; Z[ e3eR R] \ x6<T=ASTRUCTURES AND METHODS TO M NI M ZE PLASMA CHARG NG DAMAGE
I N SI LI CON ON | NSULATOR DEVI CES BACKGROUND OF THE | NVENTI ON The present
invention relates generally to sem conductor devices and nethods for the
manuf acture thereof In particular) the invention relates to nethods and
circuit configurataons effective for reducing plasma i nduced damage on
devi ces fabricated on silicon-on-insulator (SO) substrates. Increasing
interest in the design and fabrication of ultra |large scale integration

(ELS'.) Chijps r egeR; TME@%&T@D'M?THO%VNWH{ASW RENGG ﬂ asm
chargi ng dar~nage duri g”(@;r W%}m URATOR bEofcses! gns effective in
m nimzing such damagelt3 , paP’ETiScu ar concgrnil'rs p %sma-rel at ed danage of

gate oxides in nmetal oxide sem conductor (NI OS) devices during fabrication.
In bulk silicon processes, plasma charge is collected at the gate term nal

only since this is the only node wth respect to the wafer bulk. The use of
protecti vem%ﬁ@BOéBmQ&%#%\gﬁﬁwlihe gate and the substrata can

effectively pro reQhft i %&ﬁ‘all k i L RGL sd , 1n SOX
t echnol ogy, theﬁggésengieﬁg%u&g !Jl‘lsg ox?doq ayogr&g%rﬁigeg%oth t he g‘lﬁffusi on
and 'gat e nahematufachire therenf.t In padicplac, tthe iovention teldtés.to Bgthiodyand cisnid pr ocessi ng

of SOI wafers, the e..and source/ drain.antenna can, charge.to different

Vol tages. 4SRRI ASHATR L PR Rlsas Rufiey SRR Raat et ldstactan 1, ] £ o
ttuvael i ng ¢fisbh-SRlinshiater (SO slwant.e oxi de) thoreby danmaging the gate oxide. -
Mor eover, since boti~ the gate and sourec| drain antenna can charge during

pl asma nedi at ed Ipsreasing intergst in the desien e Spbsicalion; of wlig large scalsintsgyatieq  c ui t

configurati [ Bbdide j Bkdde WY inkidaraDYENTI ON
An SO1 ci régﬁncoﬁpﬁé% on e??‘é%e?#%/&gmlg%?thﬁi ni p?u I ng pﬁh%nrﬁ a- 1 hduced
ehar guag daleringethein fibrigationadsy welbasi dssigns affsctB@lin minimizing such demagechudes a gate

el ectrode, a.. sem conduct or d Vi a i i i.on and a
drai n di f§ BEriGHer SORER * Ekpeokiara sy R PR el e Por Gl
el ectrode goby)Beviss TRy Suféaion PRtk Wienerdtesses; plagne chirgs Beolldaxge
col l ectors havé the same or, substantially the sane sr{ﬁggﬁg‘pﬁlﬁnm ons.
g

Such confi gmhagafeméabe@x _SiPPRatthiF @GP“H@%‘?%@EWEM Gbrication
by r ender | yg. {fifoddve ildats LARELET beiech Bb Bl A BicABberill ARTR ARG of f eCts.
Tn anot her e rment, the inventors hereof have accordingly recCognised
that the clpseptagainstithasedtypaiofisharging|effectst However, in SObiechnology thepressnce. wat er
can have either.postii V& RQl ar i eis
observed Wﬁg? guréﬁpo&l tl%‘/)@‘é%uﬁ%}%g{a@églfg%ﬁﬁed(ﬁ %‘E&*’ :ﬁd%q%{ﬁgﬂ{ateg%ﬁgeé &and a

negati ve agtedulle Daingphaantpestetsing dfSOitwadets, terpatenad sdureidrainenten@andaanna of

the sane polarity. are connected t.0 each, term nal.. Acoording to thjis

oTbods mont P ERio SR pliekes oeRding Nt RicAnieriga charaofefiatice fag may restil

sem Conducg%nﬁgmg c{i&féﬁ R EhSRe R0l ftl‘:é?db? HahRSngoMe 806 oRide! Blorkodid f usi oxI
bty

region, and a plura of contacts connected to selected ones of the gate
el ectrode since bate thegaicend suseaiiraipagtennamsn chasga dising plaswe usdisted by a pl asma

medi at ed process..e ti J L. .Q Y ar . Lty of
"t er conneBoame ik ice s o PeirP Bl R SEA Pl il 1Pl il
i nt aceonnegdlatgy € fornmed by a plasma nedi ated process e~ ective to inpan a

negati ve chexge. Preferably, the contracts have a narrower w dth di unension
than the zntcrcunnecta. Tl ~e SO configuration reduces plasna induced

