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acids provided by the invention are given in the
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i f/when the pest feeds upon the transgenic host or

synbiont, resulting in the suppression of expressi on of
WwOoneom3s¢mre genes in the cells of the pest anecT/us2006/036331

ultimately the death, stunti#ng, or other inhibition of
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mul tiple structural gene sequences, wherein each of

the structural gene sequences conprises a sense
woureémBtisde sequence and an anti sense nucl eoti #eT/US2006/036331
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A reconbi nant DNA vector may, for exanple, be a linear
or a closed circular plasm d. The vector system may be
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i RioR < TP O RGPty Bl A on e i
prufdrhblyliarel RSty 16 @t desoMitidh, Wlueling 4s fo® a8 anmdttiktbaly abast 15-30
vector _conponents for bacterial transformation
senerefiles in the Mudiecctipupergk emilen Y (ditgptiend  Fex, a bpicabyenpipensiuctor
?Jat\%rg gg{ﬁ%la%\é%ﬂgm Otrﬁe ?}%(?{ebaij,s()gﬁ]grgtﬁ%g? She %g)r (j.)cgié:%se ggout 8 éo 12 scan
amﬁlem‘hasmbg thrpughnthe &“atuab | 'Oltd regultaneloexpaselisivnBeanfcan be performed

exo ous . Ex re nd clonin ectors
5%%%@ Wl%&ﬁnﬁ e s fﬁethrogngﬁautr@e@ﬁoawa{e& to the prior
a8 ufllisak ?%hat%(ﬂuﬁ@t{ @ﬁfaﬁs 1T BisS s@RIR E&saﬁp\%’atr%ﬂ%n compared

necessary tor the survival or gromﬁ of transforned
holsigh-cedolgiogrsoams. The wssléhgotehsneernerts arcelsvedghimaccurate and

8%0' S raRn B len J0 o8 UG R TR A iR st B b kmined with three-

amﬁ:rﬂéb@dtdﬂllhtg i @%Gh@ RRbARIEEXALE in Most instances.
tet racycline | ement auxot rophi c defici enci es,

or (cfhs gwmeyar@rpmfp@h ¥y geeand; @mrymmWMMl 8 biyraowigighted least

%IEP S%fn%(%ml cﬁm&\]m ﬁg}ﬁ%‘%g C 8% 1%?&1 %r?ch% Ba/or other curve

siutpassiniduey couildbelepipimad depdhdmehers bﬁldeggma feefetent®and the
lréagf ragnent thereof produce a _protein conferring drug

F F@F%ﬂ@éoﬁﬁ@ feruns bstnaneasuiefe sel ection regi nen. An
exXpr egsh A HAEL Qft aﬂBtthr £HL4 'ofi e%\ye@lﬁ% AORER ccbglﬁéured to
contai n an 1 nducl ter I's recogni zed By
padornotite ;inameesedesahbm@mne ﬂsrpremdled s oper ably linked to

the nycleic |d encodi ng,, for ex the n
aci d P%:’ca&’ldé’ lgqgj?aﬁ\éref ﬁ%cgz}gva@tagqﬁ eflélygptwl'f@?ecome apparent to

tHREIENEA IEE 8RT o tHeThBEWRE . det'aﬂgd‘ 8é§8hﬁtuﬂ’( é)tfﬂ)t.the la8companying
suitable for use with bacterial hosts 1 nclude

ﬂmwlag& dhalselldab@mmwoo@how@w, thatghedetaibtd dasdription and specific
gr il IR(%F?EH@CI%% 5’%@ g%‘g P%r?g{ tperre%qn? %}%%hﬂcgg Gre given by

Glak/ X 1]Ms@r€ﬁ&r€£nd m@fhﬁﬁtah@ctmﬁy SRR R6BTRAtARAnay be made
vari ations thereof and hybrid pronoters such as the

wadipihe seenerof thippuesant lnv(@nm)rwhmwﬁlembn@ fioal thie gpligi Hisreof, and
r onot e.term"operably |inked", as
H fet V?lﬁlrozxfng §(r11eczseﬁlutsglbkh Hi’Od t“f gr y sequence and a
structural nucl eoti de sequence, neans that the
regul atory sequence causes regul ated expression of the
I i nked structural nucl eotide sequence. "Regul atory
sequences"” or "control elenments” refer to nucl eotide
sequences | ocated upstream (5 noncodi ng sequences),
wi thin, or downstream (3" non-transl ated sequences) of
a structural nucl eotide sequence, and which influence
the timng and | evel or ampunt of transcription, RNA
processing or stability, or translation of the
aSSOCIated structural nucleotlde sequence. Regulatory

o o e s o o




aci ds encodi ng pol ypepti des or proteins of the present

i nvention. The marker may encode bioci de resistance,
wenviiussdsbc resi stance (e.g., kanamycin, G418 PCT/US2006/036331

bl eonycin, hygronycin, etc.y, or herbicide resistance

(e.g., glyphosate, etc.). Exanples of selectable

mar kers include, but are not limted to, a neo gene

whi ch codes f OBRKENBHEBCRIPTION OFdII¢E DRWWERGShe

el ected for ng kanamycin, (418, etc. ba
ohi oA BEriBeed Srenpi apRobinegtedhanbeniey irifueleaieBt
i &P@é@negg&gn eng%hrl‘f gfﬁi@grgf?% CSreh¥PRARALR rEfeisat ﬁl@&@artsﬂhroughout

ers resistance to bronoxynil
amnuwamﬂtacetolactate synthase gene (ALS) which

e ULt L SRR
%ﬁ%egg‘tﬂ%? gt argéhié LSRRI vid tﬁ%ﬁfa@ieﬁ@i acEbrihnge wigH 188 bfesent

3,435; 5,780,708 and 6, 118, 047. A
meaﬂnm;nant vector or construct of the present

isg\rlggfﬁﬁi o Eﬁa E]Il% e?ia(s) C]I]}gd ud Mg‘é‘%%%%e[ Fﬁ'afmllngexp rctelgrgctensttc feature

éﬁé h ebRenRblieh npﬁ&e.ﬁﬁiebmﬁhm @pjsroprigblydalseded ‘PRIOR
or ui dA gene (GJS) whi ch encodes an enzynefor which

4B pus chronngenic substrates are knomn (Jefferson

1987; J f
encodbetie o an et bbby & Fob AR g R0
anidvaisan ldﬁn@ts@ﬁﬁiﬂaisa(nip&:tfe@tﬁtean)acmmdmca mtttht 4 msfeesd embodiment

(Del | aporta et al, 1988); a b-lactamase gene
o5he énviepti@ilet al, 1978), a gene which encodes an

enzy nFi(g(xper 4 Meﬁﬁtt&ﬁfy' 1ﬁt1's°tra€é§ raQE@Qﬁ{iie%tsﬁk@&hﬁg @ific &fuhness in

known C, chronogeni c” cephal osporin); a
haoordancash gqmefe(r@ivembochhtentl(ﬁsﬁe PIESOWY luE/eg@mé apkukowsky

g;nalcgtg},té 8% %@ﬁ:p@ﬁﬁﬂghtﬁggggets Clﬁ@ccgghg iﬁgi//rlgn q%gnet#g@éwcedure

6B e a4, 1990); a tyrosinase gene (Katz et a
198 whi ch encodes an enzyne capabl e of oxidizing
tyrosine to DOPA and dopaqU|none mhich in turn

