EP 0 465 229 B1 Description This invention concerns a mcropunp and a
cmet hed of manufacturing a mcropl#g) for use in fields such as nedi cal
. anahysis and treatment and for ctfErd 465 Iysrs as -a precision control
devi ce. M cr o- machi ni ng t echnol ogy is currently the subject of
research gfeh@‘g)fy to open up new, high |evel technol ogies. Sone of the
trends |n S echnology have ‘been di sclosed in the Japanese nmgazi ne

“Nikkei 15 TiAVORGS ¢ ponc 34 b Ferdpmp 4RPa (riathdd of MR Eturing WBRibrop i) 7 uagﬁ fibids 155,
in an ar Edcﬁ E£mbdidal ﬁnlal? s ang'tﬂebtﬁngrﬂaﬁdﬁrr Gomia ahiydis a8 a pREEIBEAEN devick this
articlge, aMidrsmeshin ra.grrecatowgywanamp tERbIA of FosEhrans aOihyRGgEEh ubdw! Mghliddi A
M cr opunfchinglogibs. Sorddof i trbHdstin BikCledhh@sely hevel Heo\disISéd ift theBSEné5d Inagixme 2NNt 20 €
of maki ngm&a&twa%rmdmhmmmahu@aahaas)esagaesaa 101185, iVar arasle entitiédESilBGrOMIdRE | ON
of m cr omaavningTechablogyevi ces, that fall within the category of the m cropunp
ment i oned abthisayticlesa demesidnlmed\iciopumh dedignti¢ givenithal pagesf135 kwet138r A midkapumpe permissied
above .o Tininuteiasd precisefiag eontrdl4bd has thelddivantage bamaking medlieal and gheraichl enalyses peesitiirod

t hat enpl oMoreseani the prddustianr of anicrirmachanicat Havisbs ¢t {all within the cataganvefrthpinicropenahi ng
etc.) fomentionadisheyesis Hescined inthelatier halinhthe erticla meationgdrabeisi Thabis, ontPergpst! i o 148
descr i beef. theoartigie, poprodusiipntrestiod that smpleys semiconduetprcatehing deahaalogy t(@Lch g» @nisagopic

t echnol ogighing eie) fGﬁ?WQ“Qaﬂ'ca’hBtﬁracc%‘BHﬂf dirpaneiens! styptureds. despribgd. finpages,fhq to
silicdh Hskip atige sé'?séfa"ep @9 FPéP"°|°B¥ fing gnanp b%d%r'PtBW°'§P°l§'H%%°§ anq s

of shapes, is 3lsQ esgrige d
early on aﬁos"ﬁ%{‘sp'f’? ﬁg Y'%?c‘f' 8”5?%"8 Red o3 QSS' at : 5%\["%%'0
:_ h © tI at the. tr| | p
(oo vt?f iﬁo% b e E ?

Ak :;r«f % 8 Mot s..@.e e e
ata es nﬁ or the
bé?%frvﬁﬁgir

b ekt e o o
m cropunp %’5)&%1%5 Yon ﬁlﬁ:rofrﬁdahﬂﬁ‘g %@hr@lohp%r an
establ Staasl.cer &b 'trfafbue%éid&fﬁ@ mofAbd fAGhd BIciEHME MO Serbls &YAtualis, Gdlume 13T €
are a NURREs, GHobdRYsB8O L auinhd|! SYikzetart, PaSHRUTER-16D RS YARTLINTEL! €4 IPRCADEDECTRIC
techngd omcnoﬁomm EXSED N MIGHOMATHINING (OFESINCON'0 Gibisibs b (iedBildeme nactobuimpe This

el ect r 0Shridié Gesomiel @d. deSig S MaliZatids ot o QPummps Wadetl BB thbSmicienackining oft siibén. TAO 88,
Lausannepunips) which aré 10fl the pédipctating HishadontdniTtypéi\sorprisH lohe of' o FPuing ChantbersRa @i 5

M CROPUMjtads Atitap nisiibiaheCidietd il llphicaeeEtriGHikd 4@assive siti¢on Sheck salysis ¢ diebtdin flowc

m cr opunPhambbrisschanrelscng valesscare ealized linea diticon grafea byl wet glemicalt etchingoThet kasultp Whps
kas ed sonmbdhenical calaplatione lridsimudatios sbow gaod ragredihent withrthesactuahhebaviogr of thefpumps It is

reci pr oceantludgd dhiat i iscoesikinto desigrenump® hayind aespesific viold andiorepryrerlependenserasd which hi n
gl ass pu#rp fateafp (therflow dchleskedwhile e gump s switcheda-i ¢ di sc and passive silicon
check val vabe styciyieret @mairmicopusip u'err%merlhr thecsamariuietherihig dyivan piszoslactiicalie 41 | zed
in a silpleyrstatigaliurA B‘Sf%t‘bsE%tﬁ%Pd en both siges “rrfrem raed;@t“@gm @rd 3 alven Al 1959 o
cal cuP&t ?tfﬂf§'°aFR!"ps‘3"emﬂ°a’t"F%§‘b Q g *é?g Q nd-3 [ueroPHaR Xt our
of the p @a""P'P af’% valysh 8 Giepted ttVrP&t‘ ng; the ‘6'8%554589 éhe 19“&% ‘T"a'ﬂg pekpd efan %g a
speCI fi C e m'essure |9|Et£) E q AN e apre 6;d(?otf'rgva‘?ve in ©
0 el rtzrrgt*é a rﬁ ot trta .gtea,,,.mt ol
m cr 094“% xido! g Arbu %a ’the i bsth a 9, ¥e4b other than oyter
pi ezoe X/aIQJ ar§ h@érh d%‘xl éfé@é? n Eraé'ihg olit8r alv Gaﬁ e

bot h si dﬁiheﬁ gs Q5 it ﬂh% g! h@pr\‘ adf fihe p6-lofd lajeneSe 35 steps are

conpl et e, HhSstRihuleCd prbM di ﬁgrh sarwﬂmtuadmpe SHER In BHAS 6, IR tsf Aéress- and
a m cr opsyion\Mrbugh tHoQikpEran e SA dlfhragm|AMemed by leRAhES siltyn Wererl with ald0o® KOH

j unct insoliéi gt hdsebedi ddated BETUITRE silédn adbr t0is! thnsandviithag | betwest &.lovien glabe
case of gubsta®r DRRHTIN oty Pport Bittrekn and ad fupiser iglass substratei 1t withSanreaic pars 10 terbio usiigpl vy a
pr e- | oadarbdic bénding,ahevaby faimiag the Wiaptdagnbialve.n a tight seal for the valve and to
prevent | eafthdgtds stractares ievwedesie privere caveroe flow, ie. fldwefrqoy the exitpart, 109 the sustrate) 1 to

di oxi de the ertyrpoet @ it the subgiratet 2 vherathaclopresburieiiapplisd te the disphiragnovalve, itis tecessary taand

t hen &r eapply@tpneioad th the diaphragm 1o epantailtssed)f t he val ve are renoved by etching.
The si | i comhaliptori afleprodugtian pregess ie regregented He figure ci7- e diapheagnt 4de formed weifg used
as a t hi phofolithegraphy, torcreatgrholgs and Narying Sprace legals 'aaﬁh(seqq@f e iligop xgfey %fé limphe

st ruct ur&9iss keng PQ §iirface 8 ofjihg H‘P% fay 3 4pd ar‘@lwa‘emb fu‘ﬁ?) si "‘s:“ $intd gur e
16, whi c'§laficaship t',‘r ich they ara; gt 8}? sP'H BV@%:PY?& "d Qﬁﬁ 4is

formeé b '%’t’?ﬁr' 's§°’§t'f"f 38 's

" been heat'8¥ re-Joad ¢ l dia GS| ction
S G e

substrate an exi erern usi ng an |c b drng t'hergg§$S
formng the draphragntvalve VVth this structure, in order to prevent
reverse flow, ie. flowfromthe exit Bort 10 in the substrate 1 to the
entry port 9 in the substrate 2, when back pressure is applied to the

di aphragm val ve, it is necessary to 50 apply a pre-load to the diaphragm 4
to enhance its seal. The prior art production process is represented in

—— I L ™ - Y L I T T T T e T




3 EP 0465 229,Bl1 substrate 2 and the glass substrate 1 are attached
‘using anodi c bonding to create andwich structure. The pre-|load spacer
» 13 ks fabricated by stacking a #'lbgtﬁtr‘rﬁgs\:g ith holes init onto the silicon
wafer 3 and mask sputtering a silicon oxide layer of 1 [err] thickness on
the surdiagfte 9bind HE giR | siStritB TRR attfined  Rfg SMlcEBhdi ﬁeﬁﬂa% Eﬁé‘gﬁte Q&n%ﬁ‘é %thre\’\’her e
there aremg eetéadas'agb WK RabcaiRb %%taékﬁugtaQIa &'si ﬁLfErast
This i snabp\ebtttmgnr SiicoR 3HdS RIS 1 Bm REMRBSE Hile RAHCE oP 18 -VaRé thember® hbe tO
the di apiem@riaids pladd iyt wHRR theré bré MbiBdand&inGr8icBidlack B tbé midd Wit gRis€ SibBiektd AT €
vari gs Tae @HoditidChré-Bad dpace lsif@mMbdand Bbw @ brelidd iCdppiel 3 tho liagheagmhds been used
Wi th an aArisairdpitcstchi Udtéhing iR FhicFEhb bRRIRTIraaNes dcevidiighe tRtorbrtdlign of thé trydtaion
subst r plase; hadiseen esed with en alkalinet doletichass @nedtionsd dbd@dr the bithirgrof Silidos ubakates. Edie
et chi ngxampleg inothe @ase1dt ) (160) Isicon csubstrate xthe etehihg/ ratd afva (101)zarfaed id edrbmey @lbwhi ng
rat e ofcorapafetidQlhe si¢hihgheate. of E(100)isorfpce &tchipg cahpr@ideed 1 M0) anelifd 1) sudidcps. Asmfredoles. As
a r elgulatvariehOofzplements havp heén dasignasi) whicthtakecadwantage dicthis gheeatteristiai lo lordeatkeerarde ant age
of thi i"gb%a!ﬁ\ébt“@ﬁlosi juging these plgments, prasiuetiph de Merey hamplitatedetonfiguratierisd being i ng
t hese &P#¥@REs, production in nore conplicat ed configurations is being
con5| der eﬁ!‘ 9%9'%2 vice that sprays gut minuterupntiiesof Yjquidyy Progiserraunty igaheror préigk of
qui d gt %‘ Rrocess 'i)'f“i'sg?‘eda'f‘ figyre, k6. Thig constitites ana dype ofyisopump.
pr r odfict B E- ayer t@) P oo s"a‘Ptf‘ Tt%ﬁgffme'tt?'eg tt?frea'

of nicf 5 . a gi\mﬂ%% Kg rénes i qgﬁg 0 oriG |d15 rm
sili CO q%té ne:k |gs€r t18 ).el'h ZS( 1] ]: |s8|&s§ SY orm g:ma %:J:a £§\E er;]tg?

