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i npedance transformati on device that operates in a

manner similar to that of Backgrgmmdr (Metal Oxi de
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regions; for
using a conventional CMOS (Complimentary Metal Oxide Semiconductor) process. P-type

ISFET fabrication is based on a p-type silicon substrate 52, in which an n-type well 54
forming a transistor “body” is formed. Highly doped p-type (p+) regions S and D,
constituting a source 56 and a drain 58 of the ISFET, are formed within the n-type well 54.
A highly doped n-type (n+) region B is also formed within the n-type well to provide a
conductive body (or “bulk™) connection 62 to the n-type well. An oxide layer 65 is
disposed above the source, drain and body connection regions, through which openings are

made to provide electrical connections (via electrical conductors) to these regions; for
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and the body/n-type well 54 (a non-zero source-to-body voltage Vsg) affects the threshold
voltage Vry of the ISFET according to a nonlinear relationship, and is commonly referred to

as the “body effect,” which in many applications is undesirable.

[0007] Asalso shown in Fig. 1, the polysilicon gate 64 of the ISFET 50 is coupled to

multiple metal layers disposed within one or more additional oxide layers 75 disposed



as the "body effect,” which in many applications is

undesirable. [0007] As also shown in Fig. 1, the
waabyeiskiccon gate 64 of the | SFET 50 is coupl at1es2007/025721
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as shown in Fig. 2. In a linear or non-saturated operating region of the ISFET, the drain

current Ip is given as:

ID=ﬂ(VGS—VTH_%VDS)VDS’ (N



the anal yte solution itself and is anal ogous to the
gate termnal of a conventional MOSFET, as shown in
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connection with Fig. 1, the threshold voltage Vry of ISFETSs (as well as MOSFETs) is
affected by any voltage Vsg between the source and the body (n-type well 54). More
specifically, the threshold voltage Vry is a nonlinear function of a nonzero source-to-body
voltage Vsg. Accordingly, so as to avoid compromising linearity due to a difference

between the source and body voltage potentials (i.e., to mitigate the “body effect”), as

shown in Fig. 1 the source 56 and body connection 62 of the ISFET 50 often are coupled to



shown in Fig. 1 the source 56 and body connection 62

of the I SFET 50 often are coupl ed toa conmon potentia
wo/r0asbTsgogret al contact 68. This body-source couphi$@o7/025721
also is shown in the electric circuit representation

of the | SFET 50 shown in Fig 2. [0014] Previous
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successively enable different pixels of the column one at a time.



row sel ect signal and its conpl enment are generated
simul taneously to "enabl e" or select a given pixel of
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voltage Vg; provided by the transmission gate S1 ensures that a full range of pH values from
1-14 may be measured, and the source-body connection of each ISFET ensures sufficient

linearity of the ISFETs threshold voltage over the full pH measurement range.
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[0020)he Eurtheshors,dh die dgsipeofSMilgleove al.,lthdp-ghanfiel MOSFET required to
implement the transmission gate S1 in each pixel (e.g., see S1,p in Fig. 4) cannot be formed
in the same n-type well in which the p-channel ISFET 50 for the pixel is formed. In
particular, because the body and source of the p-channel ISFET are electrically coupled
together, implementing the p-channel MOSFET S1,p in the same n-well as the p-channel

ISFET 50 would lead to unpredictable operation of the transmission gate, or preclude
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[0022] In sum, the ISFET pixel design of Milgrew et al. is aimed at ensuring accurate
hydrogen ion concentration measurements over a pH range of 1-14. To ensure
measurement linearity, the source and body of each pixel’s ISFET are electrically coupled

together. To ensure a full range of pH measurements, a transmission gate S1 is employed in
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[0024]  As noted earlier, individual ISFETs and arrays of ISFETSs similar to those

discussed above have been employed as sensing devices in a variety of applications
involving chemistry and biology. In particular, ISFETs have been employed as pH sensors
in various processes involving nucleic acids such as DNA. Some examples of employing

ISFETs in various life-science related applications are given in the following publications,
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representation D - Dio of the output signal Vs
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[0026]  Despite improvements in sample preparation and sequencing technologies, none
of the present conventional sequencing strategies, including those to date that may involve
ISFETSs, has provided the cost reductions required to increase throughput to levels required

for analysis of large numbers of individual human genomes. It is necessary to sequence a
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configured for sensing of specific enzymes. It should be appreciated, however, that the

present disclosure is not limited to ISFETs and ENFETSs, but more generally relates to any

FET that is configured for some type of chemical sensitivity.

[0029]  According to yet other embodiments, the present disclosure is directed generally
to inventive methods and apparatus relating to the delivery to the above-described large

scale chemFET arrays of appropriate chemical samples to evoke corresponding responses.



[ 0028] Accordingly, various enbodi nents of the present

di sclosure is directed generally to inventive nethods
wos/eeRe at us relating to large scal e FET ar riayisud$2067/025721

nmeasuri ng one or nore analytes. In the various

enbodlnents di scl osed herein, FET arrays include

mul tiple "chenFETs," or chen1E%1Iy sensitive

field-effect transistors, that act as chenica
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g(‘;régrllt%gﬁl oPGth&! rﬁ‘easn.gellﬂgﬁts by Hr%%rél%ec henFETs cont enpl at ed

he present disclosure include ENFETs, which are
Edb@b 19 Ulfcﬁ@xirﬁ?ﬁle Ss%ﬁ‘l% 'e%o&ﬁneﬁﬂ%ﬁ:‘ JdeEte& Ry m%ﬁy lalgte se41OUW.-
e appreci ated, however, present “di scl osure
disnensipndl chem il sepsar SREY . &rmeﬁwnw%b §enspts), én which one or more
. C 0
SR Ll e P Lo kPGB oy o
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yok@ corr spo ng Hesno onses. The cqenicalf§ﬁques P
c8hﬁP1°§°é” P GV‘T’d? yiqut ;7?’5"?6?&1%7"835 PIPCRYR @ the drray, an
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E‘Etgfé?“ datsintn {}‘én?)(e"c‘és‘h“é‘émcf"dﬁ”é Aregipt H?Wé)‘ednﬁ‘ﬁéﬂ}s%aéﬁ’t‘/é“ay be

88upldato 8ABbnthére nliétOBGHick Structuradm the dENERy SMdNR@E FRRS fhalytes to
are directed to a "very Iarge scal e" twodi mensj onal

tReictspnd &ygemow! Péﬁna{%e(@ betwyrea seasuremelys- 2gsRrdingly, inventive
SPB&ObSthis disdlode C\bhl@l'i]%eQiEsﬁE@rt@ bEHBIEEld - iRARAAHhE VaHbus microfluidic
elenents or "pixels" constituting the sensors of such
siricarresayhigh way bpemplayekfoflvirsraenisiangiies tvanddiogn the wells or pixels,
RGPS S Pt aRUPEIrE BF the %ﬂﬁ% bP@éls%w@M&‘ern% sBEGHeE fdQodpling the

proximty to the pixels array. sone

wrlbnsitlathg pixesl of theraray i Qmsnetmé apg @tm)yratn;;fmtieadz@ﬂﬁbp aglls with
PRA- Qéarlﬂg Bgadm%?f#glékgér%s %turs&fqopbm geH@éncfn I ﬂ’%ﬁ@d Malysis.

nore reaction c mcr

0811 | N4l 'llgi'qgéjt%lferéﬁ:@% Vﬁod%r ang et? 1iak tostﬂFﬁ%Scel‘PEre A% shown.

rra appar at us whi ch rs-anal yte sanpl es

{0082 el AR eﬂﬁa@ﬁ’l\’r?e%tst Q’?amai)ft@@f‘ ptaptﬁ:ul’é? Ite R nﬁg@%en ions, and

neasurenents Even en m crowel|ls are not e oye
targs ssalp $HTE Toarrany asraydingstodbupressdt discleses ase spepifigally configured to

me%’upef I—W ﬁln' le*?er%RB{)JtﬁHéB@Sth% Henti %ﬁ ]géi‘é 6n\§%[:|¥1§| on?gr%d g{ay relate to

nal y
_BNa\l gzym;l(es} ptmetsweor atbas:bcrawelmng/or Biotogicd] prgtesses, and chemFET
b g%a' pebc 4 l%f:onf I(}d%o s%lqco b Onevg] mol?e Shé analytes that
esire e varil ous

priogidefrdlenadi mfcsmammt ralaesg wihd pdnt iawibey cbeemeaimrmyssobfnmrfektoum various

rea ent s/.an tes to m.t he we xel s, .the
EEACSEREEX R o ERGa bR oYy Livs Sachisivec
&Bﬂloﬁdgidipindlraeé;pafrﬁcrula}@lmhﬁg}@’ed h)efacmtatc the rapid acquisition of data from

the entire array (scanning all of the pixels to obtain corresponding pixel output signals).

[0033]  With respect to analyte detection and measurement, it should be appreciated that

in various embodiments discussed in greater detail below, one or more analytes measured



wells with the pixels of the array, and nethods and
apparatus for loading the wells w th DNA-bearing beads
wobRBotdies apparatus is used for DNA sequenci ngp@I/us2007/025721
rel ated anal ysis. [0031] A unique reference el ectrode
and its coupling to the flow cell are al so shown.
[0032] In various enbodi ment s13an anal yte of
particular interest is hydrogen ions, and |arge scale
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[0035] In yet other aspects, Applicants have specifically improved upon the ISFET array

design of Milgrew et al. discussed above in connection with Figs. 1-7, as well as other
conventional ISFET array designs, so as to significantly reduce pixel size, and thereby

increase the number of pixels of a chemFET array for a given semiconductor die size (i.e.,



anal yte, and one or nore other sensors of the array

may i nclude a second type of chenFET configured to be
wEheshadd Y sensitive to a second anal yte di f freu$2007/025721

fromthe first analyte. In one exenplary

i npl enmentation, the first analyte may represent a

first binding event associated®wth a nucleic acid

sequenci ng process, and the second anal yte nay
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nucl ei.c aci d sequenci ng process. O course, it should
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SRR ALY Ik AL s sty o
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substances in the solution, which may in turn cause an undesirable time-varying drift in the
chemFETs threshold voltage Vry. This phenomenon in turn impedes accurate
measurements of one or more particular analytes of interest. In view of the foregoing, other

inventive embodiments disclosed herein relate to methods and apparatus which mitigate



and appreci ated that various techni ques enployed in a
conventional CMOS fabrication process, as well as
WO/R0s/PI0cP0st - fabrication processing steps (waf@us2007/025721
handl i ng, cl eaning, dicing, packaging, etc.), may in

some instances adversely affect performance of the
resulting chenFET array. For~eXxanple, with reference
again to Fig. 1, one potential issue relates to

gB@ﬁ’dﬂﬁ’lﬁ} 280R§08eb B dh cRENFIDE périfiaRd thdd ntah) %rl&aﬁ(ﬁn QXri sl aspects of
5 during etching of nmetals associated with the

fqb@a%tmgane aes-fabricatian precesing/bandlingof chemRET pepYsed
charge may affect chenFET threshold vol tage VTH
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GG A AN it T
RPSdnefait 1a&lon® Brrf ALKA Sighe/tb preideMgulGfle BB Hata from the array
arrays. 4003718 Accordi ngly, one enbodi nent. of the

ﬁwe%@m rafe R Ghiep| TrAEnecRer skcped In§na AsPRpaF SR rate may be at least

G0 fRMESpdIdeRAd. Anl AAYthef as ﬁé@ﬁné fhhé fd gl ¢ 6@:&3@2{5520 AR per
sensor conprising one chem cal I -sensitive fiel

sfcpad t InpyiehptBerasrects( bp &imeTyte ami eatlaay Phy0adp: 4P elaurbw 190
$mEa6s s@lonihe array often mcroneters by ten
m croneters or |ess. [0038] Another enbodinent is
J04BF t eAndtRer@mdMiRfeht RIdfrBMed ©AARPpaFARY cSmprising an array of CMOS-

wo-di mensi onal array of electronic sensors including

fabricated sensrs, epayvesnson domprisiegasehennaallysensitiys fighd affget transistor
[ n

ERERFER) theIBORPEP cofifits 1 M0RRle SRTLLGI] O Puree andg oin

boriig gﬂrsesﬁnt@npmm toipe artd fhlgégted ame regisnpgaving agerohd semiconductor
r
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aafcbag/sen{némfdgc}torAmpﬁ toeitherthostiunenr thesiralnr ect ed to an
apparatus, conprising an array of CMOSfabricated
[0041] Another embodiment is directed to an apparatus, comprising an array of

electronic sensors, each sensor consisting of three field effect transistors (FETs) including

one chemically-sensitive field effect transistor (chemFET).



sensors, each sensor conprising one
chem cal ly-sensitive field effect transistor
wd ek - The array of CMOS-fabricated sensqicus2007/025721
i ncludes nore than 256 sensors, and a collection of
chenFET out put signals fron1a|| chenFETs of the array
constitutes a frame of data.- fthe apparatus further
conprises control circuitry coupled to the array and
mﬂﬁ] QUAﬁ&hérQn%%H‘i‘ﬁ{eﬁt i8 dﬁ*&ct‘]:det%sdh aBﬁh@at@sr CEM pr R A array of
ignal to provide nultiple frames of data fromthe
alle?taymaienssprsr, eathesensef eorpprisig thesg ot fewer fieldweffps transgiera FETs),
Wﬂergfhethé‘ﬁr?&qr 'fevtv%(l}EfFE %ﬁld%ﬁ&% dﬁ%w?ﬁy %ﬂﬁhl@?ﬁgld%ﬁkct transistor
frames per secon I n anot her aspect’ rame rat
(egmBEETHRt | east 20 frames per second. In yet other
aspects, the frane rate may be at | east 30, 40, 50, 70
H1043] t Anathey embadimeniie direstetbiodn apBoatey, cempritieg an array of
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be@t aftaylavi ng t he second sem conductor type to either
the source or the drain. [0041] Another enbodinent is
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&@ﬁm(ﬁgngﬁg a@opsd sing three or fewer field effect
transi stors (FETs), wherein the three or fewer FETs

[opabudesn QARG chibBdeat ik Wir&R&tStotal s¥of hredydcdthy r%’iﬂg a plurality of
transi stor (chenFET). [0043] Another embo nt is
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%@&is@?&i&;h@ﬁfhﬁﬂy Sensfi9€ hel%%ﬁ%&rtraﬁg&@f dcﬁérﬁ‘l@E”@ o%hﬁ’étﬁléd fodprovide
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[0046] Another embodiment is directed to a sensor array, comprising a plurality of
electronic sensors arranged in a plurality of rows and a plurality of columns. Each sensor
comprises one chemically-sensitive field effect transistor (chemFET) configured to provide

at least one output signal representing a concentration of ions in an analyte proximate to a

surface of the array. The array further comprises at least one row select shift register to



sensors, each sensor conprising a plurality of field
effect transistors (FETs) including one

wEhegivsadd yY-sensitive field effect transistor pcr/us2007/025721
(chenFET), wherein all of the FETs in each sensor are

of a sanme channel type and |nflenented in a single

sem conductor region of an ar ay substrate. [0045]

Anot her enbodi nment is directed to a sensor array,
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Pashvisem EE onut sigaalofiem mmtldawlymgwfghq phuealify eficglumns.
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method comprises: A) depositing at least one additional passivation material on the

chemically-sensitive passivation layer so as to reduce a porosity and/or increase a density of

the passivation layer.



connected to the three FETs. The three FETs are
arranged such that the plurality of electrical
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triphosphates by the generation of sequencing reaction byproduct, wherein (a) the chemFET
array comprises more than 256 sensors, or (b) a center-to-center distance between adjacent

reaction chambers (or “pitch”) is 1-10 pm.



conprising disposing a plurality of tenplate nucleic
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immobilized on the chemFET. In some embodiments, the PPi is directly detected by the

chemFET in the absence of a PPi receptor.

[0057] In another aspect, the invention provides a method for sequencing nucleic acids

comprising fragmenting a template nucleic acid to generate a plurality of fragmented



[0054] In sone enbodi nents, the sequencing reaction

byproduct is inorgani c pyrophosphate (PPi). In sone
wErhgtHeagnt s, PP is neasured directly. |In somer/us2007/025721

enbodi nents, the PPi is neasured in the absence of a

PPi receptor. In some enbodi nents, the sequencing

reacti on byproduct is hydrogéW'ions. In sone

enbodi ments, the sequencing reaction byproduct is
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into a plurality of “cells” or spatially defined regions and each of these regions is situated

over a different sensor in the chemFET array, in some embodiments.

[0062] In yet another aspect, the invention provides a method for detecting a nucleic acid

comprising contacting a nucleic acid array disposed on a chemFET array with a sample, and
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meaning most consistent with the particular concepts disclosed herein.

Brief Description of the Drawings

[0068] In the drawings, like reference characters generally refer to the same parts
throughout the different views. Also, the drawings are not necessarily to scale, emphasis

instead being placed upon generally illustrating the various concepts discussed herein.

[0069] Fig. 1 illustrates a cross-section of a p-type (p-channel) ion-sensitive field effect

transistor (ISFET) fabricated using a conventional CMOS process.



[0065] In another aspect, the invention provides a
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sanpl e, and detecting binding of a antigen fromthe

sanple to one or nore regions_on the anti body array.

[ 0066] In another aspect, t 4 vent i on provi des a

met hod for detecting an enzyme substrate or inhibitor
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chenFET array with a sanple, and detecting binding of

wfigntity fromthe sanple to one or nore regions on

the enzynme array. [0067] It should be appreciated that
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convent i onal 0070] Fig. 2 illustrates an
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transm ssion gate including a p-channel MOSFET and an
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according to one inventive embodiment of the present disclosure

[0079]  Fig. 10 illustrates a top view of a chip layout design for a pixel of the column of
an chemFET array shown in Fig. 9, according to one inventive embodiment of the present

disclosure.

[0080]  Fig. 11A shows a composite cross-sectional view along the line I--1 of the pixel

shown in Fig. 10, including additional elements on the right half of Fig. 10 between the



[0074] Fig. 6 is a diagramsimlar to Fig. 5,
illustrating a cross-section of another portion of the
wothshTadée corresponding to one pixel of the asaBYys2007/025721

colum shown in Fig. 3, in which the ISFET is shown
al ongsi de the p-channel MOSFET of the transm ssion
gate shown in Fig. 4. [0075]° %%g; 7 illustrates an
exanpl e of a conplete two-di mensional | SFET pixe
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one 1 nventive enbodi ment of the present disclosure.
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@g?fg] VFl V\falﬁ lé e%lé)%tl%?%’%t‘é&hs ?b%nfp%hn@](pfr&ggé% rl llﬁﬁga metal
Dmdeeﬁpmventive enbodi ment of the present disclosure.
[0080] Fig. 11 A shows a conposite cross-sectional view
£1085lg tHigs. 112 Adhrough 1281 provide fopwetwsoif esah df theFfalication layers shown
‘.Prﬁ& ul%é gcc%ﬂﬁlrll ﬂo%ﬂgfnv%tmeeﬂ'fbﬁ?lmn{ mv{ f)r?%]aﬁ-nt (Iﬁ@élgsupcf

I nes | and 1

dOBg]s t rﬁ% IQQIIQStJa?eg grbl&ié ya?l{ ofvan% %rgéla}yr%@g)ielchlp

ri catron acco I'nven ment
tniydemergamntof dn slmlnt}"sElenso[r eﬁ&iqlmﬂargo thiak Bhqwmou iFie 8, bdsai on the
?cﬂgrrrﬂl g%l ;11 % rdlé%; glgsgsg?w& n ? 2 S é?dg& ot[)%né ?nQ/nBSfLé egn%o&lment of
mmheshgcmmntocol for conpound 4 fromFi g. 11B.
[0083] Fig. 1IDis a schematic illustrating a variety
tﬂOS't]herﬁ igt1r4i iﬁsstnatuah roa el e sla'ﬁpég'iﬁd dfdmetdntayphm&i indtig.da,

| a n order e nition compounds

S Rine8 off T Fusl PP haliR S AEREERIRME " Soaa
Eﬂo@sﬁ]‘ F'PEg 1% @ s?ra eronr?et: | w%g:)cglut tenasgga?tf a%:fter%f %&@H%Qrag%hown in
Ei2Al3, laca?mghg th2ine M\&nllfh&rﬁhmpinwnemﬁthebrem blsdbSLtrthe

fabrication | ayers shown
[0089] Fig. 16 illustrates one of two output drivers of the array shown in Fig. 13,

according to one inventive embodiment of the present disclosure.

[0090] Fig. 17 illustrates a block diagram of the chemFET sensor array of Fig. 13
coupled to an array controller, according to one inventive embodiment of the present

disclosure.

[0091] Fig. 18 illustrates an exemplary timing diagram for various signals provided by
the array controller of Fig. 17, according to one inventive embodiment of the present

disclosure.



in Fig. 1A, according to one inventive enbodi nent of
the present disclosure. [0086] Fig. 13 illustrates a

wdrsredieagr am of an exenplary CMOS I C chip  pcT/US2007/025721
i mpl ementati on of an chenFET sensor array simlar to

that shown in Fig. 8, based on the colum and pi xel

desi gns shown in Figs. 9- 12, - #tror di ng to one

i nventive enbodi nent of the present disclosure. [0087]
[0092) 14Figh |1930riA@Sted] S RWiHPARCIF aftbthidivel@dbSEhP t he
array shown in Fig. 13, according to one inventive
dnpleapratinns of chend Edrserson arraissascerd ing éo othgroigggntipg gmbadiments of

kel ddSkhii&is@e of two colum select shift registers
ol#edtll?}e arra; shown in Fig. 13, according to one

[ tiw ' t r j
e R T i e L T
arpyashownamhig 20, Begprdingto another iverdive embedimenivod thtei present
B[IP‘BH{&TEM of the present disclosure. [0090] Fig. 17
I''Tustrates a bl ock di agram of the chenFET sensor

TRy o hgt e bR el ol ORI PhRVEOMOS jC chip
dhplehogaticms of GBOTETREEsor dBayis] dcugiingt@stheminesogimp Eabgdiments of

| - aqr. for various signals provided by the
gﬁeﬁﬂé{/kg%t?ﬁ%g)gﬁ’ﬁ?er of Fig. 17, according to one

' tiw ' of ,t;h t. discl osur.e. ] 00
Y8 ME ATRSR e sl WS PEAE B inHRh RN o 3 Bhnel
MG H TG ndhicgon papyiegercharirieb MO SHFETs leeodriifg scearodter ave@izg,

accor.di nt o ot her,.i nventive enbodi nents of the
ﬁ?‘é%(gﬁ’f" gﬁfi}}?!p&sﬁ’i’téi.'sc%g@3] Fi ]9 20M i1 Iust ][ ates a top
e e e

CieneTBT armye advottingotothet idvbttivereabedinedis H€ the pudsent didRddrk.
Figs. 21-23 illustrate bl ock diagrans of additional

#1092y naFigy @ 8 EMBE2 8 arzhibgimdtripilmsmedtioad éfposticnt of hendwkell arrays as
sensor arr.a accordi ng to,other inventive, . .
SRR M B P P el e TS BrBar eI 1 g theeegdimsgsional
vishdlizhticht Fshe iy pirdlireslesi gn of Fig. 9 inpl ement ed

with an n-channel chenFET and acconpanyi ng n-channel

MOSSET sFigaxscio b diagtanintatidepibasn dfamemtiewea s ondasthdrgid., thé lower
e present disclosyre. [Q096] Figs., 25-27 dllustrate

IeeoPieRia e 1Y REpRep e sy G indf AL R fensors cn a

cMasldiery for

[0099]  Fig. 30 is an illustration of an example of a layout for a portion of a (typically

chromium) mask for a one-sensor-per-well embodiment of the above-described sensor

array, corresponding to the portion of the die shown in Fig. 29.

[00100] Fig. 31 is a corresponding layout for a mask for a 4-sensors-per-well

embodiment.

[00101] Fig. 32 is an illustration of a second mask used to mask an area which surrounds
the array, to build a collar or wall (or basin, using that term in the geological sense) of resist

which surrounds the active array of sensors on a substrate, as shown in Fig. 33A.

[00102] Fig. 33 is an illustration of the resulting basin.



chenFET arrays according to other inventive

enbodi nents of the present disclosure. [0097] Figs.
wohhbs/asdc28B are isonetric illustrations of pardtensoaisr2i

m crowel | arrays as enpl oyed herein, show ng round

wel I's and rectangular wells, to assist

t hr ee--di mensi onal vi sual i zat1oW of the array

structures. [0098] Fig. 29 is a diagrammatic depiction

fo163]t OMg \V33@Ws @h iIRBRatfoRIOR 8 thréd-1a§er, PANI BrdcOWEEr h&fihg the microwell

corner) of the layout of a chip show ng an array of

A vi dual | SFET sensors on a CMOS die. [0099] Fig. 30

is an illustration of an exanple of a layout for a )

B{Q,l{)é}]o Figs 34 - @? gﬁg@mnp%ylc@lm Q)lmt%a firgksgxample of a suitable experiment

RrBRISQrs P& W Jidi€ RO HIRith 1] sehddf aRB0 WM EES 85 ipRRAling a

sensor array, corresponding to the porti'on of tThe die )

gieesniection thraygh thg Fig. 3@ appiratps gongsectian line38r3deanddiigli3fgxpanding

PR bl e SO SR bR B
oekditht uidedbky mareaigblewhi ch surrounds the array, to

build a collar or wall (or basin, using that termin

{0820 gedipgidoah dpengmatiofillysgsticgtofutsiestraguyithoureiehed hbotoresist

B M A ARSEL ol APSL] e TR

T B, 225 Ll AT Bt 8 (A 5 B hin o
flow ayll cqmdBEOUYitlFFigs38.34 - 37 di agrammatically

illustrate a first exanple of a suitable experinent
Hopei]atligs. ¥R e 64 put St-dhare paird ofipditly isomietnid, aexional tvirewshod example

DR e e 5 LN 0 RS BB ane
Bbm3ig, a dlosv dellgind B6wekpaba usingpaistériabd sueh gs pladbic and PDMS.
perspective, and Fig. 37 further expanding a portion

[0108]e Kty 68 bad 86 4ro schelnatit, lveosfsedtidndl | vdew nafiteoMaysr plass. (or
00105] Fiqg. 38 i di matic il ustrati. f .
Gite? paae v noPeRbi% AP b ptrraps IR ihBmie fyp forve

adheughohe¢raini on of an exanple flow cell of a certain
configuration. [00106] Figs. 39 - 4 1 are diagrans of

[08%6y <SHigd ahAe9Caire Plusehtionsef the piedes forawo kxasled sfawo-plece
flow cel onsistent. wth Fig. 38. [00107] Figs. 42 -
e %mglfi-eégargr%r %H?“V@ a&?’“b%f?lt ly isometric, sectional

[ . exanpl e apparatus. and enl ar genment.s how ng.
M8 e OB R BBt s o ey TrBoagtiniess
§tedl mhpillary dubklagvn eledttodanidtofd downetiarbgirt ofusflovwgcalBsuel asths flow
getl]l% rcl)f Ei?gs.p;9%8-t§9%, grn cgjthee% cells.
[00111] Fig. 61 is a schematic illustrating the incorporation of a dNTP into a synthesized
nucleic acid strand with concomitant release of inorganic pyrophosphate (PPi).

[00112] Figs. 62-70 illustrate bead loading into the microfluidic arrays of the invention.

[00113] Fig. 71A is a screen capture showing pixels with signal occurring after dATP was
added (first) resulting in a 4 base extension in template 4 (see Tables 1 and 2) (left panel)

and a plot of voltage versus frame (or time) for the arrowed pixels (right panel).



[00108] Figs. 55 and 56 are schematic, cross-sectiona
views of two-layer glass (or plastic) arrangenents for
waRsbagiur i ng fluidic apparatus for nounting mit0s207/025721
chip for use as taught herein. [00109] Figs. 59A-59C

are illustrations of the pieces for two exanpl es of
t wo- pi ece i njection nol ded pa?QS for formng a flow
cell. [00110] Fig 60 is a schematic illustration, in

F60a34 SEg! 71‘?3"115 afsBfeer E‘Jp'hﬁ’g oWk Rxat KRl %ﬁﬁ oebiBfhg after dCTP was
capillary tube as an el ectrode, into a downstream port

fideg “PWW“&@%I in g 4 g scaaxtantion fir) tsplaed | seofaliysgs 2) @@Apanel) and a
g%:of \%'Itagé hﬁl@ usflafi¥ (Sletlnrhé) fol #0 kdibed pifkls é g% ba%eg NTP

schemat | ustratl ng t’he 1 ncorporation o

6h P52 ﬁlgn‘fﬁe@a%@r@erp e %o%ﬁ?pn%lg @fﬂﬁis ﬁchcum after dGTP was
Loncom t rel ease | nor gani ¢ pyr oph sp ate (PP .

P@ﬂ Deft resudiing i 2xtegsion ¢fuiemplatee 1.I2cend 4 (sredliablgs il nz)c(leftn@nel) and a
?]K? IBP\tdlMgéj{/e(}sﬁrﬁraﬁ%s(orotﬁmS)t}gr &QX}?S\LédO Xel%ﬁ%ﬁg‘%]nelﬁ g. 7

creen capture show ng pi X

Err | f{ ar. I
AT B T Rl el el SRR él&%‘é% feEE b BEATTP was
gddefl fang amedff oaxnded(dok die ppésenasl df a@é d\b@ﬂ’s ursalf 4 @mplatesr(see Tables
IE—'1I %&Peg]})éﬁ?liebna a?;zr:létgo\gﬁ'glég Ie:(vglrsés é'?r]rlg or tl%ap?or}he[agr(c))]\?v]éé]plxels (right
paghal occurring after dCTP was added next resulting
in a 4 base extension in tenplate 1 (see Tables 1, 2)
(left panel) and a pl otDethilabDésariptivier sus frame (or
tinme) for the arrowed pixels (right panel). [00115]
Hlﬁgl7]7 1>llosvingg tedove ere noap tietnidedsdesnniptignguifivetisuswohdepts related to,

0CC n fter P added next resul i

AP todRE o] 51, Mo Rl o o nd BbaRS ¥lo S0 1 shale ey
éllir@fstfoma@ke) mmdrememisoIt.sbcﬁull&’ bé hp_@g@lzﬂﬁ tﬁmlsx/afiblagﬁgngdﬁpts introduced
t ] s (ri pane
b and Bsonste i8 BB deh Bo% ek SRR RPSiEd in A ivherous ways,
ad g8 alsclgmiwbmd@g aed h&Ninditd b ?@%aadgag n’\?gﬁbr Bl nnp:rérﬁentauon
ccurre t resence o
?ém &t %fs*% fi%lﬂﬂﬂiﬁﬁ%@a@m% a(PP@‘faE‘O'b%"ﬁ%P‘)OVédﬁéiP%\mﬁ'f"dtfo
WRktraRB8 puosdds frame (or tine) for the arrowed pixels
(right panel ). Detailed Description [00117] Foll ow ng

o1 08y aV@ndIl@r@eﬂﬁe%nﬁtﬁﬂm%ﬁﬁcb&ﬁin@ﬁﬁth@ redét |di%b|l$>sure are directed
concepts related to, and enbodi e i nventive

AtEash tParip 2 sppispRAuGor-basedy wrgofihadlp %réd yetsmgheticampings the

BEWEYE nfiGtbe 8RNIk vilkRAS Lib&IHRALBility df aShRHIMidXEsystem. In some
appreci ated that various concepts introduced above and

ragplesslow, thegpisepeleetrepdesnortianaf de hyiyid sestans| impiemeatgd in
CEMEcRoldpyTEF ;Q.Hﬁos@@dﬁlluﬁ%tl&h 9t SHod &Sa%greeﬁﬁg ERwevaY, fhat the

npt [imtedto any partlcu ar manner
dﬁ?jpmmngt intgnded to be limiting in this respect, as other semiconductor-based

technologies may be utilized to implement various aspects of the microelectronics portion

of the systems discussed herein.

[00119] One embodiment disclosed herein is directed to a large sensor array (e.g., a two-
dimensional array) of chemically-sensitive field effect transistors (chemFETs), wherein the
individual chemFET sensor elements or “pixels” of the array are configured to detect

analyte concentration changes in a host of chemical and/or biological processes (chemical



Exanpl es of specific inplenentations and applications

are provided primarily for illustrative purposes.

wd #didRlogvar i ous i nventive enbodi nents accor digte/itQodRs721

present disclosure are directed at least in part to a

sem conductor-based / mcrofiyidic hybrid systemthat

combi nes the power of mcr oel&ctronics with the

bi oconpatibility of a mcrofiuidic system In sone
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the mcrofluidic strucfure(s) may be configured as oné
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are applied in the context of nucleic acid processing, application of the concepts disclosed

herein relating to chemFET sensor arrays is not limited to these examples.

[00121] Fig. 8 generally illustrates a nucleic acid processing system 1000 comprising a
large scale chemFET array, according to one inventive embodiment of the present
disclosure. In the discussion that follows, the chemFET sensors of the array are described

for purposes of illustration as ISFETSs configured for sensitivity to hydrogen ion



detection in nucleic acid fragnents, for nucleic acid

expression profiling (conparing the nucleic acid
WEX08/6%300n profile between two or nore statespEr/gs2007/025721

conmparing between di seased and normal tissue or

conmpari ng between untreated tjissue and tissue treated

W th drug, enzynes, radi ati or*®%r cheni cal treatment),

for hapl otyping (conparing genes or variations in

B81eSr400n CAGReRE, it ;th%uld\/l@ aPhre&ih@a tHf 88 %thsedt RisBlofB R ot limited
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S are
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hiekyElI0® riétifotsqHH Efangddlocsrisg inl différynttportiyidl bo@e fMlow cell 200 due to
i onconcentrati on. However, it should he appreciated
ehemical Fractions bemyeer preqrsRaiF ot the basss consiiiufing eﬁ@(tﬂﬁp%ng reagents
DEBRRIGhe nRNGE AdMBferphitd i ofer EMBod@BIAS HIRBRRER il bRateP 84l below,
herein in which | SFETs are enpl oyed as an illustrative

thediFd] sensop ara mey, prarariulaghy Cchiey sepaitixjtyfq ofhgrpnalytes that

AP bR réBvat Ingdratibly £08MAe dhdiRiBll SeacBSnsHr BR&ESEVid 4h array
further detail below In one aspect, the system 1000

Fentiolereks 0 alsewidenprtation of fiecpapiiarn H03ShIBFET @rray may be
§$rﬁMﬁEdJ§oeas??Qch%ﬂggﬁth $é|£igx|g%‘ a.‘.a%ﬁg%e§§:?e%9efntsaﬁﬁda%11399d @Mmay be

a mcrofiuidics flow cel I n anot her "aspect,
progegseskdy the g@nptéerc?éﬂm Jgglﬁie@hanmgﬁémfwrtaap@a&smated Wlth the
Iy I Ck a b
FRAUSAE A PB4 AL SRS S PRREA ) e
geieralkyﬁs aomntxmi tathe gegom o€ a pgﬂp@argtem of AF2(e(ga.oge pf dATP,
TTR.
¢’? r it e’gT?)n d'ged &i) € m{cﬂelc aci on oufcﬁgﬁglechtax? ¢ m

e se i N g
repecganédsbyt octahge ﬁlwwucedlﬂagé)_@ﬂbmy moe: BEEDsPS the hnemy Wi0an

one. o re valv 70 and one or,..nore
ARG B et on bR S TR S e s Tt e
&\@@ﬂnﬂé oFihg vol&;geaﬁeﬂigé 6H argouitsut eigeal@ragilienpiiel dfhke drffylay be
sor arr.a 100 ors H cha es 0 urr ng i
S AP ng B b0 A RS O 1 P8 GG o tiegemplate disposed in

ﬂ{&mllabmqhégn&pgaween one or nore of the bases
constituting the sequencing reagents

[00123] In one aspect, the flow cell 200 of the system 1000 shown in Fig. 8 may comprise
a number of wells (not shown in Fig. 8) disposed above corresponding sensors of the ISFET
array 100. A number of techniques may be used to admit the various processing materials

to the wells of such a flow cell. For example, the flow cell first may be loaded with a



272 and the nucleic acid tenplate. In other

enbodi nents di scussed in greater detail below the FET
WO R0807e4e ray may be particularly configured fgir/us2007/025721

sensitivity to other analytes that may provide

rel evant information about the chem cal reactions of

interest. Via an array controfder 250 (al so under

operation of the conputer 260), the |ISFET array may be
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gavedls.cor aragants mwlba@@iedm the flawtcell by pthesmeansisueirs aank jet. In

§8ta95th&r@(al\{’{§iel t%e ?l%w%ﬁ‘éb@ ray hot BRAINGY weX&HRk Qiffusion properties

i nst ead of rrE oyi ng beads,” the wells”can ‘be coat ed
wf thp reggerds may bpexpiaited palimg cragsrthlle brewerigEeetiveseisors of the ISFET
10'@,te provided to the flow cell with adapters that
% ement the primer pairs (inmobilization materials

E@'ﬁﬂe ﬂ%gﬁldth%?loml@@@%e %{(SEC"T’I}/ oigﬁg 18 195y b&c nﬁgh%ﬂ Manety of

as part of the chip pac agl ng, ~or |nne
efiearetot ey ige enpes siongjaralytestie proviighity to taciSHET a@an é@O for example,

TEARC Sl AT P BB R o
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[00126] With respect to the ISFET array 100 of the system 1000 shown in Fig. 8, in one
embodiment the array 100 is implemented as an integrated circuit designed and fabricated
using standard CMOS processes (e.g., 0.35 micrometer process, 0.18 micrometer process),

comprising all the sensors and electronics needed to monitor/measure one or more analytes.



anplification, or other strategies using isothermal or
non-i sot hermal anplification techni ques such as PCR
worsos/biswst rated in Fig. 8, reagents includi ng fi@aseoimesi21
be admtted to the flow cell (e.g., via the conputer
control |l ed val ve 270 and punps 274) and diffuse into

the wells, or reagents nay be 3%dded to the flow cell

by ot her neans such as an ink jet. In yet another

Vi Rlefonct Bgid quafIg Qebhe &Q@or@?éfer@ﬁge efeRBbRs N6 %We 4Rpibyed in
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e) [th respect to the. | SFET array 100
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Ri &R adiond? PGSR b evel greaRPFAY Be %ﬁcaﬁé@&ldréﬂwl&}%d for
needed to nonitor/measure one or nore anal ytes, Wt

rasfoup ehrsicaGialogicabamlypis pUIPQspEPUEIIARTP @q@ﬂ%ﬂmmglosed herein. In
8rl|eeé?ﬁl§o‘aQE§n Zﬁthg gxé?ﬁplﬁm%&s@%ﬁ dhdvih 19@"@1 @Ct'hb %l\mﬂaﬁ‘ Igm sensors of

| SFET array laced in th | ow cel
the agray may &p ege“tgurqd fﬂrmus@wy twéwr@g@f lonSh éow@w lt:Sélpplfi adppo be
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e sequenci ng reagents to est ase I ne
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ere
gilveg tironclabmineciodipk exicion tand narateasjor tROnple, huae larovany.
controller 250 or directly to the conputer 260 to
foR228]i tbe @nablyjt e ctreaEEIT emnacsorbaeed vaipug einbadjments of the

Sri Q\gl R osbt & ne n gur PZor S sat¥v1f1y yI She g More of variety of
RS %% %‘h rasadivivagp odECE" MY bE
mmtbpésﬁdwmﬂ:amwhmt r Imong feaibndinent, oneh@rmqne ekt EE Tsiaf@ol array may

otential, o ref erence el ectrode e be
ek serhe v B vl fo e el GehdisPpecae ove or more
Bin&i@lg ebénty @feg fa@d@@ﬁteﬂ@ﬂthl acleiatidistuehci@B drocess), and in other

Sur ement ed. further bel ow,

em odlilments dlff%rent ghe F%%S of a given array may be configured for sensitivity to
different analytes. For example, in one embodiment, one or more sensors (pixels) of the
array may include a first type of chemFET configured to be chemically sensitive to a first
analyte, and one or more other sensors of the array may include a second type of chemFET

configured to be chemically sensitive to a second analyte different from the first analyte. In



[00127] The | SFET array 100 is not limted to any
particul ar size, as one- or twodi nensional arrays,
wo ekttt as few as two to 256 pixels (e.g., p@/ByodHasii
pi xel s in a twodi nensi onal inplenmentation) or as many
as 54 nega-pixels (e.g., 7400 by 7400 pixels in a
t wo- di nensi onal inplenentatib%b'or even greater nmay be
fabricated and enpl oyed for various
Sﬁkeé'ﬂeﬁ@ha/r}ainﬂilggéxﬁﬁion A& iYse bl R FR P ?&ﬁes@r‘l’lrasﬂ%ﬁ'ﬁn&%é\;éﬁt
concepts discl osed herein. In one enbodi ment of
asseqiplied myjth gyyeleimasidsageneingprgcess, and ithe seeriid\anglyigimayIeprgsent a
SERROERIAL cLNP o BLiY RK (REERI AL AL pRRES! Dbl
ydrogén 1ons; however, 1t sho dlal s0°be
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ganresiltii shotid Umppxbhened inypyofdfe eindmdmmntsejﬂscmbri orays fiseussed
arjﬁgﬁ of apglicationsl%ng sen th e.to er
héfiin thet gypivellS 6ai UHY "4 °mP$e<5‘ﬁ°“SbP’6 i dEShsRIFRL S
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anal ytes repr esent i ng one or nore bi ndi ng events

9@1(@5 for paalyteisepsiiyityiafqdispupsge infusthgrdetpilhs Qq(gi.,n@ connection with
pgp@g@ $)., and in other enbodiments different chenfFETs
a given array nay be configured for sensitivity to

flof by eﬂtexéﬂﬁlla%/tlﬁﬁlen{%ﬂfan@m&?on d.55 ﬂﬁ?orﬁmmrﬂmcessmg

one or nore sensors (pixels) of the array nmay incl ude
technigugs (erffdOSfpreqeesireETehninyes ernpldlel of snadler oA sizes), gach pixel of

#RNSFET %ﬁ‘f"a)I R)O%J 1B§lhdeaz{?ﬁl5¥(ﬁ? an@Moﬁlg%ﬁé d&ﬁQBl@/SQE& &bmponents,
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miOR 61%3% yltO% n‘#ikiotr%(e??%orf IE%mt%tp(?diff#efeﬁily,%%l'yﬁa%inglarbqaﬁ (pixel-
exenpl ar I"enmen the TIrst anal’yte’ may
roe;pixé$emng) Ofl thegtrddnion i) micremetats casomapbetaliedh Aa array pitch on

Ir(?etr %f ﬂ%%r&ﬁ&é‘r‘?%ﬂ sprr C(SE %? %ucr etQ@M?) fpcr)gcessmg technique

represen ng even
assomwaiaecgnvﬁchm 1mb3)vnmeﬂtem tenasoﬂsnaerqdl&nom with perspm&Sprlor

r t.ed. that nore th
driiey G gl aSot g R 30 Parisy OB e iy ot et 12
miiaremetarsionyreber.det ect and/ or neasure different types
of anal ytes/binding events. In general, it should be

pop3@ECi Mbedpedificly, nﬁfsoﬂhla emBodiodits®izt B sal fusksrdbelowebias@lch the

di scussed herein t iven sensor arra

GG eSS s R W6 o8 "EREREPTS B OB EDY 4 jerometers

smcmsl 2ANSPET aﬂ@nmu@allng byaez% DOOHﬁﬁbl@ Cite. aansilzcuy SR as ) Etodether
or ot

Hgg}q%/llgtgfl ?%ﬁ?nda @ﬁr&n geéqﬁ:g@}d tél?s{rg@d% e%@mcs to be fabricated ona 7
Fnhlﬁhﬁfe@g?ﬂﬁﬁ”%ete@@%ic@&iu@@?dle and a similar sensor array including over four

million pixels (i.e., a 2048 by 2048 array, over 4 Mega-pixels) to be fabricated on a 21
millimeter by 21 millimeter die. In other examples, an array pitch of approximately 5

micrometers allows an ISFET array including approximately 1.55 Mega-pixels (i.e., a 1348



chenFETs of different types to detect and/or neasure
different analytes. For sinplicity of discussion,

wages/eide exanpl e of an | SFET i s di scussed bel@wusio7/025721
vari ous enbodi ments of sensor arrays, but the present

disclosure is not limted in IS respect, and several
ot her options for analyte sensitivity are discussed in
further detail below (e.g., in connection with Fig.