Pr ef erarse@l;cai;seaibnten@nsﬂhe rsmma@yiseeeoh @b@va a@imeumipesrenned in
derived froma Ti | asm d of  Ag rob teriunitu % ens

eecogdance withrihe Srt DIRITCCETEiraSHS OF Hicgyeendion invor VAR an PV
g a%soef gn%ﬁmt? Db @fh@g rttglm}%zd Elde oﬁﬂfe%@%@hhﬁﬁﬂg the
FHS nes p s ds ? are al so useful "and

Imamn bfattlbet and edg@toff ére sampieceatack, phraﬁtentfﬁma pnatd égiermine
vectors include thgse. di scl osed

Fistlogatipniad fha ige. @sfgiwreee%lae osciite R epogr ey o
EfecRaédl llscé%rt g7 tigaeé%ﬁ{ sdrfacé SA%ﬁ%flf%tfr%i cérpprbﬁfﬁé Qekfoe

e T A Yeconbi nant a non-speci f

efortatam doncamjiiganthatpe eoistic feiature sedi 24 linepslae TQItghﬁﬁ%? higtwo

useful t 'nse t, a rec nant DNA ca G

Shvves appetitkicueh e GahEEE Bt 08l pp Ao EIEE G Fopture, the
"n%ﬁ(‘i’iﬂﬁtn%ﬁy& MnisiRkE At bS(kndvih 6@t netisuindes”) between those
function inplants include cre-lox as disclosed in g
Ratves tanh©8Sendine i biaipa PRTisg s P wEmsaef 4 tharotsristic dimension
Patent 5,.527, 695...5u f f

P Bapan PRk R AP A, A AR Bl 29
believed to include virtually any nmethod by which DNA

can be introduced into a cell, such as by direct

delivery of DNA such as by PEG nedi ated transformati on

of protoplasts (Qmirulleh et al, 1993), by

desi ccation/inhi bition-nedi ated DNA uptake (Potrykus

et al, 1985), by electroporation (U S. Patent No.

5,384, 253), by agitation with silicon carbide fibers
(Kaeppl er et al, 1990; U S. Patent No. 5,302,523; and

U S. Patent No. 5,464, 765), by Agrobacterium nedi at ed
transfornation (U. S Patent No. 5 591 616 and U S.

~ a2 a2 . O S - o s o




identity between the RNA and the target gene is not

required to practice the present invention.Inhibition
wofhod7asgsh gene expressi on may be quantified bycT/US2006/036331

nmeasuri ng either the endogen®us target RNA or the

protein produced by translation of the target RNA and

the consequences of inhibition can be confirmed by

@sﬁamm%d ooppofite sidesoafttivafedtups, dee tigs aof pﬁefmatﬂg lldcated ona

R T T T TR -
Mlbéﬂl@:ilfbr iﬁioﬁ@oﬁ@rﬁt%nﬂ’&hgr@fo‘fe 3§ £n @é(:ﬁlet@%}p?es&“@ﬁor{:@ﬂﬁ@fme

resistance to anpicillin, bl’eonycin, ch or anpheni col

@é@ﬂ@qﬁdhﬁhOWg%wXleaﬂcananym n, |i nconym n,

met ho 4not i Ci
spect ?%%ﬁn‘?} mlﬂ%ﬁ?’? o EA L g glng Q0 OF £ ﬁem]aﬁ%ldflﬁtgr wafer
hurkeee Slins@enddathn 1ﬁﬂb@é§;l a’ﬂ%ﬁlhﬁe SFERRreRK B BSSERB alvia V. As is typical,
inhibjted by at |east 10% preferably by at | east 33%
thg vz Mﬂ%g%weé%hywtwlaatn shapesandgmse magramyet depdy B and width W. The
%ﬁgg‘ gﬁgﬂﬁ%{}é 9% P&% dleﬁﬁe?nit/anﬁgs/? C'QIIg@EMegH 566 1¥d gé(? Ifmelrl;ﬁ can vary
¢amlsideiabiydorbsithet ehdafthatdahige d@élﬁhﬂg eih,&y. Q,blhsy:r bx}éf@énde eagthe
é%@’ gg%f referably by ? | east 95% or by at_ | east

5%% fratue heing sqaped. Fordpstpnceott may; t@nﬁ Ri@amhhigh or even
éﬁl@id@f&%gqﬂgﬁék?ﬁe @aﬁﬁ@nsﬂ? TeIAIRE h@ﬂ ﬁ J&ll'lc{nka' tEﬁcﬁ% bR rease with
intended to refer to sufficient |t|on t
¢®chhfeaﬁur@haﬂghte@ prdst ® gshgndiay péleéeé 4gand prefsaltly eouvB-12, scan

gf%ﬁ g’lvwcfg%t}lg énﬁ¥WS E%ﬁg)/rrt ook %?ré?}z] 0012313?3 ofa an array of

measue@mmwetoo nlod@plopEdied o LA FRE NS 1dcaNsdd &84 Usually a scan
Al t hough in certain enbodi nents of the invention

PRblaionpisls ode ceries ol messiysments panfmyn@n dlonged $inglefscarhline, that is,

SRSl S BRI b
drbitragy strpb. eSudhf scbllil prdjﬂiés&:ah Oc bfrahd¥d] WirteRmpleaitSnRivect a larger

essential role in égl s in the insect alinentary

ynabar of sapplp fgatygps t%fﬁé*O@teﬁ@SSWkYmnrfh? raselisel |s is

suffl i | f

Thsect e Rk ol &idi0URaE d Bl ftnd Pferned soan density
igiless thoan, aml mmtermefefﬁbbf aile\walﬁm;tt bﬁ)léabhyrmmplbyedaa}sﬂm gtier art. For

Ierretar strand r. fro
aciwpf’@ G dPh g 5 e Pt Jadhe scan
&nsHPR ;ﬁ@ﬂeﬁb[ﬁ%oﬁ?%-@@ ScdnpRbSIeS béitrhféf-bﬂ ResWltM in Ae desired 8-12
cl oned RNA pol ynerase can be used for franscription in
Sppiy projites passing thaoughrthe Biature nPrierytetwiques got b oltiyer hand typically

ec in an
RSl e 97 SR 35 20 B 0 AR AR iR B i Pl g goan.
ﬂypifcel(htf teRtlting 1 689 Scart SIOHRS Phsbirg; thEdu@RItk@featunél USR0S $iput therefore
and/ or engi neer [ ng transcription at a devel opnent al
ig fipblipouRipd lowHesaydionst r ands nmay or may not be
poly Y0
P S SUEO B8t BRI EULADIBIRVCEE K D B
abele, contentmiek dlid dmzﬁbma@ pRa@hISE clﬁn@ﬂé\,tolﬂfgﬁmhy, o tlﬂ?%ase the

i nvention nmay produced

or m RNA of Rpe se

PrericsifiewallsWe ﬁfato 854'vlwabﬁV@ﬁ@h@sueMeéﬁmgrﬁqpﬁleaidra%st about
t&ﬂ%f%gﬁm%@}lessgan ERIA h&gmﬁhy%ér%% {e hsgfrx‘ S%aéfc}{lag‘i’dgplgvv’ L%sqlu‘uon in
or total organic synthesis; any nodified

