&QeAn 4@FBhd a
has i cylayer |c roduce om a :
i x? ur e (p%]g’tfrrer‘n?br?r’u i o%) Wa}bngg} %Fﬁg Cf?innepﬁ%%} pie the
f Aftcmmporentendachaneg polypmed, arecragssrigdd myn the gate
(xﬁﬂgﬁéﬁﬁri@ @Eg@? aci dygenera tfﬂ&jfﬁ¥§9|§eQF fpranged

odi ment of the circuit_accordingt
H§ orPRChi TS he¥eFohed here by way of exanple
has a polynmer fornulation conprising the foll ow ng

The source layer 4b produces a connection to the
interconnect layer 7.

The deposition and processing of the gate dielectric
layer 3 are decisive for that embodiment of the
invention which is described here.

The circuits according to the invention and the
production thereof solve the problem of the provision
of OFETs having gate dielectric layers, in particular’
with organic ICs having outstanding mechanical,

chemical and electrical properties in combination with
low process temperatures.

An OFET has a dielectric layer which can be produced
from a mixture (polymer formulation) comprising in
principle four components: a base polymer, a
crosslinking component, a photo acid generator and a
solvent. An embodiment of the circuit according to the
invention which is mentioned here by way of example has

a polymer formulation comprising the following
components

a) PVP as the crosslinkable base polymer,
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conponents a) PVP as the crosslinkabl e base pol yner, -
10 b) 4-hydroxynet hyl benzyl al cohol as an

el ectrophilic crosslinking conponent, c)
triphenyl sul foni um hexaflate ag the photo acid 5
generator (PAG, d) e.g. alcohols, PGVEA as the

sobyent 4-Ahlsox PREYAPILERE YUl i QIhd1S 8PPlLIedeiO-frodRitic
corresp nd%ngly géﬁgared substrate 1 (gate structures
2 HhvR §+? AY DeBRCYeRFned on the substrate 1). The

pol ymer fornul ati on can be applied, for exanple, by

ripting,.. spi al Lng.or spra oati ng. By subsequent
5 ng. Sr- BBy APEL FBR O o Br8er fafour Ta00thS ' RESESS acia
potgmerator miPaAEl on is fixed on the substrate.
Thereafter, an. exposure step using W light is
effected, the wavel ength and the duration of the W

i rdhdi a1 9n dEFolgoHepehd¥Bt aa the phdvenscid
generator 20 used. A photo acid, which initiates a

crosslinkin reactign in_a subsequent heating step
( not*fror e B er1 40CtopBEL aéxpBsur et Hake FEER)Y isto a
gecnmmmorﬁaimgljneprebatedaehds%elaeteatlor(-ga&r"e_ Fsk’rgru@tures 2
S t ot 0l ced_.el.ectrophili crossl inking
rgg%??ogﬁﬁgﬂghgo?%%grigegépgddi%TeéﬁF?CSU%EFr§§5 by) - The
weryo by mex arfisl mmudiatioh hydnoxlyeretapploeenty| foad cehahpas, by
t I nking ta, T, 0 ) €
e R DrRn) S e henaFFa goaggnd. BB &quent
drying at mdderate temperatures (about 100°C), the

polymer formulation is fixed on the substrate.

Thereafter, an . exposure step using UV light is
effected, the wavelength and the duration of the UV
irradiation being dependent on the photo acid generator
used. A photo acid, which initiates a crosslinking
reaction in a subsequent heating step (not more than

140°C, post exposure bake (PEB)), is generated from the
photo acid generator.

Fig. 2 shows the photoinduced electrophilic
crosslinking reaction of a polymeric gate dielectric
for PVP by way of example with 4-hydroxymethylbenzyl
alcohol és the crosslinking component. The photo acid
generator used is triphenylsulfonium hexaflate.

As a result of the photochemically induced crosslinking
reaction, solubility differences are produced between
crosslinked and uncrosslinked material. By using masks,
a definition of exposed and unexposed parts is possible
thereby, which can be used for' structuring the gate
dielectric layer 3.