- patterg g% %
gﬁ'&ﬁg’ Iét Ige'Bé and °t‘§'$é§‘n |nk FI 0 anneI 25

\agi Gy e e%r rhuﬁﬁlé @pr
si | i coB4 giPBistrdldtgylodef (fig
(figure Jwbve), it th %Qﬁdﬁh pRotésd AbdcAbbal above Wb sBd InQthdTefve ol figurBPle, Brshé!Ganloiy e 23
over the rﬂ&bptﬁr@ ot tof aB6V® sBhsois HAd fatt@uors Briidl) @e shlicon( didxitld "Iéayerlt%\ﬁa thel pt&-idedi e el
oxi de lagatelioudDel Comipbdd opan InBrigaricimbtdrid, WBich BBBMRY verNard @hd fideks fAeibililyNAs & SPray
N0z zb € refsiili, Gedasse 1B {td)shape DN thaIvilad aridebebeababfi varpirgSthérb Mduid 56 tnstaBleQoMikt biRle SPI Ay
nozzl e pid4oad idybt ori the igiasst substatecsutiace Oy @imeq Erbgdig @ pddd(sbling irkseane fcausing réveiss pri or
art pr doelsskagtescri bed above were used in the valve of figure 16, or the
val ve of In hddition,cthayp areprestictions eonatrothickreenefahes siinonl dinrite) kayes rpgoviding itiel @e-lobdne
SI | i colavedi I esspmbly Agnodic porsiingH withgthe lglasspsubstiateai] the seilicon dinxigb daybreis dimleselde of  an

-Aorsg ameeberatichone with iy pless sydacenihareloess g cartain aninimem thickess (110g00)lis lefuingd, and a 25
r esul t thisvoplg gause poblemindingfige contro} yeing hel pyesloading obtbe ¥aee of war pi ng, there
woul d be Fypnermase. df %\fﬂva&?feapt ttSbefom long epsigd pfdimey the, gilicom eowedaer praviding the e
surf ac B;e logd '?Vefn’é’gu'?:r"%%ﬁ"l U'Fh ‘s“éaﬂ'ﬁsﬁ \Fa % Pafed Lims; (rgating\a plicking | ow
| eakagB PPl ‘i? in F‘H’ '°B s ; Hg‘[]é %"‘P’H'P%IQPFQQW ugen As

‘iaf"t’

si | i*of "G ']2 r:ii‘;/ mg @pa
IO, \fmr{ 54 ‘%Iafﬁ lﬁ?'l
if I agt ttl-tg et r‘rg 1S requlre ean? %?ialu ésp IePt ain

bondi n ore[o et )
the vag 3 |s ickngss. E

i ni mu tnhtn Hob%; Mh a ens in
fi Gy  1ngVhrted ﬁgfaddﬂdgﬂct%ome%efé?g& ibauirad AN t° f" more d

val ve Welging b pHsraf tdchtolody SHOWE mqrawe@% ﬁlfaamgttttepraiotd ébg&r q3 eaqhsl enttr@yer

provi diymgcet di thelVaiGs MmErALr lB38/ME oNdP WhyoflaBpiRAg e pré-idad B tRE diaphtah. fidWaved) £stiRod OF @
| ong  pRéterogtnGf (100) Rerface bridsAtatigOvikRhavb IaCditfeRtgt REHIMACERB HBFENtIRG 61 16 RFyedi durtace.

condi t Tiis'Medm8 thapihe prdAdat 3PRcHNSIMES valddf ménhitdr B dbuiendTBe BikXlatih Bhapd aiCHerd it USE.
As 35 wouldr®tihdve uiifaen coatactiwith b glasd shbsavae pwHichlcaldsBethy plobém blwkdedow.i S | ow and
t he pr odwisb.ibecauye 1bé congaoiosurfachiis large; dhe, pré-load whir anpt araegyouid fbe isinall gt itr@rligald tow

m cr opuens el 1 zdyprse &udfur, iif thet doatact ewrtareis dakgel ihipcreases the probablliy that fordignamatier ect i on
of i t swill Biterlimbatween Ha@redfadrspacerid and the glassaubsirates 1 etcb2:iagrin dagsinggenersediov.i n t he
ani st r opinctheeasp piask sputiering, the maskietge itspikwaid gst inlthe waliapaking Eputtpring difficvitbyand

i nvPg: eeaUt-Wemerart 9361*" the cantigcWhesrihe valveteembey$ iscofffenttee deformgtion mscuss andayl t |

m cr opSAR ‘R% PIEiRPd Spagerd aprbibe glARsFURretR Zdﬁ‘r?s' PYylrthe SMoMNtef Sasrfomy ¢ he
posmbth?ﬁ_"f,:éla 9 40 the val ve and th adds restrlctlons to the

th f:
oo 17 ﬂf‘” el dttf;-P %"'m" *‘W’*“ﬁ*' aee
thi theq%1
10 m1

* h
T il o o obe{n 1 V:C?’.;t;.,".l'jﬂ ?ﬁ% iy 'taawever
et chi no g $igure
spacep'g?té of e val ve men‘net%(e q%ﬁ w?(l)‘l% e Cl rcu?da |n ape an ence |t

45 woul d not have uni f or m cont act W|th t he gl ass substrate whi ch causes
the problemof reverse flow Al so, Because the contact surface is |arge,
the pre-load per unit area would be small and the liquid flow would tend to
reverse. Further, if the contact surface is large, it increases the
probablllty that fore| gn. matter WI|| enter in between the pre-load spacer



etching and the etching rate varies, making it difficult to produce a
tconstant thickness for the diaphr 4, a result, the thickness of

. the:di aphragm varies. There are. a&g@'ﬁﬁaﬁ%%ﬁns in the amount of di aphragm
deformation fromits drive source, and this results in the probl em of

vari ati Ofgsort A BRWRihe Hk chdnidHis dobButs 8 v} biftutth o SRRILERPT €5
descr i bourrh at&o?%ﬁ{om% tteﬁsu Ebm'ﬁf& "t%ha’ﬁﬂ{a slﬁb% el A% ata&mi)‘ﬁ%s@mé st :

in the sbﬁ&b adist lldyBiusrea p soéiien 28k nCHaBasg! th ol e ﬁ. VérGé ehéned @fighty
formed i ghédnhigdtidoi€c asid 4tch|ngn%PesOplét§ In foﬁﬂmdbeé(llléén étdh, theNEbperC it of Ake H&"Qow nk
channe)  bifanmib2siis eithld, &redtifg thé ProBlGHR of X schieving the Spevifsdyshabel f feult to apply

phot o- r esi Tonversaly, inld deptesidne2l) thephbioratlsy lajed Hebitnes ivbry ARtk avaf tRe expbsuréd)6Mthé t

has suchmeskegatterh ds oartiel. odt rat padistance frarh , 100 @eateS200tune ThizOlesults &6 vy pbar\patterdn a
pr ot r udi aguseyx hichnle&s to the spray/ ndzkle 24 having pban pettetrhaccurady. This mlebldragiees nbtsappdac hed
sl i ght | yonhhiarthgase of tha @rampleaksing discssechiipre. dtide s ppiblamethat lappeiatsevhbn plodueing giny

si | i con wicoipump loe Popivesr sqoear tby oftchingethe milicon | to WeBhe blamfe hurgred gine tusihge elkaline
creati ngamwpfﬁr%mdm of not achi evi n% t he specified shape. Conversely, in a
depr essi on i an ppjact hB‘PcPqu@ﬁl'@’?"“P'afé ag dit; rrefersed form, 49 FeRolygneneton sores, pfdeir e

of the nBreRe ?eﬁ%ﬂb g Vecarrl ed out at a di stance from 100 err] to 200
[err]. Thi §° f'fshasP UPS 'al?‘teétPH' t%&f%lgrpﬁ’g‘f od %\I’H"E’H”W %!P"?"ES’ ’tﬂ'@%pray
nozzl &8 2§I!""F‘It H’

in the c

Iclb

g@% %dc o o gj f°" @ t{%
em eva eme VO e e ul in ne o
appeat s - Y e @5{ tm;?;y
silicon ﬁ% to e Fé D 9 San| so
Qt/Ch' B8 tAcéo?dlr@nto Q ﬁrﬁlglt asB;ct e Blrege?l?ﬂ%ng&v %Ilé) |d%ﬁ | EI ok aﬁgfajﬂ%bg
preferreglicioBimp cntriifs> b 4o Q&%rﬂﬁng%ﬁ Bhe S su%ﬁ’ oft
Accor di Ngsitight InatdribiSdo a%Sthé‘aEe Qh elchifg BARMERE ploVidfifd b 'dﬂBhrM%ﬁoea ‘va"‘tveon'hSMS
M Cr OpUMBmGRY N théobthid side &f thd §iRBn dubstratltShisk bltterdl laf Btch FosiStam Matenl @ h&e@n
gl ass suff biigepattarn dorbrbvidingi & thrddbIMREE, Wirinidg ®n Cbaid [UiHeR.8iER @MNRask pmadmlaf arl &tén
val ve 24 nrebistalit Agtofial ¢6.by/© I6EReTRT GEHingPattbrifol rbviding Bailtiphragh, sai0 RélVeOhdnmbidghe hd!i d
fl ow t hr awgVe mermisen,uadhinglthd eilidon stifseaty d \apisstiopib retchiag td foem \ttal disphrginD!e valve
engagi ngmemigraref the lvalveginersiser ancbthé thadugis-hola; lasd sentiveichirgetbb silivot bubistratd Betwea plassagm
and t he subjtates, chamdsterised it that He oistingeld effatexicsucti thatshe diaphregmgand $he \elvd stembiiare
engaged #9 clpseetoysaid pthernidetihan tq ssigrone eide dfdhecrilineny substralehe gl ass substrates. 20
Accor & ng Adurher prpdugtion d dar thefmiearumpraseasding 1o iheemeseddrinventiae jscchprectesiser byded a
met hod oRorieating B ere fidern a 4100) qsipriod silison-watgsan aichipg menk thet eoaasrt@mdeteﬂrmdﬁ@rm one
si de of #ddhe vl merhsane, by @b'i‘fat'f’ﬂs% qPPesity, sigp of e slieey walerjan eighing maskethel| so

Lo | ccipEseappeg e'n oI,y e b e e St S
oDy aned ' i i) attfthtf bhealy mi g u it ng S
of o ett'tfbtlz e i v é‘ pegii t"t%vwa'"wtagt%mwsPtc g

provi di nta injl %Zla: n l‘[ﬁ ro rg%‘: rd &é%&% csint PvdlBsis 2 arac?ense f, an

B
etch 25 posly % mga s Ui i e R di ng
sai d di aRht) d Sl vGé\% ha weileh 6“13 %% i con
subst gAatge Qh‘fa&rUf 44 5rfeRide oﬁh& ﬁcﬂdnger ;PH\ uﬁ ﬁe Eri ¥|ﬁ’coﬁr¢« y ane,
the val WGhEsmRes ddkidh ke 2Bty ﬁlef?:hmé1 inB§ tol th@th&iu H-RdR3 on the

subst r at @pbyith W86 b 84 &fficon wb.s by taBicating @prassions to&wlddsfedtctaam oh i3 dtef Béd & thes

ef f ect edsior: Wafbadingt Wt slisaRBIE AgRing Nhidh fopkeasioh® WilE B&UomB @hed thRougH-b%et) addOpys ai d
ot her sifafticitingan bidhisgpingbk tHatcdiriespdndsfto the @aldd dnl thebppBsite Iid6 af We siltddn wafer, addl by

furt her fasriosting theOdiaphiabyh Oehive,Ovalve Ineemistane @jlitippugtcitonr Il stchirighthé bgpogitecsidandf the

I nvent i csllicorswatdn aisiagcwet mnisopropidogtchingbr i cat i ng on one side of a (100) oriented
silicon wahenording terclil fugharmspect dfdhe presenicisysovrdsthere it previdiidagmiceogumm hating lee

val ve nedidphagr, a fioy charpeli @ saiverayd dypuginhalgsfersied in assiliden substiatecthroughiwsbanisptadpisr an
et chi ng giehing, the, substeater baingrrendiiched, batwren wlssowlsiraies jaed thp yalvet heving fpresit therepndes  of

t he s¥9 |'11Q5'rP°!X@P'é?Y°aP'G\é@W ? 1ogd. layap yhich aﬂé@a‘?&t‘ﬁ%ﬁ)?“r lass é'tbéimt% by
fabricati n °§ﬁ’bl¥t B‘Hl er {aeyt °°6!Bf'§°§§pt!ﬁ? tesisignt; polymen s Soled Pﬂ\@mﬁﬂﬁéﬁ te
si de of ROM| silicon vvafer and b etchln oth Si es of the silicon
wafer a pBe’é P‘PY'%P '8'|"1P° °’\ﬁ€§p ?VP "é’rﬂ 32‘;2#‘3 "F P e

dl aphra \Fg I&g 3 evav ooc 1 n <] on 1 Od Of
pr oduti rj an.cé veie‘ e ; nﬁ. ufa? . . dﬁ ﬁ dri sed
%fvgbp%g& at, e .t&,mhe

fabricating a e ?gfs]?‘leo of aﬂ'gtes d %te‘ﬁ ﬁsfﬁg eaecvﬁ'iég\h@s%f‘ersop?rgfagt’r"}gl ng

on 40 the surface of said one side of the silicon wafer, by masking the
surface of said one side of the silicBn wafer with a S|I|con di oxi de | ayer
and fabricating an etching nask that corresponds to the through-holes on
the opposite side of the silicon wafer, by fabricating depressions to the
de5|red depth on the other S|de of the SI|ICOﬂ mafer u5|ng vet anlsotroplc



etching, the substrate being sandw ched between gl ass substrates and the
:val vé having fornmed thereon a 5Q _high polyner |ayer providing a pre-|oad.

