Repa r of Nucleic Acids for Inproved Anplification
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t hese approaches in different ways cause further
damage to the DNA. Conventional PCR techni ques have
been nodified t o inprove anplification in sone
aspects. U S. Patent No. 5,035,996 describes a process
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thereof or Endo IV. The reaction m xture may
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Figure 2 shows the effect of citrate treatnent of
tenpl ate DNA on anplicon yield. Figure 2A shows the
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Lanbda DNA is subjected to UV irradiation for upt o
50 seconds and the reduction in yield of a 5kb
anplicon is shown. C The effect of various reaction
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Figure 11 shows increased PCR reaction accuracy from
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herei n have gl ycosyl ase and AP endonucl ease activity
in one nolecule. These repair enzynes are found in
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Sci. USA 87 : 1874-1878 (1990)); Rolling Crcle
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a sequence for the use in in vitro DNA anplification
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USA 46
Shein 2644 Pk moh Q% sy Bt e St reaiping O the ghpgpenductor
Gﬁﬂ%@tﬁt@ that Hre%dSsef RAhé ﬂe%?&)s)of A1 ¥RRIIE 2O RABR black silicon is

anplification nethods. "A universal enzynme m xture has
blaesenf obitet undonmityiswdssithe waer camalsd bmmgmfl@melyfdﬁgraded by the

airi ma nucl e e 0 or during
§qve2fgpp€twr$%tjaé$glsﬁgc§ngf b aﬁg ‘f";‘ig %rrrage to the
poI ynugl 185k bfifhe abbR-ddsstibédEproBRAIstBat daaeaslt Pbih morpholog1ca1
W t hout causing further damage. The universal enzy

”“h@n@s@f@gﬂmﬂmxmwd Sgla@ée ahalsilicopprsliann subideloqyage of a
§ d
Ol pIAS B R BB O A G Rt SR by -

Wehttion-1@]aed daahdgR (bgf Eﬂfesﬁu@hlaals silib&t m)btdck(sN&Wn carbide
Engl and Bi ol abs, Inc % AccuTa

p IR s@r hjubqn@l?ar«énr%marﬁlateér c@maﬂe lsgﬁrgable?ram\jldeprotectlon
aﬁ%h@él@&{oc&tv@ﬂlg?Js@ec?ﬁ)asulaifffdgﬁlﬁg In various enbodi ments,
unirver sal ure contains E. coli Poll or
Taq poAydorediaghy, aiethods av@sl'f)rewdemthat saperfoumiedas agplasma
mesophj li¢c Endo 1V, : cql' En V _or aq :
th@?‘?ﬁé‘ﬁﬁrchﬁ@ B éS@wn 7 Mgl fdcirg egpaios to plasma
ﬁﬁ%g%lﬁx{c%%&tops‘%étrété GARE plalfd préB85BgQhaBer. The electrode
arc I gase such as 9N | Pgase In a partl cul ar
erst;mfemblyran dpper elagtyote orihamprzroetl\md)ymamlmd Plas00 processing

d . 05-0. 25 its E. Pol | nd 5-5 t
ot B ceciodaisnt By el sl B B HRARAL Bt been
t se@rfoﬂ;%érﬂzg PR Bsln), %%Eﬁl%lshédt elé%tchde A uaderseiead tHahHés been

e COo entration range or endonucl eases and
posteylrfmr}dasmsa prokessinghia thetsanwehgmber ¢rjaghf fagentrehamber and has been

SR S BP0 ) B g R, 8 e

C@rrh%ré{r bR4 uﬁ’fbrérﬁréﬁﬁnwnbmlag feided réfe®eEhat. TEE elettidle
t he assays described in the Exanples. For exanple, a

s peefraahly dpesopdriealidsrang blacksijiren DRiAlask Al iron-umthersuEagedhat is
ag Cp%rsegdetro%las%q?é%ﬁn%eebo]t X%‘ﬁﬁég’g\mglg)ﬁ{égéxhhﬁ% Bﬁs&ﬂbéxﬁsgeg%lectrode

C sirfet alay-hae saée 1etze1cu1‘aﬂaomﬂwm or $lack tsﬂ&tcﬁﬂcdrblde so long as it
determ ne a preferred concentration for t hat ﬁ zynte icp )

t Aleesiiok eapse an pndesitpble pigegss shadpdpmihe pEasms giching of production
0 anplification of each sanple, the

a%fe ﬂﬁﬁ ?lﬁé[lﬁanpl ified DNA can be determ ned by gel

el ect r Théplasini stohingeaddesythiahis spbseheently dperdorosstt aftdr ithencoating
range for the test ne.. The _uni versal. enzyne

PCERs dS BetDy @sagr&&fepq GPSipg syehymepp ?lﬁglﬁﬁ |°§ﬁ%r todhe plgsma-
@gddséd GfAc0Bf e e@écﬂsae wﬁ&mﬁé ?olyﬁ%ﬂé’ emanatr akedebilt of

an‘p es, depending on the type of danage, it nay

bperﬁemmgﬁrleend:tho@ump lcemBrgt prDVuelestmowehSta [to elnﬁyhsma-eXposed

ure
t ﬁlg%qqugi;/l\/l)gtegec d t ; asl?gﬁégg{ughﬁfgrz lf@pg glcarf %hanges during
' &Q'sﬁbs@ﬂé&ntfy%fdnn@@ﬂé@iﬁﬁ eRhingProtdss.es of repair
enzymes ‘can be determined using the assays descri bed
in the Exanples and in the Figures to determne their
suitability for repairing a particul ar
pol ynucl eoti de. Repair of genegal or specific damage to
pol ynucl eoti des (a) Ceneral danmage Determ ning the
nat ure of damage in a polynucleotide is tineconsum ng.
| f some formof damage to a polynucleotide is
suspect ed, for exanple the polynucleotlde |s poorly



pyrimdine dinmers. Pyrimdine dinmers block the DNA
extensi on reaction catal yzed by DNA pol ynerases such

WwW@3006@dp9BNA pol ynerase and hence inhibit DNA PCT/US2005/038373
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anplification (Wellinger, et al. Nucleic Acids Res.

24(8) :1578-79 (1996)). Consequently it isdesirable to
repair pyrimdine prinmers prior to or during
anplification. This can be achi eved by adding a .
pyr i mi Miorepatticutanty, grafemed ¢mbedimgnls of theamethodeeaprise formirm g

al. J. .Biol. Chem ,273(32),. 20276- 20284 998)) to ...
ol v PUmoBR SORHE BRI Hipie YR ek Hig b ALy b silicon
CaPs @ HlebirodeCofta}ashi priotsbsing cHhmiBér, @pd tHe%%)X@ﬁ eRetdode. In a
hydroxyl noiety that is extendable by a D

prefemed sawodimant,dee eanting eam bel farmet on the@niise plismatexpoed
3 dr oxy n .o

orr B T B G RS Ko S8 R AR fr BREEE.
ext ensinGihoftes ptefigrddrensbodirtént] thatcodthganlbe dotyedadh @selected
zyme capabl e of sealing the nick. C eavage of the flap

cRATtigRORBRIDESEN-GFPOIHSUER M HECPAI FHicpR sarbids electrode, e.g -,
. i ; actl
ISP AP A §Fonofnh g B ot

20 02V Jurfadd 94 9n BHRD 5lec2609 ) Forleikampl¥, dureig same, etétimgiprocesse s
Rev. Bi gche 73 :589-615 (200 (b) Oxjdatiyve .
degrigEed iine plisae pESCIsing gt ’j%‘%ﬂiéé’&op & blagh atiGon carbide

p : [

u@gg #ali% @énrafﬁlfg\%t?,?%uauéﬂug% bR peFBRGA sﬂfl%c@?e%ﬁﬂﬁcg t8 bottom

e incorporation opposit€ a damaged
basfacé & thbapper silicoalor silivon garbidgralec@ede. Z@cot@inglly, in a preferred

G A R R I T A
agTRtae £ Yeh ofth@BbRn R RAYRIALAD L REIDIWR 181¥Blich against

many tinmes. |naccuracies due to base damage can al so
blela¢ldzihicarf orddadkysiliconsartidggfosmgiiema éhalpariphbes suidacg megion

after sanmple treatnent with_an en ch .as U

il BERreaibRa-TR Pt aroig B G a Pl UhR: chpber
| esi onprefdrglIyetht Brotective @batil¥y GhethéCit thsapPisd d9erbAtid
(2001)). However, treatnment with UDG creates an abasic

splpemaexprisad swdacpRpORlyR PArfien i the sylase apreiacts tha pndsalyBg
[j t i Thi t -