charging d ﬁn%&aﬁi’t ]-g@ﬂggqbﬁent, the SU oonfigwation includes a
substrate,Ea %UI‘I e o,cio%%??gye[ eposited on the substrate, a conductive
cont act foarmed AnSOheirditrconfiguioges feanerformigimiging plasmainduced ¢helgiRg h t he
substrate gnd a .caonn ] . | ce fabricated
ovcr the bﬁ?‘?"&& d&P%@%%a@grrxft%gﬁg ﬁ‘é’%ﬁgﬁ%@g fl@tgés‘g?ﬁ{lgzﬁcﬂga%,ﬁe comuni cati on

bet ween the cotanecting structure and conduetave contact is delayed anti! a
| ast interconnected | evel is forned inc}t he deviec. A process for the

all eviation of, plasma-induced damage during SOX wafer fabri 1
accordingly conprisee one or nore of:: fonrmming charge coll gmlmmmmmwmlmsn
each one of the charge cot |ectors has an equal or substantially equ

anount of 2 i nterconnects and contacts coturxected to the gat e5&f%Bct r ode
or sem conductor; providing equal or substantially equal sixes of

i nterconnects and contacts onnected to the gate el ectrode or sem conduct ox;
or connecting structures between a device and the back side

substrate situated distant fromthe substrate so as to del aylm&mmmummmm
until a last interconnect level is forned in the device. '
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The met hods and SO configurations wll he nore frilly understood in |ight
of+ the follow ng detail ed description of taken together with the follow ng
drawi ngs, which are illustrative, rather than limting. BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG 1 is a cross sectional view show ng a conventional SOY
circuit configuration. FIG 2 is a cross sectional view show ng various via
sod interconnect configuration used in device fabication FIG 3 is a top
down vi ew showi ng various via and interconnect configurations used in

device fabrication., Fl (3., 4.is a top.daown view shaow.ng .an unbal anced,
amount of vF@é"’%&“FWfté%o‘ﬁﬁ@&??ﬁ? lfg‘gﬂ?mﬁaa&%%ﬂﬂf%a ect r ode.
F IG 5 iS gndreicoliedbrs\boRitictel 8Ving Gatdd1eaRb A A theatRitohSuchlr bYSYE Whefein ,

i nterconnects on a sem conductor body and gate el ectrode in "accordance with

one enbodi nesvh ane of the charyeenllegtars lryethe game exrybataniinlly the yeme ehape fashal and top

down vi ews L£ONV i ' L ' har gi ng
damage. Fr G%nf%ﬂ g%rsgﬁgcar ﬁ%ﬁ@g@?ﬁ%@p%ﬁﬁg%h%d\%@gﬁg ‘gﬁ

i nproval degy gaderfngrtheitouits inhereatlerbbost agaihst plia dintage lbffests.es oa bot h the
gal e el ectrode and sem condyctor body are simlarly sized in_ accordance
wi th one enbodi niRober FHRIRELhe InvERrem eigpt have pcerdinglyreaemyizgd thatthe
CrOSS-SectIQﬁ@CG ccﬁglﬂnﬁlgﬂdﬂg%/ﬂhﬁﬂﬁmq rgcﬁmts Wdfer®as hake cithat exhibits

pl asma i ndu argl ng danmage. 3 9 A and B arc cross-sectional and
top down vi positivefor apgative polusity, anddhaymaredanage isubseryediwhere 8 positivetantnex ei n t he -
vial on both the t ectro 3 1.caNn tar Qo NPTV VR
ere siml ar BFORIR °Sr?%éé :'S»Hg?e{‘é‘eﬂ%ﬁéf?%ﬁ%“‘g%S%%éﬁ?%&P“ i tﬁwgént
i nvention. F;hgiwh_ex'daﬁtmh fRh@senecpoletity &leﬁbmet_adadﬂaﬁh' dteﬁﬁinﬁllomodﬂddhm&oof aI .11
conventi onal design that | xo~e t.o plasma i ndyced, chargi ng, danage. p
A and ~ ar eﬂ%%@gﬁﬂé@!‘ﬂ lﬁﬁ%&&@%ﬂ%&f&@%% %@%Hﬁﬁ?’&%”&&?@'ﬂ for an
I nt er gr at edy, &k | ' | {

9 hHuEFCa:j“aoBrc‘é"Hﬁfs'i. b&6n ¥hdd drafd cﬁ’ﬁﬁsﬁbnrg%%lgghﬁna?hxwwcﬁg

e AP
sem conduct or Dody are simlafly aced I n accor C one enbodi nent of
t he pr esent cameaed fosplected a®s of thejgotolestrbdermtlithe sginingnductasibody; TBOX t r ansi st or

connected t 9on?an§ua?es bty )b ¥ pfdsma mediated process effective to impart & positive charge.
A plurality of interconneots arc in communication with the contacts, wherein the

interconnests are formed by a plasma mediated process effective to impart a negative
cherge. Preferably, the contracts have a namower width dimension than the intercommects.
The SOI configuration reduces plasraa induced charging damage.