The use of the process reduces the required crosslinking
temperature by more than 60°C compared with the
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As a result of the photochem cally induced
crosslinking reaction, solubility differences are
produced between crosslinked and uncrosslinked
material. By using masks, a gefinition of exposed and
unexposed parts is possible 35 thereby, which can be

Uﬁﬁéittﬁ@ds Krldaat Ukbngdi e gatse %‘r%ll%‘ite“ff}él P13 et al.

of the process reduces the require
o REPELR! obPE . BRERZR e thy Sasre antam O ddrRRedfor the
vmimbitmatell nmet hods known to date (cf. article by
Halik et al. (2002)). The tenperatures used are not
critical for the substrate. 5 The base pol ymner
deflee nbass tivd ymard athete athipeopéhei eSindafmetrttealgapeoperties

d'&fe%% galt@y%Leno Ui ab] g QPS§ p%ﬂ%%ae Y&d Bbolymers

principle contaln .
cfblf%l yirfer @rtlﬁ@rlédfe gddh abenpércméﬁpmngpopylmmers and

S EheRet s p@hé!réof' nyLRRENOIGO- Zdydraxygthy!  JdOy-a-
haC{ Iate or poly-4 V|nylphenol co- net hyl

L/ By the d@fi¥e o‘fl‘?Weprt‘?%%TcF?]ﬂ TRyydroxyethyl
COW@EHEﬂﬁyIﬁmbthe comcent r at i ol §-HpFreDly 1 phd Ml -co-methyl

p ation, the 15 nechani cal properties of
i T

ayer and the resistance to chem cals can
be deC|S|ver controlled. By the choice of the photo

geRer ah 9t coWaye!l engt hfrégglfmﬁegrec nga LR the

|n| iation of the 20 cross I ng -reacCtion can
cHRMA MRt TR thersafat i e the (PRLYBRY dopovdesieake the

( PR alet &L rtﬁfopéf‘@l@élr & onnef bbe ymeesshbpki-Ndand the

hi s
Steggfgggﬁ%é to chemlcals can be decisively controlled.

By the choice of the photo acid generator, wavelength
and exposure dose for the initiation of the
crosélinking reaction can be controlled. "The
temperature of the post exposure bake (PEB) determines
the duration of the crosslinking step since this is
determined substantially by the diffusion of the photo
generated acid.

The choice of the solvent determines the film formation

properties of the formulation.

Two polymer formulations which differ only in the
proportion of the crosslinking agent are described
below as examples.

Formulation 1 is a 10% strength solution in propylene
glycol monomethyl ether acetate (PGMEA). 100 parts of
base polymer, 10 parts of crosslinking agent and
2.5 parts of photo acid generator are present.
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determ ned substantially by the diffusion of the photo
generated acid. 25 The choice of the sol vent
determines the filmformation properties of the
formul ati on. Two pol ynmer fornmypations which differ
only in the 30 proportion of the crosslinking agent

are dasamﬂzﬁdofbet oWy aafexwlpl |e($4w FQBHHEaltZ(PVDQO) tsr?% base
10% st rengt ion i ene yco nonomne

ot vEEe ane” At o808 PRhre sl iRes pu yrgonol as
10cpeas$binkicgoagkinnkiang adiend o hnsld 2n520a6t@(ﬁfimmémh as
acj rato S 12 A _m xt go

S IR Soohe = 28 GBh S EBharacts  GRBMY, HiBabs sty of

4- hydr oxynet hyl benzyl aIcohoI as crosslinking agent

ar’EhéH:§§@te¥ﬁﬂ B 2 5oﬂ @hﬁ@ﬁﬁl@ﬁlféﬁhﬁﬁnthe%ﬁate as a
app atu bout 3

n Thereafter, 50 ng .
PR P aRy s He A T hesaP| SCHES Snd phbeg taidl soldeion
generahakearekadd&dfamdhéheHnnnu B@futeomse|51?hakp@lymer
fo h f , .the,paly sol ution
Ry EBA R PRGSO EhERSR. =, 002" ReY BRD kR ar i on 2
|s a 10% strength solution in PGQVEA 100 parts of

baB@rr'ﬁ)Lola{ﬂEdSm 20 parts ofosrasstdiding sAdRtorANEn2. BGMEA .
hot o. aci.d gener at or

e present . -
ﬂ?o%o?tlé% f groggﬁyﬂﬁth é@ﬁuﬁaﬁgf PS5 (REPRFLIRKING
tVW@%nGS andh as5i npblrésf ooful atticdo 1.acid generator are

present. The:'proportion of crosslinking agent is
therefore twice as high as in the formulation 1.