LRSS PSR IO R FEPAPRb TR sl iy

byledkddetsuerad IMairhatedalrfle] eadchickdle pdignepmateriakthat is
roduct of oxidative damage can be renoved fr.omt he

S@ilf‘?mé freB the @olyneris gnaserial desuns Heinsaloeiive qopBBRIhat can canse
AN Bk R B PO LEOMLE R g

efifient ¢avleidesmddfonebayibirdpreat-rebaediamiageo The palymeric coating
oxi dati ve damage to a, pol.ynugleotide prior.to . .
afﬁsnnm% PR 54 RIS noscik ERE 8T i Hﬁ%ﬁf Rroy1dgR prefeqtiqn against
UREMEIrIRY 182y Ruiheet ure is supplemented with Fpg in

i )

the pre-incubation mxture. Qther nodified nucl eotides
such ah aplefredethbodsrentohe gedentivatemingds égmedendhe entire
cytosine is.converted to uracil,.guanine to, xanthine-. .- -
oblaSREFRRRSSY SURRFE% SR ATHEA BOGESinE CRMH S PO B g (e entires
AR A xdsel BeFRe B disflice oPHiticEPtdrkias eleétrmger. @fh€upper
ese nodi fied bases can be renoved by any of Al kA,
vBlestrdeAaGhaeoatiag can befhringd Bx anpstep dlr mubasien gradgleapauto
site. This AP.site can then be.repaired .b c
R A T R
eprieited| ReDAiBad, the PRItYIIRE 26 8tingRe el oafth@entiraplasma-
enabl es a polynerase in an anplification reaction that
werogedsir feae i thesilison ppsidicen carhids elerireds (§-&.0he vpRe electrod.e)
anplifying the DNA. For exanple, Vent(r) polynerase
activity is inhibited by an incorrect uraci | inserted
into the DNA. The ability to renove the uracil permts
the polynerase t o have enhanced effectiveness. (iii)
Ni cks and gaps Ni cks and gaps in the DNA backbone can
| ead to truncated prinmer extension products and

. . " e oy




Exanple 7. (v) M smatched pol ynucl eoti des Het er odupl ex
DNA can be a problemin nulti-tenplate PCR and in

wheomwgerssous tenplate PCR (Lowel I, J. L. & Kl eP@r/UER00%038373
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Bi ot echni ques 28: 676-681 (2000); Thonpson, J. R, et
al . Nucl. Acids Res. 30(9): 2083-2088 (2002); Smith,

J. & Modrich, P. Proc. Natl. Acad. Sci. USA
94:6847-6850 (1997)). T7 Endo | or mutant thereof can
bas areed thogeishdia seimidonduttbgabstrite eichmg\peosess ndtwindingly, the

regi.ons. This approach does pot_.re ..uanti. .atio

F RS Y o HE R Rsseroac Lkt o b FiHE opeieon Safbide
]

ST LRSI o8 dr AR S
Spdrforii8A 19 the@B4MbEBEr (Arevi7y the Anatinga rﬁhaewofhetelt@nmomss 1s
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c¢c@avgg Breferablyi tha prtedtivssoaingoiormedorEhempices ogsidicon carbide
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IS darmged beyond a certain threshold of damage
(@lbgequeabﬁehlngﬁeﬁeconds heat treat rrent) (see Figure

e T Blokbe Carkille rSIRRGT LAy iR A R oBE

reverse |co y|e y 1 ncu
t slectbdd, md dsptlanﬂt)xcbru b’fheﬁﬁar&lﬂby Bﬁglbﬁfgm suitalviplgad d:cimpommn

(see Figures IB, 1Cand ID).. | n additi anplic
pgqsmatﬁt?a%t EER 8RS QORIROSIKIAN GRMBRIFR ahfeait Wy gaaateﬁtfs that is

t

e ect o t egglﬁf%rpgﬁ%%%?gggﬁﬁg |@rf‘|41€::at|onngIaﬁlteDl\l?&sk%‘S
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t RSt EHR B (l)ﬁ/th‘é@ﬁlcgﬂ Hﬂgmt K1k @shigk B?t‘h% ﬁﬁs For

gbb
as E. CO|? doIVandE coli ligase was as effective
asxanide,tthe garopobition &gn tompriss. CzHg,a(azme CzHarkdHEi Qe L2,

PR PRSI e hect BRATREN! A AL Bl BE e

g@uﬁe& dfbricRE tH RSEY R HRfushE aboraRsimple] HYTO/Clh badmettures
e exanpl e shows that the effect of a mxture of

eanhesssedn anpllfl cation of DNA is not dependent on a

S' ngl e%g ﬁ{etf edpe %ﬁ?mgtﬁethg S éo%ﬂggftloﬁ% O%r@ﬁ@a%%sat iéagmne

mul tip t1ve 8our ce can

Erar€ 9hd (ngoIHeh@Ianaﬂgen sth&dn)! 04, eﬂ Ky, (. ONbr peikiyres tiegeof. In
or a mxture of Tag and Vent (r) DNA polynerases to

pR amte’éecb?m@d@@eﬁythmg@g cERpefiia containg (hlgh; Qe 2ad afeRg g2s (e-2-

3ol 36 SRV BRERTRN Bl YD Fb R0 Pu¥e 800

ehydoflaciebirbod pretikor, bt prtincors i tesks gaes cah seakv epl ahpsuitable
ggxti]gg %ﬁ%%taf&széﬁféﬁéfoaﬂ%ém@é' TR PRSP (bt P BER 50% of
ttoﬁpgés Joh@%gl'tleﬂ gll‘)\ﬁ_h e({l)lgfp oY & g}dj & pgﬁfﬁoﬁ (21 ndf0 than

can hi eved. per [irit si'ze I's
I b 0ot oef dh@tmlte;l ghs/contpm sgminyfiew a SEenierally hieceraping fthepdriiom of the
nhx ure gﬁére al s Sﬂ%{‘f t hat even when t he DNA ¢

Beahor AMRtnSarteR B EHHR XIS ueraca POmPIEF S EF: PHPISFYIFY ©

EUREPLRes, th 1Y AAs EORPESibS dQkre38: 1HE BRObSIBP0ERon BRfhe protective
itsel T béen stored) anplification yields are
significantly enhanced by the addition of a m xture of
enzynmes prior to anplification. Al though the mxture
of enzymes was added to tenplqte DNA prior to
anplification, a simlar yield effect can be seen when
the tenplate DNA is incubated with the m xture
of enzynmes that are thernostabl e equival ents during
anpllfl cat| on or dur| ng a pre- anpllfl cati on step



1 nmM NAD+ (Si gma#N- 7004, Sigma, St. Louis, M)); 80
units Taqg |igase (NEB#MD208, New Engl and Bi ol abs,

WO p@sioedss4 MA) or 40-100 units of E. coli |igaseCcT/0S%05/038373
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units E. coli DNA polynmerase | (E. coli pPoll)

NEB#MD209, New Engl and Bi ol abs, Inc., Ipswich, MA); 10
units E. coli Endo IV (NEB#MD304, New Engl and Bi ol abs,
Inc., Ipswich, MA) or 10 units of Tth Endo IV, | X

t pelymorio codsing foarthd pEBHBSRPesed MatacEnd Henli@inglr allison carbide
Iﬂc., psvvich, MA) t o a final volunme of 96 m _. At

t frect of the reaction, the sanples were transferred

to i ceTROEbtdI TRW SHRL Lbhd & IO APYebdral 3 ki B cReRECh R e a
DNA anplification of Ianbapa vvas performad usi ng the

f desirodigagpressurrsinghe PEANECETRCES Bhe g the polyBRy coating

| BoReseo PO puebielt T B R %G%E?CTTC@%a&é?%%Ot%é%Er ge
AgbisabBes1003éem 1d 9¥ouk 306 @8&1@4The éhatbe® breasuat tdn §Bich D range

m xture was added t o 96 of the above repair

nitem abeut 2haTdepbeyti1089 mihdlmnath@ BOLYBISt 8PHBIE PIOTSHV

T 15 5 S VRN TRUAARy L R A6

S¥flidmd tdViopi a PR tetBE3mdimetic boa&ng heviap paliffividnk &ﬁckrfEﬁs on the
correct for any enzyne storage buffer effects,

r dgsapd remiontheotWaesplasma-exrpsed sifage pEHetsilinon o ﬁléwon carbide
t
00K, BT U e BB L g SR o
r plasha-exposae siefaek aoddg thet pdasma d’ucﬂnm@bf thy sbmrcoud;mtny subgrate.