In anolher embodiment, the SOI configuration includes a substrate, a buried oxide
layer depogited on the substrate, a conductive contact formed in the buried oxide layer
and in communication with the substratc and a connecling structure formed between a
device fabricated over the burled oxide layer and the conductive contact. The
communication between the counecting structure and conductive contact is delayed until
a last interconnect level is formed in the device.

A process for the alleviation of plasma-induced damage during SOI wafer
fabrication accordingly comprises one or more of:: forming charge collectors, wherein
each onc of the charge collectors has an equal or substantially cqual amount of



contact-which cull through the buried oxide layer. FIG 13 is a schematic
diragram of as SO transistor whcrcin connecting structure with a buried
contact in the buried oxide layer is placed at an upper netal layer in
accordance with one ~enbodi nent of the present invention FIG 14 is a graph
shown gate | eakage current distibution for reference devices) floating
antenna SO devices, and SO antenna devices. )rlG 15 is a breakdown

vol tage hi stogram of SO antenna devices with and without connection to the
back substrate. DETAI LED DESCRI PTI g\l g THWEI\I‘I’I ON The design of SO
circuit conPRFGPRASES A FORACIS SPANECtSH in 104 Bhtg © £r searipandupiar; pravidieg dur i ng
fabricationgfy subSeit ; i e hestS ardl @@ﬁ% ! whi ch such
darmage ari sgé‘? Ia% I'S ma}lf%ﬁ@%&%ﬁﬁ devi cegﬂ‘cg !ralacs:ate &glr‘]%?%gl licon -
waf ers (as elspioadedr semigmdueiononit confi gurati ons) eau be damaged by the

accunul ati on_of cha on, the gate.antenna, . The charge and dapage arises
from pl as nacwt&gﬁ. sP?{g"?‘gﬁ»‘?%“ﬁ&ﬂgﬂ’ﬁ&?‘ﬁ sg& %ﬁ“h‘i“ ﬂ“b%’t“é‘tﬁgﬁ ko
through t he sgffthe QibbEiRte sdisith delaPEorhedtivh Mad1% 1 irdrborem16RPisToimeRliffk! i-cal |y
connected to the bulk silicon wafer substrate through p-n junctions, and

consequent | 9%% diffusion termnals may not deviate substantially from4

the substrate poygiihitRbds j ) . fah m WeTs asna

and the substrate can calﬁgﬁ?gﬂ@?ﬁ#‘?‘%ﬂ@?ﬁ%ﬁ%@ﬁgh Qﬂetaga éﬁ%%rélgé Danage

to the gat efaiblomileg detailed desauiptivn of tedaom togetherfwilidhe fedfowingpdrawinps svhichare -
char ge-t o- br.eakdown Lipit. In contrast) SO circuit configurations

. include a bﬂﬁf%%‘VWé'%%éimeé’t ween the back substrata and the device

body, thereby preventing a direct current path $omthe device to the bulk.
The use of the buried oxide |aver resul in a device wherein the gala,

- source/ drai ﬁﬁ%ﬁéﬂ%@ﬁ&o}g’@ %593%\”#&% are all isolated wit'b~ respect

to the waf er buligt | i oodsEuul1ichihowify SRkl 8O Ui Bonflhurkitfl On

cItcul

antenna are Floating. During plasma processing of these
cor af i gur at i ous, FIGh2 igfaress seniiomt! Micxnshewing vadeusada middntgeonmdet ect ors and can

charge to djf ing upon the collector characteristics.
As the col |%°€§ﬁ§%’g§%“a‘¥‘§beg"g‘%§f°8ac eés%tnhe Qd |limt, the gate oxide may be
danmaged by the rE&us isiaigp owmelkwishowing vaidns viarand iertdmmegabrfigusitidas
Referring now,to,the %Irn[ac ings and in particular Figure |, there is shown a
convent i onafse&H device & #E"é'hfi guration generally designated by reference

numeral 1. The 3GG. £isadop Govnivibw dRowiag bneibalaccdAmbult JTihs DY iéridinectd O and
an oxide layer 12 deposited ove substrate 14. A silicon layer 14 is

deposi t ed M/@‘%‘J&“ﬁ\é""?’é’? Y ancogeteRlet@dt-he txarn, "buried oxide |ayer".
Silicon layer lpg ﬁﬁ'a‘%@;?&’qvﬁi(wfilkﬁaﬁwiﬂﬁ'&%c&@&ﬁh&xﬁ:&’}&%é%r%@dﬁ%&ég t hr ough

silicon layer 14 to electrically separate active regions wthin silicon

| ayer 1~4 fangraemidonduntartbiedy andgstesleciiods inacoosdnemwith gws eabddimentof thele

transi stor Jhe || j Jo o I benc 34 are
typically 13?? gégvm tlllﬁ:@r?ﬁi?nsu a 6%*'08%%%@&#@@%% v}f%%éjlt?g%i%wﬂm&]eposi ted
above sil i adesigh habexhibits phsma irduowltchargidgaigmage26 i s deposited