. layer, which contacts an adj aceﬁ?odﬁ%ézg?aghe gl ass substrates. Preferably,
the high polymer |ayer conprises a heat resistant polynmer such as a

polyi mde or.a pol yan de. By provr ding the high polyner |ayer as a pre-|oad

| ayer for A&Gﬁmﬁ% ¥%trlpbrthé?easﬂ&tc ontVifNehith! féte! IQpI%hé’edSJ'ﬁBPo Wh&ﬂ&’ of the
val ve diiinlagn Ch VR ind Hroutithors faﬁt mesugt@asstﬁuhﬁwgaﬁa HisotropR®
absor begehinh ntn5§u.&daesu9§wa@rbeﬁ«5 tsancwRRdd Biwédh glaBe subRirald ar.a&né)ca@vaaraws@#owed

| nsusf i thdrédinta iR 1dyer priviiinglagireIoR aYer, %lclp&fniabta bin §djtbrit Ghe dfthelghSs substFa@baNi C

| ayer. Hopeégdmple, the hiiile Ry S corhptisé ANCAIN ahd1EaN. | exi bi I ity of the high

pol yner | By empleyingOa\Ritritié Precidad Gdypit, there vall bes AoTBonding With the [gRsd subbtratOwtiea @hodicANd

becaus ebohding takes placd bvea lifcthenpreddae layer|ie/ enyca thinciim;pand héree dr@draxioéd stiehdth tdmcbe

sur f acdreely correllegl ass substrate, a tight valve seal is insured which

enhances Indireudrigcan, whengjn the pre-I¢gaRlayeSe fop@ ftool silicendiexidle, it ogwrelifergticking 4o tekei | |

f ur t herplags prder caskintchrditionscof dengthy stowaga. iHowever; nctheeprpsenidingtancel decagisendf theayitidep

havi ng sibstnegused dmthe arefigad Javer tha degree of syridce activityds towrepd gtihere lisre Hopdingawthi n

si I | corihesgigrstspbefrale oyar §MehThigealimiapips 3y resystion in mifiopyP effioney; afteicplangseasied plat e
ched bet vveen I ass subst rat es and the valve having forped 5

bei ng SHRHR

th @ A??P'FI"F F inyegtion &t me?F(,anmE H'f %""a

adjeacgnrf’i; : fp%rra Zyals ory sréﬁgg e i ge e .

conpri st 'I"PN ° F& he i {: EE y heelye 3‘9}% t°I*I%'r e
S n agdf’hs§ F BhsT

tusr w ch con

Il bé |
2 'fwév “9 ' WLl .x.dtﬁ‘?? Huf SO pipin P! 2
strengt o o b ibe
pre- | 0gghk n&%ﬁorhﬁtro?%f ml‘éul Eﬂe%f"duﬁ% tI sflgﬁﬂcﬂﬁn ofaJ c:bﬁfrerb?bttr%s‘?gh mImggrtllgbtlﬁls(‘ak' ng

t o t akgeddltarSvatia nveRé Lifdvéh CortBdtiwith B8 Hl1asd subQRB Eisind # FR&Ss fdWOIRINEHresehtn t he

pr esentingtdnéd, ¥héntthe BotHR dtbuldr PRriNiIdNTid §18m v 1884, BBeas lessaidfolnltibdus s Gcrligad

| ayess, dnihehe(R@lfusion Edntabis tieddlads 30tstraté bybnlySAd © vésal) tbveree fidwedue tb BadkQprdasunslisng

W t h t hppevertesand helisdkaget reésistanes ofttheWaive Ehenbanedd. Nb Pidblems & \treaiad i €Hel dintensions

M cr opluwhheevbifre arb dangey thard the kiraalat prnigusior andotblere Bre b @rohlgms witbdeep etchiog dludhiendf t 0 a

still ftog titvelar pretpsion has a witdth pfr508 eunt ori lossethb ileakage trésistapce of ther valvie chgainsh back

M cr opuamgssuisisioblgined ki taepibre-logaeoneentritionorc thewrirealar pretrusien. ve  and t hr ough- hol es

far nted i nAlse, i the case whare the ccontast supesLig) largpcthereyisiachigheraysebebility thid forgign miaer willl | con

subst r nter batvaeq theararndreeiglass sustsate. dowever, in thes presepidastanpey if theccirgular peotrigioni ng a

ci r cul dws preetactenas At SOQMMce 1688 pueirrebability é?df%%dnt”h'elh@e‘@f“st’wefsgf'%‘ghen back

subst r e[’t’@§“’° PraEH"é‘i' ably, the protrusion has a width of 500 er r or I ess and
e gh @r'P pnijgp t'I‘ £°"'d?*hé T?’WF‘Bé'i‘ UH'C'ZG highty ﬁ

p "° saa 8 ayy sé’?"l‘j“’éti?f“a PITYa s ?e"é'I‘t ®t he
S 2 ron el .g R A P %u e
fcryst alc&eg nt {he%nm]e \t coﬁst&ht& ET%! 8 ? na the
abrica

o i for is mgd Mﬁ?yldta Vf%lnve may
ke, UG A < h.I’f i as at%af Jaﬁr ekt v e
the pr %ﬁ&%nk&ﬁlﬁ&%atm nh@ ngoifay o deprabsion thit @il rbU&:hQQ\ thidugh [err]
or | esSperfing&Hating & aép%ﬁatd@taﬁa é Sihotd Shet thickbss!of 18 dRBhraghel akd 8y fiiigf 4 irston
cont actetching ndidof Betéttidhiatiéth 6n GHERIAb BF theSilican WS Wy Imeanstr Blem®y. f | ow due to back
pressure Tifis R6tRodaS tutfloraRstadidiited IROMREARING @ Sbcohd BREpoit détbution pdtterd eitiser ohanced.
No 450 l3ide 156 tha rsiiconr veafsk ®6kring thi iest ed NG detediorDpatibin cor vl bt sidéscof ltter @iesn walen t he
Ci r cul auchitha tttelsdéond eadnpbirit detectiorapattom Gveplasipas B allvdf the fidtan peintdetettion datters,her |
i f t he aod by déteatingowikinr thes overiephiag partions @t the @ifst &dGe¢ond eijd paint ldelsdlion patiems badeage
resi st @pered.@hd thewendib We ething.nst back pressure is obtained by the pre-Ioad
concent r athedwethod ot detectionmay lba pptigel Rhyysies), electricalvisual or soray efer mefhod.he case vvher e
t he @ont aldsingsthe fragthed | just |dascyled, thecthiekness of e Gliselragm Gambe IﬂPQ“SPHYnﬁqtefF‘@P'ér
mat t er Afiongst grtpessibiomelads Fietectiap), gpe paseibility s 1g|sanse the frpnerpigsian of fightarticlly | n
the pr abehiheidatection atier fs Repetrated.-Angther, possitiity i§do Geteqh 2change i ihe psition o ther 500
[er r] Shlicqnewater whan. it '?J FHb‘ﬁ’B"r‘th f°§/ erag'PIee'true'yaca'm bb P@%‘fﬂ @ef'ﬁ\fe ‘"sf’?'ow

when ba'??ﬁ"sorgss re he ese nven an _
i cr5p F tﬁ"ﬂ‘ﬂ p§ ge '%t Y' d?@ ‘m&g’ d. The
val ve ‘ﬁ w er Qy }Eﬂg .a %@:fe l rmmg ipreSPﬁl I'OI;%J-“%S in lng
bet Weerl, dt ftfico d a]3 Ii" rgdug @ h ng

hence provides an en ance re omo tion, e |nvent|on
provides a further method for manuf acturr ng the aforerrentroned m cropunp
designed to control the thickness of®the di aphragmto constant di mensions.
According to this further aspect of the invention, a silicon wafer is
formed with a diaphragm a flow 40 channel, a valve and a through-hol e
fabricated fromthe sanme material as a single unit and the rrethod S




This method is further characterised by fabricating a second end point
‘detettion pattern either on the 45 side of the silicon wafer bearing the
. first end point detection patterrF PR 4852288 si des of the silicon wafer
such that the second end point detection pattern overlaps part or all of

the fir SLtclfv‘tﬂg suﬁ&h BLneglﬁzlﬁ b&lrhl&ﬁg Ffn'e h%%‘?sa@%argg tsﬁt?b&dr&gv K\’Q%} e‘ym?de t S can
over | apppd@midalid theEfco®Subkte, T 1 I St an second end det et

have openene ag of MAhing Hé Aot Biexid MR Vil - arebd ©f gﬁ‘&@ﬁ%&?neéi@st ECIB 'r%atna%orpe
opti cal , subktbatel thétnal oRid&tion BridCiRé patt¥rtnihg! Blocdes fob B Rhemhal Side Tith BtSinedIfom this theltial 0

t he mat h(i)diajlddSé nGHetseE lof Bk, O, thofal KIS imOrhayt b fothedobH ﬂ\grﬁliﬁémsdaﬁraﬁc&fdr@t ely
det er m ngstterniAgnprogest tiahinclides Halbétéehingedr the diferdl ofl@s M tob@iRed MM the Afeirhddlokididiidh | S
t 0 sensemahis difscetseithe ©hadror @hurhbeg bittimagt | cal | y when the detection pattern is
penet r at ed TheAineentiopris gassribeth iurthdr,ybyi vay bbexdple amith 2efezéi@e Bethe dccorhsanysdrwings id f

t he sil iehigh: wafer when it is cut through, for exanple by physical neans, by
el ect rd calFigyesani) tor1(bgre giossrebtional alews siGWing produbaostaps irga procesetor maraffatbringas pect
of the pr distmicrapuroraacording tortea pesent inyension:ded a net hod of processing a silicon
waf er by Lﬁﬂuf?gg i crapsesgrional viay ethefiystsnierepume ftakersionp dherfine §-Ade figuss¥i ons and

t hr ough- hcﬁg@? 'ﬁaMQ'aQWPWEUher'@?'OPUNPm licon dioxide filmwith different

t hi cknessd®ufeg 4@ «lﬁra'? Wé’sﬁfet??ﬂ"ﬂg"'?ﬁsﬂww'ﬂﬂl Pradyctiom steps dh e rfrthet [peocesscfars of
the s |C§H‘ ?‘ﬁ‘;}fg irelatlvel thin wll gradually di sappear
first. Thdjguiss @ g’°fsos°°"°" |¥'°Us LfB‘?XV"Ez oqgtion  stags g st furthas prosessian h