&Iovvln paraneters; 20 _sec gq@S C for 1c

f O1900the PRI C PQlymgTICHATHNE IS Y ARTH S 00?1?6 "F&Pat?l% over
cyel T

B GRred R T SR pfhaATRLL AR B BB R andor
dcaﬁ:rmlahlelge:uh dfypn tctrgde sméacg et whick drie gesureds By foﬁ))dng such

gty e R s ZnlEC sariTes CoplrSah g vl ppeins
Pﬁﬁ%er ﬁgﬁ’érg nﬁ%ﬂn@%f 132 Lﬁﬂferlyﬁiﬁ fpla%%]ex pB:d strfcedurth

was added to the 100 ication reactions. 20 nl
o$ubtsm®n§$ﬂrrucqndncmguhstre‘w Hlasa@ee(@pfmg @roc¢seesngar ose gel

al on of adde B#NBZOO New,

gl anth &isferl Hngdimé A GORlvq RITLERE G ipE W formed on o

s§iae6ipskilicon atbid elbctRfdeddB) tHel@Perldttiode af@6ftichalPod one or

was conpared by gel el ectrophoresis and the results

mrasmwparﬁa, asloglerst@plq&a HErFtapHBoeaFHT elcapBgdnteriayugtpces of
okl Bt B REYRE ALbe H505 ESALIRI g Milres

aﬂeim Iﬁﬂoeedsl The Wafdritss yvto eleas progvssdhréfetaplyy mslutles, a fifst sepl in

I D). . Exanple 2: Increased anpllcon yields from

wivhishiaR ¥y een Ripwas 1§ ssnerated (f%fwveaep?saﬁs drorp @gtlﬂtéﬂ?rssurfaces

f

CEh AL phich  BoTERYy M3 RERIARE Tkt Wibositon containing

aﬁgmtc apldsmbotatswithodteproduotion mferr(E@ aa waﬁa‘r tic ieggeckssed to

DNA,, vari ous mount s of )\%& ge was f I i nduced.

bEFOLPES HBEIEPNILEIRE ﬁied PHATUCTARSEIERE ﬁ*’feé‘%’é’& SQ PIPR PERRSSSING
@Lﬁpwlgﬁ@f &5hii88 s %gfﬂef?ggf&i‘ne'dda%er fhe ﬁr&tcl@a!mng step.

Bi ochemi str 2(32) : 27 - 83 993 Lanb

( KB MA@ 1the ivaNelesEmgd aledn B'rcmbabsperlfcvrmed prmw td:lh st of each

t h |. precipitated. Th ded
GRBGHT IR Vol BOF ST G RANGEAT0 v i 7 ate, oH

5.0) at f(%‘ir[@l ﬂ'h'@ﬁt()ecﬁa an b
700C foIr@OS:&g ehgﬂm?f lgnﬁ%dﬁ%ﬁ%ﬁﬂua?es an be
suseglte prastica mf@r@d learbolimpenscofihe metwds d@scnégthl@qsemd die
in EB buffer (Qag en, Inc., Valencia, CA). The DNA
concentration was determ ned_§_y neasuring the A260 of
the DNA containing solutions. Pretreatnent of DNA with
a mxture of enzymes The danmaged DNA was incubated at
roomtenperature for 10 mnutes in the follow ng
mxture DNA (2 5ng/ 120 m nute darrage) 100 m\/l dNTPs

A A IA a — o a —




This reaction was incubated 15 m nutes at room
tenperature before proceeding to the anplification

WG L@p/ 04PN anplification reaction The anplifi cBtT/082005/038373
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prinmers corresponded to 52F and 233R as described in
Bucklin, A Alen, L. D. M. Phylogenet. EvoL 30(3)

: 879-82 (2004) generating a 200 bp anplicon. 52F:
TTTTTAGCAATACACTACACAGCAA(SEQ I D NO 3) 233R
ATACEBOCASSTBSAPLAGBS SEchIDpﬁl@s 4)ca§>quhh\Eﬂ1$-com1@1 pidm:d to
a final gncentrﬁ ti pn of

RSP 08 F0ERCH LR oN B Cp RIS Aeyibulisgia” ffhe plasma

Tﬁ@cééﬁ%g chiinbdF 192 (Rc1istachiRBerNM D@J mbﬁﬁfﬁie%ﬁ(él&tﬁcal path
units Vent (r) (exo+) DNA polynerase added to the

rtegrounsl ;h @nbﬂemalha@ﬁe@ar?hﬁ razderof abuenimmronthe lakef andal
100 t "
e ionel g e BrosE BT TP R M S Sl st

adisted 8 pYeidaEs the Eiandtshr walled3 Q&ﬁ@lﬁéﬁéﬁ&hﬂconﬂu&or substrates into
reactions in which repair enzynes were omtted, the

amdramd of thealagalagprecassing shapker 40dr age buffer was added

Lo ForFichebafpBukigle SRS i RUGI0 GERELLIGNS (YFRGing
40b&esn aﬁrf%BQ& f The BOtt@MGhidsace 1281hn bofat Glurantisludefa dts as
reaction) was |oaded on a 1% ag3§ ose gel, .prepared,

efeserhesp urcsamplead) S Batant Ve .39 . 784 sWhidhdfjincorporatéd herein
Iye‘? rlaﬁ'é‘erlﬁ §§ @?ttu%gpl T&%@X{)&L&r de QPll %Eﬁ lbé a gﬁgféglgce%ultl-

BEET Ve prel ation o e sa ustn
tmeceaaslaqtmde Th tipppee <ladande i%@n&hm\/ﬁo%ﬂ@ad ele&}ode 1nclud1ng
Exanple 4 ; Increased yields, of 10 kb ag%l i con E ggr The

hePaPASTREERIT BIKIDIEAE PERTE S PRI RIS Bigsreleg8am
dl%)?)%f EREGodetafb8 BPLficdn (-2 $1 -Anheae %aﬁ’ﬁl% sli‘l%tn%g pbBcBR0Hine
f 180 sec. Pretreatnent” of danaged by amxture

ofiliem) preidicomsarider Ted apparatasl(}(hhblovlss a gadodrre OMA shown) for

180 heat - t t | mM dNTPs; .1 .
BRI PR S0 (h Rd: GOt O chheranger gt i
P}S}Eferab]:? Boweted %y Qh I@ p&@ér'so%@g 004 Via a matchM8mERRRPR! In another

0 a vol une of . The m xture was i ncubat ed
f @nbddimeity ﬂﬁe@pp‘ralm*troglg laﬁpan a grawurdad, to previde a return path for

i e Y AR T Ea SR A i woGpln e AR, 2o
t&b@cﬁl&&l\/&l&;@ m of preincubation m xture. Primer

L71- 10R é;se quence GCACAGAAGCTATTATGOGICCCCAGG) (SEQ 1D
NO  5)Iny plelab@@m@mzof thRrapparaua i shown iffdG; byspeess gas is

t r
CBPIE 5Bl RLBRATNR ShrP1 055, A RIS Loty deveipea
t hedwedDtheiupp@tel £R0He 104 ardd £ yehicondfbipl bulssirati I0geyga 10
kb. The DNA was visualized as described in Exanple 1
viieHCmkuctos MRk SHEPesiedet # esirato supgoriklle heéﬁgqt%e support
buf £ P, : Caael]
B ety REHEE b clelod i ol fd eBlc® ' sEfoh Ao
asubhstratX 1D©adheng1bbtmzﬁté auppozibyndn eddctiokiatic mhmﬁlmﬁbemd: iTiteo
ch | ane. e, gel was-a 0.8% agaros e res
ok H%gqﬁsea% bQHRHH P0G PSR Glstpbly biaSe by dn RF
ér fsbaRE 196 (%RlAbﬁy ofa. a%lﬁcﬁﬁ% haelose). fTIf%'ﬁp%Qﬂ JurfadTPl £8f the
I ronment al was isolated fromthe soil using an
Utlecrtw@ta@a mh&h 1 14[pmfembﬂy hasappiaBhatelydbe sanodiamster bhithe,
Carl.sb (S og # 12800-50). Pretreatnent of DNA
wWiTHe “FE%@@’ vol ume of 100 ml containing 0.6
nmg of environment aI DNA isolated fromsoil and one of
the two |igases described belowin (a) and (b) forned
the reaction m xture. This reaction m xture was then
i ncubated at roomtenperature for 15 min. (a) | X Tag
| i gase buffer (New Engl and Bijgl.abs, Inc., Ipsw ch, M)
and 80 units of Tag ligase. (b) | X T4 ligase buffer
(New Engl and Bi ol abs, Inc., Ipswi ch, MA) and 800 units
of T4 ligase (NEB#MD202, New Engl and Bi ol abs, Inc.
Ipsvvl ch MA) 1 nm of reactlon mxture was used in the

g,

oy o o o



1 mM NAD+; 400 units Taq ligase; 0.1 units E. coli DNA
polynerase | ; 10 units E. coli Endo IV; 80 units or

wa ooanids4s T4 pdg (al so referred to as T4 Endo ROT/US2005/038373
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(Trevigen, Gaithersburg, MD); Thernopol buffer to a
volume of 50 Ml . After the 15 m nutes incubation, the