FIG. 7 A and B are cross-sectional and top down views of an improved design for

an integrated circuit wherein the vias on both the gale electrode and semiconductor-body
are similarly sized in accordance with one embodiment of the pregent invention. '

FIG. 8 A and B arc cross-seotional z‘md top down views of a conventions) design
that exhibils plasma induced charging damage,



above silicon layer 14 and around gate 1 S. A barrier material 20 is

deposi ted above passivation |ayer 26. Barrier material 20 is typically a
dielectric material such as phosplaosilicate glass (PSG, ~PSG nitride, or
other simlar material. Gate nmetal contact 30 is deposited above gate 18,
as illustrated) in FIG 1) such that gate nmetal contact 30 extends fromthe
top of SO chip.l through barrier material 20 and passivation |ayer 26 to
forman electrical contact with gate 1$%. Second and third netal contacts

A.0O are the 5 0S| v fed 1 ayer 14 as illustraied in FIG 1)
such that netal bg’g '%t.iééqgﬂ 3% bcg??? '5%%'0?5%%9? #@y@gﬁ v&ﬁws%an W’ﬁ"@a‘{’f‘iﬂﬁ &gn
barrier magg idrat@Dciroil Wherin thaivias bn bewi e g dl6titaE MaYeRdohaikir bE@PT act s
with sel ected, areas- of ,sitircon*tever 14. Figures 2 and 3 show

cr oss- sect REFMIEIYSIZed v acsordamse it g embofimentaidha present invention, var i ous
contacts (or vi | 1ect: i QHEAL . ticed in
device fabri catﬁ?r'].le%sdmlgh%%%?ﬂg&é%n %gd[tgb'gﬁ\&n}:g efc’@g%c%%ho%@aﬁ’%ﬁ%e
various w tizhis peond thplagphd mdoeed ehatping danagehe circuit design. The inventors

have di scovere th esi gn ang configurations of the contacts or

i nterconnects ?’Fﬁgg{ Ad"ﬁaﬂ‘?’f “g’ﬁ'ﬁ?ch?ﬂa (LR, d%\‘i’”&"i%B%%na‘mPf?VG?d?ﬁlﬂ ni zi ng
pl asma i ndpgadintdpadied igull WHRE tht Viah s bOB TR %M&h%ﬁé‘ind@ efguced
chargi ng damage can occur_,in SO circuit configurations erel n unequal

amount s of bedyrerasimilardy sizediin pecordanes witlhone embodisetndof the presunbinyentivact or body -

and gate el ectr r %[‘ml in.ELgure an SO circuit
configuration g#fa(la"lz ir%qltsﬁ% cont%?%fﬁwygggtﬂg%%e‘g@ 18 B guRskaty X&ual
anmount s i nedripet whioh eiits tisewgh, thohakdexidetiyeed char gi ng danage of the gate

oxi de was obseryed. In this particular design, the total amunt o C
contacts or inté&c%ﬁéé?%‘?ﬁﬁ@’%?@“éﬂ‘ﬁ%ﬂ@r‘SthﬁfléWBWé'Higéﬁ“?’fH@n t he

total amuphn @buf@toABbSn & bulbs bABORIES phAITE th &E@Ia?ﬁyéﬁ&nductm body
52 (four contacts or interconnects fornmed on the date el ectrode 54 versus
two cont accgordpnce Widape pbedimentn tiapressntineentioni conduct or body 52).

Mor eover) sinc h g?{gg feﬁka%él j rggg; on the gate
el ectrode (thequlgi/\g'%o t ctsg&gﬁ;kﬁter onne%?gfsg‘g’ﬂgﬁﬁ%r{n |gﬁﬁ‘é"5ﬂ) are not
mat ched wi fidating aniénngS€4 dewirds, and SQIdntennnddvicemnt act or i nterconnect on the

sem conduct or Ve sk ESUI j har gi.n urin | as di at ed
processi ng. Tn?@@d@l&gﬁ&% ?\ow;\?&g%@ﬁe%#%ﬁﬁﬁmﬁﬁﬁﬁWﬁamﬁgd equal
anount s ofwigiont etihection 10 the backbagtes 50 in the manner shown in Figure 3, no

pl asma i nduced chargi ng damage was observed That is, the
charge-to-breakdown (Qbd) limt was not reached during processing steps

such as plg%cm@ﬁlb @qu-g -]ﬁignq{)g | etching, sputtering)
di el ectric deposi t|%$1, an Gl'tqf%ﬁ I ke. us,ﬁcharge i nbal ances (and t hus
current conducffbedesigwaf$@N cirtiit epafiguretiond alat arednlmirintly irekivetio plasmy oi ded i n SUt

6 ci rcui Nt | -\ ve e |..amount.s of .contacts .qr

i nter conngté?l(éé)ef cguf%gg& %ﬁaﬁeﬁ%%@%ﬁ%%%ﬁ%gﬁ? °§h‘l§ mgrhanisrps ye‘?’sllé@l r ode.

