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NUCLEI C ACI D PURI FI CATI ONCHI P CROSS REFERENCE TO
RELATED APPLI CATI ONS The present application claims
wW@eri0s/06d3y3t o0 the followi ng United States Provi BEDIER2004/004397
Pat ent Application, Serial Nunber 60/533,297, filed
December 30, 20Qg;crFEHdm-AuriFIENBON€mpr esent
[ nvtentl Ion rel at eﬁ [ nbgengr al to biotechnol ogy, and in
particular, to c ased m crofluidic nethods and
CROS%BEFW(F%TOMIAA‘EBI GLURIBNFi fyi ng nucl ei ¢ aci d.
BACKGROUND | NFORVATI ON Genom cs has wi de application
f Dlie ygsem apicatibn eisime piiovity @l theafobidwieg Gnited Patat Brayisional Patent Application,
Senall\gum%gr%gé 97%6%136%1 bEr%O% oyed in such diverse fields
I‘IC ture eal th care, environnental noni tori ng,
_and phar macol ogy research. I n nost cases, genom c DNA
TECENfcAbi@iped from white bl ood cells that cone from
human bl ood. Processes used to obtain such DNA usually

I‘ pplégs?nt 1-inblee 1|oﬁc’ e{a%g Y ne%l t@ﬁ&kcﬁh&og? Cin&jﬁl }faft@mrt B%hfp -based microfluidic

5gi cal sources. In the case of human
methodE)Nﬁl doviges fOF @@th@&anﬁmwﬁ’lm yelgic adidhe DNA isinitially

confined inside white blood cells. To extract and
BACKRROUND iNFORMAYAONt he cel | nenbrane nust be opened
(l'ysed) usi ng one or nore of a variety of different

e tgr?:o?xllrc% hgsr\]vq e a 1cat1ﬁgl for 8@1% Eﬂcﬁ QJ mmglﬁfgﬁal&/s?s g rdﬂ?xloms etc It 1s employed

neans. Currenf t echni %il
in suchglivese ﬁelqh;gls ggy@ﬁtu@;\pea]ﬁh- @ BViseensl manl];%t% artdzﬂhar@ac ogy research In most

cases, &eﬁ&ﬁl{: @N‘Nﬁ/o‘tﬁeﬁ&d %ﬂn'v&htﬂblbdd&el&rtﬁwm fdmcthumachioode Processes used to obtain
St T.
such Dpﬁeusvegg Iregurgftfle( 1F]oéa 1811 Sfa ndlblelc |a<ier s%i‘o\rl%tpe?r rQsﬁgc\t‘i/1 2[51!(20 IesBuljcé In the case of

e
humanlIyNK ewrifiopien fram dldod,.sha DA 6 imitiallst qpafingd dside Wé‘&‘s‘éﬂ’dl Cﬁ‘llso To extract and

purify {hﬂq}l\fl@ ltﬁétclelpﬁerﬁﬂgle GREHE SRAGICYRE) @[n@ AnePof lokealt b @arfedrof different methods
urifrcation. {)I‘ oce |1 menbrane rupture and

that m‘il‘é‘F étkfg‘é’alo?smf’?f’ethﬁ?]‘& ﬂifgwﬁlo"r?g BI?Yflgal H&%Ps that ot her
*Sjlgllonlmo Bﬁm\qgeg or o Fumtn%1 suth H\IA%IOE% o%g athhgs?ﬁéﬁ br I'algbrgtchf are st111 quite arduous

ese nol ec U
and reqmrd nypereyk, o@tg;mp@eg@esj,epﬁ B P@Y’ﬁ\’ﬁﬂte@ is th%%iﬂ d}Eﬁ I}Jﬂod cﬂ} n\,&herem the cell is

broken! Lrhanﬁ h@mﬁléﬁla@li&aréaﬁleﬂed ﬁtoafé sbligha Shd @espading ireavailable for purification.
The prgctegsld)&‘ \é\%latge}?{b%ee él%%{eeafll re éease oy tB%nuCJlSEFS%%%%%e%HSt thdt & BQr%O%gle molecules

ynerase chain
will alsogba pteeoini) the ©dutigm fivem of these molaqu B sych a@%ﬁs&p@metﬂ@omﬁes (for example,

emogio'r)glg]bhlﬁ it 8l rn{l&erd'ra?:;d% La@lmdbsﬁecﬂrﬁﬁﬂ& And Miake ihbdidre withipical subsequent

oL g L S B W
DNA £ér@thb Géblﬁl mvealn & Aecalvin yA freAfhht, thé reqirement eftagpBNAparification system is that the
nucleid ?cuf must Ibg 1[si5|'iatn&1 %h%eotge%g ﬁﬁﬂbf?&lsc‘ arb %Qﬁ%&m\sﬂéﬂ a@vagr apg %f ﬁlggeléfébs are generally

at sone neth
manuak cqpeis TRt h HEECIRONE O ngﬁaeer Al i ORGP ?eth??s‘iaﬁaﬁle of doing
these clp§r§t§>n§ﬁl’fﬂ'ﬂlaﬁaalliJ qu@ﬁ&@kaﬁ@ﬁﬂae dbvelopgdul d be useful to
produce a mcrofluidic chip capable of handling and
prioeasdbengefutite produict @mjcrofthidic Clgp capatdd ¢fépr)dlumn@, iseesgife microliter, pl, (or
smalleynvg ugleJ1 Lt %&e RlQQ glo&pto BlrogM dﬁﬁﬁ&%ﬁoﬁﬂrﬁﬂ\lﬁ Wuﬁ)uml&l @fomated fashion.

I n an aut oimat e mal this.
opumgjmt@ @mp]p @ﬁgqraélprl wmisrofipidic ghp ﬁlala n@gréﬁﬁs il)ev I8 wéﬁ a micromixer, microfilter,
m1croie£b‘hﬁ it d ofleN kiweld Waehinglanyicld amli paety as eringantidnall 1pasyoscopic systems in use

eact Eu? H)? gfééuﬁpg l%%lpxjé @ hétvtﬁe t%ét Lelires retain good yield
oty GG e e O mOUREY bl iade DR S4Bl Sl oo
resultd whilstigeducing the assay tlme reagent volume, and cost. Furthermore, mcreasmg evels of automation are

more common. There is also a demand for miniaturization so that the tests need not be confined to a central

laboratory, but can be portable enough for field applications or point-of-care testing.
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today. The current trends in techniques for nolecul ar
bi ol ogy require that the test procedures retain good

_ WQek@bdeasesul ts whil st reducing the assay tine, PCHERPEOM004397
vol ume,” and cost. Furthernore, increasing |levels of

&i‘ rC{ﬂ'at l osnde %n i m‘% nﬂ%@ afa ﬂe&to@l:o?ﬁi}o@ntg ﬁef\‘;@ggénﬁ)ﬁlfhshed many

m niatu SO that t etests need not be confined
times wihim ﬂ@ell’?ﬁtl’ H] anﬁbb‘ft dhesy 96s1g5su for d%dlg@'e% SPEROBFIES léaﬁ% a@eﬁlﬁc applications
preclucfn%r thdid o%ln&naﬁiﬁ@ fdr @@Erhl@ﬂ@)os@ fasep Gt Epiration efGall e cbmhanngedﬁm‘d to realize DNA

n f e ; ,
sumpi oo G5 e 80k Bl WnhEly il o Tt lcomponets on o
polymagistbistiate ltaheeepas‘tloum pyhéighed; thepp genarilles gt u@fé & g¥rgoap sy Pethystems. The only

lmown@kefnfpferc@ Q%ll%%mﬁ%ﬁﬂyofmwe&l DN /CsapIp bﬂeﬁaﬁﬁlbtﬁﬁﬁﬁcaﬁon from blood has
0] | |
been p}lli)hs]éed%gllﬁng ft glf Slzéei ﬁgln} eﬁ ézf1 a A 818%’83[?]’[ ]%\?p gample 8§neré§6?lmdlc Chip for

S requir e
NucleiDAkid Broipheayt BPEMEMSRNPH up- |1ﬁ$ &%t iThis mteenm «'nghcan fiigr ith a glass reactor

on a P(f)lﬂ/@ LERgER- su%ade Enctull& a Hk&Yr Bel Qﬂang@&eﬂﬂ’gg&te@ Ib@ Kim et al. 1s a variation of
nponents on_a pol yner substrate has_begen reV|ou§ Yo the bind
micro-RABIPA KETORon oSS UR BT & PPy (B GHIET SUPIFRgHE & the binder

(fabncR@Rfr&y %Ia&;m?and ﬂfbéiltérr(fayndatemﬁnmeﬂﬁvm In&ked)fandaPDMB} The connectmg substrate
differs rEl]om 6 conv ntlona 1n§é%o teé’c %stl:a?e% Qét elfc

ara puri |cat|on rom has been publlshed
b)A %ﬁl%ot&hl c Pﬁ‘sc@ 6t mBRic acﬁ &ﬁ@%&b&&e%@&ﬂm Steps whereby
Prepar at’i on Nlcro é%lc Chi for ei c % s £
vmouwgg?s are Pc@gﬁto ﬁgl\slgn% ep%mplg]g eparate ﬁ){emaﬂatf{ com%{)nen s from

the solgtidni S@dh afprdcédare ismuitdrineohgt algismmga;ctta@ﬁs 1@“111 dorﬁ@pa@lally Since nucleic acid is
Kknownty ?e?ec{n% r?lgou(dscy po‘?r{ersa'%agesl z{]é}!eak‘ &ie%ﬁofqesgﬂr@ﬁ% ﬂ)euseﬁhﬁ these types of interactions.- A

arrange repor Kimet al. is a va
s T2 st e i i
bead SRS ©Béred anfibuies]isidnks) Syinthedur @it idgrpelytykiee, poIpddINA, some acids and
bas (fabrlcated fromglass), and the filter (fabricated
“*fromsilicon, nickel, and PDMB). The connecti ng

SURRLA %eﬁlo&y Infi %Ev?ceg AR rébe Y HER &dvgl&%h whith QhaHh ReBdprove the genomic
substrate since Eﬁyl nterco
(o

or C
SR e PSSR ph% R LB s
compd@llﬂbﬂsf fof abihermall mutdifivation af muptdire peidsf inst eypsofakhieated b;ybstrate Methods and
composf%oﬂsq}sﬁhe a%ﬁgs?sr})tf ﬁ?tﬁgrﬁalgrqgﬁﬁﬁeh gu&J@acﬁgml nﬁ@roMat&d"ﬁbstrate are disclosed

eparate_preci

25 weB oS EOTEHHAHBIRS GRS SR GE 5t BE s n rithods provided e
envisi6hdll TR uls&MGJaN@d dﬂgﬁdstlclrﬁbﬂﬁwyarﬁcﬂhﬂﬁ thosescomettéd withodigeases characterized by
altered[%%ﬁegs%%u?{cgs of Qnge E}F negsgoeng lH%\gg}g(‘é}f glgée% Kﬁgfég oh ?rg%?léa?gﬁ cl)f:ﬁgéléfc acid, which is
not cofisixisred BN Agmiractivasied nwifietonof | nt eracti ons. A nunber of

e WAL 10T 1680 R N B s .
particled, Béllis@cronblduiE, aebhanprobing inedeic Sids artsy meigtivt)es flvi¢ ghmple. The device
comprgslélsca Subs ecfla%g aﬁtﬁﬁé}y 5 Igﬁrgstg]e § Rll%ands&nﬁsuﬁ% q“rﬁn 3RGhe structures.

ases. ever a vi ces have recentl

AppligiBencdf@yelipeaei thertraatures gsinces eepptaliop gt materkls iy bm S¥pple- e de and method
are usSRBbYSkide wM&Y Sﬂ'@pﬁﬂcﬁtﬁhg‘hufﬂ a’s‘ I’dﬁﬁﬁﬁbbl&)rdﬂle VDEP 61 thd dapakagioh of a target material

from %%W&eflfllubﬁzlmfi Sl o§7 etre‘r:ra ques t % ?@%?I on o‘? qofﬁ]gfhel Yoltage has been

applied,a¢ Ghsilifate maxingt cr of abri cat ed substrate Met hods and
conmpositions for the analysis
i SPRilsd Ptatss lfaym% Pa1§8p9é§1pfﬁﬂ g8 éqré ngx&etﬁgec} %te%ated nucleic acid diagnostic device
and sy¥iefrvitic BicivdataamlolSelinsd dkadcdonndons idilsizasdde @sl ivding sitef.nEhe miniaturized

nucle1g ﬁdﬁ t:racptr Cac; G ﬂ% lfle%ﬁ% %{&%109&901%&3& t&ﬁsrmllt compnses a porous flow-through

