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Pyrrol opyrrol e derivatives, their manufacture and use
The present invention relates to

wa 2¢boaidsst opyrrol o] 3, 4-c] pyrrol e (DPP) deri vat POEEPDNS/062670

the below formula I, wherein the substituents are as
defined herein below, to their manufacture; to their
use as organi c sem conductors, e.g. in sem conductor
devi ces, especially a sensor, a diode, a photodi ode,
an organic field effect transistor, a transistor for
flexi bl e displays, and/or a solar cell (photovoltaic

cell); t@Q mn m@g’f

di ket opyrr orﬁb rro (vaegyp\ﬁgéoé%tsrh opﬁ g@IMPRISING A

senm cBUBST RMEaAN&:Al LAY RBDEPOSKTED ONIONE &F ITS FACES

contai ni ng said sem conductor devices. JP 20061

17591- A to Toyo Ink Manufacturing Co. discloses

di KFIPPPIOP THE/INVENTION vatives for use in organic

el ectrol um nescent elements, like flat panel displays

and |hiqure§e@} y‘gxleg |ora,r§5§|t%y§o apnethed of gpanfactyge of a structure for

é?é& iés,S6 |&°ngﬁ65%ﬁﬁon|¥p 8@%0%@5@3Atﬂ tQtr\éetQI% comprising a
di scl oses fluorescent diketopyrrolopyrrol ?

sibstratet poes layer foyméa byudepasiingnasnatepiakbos, one of the sides of the
‘?):sﬁé?ent s, pignented plastics, color changing nedia,

dye | asers and el ectrol um nescent devices. Said
DPP derivatives have a smaller or shorter side chain

k pyrrol opyrrol noiety than
the%%f%ﬁ%ﬁgkgﬁpgb ééﬁ-l vatives clainmed per se in
t he TpessRt ofstﬁé%lrtf $15d Bt itli8 pRdEibld RNsel8RaRE Isideabt ¥ substrate on
di scl osed, i.e. individualized, conpounds include only

whigk ea dini kaxer wdlk behdepesitedhacapgingi tor 8gteshaelogy agested such as
t al yI S n th

SCED] (o, S, SEIREENDG TR achur  Deposivon)

Nenegthteless, trfeoprdclaes m/emrablexeftfdam Iea«tyo ofetpliotcomtantiaations and the

e nunber of, carbon atons in each of the al kyl
i%?é?ﬁ?‘itj E?é’ﬁfga%lqe{aﬂ@nﬁ@P nitrogen atons is of najor

i ”quhbaurB‘eeofiBdﬁ&héélé&lv@ete@hnlbﬁésrésmts W@fd%ﬁé}@ii: Ynaoth faces of the
l east 10. It has surprisingly been found that certain

substiate: ltds theepegsible 40 eppnase thicleyonderasited @@pt@@lf%ﬂ?Q gn which it is
V |

3580808 18 GBI, 1D 1er wich one wishes

texccmislesm os cnaithéri mypterial, s ab db quetest &d thHrga'mperform an etching in

%@ Qﬁytggﬁ”?gquerﬂi %Pw etcgefqr 8@%34%%@{& according to the

ﬁaauﬂen@s)thlsara%t haytadhe ieasys e SN i AN ol diuamoﬂg) Vs Withdrawal is
pure products to be obtained at | ow cost).

S:%ﬂ@&%@ﬁjd@ryn@' figelii 8ed, npnReleshyercqrapargd tNHB Pwnepaterial of the
%@%g{esl on efficiency (PCE) i.e. the the percentage

power converted from absorbed |ight to electrical
eneligy alscspabsiilsitoese whiRIE afching (ﬁacrbassmdos (Reactigelldrs Etching”) the

each.alr vy, a PCE e PCE o ol )
dERAGALEERMEN Y Ry B e mgilicbprSrestng for ¥t A Era. vl. 1
Provess Technologyt b¢ $@n@s Wolb ai%dlerchﬁlQi WE‘TaLCber Lattlce Press; 2"
sem conduct ors, For nonomeric nol ecul

e ( Nevarekeialic1 979, {$RNAG: dg§§%%1ﬁ1t %%@PWthPW Etching for
\ﬂ[ I@rTr‘ilé’ o‘#@bﬁ‘chﬂf é&‘?st@&%z/eﬂésr‘nﬁ‘fﬁfﬁﬁﬁt@@he 581eBYER of m’@féce to clean

t han ymsrl C sem¢c¢C ductors Sol uti on processe .
wighaut f‘@@lrigstoszrom thecotber éaashibny ita eﬁ@Eeqqysdenmds ®n the material to

AR et 6, AT AREA W ot vy o

over polyner and silicon based nmaterials. Wth respect
to silicon based naterials said advantages i ncl ude

| ower cost fabrication by solution processing,

I'i ght wei ght and conpatibility with flexible
substrates. Wth respect to polyneric materials snal
nol ecul es do not suffer frombatch to batch

vari ations, broad nol ecul ar wei ght distributions, end
group contanination, and dlffICU|t purlflcatlon
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tetranet hyl butyl, 2-ethyl hexyl, 2-n-butyl-hexyl,
n-nonyl, decyl, 2-hexyl-decyl, undecyl, dodecyl,

wo eoodeeosB7 tetradecyl, 2-decyl-tetradecyl, penPEOER200§/062670

hexadecyl , heptadecyl, octadecyl, eicosyl, heneicosyl,
docosyl, tetracosyl and pentacgsyl, of which
2-decyltetradecyl is especially preferred as a neani ng
of Rl and R2. Exanples for C2-C25al kenyl groups are
vinyl, allyl, nethallyl, isopropenyl, 2-butenyl, 3-
but enyl, isobutenyl, n-penta-2,4-dienyl,
et £, e
#Jagggoeld?ﬁgc ecﬂlglfar@s %g%rla as ENI'%génry% il |hvcalg?§gﬂgl‘_éfc§7rg Q?(écnallzed operating
@z@ﬁpheslnfpaﬂlma%apwaiwongn@upet are ethynyl,

%:ﬁg€ﬁ§ﬁ@§@ﬁ3?9ﬁ@ ?&f%ﬁ%]ﬁgggﬁ{gﬁ?@%ﬂ%@?ﬁh’duﬁngthefonnamm1ofa

1Ay cpfe;btslwys‘tmllﬁeydlhcoh djlemﬂﬂréaryfbce @if $r SoﬁSiChl(/écraﬁym of “Silicon on
ent en , trans-3-nethyl-2 fpenten 4- % Oy
|78QrM§tﬁg'8Py%|CS)Y9|[ a @Cge%i@czrgpymlq SHiFeNgLgiide On Polycrystalline

éodﬁﬁ)ﬂ%tr%% yl, or 1-tetracosyn-24-yl. Ali phatl C groups

can, in contrast to aliphatic hydrocarbon groups, be

subdihetSepiClaubsiigteasiog ipsinsippky iransparent tounfraresl radiation, it is not

Py ef :
SRR S RE by R B8 e 154 LOMEPAS P g o avan
teonpehaturenslitag. forf ittee tesmlinati@d, igphihiei foorg face "of complidcsitss beam epitaxy
yEg'%Bal kyl groups wherein certain non-adjacent carbon

are replaced by oxygen, Ilike
- CHA: @yeHar bbeqstdifhe 5— héor a%aﬁlte@r@rﬁlﬂwé%hrqﬁcé egRicHesbsorbs the
as net hyl substituted by
infyaredaradiatian, ccagr 6Qphﬁ%t$dn@ aphigb tﬁgnpegra@re gna @llows thereby the

AR oS SopS EREERRTEN oy b SIShLA D Brpersures

mxﬁbaawnphameuehmdapparbon group haV|ng up to 49, e.g.

up o 5 carbon atonms _wherein the free val.ency t
£ F ol ol FiGSBS oot BN ACEgRIDAG pRLRIEUR Y di B %%% 385, US
ZIIGAW 52312, EPQ) 549 kY4, \WO 200d/08246Myhd BROPSAMTEXh My
be substituted b ne or nore aliphatic and/or . -
cycI(%’é'lelnﬁwaﬂ’ﬁcmﬁ%}/'mdo@dﬁﬁb?ﬁt@ﬂdi%@'s’f%'rb%FPQﬁét!FIQ/PC"WWﬁi@”'ne silicon

b
\Dlg’?q@tsele%ﬁ?@ o&h_eofé%% r?fﬁl @?I suc gegﬁécygﬁob%grgf%e’éw the latter,
tbgo Ito pexipim aryetoblhrgotwellmmytd tlrmachaybr farpedoorothd face where it is not
cladecyl, cycl oundecyl, cycl ododecyl, preferably

4%% pentyl, cycl ohexyl, cycloheptyl, or cycl ooctyl,
whi mfémyiﬂb@ figisrebsA tant &R bAfteReds Lchet 800 tuenmmgara layer 500 is
nore aliphatic and/or cycloallphatlc hydr.ocar bon
fgrpesh 8y HRaleptatiopid arisbgirale R PREAGNOGYJalise sticaes i ned

herﬁe’f’?rﬁgﬁ/t%r f|§L‘i’r‘é‘3|‘T3 S%ds%étnreoh%yéieé?% ﬁaeh S SIC is formed by

cyclo atlca|p atic group i s an rou
tEnolétd, ttharks ﬂoya horgiog (bayarpﬁ@@tlncs@'zoth]@ sumémta b2@ iremonocrystalllne

ST rg=BrOBeTefl T AW m@PURR S PPBeRoltE s, p-siC) and by
t@ﬁseérdsgf[m@myéhsoabhmﬂi@eumomnmy Hence a

cycl oal i phatic-aliphatic group is for

Y CFRRTRD0 3 iireq o R8P RIS Sk r 1S stapiized by an
eﬂr{éﬁhn@r&lﬂ@r %HbﬁHdsRhéﬂa BY w%téry\‘?%/ﬁ&l'rka\f'a Qérﬁb’é’ret@regof about 800 to

| ohexyl - met group” mneans
Cuw\dm@ucgmtrlgy@lsu to uhvsedfpaaah@b@f daysuip 1dOnard ﬁzagofo&ilé)z on both
s%eﬁngfrtﬁ ?edﬁe FBB%& tp%ﬁ%gﬁtﬁa‘fé 3‘?gﬁ§6 ﬁé Sl(\)NhlI eChbyﬁ,g())/nsumptlon
disllicnoaldmsthetsutfade oftr@ubmrstm@wob&)mne or nore
al i phatic and/or cycl oal i phatic hydrocarbon groups
and/ or condensed wi th phenyl groups. For exanple, a
cycl oal kyl or cycl oal kenyl group, in particular a
cycl ohexyl group, can be condensed one or two tines
wi th phenyl which can be substituted one to three
times with d - C4-al kyl. Exanples of such condensed
cycl ohexyl groups are groups of the fornmulae XX to



represents oxygen or sul phur. For exanple, the

bi val ent group of the fornula -Y-A-Orepresents -0-CH
WQ@2@@B1A40337 or - 0-CH 2-CH2- CH2-O . A bival ent grOUPPBNS/062670

the formula VI wherein RLO and Rl 1 together represent

oxo is a group of the fornmula gXXXI). (XXXI)

Ci-Cisal koxy in which carbon atons which are not

adj acent to oxygen may be replaced by oxygen is e.g. a

group of one of the fornulae -0-CH 2- O CH2- CH2- O CH3,

-0 (CH2) 20CH3, -0-(CH 2CH20 2CH2CH3, -0-CH 2- O CH3,

_0_

%f@rﬁ@ﬁpfﬁﬁ% 1D, ne@ a%p%%%e% %%b@crys%ll[r@'élhcon also

n@e@l—[}S@HQW@HIZV\@hQ@—@ISiWGUOH of face on the structure obtained

VBT rbss oo R CYR Tee it SLeR Bibshls Wighfical vapor

[D@mswtﬁd ca b@WmtiaStemp@rataregbmaD@f the formul a
-0-CH 2- O CH2- CH2- O . Anall.zg)hatic cl oal i phat i

cyclR?é‘PmﬁﬁéPlf@-Ué@ ,1|gh5rﬂ¢ ayes 2O Q—Si s¥uated at the S|de of the layer in

AbRGER $ta 1AL IS8k '5@0 |§‘f-’érﬁ6\% Q&ﬁtthé SHSiC structure by an RIE etching.
het er daronati c-al i phatic group having up to 25 carbon

at omefersisgbtn ifiguent! FRothet tayRp61 8 ch giCbupitedtedhat the side of the
0 .