Fi g]y_r es 6Audindhmbge mwsoznm?mmh itmahyig@d‘aﬁrmlﬂteGQMpmijsﬁ%xé%ﬁ?s(ﬁé rcuidt
configuration on a waf er that exhibits plasma induced chargi ng damage.
EXposi ng m@swo%ﬂww%qzawnw)am%@m ¥ g agcumulation héchgtgagni nduced

damage. Z %H'me ol el .C t or

i nt e?conn&{ﬁﬁcﬁ@e the ab?{ggg%?gﬂﬁagga{l%]egﬁ?g}\ﬁ,gﬁﬁhgr%nﬁo%sigﬁeasm i nduced
char gi ng demesgendingflavhokhiglagate curteat theonghhecpata dyddec Miffasitistenfiinalobfalonnect s
62 on the ,sem conduct or. body .5 e own with a w der dipension than the
cont act ofie‘f‘?ﬁsépceg?fﬁ%c Y @Pngﬂef@f,%@g sl@‘?‘@b‘f’?@ﬁ%&mﬂ? UUERRA heen found
that pl asjeciist@adctonseqigitiphe diffasion FsaminalsGhBaiot Bevddtd R EhiallylERnPCCur
conpared to devices where the contacts or interconnects have equal or
substantially equal sizes. Likewise) it is expected that if the contacts or
i nterconnects on the sem conductor body are smatter in width than the wdth
of the contacts ox interconnects on tife gate el ectrode, conditions for
charge inbal ance exi st and as such, plasma i nduced chargi ng damage rosy
occur during plasma nedi ated processing. In accordance with one enbodi nent
of the invention) Figures 7 A and B show cross-sectional and top down vi ews
of a circuit configuration on an SO wafer.that mnimzes or elimnates

pl asma i nduced chargi ng damage. .As shown, the size of the contacts or

i nt erconnects 72 on the sem conductor body 52 and the gate el ectrode 54 are
the sane. To inprove the resistance to plasma i nduced chargi ng damage, it
is preferred that in addition to the sanme or substantially tire sanme sizes
of contacts ox interconnects, the total anpbunts of contacts or

i nterconnects on the sem conductor body equal the total amount of contacts
or interconnects on the gate el ectrode.




Figures 8 A and B show cross-sectional and top down views of a circuit
configuration on an SO wafer that have a propensity to incur plasm

i nduced char gi ng darmage during plasnma nedi ated processing steps. As shown,
t he height dinmension Il for the contact or interconnect 82 on the gate
electrode 54 is different fromthe height 7 di nension ~" for the
contacts or interconnects 80 forned on the sem conductor body 52. la
contrast. as shown in Figure 9 A and B, an SO1 circuit configuration

wherei n the i i i £ OfF: f i rconnects
50, 62"t or i Subkpie o R, AptindalitBichorHonlcdf ufeI0laR BlaimPing 0 RSEARCCLS
to o[ sgbstamda%dlgglﬁcmhd 11)1;&0;0@{1@51&:&_ ﬁitadxid_ed)ﬁhwgegbﬂ%g'a&ozzlﬁdcv&ded o?i Xig
now to Figures -an ~“ther& i s shown cjJcui onfj gurations on

waf ers t hat “G%@M%WW%M%&%WK b&-‘ﬁéﬁ:ﬁi,,onal differences in

i nterconnect. | myfd i
b gzé.ydoggxsﬁ%ommnhw%s 'iﬂ%hﬁﬁﬁ%ﬁ&%ﬁdellaﬂﬁbﬁlg&fxg ?ﬁe i over

sem conduct or are narrower that the interconnects 10
the gate el barkrsvbitras4nt thealevics bedyetbercbyipreventivg o direat burren pathdrom e vi es race

1T ustr at eddstighdo itbafie e Ber o dORSAMRids Mot B L URHECHAREY B Bisuy have
the same W giuRceiraih béions dad the body RatinalGiealliddlatedwith2épect itana wakebuliny occur

during plasma atediated grocessi ng. under these conditjons. In contrast, as
)

shown in Fi ferthe gata and the §/DB(sopsce/dypin) diffision dufepna-ase Aeptingniyeng plasma observed™
wh t he dj J : i | both th
Gate ol oot r BAERERE BF 8 SOITHEANARhalds, @D BESAPIAGE Boris prfl! PP\ 1 (1€

equal to eacdlleobizand bﬂsmmeiwéiﬁe.mh tmtagcsrdepnbuﬂmgmp' omdetenllddtdrhough t he ]
contacts and interconngcts are wn i n canbinagtion as,an inverted T shape,
it is ex pec%@‘ﬂ’“ﬁé‘i‘“si‘% #‘3?‘%’8‘5@ Fﬁ?gwpaglé“ Mﬁ?ﬁ@ﬂﬁ’f%‘? e3¢ ?1’8‘&" ?ﬁgﬁ%s)
e.g.) an i nyghigedhythe AéRing AEmERROUASIIARGNEH the pas bkide. contact or