A mixture of 2 g of PVP (MW about 20 000) as base
polymer and 400 mg of 4-hydroxymethylbenzyl alcohol as
crosslinking agent are dissolved in 20.5 g of PGMEA as
solvent on a shaking apparatus (about 3 hours).
Thereafter, 50 mg of triphenylsulfonium hexaflate as a
photo acid generator are added and the total solution
is shaken for a further hour. Before use, the polymer

solution is filtered through a 0.2 pm filter.
Film preparation:

2 ml of the formulation 1 were applied by means of a
spin coater at 4000 rpm for 22 s to a prepared
substrate (PEN (polyethylene naphthalate) having Ti

gate structures). Thereafter, drying is effected at
100°C for 2 min on a hotplate. The layer is then
exposed (wavelength 365 nm, duration 30 seconds),

intensity of irradiation 7 mW/cm?).

A post exposure bake is then effected at 140°C in an
oven under a 400 mbar N, atmosphere for 20 minutes.

The film preparation for formulation 2 is effected
analogously.
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A mxture of 2 g of PVP (MWNVabout 20 000) as base

pol ynmer and 400 ng of- 4- hydr oxynet hyl benzyl al cohol as
crosslinking agent are dissolved in 20.5 g of PGVEA as

20 solvent on a shaking apparagus (about 3 hours).
Thereafter, 50 ng of triphenylsulfoniumhexaflate as a
pheteuaeudiggneratoe ahecadded «2Rdilhe tatal sol ution

is shaken for a further hour. Before use, the polyner
solution is filtered through a 0.2 pmfilter. 25 Film

pr Epar atireiet v img ofs taEféctredl ati eratederin appd i edahples,

me a i n ter ! m f¢ s t
pr§g§$g§ 3Ot1§a3dbst rggtée (CF%NSS?lp%%C?hy g%ﬁ%épht%&%&i e) (gate

hattRYCFFILGatA¥eF uddur €8) expagashi ueingdryi myiight  field
e Lhen xpsson (wvelonaun gema B9EE, AResptle post
s then _expos wavel en n, , , '

ScBBRASHTS | ReBAsI GF G | ORI biedWahe)ecaBia (i e.

popérexposurshebakie iecthion bafeet 8d wali chdGferdd) @bt exposed

ov unde 400 nbar. N2 at nosphere for, 20 m nutes.

Thggfi Ir!% hrtgpar af| onéjf%?oﬁ%ﬁul a2dn ZW?‘éhef AEGede 40 The
an@rsgetisrgd -dikgdesuriuct dayeg o3 trlemagalse iheltéet r égposed
| aygrisThe structuring is effected as stated in the

exanpl es, except that the crosslinked polymer |ayer

(gate 5 dielectric layer 3) is exposed using a bright
fithd schrore-tdwatask legeromeapn 4 ass GXFn Akbositel and

POStructured by standard methods (30 nm Au applied
thermally by vapor deposition, photolithographic
structuring and wet chemical etching with I,/KI
solution).

The layer thickness of the gate dielectric layers 2 is
200 nm for formulation 1. The roughness of the layer is
0.7 nm on 50 um.

The layer thickness of the gate dielectric layers is
210 nm for formulation 2. The roughness of the layer 1is
0.7 nm on 50 pm.

The transistors or circuits are completed by applying
the active component 5 (in this case pentacene)
thermally by wvapor deposition. Except for the
passivating layer 6, the structure of an OFET according
to fig. 1 is thus produced.

Here, embodiments for a polymer formulation and the use
thereof for the production of gate dielectric layers 3
at low temperatures for use in integrated circuits based
on OFETs are described. These gate dielectric layers 3
are distinguished by outstanding thermal, chemical,
mechanical and electrical properties in addition to the
low process temperature for the production thereof.
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exposure bake step, uncrosslinked dielectric (i.e
parts of the dielectric |ayer 3 which were not exposed
to light) is dissolved away with acetone. The 10
structured dielectric |ayer-3;4emins in the exposed
parts. The source-drain |layer 4a, 4b is. then
deposited and structured by standard methods' (30 nm