AT s MTeohi 0P SeriELyEm AR Besl, BTG Efline actor

ofmysdhetlonmumé tniHiakt dadscojve$séisd:t|vtew e SO laind |¢dnessthepédicon intact.

e above terns for al kenyl oxy is e.qg.
3 by S SURRPS SN Sey PLaD8, MompaPg S Seor % cleaned to
dr@ﬁ@re if¥od t1edlBpiedxytievBer mul a XI wherein two groups R22

whi ch are’in the nei ghborhood of each other,
t ogéttlﬁemdee%@@,%m this Kyetene C@mpﬂﬁﬂ%ﬁyﬁ@%ﬂu’fﬁb@m@f SI@D% gnd utilizes

8 S0 ey Boilgl 85 BHBGuf P 15 Bty pe seecve

eytbleangjn in the group of the fornmula XXXII R23 and R24

tg?g hrg%’ %ﬁ%r ent |2é &ax,g\% LVEQ’% ang %}{1 mﬁéﬁr?s%lator is formed

BRWESS Ethe Aedt- *é br 200Ny Is@ren Igérﬁygﬁllmfe the fher mylea 400 in SiC
X1, wherein R27 and R28 toget her represent al kyl ene

rRelVayKalipe ewbichtiegresasy the \EBNBOALEE Deatingxhyés rear layer. The

%@?/ siotHbf fﬁrs Fa F hso %?'S?@%bvoﬁ%shgé&s'ﬂ‘é‘t@ é("@.hﬁﬂe%%%al etching step
ave up 5 carbon ons, IS e.g. a group o

wrhlehis’c)vemlcasﬂ@mmpdﬂmmxv (XXXI'V) (XXXV) wherein A

DB o SBBERCPar g EU A OB LUl oo o

rﬁélyufb@tuﬁhg%t dthuchae i WHXrEa HyeiBr thadérkal lis Qé@d@t‘éd anéhly one face of
represents. oxygen or sul phur. For exanple,

%?L&Qﬁt@‘ﬁ Uging # et 3@'%“‘1‘%‘??&93&'@\#9@@%Wé‘§é]1§§'m@|5@rqd low in cost
R e
S oSOl 456 nLEoS Mk o TRERY oGy upias resorting to an
etnrdeg@ﬁtt@anlli/tyoﬁ each other an aliphatic,
cycl oal i phatic, cycloaliphatic-aliphatic, aromatic,
aromatic-aliphatic, heteroaromatic or
het BRIEFanSCRﬂaTli(mmFi THENNVENTONNg up to 25 carbon

atons, R3 and R4 are independent|y of each ot her a

gr onﬁ?ce'fd'%@ He IRYROEB Y A RIEPSFEq g’ XX evﬁw@reéhw gopapifacturing a
s'ﬁ%fétLﬁfQ%lege f@el@%ﬁoﬁ%@@&%@t Efb@f‘é&%’&ﬁ%@.tdry rﬁftoﬁﬁt%rbs the structure
ot her hyd an al 1 phatic drocarbon group havi ng
@qunnr@l%a Btsateaaraﬁre Iay;er farrge@@w tbe deipesitiog rifileamgtaria) on one of

I ' n L a
b J el P s R TBRCIBHER BrbBHep o B FEBR hgmrises he
dtepdeb and R29 to R57 which are in the nei ghborhood of
each other, together represent al kylene or al kenyl ene
having up to 8 carbon atons, thereby formng a ring,
and R27 and R28 are independently of each other
hydr ogen, CrC 25al kyl, d-C 8al koxy, C6-C24aryl,
C7- C25ar al kyl, heteroaryl, or a group of the formula
(1'1'1) shown above, wherein R represents an aliphatic
hydrocarbon group haV|ng up to 12 carbon atons or R27

~es SN a1 _—~N 2 a1 T
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(XXXV) wherein a and d represent 0, b and e represent
1, and Ar2 and Ar5 have the neani ngs given above. Said

W@ e@poiasg7 conpounds of the formulae XXXV and pOMEPID881062670

be obtai ned as described in US patent 4,579, 949 by
reacting (in the presence of a,strong base) one nole
of a disuccinate, |like dinethyl succinate, with 1 nole
of anitrile of the fornmulae XXXVI or XXXVI|I H Arl-CN
(XXXVI) HAr4-CN (XXXVI1) and 1 nole of a nitrile of
the formulae XXXVI1I or XXXIX. H A A CN (XXXVI11)

H Ar 5= . Lae ' t i -
e T A P o g gt en one e, o

tobcaerhetdathedzasd sulbaithte andJSermeeTtheﬂh@gg,amaj.yder,
oy ePRafind ok Rlptensiobid weltlet BoaefRidt e bh Fahs of the embrittied

quibksahteed conpound of the formula XXXI'V or the thus
obt ai ned conmpound of the fornmula XXXV is then

N- af K)G31PE8 qf_gi‘e ?WPFiE'@G'c?tUibéH?'i?f’ the groups Rland R2,

& & tdPriedkd 5ehcthd it \ihibh e of thd Sidhshatdndl @vBlesdPby the layer of

or R2-Br in the presence of a suitable base, |ike o

patessk depositedbuhite Bs otherasideiis gxpesesioByeexposedke meant in this text
- Li ) [ ' | out at a

B T AR S s T B ot R Bt 5 VR o0 150

C, prebatimptoyarh eathoaboent, HOth€rmal Enyet ofl dleaageeisggreater than the

0C hus qbt aj d of_the, formul
{RTYhRERGF PEOYAED (Y ciPc SERBS HOn e PepoRANg P is therefore

cEMbriYed Hadye thEeldaRage Bgp, 9i ven above, or the thus
obt ai ned conmpound of "the forrmula XLI (XLI) wherein a

and Acelingteasegontheamhgdimenipihestatmal, busiget Rf clearege is less than

e e Do By P LT IR DBRSIRTTG 2oont, ke

N- bToeodemaEgei step esant theyafeledba pedfopoechdudhg tthe deposition step. The

for myl ae I1, and XLI|I respectjvely. (XLIJ

TR $HEtte i Redipeel OBERERhECHE itAeddarts.gp ot move apart

fidth \epit andth&e it Bl raaA&H Fartislaamg aawwtgg&bu@Iiteiatrfem)horizontm during

N- br omo- succi nimide at a tenperature between -300C and

thgglepesitipn &ted: abl y bet ween - 100C and room t enper at ur e,

e.g. e - r Qr ;

iRy 1 e pEAO o Rlimblf (8 eaersieb, Bipeormed in the

capdisitiggfanattver oftreupatetiallotHtheAaybrH, Ar2-!-1, Ar5-H,

Ar3-. R3 . and Ar6-R4 he step-w se addition .of thes

ar oQEOEIRG 18 2rYRENL PTG ier ARk (RO U o ne method

ddmeprisesbé 8ecodskivetepd-bf | with a suitable tin

compound of the formula XLIV (R59)3Sn-Ar 1 6 (XUV}X? o

wher €l8ROREONr aRr B_Bnfaces: of ARy eMbyittied sub§irateagf thesmaterial in
Arl-H Ar4-H Ar2- H Ar5-H Ar3- R3, or

aﬁ\r“%@%?%fﬁfsect ively. The reaction is carried out in

t he - pleageof die ambittiedisubsirate, adi um cat al yst, 1i ke

Pd( P[ . in ui t abl | vent. L0..an.

o o eata ok i Bestallh S8 Se i6 i SRlipa dgmeihay

t enpetcaidiigtdstheepossitlo thafRtdistisgndf thddAtent@ng. under
reflux, and under inert conditions including, |inter

al i a,the Hampdidegyeny apngoisy EMmed Ryt BIPlRUsHPmPTdiOmE spReies in the
dupRfhieon mxture may be e.g. filtrated, e.g. on a

double | ayer silica gel/Hyflo(r), concentrated and the
destrteel S@Jgﬁ’f}ﬁ@t@ris Ppremppsitasubstraie gonmprisigptsupRodgfsubstrate and a
§§ﬁ”ﬁﬂﬂl' The "si de-chain-el ongation" of the conpounds

of "t formulae XLII or XLIII with an additiona

thienyl residue can also be effected e.g. by reaction

with a m xture of 2-thienyl boronic acid pinacol ester,
Pd2(dba) 3 [tris(di benzylideneacetone)-di-palladi um]

and tri-tert-butyl phosphonium tetrafl uoroborate in

t etrahydr of urane. The 2-thienyl boronic acid pinaco

ester may be obtained e.g. by adding substituted or
unsubstituted thiophene to a m xture prepared from

n-butyl -1ithiumand diisopropyl am ne and by addi ng

- = .. ] o o o o o



atons, or a cycloaliphatic, cycloaliphatic-aliphatic,
aromatic, aromatic aliphatic, heteroaromatic or

whedoenessdat i c- al i phatic group having up to 2BCT/EP190$1062670
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atons, a and d independently of each other are 0, 1, 2
or 3, Arl and Ar4 are independently of each other a

bi val ent group of the formula Il or IV (I1) (1V)
wherein R6 and R7 are as defined below, p represents
0, 1, or 2, R5 is an aliphatic hydrocarbon group
having up to 25 carbon atomns,>or two vicinal groups R5
toget her represent al kyl ene or al kenyl ene having up to
7 carbon atons, it being possible that two groups R5

present in the group of forrmula Il differ from each
ot her-,th@ saaglraee Id@%ﬁ@é@%ﬂ&laf P m@w.netmsén5|§pmg®@nt2no the
1, [ ndependent ly of each

r@ﬁfeé@lénpf grovp ?'t loV and pfheir tepjagy. angy guatemw Alleysar §i. SIC,
E@IWQW&E GbmoAd [CobkEmeir aly yal ent group of one of

0 S £ o bt s

nﬁﬁ&crystéﬂlr& Si, pd chystﬂe ﬁlCG(R%m: ﬂdiiﬂcryﬂdlﬁrﬁiée Bf-tﬁ rinhofpitfus SiC,
C
B o o WD 7Y onsd i B7F it e s, h0a mio- St

Rﬁndd)grabrhtter represent al kyl ene or al kenyl ene whi ch may

v 00l AR5 S S R S v
Rageraof cnateriall depogitedid épeotyberstdliinesilicerich ot her hydr ogen,
GG % Mthodcéorﬁ?(&%gyéddltrbfwﬁlﬁf B %fér\ryu%’ ot @ ¢y ui]ar beam

toget er represent oxo or .forma or six me

r eRigXY omtheiexpasedfacaefithe sibstiatgof Hestuptue thes i@ymaq an
al i phatic hydrocarbon group having up to 18 carbon
at ons C-1sal koxy or C2-C-i8al kyl enedi oxy in

b
bot hBWE'\!AR?§ﬁR?MPF RAYINGSar e not adj acent to .
OXygeJméﬂ&m:amteh%saQB}édNés @Mgmanﬁbe@bf @ﬁs Wéﬁtfo‘x‘l' wtll appear

2’89@2824’ g‘ﬁltﬂ?/lrt %r% %crrratwar% mogé'ﬁg(ﬁdfé‘?{mf&)e Grawings

eatdaheddmswhnahgroup of one of the fornmul ae XI to

Xl X, R2 t
e siisg: TSP ubiEfets i Sop8 3 o o sl pffeRtiog hethod of
hpdipderaarbon group having up to 25 carbon atorrB or a

he f L I
012 oh ERbrnaA 2 Wl ke WRRLE o B3Rl By done in e
a%%'ﬁ@subiifr&tem gr oups R22 to R26 and R29 to R57 which

are LpighR8 Zi‘h(:érfargﬁ)mm%f% l@g s %Q s é)pg?émb&ﬁrggﬂtrb? gve |nve[|)nt|on

represent a ene or a 'ene
at ons Flgpfe@ﬁ@bgndfd(ﬁ ipstgtesthe ﬁtegs obi geqeadt embgdlmt elrthe invention

i ndepepdrltdao ‘3& ﬁﬁ‘frate%é‘ Q ijé' PHE @r(nb@i ﬁ:he?ip&l thy inv?ntlon

d- G 8al koxy, - ﬁ{l 5ar al ?/ et er oar
or a ﬁlgé[?pﬁdiepﬁ@'“ﬁoﬁ p%tﬂl@l Pll’t?'f‘Q%de hab@e@odmp@m R the

r:ﬁﬁ&rﬁé@ﬁﬁ@th@@tr@étﬁr@%ﬁ'tﬁe Fé\éﬂhél%%&% group having up to
12 carbon atons and R28 to‘get her or R27 and

R58 T o§eteRdA tPJM '8%%’@!9 affirsy pearerle of apnlissipnat thaxverntion of the

