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FLOW.CYTOMETER 

Tec:hnical Field. 

The present disclosures reia~e generally to the tec~u1ical 

structure and operation of an improved flow cytometer together 

wi.t.h \lari(:,us incii\ririDa.l s-ub,,':lssemb.1.tes Lnc.1.uded t:herein. 

B,:;i.ckcJrQund. Art 

10 Flo-w cyto.met.ry :i.s a biophys.i.ca.l techntque. ernp1.(::ye,.:J in (~"" 7 1 

In flo,.._; cytom,;?try, cEdls suspended in a str-0am of· liquid pass 

through an electronic detection appa.ratus. F lovl cytometr:/ 

a11ows s·J.muJ.t..,:__:n-1eous n-iu.lt.1.pa.rarneLr.Lc a.naly.sis of phys.i.ca.1. and/or 

second. 

fib l ("', of molecula:c bic lc,q-:/, patholoqy, immun.oloqy·, plar,t. 

biology and marine biology. 

20 application 

hematology, tumor 

in transplantation, 

irr~unology and chemotherapy, 

diagnosis, genetics and sperm sort.1.ng for sez pre.selection). 

the properties 

photosynthetic plankton can be exploited by flow cytometry in 

2 5 ct1a ractf:::r i .zit1g a.t~1JI1cl,:1n•::-e a11d cclrnrn1..111i t }:1 •::ompos i t-io11. I11 1-;rot.':: it1 

enq.i neeri nq 1 unction with yPast 

and bacterial to id.ent.i f:l cell 

surfac,2-displa.yed protein variants with desired prop,2rti,2s. 

30 particles based on thetr properties thereby purifying a 

35 

population of interest. 

An entire flow cytometer system in~lud0 ~ the following 

ma.in cornponents. 

A flc,\•i c~elJ. through which a liquid sr:re.:'-1m_, usually 

called a sheath flew, 

hydrodynamically aligns ~ells or particles so that 

they pass single file through the flow cell. 
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cell that detects cells or particles pass through 

the flow cell and is usually either: 

an mea.surinq 

5 st1bs~_{stern.; or 

b. an optical illumination subsystem toge~h0r with 
an optical sensing subsystem. 

_). A con-versicm subsystem for corrverting th,2 output 

10 processable data. 

4. A computer for analyzinq the data produced by the 

conversion subsystem. 

The optical illumination subsystems provides a collimated 
anrl then focused beam of light, usually laser light of a single 

15 wav-elenqth, that irnpinqes upon the hydrodynamica.lly~focusecl 

20 

25 

30 

35 

st.ream of liquid passing through the flow cell. Accordingly, 
the flow cytometer system may have one or more light sources 
th~~ ma.y include: 

argon, krypton or dye laser; 

(488 nm), HeNe (red-633 nm), HeNe (green) and Heed 

(lJ\1); aT1Cl/{)r 

4 .. ,:n,e or more diode lasers (blue, green, red and 

the liqht b<2·am. Such detectors may include: 

detectors perpendicular to 
and 

3. rLoorescence detPctors. 

Each suspended particle passing through the beam scatLers 
the light, and fluorescent material present in the particle or 

light at a longer wavelength than that of the impinging lig~t. 
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- 3 -

scattered and fluorescent light at each detector (one for each 

fluorescent emission peak) permits deriving various types of 

information about the physical and chemical structure of each 

5 individual particle. FSC correlates with cell volume. Due to 

light being scattered off of internal components within a ct2,ll, 

SSC depe.nds on the inner complexity ,_;f the part.Lc:le {i.e.t 

shape of the nucleu2:, thf:: amount and type of C}ltoplasmic 

granul:.2s or the mernJ:>rane rou9hn:.2ss). Some flow cytomet<2,rs omit 

10 a .fluorescence detect:or a.nd detect only sc:attered liqht.. Ot.her 

scattered light, and transmitted light. 

The flow cytometer system's conversion subsystem, which 

may include one or more arr~1ifiers which may be eit:her linear 

15 Gr loqarithmic, includes or 

i",.nt.tlot:Jue~tc~Diqi tdl Converter.'.'"" { "A.[}Cs") fer c.:onvert.inq the 

measurin9 subsystem I s out.put:. s ,_,Jra, into data th.:1t .1s then 

p_coce5sed by the comp1.1ter. 

t-:kK:Iern flow cytometers usua11 y include up to f<:.,ur ( 4) 

20 lasers and numerous fluorescence detectors. 

number or Iaser:s and. dete(::tors perm.i.ts 1a.bel.i.ng celLs with 

a target population by ~h~ir phenot.ypic markers. 

25 ct2,lls, allowing fc,r the analysis of a fluorescent signal 

location within or on t.he surface of cells. 

Sample Il1umination 

In most of the instrurr:.ents, pa.rticles of j_ntE,restr such 

30 as blood cells or microspheres, are carried by the sheath flow 

cuvette Gr jet stream and illuminated there by a focused laser 

beam. The technique prov~des the means to accurately identify 

and count particles of interest without being overwhelmed by 

35 background noise occurring outside a registration time window 

section of the focused . .Laser bearn .Ls usDal1y e1Jipt.ica1, \~ith 
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- 4 -

maintain the threshold :i.nt.e9rity, the .1.aser proL1le must_ have 

a smooth or bell shaped profile alon9 the flow direction. One 

5 nearly collimated circular Gaussian beam along the direction 

S~nro ~ho sbap 0 of the beam at the focus is 

th,? spatial Fourier transform of the beam at far fiE,ld, this 
10 prod.uces a Gaus~3ia.n sha_ped e1.1ipLica.I spot vlith nu.nc,r axis 

15 is cost effective, compact and. power eff ic.ient, and ._,~, ... :.;;}, __ , great 

A LD emits light having an elliptical cross-section with the 
ellipse's maJor axis, 

20 axis, frequcr::tly callE,d th,::, slow axis, parallE,l to the LD 1 s 

junction. Unfortunately, the beam quality of a typical LD, 

par ticnla r·J. y a 1or1::J .i. ts fast ax ts, leaves much to t,e des.i. redr 

In principle, th 0 quality of the LO beam can be 

25 filt.,::rinq. If small 

pinhole or a single mode optical fiber is positioned at the 

fo~al point of a lens, such that it only accepts the lowest 

order spatial mode, the beam passing through the pinhole or 

30 shape_ United States Patent no_ 5,788,927 discloses that such 

a beam can then be collimated and expanded in the direction of 

35 limits the diameter of a pinhole to less than 5 micron. The 

core size of a visible wavelength single mode optical fiber 

also has a similar d~mension. The challenge to manufacture 
such a _,.-,rp,"; s1_,,~n .spat.Lal foJ.1ter and ma.i.nt-ain .Lt.s .1.onq-t.erm 
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stability not only increases the Lust at LD based laser system, 

but also reduces its reliability. 

More recently, in an effort to reduce the possible ~id0 

lobes due to the edge effect of limited numerical aperture of 

patent") discloses rotating the LD by ninety degrees (90°) sucn 
tha~ its slow azis is parallel to the direction of flow. A 

beam diffusing section, such as a concave cylindrical lens, is 

elliptical spot within the cytometer's particle viewing zone. 

As described in detail in the '019 patent, the laser beam after 

15 particular, the width of the beam at the viewing zone in the 

30 

direction perpendicular to Lh2 --cw is 

than the width of the flow channel. This not only reduces the 

consequently the signal intens 

Instead of rotating the LD, United States Patent nos. 7,385,682 

an~ 7,561,267 disclose using a large numerical aperture 

Consequently, there presently exists a need for a 

simple LD based opt.icaJ. system for use in flr>vl cytomet.ers Lha.t 

can reliably procluce a for;used elliptical bearri with near 

Gaussian shape along its minor axis and a width along major 

Vi.awing Zone 
Microscope Objective 

Modern fl,_--;vf cytomet.e.r.s incLu.cie E, s.patla.1 fi}t.er, u.sua.11~/ 

35 located at an image location of an objective lens to prevent 

und.es.Lred back9r.ound 1 ight from enterinc:1 the cyt.orn2t.er • s 

Because pa.rt.i.cles .r:ema . .in .Ln the cytcnneter ';:; 

large numerical aperture must be used to maximize light 
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exc-.Ltat-.Lcrn .=.aser .beams in .flow cyt.ernet.ers, as dlsc:.losed in 

United States Patent no.4,727,020, it is also desirable to use 

an objective with large field of view. In order to achieve 

5 these goals, United States Patent nos. 6,5100,07 and 7,110,192 

gel-coupled or epoxy bonded near hemisphere lens as the optical 

:.::lement closest to the sample that is follow,?d by multiple 

limiting effective use of the spatial f~lter; and 

L. exhibiting poor background light discrimination. 

Further, such refractive microscope ectives are bulky, 

Cooperation Treaty ( 1'PCT") Patent Application no. WO 01/27590 
discloses an alternative objective design based on a spherical 

20 qood image quality along the optical axis. However, due to its 

p 0 or off-azis characterist-.Lcs, such a design -.Ls unsuitable for 

25 Sheath Liquid Supply 

The performance of a flow cytometer depends critically on 

a stable liquid sheath flow. In particular, flow cytorneters 

that have multiple spatially separated excitation laser beams 

or perform droplet sorting rely on a constant velocity of the 
30 liquid. shea.t.h flc>w for tim.'tng 

35 

in United States Patent no. 5,245,318, conventional flow 

tight fluidic system that either: 

L,. 

appJ. .i.es constant. a.1.r pressure <J.n a s~1edt..~1 1 iqu.Ld. 

reservoir to push the fluid 

.:::,r 

by SUCY:ing the fluid from thE: shE,ath liquid 
rese.rvoir thruuqtl the .flow c:e1I us.i..ng a ·vacu1TTn pump. 
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- l -

.failure. More recently, United States Patent no. 8,187,888 

discloses including a sheath liquid subsystem that purr~s the 

liquid sheath flow from the sheath liquid reservoir into the 

5 viewinq zone and a waste sheath liquid pump that pumps waste 

it appears that t..he cU.sc;losed sheath liqu.Lci subsy:3t.ern 

has never been used in velosity critical flow cytometers, this 

10 overcomes most of the drawbacks of conventional sheath liquid 

15 

20 

ILow stabilization by: 

dampinq pump pulsations by locating: 

a. one fluidis capacitor between the sheath liquid 

pump and. the L1ow ce.LL; and 

b. another fluidic capacitor between the flow cell 

and the waste J.)Urop; ann 

L, a pump controller whose operation is responsi~e to 

d.ifferential .neclf;reen the in1et and outlet: of the 

The c.E S(~.Losed sheath liquid subsystem h,;;i.S ;;_::-ther Li.mitat.i.ons. 

For exarr~le, the pressure sensor located near the outlet of the 

flow cell could be a potential source of contamination. 

25 Peristaltid Pump 
Sample Liquid Supply 

a compressit::.1.e t·:_.(t)P to p-i:--ope1 t·h0 f1tdd t.hI'z.:-uqh t.he tut,e. 

30 Peristaltic purnp~c; a.re ;--iidely· use(1 partic;ularly :::-.o _pump 

Conventional peristaltic pump exhibits a pulsation each 

~~me a roller rolls off the tube near the pump outlet, caused 

tube expands back to its origina1 shape. The puJsat.i.on .i.s 

undesirable in applications that require smooth flow. 

attempts have been made in the past to reduce the pulsation. 
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external pressure on the tube tc, compensate for t.he t.ube 

expansion. In United States Patent no. 4,834,630, .... ....... 
a p .L u.r:a 1.:1. ::. y 

of tubes mounted on segmented rollers are joined together at 

5 the pump inl{:t a,nd outlet by T-shaped co1-1plers such th,:1t 

pulsatione:: frorn individual tubes would bE, reduced by averaging. 

Un.U·_·.ed States Patent. no. 7, E,,] 5, 1.[! prcxpc,seci a pump tu.be ,;.,d.th 

slightly larqer innE,r diam(:-ter nE:ar: the inlet so ti,at the tube 

ck,comprese::ion near the pump outlet is cornpensated by the 

10 comr>ressicrn ,.,t' a la.rqer vc,lume t.ut,e nea.r the inlet. The 

pulsation effect. 