ri bonucl eoti de can be introduced by in vitro enzymatic

or organic synthesis. The RNA may be synthesized by a
cellul ar RNA pol ynerase or a bacteri ophageRNA

pol ymerase (e.g., T3, T7, SP6). The use and production

of an expression construct are known in the art (see,

for exanple, WO 97/32016; U.S. Pat. No's. 5,593, 874,
5,698, 425, 5,712,135, 5,789,214, and 5, 804,693). If

synt hesi zed chem cally or by in vitro enzymatic

synt hesi s, the RNA nay be purlfled prlor to

. g o - o o R I A o I




technologies readily available in the art (e.g., by
Sanbr ook, et al, 1989) to construct a plant
wonasraiBsgsoat i on vector transcribing the stabil pzedS2006/036331
dsRNA nol ecul es of the present invention, to transform
the plant cell or the plant and to generate the
transgenic plant cell or the transgenic plant that
O A& I 8s Ednanssd Witk the riioabitltéchatiues RiWyefbires tighgesolution
In still another enbodi ment, non-pathogeni c,
seant enuat ed strains of mcroorgani sns may be used as a
carrier for.the ipsect . .cant.r j '
por o Siee tipeiane g0 B oF BEh a e 1ped O Sy opposed
c@id Filo5Q B, el festuietrafilehiS@Lin aconimel reégemtedocation. An “edge”
m croor gani sms may be engi neered to express

a
imihés wenidde thee¥) g fitescan valie A delingd referegcplogatifte HQAeierence

nol.ecul es._conpri Si : et from
HER BEhea R PUERE Sl AR g Rhtage off
thdiepeebbgomfof it daneCtlt alkx padditakedic fona df astpeshresholdef the

m croorgani sms resulf in ingestion of the ting a
feRteTeo oF § Zlaneds aalertefbamihs ExderFage I87atgR, Risselested By sglecting

R, ki i Qant @i 6E1bY thy sitrBRe S of the

%ﬁ%ﬁﬁ%?ggﬁig? or ﬁ%gg%§ﬁ¥gg%%d%§%P92§ives thereof. The
‘i ¥senbovethe bbitan Bt the matV v Bbih qfithese desstiondse ispewpas a result

[ t to t [ t trol t f. :
R et Gheiiebr BN E e pROTLE 4 A Rt S B ERgR i
s'bﬁf%w%:df ﬁrﬁfﬁ%rr]% inPmbBPBé uses defindds T&xefﬁb‘ﬁfdﬁs@xlnaﬁ be kepanted at more than

exenpl ary enbodi nent, ingestion o e insect cont r(?fj oh
agéntght By Indeddnthe procges qopld ke teneatehfog any deser grmigepfihsights to
to the gut of. the insect. . / BV : 8 via V.
Airiine fiee Eay Brinf REG B, SRRRAAETbs 10k Bohd fho via
¥ fiRhice the brdcbeurt Bo@A be pyrfbineed M siectop cmidie andbetirrs portions of
t hrough other neans such as by i njqef%ti ofgtpor. ot r{eg htain the
thtyini ¥ 40 providegemilta psBirssdevaly aven 815 gty olghe Ve Ve tTEl qpan

t : di ment, the RNA
tﬁgﬂ% éﬁ‘}tea?g?[ﬁé%%g:f\f}lgyﬁ %ﬁe@@%ﬁ%ﬁ%&%{%éd in a synthetic
mat r | @nsaibb edge poie Py+Peonanch sigpéf thel feature hBinderestateseleted,

o are o b HT 4ok URBgRl e o oo
tgig t%ﬂ el th &l'a%ohl@s%%ﬁ&m% @%és%lﬁ ;éln_a $,1 Mhe eWRes €yuhatzonilldfave a

arget gene I n-the hos i's envisioned that t hi
oddympusiat fooms Infthe dase of @ wiemappead by e dFM.gach gurve will take the form

i ncor por.at ithin th eeds of I . js . feat
e e b frcy DS FeeRlse tp PUAT i BRI EE  circular foature
2808 dn%ﬁ;?&élfr@bﬁﬁoﬂaﬁhtﬁeﬂh@l@ﬁl oftEle dfie tdibe phamntr inevhish theprobe tip
ate

I ncor por into a coating or seed treatnent that is
tpgkisitheiswrrce Hurisge 0aOPSTAEOP| ant i ng. The pl ant cel

containing a r ' | i ' @hat is

R N e R e R
Sledts et RN Hireddion i pxatlel 16 itgnk biizan thealtiymer. Ads asshaption
conbined with a transgenic event,%ﬁ$g &éovides. s not to be
peretisdhe girve fobs Borsiapenly naspewriapler 461hat 4ssHOpig pioge

VA LG %%B\?lﬁ&g Gt SFfEChIMEREER ARNGE ARG for. The resulting
?argét pes?. I'n"addition, 1t is believed that there
BfResiit tRviré onaplek dtandheonwddscikiredwhove buhwitbinhe cappbilities of
skill in the art, ere jt, i s advantageous to have

these familas wahicery gﬂ?%“ﬁ#@ﬂWﬁ'the preferred range of

ef fecti veness. The present invention provides in part

a delivery systemfor the delivery of insect contro

agents to insects. The stabilized dsRNA or si RNA

nol ecul es of the present invention nay be directly
introduced into the cells of an insect, or introduced

into an extracellular cavity, interstitial space,

| ynph system digestive system into the circulation

of the insect through oral ingestion or other means

that one skilled in the art may enploy. Methods for

oral introduction may include direct m xing of RNA

I Y Y a1 T



cost of pesticide use, because | ess pesticide can be

used to obtain a required anount of protection than
wohewr/ssish et hods are not used. Mreover, becausasb@s®36331

pesticide is used and because it is applied prior to

pl anting and without a separate field application, it

Is believed that the subject nethod is therefore safer

to t hAnypeifablosurshiiting techaiqungiay emeerd to defige the respective

X j 3 net h .

p%?atb%gE hlgllrvl’-:él Cil QR C? Eﬁl 3 f(a%lc% gbfﬁ&g %ﬁ%gﬁg tg gnly potss181%%urvmg

ﬁiyﬂgteghmtlu@; 1£fh% eﬁlcsll@lf “v&dﬂ@té&lﬁbﬁtt ﬁﬁﬁﬂeﬁmegfbsilb@techmque Weighted
esti ci dal act|V|ty (or ef fi cacy) of the conbination
legst sqrares rafhech e hehaient thendem epasy in dhemmodslotnd i pan g used
{ L]
Vlfl%h ﬂﬁ’ﬁ: é&)tﬁ tﬁﬁﬁ%@g&%ﬂlg?ﬁ% ano;i%ﬁ?L@%r%ﬁﬁé %aa?x%%t%%t Wﬁﬁ‘ ;L/h1s technique,
e_sxtra unbnin@laﬂm d:mlstautéﬁom@htsl,%sqcmtécbmthdarﬁlr‘cta&glﬁﬁn%e incorporated