‘on & I on net provi d are
deforragplei pé,ugdn@dndﬁngrnu@%acmnorvsarrtthshawawtsﬂe ?féﬁ%ﬂgnﬂnn a chamber. This
particularly those connected with diseases
characterized by altered gene sequences or gene
expressi on. However, these focus solely on
anplification of nucleic acid, which is not considered
DNA extraction and purification.
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United States Patent No. 6,368,871 describes a device
and nethod for the mani pulation of materials (e.g.,
W(p)amBAoedses cells, macronol ecul es, such as pr oPEI/TR2004/004397
" nucleic acids or other noieties) in a fluid sanple.

plug is IR dG Vi aﬂépﬂpﬁﬂcﬁ)ﬁﬁd@ch%%@l%rﬁl@ﬁoﬁ b R @n a@se&bfj o lszjfu)égﬂ?ﬁesm process.

m crostructures ars an i nsul at or

For thlfs{ei*se’é} ftgpnaet be A@mbpfﬁaabffwoa?hﬂac 81 hagete %si‘f‘tnﬁéesgf ‘?affﬁ fapyrication that arise
from alnldEllERSIes@par ati on of materials in the sanple. The

devi ce and nethod are useful for a wde variety of

applications such as dielectrophoresis (DEP) or the

separation of a target naterial fromother material in
SUMMARY GFIEBRINMENTIGNCh t echni ques use the pillars'

structure, to which a voltage has been applied, to

f Abe pritcattievention isdigectetin dowieps Sidameghedsyian tha priraggion agd mugi§catiargof DNA from

cells. @ﬁcﬁ\&évqc%fanfd%eﬂl@dsrﬁﬁldafobl fuk Zﬁgmhtﬁtrﬁﬂﬁta&dseﬁwlbﬁéf&u@&? &kids from cellular
1.C evi ce a S S nucl ei ¢
matrig, A (R PO TAEL PR rer-ante SRR ndi ng

sites. The miniaturized nucleic acid extraction and .

sdmping mébilimerte it peei geentorsis|doetad th migefluidliopdgvienst The devices of the
presenp 9‘%1: ﬁénsa?esmcﬁioﬂﬁﬁ Qll-{ﬁelrfdlas@éﬂ' ahdWoRdddliofl elﬁ'l@&ﬁ@ﬁib@duﬂén%gth@ RAfcrofluidic devices
ding nucleic acid r.stru q?ﬁfures havi

compriy  GLET PGS (F EHPACIE THAHSE A S0 ARy P B rssion
chambexk, naelele etidtfiddeng ntategal rmcoudéth for Wmovingvaataniell frofndkerdati¢eon,
making it an assembly or in situ synthesis process.

Fofe uﬁhlﬁg LGReP Eblecil\;ely%{agl RlnubEc 48@ Chnl P86 erdtodiRRhth Ghe binding material is

nmonol i thi¢c or _as havi ng .t he advantages of _bat
R

oxide SEDIJARY alasniHchhdylyiobétd @hbnBheatper)s dmbdditionag ortdthenenibgdiments, the binding
matenglI orf %?tﬁ‘gsel}t ang§[¥oh E)[\% %M %%LQQ& Lfaﬁe-ﬂaaﬁ ﬁ%&nr &%'09'1 s@l%gate using a

cation Such devi ces and
plasmmﬁﬁwhﬁm@\)?@éf depspitie{BEGY D& EE i ¢ renoval and

separation of nucleic acids fromcellular material.
T}'Iﬁis&ﬁé tyhodivBts, AR presbr invemibe isi didectédStoalnalitiie thidrafluidic devices made by

novel Prﬁcesses (éﬁeh c{lev%:mes \})tro%{dg lfo(i) 91%1 ﬁ%l:tlrog )and e;l ﬁ&gmf %ﬁ% !m'@ﬁ‘.ﬁ:ﬁ‘ material, but are

resen ron 1s m cro
constrefeeie ], TEeCERiSA] WS aishcomprise mVéls,léwﬂngu%tﬁéﬁtPMHceéfnea novel and efficient
mannddONOl ithic in their design and construction. In sone

enbodi ments, the mcrofluidic devices conprise a

S| Ilg :s]cgn%nem% ucp I%et:nr atﬁ:ne ?reserﬁ %Erﬁmxt 8 ﬁm%c[éﬁ Foqge%hsntgr ;ﬁ%c@ sﬁé LJcEfc acids. In such

I'tres ers, reac
embocbmam eqllglar matemaé fiscrupteted (ltﬁeﬁdp r’iﬁeaPPa@éﬁePt&Iand éhﬁdmfém P@% gortion of those

contert§ is§1560 \Shagneﬂﬁa%l@ ly JrﬁchﬁeJﬁ@caﬁ%@&s to [f3€thO telGlartighterial. Isolation of
W e e TR M —
conditiong; svhéreig tha bidihg woemiabisbsivel dindingunatériabofitveressat m‘@)(fll%ie

process, and then plasma etching the silicon oxide

ts uflfet%%geni[’\ﬁl‘tlelﬂtlcﬁ dﬁfeﬁ% ik Qﬁlﬁﬁtet AR GRSH dés@nﬁbiﬁohthm and on silicon. This
reat nen

or oth
moans o Hhofy i BHPRD GRS PR AR AT Qe i g smaler by
maintiiyingldeasibitity nfiths filidfiev basedhaingls within thx plaw of the substrate (low dead volume),

with 03.5;{% S]E?tt fd U ‘lgg%)%?s%aﬁégﬁe GRRANES %o@pﬁmaf‘e%rrﬁéﬁt@ @e plane of the substrate

I on rocess. I n sone enbod;

nmen
(high ﬂ‘?’ﬂ‘é selppe); Mpadlilion egrgtloa ioR &iligon alsq yoyidss e ppssipility o %%ermaﬂsolatmn between
compcﬁHeﬁ?tg @dshbihgOin GedokRY | htsa‘afﬁ stﬁ&ﬁkﬁvebgbnﬁﬁipedn aoele@es eeperatBug imiform temperature

proﬁlwhjfrf r OV 1% changm th t%e g/sttexg‘n%%] pex%ﬁrquqzhﬁgﬁl%ftﬂe(ﬁ siﬁl@ c&lﬁlected to the

are cons cte
substrafe)reid thmsltcycém, a@u semns mlstma n%ﬁlif%mmé@nqugvpeﬁwwg
mat eri al produced in a novel and efficient manner.
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In some enbodi nents, the present invention is directed
to nethods for processing nucleic acids. In such
wenisdeasent s, cellular material is ruptured (|BGBIB2004004397
" “release contents, and the nucleic acid portion of

t lfﬁ)ﬁsfgrego%%th%p&ﬁlrneé ra}hﬁ ' Ghf Ghe feabhed o RE §t if¥iRiof & drdér that the detailed

techniqués to |yse t el | ul ar
dosorinfest afrheihventionghak FATBTE BRY BEHR: RFIOE. o ATAHHOEH) fFH apdadvantages of he
inventi®CwiQ BPAdsEIB@ThereinBfidp dhith fornt the Sigje@ of the/dair af dhe yerttion. a
bi ndi ng material under controlled conditions, wherein
the binding material is a novel binding material of

ﬁ‘ﬁs &ﬁ@ﬁiﬂmIN@e present invention differs
BR[EF:‘roCﬁ&ﬁf Kimet al. in that its designis

RS repeee %%@%m@g@gﬁwﬁsgﬂf@en N bl R o
made teltha tbllovoihg deesipime takmrid dogjnnchign withi ﬂmaaqomp@gmz firewingsj in whicky
of the fluid flowin mcrochannels within the plane of

t RRsURRSE halg H Lu@vyy%@%aéfﬁﬁsuﬂﬁ%)mtm\éﬁ thh) eRPddymenid & f ithel Iﬁ‘ésent invention,
and outl et streans S&{% gF he tr nsiti on t) agé}ter S Onent
wherein the dlff&‘F‘??ﬁPe“f’?ﬁ’nflﬁéW"pfF singp pepacedfi et %‘f’( o 8
i thic.int I at :d accordin
p?g{l/{‘:lgezsls flyﬁ%w S%%r appiq %e?e? e?n# ﬁler el édc 51 at ?Iﬁrk?&%éltu Sleio geid according

tOtheRI@ﬁpblM@ﬁQIS resulting in reduced st eady state power
nsu tion at el evated, tenperatures, iform ... .
1 dugirafss dre; hindioe \gpd flption g mvher?bgprrualm& A& ginfiyto the binding
materlﬂ fmcielhﬁgh%yl&foﬁdmdne mematsulied mdedbvasny congitiviséBheat  si nk
connected to the substrate, rapid thermal cycling, and
S FETEFs 4 dlbwtsites:t dchrpatifallyyiaf flase erops-sqitionpl {vigFe$ 38 embodiment of the present
inventib® WREH Fhs HeQerk QPRS2 sll Jta&l-%l&g sa@ddRGuchas outlined rather
proadly the features of the present invention in order
t |F§GU1¢H'13 ilefds | .2 chipd aB@tibp to @me @nbtidir@enisfaint prosantt ilngttion, comprising
ws may be better understood. Additional features
numemuﬁaomé’avant ages of the invention will be described

P%E(ﬁhﬂh%fstf EndHiiEsat %’1 @ib&l?%oﬁbiplblﬁ@stwh@;emttﬁé%re@én&i (6Bab&hce) of bands in a

e 1nventi on

given ]ﬁ%?rlse‘e%fGWﬁl%?%bWE@{yafﬂd’Pﬁﬁ g s PETEO RO SRET DN,
aﬁgG[]tngErel oglus%ra es rel 1ox§h1§ Qoet’weg efe%[oé?!&&@ dn& ﬂm\ﬂ{g n&gﬁentsp according to

descri I'n conjunctron wt

embodunhﬁstsaﬁfbmﬁﬁamwfﬂgm@lﬂ ngs, |n V\,hl ch: FIGURES 1 A and B

are systemdi agranms _illustrati nbodi ts o .

RS Gy ol PR, S RHEH (LR SPEWCE Bty for deviees
comprisii@ bib ik h@Giad @Rdd by atvivietypf @eBuds end(oBYeaprentabsence (A) of

a filter conponent; FIGURE 2 is a flow diagram of a

generalized nethod of extracting and purifying nucleic

acid according to the present invention; FlIGJRE 3
DETAILERBEPGREIIONe bi ndi ng and el ution mechani sm wher eby

nucl ei c aci d. bi rlal un or
S ﬂhf: pl@%?ﬁth‘fePtB)ﬁés chﬁsted t%h%qc?s ang fnutp(%a extr tlon agcglfupﬁéa%}l of DNA (
other olRid iadid)dros €lB) ;Coldc@gRor4n pdrt, st rlmcessand g)@lﬁ@q:hggq fera} qygiomsghat provide

for the%Lc@%Q&on% ﬁﬁlﬁ&%&l 6f9\ﬂ:ﬂ kucYe'lc%stOf an enbodi nent of the
esent ent 1 on, was designed with a
S I m mamgé &5i8itibe eg@@vmcrmtwaeeund&htmag ofithé priseis tvaties a
chip according to sone enbodinents of the present

i Ny emicleasitle” Gompuins | an gpytivirier bass ligloryaivesidicslly P BURES Eopyribose. A
“nucleoﬂéje B gixoté@'[a{eaetsﬁr 1 n@c‘le%&&er oﬂlh gflg%ﬁdcfeotme a3l @ Sin¥ ege@tleﬁce” of up to 20

S ence) £ d” Srf’gl nV e 1 of nug‘leotldes (asin
ucleqtidfs Y IoBE ‘W’é"sﬁli“ﬁﬁft?’@m}ii&u fr . ftus)elf B G PO
an olighin{ef, BH1QRgkY, -lAkAPRBES phosplsbidiager MiBltagesi &l TINA,” deoxyribonucleic acid, the sugar

group is deoxyribose, and the bases of the nucleotides are adenine (A), guanine (G), thymine (T), and cytosine
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FIGURE 7 illustrates a relationship between
tenperature and binding efficiency, according to
wepdsdéasent s of the present invention;, and Fl GMREIER004/004397

il lustrates the nucleic acid elution eff|C|ency, at a

©. Yla\EA ’e}i%m?cfle aecmp rs%uigr %SS eg £r I ﬁg the Csﬁurgn-’ difdd base except uracil (U)
et By o ey o

replaopsr @mln@ nd smgleslrcml EEPN @Eeca:éfsmﬁm Ofﬁe%w\& &ntndiGy v\é(hﬁn fe‘nﬂmg a DNA
doublé-ﬁelﬁé' ffineé‘xtaﬁﬂe tilis G&Mﬂd@@%ﬁ@ﬁﬁe HBt1b aedsthdr ok h&d}@eﬁ %bAda G6étiver bases on the

nelghl%ogin% %‘éﬁdéoﬁtg Eh t.in suqn base Jpiri % A a wa%lseboFcﬂ liloc'i" a?n e azf‘\gal gonrisgg g‘

cti vary LY SAE

”ﬁtd%%hﬁc BRA 1fs ‘?lﬁ&q?foﬁrﬁ% thPSrQéﬁisgles “Eé%m@”h?e all the genetic material in
extraction an purification of such nucleic acids. The

the chrppasesveE 962 H@Tqul‘ﬂ' ?rlgw)’dfsélzﬁ ISHReERY eivey as4ts it nérlnber of base pairs and is
passedl &ﬂfbrcﬁt&p&ﬁﬂ laﬂﬁfoﬁﬁatfbrh ﬁecﬁsﬁaeﬁ R turvival e Mhel hiase i used we Higtngiidhebetween other

types o? Dﬁ psucil 0 602 foun %rp smlc{s ‘%@ﬁ?ﬁgucs" gﬁ?sdto %Js?u%? Iog gechgllnes which includes

to ribose or deoxy nucl eoti d
gmmwhmmpﬁa@@e@mﬁwmiﬁﬂaﬂﬁﬁ@ﬂ@63|de An ollgonucleotlde is
a | 1near "seguence’ of up Lo 20 n Ieoé
' MRS SeaYCRige B 10 ﬂﬁcﬁ‘gtf)‘ﬁb"éP‘E‘é’tf
of DNIK,| allgené,Sa ehrdnios@dy opal yiiesr geddman u@h@@lt ﬂod@y (nzethodsnofagene sequencing are

electr l)rgtg:rrg‘e arat{ahlttecjg%[i&g rs)wh eLs &Eé gieé& h%rem's:*’ “ Bi‘ﬂaci'? Wfr&)ﬁ&&{s ” and “disc

deoxyrl onuc elc acid he sugar
d““@ﬁ@@ﬁ IS deoxyrlbose and the bases of the nucleotides

