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WD 2004/ 027890 PCT/ US2003/ 028026 ORGANIC THIN FI LM
ZENER DI ODES Field of the Invention 5 The present

WO paoafo2isem rel ates to thin film Zener di odes bpSHUS2008028026
organi c sem conductor materials, and to nethods of

manuf acturi ng sa gimqﬁg i cul ar
utility in the mgﬁuf@a&gk?ure@? energ SI W th

tail ored Zener threshold voltages, sui tabl e for use in

a variety of electroni gieleyine@nvemphi cations, e.g.,

F:“cﬁé Z c%gsm pni%lftl?rgglglgs téthm Cf\im %ener dl? stk ?ed%ﬁ%rr]l% a%gmc %elgruanductor énaterlals

and tg| pxpthede sf mnifediuring samgsThe mspEen habmnculen utibite én thereqnuiheiyrovefiZgner diodes
with BlIG&ELner Ithr%hold With s, SUkhil foR6S inQR@lety©PBEHIEHiE &Qme Hiflical¥i€B ¢,
reverse- sed above a certain threshold vol tage
Pmteeta)ﬁa eth‘%“feﬁe reverse di rectl on. The term " Zener
di ode" is traditionaBhdkea ;

of ZBPat gL IwBQémmfﬂ%[eEﬂ?oqlc ML O S RS Bloart
mater| al s, ch junctions undergo aval anche

blﬁS@BrléaWéIbw?lfaﬁﬂonaI @I}@F@é b&I %Il§n ff&?f%?r?faﬁeéil agove p BRYAIN PErsRAld wpltage, conduct
in tha/@VetsS direatid. FhicrbrmdEdtieClixsle NEYyadbiénally applicieldevides\cahiragedf p-n junctions

formgcf3 g Eﬂn%h%l@l) s@ﬂgonﬁhcqcig Hlattenalsl% %rl Q&th%ﬁ 1#18I§ns°dnﬁ e%l a(/aﬁ e/éreakdown at

n I 4 e Zener
reveréﬁ Q_i)ad @otpngialp phoypsabpul p é(dts,| agd qupl‘dewg_es n\m‘@rl@}qq@é m voltagp eegulating and circuit
prote@itn dRduliry! hat when reverse-bi ased above a certain
;/3 :Olt ?L:xg?nll g/ oltaée F@Bg?{% agld%?tﬁ%e%%te]r%r cglo e és Slg Ciga ed(n:\lﬁG’ 1, Wherefrom itis
evident fHderher lleseese1bﬁseti leove eeeenin eoltegsriree e Zenettheshold WI@SC (Vw)h @pically above

abouf 5){/ YREDbaski BREEL,a s@ddenZﬁ%Q RltheGevR@EcufrbiR sctc{n@ nﬁm@Svh&f‘forward— b1ased a
en rev

Zeneéd1&c1?2 Xo&% aesg%ll Igrrd{ﬁa?r% Feétglgr blllt’n Iflgvelrse%%ge@ 56{1 %{ q{ﬁfze or s arp break in its I-
Vplgha clacteristis tfiZene fivaliamhesr beslalbamis Het apre dondsetiod oswrs inglettritse-bias, the

Voltag%%ss(;cMchtrEernsggs&{tﬁﬁlﬁl cHﬁgﬁtrup(gnqm{eﬁﬁcrgkﬁ revérn:%urrent up to a maximum
vol t age across the device renains essenti aI |y

nt
allovghlp fisf RS ot Ol R BPAEeTE R 26" gt Sy, nver
alia, BEN0lta¥d Pregul@bk,owabl e di ssi pation rating. As a

Voltag ggclgfggdgwg #a?ééot&!ib@! acteristic behavior, Zener

, Inter alia, as voltage o
r e@qea@gﬂegmaxpésp lb«agélzqdéqsr@fogﬁt@@ @f se@ﬁatldéq;@rlneqlaqytdavgcés in computer-related
apphl@d‘t@ﬂsel@dv@f/@ theZﬁfﬁaﬂm &rta1ﬂf1@d3&1@yheéﬂeﬁdﬂ thisshollt \Ioltng ed,) bf@bnventional Si-

baseg 5ev1celjt ttgr o?)lgn 5 ét dnrgmg)o Q?cy%n 6{ Isuglhaé)lg)rlo ons %gsesc aes?%;'nflcant problem.

di f/’fcmdyrllgby thprg exig 4 rmd fprgmpmte@l ﬁmqlgdif)deft fﬁé mZélfPeImrtngé@mgM therefor,
whic ﬁlleth@gg 2 H&idmeR the GENY. QBLARD@hwbatic and &&ﬁdanﬁ@/dsééa&ed Fillthe difficulty

n tectjon.din such
in R aiod BT TR DioG i ShPEEPRPHERG=! £l BB g
faciligaten ewtkffedive mapfaovedf Zeardiodd hodgpreaindy taitomadf(er¢ tuoad| )igner threshold
voltagc%taMIQL Qfidht (S;Jgﬁﬁl%fcga[‘racterléé@é z&mpe{l‘@ﬁetéﬁd olo gy overcones t he
above- descri bed and di sadvant age associ at ed
with the difficul ty @@hﬂt‘iﬁ%ﬁ‘lﬁwﬁ%ﬂthe Zener
t hraasiahtekewdiht prggentafverciomiy enimpomaE|Zefsir diode.

se Iﬂn?tgé? Q&Uﬁlrlt ge opﬂéﬁ%?%%%wrgk &qﬁ mveﬁ%gn Iﬁ'ﬁ' Z%Her diode.

facilitates cost-eftective nmanufacture of Zener diodes
hawviehgotpir adpaiege f thegresgt igentisyis anigipraypd yhindliRer ¢ hr eshol d
Zeney @ibde@gy@Gisiag ch @fahiebassddem2odduddp &igfilinng char acteri stics
an %tlﬁ) %{o%niﬁa'ﬁf nt?l%]e oPIhg glleégﬁtliquvgnuglt is tarpl?n l’a%’d%gertﬂog Qf r{%ﬂufacéunng a Zener diode.
advant a Sent Tnvention is an
Ze rIeﬁﬂrﬂm Bwtaz3y th&rw@%rweaww a@céoveql method Oﬁmw@ﬁﬂrmg a thin film Zener
diodé M@mﬂgaﬂoﬂgﬁnoaﬁsdd@m@\mdtoithm mif.i | m Zener di ode. Yet

an(%\tr O\ﬁ/e 0 ?r aglvra]utlt%% lof tg resen% rxgen?ls eip ztm Annr\c/)?e 681 ofS mag‘ur%acturing a Zener

diodewwﬂf%mbﬁ%@n@émsh@h‘@mgﬁor t hi n f| I m St| I I anot her
advsaikiegEadOdntabdd @ndVitR S Alresi oNME Pbde R MvbBioRRilI AT AME G the description
met hod of manufacturing a Zener diode. A further
advant age of the present invention is an inproved
met hod of manufacturing a thin film Zener
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40 di ode conprising an organi c- based sem conduct or
thin film A still further advantage of the present

WO poo@i02i8en i s an i nproved net hod of manuf act ur PEIyUS2003/028026
Zener diode with a pre-selected Zener threshold

whlc}{ﬁ) 1&\9391ﬁd 1n§‘grg{>vﬁll bg&l% &%g‘grﬁ P)::t §I%V1§$gg1ggr? ﬁgill i]; %t% 1r1peo§1 e)glllc'mnatlon of the

rese I nventi e se
folloyyigg errnilapﬂbP lsfnedfropythepgoiie oMirggEePETLSD @l@aﬁdzem &f thaghisephinvention

may berkdlisEBindEHhired asakitul ddlly b&lnt&ﬂﬁﬂﬂﬁle aRRkeAtimt. 0 t hose
haV|n ation

or.di nar rt. _upon
SR T Shietia b Rt R ERE S G o peind npar
byawnémpZeeenwhnnmenﬂeon The advant ages of the present

nyS§ Nt i QRhin ﬁ[ﬁ%oxﬁﬁls&ﬁﬁ hilla8 @neaﬂGr iR aRgRBths @B organic material; and
partlcularly pointed out in the appended cl al ns.