Blf\) 152[ Qﬁ%)?z%d dsEbcRNRNINCcRbiic memﬁhﬁﬂ bRA® MAARRAerdY 9 millimeter
m croneter CMOS processing technjques (or

swo%r@sasnlﬁ@ET &R Aiau dncludingrver bt Msgapixels an%aﬁtserr@ted electronics on
§'2§ %ﬁmlme@@%p 20imifimetdr die@n efdaer #hpigdetA RSB R MOS

I SFET and acconpanyi ng énabl e/ sel ect conponents,
é’c\mcm neReeesdy Whichdfeasire siresofdesstlaand. B micrameiers anp pessible (e.g.,

r
BRSSPSR BGAISFEn MR i i,
aignifiyantlyselomgs miquorhesbrs (mawbelfahmaqsd ket spAEitalypf D6 mtidremeters or
gfxglearreaogf lés% tﬁn%[%‘?@%%[ Petdrs %gosﬁ'lmg fop gllgeﬁ’%llﬂtﬁleq%hseﬁgFET arrays.

e order o
(03 lcmg‘seantehéiﬂd e eppmamttmthﬁtl\gﬁ&l Bz EsCaraer tigant l@ohnnrcme&rs (e.g., on the
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SRRt BN nds? el PRl PGS SEFRLin b o8 Bl S arious
Ebbddimanits afchemBET Gfray SfWbideg to themreserht déscesreon t he
order of at least 12 mcronmeters or greater. [00130]

[M91831]s placithcr agletty of tha sgsdene siexwnod iFige 8] chedir sms srex) controllers 250

further pel ow based o e in ive oncepts,. .
e b S0t p R etedne T B0 e SR8 ot pinels
0Sthe Airgy ©rEBtaAT Sut@ltlsipnsls aerprdsSEEE adsly@Yndanabielt§)g 1OVaTous

256 000 pixels (1.e., a 512 by 512 array), together
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8¢ REIEREItEStogdtRer BEthf kY lefleRd 0Othe ArrdysithérhdeNRE, & tﬁ’eysa%e
mllinmter sem conductor die, and a sinmlar sen

Heessfed sl Al ghisvee therasigy bHY injaidiiergntpertion of the IC Hipogrft-chip.
m’co%gé@loﬁ‘ RWit®YarraP ¥&trof: aWﬁgé-tdlﬂl)gﬁél%))mte?sl&meoff I8PET 6%@1‘%1@1‘315 may

1 mllineter byZ [linmeter die. In othe

é9< mffﬂn@gd b:aﬁlrcalptmlylnmwﬁd@ thpiamentearried pirguit chlp as the ISFET
%’ 95@5@4&&1 cﬁlltéld%"gif tl?cnse}ls%E nga)axreEl?}{ (l'o@ﬁing%erwlalog to d1§|tal
r oxi mat el . Mega- pi x€l s
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Y, |1
ﬂlr%? Sglrujnléér@is/&{s%% aagvenp as 6%/(@?&06120 %é}eln \@flguesaegellgﬁg@ implementations
dswsaddh&hbrebbbm almﬂng:ts cbgltaacaﬁ/emolnlcam’eet @bltb&bQ,OIZ -bit, 16-bit or

Bl Pt B B o' e, PR RTERM AR, oo
mﬁﬁd hl?avugﬁgﬂm:& a g%};a‘:f byerfiew of te Srlolg ofa F%E%Egge&s,grSF ET) array

essi ng & ues)
300 s enerhplay spstemhoeo @mlrrfelasmmg one brahawabalptes mavebeerisn with
may .be .fabri cat ef]d ée. wwarray pitch of 2.6.
At it B S ey P UbFnd et EihldealisR e aplicgs of exemplary
Bhhei KBTeAreny s actprdinyy to watdbusgnfemtiveséngudimenandfltlye preseaedisclosure that
| SFET a ary ays.
may be employéed in a variety of applications including, but not limited to, nucleic acid
processing. Again, for purposes of illustration, chemFET arrays according to the present
disclosure are discussed below using the particular example of an ISFET array, but other

types of chemFETs may be employed in alternative embodiments.



O course, it should be appreciated that pixel sizes

greater than 10 mcroneters (e.g., on the order of
wERes/suspat el y 20, 50, 100 microneters or greai@nys8yo25721

be inmpl emented in various enbodi nents of chenFET

arrays according to the present disclosure. [00131] In

ot her aspects of the system3shown in Fig. 8, one or

nore array controllers 250 may be enpl oyed to operate
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EPRAL32] Having provided a general overview of the role
of "a chenFET (e.g., ISFET) array 100 in an exenplary
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connection with nucleic acid roceSS| n foll ow ng
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BALEH ity RS ool TBhaH BTN I ) SORES 8 At ieplg current
bdvedecidB] vigthe higie $ 1 N@thetsourd@bSifie ISKETO! S0 upon receipt of the
corresponding row select signal via the line 118,. The transistor switch Q2 couples the
source of the ISFET 150 to column bias/readout circuitry 110; via the line 114, upon receipt

of the corresponding row select signal. The drain of the ISFET 150 is directly coupled via



(SNR) of output signals corresponding to respective
nmeasurenents relating to one or nore chem cal

woseetcieces of one or nore anal ytes and the spgetduydinzsi2i
whi ch such output signals may be read fromthe array.
In particular, Applicants have recogni zed and
appreci ated that by rel axi ng3%®qui renents for | SFET
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colums). [00136] As illustrated in Fig. 9, the design

foon 311heB ¢ ahpldting €, dicdecdnsbcd NIOSPFE Q6 in the bias/readout circuitry
110; of Fig. 9, rather than the resistor Rgp; as shown in the design of Milgrew et al.
illustrated in Fig. 3, a significant advantage is provided in a CMOS fabrication process;
specifically, matching resistors can be fabricated with error tolerances generally on the
order of £20%, whereas MOSFET matching in a CMOS fabrication process is on the order

of 1% or better. The degree to which the component responsible for providing a constant



enbodi nent is based on general principles simlar to

those di scussed above in connection wth the colum
wolessofei@f M lgrew et al. shown Fig. 3. In pargimusm67/025721

the | SFET of each pixel, when enabled is configured

with a constant drain current j and a constant

drai n-tosource vol tage VDSJ] tgsobtaln an out put signa

Vs, from an enabl ed pixel according to Egq. (3) above.
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provi de a coEg i mentary source and sink current. The
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By enploying t connecte
timiéortiitzes Mdretectbeibuftar mowlifieryl IFGInddhusrilgw post-read dasa cqrh:atmon
the resistor RSDJ as shown in the design of MIgrew et
H10139]| | Kigt H4ailbgtrates an qyemplaryscieshiiy diagiaguior ongiefdhe @rglélﬂegs 107A of

H{e%\{ sﬁgﬁob&lﬁu?gﬁio_{: @grdbn@qﬁlegfb@r ?ﬁﬁdaémelﬁp f(‘i%rﬁﬁcﬁﬁy)l and Fig. 9B

resis rica erro
tsai ga;ﬂmfeampgﬁmebm \sybapd widtie fap ItlcbeimnhrlﬁeEOWAwhéﬂ@Ht As shown in

R e L G
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dr aj, to sour ce olta i can he he .
BB PO AR BRI SERra B g Qi fpspectively
EFB@ bi&.0ltage VB4, (repfdsatting afconespomlingbiad cureeal) domrolthes,

on| rat her than

t r esi
irpiRedaRep ﬁ*i%‘f@"é&'@&a SE67 Byfehin GnGof i gpyjncreased
Bé}{dwmh @ith increased current). With reference again to F ig. 9, due to the sample and

hold capacitor Cq,, the output of the amplifier 107A essentially drives a filter when the
sample and hold switch is closed. Accordingly, to achieve appreciably high data rates, the

bias voltage VB4 may be adjusted to provide higher bias currents and increased amplifier



colum. Furthernore, whereas the thermal drift

characteristics of a resistor and an | SFET nay be
woResEfh@Pl y different, the thernal drift PCT/US2007/025721

characteristics of a MOSFET and | SFET are

substantially simlar, if not_virtually identical;

hence, any thermal drift in MSFET Q@ virtually

cancels any thermal drift fromISFET Q, resulting in

ghfadlidh. PRASK: 99'@'?{ m§’} @Lbé)tlséxtv& Walt lh s&h@%‘ﬁfpldrﬁ irplEM¥ntations,
tenmperature. [00138] Fig. 9, the colum
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the anplifiers 7A of the bias/re ut circui
(qrmmrﬁpmefopmut sigmabdynamigrranaeriand ehgraby eatentealy) lyl)ltm%ﬁléasmemem
ol Bt e D, B b RSP e
dewmpders hagh H-EWeleﬁm}dlpfxy@mm) inerchrmixemay b@ﬁllrmmhted ph@he pixel

a i r :

8&‘560%@& cmn#t rQ{ur%cécg %%&g&ﬁ%ept@%eﬁgﬁ-ﬁ ?én%ctlon Wﬁé\? ﬁ-e! 2, this
s;gplﬁpemtlerfhcshtauapum(sl seeectedugtiput Bhuayie ohadmpt@dthérers a beneficial

%t%gf%le vv\éaas u&elx-'-d %ng{c\{M and %%Ql?e?%ix\éf’ ik, T.he bi as

repr sen a corres

gﬁgﬁ@ntﬂ'n %Penl {h%l' sg%i(}\%lf H{eﬂeﬂiogﬁ?n%gﬁﬁg&%n gg Fltgh§ u?lnpé fha pg{el design

erves as a
beMdgicat dt alyi thISFRET IS8 D€ dachipined m05)1 thrighhl Oﬁedcas ennt:lewe its body
hol d

9, d £ t 0
Becio st SR eriBerh e A g ST AR HP R by
dc:snnvasmazﬁ sddr?oﬂwmemFEmeu&ﬁmm theyednel fdfced do Baatithdisange electric
cl ose ccordai.n cnl eve a reC|
PAEE fla dyring qpetatio olﬁa t d%éi?“‘}? 05‘61063'5) L%"fya E%\?fra%are tied
) @bl%thbﬂ aa.a t@wbém@s ‘amdgd VigdoR 2 Seile aBPshiotvin @k Piesiiinindid) 9, the

From Fi g. it m be observed that in sone

g%g'ﬁ;ﬁp%qcyoqlsnfﬁ{ PRy oe) and Q3 likewise are not tied to their respective

sources, but rather to the body blas voltage Veopy. In one exemplary implementation based
on pixels having all p-channel components, the body bias voltage Vgopy is coupled to the
highest voltage potential available to the array (e.g., VDDA), as discussed further below in

connection with Fig. 17.



anmplifier bandw dths of at |east 40 MHz and
significantly greater may be realized. In sone
wo fRs/etveett ati ons, anplifier bandw dt hs as hi ghp@sus867/025721
MHz nmay be appropriate to facilitate high data
ach|S|t|on rates and relatlvely | ower pixel sanple or
"dwel I " tinmes (e.g., on the ot'der of 10 to 20
m croseconds) . [00140] I n anot her aspect of the
ﬁiﬁi@ﬁl NBY hotSiAYhel b3dY téhne&ion Wi kAdha SFIBE tddkoRlrcd ahd Babsibllity of
rew et al. shown in Fig. 3, the pixels 105i
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2 Channel FET conponénts; in particular pi xel s
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BensEigigkisadeptt pethsen 1sduced linpargy anteenallgnpivglisize i gs

10-12, this significantly facilitates pixel siz

FO04 ¢t i B, 107iHusirates g tomuew opa ehip layrutdesies for ﬂéf‘e?ié?‘ 105 igghown in

Flgagl %Eérdﬂgkd\ﬁﬁﬂnv&e%@lu&&ﬁb&ﬁrﬂémo?th%%%&t%%‘élo%ﬁ@' Fi%f 11A shows a
pixel size. [0 41] I'n yet another aspect of th
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OB bE e Py 1030 Meuvly Ptoiho: R Coesgp
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EREo Toroa gty ns s buatrce iy e b Re 8V ink g i dioh "6 ds shown in

wgl 1 @gfapyRiNatell 19 mOib@NRY¥RI R YinieRPibe NERbAtipondikg®ale ISFET
pi xel's V|n aII - channel conponents, the body

B?“é'é‘v%qe't‘ ag¥ P’ rE'B[?pS‘Teéeﬂs to the

[00144] In the top view of Fig. 10, the ISFET 150 (labeled as Q1 in Fig. 10) generally
occupies the right center portion of the pixel illustration, and the respective locations of the
gate, source and drain of the ISFET are indicated as Qlg, Qls and Qlp. The MOSFETs Q2
and Q3 generally occupy the left center portion of the pixel illustration; the gate and source
of the MOSFET Q2 are indicated as Q2g and Q2s, and the gate and source of the MOSFET



hi ghest vol tage potential available to the array

(e.g., VDDA), as discussed further below in connection
woMdodofeuds 17.[00142] By not tying the body comnggesl@ihisi2i

of each ISFET to its source, the possibility of sone

non-zero source-to-body volta &3 VSB may give rise to

the "body effect," as discuss above i n connection

with Fig. 1, which affects the threshold voltage VTH
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Tsridhangd Q¥ Shéf?earﬁré'al mgrcerp@a& R¥3p- knpenthgraspegy, it may be

'a's’ééﬁ%ﬁf senePAR) ﬁ&ﬁme%osw\% érf@rgo 90 iraede RIETRRRS A @&éﬁc{hat its
t hat y Tocusi ng on uc I SFET out put si gnal
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with Figs. 10-12. Accordingly, in another aspect,
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Rigkak 130&ld SI3QWhd dlorg tHe 1119@ -36£Pidi 0)6n ﬁ-QveﬂﬂSMcBNs@imté 8 source
enbodi nent of the present discl osure. @% f1I A shows a
19

€0rpd diaine(Ryrob de ISBET  hstragen whish ligs 8 figgiah e n-well gywhich the

IR @b AWl U:logv th@@SFET@?@H@ih@& 144 £133l gate oxide 165.
el enents on the right half et ween t he

Aiceading fa orje aspgst ofithe rrrvrmtl\relembgrhrram shgwa in BigerlOigpd || hyadlrof the
Fg?‘é’on‘ﬂ or]regg Jf 'tﬁé%lxefl @6’5 eac d?gghcéﬁhr?@LFé’?ﬁnttm Qﬁ’@@n-type

e top vrewso rication
Iwagléﬁik fogmodvin 4 prtype gemitprduCtohsubsiesp &t i Vs ispagsdde bécause, unlike

Eﬁg%ﬂ%%g@gﬁlgfew Ql ]1ﬁ ll‘he@é’ 195 ?%Zﬁlfrblg.?rﬂ%&da tpﬁr@mggloh gﬁt QJ the pixel,

reate’t out desi
purd ZF)itge ISE@)[s sdunceoin eotet)edrtqntlamyweﬂr‘rpbmymonmctlmn Mbreespemﬁcally,

Bféﬁfy Ods rbe'rc': ; gnsstltggt raorv e b%ld?S?nneglonf;PE?&/tBe gvell 154 and, as
aﬂcﬁmonﬂgen 0 Gh&:&?oqyrooﬁmsoﬂi B ipeampled@o amabmtdnctowzzwound the
uare I xe ng, a as.s
TR b 1P petrarnesiia ‘S ten by
cor(pqh’drteﬂfé&ﬁdﬂcél gegion ItSBef lh‘éf'TEF_E'B @RS ithery/ B nalekatrizhl conductor coupling
m cr onet

Xi mat e 00 In th
Hie el confsctlorlﬁad FasgersUsisthop (hebuF ey %dstoae e et  lqggije potenia
g @lera‘ﬁon), nor is the body connection directly electrically coupled to the gate, source
or drain of any component in the pixel. Thus, the other p-channel FET components of the

pixel, namely Q2 and Q3, may be fabricated in the same n-well 154.

[00146] In the composite cross-sectional view of Fig. 11A, a highly doped p-type region
159 is also visible (lying along the line I--1 in Fig. 10), corresponding to the shared drain



occupi es the right center portion of the pixe

illustration, and the respective |ocations of the
wERbEe76s6Ur ce and drain of the | SFET are indi gaiees#67/025721

IG QI Sand QI . The MOSFETs @2 and B general ly

occupy the left center portion of the pixe

illustration; the gate and sothtte of the MOSFET @ are

|nd|cated as G and @S, and the gate and source of
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7 Dt " ERASERTE Mok e R s e Resfi et s P BT 02 and @3
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TP e Bnd En el g0 Mo Ph Rl S orh RR e B GoNpRY I

ESHANE6E 322Mhrdhind SheCstriple@s of the @lmbraihe emc&mp’u@yer $#2he conductors
around the perineter of the pixel 1051. However, the

dddAnection is not directly electrlcally coupled
to the source region_ 156 of the ] SFET

H9148] - A% indigpted abayg kg 1816&]&0}1%12L provngje top views o? each of the

fabrication layers shown in Fig. 11A (the respective images of Figs. 12A through 12L are
superimposed one on top of another to create the pixel chip layout design shown in Fig. 10).
In Fig. 12, the correspondence between the lettered top views of respective layers and the

cross-sectional view of Fig. 11A is as follows: A) n-type well 154; B) Implant; C)



t he body connection and source such that they are

forced to be at the sane electric potential during
woRResadsuesn) , nor is the body connection directpv/us2007/025721

el ectrically coupled to the gate, source or drain of

any conponent in the pixel. Thus, the other p-channe

FET conponents of the pixel,'ﬂ%ﬁely @ and 3, may be

fabricated in the same n-well 154. [00146] In the

mﬁm m srygﬁéo.ﬁgaeetsu@m@ispmfmqfes Ew@spﬁré\qz%@ g@bﬂm contacts;

EI ﬁ \Pe region 159 is so visib Nélqﬂ
etal &) Vial; H)Metalg; D Mog2; J):Mﬁﬁale’»sml’{emn@) tay @Olsﬂafrt@de
1
90l 49 T G ot RS, o
é?lseonresspmdstpmeeldmﬁwﬂufgatum that az¢ pwmgmthhc@nmttecramctlonal
E qhgng the line I--1 in Fig. 10, but rather
ehln ‘the plane" of the cross-section along the line

L(;dm%]gb’p&':@%gfx chiﬂn@!&%% shtolt)«‘ﬁ 'ﬁ;?%?e@ow Snd P2 BiGugh 12L
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lf(%raeellll,]lel 8ngl%eﬂps e r1xe I‘Ht1 al?c ngl?/ ¢ Ln%élemﬁ tecp cd in.a s single
Weg Tliisﬂranidmeslbl re&he:m?ﬂné area/medudedj ftﬂl uﬂeypim,rtbd:rblﬁ}afaellltahEg increased
conB%§L e. cross-sectional view of Fig. 1l A). [00147]

BB " PEPe, gate oxide, and ponS|Iicon
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e, |l ayers throu
BiHF G102 IS Ber B s g1k 4oy e hy o i sitcon gate
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11 A as "Conta Met Vi a "Metal 2,

Shawpe)eneth b of %{@m 0.33rg 0 6»@? diea. W/LT%“gf%ch“i‘ ﬁ%ﬁr%malﬁtely P1035),

HROGE abaﬂgbme Fé%i’cin' 160y ¢ s@bcibdgich SREme @bt Moty for the p-
connectl ons, 1I‘Q)OSI t% cross-secti onal view of
t

Fhagnel s b?%%@é é‘d—‘dl FJR4Im €Y endiiers Egf (2) Ao Qigiresults in an ISFET
fr@%brﬁ&%ﬂaﬁ’& &Fhﬂéi@ i dngﬁkt or%érqﬁf aBﬁroilhﬁtetlyo P70 800 @i /V3. On other

between the Iines T- . Wth respect
ﬁwe@tﬁ ef ‘IhSPEqmE'Iaé’clmpie@&l“taé'Qmﬁ@ﬁ"iab’ﬂ§upﬁlh éolf&ge YBHRA iset.- MV olts,

Liﬁ(y 81 %9(14 v89Lak eeﬂﬁ’s@{i‘ gocr‘asI e HWde a%%’r:r&§ t§§lﬂf§'f Hlla}ﬁecu;]rreﬁtaipj on the

8, above whi I's disp sed an anal yte-sensitive
paissoﬁ/-‘amA 6in spmy émplgmentativing YBhanssY Brmiaxbe hdiysied @@ugvide drain

. i "
bAREIRIm Mol SRR T BOLXE AR AR MRS A
hnaraddyt ciraritmy 1 HE in BigEN)Ss Siké¢dotathaviga dated! wsdth i length ratio (e.g.,
n_a to.t hat di e i. N
Wit SiREE o Sl e S L OB R I R, {00 mv
Eieg Vpk; = 800 Ve CEromds]. (Dpusetsn hbseteterhplaryl fatdmieerslthis provides for
P koL e SR 3381 2821 P B A s
c@lw@le ekaniges dvieea FlngE thpgroximatell otthe WIBEFETs Q2 and B
via the conductors 334 and 336 and the conductor 324

(oshsOh Witk Sesped Bgtht AkalyteRensktivk phddiviation layer 172 shown in Fig. 11A, in
exemplary CMOS implementations the passivation layer may be significantly sensitive to
hydrogen ion concentration and may include silicon nitride (Si3N4) and/or silicon oxynitride

(SizN20). In conventional CMOS processes, a passivation layer may be formed by one or



10). The body connections 162 to the n-well 154 are
electrically coupled to a metal conductor 322 around

wo bpspfibgret er of the pixel on the "Metall" | ayefu¥iodrnzsi2a
the conductors 330 and 332. [00148] As indicated
above, Figs. 12A through 12L &rqovi de top views of each
of the fabrication |ayers shown"in Fig. 1l A (the
respective images of Figs. 12A through 12L are
HORESUCBROFE de BT biltRRe RlatcFARL 41T én?pl@é?i?eﬁerﬁl@etomeﬁ%r coat
chip l'ayout design shown in Fig.
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Biies bt o6 ok{:f

?R% Ingé gss‘?l]gc!o Hitide é’r[a;’sn &3 °p§e agfeﬁx%%g%%% ;}(dﬁglv‘ég%;lﬂeg
Oymprifingsthess; mamrlqdﬁxbrywdw scmmhgm@tecsion 6dd ¢drgrEy p sgndicd@darrier to

£ 4 i
(Wﬁ%a%v %{}) n%(}d’éurh:',)\s'}% {a%%taﬁ e%%@%é'}&za%rﬁ’élc%}r%e and/or
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ﬂﬁé‘sﬂbﬂlvl@gage()\/ﬁ{n@s &sdaedt aBdle,in EdnhedRMivadSFigf1.a sane
type may be enployed for all conponents of the pixel,

fouds2ih aroraIMoswfsemnsOmg ahﬁmlhlma et e (WhicRhss dvgtleing
well. This, dramatij aII reduces, the area required for
ppiat ?f%ee'rox"w@w éB@/ Fea Iqe{S'aHS? ﬁé'lﬁcﬂ'&’r“é'&@ea&d/ﬁf sigion oxynitride

SR h{ioh lafer@defirMBs }r@dd via Rdlenhdhc@EneAA@MPARK Meposition
iﬁpl enentgi%on ?ﬂe ate o%@at]jse 165 for the | SFET nqa

GVIB) inwhish aglpvdischargerah? W hidedegtsps Erlaiupiomies the Constituent

2RBE sl 3R &l1or &tlﬂ’égﬁtsﬁ@&?oxﬁitﬁaéq greﬁt'u%eac'hoe ?pegég fhat react at the
oxi de CapaCI tance per unit area COX .

nater syrésalke 'i;mntaﬂ@nw@qe;%rheurmwwan@tq@& ﬁxayneo@emplary process, a
E?s@ifvh&&% 1§9er\l¥h$ Re kaaaéés%%h&%én%?ﬁg;{wklﬂ&télﬂ 8 t& i‘@ HF‘Jnay be

nm and a channel
fcusmgd ey ﬁmrﬁﬁlal deposifipn of g lagerfaf eiticerppryoitiideion Itl}e czdetr@f 0.2to

35, F 5 0L 00 AL 0o IO 6o

om And sfifal depositibn @Edilcomfifride s§9n the-poiar cE“q) 5 p@). Bowve,of the low

E%P ?thl??e%&)e?atl!lrF lI%’%lVF%EI‘Eﬁ%%E?W@B %ttl‘%gag\?mnﬁﬂ{rﬁgg%lﬁge{tlon 1S not

odeesclyadfeeiet s of th| s exenpl ary inplenentation, the
anal og supply voltage VDDA is 3.3 Volts, and VB 1 and

1B253r eHbowarse A pphicams haye preogniziel aad epprediatad thaSkEle dload- n
urrent 5 mA (.in.s .

R Bl PRV BT b XS pPoR 6 HlsaiEbpstiioh iseyernyigal Cvos

pe\@ws die thwatempetaturepriosesk Fe30itaip argedrait IolvydehsitpfandGo@Bwhat

mﬁl\)ous Addi ti oqal ly, .the MOSFET

passivation layer,"which in some cases %y gdsv%lesely affect ISFET threshold
voltage stability. In particular, during ISFET device operation, a low-density porous
passivation layer over time may absorb and become saturated with ions from the solution,
which may in turn cause an undesirable time-varying drift in the ISFETSs threshold voltage

Vi, making accurate measurements challenging.



bi as/readout circuitry HJ in Fig. 9) is sized to have
a channel wdth to length ratio (e.g., WL of
wEs/ et el y 50) such that the vol tage acr oSsc1#0s2007/025721
given IDJ of 5 mA is 800 mV (i.e., VDSJ = 800 nV).
From Eq. (3), based on these Zern‘pl ary paraneters,
this provides for pixel output®Vvoltages VS over a
range of approximately 0.5 to 2.5 Volts for |SFET
{001 850 dietPbtt tAE for. ﬁﬁorﬁ\éﬁ{bo@m’feﬁﬂé}@M@cS process that uses tungsten
ap roximately O to 2 Volts. [00151] Wth respect to

I aﬁtﬁpcy@feal%lﬁgmtm%bem?waﬁq Bhricag ASFET araysasgprding to the
Ef'egent dsBosurd) ”ﬁ?&fméﬂ RENin SN el RE SFRIHSEA BRSvE 0 degrees Celsius)
passivation |ayer may be significantly sensitive
hgrevits gferhst ofe ighes dernpesathis o nepssnas ciemidalidepos ﬁm%mnn (LPCVD)

( t

Bisk s b har Mg 708 o, 800 deaRRs CHUIL B} £510 il cifidhn
beynitdderpadsigticnrayeor iy EPEVDpessssugpidalyaedults onggroficantly more
Eié]\%? gncffr% S rolroauI %i’lmgﬁg (t)ﬂe a %T\P (t:liaxgagel.gﬁl@%ﬁ)glr)rlr%%(%aﬁﬁgﬁgl{espa%%enﬂglly
admcérsereffecﬂasfeomhlsotptnondﬂorrsdmbmdlyte yolutidndeatirtgetp ISFET threshold
gl erthes of silicon nitride and silicon oxynitride
PIEEE 4 t hat a passivation |ayer conprising these

7 Mot FRp o p il oI i sf S EMCER g2

siaplioyi¢d to\fibrichte CSFET arts8 ackevdingtontké prebeinzdibdlesurd, ehe passivation

orrqQde, and/ vice operati .t o ecome unst abl e.,
0 Sh S hin g A iy (e ARl SegPe s SndnrageHals beyond
&iolsé §pRdalBxatiplbyddde a abbe@nisral C IS ;br@&sﬁﬂfb‘ibkddipl& Ythe phsswanon
| SFET devi.ces, in that the passivation | ayer contain

Ly 12 anayringlpde ipwial lowagmperareplamazassisipd dffﬂoaltleﬁ%(l’ﬁpé(rﬁ) of

GNcANfiridb 8nd &Y difdofRxWitriie Wh B ustdIRWoR: foriplrpoSiitod e present
thereby altering the surface pot ential and the device

fPusEiRD | these 6PvaRiongidgpogidonsiascilfysetpddn Sige 1 | 4 as a first portion 172A
6048 §stsﬂv9tranYa)tfe|? 172.9kn che elBOdirkht, F&M@M@& RIsPFSGESE$72A, one or

i nvol ving al um num as the netal (which has a nelting
pererddiiona passisatipmmateyials 30 cti@@ﬁ@etg fam af lagst)a segongl; plortmnl 72B to
t
DSB8 B S AR A pafBlion foer
H§&hoWhild e adpEiowadportion 1RAB dshawg ipowadiySehpurpesesef illustration in

fﬁg% ﬁf‘Qt H6ABES &@in?ﬁe&‘ {ﬁQ'dFs‘ét%FJrE‘% n%Pﬂ%Héc{ 'ﬁﬁf’;{% ’reQBg‘c(?,sas the

'or'm st T ¢o tride or SiTTeon oxyn
ovee:at pasgjvaonilayer $&ma)esomm&t tweamoratcomdnalemmoeuions in which each
PTH 1oria %%Y Eom;i)rlse Igng oL more i%;e?s/c?ergoglp onsro?g'zpmeeccgr dlf%erel%t materlals and

keay@nvhmmmg rﬂaytlhlo@kfngssd nmnlhnﬂwomnffe'entqf appr oxi mat ely
1.0to 1.5 nmmmay be fornmed by an initial deposition
ff0156]t mxanipmmlf nraferualslshmh:ﬂe fox sheistaond eortiom 1 72B2(op other adafitional

ufots ok rE et B a2 iRl R L S tken fonp gude, bu
s noalidital tb) mlaiondlﬁﬁdalstlicom oofnitsite, lali@diinumh bxidel AL OF), taht@lum
oxnge (Ta;(gs) tin oxn(gg (Sng I?IC(())TE d1t0>|21§e l(ngz). In one aspect, the second
portion 172B (or other additional portions) may be deposited via a variety of relatively low-
temperature processes including, but not limited to, RF sputtering, DC magnetron
sputtering, thermal or e-beam evaporation, and ion-assisted depositions. In another aspect,

a pre-sputtering etch process may be employed, prior to deposition of the second portion



deposition tenperature involved in the PECVD process,
the alum numnetallization is not adversely affected.

wd $04/63hodHovnever, Applicants have recogni zed arg/us2007/025721
appreci ated that while a | owt enperature PECVD process
provi des adequat e passivation for conventional CMOS
devi ces, the | owtenperatur e"b”r'ocess results in a
generally | owdensity and somewhat porous passivation
I ZME o reyvE Byl MhtiS © BBAE ASRIMBAhARNEFEOY 1 BIAf @BEmAtVelTa
threshol d voltage stability. In particular, duri n%
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enpl oyed to fabricate |ISFET arrays according to the
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mat erial s beyond those typically enployed in a
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passivation |layer 172 may include initial
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above; for purposes oft the present scussion, these
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IS Lt o f 3 c ortion 1/72B 1,0, .
eEBE SRl Bl SR e PR BoRTHARY GApsc R oltSRy Lt in the ar
bdsedopthe discloyure progided berainl passi vation | ayer 172.

Wil e one additional portion 172B is shown primarily
00159 urlp dedsomlestisknsa of thatimventiom passivation layer may or may not be coated

and the analyte may or may not interact with the passivation layer. As an example, the
passivation layer may be comprised of silicon nitride and the analyte may be something
other than hydrogen ions. As a specific example, the passivation layer may be comprised of

silicon nitride and the analyte may be inorganic pyrophosphate (PPi). In these instances,



Fig. 11A it should be appreciated that the disclosure
is not limted in this respect, as the overal

WIS M63dd ON | ayer 172 may conprise two O NDIET/US2007/025721
constituent portions, in which each portion may
conprise one or nore | ayers/depositions of sane or
different materials, and resp% 1ive portions may be
confi gured S|n1larly or differently. [00156] Exanples
0P igBLBELPdiecBY (ileah thefaBlent 6l I8 6RBSloRQAkthdHRA tolthié Pass@htion layer
ot her additional portions) of the passivation |ayer
1#?’ﬁ6@”%é¥ﬁﬁﬁﬂﬁb$ sensitivity to hydrogen ions
include, but are not limted to, silicon nitride
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dﬁbﬂbe@dﬁr@nwherhm pHschahgois the rbz&iound erlsheioDHistdrdiricinae Examples of

Si s h dro en,i.on_ det ec
SRR Sieals PO pls PP ar el s Thamblsh us B alst Raoyt B oo Higher
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upstitute or rogen.in. these SCr | I ONS. )
PUBT B o TRdIPETESHTRL Bk 0% ST Su BB M sgauencing
Reaét@in® dedcab&Rbadih &hereindeti @Clehd\@ire® DY is 1, 5 or 25 mM (or more) Tris or

Tricine. One of ordinary skill in the art will be able to determine the optimal buffer for use

in the reactions and detection methods encompassed by the invention.

[00161] In some embodiments, the passivation layer and/or the molecules coated thereon

dictate the analyte specificity of the array readout.



analyte that is itself capable of inducing a change in

electric field. The anal yte need not be charged in
wObE8I7d406 be det ected by the sensor. For exanpper/us2007/025721

dependi ng on the enbodi nent, the anal yte may be

positively charged (i.e., a cation), negatlvel y

charged (i.e., an anion), zw Yerionic (i.e., capable

of having two equal and opposite charges but overall
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detection of the analyte uffer is an ionic

BRI e Resentors bayiag binding affidtiesin theypiogiiofas fsmigramelpy range are

Eata%utp&éttﬂam? sa&! iflrRlioPae fsveRfided to or generated in
a solution, fesulting in no effective pH change in the

?66195]' O'T‘he rleéep't& rﬁé?/ Hé%f Hﬂdl%ft&jé eo8l, éﬂéﬁﬁca@mﬁcl@iéfati%r pdpide, ’&lpld

sui tab provid as pKa 1n e desired range.
sqmblaaﬂ@s Eh?f@foé pnq t@e bh@ tTha@mﬂxrﬁ &0 rma/sbq of apy BafpretprRY igsd there

k! r&fept@r {hQt tandsata(?t s@EEt?veWﬁlfdQH abhy 1n§car'§_be§ %e@rféall Theis to be

strength fer 1s a relative termsince it
degrasiols! lm\vewmhmhuneentlgn furthgt ¢pniameblaiesristastiomef apalytss in the

C s gg@q r. t
OQS%I %tdef(ri ergdt’epg &nd ? g)gtrhgll% &g%g{l goglg)fltP a%rl?lg)lsb (e ﬂa?@vatlon
mlaeemtth@absérandf?hmré‘i greptors. not able to ot herw se
control) pH changes of about at |east +/- 0.005, 0.01,
M0066], B. D2 asi@cOBie iveddon GnEH)plPesiOrep@rd Bat Qe RAOPIPres As used
8?1%"[3?-? ﬁcgphope |§§moo(r?]ec? e eth%{b g?rngctlgglgﬁc? Q%iogggggééggahaher anion
pecatmuc[rsthe cqﬂﬁext nf e roseation the iamphors nspmefeee;abd a;ndame’ ion to which

;gﬁorreosn thbeulﬁnf/e%{lon theflidé alft-frecogmzed carrier

L A
ltri)l S1S t?]e analyte Iono
ionophores (i.e., small lipid-soluble molecules that bind to a particular ion) derived from
microorganisms. Various ionophores are commercially available from sources such as

Calbiochem.



that controls pH changes of about at |east +/- 0.005,
0.01, 0.015, 0.02, 0.03, 0.04, 0.05, 0.10, 0.15, 0.20,
w208807600630, 0.35, 0.45, 0.50, or nore. Bufferp@toeiaidrsizi

can be varied by varying the concentration of the
buffer species itself. Thus | ow concentration buffers
can be | ow strength buffers. ﬁ&anples i ncl ude those
having | ess than 1nM (e.g., 50-100 mM buffer species.

fhoﬁ@’f} | DR dtioNDf SordTBhEcaAlbedcimalfishidlthR g S WitgdRb Bask@Etion layer
he sequenci ng reacti ons described herern wherein pH

ey dhrough the usecd aiesgptorsscopred optnthey passivatiorlaygr. gor example,

I
@ggnyglnggmg% %F%@g«%l&t wglgg.aﬁgltr%ept’o@éﬁggnp @Mh&mld Br tdiRomycin;
swstige Ay ket detsted selpaivslyasimgheonsnsio myetatit of ng -Br; calcium can be

E&‘t@&&l i%?ec{ {Eq%qulz%(fon&ﬁ%nP%Xfc cjme?(iz@\ﬂfﬁ‘gr@[lo?ﬁ T8S001).

non rong er SUIta e for

ﬁ@%gagﬁé(}@&o&%lbfe‘%%fnf%% %%ﬁ%@é %ﬁﬂ@?#%@b s;é@fr[ s%ln{«]-: 15’43 ances. For

ect
Txangiley éca@areclmﬁalmecuswato)demkt dallcium andier tariumvipms, nilgerlcato Fan be

usedqeagecmpne%sﬁugrgthg Eoggm gndp léa or{sognd:#pgmlclrb in %n be used to detect

reactil ons on ne hco
hydregni sodiung ﬁ}ﬁﬂ(ﬁb})talmumm amboﬂondmatysakllt inehe art wnll recogmze that
assivatio

SRS LR cafbF e S pieR B MR vREe Fpar noib T RlTequired

beiadetich if QQh6Rdly Retipéssible) efat biyielr iogewhitipms chinpodndebind will be
form of pg% can be carried out using a passivation

PﬁﬁﬁVohﬁﬂ 5? silicon nltrlde (Si N4), silicon

tr N O on 0X
BIBHRY' (iosiet b dn ok bkt bt iRt ecing
plﬁﬁtﬁﬁn@lrécﬁwrﬁﬁaﬂbﬁiit%)mtlad?ﬁtd iR6rghiik Byropky3pKkasd (P_FUQ:an be used.

Ea53|vat|on | ayer .can al so detect otﬁér ion. s
KHBRIEY §f FFACSCERIPH Rie HRSE CPTPRUREESNogmdnF & L} compounds 1-10).