the silicr diax e'r fuct ur es thavarlety of
dept hs caq-{%b'J !:Eéﬁ ae'Pé s' ec“ﬂ"g v'ews 3 P‘:P ?'éd'mkjtﬁa v/ PrETess FW?'}'I'&CT"H}Q a
\syl i cn d| S eat

sili c%n s%gtg@ﬁ%mb Edorlh t(ptm df,ﬁg § %Elbcgﬁﬁé}%%na;&g?eg%@}séa or rt"w g

ther mal OXigls bla) hd @) aae%sbe&rvamat i T & e%rrﬁk'é-rggia Rl
times. O micogulg abtdlding>té M pfehénmnmifonb&ldféﬁreﬂﬁ&ieger& ct§>h 'vﬁ@'aftﬁ P ﬁén% and
a patter niofge iasheRmsialvdE explaifing! 8h8 Hrobett for MamfdciiEingthe bibifrag SRVl  OXI de il

obt ai sed fFigoms B@randlow) am| respetiialy, DérossBYctibRI Gév &C‘dﬂﬂheﬂhﬁ gn%ﬁ@fd?rusé?‘wlﬁ’lunber
of times. tibteurth miceopuinprand an ekplasd dasse-séctidrialVidw, of ke compondrits EtRIMMIRK diddhfadm

r ef er ence vihe forresplainiegthe progas tyr darmtaciadng thefurddet didphragi valve; Fi gures 1(a) to 1(i)
ar e cr ossFigwes i1o@aadnd ViDGveres tespectivgly,pa omdescseitional Ylew o andthed diaphoapes galveOdnd an

manuf act uexnirged crops-soctiondl yiew i e conwoneds vf stid andtfer diapsagnt valve emdxpleining Fiegur e
2/ s ¥ cr §®eass for maaifagiuring said apdther diephragmevalveri cr opunp taken along the line A-A
in figureFigureg] '%?)raéd 31(p)sare, viewspshewingh the jeash ol produigtion|sfep tfor rai raicropumppaccdrling itoe s
4(a) to 4 é‘: ingnas _ sect i onal vi ews showi ng production steps in a

furt her pfig 8% 2@ dp 1?(9 are crossAertions! yiews showing pr v@en PR TR Fifipon Skstiste for 5 a)
to a S %%"cgr F°d presp[itiquentio Piow neggr{‘)lroductlon steps in a still

furt hér ppoce nftﬂ' '3 ’?JP'P‘H "t° Ie ar'f’pmpvgmhe%s fe(&‘)e "3 6(d)

r m ufa U
?‘nraﬁ U]E: ;gts 3 Fiéﬁ'g %ll;r é Lﬂ%rorgs se lon \g (9§ prf>$%%?? 13? glsaeq{{))ce?sﬁfg Srmniufgﬂunng 0
i reé Ba %33)5( ﬁp

Fi gures 7 tesm
a Pr0pessa hifther e fsilis Hé l‘opﬁéeQn lckoBurhip e L}'gagf} icegs[ufﬁ} manlyfgS'érH'

i nvent i oNFigdrb 98!l @%rodé-suktichB Vie® dlaﬁ rvﬁﬁ@fSPé éoYo nyonaﬁnl&sﬂlﬁﬁ sectional view
of - a di aphig@gny ¥ah\eRpidded crdssseMobd vigw h% paaeﬁ{sgpmsm.a lvagfftggrehb?or
present i aRining @d,probss fét afutéthuapPtle 6dndsnBionadidphiagiavanét &1y of the conponents

of the di FigltésaE) wai8¢Earé Orosseséitiond Mibwdshbwfg ﬁf)m%teﬁé)fn d ProbesA6H dnlif@&uring ©
di aphs agna vanventionalltk jet priftingat. es 9(a) and 9(b) are, respectively, a

cross-sectional view of a further diaphragmvalve for use with the fourth
m cr opulEmbodimett 4n expl oded cross-sectional view of the conponents of the
further diaphragm valve for explaining the process for manufacturing the
further dlﬁaﬁmh%ﬂﬂélv%'@s f¥j uges ncss MIiE®PEMP anserding fob firstrembodiment et the \ngénjion will

cr os$0 s 8 berdrsrribod. Aot nugver af uariatipng, irhwhigh the vlvesare uneveniydistriopled indib direction

- cross- s@%‘f“? B‘f?é’fes’i/?fé\ﬁ"'ﬁ‘?" LbrErate ARP GPrEAROSCiag Pragesess fon pIopusing declist peibadimant Wik f or

expl ai n PR rocess for rranuf acturing said anot her diaphragm
val ve; ' ?ﬂi" I) éﬁﬂ/s°'°§ﬁ gl views showing gpe %[“Q?F'B‘ﬁ’ﬁk?i ? on
ste foh'"' FAM TR A 18, st miceppyrn, acporing

P (o) tﬁe lnven |on

on -] }p g S a
éﬁgzzr:gggf& 9 @"ﬁ-s @a}igsf*‘ﬂé‘%"« gm .

59 :
13(a) t ) FE 1 @%amrai&a?wszeﬁgﬁ?og it "gsaghif Op:t'rr,}%f :esu §hﬁ$ on

met hods tor use In a process tor ma
present invention; Figures 14(a) to 14(f) are cross-sectional views shomnng
productlon steps in a process for marfufacturing a silicon substrate for use
in a’ mcropunp according to the present invention; Figures 15(a) to 15(d)
are cross-sectional views show ng production steps in a process for
manuf act uri ng



40 a further silicon substrate for use in a mcropunp according to the
‘presént invention; Figure 16 is_a _cross-sectional view of a diaphragmvalve
. for.a conventi onal m cropunp; FF%BI‘@ 229 BL g expl oded cross-sectional view
of the conponents of the diaphragm valve of figure 16 for explaining the

Pr 0Ces S\ wafl B+ (5 HérinB%sdsiBn, GON Wﬁt i Pl ;Syn@rﬁn 898 X)&’Je\fﬁn 32"‘ b Q&larses
18(a) thl%ﬁﬁ Mt&é@ﬁ&e%ﬁéwﬁdﬁ vﬁ\éﬁhn p RERHIL! tHe! (ditorr

proces %anQJd 1R Arbh ¥fet dificr Vekréh Sas shovﬁ‘i "9 Y@ﬂ&)‘ Qﬁ‘ 0 slida‘Sf 18 Sitiddh 'wafer, 8RR mask
Enbodi rpaiims 1334 i 384 W carrBporald/ 8 2ahiRhgm 18Rl 4 Vand MdnitiraB WRiheaRiEBEHipNgret O @
firss adhined ionRnlopgtsitd $i df BéQiMEdnWateY)ial rhasi SattBin\¥3 DihicH R8rFdspdnasio ttﬁ'l)@ﬂ-:hol@s gunber
of var itRtmieBsumpl 8 foiédch the val ves are unevenly distributed in the

di r ect i ornNext, bbth eidéshof tersicen wafer a1 Gridbrye & firsSidld aisoBdpic, etching I £84pRIsslon dBb

pr ocesses dépir offi0auiutor the diapigagd, lasdepression dBamionthe valvel méabrate 26d & herethroghthelsr i Ng

i ni ti aldyses digdre ¢d)).cTha etchingytakesplaiq in)a fotassim hydeaxide 30% g weighttaquaoad solutienist
showln@0 thdn endérdel piakethe siti¢on avateh Bhadcurhtaly $a.d depthadf 80 pmo the demperatureedf wosidhing

pr oduc ispigfion semaintained @echibe siuiosisgliredhe first mi cropunp according 55 to the

i nvent i orAs 'E&Q?F?dm tigrecte)omesisl tpaprnifigl i apriied 19 dheciexisle filnha2ion the sideofdhrcwaferdfier ri ng
to fi gdicluding thholp $4.1qnd #Vd"Fﬂ“P@t qighing dssusedh én,4ampve the patipra portien) of thef exide fillB2.shi ng
bot h _si'li8@roggces, oxide filrp 32a andmask paliame A30rand 33a fon e forraatien afcaevalye F@WP?ItaPQ)Fi‘e and
was hf n§ep %g"t‘ﬁ'f’étfe va
produced, Rlé

E@e F'ﬁ%, sge F opic_gtching iry t@ep medga gr ;rr!:ngsbz

| S EP O

(sili Ciﬁh raﬁ (%gn:alr(f in: fi r:l:% ow salff : %hm &r ‘éalvel’ esi st
th m b

465 22 G onv% rﬁ:nﬁ&% a I‘OSU

0at L bys Qe kes
pl ace a;:a'qine Q»E'EM r' smhgrhstds&t hé §m ' %ﬁ% R%%“O”
of thettﬁ)&bﬂtn%ﬁ&\ Jt tie Varbd 5 BidnlA§ toothel rbduadl awa Fmt.r@fbe d‘n o! to

one si de mbr thib Hyl n@ﬁhnacwa;oefon i€4s68 o HemdVB 6 oRdd filfRs aéa a @ g%r%cug»\m' ch

COT I €S POMMbx; 8 showi FAEIE G), MtiteRtoVGHNEpreTREPEANS7 & a hikhodH & B RO theVafe O

f or need 35, Gasisputeing of diRorBdiGkiieAdked PiBceSTHid 18 W privahtalia valte BB HHM Rakikgedoftast vith Whi Ch
COT r es p@haskssubsirate Ao@ib bdnding stesslof & Bebsetuent @sdembly phaSe.f Or med. Next, both sides
of the siAftercibis, thaxdhalroxidation taklesr e 20 foint & oxidationdavies SEbIte pittickedss 61 0108 ik ofePr M a
depr es theentirg Sinfateofthedsiijsoiwaiér 3 (as [skown]in figre 1(ihcThel iogigdtioracfithe entidbespifazs of thel 36a
for thwaferadtiseffectad incorder teratiovafiuidso tidw easilyfand ol imprve thesanti-corragive proferitbp of thd he

‘et/C 9P nguriagec efsthg waferawtion the fivists xonsaini phamjadis oTiechrocsis s wormmidted angugeoeratessa| ut i on
at 10 etmogghﬁrat@% Whick prgviges iy kedy: pf thehmicropynircand inedfichrthegt) um diickrrea-lotd layen  a
depth d8fis &ervpiMe 3% he t enperature of the etching sol ution is maintained
and th tﬂ"tﬁ‘f‘ Pd‘ﬂd Péh%'t the PfétfmbAs'mP'ﬁaf the MisePLMP frclygingthe siioon sykstegte; 88, which er ni ng

i s appéé hf‘Z‘E)( ﬁ'é’wgl f"é‘i?" tuhera 'ét‘c"@i‘g thec¥epbig®y t he
hol 'B X 'tfe‘°ta w substrster 4G f
tﬁe oxt"@ ﬁf@w v(é:;? "ﬁr @‘ﬂ'ﬁ ! eé%?:ﬂ" By on

upP é{% so a ele%{ ﬂ% er s 33b and
33a fogu 8[; ItRé"sa 9 n ure m Val ve
menbr apg g4 Ebnﬁél 4 C’ﬁB Bﬁ?ﬁ%&% 41 : a§ i W CEL

n vvafer 1 W|th a t hi ckness of 280 e[rr]

et chy Nfhick Borbsi ﬁatéﬁﬁ& a flul rpﬁ abridatbd r m

furt herntsbeuetasswaﬁsttaea fﬁe&v‘a Ao Meuye.pmaém E% Eu tat bfsDp | ONS
36b ang1BRM, anddic bétding Rt iddie ipbssibleTHEwRvet(Hek ausi\lﬂthre L II vnﬁ gﬁ la‘P(Er agm
depresﬁ.hpmwm(a&uaawg nodiéSon¥iag.ve nMenbrane depression 36a |s 140 [err] due to .