%obﬁoﬁ@hﬂem%% Mg oﬁ@@ﬁ)@l@ﬁﬂfsﬁﬁtes%&%nd ) atfﬂﬁ variant,
t hi enﬁlgar esj due_and whi ch th have up

car bo S toe%élé'ﬁté‘ﬁ?)ﬁ ?"&%F’ %’r‘ﬁ"& SBGRRE'P@P"d@\W% invention of
QRERERCSItiDA ofs rear BYEH iR @m Watd SHpsat E@sstiatee Means a- '

conpound o as defined in this paragraph

wi t b 'ﬁweﬁr%/\h 9P Hhaaidan st Rbagpicnisn Gnb TR of the
R2Bositish dRaGedrdaydr irf ©BEGH a Bicupsiy siegae. The | nventi on

rel ates especially to a sem conductor device

conprising as a c effective neans a
compound of the%ﬁﬁ@ﬁ%% h the Exanpl es
sel ected fromthe conpo USAER v | ng the fornmul ae 3, 16,
53, 67, 68, 69, 7 1, and 77, respectively, which are
depicted in the Exanples. Preferably, the invention

relates to a sem conductor device conprising as as a
sem conduct| ng effectlve nmeans a conpound of the

o o o o o o o
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range of 0.1 - 100 nanofarads (nF).The source
el ectrode and drain electrode are separated fromthe

w@ad0e/0&i38Tt r ode by the gate dielectric, while PECEEP2008/062670

organi ¢ sem conductor |ayer can be over or under the
source el ectrode and drain el egtrode. The source and
drain el ectrodes can be any useful conductive nateri al
favourably providing a | ow resi stance ohm c contact to
the sem conductor |ayer. Useful materials include nost
of those materials described above for the gate

el ectrode, for exanple, alum num barium calcium
chromi um gold, silver, nickel, palladium platinum

ti t&JETlNLE;&)DﬁﬁﬁHRIPﬂfK?N RHOTHEANY ENT IRN conducti ng

IOOI _ r 3 Ieggﬂt,ﬁ% hels t%%%ﬁwt@ﬁ%&'egéﬁ%%u ac&;r a9, substrate 12,

wrmplﬁ cmay aieebﬁlkr orusempbsite ii-4.y Rempeigingoa dilgitatity of Iayers of different
materlals and others are aﬁﬁ)rgro priate for use with

"pateyipIs ) sBRSEE U 1€ COMPHiENGr 3Th PIPME e Ment |ZepGnl Ti ACGORENG to which the

RbstratBve EdW Be tidaveg! ectrodes (that is, the gate

el ectrode, the source el ectrode, and the drain

el eByr ‘ciRgvagan obefraetora” dsd Meanhitie aston (of raphittingsaishbalsate in two
ical [ (for.€e e

IB\//é/r§oar;cg:toraé ﬁ gé aggﬁﬁ% éar%ﬂel t‘o fh(e é@rﬂ) Ertrb L I substrate allowing

thetdbgdﬂweurThﬁeparetrmval g détathesat: ethecttwodleselcsaméreby formed are

'8@%‘? r}ﬂe@? g’rtgtaogh%(rl%ﬂ’é?ghe‘t} ods Y ggf S\S;sél%{]oargg ect can cr%ate a certain

M det lB’é’cWe@HhMemPtthé"sbBéifled" RERFEMR! A%t tRE SRiY Hren®VAl is a step
pattern coating. The present invention further

pasterialde ceavaign dnd is distings ifond the) ilies.elncloapiassripgornwhich follows,

\,9I11éH Qlc'le(?\(/ fsu%kf?% M ?ﬁertt%neanftjt‘ﬂét Ba @ﬁ%%tﬁé@ﬂtaﬁ%ﬁo layers are
trate; gate 1 nsulator Tayer

sthlllsmoeletdcb\mtlsaadh ethect ri cal I y conductl ng gate

el e ro es ty qf. sets of electricall " ,
condViet 11 o & b frhriihent saute SoteS g SpPgRition of material
Graitie it Uaab8erofl figebnmbraledt BabstRAs harldf tifictban@be bfStHeN embrittled
al i gnrrent with each of said gate el ectrodes; an

ioghatee semi conduct or | ayer disposed in the channel
bet weep, 'td:?n@lﬂ?s he\!\/ﬁ‘]cﬁer Ggﬁﬁl rbe?&kd He n%teggztf%reavage can
| ayer su antla over appi ng S&I'd gate e ec
take pce dumng omla@anthe depusdionddep.or | ayer corrprl se a

co und Qf the resent, in ent

Fur CREDY o s, PeBs & efubn T6F oBRERE PRy pi pig folowed by
thé aB@IoTAIOHT tH8\tive &l SN pFrtsBomhibstrars12fso d€pP8blaimé structure 1
a plurali tg of electrically conducting gate, el ectrodes
forned JigpatthatrRart dOpeksbsiAta tat Bei f@é‘?@l @kt whighaPaye dpdergone the
ﬁ@:ﬂwt&t Fsré%b%%eéf aﬁertﬁé‘%?ﬁé?'gagé‘tseccﬁ)e‘?&& B?‘tﬁf deposited material. The

positing a plura sets of electrically

@mdadtaaeecas’tm peepambl tor @i Iateelueetﬁoodsample aaiamitaawer

o ShFotyeraTerEae Guded hapha: oBths B dhe Soigh Ry now be

deserppolngetafl. the fornula | on said insulator |ayer
such that said, layer conprising the co

ound  of
for %Pa'nt’e@t%t'sar?tpipﬁwti}e AreMellp® dabdlkg tést@t%cqor gdewell as to a
ddMesSEE SebelHEl PS Fétenddrdm dt!dRst “t\ﬁa%‘lf%rgﬁt Igﬁé’r's(‘cﬁ rrTat@rlaI or from
above- mentioned [ayer conprising a compound formul
matesgIsatiying diffarany ceystalinesehaiactedalsts. anot her rrat erial .
The e
anotlrﬁeﬁré a&%fﬁa;] %&kfsﬁﬁgtégtgb “r%gé >f ﬂ'ﬁé sé@e?tta’t% gﬁ ste?] which will not
Eo b yiaEquUeatp @oyerd by h:rnmdieposmdgmyec ‘Shmhbe@ttﬁreoﬁbelectlon can be
different froma conpound of the fornula |, carbon
nanot ubes, a fullerene derivative, inorganic particles
(quantum dots, quantum rods, quantumtripods, Ti O 2,
ZnO etc.), conductive particles (Au, Ag etc.), and
insulator materials |ike the ones described for the
gate dielectric (PET, PS etc.). As stated above, the
sentconductlve Iayer can also be conposed of a ntxture

o o o o o s o - o " Y
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The invention provides organi c photovoltaic (PV)
devi ces (solar cells) conprising a conpound of the

wo oooamks31 . The PV device conprise in this or deCT/EPAPS/@62670

cat hode (el ectrode), (b) optionally a transition

| ayer, such as an al kali hal ogeni de, especially

lithiumfluoride, (c) a photoactive |ayer, (d)

optionally a snoothing |ayer, (e) an anode

(el ectrode), (f) a substrate. The photoactive | ayer

conprises the conpounds of the fornula |I. Preferably,

é&%dﬂpﬁérﬁ)?ﬁé In\é@erlléﬂb?rthé SuBB&eqk a@d& |H§) t& e later intended
ornula I, as an el ectron donor an acce

usdgerdugh, ad akepdaXyulforeexaraplepacecordingatol tjmeeroughness for example, or

HEhR AT UEERn Mie BRE0E iRl i BRaFFEh&Ghs thpgre or the other

dflthe f@@dﬁ@ﬂ'the&ubeiraﬂéem thebiolldeing tERebelaiv, theoffrdritgace” is called the

smal | nol ecules of fornmula | to the yneri c_bi nder

f’e‘%oftheySbquHﬁIeSWPGh%”BéY%éQIFtaYFGIX@P§$%BP9 TepREace’ the face covered

W YEFsditedhardgal. 1 s a semcristalline polymer such as

pol ystyrene (PS), highdensity polyethylene (HDPE),

pol yiprtopysasnse O(Fary e@ﬁaxxpcﬂw@echmpnertm@@bytraheecpmmﬁg a support

I ul i ' VSN IHL v

-UIS%t éfér %rﬁ& § %%gdiiggés{h(enu ngg‘l?léeo I @@E e I{Pe{r@éfrfgcae &t the seed layer, in

mmdleo gefﬁhfal seleatdduby és Mt&casammtehedaptedltodhatd@‘sthe material

vari ous cage-li ke nol ecul es of pure carbon, including
HWiCRIGInst er f ul | er ene (C60) and the rel ated "spherical "

ful Tpeen®sirate Y®Lhn 88 &@%Qﬁ%nﬁW&\é%%wﬁQ%%ﬁﬂl@sAE@é Zn0, the
be selected fromthose known in the art ran

Maerigleapfohe, grQJZ@JMZ]Vo((ﬁ@f ew@wler@@m InHhdnBhl BeRBnin cbaN, AN, p-
f
AR 9P Y. BRCIG ik Yeffarfl P Qubfrfy, alBEaRAPES" MREAN, AlGaN,

IhRIG&TBr elven ifrematheompterisisssfi dybep 1V suth bs 52, SI@EI}DI—SI@I IGe and their

difjed f th
Ao0p hERuo e Sorboate BBHFAES paS kAl wlfs fereibRle: thy substrates
s agp&racpSiCor JiMRPIAT &R BEINGBIRNEAr\E MRl 2ddEPIEE f& epitaxies of
mat eri al selected fromthe group consisting of another

fﬂ@IeylﬁJér N Ptﬂaﬁ'ﬁﬁatme@F'e%nSIU@'@ﬁﬁ‘Qﬂ%d%@h e FANmAIN, AlGaN, and
F% ¥j ded that the polyners retain acceptor-type and

el'ectron nobility characteristics, organic snall

nol §¢heresubstaateohO rianlmlk],bésis i)traﬁergbIei bo fenti 8l dstrate having the

R BN Siendh Bl PE BRSSP MR 8 Bpslatprits perormes

inehaks t@be rembatd FHOSer thfa@mIate hilerd@tan;hhﬂmtt erm"netal"
is used to enbrace both nmaterials conposed of

el ertBRt 1319113 LPRPQRIEAI Cam BE  CASeN aATORS S Memdeligwing materials: S
ber%%u@'r%n@ér%t%eerb@' Eolger%%ﬂﬁ]‘é of;. tﬁ’Fho?;Bh reSlC mono or

nt al pure netal s, Ag t oget
IICéWsialllngS&@ Geethe, mlatﬁfladSEDﬁgi’bantlﬂIV doBsGatst AIN p-AIN....), Al,Os,

erial that is not a netal within the
%gi?n’gIsNﬂeqﬁ?'ﬂnﬁﬁg but which has the metal-1ike

pr ONetidn eRet Imaénta?csre cdmérrsd substestes airanammpltcb ahﬁ'areds that are
appl i cations. netal substit ut es

iBleaiad B sse dn M%éhaén%tﬁaﬁ's%qosrts%% hagsin 8" FRepbing the infrareds.

@&P@rﬁll;}"’lt@@s&?@?ﬁ%Bb%‘?rma‘b%%gl@écf’é@staﬂi‘% I§%§I‘F€Ik%r than an amorphous

transparent conducting oxi des such as indiumtin oxide

layerop, ogiﬂrl fouguanantaemat betteyx pdeerecea dp, thensulstiade during the later
ide (ZITO. Another suitable netal

tbg'gé# lt'geﬁt;é the transparent conductive polymer

pol yanal ine (PANI) and its chemcal relatives, or

PEDOT: PSS. Metal substitutes may be further sel ect ed

froma w de range of non-netallic materials, wherein

the term"non-netallic" is nmeant to enbrace a w de

range of materials provided that the material is free

of metal in its chemcally unconbined form Hi ghly

transparent, non-netallic, |ow resistance cathodes or

hi ghl y eff| CI ent, I ow resi stance rretal I | c/ non- rretal lic

o g, o o o o r o o o



conmpounds of the formula I can al so be used al one or
together with other nmaterials in or as alignnent

wo 20000$038N LCD or OLED devi ces, as descri bed fBPCT/EP2008/062670
exanpl e in US2003/0021913. The foll owi ng exanpl es
illustrate the invention. Abbrgviations : mp. nelting
point In the reported NVR spectra the foll ow ng
abbrevi ations are used: d: dublet dd: dublet of dubl et
m nmultiplet s : singulet t : triplet quint: quintet
sext: sextet Exanple 1: Manufacture of the

sem | I ;
o TR R SO P el D e
ld@rderatolreelzefemﬂaelesdayn\dBE , 6.23 g of K2CO8 and 8. 68

R el REBJRIGIT s SRRy aBe Hosona ycerapolgy among sic.