Ac¢or di rigst el serandelqsieedes ip pontaptavith pesrpetive oppasiie pitlgsohthe thindilm.
fo rA%Q)?Huﬂ;go é’rﬁ&&%ﬁ@&f tl@%fé?eﬂttlﬁ\gﬁﬁm FheShif? ﬁﬁxﬁdoﬂﬁ%eé i leEs"'E"BrIe org@mc

| m Zener di ode, conpri sing:
ey F"l’ﬁc%ﬁ‘ﬁﬂ‘ P10 ST e OS] oSBT i oh e g Hln comprises
mad@wmmmgnemmﬁgammemnﬁme@m&hmmmmhm@iﬁwﬁﬁ&st and second
el %F:%%:EOQ&LE& vht? %Qﬁteﬁ%dé%%{sj Pf r%ﬁeep%ggl? L‘lk’é{lg? ORP ?lﬁ'l f}hﬁ c%rﬁ)gl?e% one or more
layerb?féglent Onp F@h PTERHE, mateFie anfh Faﬁh olitherfirst aﬁﬁ?qoadeféectaqdeq cgmgises a material
havinfgR@igh ngﬁl’ﬂlhrﬁudﬁﬁtﬁr&rebtﬁ)hs &6l Rt gehtd haMboRNRARE| B; example each of the first

and SQJh h@&%ﬁ d%s co%orl%ﬁ lIeasit oxTchtnctaHbconcﬂxctfve materlala gerleect%%l frorfl [he group consisting

m CoImpri ses con es
of Ag Wi dt Bk 42.iMp. &h Cerr’gah¢>ed6p@4gynénmnap¥lde<IT@ abci mghaic polvrners and the

first 2@ GREIAARERDANM ntal_;z b&ahbaaemof%‘eaﬁg dmmlem @eh B ARERS $Aterials.
i nve ﬁ]CO ?ﬁW%> nor e Iayers

of AgRia o) Fabeinty ol S Rt B S wach of
comirifye ofie ar gipredayets sfatloastbne h-6pt sremi@snaporpani selsofaherfidt endiserbnd electrodes

comﬂ?@éé la Hdtefal HAVQJQ aW\korlt Mﬂﬁgﬂ @{Eléc@dns ﬁLsQﬁ;a'h %@4 ﬁg}d ﬁJr e:!a Fﬁpl@ each of the
greater than about 4. )

eV,
flfst*fnflfeg?n elorfepdesemritiesat leaéfnneaegw%ﬁmdr@é%mafrlal Sélagfd ff&’ﬁ’éhe group
consigting of €4, ®ag] My copdinelUeithi au@hermetelr Alahl slieyselit Alchilbys il tnbxel-dielectric
comﬂa@dﬁ? aﬁcptﬂesﬁ@tt %@&co}é elqgcftrod%yare Wn ;ﬂed pipﬁe saﬁ dM@rent & w&(j function
oxl des (e.g., ndi um ti R o d 6
mategflyani ¢ pol yners; and t he flrst and second eIectrodes
n‘a‘]n da&)r(ﬁﬁdmﬁm Mer@ﬁlbddh@nis 8k padsen@linfdnBéreint thhhi f&ﬂ cOMFikes one or more

layerf ?l“]%ra&easto one ar %c amm each Aptgehtrlrg a?]dgsecoPd %eclt:]roc{es comlprlses zg?eastt orgre{ectrlcally

resen I nven
condweveemataryléwnﬂ hla)twquefa@tlordwelentrqnygeatqn ﬂ)glaﬁwoe 4l eernﬂ g thin film

com;ﬁ&g a ﬂ@&r Rt @ieait B& afomaid an@3th 1%@10& B8 BE 46 RME BminCHIR [aiy& 8% different
eri nction for el ectrons

e Pl R Bt s s o B el nS PR “BS  he 20
f i Astordigdo eneodimantedf de preepdidsvenonirc thidgesa bt theghis filnpim between about 10
A an®l BT Sl derbRNAHGLD xancmaune Edod praaib?y%aeen QNG Nhd 1,500 A; and

one q%gxte ﬁ-]%t a%g\:;esccl)niltelle%[? F?ﬁ)?%erheﬁf‘n'\%‘?tﬂgﬁ{%y Wgatll"g%las u\é\fet h anot her

me tredcectidaedeadth b paticuloaibbdiatnt ohis:, invamibn ttlvdfirdt ele@bdedintlade of Au; the thin
film goia Qnud, & %eesﬁp@ggeaeaﬁﬁboggﬂpaa 864 d%e @'i‘epﬁme ayﬂ{% the Au firstclectrode

feren [ ow wor k function eH
and 3 {yer Pt FopPEr REPAISHITEE (B Ro%er 81 lwef Eﬁ@sﬁe ﬁ‘td t'ileﬁvem qle@ﬁode Pf?ehes the
layertohCuPc huid i1 216 OPAH; SBE i (e thdI il B Pfurtdd mhlﬂ(}e&ﬁ add@fonahtaydr 68 brganic

mateQEF get\gereg g&@"chl% 1 aqg the %@&G flggtrod h & fal la } of %n al‘%l%ﬁ]% 0 nglpe semiconductor

es Co ect
such eﬁﬁad@turl \lieher?de@iilﬁlame nam ﬁ@eoadnm ) Womrpkruﬁ% e@lpoéweﬁt@f the invention,

the fist @€&tr6dd RSmagé &‘aiuﬁﬂle thbaim aﬂ@ﬂﬁes él-laﬂer Bf\éoppﬁﬂﬂltlﬁh@aﬁﬂ% (GuHc) bvdlying the
Au f1fspeqpc{rod% aslzaler ?f 8¥r§ Fne(t)etracarb078/?1{:Jl %SCE Iﬁdnge (B:Péc#)/% olver the ?ayerfof %uPc and an
addltdml fagar efvn orepyipmateriabere te lrvat & PTEPA; aod thesepraid ple@ﬁdd cai§rbigs ghe
additRad RyG oot G hiDPatdial dn@ AStaaiia g aﬁ}@fmttlﬁecad(ﬁﬁenﬁﬁayeA@ ngfrghle haterial is,

to enbodi nents of the present invention, the thickness

of the thin filmis between about 10 30 A and 1 nmm

preferably between about 10 A and 1 pm nore

preferably between about 10 A and 1,500 A; and one of

the flrst and second electrodes overlles an

o . . o e
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filmconprises a | ayer of perylene tetracarboxylic

aci d di anhydride (PTCDA) overlying the Au first
web@enemsge and a | ayer of copper phthal ocyani PET/£29P)28026

over the |ayer of PTCDA and the second el ectrode

e.g., % elr’ cl)flar? g’ryl%nﬁl%% ﬁ-:f_’yﬁé conductor 5 cEgs t ra?henﬂ ip egtglergeaiaé%e (TPD).
ad at apctOtﬁqete wrt’a%lrmqilter mﬁtlcelﬁrgaﬁ%menhﬁtﬂ@rpteaqnt ipeenijgethe firpjglectrode is
madeGe KG; tﬂeamlemmaﬁﬁpﬁs&e 188€2 B&hp& Ipeﬁdtdcme (@PY. oweﬂ@mg a¥ & fiRf electrode,

and a@e[syﬁr 0&%&@?‘?{%@’ ggtﬁt}y%e e% aS G %28\%% 9 a%eé S#%E% ﬁla({ h:s:egogg) qectr&le is made

of Cyzag foingsiah apperadyoaie nsdt/mg)the lyveofidubent i on, the first

el ﬁ%fdﬁ%% ﬁe@anm%argéulaﬂinboﬁtﬁﬁm Ethhé&lés&lt mvéhg&p [hla %ﬁts‘el@trode is made of
per phthal ocyani ne gver |

Ti; thﬂﬁ‘mfffhflg{'mpélﬁeé &Ilalyg(?gcop%r Pfélg;@f;yaﬁtfte g]f,cg/ P\@Hgng the ’}(1 firs electrode and the
secorid @lect@denvixtissythel layeians CdPccndis hyddrof dg ( PTCDA) over the
| agt{ﬁf an&t‘leﬁ’%ﬁ) i&tjar difhlnt oﬁtge tﬁgg‘lt I:nk/ P@l is !1 Q}‘Yla[lre qrgeréﬂ the first electrode is

anlc terial over ayer o
madf@é bAg TelreWs thedim iy eqmrrigss 2 fayra O%Hptepﬂt?atwleteé%> o¥lyiggthe Cuor W
first tﬂHcgtﬁlB;I a6d thedeeont albctddds isle BEWEraOT, AgAg, Bh@r. e| [Andtlhbe aspect of the present

i) b308sn B ol Boapdh el R ecleier o 2,

ar {¥ ami previping 3/fye elselfsilg onduct or such as tetraphenyl
bi g}él eny topRiedband M clediBR) a thih RinB®EHiSAETGEled dnb 1a§d: inkluding at least one
her particul ar enbodi nent of the present