15 !'1lmul ti.color Fluorescence Detection 

20 

25 

In f J. ur>rescence detecti<.,n 

instrumentations, such as flow cytometers, {Practical :Flow 

Cyt.omet:ry, Eowar.·d M. Shapiro, Wiley (20 3) 1~c~ 0471411256), 

the fJ.uorescence light emitted from the object of interest is: 

1 .. collected by a microscope objective; 

,,. . ·re.imaged through ,;:1 srna.U. pinhole or a multirnode 

3. then collimated and separated into multiple colored 

bands; and 

4 .. f ina,lly dete,.::tors such as 
phol".omult. Lplier Lu.be PIN photcidiode or 

avalanche photodiode (APD). 

A PMT is essentially a special type of electron tube. This 

effic.ienC':l 

reproducible spec·tral resr;::-onse than silicon based semiconductor 

detectors, particularly in the biologically important red to 

near infrared spectral region. Despite the disadvantages, PMT 

has excellent noise characteristics. For example, the dark 

35 current of a t}'pical 13.mm PM.T {e.q., the R9~105 f_r·om H;_:1marnatsu 

Corporation of Japan) is only about lnA. In contrast, an APD's 

dark current would be 10 times greater even if its art~ve area 

As a result, PMT 
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has been the de-facto low-level light detector in many 

c:omrnerc1a.1. fluorescence detec::t.Lon flow cyt.ornete.rs. OrLly in 

certa1n scientific applications where event rate is low and 

dark current may be discriminated against by expensive pho~on-

5 counting t{::ChniqUE·S that the PMT ha.s been n:plac-2d by APD 

2uUur 7: (1), p 37-41}. More recently, a Geiger mode APD array 

10 f)ixel phf>ton ccYunt.er of Hamamatsu F_.hotcnics of ,Ta.pan a.nd t.he 

15 

20 

25 

solid-state photomultiplier of SensL Inc. of Ireland.) These 

detectors, however, also have high dark current and are 

nonlinear at high event rate. 

The only industry where APD has found wide acceptance is 

is knovnr if the APD's active 

arf.:a is reduced t:o 1,,-,s:,s t-h;:::,p lmm~·, the c:orresponding ddlk 

r:.:o l l. .i_rna. ted then 

in 

Y1uorescence 1 .Lght detect:i.on 'inst rurnent s, as (iescrit,eci in 

United States Pa~~n~ no. 6,683,314 and references therein, are 

almost identical in function and architecture to the wavelength 
... ' , . 

C.11 ~fl$1()T1 mul t.iplE•zer::;: 1..1sed in 

US{: of smo::dl ,:1rea. 1\PD in fluorescence detection inst.rumentat.icm 

is the well known ~h 0 orPm of etendue sonservation: the 

30 fluc,.rescenc:e liq.bt c,_-,rninq throucJh i'i p-lnhcJle or multimode 

single mode opt.Leal fiber. Consequent.ly, as :i.11ustrs3.ted .i.n 

35 unless the diameter of the beam .Ls si.qn.ificantly ex1)anded. 

Unfortunately, the larger the beam diameter, the greater the 

technical challenge to focus it down to a small spot. 

effic-.Lent separaLion can be a.ccompJ.1.shed 
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economica1iy with collimated light beam, small area APD has not 

detection app1 ic.ations. Clea-r..·ly, a tecrrnolouy capable of 

collima.tinq a larqe etendue light bec=.un O\-'er an extended. 

would be highly desirable. Such a technology would enable a 

light detection with 

comp,ar.J.ble to semiconductor 

10 

Disclosure 

It 1s an object of the present disclosure to provide a 

15 simple and reli-=1ble diode laser based optical systr.:n, •C'<-'tpa.ble 

20 

of delivering a focused laser beam of elliptical cross section 

with a Gaussian l~k~ intensity distribution along its minor 

azis and a width aiong major axis optimized for flow cytometric 

a.p-plicationg. 

An object of the pres 0 n~ disclosure is an imaging quJli~y 

work .Lng cU stance T .large nurner.i ca 1 apert.ure. .La.r:9e J. .Leld of \.-'.iew 

. nu minimal chromatic ' .. 
Cit..,{:: r l. cl t..~.~ '(__.-;, -~ ~ 

An object of the present disclosure ia a simple fluidics 

25 system for flow cytometers that is not only reliable, compact 

and P&sy to manufacture, but alqn capable of supporting 

',reloci ty cr:i tic.al applications sucb as in instruments with 

multiple spa.tita.l separ,:1ted ex,:i tat ion laser beams or in 

30 

highly desirable. 

An object ot the present 0isc1nsure to provide a 

peristaltic pump with minimal pu.1sation. 

35 ect of the present disclosure 

an object of the present disclosure to provide a device 

ca.pab1e of coll irnatinq a U.qht beam fron-i a.n ext:ended .1..Lqht. 
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the said beam diameter. It is also an ect of the present 

separate the said liqht bea.m into multiple colored bands. 

5 Further, it is an object of the present disclosure to provide 

such a ~,,.Jm,1 systr~m that i"' cornpat ible with l<YW noise 
semiconductor detectors. In addition, due to the diversity of 

fluorescent probes, it is an object of the present disclosure 

to provide such a WDM system that is reconfigurable. 
10 

a LD ba~ed optical subsystem tor impinging a beam of 
light upon particles passing through a view~ng zone; 

15 particles pass through the viewing zone; 

5. a fluidic subsystem for supplying a liquid sheath 
flow to the viewing zone; 

20 

through the viewing zone; 

and fluoresced light from the viewing zone that the 

25 aI1Cl 

b. a wavelength division multiplexer for optically 

separating into color bands light received via the 

30 present disclosure for illuminating particles passing through 

35 

the t~ow cytorneter 1 s viewing zone generally includes: 

~- a laser diode oriented with its slow axis parallel 
to the direction of flew; 

shape with its major axis perpendicular to the flow; 
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3. a focusing lens system that reduces the laser beam 

direction perpendicular to tbe flow; ana 

4. finall\' a hiqh pov:er cylindrical focusing ""l,:;rrc""rt 

placed in the proximity of the viewing zone with its 

The ld.,:(r, powe.r cy.1.-1.ndr:i.ca..1 focu.s.Lng element. t.r,:.'lnSI>OSe[::. tbe ra.r 

laser beam -c,rof i le at the vievlin,:,r ,e_..._)s,~·., is optimal for f lo;,_r 

cytometric applications. 

pres 0 nt disclosure generally includes: 

a concave spherical mirror; 

L. a transparent aberration compensation plate 

with the flow cytameter•s a viewing zone being located between 

Scatter and .fluorescence liqht 

emitted from particles in the viewing znno is collected by the 

Opt.-.i cal rni:cror o. l. '8 

s .Lqn if i c:.ant.1. :l aJ.t.er t-f1e 

In one embodiment of the present 

25 provided by rectangular glass cuvette with a small rectangular 

concave mirror is made of an optically transparent material, 

shape with a highly-reflective coating on the convex side for 

30 internal reflection. The piano-side of the mirror is either 

gel-coupled or bonded to one side surface of the cuvette. The 

p.-l.ano side 9el-cour.;.1.ed or bonded tc, the opposite s.-l.de of the 

35 cuvet.t.e. 'I'he p.ianf)-convex 5ha.ped m.i.rr(1.t: ancl tb.e ;_:1sphe.ric 

compensation plat•:? may ,:1lso be formed integrally with the 

the ,f.i.ew.1.nq z<:.1ne "ls .1.n a. jet. stream \•l.i.t.h both the concave 
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mirror and the compensation plate being free standing from the 

The fluidic system in accordance with the pres~nt 

5 disclosure generally includes a sheath liquid reservoir from 

which a liquid pump dra,..-Js shr~ath liquid. Sheath liquid then 

f'·:_nws .frorn the 1.1.cg1id purnp to an Ln1et. c>f a T-cou_p.1.Lnq. One 

a .:..·1.act...:..o,. of the pumped sheath liquid back to the sh<2,ath 

10 liquid reservo.i.r i;rl th Lhe returned sheath J.iquid f1owinq .int.o 

air within the sheath liquid reservoir. A second outlet arm 

of the T-couplin9 ,::onnects to a sheath route that includ,.?s a 

reservoir capsule followed by a particle filter and then the 

The sbeat.b Liqu.id exitLnq the flow ce.1.1 then qoes 

15 to the waste tank. The fluidic resistance along the bypass is 

20 of millili tE:r per minute,. The bypass theref'or,:_-,, p:2-rmi ts usin9 

expensive ,:'ind more ·re1:i.ab.1e, but. also operates at higher 

pulsation frequency which is much easier to attenuate. 

the exit of the bypass route connects to air, it also serves 

filled with a.ir. Therefore, the filter cartridge also serves 

as a fluidic capacitor, for further reducing pulsation in the 

large fluidic resistance at the flow cell, the air trapped near 

ca:r.tr.-1.dge being pushed tJack towa.r:ds the sheath .1.ic1uid rese.-cvoir 

35 becomes stored in the reservoir capsule whose size is chosen 

to prevent the trapped air from reaching the T-coupling. 

d.isclosure generally inc1udes a plura1ity o.f rollers located 
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at the periphery of a rotor that moves the rollers circularly 

that the rolJ.ers compress against t.he t.rac.k. In one embodiment. 

of the present disclosure, the track of the peristaltic purr~•s 

5 housinq has {)112 so the compressibl,:: tube is 

to full c1z-;:sure e--;_rery t.-.irne o.ne of the rc>l lers moves pa.st the 

The location and shape of the recess maintains the 

10 rP•"es-, t() the pump's outlet. su.bst.a.nt:i.a1ly .in\.ra.ria.nt. The 

15 present disclosure, the track of the pump housing may contain 

a plurality of recesses, providing for a plurality of roller 

upstream of the pump out.1.et to proqress.i.ve.1y mod.tty the tube 

these sections substantially compensates the effect due to the 

tube expansion near the purnp 011t1et. In :,.let anc,the.r embodiment. 

of the present disclosure, the rompr~~sible tube is kept fully 

When a rn1_ 1 P~ reaches the exit ~Pc~ 1 nn, the motor's rotation 

E;xpansion. 

optical elements. The first optical element collimate a beam 

light from a pinhole or trorn a multimode opt.teal fiber. The 

f·i_r,c·r· optical. element magnifies the ext.ended li9ht S("JUrce, for 

35 examp.Le, as defined by the pinhc;le, or ·t·,-,e core r)f the 

multimode opti~al fiber, to an imaqe having a size similar to 

first 

thereby creatLnq a co11.Lma.Led 1 iqht. beam between t.he .f-.irst. 
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A second optical element is 

w·ith unit ma.gnification dc,wn the optica.1 path. Tr, 1·h1_,-" -..,,foy the 

seconci optic"=.ll element e.f fee ti vely doubles the collirnated. ·path 

5 length. 

relay configuration may also be included in the pres0n~ 
disclosure to further extend the collimated optical path. The 

~:ascaded 1-111it.--rnagr1ifi•:at.ior1 irna<:.re rela~/ architect.u.re <:.>£ tt.;.0 

present disciosure provides a greatly extend the collimated 
10 optical path length without large beam expansion. As a result, 

WDM tec::hniques \•ff.~11-est.ablisb.ed. in tbf.'.: optical communic.ation 

industry can be readily adapted for fluorescence light 

In particular, rou 1 t~p 10 colored bands present in 

15 located along the optical path with the separated light being 

semiconductor photodetectors. 