S'Bp@hmaXAlgO@ iGaNyarsl Ne(ehomochistatinerasamell @xpolgctystalline), BN, ZnO, InSb
wi t hdi chl or onet hane. The organic rPhase i s then dried

Ariiamend e Faese Materpis fera I”é@@\"pl% sHbsieate g'éﬂh%ﬁase of a composite
diwktrate 10.( CAS 91053-39-3; Fluka 56678) before it is
concentrated. The residue is dissolved in 100 nl of

chl &n 68qbr ﬁyemtﬁdhe@ead\}w&rds dor(m@ctmdahsqumigvraa@ﬁnat toe assembly of

tﬁg{ggﬁﬁé{g% %i_uﬂ%gfte?rl?he L eact| oﬂ)rﬁegpﬁ%oﬂaﬁ\écpsa?eﬁtv% dﬁfrareds The

rhaterial depositeds omesé ddcenof thevabstratéht) appasite tqD tizes €aces which will
ext r?ct ed, dried d conepnt rated. The c

e Pl GYUB e R ERep araria DTG B A2t pfrared rays
chhéhsVéllﬂioﬁt H@f\ﬁ%uso?nddb%n%ﬁ’n@ebd)lyé\?bt\éﬂlnéﬁ &&anP and GaAs.
formula 2. b) A solution of 1. brom nat ed
DPP derivative of the formula 2 , 2.41 g of the tin
der iPgahLis, e drsishitR%a: d 215 ng of Pd(PPh 3)4 in
30 m—mm-uene—rs—re%ed over ni ght under inert
condh wefemnceAifot figured®A i fog adbullt, suldsérate XRuader the preparation of the

fil n a douhl e | i.lica gel/Hyfl.o(r),

bshaf Sttt abe detes Y Gendrite St ntiiensl & ane of the faces, a

fREESstepi éfaﬂh@ r*nétf‘fdd' toriqd iandedtings @l thik tSubeRphRaN2| ah @mbrittlement
a blue solid of the DPP derivative of

give 1.17
he ?1o@¢ﬁ9lr&n9 to whighathe spibstralgmauichee slgayed.t he
t ot
C i TP 2 ORI e UCIE A e Jedhented by the
inplardatjoracé |dr$edsriem:reaairi trwmnbstrrailet sl heAplirgpim- qkiﬂdad tig the art can

ml SiC r ess serve
e ooy He Sbstete My MR BdReq ang the cent
dfstrad SPURE eerdbttigin@ind zQin%Cttth@@ncﬁtf(ﬁwsOQdéﬁgee@nbyenergy) of the
photol i t hography directly on the gate-oxide.
%’iﬁrﬁ idfrai n el ectrodes defining channels of wi dth
3h@Be%Wof"tNey kit Igrﬁghpfc%r{e—d]é‘ﬂneé the thickte s Re substrate which
used. Prior to deposition o e organi ¢ sem conduct or
wikdeSiexvesuwitatiee layedof theamatesthl elephgitedipn ithe face of the substrate

RN T bRept sR55ER: SdRhug b ERE PhnleBaf 6 Bafh bR performed
tﬁt&a@hrtatﬁfa@é obfHeGustriateawhich \mmdt Wiave o @fe covered in the end by the
oct adecyl trichl orosil ane E in tol uene

Jangsited laygr+ Hpe PPF?an‘J skl @ﬁ%%bﬁﬁ%@ra{l}ﬁ@e mterested in realizing
a?ﬂ@ﬁ?brrl?tfe%%lﬁrz%n@rbfelﬂtle Ué%tr?%ﬂ‘ééofbd%tt%etl&é‘of Ha‘i‘ér'la? of the initial
prepared either by spin-coating or drop casting the

oRptrater i vati ve of the fornula 3 obtained in exanple 1

ina 1% (ww solution in toluene. Before use the

solution is filtered through 0.2 mfilter. The spin

coating is acconplished at a spinningspeed of 800 rpm

(rounds per mnute) for about 20 seconds in anbi ent
conditions. The devices are dried at 800C for 1 hour

bef ore eval uation. Transistor performance The

transi stor behaviour is neasured on an aut omated

transi stor prober (TP-10, CSEM Zurich). From a li near

fit to the square root of the saturated transfer

characterl stl cs a fiel d effect rmbl ity of 1X10 03

/! rr - Y 4 ~ o~ oA ~ - o .
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formula 5 is added drop wi se. The obtai ned dark
mxture is stirred at roomtenperature over night. The

WO e@ehiws7 i s quenched by the addition of 10% OPCT/EP2008/062670

hydrochloric acid (HCl). After conpletion the mxture

is washed with water, dried ang concentrated.

Purification by distillation followed by col um

chromat ography on silica gel affords 1.05 g of

conpound 7 as slightly yellow oil. Version 2 via a

Suzuki cross-coupling reacti onA m xture of 4.1 g of

co f

: o?ﬁuﬂ}égﬁnsénttlgmgngz@ %%‘rgrélg %’éﬁnﬁfﬂﬁ]bogmﬁl%{y%& @Stg r%b:s,tr%t.e712 (namely,
sybsfrate- 40 mmrowakwpngg@ ftheninal strt&turdl amt aogyhinsieenyput these two

TR ang robhoRPeBlertat bBfdky 12°m “of water is heated
t 0 &% tOE Joope 2oflthieoimyventiom eit adbtiae rpplicatiinuse ahSapproprlate thermal

luted with diethyl ether and extracted with wate
tHJrqg@B ViHeh cWH caliawy AF%'H Cleamng. @&tﬁhéﬁn?'sbH@Q‘FtorOr?@dUB?erStandS the

aﬁiﬂh@aﬁ& &l Qet‘é‘rrﬁFHeUt@Fn'p@thﬂr@ Haﬁgﬁ‘éuﬁﬁ ‘éocﬁéfﬁﬁ@d tlme period.

chromat ography on silica yi el

ConPbaHam b lgRy ot eapenb lepet @thmrwgto@s@whe implantation

204y nelrobfled dnf apand afnds nitsreh Typkaf ffhe ugereases the

dbse) ofﬁmpﬂar?ted u!l:deo'resoft ®|Jlﬁgedggoésswry to mpplyed hyrganithermal budget to
in 10 toluene are a at
Ao e flRgved e v RETRagAD & Be duerial ok is within the skilled

deREd®E reddhe reaction mxture |s allowed to return to

roomtenperature before 2.0 g of conmpound 7 are added,
di s¥oitheeBrecedng easegdescobedmad ifusiraied inifieures2Avdhe sgbstrate 10 is

er cooling to room
tngkrr%é&g%ure raﬁ%@?&‘é&%adbstsoodl um hydr oxi de sol ution
ar eA&dd&iﬂag fthe vmlamtm"feealasaitlbﬁnlne)rderakotcﬁﬂawat bulk/a;iubstrate 10, it can
dri nd concentrated. FEin i S ac
i, S STy hirognapiy o 7Bl BHOUBI  PFRESIE SdSgrate 12 by
bﬁndﬁ@@@ﬂﬂé‘né} OB ¥£h Ibaw Qidstrald™ ONBndcﬁb&a&éJ BMhe@XBsthte which, in
: 9.84 1Hs, 7.56 1H s, 7.23 1Hd, 7.22 1H d, 7.01 1H
the eedg\zw"mt@avg tabezayered wittvihed¢ngsitad byer. . 71 2H m

2 3
L 3% dp Sl L yBierR A 1 e\ Moo 1on oy
dxpdsest yhplantediohy de obbfome |tlui@ bondlmg afithestiffemagtwhith is too thick to be
RS, B b gt S Bl et G s B RuPRE@: The presence of

tﬁé|slﬂff@ﬂeWabh‘itéié@tHB/Het%bhm@nt wafH@e@lemédw paag %m t:h"e SGbstrate 12 by
and concentrated. The crude product is Burl fi

rgiqifing thedinsayerofdne seBstrie 19Auyhigh ol Pé@m@é@d W'th the deposited
sure affording 0.91 g of the desired nitrile of
e fornmula 10 as dark oil. 1H NWR data (ppm CDCl3) :
7 41n the egserwhereltHecsubgtrate HsdzonM@dte 1 & subsiate2] 21is fsrmed which
1 1.17-
§ 2l EignSisaly cdobSed b Thisetea b gt o4 buppast pstrate 10
drice&lsd liscebdubzgrats 16 @nbritiedl béfdreharef sé ady |d@hﬁ@|aoéeddslayer 10D.
heated to 110 OC for 20 ninutes before a m xtur

ssimplantatige 1§ perfpiehLefers theRANCN GYJR8210S 9%“5 %’F'de layer 10F
\&‘hlclﬁ ehveaMbr tﬁé’%haﬁ‘fgeoptfhetglﬁjré@‘s%étﬁaté 1:'OF_l %nqgg%@ggort substrate

op W se. The reaction mxture is stirred
TQQ (Inghig sesrechattardo the detajiendescription oh examplesrie@nhAbl
m xture. Bchner filtration and exhaustive washing wth
nmet hanol affords 340 ng of the desired 1, 4-
di ket opyrrol o[ 3, 4-c]pyrrole (DPP) derivative of the
formula 12 as dark blue powder; ESI-M5S nfz (%int.):
1077.5 ([MH +, 100% .f) To a m xture of 0.25 g of the
DPP derivative of the formula 12 in 10 nm of
N- et hyl pyrrolidone (NMP) are added at 5 0C 28 ng of
sodi um hydri de (NaH, 60% by weight in mneral oil).
The m xture is allowed to warmto roomtenperature and
S stlrred for 2 hours at thls tenperature After

o . /NN AN L,
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0.0023%is cal cul ated. As evident froma conparison of
t he above bul k heterojunction solar cell with the

whedoapas3sol ar cell the overall solar cell perPOI/RP2V0L062670

of the bul k heterojunction solar cell is nuch higher.
Exanpl e 8 : Manufacture of the em conducting conpound
of the fornula 22 17 18 a) In a reactor 6.6 g of
freshly activated magnesi umturni ngs are suspended in
250 m diethyl ether. 50.0 g of conpound 17 are added
carefully. The mxture is stirred first for 2 hours at

gdar e suspended in 250 i et her and

cool | spensi

oo decPOé?f%a ﬁs%%n s AR ol boe?a%%wtw ({BE) or the
tetiotiqaes ahewhmmrrthelrmrﬁ@m/DTheomm &ilosd Peégdure Chemical Vapor
mxture. is thereafter stirred at _roomtenperature over

[eRAstionTh & Bldlt (61PSMA Jeriftited byeiieal adapei dierositiphoy or even
oV AR QR RS CRBmIdAPVEb ! BEfodiforppished wi th

wat er, dried and concentrated he conpound is

pur il ttwcme where theathesmat budmtedow;deddtyuhﬁ deposition of material is
t

AL R0 B3l S 85be 3£ 958108 ot e

CDCl 3) : Thddepdsitibn df DateRidl on tie éﬁtbﬂt-tled subst?rﬁte4i1h teference to the

1.65 4H quint,, 1.27- 1.40 12H_m 18,19 b

iy Sho LR b ERgstefiondhRyTam 4R ahmtsiats 12 pag Afaver 20 on
thelreggc@re added at 5 0C 19.5 g triflic anhydride,

while a white precipitate forns. The reaction nixture

i s al-l onedhe gleawage of the evbniticdraybstiater @CBem@tlealh/est@V@ in figure
A MRy HorBh i 2 BE R 501 KR ieie M=o 1)
Af t er- cooldetarhhtent 0bthed tnpedrtd ofrthe 2eavied glbstrdteiNaOH
solytion are a e mxture is then extract Wi t

et dhe Geagednar Eone b iaied by fod pRicEHp &7 pdfetaa budget but
|ﬁ§éh BY BHaledas iHBErtieo R 0P BBl A aPite Pplisatidrest Hflechanical pressure.
yi el ding 20.54 g of conpound 19 as yellow oil. 1H NWR

data (ppm CDCI3) : 9.83 1Hs, 7.59 1H s, 7.23 1H d,

tBermal. b@petﬁnmessangooﬁlemea@g of al dehyde 19 and 4. 1 g
hydr O)t(}Yl am ne sul f at

(e e 2Rl e o Fud Bl &t&petpaﬁﬁ%aﬂf [dicieBaR g o than the

th@@i‘ialttﬁj’ﬁg%lt proviged Be the degbsitibs dlithsltrestenblt wdidferght manners of
ether, washed with water, dried and concentrated. The