50 m reaction mxture was added t o 50 ml of an
anplification solution. The anplifi cation solution

consi sAgumpf(ndishpwnl) isoddaptad o printen a (edifedSRcand pressure inside

L30350F as descri,be 1o0 72 2R (t he

tg %ﬁtﬂ@ P&%S%ﬁ*é&%ﬂ%z%%@%é%é%t é%etﬁt&yg? the
'dﬁ%ciﬁﬁﬁ&éﬁ’&@ﬁte@ﬁ faflows 10M NAD+, 200 ”M dNTPS

units Tag DNA pol ynerase (NEB#MD267, New Engl and

Bi ol ab4n ekenplaryl prssliatiplatplasmaredctop that oarbd usedlis ¥ diaime

h L
B P TR FRed Gt Pu F TBRORRVERTRT et RobrLe:
o, 066E8D4Nvhich 1Itteret;g dﬂr% AHed bl edfsrened @ iR agiedy)l Th euéh
t her mal ¢ cler e L72-5R and L30350F pri nmer

cr@n@prsaa@tp ing 28 mmbeaaupgh@mfa@hower@y@d electgaylednm aas supply

e 4R o 1R echBfea {f BB ) RbplARERE e from two

LsRiakl ko ﬂfelsﬂ@ﬁerﬁeid)d:lea‘fd(ﬁmnd/ér ﬁlbdittc&h 40644, oF the shywkshead
30 sec at 940C, 60 sec at 580C, and 2 mn at 720C for

3¢e @v@néan baelggtrically grryadsdond Riconersy atwopshiduenideayencies
ampld i sualized on a 1.8% agarose
gée%a usi ﬁgﬁ elt%ﬁﬂgﬁrlgﬁbbrgtrér?%e&é The size of any baond was

conpared against a | ane containing the 2-1o0g | adder

(BEBNB200S, New Engl and Bi ol abs, Inc., Ipswi ch, M)
andards. . The ults [ [

Fl,. . 8. .
Exanpl SwoR Ui VIR Mo A e&??'a%% 1w dgieTig paig oteh
estByR] BRh VIR 8% %hﬁdc?t‘ibe‘iﬁ@&ip‘ledﬁﬂ%h@é Pioees! H!ﬁ%%harhﬂéranat@ﬂlch a

UyrC I ncreased anplicon yield fromkrill genomc
i shdcat munpomwds aﬂt:toeﬁd pr thichotiasindarestt thmalls(anttﬂpels elaetm@

L B OB PR SRS P Bbl o o

bﬂae RIJErS I Es ﬂéuaqryaﬁmteusarﬁaﬁé $iBEbrPeBupds wae bk @Mied by SEM.
Stored DNA i s incubated for 1-180 mi nut es at 4-37 0C

i Blagk silicon fosmied) gnrths(tzlaetéodemd bladr siliconfiopres daviag pagedle

genom ; Cx)nt\/ld 400 units of Taq
I eﬂ%@éff E&Iﬁfoémg]eﬁocol Edﬁ\@ewoﬁ)fﬁ%r ase | ; I OnM
E. col ThéMting 3RftestMyvis modified tdvinEorporatdralbtep bf fdvmBrg g
plus or mnus 50 nME. coli WrC 1 X Thernopol buffer

t protectiv e nelymer m?émsnn%e Pﬂtlfe plasm@:ﬁxmé Rottexspxfacgenf a black
Y,

2B Sl B PEEA R A A (A

Euxsmg)the fﬁstExx\anmhmnaatclt mmeas\l siiiconegupoc waasattachettp thé battom

DNA anpl i fi a actlon v | eavage. of

hetrées afiheslesy Ph%tﬁtlas ?reawg i A Ot&omAEfgta?erfgf theyg

! élg@%ﬁigtv@qs-w%ﬁlg ﬁlsk)eé’t@é afiEie Qﬁ%rﬁ&gﬂ)oh vPasi RGN SRER, SBERL it

lon In a reacti m xture”w t Hout
r wasldetbymidehthachiaplachslibdAformibd en temlatodemakes it
possi bl e to reduce unwant ed het erodupl exes resulting
from m smat ches in an anplification reaction. The
a ies on treating a supercoiled DNA contai ni ng
a crucirhofm fﬁbééél%&ééﬁﬁec\l\'iﬂ E‘xdngﬁé ?%k@ﬁ 84tBdl i OkechAd low-k
Endo | . : EO 100, 200, or
4m@mm¢h sectpet Biackmiligen) fonn@m@ebqttomléwf@tﬂgtféhmsﬂlcon upper

e B e R s R i B S) spuhncttoMde on the

et.al. Biochem stry 43:4313-4322 (2004)) and I X
NEBuf f er 2 ( NEB#B7002S, New Engl and Bi ol abs, Inc.,
| pswich, MA). Pl asm d pAT25t18t. A can be used in place
of pUC(AT) (Parkinson, M J . & Lilley, DD M J . Mdl.
Biol. 270: 169-178 (1997)) and Bowater, R P., et. al.
Bi ochem stry 33:9266-9275 (1994)). Another set of
react| ons were set up SI rrultaneously and used the sane

o oy o o o Y



Het er odupl ex DNA is visualized on the gel as described
in Lowell, J. L. Klein, D. A Biotechniques 28:676-681

W@ 20060)954 Absence of heterodupl ex DNA in the pPEFERIES/038373
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of T7 Endo | or nutant thereof shows the effectiveness

of T7 Endo | or nutant thereof with |igase. Unit

definitions are described with the product description

for each of the enzynmes recited herein in the NEB

chotadm gurfd\dewhEcxgitmﬂd nBibbdcklsgicom lﬁmmedlqnsthﬁ: elbctrdda.if Eleaned and

exanpl unjt .definition for T7 Endo.l or nutant

¢ HerDotitioned lod Syt AT aF R PO EGiieed ¢ o conver t

greater than 90% of 1 ng of supercoiled plasmd into

gEgﬁhﬁ%gthan 90% | i near DNA in a reaction volunme of 50
In our at 370C. The T7 Endo |:DNA rati o can be

i ncr eaBwanple Bhwan perfecmed i degnomsinats e tfict offosniregreprotective

R ol B 2 B0 o s R0 SRR RSP ol F ELERT bt
aélbet&od%f%wn%aymg@l@ﬂ@m pidge OMafnBerQitirBh@td Weferless
damage The subj ect to oxidative danage was pWB407

( Relpivlee prasgss baforg single wefer sigling aeichotReaductan watpos 4%
orgt toypARg BATEIP L P R R Y G PG, 2EhBlge

ptveaﬂtptﬂisé sih(:&awafeeg wekietetled. PAGED. squeeﬁﬁ@chwmms alow-k

376(1) (2000)). Plasm d DNA ( in
dnet <Ftplwemétsag)thw<90§6 RY-Ednain e}farracflp@na y@%&@é&w@go clsgn

t
CBrsRERRRL pelnI e AC Bl T VB PR AuFelbhffgogss ingluded
aat oXyPen pipsmi clchBihgrsterf usiey thy Gdllowahg pRicedsesnditibhs:t dimseber
fil t d il ] nat ed
P eSO L o005 2] By B ot el 1 o e
Déi‘%ct‘ﬁ@cﬁe/ﬂ@b@ GEddh b@i%dsec dA&’t@ldetclﬁﬁg tﬂer\ﬁﬁefseﬁle $B86saHr bk of the

of TE buffer (p 0). Final DNA concentration
mal@cw@teevamvmullbymph@e@md thzesmlo@naioupogives enandsd@l by SEM. It

C. on..congil t ns A porti,on V\B407
{ Wat QelgiBed it S PueS e O e diior B
pr | mer Neﬁtlﬁre%erlgsgﬁ%%[ %@%&%&W@ﬁ@% lQxygen
NGO 9), and 316-137, CGAAAGCTTTCAAGGATCTTACCGCTGITGA
sEngna plendng 18P, a parermﬂmoamasmsh@trfdrrsqcba n@wcm«r polymer
bas thebgreV|ous

Btha I T RTNRY Pl iontF dorwTi o e step

A(J\t/fﬂl‘i thi8&8cond oW I3BamdefcH 26138) )A sfH@Sn EO6botwas REEched to the
reactions contained either 10 or 50 ng of tenplate