i nterconnect has_equal or substantially equal djnensions, plasma .induced
char gi ng damage Refersog nofths drewvings 3o yfar Eygupg b esgisshosma| oyi ng sone
or all of t i0Sonig GG Ed dePASted b ggi&ml ] unts
and si ze di%ﬁ%ﬁggp%ﬁgwcontlggd_s_ oé nigllr‘lut’lgéé%nectg. ormé‘ﬁgﬁﬁem

sem conduct SO diredi includegatincludes 6 silicoresubsteate Handampxisle layent? dgposited| v t he

sanme. However) it i t e A i t to the
contacts beae"(?%"’f‘h’é{“g%?g'e‘q %ﬁg"s“ugﬁgﬁgl aﬁs&ﬁ«ﬁt&@éﬁ%@ﬁa&@ﬁﬁ%%@kgﬁ VI'ce vi sa,
Pr ef er abl y, “tagisihofifle laha”. Sili@ndayen bt insluflerarbdstane siollowiteenateddcxtendin
substanti le ly thg ,s%nga:’ji gensi?g nd Iui kew,se, allw(;;é ttig:ﬁc?nt nct s f or med
shoul d be. tBEUEH igoayes 50 plesiaeally srmagale sriive tngions PbIASHARD TR Bss of
their node &ﬁtrhﬁ@mbﬂ. Phose active regidriQypi Sty RN Glafisthid @ tHelike Mrcg hbshdonde. 1n

accordance W anot her aspect of ‘i nproved SO design, the S01 circuit
conf i gur at i leyeril4, lTrpogheg3d aredppieallyifiled witham insplative pxddamateddl- col | ect ors have

the sane pol ari t%ﬁat%?ﬁish{%@s%&’ﬁﬁov@@%ﬁ&{ln gg.éga%gyaﬂxg@ggaaié&go&mt the

charge accunul at a Ana rn a devic can have either
posi tive orabpegsilicondayedlldand aromtdgatedisn . bapiznmateeialdiOrie depositedafbotdre structure

etched in the pl asna process. A plasme etch of. a structyre having | arge
di nensi ons l@éﬂmplla}"&ﬁ!gé@eéﬁ’&tfﬁﬁll 15 HRic y%té‘ﬁ H@@L%"r"gé“i n the
col | ecti on ,ﬁ{oﬁg@gppﬂ;@ga@@w),m@, Afiride, 8t Jthié sikkifar RANITAN GAR et BB htact

di nensi ons ‘ge ccunulates a positive charge on the antenna. G eater

pl asma i ndafdsl depositegi ahgveigatiati 2 Blugtiatesdin FiG.vin such thet gatsmetal gontant 8Bna i s

connected on,. one rJm, nal i n Nas 4 . t ot her
Corm nal (Ao FRPLp af il o § ARSI EnAE HaRNR i BRRRRRE Wl 28 % .01
term nal . |ByRes electacu eontibs vithipated SpSmbnddndahird mptabsehoB@D afethingn) SO
circuit configurations are designed so as to provide equal -sized contacts
(or vies) or interconnects connected nn both the gate el ectrode and

sem conductor, for exanple as previously shown in Figures 7 and 9. Such
design results in bout the gal e and seniconductor body being equally
positively charged, alleviating or preventing a voltage difference and thus
current flow that can damage the circuit. Accordingly, it is preferred to
have narrow contacts or vial and a wi de interconnect in conmunication with
the contacts or vies. Charging damage nay al so ani se where devi ces arc not
isolated fromthe buried substrate. As shown schematically in Figures 1Z
and 13, an SO transistor is commonly connected to the substrate by a
contact which cuts through the buried oxide |ayer. Connection thus provides
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formng a buried contact 120 to the substrate 122 in | ower netal |evel 124)
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ALES 10 Exanple 1. Bulk silicon wafers were processed t'ogether with SO
wafers in the stone lot using the setae mask set. All the antenna
structures were full flowwith polysilicon, |ocal interconnect) seven netal
and all the via stack finger type structures with mninmum allowed pitch and
are connected by via antenna arrays of mninumallowed via dinmensions to
eval uate the worst case charge damage. The teat structures were both PMOS
gad N-MOS transistors of 03 micron x 20 mcron and O1 8 mcron x 20 m cron
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semiconductor body 52 (four contacts or interconnects formed on the gate electrode 54