.1 ngc sed s, activit advant ageous activit
1 %ﬁ? f tém&scm%'&é& i@e wgsnijpde y GRURVEHIL leate%@ﬁwélswn of the
1ﬁﬁ%9ﬁ6196bntﬂ§ééf 1%@1?@%5%&&% %seﬂ%ﬁ&fa ;;}tr | EnBAL the we%ghtcﬁl fitting

application, decreased pestici utlon
cgiteriandn ied tthe plremetasestinpéstailod éheexgglsts tedabmpae $wooeiribution

gggcéﬁ?b%glgéte %Eﬁsﬁd 1831?1:{;%1d e!,t%nlgs 100{?n 'ﬁn%tevg%glgafpg ee?c%ho%rservation 1s
dhesitrehtide o R0 thdighsLeithe biesSodsBivhtiddse DUSEEM selsdf absolute weights
tb@ggg5|t|ons in conbi nation with the nmethods and

& pan havs igmtietleffgetesent i nvention, including as
seed #%%ﬂ o] t s~f 0
u5|néﬁ£3E cohﬁggﬁgﬁgns égn Vg%?$§g%mgﬁo$£@§§%%?{ éniczx
IMWEgtEaﬁEMVn@gﬁﬁmuaﬁz, the entirety of which is
i ncorporated herein by reference. A though it is
believed that the seed treatnents can be applied to a
trans i eed iR, a p SIO| gical state, it may be
pr ef e%?ﬂ@sﬁf;azt: arlﬂf e%ebﬂé suffi ciently duEgbiten 1
state that it incurs no danage during the treatnent
process. Typically, the seed would be a seed that had
been rvested fromihe field; rennved fromthe
transgi (é%h)aﬂﬁl g% éﬂaXéHed from anyot her n@&quséed
plant material. The seed would preferably al so be
bi ol ogi cal |y stable to the extent that the treatnent

| to th d, S
10Ul I LA AR b Bl ol e e
wmhﬁﬁeﬂu@ﬂknmbhﬁkﬂh@s been harvested, cleaned and

dried to a noisture content bel ow about 15% by wei ght.
In an alternati ve enbodi ment, the seed can be one that

anot HEC b0 G Rl DTt 807 o 25y omomgion

the treatnent with the pesticide. Wthin the
limtations described, it is believed that the

t r eatAwenhaxiaiunb or mpihirgdiistance betveeadhatwasnyves, the derivative of
etmeen harvest of the seed and somnng of the seed. As

&avatonariil beyzseo. (Re1ee unsown seed” is neant to
|nclude seed at any period between the harvest of the
seed and the sowing of the seed in the ground for the
pur POBE( C? I 42H N Yapdparopip=ah the plant. E%%ﬁondf
is said that unsown seed is "treated" with t

pest|C|de, such treatnent is not nmeant to |nclude

those practices in which the pesticide is applied to

the soil, rather than to the seed. For exanple, such

treatnents as the application of the pesticide in
bands, "T"-bands, or in-furrow, at the sanme tinme as

the seed is sowed are not considered to be included in
the present invention. The pesticide, or conbination

of pesticides, can be applied "neat", that is, wthout
any diluting or additional conponents present.

However, the pesticide is typically applied to the
seeds in the forn1of a pest|C|de fornulatlon This

o, . T



sequences of the present invention, and produced from

a reconbi nant plant or seed containing one or nore of
wbheomssdseot i de sequences of the present i nvenPCensass/036331

specifically contenpl ated asiienbodi nents of the

present invention. A comodity product containing one

or nore of the sequences of the present invention is

i nt endietcd, thd metiten viawidihoX,, ten Be reiléel @, neal s,

oils, crushed or whole grains or seeds of a plant, or

any food product conprising any neal, oil, or crushed

cont ai ni ng e gp [AebEegRo RaCabhBliaE” b Hwsgimen

i nvention. The detection of one or nore of the
sequences of the present invention in one or nore
conmodincy abra2e bhyrandibyarpkaducfem dontievpitingbpbetion, K, San be
defg o) eV|d§nce that the comobdity or comodity

dpteingd osed of a transgenic plant designed to
expr eFhe Bake @&mﬁeﬁ@d&ﬁnwaedbe%bﬁ%moq?éusg& WisReeS, O e cdee

the present invention for the purpose contr
ravgbeess; Wm p@lﬁﬁdf ‘§ld¢gf aﬂsmnmd’ | hheobdg@rtelghness is the deviation

n|n ucl e CIdS

SHER LN RN STitsdaned 3 Febrstoriar Gy Ran drdraLor profie
Rlaﬁmgtoaﬂlgﬂe@@ﬂ‘ﬁfdp‘pbm sl eUCH; efd Lo fIRueneRed l%‘pothetlcal line L

ro a dskNA or si RNA. | n one enbodlnent such
g‘%&“ﬂfﬁ’é‘é %b pg Yersspepiaied shansi sighas @ mﬂ\gbtrhrg:Dﬂwhq lliuwayed

n pQrti

Hh i Yo AR S0k B L B
Lmtg deateifise tte; ldésb)shaptée ik t}fe)illﬂi@ra&d%nple@ﬂﬁytahﬁdurved or rippled.

ﬂ |d|§%% ith the hybridization probe; (c) isolating
KRV dsriprstiide phthssedeviaipns.and ( d)
Ssequengisigh h@d&% SRR t | -
t he cl orS1e |g‘gol at ed |e%fe§t ep ? b)ry%vﬂgdgﬁej]g daﬁpeoq@ggﬁéeéﬁﬁgﬂar height
ﬂ@@% iecedge pha hnd:, eodIfigting anses idtkssegidintonsiag siensharntittiag

B0k U PR SR 58 RS 2h et cuvemay

tahe tHprfoge bt a bAMBHlai 20 Aedcpibe @ Me B Ry dalBURS ?drﬁl &% gher order
fragnent conprising a nucl eoti de sequence for

prlweRIRiah fORCep servAts il lipoedgeanugmess o Rmasusi Rysharacterizing
| fd.rst and a second

&ﬁagﬁﬁﬁg ggt gf%ﬁgagggﬁ@ggPégpo Sing to a portion of
one ok addaionito beimigi rdlatlsﬁg G) ¢lesteEHnddd cod ds@ui @At Bdve is relatively

nse and, é %ﬁ lify CDNA or gDNA tenplate in
IS B et i ST AR ishbiTSReakiRle SesaBiRdho burve B process
t@hdi&@ @Hﬁ’z{secpﬁl'té}% Ritd J@gﬁe&)ﬁﬁatét PradtOhe MiGa eHstﬁcnﬁmenswn can be
anplified nuclelc aci ecu e transcri
daldyatinant widh tbpoﬁr—tf idynaroic rapeisRNBy of 1ess fﬁlﬁh@\ab«ﬁuttzhen m essyihstances.
T%¥ent|o | t|C|n .the present invention,

e BEHe rafh Beletrnite o5 Aoty v avibe SaGrog EBM

196t6.6dPEesaril¥ER BN e A AR re éatﬁﬂb{t e 8 diff %@ﬁt‘ &ifa LML reflected in
causes damage to the cro l ant's and subsequent yléff
Tédsbs. It is contenplated that several criteria may

be enpl oyed in the selection of preferred target

genes. The gene is one whose protein product has a

rapid turnover rate, so that dsRNA inhibition wll

result in a rapid decrease in protein levels. la

certain enbodinents it is advantageous to select a

gene for which a small drop in expression |evel

results in deleterious effects for the insect. If it

is desired to target a broad range of insect species a
gene is selected that is highly conserved across these
speci es. Conversely, for the purpose of conferring
specificity, in certain enbodi nents of the invention,