Ofgarilcﬁ’@ﬁéﬁ‘ft‘lr #A, the first electrode is made of Au; the

t hign fi |fdﬁlx1ﬁ1@ﬁ'§):fc«i)rﬁel‘50tﬁdé @yt&rthlﬁ)ﬁlnpopper pht haI ocyani ne

{:F::%%dm erl uls e od ments tltel . %“m uenlr/]egt otclrls%[g%b) népl‘l e%s%rmi g (hm film
competm&am@t oreﬁtgam%eateebselﬁ@edétoeewm@ pligomerel @olymgery pndcgm mﬁons
thereéfocrrrgtsp @rbou@ﬁzset foﬁthl@gchttﬁlﬂ £len RiBristng lntagl Johtemingyaettcte@t)r <§th5’1@ m an organic
ot er

t
P BN O GO DB 1 DU RUedt PO Schie G of s soning
procegshe thin filmconprises a |ayer of copper

ph iﬂ@éoﬂﬁlyc@ Witﬁ] ?pa&‘t@dﬁt‘f}) adgd\ﬂﬁgéoﬁ(sl hehrd Jf ﬁle -lp—fesefni 1{:W%Btton the method further
el ectrode; and the 'second el ectrode overljes t

he
comprt%eﬁ éprelatfmaaﬁs@ ogpfa-selegm}g&g@neb?tre%old g{ltaﬁ of g‘lﬁ BIPT"FE imd steps (a) -(c)
comppigerstlbcting the meerhbdf thefirtt aof setohdel@redesmt! thethidkndss afitheitign Bim to obtain the .
pre- sééc[eh'%n@hﬁre%ﬁﬁﬁz&t the first electrode is 10 nade of
, thethlnfllmconPrlsesaIae
poﬁ%ﬁﬁlétsgﬂ egt?etlwnéwé the pESS) RYGUPT §PMG ORericLProfdings i Flecttrode made
of a Iﬁa!teﬁﬁ)lﬂlli@@& high mdrktfhtemsﬂm&droet @64l EoQﬂ greate tHan al@utef 1 W stehab) comprises
formt;.tll-%d téurr]l tflllrrcl) %o%lprstsug ofic (t')r Mo, deq d{‘ers I’?g eﬁ Eé?? 1}e togggnn? ﬂ%&?}rleap Itarrd I%tep (c) comprises
formiggphispong|plesgrade of prpeiathanige ash1§p\gor]gﬂmctteta§)r T}ec@gqs gq‘qu]go gy greater than about

4.1e¥; llntetratlea;e 6tk @}iemp&sbé prmﬁﬂyamg;t Q{btrt)clé@orftﬂrfsﬁé at@a@ etereqwﬁcaay
e[, i.nc
COndlpr 1ve ma erlal éelec%g?%mzhg I%roup con st1n o%% \gglce* ll(t g §/I8 ﬂ éu metnl%xﬁes and

orgar@evobrmdrs ahestdrr(@ Gemttmeﬂfdwmg h senonﬂ Elegiodeomonisitic n@}eatstcpne electrically
conddéB¥e nihbBial QIR BB Me$roff cohi@inPEraS WL Til VN0 O, CiS hiR okilds, and
rises formng athin film conprising at |east one
Ofga%PgEYWFfé materi al sel ected from nonomers, oligoners,
po Aymﬂne to diprdativoeritiodiabnto the intvérgipre ettys () andt)epdchiyely comprise
provﬁlg%"}a?‘lﬁ %?191% gl%%e@ g)néngeﬁl bﬂhef shtlié’%r g@fm&' h?g'h Rk function materials.

-COI’] ai ni.n artlc es or clusters in an organlc
20 MIOYHER AL TBIOUBI R e P YR TP (DGRBS B iding o fs
electtbdmmidé\ef atntaeridl havingfaildwmivdaly fuactivafoodlecte)d tesd than@boud4.1 eV; step (b) comprises
fornu?ig% t'ﬂ]inggﬁ rrf}gsmgpt{ng Gitiore la}’exq ?’% %qu: gx%@ﬁ?p \%%tmnc ﬁaterxal and step (c) comprises

dvant ageous ture o rese
form%t/tsfﬂnti e‘ﬁstro‘{ a prateripbpving # opetork f%h@gyrfwse@gﬁ% kst éhatl AHOPLrlye Vs
illustSii@[y, Bp () kenGeds @olidnga ArstARBeide édtipesizok st 000 bla@allyadonductive
the diode; and steps (a) -(c) conprise selecting the
materials of the first and second el ectrodes and the
thi ckness of the thin filmto obtain the 25
pre-sel ected Zener threshold voltage. According to
enbodl ments of the present |nvent| on, step (a)

o o s o g, I o o
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formng a thin filmconprising one or nore |ayers of

at |l east one p-type organic material; and step (c)
weeposes formng a second el ectrode of a NMEPET/US003/028026

havi ng a hlgh wor k functlon for electrons equal to or

e bout gwtg i LLustrat.ivel e 1 i
mater?aqaie?ec &l fromt e gouﬁrcgrbsmténg of éa %{n corinbm on W, eh a(r:l%t%% mzta BlgAl alloys, Li

Al alfgys, hréatsetal @ﬁlectr@l combipgtions| 4n9 st@dﬁ)dg@mrisvéorme picerd eketroémoemnsmg at
least e QIR hidABy @)ﬁ@fé@ve Qﬂa{éﬁdl ﬂécﬁ@fr&hﬁ thé\ﬁoup\%ns-ghng ofta, MMM Mombination with

i des ani c ners; and step
anOthfréﬁ‘etaWQ 1 2*,1 ﬁ?‘ﬁ@ %n%eéaz: g‘ﬁl sy CSIE‘EP%%%S conpri si ng at
| easprdingeo aétbremvc engaflilngnts o Oe dyottipy eepyid) erd (ellrespstiebtcedprise
prov1£hﬁé35m;1 Hﬁﬁmg El%@de@ Qﬂﬁhé@ l)ﬂgz s%e (@‘Qlffe}é\{t lc;Exl/ worﬂuncti%g matMi.%lls

al and organi c pol yners.
Ac B‘d‘F‘Eﬂ’fdﬁ’&e f”&h ?ﬂ“t"g’l‘“rfﬁibi’%en@ ﬁf)%%l?rﬁséﬁflg’er&fm e i nv ention,

(a) coatpefpSproadingufitst eledtrotiasqde cftainuetial hoargarhiss @vorkﬁummndorm@cta)nfhreater

f aromati
than z{ll)&[t Q'll @g ?e%?l% tﬁ%gp?lgén fo‘r;‘rrgﬂgg hﬁlq“ﬂn 98 mrlljhglggcc)gl? onI la}gl’s of &1ad Ene omatic
aming; Eﬁdtsﬁ"é £c> DY FRERIRS2 fond ﬂtstrgf}eéé@mter}a}fvélﬁg 3 IBSP W%lf faprtipnfpr
electxﬁlﬁl'ﬁbﬁﬂeﬁt% a@cfuﬁli/l &, r\l\geran btbpr (S)tcomﬁis%&'brﬁﬂﬁa tHieEle codprRing a layer of at least
one a{olg{latlc amé a?tﬁi ﬁ%gcowpnslrtg avlvoyfr o§ at lIlea& toneoapon]:ap ic I]pm!: a%%ta tiayer of ah(? ifetent type
organ(j maﬁﬁrlelo@mrpmsq)frhager@mh eomprie ef af laégmns aremaﬁatanqnealéﬁtra@vrév step (a)

compnsats MRS DRRcctibBld @)Hpﬁdmg aﬂ&Qt ond a&tr{cmy cEIRINRIVE HREial Afacted from the
ra

s PS8 P Bt o el Bt St BCePehE e gt g o e R comprises
forming 4 sgering eltdtrods cymprgtne pt I€ast onecdpatpirally e@idwlmma@hrlnlgelaztefdlfnostthe group
comgjnggtt&pq;eTpptrrp B fR0c@t | east one electrically

conductive 3 2004/'027890 PCT/ US2003/ 028026
metal,oidesy 3nd Preatid ROMPEW from t he group consisting of Ca, My,