20 is apparent to those skilled in the art that other types of 

used to achieve ~he odffie desian goal. Similar to 1ss 

25 filters. 

to facili tat.e the flow cytometer ts reliable reconfiqnration 

each dichroic filter is bonded to a mechanical holder having 

a refereno2 surface that is optictilly pt1rallel to th1':: filter• s 
30 reflective surface. As a result, all of the WDM's filters can 

be accurately positioned along the optical path referencing 

collimated beam passing through the dichroic fi.i.ter is further 

35 branched out :Lnto rnu1tip.le colored bands iiz;:;:inq secondary 

dichroic filters. It is apparent to those skilled in the art 

narrow a_r,d co."LL-J.mat.ed. beam path a.fforded by ·r·hp p.r:esent 
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as star configuration 

discussed in United States Patent no. 6,683,314, the branched 

5 configuration discussed in United States Patent no. 4,727,020 

and other types of WDM optical configuration widely practiced 
in the opt.i.cc.=il conunun.-l.cat:i.on .indnstr_,/. I.nsted.rJ (;f cc}ncave 

15 

20 

25 

30 

35 

further increase the number of colored bands selected by the 

understood or apparent to those of ordinary skill in the art 

from the fol 1owi~g detailed description of the preferred 

Brief Description of Drawinqs 

FIG. 1 1.s a c:Liagram schematical.1y iilustratinq a preferred 

embodiment c,f a fl.c;,.,, C}:'ton1eter in accc,rdan.c;e wj_t.h tr.,e _prene.nt 

disclosure that includes: 

a) a LD based optical illumination subsystem; 

emitted from the LD based optical illumination 

therethrough with a particle illumination viewing 

zone located inside a cuvette thereof; 

c) a fluidic system for supplying a pulsation free flow 

through the composite microscope objective; 
d.) 

liquid tha~ carries ceiis or 

liquid supplied by the fluidic system; ~nd 

e) a wa.velenqth divi.sion .mu.Jti.p.1.exe.r ("WDM"J nav.1.ng a 

ziq-zaq rati~~ for separating a beam of light 

into several diff 0 rent colored bands, 

receiving via an optical fiber light that is 
scattered from cells or particles as they oass 
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throuqh the . . 
z:()l1l}:)() t~ l. t. E;· H":.l c:r{) S z:~()})t:: object.ive's fluid-

passin9 c:ha.nnel and c.i:E:: :i.lllJm.1.nated there:i.n r)y l.i.9ht 

emitted ·f,··.,,rn the LD based opticaJ. U.J.umination 

FIG. 2 is a schematic view depicting a typical high power 

edge emitting LD that illustrates the fast and slow axes of 

light emitted therefrom. 

FIG. 2A shows a typical far field profile for a laser beam 

emitted from the LD chip depicted in FIG. 2. 

FIG. ~A depicts a 3-dimensional view of a conventional, 

prior art LD basf~(.-1 optical illumination subsystem for flow 

FIG.. .3B depi~:-t.s ~~ t.:/JJic:al time ciepe11clt~nt prc~f il€: ()f l icr:tit 

scattering from a cell or particle passing through the laser 

15 beam depictf.:d in FIG. 3A at the .Zo ... ,u,., thereof 'di thin the 

25 

FIG. 4A is an elevational view of an alternat~ve prior art 

LD based opti~al illumination subsystem configuration across 

the .f1uid-pass:Lnq channeJ. that 

cytometer system's viewing ~on~. 

FIG. 4B is a plan view along the liquid flowing through 

the fluid-passing channel of the alternative prior art LD based 

optical illumination subsystem depicted in FIG. 4A. 

throl1gh the fluid~passing channel of the composite microscope 

wherein the LD's 

oriented transversely to the liquid flow. 

depicted in tiG. the L[,r s slow axis oriented 

FIG. SC depicts a typical t.-Lme dependent. prcJi_:"'" c,f light. 

scattering from a cell or particle passing through the fluid-

35 passing channel of the composite microscope objective depicted 

in FIG. 1. 

of a LD "i:..:,ased optical il.lumol.nation subsystem in accordance t.-Jit.h 
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v.1e1,J.1.ng zone. 

FIG. 6A is an enlarged perspective view of the alternative 

depicting in greater detail the jet stream of liquid passes 

through the viewing zone. 

FIG. 7 is a perspective of an alternative 

LD based optical illumination subsystem in accordance with the 

10 present disclosure adapted for use in a flow cytometer system 

which orients the LD's slow axis parallel to the direction of 

liquid flowing thromJh the fluid.-p.:LSSing channE;l of the 

composite microscope objective depicted in FIG. 1. 

15 objective in accordance with the present disclosure adapted for 

20 

usr.: in the flo\/-' c::{torneter sys tern depicted in 1: 1.(;. 1, the 

w.Lth the particle .i.llurn:Lnation view 

located inside a cuvette therein. 

FIG. 9A is a C'ross-sectional ele·vational vi,?w of the 

composite microscope objective taken along the line 9A-9A in 

separated locations in the v~~wi •• y zone to an image plane for 

the objective illustrating scatter and fluorescence emission 

25 r,,ropagation. 

30 

depicted in FIG. 9A for the three (3) spatially separated light 

emission locations depicted in FIG. 9A. 

FIG. 10 is a cross-sectional elevational view similar to 
for embc,d .i ment· 

microscope objective in accordance with the present disclosure 

that includes ray traces from three (3) spatially separated 

locations in a viewing zone therein to an image plane fer the 

objective illustrating scatter and fluorescence emission 

35 pro·pagation. 

FIG. 11 is a perspective view of yet another alternative 
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therethrough with the particle illumination viewing 7Qn° 

FIG. 12 is a perspective view of yet another alternative 

the present d.Lsc.1.osu.re a.dapted .fc;.r use oJ.n the f.h)~AJ cyt.<.)met.er 

S':J.1.St.ern \:iepic·te·d i11 FIG. l, t1:.e alt.ernat.ivt: e.rr1bociime1it c:f)n1p\---sit-0 

microscope objective being adapted for a viewing zone that is 

10 located inside the jet stream depicted in FIGs. 6 ~nd 6A. 

15 

20 

25 

FIG. 13 is a perspective view of yet another alternative 

the present disclosure adapted for use wherein a viewing zone 

is located on the surface of a microscope slide. 

FIG. 14 1s a sch0 matic diagram depicting a fluidic 

subsystem in accoraance with the present disclosure for 

supplying stable liquid sheath flow to a flow cytometers flow 

cell that includes: 

1. a small capsule located between a sheath liquid purr~ 

and the flow cell; and 

,,. . a partic.l.e filter .1.ocated between the sma.Ll C,;,':::psu.ie 

and the flow cell, 

both the particle filter 0°u the small capsule providing air 

FIG. 15 is a schematic diagram depicting an alternative 

em.bod.iment fluid.ic sur.,syst.em s.Lmila.r to tha.t .i.1.1.u::.;trat.eci in FTG 

14 that replaces the small capsule with a length or tubing for 

providing an air reservoir. 

FIGs. 16A and 16B are histograms that compare measured 
30 particle fl. 

of the particle filter has air trapped therein {FIG. 16A), and 

sheath liquid pump the and the £.Low cell (FIG. 168). 

FIG. 17 is a perspective view of a 3-roller peristaltic 

pumpis rollers, tube and surrounding pump housing. 
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states of the 3-roller peristaltic pump depicted in FIG. 17 

with the rollers in different locations. 

FIGs. 19 is a detailed longitudinal cross-sectional view 

FIG. 19A and 198 are detailed cross-sectional views 

10 part,ial c;omi-;ression by t.he roll.er. 

15 

20 

25 

FIGs. 20A and 20B are schematic diagrams illustrating the 

pump f s rollr:::-rs ,:'ind tube vi•'?WE;cJ. along the, pump 1 s circular 

pe,ristaJ.t.i c pump. 

FIGs. 21 is graph depicting the functional relationship 

with respect to the roller position when it rolls off the exit 

section of the compressible tube of: 

1. the total VT>lume of LLquid in the extt half of the 

a. recess section; and 

b. exit section. 
FIGs. 22 is a simplified plan view of a 4-roller 

peristaltic pump in accordance with the present disclosure. 

FIGs. 23 is o simp1ifi 0 d plan view of a 6-roller 

peristaltic pump in accordance with the present disclosure. 

FIG. 24A is a longitudinal cross-sectional illustration 

30 disclosure having a rotor with programmable ~peed. 

35 

FIG. 248 is simplified plan view illustrating the 

pulsation minimizinq 3-roller perist-011 tic purnp in a.ccordan<.:'.e 

with the present disclosure bavinq a rotor with pro9ranuneibJe 

FIG. 24C is a graph depicting for the pulsation minimizing 
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rolJer pos:ition; 

2. rotor speed; and 

3. pump flow· rate. 

5 FIG. 25 is a diagram illustrating optical ray tracing for 

10 collimating devices .in 

15 

collimating an extended light source. 

a 6 ports WDM using o. r.:::ombination of ,.,ig -"'..:±9 and bra.nchEd 

configurations in accordance with the present disclosure. 

FIG. illustration 

accordance with the present disclosure. 

FIGs. 29A and 29B are pe:rspecti-c.:_re 5.1lustrations de_picting 

assembly process for constructing :replaceable dichroic filter 

20 assembly ±"or an reconfiqurable WD!:-:1 in accordance with the 

present disclosure. 

25 

30 

FIGs. ~:~9c .i.s a pe.rspecU.ve LU.ustration of a .rep.Lacea.bJ.e 

illustrations of FIGs. 29A and 298. 

FIGs. 30A and 30B are perspective illustrations of a WDM 

1n accordance with the present disclosure depicting installing 

in FIG. 2 S;C and. its rE,mo\r,,:11 the ref rorn. 

Best Mode for Carryi.nq Out the Disclosure 

Flow Cytometer 

FIG. 1 depicts a flow cytometer in accordance with the 

present disclosure identified by the general reference nurrber 

35 4 . The flov;r cyt.o:meter 4 .i.r,cludecs: 

a LD based optical subsystem 50; 

L. a composite microscope obj 0 c~iv0 60; 
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3. a fluidic subsystem 70 for supplying a liquid sheath 

,j. a pe.c1.staltolc pump 80 for :i.njec:ti.nq a. J..Lqu.1.d sampJ.e 

flow that contains particles to be analyzed into the 

liquid sh.ea.t1, flow suppliEd. by the fluidic sube:ystE·m 

viewing zone with the ~omposite microscope objective 

60 gatherir:icJ and imaging light scat.terE·d and/()r 

fluoresced by particles in the viewing zone; 

and/or fluores~ed by particles in the viewing zone 

that the composite microscope obje~tive 60 gathers 

and imaqes; and 

optically processing scattered a~dlor fluoresced 
J.i.9ht rece.t,,.;-ed from the 0pt-1,~21_ f.1.ber 852. 

Optical. Subsystem 50 

or .1.i.cJht .frorn an ec.i/Je t.hereof. 

in FlGs 2:' and 2P ... , the diverginq be<'lT"F of liqht has an 

elliptically shaped cross-sectional profile with both a major 

25 axis, a.k.a. the fast axis, and a minor axis, a.k.a. the slow 

impinges upon a collimating Lens 502 which converts the 

diverging beam of li9ht emitted by LD 501 into a collimated 

beam of light having an elliptical cross-sect.ion. Although not 

optional mirror 503 positioned to direct the collimated 

A planoconvex lPP~ 504, positioned near the 

composite microscope objective 60, r 0 dur 0 ~ the major axis of 

35 the elliptically shaped beam of light tha~ is oriented 

perpendicular to the direction in which the liquid sample and 
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zoner the width of the elliptically shaped beam of light: 

perpendicular to the d.1.rec'.tion :i.n which the J.i.qu.1.d 

preferably slightly less than the width of the 

liquid sheath flow; while 

L. still sufficiently wide so particles in the sarr~le 

flow pa,ss through a nE'.arly flat portion or: the 

,;:llip,tically sh,:1ped beam of liqht at thE· beam's 

ma.z.imum ir::.tensi t.y. 

In accordance with the present disclosure, it is apparent 

to those skilled in the art that the plano convez lens 504 may 

achromatic dou.b.1.et: .1.e.n.s or comb.i.na t.ion cd: sphe.rica.1. lenses, 

15 cylindrical lenses, and/or prism pairs. Alternatively, the 

FcJr p{)1a 1:--t_ za t.j_ 011 sen.si t.j_ ~ ... re a_1')1:}J_ i c:at. i_ C)I1S of t·h_e f 1 CJi..; 

20 section of the beam of light extending from the collimating 

lens 502 to the lens 504. Finally, before passing through the 

view.Lng zone the beam of Light. passes throuqh a. h.i.gh r_::ower 

cylindrical lens 505, positioned adjacent to the ~~~w~ng zone. 