Digttom serifacs oé thameqteodsp g he frlloaties pragess sonditiersweiedised during

L

aalpl MHzgpliedto Iowet bl&gtr&‘@mil i:cm@/ﬂﬁ%&cmﬂzﬁb/ﬂ)a@m sec.
Bg&;erase NEB cat #M) gl and Bi ol ahs, .Inc.
I

g thepgiciing ogﬂle.sm@n a‘faf% ﬁ]&‘f DRt iase o thsreleptiory was
SR LIy 46 B HRD By romine
fﬂmahbyhacﬂhmnaﬁﬁﬂ@dﬁnﬂ@wﬂMMMgean@upm@ns when usi ng
Phusi on DNA p ol ynerase (NEB cat #F- 530S, New Engl and

Biol ab Inc., Ipswich, MA) had an initial
dﬁﬁﬂﬁgéétlon step of 30 sec at 980C for 1 cycle, the n
10 seCEgim 8@%@9@%@&@?&&@&&%& the éffe%@oﬁﬁﬁmﬁ{g a

720C for cycles, and finally 5 mn at 72
r pmthcn polymenlaysr owep elhamaugppe dleblyocleoﬁda cmga@sva}y coupled

reaction on a.,l.6% agaro ared r
hBPebE AR e dadiot: AP RSReR e iaute SEETROSH boleR ok HRning
used was the 2-1og DNA | adder (NEB cat #N3200S, New
Engl and Bi ol abs, Inc., Ipswich, MA).Ampliffcation
accur acy determi nation The acgeur acy of DNA
anplification fromthe pWB-407 tenpl ate was determ ned
as described by Barnes, et al. Gene 11.2:29-35 (1992)
and Kernmekchiev, et al. Nucl. Acids Res. 31:6139-47
(2003) Anpllcons contalnlng the IacZ ‘gene were

o o o, AN A /™ a1 o, L 1




100, 1 nM NAD+ , 200 mM dNTPs (dATP, dTTP, dCTP, and
dGIP), 2.5 units Taq DNA pol ynerase (NEB cat #M)267S,

wo bime/oEgl and Bi ol abs, Inc., Ipswich, MA) was mdiies2009038373
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the 50 m _ repair reaction and this new sol ution was
subjected t o thermal cycling conditions for PCR The
anplicons fromthese reactions were purified and
restriction enzyne di gested as described for other

amﬁ bziohomfexa Bioventy-Tive sdivph ive fons wereratchello Reldr fordubjecting each

d.. Plasm d ared b

o RIS eiprt s o MG e S 4t Bl e e formed n the
chﬁﬁhﬁér if %icqavafgh&aﬁ @upbh WhHMtRhE DR bb1RIM JbrfbQF the
with 1 unit/ ng DNA of antarctic phosphatase (NEB
c ale#mms IZe walerlens @n@rﬁdea&mc@bsmcﬁmd a firgh owly gdn plaaa cleaning

hos WB407 .v ct or,.bac

O Ep AR R e Sl Rt e B SR 3P LERE BRESn WESntsg plagme-
W%ﬁpd%@d béttdie duMhdelb s Qh@lé\ﬂl*d)ﬂ@ kTke followin@giob@R cbhditions were
(Q en, Val enci a, . The digested anplicons were

dgng Hacofirsh siepy elmm@a Pivowa0 of PPQEH P9 Wt 26 Milz and O W
A g% M}gi‘%p‘ﬁ%h “Ec91c1%P féé{r@t/ﬁiob sgcnl dfgn"s%&‘t ?{10 i wﬂﬂg process

I con used rfo
t bendm@ﬁtwae uﬁal dlLQlMgﬁEe tdaencnaepr aeinbe press L€ OﬂB(DT'ﬁﬂUE(OD W at
condi ti ons | and Bi ol abs, Inc. Bever |

LG Mﬁéﬁn ? Wc@ts2 zeapgligkiorlppst eleepdeft psoem @dﬁ? sccm
%/‘F&%r Ne%er etbhint gqgégwéﬂe%s 4% tibgt (611531?%&:23 of a%eelectrode

sg ect | ve T ndicator plate Wer'e
C ovak alsnall}glnSﬁbct@Y ahd ﬁmsllrcoh casummdwﬁ(bxaglrmﬂ bXgHEIM. It was

Bef or e, | e bac erl wer e .incubated in rich
s&eﬂnm%% %f %blacgtsﬂlger dopdhe ARG 2%9118?11» he
_”p' ci Irhg fér%%%ﬁ% ﬁ%&scr%ﬁttﬁ@ﬁnﬁdlﬁ‘i% éf@ﬁéd &Hﬁodlﬁféﬁs&ﬂd

| i gase treat resulted I n zero colonies. Colonies
wercdeseiopetationrofithegresanlt mvertione rH@M@edabﬁ iaver¥®, shankl not be

one or da t 25C. The resu own i

reoped $baipt fadied & e phdela S FntoR Brebres dhus dbe
agbstfeate¥credntdiAsms sHdufedd &gaﬂﬁS@ ad ill@ﬂ:ra%ifv% @hther than
deam nat on damage Cenerati ng deam nated DNA The DNA

s isfreative tanddieshouitblod anprestate a(lmmykbmn@de ingthosg
Nuc I,ds Resea

il o SRRET AR ER Ay Wihons Sl BRI sdhriet the
Bfefséhﬁn@ﬁtldn asdeagdyirdfollbwitaclais. et al. J Virol.

03 Feb; 77(4) :2640-50. Nitrous acid can deam nate
guani ne in DNA to xant hi ne, cytosi net o uracil, and
adeni ne to hypoxant hine. Pl asm d DNA (2ng) was treat ed
with 0.7 MNa No2 in | Macetate buffer, pH 4.6. The
reaction was termnated at various tinme points by
addition of 4 volunes of ice-cold 1 MTris-Cl (pH 7.9.
The plasm d DNA was precipitated, dried and then
resuspended in 100 m of TE buffer. Pretreatnent
reaction to repair deam nated bases The repair enzyne
m xtures used separately o r in various conbinations
intotal volunme-of 50 mM were: (a) 1 unit Human Aag,
New Engl and Bi ol abs, Inc., Ipswich, MA; 2 units Endo
[1l (NEB cat # MD268S), New Engl and Bi ol abs, Inc.,
| pswich, MA; 2 units Endo V (NEB cat # MD305S), New
Eng land Biolabs, Inc., Ipswich, MA, 2 units UDG ( NEB
cat # MD280S), New Engl and Bi ol abs, Inc., Ipswi ch, MA
200 units E. coli Endo IV; 0.1 units E. coli DNA
pol ynerase | ; 10 units E. coli Endo IV; |nM NAD+; 100
nmM dNTPs; | x Thernopol buffer. (b) 2 units Endo V
(NEB cat # MD305S), New Engl and Bi ol abs, Inc.,

[ pswich, MA; 2 units UDG (NEB cat # MD280S), New Engl a
n d Biolabs, Inc., Ipswch, M4 200 units E. coli Endo
I'V; 0.1 units E. coli DNA polynerase | ; 10 units E.
coli Endo IV; ImM NAD+; 100 mM dNTPs; | x Ther nopol
buffer. (C) 2 units Endo V (NEB cat # M)305S), New
Engla n d Bi ol abs, Inc | pswi ch, MA 200 unlts E

e — I o o A~



I x Thernmopol buffer. (f) 1 unit Human Aag, New
Engl and Bi ol abs, Inc., Ipswich, MA; 2 units Endo V

w@ biekoewmt4 # MD305S), New Engl and Bi ol abs, | nc. PCT/US2005/038373
| pswich, MA; 200 units E. coli Endo IV; 0.1 unit E.
coli DNA polynerase | ; 10 units E. coli Endo 1V, |InM
NAD+; 100 mM dNTPs; | x Thernopol buffer. The
anplification reaction conditions and anplification
ac WWHAGVISIEL ATMEBtISon are performed as described in
Exanple 9. Exanple 11: Unit Definitions Thernophilic
ligase unit One unit is defined as the anount of
enzyme f equi negetRdW enostids ol Haleb e RflymericdHinB Eplasma
Il -digested | anbda DNA1n a“total reaction volune of
50 prdcessmgldhanibey ttesmathod 8@@pesgiphi | i c | i gase unit One

unit is defi.ned as the anount of. enzy nme required to.
5give 5OSUNAIYHERSHS SOMPRHPITO 4R 'GHE? B resEiapRR Yaich
DNkt S8R k16 @HEEHM diddon QR sifit o ek Bi dEMhi O s Y 1B a-leRpdsed
total reaction volume of 20 M in 30 mnutes at 16C.
AP setfatoribe elegtredeifacing@rubsiraia stuppod der supporsing risemigendwetor
ofsqgﬁ%yp required to cleave 1 pnol of a 34-ner
O|I%O &t eot i de dupl ex containing a single AP site in
a total efig@peingOfc \¢ad cuipoditiohntalthd pladmbardte; aid 37C.
Mesophilic polynerase unit One unit is defined as the