QRARMOR'SRASEIN® purified by filtration over a silica

gel . r r g of

Phe "Huli: HBHG 1o B e i R B e P e PR (oo

CDCtH 3¢alizerthéclaavage af.the emmbridiledy salastrgte d2 by, p@vitkhglthe necessary

tﬁqe?r%a %yd%plt as7s7c a0 'tlg'a_‘l |Ilus%'@3tﬁg ﬁf{ﬁ@e%)ibzglpéésg,lZH

4. 7 - glepositing aued rA8riat withaoy |sa|e©t]b|®| oﬂ $hehe‘at:@datt ¢thel kOmperature
0C for 30 mnutes before a m xture o %ff%
Flaried © B¢ maEnerf depogitipg & 'ébf?'i %b& *}?a‘ir%”t(f gpdjaslayer 20 in the
@gdf%@edf@pre\q@e The reaction mxture is stirred at

OC over ni‘ght before it is poured onto a water-

rret hm@acmng(th@rtwo @fﬁn@‘r’fhe icleavad isubstaaie exhausti ve

was o) desi "
'E'jdt"égl Va‘t@ergqh gt‘rﬁg dgg@ igﬁl &%a\}ag%%t %s Egce'\@.?ﬂltﬁgggﬁ deposition

ste;b, ih: faB63hé rélanldrﬂ]teMpeiaIO% appll)edTrm viely of bk ddpsition per se, and
4-di ket opyrrol o[ 3,4-c] pyrrole (DPP) derivative 2 1

in 40 mM Nnethyl pyrrolidone (NW) are added 0.3 ¢

NaH (60%in mneral oil) at 5C. The mxture is allowed

towarmto roomtenperature and is stirred for 2 hours

at this tenperature. After cooling to 5 0C 1. 1 g CH3I

are added. The stirring is continued over night at

room tenperature, then wat er |s sI ovvly added The

o oy
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e) According to the procedure for the synthesis of
conpound 26, 12.5 g of the DPP 3 1 are reacted with

wda 8003/0¢p327 decyl - 1-t et radecyl iodide and 4.5 g K2EZER20081062670

200 M DWF. Purification is achieved by col um

chromat ography over silica gel;and precipitation from

chl orof orm / net hanol which af]fords 3.1 g of the

desired DPP 32 as blue solid. 1H NVR data (ppm CDCl 3)

. 8.84 2Hs, 7.21 2Hd, 7.20 2H d, 7.10 2H d, 6.95 2H

d, 4.04 4Hd, 2.90 4H t , 2814Ht , 1.99-2.01 2H m

S o8, B8 Qe S o B G0 ctered s bomg o
mhpfdbﬁdieobsmhesmr mul a 38 33 a) In a reactor 13 6 g

200 T G Sials BRER Giace B i JarliRn b i ERHIETLL Mg b his case
dbsirablestodiold Gnemertledaiubseatensithrigbt afk@dheveicturghthettavo cleaved
gi ve the Grlgnard solution. Into a second reactor

gjariq, (éqjﬁgbgl@p er[ 9@@[5 to aM?Igﬁaﬁ@:hf mgterlal settles in the mtlersﬁlces In this
MRS diBieny |19h§8)?§‘n@|“%ci)lﬂr P%@d %n%oﬁtaﬂyf/ s@qgé‘t‘:hnéé”r the weight of

are suspended I n hyl ether and cool éd

tmecupmao rakt, $he twp enasisostay He chnmwyﬂtrpe@@aroé@r@lurmam depositing
Fgution i s added drop wise at such a rate to keep the
m'xture bel ow 200C. The obtai ned dark m xture is

t hel-eﬂaéémhdscbptlonerd)natstsr ofgperfeemiey tielstepownehe fiolpting drder:

reactjon js ench y the add| ion_of 10%HCl. Afte

conplEPPSHNG HEening %@E %”96(}\/%@%8 g ﬁor\%t%‘r%hedﬁﬂ@&'tﬁé}?[ﬁ“b“rate

Conc gy iRk §slirp 644, %e@lﬂbpﬁmg&r@ﬁbﬁhéﬂifés@tﬁéﬁ i oﬁé\h%cessary for

7.01 g of the desired conpound . 1H-NWR data (pp

agavage- Refergng 2eifigdre JA1an zmmhows I@selzzrl Ads fczrmﬁzi Ianhe front face

O- m 0.92 6Ht . 34 35
abrsdlirggrgﬁsﬂfr%ﬂs%ye{rjzoi |Pétgga}€e}rjefg or the synthesis of 19,
7.0 g mehlisihg theIdJIma*va@é ofsthal ¢robeitlet csubstrate wotdred.viéitrgamorphous

N-f ar iyl et byl a £ h d

mateip Bopiuind e hPara et s e S gEr i ug”

af f Or-dﬁalﬁn% tie @Ifepbiltéddm%te"rfé‘ﬂc s@@lhﬁ@b%%ugﬁén%tlﬁ’@'témperature in
88 1H s 1H d 1H dd, 7.20

r@%rancertq@gtm &d the ca@tqimea lfyegs 27 apd 30, respeptvely in the front face
.42 12H m 0.90 3Ht , 0.89 3H

é'nd'sﬁgé—e% éla,gcf:ﬂceo%u ’o the procedure for the

synt—hﬂammjtl“@(lwoa)alrtsgofdhetziwvadeahytmtw is allowed to

oo ThnAtheh e o O P Xea i B8 i i bRadod & Mhermal budget

mbtnﬁbb %t 3 twhH—d‘ﬁNﬁé @abasuﬁmm n@m@bontr%u'@ tbHhe,budgébof fracture
5 1H dd, 7.09 1H dd, 7.07. 1H d, 2.70 2H't

1
oj t@g eml])rtttled gubgirate. I\ggtpre@p.qehthq oggraltlongg)f PEHOﬁI]tIO@ agg cleavage can
, )s h C Foft
5seynctalgreéolgs(?dg'fFn thé f?ﬁ &oér% p §mpdl s| tgﬁrgv\%cdn.t%o ramps of
teewetratuiet lanﬁrtdashﬂhferrpalepad@eismnham tThmeémee it P®saible to limit the

R0 8] Sl Foar VA BRI oA e oy o er

H@ﬁéme Wﬂlﬁ@r(ﬁh&eZwﬁe@ e lfﬂaetLIﬂ@@Imél@r@DEr@%ceE&barWBes which can
Y%int.): H%[ Vi-H] 000/%; e% Accor di r(l’? to ,

quﬂéa W@Eee@@r%eﬁoéft'of’ Elat h'E@l Rrefsratlg 1o seglizg tge clgayage outside of

t%’%hﬁ%b‘eﬁ 12 Heoc‘,’i@éi\/atqé i5 984i1zeW ddfor: de;ﬂ)sitin%e_ embrittied substrate 12
ecyl-1-tetradec lodide and 1.3 g K2 in 100 m

VDN/Fbe rraRipligiechse as tcf keen mecqhwmmrmane:oat&mt wotilrdepesition.
affords 2.8 g of the desired DPP 38. 1H NWR data (ppm
CDClI3) : 9.03 2H d, 7.34 2H dd, 7.28 2H d, 7.17 2H dd,
7. 0®etdtiigent4. 06 4H d, 2.78 4Ht , 2.71 4H t
1.94-2.16 2Hm 1.23-1 .61 112H m 0.81-0.93 24H

m Exanpl e 16: Manufacture of the sem conducting
conpound of the fornmula 44 a) According to the
procedure for the synthesis of conpound 18, 40.0 g of
adduct 39 are reacted first with 4.6 g magnesiumin
200 m diethyl ether and secondly with 0.3 g
Nl(dppp)CI 2 and 14 3 g 2 5 dlbronDthlopene in 200 m

S AN N
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Exanpl e 20: Manufacture of the sem conducting conpound
of the fornmula 55 54 a) According to the procedure for

wo bmosysshesi s of 2, 10.00 g 53 are dissol ved PCI/RRPIH0OS62670

of chloroform cooled dowmmn to O C and 2 equi val ents of
N-bronmosucci nimide (NBS) are tfien added portion w se
over a period of 1h. After the reaction is conpleted,
the m xture i swashed with water. The organi c phase is
extracted, dried and concentrated. The conpound is
then purified over a silica gel colum to give 5.31 g

?Lr "Fl k|nV Ipl}%‘n p&ﬁé@rtﬁéf tg\{dgﬁ?r@:gf W%ﬁéd@u@tgﬁ%%re detached.

Gely tmszmrszcbsej twg t@gezans ¢dn be. Wredawhigh, witlanzgpiratidn ggstam, make it

i andle e Sbbuer RER G bo ol Ciay il fbgture 1 is obtainea

@sther ohd B3Ad BedBpiing thU‘@trBtb?(ldh@)/éred on the desired face (rear face
{TI‘I Sédl benzy| i deneacet o&ﬁ- pal | adi ungé% and 9.4 .
rdﬁpﬁﬁf%q layeiosP ROAI Ot ?t&er D8PS RFesiduas siiucture Z comprising

HrSReNYEH of BuB&rdit of c&@réérﬁﬁxdl%\%ru?@%pogﬁéc? oﬁothlé;dtﬁ@r face. This

I's degassed with 3 cycles of freezel E
residugl sfrugioteagstambpralispnated kutecati sisol b@decmleld By rgliminating the

eolThg 0% FSPRB S HRIRG, L P Rl i B Bt 1

beforealisingdt. over ni ght. The reaction mxture is
diluted with water and then extracted with nethyl ene
chloride. The organic phase is dried and evapor at ed.

TheLﬁ%fviS@_é% is purified over silica gel and 480 rrg of
the™desired product 55 is obtained as violet soli

( 50%e frans faces A @Ether inalsuciysen!. dermived of tBeglgpQHtij layer 21, can

s#bzgqgg;ntgwg oot n vegHagtk Goip? 08 (A, e 04 fibecuiar bea

epltExya)TpI e 2 1 : Applicati on of the sem conducti ng
co e for
SR 5 cate ot he Y BeRRe S BT PORISBHCLE i g S Wererable to
ddrRrehes sydiliza8o®fanhBalideMmlAsthictdlet inteheiedith steengiled the bonding
20 in a 0.5% (W w solution in chloroform The spin
WE9Y hetwesndbe shifare’Harerst a spinning speed of 3000
rpm r u -
P YR B R rEAE) Wi HPHandBreB9NNIIA ot covered i n 2
rdal;wal ¢se|dh aanscslla:bneforlwammlea)rfthgm mtnrecrmne fnothe I®ntact of air, it is
m nut es ansi st er.for nrgé]ce The t[ansn st or

TR o MERRE L FeniR i 1, PR GalPEt FRSTEt Srosyratp dpE so asto

dbtiin18) fingBENtIdAESsE CHY) thandesifanriyet @8D byttwﬂagtmwﬂac@dm its partial
behavior. Froma linear fit to the square root of th

e
ReUmetieq during<he fompation: plethiesSiQesdwing; Bedstabifization annealing: the
f ¢l rept
f{ﬁaép:tflgbﬁr%és% of th@xlé9l @gllg%térrr%nf%%& aﬁﬁr %?Fed‘s eﬂ%g th8 OXIdeeIS slighter
fram atlblelfact-t@ tbﬁs thaedhe autienthckhess transferred. leeW|se if the material of

tgga qpco tI Eé@?@ )}g ?rgfmg\%ﬁﬂ%gaf?g@ﬂ%,ea?rﬁ tﬂllgg |d2y|t is necessary to

ovidedor theahickessy whieH wil bexsanpli®ed,byntae Howh ddionldfehe oxide and to
resulting | evel of the DPP deri vatlve of formula 55

EROBE SF a@rﬁ@c‘ﬁ“qﬁl@%th%mtertﬁ* agesilt - 5.6 eV,
res@ﬁﬁérbﬁ?'e&a%p‘rééw@f Qh@"‘@rﬁfleﬁ’\@%%ﬁ'&dtH@ln‘?@ché‘rconformlng to the
orbital) Ievel . l'e 22: Photovoltaic
iaygntiopawill eaware G*\Qialﬁéfh conductl ng conpound of fornula

55 DPP-nonomer based bul k heterojunction solar cell

The solar cell has the follow ng structure: Al

el e@xaomid i Forneatien/dirag@ar ayeales-S¢ onardaenpasitesupettaid SopSiC
55 and [ 60 PCBM /[ pol y( 3, 4- et hyl enedi oxy-t hi ophene)

(PEDOT) in adm xture with poly(styrenesul fonic acid)
(PSS)]/1TO el ectrode/ gl ass substrate. The solar cells

are made by spin coating a | ayer of the PEDOT-PSS on a
pre-patterned | TO on gl ass substrate. Then a 1: 1

m xture of the conpound of formula 55 (1% by wei ght)

[6q PCBM (a subst | t ut ed Ceo fuI I erene) | s spin coated
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Exanpl e 28: Manufacture of the sem conducting conpound
of the fornmula 59 59 According to the procedure for

wo bmosysshesi s of conpound 55, phenyl - boroni ¢ BCT/@P2008/062670

pi nacol ester [24388-23-6] and conpound 54 are reacted
to give conpound 59; mp. 158 QC 1HNMR data (ppm
CDClI3) : 8.93 2Hd, 7.61 4Hd, 7.40 4Ht , 7.33-7.26
8HmM 4.04 4Hd, 1.98 2Hm 1.33-1 .19 80H m 0.87 6H
t , 0.85 6Ht . Exanple 28a: Application of the

sem conducti ng conpound of the fornmula 59 The

sem conductor thin filmis prepared either by

spi n- coatln% or drop castlng the DPP der|vat|ve of t he

o B o AT E8T BslE e0 'Pp%O??%%taé'ne silion is

Meédizéd wufoh af I@K/era.’m{w oR2SiCs &t @bdat 200AIf emtkness.
condi tions. The devices are eval uated as deposited and

af t &efg@pgéogl,ghlgeay@d aggmyefgemenygone 1100 is created by implantation in

tiseHLRSe 05418tS 1200 RSTOLGR TRE f/ef RB0D 'sBNS &) él’éfm‘%%‘@éé@[ayer 1000.