@ehﬁgﬁdm d&RAbdh Ar@@lw:e\emnagmmmm A0y and@smd US
[ithium sil ver, um nitrate, phosphate,

a@%rléi@%m‘\bmﬁslarféﬁréed taﬁapﬂh@thxltb@[(bp@b164] In sonme

mh&ﬁﬂ?a%uns)hﬁtmﬁ@nw¢<9ﬁ1pduﬁarQns deScriRatie A AW EhenfSoc 2003
receptor or he analyte of interest. The receptor

bEHdS2sEP 2 end YE12)03/61 1t9|4|%7 Ah an?tSéeféffed iotas pe(pnitropben)dazg)-
. t
U PSS 0} B BEEEL By 4 . Compons
8 Frﬂadesqﬂaaﬂy«t &en(sors end Apmtotsqudj?%g’waﬁﬁﬂmt Qom@purtdhialts descrlbed in
r it i
R s L AR
@007i/0ﬂ2é®49and isrepfertd t@ tHeadimas tSs-Ztﬂ ddlpl¢ofybllndne &nf elDHA) Synthesis

ld, 7-f fold
Suertaf for omBpipn P sl rSyghdi G gl Bt
exempbdre Sﬁﬂﬂlﬁh@lslfbl&ompbdmd’]glsaﬁ(ﬁwm lrtEAgfldC atacirhére of compound 10 to

| ddi lative binding affinity,
R ofin tBF2hho S e eaVE an absoluce binding

f fficien h.to efflc nt l.y bi.nd
Tl 8 ks sy il eScBPB o ne e e b T St
SlekfroamalBBis 2004, 16: 1896-1906.
[00171] Receptors may be attached to the passivation layer covalently or non-covalently.
Covalent attachment of a receptor to the passivation layer may be direct or indirect (e.g.,

through a linker). Fig. 11D illustrates the use of silanol chemistry to covalently bind



sensitivity). Receptors having binding affinities in
the piconolar to mcronolar range are suitable.
wdieéeteaky Yy such interaction are reversible. [®O%6Sbo7/025721
The receptor may be of any nature (e.g., chem cal
nucl eic acid, peptide, lipid, conbinations thereof and
the like). The analyte too nay be of any nature
provi ded there exists a receptor that binds to it
FeRb R ity ﬁk)baﬁﬂﬂtnbrﬂla?é}nﬁebwr@%ﬁﬁe fRR6Hifizedanl tie pdséivatin layer
to be understood however that the invention further
Bong Brpramnle aliphatepriimary amings shoiomdeft paneheor apd isgthéocypnaies
(REER e pe) YRRl birePlbddim{ RS 1l CtiOR 19E: T itself
y the passivation layer In the absence of PP
may P¢ cwenre;ssd of silicqnOnitrigs Jalumminem exids; ;felc,qon oxide, tarrtvlemneewmde or
ﬁ@mkg@l)@r‘a%ﬁ td z?ﬁ H&t%rnsi jeli]@fa r&c 1%‘5‘&&3 %ﬁ?PéA%opgr@ger detail on
ereln, an | onop ore is a no ecu at S
sitainelochiemésitry fmocoamlemt@tta@nsﬁpewl tesFETvefahe refarenomcapibe made to at
e inv, |
Iﬁ:gét ttﬁ efo}l!év(\:/g glr)l?cgﬁ }) f}or glllcg)n ltrlc{%msl%ggellg)st%rsbaﬁﬁ Z\Scltul%gb(?{)ggg%
2NAL4BET, J;bmmpﬂsicnhgslm mtﬁ@mmmdddmngmcir Q6@s 21:395-402; for
, -rec

LR T a s el THAC o A Al e L 0z eay 1618

aet fov ldmiinfuanoit€ sE&0T ¢ RidsSiis Sulfades DR G30N9HrasesSarlr £&ccuators B

r iall vai l.able fro ou ch as

é‘@%@nﬁ%‘bgi’éw ugsts g ﬁ?%cﬁri%o f%@“@é‘ﬁ igfhen conjugated to
aecnamtibs hee rbiviiow SllibupBS I'THGs 1tah@r bR daaloban dtraasjror mdlrectly
itself or through the use of receptors coated. ont

Blégtgih\;baq ysgQf p gxf@}ctlolpéllm]éq%‘héstratﬁgfra@& R C/éﬁlfbxg:tnonal lmker isa
dehsshedavifd Q%dsyt%\loyreéb%'vg !robbsetowldfﬁ%%ﬁﬁ@amay be bound. In some

vallnon¥0|n or salinomycin; sodium can be detected

fanessi the repctivsi srgrparedpctad at aprosig ¢nds obthe Gakerpin some

ERbSiMBRS Ak Qﬁmeﬁ&spﬁmr fs%' lﬁlweks\épélmneﬁarﬁgnmnmgg fhat shown in

cal ci nycine (A23187), 1001). [00168]

ReactR-ofginpsrsel linkebis radmhtrrtbattcwabr- ltsﬂétq Ik acanicty] <s‘ @ntigees. It

g‘ﬁ’)ﬁm Be[}.l oH i A8 %Fe?mst’r: ied sH f@mﬂ)tg 1 ﬁfgnlé\{ﬁgahpﬂorﬂ)e‘ﬂmtratwe and
e use et ect cal ci um and/ or riumions,

mMg@mhcgn can be used to detect potassium hydrogen

and/or |l ead ions, and gram cidin can be used to detect

09d72]gehhe bifvdetiomablinkeomaybe abenerhfinstignal tnkerof a hetero-

Qll'fﬂcﬂgr'{a\f llﬁll@rl AeBErﬂi lighg)oﬂ'iﬁe Llré of t ﬁg 91%“5'051@5 Iorb%tcohjn?eﬁgci Homo-

npounds Ications I n wh
blﬁlncSplmt ihfllxecs hayeitgo rdgnthaécpactne(gr(mps i Hetatoi- lmﬁJ_nptlonalslmkers are have
Pwo c'i gfﬁrﬁ t r(:%ctlva O%F)TS g%rl pr P cgprrbeécﬂéélrya%v\g@%b‘i{gﬁ%%gﬁre reactive

lVEth Ohherf mentod dierfelidvéing gmbsu dnﬁlgr)bm’tin&’soiecblhdﬁr)t zm]imts;) sulphydryls,
ﬁ b Eld se uencbﬁ%ta ﬁ%ica .rece qE% 1
Eﬁr Qe FERIMAG RGO ?ﬁ“‘g X@MBYP 8 %@Bﬁ%ef CPBFY E
bie(sus&ccifixady) Sbefe, BER- (Elﬁﬁﬁlmhﬂbéxycmwbd@ql)&ﬁﬁ]?sulfone
0 nds shown -10).
gis%?nlilmgdyl Eubgrate dlsuccmgmld%/ tart rate lme ?a(ilipimca)lze-Z HCI, dimethyl
pimelimidate-2 HCI, dimethyl suberimidate-2 HCI, and ethylene glycolbis-[succinimidyl-
[succinate]]. Linkers reactive with sulfhydryl groups include bismaleimidohexane,
1,4-di-[3'-(2'-pyridyldithio)-propionamido)] butane, 1-[p-azidosalicylamido]-4-
[iodoacetamido] butane, and N-[4-(p-azidosalicylamido) butyl]-3'-[2'-pyridyldithio]

propionamide. Linkers preferentially reactive with carbohydrates include azidobenzoyl



Compound 1 is described in Angew Chem Int Ed 2004
43: 4777- 4780 and US 2005/01 19497 Al and is referred

w0 Ro@s7eRegnapht hyl - bi s[ (bi s( 2- PCT/US2007/025721
pyri dyl met hyl ) am no) net hyl ] phenol . Conpound 2 is
described in J Am Chem Soc 2003 125:7752-7753 and US
2005/ 01 19497 Al and is refer?®d to as
p- (p- ni trophenyl azo) -
Ry AR qgakeweféyénm;anyaeactlv)eamhr&mmmppnfeme (or its
di nucl ear Zn co npound 3 i's described in
$én-§élﬁ§saa%dam@p]|]&%lﬁ@l@ 1995 29:324-327. Conpound 4 is
descri bed in Angew Chem Int Ed 2002 41(20):381 1-3814.
EMBYunldetsropifunsionalilipkers that xast 2t Amdiss 204 sl eydyyds include
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rar me bt Bpanery B A dnne Fipard SR BeprYRL kg Spiony

BedrbA1@ebi | i zed on the passivation layer using for
exanple aliphatic primary am nes (bottom | eft panel)

o124y | Ait&RithieBG HRERIE T dytRthbAGDVAIGITY chAdPdnto thepadshRtien layer.
and ot her enbodi nents, the passivation |ayer whijch

Noaepyalens denqsitiop opifie sesgpisF tosth? paseivationdayen@ay FIVehiedlmyse of 2

Py R8s méatkiki THE pO¥demaj BORARMHIY BROEMYof Bon-Adtutal@ obdukéhg and
I's bonded to a silanation layer via Its reactive

83y paetanyrtyrfiacludipe bunoatimitegiormirleicasiddpga kA, RNA, PNA, LNA,
GREME BkE, Yr FridhicS QEAV B Ves, 3 LARRINR s iRreb earﬁ'ﬁg a8 CHeptides,

reference can be nade to at |east the | owi ng
piatslinsagyvses deagired); anddbmliks, oy migeics, §éfevaSéWs@rr@“ﬁ]W“°"S thereof,

%k%%&%%&%ﬁ%?%ng ?un%gg’na%ggd le&onﬂo@qgﬂs ity ?ecg:;ﬁgrgmay be

Langmui r 402; for silicon
addothed os@@ndipocréranp@cwnmggs polyrg3mags44 and Am
Bi ot echnol Lab 2002 20(7): 16- 18; and for al um num
$61ad, Akernabielyothdgecepigr day bae@@lengxeszorm&an:cd@r cesinbedsto the

8 ugate Chem

?glgl}ﬁ%gfrﬁ%& %2%%9 egrété?j of?r'zcltlg ﬁap%e nb@g gated to the

at PNy

A PS4 SRabi o B BBy LB lké“‘%? oL 5o
Emrmpics ofortheer pbllymcesrmC_la@ blbdhmpvlamed tha ccﬁnglsepbbethﬁklene glycol

on | n Vi a

PR B L35, RO SonaRer FATBRARE PR At JE RN M Pene
sxides, polyalkylene terepthalates, polyvinyl alcohols, polyvinyl ethers, polyvinyl esters,
polyvinyl halides, polyvinylpyrrolidone, polyglycolides, polysiloxanes, polyurethanes, alkyl
cellulose, hydroxyalkyl celluloses, cellulose ethers, cellulose esters, nitrocelluloses,

polymers of acrylic and methacrylic esters, methyl cellulose, ethyl cellulose, hydroxypropyl

cellulose, hydroxypropyl methyl cellulose, hydroxybutyl methyl cellulose, cellulose acetate,



i nstances, the reactive groups are |ocated at opposite
ends of the linker. In sone enbodi nents, the

wrdoslosegonal |inker is a universal bi funct i on@dr/U$0KBI25721
such as that shown in Fig. 1ID. A universal linker is

a linker that can be used to I%nk a variety of
entities. It should be undersfod that the chemistries
shown in Fig. 1ID are nmeant to be illustrative and not
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%bl[yéap@cﬂa@@deg Cb%@’e‘st@béhﬁd'@sd&?lyorthoesters polyhydroxybutyrlc a01d

Pyrldyldlthlo gro |onan1de Li nk
aialérwawéﬁ@qswax/ aieth-ipebuty lehe- ﬁWﬁ@ﬁWF%@)&quﬁ@P‘E}M@CT ethylene

%;yﬂ&*a%&z BM_L/{.W )a@ryn@am&lpege{eﬁs &fl&fn@a&afah@gﬂya/olrcea@fat ive

car box roups 1 nclu -azi dosal rcyl am do]
polygihediidas, pqlﬂgr.tlr@fstmtp@mrﬁtwﬂ% mpldﬂalltlc p¢ifk eply(valesie acid), and

h@@ﬁ&ctm tcgca Fﬁl&gcﬁn[egggd ﬁé{{ldnf r crﬁcak H%ﬁmte and other

uccli nim pr0|onae .
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S 0 M L RORAO b DR v i
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Id|t Qna no
S SeBFh i o bl P RRY BE R ABL AT IR BBl g
nmarﬂmo(gﬂsadmmellylen&lbcbpltrﬁasasltllle‘mmlthd amkers that r eact
wi th carboxyl and am ne groups include

[60aT My | ABeth&- 1d;uerﬂtah15elmm HEIpteshaavbioge stabitiey and/or

h lorid bi ti | 1ink

Rl i s bR e Py GranpRE R fuel Befs$7Ehos.

fatlridhtodl@iidel adoreeilhyt arioycorobmsiag setivitiea ﬂhxﬁngyd Hyltbwazg ateay
m dophenyl ) -butyric ac

2 HO, 4-(4-N sl
i S5 il n g PR s HIAAB S G gy ot cleaning

dicing, packaging, handling, etc.). In particular, with reference to Fig. 11A, trapped charge
may in some instances accumulate on one or more of the various conductors 304, 306, 308,
312, 316, 320, 326, 338, and 164 constituting the ISFETs floating gate structure 170. This

phenomenon also is referred to in the relevant literature as the “antenna effect.”



hydrazi de. [00174] Alternatively, receptors may be

non-coval ently coated onto the passivation |ayer.
wOoNRos/6Y@ ent deposition of the receptor to th&r/ws2007/025721

passi vation |ayer may involve the use of a polyner

matrix. The polynmer nay be naturally occurring or

non-naturally occurring and be of any type

including but not limted to nucleic acid (e.g., DNA,

9478]PNBne bp¥odrtumbdfol f}@pdeﬂ KRargOo abtumfiste ifdRidby ﬁﬁsln\/aeéiehmg of the
or conbi nations thereof), amno acid (e.g pept
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prstost metal lavar 304 6Ppl&évfabweémogna%artdr@pxem@d thpt other
ﬁUrﬁ:ﬁrtlegﬁ{r N AL %%cun%lat@ gmh@ﬁrh@r@ %oﬁdﬁ@(o?sogf'thé ﬂl(ﬂ'tlgé gate

pol ysacchari deS, and function I zed copol yners.
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Sul 0] y SI ne
mkeyls e Icgrmecm‘)n to E)ea;mdoe subsfratei(dsre]thep sérymndudtasr(shbmiete) to provide

e R AP RELO sy BAEG SRR Sty SIS o thepointof

Bﬂ]sk@dﬁ&és&ﬁlﬁie ghanged & daﬂ@ﬂgeytahkfyéa@d’@uw(] aje(s g., charge injection into the

ROl 1 0 AL LIRSS e RO 5 S
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pol yur et hanes, al k cel | ul ose, hydroxyalkyl

e&w%rsfe@égarw&@m ) %E% T apeation and @RIfQIMBEES est er s,
nltrocelluloses pol ymers of acrylic and ne}hacr yli
01 g?]s %?%9f thE &regoings gthe@ph&i}]tlve @ppqﬂa Igeys o the present dlsclosure

B%inl@l‘t}écﬂ)fdlﬂé’tho&%hh Wb APRus fﬁygﬁ[ﬁ‘éﬁ){ﬁ% BEET g¥ebhYdnce by reducing
cel l ul ose, hydroxybutyl meth cel lul ose, cellul ose

Hewedcharge Pl MitgARIE ho piteaCcEectc &1 pns corhodipsst. slegped charge may be
Righ YRy a %E(!)rl'&lng? RasMeBh ?Jbﬁczﬁm BaliatothGanibRd i eRtshid fabrication

cellulose, cellulose triacetate, cellul ose sul phat e

progesselhmay b@@W@ ﬁétmﬁummh@@mm ehat cqadd by @tiwrl by some
IG VARG (fn)é ot g%s? stg[%[ yé epgntnE@cﬁﬁ‘M{\t?tb%; “dlaﬂb% QaSMB’y%md “post

nethacry acryl ate ecy
febribatony keshwjues wly;bﬁlemmﬂqyled mmmbatcet)eduqmﬂaypqméwb and

| ate), ly(i I
D P e AR LTy 2t &) - pol y( oct adecy]

t Q) I

RSO e R ML AR (AL HRHERK PR o IS Telle e
tlargp it dreel emb@)iunept)ihy thickmgss dlth:ecgatﬂ Q;()'de 196 |shewmin Fig. 11A may be
g% 1tc qtaerN se‘?ecte% 6619 ! J%mllta{e bqeedm% of ccu ?atecﬁ chflrgn ¢ to the substrate; in

uroni ¢ aci ds; casein atin
pmhylﬂmhy drinrcbe gate pxidy may yllow a au:ﬁﬁdl,emadngjunad)fd;uxlc hp tlasgertp pass

il St ReIon el hof P eyim e itery o g
pobydimenxtytapeit dnakis ybnay‘ept) a pixel méy lsaxtbengyéd txahdiadzrayiladdieipnal
ps%lcny 1('1 1;?]5'J chemlete héan%g elr targms)lstor having a thinner gate oxide than the gate oxide
165 of the ISFET. The floating gate structure of the ISFET may then be coupled to the gate
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should be appreciated that some trade-offs for including such a sacrificial device include an

increase in pixel size and complexity.
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processing steps (e.g., plasma etching of metals) may be effectively ameliorated.

[00185] In yet other processes for mitigating potentially adverse effects of trapped charge
according to embodiments of the present disclosure, a variety of “electrostatic discharge

(ESD)-sensitive protocols” may be adopted during any of a variety of wafer post-fabrication
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rad¥at|on examples of which include, but are not limited to, phososilicate glass (PSG) and
boron-doped phososilicate glass (BPSG). PSG and BPSG, however, are not impervious to
hydrogen and hydroxyl ions; accordingly, to be employed in a passivation layer of an
ISFET designed for pH sensitivity, PSG and BPSG may be used together with an ion-

impervious material that is also significantly transparent to UV radiation, such as aluminum
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dicing process itself, and/or other pre-dicing
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gg?.?,gpb@;ﬁgd é? g}enhmglﬂ?t\g/?gige mﬁmhlraahl%w to thel &g, .8, YDDA). In
ﬂ'i‘eg?%‘e‘?’aé‘ﬁsﬁrf’?ﬁ g p gas Voff%ﬁ r\)% g’é?@ﬂ 'Ez]‘%ﬂ‘gﬂﬁé’t“é‘?'e current sources

¢09; 15a81t ubi hat dach §1xenpimerotohahcmaﬁmm@ay WipfAho fcRaeAtN QVith the
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bﬁ, Ed aggay thusly biased, the array then is irradiated with a sufficient dose of UV radiation
(e.g., from an EPROM eraser generating approximately 20 milli Watts/cm? of radiation at a
distance of approximately one inch from the array for approximately 1 hour). After
irradiation, the array may be allowed to rest and stabilize over several hours before use for

measurements of chemical properties such as ion concentration.
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referred to as “wafer scale integration™).

[00191] In one aspect of the array 100 shown in Fig. 13, the first and last two columns
1024, 1023, 1025, and 10255, as well as the first two pixels 105, and 105, and the last two
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eplamge of pirelparpundcapesimetdsiod rhe@ﬁéy)gpaymmooﬁgurﬁ amrefprenegy/ or

ke

AP e ok IR EEROR ReAH s SUb OB AS R e

toperisemethideyer 304 bitdach darnmy pistel’ sISH’Eadpbunlqt ualtlmately to the ISFETs

BEHSAE %9 g AORFA: FUBLAG % R oy s

Acesdible asemtdrmlaml ddithreavhip; othichoh huen magbe cczu;aMdo f meferamee voltage

WAS d‘,ﬁcgpsg él:j]c;vggn &nﬁle%‘og IWéJ% I,?g éTr:faEEFegeo\folttaﬁe VREF also may
at bpplied o the gias/rdaiout ciradirabf @speptivecebisnnsldf theairtay C L same

with reference a each .of the al.s

RSTELFY "THEDEA RpSs - el P Rl HLatch data may
eaaduerts fbmake 4rtayasedtonrapplgm tkd ﬂeferr@% v@lfagta MREEF@M @électing and
array at the sane ti d ther ouer%l g tpe

Fogiog SULJURTRE PP AP 6rqa3'§g@e&q AR ii'ée%%np eion of
SRHFGS SespEive coluBABOTERLdIEMvia WetdA REikbndl), XShaSiligte SEH

columm sinul taneously selected, the current fromthe

deferRiRttiondeie e Bixalga Pt and elwRriccRAlYmm Virangsshandargy calipration.
pi xel s of the colum. The colum anplifiers 107A and
i@?%ﬂar b Rig ddbyasquppowes spralngnd dies wsitagesyenuirgd oromay operation

@d’%%s@ﬁss&@@oo%@mohhé@ioﬁ Reth . 9 Ere%f'ovtl(n:@ t@fﬂ%lahfay eira eltfRal

connected to drai n of eac in a g} 3
EVINGAHPNS (&L gmmmtféad pydshand labgledfer simpheinsing Ci<d9%1as supply and

5%9 E&rectiIng P afhe aHEE(){_ 10058 g 13N G RETRR 2R6W ¥el¥cq |sﬁlﬁ9@glster 192,

VBODY for all s of the array Is co
@y@@qtq-q)f(,cglung]’sg[mtd;h(ﬂ registers\ASdDand two‘qgllppgfrlv(egssl 98, and 198, to

A e e L N O
mhsuageenpﬂotﬁmvamusawwmt fipbly and biak eolmgpaayont@l gignald/fobje.row and

l F‘fll%ﬂshl?tﬁ‘ | l%r%er tg‘ﬁ §ls fgrl? &llﬂl’?n B’l%/%ggo%t y@éunt&? dhown in

COnRtT ol e curren sour ¢
§ige h3 biegrovededibypnxehy contrSHErT acdisisset] sfur&tppbc{hxw rat¢aahgctibn with

R, 2, BT xS T2 DS 3
statlis/taig Oebtic elggals) ffanothe array-FRONh ahaﬁeras}gaeneﬁ th¢ affgy embodiment
B o7 Lpfipthaths Sy DHEREH P SR DR B P Plgholumns)
3PMhe axhy b by redd lahé JameAfh€Via multiple parallel array outputs (e.g., Voutl
and Vout?2) facilitates increased data acquisition rates, as discussed further below in
connection with Figs. 17 and 18. While Fig. 13 illustrates an array having two column
select registers and parallel output signals Voutl and Vout2 to acquire data simultaneously
from two columns at a time, it should be appreciated that, in other embodiments, arrays
according to the present disclosure may be configured to have only one measurement signal

output, or more than two measurement signal outputs; in particular, as discussed further



irradiation, the array may be allowed to rest and

stabilize over several hours before use for
woBRsuigeent s of chem cal properties such as i f/us2007/025721

concentration.[00189] Fig. 13 illustrates a bl ock

di agram of an exenplary CMOS | C chip inplementation of

an | SFET sensor array 100 bas®l” on the col um and

pi xel designs di scussed above in connection with Figs.

8e1d%/in 8&meEnGitH Big®N9-28 BRI d¥RRtar@fs 4c06rdRQS Bikkr inventive

di scl osure. In one aspect of this enbodi nent, the

smbediments may Gp gerfigusiio haye fawrsour gpre nqﬁaltyhg‘ﬁawmzs'gnal outputs

Whd hm%ﬁ&ﬁe@ésgy%'bfé%ﬁ&éd{ Myt sATiHERAPW prol e Hhdh K4 tkpfour our

t hrough 110512 (one for each colum; as shown in Fig.

Qyﬁemhﬁﬁéin each col um includes 512 geonetrically

uar e |xels 105] through 1065 12 , each having a

{;Q 83]of igplst iWustratasaharoy salcet hifereaister 32, § lgnlérlbmte&csle of the

gﬂgﬁﬂ éer:lualggi‘fie*tg rEg?ﬂ[teﬁg 922:]%ler eé g??@“;g{ﬁe%&% J§ I?Hngsc)uépdt HTIVCI‘S 198, of the
aoget Wehown ithFigs B ecatding nocwve amnnpdary implementategn. As shown in Figs.
? r?cy 5t ke J%&%S QJ)IHm sge% rs a eI |r f n%en Yeli arT%)éerpe% of D-type

| cated on a sem con A appli i"R&TTOn

ﬂnﬁﬂoﬁSIwuplm ogr digied cmmtcyjpdisn(vASh@ly h(iitagm & Db Dremba d)lgBal supply

BiouB D558, Tt sy fnicsormT SR haid¥rs ke ST s @bBiied 6 o input of

@irdo 1{P- M@ eath derigs antid, clock stdnalik dpidied sippultasdoatie to & hlatk input of

arr I mpl ement ed th different nunbers
A GER T ot 5ty AP P3P RN osld” G ipul R g tpgtate of the
Doingiithbn @tﬁ@@ﬂﬂldiﬂetgs ,falﬁxiig éﬂg&ﬁéﬁﬁ@@locfktkﬁﬁnhﬁ rwhe k&¥vehdt to Fig. 14,

connection with 0019 as

thedeyseled SB‘@dG@SteT %@ﬁﬁeﬂlﬁa b Dayps @'@rﬂcﬁpéod"t“ﬁ‘é&h adfirstflig-flop 193

ARERES NGtida0 dM@EﬂgQM eshod 1B Hops Reilbg vaiea Rk signal CV. A
i nvention @2¥ Um fabricated according to conventiona
HISigHB-

ERDsutPEfit fload A% Prqlislss thaﬁrmw select mgap! RatPelopngis

Eé\ﬁ)‘iéd“t@?%%‘-lﬂp%@@ﬂhgh@é RN in thsehids 1 Hol@b& ]puts of successive flip-

realization various functional aspects o

(ﬂn@‘mrecrowqdéy @edhtpw% thernskieflin-flop it the serieg g ptourdﬁlthe row

g@&:@ §1 Bél?ﬁo&gengﬁ(ﬁﬁK @to'w@@ ?’nrsju@é §sweol59‘ﬁg%§ SttABRiohLof the
rappe ar ge, 5 her n%conduc tor

qucalch)pk oignaléhap quegsebiefyahﬂi belopsie cormevtéant WithhBilgl 18. The last

FRPIEF Aehd RESR AR LT Yken 268 e BAA Shbu AL BT 100 as e

algnd)LSfI' A(Liast ST angpmw;i)a MIcthowéesanmhcbqatle (eoglefor diagnostic
enent.ation, ha I|th p ech
urp%q'ﬁyt ti&cngﬁt TOW O tfﬁw aaﬁrs}' 0%)5 beg tegelswla Y t nkesxngér/ltely in
Fipt 14, chehdof thooget sh&:bt sbg,hall\mfvl'&mrlhmggﬁ Rews¢lges apfalm tsb e p

SERCT N AN T e
giél‘?l‘i’t?s%@d nlflg W!h@‘é QkWtﬂr&%h m_'lr)?ret ors. By

pr oxi mat e I meters by
E ? :r;sﬂ gqnggx g?élﬂ%ngclél%}e ré%lstg%clgg aé'ngnlg 2 thesé) gre implemented

in a manner similar to that of the row select shift registers, with each column select shift

a_

register comprising 256 series-connected flip-flops and responsible for enabling readout
from either the odd columns of the array or the even columns of the array. For example,

Fig. 15 illustrates the column select shift register 194,, which is configured to enable



be defined on a wafer (up to a maxinmum in the
extrene, of one chip per wafer, commonly referred to
woRnosuahes scale integration”). [00191] In onep@su£h7/025721
of the array 100 shown in Fig. 13, the first and | ast
two columms 102i, 1022, 1025i i and 1025i2, as well as
the first two pixels 105] ant®8052 and the | ast
t wopi xel s 105511 and 105si 2 of each of the col ums
;&aguttﬁt&ﬁpélg&tﬂ@veg’lngn()@reg colux‘h\’f@oﬂ' RS AN s&‘&kﬁfms\/l%e column
pi xel s around perimeter of the array) may
sdert isgmlé@oléslz, Q@ﬁ@men@é‘sebn, whiigampnot r%@lu@nls@@ct st register
ﬁ@j q¢ @Jﬁ?’%urteg td éngble]réé%iou\r m tclh &f ﬂ W?lﬂhﬁiﬁ EeoRfmBNf the array in
array, topnost netal [ayer eac unmmy
pickession (YisFelTmp solags| sigmalyIGol Seht €bl§eh,o LabS¢lgPEBoth column select
[
SRR S A AR 1l hulsRedub by o R Wirl Dl B e
henizontahtlock sngrtaéCH‘tp prowdei tbhrrespective wlmysdb@t s;gmqbd esldisqussed
rence voI Sgusse bov .
Rifte SIS0 Frr RN SN TE e Ao ShAFLRITE U3 B4 Gl S sect signa
@oiSelsymysoneayetppikea ds hmoﬂsthﬁalknuqﬂt oethelady 000ras thetsighaDESTH (Last
Lve olunns of the array. In_some exenpl ar
STk Stzd S o R Prodidet Btin e e S UREnEH BIPRFRORER frat he las
t6lGinh Y thle Uithy R4y tdaih selgvld. be acquired fromthe array
based on applying the reference voltage VREF and

$o0i1 85t | m@thaadrehaaaetgiangoom& ey toHiX &l Applasanis Gave reesdinzgd and

out col utms hased on th? di rect appllcati n,of Y;EF %o

PRSFAEE] VAt A0 MRIECBta PR € afray B angicqluHiese BAYOnsragieker) Shift

teiskers lab Hisalseedabbweh coptcetion Wah FIRs. 1(3915915,a significant 1mprovement to
pi xel -t o-pi xel and col unn-to-col um vari ances

sherrav apd£euPa dreoder ParRopsmplAY e i varioys prgy %L%Eamér designs,

SRR tROEksind® MiRkdvees. shearid |Bg. 7.0k pﬁftfc@l&ir %g%&ﬁﬁg B8 row
éas dlscussed above in connection with Fig. 9) are

peoderdecngd gheraeimyy deqgdey 94 shavatindiig 4 the swne'eiilno@fslmplememmg
(kﬁs@c 1p%'n5}§s m%tlﬁtk %Q%?rc@@ra&%@ﬁé@ﬁcfe%es E}amhbam ta¥ thefSize of

bl ock 195 as supp and bias connections."” The array
!Ll@@rr@f isHpeyeased ag pdditionat ingute o koth degoders argtreqtiied t For example, an

%) }i‘attvglrrgSS]@SoArvist Rl cgﬁltn'ﬁ"ns% dgals bﬁﬁi EQ;BTgegﬁctrF wi Flg %3 would

two output drivers
termum: DN drputsud’ fétalpleeﬂowmmﬂ polumgi dgeedes iffsuaddm schemawemyemployed

Y‘F%\L aﬁ&‘golb’rgHEe%ectl%ﬁ%r%ﬁangb %ﬂ%ﬁg"mdﬁer%% z{b'o Toluhf}, as

i ous contr
dlsgrsaddsbeicm mtcloenercnnm with othet cmlmdsherfts woelli requéres! 3 isguds (2 =

§R A% el o HoeddRE G RamIF, PR G T S bn RHIFG i beisters
@l&)_vdihlﬁ (F:Lg:gedaeﬂ;iélgtrtb@rﬂreb@laﬁd\itlbﬁal Gkgiﬂﬂﬁgﬁdlm aWa% kd‘nzf/lsgncréazed but
(il Rt DTS ool LVRED o sMBED b Emsnan ¢y 2 EMgTg process)

tl“hﬁ% @elshift réSiGker 1|rr[bl@ﬂ@1ftd1!ﬁhs ﬂﬁ)mqﬁ Fipk. Mh@das hawide an easily scalable
enbodi ment shown |n Fi g, configuring the array

§‘E]EtI'P“ttﬂéFa¥T{ﬂ“tfi"ﬁI°@ W“gﬁelfﬁ‘éc"‘(e g., rrul tiple col urms) of

the array may be r

Ml‘lgﬂl eln'the q,rglgpd&m?rﬁ QFElagt( gt Swee, quumn se\{ect shnH reglfer 194,

provides odd column select signals to an “odd” output driver 198, and the even column
select shift register 194, provides even column select signals to an “even” output driver
198,. Both output drivers are configured similarly, and an example of the even output

driver 198, is shown in Fig. 16. In particular, Fig. 16 shows that respective even column



and Vout2) facilitates increased data acquisition

rates, as discussed further below in connection with
wad2098076d06 and 18. While Fig. 13 illustrates arp@Enti@¥o7/025721

having two col unm sel ect registers and parallel output

signals Voutl and Vout2 to ac%ylre data sinmul taneously

fromtwo colums at a tine, shoul d be appreci at ed

that, in other enbodi nents, arrays according to the

Bﬁtﬁ&%"énafi' VBSloSYUEE, ”ﬁ%(OL?l? (n‘éfépfd }Q%“@e&ir iHe g@ﬁéﬂ‘é BRimh FEHRI output

measurenent signa e than

Yeagiareapphied &) c@nrawoadmg @wgehes 9 lpa]r‘}lln,e ul%lm, rgsponsive to the even

g&lﬁﬁ“gé@& sngElE ﬁ%fs‘%i%, @&'S dl %B@F Q&ﬂ%tt% tﬁé (gﬁumr;l'?e'lc,?c?’reglster

nore dense ~arrays accor sPher 1 nvénti ve

9o smsquluagoubb thoeven gqlluem outpuhswlsftomlle ioput ofip beffer

urengn i gn us
Qr%g@lutrqg9 ?ﬁer Vi a”?eég 17§ngn g fﬁ&nﬁ’e"bu%fe?%ﬁ%ﬁﬁew bs %@8 ;léxver
from dnfoatpfuo buffed positiver eipplytvplidgs. VIPIOO]aﬁfB]an Eutgut bhﬂfer supply ground

VoPHEbIE ERpaEe4TH REPEZH AP sl B ThoD o #EncltSpariting bias
&l%e?lt fontheFbudfer difipit! IGirednrtad Ieigh mdafcetimt eﬂme biiffeainpafier 199, a

array. 100 sho di to .
hrosink T Lot BB oae VRS Kangiisd REepEs I 14 Digyie an
aﬁnrogrta@e dro canReht oL L1oMthe BFRE bf Sptdximatelgi 190 @A fd iR output of the

npl enmented as a series of Dt gﬂéefll p-fl ops couple

inan@iu@m byffeg (see the ou{ferpmnlifiey B 14 bty O)wép selgrted goymn. The
Bﬁ‘f@er%nﬁi)'hﬂblt Blo ﬁé%sl’h&fuw glg}/acﬁ%utﬂ tﬂls&h&l thO VIR even column of
col um shift registers, data signal is applied to a
thejapgyitat gfe spie §mefwtlpre|fqr@}§e ithFigath aserpspandingibyffes pgplifier of the
5?&1“%$Jtphﬁ rmpiés‘%‘ ro%‘cféy hte%ﬂ 9’("?1 el VBud b‘ﬁge‘a% a | PREEd Bld column

e flip-tlops In t ries. For each
pfthpafriyop, a "Q' out put reproduces the state of the

D-|n%ut upon a transition %@ fallln edge) of the
(0042 singwalexenwlw lmélﬁ@le@tﬁ%@t smtghespﬁ othfifee gvgmand odd output

?ﬁ{/e%:;%? Bhd 5985? Stthgtswfl«fq% sl @B rﬂ q:bgml SHo¥RGn Fig. 16) may be

| ops, ch afirst ¥ -flop”193 receives a
mlcm@md @&M%r@n&tanwsawdgam (lmludprgfdnop@ameed MOEE and a p-

gpa r '
¥lﬁn¥1élﬁb$ﬁ]‘i@%§e ﬂg @d!éréﬁ{ﬁeré{s lga Qelrjéon\?vﬁé)éel esgztlnl? eJc'h ?Fumn select
Rgnv&ahcﬂ 1tam|nplsnem> upl éd apgieti hea D—vampmtsrrm‘snm@ten;mh 191 to enable
UL S P e RSB RGP
f:(brrquCﬁriddrrg dotunirhautiae sngesl tamé bk OV4; dﬁeeWise, eachgvarehadds a

FarrRinge B2 Mt BRNORR R e A Is R RFAED Bies pogignresistance

&4 alrsvsdl lﬁgms&e\d d‘uﬂéﬁthelrthb BLOW5| Whigh gaedliyQows tHe bak 975 to
t signal RowSelsi 2 also

18. The Ia

f%ﬁlfeﬁ%?ﬁugf? YopRF V}"Gr?&rer giﬂdpﬁ arg SYHEN IRFieasss §Rngciance %fetge bus 175
Shendk sivisdiVis Q)Haﬁ/hlcﬁ_ﬁﬂﬁﬁ Merehdes Ble)settlMitinle GHRYbEETS 2ence, there
i ndication (e. for diagnostic purposes) that the

sctfadpo RsFween éwé?*f weh%'ﬂ%@rﬁné SPRIEHAGE Inganpestigp vith switch
shown explicitly in Fig. 14, each of the row sel ect
signals RowSeli through RowSels is applied to a

[00198] The ability of the bus 175 to settle quickly following enabling of successive
switches in turn facilitates rapid data acquisition from the array. To this end, in some
embodiments the switches 191 of the output drivers 198, and 198, are particularly

configured to significantly reduce the settling time of the bus 175. Both the n-channel and



correspondi ng inverter, the output of which is used to

enabl e a given pixel in each colum (as illustrated in
wd@s/ofaly the signals RowSel, through RowSel pcrwus2007/025721

[00194] Regarding the colum select shift registers

194] and 1942, these are |ﬂp|$nented in a manner

simlar to that of the row se%ct shift registers,

with each colum select shift register conprising 256

8RpLAAn P MBSHEAY off higheh k@R fado ﬂﬁ%@ﬁeﬁmh 8f fhelbus 175; however,

enabl i ng r eadout fron1e|ther t he odd col ums of the

archanpeYIOSKE Te generadly iharerizetior reqvencyirespgnsepdl cureniprie

Ezg)gblllgiés t rLtllﬂéfr 'b%?rfhet QRinfeHaENISELE 6 the lﬂirgéonﬁf Q\pﬁfléaa'hts have

Is configured to enabl ereadout” from a
telqegrezﬁénnfh apiredized dal somef e sumwa@lraaqﬁtqrﬁtlwtf@@gmmh MOSFETS

R

s\eigihss mrwhighespestigaovifes dorrtkein-tlane el O BFEE antbprehdnnelfYI@SFET of a

%Qgt%dd o g{ed colums of the array in succession
gvea cordm” select signals Col Seli, ColSel ,.... Co
SR, S VR o RSO, A purentsin 17

giay bg&orﬂﬁgaﬂduﬂh&athbw bmdﬂﬁ & nqrinal@k“pmilghdxbwmman all switches 191,
0F Cre B i PR bR bR e Frbn S AR e grpestgd signal

ayawic iaRgdfod theldluntrhaitpudsigndlobassdors ISFETtmis@Rmknts, when a given
el 5i al so be taken as an optional output of
PRy ?wﬁ‘fﬂ@eoawﬁwgb Hhma'wsww%@?“g?ﬂ@éonmm“ is done by
R midhamieR MOSEET @tfth@CMOSjﬁaSr Estitiighgand §vaifch( e\c@ordufggr in one
dla%nostlc pur poses) that the |last colum of the ar ﬁémm

AWSC 98 s wrPQdiheny, the 0@&‘9‘9]31 MPSKET apdihe rﬁc«"éla&rgeéMPSrF&rT 0

E\bi@chni@'fﬁfgsnie@ dFﬂfegemVy,, nzﬁﬁ)em' iff B SxehPW®y MAAQBMHARH, BOH-channel
reC|ated at an’i ementation for array row and

lgéuz%wub@ﬁlaaefgégﬁﬂﬁr%mhw the @cphannst MOSFET. More

gp\e%i? ¥RRS orRRRYiRg bdLaf PRAEE hcRMNYY dnBl pEh@ihel MOSFETs a8 a Boint of
S|gn|f|cant I nprovenent to the row and col uim decoder

mbpensacin oaprpnpigmentatipnthg wh@nplrM@SFE\T may QFE"FF%@IS?daty be about 2 to
Qg%fn&-@?ar érnaldqﬁé hdnfl M@%Fs’ﬁ R Mok g Rt flsiAlo béﬁvms t0 10
% I'n t | CU

regarding t row decoder
armds mlecouma@b@mmﬂnwwwﬁ i appﬁxxgnatevly 2P thignes larger than the p-

; f I
?}ﬁaggégl:?\gdt)gﬁlaﬁ DLER tﬁé@pﬁ h@ag\é bOgSSe LIPRIPRALS haﬁ‘ne‘?ﬂdO%FE)’/F and

circuirt gn | Ncreases dr amat
te rtlhtdaveiy medesf intieasean slag/of tiae nﬂbarmabM@SFE§ theldveralberplacitance of

g{éfs 3h%§%f tf%elg: rq qelgl)él uce Chut'here iSa I%)?rres ex agtabﬁe reduction

SN sse
: im:apa:u*tamtfbouhe bud 175Fatghe s’laﬁlewblhﬂ due¢ ©qhd llafgeﬂn-mbarmBWOSFET there
er r.ow and,.col u dec der if such a,schene
i Bakse of S A BTN Sty e o v
ghisaytRlubandetd thed\tch,oMEictaindurf4eits Bl duigitficabredi@ion $15 &itling
hel o n connectlon mnth ot her enbodi nents, would

F%ﬁﬁ%@@ ¥81{hput s (213 = 8192) per row and colunn

f é&gt ewgllg th%%ggnnp e abovtergigscrn%g\g g?%m%t%c%{mtcﬁ 1%? for 1 e! output
drivers 198, and 198, in which the n-channel MOSFET is larger than the p-channel
MOSFET, it should be appreciated that in another embodiment, the converse may be
implemented, namely, asymmetric switches in which the p-channel MOSFET is larger than

the n-channel MOSFET. In one aspect of this embodiment, with reference again to Fig. 16,



shown in Figs. 14 and 15 require no additional i nput

signals as array size is increased, but rather
wosldsbiseeal D-type flip-flops (whi ch are rOUt'I‘t@ﬂ/l}!szoo7/025721

i npl enented in a CMOS process). Thus, the shif

regi ster inplenentations shown in Figs. 14 and 15

provi de an easily scal able soflution to array row and

colum sel ection. [00196] In the enbodi mrent of Fig.

%’cul;r@ﬁ sinlkdd7 rrﬁl latERadRleetvesRialsburb &S et tcl gﬁbropnately drive the
provi des odd um sel éct signals to an " ut

autipyteaf tmllammoqtmé buffer{seeghebyffes emplifierdh ﬂquf Frl% QD Qt‘ pyelected
t. seeyent .
con i ¥t OOl e BES 15t RordaR) oS B w R sycches
49 1Yy, 19énmlaranp@x<arq§f @oodfontimting) dn thosisipatiord mogieef the switch
I‘
t%??at CtI}OZlS[% s \(/:cLég}n lsﬁed thlgntl; [Mgélgﬁglog Fl\?%/_lég psalr cwﬁstltutmg
\f@@w:ﬂtbh Beddﬁ@df 1621u(:¢cm’vﬂtchtcwaléltzglce Ganfl dende hedugehiausicapacitance)
out Vcolj e a i ed.t.
5y PR TR i S P iobe 8 PRRI beiasyf emset ofrecuced
saging nme\fer thebiisky5 ervat;zrbecsoinewnatsl@k eah tigat gersaﬂnl&ed(fxaé\&?@ls& above,

ISel ,.... ColSels) 2 |de e colum
&gegﬁ"é{]"e'r"wibfﬁ"ﬁ“e’t‘% r%ii%’&-‘és F‘V‘e Bﬁ%ﬁ@ £ ARCULRE® tBI“JE‘ﬂ““e'
MOSRETsS Ngh@thzleks) adymemétrip u\tvnafes Basbdibi argeaﬁnharfnblemol.s@ms may
§ tF) via a bys 175, In Fig. 16, the buffera éj

wibiapiliass 4 Baatle Pctfqndmbweamqowe 504 may ajsp gravidgdor Circuit
ﬁﬁéﬂ%é’ ntMRInk #ORhiMPIRE cBthradhtgid biXedr ahirbfnﬁ@zf(lﬁlsl BPFbg 9y AABE a
and is responsive to an output buffer bia
et tisgesowpeisliopes with apriefiskly ﬂ’@ﬁ-‘é?‘ﬁ@awr as curr ent for

the buffer output. Gven the hig edance i nput_ of
{0920t Ingiet anogher embedimgy dlrﬁcteqj?qféﬂhtggmwplﬂgvﬁlmg of the bus 175
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bus settling time in the scenario described above. Other array embodiments in which more
than two output drivers are employed to facilitate rapid data acquisition from the array are

discussed in greater detail below (e.g., in connection with Figs. 19-23).



correspondi ng col um out put signal to the bus 175;
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series resistance and allows a higher drive current
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signal dynamc range for the colum put signals
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belowerently; nanely, in one exenplary inplenentation,

the n-channel MOSFET is sized to be significantly
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ﬁggwtglg %g (!H% lsnggalf S/gbtél Qg@g@ﬂgﬁ‘ anch%%gl(:' ven cglumns) including
multiplexed respective pixel voltage signals from the array 100 and then digitizes these
respective pixel signals to provide measurement data to the computer 260, which in turn
may store and/or process the data. In some implementations, the array controller 250 also
may be configured to perform or facilitate various array calibration and diagnostic
functions, and an optional array UV irradiatién treatment as discussed above in connection

with Fig. 11A.



times smaller, such that the n-channel MOSFET is
approximately 20 tines |arger than the pchannel
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potential for the pixel output voltages. For example in one implementation the reference
electrode 76 may be coupled to a supply ground (e.g., the analog ground VSSA) to provide
a reference for the pixel output voltages based on Eq. (3) above. In other exemplary
implementations, the reference electrode voltage may be set by placing a solution/sample of

interest having a known pH level in proximity to the sensor array 100 and adjusting the



in the | SFET array 100 such that each output driver
handl es a smal |l er nunber of colums of the array. For

WEXASIeBes ' at her than having all even col ums fangd®er 025721
by one driver and all odd col ums handl ed by anot her
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[00209] Inthe embodiment of Fig. 17, ADC acquisition timing and array row and column

selection may be controlled by a timing generator 256. In particular, the timing generator



one enbodi nent, the array controller 250 is fabricated

as a printed circuit board into which the array 100
WPWge76466 M | ar to a conventional |1C chip (e. eceT/ido7/025721

array 100 is configured as an ASIC that plugs into the

array controller). In one aspect of such an

enbodi nent, all or portions o the array controller

250 may be inplenented as a field progranmabl e gate
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available as the column output voltage Vcor; applied to one of the two (odd and even
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6nq(@pgnostlc functions, or UV irradiation, to appropriately control supply or bias voltages;
for example, during UV irradiation, the timing generator may control the power supply to
couple the body voltage Vgopy to ground while the UV signal is activated to ground the
ISFET drains. With respect to array calibration and diagnostics, as well as UV irradiation,
in some implementations the timing generator may receive specialized programs from the

computer 260 to provide appropriate control signals. In one aspect, the computer 260 may
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[00218] In one aspect of the embodiment shown in Fig. 19, the array 100A may be

configured, at least in part, as multiple groups of pixels that may be respectively controlled.
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even) for the second row group 400, and two column select registers 1923 4 (odd and even)

and two output drivers 19834 (odd and even) for the first row group 400, (i.e., a total of four

column select registers and four output drivers). The column select registers receive
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[00223] Fig. 20 illustrates a block diagram of an ISFET sensor array 100B based on a
0.35 micrometer CMOS fabrication process and having a configuration substantially similar
to the array 100A discussed above in Fig. 19, according to yet another inventive

embodiment. While the array 100B also is based generally on the column and pixel designs



MB or greater. The conputer 260 is configured to

accept data at a rate of 200 MB/sec, and process the
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may be acquired from the array 100B of Fig. 20 at frame rates other than 50 frames/sec.
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CMOS fabrication processes having feature sizes of less than 0.35 micrometers may be
employed (e.g., 0.18 micrometer CMOS processing techniques) to fabricate such arrays.
Accordingly, ISFET sensor arrays with a pixel size/pitch significantly below 5 micrometers
may be fabricated, providing for significantly denser ISFET arrays. For example, Figs. 22
and 23 illustrate respective block diagrams of ISFET sensor arrays 100D and 100E
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associated circuitry) may be fabricated as an integrated circuit chip having dimensions of
approximately 21 millimeters by 21 millimeters. Like the arrays 100A-100D of Figs. 19-
22, in one aspect the array 100E of Fig. 23 is divided into two groups of rows 400, and

400,. However, unlike the arrays 100A-100D, for each row group the array 100E includes
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f"r@g‘?lp ohdhs ﬂ@quﬁaergwf BB B35 drsgisgd above, array pixels employ a p-
channel ISFET, as discussed above in connection with Fig. 9. It should be appreciated,
however, that ISFET arrays according to the present disclosure are not limited in this

respect, and that in other embodiments pixel designs for ISFET arrays may be based on an



di scussed above in connection with Figs. 20 and 20A
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055, L At R QIR
lSEHTdraunrcal;remt afdconsteaniSFET drdigrsour@?voltage), alternatlve plxel designs are
contemplated for ISFET arrays, based on both p-channel ISFETs and n-channel ISFETs,
according to yet other inventive embodiments of the present disclosure, as illustrated in
Figs. 25-27. As discussed below, some alternative pixel designs may require additional
and/or modified signals from the array controller 250 to facilitate data acquisition. In

particular, a common feature of the pixel designs shown in Figs. 25-27 includes a sample



and 23 illustrate respective block diagrans of |SFET

sensor arrays | O0OD and | OOEaccording to yet other
wEIReMHamNt s based on a 0.18 nmicroneter CMOS pcT/Us2007/025721

fabrication process, in which a pixel size of 2.6

m croneters is achieved. The pixel design itself is

based substantially on the pr @t 105A shown in Fig.