?ngd,e nj rasge %’%ac 1{,}1', %% r’?%f&el)me or mgg‘ &mplﬁ‘ g%tiorrl {;SN% wherem two synthetic

oligoﬁubis)t@ugamersgwhldpa,re ennyplemiamary srtwo regiohsadd the amgebaglés(oneé‘q(r@gqhtstrand) to be

amphﬁé’da&e lclddgtwo ﬂ{eetagé@% ih mérﬂe%ce d%‘ef(:%@ glecﬁyrﬁlgl&ﬁlﬁéi a4 TcQ%lymemse a heat-
"sequence” of bases A G nd fo

stableeDNENROLHBRET- e ot ferise, of fsPoraieg Pt oy BN S e rdfznamfed hncaled to the
primes} 4nt @ tahigKerisBanh ektehdédofpet theprinizys. Ay e ogelterboandsacts tanvpiares in subsequent

cycle% q%ca?&éct\ﬁsxﬂ%&&?&gﬁt shidh rands. Note that in such

ring, mays onds to T and C al ways bonds

t O« I@actlvecﬁﬁl chﬂn% @Nﬁ\) or'“&eeﬁ lﬂe%ctﬂ\lﬂn ‘éﬁlhﬁgh (DﬁIE; REeRdo ke@hnﬁdﬁ& Whereby radio

anism s, enetlc mat.er.i
a0 AN GBS TG0 JhF LHERIR P ARErR b0 b oufople ol producing
disassg@ation af thy gagimvodaeulessinto tnerd wactive spesieband tif subsirate bejad gtehed figpically silicon

based I§ bRga fﬁ{dﬁaﬁ 105 %oxgl;a;&‘gﬁtl Qﬂmﬁo%n&sretnga{uqﬁgt éaﬂ)@n f@%ﬁcﬁﬁa@ffgéﬁs s&?xﬁ as, fluorine

Surviva hrase Is used to dist EUI sh bet ween

(), cBlprier(Ch.ypp Beomgse e sl el Poay Vs COFPRH ¢soviate in the plasma,
both hlﬁﬁfl atts halégef @loms bOhdldpen Sdnypahyhd€) fand) BeTOIEES thatwhidyCdeposit on the substrate

block;rnn ghe %g%%.rgq%t?% gecfseg grg Ié%gﬁatreg?fbrgse cge?égeﬁ%ﬁgtb\?%cés%edsugs%gtg being etched by the

appliedeor éndyricth biey 1smo§PolyRers o Pulptatpeudiceseirienstd 1oad tafhg digpotion of ion motion,
polynéR&b4l Slbsttaf s@rfafcéﬁﬁdiﬁl@ton&fted @Mlel & tga6Emotdn eﬁwmm Sl ofGose surfaces.

Ion b%rrg)d%glﬁl rnﬁﬁ gop %g\?afe oL €ccelerﬁte che 1caln?c[|]1¥%reac{ho i{ ?{gtgre %as the capability to

oretic se
etch sgufasks nagnal gdiie daspationt quplhmtlelgqt g highet (,e@pyq rptap.lyl surfaces parallel to the ion motion

atalﬁe%&&@@?&%ﬁﬁhémam%@pm dirs, el ectrophoresis.”™ "PCR "
pol ymerase chain reaction, is a systemfor in vitro

a”mlbli)el&iﬁrbmémanﬂﬁl s%sWEI&EﬂeiuMoﬁMﬁH fRgrhtd>n of micromechanical structures

0 onucl eot i ich are conplenentary to

“mmTﬂﬁg?é Bﬁg)%gn?ﬁgdgg?agt DNA (one for each strand) to
beAa%J-n&ai ?9&! BeSs ”ag:g&&{né ® trhp Ereseﬁtr ﬁ%tl%vbl%stﬂeﬁmg silicon [wafer] to

presence o0 Ycess deoxynucl eotides and Taqpol yner ase
————_— T IBYPG et gresence 9f grygey (Ogsendpr steam (H;0). These elevated

tempdr RUIFRENRhL (B GMElo8SE thé BEdabINAd keSulyift pA&E SighifcaftBNAitker @6h the 2 nm native

he
ox1de§.hat resullts gom sﬂlc%n oxidation in air at room temperature.

fe hafﬁﬁ_’,afr% &ether in a- fragment
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prinmers, and a daughter strand extended fromthe
prinmers. As the daughter strands act as tenplates in

~ Waoabseeizent cycl es, arrpl i fication occurs in anPCT/IB2004/004397
exponent| aI fashi on. React ive ion etching" (RIE) or

ﬁepmca :/\%)%Sll!l G ((f\g% péfeg m(al!;:)lah @)? (tﬁ)]il &bm g&scbhase chemical precursors.

tecC re uenc m Ccrowave
r agfoﬁ}h'th%n dr Sm&lght&k ﬁﬁegfaﬁ&no’ a@cotcﬁﬁé’ tPhe ﬁ%déﬁt%v&ﬂﬁn tniéaﬂs @Rt ALomponents

t he gas pr.oducin SSO
have teihy O R GEP O BB COSS ORBGTRIGY Pt e AT st and dirc
fluid flet Grhtedpl{rt yi solrbty weferlsiGon  based) is biased to i nduce
i on bonbardnent. Conpounds contai ning carbon (C) and
h&Jowgefersngsia EHIURE 1, fhe prsveniieyeqtiop candp Viswqdrisyptem yliagrampmatic terms. Shown

in FIG@R@“T'AD QarloB hpudd @loby, PysEid labexit, UBE @al&?aluﬁcﬁﬁ glsoholy i€ And & salt solution) are
mtrodq.cg ?)%\rgxgcsrﬁﬁalldgcsé%\%ceatf gh n,bprecs)ernp ﬁvﬁjuonsoﬁ Wa% oto vaf\]fes III%EL 1¥réﬂood and lysing agent

are m'@@wdremvamaatmtmme poixing @hambbre I@g@g@mw @le Ibisiag leponigruptures the cell
memblahs op'thgmhﬁea bIERCLAY @V%eaﬁ& &Sd Bibdd SR@®BES Rfthin 18B%od so as to release the

acce erated toward rate b
e s AL P BT Bl B o v
other BastelnRb@is] fodn B biect amd bivad cdllg) tb ladinding elmmbancogprisingrp binder comprised of
bmdmgrf)ua{egaﬁ elgﬁgrl cng“lr rci? &Olﬁéh %Hbsﬂhé ﬂ&# of Hiélt ?a?tesglutwﬁaetﬂsﬂs Qhat the nucleic acid

ent par e ion notioh and | ock etchi
slctefy i el ing o b AT AT 8 TG ost et 1y SN o mucei
acid stﬁlrboﬁ’&lQ@{he Enad:@ Iﬁd’ﬂ@ia], tabin@k G hinged witle Aehol (s, ethidb, then optionally dried with
air (foEc%ccinﬁectlo F be ore .lt 1s mal ¥ eﬁ{lzi‘ela vslnt!h%yowI Qe %hﬁlgﬁ Skt{}érﬁiﬁ?yc‘ bﬂ)ggﬁ ﬂ'%ntacted with the

elativ
iysing pgrpeand g o VB R|B§raa€| s wpesher iy pmireR (Tocelplarpontents are relcased

and DNR‘{@Jm t!h[@{’&@ttb Vifids rtcﬁﬁn@bﬂ&&ﬁ Lﬂﬂﬂlglﬂlbbdilm@lﬂ It Qé11s 04 e ll}@&?bgeﬁlgr using just one
croel ectronegnani ca resul t rom
mixer Prt‘f’é q qﬁ‘idglélt SO %Sfpmﬁﬁdgrre 8?%56%5 gise.]{u!r1 et ur es
( C;ﬁ{é Iyntge g@rgrh g, &%ﬁotysa)ﬁleéf Japa [Q of 'Er%kn? %ft@ﬂb&%ells’a‘but permitting red

acco r r esent
blood pafly é‘#toﬂ’érrfnat‘ffﬁ\ﬁé PaseEron pdrtorgtien of te ing iRl ﬁ]l {2 embodiments is shown in

FIGUI@ PSF Rt s d hehieiend GRDAK Ao ghthk2 S0 pliokphbth Buffer eeiat €PBS) prior to
being Pag n'géXO%eh ﬁl%rz) epgrllsgn[g asgget%r% ther %ﬁ tﬁé B ta%qysed aéld passed into

ures enhance™t usi on o e OXI
the bindima,thamban ferurfess purifigeiopi eairvt Ifsrthtfpiek eThlSt ﬂ’d’ﬁdlﬁﬂﬁ@ @SrﬁlulPWS for crude

purifid@nl ph8r 19%dp6ireid W8 bifidBbbkatefiall r OM silicon oxidation in
air ‘at roomtenperature."”Chem cal vapor deposition”
( @l@)edﬁlﬁef @ffGent MariBrt BE pradentdeP®h {sia@rthbd fomxg‘mgjdmdgmfymg nucleic acid
from ce l? ar ma al p§u%ﬁ %Etﬁc%r ?é&eralgfbcggll)ﬁsﬁ Q Eeﬁes of Qc%ﬁ ﬁ&&l%g‘ t& PfCﬁJRE 2,step 2001 isa

(S]] ra I nventi on
step Oﬁéémlgg ﬂhabﬂmmw aﬁt@nﬁb@fﬁ@ﬁt’@coﬁ&’v‘@d B@é‘ﬁ thpeaRgReRTFRFabe to flow in the

nucro&@xﬁﬁpdﬂd F&Q&Hﬁ{b@wgmrfs aPmb eatcedho Bk H&élzrtb&:l’lﬁﬁt.l Sbijati@icadl be realized with the

oSS EA S0 B35 S 1 BBy vt
lysingtaent jsradéed g th dijusadtbilcon sefation kreruptie wébmmbr@sss@é elease nucleic acid material

from L Wmtthaq D&/ Bnly QIR tHe WD ﬁdﬁ%woﬁ\, as RBC'h@\kéS‘LolnfMl’éﬂlﬁ SSuch lysing

agentsaq?ir 8191%111@ o n ?Qgeagg}tslﬁl?eg?ﬁl léﬁlsg buh(ttl?eb 8%?15 f%l?A Be employed as well
such d¥tultfagrinlc llysdig,CthtdﬁMIljasﬁlgpélectrdslﬁlspar@smhanmah wpntq rihelopll ywapbrafe (known as
mecha?ﬁ%l%l\r{%gré esgap%(%l ¥ st Q)k ﬁg&ingqmjrelleééecd Iﬂgelgga%f% a @fn&ing material under condition

I a va VES I nt
of high patieprdent. snaciaﬁxqp 1s{l?gd V1Q qlq@carey.g quﬁolg&@malt FWUF %,Scoerﬁrgrauon) within the
soluti&€ brdd Wmcﬂ@&ss edalty h‘&téMHlﬂdﬁig lrfed(binéihg MmateABC)The padbader @akleic acid is
duectfrlntg dge bé?Jéng ma(tem%F an\Mer v1a a chgl?ma%no al‘?‘cpﬂo%ﬁantdc{la]ﬁgsl GS?%GZOM the step of

I°c acid materi al contal ne
eluting)fist reqlizddyrdiemilye salf cantehtcendition i chiingaddq ene pfew paliepnignbor A@iey
(along with other waste material fromthe bl ood and
bl ood cells) to a binding chgnber, conprising a binder
conpri sed of
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bi nding material, under conditions of high salt. The
flow of high salt solution ensures that the nucleic

~ waeiodosmskecti vel y binds to the binding materi abCT/IR204/004397
the waste material passes through and out as waste.