My Altéinati @ dibbdiinéermsvf Wk tnlenasrGhdhels thosetwhbre stéils (a) Ald (Qlrdspeptsvely comprise

prov1h1hg ar@%or@ %%&rode@!@b% El @ﬂ tﬁeCLlclrﬁé &%&fe}e %ﬂ %f‘k%ﬁ&%tenﬁp d

ri ses rm ng a secon ectrod
Aperdéie ﬁgerr&edlm%sa% {1 BT P B OF. Fien SP“’@B%‘?H’&’H’EWEC thin film to a
thlclqmttefweai abGRIEA tneld nﬁnﬁ (pféfeHB@ bEHvei AbROTVSA &itl il N, Mbre fraferablly between

abou{fg AA'lll'ld f?(?s% eP] &a) n%pn?es }a‘ovuﬁm E éTE elalt éaéls a o'ajer C%CL(%X ?o‘rmed on an

rc CO | na 1 on
insulgtigeybiptadn eogordeneesyifhatpielagerhodimens ot te iTentidaestdp i) efmprign providing a

first, @bva&fec&@} in@cfé?;f A€ ktep @%ﬁ@ﬁgey@wngcam fllnﬁﬁmplﬁ?sﬁr@é lu_;}érra)gpe@nwl
el eclL.r.
e A R AR R S YRR

phthalycyreine Eivbo diartha tager of PTORE:; pd esieiel comprsesoinorg, a layeeq AE @ a second,

uppe%dh Sverl 19{,r Ry 1|a§:\i:¥ &giu?c fwhé‘reqiﬁ stfpI (@%afy e E@gl@nu%fa tidn fllm which further
eri al ?:1 wor kK ectr

f or
ol pgfone lwahofgwa%n%ﬂaff%\betwwrélﬁ ol e e Gt F i @ laver
of anarytatiing pftype mnﬁ@»nzpmos suokg asodephenyl biphreayldnadienise (fPD)at | east
ong 4Af %n‘c‘ither:bg}a odlﬁiglg oﬁhﬁ;ﬁes&ﬁ nvéntom Etéps es formng

a secon ectro a materi aV|n g wor K
(a) cqmpFiget proyidipgy firgh lawer Plsvr‘ﬁfgdeg?aé%ﬁfeﬁu SRV C%‘%’GTS f%mfeg & {pin film comprising a
layer‘dhﬁﬁ@t ﬂihtkﬁto@ﬁmﬁé)(ﬁuw oRilyisake Abwar Biget@dd, Riager bi ﬂefylene tetracarboxylic acid

dlal'lhly%{EQ IJTEI:Dn?over tlhe onlfuPca %nd ag stdhlfona?g%r glra% lg%gn{lc mfﬁ&g}a{] £ % aaiayer of

east “one ar onm
TPD,pives ¢he dayef oéPT(‘d%pe |anddsfep g:) ennfpfl@p Bpping zyl@@r ofdﬁfggflagﬁegond upper electrode
overl{¥Bd 8¢ ddakionaDlyeRofddatic AlterlaRY €T s each co np ri sed of at
rativel \>éf1t1 step (a)

I
e%ccordmé%o &l ar%%&r partlclmarfembod%m tl ¥hte Pres(,fnt in r sing at

20 sﬁpé@@@mm% P@l"@@g p ﬁ@alow elegfroderpade V%AWIE@)] @rnplsseﬁ fetingc thin film
compkibifd 1hyREof LEppA pRUNo GRS |(@Lﬁ’b)rlﬂer@fn gfNd AuWwe;r dlectrble ,andAAgayell\@ tetraphenyl

viphep oneqiiind T BLov et IiReor e, G AR oo R TR s P R  second

uppereectr@agterlpnetheleeofiGueal | y conductive material sel ected
f 1 @McoRBn@WaH Pet afo@Siatidi R SmOdin®Hy of W prddent Pt Ag, M,
Ta, Cu, netal oxides, and organic poFymsrs.
Al ternative enbodi ments of the invention include those
where steps (a) and (c) respectively conprise 20
prow di ng and form ng eI ectrodes conprl sed of the sane

11" a . N




10

15

20

25

30

35

40

about 10 A and 1,500 A; and step (a) conprises
providing the first electrode as a | ower el ectrode

w0 oooameel’sem an i nsul ative substrate. | n accor de@Es203/628026
a particul ar enbodi ment of the invention, step (a)

1nvexﬁgrmgﬂ é)en%mpljis? ﬂrmcﬂ% a‘ri’lrsg ﬁ)vsfell eﬁe%{mde LI]Q(Y@)% EJ. t%qg)rcggﬁls&qgﬁnng a thin

rises form ng
film @Bﬁﬁﬁnrgsau laﬁ/@f Oéccrpaif @Pfhaéﬂcyaﬁ@? (HuBA eveﬂwé% ih%\“&ld?%fe %WP‘E’ 4 ptgp comprises
formitlg anbey df Age a 6ddidAper ewcﬁxroheijergmig lit@ 15t of ONFeI‘AcEJ)rﬂiﬁg 6 @Gl further

partlclaﬂgen%o!h@érgﬁ)%%l 1n\9egtpo§esE6P éaz g?lseggrx\%c%lngz? first wer)elec(t)r rxfu}dg gf Cu, Ta, Ti,

formn
or Woﬂrtepls?@ corapriges Sesmipa d thin filp s@mpﬂelp@@web@f@olmmwawﬁ@e {HFé); and step ©
comﬂr1@e¥ erm@f a RP6s WmefleAlnAgst)ﬁﬂl £sta)secawu@@fm5&oa@oJe@flﬁg tﬁhgay@r of PPA.

n .addi ti onal
of R e Hap ey REBH TR P eibeen Gy 8P gt e e
thin fdppéPPPe@éhﬁtfmdeNer deagyode uglliirgyer 30 of an aryl arni ne
a solflioh Y AT QQIHQ)‘H:CSBIQJM e. %u@@ahﬁﬁof&% (T@]P)hﬁl@ Wopylene glycol monomethylether

bgﬁ‘l{;&}%%h enedi ani ne ( TPD) Accordi ng to anot her
acetaf? ar enbodi nent of the present invention, step

( arddigomplrad Ge8gep irdvspeitig tha pesenistventloo will begdne @etamozcheparmde those
skllleg fm tﬁé"art fﬁ)‘inecf?e &1%1&%5@{ ﬂt1§r? %Vhéraﬁ gﬁlﬂ%gln@ntg &'tﬂ% rﬁ){‘ekénﬂhventlon)are shown and

npri si ng per [ 'ocyani ne
describgip PIPpP vy Y ﬂJe&éFaP‘awé rhe bt 60 %léemplateﬁ @y@fwﬂaﬁg RGP fention. As
will He@l&sf:ﬂiéa,rtmwjént @vediidnGs cajchbia Bioef ind GlfiEnBﬂ_ Ch¥YdireMeand B everal details are

f
suscerpra e m%{llflgﬂg) ih va?’{c}gsl o%vmu% geggegtégp %{ﬁlﬁgu@%@mtm@ ﬁﬁl%ane% rlgf%rtl %h]p present
mvemtrlcmsordma fé% @pWI{%?)ﬂn Wfslmos &g tofbg remirﬁﬁl agillpsirytie lwtuy&ganésot as

limitAiv&econd, upper el ectrode overlying the additional
| ayer of organic al . Acc ng. 1o still another
particul ar embodi et bl SRS D hivention, 20
st dpe folpwingaiatpited dessripioro ihd emgpdanehts pighe prdsepiver el ect r ode

mvexﬁm st u%landefsto@@wn(emea&ﬁmmn&%ﬁ wﬁtprherrongwlag thin film

r| Si er of cop t hal ocyani ne ( CuPc)
draw |“§J i &% V?ﬂé’us t‘F?f\REr“"té‘F‘g&“frPgﬂféW‘étﬂ &aé%ll ‘ayer of
rathet ap¢ dravphe mytest ilk@rabitigiperiycheferddésawiiervdn: ( TPD) over the