20A, albeit on a snaller scale due to the 0.1 8

%&3 ﬁ&ﬂ%ﬁ[ﬁ&t&%ﬂ%&ﬁ g&%l ltiegol%%aliltl&hﬁ) @sraﬁf%ye dn%lcﬂfapacntor for

Fig. 22 includes col umhs 10 hr ough
colummnefdhe &Yy Mﬁhliqﬁb‘# @itrérsatlzqwelg@@lm of chﬁ I2§r2§ qmaély

Qﬁc)ﬁﬁie neg?(%?é? nggﬁ%zﬂg c@m@ér?eﬁts%anatﬂ@ él'd@ﬁ%% of F?% $69 and 24, the feature

mcro ers . roneters

iohe pudiessmplegand dold qabaChtbmapliexédnspS@ot”ﬁy@s wézgwryp,l ig ahich all pixels
e

???}15}1/&% gégg% Q%HL ass ?159) (f agclor ni‘]? Ll% a%'mre signals

fraim:sematgenleaawemants nf @groahmﬂe anat)acm ib pmlxumt)hta\respgctwe ISFETs of the
ons of,. appro rs hy..9

AT ResDF 8PP icRRRS s Wb rtie Beeh PR SinfiiBpspeggs andror

finprevedlQgrial senbifivione. adipghet sigea-tehoisyrati®oD of Fig. 22

is divided into two groups of rows 400 and 400Q2.

lHn2d4jer Figuzd illlnﬂrdtd’s&naslica)aiieﬂn@l@é, debigoByr aaimgld $kaT,105©and

each row group the

es el t cC .
eapeabd PonerBeats A Bie M pRetlobREmaess af eXgprePtsHER ana i
Hhse :gérﬁiﬁzﬂ@l-tﬁ‘ﬂ thie pﬁa@kﬁ@f gl idiigedonstait v@lt&ge%rdisflthamSFET Q1 based
enanl e uch tnat i Xteen output s a .
9B adsed g&f& & (G 9?80‘? Ry Ir‘rPGmCt‘ﬁé tfaﬁ*%?f Q%E@S“‘MFS the
FRAbAK NPl BEN 0AdTRNEIRE Bindlifi @ burr6RIPdeEbPthd Blaa vHIAFBB 1 (provided
&all pi xel s fromboth the first and second row groups

B e agiYy C%tgil)‘:r)wéfyané@toa@é 0 ¢ eInigen gatg araphificr gpdtrggsisty Q6 is a

thaes /s§|ﬁ€e arhp1Rle b)(%zfn? Qi ﬁdrﬁ&e L2RQ4mak 51%p9ﬁerﬁ%otd’thp Poltage
or periods of approxi mat el

sSuccessli ve ena
efowh%l&Fﬁays(ébm@n@amﬁhusm the gerrens prappliediby @WS‘SE’;’)@3 Transistor
RNk theBAGNRn Afr@nf GEESFEAL Q PYarfBHD (£0) ébrgg tg Enle%&{t damage from

register/output driver during apprOX|naie y
everhesting & wery 1¢rap hioadi ofpixels) olhds mpximoRiewoRorss sqt bv the bias voltage

W’ (Ql'g? B%v?d'éﬁ' bf 'ﬂ% agrfa g@rﬁ%llsr:(g.n a %n-E{}g%eic J)f':{h 1ht§l| c%élgggﬁogvn in Fig.

each the array out put sSi
dé,tmweatogh@plxalplgﬂﬁﬁxmaymeeumecﬂéff hyizettivisthevbiak volkege VB2 to 0 Volts

Q{Kﬁt\ﬁl L B3 ?R%e Q}ﬂﬁetﬁ%sy VJ)I{ a%‘ 91% lqangn%r q}pegﬂ %\%r glspfoﬂeé gq%rg% arrays of

ntat1 ons,
amqhewxdlmy It mbdwdared ﬁahasomfdneshdee ﬁﬂncfdraamﬂ&hsnéﬁby the array

| C s 7400 .
IR (L0 1 A T BE <R a1 BCioh <t W reducing
lomhluﬁ@eefr‘ééﬁgﬁn@aomef ﬂhf ai@dyl. )éws@,uarng ppwxmghaggégs Hlsy teddces heat
SI ze Of. appr oxi tel) . m oneters ; .
FisEpB fraceg 1 Hrek ed Pk iatlof pBF BRAGEe SRleors ety plspeducine
Qh))(?itént(aﬁy GdetvB@a-dpic® v sam@le Hemtirgne exenpl ary
mentation, the conplete array (I SFET pi xels and

§060205] alnedg.QA5! e lolipl) ofiReY febdbatialinpleet @il Qﬁe aNtransistor Q3) is
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sampléd by MOS switch Q7 and stored on a pixel sample and hold capacitor Csh within the
pixel itself. The switch Q7 is controlled by a pixel sample and hold signal pSH (provided to
the array chip by the array controller), which is applied simultaneously to all pixels of the
array so as to simultaneously store the readings of all the pixels on their respective sample

and hold capacitors. In this manner, arrays based on the pixel design of Fig. 25 may be
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stored on ISFET (Q1). Subsequently, the switch controlled by the signal pSH is closed,



[00230] In the enbodi nents of |SFET arrays di scussed

above, array pixels enploy a pchannel |SFET, as
wdhesussed above in connection with Fig. 9. |tp@hestoero2s721

be appreci ated, however, that |SFET arrays according

to the present dlsclosure are_not limted in this

respect, and that in other entfodi ment s pi xel designs

for | SFET arrays nay be based on ann-channel |SFET. In

mw.hgme%harg@aureafonttm:qsaﬁ'r @Msto dé %F&%ﬁdh@&ﬁ& 8arthPle and hold
connection with Figs. 13 and 19-23 may be inpl enented

gpesitgsiGelel Sharwyich celﬁrqlteé I HieetignpigrSHT 5. the[rmz@efi} arlhe pixel output
%iﬁ'é'rﬁlcsuplé:d gla o%érahl)rt Ssd s!'v@ﬁcﬁ%sﬁ)gr%lﬁ' 13 8le @R 3EI8R s%fnaﬁ{cgNSell to

emented W th an nchann T and acconpanyi ng
ﬂlec;ngmeqwcwmﬁméo pepvidsithl erdumpoutpwisianal Yooue fiaiymay be provided
BAOFIERSp O ARSI SELOMLE A0, i i o/
193y ephbling tlm pizgl nutbtllpjcmméqs (ie., fakingangliipls samplredf the artahyte

%%jlﬁ rr]e’nt %}cﬂﬁw %%E’E%[gii]gggl(lt%n?o%{ trsxee g%gl#targﬁfe 2G4 }'l&lﬁ)éapacitor

CSFEThodr_rdsettmglﬂlepapeeltordesL gain &fa fen@ion @f thefmem;beo«ﬂaccumulations)

Rt deofs RGPS Bt AR AR RERRET S “snapshor

Spk hﬁk}%ﬁn fHat zanpixélBof the sPpHNBhy Be dperaadbsimbitdahesdly. sel ect
signals (RowSeli through RowSel n, logic high active).

Nozw]arf&nhﬁg iﬁom tﬁaE@Soraﬁﬁufs&mu e &dll how bh edcpésxeng tief combining of

4, an devi es of are of "s )
3%FP"ZT prray. W‘”h?:ﬁ‘é‘i’iﬁ‘@? YEY at‘?@éhe &g%%‘"W‘l!éé‘cf Has B‘P%éﬂ?rﬂ% drawings
eehé GicrélelFarghy sthuctQitl aye ﬁ:@wntealo@ryah clds16&tiPebr Powlg that array as
nanely the lines 112i, 114i, 1l16i _and 118i

9%3.%5 in psipypfied dagram. Figr28A9AB8R e pgow%ieqatﬁésw g reader in

%nl@l@%uhl&eﬁh@ms@éﬁ ddﬂaﬁhﬁ@ thF&&ﬁﬁ@r‘is‘i’onst PR P8AShows a group
desi gns of Fig %3 are simlar, in that

plreyndigydingiitah Weléﬁw%& laafré@geﬁn"e h“ HrayoWaHaRie. $RBxshews arerumof

lebinangt Slic@nal @8ls 2BB6hMareed FP £RyY aliA%e sééQsthattﬂQ: wells are
obtain an output signal Vs from an enabl ed

scperad](ischted dfromclp@ﬁhﬂlabwh@i afesipled @ Sorpun @wetl mealls. While it

[§ cgﬂﬁﬂ 8%519133%%&%5%%61@ G?btggr Rbss 's:éogion%‘qt ieénd bEp&'ed to be

p-C el 1SFET design o 9 e opposite

aivaniegéonm taofo s©uSuenan afrrawammrowglllﬁ sith @vrithadboverdiseusisest ISFET

n : .

§rpaS';, Wllt OE% grkmérgl}Slfé}% ;%%Ir %ﬁeinat?]lg ?Jbsé@.ller X u%‘?l&lgso Ithgg Fh)% microwell
wagkngfﬁ@iummb M&:}S[d\ptumetdﬁ theed @rpnit 108, of the

bi as/ r eadout C|rCU|try Hq is a control lable current

Ho40e KHoidpl B : oihe % ¢rnisiyp Blectronic

¥DQ§VAAdd|t|onally,-fhe body connectlontof the | SFET
tied to its source, but rather to the body

02 ﬂﬁftsll“oggrﬁan()f nglsgeEaa st%f f%lhs%ngl:légé}g\n 1 re%ht éng or chemical
agedts(uaing chei aboF& gxpla?hﬂed l{i@ﬂdﬁlg}y élebtmdﬂtl ai'najm tdcbqurﬁe apd xlaratus
desi and a const ant
eGP A ey b smy oA SR R e 2B s GRR A chemical
b ehgmical ednipoheras for eemgingelin thesSdegrivn, aremplary techniques and methods

will be illustrated, which are useful for such purposes, with desirable characteristics.



contenplated for | SFET arrays, based on both p-channe
| SFETs and n-channel | SFETs, according to yet other
WO Regticude enbodi ments of the present di scl osuwErue@907/025721
illustrated in Figs. 25-27. As discussed bel ow, sone
alternative pixel designs may_require additiona
and/ or nodified signals front the array controller 250
to facilitate data acquisition. In particular, a
gnmgn A?ﬁ‘itgHESeleoperE'l%nQif)fﬁd syS@ Rl i} SheRAWA, it s ﬂ:rbigx?red that the
5-27 includes a sanpl eand hol d capacitor w thin each
Buidgdeliyery sysfem, jinsofed ds pqsehlet eotdimitthe frecd plonesmtign of the overall
%% paci tor for each colum of the array. Wile the
ternative pixel designs of Figs. 25-27 generally
de
o SRRl Heg Moy b RERS hgPlerlefuphy s G ISFETs
gmmr@lmtmn%{tl\@apm qopeengratiils €5 othermhp@h‘et attribptse.r ghanges in
@ﬁernﬂ al ’attllll;].lt b&trlls@lfor rQ gln‘?‘ecﬁdm e%){n (esugglgm %j the
st nu taneou to sanp e a conple an
girgneémentethe eamwits tadpe pealsaleds newlf&cmﬁlyomell oFachiey wlumes as to

g\ﬂ)% aXttlaqu adoargr %I B}edyan{i %udl%s gfcﬁettdcyign oéﬁg§ria e t{tg lﬂg sensed.
gﬂo%ﬁr ﬁ?e?é‘ar??\%‘ b {gh%ﬂm%?ﬁ]?e‘% ﬁ'ﬂ?ée%fs dr 'styé’tgrﬂs $h@Mlted

ensitivit 0- nol Se
G234 Jinvielvgd m?&iehvleriywsfttrreaduejsctmhern&aluamales enhatarrageelements ¢))
design. for a sin | .um
erefianlin S Sy B Py B8 s fes 00 2R Rb S it Bne
hrﬁﬁ:lEFy amﬁrau& (P adwgenand(3)yn many dpplipdtiens, aeniofowell array. Each of
ovi nstant vol t age. across he | SFET Q based
e ubiatpRont B gRrtssed Bl incg o n
E $c Iar t gn3|stor 0! constltutes the f eedback
ﬁ% ] d the anplifier current is set by

i adl RS P PR s S i DA PLseaneneing s

asxitable &ﬂﬁriosfﬂ@ bvégihd firag of SdTBShdROUF @asm torfdspondindQidan of

t he pos qf fe back lifjer ol.d the
PPl R aneror Rl bRaEpmalpnouBh S IL P TR e A oaded
B&Hdl RtonSe RO WRR wilehtah aN8drB/irY pikdd in the an@ wliDgrotde a

limts the maxinmum current the | SFET Q can draw

E@reépond%%‘g’“fé'gﬁ*’revent damage from overheating a very
Iarge array o el s) ghls current_is se

X by
{4%¢%Y; akhesse PE@}’@L Bzcregr: BTRY w\\;?'aedmsﬁ stages of rﬁfbéyaﬂon and
ﬁl‘eﬁirﬁ@dd 650)1 of Ml&ﬁ?dl@&@%tseﬁratélpe%Pbr&&lngdﬁ@érﬁﬁ' cTRa¥Bwells to
In Fig. power to the pixel 10 be turned off
FRpuls By q*wgfwcw woascwrtsa'gé nyipwel agax /gy ers (23 mpuptieg of the coated
Bhig %o ¥ ﬁbl‘dﬁgﬁteme A iR R M SDNA @edu@h&né@f)ﬁ@ddlng IbﬁA loaded

omer supplied to large arrays of such pixels may
Lr h@aéid lr(t@ therveadls ol Wil jbe andgnsipad, of ¢purspethatdu Oﬁlﬁdanpheq’slons

B&Ids mé%' tbp BnilcE Yy 6P B0 hé\ﬁﬁ%&fgreﬂpdhg}a eh?(ﬂ:s may be employed

concentrati on nmeasurenents same
[@3&'{1 lé?élﬁélﬁkha;??é{tﬁcat%nsunpt' on of the array.
ating power € pi xel s al so reduces heat

§10§§9 pa{(/l'ld? foabn&n@ﬁ Fn%% bed oﬁfﬁil?{{e{i'n’% d}ﬁbc’ér'o?g/a%f THGctual

te SO ution, th 1er ey al so red uci ng
detalls of fabrication may require some experimentation and vary with the processing

capabilities that are available.



any potentially deleterious effects from sanple
heating. [00235] In Fig. 25, the output of the

w0 seglbaek anplifier (the gate of transistor Bc1/652007/025721
sanmpled by MOS switch Q7 and stored on a pixel sanple
and hol d capacitor Csh within_ the pixel itself. The
swtch Q7 is controll ed by a'?JQ'er sanpl e and hold
signal pSH (provided to the array chip by the array

0925010 In@kheraMMiibfibation of R Blgh@ensity AHthy 8NERESHeYs irfvobleb Rhoto-
E)I xel's of the arra%e so as to simul taneousl y store_t

ibaarepbjealyipageming ie welkaray confighaion anadpese ot lpyers ghyppigrial such
anshosl st capARd &QE&\garll@) b Bieﬁzcﬁrﬁnﬁk@{g’ an¥dhEDrORSE AriPatterning
the pixel design % beconsi dered as
Mg 2p gprst Withpihe ayiserlal on thp afensar amlly lor ft mapyde @pnegsgparately and then
SRMTRLAA oo Al¥enGlr 4Ry bhi Bror sbAt SRR o HERb M Blowever,
SUCCessive Tows of the arra ter each pixel value
teshigguss otheothai hhzotcloh@mmm mg tpbxaxcludediifithey pnelidroicdeptable
ca %gitor Csh, each pixel 105C (I SFET and feedback
anplifier) is free to acquire another pH reading or it

GRS 400G ASETNG AR P B0 AP e

stading G\Iltlli rc:ﬁapaod todiis 2@s Ahatrfesuapgdradmeticatip dep;xctls atap view of one

CII‘C 1 n W t.hrgugh source
Pl et e Pt PR P B 4B aoupor e
ireidyiduas ESFET sﬂnsfot‘ﬂ/l%léloﬁﬁte (SMQ)Saile 1" 49 SignRAwWSe P9 N6. anldr2918 are

articular, after a row e as settled
B ot bsindlnt Sp Sl thdive FEoicPiogh ot RuR bty of the
61@&&fhllds%r§hﬁﬁrfay§ hkﬁdlsdu@seti labdswégﬁgir 18kr Q9% ﬂg[ﬁre?ﬂtsw”ﬁbﬁtion of a wall
sanpl e an 0 |tors en e e .
avmr?ﬁcwﬁ@ g‘ﬁﬂ“ eflyjdics §H§F“r‘t&_°f§w i anﬁ?rB\fvlﬁy giplpdned
bOBwCHE ABW cel ikt sbanRIwhEEPrdvided DAAS fibw folv€r. th@ﬁlcrowell array or
i | lustrates another al ternative design for a sin

pYst e seompsuifage disecdlyi Athsee 1§ 8P aHTowet 8£H°f‘F§/ Qn e, sihtfee ofthe die,
ag%&ﬂ bURf ab PatfRAE2BIRP e HBASM Kt sm% ROERHHe fEtnRAlRAKE fhe
In this enbodi nent, the | SFET is shown as a p-channel
srovirenaluctog progrssigs by formp thed SHRT sarndggriafedicapuity.dpruse @ypkignment
ﬁ)‘Ml&c‘fm&a@lﬁ Hecule!ll@@vg}fhé &ﬁso?'p%ﬁlﬁhe:ﬂ% dlaéc)fﬁ& has covered the die’s
sanpl e/ PRST (pi xel ‘reset) are closed (these
surépeerl s are suppl | ed by the array controller). This
%U)ﬁls the source of ISFET (Q) to the voltage VRST.
§Uquatierithe sentieondvgtorcsirugtrasy asishewn, 81e foreeds thg maipropriSptructure
e
P BRENG hy RO ROHES L sthiBblclcoe Bk S Bbe e o it may
beﬁoelqned; gepargtelypdnd tﬁﬂernswm@nt@tbmdieotltl@damoach beigg gergbtable. To
Po%ﬂ tl‘lg Ecl?&pelpsﬂr%n&‘l onatﬂg d{ph\?arBhg(? o s% b\é%séhe I-*o?e ample, the
coup &4, Vi a ‘opera [ nSive to the
extice giel rmytbespgnmlateﬂewﬁefdr exanapl¢, taelegamiva mfhotonesxstwuth ys

T e
#&bthe desiray Be@lﬁsaéd]eomctdmllpl Yied delﬁ@neé?g?ﬁof the aphh@tg., aibymei -12
ﬁrrnrlg hse e:lxgm})llg otf one plx p)e(:re \lvgll (%}floutgn not SO leItercIaga general matter) in the
photoresist layer(s) can be achieved by spinning the appropriate resist at predetermined
rates (which can be found by reference to the literature and manufacturer specifications, or

empirically), in one or more layers. (Well height typically may be selected in

correspondence with the lateral dimension of the sensor pixel, preferably for a nominal 1:1



be operated sinultaneously. In one aspect, this design
allows a long sinultaneous integration tine on al
wcms@bmésol llowed by a high-speed read out of asrRIMhRI25721
frame of data. [00238] Fig. 27 illustrates yet another
alternative design for a single pixel 105E and
associated colum circuitry 1§bj, according to one
enbodi ment of the present disclosure. In this
Q'I’%Oﬁhﬁ@atranoaﬁé}gm Wil olrﬁﬁlﬁl-gtérsB%EgWH sRfialaoMofb BsHiRkerations,
devi ce. the Start of a data acquisition cycle, the
dwra is ne@awéhlab@wewydlmem@wd dhe required idsta pamplamaatpr@Tachleve a
f .
el el drkefiyBfice. THI Rifd 484 Rub g of okt RLOAESHho electing
sptomed parame@FHdr { given a@dibg'eql_)eﬂﬂltehwlvetlhemgtwlb (kiyers of different

IIe SH | sed al. |, owt t he.
GRAL iy Bl B 050 B TR o
Name\hs tga3lf eheatichl hagod de;apamnhmy a(§9 Hbe udddao dwild aha layer of

FrRerR sl b he%vﬁ’? ﬂ&“%rglof Qegpgfi? S0 ordathe
fd!i%g@m{% B Pole v R R g as T, SR s rnie Sl

glugipdd laykeOInkthe Sgpraparenys Wel)ps dvilatedhé mdividiapwalesl (typ@aly mapped

13,08, 21L0 o PE LRET capapt Lance Lo the, CB caBi.q.

(EUé tcbfnlhﬁ)ntmm?&vee theGesisticaitbd @icAhd txpobiag SRR %o ﬁf)sstlhﬂkmg
| yt e neasurenent) and accumul ating the | SFET out

Qﬁplfﬂkv %Y&@ﬂlagwléreaﬁaewem g él}?d&‘?'i‘ttw’ (Eshwhre H@masg does not
B%@l@ﬂfe'r&ﬁattdﬂ?bé‘c@ﬁ’n@%r%&tlnﬂded 8nd asAre8ult villFodrA 5érhﬁnen%lasnc layer
t he nunmber of accunul ations). Like the enbodi nents of

Fenglsd tote ayrépeo el thahigydich ddisencind resis (igt-Jesist imaersayhich are not
W Bt to tﬁé’rﬂ%k%ﬁ(gc@}f% thd1igH %romarlejichmg)?ﬁé Rsi®fanll Ii}?ev@ﬁtfr%ycross-

oper at ed si nul taneousl urni ng rom

ng)eﬁwroveﬁ B washingrthe oh;p Wi $Ultﬁgﬂ/5%\éﬂé@eﬁ alsyglopgrt syeh as
r
AP, e BT O 2 B o

sthusture definge the walls ag/thstmcrowalrl err@r e presented only in

cross-section or showing that array as only a block in

#02541pl Figi Hoshavagr ewempli ¢fs. lagginfona po2i@B ohie ehromoyi theek 3010 for
L e

E%é‘?e% Stpel-0R1 e%@g@l[:nehp{;(ﬁ E&]ﬁi r{ggo'ir% op‘r(])g&o%glf'ﬁ?e dé%%n%wn in Fig.

resu appara us In
gholke aaqucmpas 8612 3Qirichre sHosntdint tdadk theUIVsradzi&l@l dihe ahgragknt

mgrl{% in vm{tb 8 Lse 3d:1 6%n tg %tfcémzolgwé Guacgan(? WP F% 30 w1th1n gray area

Fec angular |ndr|c arrange
a0 r2ayre uk¢d t\z)/lallgn the lyeetofititaveltshethht [@Eﬂ‘rs&nmﬁaé eldp surface.

P s Tenben i G P ettt o e s hiodkgedpmrom

teacHingthie oallaress)td faod urtdterd redigshicheah b dissolved ih formirg the
be hleved to be advantageous to do so. Such an array of
Yowel |'s sits over the above- dlscussed | SFET array,

0 re | SFETs per, wel | n %P Fse uen
mﬂé%lnﬁg RS hETFSESR 1Y e AR QR 1o Acpomppgper-wel
BRPodimeitUNoteath& R allgh@eht RKEM3B1 6 is still used and that the individual well-
masking circles 3014A in the array 2910 now have twice the diameter as the wells 3014 in

Fig. 30, for accommodating four sensors per well instead of one sensor-per-well.



[00240] Fluidic System Apparatus And Method For Use

Wth H gh Density Electronic Sensor Arrays [00241] For
wOoRY01s®RsS, to conplete a systemfor sensing qirami©ed7/025721

reacti ons or chem cal agents using the above-expl ai ned

hi gh density electronic arrays, techniques and

apparatus are required for del very to the array

el enents (called "pixels") fluids containing chem ca

fo25610CARE e‘i%su%ﬁﬂﬁ%&nsﬁ R th$ 8VShfiGtion, B séc@h§ layer of resist may
sectlon exenpl ary techni ques and net hods w | g

be raptadramteisuriapy oftheiphip.uEkis iaver ofiresitiatay be F?i@i‘s"@b’, thigksich as
dsoik HGP) eogpet&ﬁaé §rpkc§w CR- sé&qaﬁgilsk é’flogtF%hﬁ)P@ﬁféh also may be of

operati on st em may be desire
phrefméumn,agluset & mta$keanfaqum @20 ahichengounds therayray e bidd a eadlar or wall

09%%1{? ) u%mggl? tt te!rlln%gﬁ é?lo%@?lesglas%;3ﬁ%%%%sis?&hl%ﬁ S&{J&ndi the active

vera ccor needs exi
amdyyoffsemsots qyrsubpmed3 1B agishcmmmi Rig. 38r draths peftichlsFEamplerbeing
nsiti ¥e to.don concentrati

B HETFOLT S L B RYS0TEKARR e e
atdiredtion} £4,9 |mtviddr o0 eidhmde&hz&ttﬁd seiisarfagay, Sneheandirection.

chni ques, for s i n he arra | ements . th
ATl sl moRRALY ot ot shei e Ee R o Aenment marks
6eﬂﬁtﬂranayéabnmscms aﬁﬁukmt antially advance t he speed
and quality of detection of the variable to be sensed.

[00Q&74] OthbeptRtditiogtaphicapproachEs raf s uiddrfecfoanarion e tHesnicrowell
or sugs ystens, and rel ated nethods, involved in
BEY QEFQFrSst the freeqing beite b preXemBknpl es to t he array

I 1) macroflujdic system of reagent an
jozeg)” Izspmfi% %,%le éi?&ta&tdB'E‘Q%?HhéinV%féq”éF"ﬁr@‘“&i aaﬂe*fl?' V&P@us etchants
aRPdvalopérs m(a?))e émf)io?w Q:'Rith oftaflic d lnloFgam@ﬁrYatenals may be used for
appl i cat.ions, arra Each of the

dsdaxpE el the %crw%@f,%@am - o dwer® i b ghed oparchip
[‘W diebsic PR} J)veAfhre%Yxei QARABRLs ifthetbSoH 888 such as a passivation

el sewhere, for many uses, such as in DNA sequencing,
layer, er the &iverinineayt s formseiseraraichéand then apligg oper the sensor array. The

SRUIRAAGHE biOProSRES Vil d@peﬁ&’ b ERRROGIR gs &ty A¥zeOvell size, the

m crowel |'s, each mcrowell being small enough
ﬁwbefsfétoatfwhtv dhat iscaarpilableg pogptable contgrand e dile. bead in
connection with which an underlying pixel in the array
100259]pr dwicngethy vereus exgsoisdnaterialut/pigh may §aused ip goperpbodiments

I
R SO B e bpl S 45 S Bl e
plsoteliesgius swdtesppalrpesitil §-act{ng)photoessist angl a esitiae-petjngathotodefineable
E&lg{)nﬂﬁ\@l ]lia%hthgs ftse&h%és ah@ it?dr%WchngfWélpl%%@mCtg Hose familie%r with the
onprising a mcrowell array | ayer; mounti ng o
plngolabedrgghicdri.p to a fluidic interface; and in the

case of DNA sequencing, (3) |oading DNA-| oaded
[00260] Naturally, in a production environment, modifications will be appropriate.

[00261]) Contact lithography has its limitations and it may not be the production method
of choice to produce the highest densities of wells — i.e., it may impose a higher than desired
minimum pitch limit in the lateral directions. Other techniques, such as a deep UV step-
and-repeat process, are capable of providing higher resolution lithography and can be used
to produce small pitches and possibly smaller well diameters. Of course, for different

desired specifications (e.g., numbers of sensors and wells per chip), different techniques



bead or beads into the wells. It will be understood,

of course, that in other applications, beads may be
WwWOgoRIGAr Yy or beads having different charactmri/gslioss025721

may be enpl oyed. [00248] Mcrowel|l Array Fabrication

[00249] M crowell fabrication nay be acconplished in a

nunber of ways. The actual def3aiis of fabrication may

require some experinmentation and vary with the

Ria P pRYE bpin A2 P@AIprddnia®is fAchs, sadhtasMedhbdatin El%@@s@&]avhlﬂhble toa

general , fabrication of a high density arra
RBY AT $naY QS Vg BSharwss b p SRSHIG Al IvAERD mythﬁ%t Véieneirs! methods

bR QlishBdskd, L% aSRREs I8 tHeaheRfoPate BmliY &Y usl of ¥ oveFhethods.
mat eri al such as photoresist (organic or inorganic), a

ﬂio%ﬂCtI‘rberab%@ EMOS RhfeP Wit (R 18EEP Srray NI Ml&ﬁaﬁ%d&g’cer the
may done With the material on the sensor array

ﬁvalmmalb@th@n@cgépércap@loyl ram!ilamhfé rﬁhethcan:srfl@mﬂé@iloarwer to the
%_lbgonstﬁf?l%g?gsgﬁ%ﬁé(n is Igﬁlpa'bhefTh %lh (ﬁpllfﬂg ﬂ'ﬁc Et@& to be

wever ni ques ot her t an p ograp y are
dote onyeheflat seifagdevthich atetfesg of baki-and Cad@é pep@btaghy.esul t s.
[ 00251] One exanple of a nethod for formng a
Hi0263we Bl uaﬁziag/ deep-U¥wtediagd-nepsatdithagraphy isysgeni, iths possible to

%l% ?‘Hﬁﬁfe%tgr I\’\gfh s%@c%no-lrpe%glu 619 %g?s(nq{ 8\9%&‘%& tglﬁi t:yy I]-Io%vever the

eplc one. cor Her
bigh nesplutiord axtdierge aymatlcadmpeatumrm%)slﬁ dwsen:g/sams @relcb.ydem&m having a

%@gf ijgptg gglcl\{lls d ﬁ%%c'hglg%y %gg’c%és%gzggi%n usn%wfch afta rlcgt.&o% system, to

médhlﬁﬁalphgtoﬁmaarersﬁiyi c&lﬂdydfsa(aél Registstoa tlm.ﬂirﬁeﬂof 18! @1 kather than the
920 represents so el ectroni a

e lERE S8 T Bt FoRerapt f PG minsl i lgh lcrden

&@ﬁlt“d's@@ulﬂferlﬁm‘gﬂi)ler vhlagdis. h&ﬁ@ﬁﬁﬁpl@&ﬁﬁr lqﬁn plasma-enhanced chemical

m crofi dics structure, the fl as nor.e ful
g‘n”hglﬂ" fenosiions (s@ndard fpbaseqess §‘aE/ 51‘10%% Feargniplly WHF%‘ﬁr a

ﬁfg?:\/ln(i’&&wal tf}ﬁcllthéssﬁfﬂ)‘ﬁlmm}ﬁ?h RSB IitAYEhphydah 8¥n OF ugedas pattern
the sensor. surface direct if there is no mcrowel

e migoHEd feadtiesaad comventiens! Si0% gieh deRistries 6an bevsid s19ah each for
ag bQﬁ’(g)(a@ bfta?@R%AhéH the BEcrbREl Sead Sldvirlselet@ve efh STBHY; th€etch stops

formed during the sem conductor processing to formthe
ther Eansbecpich lyBinumi bendrade prdsiliqop pitrifgpasgiyasiondonihe fkarergspectively.

Lk stive s%‘ith()‘lg st ﬁtu‘fk%étémq}’% ef e%c%rb?QJesJéb éﬁlt?eemployed
FREd IR, olief H et

ectric has covere ie's surface.
FO@@E?PH%@W@E(ﬁW&H@@W:mwmddetor structures, as shown,
are formed, the mcrowell structure is applled to the
€10264] Thanothes appriechris torfowe e mieroet sirecterain weorganiergterial. For

il A1 1 Bl ] 8 SRRy e

ees@emmleg»UVr@sfsous wsetdhom top of othvisker csgmmnameealdngt hred polyimide
911 oep’poél fd CRHE redi 58 CoRe f%% r{RY lal?/gr iy %ﬁ'gem dOThE );Sgt{gr)lln €an btel}pansferred
using an oxygen plasma reactive ion etch process. This process sequence is sometimes
referred to as the “portable conformable mask” (PCM) technique. See B.J. Lin et al.,
“Practicing the Novolac deep-UV portable conformable masking technique”, Journal of
Vacuum Science and Technology 19, No. 4, 1313-1319 (1981); and A. Cooper et al,
“Optimization of a photosensitive spin-on dielectric process for copper inductor coil and

interconnect protection in RF SoC devices.”



entire die may be spin-coated with, for exanple, a

negati ve photoresi st such as Mcrochemis SU-8 2015 or
W20096icideve resi st/ polyimde such as HD M cr osysiyesmo7/025721

HD8820, to the desired height of the microwells. The

desired height of the wells (e.g., about 4 - 12 mmin

t he exanpl e of one pixel per” zf/(jfe'll t hough not so

limted as a general matter) in t he phot or esi st

[0a263)( SAIt&ARIVEE 2AURIISYQRINGY teS iR gy Eé@n@@ﬁﬂ%ﬁéréﬁ}ﬁseveral
resist at predeterm ned rates (which can be found

by
feapeiitishiep-ansl-repeat EXRogyras e donga diferent freel gegths to compensate for

ﬁ)@qﬁdlfeﬁ Q%QF%CUSOJDWf Hg@lﬂf%éo}ﬂtmn 's(ég&rr‘?w%n ﬁH&Eﬁlmg thick resist
| ayers. ht ‘typically e selected in

tayers e $hio m&weuﬁ d@ippmdswné ¢ a@maNAc#mdr@t@ﬁ asrivedfastipgecontrast
g,%géggs(g}itﬁ@,lem r%{lably for a nomnal 1: 1- 1.5:1

ect ratio width or dianeter. Based on

| .
fdé)? o8l O%E’(ﬁm PERM &Qﬂrﬁh%‘%@h geioegi%gteg nh)gth?sh gﬁr ses, such as that shown in

I p bet ween equi red data
Yphtenicappladatien publigatiinenoe 2@064¥I 3422yl Edveardseet al. This is a three-

\NSH ﬁl\q%poc%Ss a-ll;g lﬂés {lﬂ%a@ecﬂr Fi n%l 39}4”’9‘% h(?L Ih@%bgd’s%aﬁ h%& major

stpp arcaqunmi tp delle:'r tlhamm.reWyl,l amayl anldpllleaetldlyle qwteoflmllar to what

dlff nt phot o s may be applied or another form
4, g% rfasl?yw ? fdt may be dep05|ted Varlous types

BfﬂZgﬂlegfn éi?tllr%t S?el%h 32gie Slertolf%%ggbcloXtr t p Vet m }t'ncgorels'lllstl stich as

Ccr OV\E
fy\pE Shiple@rlntt:hea PhcﬁtodnEE&HE Mat&lad: &OZII'(EV g0} 33229 Q:tun loaylex surface of
si.nqul a orm a r,' used.,to enCO
R S W el Bt Y s el R RS TRE S of . 3 i
Phizh €he dehsdr aifgl i¥ iffbridhtedyehdsa s(dftyﬂik@é\idratloﬂ’ﬁpmﬂ)rﬁléd. e, in step

[ ther one or faur. |SFET sensor e I y be

S@ﬁ Etoglan%ﬁmbre Esthg caatwgég }ﬁr S8k F%B?Hr%ﬁj“? §fepaked. On
fdﬂ%fﬂﬁﬁtﬁktﬁ@@tﬂﬂﬂ r&lsela?aomx ROplLMEn hliBsof@akéd, ste®3330, the thin
cross-1inking radiation. Al res]st

BYgFd egpist Bﬂ%@ﬂﬁag .f%&firtsrfe%(tvre@eﬁmmr@%rﬁ%stﬁaé@k%?éé%then
pa{er&h OSdpoded @nd adlicRipb@Rhd BREURS upﬂh@&z;pdswﬂégi@naM9a§ota

result will forma permanent plastic |ayer bonded to
Pweecsr;d Ry loagestbythreresint 3328.disaymovgdr 2gR 821 rldds apeny yp fggions
828 Rlvn!th AN ARFeIMV 21 Myer. "Ble E%l@@?é%@r cddURw Rt Fnlﬂ:ea BBt mal

bl'ocking the I'ight fromreaching thé resist and
pangact maskn g lﬂard@é@ipmww)th adlopding oxnsiyy taghSYiemip3tweoss-links the

E{Hopedl Ir\]/8§2 lJ\!'h'i ?]vg* F%l;e;(ﬁ-r'af d(iétm@t fron?% @J N@%EE&@Z. One or

propy eneg yco acetate or of
mpm@pclpmretesmlimratc th@in gerﬁnmudi,tranovisg ¢\{¢C)tth|ing bukshé eress-linked

ZWan re%nons Bﬁ% S Fo%g}i\gél no ¢ g%(tltlét[e(?l?zéﬁ]s h%‘mi%r%wells

Y10V\B an-exa ort

[oze] AR Ka&%&n B0 th%%uggg% oRSL¢ Wihlinate) on the top

corres ondi h i'on o
pdsematianriayer gf th2 %FEﬂhelt girlmye‘cbdah&e as nﬁ;ﬁszqméﬁ@MSﬁE@ sensor

se t ck the UV radi a Ip %/}
PrARERe ¢ 8 B eletfo 0k N Etbeshiuit BF P iR Rsere
kdpt Blightly 3vated frblinnhcng&‘jETEﬁawvatlon layer. One way to do so is to place a
spacer "bump " within the boundary of the pixel microwell. An example of how this could
be rendered would be not etching away a portion of the layer-or-layers used to form the

microwell structure (i.e. two lithographic steps to form the microwells — one to etch part



3012, are used to align the layout of the wells with
the | SFET sensors on the chip surface. The array of

WG 0§hRI063014 i n the upper right quadrant of twer/8®k7/025721
bl ock radiation fromreaching the well areas, to | eave
unreacted resist which can be dissolved in formng the
wells. [00255] Fig. 31 shows83x correspondi ng | ayout
for the mask 3020 for a 4-sensors-per-well enbodi nment.