% eri a? llﬂ%ﬁ% e?g]g R%Qéséjofﬂnhﬂlg obrg&ﬁﬂg ﬂlﬁla%n%lt&? Sl}%thg'uﬁ&r high salt conditions

and elutingaivoilying ¢ Hehidipe PEFFER PYotometnltipadions rA%df“@fwé festes, suoh as filering
washm%oﬁﬂéﬁg tah(pdﬂalmg bafa@b @e hdded. SSukh Washiny stedsthemicltdetarhigh shi0Wash to make the

L
bmdm% ﬂ:g)n%e;%fl ﬁléohggxgﬁﬁ% a(_:%ardth O(%}%Xs ci% %{h%é%ste %a%r%é éﬁ&; gneo% 18Ha1t agr dry to clear the
alcohot. oBypeh Imethodswglizgeroveh devippsxibat repToeat eratjofligients ofctmresﬁntsnvam@n in their own

right. I €l eased and DNA (from the WBC) binds to the binder.

In this enbodi nent, the cells can be |ysed together

ush ﬁ)@nej cth6didne, the present frivirdibn {s dirdrked tb Migrofldidia ddvicesy dn tdne embodiments,
the ml%r UI%C %v?ceso ffomp¥1?ehact' slhé%h Q%s@ﬂe nﬂéléj foFldﬂtohlﬁPg microliter quan’ufles of material,

tem can enplo I'ter capab
mlxefSolfeaclﬂﬁrafp#pm‘Wgs wﬂetcem@ﬂn%@ reaéqnﬁlsandlseﬂemﬁférr?ﬁom Pgferiabfom the device. Such
dev1cep!yﬂ@£ily 6&hriSe RMPonditd B4 hdVB b&h imndholith@alpafsersidd Or t o

i ntroduction of the |ysing agent. Such an enbodi nents

i SThe hindng inmterfal GldREely Bindwhvendein adid. clndoms emhotimonts) thedbirding material is

prepargﬁ B(ygfrijrsttt%&@g Q%{hcém Ju{;ktrﬁe W% %E}ﬁa@ OQ&JJ grgcresssé?lh ifeh gﬁsrﬁape%sﬁ)ng the silicon

assed thro@%nafllter Af ter éﬁ@n%
oxide B iken FESER AIVEMORHSH: (TRAHIOH or P colbedingn g bisfnepigora of the
presenpﬁls&ﬁ&il is @fo@uo%chﬁy thddeingl gilaghpasddasilicbrosxide Lok talselistrate using a plasma-enhanced

cheml%h/agor d%]?otsmc? (I?EgéD)D TOCES %&Qr @}Ph%}{t a su Dc{ug'nt gﬂm%ltcﬁﬁp%rogegu $n additional

urrtication pri Xposure
or othdgjemblidingeniventiesr typgs of Shemiggl garondegosition ﬁ%\f@ WEOC?PEE% fiish as tetppeethylorthosilicate

(TEO) nfay BdUsed tH ¥R sﬂ’i@on' o%id@ Witk bihaglodt@ Eubﬁb\ﬁﬁdhﬁﬁésinﬁl gclﬁﬁt(ﬂrocess
puri fying nucleic aci d fromcellular material. Such
mah bumi&:@aimrn&l thy prepuvieision & drentddaés mpfoflgitlie devices incorporating novel and

ﬁmcm%n%lfdggb% htdgvn!: L % Jgr' thesegcﬁa{%tlcgm%&'pdnﬁcaﬂoﬁtf %A%onﬁdehdﬂr fAfdrial, but are

so as to crease viscosity and render
constrygfedt if rr@vqlrmoet HivisAaBbe 1B FOleS FuPHY ?'n“%?fl?%‘éq*f‘aﬂ?ﬁ’éf‘ aafﬁ govel binding
materiffs.Cr ochanber regions of the devices to be described

later. Dilution can be realized with the addition of a

p Haxdghiedlevibuet her sdrofatlic sanple pfeBShe ystemttheadeviess pid| ngthods of the present

invent] BQ' [Jl%V'lCQ Neor §tr%01%ﬁg %hlb Sedered €8 Riflel Yasid rkgep\ﬁ@ﬁfne ¥., urification). More

AT N TG K T T
from BI® & genérhilyf Human, bixeals¥\BfBer Miain@lidoatl nBNAanusaliemdpycids) Ufed thie devices of the
presen% m%er}{\lg Caﬁl%H{’JSA? gl?r@cgo(ﬂgqfc c%ﬁlfxﬁﬁgs E@Vcﬁmﬂﬁ)y ﬂl%g}l'aﬁ&' n ag’érfirt?ggé substrate. Such
compqngiﬁ.ﬁmssgw np&}ﬂg@ @3t mcblgﬁ miging, trap%@gdu%gf aqdyglprg the gsent invention has
been cﬁfﬁ@ﬂs@éf&ﬂau@:%ssﬂiﬂ} for BN& léxtﬁ&mw its agS Ot Iimit@d&d) DN A ekitretioftahd can be used for

the pugécfa 1onrﬂ§' ﬁ%!r sgg]ctéers ?ﬂ%@ bglgg %egﬁv%ﬁ%nunﬁ %f ther> 9’19&1% a%«gj?sf of El‘% %E)eéent invention,
either Hisectly @ tirgiectlf, thypughl pmigtertthediating sulstoned Ohm@PCélec acid t 0 a

bi ndi ng material under condition of high salt con% i

Tl i RN PSTRBIPVG i 0 EESEREE BOet 1By n pigh s components
have 1@l &s@ﬂﬁt\;@tﬁta chibméh techfiddépg @1t is@ ke Iﬁl))w\m thérplanetolfi éhe wafer surface, except for

S providin e t di

fluid @%Lﬁ %%ur%l(:tg IWEl Ie?le na \66 no % tgl_loﬁgn ?xée éxléegoef d&eﬁﬁ{i:tﬁrdsl Cécgc :Sﬁlﬁi monolithic
desigri of the icoramonents thYldPSifer ebﬁlem prﬁ{gthmtl@ﬁefawnc hamber vi a a

conbi nation of fluid flow and val ve St ep. 2004 'efull tomatic

S AR PLBS Al SRS PO B PG ol avtomat
operatida) ﬁidtshl@]m sﬂzéS arﬂhaaﬂqeﬁnsh]ﬁptmﬁl dor pbrtdbvapslibtiont ofdveridgepever non-monolithic
mwrogfaitl]e GsquF ong alie eag’e c1f a séﬁ)tl u%ﬁ ?é’f‘ck é}l 891{ &9 letlm@ 'o{?éijdllrbgze tﬂﬁproved thermal

te-un

desigre (siel itct thelml emmert@F ef sikign andh gesmgirin gmcaoraae*%b%a?SﬁbﬂmeS> the option to add
process, under |ow salt condisti ons. Additional steps,

such as filtering, washing, rinsing and drying can

al so be added. Such washing steps can include a high

salt wash to make the binding stronger, an al coho

wash to clear the debris or other waste material, and

an optional air-dry to clear the
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al cohol. Such methods utilize novel devices that

represent enbodi nents of the present invention in
.. WO b@5/06wh r|ght I n some enbodi nents, the preBENiB2004/004397

|nvent|on isditected to n1crofIU|d|c devices. In sone
addltloélgb sensmﬁ i u%m{]ath es1£Qe c:arl O{hl L&)xﬁ oorgen?sﬁ%{e{rng E{:eg At ﬁr%elg%g I’tot electrical readout
conneatjorsneni the epfiop fo H@ﬁl@léqur 3111}’ a‘ﬁﬁn%‘@rﬂse sYf%¥hct i on chanbers,

nucl ei c aC|d bi ndi ng, mat e

T SHRSP gt P e B AL SR e ] o uro—al hve  profound
effect by fhie thdny ingaipr’d sbdlitye eraspavemid putify ancldiauoil. b@msequently, the methods of the
presen {:Eg 13 . Vev?c@'f the dcglfeﬁlggoﬁ{rcﬁ gf sug-lﬂﬁramet@tg' s H%Lrﬁ&ﬂ;ﬁ!y true with respect to the

nucl eic acid. In sone
d%%néﬁbﬁﬁwﬁ%hfﬁwd%ﬁ@“ﬁﬂﬁﬁ@ﬁ@“ﬁﬁ#@?|aI is prepared by first
at|r1 a silic ubst r at -
TH B B R B LR RO e S e of providing for
the exwtlcfmé pwiifichtion ophwbmwcﬁtﬁphanﬂulqm meted s FIGURExd shiows tha alane view cross-
SGCthIBf scfPeHA"IJ 1§gmpglaq§p&%mbgdﬂl%nmf ﬁfé gﬁ:%nﬁﬁxteﬁﬁdn Ahhi@fwab rﬂe%lgned with a silicon-~

I nvention 1Is I‘O uced OSItIg

sass e e izs G NSPR G SO SFVEe B0 s iy 405 and covered by

glass vRifea 20M.- caamé}ancedramhmm malloW@pcan actlesp et chomel§ PBCYBjures 402 and 403 are

sﬂlconpoaccf(glg (gjem?\l\%] tﬂﬂ dﬁgw h.\%&tancﬁouﬁ Stmﬂ% ss% ﬁg'@lc@gﬁlh@'&mcal sensing of
I onal or ot ot he

er enb I ments
the dequa@sfoman@rbarﬁwé@g Syeh Res g e SPLTTHRe ‘Efd’?fBB‘agﬁrfB?(‘}’e@@ elow rate uniformity
across S¢CBarR 8l vh&fl rfﬁncﬁﬁﬂ@ﬂa{c&r idﬂqbfﬁdgfeks(bﬂtoe _ﬂl(la_ Efhcesrayouftethel $@em} determinable.
crSBSEh o S FE0Spet M DlMABAD G, e, o
other tppicabentital fephnim¢sitohare sosthily thiovahd elags vigweng Gindaw-d i ¢ devices
i ncorporating novel and functional desjgn. Such .
deier Erisa! Bevésg icpbrdimesptstaprording iy Le PPYR ugﬁ'amgm TPA0ET fifgpiehP FIGURE S
showidgNAvicé 60'0 c abdotding rto FEGURE §|blooldhd piospharoefered Gl (PBB) solution can be
mtroducecy m} SSQ)Z %g {n!leﬁsl 1 hndRY SrFsp%H&ez}i gﬂl\é 1766 Shelt m[sl d€etld into a filter 504

nove mat eri a

wh1ch@ms|\?‘éléft3 IW@IIIW%M\Y@ @asaglroagqﬁn@ EOTY Yip gﬁtlet 58%, n%crt%that filter 504 can be omitted,
as preﬂBd@Ef@&ﬁhJﬂ@d B YtelsGyiem deElﬁptﬂﬁ‘dbd&@ &e@i@nd’lﬁﬁ)h ads tef, altfaR buffer is introduced
by 1n1§ égf @rﬁel&sle?n %fg&tvlv o({l‘l w(/:e \aécl(a:nldtgap% ar a Ingln F{bh{)\l%cchavéobeen lysed, the released
DNA pilirpiadsitigertgh Gitidr. SONbditéhlspgq; waﬂ‘{ecﬁaqi Wl op¢rpfe top:,lc@gs'@ﬁ ghannel 507. The DNA with

other éoﬁx\é@d@h’ck Qr[adsglruf?éﬁl WE o {(})8%6 dild& 8X Erfd%ﬁffd't@ﬁe sindlr g!}{ﬁfa(fe' Q@b tl&nnuclelc acid
el c acC I 0
binds R ] SHROGAIRHHETE BRI 1Al T T AT e stonber, ad ton

alcohdd R@GineA through inlet 5i0 taleash thebindf atdrmkpthe biedet clean yayn for tha pucleic acid inside
the blrtdgxn %elolﬂgl rEh&Janfl)rw hx%ctﬁa %‘%@ ﬁ&& ® d’i)}'; ﬁe Eﬂ(cﬂi Q@E(!w)ﬁy to dry (i.e., remove)

SI ngl e SU strate, rrponen

the alqﬁb@ssglg% aleqhploill affrst %%ﬂahtv Aicpcieie 2 Sy %POSH’“FI figatien} 1g34tions of nucleic acid
such B Poﬂl m 1asBgidd Ok PexhrSa loWbald seluiidiiat peese mrelease/mmDNan Ahiais time, the valve