| alﬂﬁf 1%fan9iP;§ot o%%eg‘ﬂzgple()&)hog@m” ses formng a layer
el ectrode overlylng t he

| a%%s %fA> e&?ﬁdm fPW“%'iléé &‘5&%’6‘@}@% #ogiged. sthepetier
crosspédtibnaCihatiraleielhe sidnapctivel -\ flas @ikseiite exdmp® 2004/ 027890
/ A -V i tep (a) conprises
Ofor%%g\t/ %%%%9&?%%% Or{hg%\tg%% nlggfct:l?r?ode made of Ti; step
(b) conprlsesforrrin esfl nprising a | ayer
of TeOpRet mpml&ah BSiapdniR d(s@»a@)gy muemnwﬁ@tt he Ti | ower

el ec
two- tgrglmél elecgonic ev1<l:Jes comrpgse etrgtpt in Isl?n mcludo qgn% leagt otn?,| e%{ 1ncluc‘1)1ngoa1§Agast one

secon d& vt
sultamj@gamcp@@mnmct@gmgtglahsamlqhqad tfe(yqegwemlr ofpsaxpab]e g]g¢na)(a1 conductors (i.e.,

electx%mﬁ B Bkvﬁé oﬂeﬁﬁonhl@‘éﬁﬂﬁa&t Zeret Bfle ()é}x)lw&o@pé‘nhb‘}cep?emse tallormg

" v ectrode made of
( tunElg gf’% l%i‘e ?r es %&f vo&t&q&“f {grelge 8 PR grci.uﬁ?rﬁplfl Cff.terHI and (3) be 'reliably
manufotypd bdlizing kepwinappeetfafivepahypleny etablpkiene (PPA); and

St @pgaﬁlg }hln fﬁrﬁ mef d&dRs Jc%dﬂgr!(gth@mk/c%ﬁ(ﬁlr 1nc(ﬂfde YWhin tn coTﬁprlseélof at least one
second er el ectrode overly

layer |11§§)161Pg ﬁ]&easﬁ,gﬁ orgagﬁﬁgma}]@ﬁ lﬁ§ sch@ elﬁﬁ:t@geém coptach @(ﬁlf ﬁegaﬁctwe opposite
sidesiofiié tial€ilmet aaeg ofwhpetienteriits @y bdutilie:0 i khe $@sfilSpotponent, cg.,
ti 0 fi s
mono%f%@ Ah?gné eﬂﬁ %11 Ql%“g |u£]rhérsg%t§{0FCF {Pr?%ésn%g%g}%rrah E}Ehere(l)foéév@rxre thin film may
compgis el Rt e parles Oéchgﬂters % BOFERRIG BRI R PAFX PrPEEY™ and
pr oyugtopdaece ity €dthin BRBvaRRAR Y et phsednt inlddtiaché @ine ( PGVEA) .
film ﬁ%}xs‘eé §aal méﬂ}ﬁé%gst 9% al§&q%§ﬁ§ R &t@ast%ﬁe %gl present

ntion par en G those
mate@qk WPlFléfﬂn‘itlﬁnStah@P B seicQIILds €-¢F mﬂ} 1@9&9 pRyilitvenuch ppatdr ggn electron
mobilf kidiehth SFHAOGks B e Son@EledirbRs PSRN mittMBAYih O higd WorisHRBn for
and described, sinply by way of illustration of the
best node contenpl ated for practicing the present
invention. As w | be described, the present
I nvention is capabl e of ot her and d| fferent

Y T L a S o N o A -
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15

limtative. Brief Description of the Drawings The
follow ng detail ed description of the enbodi nents of
wo b@4pemsent 20 i nvention can best be under st POTUSI0031028026
read in conjunction with the follow ng draw ngs, in
electr?ns ecgl tit> QregBe\a/t%rr tha%%?%ef ?&a\,ﬁ gﬁ%g%&mﬁ bgglgn-ﬂ%%ﬁvc‘es&a{ p}l ofjsﬁfflam organic p-
type sprjeongiector mperls (fes&ple ransportifiistiady) gre: qopng phihalogyanipp (PuECi/
peryleRbt@facox AR aélaiaa{hyczﬁd(ﬂemr téhahEB1 blg@dyléih&aﬁnnezﬁm) and

poly(gr&yﬁl é%?ﬁzf)r é ?PL{% aac} (fé LPS grgm% Ic (gﬁ:%_rl(s s)ucfh as Ec(nmdurl[%g starburs{:j alrmnea, and

triphenydgpass (dveikblp fronyHPY . Samls §61p- Jupites.tF5 sricly & héblhﬁmael@hadﬁn- -y1)-
N Nfdﬂfhg@'pb&mgle!% - PEPBI) A (5@@'@@4)% @ﬂjeﬁmm prﬁ’én?]gmln@) thﬂ%nylarnme (TDATA)

. nvention T

or OPAFeR A - Te st isee ke dra By ST PR PR D

(OPAB3TAY, withwibe folswingsahcted] éctwleni ¢ devi ces conpri sed of a
thin filmincluding at | east one | ayer including at
| east one 30 suitable organic sem conductor materi al
sandw ched betmeen a pair itable electrica
conductors (i.e., electro can: (1) provide
operational |y satlsfactory ener di ode behavior; (2)
enabl e precise tailori ngNT~wdNF™Ng") of the Zener
thr ol d voltage (; r uge | ticular circuit
or application; an LTt nuf act ur ed
utilizing known, coSt<effectilve t/echni ques and
nmet hodol ogi es. Organic tN AANzener di odes
according to the invention Anglude a thin film
conprised of at |east one ayer including at | east
one organic material and fi and second el ectrodes
in contact with respective opposite sides of the thin
film A variety of organic materials may be utilized
for the thin filmconponent, cg., nononers, oligoners
(i.., dimers, trimegs, etc.), palyners, and
conmbi nations therepf;jor the t ) filmnmay conprise

ai ni ng pa |cles or C Usters in an organic
pof@héﬁghatrlx Q A G

ance with certain
enbodi nents of f{ ipr‘ n, the thin 40
filmconprises oné or e.g., a pair of

| ayers, of at |east one Ni C naterial whi ch
functions as a p-type semM ebnductor (i.e., with hole
nmobi lity much greater electron nobility), and
each of the first andor@ ectrodes conprises a
mat eri al havi ng a hi gh™for k nction for 5 WO

2004/ 027890 PCT/ US2003/ 028026 el ectrons equal to or
greater than abou.‘i 1 eV. Illustrative, but
norOPAP Akt i ve exdaphes of sujtabl e organic p- type
sem conduct or mat eri aj )
mat eri al s) are: copp r phthalo yanlne (CuPc),
peryl enet etracar ] Ny d
tetraphenyl blph-~‘ ]
pol y(vi nyl carbazo 1 e) (
means, such as benzidin
trlphenylarnlnes (a romH W Sands Cor p.
Jupiter, FL), such (naphthalen-1 -yl)-

N, Nf di phenyl - benzi dene (a- NPB) or (OPA7534),

4, LOPA1440r i s(N, N-di phenyl ami no) -tri phenyl ar ni ne
(TDATA) or (OPA4655), 4,4',4"-Tris(N-(2- benzidine
(OPA1441), and oz

4,4" 4" - Tr|s(carbaid{:éfzti_Kt}_égz;lanlne (OPA3370),
with the follow ng E&ff lae: R~ N CuPc '/