I's nmeasured on an autonated transistor prober (TP-1

UBEMZaniatny eaetysisoadapted Sxrthe-peygan skibedinsther art accordlng to the
t (o}

SVl LG 10 BENesbiet e Do Y AEPiBRprCl e region o

5rtb®‘?1l6|atyrrmfcn52 2x1 0 3 cn2L/s with an on/off current

ratio _of 12105 an be det d. . The threshold . .

ol FRETG GoN 4. SaMpropN R DPBODE: S eHaMaEd dyebgting in contact

thl"lﬁjgﬁ%%?omb@ﬁéﬂ ng)gocﬂgré%’cﬂﬂtléﬂ séLﬁ}%efsQJ’o@%#bt% ﬁﬂ)(ﬁ@lth a support 4000

Accordl ng to the procedure fo he synt hesi s of
ig ceptiveialise JAChspaenipl fasr @rﬁfﬁb@tﬂeﬂi Syﬁruﬁbzlfgﬂ?esih@rsurfaces having

4 ] 4 are reacted to give
t{e]e% é%{%@dﬁ a”%qg‘%g)@%ﬂﬂiﬁ NVR (ppm CDCI3) : 8.89
2H d. h|s7e|61‘br|t¢llddobtrLK;tL€r§ T2 60plaedhin & d8pdditiatd chamBér o 2Bat the two

4 7.24 4H s
SR oGToYe abit s A anoltes AleEClsguedédRen i FiBiF e is heated
tb BB B ENfoCaTEdY &t firdOs@eMpatsit opthd bending Hehbed? thE@onocrystalline Si
sem conductor thin filmis prepared either by
¥ thedvalG-ng or drop casting the DPP derivative of the
for 'ﬁé!f&rlﬁg t8 k?{;%ﬂw?ﬁ aYa Hpie?n;?e?afu?? %théeé (MY the temperature
sol ut1on chl or of brm i'n coa
femo c&ﬁsﬁf’ it B20° Gts @mlpdrsm thgt mpaéeh\(a‘geMGakprpie(qeamm 500°C in the
(%) ﬁ for about 20 seconds in anbi ent

d9MPhe devices are eval uated as deposi ted and

af t Wef@ﬂhQQO&@me@WEd ork ProBsédd & thbSdmdmtr@sof polycrystalllne silicon
Tr ansi st or ﬁerf ormance The transi stor behavio

AHsRORAD Bithelt saieeiig e Tane 4 620" Gr DB, ppHaYers 20 and 21 are
t FihEd bt SRflorBRRUES ilcRAdsor ¥R b RBIAEDG the structure 12

ehavior. Froma l'inear fit to e square root
sat Uhetteahperainesf isrdecheasadt ey s appropaafe r@imp beﬂoeezthe opening of the
C:ED |I|ty of 1.3x1 0 2 cn2L/s with an on/off current
"0'of 2.0x1 05 can be deternined. The threshol d
vol Regering t@fﬂgak‘e)lZIF the dledved pdridané detatiaed frehl the structure 12, for
Eg@lrfor mance of the bul k heterojunction sol ar cell

The
MPleetiéh %’ﬁ'@tqf6‘He%%ﬁr§rTQ’éched'é§%‘?W°&é3@ 3ihnegiicen ef ff"e substrate
ki€l 1o ,tshﬁu§gmé@d of the fornula 16 is replaced by
conpound 60 1 s neasured under a solar |ight sinulator.
ThemRef@ringtta éigese éenalsecoad stabilzptior aaneylingEerhenypgphrmed under

tbggg‘égééﬁé}g \?ﬁ‘ﬁj‘gé 0 fa'ig?gj?gt wgwﬁ%ﬁ n%éocs':@qhé E@lﬁgﬁtlo@mf% layer 50 of

VB Drveadtd ofithewes dhteefTHecioemayomfof alxidd is2mad@by consumption of
Exanpl e 30: Manufacture of the sem conducting conpound

of the formula 6 1 6 1 According to the procedure for

t he synthesis of conpound 55,

5' -hexyl -2, 2" - bi t hi ophene-5- boronic acid pinacol

ester [579503-59-6] and compound 54 are reacted to

gi ve conpound 6 1; mp. 135 0C, 1H NWR (ppm CDCI3) :

893 2H d, 725 2Hd 716 2Hd 704 4H dd, 697 4H

P Y- Y I ] P ———. - ~NrSs O N A L~ —
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about 20 seconds in anbient conditions. The devices
are eval uated as deposited. Transistor performance The

wWo eap®LsBDr behavi or is measured on an aut omat BCI/EP2008/062670

transi stor prober (TP-10, CSEM Zurich) and shows cl ear
p-type transistor behavior. Frgma linear fit to the
square root of the saturated transfer characteristics
a field effect nobility of 8.7x1 0 4 cn2L/s with an
on/off current ratio of 2.9x1 04 is determ ned. The
threshold voltage is about -5 V and -3 V. Exanple 40:

f e n
e pce 1 RSB ol bparaUe ab, A, priutr o
mymctr&stattinefsimrpdatwowedttlm ﬂmpheneL 2f e emtyitdernent zone by the

B fia$ich SoRARs S Bl ufe GGt gfect” o v
7 34Re'fer&agﬁtU figuré. 08, e da(g‘ll,eré 504084 Bi0@, aﬂe Q&nébbdnwrth the aid of a
35-1 48H m 0. 87-0.81 12H m 7 1 Accor di ng

StodUtt%’eOfp'll%éE% hiFebeipg S?r?é?t"é%/l?ﬂ REYi %‘ﬂdo'?Ot@é‘ﬁﬁ 'Uﬁdh%ﬁ'“con

COMEHARY, fhe ﬁ}?ﬁcé‘bépm %rm&%n(&dﬁ%f /e $@§5&€e% cleaned to
to give conpound 7 1: data (ppm CDCl3

@epare iffopa |atar ¢pitaxyo4 4H dd 4.01 4H d, 1.94 2H m

1.3 7

t he%g;% orge bnﬁrgé_']sg?r)st?eﬁg of mcﬁpgglsjrﬁl}_#é%lhgc}n @gr? Bégé&ﬂzléoo for example,
t(@pahs(rﬁwQeﬂrtmlerfmjegl )- thiophene [176261 80- 6] and
2-isopropoxy-4,4,5,5-tetranmethyl -1 , 3, 2-di oxobor ol ane

[61676- 62-8] are reacted to give conpound 75: 1H NWR
(ppmarrm%leavggéﬁ %o‘rmea 2#8r e Sepdkito éH g] 1.70-1

d)
Accéfmurngthpd cORBN@NaGssatilt tef same Bepsywhiple wiese gpscribed in reference

and 73 are reacted to give
tgg%ound@i?cq’qw%ﬁ%ﬂ%ﬁ 1HNVR (ppm CDCI3) : 8.92
2H ®Refétriig2td figure2 BA2Hhd embBrittled2stliktrate 06 [@éte] i6.t8B deposition
4.05 4Hd ; 2.60 4H m 1.98 2H m 1.35-1 .20 68
aN4$r93 6H d, 0.89- 0.81 24H m Exanple 4 1 :
AppiTheadieavl Tgﬁf béiRg serfbreeadktdritig depFBRidAd thef pﬁd‘ﬂﬁem of spacing of
e

formula 74 sem conductor thin filmis prepared

tapt eleavas, papeniscbat iPegedrangt dpe o’%@ﬁtrﬁtji cAB lpgpplaced, for example,

&é@gdag “rY. VA§]bs‘ir‘5&‘e FOTHIULRY % 388t@ ied &rr?’éaﬂ}%'t %té‘&lridﬂron of the
solution 1nc oroform he spi n coa

a@%wecb@dr@beltv%nathe pmrmqn@talpre@dllrotbn a000he prSiC, then depositing

rounds per.,mn t eco ds,in a

U T P E B ot BB TP o8 AT MR yBp02Phetiis 21A on each
sld@Bsihetubsiated or mance The tranS| stor behavi or i s

nmeasured on an automated transistor prober (TP-1

CSEReRI¥Fing I"i‘? figue &R nanep @fafﬁe"ﬁlrlgy'-ﬂfe o 6Zh&i '§@@P“ed ‘'which allows the

el I t of the

TREARE i SLONTdle 03BN (o BelehRiREft SRR o1

nobiReferyingfto thexigu® 4Ccaifmp of temparatune ofof toceRG°€nis subsequently

ée?ok@ggffop cr%}%llr%ﬁfrg:,}ﬁp é“:ﬁggn oﬁ/ﬂ}eﬂliageqsfﬁ,dg %{?dc’ ?E}éqn a?/letrsagg and 21.

SemRB‘ﬂérﬂrugtﬂonﬂweCﬂg@@ueD adffie tdheaviedr pamta o?&ha)str‘tmedéﬂegseparated
to the procedure or the synthesis of conp

QsiFS i dna chAMbEs)the frony fack IReMRPPEYBiA P8 S’ SOpSIC 10 being

fOAS-RPolk. are reacted in DVF (instead of NWP)
fol | owed by the brom nation with N bronpbsuccini m de

( NBSneymethatigyceppistethwitl the samrgerpahinhosedesyribegl ipgeference to
/2-1 .10 20H m 1.00 6H
@d%gé @rﬁd gheﬁ%gg?éﬁﬂgbpo t he procedure for the

synthesis of conmpound 55, 2,2'-bithi ophene-5-boronic
acid pinacol ester [479719-88-5] and conpound 75 are
reacted to give conpound 76; mp. 239.8 0C, 1H NWMR
(ppm CDCI3) : 8.94 2H d, 7.31 2H d, 7.27 2H d, 7.23
4H dd, 7.13 2H d, 7.05 2H dd, 4.13 4Hm 1.75-1 .10
20Hm 1.05 6H d, 0.85 12H d. Exanple 43: Application
of the sem conducting conmpound of the formula 76 The
senrconductor th|n f|In1|s prepared erther by

. oy o [y — S Y "
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a) Anal ogous to the procedure for the synthesis of
conpound 54, conpound 58 is dissolved in chloroform

wa@ombedssown to 0 C and 2 equival ents of PCT/EP2008/062670

N- br onosucci ni m de (NBS) are then added portion w se
over a period of 1h. After theceaction is conpleted,
the m xture is washed with water. The organi c phase is
extracted, dried and concentrated. The conpound is
then purified over a silica gel colum to give the
compound of the fornmula 79; 1H-NMR (ppm CDCI3) : 8.90

2H 7 -
a O(li)’ﬁ ﬁﬁdpémgulg\?%x’z_'mﬁ% %ﬂﬂggggrrﬁﬁ%)(gﬂ gayoeg u?% %gnghe rrnear face of a
subsBate SopSi€Hhenredisatioslaf two varigatseM whichinalve gesidoeenm described,