N@% t@oﬂehﬁlte ottle toaﬂa'ttgr'ﬂ"fﬁé"lgurﬂﬁirtdq{d"shgtgé[&clﬁ & bktb! ouﬂsﬁ)dde%egtmg

he i ndividual wellnmasking circles 3014A i'n
and lithograpticatiys siefininganditehing heepaipigriveeto fagn th@é‘bmpl’ §r by using a

g\é}h nddf pf 6t8 éieﬁx‘glab(lje‘; ngéitg@arﬁg&lor{ﬂ_é’pg@ﬁ%&fbleft URICRRATG LR Bfiblete. The
éwpmﬁaaﬂee tsfsh«mreaﬁﬁp ireBigs33B. oAn dleerndvive ésmaédltlomal) @n -integrated
. o N I .
RO UGl pLBAL L 9 G BRI Rl Ll B LA B8R oading
theilPKA-bsarotg teedsabout 400 - 450 mmthick, typically. A
second rrask 3210 (Fl g. 32) \Nhl ch aI so may be of
g269 UM mgukecbated chipdé a 4l ; Pig intewficeh sur r ounds
t he array, to build a coI I ar or vvaII (or basi n, using
(Gﬂafﬂlt eFtm proceshef wing|tioyiseanblg efmm)rras 31 Genodrs DEQICBiIP combined with
rd;flt'lngelcrz%glfgg' totslgc?ueﬁce thVBNE}’]: aaysaglgle 1? 153 lr;]e% 8% nl‘;:eﬁ earirment.”
Exmuph@axb@apagmelmseqwnbemadmg mecmzlllh aithitiss DNA- bmnndvbdaels and the

han t se on each si de of . the a in .
R O} SVBE Al gaR o e CRBPTS Ao Ry i el fluid
geinepr sysemayuplediwithe ﬂyndﬁh iheefatois neded YMMBATIowWIBRGridls solutions

mask 3210 (.nost n qQwn)_ ar e, nmat che
a?rpfgﬁlilf‘em“%? I?%"tfﬂile? ?‘?Q“ Ipgriflow \pné%c,ce;gﬂgy F'ﬁ%‘wﬁ?gé @meﬁ and small
EroSdohtanlifieidR btwebh &qudiial DitfoR IrFiidic HHR8 BMmeiimYs

be used for fornmation of the mcrowell array, of

E?é?ﬁ"é‘éoa%ﬁeﬂ%?eélgm ng bei ng only one exanple. [00258]
xanpl e, contact |ithography of varjous

E@%Hlutﬁleweléﬁaslmspﬁmm @“@E‘%ﬁé‘ﬁ‘% ROSsiRlS: the v¥Tigpapdmethods

pRYenRR HRFM ¥ @6k de danthrQﬁB bf:a %Glﬁ'c Wl@mnlcsnﬁgﬁzﬁfoh altss
be used for t | ayer (S) whi ch the m crowells

nmay
dystrablgrtheugh, thafe %ua%? ﬂg‘)v Cﬁléyubé@n%%lweafoaﬁ teythg rﬁvlbwvmg set of
bgudiigs:a dielectric layer over the pixel structures in
t he sensor array, such as a passivation |layer, or the
la th
bR nERbn oA TFe BERRS SRty S5 SB FRAbbEftitcly-sid
pré@@@%es wi |l depend on factors such as array size,
well size, the fabrication facility that is avail able,
ac @eppamte(foomagqulmndng,hepltokmtely 802m8) headspapetabeve wells ;
various organic materials which may be used in sone
e ninoidinieatios of deadoontel encrduonemd/éalylﬂulidapeip( ®)thar enttyite the flow

abo §m I'IEII | Qtne enc%sec?s ngﬁ)ove the n%ar.tolw\e/ﬁ aa%:t i ng
phStEFEdist, " Eonve i ohal pOSI Ui Ve-ac |ng

P hohr%rmea 10|§ E)f iy ql spac%g‘?hl cgon act vav% hc?tgd Bttx]tonto?(sjﬁgplt ge%\br(l)uegh the flow cell

(to minimize cross contamination).

e uniform expansion of flow from the inlet tubing to a broad/flat front at the entry to the

flow chamber.



pol yi m de. Each has its virtues and its drawbacks,
wel | known to those famliar with the .
whesotdsberogr aphic art. [00260] Naturally, in gcr/us2007/025721

production environnent, nodifications will be
appropriate. [00261] Contact |ithography has its
l[imtations and it may not bedthe producti on net hod of
choice to produce the highest densities of wells -
l. g L1 akdRPREes3ull @ b3aDALAGRINE G i6 hAHBined as it

arﬁm?l m tM}an t he Sa%l'er a?ﬁg?rectlﬂqns.n @gﬁerl meaast
t ectllamrw@sr,osstlhe lhigdrom iteepidese autletmided- repeat process,
are capabl e of providing higher resolution |ithography
an ddapgablde gl&ceuiemt@f p redieMablegefatehcepil¢ctriodsinaide opasseddsh itg/the flow

[ ameters. O course, for different

MRharier 4€pdss e

deS|re Sp SPi%at i ons (e.g., nunbers of sensors and
e di fferent techniquesnay prove

?%E (ﬁ%‘%ld%%dasgnati c factors, such as the
fa rication LPracess avallabletoarranufacturer may
mﬁa\pgggtu{q% *15%0685"’8% “@ecific fabrication nethod.
Wi | e nov are discussed, varipus aspects of
{ heaP AT oA AR MsEnovel

[BREA Srach P e pamisre feaiels Wl ogrd iposg R gepifg fhesé cHtria. In

8h &l stangg ohO 1y pRANE RS chdbs@fbeimp(bﬂ{enmﬂe BesigrCiailone of two ways either
di el ectrlcrﬁjl anari zation g_rlor o.the silicon mt@f(‘
g it) to the

puatiaching therflqvecedifp palgme anggluinadng framae (WRSTIYSR RS
l:lhf) BPYY iRRBESIng tHREAFantednReh&ARR caNstMBiuYe drldakttadhind @GaMified
whi ch ‘are free of back-end CMOS t opography. [00263] By
gasembly it e ghipp Funphes: desiganmay B?)Eaé?gOF‘Ffiq‘FUg}F%tUﬁX/ t@ygftz@ﬁ%e

utectto%e ROARERLR ih® theFRhYEn&iBbLp etleﬁ% ¥h ﬁfc defslgn tRUREERE
resol uti on, regl strati on, and repeatabil Hovvever

elhetrade gray e dwsearated intathd foaragl (he sr@wrmalrt 051@51@ ceiling of tayflow
DR e My LRSI KL BullEY) Qe e SR flow par,
slias thessehspb pirgydt i on system to use thinner

phot odefi nabl e spin-on layers (i.e., resists on the

03&] ot fitst 2xample af hawitablh grperiment appatawis 3 Hyioeerporgtieg sush a

ﬁ&'& camtjé tJfé 19%%9”)5 gstﬁl f %rnqhnhra%rc'g 40l 8 rugpﬁpoﬁrﬁaw will

features to un ying layer or |ayers.

b«qu;ulswi ih gigntet davarl lpfllmma enhanced chem cal vapor
thin-filmdepositions (standard fab process) nmay be

(9a#d]s eﬂwappdiralub yompriseem skanicenduetoyetip dd 1@r(indedated generally, though

bﬁdé:nls U %tsm {rF% ot §9111C}Jsteh§)d?s %rli: rf%g{i aa?:ﬁ)é cs assembly

be use e m Crowe ‘ures a
Béldveartdp oftht clSp wd éetlwhnmgmamsanplé asthe ahnp [ rca;iatg -Therlwidics

gﬁsgxgl%lg'?r{%tc{%?ﬁggglgﬁ 2%}63‘ (?r inir Ecué% Oﬁa@ cct> q?]mmé { Cehsa lple a portion

B focAowieg e flaldutibe pmel‘b Oﬂldmﬂrbsﬂ(amd”namblet mﬁom3420| foeallowing
assi vat or,_ .t he respectively. . -

RERBIR oDy miite pudel AP B B ey s it bl in he

tveRd1STtREe MRd pahcdas PleQAERA®Y af &ﬂeﬂﬂfbe comprgieta glassrsHAEBI22 (e.g.,

m.crowel I s of inorganic ter g

Erie Microarray Cat #C22-5128-M20 from Erle cientific Company, Portsmouth, NH, cut

in thirds of size about 25mm x 25mm).

[00275] Mounted on the top face of the glass slide are two fittings, 3424 and 3426, such
as nanoport fittings Part # N-333 from Upchurch Scientific of Oak Harbor, WA. One port



[ 00264] Anot her approach is to formthe m crowel |
structure in an organic material. For exanple, a
woltiabofeaed st "sof t - mask" process may be enpl oy@er/us2007/025721
whereby a thin highresolution deep-UV resist is used

on top of a thicker organic n?terlal (e.g., cured

pol yi m de or opposite-acting [5Y st). The top resist

| ayer is patterned. The pattern can be transferred

SE NH2ANsPIK AEHn ﬁhe@%@lﬁzef:ﬁéﬁ&m&@frbxﬁ %eeﬂuﬁ{b r%r/\%mﬁgssyst-gm $escribed
process sequence 1S sonetines referred

'bplgrvtbabnet syt brerabreesepensdeort (Penp436 eﬁhe q-attet ws@é pipes the liquids

808 Bl g L AELLSL Bl AN BT POl o

Soicedigvetan dl Feehororts gie meuntddguchthatitsd @birg Ten pagBaty;

@Qrges d%q{ﬁ ds 1rﬂhe?lass slg%t ' ﬁﬁ)tel gé}tu%s sﬁov.ﬁﬁ] 8% ﬁﬁs‘?ﬂ%‘t {hg Bottom
spin-on dielectri process or copper I'n or col

awrfhce of theslidenect protection in RF SoC devices. "[ 00265]
Alternatively a "drill-focusing" technique may be

037 6ly eQn thettettel\of Sevgbasa klidee foe hiraber 34 2pmanebmmeise sigrious

%tx lpc?usergr a{S gr%]{ng) rqg gguqs amgI 13 T@’ algr Gt ﬂgvgggpssqﬁg rth%l artay. For
hxagﬂtple asetiastof oncmﬂmppe:thsmmmfmmpm due lfmnnge inthét plpet@tiestige of the

| Thi { t t NA ar
BRI Shmig s PR RBET o ol s iRkl such o
SOt & phoddresift GdatlicréQidnh € brpPENNévaro iV A L ©thier ytringurasha it ted

to th@;}?l&rposes, such as that shown in U S. patent
dBpysseeie publ i cati on no. 2006/ 0073422 by Edwards et

his is.a reel.ayer, PCM process and jt .is .
Mozgdi Tee i 1 BGT S4R boSOuRBhR AREE 4 16h & Baskegingagd
ABirREtichite BénmEer piagis4ed to produce the m crowel |
array and the result is quite simlar to what contact

|[0(12|7|8)]g r E&h:)(se\/tﬂ ldleﬂ:rl)étlﬁ{ 6 dic&92fBlicdiion stafting WithFi€ 38 we shall now
ﬁm({gf @glggﬁ glﬁie K42 WB&Q%;‘?%E@&%%%;QEISXGZS ttllxe o%entatlon it has in
Phetpdiel ectric Material 8021 (1V8021) 3322 is spun on
the surface of a wafer, which we shall assune to be

qmanaf ANayRF ONVpHdtnkist bsel osllsl B§§1reatt@th8 33> of thEkigde (FBichiwlll
whi ch the sensor arraé] fabricated), and a soft bake

Beromsttho) rPOFT@m gide yihgmthe sRds@nd ifsiddifighnl feyons is tymsd Queriangd
Holuhreld &F the §én'sé/reas5égﬂ>tl§' SOSEBRARGhy WY $icrdwelp arréysorﬁf)p ILiag&t 3810

and soft baked. On top of thls structure, a'th
may ibg ebousy 3 nig3bigk nsthissiample, anddt wiblfornh ik @amagyt @ﬁd carrying layer

#37%the I‘:rnieof{tllﬂ%' I{]blIHQYI‘?lrhe ggncfpgﬁé ﬁtth@@dg@%f ?hlé's&%m z?rr Q:'hlpf '%§er 3810

feature definition. The resist |layer 3328 is
pﬁatatt@mn@eblngea(m@%@dclamhd maeh PP Faw él9 t ‘ﬂ?ett%mcrﬂeﬁmﬂg\ that a

t I, {
?ﬁeﬁi’aﬁéﬁ Q%ngﬁgls 95&1 3 gﬁ%\/eg‘\? %Q?Sré g‘trg%lgge E%f(séng E}g:ﬁ Sthéa%on [ngstlcnzed
resgl sneme@34p Hmmstc<39101kaasumdi@tmetran\s{m1 rdgaone whichiaee shown as

Bﬁacancﬁ%g atiSif 6‘1088}% x%% onL bgﬁ) @/hlcﬂw;eosrh%k in shading. The radiation-
blocking regions are at 3922-3928. The region 3926 will form a channel around the sensor
assembly; it is formed about .Smm inside the outer boundary of the mask 3920, to avoid the
edge bead that is typical. The regions 3922 and 3924 will block radiation so that
corresponding portions of the resist are removed to form voids shaped as shown. Each of

regions 3922, 3924 has a rounded end dimensioned to receive an end of a corresponding



contact mask A bl anket exposure with a fl ooding
exposure tool, Step 3334, cross-links the exposed

wad MB88xks0onhi ch is now shown as distinct from tlherus2007025721
uncured 1V8021 at 3322. One or nore devel oper steps
3338 are then perfornmed, renoying everything but the
cross-linked 1V8021 in regloh§;3336 Regi ons 3336 now
constitute the walls of the mcrowells. [00268]

bhd MHme@ssmbomz BRRWEG thrbligh M&drteSpddainlzdah &Pkt 34D4,8426. From
term nate) on the togapa33|vat|on | ayer. of the | SFETSs,

the rpundse Pm%meglm3 I93p fasvesrisrihe fifectioppfithe sepseyyarray to allow

E}ﬁ:ﬁf QAIdBRGRad do that tRMly ASoSitBNRHaytvAn B Iséts%taaasummﬁ@p The
qbtalned If the active bead(s) is(are) kept

sdgucgiﬁ%§ isimplatap dlignneant paitern manamwv?wtabmllgaly@ﬁ pattern or be
H%zacé%%%a 9111&81%9?%@% z?i)g@l‘n@ﬁﬁn@chﬁtﬂ?ﬁe bﬁnlpﬂ nfﬂes cinvli‘lg r!3'8r]1ave been

dar m cr owe exanpl e how
phivided cuilldstiage the famatich afthe voithe3822 tand 8 824 ungeramany regions 3922
Q;?Méz‘%ln of the layer-or-layers used to formthe
mcrowell structure (i.e. two lithographic steps to

l@%%]t thg s%@gfn? ?aS’g % otg?egl%t 1sq ﬁeﬁﬁuﬁ%&%ﬁ@% e}g gﬁt n tLQI%SlSt 3810 or

blidet 3322 OBlte)“e,ralilwlt dsefpomdtorngﬂaanﬂhﬂlblt hofacapiot seminy, to create a peel-
d t h . f the .
05 % D TSR MRSl B R P s

Eiﬁ:lheals Irrﬁlsk 4@, t’vheh builirzaoneethe Iﬂex1bie&nl68miel sfted patterning, the border

Sl AR TS i NG e Ftul BB veiow

aﬁxpiligamlanﬂ rﬁarkpﬁ Oadd by patveehddSreyibiid 1028 bidd/ £0220Tht ¥e&ofd layer of
very small pac beads before | oading the

PROtOIS IS5 thgn 5@%@% e f5% Yy N AP OFFS ISt 'I‘Fé“gc%’ﬁtaéﬂmli?ﬁ‘ prafkoor set of

aligrnut madkk, 1644 ga]k/ gidauédaltb%ﬁfa&%hoﬁ 84S gnhbg oI@ElQ@@l%?er@fThen
usi ng t he assenb an arragséof sensors on a ch I p

8@@5?%16 deygP sipeelsd éﬁam 4ty flgxible; subgiaes and ﬂteo‘a%eéq%@ﬁ@éeq he

in a sanple is referred to as an eri nmen

B@@&Ut i 'Ry otbersligumentantk oregiafmeasky Rfa%HCﬁ@ H@T%‘FQ?% is used for
Wl%ﬁﬂ&h@lt%@@%% IReadspadcushea, f 1 owi ng of several

ferent solutions (i.e., reagents and washes) across

; 02 | Tife se@brfdl IWeglsqﬁ‘éfbl‘éﬁfy)é@NtsltS@ fﬁhﬁ&%p biedlit Wil Bovar the fluid-

ic interface i s needéd which flows the vari ous
syning ¢hasnad pvithdke exieptieof a shitpbautd §Apolongat qaghhesppetive edge of

tHeQUhsot Ay BhARP S-SR r6d 4y 4HERP14nd smmal |

cross contam nation betweén sequential solutions. The

iddéhﬂ' CohdMRE §e%§rﬁ1 lh&r%@ 18 if &E;?d’s&?@h the fieS 1der, b kAN
cell [00271] Fl ow cel de5|3ns of

e@megdmr pophotagsist sogrmagl aver thagecopd taw» BIEE areeskogsh as mask

S peé F‘ﬁ"‘?‘q{‘ @g%vﬁ F‘{ @gg?%yaﬁﬁg?@gﬁyﬂﬁfﬂgmgﬁlgeé@{nd@r re%mn 4112 which
isres urgék astthecollar wptoabheesemcmmp@lmay 6xabEigadd)ibal ahpout 300 pm

(r:igrrr]gv%rr% Liow &%rlgg Mtf’?‘ﬁqer}gxi(?-%rrﬁlﬁg agjnr?eq 'i)f & First layer. The third layer

may be about 150 um thick and will penetrate the chip collar 3310, toward the floor of the
basin formed thereby, by 150 pm. This configuration will leave a headspace of about 300
um above the wells on the sensor array chip. The liquids are flowed across the wells along

the entire width of the sensor array through the 150 pm slits under 4014, 4016.



suitable interconnections with a fluidics delivery
system- e.g., via appropriately-sized tubing;
wERpseRubat e (for dna sequencing, approxi nat el peBO&oIM25721
head space above wells ; mnimzation of dead vol unes
encountered by fluids prior to their entry to the flow
chanber (i.e., the encl osed S%%te above the m crowel |
array). elimnation of snmall spaces in contact with
[doag4)d B3 Wbws WeRtial¥cddhaPHak, ik B@rséécﬂv\é ©€lHe abbw-described
m ninm ze cross contan1nat|04; uni f or m expansi on of
£Xa5p1q erabadimentjofip aricrefliflisgandysensop pambly) dso dapisiad igfigs. 34 and
88&nRMYo Makd RbrelVigle ARAMBERow el NRFurfHePYhlarged schematic of half
ch aPag%er?stlcs ?uéh %hat theo%%oad flatefro%gep¥b?n?mo :
pEtherlowtpathnie shaan intFig. BAY diasedt widlrbsseent thet fitid gntérs yimthe inlet pipe
biﬁseh ik %rttﬁz Uk @E bét'tcﬁ.? of pi gQ?PExa&E d&o‘lbsﬁﬁ%ﬁ@ﬁ‘{he‘ﬁow
renovabl e re erence hsi de or se to
waanbIDvhaUﬂDanifdﬂ farsned by snask erea 38225 yhat tha diuinigflofs dyerndis collar
ur e a ept e.c0st . ea | oy
Sy ?glluin a% mtf):t}gac oHGm ﬁ?b o{' {f‘]] Basi l’ll an?c'J é%r sélzemf %%%\ﬂth its
darbwelf arsayv eﬂrfadr passmgrolvﬁ thlearagtnﬂle \ﬂuid thhﬁtakies%\wstiiﬂﬂt,um at the far
r|t ria. a i nst.ance
PERLLRR oS Ehid et Re TRl D8 G o §HSs ey of
EMerWil’dMSn cl@irﬂri]tfée ?6 RyfoRtddasith zﬁ;@ atdag 94, Qthﬁ%lvla du€letdpipe IR in
an uing the fra ot GYMASG ttachin 0
E@ g?rt g5y Hayt of Hy "@wét Tomy thepidgl Faﬂ@e Pﬁ%tottﬁ%mftf%way be seen
51@& In thé ém%w Siagafmatié ARBIr-ABNOAFR. 3NivHeRth S SBBWS drdicate the
hge Chlp urther, designs may be categorlzed by the

fliid-er ence el ectrode is integrated into the
arrangenent Dependi ng on the design, the reference

10283 obhe fpidicassermfly g}ambé gecuipdde f*ﬁée"fSPbW%’éﬁhlp geengply by
Bﬁi’lﬂh?é\{ hdrefivd RSaREbT hitthgahrth®8 of 1heW 1GRNRGAblied bndFredsthg them

ow path (typically to the outlet or downst r eam
ngétéerefn%lwémﬁmow path, after the sensor array).

00273] A first _exanple of a suitable experinent
bﬁﬁ%ﬂat Though net 'llv%rewem Big- 3G -30uths referengs edwém%méy pgpnderstood

logbesarm%lllhﬁlo’ﬁ'ﬁ% a's:"ﬂhown?’iz 'Fl%h@ dm{é%ﬁﬁg WF e chamber.
construction of which wl e dl sScusse N great er

fobed! &ﬁétﬁ’é’l"we{ng%zx%]iuc-ghﬁ‘e @E‘P@Hc@%l‘é&r&i@mhbﬁﬁgm Plg 42. There a
sem conduct or ip 3412 (indicated generally, t

helad)is @rpveﬂedulmthﬁmlbhg ehige dpwahambsr andp BEOMHRRY 4%1331(%& of
ﬁiigorfe))fs'fﬁtgd iftd glat"‘hdclé, 'ﬁ(ﬂ/’icﬁﬁg Qé&%p;@ésage or bore through which a
reference electrode 4220 may be inserted. Baffles or other microfeatures (not shown) may

be patterned into the flow channel to promote laminar flow over the microwell array.

[00288] Figs. 43 - 44 show another alternative flow cell design, 4310. This design relies
on the molding of a single plastic piece or member 4320 to be attached to the chip to
complete the flow cell. The connection to the fluidic system is made via threaded
connections tapped into appropriate holes in the plastic piece at 4330 and 4340. Or, if the
member 4320 is made of a material such as polydimethylsiloxane (PDMS), the connections
may be made by simply inserting the tubing into an appropriately sized hole in the member
4320. A vertical cross section of this design is shown in Figs. 43-44. This design may use

an overhanging plastic collar 4350 (which may be a solid wall as shown or a series of



3414 on top of the chip and delivering the sanple to

the chip for reading. The fluidics assenbly includes a
wERtH 063416 for introducing fluid containi ngedhes2007/025721
sanple, a portion 3418 for allowing the fluid to be

pi ped out, and a flow chanber portion 3420 for

al | owi ng the fluid to flow frédhiinlet to outlet and

along the way interact with the material in the wells.

EB&%&m@ Wpﬁ@édﬁﬁ&ﬁ le@@ﬁ)nﬂfn% aWnM@FHlPé’xt@lﬂldg%ﬂeflﬂ&evall) to enclose
npri si ng ga333|de322 e.g., Erie Mcroarray

é&tchmk@fzs gy the plasticrpigse Sﬁﬁﬂ‘éhﬁ ¢hip packpgepaigther suitable
P@l'iétﬁg%ﬁ herd¥pto QHénn‘lJﬁt B 'cfugsframce wittttfie BQULY Mg%ember 4320.

nu'gg3 [00275] Mounted on t face of the glass
Sliquitkis grecteduntcf the flowgsl! va4pa o’émnswg 63305 6249, thence downwardly

Part # N-333 from Upchurch
Cl eﬁ%ﬁ%ﬂéﬁ%bér&%. Har bor, WA. One port(e.g., 3424)

2461 ?nluistpzlt&t en%d'iné 'tﬂ@gé&é&ﬁ% ?%ctt‘c{)u{ﬂ {nngduced to the top of

unpi'ng/ val ving system descri not
therflow dambsedandorediBRS (nethgmemBar2B3R0. The placement @ithmmohable

gé(_)fg ﬁcietehe% Jb%eqllé g%@&!ngd gglﬁc?rﬁgiﬁg}s{)ﬁ&uﬁ? %@&%}& 5108 rl%g 4370 (see

zdwmiazvfzrmp af Bigi #)efThel sxdmtmtestecve'r prevideseoyight besl arrdetherepnxy atbp ring
t h at

ubi,n t hol
P praieckidte [ peeri RS S 20f e ERR0 X e iR
?eﬁhanimfdm?}qﬁewmweﬂ &Q&hd)sfaniehﬁr@kesdﬁld if AP & ]be @Bcdstuey to
0 omo e

PRl i e FElediod dunc R maRERGEF G OMI ¥ used for member

ammnﬁatakdl Ytsdl BriThyndim fal v ragtit Q&S whbie thele e QYR ib indércdly obviating
For exanp a series of mcrofluidic channels fanning

HeRd P?@Frﬁ‘ﬂ’ﬁ%“elsllﬂeé? pi pe to the edge of the flow

tterned by contact |ithography using
E@?Wl. v%‘giJ ﬁétaas* IS hovea SR renespent 5#6%3%%% of fobff lacks a
bbie TOGBEIN ifP4 Roferbice NRtrodb. ThMbead Ghb RitershideWtdctb @54 315 lid formed on
be di scussed bel ow. [00277] The chip 3412 will in tu

peaffisErhiedee hostom %szF‘thaé PO‘@&B 852G 3¢ fmw&éﬁﬁ@aﬁﬁame flow chamber
canAE Cftdr‘éfﬂarﬁ;ge cmasm&aron @ayeﬁmsﬁ§@appﬂ1@@&7t§}he%&oﬁaﬁ%erqia1

descrlgtlon di scuss fabrication starting with Fig.
Bortige 4 ?rpabqforﬁmﬁn@éh%ﬁleefimpw&ecb@ra@@%hmd@cl@szz to be
turned upside down relative to the orientation it has

149281]q sFlgs A7 48 shpwanotbyr examplg.ayhielt is gryatigi o thsiempgdimentshown
ﬂpﬂ%é Qq. 4400t WherehiPie fi9fe iNRarifdclRed Y Hartior Wel ﬂo»\b@eqlqgf‘ﬁer

bot ton'' side when the slide and 1ts additional _
Ptaayeémg ajflpw parhiycyvete adranernsenieusty attgcheddo hegbiprsurface. In designs

?g@g{@% i%fami)@F%sT)n‘?e%{) ar m?fg@g%{ﬂyteci&\gﬁ}lle{ vﬁﬁ{q%)ﬂé{s t%rfhé &l‘?ip are not
aratected byithd epfom’ enciapslgoing theeropipf. | Thieduasassrof ltlngdésgyles dependent on
the accurate placement and secure gluing of the integrated “frame” to the surface of the
chip. A counterpart embodiment to that of Figs. 45-46, with the reference electrode 4910
on the ceiling of the flow chamber, and with the frame manufactured as part of the flow cell,

is shown in Figs. 49-50.

[00292] Yet another alternative for a fluidics assembly, as shown in Figs. 51-52, has a
fluidics member 5110 raised by about 5.5 mm on stand-offs 5120 from the top of the chip
package 5130. This allows for an operator to visually inspect the quality of the bonding



fromthe end of the tubing in the nanoports to the

edge of the sensor array chip. Layer 3810 is patterned
waShBe76dTesk such as the mask 3910 of Fig. 3%cr/ws2007/025721

("patterned” neaning that a radiation source is used

to expose the resist through the mask and then the

non-pl asticized resist is ren%bed). The mask 3910 has

radi ati on-transparent regions which are shown as white

8ol cERihdici piite BI ARGy Qe d 38R Brcc Wi mdﬁlrg%xﬁnaw if

i n shadi ng. The radiationbl ocking regions are at

ROEaR928. The region 3926 will forma channel around

t he sensor assenbly; it is forned about .5mm i nside .

{00293yt Bemaefi thei Eyrseone altamativesqmbmpdnents absogay ke implemegigd in a

h?moc sibag/PoMS %Hf&ﬁ}atlorq_ hEor eﬁ%g@ Sas30An ﬁ\rlfi @9?44@ ;mlstlc part

radiation so th correspond I Ng port ons of

peK] may meke ypcthe (renie ta@fi ﬂ@w whanchedgesting ped PRMS Heasf pOEtamﬁ320
&

The PRACAR 31y d R B 30 A ol R R o he

ﬁmzig]ovefi@ﬁ thraigkt payt; tahd thngDMS pm mey fen dichgleramopoicating slits

§é§)4’5?1?24t%r60u Ew?lryth guléis gr% gsgd t{l pﬁl\/fse Irtqg %ng’ 8&% ’the flow
4°f dh' Ouf Pon of the sensor array

ahdnaghwr bélewl i quid to spread so that the flom1across the

array wll be substantially |am nar. The regi on 3928

[60294]npThye Buidialsirgrure ntay pdsbtbe mtadaﬂdm@gss bedistugsed abbdabbueh as

BB FTTIR ) Bl rochE eleSEraf el by B8 i ipyrofuoric

3ﬁd haae&é:teete«el)pé@vsdeded UVolight b fetitaies nial éherebyrtetmiotonathined on
t he voj ds nd 3824 under, hnask r ons 2

G 50p S0 B C At Py PP ESIpRs EOT B grthies dirgimiigge low
dépeti@aiepabricelly, not on the resist 3810 or slide

3422. Preferably it is forned on a flat, flexible

002D SIC eAf BIm O BWAIwn InTFigr Batefiat gesligfet or Paéttss1 MR been

plastlc l,a Thi s second_| r of _nphotoresi st may  be

caRsd 04 PIGeLo FHRSlE NEON L e ERIo 0, Sy S b fopside and
hﬁﬁl%&pﬁ&o‘iﬁﬁarfn'e%&lsbé hdSI8bh @Ie&:acl@-ﬁfﬁ@fA@@édne fg[hls:ﬂﬁyertoh Sheet
bor der under reglon 4012, two slits under region

ApPuhas beepepattgged and et progide dpwrwiard dyidjep utpah@annels 5532

éﬁd Wéﬁabﬁ@t@@@pxﬂ fh@%HP@rQ: tmék%§ bahofy ? er). e@h@mtoﬂps]dgfaw layer
The second | ayer of photoresis hen appl i ed

t5630c g ghipnedde the@ytﬂde@f clmafl@ﬁé%’—u agd 5834 ﬁ@almthauqygh#éﬁtto rest on
PRI ki epoﬂan%gndcbfrotﬁjslog QF@%%4WB%S&¢ alll % rocprﬁ?eyhemh@%ﬁ\q tlﬂ%op of the

pattern for alignment of ese l ayers. Then t
ﬁewahwnehywo glessdexsredr Walgrs artdsfo'ﬁﬂ lémgmélyg@nsmm@ eﬂmh

mf‘;eké Qltohl%rbe aﬁ%r(e%rm{ ggndre% gé) % é%}t% H‘%J;ﬁ (%Jllﬁ{e g%%ré) Sélch that

mark or set ern
ﬂmﬂownwgnhbndummﬂmnmngumsaqabmwdbameﬂyhvhbeiﬂnseu339d1

(legannglz] -ll-?r%emesn rgegs %r ?]t}:hseflﬁlgtgq ass ¥o actly ﬁ‘ie t?ie Fll%mn%eﬂt process.

OV r yIng Channhe

i(ﬂﬁ9§]§fﬁ8¥op8 S lgl %se §Q'ec{1rted %\ber%e nanon%mgl@gno%g to tagllntate connection

espective  edy
of input and output tubing.

[00297] A central bore 5550 may be etched through the glass layers for receiving a
reference electrode, 5560. The electrode may be secured and sealed in place with a silicone
collar 5570 or like structure; or the electrode may be equipped integrally with a suitable

washer for effecting the same purpose.



the sensor array chip, under slit-formng regions 4014
and 4016. [00283] Once the second | ayer of photoresi st

wo fogloshesed on the first layer, a third patt esd@gs2007/025721
| ayer of photoresist is formed over the second |ayer,

using a mask such as mask 4 110, shown in Fig. 41. The
third layer provides a baffl e92rrbrrber under region 4
112 which is as wide as the collar 3310 on the sensor

fJobes] arEﬁMsnﬁéQ@ssEﬁﬂena@ﬂn e twalpgut 1380 cgmtﬁ@{efe‘i’é’iﬁé efe&rode
aIIow over the fluid-carrying ch annel  of

fiay gkso pag é@"d?l%‘é’ layer peipatiginedeppsiipd be thehettem sarfagepf ﬁm Séwnd
gﬁgs 1 e'r kno? @lﬂﬁz\t’r{) ape % Qﬁo»@nﬁnm & k! @k p%%gon P%Yﬁrrﬁl# §&:tched to

|'oor” of the basin formed thereby,
toomfai pgemenbieoglasgimembrang\sé 1 (éorhéla@wsfo*éu@f is abmct a gbyer (enpther

I T
glrtlfé%}’@]) e oVt sk So R {5@% \A@Fe]%?a‘?é r@f;?ge%x%agétgde A%ohd dﬁ‘ébgfay be

across entire w
ethEdsetnSkur upper layertfbr agogghing ke elds@odmanglif that hofelie largddndugh, it can

é‘l%" s6e'r\Le0a%2aSr4;ervoll or & 3§6 hvséqu Vignd% rtlE)rll A le Ot?’lgegllc rrllr?elctlon {5the thin-film
I'N”perspectiVve, ove escrl
gilvieoelecrendt oy ba niide noefdytsuniabrbesw@n duchen b msnagsemb}by pushpin

oot @ i el ¥ %ioad?f\ ts%l%gf’%saﬂic fﬁﬁﬁﬁ%&fﬁoeﬂf‘gfged

of half o at
BOITE el el prar A St R eGSR 48 ol Eies. 57-58.
Thik désigr PEmIRA o 4 ﬂla$ti’¢| pﬁﬁce s1e) (1] w&éﬂhcoﬁbra&d@&hd)ﬁirﬁ@mdoﬁ attached
| 3428, the flui flows you fl ow expans
@Wﬁ%ﬁ%é?t 8 5hip Spraceedp %HS}aﬁ%QR ‘F&%%Z‘g“c ‘ﬁélfedttﬁéo”f"leiﬁtkrii"“g
frb@uBe MYiBic sy4iem aad similadpdth@ POMS R ece@lisstdaove Nistributes the
bottom 3320 of the basin, and across the die 3412 with

liguidsirerm Gieemalldoretybe inrrwife Haisdif nEhedvepiachvars gliag togpther and
frlutipt (I%%erﬂhl{a lﬁﬂgmﬁeﬁ{ %’fa‘l&e@@dno{ h6Wnfhay Beuded ko IW@(L, Lel?ﬁllgn the two

thec I"ar Oan | ows over the top of the col
p'sceaﬁiarlag:ﬂrsgwaq@wq%w\ é‘@ﬁd’éﬁﬁ’thed’lf?"é‘??ddﬁ gehoftom@lase and the hole

L QERRH e cqa%t(wﬁﬁ Q@egﬁgfffor @R‘dnﬂilé}% Fﬂoﬁecpﬂ% I\&@xteb&'ld@?o $43Kip and

In outlet por fromt
9 filbineanp potentéal gppsdy tftecfranm‘écfmqqn@tct Iﬁﬂ}p lﬂést%‘éwxanele, they

Fe@&eﬂ%@ le%f: &t lgkﬁ%% el tfov J:éll%ﬁ&\?t]?s'i tpfh lﬁust%? eam, through
vvherelnt e arrows in |catethe ow01J o[
fheeadgIpoTheset balpw), twuals sibatonfigurgtidye 0§@cfmmc@ etegtredegmay, of

Oqlr[]iseo l?sraay chi p assenbly by applying an adhesive to
of mati ng surfaces of those two assenblies, and

ﬁ{())? ' rgll{ﬁ?t BlEaegfﬂd“g e@%ﬁé@@tﬂﬁzg%re E‘lg\ggﬁ'ﬁﬂ:lg;ﬁgg%h Fig. S9A

Il l'us erence
ecbmtscs)dghtrvwst(é Hh@fansme@d)ntnmlw l:&)ttnmtlaydr,lczatalm ﬁ910 for a flow

(:é’%lif?%%l?ss mfeg%\é\g.)xih“&?&g R%l? z?l\négrtlste%pele\'ﬁlg }’elgl @Q Cﬁ f a matmg, mjectlon
mefded expaeatel o ddyen des (. sTefbowomiofi plategh91@ Bas aldeyrayardly depeading
gwéigéﬁ oveltddaze? flﬁgrtgtgcri] go enc!.ﬂs ng se(:)nfsort cl?x(lep eflrldo E¥l¥ u%r\}v%rrgf)? gxtending rim
5914 for mating with the top plate 5610 along its outer edge. To form two fluid chambers
(an inlet chamber and an outlet chamber) between them. A stepped, downwardly depending
portion 5960 of top plate 5950, separates the input chamber from the output chamber. An
inlet tube 5970 and an outlet tube 5980 are integrally molded with the rest of top plate 5950.

From inlet tube 5970, which empties at the small end of the inlet chamber formed by a



silicone) is fitted into that hole, providing a
central passage or bore through which a reference
weElashicaske 4220 may be inserted. Baffles or otg@nus2007/025721
m crof eatures (not shown) nmay be patterned into the
fl ow channel to pronote | am nar fl ow over the
mcrowel |l array. [00288] Fi g3 9343 - 44 show anot her
alternative flow cell design, 4310. This design relies
gbréﬁ%n $obdlinnAe R{g R phitd 316, BliRIutie RALEEEnRE cHﬁﬁiUE?fans out to
to be attached to the chip to conplete the flow
diseqt fluidrpsraspthgedojeirayo the flui dic systemis made via
t hr eaded connections tapped into appropriate holes in
{30} a¥%hetherglassor plastisz@then mategialgs uged to formitheflons gefb it may be
el PRofa [ eFaftR! fEhRto MeFAc AR e ntetcpamber of theyflow el
hetveerbipe gileksoyduirand the ﬁn@tpﬂg@ qulm anegyi ot pstngradually expanding
le i r .
DERHREGI LY bal AR Epbihch o TRIE e A4 Shroxlthe amay being
Faigebly 148indd . Usiing the detsarg #ayma§990$)éalamje@ﬁer makigd ﬂgw cell as an

Iastlc col | ar 4350% be a SR [ ]
Qﬁamv\%e one exam Ie té/ge tf' reucgéjlyle dfoPEYs pur%ocs%, !évb/rg rntvﬁ 59%Slsatree

ktowonare g992 afmhmmrsd}oynkemmﬂetdo@gotﬁ eﬁtrheﬂbwlcell waﬂhb frontoedge of the
AR Sr bR Rame op T et &by B 85t siae of

dnrdtufrereehtys9940 al i gnment the chip frane W th the flow
cell form ng nenber 4320. Liquid is directed into the
foosez]ceTheryara v@nﬁl@.ls(bftheamyst off ;ﬁGvnth@ﬁ) ﬂuﬁi&é@sseh\bg{medehvermg an
domnmardb% %Pmards %? 00289$
APRTaRTAS e gkt fmcrpws el RS 2 e Ve 4 Torgoing
5@&%@%& RottiMendedfo BE exthéstivk.ow chanmber via a bore

432 in the nenber 4320. The pl acenent of the
(603032 bR EerepécEloftERlcel ectrode is facilitated by a
silicone sleeve 4360 and an epoxy stop ring 4370 (see
fdvsod o@bmmlemal Eb@htyﬂéf)uidiﬂaecsbdeis @omas%ﬁlea\cmopiﬁewcd@s
a tight seal and the e S event the

BrrateRris glectradimm hffdn%eﬁ Lihgtting TRikic g eresraly designed
C&ﬁrbvndg sta e e ReBtricAt JoRinti ARIARhSNTIIdBie RS v@ﬁ@ls@}&ﬁoél@hlcal
t he sane Bur poses, and it may not be necessar

BHBPEsS: b thegkqyFdliscusseq aﬁt%ém@?\@éﬁp%@epot%'a it ge maintained a

MRtRAdi&VolaME i éb“ntzP Pivieh ke i RAVef19S FEBEST M@%@nvénh@nal silver
material itself may forma watertight seal when t

ehletidg derrofles, jthavbeen doundhififigult. dye toecplachicatiy long ﬂuadewéh
BLeeYPthe b ?%%Qice ahd ﬁ're e‘fe’étr@&cttkﬂ‘gugﬁ%ll%hﬁnms iftthe flow cell), to

arrangenent except that | acks a bore for
pehd@ie\d] sty lespotantialk Jme@t@e@%d@f naisstie the chipfreelectronics.

{Aﬁgﬁgg{]@ th%I %gé (’(991%6 &%ﬁ thé ﬂf)\g Xg;gg' Iy Cfoepec‘?rt)tié %hded8 trap and

central portion orns at | east
pmumubiﬂe gds @ubhlcﬂmh@tmgﬂaétrd tbeklettnigal churecioretmphieef]uid. With reference

WEkE &g & p@p?@n LAE beoifify B2 LBBPKL G 8108 BRSO G capiliary

arbe electnadecddil @ diectkyagpmnected to the chip’s flow cell outlet port 6020 and

connected to a voltage source (not shown) through a shielded cable 6030. The metal

capillary tube 6010 has a small inner diameter (e.g., on the order of 0.01”) that does not trap
gas to any appreciable degree and effectively transports fluid and gas like other microfluidic

tubing. Also, because the capillary tube can be directly inserted into the flow cell port 6020,



[00291] Figs. 47-48 show anot her exanple, which is a
variant of the enbodi nent shown in Figs. 43-44, but
woMwes/eicoct he frame is manufactured as part of gdyeuddoemersr2i
cell rather attaching a flow port structure to a frane
previously attached to the ch% surface. In designs of
this type, assenbly is sonmewh nore delicate since

the wirebonds to the chip are not protected by the

ARWSY toRE AP Shrdlck, NBd Uy pobdiBle clEBBicAUSEESRroagh hbi |ﬂ%ld The large
de3|gn is dep endent on the accurate pl acenent and

qusfagq zuf—an‘gf thg capHisry whegyricaly abwta?ﬁé@nge gy Rlso septribtgto its
E%_hi)gﬁorﬁﬁh&: The SRS 5RA don SHRAGH BIYhI aﬁ &eﬁlmtl FEfSISFahg and

the reference el ectrode 4
ghesiuld g be subjiesttoralesivogtiearient effecandpevp the vpnéovvremlcal current use in

RO LLE. PR 093 iy 6O b pAEFto the or BRI My that i no
i nbc fibeselhparg ity oppnexsios hrowbing to fhe dloid dslivegP andegmonal subsystem.
fluidics nmenber 5 110 rai sed by about 5.5 nmm on

§10303]- offlfidics $gsletir om t he top of the chi p package 5130.
This allows for an operator to visually inspect the

193061t yA ebmplats sysserdiforgismgweesengriragay wilpinelode gritdble fpidl sources,

%THR i 4 %ﬁr(?g%g‘gﬁ (ﬁ%pe{tﬂrgglfe {aﬂﬁn#’%ﬂ@v b 9&% ?r[dr@elsh%(s (%/vfgr the

necessary or egor fi erna
eniyoatraymn sensarl sy ydeperakng orpthe appiicatibni haserq}'quntk are readily

Essemglegg?@%@f-ag-gsfuggggmggolngn ts vg%ﬁ@%)gﬁer%ngﬂllea}sr’na‘??%mh She
arograid noad tGlpéﬁﬂIﬁfa, dasged ¢xpgrimanta PDI\/B "base" portion

5320. The plastic part 5310 may al so provides a region
ﬂEB(W ]t OA$ :idB:adty dlagu,ssefdothe a;&mﬂsé oml sgiterhhef thé invehtfoh@an be used to

PhET b Bk g g B ey o8 TR tansdnelute
theinitdl or atzgmpaceediohs tinviiibie subsivbegrmidior teagaiidaré taisuinb&and/or

fl ow chamber bel ow. 0294] The fluidic structure

LRas PRy PEAdHs P’F&ﬁ?ﬁ?tgg £8§J‘ad‘i"g?: Héa%’eeé‘z %Véeacgﬂ%ﬂ‘a%&a“){’e
RpidaitSredl dcoriatyl 6 tHeRR)enBib@ fsshucBitcddidseglensing, MicHh@iEbeadiscussed in
enhanced etch rate in hydrofluoric acid once

SERELGR BhaeiRy SR Eonia e PRy FRCINgTERCHIERthf FPaaRy and system

B%@[&@Me@ﬁ iSThHIE QMR MRM0AAe IS pbRRoSbAEd &hanges in the chemFET
ack-side, which when glued together can forma

FHFaE- QrFRBHehanaes maydhe ¢ & [seielt of}@p,o& more Qfdhefoll@ying events either

lqglg%ﬂodﬁf‘cmm%‘ibﬁ tHePeoP RN atidh SHF, gég’eratﬁmfdf'i’?{\l ggllﬁ‘%ﬁ:
layer or sheet 5510 has been patterned and etc

prescce ofynenhosrhataba)i ghneration ekhygsizen tand coBRMmitgR chh@es in pH for
E)ga%;@é ﬁinqh gsegkyéﬁoﬁ)éﬂ Qlfffe?* %ﬂ&!d%oﬁéﬁﬁat?ﬁ%%ég%ﬁ%rggrated

ack-s secon ass Tayer or s
BY&R apﬁm tleanidd alnfiaceatdc:lh)e@ arova) obYN tR agbevehveanFE T sutfaek, and the

5 RO SQHBQ Hllidegt]c%laq}%lt?h rggigods provided herein are not dependent upon the

mechanism by which the current change is effected. And accordingly, the invention
contemplates sequencing of nucleic acids based on changes in the chemFET current. The
methods provided herein in regards to sequencing can be contrasted to those in the literature

including Pourmand et al. PNAS 2006 103(17):6466-6470.