10 anpunt  HIMeRE 9 REOteHiYE PRlYIeric seditgorhitdeasba naton e theptrsma-
an Lo S | ! .
S RS R AeRE ol el 054 o vioms

i ngkdtebitiog agaihlt-«Idhih: antle 1wy intlertidng thepestetéverdoating during the
sperm DNA. Thernmophilic pol yneraseuUnit One unit is
deFhbsedient Plagma girhing of he serucandustng subgirpte in theghambss e
10 nnmol of dNTP into acid-insoluble material in a
total reaction volunme of 50 mM in 30 mnutes at 75C

15wi th 200. MV dKEBsethotdfi@aing [ vSidreid THEg@rodmpolitiog comprises at

activated Calf Thynus DNA. For .unit definitions, for
DU, e ocl e TREE BEOHP GE1SINENG g1 ofes D g Ebcarbons,

| n i . . .

o By 5ok Bont Bl et Bl bl o D ol ic conting

MOoh i e@ATInGINe X dREANSIrRicA BMAe EFRCHOMROCESSI NG BACKGROUND

During the manufacture of sem conduct or-based

products, such as integrated circuits, etching and/or
20deposi t Bon streRmAR&] SSEsint P, whkirbid tH@géércoﬁ%ﬁQMSn lca¥@FiSes at

of material on a sem conductor substrate.

c otrasimmic @aa belested fram the evup gpresigngrefizEs, Gatbe €4, §abls, CaFe,
in a S tate t |.asma.etch material on the
se&gg%ﬁgtgtgﬁbéﬂ%gfpgﬁg&” Bk i'or surfaces of pl asma
processi ng chanbers can be nodified as a result of the

pl asma processes that are run within them Surface
nodi fi c4t i on Thgmatkedef Caign 3.0vhareinfthe gasspmpagitign figher

i 0 . &
25 apropaS pE RS TSRS M roBRERAY IR B, O
vait,pNg 0@aC0} ansmadiresttarbf.i n t he processi ng of
sem conduct or - substrates. SUMVARY Met hods for form ng
protective polyneric coatings on surfaces of parts
exposedsto t i : i j
apparataées gﬁg%%%ggpgggéﬁgﬂpre%g??ggégﬁﬁgliﬁgﬁﬁ%g sists
t hessertidilyds’ Cid4H) 10,s@d asarpghyi ng a gas conposition into
a plasma processi ng chanber, which contains one or
nore parts of silicon or silicon carbide, and
gener at ghg a Tk asdRod 6L E, RS AARPASEEddR s b ShdwRlRRA
pol yneric coating on one or nore of the parts. In a
pr efeetrodech fesmigiel crysiat silicdne pplyaystallprectess iongilictandrbide.
contains an el ectrode of silicon or silicon carbide
and al so a substrate support opposite the el ectrode. A
pol ynmer coating is forned on at |east a portion of the
pl asma- exposed surface of the el ectrode by generating
a plasma fromthe gas conposition. The gas conposition
used to formthe protective polyneric coating

Y o o o, o

30



(SEM of a norphol ogically-nodified silicon el ectrode
surface. FIG 2 shows an SEM mi crograph taken at a

whe@herosagni fi cati on of the norphol ogi cal | y- nedi/ismds/038373
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el ectrode surface shown in FIG 1.FIG 3 shows a
nmor phol ogi cal ' y-nodi fied surface of a silicon

el ectrode. FIG 4 shows a plot of the relationship
bet ween feature size (length) of black silicon and
etching tine. FIG. 5 shows an exenplary

capaci |veI | ed 188 rocessi ng appar at hat

can besused ”?é@#@ﬂnzﬁ&ﬁ9 C0 lng gmed on the

ngtag‘lﬁg-%x & %hlkﬁ&e Jf%eeélébtro@gﬁéﬁ & @ﬁ%@@ﬂl%@tﬁemam on the
EFERRED EMBCDI MENTS Paral | el -pl ate pl asma processi ng

c hhlﬁlbé-lequsﬁd Isuudeceedurmg ﬁmsuésm@mddesrralrﬁﬂchmgocv@he semiconductor
e}&t de, g 3 romsurfl of the upper el ectrode

tﬁ% %FI@]FQ)%gn%pguﬁﬁ?gg pport on which a

sem conductor substrate is supported during plasma

processi ng. These pes of plasna rocessi ng chanbers

are suft abl &he ot fp_m{ Figripimmb wheseirdbegas vapesiber issapplied into

|t;he \P‘cll% Sroé‘é%%r 'cﬁL%ber%Vg ?loalsra% o%l f?o% 5%%%(? gt{cﬂ{ & about 500

senrconduct or subs ring plasma

ets@dm afd ﬂfeqﬂsﬁﬁzepr,ocedgmgtcﬁimn@ 1gatsa pless&rep PIf i a1 20hET to

plasna rocessi ng chanber and plasma is produced by

sﬂbﬁlﬁp nﬁbmer to at | east one of the el ectrodes. The

processing conditions are chosen so that features are

etched in materials of the sem conductor substrate.

The upfer elThe hretiobel offClgiar Blwledreiplthd ®lptesivecoating is formed on

ocessi ng chapbers n be copposed aof silicon
D PP CotPB oottt LS Rl E509 4 AL Bagk rsteBraFpsfsof plasma
t 'aeamh%ggaﬁ&%@fa@esm 1%&54 EesSinglchgmRper

el ectr I ncl udi ng the bot n1surface can be
nor phol ogi cally nodified by the flux of energetic

i ons, oto us ne tral .ato and nD

that " aR genBe Feeedy B IoRAstan U SRR GBS AR iny forned on
vVl p%éﬁlaté%éécpﬁﬁfa%‘ 8f the %Feb'ﬁodéhstﬂh@t HRQERERIIE Shing the
sem conductor substrates. A "norphol ogi cal change” of

t hemigpretor subtiséalinghe plagna plocessagthembesde i s

characterized by a change in its surface topography.

The surface topography change is caused by the

non- uni f or Mhe iRl SFCIERL ErWidreiaGhOgS ctiBpSsifiddttenergized by

such as across the wdth (e.g., dianmeter) of-the

beenagitivelyrfoapling powpeinigfhe plasie pracsering ¢hamberesul ts in

regi ons of the plasma-exposed surface having different

t opogr aphi es. The norphol ogi cal | y-nodi fi ed surface has

regi ong2w t Theintstitod AQhRE b Sviggeiaahpesatod®is a new electrode, a
non- nodi fi ed surface re I ons. Clher S|I|con and/ or

sFotpioshed sleptrade, oRaAR 8 e@%‘@é’éﬁw?‘&? Y Resd jp BReghambers| so

be subject to a sinilar norphol ogy nodification.As

anot her exanple, a silicon electrode surface

nor pholldgy ThamgghddetClaim l:,h:a]nememethe pettdiivetgodymeric coatmg is
reseace of needle- Iike r.od- %Jﬁe n1cr -si zed

f &omsd o8 the,enthe SIPSI3fFROSe SF‘&"(?I({ t ‘?@?ﬁ“ﬁ‘é %ain plasma

et chi ng processes and process conditions used in a

pl asma processi ng chanber containing the el ectrode.