t he secomderilis, aasdpshPiubO NS & cﬁﬁrﬁﬁémﬁblow‘\ﬁe SuppI port 43 ard alioadh fuBg #8 B QonndGledtNd @
val ve bewthaodletortad.e produced, together wth a valve nenber 35 which are
of f set t Finallyds pibivelectdd alement plate @ ist dtachedifocthe uper sdrtiowof thd bipHikapi 38, afd thdr1e

ani sot moppenmeischnpigted by ptoliding albatdcaB@rings(n@ Gliupteated) foa birivingi tiegpidzoelecthizf davicant i on
of t heanddly weoviding tubiodn {alsg notdiubrated fdicoambetion do the supply iport4&ant ttheroutist pdri 46) of t he
val ve. Affhemicronimp pradusedibioth frsegoing arorass exdibifs litkhdéfarmitysindts tshape embmaeinteihee oxi de
fil s B2 "ﬁ?t‘ded\?,ﬂ%ﬁ'g(’ﬁépef ingedition, only)3 littie\dsfermity, of thiaoyalve B isf obtpined taroygh)the i n

or der #so¥opicptelingr - | oad | ayer. 37 to a thickness of 1.0 [err] on the valve
25 35, rrﬁ'é"ﬂ‘e% ?”t & drive ”H‘P“tﬂaF M‘ﬁfﬂd oyl H\Q pd"&R‘llﬁs?"' |dgyige. angt{hes mictopurap Wasey ent

t he v hé%m‘%fF ‘g"l‘h‘m ‘?sa'ﬂaé’qql‘l"eﬁﬁ'éﬂf“ﬁa"l?ﬂndl ng
st e :s"éaséjﬁﬁ) u s g t'°’t’ ok aro fis t I"‘eo‘é'ﬂ" af ?'Urth"t akes
pI a !f' sahcolsubstra hBannels é\: ar’l dj)%ajs ? er the
rtak drwm

oxi dat e J'aa uﬂtute End M%@r %% 9,@ s e% o 10
aIIow UI S ow easily and to |rrprov corroswe properties of
t he 30 surface of the wafer when the fl ui ds cont ain chem cals. The process
is thus conpleted and generates a sBlicon substrate 38, which provides the
body of the m cropunp and in which the 1 e[rr] thick pre-load |ayer 37 is

left on the valve 35. Figures 2 and 3 show the first -enbodi nent of the
m cropunp [ ncI ud| ng the s| i con substrate 38 V\:hl ch |s shown W|thout the

o ~



An upper gl ass substr.ate 39, vvhr ch al so has an el ectrode not shown in the
‘drawi ng on its upper surface, B nﬂe%qr n.the sanme manner to forma fl ow
- channel 41 and-a pressure charrberE A&t ed to the flow channel 41. The
upper gl ass substrate 39 and the | ower glass substrate 40 both errpl oy 1 nm

40 thi ckyard Sre Wbsofd heaiRagh BeturdY. iah o o, existenc i 43
and a f'r‘dmesfg%g whbier Wasﬁ?gaﬁi*?l %&g(\aﬁﬁlﬁ&y& Qdééb%ﬁﬁf O?ﬂi;esggg ag% zg thi?t l%lgfél 0 in

advance. poal R§dh, ok R4 SlRolliBy &b r&%l%elﬂswaw& beforaned & thD AYhthkds 3f fHﬁ&%he
0.13 [errbétnctr&ﬂﬂdd ﬁ‘evé?@mﬂwﬂﬂleﬂesis BRsHactin FShé Eﬁounmié&%prcté?&rﬁb'%ﬁ e dedr d 0ad
| ayer s37subfiatecsstwith @ename 39 becdusd tHdbiaphragiiiab s dNSdt oIS @ vaRé) Sidé 6f the Skt

Af t er t h3ssand in consefileyice! thedeis 4fmobttho GiBMIMRGINGH ine@licondy lohfe SdMed5y port 43 and an
out | et t ubdex,tani exaninatioreaft texlbubble lbemoval chriition ot the mickplrhp #ds undbr@Rén. Yhe Method

pi ezoel eused was telappiemore fhaa tthe désignated aktbaprbssdre tabthé lapply ot 45 pat thénotd obderv it

di aphr agiam@ton o hebblehiin this cenditiemihars were npr goagichublyle @movall charagteddtie Thére @ds noi 1 i Ng
(not 19 | 9884 ip whigkibubbles anplidd\io the valvecor fi ther thelighdtolei couldirat be elimimatbdby pr ovi di ng

t ubi ng (al Ske eRhodimpnt ot mickppurep d*@)’r"%%m#’% atpipzodipstric dpyideyas poreansi® deving t he
out | et g fianhepomy Heweyercihe prodirct ﬁ P pracase accpring fiothe dnvention s g%'ﬂﬁ@é%m@mmmq s
little °Brhﬁ‘f°t¥°'l $struptures g Wét'rﬂﬂt #uing thaf this °eb°drmﬁet e aerlipRilecto micsapympssef ape.

I n addr t9 “t%'fi é"q tF’t"lhf"re“' @'Ff@?”r?P'Et Idgvic§she val ve 35 is obtained through

the al |sot ﬂ"cﬂ? U’@"ﬁ%r“?’é‘n’t‘“%&%"‘ﬁ)a@g@tﬁgtt%r“@u h
the pi e ﬁ? 'éc\}?tﬁfe?m as osg owpg%

such as E’anm %aﬁierr, X 355*’ ?Qﬁ'arafqﬂg’er@&%a‘e%?e@q“' ’
af

obt ai ned1 tro of the
\etrcheg fv‘a@le élﬂ:g ii ﬁh@r Mﬂﬁ\ﬁnﬁgﬂ ﬁ?%om%zreg 0 tL rF?ﬂoxéi Elyer

val ues qliiceh BiBSHe /el 38 sC?érﬁ\e& Qvef' fﬂgﬁﬁhresﬁlﬁ of fﬁ si @
ani sot rqmgﬁteet..cﬁgum@ the side of the silicon subst rat e % wr
channel's, Néx, 6kt BatiGmh ®F the loRidé RPEFBDTis ¥iRSiell bbbtk ide BF the REBMA dn@ IhePdxidat er

| eakage Ia(ybn & o y86m @ifea [BLIBIAOVBE Mth hytiPdHudiid A6IH, a8 IRl gk MB) B0t hakk Rektefrid®

pi ezos| 334 Bridc33cashich @orte8pdnd & th@dibhtagMand thd ivalnt Renidne)dh oné Sidéxithe)/diliash wdid

desi gnat3¢d water pressure fromthe 8 EP 0 465 229 Bl punp supply port.
Absol ut el yNext anfixsteret [agisdtragje etoling takesdplacénfoenimga diaphragm Odpredséian 86bi dhid caneve OF

ot her wi dwembfane deprassion 3daowhichfeactohave a viepsh efl6 aune as shownl indligtire [3d). e bighimgtakes e

desi gnatpisge with a potassivashydexida 34% by waight agurolis solytion &t 80AGain roydet toceteh thasilicon
‘afsol Ut falpr AL agcurgislyta af dogiiy, of BP tm. theftemperatuse picthe Biching sphtioreis snaintaireti endsthal  and
the restPPopisimesk a reverse flow, there is a reduction in the anount of

ani sotr g |'f?"‘éff"l,9htf“ﬁ o3iH F’P‘I‘Pé’“'yr ?jéh%?x'qu@’°53% o the oppasitesside,pfithe silican wafbr,3 i85

because ® Qﬁ%? laysr $% mtarmar U’§‘°‘{qqé's‘0&?‘¥ﬁ§°ﬂ§?’ igeacidretohing tosfom ar at e
38 ang M CqrieEn°, d t t vi'h'& figus (@) msuffrcenrls% of the
oo AR "rgr -ﬂ ﬁ@r%r;rrg,;g“*tg;ggr i
glegrrgﬁgggﬂ ted 'ure J I%ograpm P %‘éﬁ"‘i% ° Yo dpenbrang e

for a1 O pf&@%mme. r@irnreo e frregp,u(?pra{ ggrova
char 261 8 g Dkt o & et H{%E Tig, val ve
or to t Baieknd398/6HA-388 a€stioWH Ind.gareu em.al éo% the m cr opurm
descri bed rahreven.m.@ét&.@ .pbme@ hé di Vdgﬁﬁseaa'ﬁa amermaeﬂﬁ af ﬁthw £ he

di aphr aginhe ldppisitecside of the siidoR Mafek 310 Bs $home ASigura 4@ AEHhi8 Smb,Ghd difdhiab ABrbsaidn | S

not | i nBétedhd i vaive meybrafesdepdessih 3b@eechdbpthdf SA0MUA; lakll e thidugHBiRS34¥As! ibHNed

sayi rg inhtbd silicbn waferdibodi nent is applicable to m cropunps of a different
struct ur e Iathi$ wap, sirct the diapimadnase & lusaverdy distrimitedde the Giels of thdsilicon Subgttstetin Avhisih OWS
anot her theveleee8%isffasmed, drendnjsgirapicgitdhing dan f@miog theavkige BBIs aalyrHi0 QMO PasPPAOL (Sl i ng
to the thaipelntabattalyThe defornatiat orodeficiencp of Bl velve 36r sdeasimpiovément indths sealibgd | n
sequenc eripimance ffthervaive 5 pessible; ffter tis, the exjdetlayers 3R pnd 32g pregenvid: ithea hydiofiupris ame
as t [i®sacidspltipn. phshew Urf'@ﬁe 40)to0 3 are desr nat ed b the sane reference

nurrer aI s a‘ﬁEF flicen digpdde sk gRytorip nge%ﬁe?t?%'é&’ ey-to farm| 'af“t'@rpf%'eiﬂa@r Jeanthd a

( P‘?W@d't "r%ﬂl) WQF mme%é'@ﬁ'a%?# Em O'Hwe wetht!wmﬁ%r' theagodieen 20
vvashed %P ?Ft %i: aron ;ggg rte{ 5 ?/ear med a'}%ggqr;ovm in
f 1 i

over o nfid Ebsfesfé’w" "? Ay r?é’(gm G .eso o "”é‘? ?ﬁq’gb“ as
'”Us”f'ﬁhﬁ 0 4 %ﬁ‘ rg ubs(??qe s

is effeglg ,mg btg@} »W%% th varii"ag
pattern area is rermv uorrc acr , own |n 'gure (%)

form mask patterns 25 33d and 330 whi ch correspond to the draphragnrand

t he val ve nenbrane, on one side of tfe silicon wafer 31. Next, a first wet
ani sotropi c etching takes place, formng a draphragnrdepressron 36b and a
val ve nenbrane depression 36a,. which each have a depth of 60 [err], as
shomn |n frgure 4(d) The etchrng takes pIace mnth a potassrunrhydroxrde

NN 7 s s -



Fol lowing this, resist patterning of the oxide layer 32 on the opposite
‘side' of the S|I|con wafer 31 is_effected, and the oxide |ayer 32 of the
. pattern area is renoved using h%Pd PP ERABL acid etching to forma nmask
pattern 33, which corresponds to the through-holes, as shown in figure
4(e). %g,scom idbgsecond wet ani sotropic etching of the silicon wafer 31 is

ef f ect ed 143 sficchistilrs 3@&% ’?aﬂm% Bigedst fs 3k eWSle cﬁ%‘ bR thG bl MighnkiQs OF M 2

non- t higeéatbia With Rofershed @ fi ra, 8t S eH b BlioR BIAAS hdsémbly Wift bd m.&&e
silicon vadury 5 howsa fuirifl &4 ok 'ibroﬁbcﬂiértﬂe 4liéon suﬂtrafehbtsfoﬁﬁl the a8y @i ARNr agm
depr s wiiddbudprna pebdidaen stais\sethe\amaésaw HQABEcRBSH i Boqdétide WAT T o fige-h of