515 Wﬁle eratg ?om? {he gm)t egeldﬁgg &3 ]\{Ay wﬁl%g el% %)tl 594 Oedélglﬁlll}’, thermal

raction and c a n
isolatipmpfrenclee 5 Fﬂjmdfri:s@a’w[ei hsatery ﬁZanqy beg ﬁ;@@q ta §he§'aafgla fnflaenge thp @{Slﬁgbmdmg/ elution

proces%&l e&({diu‘éﬁfiﬂy 00 UnRe-tthiibhre f&b&@iﬂn%tao%gﬁﬁ]ﬁ)is géh%raielﬂ Qlaﬁl’a@ﬁﬂrﬁr by forcing
I nven I Ndlrect

compIRSTEEA. tlf@%ﬁ‘l&tﬁll%?geiug 3R bty Copyi TS oo it e @on s oo
is fasternhdgsiati @nyrolas enpl oyed in the present |nvent|on

provi des devices in which all conponents have

deBietgrie dlexibility in teorrim e tredrmbrdgy tnlcaieeof T"‘H‘Pla plpegyandlor roagen
mtrothﬁoﬁ hé ke RAb&HEmdR esamgésearnd sdagefnac‘ca; beeMie@pded fid mickdghatine]l intersections,
dlrect{yﬁxgo ﬁ,?%%g %Hfoasseil ﬁnéou%?ng ?)re ore g{ce:ré—-ﬁegbe rf]goo{x %:lev%l of mg(rmg r&lmred and the
flow retesingivedf t he conponents prOV|des for easier

producti on and operation.
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Advant ages of the present invention over currently
used nacroscopic systens are: fully autonmatic

~ Wopesatden, and snall size and power consunpt i PCI/iB2004/004397

) portaBle appllcatlons Advant ages over non-nonolithic

II? {(0916 %&@Adﬁne%@l tFJ éhﬂn{}? fa cgted &?assﬁlcsq Wﬁcct%? m?éo}f/glgﬁ t:\ivafer combination using

vol une, over al Sl ze, | npr oved
trad1t1qnp,1é\ﬁE~M$ fa ‘ilcﬁﬁec{“m?@y 141 @ﬁ‘é’fnﬁ%emia Ih'beb%lf‘% filtgr, 6‘fd bigyder; 1gsiffg on one chip in
order Wgangaﬁmaérfaincﬁlﬂdtﬁﬁsomhd Ifcbrl’k{gmﬁl@ Saﬁdphatlont pré@jsingt 4a@ purification. These

compog‘?n# ?cgude 816 c aggé sglltntgxit on %putth 1%£L§or 3&1{ LH]tglI ing(#? lrés(%the%nﬂ)grgture sensors, and

resistivg| leaftrs.| (faﬂhmﬁ charmd Gevtrtient feefhrss OIaﬁve Stﬂr?éa% provigh fqr gndependent thermal
operatRAbico@pdn¥nt@r ful Iy autonmate the system Surface

condition, surface area, flow profile, chem cals used,

pHn 1ﬁ1§tdta1ﬁtafjip(& ofthedbeveahdntidnad/deviee mpdreninid the bindars designt e binder is the
compoggn??ﬁaﬁy ke Vgﬁglé p t]% Iﬁ@Al 1‘ kNAtSqSO%&{ ﬂﬁt u@ﬁ@tlﬁﬁ rWﬁeyi the solution which

Cons eque nt hods of nt
includ¢d-eetelpio Wldpﬂné oirderropr I’t‘Wé*X 2 Fﬂ{ﬂ“gbctberhﬂi*daq tn pindsg oy selecively bind the
nuclex@@[dadim e€1h8 othdrMaferibiDadd Aréugh: Ulnarshbgeqeidt $@p, Wietinderoa] etdhisetti® nucleic acid

under feﬁt\/% ﬁlil%me%ed GPH(?IHOIIQ € h‘i‘;‘é Iﬂ%rl)m%gr S sur?acglg Ypr%ﬁ?nt glgsuéhrlgndp étecﬁl%pt The present

reserit
invention varechplop sl or mqre@f mveralaﬁffecfnfcﬂe@gr@ é«v ittisesrfeen jyhish @clade, but are not limited

to, silib b@é/ds ginﬁlgg £Qds Ealgcﬁ sﬁﬁei @&ﬂ&sﬁﬁ t&l%ﬂed&ﬁﬁﬂoﬁlbé; @hth&ike@ﬁuclelc acids, and Poly-
nucl ei c aC|F Fl GURE

Iar
T DNAh I 1 ST 1oE, SPPHRP DB LIt Ry dgmbers sufco
can bed gouerated Mgoajﬂlmlt oxmfe nrdws itk sehatquénh CEEL dndrQ. nidsing ltchipgs treatment or,
altema%@e?;y %ﬁa—%ﬁrﬁe@ cﬁelnlldap Qz{ﬂ)gll @@%mtﬁ)ﬁn@ﬁm Bf" Gitabd Bised! HlibAioRide. Such

o G el B 8 G i g i e, e
no extthﬂocésS stéps ad’q&ﬁhﬂrf@mie chip s@fateomodiffostion.alTheylases sredtroent i@ can be done during
the w Enrt] selgeem L pee s‘rt]rilpﬁ gin%ﬁ gss Wﬁi%s ?‘%gess tegrf th% Ic: b eri}:atlon anyway.

at provi e inlet and outlet.

qf:ﬂl {s«%@é ean%&ﬁléﬁs tbQJd&rr@mtﬂﬁ‘gV mbi&iaf r]ﬁ@e!s@ﬁedcwl{h' &ﬁllism‘é Qfé&éd’]@rface and also
0] e .aevi ce

comsice ST NGRS ATHIGAHGRRE TIEERy P P ep b & b8er aiFiomperatr
sensorUexiefnalr i theybiader ds@ddr h@pltohéfnfq’e Hiffegent tang/orf ynifpreh fempegatre foe detter binding
condlti%ﬂsd ﬂeﬁ% @cﬁzﬁfog 'ﬂasoilsofﬂebﬂ g)nél(ﬂ:}e@r flﬁ‘@lﬁsscagé" raﬂ}ﬁgrh héah@an be localized through

det er m nabl e access

themaa Fsgletw@ ﬁ%reé gn %Wib%fa e a‘&f’é‘%@tffeffﬁt pgis of @w eé%beﬁf %ﬁ?ﬁiﬂf fmpgyatures.

ol esgfgxn § e%lg]?le 3 ?orées%g%ktgp 8f ?‘ﬁ resenhxxpeng an in mte ratltelzsc ?ll sar(rjple preparation
procesmsrid:e W.IXHEOﬁIU‘%W)p,I biraing,cbbniprs togatireb with ln@wﬂlgl th%{@eltﬁplﬁﬁoh dt i§ & generic system

whlchtﬂa§ b&ﬁ qm stra‘ceﬁ\éﬁdaéskfglw fof PRAI L8880, bt i ubeEs hbhinkiRd to DNA extraction.
show ng devi ce 500. Accor di

Monolig e R e R %@m@a?(yﬁj? Fogh e e fow
in the pRAnd dTtHe A fte atlfadenTi@mil selatiob @3tuisy havabet Bicdiitatalrsd tHeOBfferent areas of the

. The flow then travels directly into a
cmpa%%?%ﬁﬁgg%ﬁkﬁﬁmch traps WBC, but allows RBC to pass

t hfh@ @ﬂﬂc@&ﬂhegﬁndﬁiétma‘{dnﬁ ALY 1'm§$rta§t%tor s8] 3 dbb@tmeflhdnﬁcﬂlimdmg efficiency.

can be onj as _previo one
Ancing SPGBt Do SUB o 1 FGPE B RPARpy B o gferent mehods
can beaenipy)setd_s Onelfublemethesl is t introdhocsoahe fmjerd- mdcweda”%lrarﬁdcﬂ ay fnergasing the number
of the}?% VYEJLC(;(QCHIQQIYGQ) Q/ﬁﬁ 1n%1re§§9 B QIeIQVal L 8L} \:hLa bRifer s’%ﬁr&'a‘é‘é aryéBGl"o be sure, the

een e rel eased DNA w pass rou

desigrf 4nfl pEgngepat querqeﬁ? of spehygillarsfon qther B@%ﬁf \mqu‘i’sffﬁﬁlé‘?sb’[“lé“ ?‘lﬁmdef easier flow
paiterfis] RFE Bubles Cha@aieatd 15@Y of cliggind NAd vihdr eladdpedblets mponiennsthod is to make
e B0 A el oD G e 3D, L. st
roughgriingchat beybgl to dncrshsg tthegagilble Birfeneiaesp i Aindipgopthines “ﬁ% 6?}9 fr the silicon

inlet 509 to nake binding stronger, and then al coho

i s punped through inlet 510 o wash the bi nder and

make t he binder clean save for the nucleic acid inside

the binder. After that, an optional force convection

can be used to dry the binder, especially to dry

{i.e., renove)
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t he al cohol, since alcohol will affect the quality of
nucleic acid for the post-purification reactions of
woeeseé@4nci d such as PCR The | ast step is toPQUIBRO&/004397
’ Tomﬁsalt solution at inlet 512 to rel ease the DNA At

wafer iOE al n A C'ﬁglﬁ%ﬁts Q;ﬂ%l‘{ tﬁ%%\%% %SB 0164 AL Ltive Qon%ltc‘ﬂﬁg p‘ia@xﬁa[ etching, and wet

uted front he out
etchings 1 all @k pagerethe sprfaqetieshaghs Pises la%r?aﬁ?ﬁ or 2 preredors popess alay arise such as

that arii8SH&h hat@al Iﬂﬁ@&-ﬁlﬁ&né 3ﬁh&gﬁs henadaed etching yetubids) igaction products, or non-
volatll%c&alptlﬁ%gc%lglt}}e%%sst ﬁ g‘g{) ngels 9 /bg L epgoy? to HCREE e SR face roughness of silicon.

Ve-nen orce convect! on
Additidpellyg eiien atréde wpighenizcogn be @blew 011 the eﬂhgalb@ﬁk?rfé%édﬂ%ﬂdﬁep reactive ion

etchm% (b'kﬁi‘d gptu a?thb ﬂlogegs t§ hdredsOtmblhaurdl BRIRINE dﬁtransegﬁﬂm{oﬁﬂ DI Hrocess.

radition natural convection, this nethod is faster
a[/\ddlﬁ@ﬁl Aanta@es OO ik hfdhent MteaticR ova chrkedily Wkd ¢tdimmetcinl tddction kits used for

extract %%A g:l;cegl]g at dec?erzl d Iaﬁ%}nggﬁ Legéeﬂtts 'n&ﬁedo(LZ %B&l sgmple vs. ~400 ml per

tBrood ‘rea
sampley wiyait tsgnplesraw lalrpar %@éﬁg‘é‘ﬁ@§3@&hl PB@XF??P%&H‘&@&F%M extraction

time (4 THoRrs B GkOGNaNGgbernidf.€r Sections, directly into
reactors, or passed through one or nore

mﬁ’ge{oﬁowm%?e?c?ngﬂleggre\oyg wdecF to mo%stra% axﬂ%o it od&%‘:&& p?lﬁglt invention. It

S ved. nments,
shouldibg arfpeeloipfed bit thase ofskifl inthe m:tbeﬁ thmxe@vds disclespd mé@ﬁrag}p&g which follows merely

represéﬁ@éx@ﬁlplgr? @;ﬁbcﬁﬁﬁeht@ Gf M§f}r@£nttu{v§ﬂi!oﬁ [ Hmlver MENVSof sﬁﬂlrﬂl fhatuit §Hduld, in light of
he co g%o nent.s,

the preé‘?fadlfffoﬁlag Pppr?chgl émgﬁl g6 S#) bﬁ maﬁe %&8 e?em?lco énélg)Fhrments detscnbed and still
obtain @ 8kd e bimilérueyalt Withost derpging frerd the eniritgedspdpe Oﬁh@pﬁﬁfmmﬁlﬁm

processi ng and purification. These conponents i ncl ude

the channels, inputs, outputs, reactor, mxer, filter,

bi nder, resistive tenperature sensors, and resistive
EXANW%Eﬁers Furthernore, thermal isolation features on

I:}%.IS %u bs Ee 1&1*8%‘:& rh8\¥ a gn?cg‘éfﬁf&mﬂ&e?@a%ﬂ?ﬁﬁ? catEolﬂ i g@ﬂ the pres%nt invention can be

op efat
ﬁmﬂﬁﬁﬁoﬁﬁmnEMRm@H@&mQQVﬂéémeﬁﬁﬁﬂﬁﬁﬁP§ i s the blnder S

design. The binder is the conponent direct
Step 1; Basp,#ikicon ppfar i g¥idizaddy timpabpxidanpe t an %}eé‘tl?l%?fs a?ﬂ!?out 0.5 pm. A 0.15 pn-
thick 19f dfldvebs@icheMibgl Ragon@p&saddistoichiomudic Glivon Hicideid @an tidpesited on the silicon
nucl eic acid and ot her debris or rubbish passes
‘through the binder, the binder will selectively bind

Step 2t ’Eﬂ% \%%9 l&Sih %e%%vggsaéﬂag id @ln hddd ¥ PRIE. nﬁe%ahl@l'ayep @a‘ﬁf’be photoresist, but this