. versus two contacts or interconnects formed on the semiconduclor body 52). Moreover,
since the “extra™ contacts or interconnects formed on the gate electrode (the lower
contacts or interconmects as shown in Figure 4) are not matched with or aligned with an
additional contact or interconnect on the semiconductor body, results in charging damage
during plasma mediated procés sing. In contrast, in a SOI cirouit configuration that had
equal amounts of contacts or interconnects 50 in the manner shown in Figure S, no
plasma induced charging damage was observed. That is, the charge-to-hreakdown (Qbd)
limit was not reached during processing steps such as plasma-mediated dielectric and
metal etching, sputlering, dielectric deposition, and the like. Thus, charge imbalances
(and thus current conduction through the gate oxide) are alleviated or avoided in SOI



The antennas with vial of the sanme size and |leading to interconnects of the
sane size can charge to different potential depending on the positioning of
the vies under the interconnect (center vs, edge). The antenna with
centered vies charged to a | ass positive potential than the antenna with
vias at the edge of the interconnect resulting in gate oxi de danage during
pl asma processing. Wile preferred enbodi nents have been shown and
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th<e czmtaot or interconncet 64 on the gate electrode 54. It has been found that plasma
induced charging damage has a greater propensity to occur compared to devices where
the contacts or interconnects have equal or substantially equal sizes. Likewise, it is
expected that if the contacts or interconnects on the semiconductor body are smaller in
width than the width of the contacts or interconnects on the gate elcctrode, conditions for
charge imbalance exist and as such, plasma induced charging damage may occur during
plasma mediatcd proccssing.

In accordance with one embodiment of the invention, Figures 7 A and B show
cross-sectional and top down views of a circuit configuration on an SOI wafer that
minimizes or eliminates plasma induced charging damage. As shown, the size of the
contacts or intereonnects 72 on the semiconductor body 52 and the gate electrode 54 are
the same. To improve the resistance to plasma induced charging damage, it is preferred
that in addition to the same or substantially the same sizes of contacts or interconnects,
(he total amounts of contacts or interconnects on the semiconductor hody equal the total
amount of contacts or interconneets on the gate electrode. '

Figures 8 A and B show cross-sectional and top down views of a circuit
configuration on an SOI wafer that have a propensity to incur plasma induced charging
damage during plasma mediated prooessing steps. As shown, the height dimension II for
the contact or interconnect 82 on the pate electrode 54 is different from the height
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dimension H* for the contacts or interconnects 80 formed on the semiconductor body 52.
In contrast. as shown in Figure 9 A and B, an SOI circuit configuration wherein the
height dimension H for all of the contacts or inlercormects 90, 92 formed on the

oo e

semiconductor body 52 and gate electrode 54 are equal to or substantially cqual, no
plasma induced charging is observed. /

Turning now to Figures 10 and 11, there is shown circuit conﬁguralioi:s on SOI
wafers that demonstrate the effect caused by the dimensional differences in interconneet.
In figures 10A and B, the interconnects 100 on the semiconductor body 52 are narrower
that thé interconmects 102 formed over the gate electrode 54 have different sizes whereas
the contacts or vius are the same size on the gate electrode and the semiconductor body.
As illustrated, the interconneots 100 formed over the semiconductor body have the same
width as the underlying contacts 101. A charge imbalancc may occur during plasma
mediated processing under these conditions. In contrast, as shown in Figures 11 A and B,
plasma induced charging damage is not observed where the dimensions of the contacts
110 aud interconnects 112 on both the gate electrode 54 and semiconductor body 52 are
equa) or substantially equal lo each other respective contact or interconneet, Although the
contacts and interconmects are shown in combination as an inverted T shape, it is
expected that similar results will be obtained for other shapes, e.g., an inverted L shape,
83 long as each respective contact or interconnect has equal or substantially equal
dimensions.

Plasma induoed charging damuge on SOI wafers is minimized or climinated by
employing some or all of the above noted design configurations. Preferably, the amounts
and size dimensions of the contacts or intercannects formed on the semiconduoctor body
and gate electrode are the same or substantially the same. However, it is not necessary
that the interconnects relative to the contacts be of the sarae or substantially the same
dimension and vice versa, Preferably, each of the interconnects formed are of the same or
substantially t'he same dimension and likewise, all of the contacts forrned should be the
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same or substantially the same dimension, regardless of their nodc connection, ie., the
semiconductor body or gate electrode,

In accordance with another aspect of improved SOI design, the SOI circuit
configuration is designed so as to ensure that the charge colleotors havé theé same polarity.
The inventors hereof have further recognized that the charge aseurmulated by antenna in a
device on an SOX wafer oan have either positive or ncgative polarity depending upon the
dimension of the structure etohed in the plasma process. A plasma etch of a structure
having large dimensions generally causes acounulation of u negalive charge in the
collection areas, whereas an etch of a structure baving very small dimensions gencrally
accumulates a positive charge on the antenna. Gteater plasma induced charging damage
is observed where a positive antenna is connected on one terminal and a negative antenna
is connected to the other terminal, than where antenna of the sarne polarity are connected
to each terminal. In accordance with one aspect of an improved SOT design, SOI circuit
configurations are designed so as to provide equal-sized contacts (or vias) or
interconnects connected on both the gate electrode and semiconductor, for example as
previously shown in Figures 7 aod 9. Such design results in both the gule and
semiconductor body being equally positively charged, alleviating or preventing a voltage
difference and thus current fow that can damage the ¢lrcuit. Accordingly, it is preferred
to have narrow contacts or vias and a wide interconnect in communication with the
contacts or vias.