120 [er#}os@ihe opposite side of the silicon wafer 31 once again undergoes
resi st périrsty aften Goth aides oflae(1DY iskHacd erigtation 2vafbd have bbdhcpaishbd, Alid Wedlerads Rashbd

r enpv e dhisi foirmgya biljedn e/Afedt; whicheis @80 uy thickaAsi shawnoin figles S(a)yAn 9 uBPéxide TdybrS(sificdh N5
mask pdiokida fager332) isafiahe8 3mer the estinn smfacen off the wifien Afatpy 31 whing thetwil bddtiandst 0 t he
di aphr indieatedhid figure5®kl ve. Furt her ani sotropic etching is effected to form

t he di apHYexlgresigtdatianing 9f dhevoxide laye 52 ist offectatioqntdne eifie &fhd wafar 31,aind thia @xidplpyss i t e

si de off e gattem qreadip ramepest with fhydrgfipodichasidn Mesk rafteropr 33d 4a0¢h B3c, which ¢drrepanil iethe t he

di aphr JgPArasayAnd 4hei \aive membranapre s (pemegeon weam dhecsilipancwpler 3hasghawn o figie a
depth 8 )170 [ery and t he through hoIe 34a is formed 45 in the silicon

waf df 31 Neptha % 3%"'?@'”@%%??? nfjebiand 3 alvg t o
the si g;@’“B‘F“t °é”°§?'?’t 8333% %g ﬁ ;{ptm fvtﬁ té'w%ﬂ u5e55< T'fe wo%

t | li
anLspt il b e;bso 5?3%'??5{32’5% S o 08 35,
\and ,an 'rmgrqx Wﬁé‘&. ol whiBE31SE of WRIhE Qo B 3¥, .

AfLer thtu SRS, DONE b tscsfs'mf' ; %ﬁs% "Eﬁa kﬁhc 50
aci d bt@fﬂssb%ﬁd fh am, théin réng‘déﬁe ..t 6a . .saeb dm‘cent btk thG%.u. xide

sputt erayéi@z g EsiuRbring. AdsistHalidifing & tﬁe%«m 3 h b oppsite‘sidd! of the ﬁn walkpr 37

on thesvighnen Sang hﬂVUSlldb Rydri39 i the Phittbrh poridh iS rehfédelenﬁé Raribiorit B&d ¥ta{|r\§e 35

f r o bumislongs avhdsk pitiser 3| Wiich doifesbdis BIIRCthioudhMaIds, A8 stbive I figlire BHE SUbsequent

assenbl y Axdeeche wetdnisetfopicletching b ths silitbn watérdialis mw dfféctad acdnidr hahnbrab Me@iser t he

ent i r ewsti dnisctepic withisg, t3 fora alnoh-dhraghi-hdld B4 ka depthiatted um. This|halgas fodwdd dStheé hown

i n i goppesitd (sidp of thésilicon waltiad1i asrindixkted incfiganatsig).dn sdeitibm dds apipodith sideveif tae silicen

ef f ect waferi 3\ ongechgein uerdergobsresist [patierhingtand fhe oxideclaysr B3 ofdirecpattemedgortion & rértayed

\at i3 ceningdwiirpluorin asiskatehing sThisfformis masiupatterase33bfand s, whidhenorreshend to the dfsphragis

enpl oyanstikaalve,|agd loaves $in @ife IRyer $3achg skown (rkfiguretSthd proocess for forming the

silicon M‘%@P'&P@h'%tak%lﬂ'aéh oncg agaim dprming theitliaphyaany ansk the valversl & depuefid0aimd i n

vvhl ch ?'h'ée ete jde{ohthe I?"' eﬁteb%at ghpwn indigurp S(} t@ftt's mv en@ tbﬁa#lmrase 36.% 9
ﬂ' th ‘gdhe thiglmioss; tp fthe e of e Bys thi s

pr oéses ng or YRva iR °’E'¥1§° %’ﬂ h?ﬁ“"a@eragsﬁ?ﬁqhﬁﬂﬁ"% th
refere é';:?t' "f°f %ﬁ " e"}"e ’r°)é°"‘° ‘f‘t} °t 9 Ve i%
assenb ?)ZSI eJ, or. o er th e |s q:t?p(%o e th ug oe efl% ?o'&mjfl N9
the si db nglan% ood qtfl Rfsrqhggxn I yes é? ov rofluorl cid

DT OGHICohiih 18 e e Body h rl Se el

r ef er enc Qe SsiiicorOdisxRid mas er.t&ta oto% rmaaf tprb-lﬁédqu%b e,glonq 100)

sur f acqe s Millethd stmsmf 18 in i3 \66na® ﬁ:ras Ridicktsd gurt.la Vi’ﬁi & to lpRoviife
f Or S RonhnbiR@ WitV §iss lthe HAHIE Boridihg &89 ofl tRY subsehit nFi% g@wn in figur e
5(a). A A thi€ tHelmap siidktior i8)eRdctedb fdnd werciueoahtndeutfa%yef the 3.Rcoh suafepa oRg uaver the
ent ks ethiskl t:lidatich 10fer B2) s Shdwin G0 igurdS (B IThi3 Jordd6étiog) stbyh) WhidR bxidises At dntird sufite &0

i ndi cathe dafbr isf dffgatedein Dede) to il tiuidsr te Hiove basihadridas mphgye @e dntieor@¥ivelgropertise bl 32 1 S
ef f ect thel supiaceoai ¢hesratbe wbdn thdfluidsacbrtain Sibmicale.dAst shewnoix ffighee 5().)the prodess foefopaig er n

ar ea ithe silibamoubdtratd 38 whighdis a$eld tiay thiecbody ofdhe nviarepunpesnt! dr which i iam dhickPog-loathi ch

cor r eplaner37 ip leftion theivalph¥Saigeompleted. he val ve menbrane are thus forned on one

si d&@ of Theesilispn pubsirate\B3f rpduged kysthis lemhpdiment pfi the) prodution) process is assermled intoa f i r st
wet arfligER4TRp incthe P repnetkassdgseibed with seierpieg ta fighvap Rr angnd- dBprelosss ifuther36b and

a val \f@‘f’f’@ﬁ'ﬂﬂr"él 'GSSI on 36a, each having a depth of 190 e[rr], as shown
i f %’ b°d @W'@nggf 1he Jentign fehfoa" & 8licon, fHoRYAtR K preniding0 o, by
ht'% " t@nis ’HP' PR‘J ing ﬁ”“Eenaé‘d 9 q'ﬂPB’ﬁg'v\&f er 31
acc r ap aving, ﬁ? | ution
-va ve suI ro ams trqp e[w eF rde icie e[s Xs%rﬁf g t Bg:g |
i Sf mril j Qlﬁ I.E ?gme nli?ér % i} aﬁ&gﬁdm theﬁiréveht on prol%legi H:Sﬂr e
5(e), 'rcgﬁlé th‘er PRIt oXi tCE case 8 ncesnl tFu I'S 'rsupgj lent to

cover the etched surface of the dlaPhragntdepreSS|on 36b and the val ve
menbr ane depression 36a only, it isl%lso sufficient to formthe silicon
di oxi de layer 32 through sputtering. Resist patterning of the oxide |ayer
32 on the opposite side of the silicon wafer 31 is then effected, and the
OX|de Iayer 32 of the pattern portlon |s reaned u5|ng hydrofluorlc acid

~p— g =



wet ani sotropic etchi:ng, to forma non-through-hole 34 to a depth of 60
‘[err]. This hole is formed on th%[PO(gﬂé&Sﬁ side of the silicon wafer 31 as
»indicated in figure 5(g). In addi opposite side of the silicon
waf er 31 once agai n undergoes nesi st patterning and the oxide |ayer 32 of

t he patt géca6if inde ddsBh of ,rt;gyﬁd [ ic acid etching. This
forms mask patternsa3§btﬁeaﬁig 3a &%e%“h&ygg?gﬁg‘%ﬂ%&dt&ggthe di aphragm and t he
val ve, apglbddemmes t he oxide | ayer 32a as shown in figure 5(h). Anisotropic
et ching takes place once again, formng the diaphragm and the valve at a
dept h sof 3@ mMmbér]of eenfifurRiosiOspplyiag 8 ipfbelodd§to tatalté thitGRdked\Enfbt with thedsarfB QN | N
figure 5thé)glasd subbtratesinvitey miclopiraie atcdling ité e im@lion Gvill fowUBE ¥ebribsd. dinsée’ nlbed i N
t he di r eertplayad infthet finst enbodirkantdescribed dbow. si de of the wafer 31 in which the

val ve 35 i §ig@® & ehowedhe ploduction sterisr afpa proedss Horngariufactuingr anbthe dniit@dimantved thes
only 30 rigropdmpjaseqrdinglo the investight”, there is absolutely no deformation or

def i cit®ency Figret6fa Shows she, formatipnznf alvﬂl‘ﬂﬁ' 8h/andeardiaphragrd 158, hyestdhing dyoth eidbsofrepsticen of

t he val v‘t‘;af?'s51p’b§ 30%KOH solyticachatpd toj 69 * € yeing-a thermal oxidedayeusilicdnroside laydrpScas3,
because Tk back of the valve is also covered with an oxide | ayer 32, there
is also @ dBI'FV?f 52t“ﬁ%’ *tsh't‘ t?h igyemeved wring: fydeofiyedp ackd axshows indigire B of
bubbl es )nd thetap of theevalye 5% as indicatedsin fgure,Be). Bsg s e

r enov (ie (S’P'fgc's g‘@fe °&f9d far P ’l” at 07 G iy fofrma htghtpe}wgﬂ 'ﬁ’@'l\'g 34a

d ili 8.
e @é gt%fm wt%ggtgft Fop ke
]

on the v M?d ﬁ. Js sefo} §||obvﬂg h]ﬁ? om o t o ?Hm;[rcr%malaéess N

{rgur g Sfika ’s1s to reven

t he anodi CTWHQPOBQV\&F&S&aQE it 1R MARSOHY CRAmIARISE B e RM&Pof tﬁg bétb R/ahrﬁe to

ther mal  gaibsta the @BgréeSof bdiif dna Gholrévelsd i6W S&iiont Wih fbYelobined4h flh%(bﬁorcgﬂl

si|i con wafnesothcdes] the afitréfumiphiwete didnta le0RN aldANe butiid volthe VB9 WBasuidd.f 408 b

5(1) . Thhae pf el padriaftpralued exanlivied ve@XbjsdteSechlss tRY ldid" Rt Bravide e réalirdd Ul er ,

i s ef fsecipleohe, whichrisl @ rated 2lul Gw (.1 pérdwindid Thd Gaiveaeas inythesd Ghstafcos WRFeONSRFFLIBR.

ant i - corHowever.®f $i mipepuMps shaodfactune acordirgae the foreséne inverficd! only e wad 1@ refdetti ds

cont ai n chéasrarcaibwativi\to using \arpolyimidei ag direchigh(dolymett aterjal focibs preficat ldyer apsiganiidee

si | i con vealglse tried én B8 samenypehofitial. Ugainl thegy warkigo boblgme i theh@sarofaiieiadip bandig,i N

whi ch t If8d an adeg ﬁteﬁl"@ROlpﬁ'@dl oad layer 37 is left on the valve 35, is

‘ednpl ¥t ed. ABwdification the process shows ifigure fivillsBated b figred by thi s enbodi nent of

the pr oducT’lecﬁPpE) Fapeeganted;in figyees Z(ah 7@Yand 7{d) arg exacty the eams & doscriked ithesfaremnmtr  as

describ '8“’ ta d '@fe&'%ﬁ(t}@h?’d""?q' igp &¥l by omitiad. Referring: fodipyre &(c). nthis pren. agrardia OiSpt | on
6%09 fiiha yave 5%??66’51 fritige |gyer SFgefor Fﬁ?éﬁﬁﬂeon

for e ' “ W86 t' 5‘?‘” PPl thmper'