[00308] Fig. 61 illustrates the production of PPi resulting from the incorporation of a

nucleotide in a newly synthesized nucleic acid strand. PPi generated as a reaction



and 5534, of about 300mm hei ght (the thickness of the
| ayer). The bottom surface of |ayer 5530 is thinned to
wo hes/otsued de of channel s 5532 and 5534, to al lmw/is®o7/025721
| ayer 5530 to rest on the chip frame and protrusion
area 5542 to be at an appropriate height to formthe
top of the flow channel. Tvvo'%ﬁ'ass | ayers, or wafers,
and four |ithography steps required. Both wafers
5 Dbl Qﬁnlﬁle'og&e QC&B&a@&ﬂq%%uEl%rcgmrd sHatdca@be detected directly even
Ero priate glue, not shown) such that the downward
in the absengsaf 2RI rsaepterdpuch aaltl@sapnognde@uﬁlaplém gndjntthe abgence of a
bbidushieBRRAIRT %hésrm Koyl hod ¥a8thig BUr B8 defined
et che nto t |8ss to facilitate the a i gnnent
peroimpsthe {iDpRPEdseridawd PBiris suffraipntbim some umstrmcesy torcatidean electrical

PARRP AL A by KRG Y GuRATRRAL el chnge
may rézelt &oohRRI gtieraioghldnber gl esbidatige with bther eveoBiswdhrg tlsose

reS ﬁéjn Ge el ectrode, 5560. The el ectrode may be
Q%SU d°8%Y seal ed in pl ace VVI th a sil | cone coI | ar

E@ 89 l I ke SRR etfl ve tlon co fé pgatt U n01¥ uclelc acids using a

P PpelisnnegF a1esh eI 5 IR B ‘fﬁég‘hé of

elidneH T a‘rgaytsheh SandSPET pese. "I[Hé&%lﬂjd dByheliavemgion isaSSequencing by
erJgIs r.the two-1ayer i di c c

R esisn i S R ey SHITES BEP TP 4SS e gt 5or

p&hplementale e etseghdBtidgheqiatddom surf ace of the second

gl ass |l ayer (not shown). O, as shown in Fig. 56, the

[IIOGM]USTlQﬂere&@idﬁPPﬁﬁMo@ﬁng&ﬁdbﬁﬁﬁat%oﬂ \/(\)Eg h0g1€otide i® A 1@ synthesized

ne 561Q e top o [ a ...

3% SRRCIH SFanSh SOV R B ér)“m W?Wfs%@d& lf’@rtﬁ% QYygleic acid

kt?dn@%l@is@ijﬂl’laﬂﬁé’lﬁd&ﬁ @heﬂ'lﬁ%tyﬂl%@@ed ) t@@'o&h@;ﬁ%@plﬁﬁ% (B®and one

etched into the up | ayer for accessing

Bydregender Hﬁogep?rafth{hq theghydrogen |loo{1rt5%re@ﬁq)%|{ac1lilttateéigrﬁct10n of

ﬁh&&)ti@@ inéBr é)%?atl@n 6@%%‘&9& bf pIPEhahgS] AM&hathRly0kd dl§ussed herein, PPi
sol ution. Electrical connection to the thin-film

gereasion &sieteetsd én tha gbssaceradeeseree gh %/’Plsreqsqum)éa%\&ylllt%éﬁectlon

88nRY¥eotldd ﬂgor‘aoﬁllbrporpt'ﬂe B&‘ﬁm;ﬂ{ Siahge CARY inQfill another embodiment,
alternatively wrebonded to the ceram c | SFET package.

Pbozgglye @mwrteda@] Bt yséng rymhpﬂéla@mvduﬂmw be dﬁte@ted dlmCd}/ er
{FQJ dxf\r{ nﬁla k&: eE'l:rgé éang;liogé; rﬁ)eg ﬂélle ﬂa be mvolved in

tre piec I'ncor por at es
fmame aamdemtshatgle au:lhe ahejnlfliaT:thlaycqn@latds eVldimUplegmdeflamporatlon
and to a second piece 5720 which is used to connect

{81 Hg Themenueneing keactidns agy &1 maxioning compieteaintgrperatigniagross all

FENCIOP P B ] P PER 8 BErsal i B SPulfiopndr L B es
pinedes the welly, aethchpgeadrehighadigmllte npberafie agpgssibler ee)

al i gnnment markers (not shown) may be used to precisely
ﬂlOBgli t Fee nmiqﬁcmmqﬁmged ihecfertaditn gerphm@wargét rhmledﬁ acid.

&Ft ulcpeicga\é%dg mch{dlg: bu e%e}ﬁ ggtt l'lzn%rtndqo A sauQ ag El‘iet of llrpltedS t0 genomic
DINH @dtochdrelrial IDEAQGIOIPSAtaﬁd tH’eGIkehanp M such as but not limited to mRNA,
miRNA, and the like. The nucleic acid may be from any source including naturally
occurring sources or synthetic sources. The nucleic acids may be PCR products, cosmids,
plasmids, naturally occurring or synthetic libraries, and the like. The invention is not

intended to be limited in this regard. The methods provided herein can be used to sequence



to fill in any potential gaps in the franme/chip

contact. In the illustrated exanple, the reference
wEhRshiqQee is external to the flow cell (downsg¢pagaoniozs2i

t he exhaust stream through the outlet port - see

bel ow), though other configurations of reference

el ectrode may, of course, be-d&ed. [ 00300] sStill

further exanples of flow cell structures are shown in

Flu@igic aetds épanyﬁerggth 590%&959@ rth§ Eﬁarﬁﬁlmroof.a@w@meﬁoﬁ—o&nnefple

an injection'nold bottom |'ayer, or plate

slempesiratien of the gﬁngar@gmg q{{@fﬁq@;@latew angwp,sg]ueg,@B This artificial model

99{5%‘113&% sﬁ&%@rﬁt e Qfardehs 43 gﬁtexﬂa htG reddBliSh feetnde

no top plate, o ayer, 5950. The bottom of plate

S@D@mamnaha! eomlacsjﬂoyhedem@mcmgmq ofitisoemplatess Thigrisapt intended to

I
OB PSRl RO RLARE e SO 8 Pl i
pleatripti&6df0hese areghads.s out er edge. To form two fl ui d
chanbers (an inlet chanber and an outl et chanber)

1§603MBE n Tadgetmuckicsacels pedhremhosnwangciny ndene trdowy irptbe ait.oAs an

?z%?n%)l? {%:tn SBic %I?A ag?egglarvgigaafrartp%tssa%gﬁ ac qgjgé;lag Poqa%lques known in
OluH alre((sed fob&aﬁﬁﬁ@Sml&othegl‘ Mahiatisipl Baltbwing hartdse thiecdBNA may be
inlet tuy

FoeRBeRieRife Bhe 5o ng T B BB B ey HeeaRE e fay e on the
@%Bbﬁ&ﬁigﬁﬁﬂs 59@Qal}d§ drfﬂﬁ]sto(ﬁﬂloﬁianﬂi lctofidekln ldn@tht hlf isomed
ou t e g I nl et er anS Qut. to ct ul
E\&’B igepiset %ﬁﬁﬁg'@e"ﬁ grg 0 8‘ £9 ParRet PléT Oégél%g 0Qypase pairs in size,

RltASgh GheYTarORI 86 linRES rN@dlelb SciSRgly bOfrigMdMdds ahly @Wans including
cell, it may be desirable, especially with |arger

Rut ngy imited tq mesharisali ¢nzymatiq ‘Pﬂcé?mlfh'dﬁ%?éﬁ E’Fa“?FH%S ipglpdg shearing,

GEhitatioRSlWERAbNEnd dhEtuckad it DHagk 1 B%e&foﬁn& B9 9hePlechnique
the array, not just a gradually expanding (fanning

&oeyn §phe art thpreduge ycleis geid Jragpentsrnscfegblyadia dptieed denghe
TR DM AREOS Sarl &efoﬂ&('é'l"lyb}@@ie@gle%n t@(ﬁllniﬁulesaéyn e rusedL§ﬁ'|@lg or isolate

the bottom |l ayer 5 an i1 njection nolded flow cell
é@g@ﬁntwéﬁpar@cul@d@géxqrﬁmee Sugtplechniquss ang@tsakaowin thiy prg and

leﬂzﬁ%‘ﬁt ars AOV¥inidd tEg&l % dréSnsaortSﬁ)ﬁ? structure 5992

annel's fromt ocatlon of the flow cell

L {
043P [ 28 8L B L SRR e St s
@eduerdges on Yethdhe §’raad 8t endst hese adaptG Seqiended 08D piiscRmplification
. i t
%glglgﬁgﬁrqyg#gsr 3 eﬁls?/dg??én é)ﬁé' rpgdtﬂg kaq%e[i] guc?e1£ Hﬂisd C@fﬁ ada V\Ptor sequence
atayadse comprisd cyequaricé ccam;demeﬂ&grto the sequendseprdrhgr, Thadpposite

SIE T o B S0Ry Sra s B Do QYE 0 st i acd o
GolidapporabuchlagbattrippEmftédiiodi lead| &6 éxanqﬂesof stidle by mdvéety is a biotin
Sn%ollevmelre (grh :!1 gcguibijeebi tEnortrlglre]:g',earxs e%gllbed by Diehl et al. Nature Methods, 2006,
3(7):551-559) and such a labeled nucleic acid can therefore be bound to a solid support
having avidin or streptavidin groups. The resulting nucleic acid is referred to herein as a
template nucleic acid. The template nucleic acid comprises at least the target nucleic acid

and usually comprises nucleotide sequences in addition to the target.



el ectrodes, may be inserted in series in a fluidic

line and are generally designed to provide a stable
wERghTeudal potential along the fluidic Iine frrr/us2007/025721

various el ectrochem cal purposes. In the

above-di scussed system however, such a potential nust

be maintained at the fluidic” %oTune in contact with

the mcrowell |SFET chip. Wth conventional silver

C0V328) AR BB GAstAIRS: sphder ABedPRANstEMRE M téthpihte Gubikic aeiae(and in

to an electrically long fluidic path between the chi

suticdardhaReect pecleit add pryencecpmpiigl thergin) frerp terhspd Tfns

tle%ﬁltitkso%’q%un)g of 2 AE Bf BY ?aréet %to@é%k . tﬁ’é)lge%at EdmplddéSuitable

led to receptron of noise ih the chip's el ectronics.

Koliirs #ro knowiyin thvert (sas BishVes abhistote MRS 17806 360 $awspyand
g'rcllol{()jP %uteclr ﬁétrllgrgggg(ggaggghéa%qtnrlﬂﬁel@ Qgﬁh %Hmﬁt "l’i}n%e@ ﬂ?'lsP h8

es t ectrical connection to

ML YH i SRR R 41 o SR Olldh ol st Brpa o
berpinl as ghrey ‘capire seliksppotie 160eGolidisuppart Isyr beathtlesntsech bf@d is
"ﬁ!}grr dl% lRer%m as% gp t!lre bga l %‘L B dg 0391 Qna%@%f gl%nﬁ t%ltl éll?dmg but
a vy JENT 6 ed cabl e

ta € source ‘(not a shi el“d
ﬁﬁﬂﬁmte‘ﬂhecﬂmﬂ@h deﬂqﬂlokd c&rlyaﬂwmge&ﬁﬂ,&cb@s resirsglhds, smm@'els

. Q1" h d
PORTRy S rofa sl (o).t b s on Sy bin e K, a0 e potystyrene
Efo@ﬂqﬁﬂQﬂtVGthfdlﬂhﬂbManﬁShd lhl&ﬁ(s@t mfriﬂﬁld:Bin:ﬂldﬂliiﬁti'}Cl964, 3, 1385-

in Al so,. ause the capilla tube can he ™
S RacRagen RN Bl SRS oo B SRS Bagephadex™),
aluBses siliford, blastfdal rﬂtr&dé[lﬁl@ﬁd? natu Rl sonB&, MORE ahd Sgarose gel
el ectrical |osses through the fluid. The Iarge inne

§¥sphaese ™5k 41 og e'ﬂ’fé‘“@%iﬁa the Bads argisieRteyjdipeante b%?ﬂ&uTh@zbead
WRRGer WY dédeB@ors R UEAIMY LE tHe ASFEB aktl Wl AEHTRENRNIE Rirgel BRays
stainl ess steel construction is highly chem cally

fandithus smeller sivgd gl reauiring qg@llgulbqag%thnsrally the bead size may be

gh&Re 1 N0GREThE %or@ér@ﬁ%ﬁf sy M olntstiﬁne ¥RbYdilneMis ahepdal &Rlabout
current use in the system md). Afluidic fitting

6040M whilg max&lrﬁésmb@dlmﬁ@ts éwdveéqls atrmbO@a%)B Marlyisttp fe un@rstood that
ﬂﬁtbe%(f}ur{:zgﬁ) dfe HYEEL ;l>er Ol s hEF?{al GORRSS i R %@u&d&ﬂ;’td&g the other

rvery an re subsystem L
bﬂ:aqls diay be Syedtandofhg0BE@niAMS forpattechineshe nuealgi¢ anid testhpheads may be

ﬁzﬁensor array will include suitable fluid sources,

valving and a controller for operating the valving to

Ldb\ﬁll'z/]ealggﬁllgal G %P&c%n‘ér Al b4 (1(31[ ms\%]ﬁ%at are
epen Ing on’t ation ese el ement

alttatqdaadvel the aegdiflsed hé wckhs (@éftntdtehshei rhtemblapgmblmas reaction
a nd t.he cpntrol r eadi be oqna d .
ShartbeS ich P pteS] a8 in TRY pESRE ko 8 RREGEHI SIS Ao eignt
Cbt@@iﬁﬂ&@d:ll it ha tapday. efhebeaditd veolsdizrs preferdbheini themnpe ofi0.6-0.8.
can be used to detect and/or nonitor interactions
[mlB\l\Si]e nA\hamememBrrtoiphliaem of Bngdidied ntdeiaadidsars comudatedeo one or
henj ¢

g]r%% lberaé‘sr»gglégﬁtpé VéSrO tl\%t Sﬁcjﬂ%tg% Ealpglrawy behbo%Hg) fc’o a &uraﬁty of

identical nucleic acid sequences. The degree of loading of nucleic acid templates onto
beads will depend on a number of factors including the bead size and the length of the
nucleic acid. In most aspects, maximal loading of the beads is desired. Amplification and

conjugation of nucleic acids to solid support such as beads may be accomplished in a



reacti on byproducts are generated. An exanple of an
enzymatic reaction that can be nonitored according to

wo hes/ite¥ent i on i s nucl ei c acid sequenci ng, whimdy/wvgdoh7/025721

be discussed in greater detail herein. In the context
of a sequencing reaction, the_apparatus and system
provided herein is able to det&ct nucl eoti de

i ncor poration based on changes in the chenFET current.

R &Y waha NEARIHEEIt RE iR dte SMbikioRTPCRNE deécribBd By Margulies et al.
t he follomnngyevents either singly or some conbi nation

Nabred05 4gédar316-20 asd apmmpageing pippieaientst mpjeripls. f somen

bABRMERE NAEREIRUGAPE QS PNAL AT e andfHiRERI. AreBlesentative

hydr ogen (and concom tant changes 1n pH for exanple in

emelifiratioe s apilifieasjos thae degsmobalfet theyelativedepreggntation of any nucleic

gagg&gkgation of unincorporated dNTP at the chenFET

surface, del ayed arrival of dNTP at the chenFET

ﬁgﬁagc eBef@&ddng}B?whilé(ﬁrthé belisSoftte ﬁ’@w ~ eﬁtﬂ%o&a&%g intcnl?ated

thods provided herein are not dependent upon the

with apqueneiby prinercthattbines ¢ its eamplernentaye séquerseflenated dn thigndl end of
' .t j nvent j.on. cont | at [ of

B ieic b (L Gk M Rl SRR other

Aeptarstduonks lipaed italthd 3herdxafnhd targeeigaieitsacid) asé gritk agootymnerase for a

an be contrasted.to tho in,the literature i ncludin
0 RS KD bR o o BER Tyt Honio b o B iatiehiary
Béquendd aitd tHat proinbatbaisdindef the palyaéraseo die tBRplateasitleiciadi@. The
fromthe incorporation of a nycleotide in . a new
B REH 28,Ps b RURRGY sSeBeaut PR 1 PpprERague oiods vataug, The
hR 260D YHdQbAS hre @fichn & tROPrirA@ Wil GObMAZAbIoATY itstru@d complement
nucleic acid strand can be detected directly even in
P the p speheddhg remplags; Suitable onglitiqns geeflisglosedy ddanghlinsiefalgNature
00 5M439(153:B1-380shdi ddcdniiniAg 8ipRe it nfdRk @Gt abl e pH
change (e.g., as may occur in the presence of a strong

eBL@r . S\aGbRYbIyRResEEnEILAD but Aot liFRECIONDIRA PRGePdse HEIA

I's sufficient, in sonme instances, to cause_ an L
BPI¥EETaRG AT 2 SYPARG Eherert. ey idadd s Eapableraf suhesizingragisyy nucleic acid

5t lbhied@nitie @mplate BBLtafATHEn thEMObGHELIGHmeF NARGRaAIRY of a
result from PPi generation alone or in conbination

siitahlepoharcrasy svhuait dsfbpexpsvarips ef He kdanppdtrgaspiel E. coli DNA
LQQ%Q:%le NOKiEh lakks ?Q@S’a&}%ﬁ&tlTasé mivitﬁv?ﬁg ¢20me is tg%rggcr)ir:eEb_lgund to

conte | at es sequenql ng nuci el c acl ds USIgg a.
therbggd @nedrregponding|ssiidcyuppprthut nJtie theelSKEE swface fifgelf. The template

hiGOL4iQT Aid c%nt'éﬁc@&l Wih %P{égreﬁl enVARAE §$égtoﬁgﬁéﬂ@oqr£w %6t limited
I't requires synthesis of a new nuclelc acid str

tdiauffer, sleergept, endecingagentsoutthes dthicghribtd) DG, Clepud’scagent), single
PR3 PaghE LT JREl AL AR 9L 0 Bocimen
gtenampglate audkiowid iiscontagted Gvith. thelprémérrand theqroftmdase PFioato its

dNTP into t | ei id strandrel PPi which
(leign e Ty Ty aer P b "8 Pfiophosphat es (Fi) and

%321] The nucleic acid loaded beads are introduced into the flow chamber and
ultimately the wells situated above the ISFET array. The method requires that each well in
the flow chamber contain only one nucleic acid loaded bead since the presence of two beads
per well will yield one unusable sequencing information derived from two different nucleic

acids. The Examples provides a brief description of an exemplary bead loading protocol in



hydrogen ion. The generation of the hydrogen ion
therefore can facilitate detection of nucleotide

wo BeghRasAat i on on the basis of pH change. PCT/US2007/025721
Al ternatively, as discussed herein, PPi generation (as
detected in the absence or pr?eéence of PPi receptors)

can facilitate detection of nhdCleotide incorporation

on the basis of pH change. And in still another

AR HicREs maghtlic BEaYs. IEisGOBY SideREbot thabh sifilaP8pproach could be used
pyrophosphat ase and Pi be detected directly or

ithierd eter Bead npgs. aFhe pavmcqi%a% bres deragustipted toxisdugenhelikedihood and
%&%ﬁ&@@ﬁr p éoeamm tﬁWelR%f‘tHkVﬂHv\Vé}Qm'er ﬁﬂWdl‘g‘trﬁHﬂérnﬁﬂElc acid

T that correlates with nucleotid

|1Q1ld€ﬁ? ;ﬁ?lﬂgtnl tb‘FltOtﬁ[l @ocsfme]llsviﬁ thedloprbambergandeayetd thapressinge {m§i/or
TR TA RN %?%Eﬁtb%aécfr]ﬁ R WAlHaBeACr 0SS all wells for

any given d uce or decrease the nunber of
r
a5 960 A S NTES R NERTEL B Lol B Sl
PeORYL beip perfrmkdi If theonethirbis ngnsieg exrictios msmrrelﬁeqenmce data in
Ehe S gﬂ’tees'ﬁg g ogs E%F)gl? F&ﬁ%l}fnn y %Ccft graB-lhtzrlgﬁa %Col tE{cl)t%ghout is
Oltaslcrltrca;l,elﬂelt kowgemnpanch bmalmathd)nﬂldrabremﬁ@ndo@m the

but
SERgiHEnt, iRl s upaney- Rt BRare st bttt B DA g s
SOU[ axdedsnelvdchit fegstrsavd) neledsy 606 Lt gabtrty ¥s @tilease 80%Y at least 90%, or

thetic sources. The nucleic acids my be P ..
TP G ine el s i HETed AFCRSANSY4E Giodh 1Y ROREGHer g pelie acid
$36dédBdald Gn b el ahd @8 perdBifladenRchpak®: refeheroithd/Bhdradh bfotal wells on
not.intended to be limted in this regard. The net hods

BreBPi R @rarsranicr Ryahsingle heady Wllsdhay A RERA i TEO haaone bead
Qhnrde hBY e addlyREcsik@lated BEHEXARRIGHS provi de a

proof of principle denonstration of the sequencing of

fjouan3ft eORlRdta$ a AbmKBNSBusRAMEHGFof thipiste %ﬁ&lhﬁ:'a@ﬂd@ls placed into one
nodel is intended to show that the a@Parat us and

sywerRiamduraliy of wells saciovrl! stuapdover awd thys eprprspendingio at least

bn@tsmf gl cﬁécﬁ%e& BodvB SorkRABY BEREEBGHRIR atldlSt 10, at least 100, at
npl at es. a I s not,intended to represent typi cal
@

Lp@gt l&pO,tqﬁ@_eaﬁElp fleast lgygq least | Oy, erymore icepigs of pRddentical template
E‘lgélélg 199 1defti@l %Cp(l}efte 9&‘?&6 M?(H REhnOht atrnﬁﬁﬁumal? %%cmplates are

Target nuclelc acids are prepared using any
mdentieal irkssavemce.nMpbiand preferalyy ahh thextemplate nugjeis aaide witlua a well are
I
‘Jﬁﬁfor%( n%r\ﬁgz%gr%ja %Igrgép ?lgﬁt%gg gﬁp@&ggﬁgfgg Eeqneélﬁgpﬁ‘élab' &cids to
'thvmnmairs m'e:)ns tkad tHeqwnwg hyiardms to the thpmwimhcysdn@ location (i.e., the
%%Qél rrlcgsa tﬁe te¥1|p§1 e(rjrtg% ::'ilés: coe aé:nlta(l:i v t%o rﬁg pB s 8’3?‘2 S{geer)n tthQr' primer-
Inumydate d;;bnd 1h mlnmasiﬂ srheamlfbmm posnttionidgmf slerpasndrwe leeoy itohgdate
n.sone,enbodinents, the. fra nts are
D860 et BGPTSR el dBTRRl AL thereby
sdsdaking al 4 premghsighadyo-adiee ané. so | imted. Nucleic acids
may be fragnmented by any neans including
[00324] Nucleotides are then added in flow, or by any other suitable method, in sequential

order to the flow chamber and thus the wells. The nucleotides can be added in any order
provided it is known and for the sake of simplicity kept constant throughout a run. If the

incorporation of nucleotides is based on detection of PPi rather than detection of pH change



but not limted to nechanical, enzymatic or chem ca

nmeans. Exanpl es include shearing, sonication,
wossIcd@t | on and endonucl ease (e.g., Dnase |)pcr/us2007/025721

di gestion, or any other technique known in the art to

produce nucleic acid fragnent% preferably of a

desired | ength. Fragnentatloﬁ an be foll owed by size

sel ection techni ques can be used enrich or isolate
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number of dNTP incorporated. In other words, the voltage change registered at the ISFET
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incorporation of dNTP within each well that increases the signal to noise ratio, thereby
making detection of the sequencing reaction byproduct possible. By performing sequencing

reactions in a plurality of wells simultaneously, a plurality of different sequencing reactions

are also performed simultaneously.
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Margulies et al. Nature 2005 437(1 5):376-380 and
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pol ynmerase, RNA pol ynerase, or a subunit thereof,
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[00334] Thus in some embodiments packing beads are used in addition to the nucleic
acid-loaded beads. The packing beads may be magnetic (including superparamagnetic) but

they are not so limited. In some embodiments the packing beads and the capture beads are
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polymerase, packing beads and optionally pyrophosphatase. Importantly the kits comprise

only naturally occurring dNTPs.
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Qﬁf‘t IsgeniddceRPC tﬂffféf E’&kéﬁtfaﬂensoéf 1ONTR W ks, 283 veklssc, 0.1X
i ncr eases he si na to noi se ratlo here

ﬁﬁﬂ.(wgera &bedt - b-‘n NbNa@r?@dslémJ\éﬁ&rafﬁgbqf@é)@Wé‘ﬁlwﬁwwu@ sing

BRSShHeEs s&)‘nspﬁﬁ%%me REncehifditfons bﬁ@ﬁ!ﬁ%%%%d 7‘5"/@' incubation
plurallty of wells simultaneously, a plurality of

Himes BpmPtmiguigs tdd yrss dad OF BRES wigshing|steps;peash dickiagion times of 1,
51 Sl LRRGRYUShY wL%?Ps%ﬁ:%nsT&%f% e]%%ﬁ@é 69{ fﬁ%‘s’d’ﬂr &AhiRR water.

run at a rénge 0 tenperatures
Be aatyiof exangple hurbrldmatubremmb@leer’@ﬁm@Dateﬁ@%cforr@m@5@1d $X SSC

?ogl;?ﬂé’v%g g}' \&Jaghes 3%& %E@/v f&m %ié) atrSlfWC Elpc? w‘;tﬁ %&@S%n at

ures t even secondar
g@:})gﬁ g]ggclé Pﬁé FE lilo% éﬂ(g%p(#? wm%}{gd’d?/tf?nﬁ%g%glglcggw such as
sPNhas depdobitsd (cah‘sbotttd)’ )oh ¢het araglimt epenidiclledatomcliNaclen eICIds can be
{spgoﬁlﬁg sxgt?)%esgrfabc% Rfy S‘pllﬁzf) %C[(%nca?lg)é% aoss ufléo: cgosg1 nkn%g % ninf)lec acids to
polemsolaydrs areh ab batlnediimged iGQ)OV)GBhyslnwfcfr @olypamnale tdirectdijiigation to

?i lcc()lj{ (%ﬁ)g{]ea ﬁg(?zea[sgl%sr]c?i%gé gnypumsrhgg %Stp%tetnp gp%%cgt%ma’)ﬁb H{6882, direct
conjugation to a silanised chemFET surface (e.g., a surface treated with 3-
aminopropyltriethoxysilane (APTES) as described by Uslu et al. Biosensors and
Bioelectronics 2004, 19:1723-1731, for example.



alter the tenperature in the wells. The wash buffer

contai ni ng apyrase however is preferably maintained at
wa2do9¥Rliod enperature in order to extend the hapdrisher025721

of the enzyme. Typically, this solution is maintained

at about 4-150C, and nore preferably 4-100C. [00331]

The nucl eoti de i ncorporation 108action can occur very

rapidly. As a result, it may be desirable in sone

Y0D3UENCRECIER aSil QWa)t'shﬂ’soﬁﬁ@lGJe' tREse APWRich RuQEd %EndS Guéiiur e
maxi mal data capture during the reaction.

@Ilgqnuglﬁ@trﬂeépf lﬂ@a@éﬁwn@ﬁi @reowynihgiireddireetty thhe p@a>s I Nyededc acids
§ Hth8si gaEr gsf usifRYait- llCE k&gh &Qh{ﬂﬁﬁes%q_ﬁ As'lﬂﬂ‘{l (liln{lf%d to

additron o pa ds [ e packing
bem vaithsfinet-piaked ping nmtp gleseslidbe pbanlitbogmpltyi usmggfre-made masks,

cﬁglﬁgégsr q(sf?\r IngzH% gq‘ng% r. d‘é{‘%s%%ﬂ%’sﬂSHer%Fﬁ ink-jet

ere rea e po ential 1or si gna
pnﬁs@nuxeelmﬁroﬁmkstngorbn&dsleg&or@raaﬂaw Rdferone can glse bt srade to

sc"lﬁiﬁ’%%” etlag?‘géf"(gf eg)é[}re S Oﬁl C?“BIES‘T %%J"z%%g%)SfﬁTJéC gﬁs\%ﬁ%yrs é)roduced by

ﬁfaﬁﬂts&@hdﬁﬂthﬁgraﬂ@s PenoBseRaNd: arid- 1758, Cbmhfeﬁzla]fsomhes(d‘ﬁthls
ate to use will be . dictated at St part by the
%&ng‘? ataxdhas A et Al Ter Rpandditraskate | s | or
Si er y uire fast dat re .
Moiy® o5 Hheh A b Br o YaRief ol isSimegiate aver of
pdabtivel MYledsshdhéte RefetotivB @rduy) tb atihake Ak@id®lids aksbound

nd in communication with fluid over the entirety
S’Fde?rrfgonﬁﬁ’hﬁhﬂi‘ety qr"ssy“%ﬁB‘F?dant to detect the rel eased

her byproduct . rior.to, diffusjo
Eﬁ’?‘@f '?*FFe‘“Wé‘I“PE C%lt?mﬂgﬁgﬁwg%tfm'@% F‘I‘FSH“‘F lgigacidgyrays with the
By FE A Eay9 i d lsa‘m&dwlyvbﬁé lamk kdald RAEMFET Bﬂ&ﬁeiemed hot&s. The
(because t he product is not detected  in that we

ql%qtm greglé:ab §e psedyng vrilrfgtyagﬁ appl¢ptiopy, some of wlzlch will not
FEQ{W@ tHe Qs Yﬁlnlnénow%ngortr@é&lo§ @l@alrﬂ&lrsbgs tﬂé’}oérg eﬁ%rcllf)a'i‘iggaibl'sgreferred

beads nay al so p reduce the egree of US‘I‘OI‘I
Lrherein). rwgmlweﬁ gy stk e cageieq qut irf ﬂ%enqlucmw 3 ‘itlagpdresystem

Gr@b %ef@tﬂ& floW ¢ k‘éag&tsbzﬁﬁ%sﬁ‘ EQuith€dnd the @ﬂig ﬁstduﬁﬂnatté?i%ttn@re will be

nucl ei ¢ aci d-|1 oaded beads. The packi ng beads ma

pegyeTandre flowrbrmbirs gjtusted @bpieraaddmenatdct Vith the arnapy Thg ese of
H}Qﬁ |p§’eﬁﬂ<l)\k/ Phdnfiides i Jbe i p%rpa l&?&lnﬁ:ckﬁ cﬂﬁ%&r&? geo%cfliﬁalyzed

e capt ure S arena sane nater
leuganeobdy hThere mapfedt 3. d, 5.8, &r ) Qrohgrstﬂy»wsmemb@‘s cThis

X\é]'ldggraltl n gé;ﬂ%g (ﬁgpggo Ikl tblélggq%égrééfs%quug% thg lesc(J?s% heéfem

sUvh as apttein errdgeaaimbaiﬂrrmgwezymn) arrayhehgacki an@yb taadul Ehe dike.
generally smaller than the capture beads. The

fHoBAYr eBioe: tha bmidmg enay bthJemabnydlagl dantreeys dyebebvekenkamponents of a
%grg;fg%l( % dagéct l%ctr mcaa?/ via tEe un emn FE@Z%%H ﬁsss%%lsnrga){e%e carried out
itBdutnina rtbad)’td.mmlbﬂadfﬁe g. Stmhns}nﬂﬂkialbgl) beadsplerbeing assayed. This is
g v%{;ecoluglsﬂnge sucﬁlmla%ﬁ))luﬁltlorg erparsla%&]y resuslts in loss of sample and generally
requires increased time and work up. In addition, the present method allows binding

interactions to be studied in real time.

[00350] Protein arrays used in combination with the chemFET arrays of the invention are

also contemplated. Protein arrays comprise proteins or peptides or other amino acid



such as Bang Labs. The placenent of the packing beads
relative to the capture bead may vary. For exanpl e,

WO RRs/paakd Nng beads may surround the capture beadras@or/025721
t hereby prevent the capture bead from contacting the
| SFET surface. As anot her exqule, t he packi ng beads
may be | oaded into the wells ' ow ng the capture
beads in which case the capture bead is in contact
whrhptisilpebidISEiE nsdiétl B6@hd 16 A IhLHEMESn ah oRAGIENEhd}REkermined
between the capture bead and the | SFET surface sl ows,
pRanegi Pydhresping fnclude byieaje BRfdinvsd g przyrias eatikadias apd antibody
REEmerdid\Gra@Rbodyafiniéd @lel, R g ahain GAfodles). [ 00335] The
i nvention further contenp?ates the use of packing
R38R Oh oAPEinbbBAEAON Brotedn Aty iAeBhlplisS M pluptiey §@fifferent proteins
descri bed herein) to prevent "contact and thus
{on other epiag @eld spntaiingdtieagicat maigticsle Eaglh preteith and pigfsirabdea

l-ej i . . ck oA ol 0 .

R o LS PR R PR iR Sl SRy e regions
(oo gelth) preabipnadevitthihe s¢nsere imihe isensor 4rEH 8B thatlikere is one sensor for

L e

tependihgomthetsizaof the prdiein abd thacize of the regient (oecdi ekdymayibelbut is not
ignal (ji.e. L S€)cnh Sk €58 L han equal t.0 ahaut
B3R gt o, A58 s0be1g" TPSalRE: Ghe BGFsliuf 1RHE any numer

ofagetlsifeclintegisut hbelimsédgoat leasnd 0,c@3d$°,116°, abHwo®, 10D ondore. In one
=/-. 0.5 . This increase | uf.ficient to .all ow one
grRpligatioay %ﬁ‘é’%}élef‘%"s 4 BER stﬁa‘[‘blﬁ?é“?‘]to FHraain QF BrpsRsfted of
tantditing a ol ygeTHatbifds tsitheSpro@MpPIThS aitddytt ARy \b3aisObksrate or an

r ents necessar to peryorma sequencin reacti.aqn
LRDtER S HHeLREDE BrS S 123 EE%W%@W be #anotesulotdat Wags to the
profeliminbRa Rk Rnoth&3et8ih, LRI i€ alcBéichltspEQEIWhedsr Fhfetic or

or npre contai ners housing wash buffer, one or nore
BSHRRY perEinga@Rd E5rik&i ni ng one of the fol | owing

reagents; dATP buffer, dCTP buffer, dGIP buffer or )
P31 b isdp be updepstoadtias, likgchpnugliic apidrprays genigmplated herein, the

RBYSRSESm t tePAYAVR WIS B¢ a Bkt HubReRABroaRithe RhrMMRT And thus
pyr ophosphat ase. Inportantly the kits conprise only

Paedditignpstepeaf detel ingangiorpabef deiertion isjrequirgd imthgge array methods.
understood that interactions between receptors and .
[00823H o dn grothertafhodimant thasfplsinargy may spmariseg Huiahtygf identical

PStR] S GRETRATRIY R &fnta@niEgbi%fb%tc@fin@ﬁ@%b.e'l(h@iﬁéhtﬁblS&otl@ﬁls may be
detected using the chenFET arrays. Exanples of such
prifoambcdistobieied pree Dlgsartsyifaded shey imsiy bePraanizréinto disgrels regions (or
@é?lgi'brpﬁlgtes{nfa&[ 9 fHele lrelHé:rl eﬁ{b%dﬂ&'n@, b R ’(%r. celés) are aligned with
protel n-protein binding, enzynesubstrate bindi'ng,

tha zgnsersiimthic lsertsor artAyrsdémiat there iisgaa sensbi fooenchiségioh (eg cell).

and the like. Any binding or hybridization event that
Wa3%ds Thephetpige mas be nthpsisedofifrdipt then piviied @ndlattashed toghe array.

Alternatively they can be synthesised on-chip, similarly to the nucleic acids discussed
above. Synthesis of proteins using cell-free DNA expression or chemical synthesis is
amenable to on-chip synthesis. Using cell-free DNA expression, proteins are attached to the
solid support once synthesized. Alternatively, proteins may be chemically synthesized on
the solid support using solid phase peptide synthesis. Selective deprotection is carried out

through lithographic methods or by SPOT-synthesis. Reference can be made to at least



the FET interface and thus changes the current that

flows fromthe source to the drain of the sensors
wdseshichesd herein can be detected accordi ng toedhes2007/025721

i nvention. [00340] In these enbodi nents, the

passi vation |layer (or possibly an internedi ate |ayer

coated onto the passivation'ﬂ§§er) is functionalized

with nucleic acids (e.g., DNA, RNA m RNA, cDNA and

MaeBLdtk Sd SRR bed S Fencd066! 2@941 TQR1 RS, & V¥nddak Wil Rhsure, 2006,
protelns .g., enzynes, cof actors, antlbo |es

é?ﬂ 1 6Soti- &%@jﬁ@ﬁp@ alsmbe mpde tpUscHateny A 92 hito Foder et al.
%ugatlon of these entities to the passivation |ayer
ASPe Eheamdeal C@mpwdmlér@@rrw ig combjgatiey viihrolipeE E S aeRys are also
Er‘nﬁ:ﬁ@r{eﬁ chahichi anpl‘ﬂtcpoa'i'ﬁgs DA%E ¥k bg g Ja?e)‘lﬁ% immobilizing the
reactive group an the entity to be bou dg f
eompovadyled;, orgaaistdompourdshipsthe gelfd sasfa@wutiedlwsct hml@mg techmques

[ . :
B3 B SR 8 HSH B BBy g n i
atrhpoindse(etg.,foogani domipawsts) omthk sbliddueface wishomhimirhelilization (may be
N e
kpoittinlgi dngankrnolnmk)fbnﬂsfm elhmegenDMI' so@ﬁtoﬁ\mmheut(mdrr(BIB(Ezatlon and drying

eRARY N&%ﬁﬁﬁgﬁgﬁ D&OWQHW@@H@%%&BHB%%O&.%J@O%phﬁmpomﬂom
3RS oibesf oSty v Cmasion SR e T s ot D

beritenplatt BB the inveRtio ETigsap ﬂﬁ&roﬂfayts B disovRed inQfieatdridietail in

et Lonl et 1o P o R et eyl T g, e3:722-720

SKOK SnoRetCEtal CNAQVIES 1998, 44844-847.gonucl eot i des) or | onger
nucleic acids (e.g., full length cDNAs) can be

[00957] dEThe@dn R HFIRE oS the LBERBEDhrrdys @ndihe djcogi@s 61rc'tﬂaml:a1 arrays
herein. Nuc]eic acid arrays .generally conprise

A staifar in cagh "ﬁﬁygﬁ qng the digussionef qnégplah@atm aray waH apply to others

8L fia@eketh & otherwROkAown BAKHaRf Whi ch has conj ugat ed
to it one and nore preferably nore nucleic acids. The

[08358)i Cn @6'@ AhSthaF @spé'é't U Envestidi®otemblatl Gﬁ'ﬂ{sns-rmeﬂ deheese.g.,
acids conjugated t gi ven spot_are usua

NPei’fmee%wnal FﬂIStCHBureaﬁfeéf?r qaffimah Raumgometcl- ésvsoa%anarﬁr%wors B

shes® o) eng t|§’scﬁb Qécnaﬁsvpm@edqm it RitH ee cﬂém#w %rr%jDOAs an
nucl eotides in length (including about 10,

g@mplp a bean sevoon Bay boplagad in gontah @it dhe C@é@Fﬁ"ﬁ aray,gk thy invention
%n{d cthgﬁg(j@qr{ RY Sechibf midy ‘BQ dé@ctLPLiffel inGfRd ﬁr@éeﬂceg&rh%%nci: of stllmulatlon

Inclu I Ng mut at1 onS | nsuc genes oOr expression evel s
pichgs bit ngehwiyd totnenataxins and theylikemYransductieieofaenahpreeeseds and/or

?tﬂr?&lac‘tlo%gtgF th%r' g%l: gﬁal%?: ?{ {ﬂ??eoéngﬂg?%ﬁe h@% cﬁeﬁéﬂ%%’f operate by

span a I'ne sequence
dehe:tlgg paciuiflhaador sqzteisamaﬂexds h'mhd: passitv&ibndayeo gself drevia receptors for

nar rface, i ger to_excl ude position rel ated
ee'e'esstﬁ%* AR IRl basp VTSR T eadout means of ¢ he

58 g@a‘.‘él Q%e&rtﬁf‘}’n%erﬂ{o% c%f?ﬂé&%&le‘?%e"}ﬂsé Br heRRER frays,

functlonallzed as described herem or in another manner, for use in vivo. Such an array may
be introduced into a subject (e.g., in the brain or other region that is subject to ion flux) and

then analyzed for changes based on the status of the subject.



genom c DNA sanple, a cDNA sanple froma cell, a

tissue or a nass (e.g., a tunor), a popul ation of
weRs/ecilat are grown on the array, potential Ipegs2807/025721

two di mensional array that corresponds to the

underlying sensor array, and the |ike. Such arrays are

therefore useful for determnmimil ﬁg presence and/ or |evel

of a particular gene or of its expression, detecting

[0U380] ONGilvkd RN inRefitivieH LB in#aREEvd 5déh ReRFib&ndMstrated herein,
limted to deletions, additions, substitutions,

these opragamiskil ia theaet \étbltrpaﬂelyﬁewylﬁwrynw@nﬁ otheripeapsand/or
sﬂrt!fc?urei sté“ﬁirmﬂ'éeth@ﬁmgﬂl&&ngfor Bytgfn'ir%: tﬁ@;ektﬂﬁ agfl/oF B or more of the

sanp e nucleic acids and I zed nucl el c acids

advagtages deis¢riped bereins maglndfé&ucls variatigesandfoy modificatianis gndeemed to
?g%&gﬁ%ﬁe@ njg?@g&rﬁf@e am%gs%%?@gagkﬁgem %en€§ﬂ9 those

slalled/mrthe arowdl ltead)tysappwciawdbat(allrpamm@rs dimenpions astenigls, and

SRR DSOS RGP B o L B

8B@nsios, 56@rial, M/@S&ﬁmms SSCHdpSnd)up’bE thd d§acfic apydicdton or

mM.ci trat f f d t i na. ot .