a gene is selected that contains regions that are

poorly conserved between individual insect species, or

bet ween insects and other organisnms. In certain

enbodi nents it may be desirable to select a gene that
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use in the present
t hrough use of

i nventi ore may be acconpli shed
i nformati on avail able from study of the

correspondi ng genes in a nodel organismsuch in
Drosophila, in soneimbhfr Rﬂp@uﬂnhpdmmés or even in a
nenat.ode DEC a Spect a—pt-ant
species, in '"qul Wiéﬂgenes h @H%‘ééﬁ'q{har act &ottpgyWidth ]
SONE " CAase tsa —bepossibte To obtainm ne 1
sequence of a ??esp%ndlngAgane froma target insect
mviseaned ng ded apases such aPoeﬁnBank usi ng | &i83her
ne_nane Q0 e _gene Q hese nce from for °X&ﬂp¥u,
IBﬂ@nm#hﬂla arfol.Fér insect, a kOt ode, a fu f& or a
t-he—genehas H%” THoned: he
§§quence i s Ol‘g? ed, PCR(tm |nay be used to|afplify
an appropri at i ga68legt €d seghent of the geng in the
insect for_ us¢g '|n,the‘oresenL‘anpntLgn In drder to
SKiVianethad DNA s gﬁ&nt fromthe ediBr espondi ng gelr-1%8 in an
e \\L ”T p| et ay be—desi SLl ased
QWM?H%h'Lquen llgzﬂfound in Olr ot her insec %§from
Wi C e gen-‘Fgg been clonedq 4Bhe priners argiz
designed to anplify a DNA segient of sufficidnt |ength
for use in the |Daﬁssm3 i nventiton. DNA (either genonlc
LNA—Q DINA i DJ.LE‘{}&IEQ fromrt-h Haseet— S{P€c ant
QﬁﬂﬂIP@ﬁP@n) pr!ﬁé?s are used 10 sgnpllfy t he EN£$7
AP |; ?tlon conditijgyy are selected; g9 that
anpllflcatlon 1T occur evenlif the priners ido not
exactly match t he target sequence. Alternately, t he

gene (or a portion thereof)

may be cloned f

or cDNAAFM et iF spaia p‘éanm%ﬁmméh? frelugn

s AX
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followi ng the manufacturer's instructions. A cDNA

library was constructed fromthe Poly A+ RNA using the
woupevwsesbpt (tm) Plasmid System (I nvitrogen). eDNAS2@s6/036331

size fractionated usi ng chrsmat ography. The fourth and

fifth fractions were collected and ligated into the

pSPORT|I vector (Life Technol ogies Inc., Gaithersburg
ifVERralde tnive elte ¢dnéleSar 14 afpiobolL as pat of adelfervtuated cantﬂever/probe

endonucleas recognition sites, $nd transf rned &g

% or ora

More@r; th c aFHRIOE 3 %@Wéﬁf’uﬂ:‘ fosthgprobe, € P actual

¢ 8fpl é@f | B4 RBthbbbHaRBi¥ections as an X
pg%tgq%(fﬁgm ut 4581/—%t0f1h6 ony or rr}nng eun| tsg The ?Cl d
Sfﬁsmamukarvae l'ibrary yielded about 2.78 x 10 col ony
formng units. Colonies fromLIB 149, LIB 150 were
washesl opératior, e thel pbies12 MO‘éaﬁaﬁer athbioagind ihto ctmyltact w1th sample

vortexing briefly, and pool ed gto Tri s- EDTA kil I ¢
2asqme chamecteristigs q\ﬁ}sbeomg@@qq@ by datering) @é%&eélm ¢ oscillation o

t G | 796 habh@de of probe 12
p%ﬁ]e;ﬁohlgl%gﬁf\%gfér ua; eegﬁﬂt @otc‘?hogvglg éssc% g%%té\tvard 9%3 ang e of probe
viditlagehemietlbctpd eywapdy 4 cﬂetemn 281 swoahil asmrfpuloqualdtmt photodeteotor As

equi val en Purified plasm d DNA was ot e
ths Qqagbgmsiq@wéosts l%eegep teqty ggp&’?gg&teaﬁlgnag %l%raégpgf?g & control

f AnBEPHl 186 édl&%ﬂ«bf be 12,
A 10] ) PR k13l ot o Bt v
Gommbstatign %d«pmily/gpmr@ms rmttleall §ig2d topaingan @ﬁynﬂ%@}t ARTRE

units | B5444 an O col

@Fv&?ﬁngﬁ n’gg “g g SRS TR agi am? X £ sg@giprgr%% +t&1§8t10 of the
o’é@@laﬁim Mipras@l 12 NF &0 agipd, agntEbl 3&&1&@ aﬁ’ﬁﬁm@ga;ed) s@]ﬁmmtam the
and 50 ng/1 carbenecillin at 370C and then, rapidl

asoidlation pRplitude plet satRintyaius, ferlo INSHER# SACTBM W&Staqx}yfplazre hetween
FYRPIP RNyl ARSI SR P oy . A

Wworksaadn Brulsotgrevided limt weeieenthx eolldcrd datarfromt tbs camrch station 20

stir plate. The mediumwas then . transf

fmd @@H&ﬂﬂﬁ%@@ B ased ey oo dbnapl st curve
e qifxﬁénc%(ah 9@1&&1 o @htickd d%cﬁ%& %ovghﬁhﬂ%ﬂdﬁiﬂ@ﬁnay be

rom-t ottTes and the cells were
the sousipe isthéidn 20 itaelf,ct sparafe @baerd ofntioBemadieparnigioffbegd

/1 car beneci f OXi
PG prEbcrbieoradiie - 1 b T WAER e
RSB dftlvE @r hifdr@cdrtilers! the§ Erd}freﬂafhb‘l?ya t@iected tovomganother,
units per mlliliter. Sanples of the Diabrotica

& Gy herdwidonay Yielen FithesaeticpEBglian.and LI B5462 wer e
conmbi ned and adjusted to a DNA concentrati on of about
1. 25 Althowgrtherbegp@rodeiconshipiated bynths inventass of earnyingept the present

el 2aLEpd oker o0 LRt el 1@ MSI FNEs hert. T

MIPFQQfaﬁH&t @fat PMbus HaBRRnS 3R BSatOBE &@&Qﬁﬁmgaﬁﬁbntsyoﬂtb@features
applicant(s)/inventors with the Arerican pe .Cul t