6

), and varlous aromati c
starburst arnines, and 5
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NNCU NN-~" N 10 TDATA O0PA2290 l1aWA): D OPAl441
vc~ N "ccwl5 ~~~ ../,,..11J) 6 WD 2004/ 027890
WERIMOSRIO3/ 028026 OPA3370 Il lustrative, but PCT/US2003/028026

non-limtative exanples of electrically conductive 5

materials wwth work fknctions for electrons equal to

or greater than about 4.1 eV and suitable for use as

each of the first and 0 | ectrodes include An,

W Ti, Pt, Ag, M, Ta, WI oxi des, and organic

polGRAEI0such as pol yanil fne (PANI), poly (3-4

et hyl enedi oxyt hi ophene/ po t yrene sul fonate

( PEDTI PSS), and conbinati 08 thereof. The first and

second el ectrodes #% BOpkj sed of the sane or

different high wo e AS Rt € I's. 10 According

to ot her enbodi nent g=4£f the pre e i nvention, the

thin filmconprise yers, e.g., a pair

of layers, of at |east one organfc material which

functions as an h-type sem conductor (i.e., with

el ectron mobility much greater than hole nobility),

anBlugatys: b noptigmititve epmplii! sleEAly corlugte r odes conpri ses
mater@ilsith @lotieknctiay fon gectrors @YMATS br drédRLthin@bout QI e\eind Giitabla for use as each of

the flI'Ste ang' fecc?n ?lg%r% 1nc14de Aullglé%()]fjt A% Z’g r éﬁ m\éﬁ"tl’ ox1dQs Ilncrlg;gamc polymers such

ve exa e organitc n
as po@yemhne Gl pdy (3rﬂmhé1p¢eélpévtnlwé¢na'a@yse¥mnﬁ ﬁlllfPrra@ﬁPEQﬁ gla'@%combmaﬁons

thereN@helfRst ARits8donCAARIIBNES bé SmpaEea bf drahior A Richtaiph &vofkitaidtion
H W Sands Cop, Jupiter, FL), such as, for exanple,

mateydls (8- hydr oxyqui nol i nat o) al uni num (ALQB) or
ORAd:8Ihg tutifederiiogimentydf jhe preSatipnentiph-thethigfilp. oxadi azol e
comp(1E gg?)ée’or hbie ?ayer!, 5 B, Ceh;LaQ Bplay%rsh%q{r 1OX06nElH AR |niaféﬁ$l Q/)lrcﬁquJHoﬁhl-MsThn h-type

sermc'(gpcworo(}.e ,d’:%b\el&%)g? mgfyhtmm)lcl,h%\;\gafg%h Struct %B za()ll, %‘gé t%e first and second
electrBMET £dUPARS B MARB0R:Ging NowNorPBDctCh for ORAER3Bs Ban ab@ut fi.ff 1M\ \Clllustrative,

but non-limitative examples of suitable organic n-type semiconductor materials include quinolines, diazoles, and

metal complexes (several being available from H.W. Sands Cop, Jupiter, FL)), such as, for example, tris(8-
hydroxyquinolinato) aluminum (AlQ3) or ORA4487, 2-(4-biphenyly1)-5-phenyl- 1,3,4-oxadiazole (PBD), Tris-
(5-chloro-8-hydroxy-quinolinato)-aluminum (OPA6238), with the following structural formulae:

AlQ; or ORA 4487 Al

"\ 7/
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[llustrative, but non-limtative exanples of
el ectrically conductive materials with work functions

wo e0o4/0z18ect rons | ess than about 4.1 eV and sui PebU82003028026
use as each of the first and second el ectrodes include
Ca, My, 5 My conbined with another netal, A, A
al l oys, Li-Al alloys, andNmetM - dielectric
combi nations. As with thg
mat @Bl - based Ze

and second

el ectrodes di fferent
| ow work funcl{i on ma erlals : i ments of
Zener di odes @ g to the presg /;ntion

utilize a thi AT whi ch
| ayers, e.g., a pair of layers, of at
aromati c am ne hole transporter (i.e., p-type
material); and each of the first and second el
conprises at |east one electrically conductive
mat eri al having a high work function for electrons
equal to or greater than about ®.1 ev, illustratively,
but not I|imtatively sel egf fromthe above-Ilisted
group of high work funct,on i als. According to
the invention, the thin A g conprise a single
| ayer of at Ieast one aronmticlam ne, such as, for
exa@Bﬁéz & benzi di pe ﬂafbg;gt amne, or a
triphenyl amne; a e Ia%br,of at_| east one such

‘ grent 15 type
g each conprising
lustrative, but

organi ¢ materi®” O a péiro

at | east one such atomatlfc a

non- limtative exanp : ral fornmul ae of

suitable p-type aromatic ani nes™or-gise as or as part

of the thin filmaccording to the invention are given

abdingiratieenioht haadintiaitye HRMpleof W&}};lcaff)%ﬂ_dhptiva At RAGR Dk fEHtQons for
electtro lgslélﬂ?r?a%o@ ]:1 lte?rg d C?Dl able ffor llsrp as ath of rl-le ?ibsyan?fsef(tbnla%lectroaesinclude Ca, Mg,

ove- ment s

Mg cmmeﬁ Peh anotin ryetabeétl Wééﬂoy&g@—@ﬂ aljpgs ppda'pp@pl dielpgitiic cambpigations. As with the
p-typP brgdn@ idditiyl- ael mee b e flrl&nfse&ﬁhd eldotrB80 mAy be@BBprRtd df B same or

dlffereIQI wworlgf ctlonmaﬁ r1ar|d el ectrodes is formed on the
Urfac an e ectrlcally i nsul ative substrate,

| | nglﬁrreafopdy@nys ofZegpr diodeslasdording € the rirdyerd ingdntiprowiizeaxhiglfilm which

compkiSds B)or IndeY Blerd, Q@ I S8 of I‘Qfefso(ff% 1EHSk o§19ar$rr1‘a%c bRy Ed tﬁﬁ‘spor%@ﬁ b, p-type
he thin film Zener di odes

onent | ayers of
el g o LI 1)t WO BT o P At ARG PUPG Mot
having @ hlah veakifuttion §f eledmnsendal to nadreateehinrubojti€.$ e B nithstratively, but not

lmntdm&;@g&lchfgﬂnﬁﬁe abM%rl@te@Q 'of“ ﬁlgl?\!vclrﬁ/func% gﬁﬂlﬂ ta‘ralst |131 cordm to the invention,
el ectrodes may Torpe E sl ca

the tha“efﬂlaéﬂai’ F%‘H’flsezsm%b\m Oﬁaél?f‘ﬁ‘l‘i”ﬁ g ppe uchay é‘ﬁé’ﬁa&’ﬂ’ =Gpenidine,
starbwr@ eieNoEAE PR MR, sigRUiYERIT kg st ohcﬂiichﬁko&ﬁahd@qme&b@a layeglof a different
type %&%@rtﬁé ial;'o @E)gi’lr o%la e?! Oﬂ' r%17n§ thﬁ e SUC ZaQan%{lcp 212rr§1r(1)e2 %lu%ve but non-

eposi ti on or gan
hmf*’(“r(m‘m)les opiiragiEl R s quﬂE@vB) amiggs gor use P ?rrdamrtw@ the thin
film BEEERR0 (E indnticiGire gateﬁ abpveamd RRGHTIS, .- NRB, 15 ) hi@ GPARIYO.

fi ll"lligrtﬂu%gss gf tﬁn%?(m P l?n 1s Cl)nr e{rﬁ? of t}%y a’bove hgted en%%ojf:l Bentsa'éeéwee%bgut 10Aand1

or vacuum SpPI nN-Ccoa
mm, Rf pratly peryees/abgyt 19 ﬁéndplrléls ante prefpv@émbptwpnwbdur 10roamd 3 €00 A. One of the

first 2@ HE0RS bleAb @ isBYmE InefcRLBBCE ab Qecﬂc% 1nsg-lat(v€\lubst?atef ﬁhstra‘avely a Si
(B), which respectively are

SUbStrag WltFQfIIICOH OXIdeéf%éz aty%réhere@i‘ oss-sectional views and | -V
pI 6@09rd@rg tq the igrsptioatepchef thhermppreht 1dyenypi thet thiv §lm exanpl es of

Zene@ﬁcﬂ@sﬂha‘i bé th’v}% fidalcBa:- Z@e@ﬂerQJ)rQig@a%corﬁﬁgQQg %1&9 of cgnxtemﬁ)nal technlques and

ower electrode 1§ osit
e TR e A ol OB i Bl vpor eposin

(PVDeieghuidierench & eyppratiqpenfuomregonicnjspdietieion platpyeics @ dhediical vapor
about 2,000 10 A thick |layers of a p-type organic
sem conduct or (peryl enetetracarboxylic acid
di anhydri de, (PTCDA)) sandw ched between a pair of
hlgh work el ectrodes, i.e., 500 A thick Au Iayers as