Ao el G e B by leagShibas B G ontost Pl Ratschr wi

5&9fgmaen dr t?és%le ﬂoméctbbtalnl L@i’ﬂlrg]tnloﬁ‘ﬁﬁe fhan m@mﬂbiﬁéﬁﬁﬁnﬁaﬁo@%any
mor e washi

steps; incuhati o
Fﬂ‘f‘iﬁée'ﬁ? toilge S.?eC'gF 1y Sntfﬁeﬁmb‘ggm‘a’&ﬁd’e%@ﬂg E%F'l']t rtdﬁ§he(5?f°@xt° be
Sferstbodl ththe PBrebog Sbodiffend@tOptb R d WaWAY of EAmPAYorl and that,

exanpl e hybridi zation nmay be perforned at 50%

rothindhe Ef‘@pgﬁ%thgfgppgg@dfc(l)qlmég‘%ewa\lﬁggsﬁggetefmmtwe embodiments
atob QFM%%Iséﬁaﬁa@Mc%m@ deferivefand ggﬁéé] IrNHH’tII\%' c

acid arrays include those in which already fornmed
ambpdiments of the pesserth digglogunniars direetediorrash indiyidual feature, system,

AR hatdridl, Qip ahfr ﬁE%%dés@n@edﬁﬁ?&ﬁanCddhl?iSﬁ‘ta'n Bombination of two
Nucl el ¢ aci ds can be spotted onto a surface

y
pr meweeltfeptures] Jystemepatidles, materialy kitscandlor mietheds, ¢f such features,
F%?én%' igfes, térﬁtsofelltsy QFJ/O:J rﬂé@ﬁ&ﬁ alc"eurgt] alﬂgﬁncglqgistent, is included
mtéed to sine or polypyrrole, direct
amhjnug«atrivgrmvmccwﬁIot”dmrprezsgatdwlosllr@ as described in
publ i shed US patent application 2003/0186262, direct
¢W3p Ligad il definitions, asi defingdsand usérbindrEin, shawlfl e endeestepd, togontrol over

?%E%J%gfdéﬂ‘n% té‘tg Sdre%ttg %m c%g}rﬂ&l?{ ﬂaﬁn&rglegi)g g%%r?hséea&gi/or ordinary
Bicowhgudfitlondefine @ OMs. 19 1723- 1731, for exanple.[00346]

Nucl ei ¢ acid arrays al so include those in which
00362 cTlxcindiSinte atthleaga”odnidg‘amu a$ eet herem imthelspcni\ﬁnation and in the

E‘e uglnrgle%as é:?e ﬁy r}alc Egsf% ﬂ%tgarrggh lﬁ gg}l? e?s%&[ﬁi a an “at least one.”
ec ni.zed. hni gues such. but [ d1to

EU;OE% I n’gl% htrzhsefI 1d/0 Doalgnfedglebellrhgﬂ}z% pemﬁlce(i;tlsog an mdtgg ,cFalms, should

péoiderstaddag rrmmhyemhsn dgrdoh” @f rectemuaslss conJomed i.e., elements that are

F@rﬁ@ﬁ't%@?%% rﬁ,ﬁl srogfescgages%ﬁ?(%s@ctwe yrporer:rslegltrlg roth"g?(\:/ases 5Multlple
elements listed with “and/or” should be construed in the same fashion, i.e., “one or more” of
the elements so conjoined. Other elements may optionally be present other than the
elements specifically identified by the “and/or” clause, whether related or unrelated to those

elements specifically identified. Thus, as a non-limiting example, a reference to “A and/or



printing, or electrochem stry on microel ectrode

arrays. Reference can al so be nmade to Nuwaysir et al.
w0 7¢egne expressi on anal ysi s using ol i gonuch@EOU$967/025721

arrays produced by maskl ess photolithography.”. Genone

Res 12: 1749-1755. Commercial _sources of this latter

type of array include Agileﬁﬂ}oﬁdfynetrix, and

Ni nbl eGen. [00347] Thus the chenFET passivation |ayer

BBYwiRG: Lﬁ&ﬁﬁﬁ:@ jvhétlonanith dPeBleRBRAi 178 ad AUEN asOfcomBAGA AN refer, in
nol ecul es d]t herefore reactive groups) to which the

ﬁer’c%lv%i"a%r}tdg Agerdy (optieep!lyierlwting ¢leRenihother thane); Hyamother

%MB&Ji%hth%Ch 0&19@8;&1%La1§hﬁcmmg@|unems sm@[ttﬁawmtmet another
nblnlng such’ nucl el ¢ acid arrays wth the chenFET

amb@sy@e@tn@ boHr 4 jand Badeptiponalieinciuding ethseelpmenthetaET

arrays described herein. The chenFET/ nucl ei c acid

103641 canussd hersisdinithe speifieation pndin thpgrimsaiaroshouldspaderstood

& hatl !tf&k&arWE e ma)mﬂ ad SAHOp eastdaﬁné@'%bbv?’e (K eﬂn‘{ﬁf‘@ﬁleh Sepafating

reaction cha as they are interchange

toneinaitor ereidiyr” sisiliheantarpadtydasdeingyndusive, 1 @ethe inclusion of
t di ng

%ﬂggs't g&mﬁ& aIéor]ﬂélmﬁ%mogcth%e%r{éé%ftag]uglbgrc J)rqﬁﬁgf el?l}{e?nttsg H!?]Sd

aptibnalhg addikienal snlasmdotmtse @Dnly tehmcéeaniyllhdlmedmehemonm;esuch as

a?r](j%vogehoartngex‘egga tolillﬁltﬁ) \ég Iu%e qn th ﬁga?mm%a‘g%u]sw%gh oft \Gill refer to
thelmdlundm farpltiyoné eremranmifalrmnmen at likst d:ﬁe&ﬁrleas) I genkaal the term
g_ngl si mul t 0 Ther e

909 8 G54 niisinna L GiTa OF P S AP hng P bRt B “one or
%Mthe@ﬁumuséth’so viten @fdeedediyatagios akcl@ivigysuch astdidler 1T one of,”
t hose di scussed herein such as rotelngﬁ[ray

SORLY BRRE A Sty eReRfime onsisyas cserwiailr gl Wheniped inghgyclaims,
518 Hal & Rs orlla8ARdaniignis @sddng thel gl SfpaWER. bet ween

bi ndi ng partners or between conmponents of a conplex is

fRBes)t eAs §leB Bblefh €l dp¥cifitadioh BRd MNREE1hiisNBe bhrhse ‘abieBst one,’
assays may be carried out wthout the need t o

FFé?{F?fGIt%ﬁ ist(od Ope or rage el s athoyld b parlrstpefetoggip pEleast one

BeinBst seReRY 8dm ahlofie bism&d \VRIHRUBRUE i tHRAR! Sfdients, but not
mani pul ation invariably results in | oss of samle

| e and
geasesaely ipclpdingiatrleast onecif sacherdrdev e clemgnisppudiicadly lisigd “within the list
afjgbl{lérﬁg]andt%?emmgny%&%&%@{s o@%m@h@q{ {R¢ l|st of elements. This

interactions to be studied 1 n real &j
Pefotidanplseralleys thas elaments mebopticnally be mesemt@ ertbﬁe gfpments

gﬂ;egcﬂi"é%l)pf‘deﬁtnﬁd'vﬂ%mk Rkt e [%m%ht%?o Hi@h %{wh?aﬁ@ datal«?nérsﬁ%n%” Pefers,

S conpri se roterns or pepti es or ot
afdai:tdjcompted:w ngebtedlt@glomlemmtetppmﬁoajPyddmlﬁad pThysaazs a non-
ace

u »pl.e L ne n »
U R Piscy Rad e 68 oR08: R REL B G°8 BRTOR or £YFB. o,
amtwetmnilyé‘st leasd or@ndfiAadorfB’ agmanefee, in bnea¢rh bdalordgnt b it least one,

€. 0. 5. Si echanantlbod S) 'JS E?é
oAy sing nigfg il ARG S0P ersrear rab bR Y inelepipe
elemehts behecthhn BY;Gi endiiser embodiment, to at least one, optionally including more
than one, B, with no A present (and optionally including elements other than A); in yet
another embodiment, to at least one, optionally including more than one, A, and at least one,

optionally including more than one, B (and optionally including other elements); etc.



(or other am no acid containing biological noieties).
Each protein, and preferably a pIuraIity of proteins,

WO 20096 RIGNt in a predeterm ned region or "cel Ipcpﬁszq)hrﬁozsnl
array. The regions (or cells) are aligned with the
sensors in the sensor array such that there is one
sensor for each region (or Céll) The plurality of
proteins in a single region (or cell) may vary
?ﬁﬂﬁﬂd' RShAAM alg@besdn%lgrsf?)fod e uﬁ[e@st aéﬁlquca{té@to%@&nﬁgw, in any
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ercremted. | n one appllcatlon the array is exposed to a
sanple that is known to contain or is suspected of
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and t hus no addltlonal step of | abeling and/or |abe

detection is required in tggse grray met hods. [00353]

In anot her enbodinent t he n array may conprise
IuraI| |dent|cal pr.ot ei ns er am no acid
Wsd) nT‘?rgfy B%rngg% Pxamplet @@gqorfl frrgré*cr E¥ sequencing of

Blhglte%trﬁh%ie%}ﬁ% Sftclebiided usthy afliSHET dtaled on a pl anar

surface or they nmay be organized into discrete regions
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enbodi nents, the regions (or cells) are aligned with
MagnetinBeads: i n the sensor array such that there |s one

sensor for each rﬁgggn (or cell) [00354%
e Sipalerianded P"%ﬂﬁ’Pb‘eOttq?éﬂ“IﬁEFF? Fitha Saluhl Blotn g (HPLC

aﬁ@éabl eddbooibag Lﬁﬁ\reﬁéél prithBldtabidéRU YrohlBYT GABgraRd DNA
aynt hesi sed on-chip, simlarly to the nucleic acids

duglogics Gaselvidle, 1) nTpaplates drreftldasssis lepgthngrdorsre designgd to
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on-chi p synthesis. Using cell-free DNA expression,
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end, respectively.

[00372] Due to the strong covalent binding affinity of streptavidin for biotin (Kd ~ 10-

15), these magnetic beads are used to immobilize the templates on a solid support, as



envi si oned. Chem cal conpound m croarrays can be nade

by covalently i mobilizing the conpounds (e.g.,
wFegieGosconpounds) on the solid surface w th wives%67025721

l'i nki ng techniques (rmay be referred to in the

literature as "small nolecule mcroarray"), by

spotting and dryi ng conpound§lge.g., organi c

compounds) on the solid surface wi thout immobilization
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ﬁgll E gures (e.g., two-dinensional cells cultures)
same Bty anpl e Baumann et al . Sensors and Actuators
55 1999 77:89),. and tissu sec ions placed in
Tahe do Segrennes b Temahpeser Lok Bedid hs an exanpl e, a brai n
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I nary 'He ar W 717 T eadi envi st on a
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7.8) as described above using the MPC-s. Beads were resuspended in 25 mM Tricine
buffer.




advant ages descri bed herein, and each of such
variations and/or nodifications is deenmed to be within

wo heseaage of the inventive enbodi nents descrif@dus2007/025721
herein. Mdrre generally, those skilled in the art wl|
readi |y appreciate that all paraneters di mensi ons,
materials, and conflguratlon§ aescrlbed herein are
meant to be exenpl ary and that the actual paraneters,

fi08%6)S| LRSIncUBAGIH A HybrREYACT et Mel/ B Y vARSDNAl Polymerase.
depend upon the specific application or applications

f(fb‘f&ﬁ}h' ?é?nﬁlil@ ahd @ﬂér‘h 3r1&secﬁ‘@ Bicﬁ‘l%‘ﬁed' ﬁ%tﬁ% ynHé%& esgélﬂﬁﬁﬁy as
l'ed in the ar recognlze able to

é@é@qudqyd%ergulmj che- N@trl@ 200843 H(doxI 76388 2pd pecRmmrmitingon,

gg@%n% Ui % RIS to the specific inventive enbodlnents
cri erein. is, therefore, to be understood
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anr(r:powe?lt j porllt él?é 1 dl ovg ?Bg Kell ﬁod%lgr%a;eﬂﬁlglgy’sha%?é?&g ggaﬁe including
écﬁamuare@qnmy Sqens ,recaangulanl esd thmhker]nains ,exd(li’lnlary camfdr‘matnon the
hods are ally. inc i ncl
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b@sfsmeemme gnanﬂh/a@ be RESthARS (/i EiR S thgs400fm, Lies tmfaone@l less than 20
terms. [00362] The indefinite artic|e

uR, orless t'l"?é‘rl@ FH“ i ¢ angemépdipiept; Hlstpﬂtswséﬁaut 9r+me hEhec?n&r%@amber
BBUVE SR drlaf @ithin WHUhGRE RElld de glhﬁteapmby Bd6.a Voo of eB&al to or less

understood to nean "at |east one.” [00363] The phrase

thap gpast 30 nbseqyaldg oplepsethan ahout Hbnls saval £q edessshpnahguti 13 KL, or

Ecﬂﬁl @lcﬁ'l%thaﬁ h@'ﬂld Tﬁ&eweﬁlﬁfét}f}%?orre‘aoﬂ@s%gnd t%'tﬁeh@flur% of solution
" of the elenents so conjoined, i.e., elements

tNIffblﬂ the ehagbag asrveall vel y present in sorre cases and

di sjunctively present in other cases. Miltiple

K108 nt%llﬁsleﬂoﬁﬁﬁﬁ“lth/@Pﬂféhﬁ@F@ be construed in

t he sane fashion, i , "one or nore" of the elenents
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BHDEY, ah BAQUH: BFeath %Htéﬁ@&ﬁb& b&e'tﬂey bt dnl EfdeRort fifette. A
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wlagiod masthspeaqdfto pell the beafisintp thegrellsThus, as a

non-limting exanple, a reference to "A and/orB", when

[09882]i 2.2 dmjadingtdf dieady infa ‘Gesad'ePystemn.| anguage such as

"conprising” can refer, in one enbodinent, to A only

(0988310 nBwth yhei capturadieads the papkingdeedsines lopdpdrismg;flowy Microliter

Bl%gig&ﬁ 'of bead solution volume, as well as positioning of the bead solution through the

fluidics connections, is achieved as shown in Fig. 62 using the bead loading fitting, which

includes a major reservoir (approx. ImL in volume), minor reservoir (approx. 10uL in

volume), and a microfluidic channel for handling small volumes of bead solution. This



enbodi nent, to B only (optionally including el enents

other than A); in yet another enbodinent, to both A
wonlds/Bred@pt i onal Iy including other elenents); ®igus2007/025721

[ 00364] As used herein in the specification and in the

clainms, "or" should be understood to have the sane

meani ng as "and/or" as defi red? above. For exanpl e,

when separating itens in a list, "or" or "and/or"

fife@lol aR8 1dvRfaBEPhE M oRer Redisien bﬂ’ﬂdld’%ﬁli@&tldn #lowed B precision

i nclusion of at |east one, but also including nore

pipaticsone, of a number or list of el enents, and

Ef)tl onal Iy, additional unlisted itens. OnI
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ﬂﬁﬁ&élﬁk(aﬂddhip&uffﬁ&blam up AsiEh ﬂf&&a@llﬁﬁﬂé@kh@\&i 1&@1@63f Thidprocess
or nore o

BeaEhT e atirssd L SELITS oo PRt S Teduforiy dnected

ahtilRclovaREtheViQuM cah BEBRh aSthe epfof &l thiyiot deSdreslr, Wrbldhnthe
the list of elenents and not excl udi ng any
HYBRRBHMYATEH VAl enent s in the list of el ement s Thi s

inition al oallowst enen tlon e
ﬁﬁ’é%nt%’% lttwaﬁowﬁlém&ﬂéwﬁ eqafn% &ys opphied Wi
brd€ioh hiRtle W the hindr h&elvoR! as@howh RITERLER. ThisMpbGEutibA Broduces a

hrase "at | east _one" refers, whether related or

raplelcet thy temeliBe Eseeint e yplumerdl é%lmugn 3ddedhisieapal do the volume

dhws ﬂo@%hﬁ’mﬁ‘é?% B4 {he Grdex 8P £L), adf has @@8hceRMRidAfof PeBLuch
B" equi val éntly, "at |east one of A or B " or,

(0
&xquwb%n asided (p theyyolpmp of bustes selption iniglin the minos Fesprpisrproduces
ﬂ'@ d@ﬂ d%mqfrmtof bERIs @S bd @éﬁ%&reﬁ Rfthe ﬁ%kgp afhy pipette is retracted,

I ncluding nore than one, A, resent (and
st the pyinigy iy mttlled,n chreiglle hechelpwly U(Dtlhtéﬁ dtOIn regydes jtqnthe top of the

ﬂﬂ%’ I?eggrvgmﬁ%‘glnr(ﬁﬂﬁed t}u%ugﬂ Ee%ﬁ{pﬁ%ﬂffmﬂ8p.teké%0&¥ Lsy shogn in Fig. 65.

Bptausmtat hycroﬁmﬁmthmglebebmwﬁowh Hem thh arnnoﬂi)rszserwmnyet/ery small
not h t Qne
ﬁe 19 §BC grrd?ﬁ) c?fle éi}]arrbegeé? Vi{yql%ﬁ mlxtmgl' oecggrts bg{v]\%eull the bead solution
axpibuffeakdlytmnnn thediiuidic path dutilgthisgnecesB ( and opt ionally
i ncluding other elenments); etc.[00366] It should al so
(98387 deAsthsdirt,ith¢ beadnbleSen lleded intd thel iﬂoailioemhtlt <but in@ot yet at the
met ho n. t hat

e ekt BT b F BRG ARBHSL PubiR ot fed souion

#aths fluidic path, the solution in the minor reservoir is cleaned. First, approximately ImL
of buffer solution is injected into the major reservoir, effectively diluting the bead solution

left in the minor reservoir, as shown in Fig. 66. Then, the solution is pipetted out by placing



of the nmethod is not necessarily Iimted to the order
in which the steps or acts of the nethod are recited.

wd 20867%lod N the clains, as well as in the speadi/cohansr21
above, all transitional phrases such as "conprising,"”

"including,"” "carrying," "having," "containing,"
"“involving," "hol ding," "conﬁdéed of ," and the |ike
are to be understood to be open-ended, i.e., to mean

b %H@ilﬁ‘glopg{he BBorh 'eg%etcﬁqlhet ﬁ’lajomkéfvdhh §ht 1@@56%&)1‘3“% in the minor

phrases "consistin consi sting essentially of
sHenvpir isdelg poitsdep ay shewpiin Eigo8®d transiti onal phrases,
resgectlvely, as set forth in the United States Patent

e Manlugie afpufberisehtiomisahemdded mrdserdefiabeye theadnrgr geservoir, as

a};}n]o]’ bl s foﬁ?ﬁ Wéﬁ&alﬁﬁ%gﬁiwﬂ_meﬁ% ?8' P \qurhéoiatﬂlfs%éﬁm fs equal

a proo I NCI rap sequencing o
& theyvelumae ohihd éldlctlﬁ pag!jb hmylegbtbc deror neserygir and theFEW chamigr, of the

@8 %gl?h € tﬂe g"(ﬁﬂll (ﬂg gwm"%ﬁ%é@%%@ﬂ“%&%‘é?? Blus the volume of

|gonucleot| es to reptaV|
Bewatsll b@f@ﬁﬁli@]lo@lchzghm)s tAgmdehsb siohiigeo$ pyed watikbe dbplet retracts to

HPLC r|f| d
b 36 il e i g fl Bore R T Bt g aces
(rtnthe dloatcet's D& cheaberol ogi es, Cor al vi | I e, | N) .
Tenpl ates were 60 bases in |length, and were designed

{(10389]C| Tiddoadlingdfagee isthow heBandeigted bedr awgramidal base, containing a

ntary to the 20-ha rimer (Table 1 ,
FOER: OT oPihds PR30 ATPBETE PHYH G eded Gy bead soluton
am&thaﬁnlémwimmhd &hig. UBHiIﬂﬁbd@f@ 1§»4 ﬂgm_EEechrﬁ ﬁh’e l{alﬂ@aﬂfﬁv/b few seCTonds.
i s as 0 utjons an
Jie Gdspronspngonns ot Bhprimia agye %m?%? WK R EE gt can be
?e;peaté’(pfog Eﬁe%ﬁdh dfshall EQ@(%YglﬂeaE@lhtoQﬁ@B1&&Wisaltfﬂece§§3r}m

magneti c 5. 1 mm (Bangs Laboratories, Inc. Fishers,

L 96t e PR shiphectada 1Bat theadsll bebtérarhyd of dawaRURObEds mto the
uffered sus&en5|on (8.57 x.104 beads/ at 4C

wer
tpefrtbafiey © Y ingcepirfuptiop Qngrayits hTflfuﬁ‘reélPOT fimgglimited
hiM§$e Bd. t hen |ncubat|ng wth tenplates 1, 2, 3 and 4
(TI, T2, T3, T4. Table 1) with biotin on the 5 end,

RIDRCHS NN SedRB3ihelusiens SHINESasbPAGrAoval ent
Llngﬁng afflnféy o}ég?fgptaV|d|n fgr blgﬁfn (Kd ~ 10-

jdeB92)t he$ DNRGBRGhdrcin2aAAR ‘BpBn USHBENi.0 | MMDDbI | i ze the
tenplates on a solid support, asdescribed bel ow. The

L R3]t eﬂl&bfiﬂ’ﬂs Blﬂ)»ﬁ?d}éiﬁ‘dp?ééelﬁfitntehﬂ’iﬁ ekRAdend dafrldcdrdh(:‘m an open
iotinis 0O, of bead stock sol ution.

8YpEI (ledfwdSB%E é’é‘)’ lwleqeriﬁwﬂaft Ratfmmgme lSFBT apraratpg af\ﬁdeen each
ﬁﬁ’(ﬂ&ﬁﬁéf@ hv ?ésﬁ(ltlﬁétncéjb ﬁMséjacBmﬁs r%arluaPFy addRd e kto®ng order:
coul d bound pér beads are

dATP, dCTP dGTP and dTT (100 mM stock solutions, Pierce, Milwaukee, WI), by
pipetting the given nucleotide into the liquid already on the surface of the chip and
collecting data from the chip at a rate of 2.5 mHz. This resulted in data collection over 7.5

seconds at approximately 18 frames/second. Data were then analyzed using LabView.

[00394] Given the sequences of the templates, addition of dATP resulted in a 4 base
extension in template 4. Addition of dCTP resulted in a 4 base extension in template 1.
Addition of dGTP caused template 1, 2 and 4 to extend as indicated in Table 2 and addition

of dTTP results in a run-off (extension of all templates as indicated).



easily concentrated using sinple magnets, as with the
Dynal Magnetic Particle Concentrator or MPC-s

wd Joo¥ibisaegen, Carlsbad, CA). The MPC-s was usesti/psioifzsiai
descri bed experinents. [00373] An MPC-s was used to
concentrate the beads for 1 m nute between each wash,
buf fer was then added and thd!Beads were resuspended.
Foll owing the third wash the beads were resuspended in
M@%TL Ihgaﬂ (\5@9?11ltaHfdctc%rthé)éﬂélsfl‘)n%acﬁf)nseﬁlctne fe@RRh&! &1 fidls for

. S were i ncubated for mnutes wth rotation

em_mqnﬁak@mnmrﬁipammnd %éhmsgléauv Bty grephs|aag shown for four

tgeﬁ‘lhcléegvﬂ 1%%&%k nea | ng '?edﬁ ro%égdnéﬁ%n‘()@ﬁgéﬁ “thla%e

eetesess artaiieg place, [pHeZunpff (Bigd? Hd)-is addieerdiedhd WelBOnaﬂsed in Fig.

?{C,téilﬂ%gc%ﬂglﬁaé Qrﬁ&&?{dwa&%?é@ﬁ% e&e%\u%%%gl&:fgﬁ%ﬁ#%%ﬁ%llowing
BAGAITGH SNIG TRGBuGEe AMCTH G@ i©0nAGS (GAGAIGAN GBS run-off.

GATAGGS (SEQ ID NGO 1) T2: 5752Bi o/ CCA TGT CCC CTT
M@@C@réﬁ@bﬁ@ﬂléﬁ'ﬁﬁb @éﬁo@ﬁbemm@aﬁmama@mﬂcr@m in the

ST AR oK AT hherk R Pl AR AR R grer o

ﬂi‘gﬁkﬁﬂaéumnc(o&ﬂr}tédmmﬁ)lt 1540 bbundeRBiod thaT Gpy&iNe cdr Be §i1'5§1tuted in

o oS o o S T AR

SeYHRNEIpAle dejdged‘d.m DOPES] The i mobi li zed tenpl at es,
bound at the 5 end to 5.91 mm nagnetic beads, are
{doag7]anmant 2Ket-Qp of APehins@t apl brRF oftRbedeEddtRIoN. t 0 t he
3" end of the tenplates (Table 1). A 1.0 niL aliquot of
the 400 mM prinmer stock solution, representing a
20-Tol'd exclegQrPf d@fp Mer| d@rp MRirrpl zed tenpl at €, is
thenm addedjand—t tne beads us terrpi dal € dI e
lrlpcubat ed V\Hdh pr ?[33 or; 15 m %B%sff@g) 95C and [t he

TPl d.l [9]] aS |C|| bl i UUITI
h-\ rmpar at-ur dI'I'I"n: ‘é t -otﬁhdﬁj 3 +: npo :n 120

$ of 25 niOrrici®e huffld (25 r?ﬂnnﬂfi@mqp 0.4 mg/m

PYP,_ 0.1 %[Fheen| 00, 8. 8 Magndeinnfi B¢kt ate: ph (oidhg 3.2
as descri bed above using the MPC-s. Beads vvere
Pa\uSqsrnicing Using Mietofiidics exeSénsdf €higl 00376] 1. 3.

| ncubation of Hybridized Tenplates/Primer with DNA
PIQB%erSmeencmoem]ﬂdvemmmleaanﬁerpranﬁéppm@ph%loapénucleotlde

Hagémsaftoﬁglcw&ﬂn&p lnYJTBf\@\S RABRS #h 'aaél { rér’h%ents into a bulk solution on

the ISFET chip, the reagents are flowed in a sequential manner across the chip surface,

e

extending a single DNA base(s) at a time. The dNTPs are flowed sequentially, beginning
with dTTP, then dATP, dCTP, and dGTP. Due to the laminar flow nature of the fluid
movement over the chip, diffusion of the nucleotide into the microwells and finally around
the nucleic acid loaded bead is the main mechanism for delivery. The flow regime also
ensures that the vast majority of nucleotide solution is washed away between applications.
This involves rinsing the chip with buffer solution and apyrase solution following every
nucleotide flow. The nucleotides and wash solutions are stored in chemical bottles in the

system, and are flowed over the chip using a system of fluidic tubing and automated valves.



descri bed by Margulies et al. Nature 2005
437(15) : 376- 380 and acconpanyi ng suppl enent al
woRghicades. [ 00378] 2. Loadi ng of Prepared Tesgcipesmbaes21
onto the | SFET Sensor Array. [00379] The di nensions
and density of the |ISFET array_and the m crofluidics
posi ti oned thereon may vary'diﬁending on the
application. Anon-limting exanple is a 512 x 512
Thé f»SFETEfl\ghs Qétivite@fforSddRdingddhetidaPYroll®fs dMthEDNINiSsion during
woul d be 262144) has a single | SFET. Each grid al so
Audeqdida oy (or as they may be interchangeably referred
to herein as a "mcrowell") positioned above it. The
well (or mcrowell) may have any shape incl uding
col umar, conical, square, rectangul ar, and the |iKke.
In one exenplary conformation, the wells are square
wel I's having dinensions of 7 x 7 x 10 mm The
center-to-center distance between wells is referred to
herein as the "pitch". The pitch nmay be any di stance
although it is preferably to have shorter pitches in
order to accommopdate as |arge of an array as possible.
The pitch may be less than 50 mm |ess than 40 mm
|l ess than 30 mm less than 20 nm or |less than 10 mm
I n one enbodi nent, the pitch is about 9 mMm The entire
chanber above the array (within which the wells are
situated) nmay have a volunme of equal to or |ess than
about 30 nL, equal to or |ess than about 20 nlL, equa
to or less than about 15 nlL, or equal to or |ess than
10 nL. These vol unmes therefore correspond to the
vol une of solution within the chanber as well. [00380]
2.1 Loading of Beads in an '(Open' System [00381]
Beads with tenplates 1-4 were | oaded on the chip (10
nmL of each tenplate). Briefly, an aliquot of each
tenpl ate was added onto the chip using an Eppendorf
pi pette. A magnet was then used to pull the beads into
the wells. [00382] 2.2 Loading of Beads in a 'C osed
System [00383] Both the capture beads the packing
beads are | oaded using flow. Mcroliter precision of
bead sol ution volune, as well as positioning of the
bead sol ution through the fluidics connections, is
achi eved as shown in Fig. 62 using the bead | oadi ng
fitting, which includes a major reservoir (approx. InL
in volune), mnor reservoir (approx. | Ot in volune),
and a mcrofluidic channel for handling small vol unes
of bead sol ution. Thisnmethod al so | everages the
mcroliter precision of fluid application allowed by
preci sion pipettes.



[00384] The chip conprising the | SFET array and fl ow

cell is seated in the ZIF (zero insertion force)
woeakeicsef the loading fixture, then attachi nge@r/us2007/025721

stainless steel capillary to one port of the flow cell

and flexible nylon tubing on the other port. Both

materials are m crofl uidi c-t')}ﬁé‘fl uid paths (e.g., on

the order of < 0.01" inner dianeter). The bead | oadi ng

fitting, consisting of the gigisand m nor reservoirs,

it attached to the end of the capillary. A common

EI astic syringe is.filled with buffer solution, then
onneCh 8PS FAIMPISINE end of the nyl on tubing. The

el ect & &aly (1@HASCMOB-FAbsitated sensun (108), BhtsewsoPEonifiRing one
chip are inserted into a socket on the top of a
Fheatiealky-sghsitive(firdd ei&ebirpnsistqr dasBEE Drle Os3ndioseppying an area on a
RUEREHE the atrdl SGpploRfndtdl] t&@miB RImétdrofy, b nAYSRetbRRr less.
t ubi ng, across tRe flow cell (and chip surface) and up
through the capillary as shown in Fig. 63. This
?r OCE$Re dp; ar‘éﬁlk lo?giai { W HEin %Qre%rb%w&% b;yl%%h §e|ﬂ§0r_is approximately
luidic circuit 1s free of air. The buffer 1s iInjected

omng inlicrometetsdy alineghictometdrs guiess. can be seen at the top

of the mnor reservoir, through the transparent ngjor
reservoir. [00386] Next, a solution containing the

Bucl eTle appardtus ofitleich Beddscin theapgplocapiedi byleach gnewiisdpproximately
RLPEIE Sl LB IIAGLEERELYQLT . as shoun in Fig. 64,

hi's app?lé {i'0h prolauces a f"arge droplet at the top
of the reservoir. The volunme of solution added is

qual .to the volune of the flow chanber (e.qg., on the .
Fdor Thforet i pr Ay e SRR B s Spproximately
i€ michtetotbignthaddgidrontdrdier lwg| unme of buffer sol ution
initially in the mnor reservoir, produces the desired
concentration of beads to be delivered to the flow
sel | . THI@pRaR€bF Syl oF claiths Aab @0wha&id thePBurgNtyiof AR OS-fabricated
pul led carefully and slowy until the droplet recedes
peaserpanclugps 'BPrettKQé" POf8RSOFeser voi r, again vi ewed
through the transparent major reservoir as shown in

Fig. 65. Because the m crofluidic channel extendi mrzj
Bown Theoappermas of laim 5.oxhersinthe arrgy inslugesshigiordimgngional gppy of at
1el& 595 ARl Al aPrelst 51 8LAMRAES the ¥RIOS-Fabliddi& &haohd9
occurs between the bead solution and buffer solution

in the fluidic path during this process. [00387] At

hi s j - ] j [ .

1t oS BaarahO B AR Ao L (S a ARG R BP ikl o east 2048
ovsland Beleant 2048 exhafinsraf itegC VRS - fobracdted sénsoison pl ug, or
vol une of bead solution in the fluidic path, the
solution in the mnor reservoir is cleaned. First,
appr okhenapparatus bfitlainf 6,bnifefen thegvoidinmmsiosalianjag dtcbdes attleast 7400

the major r VoI r ffectively.diluting the bead
LR b 70 it eGPl 8% hown 1 Fi g
66. Then, the solution is pipetted out by placinga

i pette tip along the botto %g%e.of tGe.na'o

b er 5 vt Sf Qe s S Pk UTaITA cqlBSY A EhemPET outpur
signals from all chemFETs of the array constitutes a frame of data, and wherein the
apparatus further comprises control circuitry (110, 192, 194, 198) coupled to the array and

configured to generate at least one array output signal (Vout) to provide multiple frames of

data from the array at a frame rate of at least 10 framesper second.



reservoir is left at its top as shown in Fig. 67.

[00388] A volune of buffer solution is then added as
wolibrluoabove the mnor reservoir, as in prigicheadorozs2i

sol ution application as shown in Fig. 68. The volume

of this solution is equal to the volunme of the fluidic

pat h bet ween the n1nor reseryd?r and the flow chanber

of the flowcell (i.e., the mcrofluidic channe

vol ume plus the capillary volume plus the vol unme of

flow cell before the flow chanber). Again, the syrin

19 puThecappenatus of elpien Yrvdisrean the sopted ciouiy istrenfigse aet the

i Fig. 69. Now the bead
e Aok A Aol " e low cel "5 11 ow
chanber. [00389] The loading fixture is now lifted and
ace

| l S af‘l‘éex%ggrgﬁllg Y&%’H P@bh@l@ﬁﬁ%e &%ﬁlté)"[lhlgéuﬁ tg ﬁgu}?t?é.l }?Jt%ngh that the

ﬁamdsnémankhﬁéomeadsanhukmdn into the mcrowel |l s of

the chip. The fixture is renoved fromthe base after a

few seconds. The entire process, excluding the initial

p2.i m Tig: apbaratue of tiwindl I svheteirhthb ubdteid cisalitoy isconfignasal doeh that the

eat ed oadi ng of small packing beads into
FRBC A PahBhy 40 Fapentratelity " T 003001 14 owi i1 be
appreC|ated t hat there MA|| be ot her ways of draw ng

ads into he fl ow
?rcl u e,f@)per@wts P%‘W I aems gpo t?r Wbeen therH?an%{Te‘ffteP%ef‘%or
B&hprsesi ted in this respect. [00391] 3. DNA Sequencing
u3|ng the | SFET Sensor Arra [00392] 3.1 DNA
Sequenci ngt f1apting satepEptursy, yrend [00393] The results
shown are 4 s%GFc%%I%‘) ﬁlx‘id ¥ @raﬁ&f(lﬁﬂ h‘ﬁ%ﬁﬂ%&'fﬁ@ @émi‘é@ﬁcfulc%gt}%b”énd
in an 'open' system FET chip is placéd on
t he plabrigagadnn gfregione(l @ﬁewna@ﬁa@@ﬂ@gmaﬁ@ﬂwm fypeatdgrein there is no
nucl e
a1y e el FRE LY Pt TG e e ggcond
dGTP Emcaﬂlmt@ﬂtm‘: tvither dlasksoyesieor therdsain.pij er ce,
M | waukee, W), by pipetting the given nucleotide into
the liquid already on the surface of the chip and
¢4)I | €The apgardtus af ¢lriond 3, etheht@nprising at &as opé figst Bleetrizal conductor
to elerc(t)r)l(caﬁ% f:(t)r}n%ct eﬂveté%ltlag Solélg %%\agg E}g;/gcong se§n ?ﬁ %%thrc’ ty%é of all
dmmﬂﬁﬂédnﬂsmngyLabV’eML [ 00394] G ven the sequences of
the tenpl ates, addition of dATP resulted in a 4 base
extension in tenplate 4. Addition of dCTP resulted in
85.4 bolseappataml of My dfelaimsrptoatdg whereAodth k@@or@bm@ﬁd&’

Sooreh okl st PR LR Wt

( ext enpluinityodf saddnd kRBBkAtBRdRSors El6itEedOdpnlcdRd Adihe biugality of
1 (A-D) illustrates the extension reactions. In the

FET% panel, all pixels for
wherein the plurality of FETs are arranged such that the plurality of second electrical

conductors includes no more than four conductors traversing an area occupied by each

sensor and interconnecting multiple sensors of the array.

16.  The apparatus of any of claims 1 to 15, wherein each sensor comprises three or

fewer field effect transistors (FETs), including the chemFET.



one snapshot in tine are shown, and on the right, nV
vs. tinme graphs are shown for four selected pixels
wo 5B tdies set on the left. Wiite arrows indi cag€r/eSionvesizi
pi xel s where extensions are taking place. In the
run-off (Fig. 71D) in addition to the wells marked in
Fig. 71C, an additional arrow?Pndi cates a wel | where
an extension did not take place follow ng the addition
of dGTP, but rather dATP and is then seen again during
the run-off. [00396] Preferably when the nmethod is
Bér f ol heepparatus of amy. of Waimad ser l%mh\éfeu( 31l ¢f the FlgT'y i gach sensor are
3P3 SINEcHhnA WipR AR BhIhQMedAR the! r@QGf? H&whg%é QliRd Eé?rmonductor
each wel | contalns apyrase in order to degrade th
Wpencor porated dNTPs. It is to be understood that
apyrase can be substituted, in this enbodinent or in
any ot her enbodi nent di scussed herein, w th another
d 8.mpoilihelagperatusrod yme)f ctama b itel D fwhdeegr thel clmgniBNTéseach sensor is an
[1 00%%571{“/6 I )i &4 gct tr§§51;15t urgbg_.;g?xper i ment and order of
nuc Ve aaé T 3.2 DNA Sequenci ng Uslng
M crofluidics on Sensor Chip [00399] Sequencing in the
is an e pen application of
Hhor oD bbb AR ES TS R hofBEMn | nt o DNA Rat her
t han adehst e fireagmk 6f thek@aydinblulids asirbtehé@REDBoriflp@red to be
| SFET t he ent re flowed in a sequentia
ﬁ@WW&FyéE&w§§tPﬁbk@ﬁ gﬁ??ﬁ@@’ %itending a single DNA
base( g)leadt ot sebdi@- serﬂabec)fcthér Reayah@udds QWechn8 SRUASFH T @dnlfigured to be
begi nning wi.ith dTTP, then dATP, dCTP, and dGIP. Due to
ehranically saasitive to @ last arceseaendiaralytel differentdinsnirat l5os png fisst
ghdife. di ffusion of the nucleotide into the microwells
and finally around the nucleic acid | oaded bead is the
mai n nechani sm for delivery. The flow regine also
99SUr e %Jbaiatdsfb@cl\mmg el th¥ aPleadtfid Q1 iR SRbULI RNt least
'S washe bet ween a Ications. This involves
phq8ishinding etqmit pssogiatpd wgfi apcleio acidiseventior progesaed wherein the at
N P gh@u A HrRURE | PHECR AL o pr Bagogiaed i he
butleir esidisenuemangyretassn and are fl owed over the chip
using a systemof fluidic tubing and automated
val ves. The | SFET chip is activated for sensing
ehem Aakngor adayoil 80)pfontgrdin®NA ext ensi on dur i ng

T iy P menfoharry hekicuafla SRR TR melRi & Bl 2 8bis and

SEIBSD 5 1 TahinsSoMige ldverofiic8eison| ¢agh Sa’3s dompeising ehachemncally-

St el R b CoRR D AP o GBS |8 pre outpu
Bighdl QERERAGN W pre RAcd AP BBiceftgatidh of & &nalyte proximate to a surface of

the two-dimensional array.

22, The array of claim 21, wherein the array is fabricated on a semiconductor die having

dimensions of approximately seven millimeters by seven millimeters.

23.  The array of claim 21, wherein the array includes at least 2048 rows and at least

2048 columns of the electronic sensors.



2. The apparatus of claim 1, wherein the area occupied

by each sensor is approximtely nine mcroneters by
wan0080Ttu6g onmeters or |ess. 3. The apparatus ofp&lasnro25721

wherein the area occupi ed by each sensor is

approximately five mcroneters by five mcroneters or

| ess. 4. The apparatus of cl-déht3, wherein the area

occupi ed by each sensor is approximtely three

m croneters by three mcroneters or |less. 5. The

paratus of any of clains 1 to 4, wherein the
%fur alhe ajrayfof cRins23.ateramthedrraeisdehirisated eh adesicprrtugtor die having

P s N A R SR D S

512 rows and at | east 512 colums of the

fabr .
Shor o TP BT S0R g B R R RRELAAAS A H Lo
2903 ohunwis ofitiet ekictrbias¢ns@@48 col unims of the
CMOS- f abri cated sensors. 8. The apparatus of claim6,
wherein the two-di nensional array includes at |east

76,00 Tigvsragod claim b&adiereld aﬁé);l' Isrfatsicated bh@ semiconductor die having
fabr cated sensors. B ap aratUﬁ of any of
§ Fh?“%‘o {BPrEXimpfely Byspiy;m B‘I“FtSE enly MUHBIEET out put

signals fromall chenFETs of the array constitutes a
frame_of data, and wherein the apparatus further
%lanprngfeagrawﬁﬁ%?f cQ@img 4l 3P (Nhi'fU‘ the grpay ig gonfigyesgyas an
SEPHRARA sh&ifiRtcRFARNCIRIE (AT, Bl WaErelPfol ERABIuAINAIL the plurality
| east one array output signal (Vout) to provide
pigolysethe ANe §oBPriggst a fromthe array at a frane rate
of at cdltﬁﬁ?&réa@tr)f (1@0%%9&&@%%5\%&&%&1‘3& ARARNALH %n(@£ constant
claim9, wherei'n the control circuitry is configured
digintotsarice vplgage tareepechyechemFETs indhg golgonf r ames per
second. 11. The apparatus of claim 10, wherein the
control circuitry is configured such that the franme
2&t e The amaylo€eleim 30 Wherniethe gelumaedrowitty inchudeTtyeo operational

5 L& ' .
PEPRIEH1B725) ShEh fllf coEREF B sl £ Koty e bEifguration
ﬁvlthldesresmecm@@hcmEETﬂté provide thp pansahiudraiofto-amycovolegai ns
1 to 12, wherein the chenFET of each sensor conprises:
a floating gate structure (170); and a source (156)
291d aTler aadan of dlab)s ZV&)IiZngBerélh ItlibtASiéZl’ﬂJﬂhmdumbﬂfest ype

22% ];% ﬁ%lla go?ltssg\?f ﬁ%‘éﬂ seﬁg’fz%fnﬁr (3[ Eé)t% elila;f) sp%ct?vee rowgj of the plurality
of rows; and
at least one column select shift register (194) to acquire chemFET output signals

from respective columns of the plurality of columns.

30.  The array of claim 29, wherein the at least one column select shift register includes a
plurality of column select shift registers (194, 194,) to simultaneously acquire chemFET

output signals from multiple columns of the plurality of columns.



el ectrical conductor that electrically connects the
regi on having the second senm conductor type to either

wo heseuWsce or the drain. 14. The apparatus ofp@led207/025721
13, further conprising at |east one first electrica
conductor to electrically connect together all regions
havi ng the second senicondudﬂ&?’type of all chenFETs
in the array. 15. The apparatus of any of clains 1 to
34, WIRS Sty ARSNGB, FAERNIBES leadt Ik YERLIIEN Bkt register
field effect transistors (FETs), including the _
dclidrErplughidy of rpwv selastishift regisigesde pimudipneesly ergble multiple rows of

Mol lectrically connected to the plurality of

%%#@#gﬁgg?gﬁﬁ'the plurality of FETs are arranged such
that the plurality of second electrical conductors

i3§].C| U‘f'ﬁesarfh‘} oggﬁf/oitgl]ﬁﬁs 59% 3€ %g§% ME %Sﬁé ﬂl\fﬁlré?‘é rRES at least one
area occupre each Sensor and | nterconnectin

outiptti dulver @88)s tresit Bhstiohe oatputalyiverl®mpiikisgappar at us of

any of, .cl aj to .ein each sensor conprises
threemégmsg%gwﬁ?ﬁ%VéﬁgfrggiaP?ansistors (FETs),

i ncl ustilewgt drieeswithie (FSENtolcouplE laeleayp panatoheniof ofalreypladality of columns

| ai 15 or erein all of. the FEETs in each .
St BPeay et e el aflorp st Sl e st S gigmal (vou
bhd be giutiplheheinPg Ttduepus sigadlsl sem conduct or type. 18.
The apparatus of any of clains 1 to 17, wherein the
chenFET of each sensor is an ion-sensitive field

88 f ecthd &rayIrshadh 38, Iwilekein a cdifoctidher ABRBE RbUSUOSigrRARYrdH all
clains 1 to 17, wherein: at |east one first sensor of

chran B s 9f therfgray qenstitytesiarfgamectf daepandavisrsin the dhilepy opgrow select

che %%?ﬁ‘l:rl, the BERS bhe/&oliRn Mledt SRR te?&, fidict ihed Ha¥ldie output
and at | east one second sensor of the array includes a

ey ifare RRMHTEETEddo AfNCFAlT B af lasheneaveaYi bvf §igRad AR ps toypeovide
Bﬁlltﬂﬁe fr?rﬂusstqfqgﬁ ﬂ%ﬁﬂﬂg er%ngtloayﬁa?nedﬂa{efo?ﬁﬁ%st 1) ﬁgﬁlgmr 3dcond.