551 & fixtoehgnal
Therefore, Inttlfée @fm? ﬁg'ma ﬁﬁ‘}}n% Llogcpg \‘% flsgseé thertmap&ldfzér%%m itl(%% {?(;

A i AL i el t{e%t kgt
t T B

cont r ol |agsbrdingfo e thvdntieH) , trhte | nvesr}t |°8gr:bpr§‘ mggfsagauﬁr%é%ﬁ'np tgiﬁwat I?lc

superi or smirthdr/@ePddng afid SCtintd, R WadfobePdtiafdl 1006 helrd Rl eltbidaSn a BUYd R9b% t he

degree @iH diflospherEB0% bl &@RinBd piidr @ ékhibhéﬁ §lieingd Rowdver, BE10D1 MicRpUMER | S

i ncr eas dabricatddiacdording tauthe inérBge onls 1 dispidyeda w@valsticking problemA number  of _

conf i4gur atFigwes8 t@ws aipihgri argngampntcn whieitla tiaphikdgm 74davicy 4 Vahie Withls @Fo-168dduA&b Wi t'h

t he sur flexele’7a¢ foredl tiybughstahing It a 30% KOH sblotionrhieated pLB0P C aRMoDIitidgraphy: andt didhing

i nvent i amarewiséd onrbotly sisles ofdhacsilictrewfer These nmay be enpl oyed in the first

enbodi ment Thesiliean; iiater 73 feres, withithp diaph@gm [74 jessapdvdchpd betweshiachondingepgfaef78af a

pr ocess lawsy glasg sulrsirete 12 iaprhy2 henging syrfagerBd ofi aneupper lass pubstratec710and ripbaadestthettng t o

t he i%Av &MUl Anodigchonding. Fiching ef thy sificon; wefors?Sti affected weing ® maskiin theviermvat a3% kmd a

di aphr awmﬁzﬁ"a t '8 i g;"%tehth% pilipen wafpr 73 has |aj valys, 76 fermaad with an gnnylas prorysiop

sol utio 'Bff'[" T glgss,su i\'g é;’h’é‘f"ﬂﬁlw"?ﬁls@@‘) kmy e prodpsionT§ forg A de

| ayer) dc?;{w't %@R P ?"ﬁ'ﬁlthe o f‘ﬁ'ﬁ‘@r'e"gb 'eﬂ"ﬂé['g “f*h aH’?ﬁS'R 7I4§’f V‘%m)ved

USII’] hy 8 esacrl ouse qlt

Ry b Y%*:%f‘ﬁ % fvst ?ﬁg £l

fil ot ). -l e silicqn of

at  350[ @'sjliontwate % 'ﬁ\@snl%lgg aﬁms ﬁ“@l&:ﬁ n?e&f IIITn d and

to corrpletethe silicon substrate An upper gass su strae

| ower gl ass substrate 60 are then bonded to each side of the SI|ICOﬂ

substrate 58 using anodic bonding (3%b[err]C, O. 5kV) as indicated in figure

6(d). Finally, a piezoelectric device 57 for driving the diaphragm and

pi pes 66 for allowing fluid to flowin and out of the mcropunp are 20
attached The mcropurrp fabrlcat ed |n thls manner was exam ned as to the

Y




nore of the prior art. products -exam ned were rejected because they did not
‘provide the required output 25 _volune, which is the rated 2 [err] +/- 0.1
per:mnute. The valve seals in ERQ485220.8Lnces were i nsufficient. However,
of 50 m cropunps manufactured according to the present invention, only one

was a fg J;o q&afer oayma a?%?ﬁ fhmai Qas%ﬂfrﬁg g&kmgm»g%@@m %’ku Ay TE

mat er i r|e e Sane

type of tfh'e idth Qﬂﬁh ht b RS QirdlaF oﬂQuoRrﬁWf ﬁa%alwni ﬁte%t% I Flavg% ¢
bondi nﬂlmeﬁ%s%&oﬁﬂ@%ﬁéﬁncﬁ&@éoﬂﬁgsdda ﬂ y %’pl cati oﬂﬂo?'hthe
Process StaeMn deldwishdidrévei@e Hiéw iatelrkuits d it §aln9ld§ & tﬂe prdsBft efbSdARent ﬁamngs ent ed
in figwares Widig and/elghts adtdhe/ direlarPrdtrusioncr®t Tablet 41éhowSEBontpariddR Stk the Pror\bkt! |

r ef er eieach cass, fhb gidpheag thickilesstwae B lafd thebdck piebsare wikie B BI0 @B45Wa).l be

omtted. Referring to figure 7(c), in this step, a partial 0.5 [err] film
of TiNis deposited on the upper surTABrEeg of the valve 55 to forma nitride
| ayer 57a for use as the pre-load |layer. This was acconplished by neans of
ion plating using alnetal ad 3\ | ayer may al so be
formed by depositing—Ad "'TD?E?I meﬁgmvgnp&'ﬁpﬁqég At he case of an AIN
| ayer, it is desi r apl Gontagt Fipwicty | i Heioht hi C'RQY%%P%WQ'U'OG[err] or less. Also,
in this case, the apodic saapdi ng cogg!.inti NS GEBdL IRSindtdICr gased to 400 [err] C
and . 8kV. In the chse ofpopri or drtaval ves igoanhi ch the|pre-1oad | ayer
conprises a thermal | oxi dmol ayer Wwth a f{l mddii ckness off 1.0 e[rr] or |ess,
it was found on exajm nat2oon that [10%to 20%a0d1 t he exam|ned val ves bonded
40 to the gl ass subptrat499. By cgnt4ast, |al et no such}bondi ng was
\gengpated with the valves produced according to the rnvention. Further,

over a long period of tinme, it was found that after 1,000 hours had el apsed
ina 60 e[rr] x 90% RH at nosphere 3ggph the exanmi ned prior art valves

exhi bi ted sti cking. Hovvever of 100 m cropurrps fabrl cated according to the
i nvention, only 1 disptayet—a—vave—sttekt+rag—problrem—4H Figure 8 shows
a fugther arrangemept. in [ nolggof dhe P A {GOmPerspRl i ng a| val ve with a
pre-load surface le Ed:onYaZtﬁldivWilthrT dHéight Ol FHovéedindBolinid f 30% KCOH sol uti on
heated to 60[err] C I-’ o L ogTan %‘ angd EE?EQHII —Vere ysed on both sides
of the silicon wafe g 4 B with the di aphragm 74
i s, sandwi ched between a bondi ng surface 78 of a lower glass substrate 72
‘ar(d 3 borRdsadepn sherresylicin Teblet, theroptima dimegiians sre 20(ism fas the wikth eirtith dostady peinted

t her et the Sipulat pretaigigh 7Send dite 2 Borieri thagheight of emiptrugiont he sili con wafer 73 is

ef fect ed N#%i Acfescriplionjwill et given rof inpiapges when Shel gifcplpr prateysionis domert from | ather | n
this sF'F*aHsu%exame '“Q’E' P?'m ragias etch ?%a m&sgm'ae e a polyargide, withresipranics 19 figvre Annul ar
protru ﬁ ’h gq bythe §“1[ﬂ95’?fP’8'Eq§ nymergls gndyhos e
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Si | i COBptik¥arh Aimehstons dd e Ihidkns=e Bf 6 Mpnflgmiz74] M may be the | eftover
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and hePgght of the circular protrusion 75 of the valve 76 quite naturally
have the opti mum di nensi ons according to the thickness of the di aphragm 74.
5 Tabl e 1 bel ow shows reverse flow rate results obtained with sanples
of f#he present enbodi nent having various wi dths and heights for the
circular protrusion 75. Table 2 shows a conparison with the prior art. In
each case, the diaphragmthickness was 40 [err] and the back pressure was
0.8 mH20 (7845 Pa). TABLE 1 10 The Enbodi ment of This Invention in Figure

8 Contact Flow Wdth Hei ght Reverse Poi nt Vol une 50 2

0.0% [err] Vninute 15 100 2

0. 02 200 1 . 0.01 200 2 0. 01 400
4 0.04 20 TABLE 2 :
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25 . Technol ogy of the Prior Art (Conparison)
“Cont act Fl ow Wdth Hei ght Reverse P0| nt__ Vol ume About 900 [err] 40

. [err] 0.02 [err] I/mnute 3EP 046528 R on the results in Table 1,
the optimal dinmensions are 200 [err] for the width of the contact point of
the circular protrusion 75 and 1 to ghgrd for the height of the
protrusion. Next, a description will be given of instances when the

circul ar protru5| Fhe §"¥Qﬂ£ﬂé‘!ﬁf¥ﬁf&ﬁ dities entign in Fighred e high

pol ymer resins such as a polyimde and a pol yam de, vvlth reference to

figurg 9. In ngure 9, TNEe sante palls.as snown | ’r| re 8 are designated
by the sanme G &Sce nuneral s and'&t descri pt reof wll be
omtted. Thi@s‘_ﬁ con wafer 73 f.or the punp body in formed of the sane
mat eri al l’ﬁsmgle uni t as in the case of gure 8. The wafer 73 is

formed wi t h-e—v-elt-ve—F6—~hrevt v tHrereomra—crreutat PT otTusTormr-82——The net hod
of fabeicati circular protru 84 enplo fm¥aprhy and a

hi gh pol yneré?%;tc‘ﬂfas a polyimde o% gﬂlbol yam deyglglm%gi/cgse o? this

embodi ment, Jyyoto-sensitive resins are enpl oyed gsop 40 pre-pol yner

materi al forggfgorm ng the circular pgotrusion 84 @fog hi gh polyner material.
The protrusisgy 84 is formed with agvdth of 200 dggx] and a height of 2
[err] ¥ As in the case of the circular protrusion 75, the circul ar
protrusion 84 quite naturally wll have the optinmum di nensions tor the

t hi ckness of the diaphragm 74. Tabl % '?re shows reverse flow rate
results obtained for sanples of the nt shown in figure 45 9 having
Varioys widths and (tedinaldgy afethe rRrder Arbt(Comparison)able 4 shows a
conparison with the prior art. In each case, the diaphragmthickness was 40
[err] and thepackpressurewas 08 207825 Pay. 50 55 12
EP0465229B1 ComYaet3 The Enmbodi nentHekgh®i s |nverﬁ?—YﬁF$¢u Figure 9 5

Cont act Point Hei ght Flow  Reverse Point

Fl ow Wdth Width ' Volume Vol une 10

100  pm 2R OOt~

%/m nute 209\bout 904, M™ 400 40 pm 1 0.02 p l/miréutg' 01 200
-0.01 500 % 0 01t—15 TABLE 4
A0 7 Technol ogy of the Pr| or Art (Conparison) Contact

Hei ght Turning to figure 10,3hig ghowa apagerin which a circular protrusion 81 is partially buried in the silicon

Fl ow W dwafer 73 in order to improve the strength of the adhesion of the circular protrusion with the wafene About
900 pm The circular protrusion 81 in thlﬂﬂstﬂ'ﬁ? is fabricated by forming a9 awlarr gqo?!eﬁerppm?tgca%