As depicted in FIG. 1, the axis of the cylindrical lens 505 is 
25 orient;;:d perp,2ndicular to th,2 direction in ·whi,:h th.e liquid 

length of the cylindrical lens 505 produces a tight focusing 

An advantage of the optical subsystem 50 in comparison 

more clearly in FIGs. 2 and 2A. available 

laser diodes suitable for use in a flow cytorneter emit a beam 

of .1.ight from an edge thereof. As depi.cted in FIG~ ? 1 a ga.1.n 

section 509 of such a LD ch.i.p 510 is highly confined in the 

35 transverse direction indicated by an arrow 511 

to achieve high output power LD manufacturers often sacrifice 

beam quality, particularly along the transverse or fast axis 
direction that is oriented paral.1.el to the arrow 511. FIG. 2A 
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shows this characteristic or light emitted from a LD wherein 

multtp.l.e .fr.i.nges 51? due to 9ain confinement are clear 

visible at the far field in the minor axis direction of the 

emitted neam of light. It should be noted that the fringes 512 

5 appearing in the illustration of FIG. 2A contain only a minute 

amount of total energy in the beam of light, and therefore have 

little impact on the conventional M-square characterization of 

greater detail below, the y~,ng 0 s 512 do have a detrimental 

Alternatively, aain confinement along the slow axis direction 

of an edge emitting LD that is oriented perpendicular to the 

arrow Sll is much more re,laxed. ConsE,quently, as sho,,._;n in FIG. 

2A, the far field beam profile is much smoother along the slow 

15 axis of the LD 1 s beam of light. 

r:or a fJow cyi::omet:er. Those elements depicted in FIG. 3li that 

carry the same reference numeral ais shed by a prime ( 1
) 

20 designation. As depicted in FIG. 3A, the conventional optical 

subsystem orients the fast axis of the LD 501 parallel to the 

direction in which the liquid sample flow passes through the 

elliptical beam profile of the LD soi• is directly transposed 

25 by the spherical focusing lens 504 1 into the viewing zone. In 

30 

subsystems have also included beam shaping optical elements in 

addition to those depicted in FIG. 3A 
The detrimental effect of fringes 512 along the fast axis 

of LD for optical 

configurations clearly appears in the light scattering time 

pro.file c!.epicted in FIG. 3B. SJnce scatterinc,.r or fluorescence 

intensity is directly proportional to the local laser power 

35 impinqinq ur;on ;_:1 par,tic1e, any fine strT1c:ture Ln the bearn of 

light's profile alonq the direction in 1,-.rhich the liquid sample 

flow passes through the viewing zone will appear in the time 

Such 
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s.i.9naJ.s generated by smaL1 part.i.cl.es, and. w:i . .1.1 tberefore C'.aUse 

the fl.ow C':i-'torneter· t() tri9qer falsely and misid.ent.ify 

r-ar ticles. ln addition, the -fri ngp"' 512 ~-Jill also leae.:i tc, 

such as in the area and width of the pulse depicted in FIG. 3B. 
FIGs. 4A and 4B depict a yet another prior art optical 

sube::/StE·m for LD based flow cytometric app,lications disclosEd 

iri tt10 it.119 pat.011t iclE~ntifit~cl 1:::r€~"'.1iousl11. 

10 d.ep.icteci in. FI.Gs. iiA and. 4.8 tJ·1a.t a.re cormnon to the ,:-_:,pt.ica.l 

reference numeral distinguished bv a double prime (") 

designation. As depicted in FIGs. 4A and 4B, by orienting the 

slow ax.is of the LD 501" parallel to the direction in which the 
15 liquid sample flow passes through the viewing zone the optical 

subsystem depicted in FIGs.4A & 4B effectively overcomes the 
problem caused by the fringes 512 as described above. 

the spherical focusing lens 504" in FIGs. 4A and 48 to diffuse 
20 the beam of light perpendicular to the direction in which the 

liquid sample flow passes through the viewing zone produces a 

highly astigmatic beam of light near ~he viewin9 zone. 
~Jpecifica.lly, focusinq this astiqrna.tic beam of l.i,Jht. at the 

25 passes through the viewing zone increases the width of the beam 
of light perpendicular to the the Liqu.id. 

become similar to or even wider than the sheath flow. 

30 fl_b n<..·;t onJ.'I diminished t.r;e a.mount. of 1.iqht. ene.r:qy imr>i.nqintJ 

35 

upon particles r1ow1ng through the viewing zone, the optical 

subsystem also 1ncr0 ases undesirable scattering of light from 
the interface between Lhe 1.i<:iu.Ld. s.heat..h f.1.ow and adj ac:ent pa.rts 

ot the corr~osite microscope objective 60. 
FIG. 5 hiqhl.iqht.s the mai:n di.fference;_:; bet.ween the c,pt.ical 

subsystem disclosed in the '019 patent and the optical 

subsystem 50 depicted in FIG.~. Instead of placing an out-of-
plane beam-diffusing element 513" before the spherical beam 
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lens 504 as shown in FIG. 4, the high power 

cylindrical cylindrical lens 505, depicted in FIGs. SA and 58 

as a cylindrical plano-corrvex Lens, is placed along the beam 

of light after the spherical beam focusing lens 504 and is 

focuses the minor axis of the beam of light in the viewing zone 

while leaving the major axis of the beam of light essentially 

unchanged. Consequently, the optical subsystem SO depicted in 
10 FIGs. 1, 5A and 5B establishes a beam of light profile at the 

viewing zone which is elliptical with: 

15 

a tightly focused minor axis that spans across the 

c<:,mbinf::d liquid sa.mple and sheath f 1.ows; ,?ind 

2. a smooth minor axis profile in the direction of the 

•::::om.binr.:d liquid st.tmplr.: and sheath flo\•:s thdt L-=.: the 

.Fourier conjugate of the far field !1r.:a.m profile 

along the slow axis of LD 501. 

20 measured time profile of light scattered from a micro particle 

The LD sen used in rnaking ·the measurement presented in FIGT SC 

profile of light scattered from a micro particle appearing in 

25 FIG. 3B. 

fringes 512 a.lonq the fa.st ::.=1xis of the LD 501 no lonqer have 

any material effect on performance of the flow cytometer 40. 

FIG. 6 depicts yet another alternative diode laser based 

optical subsystem in accordance with of the present disclosure 

illustrated in FIGs. 1, 5A and SB carry the same reference 

nurnera.1 cU.st.inqu..ished. b:i a trip.1.e prime { 1 n) desic,rnat.i.on. The 

optical subsystem 50'" depicted in ~LGs. 6A and 68 is almost 

viewing zone occurs without a composite microscope objective 

60 because it occurs in a free-flowing jet stream 519 that 
includes t:,ot.h the samp}e a.nd. sheath f.l.01;.,'s that is emitted from 
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optical subsystem 50'" depicted in FIGs. 6A and 68 the high 

power cy.1.i.nd . .r:ica.1. lens 505 .is detached from the v.iet-'J.in9 7 onc, 

tha~ is located within the jet stream 519. 

depicted in FIGs. i, 5A, 5B, 6A and 6B, the minor axis, i.e. 

the slow axis, of the LD 501 is oriented perpendicular to the 

direction in which the liquid sample flow passes through the 

10 in the art that using an alternative optical configu.r:at.ion the 

major axis, i.e. the fast axis, of the LD 501 may be reoriented 

FIG. 7 •Clepicts or10 

examp1e of c;11ch an a1ternat.iv·e conf·lgurat.1.on o.f opt.Leal 

15 r.:lements. Those elements -depicted in F"lG. 7 that are common to 

the optical subsystem 50 illustrated in FIGs. 1, 5A, 58, 6A and 

6B carry the same reference numeral distinguished by a 
As shown, the slow axis of 

the LD 501 "" is oriented in the .. ' . ,,. 
z ...... ct-1._ :r ec~r_.1_r)11 .. The beam of light 

mir.r:ors S?Ja and 52 3.b. In t.he i l lust. ration of FIG. 7, a norrnal 

to the first elliptically-shaped light beam reorienting mirror 

523a is oriented in the x-y plane at forty-five degrees (45~) 

25 to th,2: x-axisr and .:;i. normal to the second elliptically-shaped 

light beam reorienting mirror 523b .is oriented in the y-z plane 

at: forty-five degrees (4':::c) to the z-axis. 

Composite Microscope Objecti.ve 60 
30 

depicted in FIGs. 1, 5A, 5B ana 7. As depicted in FIG. 8, the 

35 wi~hin a small flow channel 604, that preferably has a 

rectangular cross-sect~onal shape, through which passes the 

particlE· c,:::trrying combined liquid sample ,3,nd sheath flc,ws. A 
piano-ccmca,.re back.-surface mirro.r 601. Jnc.l.u.d.ed .in the composite 
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microscope objective 60 i~ made of an optically transparent 
mater:i.a1 pre.ferab.1.y ha\l:ing a re.fr.:.:1ct.1.ve i_ndpx s.l.rn.LLar to t.ha.t 

of t.he 9L.'iss cu.vette 603, such as g.lass -or Gpt.1c:al q_:.wLtT.y 

To minimize optical loss, the back-surface mirror 
5 601 includes a flat front surface that is optically coupled to 

an abutting flat surface of the prismatically-shaped cuvette 
Optical coupling of the back-surface mirror 601 to the 

cuvette 603 may employ an index-matching gel, optical adhesive 

or direct optical bonding. AlternativelyT the back-surface 
10 mirror 601 may aiso be formed integrally with the cuvette 603. 

The c:ornposite rnicroscope objecti'\.T~ 6G alsn inc.-ludes a 

plano-ashperic corrector plate 602 that is also made of an 
{)pti(;al t"---a«spa~en:_ material prE·fer,3.bly having a refractive 

index similar to that of the glass cuvette 603, such as qlass 

15 Gr optical quz:::tli ty plastics, To reduce Gptical loss, a flat 

an abutting flat surface of the prismatically-shaped cuvette 
603 on a face thereof that is diametrically opposite to the 

back-surface mirror 601. Optical coupling of the corrector 
20 plate 602 to the cuvette 603 may employ an index-matching gel, 

opt.teal adhesive or di.r:ect opt..i.ca.1 bond.ing. The aspher .i c 

sur.face o.f t.he corrector pJ.ate 60? .furthest .from the co.r.r:ector 

optical transmission loss, although such a coating is not a 

25 mandatory requirement for a composite microscope objective 60 

The shape of the 

a.spheric surface of the corrector plate 602 is similar to that 

30 the corrector plate of a Schmidt camera includes a circularly 

shaped neutral zone where the corrector plate does not deviate 

.;:c,"f'0 c,f liqht passinq throuqh the plate. 

ot the co.r·rect.or plate o\.J?., wt,B.,.e t.he plate thickness is 

35 thinnest, the corrector plate 602 has negative optical power 
while inside the neutral zone th(,' corrE;ctor plate 602 has 

corrector plate 602 may be readi 
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hav-.Ln9 ordinary s.Li.ll in the art. Note that -.Ln the .flm-J 

cytometer zJO the bea1n of liqht generated bv the optical 

5 cuvette 603 perpendicularly to the flow channel 604 through one 

15 

20 

(1} of the two (2) faces of the cuvette 603 that do not abut 
:~L, ... back-surface mir.ror 601 o.r: c:o.rrector plate 60?. 

As depicted. in F'TG. 9,A,, "'>eAt·t-p,.. .:=1nd. fluc>rescence 

emission from three (3) spatially separated locations in the 
flow channel 604 near the center of the cuvette 603: 

~- initially propagate toward back-surface mirror 601 
to be internally reflected by the back-surface 

mirror 601; 

L. then pass first through the cuvette 603; 

m-.Lc:.r:os CC)_pe object i. ve 60 d.ep-.Lct eci J. n FIG. 

cuvette 603 traverses the corrector plate 602 at near normal 

Consequently, the composite microscope objective 

near the center of the cuvette 603. 

that Schmidt camera offers the unparalleled combination of a 
30 fast focal ratio and a large field of view with near 

diffract.ion limited optica.l p12rfornv.:1.nce. Thf.: principal 

drawback in a conventional Schmidt camera is that the image 
surtace lies inside the instnJment. For the composite 

m:Lcroscor.H?. object.1.ve 60r l.i9ht r1ea.r the center of the cuvette 

camera and therefore the image surface lies outside the 

composite microscope objective 60. 
disclosure takes full advantage o.f the optical performance of 
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9B1 thro·u(Jh 983 de_p.ic:t spot d-.La9re.rrns near the .i.ma.9e plane CDS 

fo.r three {3) erd.ssion 1ocat.ions in v.1.ew:tng zone within the 

flow channel 604 that are separated 150 micron from each other. 
5 The diameters of all images depicted in FIGs. 9Bl through 9B3 

are less than 35 microns. 
Liqht. emitted. frorn the v.1.ew·,.nq zone w:i.thtn the .floh, 

in FIGs. 8 and 9A that traverses the aspheric corre~tor plate 

10 depicL3 <'.'in al ternati ''Ie embodiment f::.:;.r the composite 

microscope objective 60 depicted in FIGs. i, SA, 5B and Jin 

accordance with the present disclosure. Thf)SE· elE·ments 
dep.i.ct.ed .Ln FIG. J. 0 that. a r:e corn.mon to the c:ompc,si te m.i.c:r_-()scope 

15 c,b-jectivs.:.: 60 illustrated in F'lGs. B and 9i\ carry the same 

reference numera.t distinquished by a t-'"--_;__nh.,.; { f 1 ds.:.:siqnaticn. 