' east one first analyte.” 20. The apparatus of claim
19, wherein the at |east one first analyte represents

qh | e arpi')]fg)f Hafrﬁ%,%l{égéiﬁ] %C%Ya%tratgziﬁg\iﬁlgttﬁ)%ré%%gegstecond.

nucl ei ¢ acrd sequenci ng process, ereint
| east one second anal yte represents at |east one

355 B ST BIRHET R 08 DLt
conpri si ng:

36.  The array of claim 35, wherein the frame rate is at least 40 frames per second.

37.  The apparatus of any of claims 32 to 36, wherein the at least one switch includes at
least one asymmetric switch comprising a CMOS-pair transmission gate having differently-

sized FETs.

38.  The array of any of claims 21 to 37, wherein the chemFET of each sensor is an ion-

sensitive field effect transistor (ISFET).



a two-di nensional array of electronic sensors (105)

including at |east 512 rows and at |east 512 col unms
w®ro08 46 ectroni c sensors, each sensor conprigiNgsoie025721

chem cal l ysensitive field effect transistor (chenFET)

(150) configured to provide at | east one output signal

representing a presence and/drP3concentration of an

anal yte proximate to a surface of the two-di nensiona

39T ay Thddray 0Tanfbf @¥imeh 1 ¢ 8, Mhédin:Wherein the array is
fabricated on_a sem conductor die having di nensions of

appr ok least eneyfirsieorser of the priwt ielydesyp fiyshebpmRET ponfiaueaddo be
e iIJ@ Rtk 8ht BARbMR Rrle nwgwe’- ghd the array includes
at ni] east 20 d ? e

2048 rows and at st 2048 col ums of the

el ect atdeAstonseneumdsear of Thearaayriagludss asecondecr@nFEdheanéignred to be

. oot : . : .
il e e A L A G
apadytty millinmeters. 25. The array of claim 21, wherein
the array includes at |east 7400 rows and at | east
7400 colums of the electronic sensors. 26. The array
db. cl @hearly,of\ehaén 8D nvlichen dreranjeastoné bt arabtte tbpoeras at least one

SRR SRR 2Rl BRRSS LIt v

ddabtayie 0dcoad ¥nabfte Fdpsériis & 1dast EhedBcondib@id@igievei@stiagkyd with the
corlf,i ured as .an agepl i cation specific integrated
8pelein peid SoQUERSINg RiAFShher ei n for each col unm of the
plurality of columms, the ASIC conprises: colum
circuitry ( 1 10) configured to provide a constant

4t ai nABAPPBEHYS: SHEPHIRHNSt ant  dr ai n-t o- sour ce vol t age

to respaedy (Y60)RENIDT fabkiBattdgens@h HITR), egcf%-seﬂgagc@}ﬁﬁl‘?sﬁgcgne

claim 27, "wherein the colum circuitry includes two
sprevigallyowasitivnfnld effest gansistor ACBMEEAY (ROHi ode- connect ed
FET a&hé@ﬂ‘%ﬁég&ﬁf@hds—@a@kht@@% Qagﬁdcﬂidééﬁq?n%wﬂ 398 bR,

respective ETs to provide the constan _
aihaiein & epllsgrioned chemkElgeutpytgigngls roay albghewF EES af the apay eonstitutes

| 3 ] .. at | east one

5 damBaP ARk e RL b W W BRIREBASS, 2 opect  ve
rows edntrohgrauitor@l 0,192,094y 1983 couplrd tathelagay endemfigaied tm

I i reaister. t i . T t
2T st fere B ShBl e BB B I R e et rom che
eohyamdran®Oate Diiet laast yrame pet econd29, wherein the at
| east one colum sel ect shift register includes a
plurality of columm select shift registers (194 , '
41942) Theoapphratlstofitiaimig 1, ywhaeiuthe @omtked ofréuliry is configured such that the

frame rate is at least 10 frames per second.

43.  The apparatus of claim 42, wherein the control circuitry is configured such that the

frame rate is at least 20 frames per second.

44.  The apparatus of claim 43, wherein the control circuitry is configured such that the

frame rate is at least 30 frames per second.



out put signals frommultiple colums of the plurality
of columms. 31. The array of clains 29 or 30, wherein
wo fes/ddesdcast one row sel ect shift register i ngdmgesoH025721
plurality of row select shift registers to
simul taneously enable nmultiple rows of the plurality
of rows. 32. The array of aﬁ))zéf clains 27 to 31,
wherein the ASIC further conprises at | east one out put
451 verhd dbpihiusoElamd 44, 8dfeiPME cOMEIP Bircuitey 4@bnfigured such that the
conprising: at |east one buffer anplifier (199); and
fremE gage is ablast Hifraptss pargegondo coupl e at | east sone
colums of the plurality of colums to the at | east
one buffer anplifier so as to provide at |east one

46.r ayThaapperatus ofelaim ¢3/oheleirths eonteph cingMitry isicenfegveedrmth that the
i ay of claim 32, wherein a

?g#Pg%? ?ggl%o t%gﬁéﬁéﬁgﬁ%@t signals fromall chenFETs

of the array constitutes a franme of data, and wherein

e I L. one ow lLect shi K eqi ,

FLast s BB ARc R G PrERSn P b PRl sp by fhsugy har e

frems ratoiat kagtf00 frdmey@r se®hdr e configured to generate

the at |east one array output signal so as to provide

multiple frames of data fromthe array at a frane rate

08. at Theepphrafl@ of sipnarighas 4 seciMmdherdth.thelfreayandlades aftwo-

Jai m 33, wherein t frang rate t lea 'S
Glten S A o e |37 g ey B SAimh g b MO bR catd
fdnaore. rate is at |east 30 franmes per second. 36. The
array of claim35, wherein the frane rate is at |east

40 franmes per second. 37. The apparatus of any of

b ai MPhe3dphiBrud Bf cMREEE WheldEthd twd-8R%dnsiORA aft¥y Inelhdes at least 2048
includes at | east one asymmetric swtch conprising a

OWsang at least RetRserlwris theeMOSfabrigtedisersersent | ysi zed

FETs. 38. The array of any of clainms 2 1 to 37,

wherei n the chenFET of each sensor is an ionsensitive

£9.el dTlest dpparatus ohelains 4 whereSFIT fwadimenpienad apray ingfudggaf least 7400

PstCaInaiagl?as%7JOd&h§an,o\@’?ﬁ . 's-ﬁg,niéa%fa%,hsgg.e first

sensor the array in es a first chentET
configured to be chemcally sensitive to at |east one

irst,an X . .l east one second sensor of the
g'r ayA?ﬁﬁéa}(uaggsscgﬂgréS? Ad chenFET configured to be

chem gedrtay (&) of CM@S-fabriedted sasdrs (108), saxhoansonc@hyriseng a

RS SR ORRE] PV e om B

anal yt e repfl@siagisie atrudngagt7opredfirst bi ndi ng event

associ ated, w L1t A U] £hi 68 SRSk G RE SRR v 20y
fabricated in a region (154) having a second semiconductor type, wherein there is no

electrical conductor that electrically connects the region having the second

semiconductor type to either the source or the drain.

52.  The apparatus of claim 51, further comprising at least one first electrical conductor
to electrically connect together all regions having the second semiconductor type of all

chemFETs in the array.



| east one second anal yte represents at |east one

second bi ndi ng event associated with the nucleic acid
WORAIEGNY process. 41. An apparatus, conpri spagirsev/025721

array (100) of CMOS-fabricated sensors (105), each

sensor conprising one chemcally-sensitive field

ef fect transistor (chenFET)'d%éO), wherein the array

of CMOS-fabricated sensors includes nore than 256

$ENSOT1%e apphhafus bficldintsd 1 R Gb| WwKer&th tHeRBBREAT QU Rtannel chemFET,

sugnals romall chenFETs of the array constitutes a _

andayvRereip thegegion bavdnguhe sesiond semaicendpetPrLiy DeisHered @ an n-type well in

§ BT S6Sratc@THIIBl mbiripti LTy (1 10, 102, 194, 198)

coupled to the array and configured to generate at

| east one array output signal (Vout) to provide

[tiple h f ate

¥ o PhCophAR e Hy ¥l SO 43S BEhBherPlonthr LERRScS]
cl ai m gliraliphdifeldeffehetransistorolFEds) owludmg theschemirElganded
such th rate i . I :
cecorti ity Sl BBk cofgRlor, AR hhRERS (PR pturaity of
EBN¢,rol circuitry is configured such that the frame
rate is at |east..20 nmes per secqnd. 44. T :
- ppar WharEn Al FE AR BB RES B f i s fispsepd etectrica
tendaabisiigiides ns hoke thidfout bendhctaeravatiag asamh otodpikt bg@ach
frames  per second.4q" The Qpp?ratus of claim 44,
SEQr@nh IEEONIEHNBSTUIERIE SENsPrS\T 6 2FBWf i gured such t hat
the frame rate is at | east 40 franes per second. 46.

The apparatus of claim 45,  wherein the control )
831 cul erapparatus ghanyql claims dk 19 Ynwhereingagh sepsor camerises thige or

kP fiela @it & AARSstOR(FERI OGRfludiftd the tREmAPPar at us of claim
46, wherein the control circurtry is configured such

that the frane rate is at |east 100 franes per second.

48. The @B%ﬁébf@aﬁf 58 WheRin &L:l;aEéﬁox“lzoﬁsi§t90ﬂtﬁree‘@ﬁ?§ﬁhauding the
the array i1 ncludes a twodi nensional array of at |east

grmbEdws and at | east 512 columms of the

CMOS-fabricated sensors. 49. The apparatus of claim

48, wherein the two-dinmensional array includes at

PBast TiROp@amwesf anydfataihedsto SB0wRerciolall o thediETis lieach sensor are

N L

typast 7400 rows and at | east 7400 col umms of the
CMOS- f abri cat ed sensors.

58.  The apparatus of claim 57, wherein all of the FETs in each sensor are p-channel
FETs, and wherein the region having the second semiconductor type is formed as an n-type

well (154) in a p-type substrate (152) for the array.

59.  The apparatus of any of claims 51 to 58, wherein each sensor occupies an area on a

surface of the array of ten micrometers by ten micrometers or less.

60.  The apparatus of claim 59, wherein the area occupied by each sensor is

approximately five micrometers by five micrometers or less.



51. An apparatus, conprising: an array (100) of
CMOS-f abricated sensors (105), each sensor conprising
wondetusal | y-sensitive field effect transistgcr/us2007/025721
(chenFET) (150), the chenFET conprising: a floating
gate structure (170); and a sqQurce (156) and a drain
(158) having a first seni condd@ror type and fabricated
in a region (154) having a second sem conductor type,
wher eTie ddp&iatisioBclhith 60, QHefdif b afed B64iHle@by lehdt sensor is
electrically caonnects the regi on having ghe second
apmPEBaglchse migpmeters byjthige migrp@etgisr é8s-or t he drai n.
52. The apparatus of claim51, further conprising at
| east one first electrical conductor to electrically
€dnnethe apparatus of anyl df claims dhio Hawherginttheearsaydoglerdes a two-

TSROy o5 LRy SRERT o IS Rt s
plirditypoefodommesl chenFET, and wherein the regi on having
the second sem conductor type is fornmed as an n-type

well in a p-type substrate (152) for the array. 54.
®he aplipedappbrdatis of claim/62)fwhetedn this abaylintind&s3yt leakten 2 rowsemd hat least

SQr _CONMpri SES, lurality of field effect
? fgﬁog?'g?soﬁhe(é@ﬁf,aab'?%quﬁaﬁ? ‘the chenFET; and a
plurality of second electrical conductors electrically
nnected to the plurality of FETs, wherein_the 4
g‘i?-ura 'i‘et%PPHFt“#E*?%‘g‘éﬂ Ar awﬁsr indgegrck flpmp REths Pty of,
0dlum s athrl eGiet €dthprizeniduct ors includes no nore than
four conductors traversing an area occupi ed by each

: . pred by
sensofPl¥RyCciFter d dPhrortigyEd RrreYips acsiaalgraingprrgri @nd a constant

BB sorre viIZe APRIRLUSCHIMFETY ifthe 6didhf® 5 1 to 54,
wherei n each sensor conprises three or fewer field

effect transistors (FETs), including the chenFET. 56.

Ehe apRafRhtes OF cighPbdNwherei MR8 oA 8BNS §IRARES two operational
f th ET henFET. 57. The

consists 0O ree FETs, including the c

apphificss 1974B)ang a diodelennested FET grramged whe Kelvin bridge gpnfiguration
: ' . and

RS (el RRERRERNS Moy OLoR RN GISNE: Aikle

sem conductor type. 58. The apparatus of claim57,

erej I f BETS | h n - o
PR 0 Bkl o 05 5oL B L PP B8 RO
sem canechscdnerow pelect iskififregipred(182) tamnabld rggpective rows of the plurality
of rows; and

at least one column select shift register (194) to acquire chemFET output signals

from respective columns of the plurality of columns.

67. The apparatus of claim 66, wherein the at least one column select shift register
includes a plurality of column select shift registers (194,, 194;) to simultaneously acquire

chemFET output signals from multiple columns of the plurality of columns.

68.  The array of claims 66 or 67, wherein the at least one row select shift register
includes a plurality of row select shift registers to simultaneously enable multiple rows of

the plurality of rows.



well (154) in a p-type substrate (152) for the array.
59. The apparatus of any of clains 5 1 to 58, wherein

WEBRE0HRNSOr occupi es an area on a surface of gdwuiRLs721

often mcronmeters by ten mcroneters or |ess. 60. The
apparatus of claimb59, wherein_the area occupi ed by
each sensor is approxinately ¥¥ve micrometers by five
m croneters or less.6 1. The apparatus of claim 60,
wherein the area occupi ed by each sensor is
agprOX|nater three mcroneters % three mcroneters

| eShe apparatupiofanyf atadmei82 19568z fythers compaising ableast pae gutput

t nsi onal array of
B P P B O ol br a1y, of
rows atriehswong|buftat amplifief (198);anhs. 63. The appar at us of

cl ai rei ' .
and o e AR TRPSu AN A1 REUIER 1Pk RTINS of BBy
stcrdwnss. to @i, at Tdaet cap paffatanpliGér ol aaitoproRident 1681 ondeeragiontput
forlﬁgcq colum of the plurality of colums, the array

P'gP% Pukonprises: colum circuitry ( 1 10) configured

to prehérdia the alweasﬁ cﬂﬁfasﬁﬂirﬂétﬁc swit¢hegvinpriseh 22CNIQISSafttansmission
dr.ai n-.t o- 0 ﬁ e to respective chenFETs in the
ggphﬁﬂng%ée %Sﬁ us of claim64, wherein the

columm circuitry includes two operational anplifiers

107A and a di ode-connected FET arranged in

| Vi ”Eheo%npargglsegﬁlfls"gﬁﬁe Athetsin qrqlisetionertc %'%%%T PV}B‘" signals from all
eI TS f UQ aﬂraﬂ\éblﬂﬁtute@@ fRARIrARh, Fd3iHRrdiPths QUIER one row select
vol t age. aratus of any of clains 62 to 65,

aHe rr@lﬁﬁert Wé ahhea%yn@f Wlt%?el% pHAft ragdster, and/qr gheat legpteong gyfput
§§l/e¢ QSt/arg Gbrfﬂ%ufe%gb sRFatd hO2) 1e£s@ oﬁé"ﬁpaly%ufp%isﬂ ] %6’ & tb PY¥vide

of lura rows; and at | east one col um
Q“élllt@éq fr'«ymsmf dP'ééiom e apraoafp framedalgof pideashdhfmmessr prgend.
signals fromrespective colums of the plurality of
colums. 67. The apparatus of claim66, wherein the at
7bast Tawmppergiug whanyedfetaims hi for 70 wgwsméhe ¢hemiFidexd each sensor is an
hift registers (194i, 194

$%q£a§ﬁ&:<%gﬁ§%uggﬁwﬁﬁéu Fg§chenFET out put S|gnals
fron1nu|t|ple colums of the plurality of colums. 68.

e a in the at |east one
rgw g’fe e%)tparahu%f)?an eogf:%s ey Sftr?glougg%rga plurality of row
sel ecit lsdsi drie frragemsbeasfsthet aray mlhdearaefmstshg,mmbcbre‘ngured to be
mul t.i pl e rows rows. 69. The
sl Gerieato htefedtinat §166 " it her

conpr atdé¢adgon@tsedodd Sénsome tiididrfytincludes a second chemFET configured to be
chemically sensitive to at least one second analyte different from the at least one first

analyte.

73.  The apparatus of claim 72, wherein the at least one first analyte represents at least
one first binding event associated with a nucleic acid sequencing process, and wherein the at
least one second analyte represents at least one second binding event associated with the

nucleic acid sequencing process.



driver (198), the at |east one output driver
conprising: at |east one buffer anplifier (199); and
wdood/@R366 one asynmmetric switch (191) to couplm1ags2007/025721

| east some columms of the plurality of colums to the

at | east one buffer anplifier _so as to provide at

| east one array output signal ?Vbut), wherein the at

| east one asymmetric switch conprises a CMOS-pair

Uuansnh3§m9£ug@§QPM§M;ng di fferently-sized FETs. 70.

The apparatus of claim69, wherein a collection of

c henFEArEYH(HOR) of F‘ﬁ?féﬂ“éc fePEs G0P). 38 ETETRCAFistingeolhieg field effect

GANSddrs HES) AchifERnO thaiat Ay -G WRIElfect G%sﬁ?orl(&@ﬁﬂ“ET)

one row select shift registér, the at |east one colum

§0kct shift register, and/or the at |east one out put

driver is/are configured to generate the at |east one

array output signal so as to provide multiple franes

@%. dafhe dppamatusieéclaint 24 wherein the ahenFER eongfriset: | east 20

frane The apparatus of any of clains
§ﬂ&%ﬁg%ﬁ&%ﬁgaumﬁ%ﬂ%ﬁgﬁFEgpof each sensgr s an

| on s@srsirde] (W%)fanéhdr&nrf (lé 8} hatvn@rasﬁrsttsemlc()htﬁiéE)T)ypeZiﬁd fabhieated in

aPGP a((t:l) y@ hrGIVIrrlg ta)égCOHg 8?m18?ndIUF]t8r gllp? wheteﬁl\ﬂker&eg n%e%:tflg%l conductor
diaeﬂ‘e‘cErTcatlg rbhrgdtseltk regioh avihethie @edohcy sehEio@iduttoetyp©toadither the

| east one first analyte; and at |east one second

SUEEH I5t9ie array incl udes a second chenFET

configured to be chemcally sensitive to at |east one

second analyte different fromthe at | east one first
al yBaPPAEIUSTRIMBINNE at us of claim 72, wherein the at

I east arPdMyf(l 605 of ae@}omt&seﬁ@wﬁagn&a%h atnsbe@siprRing thrké 8t fewer
blndln%tevent associ at ed a nucleic acid
[

Seld sEReitRpsiprsdERES). whraeipssithies of fewenkETdgeludespae chemically-

§§1§iﬁ09ﬁ§6%W&t@raﬁﬁ%ﬁ%ﬁ&ﬁ@ﬂkl5 @ast one second bi nding
event associ at ed t he nucl éi ¢ acid sequenci ng

process. 74. An apparatus conprising: an array (100)

6% el RELE ARG np: (105), each sensor consisting of
t hree f|@%ﬁ ? tranS|stors (FETs) including one

cheni a,raarraywlﬂ)@f clpv@nfq seheprefl P each senseil comprisinghenFET)
gﬁgggzajgo -ml%h%m?%re%t %ctq angigtggsmégf' r 1l c{lﬁéé&kelégglsﬂcally-
and sensitive ﬁeld effect tran51stor (chemFET) (150); and
a plurality of electrical conductors electrically connected to the plurality of
FETs,
wherein the plurality of FETs are arranged such that the plurality of electrical
conductors includes no more than four conductors traversing an area occupied by

each sensor and interconnecting multiple sensors of the array.

78.  An apparatus, comprising:

an array (100) of CMOS-fabricated sensors (105), each sensor comprising a plurality
of field effect transistors (FETs) including one chemically-sensitive field effect transistor
(chemFET) (150), wherein all of the FETs in each sensor are of a same channel type and

implemented in a single semiconductor region of an array substrate.



a source (156) and a drain (158) having a first

sem conduct or type and fabricated in a region (154)
woaes/ME4é second seni conductor type, wherein tgEnesis7/025721

no el ectrical conductor that electrically connects the

regi on having the second sem conductor type to either

the source or the drain. 76."1Af- appar at us, conpri sing:

an array (100) of electronic sensors (105), each

sensor conprising three or fewer field effect

transi stors (FETs), wherein the three or fewer FETs

el ublessarppretus REplrienl 3, yaeredn 8lj ofeh¢ FETingpghesgnsor are p-channel
FE"PQ %\lh%l:em thé Qn%u%g_}até 1]55d -tyg? Zubls B@ lad Wherein the single

conpri sing: an array C sensors
gendisynduetgriegion rmf@m@tamnlreﬁyngwelé(léﬂhmam p-yypefsulisirated
effect transistors (FETs) including one

chem cal l ysensitive field effect transistor (chenFET)
6&50)Asanurawpﬂmwalammxbmgelectrical conductors

electrlcal n e Iur Lit

oor ot RO EAREBED Sosh e oyt 4y Bler o g pruate

bhe lyrhnsg adchtsgnsonf coei;ﬁstnlgloaabh@omllyesbnmﬁvd fmd efmStrmnstor
travers ea _occupi e

an _f.our .conduct or,
p-EE R LSS Ea G e Gt g TR B PSR GRe Repsence
?Ig-tg%ra{ do?ye.ntthifonf o’-ﬂgm ARF §te prdrImate @d@%ﬂr%gagf thaﬁl'rr]@/f; ray
of . abri cat sensors , .eac ensor .
coner"g‘?rF\‘Q o ?&F’b?OAP'PP?F %‘F qr%!l%%#%d the afay &ythpicomprises:
( FETSaollhxﬁﬁlzlb@lhtﬂg I@QPQ:oﬁhglfPe@ﬁJ ﬂrb{v@@éﬂ%rﬁtaﬁ?drﬁnh%hﬁierﬁfaﬁ@ﬁt:onstant
transi stor che wherein all of the FETs .in

dERétos e fvoléﬁgé t%fesrzﬁcgweeﬁﬁﬁ R the golampasihe PolyNB FEHEY

iR 8o geéﬁdﬂaPQﬂH%FQJndraQﬂé&rbogﬁec?c@ FHT &nged in a Kelvin
substrate. The apparatus of claim 78, wherein al

bridgetsenfigratiqnyyviduibp respessive chamd Bd's ¢hpranidp therpastangideainefonsource
WE% grray substrate is a p-type substrate (152), and

Fein the singl e sem conductor region is forned as
an n-type well (154) in the p-type substrate. 80. A

§FnSQKsaﬁ5ﬁ¥r%%9&§ od S|ng a plurality of

ectronic se rranged ina plurality of
r ows aplldrazkt)pd)fwﬂwtromly seﬁsors@l(]jr)’asangeam p;leni;tyrof rows and a plurality

%Pémurmr?sl Qa%hggrﬁsoghemrgl(nfgész eml a”&’ S nsntlve fgelc?ef{”e%%ram{stor

ransi st or
(chasFEDNE SQ))tnopﬂgurscil g)rmbwdegtrl%emteldug)uasn Qmefkse@rﬂsentmlgd/ or

a?n%?rﬂéa%gxg rpgt InsO {1]1 a?lfana r))te%rpgx%ate tg arl g)l}(r%ace OF thte grrgy; surface

at least one row select shift register (192) to enable respective rows of the plurality
of rows; and

at least one column select shift register (194) to acquire chemFET output signals

from respective columns of the plurality of columns.

82.  The array of claim 81, wherein the at least one column select shift register includes a
plurality of column select shift registers to simultaneously acquire chemFET output signals

from multiple columns of the plurality of columns.



wherein for each colum of the plurality of col umms,

the array further conprises: colum circuitry ( 110)
wEHBWseed to provide a constant drain currengcranshosro2s21

constant drain-to-source voltage to respective

chenFETs in the colum, the colum circuitry including

two operational anpli f| ers andYa di ode- connected FET

arranged in a Kelvin bridge configuration with the

ReSpeefd é’r?ay‘Hf%HFnEsT@l (Srqi2P€v9é’rhﬁQhé N GeaSORR T Select shift register

drai n-to-source voltage. 81. A sensor array (100

inshydes s plugrlineofppyselpettshifigrgistersde sigmitencousiy on leqmuygple rows of

g{erpql;}glggjoﬂb“g plurality of rows and a plurality of

col'ums; each sensor conprising one

chemi cal | y-sensitive field effect transistor (chenFET)

§450)

B TR Rl B 3L} 6 Mol Bhor BN o8 Mattthe Blibihiver

plr%)gltlmaatt@a‘stmnaostpufdmercxfmpzrh;mgarray, at | east one row

sel ecgtlsl’sl j {L L 80 s &é%ij 9 enabl e respective rows

of the ?ﬂ urali %’? ?' A8%at 1 east one col um

sel ecit l&hi drie as;egmsﬂne sw(tdDdp 1} 1o caqquhﬂl&scfmré?ﬁmnmutopu{e plurality

nals from spec e col nns of the, IuraI|

Bl o5 B RIS PSS SR RUMET a8 To PrthiaP i 5N hagfy outpu

kigrdf(vemy col um sel ect shift register includes a

plural jty of c | um sel ect shift registers t ) .

S| mul Wg FiEiB g 3} %&‘qu‘ieraéy”&'ﬁ%tﬁ‘?ﬁ"r“tﬁmoﬁwlsgﬁ “RAlTgFAnsmission

gubha\nh%ecim@}eumlzsa‘mne plurality of colums.83. The

array cl ai ns 1 or 82, wherein the at |east one

row sel ect shift register includes a plurality of row

88! ecipshidlortRgh §5f Qﬂ%rén‘?a %blf@é $m%FET %G@GJ $enals from all
rrultlﬁle r ows of [uralit r OWs. . The array

sof thel aarlanﬁorgtltptqsa feme lgimtahzmd vnl@rﬁpm thguah@afépne row select
d}ﬁﬁ%gl&é}ethg Ut R ofitl doy ge]r&&hlﬁt}%‘? ?t arld%ﬁ}? e? NG stk BHtrput

rrver conprising: at east one
@aw)s/aran@hfmlreldéag@nemthagympm zrraywutmlhmgrla@ 1() aStte provide

P{B)leefrﬂ'{nes Jtash fr%g‘riﬁ Qﬁl\ymsfbag% rgtlg%f Q IF&?% I'erQJ per seicond

he " at st “one
prow de at Ieast one array output Ssi gnal (Vout)
g;er eAn theatgst Jgast one asynmetric switch conprises a
pai PP S S B gate having differently-sized
FETs. arBoray The0) af Cﬂw&fabcbz&edrseadqrs (H0&Y, each sansootdnemrisingra

ohemlcaFT‘lm:sErTsn?lthPelllc} ef?ecgp gnsfc’stofr r(ccixem%lElT) (150), the chemFET comprising:
a floating gate structure (170); and
a source (156) and a drain (158) having a first semiconductor type and
fabricated in a region (154) having a second semiconductor type, wherein there is no
electrical conductor that electrically connects the region having the second
semiconductor type to either the source or the drain,
wherein:
the array includes a two-dimensional array of at least 512 rows and at least 512
columns of the CMOS-fabricated sensors;

each sensor consists of three field effect transistors (FETs) including the chemFET;



chenFETs of the array constitutes a frame of data, and
wherein the at | east one row select shift register,

wo hRs/adecadeast one col um sel ect shift regi st erpcisho®7025721
the at | east one output driver is/are configured to
generate the at | east one array output signal so as to
provide nmultiple frames of dd@i'fron1the array at a
frame rate of at |east 20 frames per second. 86. An
appar &lcHSensSOHBLAS aMhirald) ofElR@Yicdl LOHcOEs electrically connected to the
CMOS-f abri cated sensors {105), each sensor conprising
a cheWieediiTy; sensitive field effect transistor
(che T s, N . ' :
at o B Piret (PR g beC RNy BRTRIRY ESlcdriqs Qch s includes
(4 58Ye tharvfongcandfitorstiragersing amage benupied i eaohdgefisabanidcat ed
' ' 4 [ cond sem conduct or type,
&ﬂ%?%ﬁﬁgbﬁgwéaﬁglﬂgaé g%???%gl conduct or t hat
el ect all ofgh¢ FEToinrredt ®ngdnereradgisame blannel gypelaad sreplemeinted in a

%aQCngﬁfgt%i%J@ agh%BéQeg urce or the drain,

wheT aFR*CRNE L] (y ! AL FURE "X TS Ui nensi onal array of

at | easdllebtich sfehWsmBED odtputl semalks fifwhPalbehemilT's of the Aeay constitutes a
fNCS—;gQricated sensors; each sensor consists of three
"PRFA" ¥ ect transistors (FETs) including the chenFET;
eacg @ﬁlﬂ&ﬁb?ei? ﬂﬁ|ab_§£5tlu§ﬁﬁ3ﬂhblrr@|n*ipfrfjesﬁ)f el ﬁCt r ihcal -
conductors electrically connected to the three S;

the tfAngel qiepdry{l éO,d%alﬁ%e@%% %@H%fhetaﬁéy mf%ogﬁswffd 5
BEREE AtQHst SRAMIE bEDHSt sighal (WARS t& ProTRIE SRS @Y of data from the
conductors traversi ng an area occupi ed by each sensor

andy atatemegasof oy lprst AUfremen Rer s8ARbrs of the array; all

of the FETs in each sensor are of a sane channel type

and i nplemented in a single sem conductor region of an

8Fr ayAsuatkadrfat erocesring an oy @09 A MIPS-rheiertEd sepserp (405), each
BB Sk SRIERIR Ol DALl S 90ty PRt e
oethodcemprisiemnt rol circuitry ( 110, 192, 194, 198)

coupl . r ' t .

2a A7 bR PO LA 9RO i
putibn pickidingdhesrayf adat a fromthe array at a frane rate
of aty|east 20 frames per second. 87. A od..f or

or occBLFRTafit A HATRY ebom e OBl Bl et TRRAPGuREG, <
(105), each

88.  The method of claim 87, wherein B) comprises:

C) heating the at least one diced portion in a hydrogen and nitrogen gas mixture.

89.  The method of claim 88, wherein the gas mixture includes approximately 10 percent

to 15 percent hydrogen.

90.  The method of claims 88 or 89, wherein C) further comprises:

D) heating the at least one diced portion for approximately 30 to 60 minutes.



sensor conprising a chemcally-sensitive field effect
transi stor (chenfFET) (150), the nethod conprising: A
wohos/46 sem conduct or waf er including the arg@yu$®o7/025721
format |east one diced portion including the array;
and B) performng a form ngngas anneal on the at |east
one diced portion. 88. The fAod of claim 87, wherein
B) conprises: C) heating the at |east one diced
POr ti PRk th&théd By QUERInA B tBiob [ Igedn 83 furtReXddmRise$9.
The method of claim 88, wherein the gas m xture
i ncl urednsihie pbiepstarefigedipprivy 3 afempesaturs iha Fange of from
C%/;ﬁl&glgr%ly A dedidbs @@&D@Q gf)roﬁin@tﬂf 4§§dé§Fee§@elnger ein
further conprises: eatin he at” | east one
di ced portion for approxr mately 30 to 60 m nutes. 91.
e .
e nok Bane ot ys, Kk ghs it in MO B0 Befchny hvdrogen, and
prd)crtemc@campasetsenperature |n a range of from
dogr clselBL ek £ g5 BLEBR AR BL By I AR B RSl Eiperaure
bhpperxémarely 406 degrens|Cethbss. 10 percent hydrogen, and
wherein C) conprises: heating the at |east one diced
portion for approximately 30 mnutes at a tenperature
0. apphcanetitd &f faikhe 51 degn, datheCedrmpristng: 93. The net hod

of cl ai 91 or further conprisi.ng:, performng a
i o PirBrmined s edet Bieal @ Bosig oy SeEAraR ).
pri or to A). 94. A nethod for processr ng an array

é of CMOS-fabricated sensor 9\4 ach sens
‘brrpr‘i\é‘ier%’daf%lﬂ@?ﬁsiﬁg marwr@?).% @%1fqi>r'ertrféaftnsors Ql05), each

L8 om Fﬁgmgﬁhﬁéﬁﬁ Iy-deAstfve fAY LRt Bansistor (chemFET)(lSO) having a
chem cal l y-Sensitive passivation |layer of silicon

ﬁlremlraélé sarferr\@rpaéﬁquﬂe@ yessfrsilicpp aerideeaneor f"é%Pf\/?Xé("m' dsdpgosited
%SJ;&Q @n&hsm &@hm\éﬁ%r S*éi)%%bﬁ rm\ﬁf}E&m}ethdd%nrm&.n pd

rising eposr t1ng | east one additi onal
passr Ah@qpentlnmtérasamemddttnealcphemab@n mygteg@pgithg ghemically-sensitive

P@s§§rat\{c§1tla J) A6 erﬁlgs]; Q?ﬂrrogé)r ﬁrql}‘b‘f‘ ?nc?ea?é){ Qeﬁr'sitt)y oﬁggéeﬁ%ﬁlgatron

ncrease dens| assivation [ayer.
teehod of claim 94 wherein the at |east one
addi tional passivation material is selected fromthe
group consisting of silicon nitride, silicon
95<.y ni The rdexhodabﬁnﬁnmlfm, wkerelin, the @ri¢aad angradditiokea]l passivaton material is
n di

serfected tJrom e group consrstmg of silicon nitride, silicon oxynitride, aluminum oxide,

tantalum oxide, tin oxide and silicon dioxide.

96.  The method of claims 94 or 95, wherein A) comprises RF sputtering, DC magnetron
sputtering, thermal or e-beam evaporation, or ion-assisted deposition of the at least one

additional passivation material.

97.  The method of any of claims 94 to 96, wherein A) comprises depositing the at least

one additional passivation material to a thickness of approximately 400 to 600 Angstroms.



96. The nethod of clains 94 or 95, wherein A
conprises RF sputtering, DC nagnetron sputtering,

wo Jeg/ehosOor e- beam evaporation, or ion-assi st egT/us2007/025721
deposition of the at |east one additional passivation
material. 97. The nethod of any of clainms 94 to 96,
wherein A) conprises dep03|t|ﬁ “the at | east one
addi ti onal passivation material to a thickness of
appPr oXiH@h& fbr 44RedcthgbOfhcANORId @fpridg A net hod for
sequenci ng a nucl eic aC|d conpri si ng gIS 03|ng
pl ur afispsringra Rlwality of Eenplate BRcdeia agidrsintorp rAurglity|of Fegrtiqnchambers,
WhefeRARL bRPAIGGHTORESn cNMHeR! B id Jb@lta@! \Wtha!i l:ﬁe\‘m&fl sensitive field
reaction chanbers is in contact wt
eHestirgndisterd phemBEIQ afrpeanpsfsingct lewt@ns pmnd?ET( ﬁ@hWEqa):tlon
Bl SRR R R b e BRI A0 RuDE RN h AR o eguencing
muakemwlabmdutwspﬁymwmﬁnzed to a sequencing prinmer and
Is bo |
aci d ygt &ae::s] glng a%gw%g?‘le%r a d s%rXt% ?f%cgrp&gtl% gn%\%r H\%% Eﬂonn
nudtaot nnuiﬂlotphlamlsl mhnataﬁs asmq Qeertd ditheyseqtenting p8meend of

the s nci.n e i ncorpor

the ofSEAORe Wi aRidSiion o Sredbe bt TishB SR B ihbgfHaces by o
chaugg éh dufreftLbit (H2rak least ohb ehediFETe|Bhin tieaarhentFET Wi t hin

the array. 99. The nethod of claim98, wherein the

chenFET array conprises nore than 256 sensors. 100. A

98t hothd MEths@ELAa8I IB8) wherdinCth@EenFETChra9 @BbSdel tore than 256

di sposing a plurality of tenplate nucleic acids into a
PY§PEl ity of reaction chanbers, wherein the plurality

of reaction chanbers is in contact with an

chem cal -sensitive field effect transistor (chenFET)
aP9-ayAdestiad fer Wguwmg@ayc leigrpsidgoBipEsingf or each

react H@ﬁbsﬂéaa'mﬁ'ﬁl'lt%%@ MRE Rhdlei€AGHs iafo atghﬁrafl Rkt Gon chambers,
nucleic acids iIs bri di zed to a sequencing prinmer and
mdersithel plueality ?fdPi}ﬂﬁ'@fl glpmnbessip ireostagi Wigh an ehewialrsgnsitiye field
@Fﬂ: téﬁﬁﬁéﬁcﬂ%f’ 9 rwgﬁﬁﬁr&%gﬁﬁa%%m& each re ctn

nucl eot | trlph ates se y at t 3

pmm@ué mhmgl qach n%the te@m:tl«'éc nyalgje adids is hmﬂdwdm @ smluglfcmg

én%ep 1950 ag&gﬂgmgycleotlde tri phosphates by the
enerati on se ncing reaction byproduct, wherein a
cent esymt@sxemgtaewwdnusltearacei srend\peincagprategionercg mnre lomown

c r se uenc ng a

Aidrarek rgpephasharir Y ar Geaet gt deraRarRE piRe

t enpl adtecting Hedharpuratits df iecona op hmrcﬂtnow notlest@Raiiplanphates by

ﬁlanbers, . .
the generation of sequencing reaction byproduct,

wherein a center-to-center distance between adjacent reaction chambers is 1-10 pm.

101. A method for sequencing a nucleic acid comprising

disposing a plurality of template nucleic acids into a plurality of reaction chambers,
wherein the plurality of reaction chambers is in contact with an chemical-sensitive field
effect transistor (chemFET) array comprising at least one chemFET for each reaction
chamber, and wherein each of the template nucleic acids is hybridized to a sequencing

primer and is bound to a polymerase,



wherein the plurality of reaction chanbers is in
contact with an chem cal -sensitive field effect

w0 108889630607 (chenFET) array conprising at | easiciof007/025721
chenFET for each reaction chanber, and wherein each of
the tenplate nucleic acids is_hybridized to a
sequencing prinmer and is bourld?to a
pol ymer ase, synt hesi zi ng a new nucl eic acid strand by
I ncor PRkREIAG aQB® nAEIRRER skBRYSY m&b&@{m e or more known
tri phosphates sequentially at the 3° end of the
gugjerside trirhophates pequentially @%/ the detrdof thegequeneiag eriger,
I nor gé’i?écﬂ%/ B¥&89?Q§9&@B?in%?éghbc PBropRbsphitd klslﬂ? £ anQhdicator of
i ncorporation of the one or nofe known nucl eoti de
incopetssioh af &g ong granoraknep avceatide tripsnhaehg a
chem cal -sensitive field effect transistor (chenFET)
havi ng di sposed on its surface a PPi receptor. 103. A
i) dAospemsaendimprisiog use with an array of sensors on
an acfiye. 1.C o] [ ith.a . .
ot ot ek PGS EbERNE L Lo RRBRFE YA ioposeg gn s surfuce
@i eceptan aperture for mating to the sensor array;
and a second nenber fixed to the first nenber in a
fluid-tight seal therebetween, and having first and
sex.ond fluiditchspditls for Qse witippoartdyd sédsoils dn pAISIAGSemicbRductor
first and second nenbers and the sensor array defining
e vieq fepPednyifhR Protegiiv laYsy: 9oMPri§inEnt r oduced i nto one of
sai d paArst membeVRVIRY Slierdih €n apdrale BEMaNG ©)hd JeRr Mirdy; tdne
other of said ports. 104, A fluidics assenb%% for use

wi th &ffeand mempsr fed iging figh membsicip jafliidsight sefh thgrabgiveen, and

HSMhE BrsEHRARBELNWIfluY ForR T BFpdrify A@RY BhosadeOtRR i lafdsecdnd

m crowel | array confiqured and arranged to provide
Megbgrs 3a¢ s seqser yeAydlepnipg edluidamisier ; a first nenber

havi nghér@l?}r £hif itfodaRA it bfe Bpé'aid%s MIwh Bvdrife atfydRore exiting
array around the mcrowell array, and a second nmenber
Viategiother of said ppitst menber in a fluid-tight sea

t her ebet ween, and having first and second fluid ports

for supporting fluid passage, the first and second
hedrbeAdluidics asseanbly for ussevith ar arsay dfeérispis iog ap agtivgisgmiconductor

SO bR LBBRI R Uiy o e sem conductr
i nt r odmiedwelharayeoefigfredsaiddirpogddgo provids fandeacceds o said protective
@y&gomell array

a first member having therein an aperture for mating to the sensor array around the
microwell array; and

a second member fixed to the first member in a fluid-tight seal therebetween, and
having first and second fluid ports for supporting fluid passage, the first and second
members and the microwell array defining a fluid chamber over the protective layer of the
semiconductor device when mated to the sensor array,

whereby fluid introduced into one of said ports flows over the microwell array

before exiting via the other of said ports and the active semiconductor device senses

chemical activity in at least some of the microwells in the microwell array.



before exiting via the other of said ports and the
active sem conductor device senses chemcal activity

wo Taogd7ekgast sone of the mcrowells in the m @awsbor025721
array. 105. The fluidics assenbly of claim98 or 99
further including an electrode fornmed in or on the
second nenber between said i3t and second ports so
as to be in contact wwth said fluid along a ceiling of

§04.d ThoM,i8RAARENbly bOBlaind b€ of IdHuHh&GSnASHEITR] HMe@iod€ FRBA in or
98 or 99 further including a reference electrode

en Hsrseeand gneanben etwean said firaland seqopd persesoris imbeia copipg) with said
g ﬁ(g'%%%ilg@rotfsii@ﬂ% chimg@ntact with fluid flow ng

t hrou sal d-port.

106.  The fluidics assembly of claim 98 or 99 further including a reference electrode
comprising a conductive capillary tube mounted into the second port to be in contact with

fluid flowing through said port.