T i e $0r o s Hrastl poauee o et BRerlely 51
S part i e [?PYee%!‘d v £l iU e ?fﬂiyrfﬁdtgmﬁwg'v
strengt hspBF { rr| 7{:: "E e Ipa w?h ﬁgr?b g avﬁ% fit'ot 2 *Pne I

I
d oon il otﬁagrapm " "frgrﬁ B v s st bl el oL

Wi thin, t 9\éﬁ ‘%@ fsulls! dBRinbe fo Q4 of i i\ Mv§l5e£ hfe
groovgoag;ll- I l gﬁ ;Siblémﬂéiv fn&n%%rané v tpﬁ%&@

groove. éuntpeﬁseﬁwhv ?horﬁ )G GHDREAS, thel PhrEGHY mmﬁeﬁuwam&ware@@ewﬁsthe
waf er ' 739 g/mi )0 (RS PY)! |thography In figure 10, the spacer ring is fornmed in

the wafer 73 with a width of 200 [err] and a height of 2 amusing

phot old t hography. Quite naturally, timBuEsit h and hei ght of the ring have
the optimal dinmensions for the thickness of the diaphragm 74. 40 Tabl e
5 shows reverse flowfrate LESUTTS ORT D t he di aphragm
val ve enpl oying the d a spacer ring

wi th various widths gndontadt BointdVidilygh| Height o¢aReyerse Bow Mewmer | conpari son with

the pfdor art. In eadh casggyhhe di t higdgR8imu@s #0 [err] and the
back pressure was 200 2 0.01

300 3 0.01

500 4 0.01

55 : .
The arrangements described above for the diaphragm valve make it possible to improve the leakage

resistance characteristics of the valve whilst having a stable structure. The circular protrusion can be formed

easily and eliminate the non-uniform thickness resulting from mask sputtering, whereby the circular
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0.8 mH20 (7845 Pa).. 45 | TABLE 5
- The *Enbodi nent of this Inventi ' ' e 10 Contact Point Wdth Hei ght
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Vertlefungen (125) und Dur chgangsl ochern bearb l w 'ﬂ“
.gekennzei chnet durch des Bilden eiEFQ 46§ 25 1umjl OXi dﬂmmm “E I |
Berei chen variierender Di cken auf dem vorher 45 . erwahnten "

Si i zi umsubsjd AN | sBﬁaﬁ,

dl nneren BerJi DGE i’ﬁsefr@é gmﬁ er er\l%:'gﬁemt1 gn?rk lz’?%%ﬁ%'%ﬁ%&ggc I C gl%:{‘r'5 %%qgvt\ﬁeﬁsgénd

des Atzens |2| um;ubstrats (121) in der G 6Benordnung der Dicke der

Si i zi unmdp 0 xiele pbrhse eloh lerrévendiditlor it cahidiss dnh e FéidiantaSvad g%g)rhs foRHRd® sur lui,

Si i zi wyn unt@s chlRhe N&ﬁr@&ﬁrg@ﬁwm Sdids! rﬁdléé(iﬁhe%vé‘? N st alt dontalt dudie Bl
weggekt zt wWqhQeke 4@t ., und Bil den einer Anzahl von nsenkungsberel chen mt
ver schi edenen Ti ef en i n dem vor her erwahnten 50 Siliziunmsubstrat (121).

Revend| casl awiero-pompd seioh igrevepdicationy) ca&raddiibéeln cd b I'diéadentadd vaive (36) a1 ForrédSur i i
est i nt er calude esuchiecdechpdtha gDt itaites(57) uiest dueotaP dudii Substrat ed Ggrreqd0).qui est fornb
avec unodi aphragne (36) et une valve, |a valve conprenant une nenbrane de
val ve (50%. eVicromorGhecseiontia weendigdtior 1, @EFtéinée en co avedliéidment da valee (35)casbmini diune
fluide & traﬁa@lﬂsnnyhlfqW@Wt&*h%@%&n@on(a@ml}ﬂQ!I'é!n@t anyereMddr ane de val ve,

| ' 6l 6ment de val ve se nettant en prise avec |'un (40) des substrats en
verre, caFa&erﬁ!% g farication dijne miczo-pRmpsHeompraRant ing)Stapes consisiant fermer eHs uos fage
(50) sdﬁt 18’ un abem{en i 31 yn motif de masquaqe qaps”np maténq_ull_’gﬂpmnt 2 |a gravuig de
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est au cont ggd, 46Uk Jctéﬁééfib%tdé%e R yralBiree8t ditd dbleid m ﬁrdaelr}ﬁa%ﬁraﬁnﬁ ?8) ot
revendizgat i Gibmbrans 8§ Mie 150) s&.eplwprs&emuaadne thrsaase & ae/ Rk 9 a8 du §ﬁH§Hat
d' une saillienshaumi(3.re (75, 84, 81) qui est au contact dudlt substrat en

verre (40). 5. Proced6 de fabrication d' une micro-ponpe, conprenant |es
et apes COBSiPsdcadd seton flronantiication 5 caeecBdsden e que la glavuie comprabd e pegmidre Kiags dem
(31) un not igravare, duass igqialrele dasatien siiieitre (31hest g@sd St &e Houx ficas, Py avol fortlé 3 la
mand br @ A | dbis dee motifndenasquagdesuy rlagite) peom(E@s dace 3Bd3ubsgiatien fsiticiurmi(31) upurdioarpinleagne
(36) et une diaphragnen@6)det lg anembrap® @y valge {56) alcle malf dé 'masnupge $un daditel gutroufacet duat
en silici umsgizuat ensiligiwn (1) seur Uratiey trpmereant @4aeet Bne deuxidngsétane e grayurp.cdans
gravure, do 'aaele e substratanslicium (31 gfavaé':sgﬁea\ﬂa%f 253 PPrEfo MO IIE e motiinde r ou
traversant (TgE3page gurs igdilgAutre éﬁ“ do\'df'{bﬂ"aéaﬁ iciprg @) Reuin{puin 1) dliaphraghiea (8. deans
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sont plus prﬁflﬁ@a o@ lladitéléu@e Qéé&rdé éuﬁétét Ghl%ulié@rn'(éﬁlﬁoﬁr Fb[aﬁmlé)ﬁjﬁpﬁréyﬁ% @6), 1a
substrad en tafié 86Walve {5D) et@aé.{?dnpagﬂﬁemj on la revendication 5, caracteri a6
en ce que |a gravure conprend une prem bre dtape de gravure, dans |aquelle

| e substra&t Pesédsi deios I'uneq@elcbhquesibs Grendidations 5 & BTadeténss parde kit de péténter Ba®eérture
fornt & | a 3@n passadeqi tavdrelesulisirdt ed eilicms Gliager commandadia Haépdeiaglavwee.f ace du
substrat en silicium (31) pour fournir |le diaphragme (38) et |a nmenbrane de
val ve §509. @rocédé depfabricative divps misccpempe avec i stuchira dass fagusile du displisaomes(86)cyn
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40 et |a nenbrane de val ve (50), ule deuxiene etape de gravure, dans
|l aquel l e ladite autre face du substrat en silicium (31) est gravee, aprbs
avoir formmle notif de masquage sur ladite autre face du substrat en
silicium (31) pour former un trou traversant (34a), et une troisibne dtape
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Iaquel le ladite autre .face du substrat en silicium.(31) est gr avde, ‘apr bs
avoir'forms le notif de masquage_sur ladite autre fa

«sillcium (31) pour foumr |e di aﬁ'ﬁpéﬁm 56), | a 45 1ﬂmutuﬂulﬂ”mmumlal ve
(50) et I'Pl6nment de val ve (35) & Proc6d6 selon |'une uef‘co'hquse des

revendi cat &Qr%aé |Z B ! 4 "pkés‘éurp SirdoCauld! QL%% “‘E;Erc t.oﬂ“ i {3&&%0‘ un
passage a 3 ﬂ% E’hg qﬁic Mds s éte gn
la gravur ede avu (Rﬁ)‘ rn{oﬁa@ dh' Wotif'He aQunM%ﬁéfﬁ&réUi
structure urb YU brbrRie Mot 18 BE éiingEe efiH'Be%?aO& (10258 Q4 S Rdis /'Jn)a’ une
nmenbr gne dﬁcé/ a&d&esu(:{h‘at) ot Biticitinfl (RN eﬁ&rV@PMﬂn& diit RbstdCen bilicUd (1b{)a¥t66n§@@t S
(105) sont adhéVeRBit delila grdvure WASdétediantOduie Jh IphrGié @MNréchiMdemeRfiliu BlofiVde' Rasdligs @ Ope
hum de, et mhtbrishUdaistantd 1aQrdvurp BbsSprétiierSsl BELNRME MBtiFE HE déletiorSdl}idint @d fh dIgravbre! €
(39, 40), @ozac3d)seéteavepar | a formation d un notif de nasquage en nmatdri au
resistant a la gravure qui a sur lui un notif de gravure qui correspond aux
t r ousr0530. Procédé ale dabgcatiors d'enesmionaipbropengls uiilit® &) tast quercoppesanten snisstratf enchilicium
d~t ecti on &1)@ai aété tisitéfau mogien djuna\gravere @rigpippeciumite powrdermprsded gongess(12f gedesont
sur une f atseus dravessghis (124k casactéeisd ercea an'il qoodite & (fermemuniecoauphe gle diosyde desilicium
(101) a un@23)eyesifes eanghd'éraissayrsivadables swdedit sehstrat p allicium(i2t) en é@ntug\masquo de
ani sot r oped"AYyA d&linieer piegreseiveneptiphzaBes pluseminiers Siaiias fitespouqhy dgjdioxyde de SM) de
sort e’quo {12 &P%&%@frgrﬂ’éml Lbshet on igiumdd27) deHiordre da I'épajsepur de la copghede 465
229 Bl ||1"°’1V ! “f“ {1£3). et de-contipuer 2 gyaver de siliclum.gyizdessys, de jadife qouchg;dg.dio

' epai sseu &?ﬂg ?“‘ 'W Eg{g@u"’ h "1’ °’f“8r"ﬂ'B'P'P8ﬁ 2epes, AN fepteremge de
masquage effl qursqang 'adlt sugstipt on sl V/ﬂr‘@ tui correspond | un douxi bre
novi f,,de d~tection de point de fin de gravure (103) qui recouvre au noins
une partl e du notif de masquage ‘en mat~riau r~sistant & la gravure dudit
premer notif de ditection de point de fin de gravure (102) et est au npins
sur une 5 face dudit substrat en silicium(101), et par la gravure
dudit substrat en silicium (101), et ensuite achbvenent de |la gravure en
deteckant que |la partie en recouvrenent du notif de masquage en matnriau
resistant & la gravure des prem er et deuxibme notifs de detection de point
de fin de gravure (102, 103) s'est ouverte. 10 10. Proc6dd de fabrication
d'une mcro-ponpe qui utilise en tant quo conposant un substrat en silicium
(121) qui a 6t0 trait6 au noyen d' une gravure ani sotrope hum de pour forner
des gorges (125) et des trous traversants (124), caracterisd en ce qu'il
consiste A forner une couche de di oxyde de silicium (122) avec des zones
d' 6pai sseurs variables sur ledit substrat en silicium(121) en tant que
masque de gravure, a 6limnner progressivenent |les zones plus ninces de |a
dite couche de dioxyde de silicium15 (122) au cours de la gravure du
subst®at en silicium (121) de lordre de |'epal sseur de |a couche de di oxyde
de silicium (122), et de continuer a graver le siliciumau-dessus de ladite
couche de di oxyde de silicium (122) qui a 4t6 dlimnde par gravure et A
former un nonbre de zones en renfoncenent de diff6rentes profondeurs dans
ledit,substrat en siliclum(121). 20 25 S 30 35 40 45 50 65 20 '
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