. I'n a subsegent step, the binder will re

may n?q4é° o diseged ‘TR fe@waciewh%w b e S EPoRGoresist i then
removad WiSr sitlchietddinpder ' s surface is inportant in such kinds

of chips. The present invention can enploy one or nore
Step 30Thesoharmelabf thH Fdfe fiomtthalpeiognsepfapr etdhbd en thaufrdnbside offthieshicon wafer using
prip} Nclude, but are not linmted to, silica beads binding,

aci ds, bases, silanes, polylysine, tethered
Step 4aI(T€x|t Qﬁ BhBSde 0B ¥ Elﬂ@)ﬁ kvéﬁﬂﬁ'cﬁﬂlﬁé Iﬁ‘évﬁbuaﬁépd&eleaﬂdy Redkyd by bhotoresist, and the

openmﬁ%lfﬂr Iﬂ@%jﬁ(&lﬁe nglg g\:ge S a s arr]e(:j eetcr: ea H’fé ngng r@iﬁ%ogl;n&rg?eg%g s1h gon oxide using
reactivo éongehieg. dthe ghotrgdsisigs &ertrhreqvnctal oxi de process with
subsequent CHF3 and O2 plasma etching treatnent or,
Step 5ahecsilivan Wefer fpntsige opraiccist Rath BEPReFdsi © g  agriBppater is etched in potassium
hydrodl@6%iidniuel tHeBEEME) hoRfreattich BEEtA SEHe féatllrest&BedOm ikt éront&dechly DRIE.
processes generate a surface that is good at nucleic
Step @ dhel sibdonchittdy cartbe fbntisidont the Jwafegis then senoveddcbyof plasmefetel ¢CHFs and O,),

136 Sl Bt ra process steps required for the chip
cmmm&%%%ggg n%ngﬁcatlon The pl asma treat nment step can be

Step 7+ 79Q88 2 QL o@gnoﬁthﬁmﬂ\ﬁ{cﬁﬁd if §paiteddhtd @ie Bladsiafle St ri ppi ng
process whi is a necessary step for the chip
fabrication anymay In sonme gnbodi nents, binder
(binding material) is designed with a plasma treated
surface and al so

ox1d
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consi ders how tenperature affects the binding process.
In sonme enbodi nents, it has a heater and tenperature

W@ emsne63ext ernal to the binder in order to pr oRCTHEB20®r004397
di fferent and/or uniformtenperature for better

Ste Sb 'Tﬂedéprgt%f %.rl]gsl tﬁen%ﬁec’ctwe]-}hﬁgs% IJ E:Fclté}g ﬁﬁld Q@ﬁed%LﬁQa Q&l@ﬁ‘d phosphoric acid-

eat can
IMWdW@@@WPZ@Hmﬁﬁr@U@ﬁ”ﬁﬁ@ﬁﬁﬂ?mﬁgﬁFE@PSh features on the

s SRS B iU 5L 0 S e RS St Fonsd 0o
front sple oL b Slicoy wafyrs Thagla$ wiftrds giped @rthe silioanerafer beforp bandige. at es

al | sanple preparation processes, |ike mxing,
The rgshlfing freorventer dovieed fahiicated by ttlreowovetcts@étqdérocrﬁs’t WP PiceRigidic channels
etched SHEHBIntERBE o kilicontwakes. @he@éi‘zﬁ@ Ednfiec®Y St tBdude Glarl @3 hble€fiched on the

backsxg% gtp Fssl{cfgri \ng ?rs lf‘g efg.\sc{?coéflﬁm%{ f&%{r }ngngAﬁgrﬁ tatEoﬁ}bZtn%? ﬂltvm%{ Eo Iil(‘):res than 5 mm in

widthl Miygicyl alianeels 40 stost 1A Im@ﬂ@omﬁjﬁasﬁMV®ndmeehplmmmut 2-3 um pillar
ith.a co techn and e f I [ .
separa\g?% H’é{ﬂ‘ gfe r]l- Wa 81%ousur Y e aﬁ&iﬁee lTH&: gl eltcs)I 8 ﬁ:ﬂ)fsetdh)? %lass capping
waferhave been incorporated SO that dlfferent areas of the
chip are thernallmglndependent The surface of th

bi laherpmbadissiiss fhe helesfar Goppsating dhermierafiicis styugfpres ty dhe butside world can be
made Eﬁ&’ﬂﬁngrml’éﬁ inQ]ﬁb%ﬁ’aisa[f&lpﬁ@k te hdodic ibeddimy. InAnatdaes thersaiotnadit for the above-

menti ag % 5 wgerel t‘ﬁe Slflcr(])r(lj Iwgtgr %pn%s%g ;sfé)%?e%teg{nea%ae ;gé)ed clﬁlbﬁ SA%% &aﬁe? is etched in

Su I‘ ace ar
potasselnﬁryélyede solien ugtildhe h@é@ﬁ@bplq rgacheg thie hetiogdl @é f%r?eetched on the frontside by

DRIE! mIl? El@:rnﬁ@s@ h)k bed efnS&ﬁlhgn@Sthe &Hﬁiﬁulﬁ&y&r@&f)ﬁ@&bd’@aﬂdm@ ald l;hB‘t’Q@c[mred as the
Cro St ructu

s, e PR T PR FO oC T S AP e embodiments of
mememnatlhhemﬂesﬂgmmdnﬁmQMmdmgembm@CQQHamewehv%m@mmsbﬁhwfwhmwdby
openn%I 15:&9&310&% IRAGLIdS bithd AlcodlfdeQaduh &k tHe &k bBAdRL tool to access the bond

consi dér easier flow patterns, fewer bubbles, a
pads. decreased | evel of clogglng, and other rel ated

p e the had ce. .

P MGy O RS I e B A1 SR ey v votumes of
about §Adé pndttiee thing rhesavsbad Yobims 9f foaetd. 148 b alhe Sppkfidedeles we tybieplydgnm x 1 mm
openifid By BE bMREE of fhe lw@fer QA By ttt?acéﬂs@t bakl, es%gr;&@éaemaraeeoufoar wet etohing

ndi ng on the gl ass var er 1, or the siliconwafer
0f<”@6§h“mhe techni ques to roughen the surface of glass

i nclude reactive ion etching, plasma etching, and wet

etching. In all such cases, the surface roughness can

%ﬂcreased, but a non-uni form process nmay ari se such
as at arising fromnatural mcro-masking of the

gl ’ﬂ§§ex§r%l£ &rfes QQﬁdsﬁ‘zge &t @fﬂécn&f f&l‘)ﬁexbﬂﬂ% &SatmdnC &Lt @Brmal oxide-produced
ducts, or non volatjle conponents in the gl ass.

b“@mgPﬁFPﬂF“F@UHﬁ?ﬁﬂ@?mﬁgﬁ?H@” %H to increase the
S u r aSC exalp gl'hh ; ﬁ?f:']éatlog g u I %% o a erma 078 e- o%?ne?%éd%ind%\g tnat%nl%lrl] was evaluated by

compﬁheth@hlam@fowﬂlffepntb@élpgm@a@tsl ve i on etching (DRIE) by
tuning the process to increase the natural scalloping
o Themmelogid¢dens: i n t he bosch DRI E process. Additiona
advant ages of the present invention over currently o
+ TheBH TReERan AP (B PEI A 7L TN S0s30% H:0)
clelMA fromcells include: decreased anounts of reagents
needed (~2 m per sanple vs. ~400 mM per sanple),
o Tsermbllogide bblgwd eklingpl e required (~1 m per extraction
vs. ~ 300 m per extraction), and decreased extraction

*  Thirmel ofide Drlpweishipst hydipgenyperoxide/splfigiggoid @iranhgyfiean. The
foll ow ng exanpl e_proyi ded to denonstrate

Whereﬁ‘aﬂ“tltl‘ifﬁ‘lag?ameﬁ‘ﬁﬁ& Pr‘?éel%r 9‘%7*%“@“&%&“% i nvention. It
shoul d be appreciated by thosg of skill in the art
that the nmethods disclosed in the exanpl es which
follows nerely represent exenplary enbodi nents of the

present invention. However, those of skill in the art
should, in Ilight of
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the present disclosure, appreciate that many changes

can be nmade in the specific enbodi nents descri bed and
w@Ris6esms ain a |i ke or simlar result w thoutPCT/IB2004/004397

departing fromthe spirit and scope of the present

I Dﬁﬂe i\f wa bc|):‘u>§ﬁ‘ ﬁlh %peﬂ% §m§?§£ﬂ7 é:rﬁl ﬁtldlerucﬁet sraﬁé %§t c&Ql‘Moﬁs for each of the

mcro acid puri |Cat|0nC|pO
four q@ﬁfee@émrel)Wehmfie@nu%%n tyb’éalflaﬁi’r isdlin clegiropigy, 647diioten F‘ﬁh naéy6M guanidine
hydroJﬁﬁnﬁ@&l’uh&ﬁEﬁih@ﬁﬁat&rhﬁwis&hdn@iﬁkeﬂgn 5 tleqassM Stasipind hydidelil@ide solution. The

DNA 83’& taéloeglﬁ%lﬁlwﬁgslgw Sa?t clggciétsztgg bs% 1><h1e§ E%% @élngf? tTIHQ elkanﬁ a;‘:gl\r/l EDTA) and

amplifefl udin@PQBr essur e chemi cal vapor deposited
stoichionetric silicon nitride is then dep05|ted on
t FEGURE 64 gnwox paelectraphaggsipplaterpfdha fesplsyafter Fo R, vhprein langs ff 4g¢,  correspond

to eluaf B 4 ®vibd Gith thaadeasl ofie aldaR The rebHIB indRStK thhtaitilor farBveBble binding of the

nucleng?%c{ ?%rélfer%hé‘{ldéf ?Ké f:on%h(t)cr)ns néx%e %e%eslgn?ersor émcf {1&%@5 gndtt? ch Sluant and no band
associafievithhist ¥ Aefdggient jugdet the Pﬁnfoem digr eppopasisons fhi bang prode elprirlyjgeen in lanes 2

and 3. FERRE: 6B-|;Hcﬁ>vs%ré@1rkﬁ¥:@dro%h&ésmtpﬁ% \Mz@lfeﬁrlanfeé’ @Kﬁdﬁ"b@m@ﬁcﬁ& i‘.o(HIlﬁnt from a device
Step ar e etC Onth ront

it 5 e PR oy PRGOSt 061 Bt i B R ssesing
that lithadreb refvergbie bihdinguf BWAGube lstlcbp; nageriglotaedisérved] y mas k ed by

phot oresi st, and the openings for the backside fiuid

" FTGHRE Bhdatst indPorsseond RHBH SoRiegiitreribithe; gl Ff e § plgsma ciching

binding RetessdL| B&l@ﬂn&lé@'ted& PASEBYoMmBAEd dcidnd Mo suedesshdf fmg sucH tiéted bmdmg material
to bmc? F\gh.?: eci’?'gﬁt ?Jviznol{x g&@%vﬁdes St 1s§he eﬂlan d%\o % vy}ﬁ él?e;mal oxide +

nex |n a’one-si
plasm4 btehingarf &ydrogen perodiretiulforic pad dsagpmhmmgdm@mab eA% @ﬁlnthelsﬁﬂﬁa nucleic acid is

presenr'ﬁl'ii id m&lgﬁv&)@fék&éﬁg@ng%anﬁ 66 e MEc1dx0lc1aQnaIyaS antl B8 binding material.
eatures etched on the frontside by DRIE. Step 6: The

Sithus; @Rs 4pbirédt het tBimdl DEidd-geddditedStitlitng fatetifl@alvvifary witt®utt flxehar treatment,

insuffi §’F‘5ID f8 lglhzé{lon aP Em?n&lvmgt a'ﬂs &%Hﬁ%e&qge %)base é&%?&ﬁ%‘c tirnfgs’cigated in this

experipmt alqweckng&p the svresqaumeemd Pbﬁﬁl%ﬁqaﬁ@md%‘%esn hayio bep é‘ﬁtab‘e treatment for
activatlf3GhetRithdl 6Xi@tselratdabidiRg Rats@ect i vel y nmasked by

phot oresi st and etched using a standard phosphoric

aci dbased al um num wet etchant, as used by the

sem conductor industry. Step 9° Finally, the

EXAMiH&t30oresi st is renoved fromthe glass wafer and the

gl ass wafer is anodically bonded to the front. side of

t HehisdxpmRleservte dipstratptfis eﬁ?cagfée%ﬁa‘@’iﬁ op the 51P?°§ﬁ giercs; the

silicon wafer hefore bond The t .