The shapes of the back-surface mirror 601 1 and the aberration 
corrector plate 602' depicted in FIG. 10 are modified slightly 

to prc,duce collimated afocal. images of the ernission lfJC<'.,t:Lons 
20 near the viewing zone within the flow channel 604'. In FIG. 

ec U.ve 60 r also .LncJudes a 

chromatic con~ensating doublet lens 609 inserted between the 

corrector plate 602' and the image plane 605 1
• In 3ddi~~on to 

focusing the light emitted from the corrector plate 602• onto 

25 th,? image pla.ne 605 1
, the ctou.blet lens 609 also serves to 

further reduce the residual chromatic aberration introduced by 

the aspheric corrector plate 602'. 

It is not essential that the flat surface of the corrector 

plate 602 ta be optically coupled to the cuvette 603. FIG. 11 

objective 60 of the present disclosure. Those elements 

distinguished cy a double r,.. '-'H"" 

35 desiqnation. FIG. 11 depicts the aberration corrector plate 
602" optically decoupled from the cuvette 603". Although not 

CO", t.n .improve t·h.:, 1iqht tra.nsrn.Lss.i.on efficJ.ency both su.r:.fa.ces 
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cuvette 603" may carry an anti-reflectively coating. It LS 

understood that the corrector plate 602" shown in FIG. 11 is 

held in fixed relationt.,hip to the combinez-1 back-s1n:face mirror 

5 601 and cuvette 603 by a mechanical support not depicted in 

60 1 depicted respectively in FIGs. 9A and 10, the composite 

be configured to provide either finite focal length image, or 

10 an afocal system which in turn is focused to a finite distance 

l<2,ns 609. 

composite m1croscope objective 60. Those elements depicted in 

60 illustrated in FIGs. 8, 9A and 11 carry the same reference 
numer:a_l d-1_st.tn9utshed_ by a trtpJe prtme { t n) destgnat-1-on. The 

co1n_po;_:;ite microscope ubjecti-s_te 60'" depic:ted in FIG. 12 1s 

adapted for collecting scatter and fluurescence emission from 

20 cells or other microscopic particles carried in the jet stream 

surface mirror 610 and an aberration corrector plate 612. llie 

front surface mirror 610 may be made of glass or other types 

25 of hard m,3,terial with a highly reflective ,:::oa.ting on tl,e 
cc,ncave surfac:e 611. or ,hnde of metal vr.Lth _polisheci c:()ncave 

surface 611. Similar to the corrector plate 602, the piano-

transparent material, such as glass or optical quality 
The aspheric surface may be formed on either side 

of the corrector plate 612. Preferably, both surfaces of the 

corrector plate 612 are coated with an anti-reflective coating 
to reduce optical transmission less, although such a coacing 

is not a rnanciatory rec1uirernent_ for a corrector plate 612 in 

35 accordance with the present disclosure. It is understood that 

the front surface mirror 610 and the corrector plate 612 are 

held in fixed relationship to E,ach othE,r b:{ a mE:cha.nica.l 
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light 0mitt 0 d from cells or other types of microscopic 

1:.-a-.rttc.l.es in t.he v.tew:i.ng zone ins:i.de t.he jet. st.-.ream 519 1.s 

5 surface 611 is corrected by the ~orrector plate 612 after liqht 

traverses through the sorrector plate 612. It. i.s 

by those havtng skill in the art that the corr~osite microscope 

objective 60'" may be configured to provide either a finite-

10 collimated afocal image which 1s focused at finite distance 

aberration correction doublet s~milar to the doublet lens 609 

depicted in FIG. 10. 
FIG. 13 depicts an adaptation of the composite microscope 

15 objective 60 for imaging specimens fixed to the surface of a 

transparQnt substrate such as a glass slide. Those elements 
cJe1°)-1_ ct.e() i.11 FIG~ 1 :3 t.-ha t. a :ce c~on1mor3_ t.CJ t11e c~oinpos j_ t.e m.i.c.r--c_;s c~c)}:}e 

objective 60 illustrated in FIGs. 8, 9A and 11 carry the same 

reference numeral distinqu.i5hed by a quactruple ·prime {"") 

20 designation. The composite microscope objective 60"" depicted 

conc:ave back surface rni.rror 617 made of a transparent rnat.erial 

such as glass or optical quality plastics, and an aberration 

corrector plate 618. As depicted in FIG. 13, the specimen to 

25 be imaged is fixed to a front surface 615 of a transparent, 

30 

35 

preferably using a thin layer of index matching flu.id, to the 
flat surface of thE· back :':::urfa.ce mirror 617. 

fluorescence light emitted by the specimen: 
initially propagates through the s 1 ~d~ 616 and the 

back surface mirror 617; 

L. is internally reflected by the back surface mirror 

617 back through the slide 616; 

then through the corrector pl.ate 618; and 

finalJ_y fc-:;_r·.ms an ima.qe at ,:_u-1. .i.rnaqe r::lane LLot .1.s 

beyond the corrector plate 
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Fiuidic Subsystem 70 

FIG. 15 depicts a fluidic subsystem 70 in accordance with 

the present disclosure that includes a sheath liquid reservoir 

5 sheath liquid reservoir 702. The liquid pump 701 may J:)e a 

diaphra9m pump, or a pE·ristaltic pump, or a piston pump or any 
types of continDous fluid _pump. }\n ou.t.1.et of the Liquid pump 

701 connects to an inlet of a T-coupling 703 that receives 

received by the T-~oupling 703 from the liquid pump 701 back 

to the sheath liquid reservoir 702. Returnin9 a fraction of 

the T-cou.p.l..1.nq 703 .from the 

15 li··:ruid pump 701 ba,c·k t.o the sheath liquid resr.:rv-c)ir 702 is 

20 

25 

advantageous for two (2) reasons. 

pu1s,_'ltion 

operation cf the liquid pun~ 701. 

L. Returning a fraction of the sheath 1iqu.1.d received 

by the T-couplinq 703 from the liquid pump 701 back 

to the sheath liquid reservoir 702 also effective 

reduces the throughput of thE· liquid pump 701 

thereby allowing the use of comparatively high flow 

the flow resistance of path from the T-coupling 703 to the flow 

to the sheath pump is then 

R ,e, rR 
P r+R 

{J.) 

35 Since R >> _r, t.he behavior of the liquid. pump 701 -1_s therefore 

dominated by the resistance of the bypass conduit 710 whose 

Thusr 

the configuration of the f.l.uidic subsystem 70 depicted in FIG. 
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insensitive sheath liquid flow to the flow channel 604. 

As depicted in FIG. 15, a second outlet of the T-coupling 

5 through the cuvette 603 preferably first via a small reservoir 

capsule 704 and then via a filter cartridge 705. As depicted 

in FIG. 16, a piece of tubing 704' approximately 4 ft. long may 

be substituted for the small reservoir capsule 704. During 

10 trapped in the filter cartridge 705 near its inlet which as 

The air trapped in the filter cartridge 705 

acts as an additional fluidic capacitor effectively reducing 

hle level the pulsation in sheath liquid emitted into 

15 the riow channel 604. Due to the large fluidic resistance at 

thr.: f lcw channel 604, the a.ir trapped inside the filter 

cartr:idqe 7 o~-, becomes compressed. When the Jj_qui d 1·>11 rn~, 701 is 

turned off, a trapped in the filter cartridge 705 is poshed 

condu'it 710 due to its .1.ow flu'lcU.c res.istanc:e, and wil1 °t}e 

Without additional air supply, such a 

25 sc,2nario will repE·at until rr,ost of the air becomes purqed frc,m 

the fluidic subs':/~=:otem 70 causinq the filter c:art.ridqe 705 to 

The, purpc,se of 

the small reservoir capsule 704 or the piece of tubing 704' is 

30 cart.r:idqe. 705 frorn the b:,rpass condu:it 7"10 ensuroi.nq that aoi . .r 

liquid pump 701. 

The pulsation damping effect of the trapped air □ ear the 

35 inlet of the filter cartridge 705 is clearly evident in the 

histograms depicted in FIG. 16A and 16B. FIG. 16A d.epicts 

measured particle flight times at the flow channel 604 when a 

pocket of air is trapped near the inlet of the filter cartridge 

Cytek Exhibit No. 1071 
Page 041



DOCKET NO. 2294PCT 

70.S ~ FIG. 16B depicts measured p~r~ir1e fliqht times at the 

fluidic subsystem 70. The result depicted in the histograms 

of FIGs. 16A and 16B is made using two (2) knife edge shaped 
5 laser beams focused near the center of the flow channel 00q 

that are spaced approximatEdy 200 microm<2,ters apart. The 

horizontal axis of the FIGs. 16A and 168 is the flight time a 

particle takes from one laser beam to the other measured by 

recording the peak arrival time of light scattered from the 
10 particle at ninety d 0 grP0 s (90g) rrom the excitation beams. 

As shown in FIG. 16A, when 

the filter cartridge 705 retains some air, all particles take 

15 If the filter cartridge 705 retains no air, as shown in FIG. 

16B, thr.: distribution of flight times not only broadr.:ns, but 
also becomes bimodal. In other words, some particles take less 

cross the two Laser beams, a phenomenon that can be easily 

20 attributed to sheath liquid velocity pulsation at the 

far, the fluidic resistance along bypass conduit 710 as well 

as between the T-coupling 703 and the flow channel 604 is not 

25 adjustablE·. As should be apparent to those ordinary skilled 
rest rJ. c;t.ors E,ucb fixed .r:es L.ric tor or 

adjustable valves 711, 711' and 712, 712' may be advantageously 
inserted in the bypass conduit 710 and oecween the T-coupling 

703 and the flow channel 604 to permit adjusting the flow rate 
30 through ~he flow channel nu4. Alternatively, the velocity of 

sheath liquid flowing through the flow channel 604 may a•sn oe 

adjusted using a liquid pump 701 that is driven by a variable 
speed brushless DC motor. 

35 Per~staltic Pump 80 

One errbodiment of an pE:r istal tic pump 80 in accorda.nce 

The pump 

809 with arcuate curved track 808, three 
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l•-J.i.thtn t.he hous"lnq 80~1, and a cornpressi.ble tube 807 sand,,'1.-iched. 

between the compressible tube 807 of the hous"lng 809 and the 

rollers 810, 811 and 812. As depicted schematically in FIGs. 

5 18A through 18D, 811 and 812 of the 

15 

20 

25 

3C 

For simplicity, it is assumed in 

follov....-..tirig discussions tt.;.0 rotc.-r 816 

clockwise rotating rotor. 

housing 809 may be divided into several sections: 

.,::: . a J_:n1mp inlet. section bet. 0ween point. 801 and point 802 

is progressively compressed until ful 

closed when a roller rolls over the section; 

wherein the is fully closed by the roller; 

4. a recess section between point 803 and point 804 in 

:;rlhich the progressively ezpands from fully closed 

to fully open as a roller rolls through the 
expansion part of the recess section from point 803 

5. 

where the progressively expands from fully closed 

to fully open as a roller rolls through the section. 