U, a pI 5 ther rapor de tion
phdt 1i ﬁo&%ﬁﬁﬁ'c ng %%VUP nd“gﬁdlgeF eReftegfistics of a
etrmtracena h | QFET  satenpuoiyindhe kayer éIé@li(ﬂE;SkSlDically

forﬁ%%%tlon % %#%e rggg %ggélof t%ggra é? |s°w5 7 ﬁﬁ% the

oﬁ%ﬂﬁpﬁtruﬁeuraye¢Uﬂutﬁﬁmgma&ﬁlwmecgatecdeeheaucscof an
| e (g ~200gNahF pys f OBAYLEE! %q{ [he gqualness of 4, 4
t he Iayer is 25 7 nmon 50 he transistors o

citkafe s O4r eann?ﬁ‘“etJe%P%"yOB%pl igfram hd sackppeoduced. The

caimonaite b {4 1c t Bies a:ases@egéacrq obbeIMBRLLY BY shown,
qﬂ}r dep03|t|o 1 tcep or the 3 aSS|vat|n% l.ayer

6, the TS¥ucPiF& LA tEn Cﬁﬁrﬁ&ﬁgdl‘ﬁgt t & f iSgINR |sl"“g of

t U yreadyzsed. stdeye, enbodi nents for a pol yner

formulati on and the use thereof for the production of

gate dielectric layers 3 35 at |ow tenperatures for
use? iFPINREHFeR eWlEhr het §ipused, en OFETs warse used as the

d%ﬂﬁééﬁ%&e@“@§§cﬁ§ﬁelg|%ﬂx%ﬁbgdlﬁaﬁﬁs 3n. ?ﬁﬁnc1ple, the
distin U|SQ§d by out st andi ng_t hernmal., chem

rre‘dH:aﬁﬂ%%ﬁ NP | BFCrEPT t i ithaddinyertien can,
thmwém,praaees hevperat di€rbeenthesPprodeetéonn which a
tt&? ectrlc layer is used.

The invention is not limited in its execution to the
abovementioned preferred embodiments. Rather, a number
of variants which make use of the apparatus according
to the invention and the method according to the
invention also in versions of fundamentally different
types is conceivable,
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- 14 Fig. 3a shows a famly of output characteristics
of a pentacene OFET conprising an electrophilically
crosslinked gate dielectric. Fig. 3b shows, for the 5
same structure, the transmssi®n-characteristics of an
OFET (p = 0.8 cn2/Vs, on/off ratio = 105) . In fig. 4,
a Listacef ofe fer@sce | hoseppesdi agramis reproduced. The
characteristic of a 5-stage ring oscillator is shown,
the ring oscillator operating with a signal lag of 10
80l psec per st &gbstimateonnection with the figures, an
T was used h i tQQ{ated circuit in an
enbodi nment . In%%F%n%%&cg, T he integrated circuit
actordi ng to tfétiendértliestrdan lay®rhowever, al so have
agifferent stpughureayamhich a dielectric layer is
used. The invention is not limted in its execution to
t &P abovenment PONEFSpréM&Lr ed enbodi ments. Rather, a
nuirber 20 of vakitares 1wRiedh make use of the apparatus
acgcording to EheSan n%io and the nethod according
to the invention-ar8si¥ véfSifons of fundanental | y
different typdstiescooneeitvdblyer - 15 List of
reference nuneral s 1Substrate 2Gate el ectrode 53CGate
dielectric |ayer 4aDrain | ayer 4bSource |ayer



5Active |ayer 6Passivating |ayer 107Interconnect | ayer

WO 2005/ 023940 PCT/ DE2004/ 001903 - 16 Patent clains

1. An integrated circuit conprising an organic
seWRDc2006¢£02B940n particul ar an organic fpetfbe2bb££001903
transi stor (OEFT), having a dielectric layer, which

can be produced by .a pol yner Lfornul ati on consi sting

of _a) 100 parts of at |east one crosslinkabl e base

pof §hBRE BY2£M8m 10 to 20 parts of at |east one di- or

tri benzyl al cohol conpound as an el ectrophilic f
crosslipking conponent, c), fraqmO0.2 to 10 parts of at ,
Iegst ofié p%’d}toergp%%?eoéger‘?)élrézfl&lt di SSBPLLALNG d)2tyt organic
| east omemsobudntto2, Th@i|paxﬁfuumhmir@mitoﬁ?anic field
cl ai med_| ai ; racterd.zed in that at_|egst .
one bas%fggﬁgnegk%gs1§Q%ﬁénoﬁ#%o Vaiﬂ?%@ﬁ%%lyﬁergé?lectrlc
copol ymeayYekn particul ar pol y-4-vinyl phenol,

pol y- 4- ¥ 0yhphgRoba 5gbauQEQrg§%ethyl met hacryl ate or

pol y-4- vinyl phenal - co- net hyl thacrylate. 3. The

i nt egr afeBOEYeH £OBUERAILRBd CPRSEBALRIL Ofr 2,
characterized in that at |east one di- or

a) 100 parts of at least one crosslinkable base
polymer,
b) from 10 to 20 parts of 'at least one di- or

tribenzyl alcohol compound as an electrophilic

crosslinking component,

c) from 0.2 to 10 parts of at least one photo
acid generator dissolved in
d) at least one solvent.