Gbﬂhb @mwmnn*(eaﬁ@@)naym@@ wth@@ématwtﬁ fp@néﬁ? gpirit and'; sccpe of the

SRR b anac bbbt et BruttpbeRatig s WAt

BhoydidRd st FAPRlifhaai préstit iavadpobit thatearenpt spemﬁoally discussed
assi gni ng the ATCC Deposit Accession No, PTA-6 ﬁl 9? n
aletewsitlrhenorh aprsire dTou thgeippeided plns pi} gfbppattachmgnts
LD35496 and LEB5498, were prepared essentially as
descri bed above for the production of corn rootworm
CDNA libraries. Libraries LIB5496 and LI B5498 were
constructed respectively from nRNA pool s obtained from
first (1 gram) and second and third ( 1 gran) instar
Western Corn Rootworm |l arvae. Briefly, insects were
quickly frozen in liquid nitrogen. The frozen insects
were reduced to a fine powder by grinding in a nortar
and pestle. RNA was extracted using TRl zol (r) reagent
(I'nvitrogen) follow ng the manufacturer's
|nstruct|ons Poly A+ RNA was |solated fron1the total
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domai n, each of which is believed to confer a distinct
chromatin-related activity. CHD proteins are separated
wonv@/i3ve39cat egori es based on the presence or 20Farse@®6/036331
of anot her domain of sequere honvol ogy, a PHD zinc
finger domain, typically associated with chromatin
related activity. CHD3 rel ated proteins possess a PHD
zinc finger domain, but CHOLAIBISat ed proteins do not.
Experi mental observations have suggested a role for
Broteins in repression of transcription, and in
SOfe SPRGhAR0IaMARGRA; 2 BRG] ATRABANRE:, e rethod
conpl ex that contalns histone deacetylase as a
subuni t comjeasieg yl ati on of histones is correlated with

transcriptional . nact.i i 0 nd so D3.pr.ot ei ns
have bety | nBP LRGPP AeaPtp s 6L Bpes gporion of the

transcriptiogmﬂﬁmvirtue of being a conmponent of a
hi st one deacetyl ase conplex (Ogas et al, 1999). Thus,

suppr es§Blon GéterCHIBE roloeitipnfiat leastione wdge dfen Eatseeiihe sample;
t ar get r doubl e stranded, RNA nedi.at.ed i.nhi bi.tion of
col sopt KPhn” BHided SR Fir T Riara flid d ke

sequences Tubulin proteins are inportant structural
conponents of many cellul ar structures in al

euRar yot be gethod ofglgitpli wheis@ |y in the formation of

m cr ot ubul esg I nhi bi t ] I € e i '

cel 15 rosul ¢ SRl o boriilop bdpihifir b HRIohe Bt ikt and

I nt er f esezoné eddek bf tHededtarepmid on of m totic spindles,

bl ockage of cel| .division, and the_like. Therefor

suppr essi on 8¥ flftﬂ%FtPIh COIPRESEP %ttfrlﬁ'ff‘nrﬁi ‘i“@r?eﬁ‘éf]}jr %"%?ethmugh the
usef ul Haegehed ReatlRiRl theSirkOREadc Ve deB 1A Bdther comprising,
inhibition.C. 40 ﬁDa V- ATPase honol ogous ‘sequences

Ener gy net abdétesmmisigtani emtrsmb distdng hetwerey dredfidseand sgcond curves.
eukaryotic systens is an essential function. Vacuol ar

ATP synthases are involved in nmaintaining sufficient

| evel s qhe Abthod dfildim \vaGueteasthe Tat@fi6h Of Be HitacindlsacondBages are
synthases may be a useful target for double stranded

RNA nedimt eetninghisghstangally orizopfal plsie! ogous sequences
Transcription elongation and transcription term nation
factors are essential to netabolismand may be

advant aghe ugethodll felamf2 wheritbihe dstetaiidaglstBNéompidseatabbast one of
inhibition. E, 26S proteasone subunit p28 hqgﬁl%gous
sequenc d§teTRBINEFAA¥IBER WilR of & Vig, f gragnum width ofa gap, and a
ATP- depgp ﬁ&hnwﬁﬂh%ké%ﬂgunit protease that is highly
conserved I n all eukaryotes. It has a general function

in the selective renoval of various short-Ilived

praqteins, that, ar i.rst coval ent| i.nked to_ubiquitin
and' t he hglﬁ‘%%lé@@ﬁ{lar"? H@V&ﬁ%té ° {?els 2@%%"#’85%" ‘gro‘ﬁ%tler‘
conpl ex. The ubiquitin pathway plays an inportant role
in the control of the cell cycle by the specific

de@r adatlihemattiodeofivlaiinel, wdicraite thelsatfase/feptus isions of a via, a gap, a
including mtotic cyclins and inhibitors of
cyclin-&@ﬁéﬁ& © ﬁhases such as p27 of mammali an

cells. Thus, the suppression of 26S proteasone

synt hesi s and suppression of synthesis of its

conmponent subunits may be preferred targets for double
stranded RNA nediated inhibition. (Smth et al, 1997).

F. Juvenil e Hornone Epoxi de Hydrol ase Honol ogous
Sequences I nsect juvenile hornone controls and

regul ates a variety of necessary biological processes
within the insect life cycle including but not
necessarily limted to nmetanorphosis, reproduction,

and di apause. Juvenile hornone (JH) concentrations are
required to peak at appropriate tines within the

haenol ynph of the larval formof an insect pest, in

parti cul ar | epi dopteran and col eopteran | arvae, and

then nust be degraded in order to term nate the

effects of the hornone response. Enzynes involved in

N S T oy o, o ' ' o




m crofilanments nmake cells nobile, help themto divide

in mtosis (cytokinesis) and, in vertebrate and
wonvevisdspat e ani mal s, are responsi bl e for nusegirars2006/036331

contraction. The relativelysstiff m crotubul es which

are made up of al pha and beta tubulin proteins play an

inportant role in acting as a sort of highway for ]

t r’ans pdFlie méthué of clains 6 awereingbmwirfacs featde ise titkep the location of

separat i on of. chromgsones. duri m t osi .

(Kor Kb Bdfeds & B SOR. e Tt 4P aP hRGres g # ayrup fuoneh the

provi dejtedoBatid faeRdricofPAbing deRAMIl el diGe PHRRAS by

cellular structure. The cytoskeleton 1s al so known to

be i nvothasdterizing dpvidtiongofdbe G6eurvh Eomedn ideal tivp ledgam

Taki ngt hese functions into account, it is believed

that any disruption of the cytoskel eton or even subtle

changesTf mbihddloRtREH i1} Whérek tﬁ@ﬂﬁﬁg@ﬁ:&%h@ﬁis@eﬂﬁtting data from the

consequences to a cell. R Transport Rel ated Sequences

As i ndi @satised sdsopeofilsbiord pryynostakqqiisgiort of vari ous

nol ecules within a cell, including to appropriate

organelles, as well as their secretion is an inportant

phy.si ol Digi mathotl wiielairar, wherelh saité figinp aidpeatysomialidqhation has a

i ncl ude those,relyin% on the endoso L sorting conpl ex-

requi r @a0H XIS th dpdreast @W}a}lly&ﬁﬁgﬁ Wik the jopp pr g

ot hers. Thus, functions related to transport of

pol ypepti des and ot her nol ecul es may al so be a )

pr Ed.er r Bk mathgdtof thim @s Rhidwadthapelgnomial biutation hagkaslldying

2 I nsect Feedi ng Bi oassays Sanpl es of double stranded

RNA (ds ) were subjected to bioassay with a sel ected

nunber of target pest Jhe dsBNA repayed from
sequences identifi é&})mi%gﬁt o@i#ﬁl'@ C?f usi ng
either a full contig sequence in the case of SEQ ID

Nos: | -6, or a sequence anplified fromthe assenbl ed

copfig Tﬁ% RHAS FRITRY wﬂ@fefrﬁh@ﬁgt@%ﬁi&%\r&r&& nBluliBEfinding a point

sequence li1sting. Varying does o were applied _
as an owetteayajboaxispfithe cutvesvherethe détiitiak ofthetpolynomial equation
accordin% é% the follow ng procedure. Diabrotica

vi rgi f eFZWRSPYHARZEY WoR) eggs were obtained from Crop
Characteristics, Lie, Farm ngton, M nnesota. The

non-di apausi ng WCR eggs were incubated in soil for

abbut 1Zheimpthodtofzlpin 16 udisie the poqutitgitap pypdupes scan profiles that

conpl et n e P he I L0 .