ARt S5 PEE By e B SPESUUE U (B QLT e, Theoxide
surfacS ﬁ{HBrMeﬁI@iEHm slssah btbhu[b pBocesh &€, ant @h Edve pgofiphye DNA was diluted in 8 pl of
6M gl% %ﬁte dgoclcajlonde soliti d)‘?ll Tlhg ﬁﬂﬁ%@ fen HII%E 3 th@ rs&fa eogfllesﬁfcﬁfjdlé hd a second

es etc ac si d
slcon Fewasiplabedon tagafbusng aravelvich aesEneeh dh s é’efﬁ‘r QPfyPI?CFP apy @mght conainer

with ct)ﬁtﬁbﬂb@lhﬁiﬁﬂlty 2nd WaubdRedVibials nifufes. mmi@dlé Wéé)thén MR threshixtkds i fresh guanidine

channel s ouf .10 wi d
hydro*c%{lplﬁdér(goodg ﬁ%ﬁh §1fne)03 Hﬁs‘ivfl%b” Irlgs% ngE?qu ~109 ye%i,?{log OP # each time). The
samplEsLfaiad @b Qowednb ity at fvem pinipbais bbiferviptiorhwastcari@l awn Wifeke were eluted four

times &ﬁ%‘e?fe 2%8 p,l):rga%h %Irl]lea r\},ﬂﬁ lfr%shafmetl o%l 19% %% b*a}fert(ﬁl&crgle(ﬁgéﬁie&aﬁlﬁie% time for 5

minutes, at the control temperatures between 4°C and 80°C as shown in FIGURE 7. The amount of DNA eluted

was quantified using the intercalating dye Picogreen™"

Referring to FIGURE 7, the bar graph shows how the amount of DNA eluted varies with the
temperature, showing a maximum around 55°C, as well as a steady increase from 65°C to 80°C. For the

experiments performed between 4°C and 80°C, the maximum elution of DNA was achieved at 80°C. In general,
12
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In other enbodi nents, the holes for connecting the

mcrofluidic structures to the outside world can be
wora@e/otop43iri | 1ing holes in the gl ass wafer priPCT/IB2004/004397

anodi ¢ bonding. In such cases there is no need for the

an inc?egs%vlg erg;gelra%ee ‘3/1115[>e§19t gageg' cﬁfﬁtsﬁﬁ aﬁél eﬁ@ﬂn ﬁ%ermorl]ecular bonds, and

ected in a one-sid chuc

maximyaebifon e ey opCyr @t Highes tefReTRPERE 0 oG BIeRHREGH OB by theory, the
peak afoBfl PBECHFIEERIDE Eelkﬁam%ida@vebﬂktdﬁﬂér@ﬁlednﬂﬂsmf eat ur es

etched on the frontside by DRIE. In alternative or

otrhe rresﬁ&bﬁdhﬂeipbﬁmentsherfahammlﬂm dbageei’escsbeﬂpﬁm()tstile p®ere/ applied to the
mlcromacgne%hbu?%mg Q%%orr e[%y Jac,qg' wa@sthemy%o EQF%EH lhé%g\)’lce s§bsH§§go allow for

enper at ure sensor, | ow sensor and i s
indepepdsnt theseyeli operatiopoResisfive spitsd edrigsttiee SO RO RETeAHICA on the glass
above Me&{allﬁ tidd@ked e(ﬁﬂllﬁfél Rk, Sbut tnhie o @rdglfsa d‘egicﬁd’] thexCiotred the cap for the

mlcrorPag%P%r{gac ﬁ%’ Fhéa eélgefglaslrr A% s E]\té eactg ry T%fs)?ergxlﬂ[é in aabrng:l%r where, the temperature

icon, h
could beogontrdiied wieatreralboand |mqlgoend§mly from @Q: ebsimgtet e @@I’P%a@@@é bx?ldmg reactor was
fabncalt:édggi %%e PﬂoFesé s%qﬁ@ﬁcg tabkcRE in'ﬂaﬁlﬁéﬂ Tﬂ%@eaﬁt@xa\gs L0 1 HRDR80°C with the

ter nbers typi cal have vol unes of
substraieompectod to arfhernel dreat piak %ekséfe ﬂl‘?af%“ %P/ BeSery gPetAiRd abooy frgigprature, or at a
tempefiukinddpendehh @ e dEHS tdiPertakes are typically 1 mmx 1 mm

openi ngs on the backside of the wafer, with the
EXAMJEract eri stic 54 slopes aSSOC|ated MAth anlsotroplc

wet etching of <100> silicon. 2 This_ ex

s dibipdapple Sirren st rﬂait@tet%b%éé@ca@f °ffst}?nﬁ14@’PSl?S o materil with and
without E:&fdﬁrf@ﬂﬁlasﬁlﬁ t&zhﬁeﬂt harfirtkr @Xbae-thdsO ebsitie ¢. b ibinding efficiency) with those of

thermal 0x1cﬁe + pqasma Ta%netn mdméX npgz? Al {]{?I?éteg);ll otf pl%seg £ ﬁngl]i&% ?f three temperatures

nventti on. I on

OfEx nlnjgﬁtg Q?nge p%lnge% H8 Qﬁlr@f &xg qkaér&ddf Qe AR Eﬂeﬁl&al Wien ox1de and a silane

eval ua npar 1 ng uant of four different
based BEGD w@cm@mdamogned s rquhe dhermepb sikigop eide surfrs updgrwent a CHF; plasma

ethanfrbg:ﬁ‘s \ﬁiﬂxhﬁrﬂj; ngietﬁ} aﬂﬁtﬁ@ﬁlbﬂ%éés‘é&' i’]ﬁ@\g}b 6x1d%cshlﬂplel(s wRlefd@idad into two sets, where
nmprisin cone H2S5O4: 30% H2O2 ea “RSI
one s paten 19%% Rk QeIficige Proottietiae 6 AT "Bt St = Y51 EFEM guanitine

hydrodblofilld sottidn. [Tihel DOIGEes [ten plxded| ed eibuifudeiof a silidod dieRid @svbray silicon die (with
oxide gét@ﬂm LGS Ble %.rs Qﬁ%ﬁic%ic&qo foﬁ@.ﬁ ﬁcﬁw&gﬂm én?egfj The %&e then placed
ouna

env ronrren respect Ive

i an g FoRpIIOEE GoRF TNy i BAPRETESS TR Pt SO gerees, Tho di

were tﬁe@@fﬂse@ fthre!ehﬁw.fs ﬁlﬁeshcﬂugtﬁcﬁﬁeﬁ%blm&fde Qaso ﬁldsachhl AP Bowés | bﬁﬁnsmg three times
salt _chaotropic condjti %to such as
t

i cal
with 78(359‘,1?1@ ﬂgO %lfﬂ‘fhd@ﬁ’ O’Flp o 6 were I&ﬁﬁ alloglﬁ dﬁfeat mpé?r?pgﬁau%é?fore elution
was cdrfd@bul. | WHEE weid eRited L@ NinBMt@al am 101 pneeadly Ao it Ed’sh @@pl of 10x TE buffer

(descr%g%%fl%eg o ge %gle 10 was ?oé&@ln{] teeér, %%o% rSInléucl) WsS € téuﬁfo&fwninutes. All
elutioE YE)cargipdiovh mbpbqnf ﬁerenbram righe papnt EDNAREuGlAvas Iq@m%f eg ugjeg an intercalating
dyePlgjg{.aeggrmophore& s plate of the results after PCR wherein

| anes 4 and 5 correspond to eluant froma device with

t e fedig nePIGUREI 8g @haditDe x-axidie bindifg Heinerdtuaelinclagrees Chisits, and the y-axis is
nanogllraimg t(rllg? oPDNA CifiddY &g ir'gl!llg sPd“Pﬁlé ngougf oftﬂ@A eluted (in ng) for the three different
binding temperatures. The maximum binding efficiency was achieved at 4°C for the thermal silicon oxide and the
silane based PECVD oxide without plasma etching treatment. The binding to silane based PECVD oxide that had

undergone plasma etching was low under all conditions and not enhanced by changes in the binding temperature.
These results were incorporated into the micromachined binder by cooling the system substrate to 4°C through

cooling of the heat sink thermally connected to the substrate.
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nucl ei ¢ acid occurred under the conditions enpl oyed

since lanes 4 and 5 correspond to the eluant and no
whandoassbci ated with the DNA fragment under tRGI/IR2804/004397

be seen. For conparlson t he band can be clearly seen

in { Ien‘?shand 11cat1(fns rc%%%ecﬁ ﬁerechll1 %)@he?eb&l Qchogorgted ny referre)nclg] d It will be

elec erein | anes
understayd ethay &Prtamf pfoﬂw aoedeseribedypiupiuien durchensnad apsiptipas 4f the above-described

embochMQl'fsQﬁ@ﬁbt B&ké@éﬁl dﬁﬁr&:‘d&ef tHd présed Giventioh xdire tﬁgﬁ’dem in tA®description simply for
ucl eic acid s _seen- %Q%ﬁ§t|ng that tIe 0
mbo d

complthr{?%sr %f Iasleéena)[la% P d181|ent tn & rm be unfierstoog(%hat specific
structupéss fenotiens, ard|oBkRIBNGRY fottiainalye ovgrigscdbed mffrr@s@cmtstnts end publications can be

practu%h H?da&urtc%&lmnﬁl tgeeﬁfbsgrﬁ 1ﬂ%rl:tlbn bithel; BR MBBkse Rl ©@6s Fraltlc@SIPRB therefore to be

tchin I ndi ng mat er | Ban I ndi e th S
wndersigod F R RYERSRE Y AEIoRtF © B 5P GG ey B ualy departing
from the spidit ag scvpé ﬁl“thaﬁires@nt)miznnm ab ﬂw@nqdllw kb mgpemied daimEhown i n

FIGURE 6B, lanes 2 and 3, is the eluant from a device
with thermal oxide + plasma etching + hydrogen

peroxi de/sul furic acid cleaned binding material. As
can be seen, nucleic acid is present and is indicative
of reversible binding events between the nucleic acid
anal yte and the binding material. Thus, it is apparent
that thermal oxi de-generated binding material s al one
are, without further treatnment, insufficient for
utilization as binding materials for DNA of the 200
base pair fragnent investigated in this experinent,
according to the present invention. Plasna treatnent
has been shown to be a suitable treatnent for
activating the thermal oxide-generated binding
material. EXAMPLE 3 This Exanple serves to illustrate
the effect of tenperature on the elution efficiency.
Experinents were performed on 1 cmx 1 cm squares of
silicon with thermal silicon oxide. The oxide surface
underwent a CHF3 plasma etching process with CHF3 and
2. Five ng of pure DNA was diluted in 8 mMl of 6M
guani di ne hydrochl ori de solution. The DNA was then

pl aced on the surface of a silicon die and a second
silicon die was placed on top, formng a sandw ch
arrangenent. The die were then placed in an airtight
container with controlled humdity and incubated for
15 minutes. The die were then rinsed three tines in
fresh guani di ne hydrol chloride (100 ml each tine),
followed by rinsing three tinmes with 70% et hanol (100
m each tinme). The sanples were then allowed to dry at
roomtenperature before elution was carried out.
Wafers were eluted four tines (total of 280 m), each
time wwth fresh 70m of 10x TE buffer (descri bed
earlier), and each tine for 5 mnutes, at the contro
t enperatures between 40C and 800C as shown in FlI GURE
7. The anmount of DNA eluted was quantified using the
intercal ating dye Picogreen(tm' Referring to Fl GURE
7, the bar graph shows how t he amount of DNA el uted
varies with the tenperature, show ng a maxi num ar ound
55C, as well as a steady increase from 650C to 8Q0C,
For the experinents perfornmed between 40C and 800C,

t he maxi mum el uti on of DNA was achi eved at 8Q0C. In
general ,an increase in tenperature will result in

i ncreased diffusion and weakeni ng of internolecul ar
bonds, and maxi num el ution efficiency should occur at
hi gher tenperatures. While not intending to be bound
by theory, the 14




10

15

20

25

peak around 55C in FIGURE 7 is believed to be
i ndi cative of secondary nechanism The results of the

wezxpensasent s perfornmed on the above-descri bed BCT/IB2004/004397

die were applied to the mcronmachi ned binding reactor.

was thermally isolated fromthe device
WHAW% c{ﬁﬁféﬁ){ 3 ! .