35 from inlet point 801 to outlet ~ui,,~ 8 6, the inner gap of the 
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801, to fully closed at point 802 and remain closed 

until po.int B03; 

and rerna_in clc,sed_ unLil the roller 

reaches point 805; and 

4. finally progressively ezpands back to fully open at 

The size of the yap inside the is schematically illustrated 

in FIGs. 18A through 18D as the spacing between dashed circle 

18A through 18D, in th-Ls ern_bodJ_ment of t.he r-e.r.ist,a1 tic pump BO 

15 the angular distances, separations or spacings between points 

801 and 803, points 802 and 813, point 813 and 805, as well as 

between point 804 and 866 are identical to the angle between 

20 depicted in FIGs. 18A through 188, its interaction with the 

completely determines the fluid flow rate of the peristaltic 

pump 80. Once the roller 810 reaches the ezit section between 

point 805 and 806, as shown in FIG. 18C, the underneath the 

roller 81J 0LJrls to progressively expand and a gap starts to 

Meanwhile, the roller 811 arrives at the compression 

811 in the compression part of the recess section between point 

813 and point 8 4 substantial 

expansion underneathroLlPr H:LO in t_he exit secti<:,n 1-)et\,.,'een 

35 partial open undernea_th r)c;th rc;11ers :310 ancl ~111 a.nc-1 

pumping action in mainly delivered by roller 12. In 

particular, since by rles~gn the total volume of liquid 1n the 
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section of the between point 13 and point 6 remains 
substant:i.a1 constant during this period, the flow rate of the 

pe.ristaJ.tic pumr, 80 in the state s.hc,wn in FIG. l8C .rerna..ins 

substantially the same at.~ that in the state shcn--m in FIC;g. 18A 

Once the roller 810 passes point 806, roller 811 

reaches the pumping section between point 804 and point 805. 

Note there is no physical difference between the ro1 1 ~rs 810, 

811 and 812, the flow rate of the peristaltic pump 80 therefore 

remains substantial constant throughout the entire process. 
The mechanism of the pulseless peristaltic pump of ~he 

viewed along a circular coordinate following the movement of 

t.he flt:d.d inside a cmnpress.i.b.1e tube 81.9 frorn the ouLlet t.o a 

15 nearest roller 820 that closes off the compressible tube 819, 

i.e., the amount of fluid represented by the hatched area 
hatched area 818 shown in FIG. 19. Clearly, V depends on the 

all other downstream rollers. 
20 

(1) 

C:onseqnentiy, the f1ow rate, F, ot a perL .. .:;ta.l.t.i.c p1J.mp .1.s 

related to the time derivative of~ by: 

25 
(2) 

Here R is the rotational speed oft.he rotor and the subscripts 

are usea to identify rrillltiple downstream rollers. 
tE,rm on th(,' right hand ::::ide of Eqn. (2) represents the 

contribution from ttw roller that closes off the tube. Tl'H: 

30 partial derivative av 
0(~ is t.herefc,re indepenc!ent. ()f a. The 

summation term represents contributions frcm .J.11 other 

819. Now let AS be the cross sectional area change due to the 

compression of the compressible tube 819 by the and L the 

35 length of tube where its cross sectional shape is affected by 
th(:- tubE, cornpress ion. Then, it is obvious to ,:1 p,2rson skilled 

in the art that Lis proportional to the tube compression 6, 

and AS proportional to it.s ~quctre, l\ V, t:be 
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(3J 

5 where Dis the inner diameter of the compressible tube and G 

the minimum gap indicated in FIGs. 19A and 19B which is 

of the housing 80~i. Now referring to FIG:3. 20A A.ND 2GB, in t1,e 

10 circular coordinate system FIG. 20A corresponds to the s~a~e 

of pump shown in FIG~L 1Gl~ and. 1.SB. During this period, o-,<-',r"" 

is no roller do·wnstrE;,:'irr, of the roller 810' and the su.mmati()n 

term in Eqn. (2) vanishes. FIG. 20B corresponds to the state 
of the pump shown in FIG. 18C. is closed off by roller 

and 811' substantially cancel each other. Consequently, the 

20 constant regardless of roller positions. 

3C 

The shape oi' the compressible t.u.be 807 sat.isfyln9 the 

Referring to FIG. lOC, if the ,;raps of the arcuate ccnrpressible 

tube 807 in the compression part of the recess section between 

(4) 

21. Tr; tf1e 

peristalti·.: pump 80, the shap;::> o:r the pump housinq 809 is 

en t ranee ha.1.f of the r:;ump hous inq 80 9 .i.s the mirror .image r.1i' 

the exit half of the housing 809, as shown in FIG. 17. The 

35 peristaltic pump 8 

counterclockwise and clockwise rotation very little pulsation, 

rea1i~:::e a puiseless pe.r.istal tic purnp in accordance with the 
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present disclosure. For example, as long as the gaps of the 

and. r,,o.Lnt. 3, G1:-,,,.,- and in the sect."lc,n be.tween point 2 ,:1.nd _po.int. 

1, G;,,; , follow Eq_n. {5), 

10 FIG. 22 de_picts an alt.erna.t.i. 0Ie embodiment of E.1 per:i.st.a.1.t..ic 

pump in accordance with the present disclosure. Those elements 

c:h::•pict.,2d in FIG. 22 tha.t are cor:1n-,on to the peristaltic pump :30 

illustrated in FIG. carry the same reference n1.xmeL::tl 

d.i.st.i.nquished by a r>.rime {') de.s.1.qnat.i.on. The per.i.stalt.ic pump 

15 80 1 inclu-::l_es a. cornpressible tube 807 1 havin-q- two {2) recr.:sses 

20 compressible tube by rollers 822 and 823 near the two recesses 

FIG. ;:~3 d.ep"lcts yet. another aJternati\re embod"lrnent of a 

r-:,er istal tic: i::-ump in accordance with the present disclosu.re. 

25 peristaltic pump 80 illustrated in FIG. 17 and the peristaltic 

818" or 819" near the pump outlet. 

Pulsation dt.1.e to the sxpansic.1n of a compressed. 

also bE· o'-.rercomE, by a p<2·ristaltic pump having a proqramma.ble 

rotor FIGs. 241\. through illustrate 

aspects ot an a.Lt:e.rnaL.1.ve embcl-d"lrnent·. rnec:hanism for rrd.nirn.1.~:inrJ 
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disclosure for a 3-roller peristaltic pump. 

FIG. 248, the track 828 is substantially circular between the 

5 by the spacing between the dashed cir~le 829 and the solid 

closed by various ones of the pump 1 s three (3) rollers 826, BL: 

10 roller positions for the peristaltic pump depicted in FIG. 24B. 

closes off thE· tub;;:, Eqn. (2) is much simplified: 

(6) 

15 Here thE.:.: tube com;qression o (0.) is ca:plicitly ezpressed as a 

function of roller position e. The terms insiae the 
r:)arent.heses represent the cha_nge rate of flutd vo1 ume with 

respect to roller position. l~e first term is the contribution 

rrom the roller ~hat cioses off the tube, i.e., roller 827 in 

20 FIG. 24Ar and the second term the contribution from the roller 

.1n the exit sec:.tion. Note that by defJnltion, the \-'01urne 

section. The dotted curve in FIG. 24C is a representative plot 

25 of the negative volume change rate with respect to the position 
'The tmmp a..1.f)nq the curve, d.ue t.o the Lu.be 

expansion -;,,rhen a roller rolls c,ff the tube near the purnp 

outlet, is the cause for pulsation in conventional peristaltic 

pumps having a constant rntor speed. 

speed, R, shown as dashed curve in FIG. 24CT is set to vary in 

to the change rate of the fluid volume. Consequently, the flow 

rate of the pump, which 5-s the p1-oduct of the rotvr: sr.1eed arc• 

35 the chanqe rate z-;_f the fluid v-olurne, r_·ernain:3 constant-, as 

indicated by the solid line at the top of FIG. 24C. Note the 

terms inside the parentheses of Eqn. {6) 

determined .b:r' the mechan-J.cal st..tT,ct:u.re of t:he pump. The rotor 
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in tbe arL, the:ce are rnany ',Na'5t'.:;, to rea1ize a p:r:09"J'.'arn.rna.b.1.e 

rotor, for exc.un_ple, wi t.h ste;0ping motor or DC ser\ro motor. 

WDM Devi.ce 90 

FIG. 25 shows the opt.--1.cal ra.y trace for an exemp.1.ary 6 

usinq zig-zag configuration. As shown in FIG. 25, fluorescence 

10 l.i.qht qo.inq t.hrc,uqh a p.inhole c,.r. emitted. from the facet. of a 

rrffiltimode optical fiber, such as the optical fiber~~? depicted 

in FIG. 1, forms ,:'in extended object or light sourcE: at locat.icm 

901, i.e. the optical input of the WDM 90. 

15 ctiamete:r of the multirnode optical fiber. 

p:rtH.::tical size of the pinhole or the \.-O..:...e diameter ot the 

muJti.mode opt.tca-1 f.i..ber is measured in m.tJ.1.i.meters, in contrast 

in micrometers. Consequently, the et.endue of the fluorescence 

f1 tlI1(i:ce-cis times greater than its 

of the conservation of et.endue (Julio Chaves, Introduction to 

f 7_,,, ,~:J, l iqht., can ()fl 1 y be kept. co.1. 1 .i.rna.t.eci for a v e.r 2.- l ind. t.ed. 

portion needs to be small. 

As depicted in FIG. 25, a collimating optical elern0n~, in 
3C this:; case an achr(~;mat.ic dout,J.et lent':: s,02, c:a.pt.u.re::.:; t.he liqht 

from source 901, and proJecLs a magnified image of the object 

near a final focus 

collimating optical element 902. Consequently, beam of light 

35 propagating between lens 902 ana the lens 905 is effecti 

C<)l l ima.ted ~ As shown in FIG. ,~:, (..-~ 
,:_.__, ..._., T so long as the magnification 

factor is kept small, for example, less than around 10, using 

a simple sinqlet lens 905 t.be c:o.1.lirnat.ed beam of ltqbt. can 
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readily focused down to a spot smaller ~han tha~ of the beam 

of light received by the WDM 90 at location 901. The ab:i.1.ity 

placing a small area semiconductor detector at a focal point 

r:, 906 of the focusinq lens 905 for efficient photo detect.ion. 

A dichroic filter 903, oriented at a slanted angle, is 

inserted into the opt.1.cE:t.1 path apprz)zimate1v rn-J_ctlHi.=l'/ bet:ween the 

collimating optical element 902 and the lens 905. The dichroic 

filter 903 passes the color band of interest and reflects the 

10 remaining colors in the beam of .light for further processing 

An optional band pass filter 904 may be 

the color isolation capability of the WDM 90 . 

.T.,iqht. ref.1ect.ed tr:o.m the dicbro.ic f.Llter 90J irnpinqes upo-n 

15 a second optical element 907, preferably a concave mirror. The 

20 

eq1JaJ_ tf) t11e c:J.-1_stance .l)et\4een. t_he cc}1li_mat_ift.fJ" <:)pti_.c~a._1 e1eme11t_ 

902 and the image near focusing lens 905. The concave mirror 

907 therefore creates a second image of the collimating lens 

902 near a second focusing lens 908. The light beam between 

the concave mirror 907 and the second ~nage at the lens 908 has 

substant..i.e.1..11:{ the same d.i.amet.er as the beam of 1i9ht bett"1een 

the collimating lens 902 and the first image near the focusing 

25 effectively doubles the collimated beam path without expanding 

the beam's diameter. Again, the extended yet co11imated beam 

can be easily focused down to a spot smaller than that of the 

light source at 901. A second dichroic filter 909 is then 

second dichroic filter 909 passes another band of color in the 

.r-e.fJects t.he remainder of the .i.mp.ingin9 beam o.f .L.-::.-tL;.. .fr.n· 

further process.ing. 

elements 910, 911, 912, 913 and d~chroic f~lters 914, 915, 916, 

917 can be cascaded in the s.3.me way to produce mul t.iplE· :unaqE'.S 
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images corresponding to a specific color band of light received 

by the WDM 90 at location 1. As shown in FIG. 25, due to the 

present cU.scJ.osure I s 1: 1 ·lrnagin9 relay· architectu.re 1 the spots 

of light produced by focusing lenses 906, 908, 918, 919, 920 

r:, and 921 are all smaller than the sourc-2 of th<.::,· bE·am of liqhtr 

and therefore can be easily captured by small area APD 7 s. 