Charging damage may also arise where devices arc not isolated from the buried
substrate. As shown schematically in Figures 12 and 13, an SOI transistor is commonly
connected to the substrate by a contact which cuts through the buricd oxide layer.
Conncetion thus provides an additional charge path through the gate electrode, the gale
oxide, and into substrate. Asshown in b'igqre 12, where the device is conneeted to the
substrate by (orming the cootact in the lower metal levels, for example forming a buried
contact 120 to the substrate 122 in lower metal level 124, charging damage occurs at all
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metal levels 126, and 128 at and above wetal level 126. The inventors hereof have
adduoed direct experimental cvidence that MOS (metal oxide semiconductor) devices on
SOX wafers electrically connoeted to the back side of the substrate during fabrication are
more prone to plasma-related dumage. In order to simulate bulk silicon charging
conditions on SOI walfers, structures wete fabricated with the gate and the diffusion
terminals selectively connected to the back side silicon substrate, These connections
were created by etching through the buried oxide and filling it with highly doped
polysilicon hefore all metal and via prooesses. A device with large antennas to both the
gate and the diffusion terminals that showed no charging damage when floating in contact
was heavily damaged when cither the S/D diffusion node or gate node was comnected to
the back of the substrate (FIGS. 12 and 14). ‘

As showp in Figure 13, a strategy to alleviate or prevent plasma-related damage
during fabrioation therefore compriscs delaying making any electrioal connections of
devices through buried oxide to the back side of the substrate until as late as possible in
proccssing, and preferably as the last step of processing. For example, as shown
schematically in F1G. 13, by making the buried contact 120 to substrate 122 to the device
al an upper metal layer (for example, metal layer 128), charging damage of the lower
moctal layers 124 and 126 is minimized beoanse the device is nol connected unti) meatal
layer 128, and po current can flow during upper metal layer processing. Formation of
intorlevel contacts 120 until as late as possible in processing thus ensures that no electron
pathways are formed which can result in demage during application of plasma mediated
processes.

The invention is further illustrated by the following non-limiting examples,

EXAMPLES

10
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Bulk silicon wafers were processed together with SOI wafers in the same lot using
the same mask set. All the antenna structures were full flow with polysmcon, local
interconnect, seven metal and all the via stack finger type structures with minimum
allowed pitch and are connected by via antenna arrays of minimum allowed via
dimensions to evaluate the worst case charge damage. The test structures were both P-
MOS and N-MOS transistors of 0.3 micron x 20 micron and 0.18 micron x 20 micron
dimensions with gate oxide thickmess in the range from 2.0 to 2.5 nanometers.

Measurcment of gate leakage current and the time-dependent dielectric
breakdown (TDDB) are effective means for showing plasma churging damage in 2.0 to
2.5 nm gate oxides. FIG. 15 illustrates the differences in gate leakage current distribution
between bulk silicon and SOI devices with large classical antenns configurations (gate
antenna only). This plot clearly shows that the SOI devices are substantially more robust
against plasma charging damage compared to those on the bulk silicon wafer, even those

wafers with protective diodes.

Example 2.
In order to simulate bulk silicon charging conditions on SOI wafers, structurcs

were fabricated with the gate and the diffusion terminals selectively connected to the back
side silicon substrate. These connections were created by etching through the buried
oxide and filling it with highly doped polysilicon before a]) metal and via processes. A
device with large antennas to both the gate and the diffusion terminals showing no
charging damage when floating was heavily damaged when either the S/D diffusiop node
or gate node was connected to the back of the substrate (FIGS. 12 and 14).

11
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terminal of the transistors. It was found that via antennas charge more positively than via
bar antennas aad resulis in dumuge to the gate oxide.

BExample 4.

Antennas with vias of identical size but leading to interconnect wires of different
sizes can charge to different potentials. Antennas of the same antenna ratio and via size
but connecting to different wire widths were attached to the gate and diffusion of
transistors. The antenna device showed significant oxide damagc during plasma

processing,

Example 5. -
The antennas with vias of the same sizc and leading to interconnests of the same

size can charge to different potential depending on lhe positioning of the vias under the
interconunect (center vs, edge). The antenna with centered vias charged to a less positive
potentlal than the antenna with vias at the edge of the interconnect resulting in gate oxide
damage during plasma processing. '

‘While preferred embodiments have been shown and described, various
modifications and substitutions may be made thereto without departing from the spirit
and scope of the invention. Accordingly, it is understood that the present invention has
been described by way of illustrations and not limitation.
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