I Y N ] Y L A ~ NN A L 1" AN
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degraded due to shorting between the | ower and upper

el ectrodes. Addition of an about 2,000 A thick |ayer
w@bBoo4057890t her p-type organi ¢ sem conduct or (PRPOPP82003/028026

pht hal ocyani ne, (CUPC)) i nternedi ate the PTCDA | ayer

depoaﬁ tgcﬁrﬂ?ﬁgﬁiwps% h an‘ %ﬁf Jr 1@1% CJV%Y(HOC(/‘Eg%asma e(n?%r{?:ed CVD (PECVD) etc.,

stan shortin
SPraﬁéli‘ﬂdSC{PB‘plém@L %tafl‘b‘?}élsof ﬂ?&ﬁwamcet!m |ﬁtr@kayqrsnnaw be fgrpddyy -2 evaporatlon
vapoea;rhzhdamh a@gmmqpﬁrcoaaag;% shape or behavior (FIG 2

( )'ﬂle versra. i%f ofttqlg;}/)ree?]elgltql;]venmn évﬂﬂ%wsbe %en{?)n 5&6% such devi ces

P butabl e to
refer?flq%to FEES. fA)r2Bathiopgh KIGE.HB 6K -Br(Bhmhich mwptdtivey drasiepliied, schematic

crosf%@iﬂml ﬁe\ilsl an@ﬂV'ﬂo@ of §1u£h@ﬁvesﬂﬁpﬁé§hnu'taﬁves&gﬁﬂ&to'f Srganic thin film Zener diodes

ss-sectional view, a diode of “simlar
sccoRinR R PTG TR TGO ecoto(sAJe Popli: “RHBHER ook (T E e
ExandidIckness of the CuPc | ayer of the device of Exanple
I Ixﬁnaqi%srﬁ@cﬁ@%fewmmm dladeQQOanﬁehgfa%QQ%ooGOO A and

X I)alaero an arylamne, 1.e O A'thick |aye
thlslf ayesstof 4y H@fhwanis.S?s%wW@h@ewlarrﬁeﬁ@aerwld djaghypideet
sandieliedbarech h aiaf Righ vak electaid, ikhe Ag upper el ectrode.
( : (B) with
500 ,@ﬁﬁ@?%g;@&g%&% EQ@CE&%)B ndl @%“%%21?41 h& é%ctl on of the
layergpmpper glgréspdes. HﬂWYf‘éS@SIaWH as&’&% tepds teﬁryfctfﬁleze “HPTice patfesmance frequently
degrailad dub &dh({rhnngtweénwv&dand\@per AddeodedRHGNERA nWBoudl D, 06bER thick layer of

N L N e
Ag ugfer @q,cm)qeéﬁyergflﬁ%(tAQDrsgbstaglally ﬂmna@ﬂ stetti@g be@weejhe loiwgtt and upper electrodes
and PRRIGA NV p(ols)exﬁﬂ'ﬂﬁ‘ng mp&&@&? §1a or Sashbr G INB)) ARk voltages (Va)

of su % l a ere%ﬁ\r_:%y I’rl ge(r: gd ttf1 It,ettcétge usgﬁféﬂatltvﬂé%hlcﬁ(ﬁl@amc active layers.
Mmﬂ.h”er Is adj acent the upper electrode and the latter

' S F@B ‘?& %Hc;ws 19 ﬁ:hén@a\ﬁ@ 1n‘$11§egluo§§ds@ctlox(a?")le\$ Qﬁm&%o& er

as a.bi-layer structure consisting
Smle)ffstf%t%f‘detha%ef Flﬁ %k‘\)ib&merefnag}éshe fekngyof Ry CyRs: 1 by wt . )
layeriofith€ demicaetExyhrldT i deereddiGiaf dbauy &000and aloubdd0 AA t hi ck

and (yﬁq?&r clf %Yag{lan%xe 1. éA‘q 5064 qTCQ(?%er oPgtra he W(Engp%gny&fﬁgl}a ngle ;quﬁrls inserted

S successive
betwgep gyCakrduter 2pd frese BPPefaﬂéf‘é‘Eﬂde oc@@awml of e (B HYwelot ﬁf 111% & (B) with that of

FIG.D @B)Bl&ﬁ‘chﬂeé/tﬁat feliyctior Mhe Ml@ysﬂfmﬁhs@&d afldiidRof th® TRIB)ayer SRER (i.c.,
lowe]?%? ha%%%ﬁ%vcd%ﬁ?di‘?o)ée actggu% simlar IN traces and | ow
aes , -3.5 V. Exanple IV FIG

Exampledl) shows, in schematl c, sinplified cross-sectional
Vi etts, R(0LOEAS s, 5 bcirhaBE, s&%ﬁﬁb@%ﬂéﬁsﬁse&ﬂ@nat &k, dRfies bF &ffitar dructure to

that o& g%q 5@@&%}{ b Ut (I\S{]P%{hfec ng ﬁgrﬁf( %C%?haé:d éé’ﬁé&}yers is reduced to about

400 41D ctePFEBA awl GuPEREErsire lhveadad $uglytbat the for@er is aBcentsthenppd eladirode and the
latterfid é&ﬂb&hﬁe 16\'&191- elecu()&@ ﬁﬁ) hgﬁppgfelegtlro@e 1s ?01‘1(1&%)3.5 a Blh%er sﬁg ture con51st1n of a 500

A resul tant di ode ex Sy mretric havi'or a
P R O Y BEHO PR é‘ljé’T\?ZA Ty 3500 %lw,ﬁpeé layer of
Ag; add @) Be diBmdtelpf tBPPS eledtiddeSic bvedreBivelg dectehdaid ik f ]haBGd) from about 1 mm to

B R E T e

S‘mﬂfri V%‘O‘JSA‘) lpwgeoer teypshold polipgep ¥ of-H¥ni ¢ seni conduct or
xamtlerl al (CuPc) sandwi ched between a | ower electrode

I l.eans I er. ele ectrode of Ag
8@2?& %SW% 11?@9%9‘\8 F%Ptgedc% sAER rtsv W, 6{1})08 ?Ot of FIG
sumla sEjure to BieRFIGEA @2 (Auby mg@ d@WT@m Ikt walesed ghing D layer;
and (ZQRLIHpD EIQAKAWM 508 A tM@le»/yeJ @ Alﬁg alideM@bmviRl () 288 $1008f FIG. 7 (B), the
resultarpt%xfde(e& 1b1g'eﬁ o}(/\/mme%hc%ghéwgrng?ut XV and aﬁﬁ% I%Fr{ergtar\c/slholﬁ Ivgft%'ge \92, ~(4é) v
Exampledss- secti onal view, di odes conposed of a 1,500 A

t hieek 8 L Y%RIws h scﬂé?ﬁa_ﬁ@ Qiﬁ%ﬁed %%Isycjti&ﬁﬁvie(ve Eei))deiﬁﬁgé/\ﬂ sﬁgﬁgelaﬁvely
bet ween a 500 A thick 9
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| ower el ectrode and 1 mm di aneter, 500 A thick upper
el ectrodes of A, Ag, and Cu, respectively. Each of

wa b@4/0esgpective (1) - (V) plots shown in Fl GPCPUSBYP3/028026
11 (B) is generally symmetrical, with each diode

th1ck§f(%y é] agerr] 1p0ty1\§>;\e?|rg%¥u" sermc)é{lclu(c)t\éivl r%te%iﬂ?gﬁ; )?sir%e ed be wr ee Sa wer electrode
of fregineleandTi endiae paper edsctraglp ﬁﬁcﬂg ($q0ghg. éms‘sdesté@m BI- ()i péxhpf FIG. 8 (B),
such @&Qﬁﬁv&@%@@@%ﬂhlﬁf vefy sﬁar@@fgxer thbakdaivE i v xgl(ﬁf(né%ﬁtwe) voltages of about -0.1
gou%ﬁyeny acetyl ene (PPA) sandw ched between a 1,000 A
to abpyf ;%YW i ower el ectrode and 1 nm dianeter, 500 A
Exaniphi\Ik upper el ectrodes of A, Ag, and Cu,
" CHRRCH 1491 oy BRGN GherddhE < f;@ﬁm%ss s@cusﬁa) iew (V) plots

shown i n B)
oI EAROEACH 0B d‘éhlﬁéSJWF‘b?fP?l?@F&‘effybﬂc%WlF‘\?é‘TPyﬁ) i b%ﬁ%?? p300 A thick Cu
loweZdddadde addrmas Riexhdder\50b ﬂa@ﬂ&pﬁﬂee&bﬁes dihee, Aegbmd@udeﬁmtwdb}e Hach of the
t [ bitin
respect]E\Je Kﬁ Fnb%gl’owp Hl (géé 2 (é)sﬂ L]I%Es rrgrsall}eﬁrgmg}rgéal?az gva{h eth Qf%ﬁ‘é xhibiti g
fdﬁ%@é@%ﬁF“P%W@Wﬁ*HﬁmW6V¢@$¥V@H@’extrene erX|b|I|ty and
Exanp@raatility afforded by the |nvent|ve nethodology