com et g SRLNGS e PR S BRI MR

t he eggperpeidicvasioahe Hulireofior, hrd shérde thisaoygirdngutehhas a scan
pressure garden hose. The eggs re surface .

di si nf eSensyY 9y neFaer Higni3R scarpplifcs pey wpda thy ¥ dirgetion.
rinsed three times with sterile water, washed one tine
with a 10%formalin solution and then rinsed three

adti3 .t i offhé nteiteisofichaimt 1€; whereinsthe noquiigusstep bat esban density of no
this way were dispensed onto sterije.coffee filters

and ha GG & ARG Aol PoY G BGH ¥ SHERIUe hur di ¢y,

in conpl ete darkness. To prepare dsRNA, anplicons of

sel ect ed sequences were cloned into a plasm d vector
capébl eThé nredpld efaldionl, iwherin thelacquiring step tomprprs takes no more
amount s of .pl asm d .recovered toq allow for in
Uitro TR SR piRatea R bRt FEpEm tne

enbedded convergent T7 pronoters at either end of the

cl oned fragnent. Double stranded RNA was produced and
subj ected to bioassay; one RNA segnent conprising the
sequence as set forth in the sequence |isting, the

ot her RNA segment being substantially the reverse

conpl ement of the nucl eoti de sequence, uridines
appropriately positioned in place of thym dines. A
sanpl e of double stranded RNA (dsRNA) was treated with
DICER or with RNAse |1l to produce

sufficientquantities of small interfering RNA's

(si RNA). Sanpl es contai ning si RNA or dsRNA were

o Pg— o o o



generated in response to tip-sanple interaction. As in
contact node, these feedback signals are then

woabémissesd, stored, and used as data to char acPemriusen06/036331
the sanple. The probe is nosed at a fixed speed over
the sanple to collect a set nunber, e.g., 512, of data
poi nts per line, hence dividing the line intg 511. tical
eqlfal | ylgymeibad pbgipomd. whaeh hatcqupbigsteris EP@%‘@‘Fﬂj%nér‘fﬂ“ca
aver agefiei ght i Lbabyfalag: Anot her form of
osci |  ati ng node operation,” kKnowmn as Critical
Di mrensi on node or sinple "CD' node, distributes data

acqui sition algng a scan profjle so.as to naximze .
dat® achis wetpd ﬁ% g d swh??e‘é‘rdé% e%‘Pdé’ﬁ Phigieasurements with a
t opogr si iRt & b tRAlab6MBH AR, as in

Tappi ng%g%e&%g%é%%%g?&? scanner % nstead adapts itself

to the topography of the sanple surface. The regions

bet ween_t he data _points therefore are not equal | .
sphted Bbg met Qtoéﬁ]_&,l égewﬂ%?‘@t %’Q@&‘P@ pﬁf?cé'lcﬁq‘ﬁﬁ?sé%e%?%srmm 8
ar eas O{hréék?%rﬁg?er'g)gatasmwmegsawabo&pm exgnpl e, of 500

data points taken along a scan profile, 300 data

poi nts may be taken over one-fourth of the total

lepgth of that line. As a result, the actual height is
rgrm%e‘aettﬁﬂ&‘é?w’?%% regi ons of the sanple as

oppos edddtermsiniip! ydistehRruEwdendirstand wedoad e ubiek @i throwgr locations
the entire region. AFMs and ot her SPMs are bigggogﬁsd

Wit h i nen 85%apgscord adere vl p &alyre 5@ s3mple, the eing
charact g1 st Sesp fegdeVi ces

and ot hg‘%t%%él\h}?%gg%éuﬁﬁ éﬁ @%Ia;ﬁg%ur ac%%g%g%% e
repeatability. For exanple, several operationa
characteristics of a sem conductor wafer are de den .
it ¢ hahe ML S BSEBTnF BapliisaTs G FER G, Copooming
in the walgr ha%g%"g fi@RGer o§§€£h§>9m9§ﬁ19{ 48 @&n X direction and that
manuf acturers demand that these characteristics be L
known wheve asdah ghnsiygriee mufre fraed0ssen prafHesper pm ina Y direction
characterisﬁ%gé ing{lugﬁ%i but are not limted to

" ext r emBORPHERYALIRLAS SHIFUL { he maxi mum wi dt hs of

vias and trenches and the m ninumw dths of lines. A

line is a sem conductor structure expandi ng upwardly

suB8t anfThamejhaskerfisdainl I Whereithe Reanthss agopt densitp el ppgiore than
wafer. A.trench.is.a I ession etched into

or otheQafg%nf8ﬁk§gmgwgaggﬁgﬁggvgﬁﬁisurface of a

wafer. Trenches are often filled with trench

capacitors. A "via" is a hole which is etched

. or N
ot Rér wi e menthasiof alaifmied, here thy decatipes wedeiegmgied by performing
wafer. Lt | ' | TRicBEh Me feature of
such asaﬁg?g%?mg%&%##gaw'o?@? g&g egfé%ggﬁ con%ggéion
of sever@gkrebtayers on the sem conductor, typically
ei ther tungston or copper. Via netrology in
sem conductor processing is inmportant for the
devsl op 'ﬁgtm&ﬂ&d Pf QLTS WheRfin iR Hheth&d plodbEditmeasurements with a
integrated circuits (1Cs). For instance, the critical
di mensi dimse ofgmei rapeatabalityrof lasathen pbew|2Q - t o chi p
speed. Chip speed is proportional to the rate at which
switches are able to change between "on" and "off
states. This switching speed is inversely proportional
toit's circuit's time constant, RC where Cis the
capaci tance of the sem conductor device that is
switching states and Ris the resistance of the via
that is permtting the dissipation of charge stored in
that capacitor and is inversely proportional to the
vias cross sectional area. This resistance is al so
intimately tied to the continuity of the conductive

material that will fill the via. Wen the sidewalls of
the via are sloped, voids and defects are nore likely
to occur during the fill process, causing higher

resistance along the via, if not breaking conductivity



Fi gures 3A-3D schematically illustrates a procedure

for determ ning a characteristic dinension of a sanple
wbheadnusssbn accordance with a preferred enbodi wemusedos/036331

the invention; Figure 4 schematically illustrates a

techni que for neasuring |ine roughness in accordance

wth a preferred enbodi nent of .the, present_invention;
an®d-Fi ghrectbodkehapasorig p charpeteigic,dingasion ofaeature of a

configu ' o ‘ i d
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As di (sj ccmmdtir?g omef ddf}a_ Vi alie, SMthfmeFﬁﬁmn?cmm?qul@i
rocedure performed in acco ce Wi irs

Sr eferr %Ag) gn{‘ﬁﬁl&iﬁ‘%ﬁ PIB}"“*%‘G%%{&%@F\% Hfﬂg}eﬁ\‘PgP‘ngmpzﬂf i#fgriace of

an SPM scan gk s@8nROLhiH@5 Bhtadhisa iR atsks hakRerest, wherein no more

containing a feature of interest, determ ning the
| ocati on of tianll@asin munbleeggs thfougihthefaatptee f eat ure,

and thepn. fitting .a. cyrve to term ne the | ocatiQn, of.