Although FIG 25 illustrates a 6-port wavelength division 

multiplexer for a beam of light from the extended light sourcer 

it is readily apparent to those skilled in the art that WDM's 

10 ha\r.ing different numbers o.f po.rt.s can .be easi1'l built .in 

accordance with the present disclosure. It is also apparent 

uses achroma.tic doublets as the first collimating optic,::d 

element,, sinq.l.et lens ca.n also t)e used since t.he .Lmages c.r:ea.ted 

15 before the focusing lenses 906, 908, 918r 919, 920 and 921 are 

all nearly monochromatic. Instead of using concave mirrors for 

relaying the beam of light reflected from the dichroic filters, 

one may also use refractive optics as relay element to extend 

the path o.f the co1J...i.mated beam c.,f 1:Lqht. A clear advantage 

20 of the zig-zag architecture used in the WDM 90, however. is the 

more corr~act WDM suit.able for portable instrumentation. 

FIG. 26 illustrates an optical r~y trace for a prior art 

25 extensively used in conventional multicolor fluorescence 

.inst.rumen t.s, for ezample, no. 

6, 683,. 314 .. As shown in FIG. 26, the beam of light diverges 

Consequently, the only option for constructing 

3C to insert dichroic filters in bet.ween 

the collimating element 923 and its image 924. 

Due to the constraint of etendue conservation, the 

diameter of the collimated beam must be significantly expanded 

35 expa.ncled .uea.m crea.tes serious chal1en.qe t.o refz)cusinq the 

collimated bE;,31.rn down to small spots suitable for srr,all a.rea 

semiconductor detectors. To overcome these difficultiesr some 

instrument. rnanufactu.rers have chc_-,sen to use Mt exc<J.usJ.-s,;re.l.y tor 
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Amer sham. Other instruments, such as the Luminex multiplexed 

5 bead analyzersr have selected certain color bands with known 

bri9ht flu<:,reso2nc,2,, and uses large area. APD for detectin9 

light in the selected color bands. 

FIG. 27 illustrates a perspective view of an alternative 

errh:xliment for a 6-port WDM 90 using a combination of zig-za9 

10 and branched configurations. The design is a modification of 

zig-zag configuration depicted in FIG. In the alternative 

25 is replaced by a dichroic filter 904'. The filter 904r is 

positioned to let one color pass through and reflects other 

15 colors at ninety degrees (90°}. The optical path length of the 

beam of light passing through the dichroic filter 904' and that 

bej_n9 reflected from the 904' .s._re substant5-a11y the same, such 

th~~ one arm is focused by lenses 905 and the other by J~ns 

20 detectors placed at fo~a 1 1ora~~0n 906 and 906'. As shown in 

FIG. 25, the rerna-_Lning (:'.Olo_r_- of the LU/ht reflected by dichrc1c 

25 FIG. 28 illustrates a perspective view of an alternative 

30 depicted in FIGs. 25 and 27. 

have been developed over the years. , multiple 

l'luf.1rescsnce pr.ote-1_ns have also becc:,rne an important tool _-;_n 

biomedical studies. 

35 fluorescence probe, various techniques have been developed to 

enable user selection of dichroic filters suitable for their 

particular needs. A signifi,:ant challr:~nge for rq:,lac,2-able 
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filter surface with any hard flow cytometer reference frame. 

Repeated direct contact between the coated filter surface and 

any hai'd .. r:eference frame .ma'/ dainag·e c:. replaceabJ.e d.ich-cc.1.c 

5 problem use precision-machined mechanical spacers for holding 

replaceable dichroic filters in place. One example of such a 

10 

However, such a solution becomes unreliable if the detector's 

active area is smaller than 1.0 mm2
• 

FIGs. 29A and 298 dep.1.ct fabricating a replaceable 

dichroic filter assembly 934 illustrated in FIG. 29C suitable 

fc,r small ,:1rea dete,::tors. AssE,mbly of the n:pla.ceable dichroic 

filter assembly 934 begins i11 FIG. 

const.ruc;t. .i ng a re.ference template for .1 rs fa.bricat.ion. The 

15 referencr.: t.ernpla.te is a staircase macr:ie of tvJO {2} optically 

parallel glass p1a~ 0 s 925 and 926. Bonding the two (2) glass 

plates 925 and 926 ~og@~hPr in optical contact ensures that a 

surface 929 of the glass plate 925 becomes optically parallel 

to a surface 930 of the glass plate 926. A front surface 932 

20 of a replaceable dichroic filter 927 is then pressed against 

;t:., filter ho.lder 92 B, which 

.1.oose1--:i fits t.he d.ichroic fi.l.te.r: 92.7, inc.l-udes a re.ferenc.e 

sur fa.ce 931 .=3.nd a filter slot 93 3. Durinq assernbly cf the 

replaceal::,le dichroic filter, the filter slot 933 is partial 

25 filled with epozy adhesive and the reference surface 931 of the 

filter hnl_dP~ 928 is pressed against. the surface 930 of the 

dichroic filter 927 remains seated within the filter slot 933 

30 while pressure is applied against the dichroic filter 927 and 

filter holder 928. should be apparent to those skilled in 

cu.ra·b1e, o.r made by bJend.-i.ng tf.;gether c:c,mpc,nent.s o.f an A/B 

mixture. V1G. L0L depicts the E934~ fabricated as depicted in 

35 FIGs. 29A and 29B and dessribed above. 

depicted in FIGs. 29A and 29B and described above ensures that 

934 will be optically parallel to the reference surface 931, 
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beam of light from an extended light source. A notable feature 

{)pti(;al flat surface. As will be apparent to those skilled 

in the art, the glass referenc,? block 9~E-; rnay bE, :02tdc.o of other 

l O rnateria 1 s. As shown in FIG 30B, when insta11ing a dichroic 

filter 927 the reference surface 931 ot the replaceable 
cHchroic .tilter ,:ctssernbly c,·.q s 1 -< ctc.os against th,? flat surface 

15 coa~ed ~r 0 n~ surface 932 of the replaceable dichroic filter 

accurately located. In the meantime, the indentation of front 

surface 932 with respect to the reference reference surface 931 

optical flat. When assembling the replaceable dichroic filter 

assembly 934, the reference surface of a filter holder rests 

surface of the dichroic filter rests against the flat surface 

coated surface of the dichrcic fi1 ter optically parallel t.o the 

reference surface of a filter holdt:.;r, yet inch:.;nted. at a 

the thickness of the second 

Ind,ustri al ApDl 1 C'ib 1 li tv 

Although an embodiment of the present disclosure of an LD 

based optical system for flow cytometric application has been 
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ctescribed in sc)rn<:.°" detail, and equally advantageous eml:iodiment.s 

have a1so t,een desc-.r·.Lbed .for a stream based f.1.ow cyt.omet.-.ric 

instrument, it will be apparent to those of ordinary skill in 

the art that many mo,.Jif icatiz-;n;c_:; ancl variations of U1e described. 

r:, ,2rnbodimi2,nt are possib1;:::- in the light of the abo\;e teachings 
' ' ' ar::part:ing 

d.i.sclosure a.s set fo.rth in t.he. c:1aLms. 

Although an embodiment of t.h-2 present disclom .. 1ri2, of 

wavelength division multiplexing device for separating light 

10 beam f:com a.n extended J.iqbt. source into mu1tip1e cc,J.or bancls 

has been described in some detail, ana several other equally 

appa.rent to those ordinary skilled in the a.rt th,:ctt many 

modifications and variations of the described errbodiments are 

15 possi.ble in the light of the above teachings w·ithout ckp<-:::irting 

from the principles and concepts of the disclosure as set forth 

in the c.1.-:d.ms. 

20 that such disclosure is purely illustrative and is not to be 

interpreted as limiting. Consequently, without departing from 

the spirit and scope of the disc.1.osure, various alterationsr 

applications of 

disclosure will, no doubt, be suggested to ~ho~e skilled in the 
25 art after having read the preceding disclosure. Acsordingly, 

applications as fall within the true spirit and scope of the 
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Th;:_, Claims 

lNha.t is c::la.:i.med .i.s: 

A flow cytometer (401 comprising: 

a) a laser diode ("LD") based optical subsystem (50) 

for directing a beam of light into a viewing zone of 

Sd.id fl<.)W (;yt.omet.er {i]O) t.h.r:GU(fh which a. sample 

bein9 1,ydr,:::;dynamically focused within thE· ,.:iewing 

zone by a liquid sheath flow that also flows through 

the viewing zone, the optical 

including: 

i. ,0, LD for emitting a diverginq bE'.am of J.ight 

light having an elliptically shaped cross-

sectional profile with both a major 

liqht erni.tted from 

the minor axis of said collimated elliptical 

is oriented parallel to a 

the size of said elliptical beam of light at 

the viewing zone whereby a width of said major 

axis of said elliptical beam of light oriented 

the in which 

particles pass through the viewing zone is 1ess 

than a width of said liquid sheath flow; and 

focusing 0 1em0 n~ positioned 

adjacent to the ".liewin9 zone with an a.x.i.s r)i' 

sa.-Ld cyJ.ind.ricaJ. element be.i . .r.19 

oriented perpendicular to the direction in 

which particles pass through the viewing zone 
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1) 

becomes _f.'ocused at the v:i.ewin':r zone; and 

2) the size of said_ major a;n s ot sa.1.d 

elliptica.l bee.Un of light at the ~Iie,:.-.,ing 

zone remains essentially unchanged; 

a coroposi te microscopr:: o.t.-jecti ve ( 60) for imagin9 

light scattered from and fluoresced by a particle 

present within the viewing zone, the coropnsi~P 

ii. an aberration corrector plate made of optically 

transparent rnaterial wherE-in said a.berration 

corrector plate is an ashperic lens that has: 

1) a first zone of said aberration corrector 

plate outside a neutral zone thereof where 
sa.td ,,1berrat ion corrector pJ.~te: 

A. is thinnest; and 

B. bas negative optical power; and 

2) a second zone of said aberration corrector 

light reflected frorn the composite microscope 

objective (60} passing through said aberration 

the viewing zone of said flow cytometer (40) being 

said concave mirror 

aberration corrector plate; 

c) a fluidic subsys~eu, (70) for supplying the liquid 

sheath flow to the v~ewing zone, the 1 id sheath 

flow lacking pulsations 7 the fluidic subsystem (70) 

includinq: 

1. a .1..Lqu.i.d r:;ump for s1-.,pp-Jy:Ln9 Jiqu.i.d drawn frr)m 

J ___ 1_ a T-,-_:ou.p.1.inq havinq a.t leaf3t one (1) inlet and 

two (2) outlete:, 

liquid from said Iicp..i.-J.d_ pump,· 
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2) a first fraction of the liquid received by 

the inlet flowing via a first one of the 

outlets and via a bypass conduit back to 

the reservoir; and 

3) a second fra~tion of the liquid received 

by the inlet flowing via a second one of 

,_f,, .. out.1.ets arn:i via a pa.rtic1efi --~ ter t.o 

( 4 0) ; 

d) a per.i.stalt..Lc rxurn_p en fo.r 5Uf'>pJ.yinq the sample 

liquid car ryinq the part.ic:les, the sample liquid 

bein9 1,ydr,:::;dynamically focused within thE· ,.1iewin9 

80 comprJ.S.i.nq: 

f ormecl there in tht:t t extend.s between a pump 

i.n.Let a.nd a. pump ou.tlet; 

a plurality of rollers that are attached to a 

rotor, the rollers having a substantially equal 

spacin.9 E,ach of 

'immediately adjac'.ent ro.1..Lers, the rotor being 

rotatable togethe.r: wi.th t.hero1_,_pr·s .s.ttached 

thereto inside said pump housing; and 

rollers and the arcuate curved track of said 

I>Ump a . .r:CUE:i.te 

including: 

1) an exit 5or~~0n wherein, as a roller rolls 

through 

con~ressible tube adjacent to said roller 

progressively expands from fully closed at 

a beginning of said exit section to fully 

open at the pump outlet where said roller 

brea.}·s cc)ntact. with said compress:L.ble 

2) at. ~t:ast. ()110 pu1T:.ping sect.i_on alc,ng tJ1e 

.Lnlet. ano ._ .• JP purnp outlet. whereJn sa.i.d 
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--· 52 ~ 

at least one of said rollers; 

ar1z.1 

for separating into multiple colored bands a beam of 

into an optical fiber for transmission to the WDM 

L a collimating optical element that magnifies an 

to produce an image of substantially the same 
size as the effective size of said collimating 

optical el em<2-nt; 
11. at least one dichroic filter located between 

said collimating optical plpmPnt and saia 

image, wner01 n said dichroic filter separates 
the collimated beam of light into two (2) 
branches of distinctive colors; 

S,':l.i.d branch .1.s f<)cused tc, a spc,t h.~v.ing a 

d.L.·:.rmeter o.f .Less than .1.. G mm by said focusing 

optic.:t.tl elen-rent; a.nd. 

iv. an image relay optical element located nPar the 

ima.ge i.~•roduced by said collimating {:>ptical 

reLay optical element produces an image of said 

unit magnification. 

cuvette has a rectangularly-shaped, and wherein the viewing 

zone of the fl.cw cyto.met.e1· (ilO) is .1.ocat.ed vrithin a channel 

within said cuvette. 
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3. 