\cl:mh%:%% fZS F ]{4 (}\)oshg)vx{;l Im scﬁenfg nér pl#ﬁ? cérg sefc donﬁlOVI We{;h? es cch{g?ed of a 1,500

A thig la@ecrf@plyldzp@de@ykfne (PPdé esndwichodibeteens BR00 Ak Yz’dweo plestrode and 1 mm

dlamé%acszmtmgw ertemmaaat\sﬁm A% @ngdw BspbdtikdR. gmamhgresngmm (V) plots
ner resno consi
s 5% B L SRS SR sy v

thresbiildobliages B~8Vwel | suited for use in nenory device

Pr & &5bieaschbel GtdbttaliVe, buVRInG RN SiEve, e&mlels B%‘?@Elk M{?n ARt Gode
thin film Zener diodes are readil %ﬁﬁa ri.cated

in
sy et o PR ARYFERR G105 0 FRVBRE PSS TR GTALY tfrdeg by e
invertigd maﬂﬂblogl veith respet tb tattoriap €winingl's thel geotingharaieristies) gl Bansr threshold

volta%gf ¢ l)if ie er g%gg'fdr dse ti%ﬁ!ir aI)pcl)lléJtlQns %&%ﬁlr%?f tﬁ@lﬁ&ln&\;e(ﬁgn film orgamc

tructures,
Zenepqh@;{y:{s eyeth aenbrébrﬁséiald Mvlgess gqngﬁpdqb}ydovgf thgrhtbosE, Pfég]@/ﬁ]@tlonal Si- based Zener
diodds eIl s@lféd foH@s\e./aMﬁermor;I d3Gice g@crt@a@mrcunfwmﬁemﬂ thé @Rerfie organic thin film

ticed ho 0 0
Zenepgmcfes £ 14 11W'fa$3rlcatJ !1 *n e {fecix gna{lr};c'r vid conv Ptéoﬁl?.:l énanufact11r1f1g methodologies.

k n éwhc mwe éesqrmgonnmrémp%ﬁpgslfwdﬁtm @te afrf &sth, saglchs sreeifininaniels.
struchhEY §rdd&les, Q@e th o@cﬁﬁt@ bioble@la lb&ier(d&fe@lahdlﬂgrbf 1 ﬁ@gentnxﬁftantfoﬂ However the

unnecessar,i r e i nv
s GG S UB BTG O AT PR AVER P i e vel
mempﬁ&mm&gmm@hbsumﬁnwnmdmdmaaﬁhhwmybaméwGSEd@Ndwhmamdﬂwﬂo

unnege@siﬁlrylo&%qeﬂhg rEJaﬁlrgEﬁE&@m invention. It is to be
under st ood ?] present invention is capabl e

us &yt P(Fé‘?‘ﬁ%ﬂ%bodfnﬁ‘é?délﬁt?{?&“%ﬁ?@“ AP ey El@lﬁi G E}f ygrsatility are
show@fandcdeecribpe $n thdyplésext invensibd. ftdad baamgeramot! hiatihd fn@ers mogmEornG$ capable of use
g g B e BB s P R o M et
invertige copcepts exprepsed hefsif Zener di ode, conprising: (a) a thin

filmconprised of at |east one layer including at

| east one organic material; and 5 (b) first and

second el ectrodes in contact with respective opposite

sides of said thin film 2. The diode as in claim1l,

wherein: said thin filmconprises at | east one organic

materi al selected from nononers, oligoners, polyners,

and conbi nations thereof, or said thin filmconprises

net al -containing particles or clusters in an organic

polymer matrix or binder. 10 3. The diode as in claim

1, wherein: said thin filmconprises one or nore

| ayers of at |east one p-type organic

10
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material; and each of said first and second el ectrodes
conprises at |east one electrically conductive
woraioe2mbo havi ng a high work function for el ep€T/U8203/028026
equal to or greater than about 4.1 eV. 15 4. The di ode
.as in claim3, wherein: ea of said first and second
el ectrodes conprises at asgé—one electrically
Whatgosidoeitis: ve materi al sel ect ed fromthe group consisting

of jAu, Wthlﬂ-fllmﬂer di%ge C(Mgrlsm Ta, Cu, netal oxides, and
ni c ners. | aim 3, vvher

o G PO Sl on i G d B etod afTeed off bt B i o
t hé) s amérsoand ehcfril@legrtles ifhdogphet widhr ikspEatimeppasite sides efshid thén, film.

6. yThe @} 06Kl aSin bikmGl @ﬁeggml wherein: said thin film
conprises one or nore |layers of at |least one n- type

or %P‘B filpyomprisgf at leay Bneé’éﬁilﬁc piteriabelsettd 5% and second

mond2leBCAliE@HES pal ey arﬁe&ntﬁﬁandnem&éof,mm eidhiedtni i cal | y
0N t ' tion for

compGPR LI TRE Rl Bhr IR i Brpcf b P8 fd i L0, |

cl &i m 6 Thegise a5 ip claimde phegfin' saj d first and second

el efd thi heScoaPARE bt 5mat laleas bt 1QRGnEY-Od didaaial | y
materla?nd cti ve material selected fromthe group consisting

My conbined wth another netal, A, Al
al kasly gf salg [Elrsmnd sdcpng plsctrodes domppipey pt_lgtpt@p@@qc]zric@ly conductive material having a

high GO BIARL me@emﬁ&qlﬁl tthﬁea@& mgebas4iBvcl ai m 6, wherein:
sai d f|r t (?l sec, el ectrodes are conprised of the
saffe or THi ¢ SPse‘ﬂfla‘fngW' WK function materials. 9. The
di egofzsid fint apil sicond lecttie canmises stdéagk ohdwlevtricallym conpri ses

cond&ﬂ@: rgdﬁerlmglgctéd%ﬁrﬂ% ggjup @Jns&tﬁgﬁAuoweTlalﬁto@Moc am ne; and
each said first and second el ectrodes conprises at

Ta, q“e‘af‘éatlo’iﬁﬁ‘?éaécl‘é%aﬂclpeléﬂn?ril conductive material having a

355hi gh Twetikdefaslmetaind® wheaein:el ect rons equal to or

gr 4 f
e AL DA AAR et AR ing the
high prg gctipp mategiady provi ding a first el ectrode; (b)

fo rsm' NQ TEYi&ia bdkn ElhiknS wiRk<RE baidable filn dobpitksed dnk B2 B@EATek s 6t least one n-
elst one layer including at |east one organic

O bl
type cﬁrﬁ?mc Al Al 4 40 () formi ng a second el ectrode on
saeah pih;plﬁ fifsi gngdrpecomtl electrodes comprises at least one electrically conductive material having a

low work function for electrons less than about 4.1 eV.
7. The diode as in claim 6, wherein:
each of said first and second electrodes comprises at least one electrically
conductive material selected from the group consisting of Ca, Mg, Mg combined
with another metal, Al, Al alloys, Li-Al alloys, and metal-dielectric combinations.
8. The diode as in claim 6, wherein:
said first and second electrodes are comprised of the same or different low work function materials.
9. The diode as in claim 1, wherein:
said thin film comprises one or more layers of at least one aromatic amine; and
each of said first and second electrodes comprises at least one electrically conductive material having a

high work function for electrons equal to or greater than about 4.1 eV.

10. A method of manufacturing a thin film Zener diode, comprising the steps of:
(@) providing a first electrode;
(b) forming on said first electrode a thin film comprised of at least one layer including at least one

organic material; and

(©) forming a second electrode on said thin film.
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