That ealy.  Tuerebing esa vetairmeeen Sobe SPuihy

or ot hefcymechanigtakt MUB&IHules tr6u SRR i6tebnkatatifns of the
single curve can provide useful information concerning

a char act er i tst end exepud edges by fitting ditnEoadhe apaiigh seggprofiles to
If two curves_aye fit through determ ned | ocations on
opposed edge§pg#yn?lﬁléalfeé%att]ﬁpe?ndt he maxi mum and/ or

M ni numDl st ageesin{deAMRtrase dexdnce BBwades tieniesdnd second curves
bet ween those curves can be ascertained to. obtain

) I a
preci se measby aEmRingis lacationr g therqusies at g cByalyRo9f each of
as naxi mim via ‘Mnﬁ{o'ihi&re T ok iy, Vhen edge
| ocati ons ar eascertained on opposite si'des of the
feature, those edges are preferably | ocated on a

common hori zantal pl ane of depth.so as to ensure
thaf th %MP%PPP@S“&‘F@[S%‘WE@%’W ReM& cal or z
CorfponegA) a_ngﬁréﬁé%ﬁfié’éc%nné@r_eﬁaﬁvé?&é’Eﬁﬁlﬂe; _
representation of the true distance in the horizontal

or XY p(Bne. aRSPdE comirpl station thiat ipctivesrdagufren tBapeabg3nd that:

a section of .a sem -conduct or.waf,er surf.ace i ]
scanned t hat I nac?lqw%ssa _ufailgf %%ﬁgfs_o?wrgﬁgesstof %en&%les

case a via Vij, AsetérbnihdsRhERbatidn 6 a¥ ledst\brieSedg€ BE4 fdatite of the
circular in shape and has a maxi num depth D and wi dth

W The scan hei@hledpdbe user defined and is

typically bet.we : r doe.
consi der abl ﬁglbnﬁtgiafbﬁg‘?qu%élg%g’ eﬁ%‘iﬂ%ﬁgg&éﬁé’%ﬁgﬁe@ ggn,
e.g., user preference and the height of the feature

bei ng scanned. For instance, it ma e.1l mcron high

or ZévenT&Bﬁ?%@fﬁ%ﬁ%zﬁi‘&%ﬁlthl*’rf@“é%%\%a%hsi ty is also
user defined g gad,fep g)%aﬁ&hs'o@ G 8 ARE siohll cHEST SFaRSature,
feature height 1n order to assure that at |east 4, and
preferably alfisfirs8ari®Psecembenrpesahicugh thor dederntihe oeations of the
of interest. A scan profi|le generally consists of an
array oﬁr%ﬁgﬁ?“é’ﬁaﬁfi eSoimdone or more properties of a
surface in agbRe@ldes 8 et @Re divBHA batwBerSGhB Mirfa@lisbédnd curves.

consists of a series of neasurenents perforned al ong a
single scan line, that is, linearly aligned across a

ookt o5 SRER 2. AR SIS S Tl

arrangedArfpr exanple, to intersect a larger nunber of
sanpl e features that are not necessarily on the sane
line. In order to maxim ze throughput and increase
accuracy, the preferred scan density is |ess than, and
nore preferably about half that, typically enployed by
the prior art. For a 300-600 nm scan through a feature
havi ng a height of, e.g., 150 - 300 nm the scan
density is preferably about 15-30 scan profiles per
mcron, resulting in the desired 8-12 scan profiles
passi ng through the feature. Prior techniques, on the
ot her hand, typically had a scan density of about
35-60 scan profiles per mcron on the same sized scan,

AN NS s Y L o




Mor eover, though the actuator 24 is shown coupled to
the probe, the actuator 24 or a portion of it may be
werplmpseciot 0 nove sanple 22 in three orthogonalPCT/US2006/036331
directions as an XY Z actuwtor. In operation, as the
probe 12 is oscillated and brought into contact wth
sanpl e 22, sanple characteristics can be nonitored by
deaZect i Tig: S g elirn 341 Weereindhe tantiobstation Hisclats fom theacquired
particul ar, bgan1épot S omq%.is directed towards the
backsid@a%P“gmﬁ R 2 POLRATH 4% %Ren refl ected towards a
detector 26, such as a four quadrant photodetector. As
the beamtransl ates across the detector, appropriate
si2fhal sTlzr $PModnkim 27 ewhereingbapelynomiab equstior hasmiedpllowing
processgs the signals to determ ne changes in the
osci | | a’t®¥n of probe 12. Control station 20 typically
generates control si S _to miant aj constant force
between the tip 1é5432§t%é' Ief’b@éﬁéﬁl to
mai ntain a setpoint characteristic of the oscillation
of probe 12. For exanple, control station 20 is often
usegl t OTH@ST‘MadeIatiﬁ%l?%bﬂehﬂ‘hb epNERRfuires 88 @t a fcan density of no
setpoint value, As, to insure a generally constant .
force bebowetban $®ecanippofiles dnah X direetiompes jim in a Y direction that is
Alternatively, .a setpoint phase or frequency may be
used. APHBY ?%rﬁ8ﬁxﬁ§dgFggmprovided that receives the
coll ected data fromthe control station 20 and
mani pul ates the data obtained during scanning ta,. . .
pep®.or mlhe EPMoriplaigielde Bthicksin the GEM 2¢quikes H@t,a ”gﬁ&rmcal dimension
distanchﬂgternining oper ati ons descri bed above. That
wor kst atton may be the control station 20 itself, a
separate on-board controller, a separate off-board
controller, or any conbination of the three. If the
wor kstation is formed froma conbi nati on of two or
nore controllers, they are preferably connected to one
anot her, e.g., by hardwiring or via an Ethernet
connection. Although the best node contenpl ated by the
inventors of carrying out the present invention is
di scl osed above, practice of the present invention is
not limted thereto. It wll be manifest that various
addi tions, nodifications and rearrangenents of the
“features of the present invention nay be nmade wi t hout
deviating fromthe spirit and scope of the underlying
i nventive concept. The scope of still other changes to
t he descri bed enbodi nents that fall within the present
i nvention but that are not specifically discussed
above wi ||l becone apparent fromthe appended cl ai ns
and ot her attachments. CLAIMS W claim 1. A nethod of
nmeasuring a characteristic of a sanple feature, the
nmet hod conprising: (A acquiring a plurality of SPM
scan profiles of at |east a portion of the sanple; (B)
determ ning the [ ocation of at |east one edge of a
feature of the sanple; (C) fitting a curve through the
determined | ocation of the edge. 2. The nethod of
claim1, wherein the determ ning step conprises
determ ning | ocations of first and second edges of the
feature, and the fitting step conprises fitting first
and second curves through the determ ned | ocations of
the first and second edges; and further conprising,
determ ning an extreme di stance between the first and
second curves. 3. The nmethod of claim2, wherein the
| ocation of the first and second edges are in a comon
substantially horizontal plane. 4. The nethod of claim
2, wherein the determ ning step conprises at | east one
of determning a maximumw dth of a via, a nmaxi mum
width of a gap, and a mninumwi dth of a Iine. 5. The
met hod of claim1l, wherein the sanple is a
sem conductor wafer. 6. The nmethod of claim1, wherein
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