2. The integrated circuit as claimed in claim 1,

characterized in that at least one base polymer is
a phenol-containing polymer or copolymer, in
particular poiy—4—vinylphenol, poly-4-vinylphenol-
co-2-hydroxyethyl methacrylate or poly-4-
vinylphenol-co-methyl methacrylate.

3. The integrated circuit as claimed in claim 1 or 2,
characterized in that at least one di- or
tribenzyl alcohol compound as an electrophilic
crosslinking component is 4-hydroxymethylbenzyl
alcohol.

4. The integrated circuit as claimed in at least one
of the preceding claims, characterized in that at
least one crosslinking component has the following
structures:
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I benzyl

al cohol
crosslinki ng conmponent

conpound as an electrophilic
IS 4-hydroxynet hyl benzyl

al cohol. 4. The integrated circuit as clainmed in at

| east one of the precedingc{#ains, characterized in
that at |east one crosslinking conmponent has the
following structures: - 17 o0-+4HpMOH anOd The
fof[Towmng rs true for RL: - -
X-{ in which x|=1 - 10, an :
--F OMG - -on - O --1-
3AR2R Ra +( i- r
R2t al k havi 1 aryl -
5.1 The i ft egr at
of | t he™precedi n t ha
e oH
.ml
E
5
The following is true for R;: -0-, =-S8-, =SO,-,
-Sx—» - (CHy) x—, in which x = 1 - 10, and
additionally:
—(CFy— e
—CC— —C=(— 7 _ﬂi_
y=1-10
2
= T g E o
" —— r—ék— -—O—ﬁkﬁbw -§F4}—?F—-
- OB Ry R R, Ry
f
Be N - - '
+% QG- |~
& . T

)

- -

'.'.

The following is true for R;:

carbon atoms or aryl

alkyl having 1 to 10



| east one photo acid generator is a conpound which,
on exposure to UV light, generates a photo acid for
transferring a proton to the hydroxyl group of a
benzyl alcohol. 6. The integraged circuit as clained
inclaim5, characterized in that at |east one photo
acid generator is a sulfoniumor an iodoniumsalt, in

pa?ti C%@% ihitEB;QtBStbalﬂclfiQ_eri‘fjﬁ r@(a{:iiﬁ‘iﬁe%ﬂinﬂéﬁ: (least one
i ntegra i rcui , Cl ai in at |least one Q@ e
precedi%g EﬁﬁiﬁﬁeQﬁﬁiﬁﬁn U8 | PRRAFTEFIZPEad oAt at
sol ventlessan aheohphotdn patdli c4bmeratobutagola compound
propyl ene. gl yc thyl, ether . .acetate (P ,

di oxane"?ﬁﬁ%n’et %}I %3‘?%@ Sne-© (%}}gyﬁﬁbutgfpgrgcgeo%e? photo
xyl ene a¢id ot uteangferrd niont egratetori rreui thas hydroxyl
Cla'”Ed%£8u5t0£e§ZEeg?gl Qi ~Lhg; precedi ng cl ai ns,

characteri zed portion of base pol yner
crosslinking conmponent and photo acid generator of

frem 5 t0e 200atygF@SSd Lireu®t hods f @ prRAUCHAY Blaim 5,
Integrated clrcult co ri Iall’lég an organi c
|

seni condiRT3r ceFhzpar t12u aif tOERFaf4vi RGea Photo acid
di el ectgémetayer, ischaraaléohzed ior tdvat iajoaipal W, in

formul at I on. aj Ln. clai . 1S l.Lied to a
substr:%%9€1?§l$% %gﬁgpéﬂ %?uiﬁééﬁﬁﬁ ggggg;??ﬁCtured
gate electrode (2), and then b) a photoi nduced

crpsslifkingntegehien 'Qrdfle dOT8RLIMABGO%N at least one
crosslinked parfs of the gate , _
of the preceding claims, characterized in that at
least one solvent is an alcohol, in particular
n-butanol, propylene glycol monomethyl ether
acetate (PGMEA) , dioxane, N-methylpyrolidone

(NMP) , y-butyrolactone, xylene or a mixture.