FI Gs. 14.and The sibhedSEM lainc t oglneamihsth@plama processing chamber

t | ReRE A ek ol pun) ey S GHEG OB oo R g nd has
{ PIcElcOPostl sArfRG e Blott AB PRI 0BIMG 8 WrhRWN the

a pl asna- exposed bott om surface of a silicon upper
elpbemp-cyposeAsutfheswt, the ifdeasbent aslditicnel pirer o f eat ures
are closely spaced. The features can typically have a
l ength of from about 10 run ({01 nmm to about 50, 000
nm (50 nmm (and in sone instances can have a length as
hi gh as about 1mm or even greater), and can typically
have a width of from about 10 nmto about 50 nm
Features such as those shomn in FIGs. 1-3, have been

o o . o Y
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from about 10% to about 20% | ower) at the surface
regi ons of the sem conductor substrate that are closer

WO 200bl0e995£gi ons of the el ectrode at whi ch bl ackCEUB2009088373

is present. Etch uniformty across the wafer can al so
be significantly degraded by the excessive formation
of black silicon or black silicon carbide. In |ight of
t he above-descri bed problens that can result from

nor phol ogi cal changes of a pl asna-exposed surface of a

silic or ,siljcon_.carbide el ectrode of a .

par o T - pringtnsd 3 Safesle e Gl S slisfhaugrossesiag ghamber
B6BF@ESd:Ng Cchanber, such as by - reaction-related
danageﬁ%e.g., excessive black silicon or black silicon

car bi swplungar osygen-ontaiyingeoletring sermompeiigitoad irda swlagsma

it is.desirable t rovi.de protection to.he, electrode
Rlopr TP §nleh e Son i B Ry (rro B sBEb e
poaMhsladelebiaddeadfailon bekilesh Edibide MhadiTas RN&aeHL XPosed
chanber containing a silicon or silicon carbide

syréee.rtBe elopirpds faging 3 sHR Rt TPRPT oS UBRAHIBS A oRFERigpnductor
§@g§?£ate in the plasma processing chanber. The

el ectrode is preferably an upper el ectrode of a
capaceidrgielng-the vighsidg phsaifipopitonasts ititgpledmanbedte and eleaning
el ectr.ode gan be a new el ectrode (i.e., an el ectrode

fhednteHaisof{Be ChaBeused for pl asma processing), a

r ef ur pj ' 2 .
becn tusdry ot il Ae s chathe gastOnBhiiod M7 SPharls: |
a di f éreargiaingahe ndeding zaclcdmysosiéenintostheiplasmhetite; and an

el ectrode that, has been used. for plasma.processing in
the skrEARPRMEEE Ctinerondl et  horipe pf g lapge-ctppsed

bgeRe bPiHe ddciload. thd Polymkae Eéa@ﬁ% ﬁéﬁﬁﬁrﬁgﬂeé’tigﬁe&%aﬁl@f etching of
i nclude any black silicon or blfack silicon on the

thershifacs uridatlying tex pusing dudngthasnbseqeany plasmiectiobingarha
sur.facg. . Ho er,. the pl asma-exposed el ectrode surface
SRSl SRRl A BERETk o1 oon or bl ack i1 con
carbide, so long as it does not cause an undesirable

process shift during the plasma etching of production
waf er 56.i n The lraeﬂmdtyg’ IC.Ialmhgi prheseva thetcopliinggasr eempasitipmt

SR (R PLA G S T B BRSPS

abaogabdis, hi@rofhasoRbrasddrediiiors thebf tdpabet o€ féradag the
wi t hout the polyneric coating. As a result of
pelymeHeroriinga the plisua-cxpered swdagey ther destiods.
protection to the plasma-exposed surface of the

el ectrode with respect to such adverse norphol ogi ca
changt’k duThegettod cf@isanle mheyein eefcoatimerogsl asmposition

etchin ocess. Mor rticularly, preferred
e%%ﬁe%éﬁ{egst P EfS qacfzﬁn thspie eoneisting Spl. CotL, CoEL,
RLOL 05k, (GFRUIIC LG CAR iR & threBf, aS T8~ exposed

suréace S§F§ SI#?COH or SH?ICOH carbi de el ectrode of a

pl asma processing chanber, e.g., the upper el ectrode.

In a eferyed odi-pent ;. t he coating.can be forngd . - -
on ¢ nE-ent TPETSTRGTE CHRBoLs & T Beeotitghs Gomppaton further
BothprisRs B REMBNE ¥ROKRL G MSHbhREsREin@Bf HRPRGbIe gases, O,
el ectrode. I n another preferred enbodi nent, the

HodYs o€, 64 apd niistmesdherpofa sel ected portion of the

pl asma- exposed surface of a silicon or silicon carbide

el ectrode, e.g , over the peripheral surface region

and/ 019, centTh@efiddi I CRaile, YheRfin ﬁleﬁbﬁﬁi?geﬁx@&ﬁ?gsition
bottom surface of an upper electrode. For exanple,
ensistpssantialle o€ fHnt Prandassresgas. performed in a pl asma
processi ng chanber, black silicon or black silicon
carbide may tend to form mastg prevalently at the

peri pheral surface region of the bottom surface of the
upper silicon or silicon carbide el ectrode.

Accordingly, in a preferred enbodi nent, the protective
coating can be forned substantially over the

Y - Y a1 . . Y Y "



process. For exanple, the total gas flow of the gas
conposition can typically range from about 100 seemto

w@bman4B80 seem The chanber pressure can typiBel/Ug2005/038373
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range from about 20 ni T to about 1000 mrl during the
pol ynmer coating process. The polymer coating process
is preferably conducted for a sufficient anmount of
time to forma protective polyneric coating having a
sufficient thickness on the desired region(s) of the

| asma: osed syrfa of e.sil.icon .or silicqn
(F:) ar bi d%&)e(f)e53? gif ,Odé’% gjl%‘ﬁi‘t \t oﬁvﬁeifes}rl’ g’F e&cff@aé bsiaar %}?,Wegl?ad
t Badtrd 3 FGRRId BYsthBARoASp APl 81178 s1tiedh 8Fsilicon carbide.

pl asma- exposed Surface during the plasm etching of
t he sem conductor substrate. Also, the protective

pol ynmeric catin r r.ab faorns.a _conti nuou

Coat i ngloven it EeBer FEAR LRy o5 SRRt 8lfing formed on
p{h@?mm@@@ 85l it S6fhe Blebirodalfk iaRiiicadnt HEELRRs BNEMAN on
central region of an electrode surface at which it is
disiplastha-@poast swlaee duisis thestisequent plgsmanpiehingred 2

cont.i. nupu I ric C ' t j i's provided
R T R T R e PeBERbEL | )i P

pl asma- exposed surface during subsequent sem conduct or
substrate plasnma etching processes. In a preferred, .

enbodi #nt , The predodof Clampl, yrsrsie the gatingyeascompogitign is

(0] .

BB e el prb o At oFL BB o ot 160 scom.
pardbeut 30 @iom, ahdtheplasmampuddessisg elmnyireo tseg & fressure of from about
cleaning. interior surfaces of a plasnma processing
aphayaopboutrt {00 Eani ng process is preferably a

waf erl ess auto cl ean process. The waferless auto cl ean
process preferably includes a first step in which an
oxygen2pl as ffhe instlpend Catied] &, wheesimthe ctimpog gas cOmpositibreand

interior rfaces.. The oxygen.plasma.i referably .
£ Bl B4 ROIROSTAG % Rt e YGSP T by BRI oy Cepro the
| Blafm @ pRIcRsIR: &laditer W thout a production wafer (i.e.,

a wafer that 1s processed to produce a
sem conduct or - based product) being present in the

pl asma,processin h er.,Jh ol yme oating step is

t hen p%?”f or ﬁ@a n§?‘f°§r°%t a3 & ege[néﬁﬁeieé:%g ?%bs ".‘gnew Shctrotle, a
Pregir8Isabd ¥lectrb:, bRiLElbddle %_b@v@olfsh}ﬁ@sﬁd B{ @e@B&mbEr.

performed prior to the etching of each production

wafer in the plasma processing chanber. FIG 5 depicts

an exegpl ar I Ssd r 0 . =
e usett o HPRCRRER AR, YheRRR HetiotBetisb i€ Bking £
MRirimed on dies &itirb pishekepdsed SEpeastiin dischvdssi ng

apparatus 100 conprises a capacitively-coupled plasma
processi ng chanber 102, which can generate a

nmedi u ensi he [
TS oot b RUTR I 50 36855 8. SORERRimber
et@niing ateleagy ahé additigrabpartthat seofetimnber silieddl caibidle aad hisn

- made of alugin m-or the |like and, el ectrical]
é

30

y -
gPBEMAEUPOSPASURoEs Al tBe BEaledivR pobmers cpatingisifpedanhg
“@%@rﬁa—%&?&%ﬁ?ﬁrf&ée@ftﬂe@ é@a’épé(ﬂedﬁﬂitioﬂalt _chamer wal |
1 to transfer sem conductor substrates into and out
of the plasma processing chanber 102. The pl asna

processing chanper, .102 includes an u r e] ectrode 104
i noh Doty ARGt A EdintoSerTRa Detr SHsualcs SeBbTaee
can be i i 1 '

excarmpl PP ingf Sl ¢ bt oS Bt o BRstlepicknhts ctsibe,the
i plvorhso canteths las ekcodpofsdiconen sdicpmcarbisleavitich basya plTsnee-
upper el ectrode 104 can be a single-piece, or

mul tipi ece el ectrode. The upper_ el ectrode 104 can be a
shower head el ectrode including gas passages for

di stributing process gas into the plasnma processing
chanber. The upper el ectrode can be of silicon (e.qg.,
single crystalline silicon or polycrystalline silicon)

o A NN "
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main etch step (using the second | owk main etch
recipe), a waferless auto cl ean process was perforned