(hBSnEEBE St nts (P ActERSYE Mt daty SO aBSrotiap &f Sopsic by

rhSéiQé)@E{Hgfédr Rper @0 PESiusidcd, Scarteary eaCthed«towg'm&hod described in
ound 80; 1H NVR 8.93

m CDCl 3) 2H d
rgfeg nee ggflg@qqsn:‘A %o d% Ejp.q;r@ IS zwofzging ||7gulgiwpgﬂay§r 05 SiQ2 §etween the
s@ﬂsﬂ‘htels%sk aﬂa@ BEH-8) (& Byel Aot of. flg%[frénﬁ' Stl'ﬂfs advantage can be
performance The transi stor behavi or ound 80 1s
cedisue@dn ¢n generalitoannes ot thm snanusactpreobéall (compasite substrates in
0 e si stor
ﬁ%ﬁ%u@%ﬁn&%t Itbn@rpg r‘?‘e{t VQ C{X%;e Vs\'%gpe root of the
sat Um atidition rmasﬁa’uerlehm(aea\&r fcstmmwfacmrlﬁg thEESbﬁStC being in silicon,

h
Pachastios Torod unoreSaEads aln STERe. TRRLFH AL Contaminate the
IR EfarBbaubf Lilicyn Joxail @edvage Maﬁblf/é}ﬂhg'é(?s% r&8&ed in the

sem conducti ng conpounds of the fornmul ae

ahgiMert he nmet hods descri bed herein before the

fol |l owi ng conpounds are obtai ned: Exanple 5la:

81lExanpl e 51b: 82 Exanple 51c: Exanple 51d: Exanple 5

1e Examuple 5 1Fornttimmp b Siepr Byanph epdydripstafinanBl @n5a composite

| lqgé%s é ;A conmpound of the forrmula (1) wherein

' ndependently of each other an aliphatic,
cyclregérringabiflyurs YA, @asibEtaté aabo phahorocr@taNBé ISIC is oxidized, on
aromati c-aliphatic, heteroaronmatic or

theaedangnatiieg 3Ih%ﬁ%?t ¢1f°Gupndpnaxgen i fsmud laygr BBAO of SiO; of
IS, endently of each other are 0, 1, 2

or 3, g&rﬂfﬁ{z}'ﬁoﬁt&rcgﬁg#e i ndependently of each other a

bi vdlhenta gmoluitlerhentheonerimiDais] treated W (Hi$ )supbiate by |mplantation

B BB 356 T BB B9 P eneray boig
ﬂmm@geré@ ByothdSp&r8bR QT KilDIMBtheOsrt tatonditd whhgﬁepmoﬂ?&e desired
t oget her represent al kyl ene or al kenyl ene having up to

im - at oms, it being possible that two groups R5

pre [ i dsf r RSy

D SRHng i, B e PO OO ERSs is deposited
arethedrsantface, ofza sup@rt 4000 in ACPqlyoryRallinand Ar6 are

| hORRSPGR skl SPER AL orle Bugt o 00 b a2RSat8h in view of
4 YoMiwge Fer nh|86purp95e a%&)hsiﬁiﬁg olfFih% oxﬂ%%&OO?ﬁbﬁt}elerdeﬂr@d so as to
are independen

r@glgyeoﬁqqg& ang&p&ggwlsr‘dheéogggnw Likewiss, agerliebing, Jf the oxide 6000
%e%ﬁ‘ﬁéd"to efirimate QSO@!&keYﬁd srﬂboﬂ'?ﬁseé@rﬂidé' Te@ﬁnﬁﬁe@@?jpghshmg are

toget her represent al kyl ene or al kenyl ene
well ikoewnbientted persenogfy gkl iantheo arts @intugan omplesnami ényaarticular, a

i L chy have up to 25 carbon atons,
@ﬁ?ﬁ@%g“éﬁgﬁ“aﬂégwﬁﬁﬁbgﬁggkt|y of each ot her hydrogen
Cr G 8al kyl, C6-C24aryl, heteroaryl, or R1I0O and R1L 1
toget her represent oxo or forma five or six nenbered
ring, which is unsubstituted or substituted by a) an
al i phatic hydrocarbon group having up to 18 carbon
atons, b) C -C 8al koxy or C2-C 8al kyl enedi oxy in
bot h of which carbon atons which are not adjacent to
oxygen may be replaced by oxygen, or c) C6-C24aryl,
C7-C2 aral kyl, heteroaryl, C3-C 2cycloal kyl or C4-C
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R3 and R4 are independently of each other a group of
the formula(Xl |I) wherein R->58 represents hydrogen or

wa@eooaliebat i ¢ hydrocarbon group having up to 2BCT/EP190$1062670

atons, and one of R27 and R28 represents G -C 25al kyl
while the other of R27 and R28 4 epresents hydrogen or
CrC 25al kyl. 5. A conpound of the fornmula | according
to claim1l wherein Rland R2 are i ndependently of each
ot her an al kyl group having up to 49 carbon atons, a
and d are independently of each other 0, 1 or 2, Arl

and A i
oroTHeGRE el SERETASE b Sfe SAERIPADRG i ondod ik to
the dexiee dayers 3510 eadrﬁQﬁ%mutﬂﬂggjnrog@ntaﬁ tice awpspldppred faces. The

FruchrgPoufifls IGHERERFRL By 276" T naependent |y

of @mérrmgrterﬂgurblgaal @t egbeittiedodtridigrel 02 nailptaded, in( hé) deposition
wher ei n and R7 are indep endentlc}é/l of each ot her
I

%&ﬁm%eﬁ eosiEusEt KIA capr berdiepssg Qkﬂﬁler veRicaty %J‘Oﬁéonta”y A
téfr%e%lgi%o%‘rﬁgrﬁd Yo @fZOS@QQ Jones, e BHIQCI‘}/&&\‘HW\% 8ificd® deposited
formul ae Xl XIT, XV, XVI and XIX (XI') (X1I)
quiinpl BhalesceasitoRRaMttyoRRE TS 2RENA: 31 33 MicrReneters@f MBgkness on each
fﬁégo?‘@% mt&gplrzesent i ndependent|ly of each ot her
an al i'phati c hydrocarbon group having up to
25 &Bfémngatbdlgwe eﬁaQ{aneabldeﬁwlanlgeaimgttm 1800 ar Wvbith leads to a

ms, r. hal o R26 which are
Ci%éh%%l?ﬁ agé@ 'rbgl? Wgérl"net%'g:et her represent
aI k]‘ie?é}ﬁngrtoalflbﬁr'éyb@“ethaawd‘%lé&/eﬁop&@%r@oﬂetﬁbl"?é@ outside of the
thereby formng a ring nd nd R28 are

qhamneénbstyat@ﬂ Oe@@ﬁlg@ﬁmslﬁ?;@@ﬁ@éws therabyxektpingd, therfront face of
‘together represent
rqlzlgﬁﬁ&%od@l%ﬁtimﬁe 5?8 \M%P may be bot h bonded vi a
oxy@ee falhalWiog s$epef are the damee bbhiteosd dessibddén aefdrevuectb the figures

TRgndHhon BeivoliBel af s o Sy e of claims 1 o5

whempenrdiiangegr iRy goliite S@ssRrat@ aAP00JoR ADNOBE/sEIfRe SIC may be
chains of the fornulae XLV and XLVI are identical to

regxpedbnstipping off the dogogitpd silican glanpiodhdnskpaligking the surface.
formula | according to claim1l selected fromthe
conpounds having the foll ow ng fornul aeMETHOD OF
MANEXACDIERE NEorin SiRUG TAURER rdak&Rh e rds talIBS TRATER ANIB Fubstrate in
LAYER ﬁ.(ﬁlg D ON ONE OF I TS FACES FI ELD OF THE

present invention relates to a nethod of
man {eféting o Bijue Etémémwlﬁlefﬁb"nt ebaé sltoaedsn tVitRfty of the surface
opt oel ectroni cs. or photovoltaics, the structure

quhsgptﬁg %o§§;§%tsrcdg@tegmy |@qledygtllorf Wﬁfﬁ@djqw in the region of 5.10°16

. f [
A5RRE, B RTT RN BRSRIR AP R S e Bt
showefemiag totfiguse Bds shblpsoceedselocbe ddpesiiodeofqfolycrystalline Si at a

SHRRHARE PR S B, R, 5B 21 v oty

forne® by hé embriltleaissubskrateatz.ed Chem cal Vapour
Depagsition). Neverthel ess, the process is canplex

can HESRNG 40 HGHER PR Ca CaMmPAaf tRAPREHIN R RIS &@pf@sﬁ"qoe@ in order to
él%th@%@bgﬁét@mfﬁibﬁg tﬂ_@sm%ﬁﬁleﬁ{erﬁ‘zeﬁé‘ﬁel ective

technique results in"a deposit on both faces of the
substeferieg 1o figera enthpobyd leaved erftai argt sepaatdchypeitside of the

GRS S0a8 I A5 AR e i o 3 LR, i covera

whi ch one wi shes to conserve on another material, so
as to protect it, then to performan etching in order
to elimnate the | ayer on the non-protected side.
However, according to the nature of this |ayer
(notably, if it isin SIN, AIN or dianond), its

wi t hdrawal is sometinmes very difficult and

non-sel ective conpared with the material of the
substrate. It |s also p033|ble to use an RIE etchlng

~—~ a4 " —, 1" o



One of the objects of the invention is therefore to

propose a nethod of manufacturing a structure in which
wa@2doape33nf material is deposited on only one PEDEPINS/@62670

substrate using a non-sel ective deposition technique

which is sinple and low in cost{; to inplement which

does not cost nuch to |nplenent and avoi ds resorting

to an etching of the RIE type. BRI EF DESCRI PTI ON OF

THE | NVENTI ON According to the invention, it is

proposed to provide a nethod of manufacturing a

, . f C

T UG LBA RV TN e & BEHS P Ana LR (g, 1A s exposed and can

koprigpaEg chig \@e\&@baﬂatateplm a layer forned by the

depositing of a material on one of the faces of the

substrate, the nmethod being characterized in that it

conprises the steps of:- formng an enbrittled

substrate conprising an enbritlenent zone defining, on

t he one hand, the said substrate and, on the other

hand, a remainder, - depositing of a |layer of said
mat erial on each of the two faces of the enbrittled
substrate, - cleavage of the enbrittled substrate , so

as to formsaid structure in which a face of the
substrate is covered by the layer of nateria
deposited while its other side is exposed. By exposed
is meant in this text the fact that said face of the
substrate is not covered by a |layer. According to an
enbodi nent, the thermal budget of cleavage is greater
than the thermal budget provided by the deposition.
The depositing step is therefore perforned before the
cl eavage step. According to a second enbodi nent, the
thermal budget of cleavage is |less than the therm
budget provided by the deposition. The cl eavage step
can therefore be perfornmed during the deposition step.
The enbrittled substrate is preferably held such that
the cl eaved parts do not nove apart from one another;
in a manner particularly advantageous, it is held

hori zontal during the deposition step. According to a
preferred enbodi nent, the cleavage step is perforned
in the depositing chanber of the material of the

| ayer. According to a variant of the inplenentation of
the invention, the nethod conprises the successive

steps of: - deposition on both faces of the enbrittled
substrate of the material in anorphous form -
cl eavage of the enbrittled substrate, - annealing to a

tenperature suitable to cristallise the material.
According to other possible characteristics of the
invention: - the enbrittlenment zone is forned by

i npl antation of ionic species in the substrate; - the
substrate is a conposite substrate conprising a
support substrate and a seed | ayer;- the substrate
conprises one of the following materials: Al 203, ZnQ

the materials of group Il / V and their ternary and
quaternary alloys, Si, SiC, polycrystalline SiC
di anond, Ge and their alloys; - the material deposited

is chosen anong the follow ng material s: anorphous Si,
nonocrystalline Si, polycrystalline Si, Ge, SiC

pol ycrystalline SiCl anorphous SiC, the materials of
group Il / V and their ternary and quaternary all oys,
Al 208, S12, SI3N4 and di anond; - the substrate is a
conposite structure of the type SopSi C or Si CopSlIC and
the layer of material deposited is in polycrystalline
silicon; - the nethod conprises additionally the
carrying out of a nolecular beam epitaxy on the
exposed face of the substrate of the structure thus
fornmed. BRI EF DESCKPTI ON OF THE DRAW NGS O her
characterlstlcs objectlves and advantages of the

o, . o I 1 T N o Y
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The substrate 10 can be chosen anong the foll ow ng
materials: Al203, ZnO, the materials of the group | MA/

w@ bwp/o@sanpl e: GaAs, I nP, 1nSb, GaSb, InN, GNCHER00$062670

AN, P-BN, BN and their ternary and quaternary all oys
such as In@GN, Al &GN, InAl GaN),, or even fromthe
materials of group IV such as ]§| SiC, p-SiC, G and
their alloys. Anong the corrp05|te substrates, one
could cite, for exanple, the substrates of the type
SopSi C or Si CopSi C as being particularly well adapted
for epitaxies of materials Il jgraries, ternaries,
quat ernari es such as GaN, AIN, Al &N, and |InGN. When
substrate 10 is bulk, it is preferable to bond a

P! o BRMGAS S TR ARG b, BB ST fnglfonics, optes,

ombaudte@huwobshotexrowaeb israld)etﬂ&dftute)(’lf)&rdrrhprtsaigeaIsUbstrate (10) and a
det achmsnt The materi al depgsited can be chosen anp

layRs ©8) f%meﬁd%ﬂ%mtmgsa ”@te%\ﬂtﬁrb%%@f theptaces o5 £ald $qlq,_'strate (10),

HarRAENELYltBh it BSmpliseAfRIgEAUSH SI C, mono or
polycrystalline SIC, Ge, the materials of group Ill/V

(1 nP, GaAdormatign of Al NT]bI’I§t|edA$Lmat$|(@ CONBNEING an embrittlement

SRR cathR, bR YRELRB0 SAEEEARABEPE Sy pe girer ranc =

rb’BE,mddn,e mat er i aI dep05| ted is chosen for absor b| ng

the i nfrargeds. ht to gbtain a
oposi t d CEPSSIIEN 10 e aVEy 640 ZD1HS: SHO A el AARB G of the two
fheyehf ddid erfifittddPs bsdatni1es a better adherence to the
substrate during the | ater thermnal
t r eat ment slgavege capig enalprétiechgelpgtiade (tncer ns
r .