8. The integrated circuit as claimed in at least one
of the preceding claims, characterized by a
proportion of base polymer, crosslinking component
and photo acid generator of from 5 to 20% by mass.

9. A method for producing an integrated circuit
comprising an organic semiconductor, in particular
an OEFT having a dielectric layer,

characterized in that

a) a polymer formulation as claimed in claim 1

is applied to a substrate (1), in particular

having a prestructured gate electrode (2), and
then
b) a photoinduced crosslinking reaction for the

formation of crosslinked parts of the Ggate
dielectric layer (3) is effected.



dielectric layer (3) is effected. - 19 10. The net hod

as clainmed in claim9, characterized in that the
phot oi nduced crosslinking reaction is initiated by
exposure to UV radiation. 11.,dhe nmethod as clained in
claim9 or characterlzed In that, after the
ex%%sur%h%ome#b@ﬁtasacﬁéaﬁﬁﬁblétéﬁaumwﬁxu@h@n$©tealzed in

post e%lﬁ)&)ﬁurﬁl@ak}@hc%@@mdhée@ff@f$§gllﬂ'}%1n-ﬁrhe 5?&99911 is
as clained in c(lilﬁ]%m 11, characterized In

t enper at¥t BT F FCE HRY heXPPRYTEL BB V¥ mediakdPs -t han _

140C, in particular 1OOC 13 The net hod as clained in

at.] ea ne I i mp Q.l2, . characteri.zed |n

thlait S%%r fé:h%ggt expé:sll?lg‘eéjake IEPEfg)el I%_astor 10,
one furheraceerieedr i hy f@harar,odatftreg tltma):Ee‘I'xpcssure to

effecteﬁlg% T?ecﬁg%ggtggassg F?EL e tarone Ofpost

clains 9 rizeda in th:
f or nul a‘%’FEf?}SlF%e ApPre LBy sbﬁneéﬁa@tﬁg pri nt| ng or
sprayl ng. 15. The nmethod as clainmed in at |east one of
to 14, characterized in that the
cr 5| |ﬁﬁn@etP8§cta}%n ﬁ-él@‘FfiedtrdeJdﬁH‘ér Ldn isRr¥agherized

at nospher ethan phet tempatraanrh? iat mm&phferaa:m@ stldi® is not

nmet hod I t lea n f to 15,

char actrg(?l;(gz %1' }#16] 8 a%$e§£¥ﬁjégu§%ﬁl #@gt on of a

pol ymer formul atl on, dryi ng is effected, in

parjicuhd REtA88Cas claimed in at least one of claims 9

to 12, characterized in that, after the post
exposure bake (PEB), at least one further
structuring for producing the OFET is effected.

14. The method as claimed in at least one of claims 9
'to 13, characterized in that the polymer
formulation is applied by spin coating, printing
or spraying. '

15. The method as claimed in at least one of claims 9
to 14, characterized in that the crosslinking
reaction is effected under an inert 'gas

atmosphere, in particular an N; atmosphere.

16. The method as claimed in at least one of claims 9
to 15, characterized in that, after the
application of a polymer formulation, drying is
effected, in particular at 100°C.

17. The method as claimed in at least one of claims 9

to 16, characterized in that



17. The nethod as clained in at | east one of clains 9

to 16,

characterized in that - 20 a source-drain

| ayer (4a, 4b) is applied to the gate dielectric

| ayer (3). 18 The nmethod as ghained in at |east one

of clains 17 characterlzed in that an active

| ayer (53 SPBFC?ﬁgrP&Pmﬂ?¥ﬁFoﬁ &n GEET,is napRiipEulter the
conpri syage peiv heeteici sagppl i(8fl.to the source- drain

| ayer (4a, 4b). 19. The nmethod as clainmed in at |east

one of clainms 9 to 18, characterized in that a

pak8i vatheagmetbed ag6)clissimad ageatt ohebbe adkl W |@yeims 9

(5).

19.

to 17, characterized in that an active layer (5)
for the formation of an OFET, in particular
comprising pentacene, 1is applied to the source-

drain layer (4a, 4b).

The method as claimed in at least one of claims 9
to 18, characterized in that a passivating layer
(6) is arranged on the active layer (5).