1.

al l ow for independent thermal operation.
Resi stive heaters and resistjive tenperature sensors
wefdevicg erinigetlificanelpin gidrosessinggpEsiithe t her mal |y
i sol ated binding reactor, but not on the glass region
thataBEWmedm&he cap for the m cronachi ned reactor
{i.e., the heaters surrounded the reactor). This
r e@'”a{ Rekt bRk ﬁlep&aggo‘fer otvig?&‘zf g LYCd RERRERL GF it ‘auéﬂfftles of a material
controlled electrically ané I ndependently from the
substsgiehdd. froh1Be FHoRp QEMBEHHS VE ChalinBighh HIbotl, SRAEEET sallS solution, lysing agent,
fabricated using the process sequence described in
Exanphl@e dolutivh elcoloh eit, end opmbinaiidsaheteof; oper at e at 800C
with the substrate connected to a thermal heat sink to
eNGUTlaGniteh BodsEbWith a hikiSy ShHlee MdQRRKIasMRHxiRAL bls0d Yt buffered saline solution;
tenperature or at a tenperature i ndependent of the
bi nder, te erat
| DS rAECTERE B 1y * SPPF aitey b P ST ERL Ty IBGUpEF heing celhlr
bi ndi glg&%erlal mrth and wi t hout concurrent pl asma
treatment. 1t further conpares these results (Le.,
bi ndi ng efficjenc with those t hermal oxi de +
plﬁsﬁH%FVﬁﬁ?ﬁ%H?“%?ﬁﬁ?ﬁ@mﬁﬂPﬁFrngﬂﬁﬁﬂmF rel ates al
of these as a function of three tenperatures.
Ex e rai binglet chamyesr gomyeising e rhinding patbria reapebld of hindipgiaucles aofd under suitable
silicon with thermal silicon oxide and a sil ane based
PECVEPYiteredM oxi de, deposited at 4000C. The therma
silicon oxide surface underwent a CHF3 plasma et ching
pr g)C @slsasvdnt halvetdby@bla ntilire@ingfirly thrhaeghshieldanie@. based PECVD
oxi de sanples were divided into two sets, where one ’
S e’i‘he%lswﬁ& o @lglﬁlr lwﬁﬁl&xerQorg?ﬁﬁg é‘ﬁ@r %usgi \Qljﬁr{‘wﬁlgf Qb andE:bMﬁ-lsmg a pore
ng of pure DNA was uted in [ 6M guani di ne
hYQieQﬁﬂﬁh@r{tllydz&geﬁdthLghlt@ﬁap wihie blamemsuttsﬁmaedab 68105008 tol 46w red blood
surface of a silicon die and a second silicon die
( weelldto pass devugif. t he sane type as the first) was pl aced
on top, formng a sandw ch arrangenent. The die were
t heR N R©e6aitnN, Rikred thd deGibM is HOHLitBH: REdesiM dallcdn@Rtdorl | ed
hunrdlty and i ncubated for 15 mnutes at different
ratu wer e en rinsed thr e tlnes In
P R R S SR A
follomed by rinsing three times with 70@6ethano| (100
m Theagevicetof ¢leiln 2, Wipesinthahping shamberand thefiltenthanbes ere the satey  at
roomtenperature before elution was carried out.
VAT IRIaSvioNRE Saifl 1|k §dRbREngtat RSNk bdicaly-atkssBEQhaithel,, each
time with fresh 70 n1 of 10x TE buffer (descrlbed
e f ) el
B e TR
el uti ons were carrled out at roonrte erature. The
anbigieviget eim leﬁuﬁlieégpnmﬁgngql@g?ﬂwafqr gayer fdp ?de%l?lf claim 1, further comprising a
i ntercal ati.n e Pi cogreen Referrrng to FlI GURE
8, DRSSP f‘ixgeeec Ve&'ﬂe%tm %eg‘anf?%i f'¥&nperature in
degrees Cel sius, and the y- axis i s nanograns (ng) of
DA nedleipt agid binding mpterialiingds by hyogetsisempiisipgiihe stepf oDNA el ut ed
(in ng) for the three different binding tenperatures.
Thg mpeyvida Bsibéondibagteef f i ci ency was achi eved at 40C for
the thermal silicon oxide and the
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sil ane based PECVD oxi de wi t hout plasma etching
treatnent. The binding to silane based PECVD oxi de

~ W0 bas/obrise under gone pl asma et chi ng was | ow undeCT/E$2004/004397

10.

11.

12.

13.

14.

15.

16.

17.

18.

condi ti ons and not enhanced by changes in the binding

t ebg‘p ?rga%}m U Eiti -cr)E ?u%gxa e%@tﬂ Ia th%rrq\gﬁfx%e% IR glro@iheeigr srﬂ{cgn anig surface; and
m cr onachi ne i'nder by coolI ng e syStem substrate

to 4C through cooling of the heat sink thermally

c o nelateacpiabpe the ailicog 9&ies syifase Kjth 2 plaspa pifhant prpgess.

publications referenced herein are hereby incorporated

byThe efuelsie recig . bitding\whitdriabef clmael0s twherdint thea plasher ¢tchiant ppdcess comprises a
t he above-described structures, functions, and

oprepbingtion of §HFt ind Gphidases geling iregtmgnte Mywelpienapid dinding maigrial made by a
necessary to practice the present invention and are
iﬁEWﬁﬁéﬂ%Fﬁm¥ﬁ%“ﬁ§§%ription sinply for conpl eteness of

an exenpl ary enbodi ment or enbodi ments. In addition,

i ta) wptovidipga smheletesandod t hat speci fic structures,

functions, and operations set forth in the

ahgV ged i 1R Bade® biBEoR NG o 1h8 BltBiraAd Wehink Wds@ALANMISI chemical vapor
can be practiced in conjunction with the present

I Nvedépositiyn phidéss.t hey are not essential to its practice.

It is therefore to be understood that the invention

Mehe R 108 RGBSR P DEEMaRE1 2l DidfeiftRe SRREE EdnfpRiel ¥ticon.,

descri bed without actually departing fromthe spirit

and scope of the esent invention as defined by the

ap BRI OArgrTEe AR PE] (RPN 8P F A devi ce 1 or

‘mcrofluidic nucleic acid processing conprising: a) a

sid) i odvngsuisticatentitisy ofmahweadh biynd andbabite sdybiabfirea gfixing chamber to
providing for the introduction of mcroliter

quanPicfyces diggedRlopdspigirea] sel ected from the group

consi sting of manmal i an bl ood, buffered saline

sdl) utlowing the Wituteighleng ewittyre 8@l d y@ngSa@kni tint® A reactlon ofuaiber, @hefein the lysing
and conbi nations thereof; c) a m xer, housed within a

m xi pesuicrRipsehe caltidpr wallsany libereits nypigic prid dohteiaed! Withintwhite blood cells; and
buffered saline solution; d) a |lysing chanber into

W) C Flowiing $he imikgura@atisigahe Iberad@hickRracid tHréugh & BiadifGhRBIRE wherein said
of lysing cellular nmenbranes; e) at |east one outl et

c apabidngpdhamignoonipriges arbinding reteriblitionsetebiyelg dindsomglei jcidunder conditions of
bi nder chanber conprising a binding material capable

of bhigytagonasel ei ¢ aci d under suitable conditions; and

g) at |least one valve capable of directing flow

t hrhe w@ihod srelathe V4, Gether 2ompkidiag 8l @sp T @ilt@ing Ele @dilirdIbloot wiithik@through a filter
conprising a filter, housed within a filter chanber
artelsepaatpmickicngjd-aontining vditoldood gl ifrom egdiblopd ¢elis.ge enough

to trap white blood cells, but sufficiently small so

aSThE Gnefhbdl GC15iRCAI4DRARG cofirisifig b Gtepp 3B SnsinB HIRUGRLeic 3eid B8R to the binding
device of claim1l, wherein the device is nmonolithic in

d esadtegiial vethd ringmpsigentict i on. 4. The device of claim1,

wherein the m xi ng chanber and the |ysing chanber are

t RBe 3B of Phaim RSN th&inShe HhARtsndnor Wher €i n the |ysing
chanber and the filter chanber are the sane. 6. The

devi ce | aim 1 urther. co

op”lihle %thél pé&l?}@slﬁr ef CAmpYISioe 2 s e£ Io? 519 g %}e nluggig taci(? lgoeund to the binding
material with a drying method.

The method of claim 18, wherein the drying method is force convection.
The method of claim 18, wherein the drying method comprises a flow of air.
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7. The device of claim1l1, further conprising bond pads
for making el ectrical connections. 8. The device of

~ W@b@bsnees43 furt her conprising a gl ass waf er covRCT/IB2004/004397

19.

20.

21.

22.

23.

24.

25.

26.

27.

device of claim1, further conprising a heating neans

f sel.ectivel y. h I ' - | £e...9. e
nopte SRBE ! Y Rh: Dl P50 BF it MR 2o b o tho indin
C AR a5, bRSaIShaRS tOfce tR)nufEiO¥didHdAgthabiRdihd E4Mial and enable collection
substrate; b) treating the silicon substrate with a

t hgitmal oxi de process to provide for a silicon oxide

surface; and c) plasnma etching the silicon oxide

SUC BBl dellectohi SR ShABERI LGRS Sompldng: The nuC i C

aci ng material of claim 10, wherein the plasm

et chant process conprises a conbination of CHF3 and O2
pl&sma BPER fﬁrg‘n‘foﬂlé‘g@r‘fﬁlﬁfa%@%er}?&?ﬁo&e 9% d bi ndi ng

mat eri al nade by a process conprising the steps of: a)

provi di awgeass feuitysidncitze; lysina eehy)intelpdayicesi ng si | ane- based

silicon oxide onto the substrate using a

plgsma- aeﬂ&ame&hxﬁlgamcg&lar ARl wlleROShihd £8ntRE RGE Sfect thclrupture of the
The nucleic acid binding material of claim 12, wherein

t he subel mahBraeomdlibsesthsiellilaoompoddts; A net hod for

processi ng nucleic acid conprising the steps of: a)

M ¥i NG IhLGhOb! EBLivay BRidelru&§c £ia; mammal i an bl ood and
sal'ine solution in a m xing chanber to produce a

di luted bl ood m xture; flow ng the diluted bl ood

mi Rt ur e* THE 8”?‘%?‘% boﬁ’é‘g‘%ﬁlflelfﬁ‘i\{ga a reaction chanber,
wherein the |ysing agent ruptures the cellular walls
anil | i bremanefsr dayied thd oumlgideicwitt eaddned within white

bl ood cells; and c) flowi ng the m xture conprising the

li dyer at £deaRd il RibidRE biid elubiigQbtOiclaic Biddi ng chanber,
wherei n sai d bindi ng chanber conprises a binding

er.i al at ,selecti.vel.y. bind Lej. [.d L Foqin s
cofPRs kel 27 R ¥ st % Bl ek B MAREEea v s
claim 14, further conprising a step of filtering the .
di Thatdsriodplomheim ix hereadn the mesersHom e they ceﬂlkb‘afs%ﬁ%{wgt"éh the lysing agent
nucl ei.c acid-coRtainin, white blood cells fromred
bl SBBrisEst qoded capillarypisromieh 04 of clai m 14, further
conprising a step of rinsing the nucleic acid bound to
t HEhelsievieti of plainn 22 rviberein et theans fof selsptively Ripding nuclels acilipemprises the binder
nmet hod of claim 16, wherein the rinsing agent is
et 7B of i 10The nethod of claim 14, further
conprising a step of drying the nucleic acid bound to
t HEheblevich afgplaimn RZ rviherein Whet theass fdr selertiyelyrevindingl nucleit. aciflhpemprises the binder
nmet hod of claim 18, wherein the drying nmethod is force
conyeigtdfelim 8. The net hod of claim 18, wherein the
drying method conprises a flow of air.19. The method
of Tizl davi€® ok 4lainf 28, twh@éin e Mpans $dr Belectvebit ehplingfaudlcieaid domptidaethe use of a
nucl eic acid bound to the binding

high-salt solution.

The device of claim 22, wherein the means for drying the bound nucleic acid comprises force convection
drying.
The device of claim 22, wherein the means for de-binding and eluting the nucleic acid comprises rinsing

with a low-salt solution.
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material with a lowsalt solution to free the nucleic
acid fromthe binding nmaterial and enable collection
W@R0065/0663@ A nonol ithic device for mcroflui di BCHIBD&IW®4397

acid processing conprising: a) a nmeans for introducing
28. Cell"ileud ke SFRh&l %2%1’16'1‘6[;}{ e ﬁlgﬁs ﬂle&é'-b%fﬁi:? Qtl(_jl e?utiﬂ%?tﬁ@ cfefg "acid comprises rinsing

|ntro§u0|ng a l'ysing agent intot & evice, c) a nmeans

f oGitm MHirityRteeel l ul ar material with the |ysing agent

so as to effect the rupture of the cell nmenbranes and

| i berate the cellular conponents; d) a neans for

sel ectively binding nucleic acid; e) a neans for

rinsing the bound nucleic acid; f) a means for drying

the bound nucleic acid; and g) a neans for de-bi nding

and eluting the nucleic acid. 21. The device of claim

22, wherein the cellular material and the |ysing agent

are introduced via inlets. 22. The device of claim 22,

wherein the means for mxing the cellular materia

with the lysing agent conprises a coiled capillary

m crom xer. 23. The device of claim22, wherein the

nmeans for selectively binding nucleic acid conprises

the binder material of claim10. 24. The device of

claim 22, wherein the neans for selectively binding

nucl eic acid conprises the binder material of claim

12. 25. The device of claim?22, wherein the neans for

sel ectively binding nucleic acid conprises the use of

a high-salt solution. 26. The device of claim 22,

wherein the neans for drying the bound nucleic acid

conpri ses force convection drying. 27. The device of

claim 22, wherein the nmeans for de-binding and el uting

the nucleic acid conprises rinsing with a | owsalt

sol ution. 28. The device of claim 22, wherein the neans

for de-binding and eluting the nucleic acid conprises

rinsing wwth a high-purity water.

18