SIS R SBELRE o MBOF R AT e LEEERE T i covres
thb@&rsﬁ?ﬁ))&ﬁﬂ@p%ﬂ@thmamm Iwbﬂents dtieer fecza (A )ds eapmtgj.
Si C, sapphire (AI233) , @GN, AIN (nonochstalline as
wel|l as polycrystalline), BN, ZnO |nSb or dianond.

Thegse nmghermheaihedfducBidifng teURRAM chdRRtdred ih thithBe @Rérehal budget
of a conposite substrate 10. In fact, even if the seed

of leavaps is graaqr than H&tﬁ\eﬁnabbuﬂaeéprwdeq bﬁét@s@%mtvnof

the conposite substrate 10 remains, in principle,

transparent to infrareds. The mat eri al deposited on

t he 3f acd hefmethedsadsstdizg & d@in@pobatastarizet he thiaidlbe deposition step

Whi (ﬁ,h \Mlhﬁ%{ }/e for t he teBitaxy will be then chosen

IS HEHG TR PENFEESEPng i nfrared rays such as

silicon (anorphous, nonocristalline, polycrystalline)

Ge, InP_and GaAs. Formation of the enbrittlenment zon

In Aef er-ré‘ﬁdéeih@dfacﬁef%n@ﬁﬁ Claip 1a charaetasiggdtip dhat the thermal budget
f t e

s gl T e A

faces, a first step of the nmethod consists in

11 Becor e B RPltd & dabts, SusBlired Pl beiae sien s

pErmrm@bjloymnghﬁe depaditionsiep. this enbrittl ement zone is
i npl enmented by the inplantation of ionic species in

the substrate. The person skilled in the art can
det ¢r M A%e REHVS R0l I& FMRSH! "tth%ré&el‘ligta #Hhatt R embrittied

speci es inplanted and the depth desired of
subsiratet (1@menineld @n@h thaidhe cleaved pags (d@dsxigreowaéhﬁe@ygne another
. The depth of the enbrittl enent
(@%héqggpgﬁégﬁ§ﬁé |ckness of the substrate which w ||
be renoved with the |ayer of the material deposited on
the face of the substrate intended to be kept exposed.
Consequently, the inplantation is preferably perforned
through the face of the substrate which will not have
to be covered in the end by the deposited | ayer. The
person of skill in the art will generally be
interested in realizing an enbrittlement zone of
I|ttIe depth so as to I|n1t t he Ioss of naterlal of

. — Y T e e
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the upper part, the two parts stay in contact with
each other during the depositing step. A second

wW@piowo#3sonsi sts of perform ng the steps in thECT/EP2008/062670

followi ng order: - depositing the material under

anor phous formon the enbrittlgd substrate. For this
pur pose, a thernmal budget is applied |l ess than the one
necessary for cleavage. Referring to figure 5A an
anor phous layer 2 1A is forned in the front face and

an anorphous layer 20A in the rear face. - realising
the 7¢cl eayagmedlod '&% &'at}td i | rns%bséh%ﬁa tr?%é(t" embrittled
anor phous nateri al providing the t errra udge or

stibstiateyd 2{ fs hgld eoszi)nta”mwnmthter@p@etﬂﬁglstm mat eri al
crystalline by augnenting the tenperature: in
reference to figure 5C, the crystalline layers 2 1 and
20, 8r eseetrhettlod,accordimetd sreabf fhacstaiasd tde, dimactfeﬁzed in that the
of the substrate, - detaching the two parts of th
LPRAGEFIER SR e\ S derosiipn charaberg f‘t‘ﬂ@”%‘t‘é‘é@e gwer (20, 21).
deposition and cl eavage, the thermal budget provided
at the tinme of the deposition of material contributed
to 19he Jhegeetudd acaedinge tofclaime ehapagtetizast irs dihalt it agamprises the

\% st &)Q%foper ations of deposition and cl eavage

e carried out in the sanme encl osure, by sinple
adapt at ideposifion ba botimpgo dceserfpentaitiled sarsdratd ¢12)rof mmaterial (20) in
bu%%)ts %)E{ied. This makes it possible to limt the

eps required to obtain substrate 10

cover ed cl’éa‘vﬁg@%\‘ﬂte%lﬂbht%&%ubﬁ%(@‘(@? in the case
where the fractured material produces Partlcl es which
can- conﬁéﬁﬁﬁ'&t%attaw@ﬁdlﬁﬁ@%tr@ puitakie imprystallize the material (20).
preferable to realize the cl eavage outside of the
chanber. If the cleavage is realized before
depd$i t iTine, mteh‘@dead‘.n'drdmgetd anebsf thad elairis vii td 8beharacter|zed in that

mani pul ated sp as t t he c| eave a n. conta

1 REE0eR! ghne il cRnsernaY | P ek 45f offfe speties in the

Sudseate (12g two parts of the cleaved substrate are

detached. For this purpose, two tweezers can be used

which, with an aspiration system mneke it possible to

hanql1e RE RERRL c%rdrﬁﬁftgrorn'en& he él%rﬁtér? t§ ’IOachfaz?:lterrzed in that

structure 1 1's obtaine he one hand, conprisi

ther tssrbsiaate (10) iscv eorRpOSitNS Wibsdratie sOmM@dsing ces | ppear sd@(crete (10C) and
% a%iﬁosrted | ayer 20 and, on the other hand, a

38 ?qal IS cture 2 conprising a renai nder of

substrate 12 covered by layer 2 1 deposited on the

other face. This residual structure 2 can
el i inatl&8 Hathodaccrding fe qr‘@c?tfc‘lhéoC|@9‘3e1 tﬂﬂﬁat"hﬁ@q@f@ed in that

tH?%ﬁEsﬂrﬁ@ (18Y E6m@ridePitk %\hfﬁep@'ldﬁr '?ﬁat@ﬁalts,hﬁlgb‘én?h@dﬁ'{e materials

0 e source substrate ore eusrng It

th@”pspﬂﬂé/ fandrthetraemamamfd ghatefrianalalloys,uSi i€, polycrystalline SiC,
t gsited layer 2 1, can subsequently

Cﬂ% é’pg? dtﬁg(/g@% *of the later use (for exanple, a

nol ecuI ar beam epitaxy). In the case of the

manyfacture of a conposite structure 1,

it
pr eflér ading 'T‘G”}S’é’r?%oﬁﬁ“ﬁg 40 Sl (szféa%@r%ﬂréaﬂﬁngharacteﬂzed in that
thBi ﬁa?érfa‘#cdéﬁo%ltéd‘t@r@ﬁﬂehOaﬁbﬁﬁn@khﬁﬂomﬁ%Mghélg amorphous Si,
energy between the different |layers. In e case .
mpgegrestaliine vibie pelyerystallingn Sf, eGeeSICF a@@VCFYﬁB”lﬁ@tS@O\BémCUQhOUS SiC,

the rhnétﬁﬁalgao‘fg[ré@l 19408 RS- Srhb&O ag@&gﬁ%%h&h ALOs, SIO;, SiaNs

arerdiasengd. to define the depth of the inplantation in

t he source substrate 10E so as to obtain a fina

t hi ckness of the desired |ayer 10D by taking into
account its partial consunption during the formation
of the Si2 during the stabilization annealing: the
final thickness of the layer 10D transferred after

wi t hdrawal of the oxide is slighter fromthis fact to
th|s than the |n|t|al thrckness transferred Li kew se,

. o a1 I Y 1 N ~N " - o



substrate SopSiC, the realisation of two variants of

whi ch have just been described, the nethod permts the
wo pwpeassng of efficiency of infrared absor ptiPeT/BP2008/062670

SopSi C by neans of the rear layer in p-Si since,

contrary to the known nethod dgscribed in reference to

figures 1Ato 1F, there is not any insul ating |ayer of

Sig 2 between the substrate SopSi C and the p-Si (cf.

| ayer 120 of figure 1F). This advantage can be

confirmed in a general manner for the manufacture of

all conposite substrates in which the support

substrate forns a native oxide with air. In addition
t he 1éat dheanethodchceavading do amenelf thet alaimsg1 tthel 3Ssepaiacterized in that

i ng N, Sjdd , ri ' cle . .
B8 sl 038 e i SRR D e PGSR aic ana in
thhatheaayf(26) ofl daposied trizaérial liavtagiealyrpsiniine sgeons! y
realized in the chanber. Exanple 2: Formation of a
rear layer in polvcrvstalline Si on a conposite
Subgs! atrpeSh&PRe decordittd & bhe'3f i LB ¢ t9A4, éharacterrzed in that a
substrate 1200 in nmonocrystalline SIC1s oxidized,
malecolae bham:lepltazrm ingedlizad mrsthate@psed:fm@n’%)mt;ﬁg@atrw@ (10) of the
% Hkg yer 3000 of Si 2 of 5000 angstroms of

I'C éss Then a enbrittlement zone 1100 is created
in this substrate by inplantation through this |ayer
with a dose in the region of 5.10el6 atons/cm 2, the
energy being paranetered by the person of skill in the
art according to the depth of the desired
i mpl antation. On the other hand, a |ayer 6000 of oxide
Si 2 of 5000A of thickness is deposited on the front
face of a support 4000 in SiC polycrystalline. Next,
the surfaces of the |ayers of oxide 3000 and 6000 are
activated in view of a bonding. For this purpose, a
pol i shing of the oxide 3000 is perforned so as to
remove 500 A and to dimnish the roughness. Likew se,
a polishing of the oxide 6000 is perfornmed to
elimnate 2500 A and snooth its surface. Techni ques of
polishing are well known to the person of skill in the
art; one can inplenent, in particular, a
chem cal - mechani cal polishing (CW). The substrate 1200
in SiC and the support 4000 in p-Si C are bonded t hanks
to the oxide | ayers 3000 and 6000, putting in contact
the two prepared faces. The structure obtained is
illustrated in figure 9A. Referring to figure 9B, this
enbrittled structure 12 is placed in the deposition
chanber. The structure 12 can be di sposed either
vertically or horizontally. A tenperature ranp up to
620C is applied, then polycrystalline silicon is
deposited during 6h30 so as to formtwo [ayers 20 and
2 1 of 5 mcrometers of thickness on each face of the
structure 12. Referring to figure 9C, one proceeds to
a heating to 1000C which |eads to a cl eavage of the
substrate 1200 in nonocrystalline SiC. Referring to
figure 9D, the two cleaved parts are detached outside
of the chanber. A substrate 10 (designated Si CopSiC)
is thereby obtained, the front face of which, in
nonocrystalline SiC, is exposed. The follow ng steps
are the sanme as those described in reference to the
figures 7G and 7H of the variant 1 of the first
exanpl e. The remai nder of the source substrate 1200 of
nonocrystalline SiC nay be recycled by stripping off
the deposited silicon (layer 2 1) and polishing the
surface. Exanple 3: Formation of a rear layer in
pol vcrvstalline Si on a bulk substrate in
nonocrvstalline SiC Referring to figure 2, an
enbhttl ement zone situated in the vicinity of the
surface of a substrate 12 of SIC |s created by

D T o I T N Y = A PN A