WO poobloeoshanber. The waferl ess auto cl ean procBEEUS2005/038373

i ncl uded an oxygen plasma cl eani ng step using the
foll owi ng process conditions: chanber pressure of 500
mr/ 500 Wat 27 MHz and O Wat 2 Mz applied to | ower
el ectrode/ 2000 seem 2/ 90 sec. After etching the
axpbsadssurfabe thotledrds diadiag @ sdfstrefeesuipect supgertings: semiconductor
%&suaLly I nspected, and the silicon coupon was

stFatRed by SEM It was determ ned that black silicon
f or meghoR 7 inbenel fBehg A RARhSRRMARML tH¥Hthsmd Hete;
waf erl ess auto cleanh process was nodified to add,
af t er foriméengx yggment astng oheblvastga podipn of the plasma-exposed

re-copditioning step that forned a protective pol ynmer
g%ﬁf?ﬂg&@ﬁﬁ?ﬂgdgilicon upper el ectrode, prior to

per f ofuBsOghichil shplyike HRERLBEGAs 8bRPokitiohinioBe SRGRI,
low-k main etch recipe). A silicon coupon was attached
to t henepgizingriheeiching gasofompnsitionaate Hwalasmhstaisr prshi ng
process_conditions e ' t he

pre- ORIPE S %“ﬁgﬂ%%%‘ﬁgo“@# gﬁ)‘g alfo%éfrag%s ure of 300 mr/ 300
W at wieddiztha polybtiaicoidgiematiigldethetpdadnemexposed surface of the
el ectrode/ 25 seem O2/ 200 seem C2H4/ 200 CQ 10 sec.
ledtragridunging fike Rlegnd siehing of s semp cshicipamsebgrate.ne

bottom surface of the electrode was visually inspected
and the silicon coupon was anal yzed by SEM It was
det er p$.ned Théaiethod o Céaif X1, Miheminftine oeadingngasltemposition
el ectrode, (or coupon). ampl e 4 Exanple 4 s, al so
pERSERB e oe ﬁﬁﬁf@@@?@gﬁw&%&coz& 1Sty gearbons,
ﬁg&&@ﬁtbﬂsehg&voﬂp@;océr ranﬁg)rébu%éﬂs R eOPRBELR! FEShAR the
of a capaéditively-coupled plasnma processing chanber
phlyinarc acatafgaml the plass-expdsed sugia ocebthe lpédetnode t he
et chi ngof each wafer. Twenty-five silicon wafers were
etched. Prior to subjecting each wafer to a owk main
etch 54 ep, Tie Walifklo$eFaiRt 2 whefAR tRE E6ARE YRTomposition
performed in the chanber in which a silicon coupon was
adnyaridee dt teasttone ghoteicotedstnrh sheegrofuptdensistieg of Gofd:, CiHe CsHa,

er]es ut I pracess ing¢l ud a first oxygen
gl?’i%ﬁjﬂ %%@Eﬁi%%sﬁggl:%ﬁ?g%mﬁggso r (}%gp of fornmng a
protective polyner |layer on the entire plasmaexposed

bottom surface of the electrode.. The follow ng process
condi 89.ons The methesed Caim 3Ry vhiseeinjthe oafinggasciemppaiion further

Gl B Base i e el 2h 508 AR Bl Rolfses, 0

IO WO\ Oy AEesisne&bérebHNs were used during the
second step: chanber pressure of 60 nml/ 800 Wat 27 Mz
and 200 Wat 2 MHz applied to | ower el ectrode/ 3.5 seem
2/ 50,5ee - ' :
et or 31 ¢ nep oot FIAAY, siffetnl ShaleblsdanipbSiion
vorsised dsyentiadlped CELF, @uhd dmarsgdsi con coupon was

exam ned by SEM It was determ ned that no bl-ack
silicon formed on the el ectrode (or coupon). The
foregghng Hyg nﬁﬁﬁﬁ&if'@ﬁﬁrﬁ DL yRHekIG! tRE BRotrBESTsS SiRWerhead
enbodi nents and nodes of operation of the present
tlacteottel afisingtouvystel silidoneripoizentstad iing lsdiglod. not be
construed as being limted to the particul ar

enbodi nents di scussed. Thus, the above-descri bed
embodigENt The ANA FIT148ORT, RfLréR thé b%ﬁfaﬂirb&%sihgkﬂﬁﬁber is
than restrictive, and it shoul d be appreciated that
otar prassuomef frem abeutP@deT it abdwd 4 60 @ mipbaindethe sodinagss ker s
skilled in the art wi thout departing fromthe scope of
the present invention as defjgned by the follow ng
clainms. WHAT IS CLAIMED I S: 1. A nethod of depositing a
protective polyneric coating in a plasm processing
chanber, the method conprising: supplying a gas
conposition into a plasm processi ng chanber which

T .
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energi zing the cl eaning gas conposition into the
pl asma state and cleaning the interior of the chanber;

wanlseagesnt | y suppl ying a coating gas conposi t PONUSIN®038373

ti xe chanber; energizing the coating gas conposition
into the plasma state; and formng a polyneric coating
on at least a portion of the plasnma-exposed surface of
the el ectrode, the polyneric coating provides
mmp@setwrms sa@ﬂted dnto gheplpsipa poceshiag eatum few rpfenef from
ri he subsequent plasma etching of a
é%ﬁ?ggﬁ n?ma‘{ﬁgq %% in the chanber. 16. The nethod
of Claim 15, wherein the coating gas conposition
conprises at |east one gas sel ected fromthe group

consi 3t ng T8e metheded 418BNST, whietet Heopbig gas composition and
f

B AN B B PO P Rn BRE Bl o the

plasthapeocefsiigehagibect r ode. 17 The nethod of C aim 15,

wherein the coating gas conposition conprises at |east

one gas selected fromthe group consisting OC 2H2,

C2HA, 3E3H G0 G Chaini A, fincleiie SHREZC BRRILHARS o

Imsakidli@eagaerrxatmrpbhyen afithd serfitverductonpubssets. at | east one
gas selected fromthe group consisting of the noble
gases, 2, H2, N2, CO CO2 and m xtures thereof. 19.

The ngghod T8E nfeliRldBr EQaimBe Wk rid ﬁi% 4Q&oBYs QQ‘I%W electrode a
conposition consists essentially of CH3F, O2 and

redurbishad elzotrodeher anetleasthde fpravicaisiy ussd imHerckiambene

el ectrode is a showerhead el ectrode of single crystal
silicon, polycrystalline silicon or silicon carbide.

21. The. nmetrhethetod df @lammles, wiBRIeiHR JriRctiRb YBRMmEic coating is
coating forned on the plasna exposed surface of the

ireed oodee ¢nie plasma-tkposed surfase ok Heseleattpdeenni n on t he

pl asma- exposed surface during the subsequent plasnma
etching of a sem conductor substrate in the plasma
processi ng Tabarthed.of laiml1E wietchOtheqflastlap FockSsing chamber
wherei n the coat |nqwgas conposition is_supplied |nto

¢Qidaips aldleest prorddataqnalpahtiabis of sidican pr s\l/tc%tcérbé«ie s a
FHOHE AR5 e, ol 0. OGP o

plakitiaferpesed wiirfie @Otirelat 1623t on'Efaddethp‘her d ai m 15,
wherei n the cl eaning gas conposition and the coating
gas conposition are energi zed by capacitively-coupling
power into the plasma processing chanber. 24. The

met hod of Claim 15, wherein the electrode is a new

el ectrode, a . refurbished el ectrode, or an el ectrode
previously used in the chanber. 25. The nethod of
Claim 15, wherein the protective polyneric coating Ls
formed on the entire plasma-exposed surface of the

el ectrode. 26. The nethod of C aim 15, wherein the

pl asma processi ng chanber contains at |east one
additional part that is of silicon or silicon carbide
and has a pl asna-exposed surface, and the protective
pol yneric coating is fornmed on the pl asma-exposed
surface of the at |east one additional part. 27. A

nmet hod for etching a sem conductor substrate,

conpri sing: supplying a coating gas conposition into a
pl asma processi ng chanber, the chanber contains an

el ectrode of silicon or silicon carbide which has a

pl asmaexposed surface, the el ectrode facing a
substrate support supporting a sem conductor
substrate; energizing the coating gas conposition into
the plasma state; formng ajpal yneric coating on at

| east a portion of the plasna-exposed surface of the
el ectrode; subsequently supplying an etching gas
conposition into the chanber; energizing the etching
gas conposition into the plasna state and pl asma

I L L Y T Y T T Y T