LUvette has a tubularly-shaped cross-section, and wherein the 

channPl having a circularly-shaped cross-section that is 

located within said cuvette. 

4. The L.L,);.,' cytoff,eLer (40) ed.·. cla..Ln1 1 wherein the sample 

liquid and. thE'. liquid sheath flow form a jet strE·am in which 

the viewing zone of the flow cytometer (40} is located. 

cylindric.3.1 t·ocusing element is in optical contact with an 

entrance face of said rectangularly-shaped cuvette. 

cylindrical fccusing from 
rectangularly-shaped cuvet.te. 

flow , .. yt,:..r1,E::t.:::-:,. { 40) 

indrical focusing element is separated from said tubularly-

9. The f 1 <:.)'><r cyt.omet.er ( i; 0} of c la .Lm 1 f u..r:t.her c<.>rnpri ~" Lnq 

collimated elliptical beam of light passes. 

microscope 

LL The flow cyt.ornet.er (40} of cla.-l.rn .1.0 whe.r:ein the 
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c:oncave m:i.rror: .Ls a p:iano-c:oncave "i-)ac}: surface rrd.rror rnade .f-.rom 

an optically transparent material. 

c::pt.tcally coupled. t.o a. flat. surface o.f. said cuvette. 

lS. The flow cytometer (40) of claim 13 wherein an index 

matching q-el accomplishes the optica.1 coupLinq. 

matching fluid accomplishes the cptical couplin(J. 

17. The flow cytometer {40) ot claim 13 wnerein optical 

contact. bond.i.nq accomplishes the 

J).Lano-concave bac.k sur.face mirror i:o.rrrted .i.ntecJra1ly v.r.Lth said 

aberratton corrector plate is a piano-aspherica1 lens. 

20. The flow cytometer (40) of claim 19 whero~n a 

piano-surface of said aberration corrector plate is optically 

coupled to a flat surface of said cuvette opposite of said 

piano-concave back s11rF2ce mirror. 

matching qel accomplishes the opt.1.caJ. couplinc;r. 

22. The flow cytometer (40) of claim 20 wherein an index 

matching fluid accompli~:hes the opti,:al ,::oupling. 
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contact bonding accomplishes the optical coupling. 

24. The flov_r cyt.:ornet.:er {40} of clairn 20 wherein the 

piano-aspherical lens is formed integrally with said cuvette. 

25. The .flow cytorneter (,JD} ot' c.1aJ.m 19 w·he:ce.in :3a1ci 

aberration corrector plate is detached from said cuvette. 

viewing zone is inside a jet stream. 

f lOh' of claim 

viewing zone is located on a surfa~@ of a flat, transparent 

9. The flow cytcmH2ter (40) of cla.irn 28 wher,2in said 

C'.Onca,xe rn.irror .Ls a piano-cc.nica,Te "i")ack 51..!Y.'face rnLrror made .f-.rom 

an optically transparent material. 

opt.ically coupled to sa.id flat, transparent substrate. 

32. The flow cvtometer (40) or claim 30 wherein an index 

rnatchinq CJ{'.:l z":tccon1plishes the c-ptical c<::)Up11.nq. 

33. The fJ.ow cytumeter {40) o-f c.1.ai.m 30 #?,e.,.12.;.c, an index 

match:Ln<:J fluic.l accomplishes the c:ptica.J. coupL:Lnq. 

34. The flow cytometer (40) of claim 30 wherein optical 
contact bonding accomplishes the optical coupiing. 
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piano-concave back surface mirror is formed integrally with 

said flat, transparent substrate. 

aberration corrector plate 1s detached from sa 1 d flat, 

transparent substrate. 

37. The _f l-cJvl C':/torr1eter c}a. J. rn wherein 

particle filter nas inlet thereto for receiving liquid from the 
T-coupling, the inlet of the particle filter being disposed so 

that air becomes trapped within th(,• particle filter a.t the 

inlet. thereto. 

39. ( 4 0) of claim 38 i:\_1rther 

comprising a small capsule disposed between the second one of 
the out.lets oi' said T-coup.LLn9 and. the particle f i_' ;- Pr .tor 

pump is turned off. 

40. The .further 

comprisinq a lenqth tubing disposed between the 
of the outlets of said T-coupling and the particle filter for 

storing air eje~ted from the particle filter when the liquid 

41. The ( 4 0} further 

bet'. .. 1een the first one of trH2 out.1.ets of the T-courd.in9 and the 

reservoir for restri liquid flow therebetween. 

42. ( 4 (l} of~ c.l a irn 3C1 
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restricting liquid flow therebetween. 

43. The flov_r cytornet.:er {40} of clairn 3:3 wherein the 

The c.1.a.-J.m wherein 

( 2} pumping sections, the arcuate curved cracK further 

.':> pumping sections ,:1long the a.rcuate curvecl. track, and i,ih,::,,-·f,-i n 

when one (1) of said rollers rolls through said recess section. 

45. The flovl cytorneter (40) of c..L-'llm 44 includes a 

plurality of recess sections along said arcuate curved track 

substant:l.a.1.ly the sa:me as t.he angular spacing bet,,1een each pa.i.r 

of immediately adjacent rollers. 

of said arcuate curved track to maintain the total fluid volume 

recess section to the pump outlet substantially invariant when 
one of said rollers progressively rolls off said exit section 

of the arcuate curved track. 

The flow cytometer of claim 44 naving a 

plurality of recess sections respectively interspersed between 

immediately adjacen.t pairs o.f a p1ura1it-:/ cf purnpin·q sectic,ns. 

48. The flow cytometer (40) of c'a1m 46 wherein both: 
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a) an9ular spacing be,tween adj a.cent pairs of recess 

sect.ions; and 

arcuate curved track and an acent recess section 

to said exit section 

pair of irr~ediately adjacent rollers. 

49. The flow cytometer (40) of claim 47 wherein shapes 

of a plurality of recess sections of said arcuate curved track 

complement. zl shape of S<'lid exit Sf~ction of saic} arc;uate C'.Urved 

track to maintain a fluid volume ~n sections of said 

5 compressible tube at the plurality of recess sections and sa1a 

exit section substantially irrvariant when one of said rollers 

i=:,roqressiv-ely rolls off said t-:.:xit section of the arcuate curvecl 

50. The flow cytometer (40) of claim _ wherein a speed 

of said rotor is prograITTnably controlled to vary substantial y 

in inverse proportion to the fluid volume change rate in said 

compressible tube due to its changing compression near the exit 

section of said arcuate curved track. 

51. The flow cytometer (40) of claim 1 wherein at least 

one additional dichroic filter is located between said image 

relay optical element., wherein said dichroic filter produces 

colors. 

52. The flow cytometer (40) of claim 51 wherein another 

focusing optical element is located in one of said branches and 

diameter of less than 1.0 ITTn. 

5.3. The ( 4 C) of claim 

success~ve combinations of said 1 mag 0 relay optical elementr 

dichroic filter and focusing caJ. element. are cascaded. to 
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produce additional focused spots having a diameter of less than 

1.0 n~ for multiple colored bands of said beam of light. 

54. The flov_r cyt.:ornet.:er {40} of clairn 52 wherein the 

dichroic filter is assembled using a template that include two 

(2} optically flat gL1ss platE;S bonck::·d togeth,-2r in optical 

contact, and wherein the dichroic filter is bonded to a filter 

~~ holder using thE, ternplate such th.:;1;t a coatEd :tilt.{:r sur:tacE· of 

10 

20 

the dichroic filter is indented and optically parallel to a 

reference surface of the filter holder. 

reference surface of the filter holder rests against an 

optically flat surface of an reference block included in the 

installinq the dichroic filter into the WDI'·'l {90}. 

56. A LD based optic;.:iI. sul:)sy.<:~tern {50) for irnpinr:rinq a 

pri?sent., the optical subsystE",,,t (SO) c:ornprisiniJ: 

a) a LD for emitting a d..i.\rerging bearri of 1.·U:.'(ht .frc,m an 

edge thereof, ~he diverging beam of light having an 

elliptically shaped cross-sectional profile with 

both a major axis and a minor axis; 

b} a collimating lens for converting the diverging beam 

elliptical beam of light, wherein the minor axis of 

said collimated elliptical beam of light is oriented 

tf1 the viewing zone; 

c) a beam compressing optical element for reducing the 

size of said elliptical beam of light at the viewing 

zr)ne h'heret)y a w.1.dLh o.t said. major a;.".:.1.s cf sa.i.d 

ell.-Lptical beam of liq-ht oriented perpendicu.1.ar to 

the d.i.rect.Lon :Ln which particles pas::., throu.qh the 

~.:iewing zone is lE:ss than ,::1 ,.4iclth of said. liquid 

sheath flow; and 
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d) a cylindrical focusing element positioned adjacent 

focusing element being oriented perpendicular to the 

direction in which particles pass through the 

viewing zone whereby: 

i. said. rninor axis of. said b€'.am of li9ht becomes 

focused at the viewing zone; and 

ii. the size of said major axis of said elliptical 

beam of light at the viewing zone remains 

essentially unchanged. 

57. The optical subsystem (50) of claim 56 further 

comprisin9 having rectangularly-shaped 

cross-section, and wherein the viewing zone is located within 

a channel having a rectangularly-shaped cross-section that is 

located within said cuvette. 

58. The optical subsystem (5 } at claim 56 further 

and wherein the viewing zone i~ lo~a~Pd within a channel having 

a circularly-shaped cross-section that is located within said 

c~u.·t.;et. t.e ... 

59. The optical subsystem (50) of claim 56 wherein the 

5.3,mplE'. liquid and ttw liquid shE,ath flow f'orm a jet st.n::am in 

which the viewing zone is located. 

60. The optical subsystem (50) of r•a•m 57 wh~rein said 

cylindrical foc1...1:::dng Ed.,~mE,nt is in optical ;.:on tact. with ,3.n 

entrance face of said rectangularly-shaped cuvette. 

61. The optical subsystem (50) of c1~,m 57 wnerein said 

cy.l .i. ndr.i.ca.l e"ierne.n.t is sepdratect from sa.i.d 

rectangularly-shaped cuvette. 

62. The optical subsystem (50) of ciaim 58 wherein said 

cylindrical focusing from tubularl}"-
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cy.lind.rica..1 fo,~'~s·=r-··J eJ.e.ment .is separat.ed from said jet st.ream. 

64. The ·"--r•t"i ,"',::zl subsystern {50} of cla.im ;:;6 furthE·r 

comprising a polarization conditioning element through which 

said collimated elliptical beam of light pass 0 s. 

65. A method for delivering an elliptically shaped beam 

cf light using a LD based optical subsystem (SO), the beam of 

~~ sample liquid f lowt:, the sampl,2 liquid bE·ing hydr,:xlynamically 

focused within the viewing zone by a liquid sheath flow that 

10 

15 

20 

30 

a) providing a LD that emits a diverging beam of light 

frorn an edqe t.r,ereof, the d.i.',rerqing bearn of 1.i.qht 

c} 

an e1lipt.ica1J.y 

profile with both a major 

LD U.f)On a c.ollima.ting ·:_or.5 J.or co.nver·ttn9 the 

collimated ,'?llii::-·tical be,:i.m of light wher,'?in th,:.:, 

minor axis of said. collimated elliptical bearn c,f 

light is oriented para.llel to a direction in which 

pa.ssing throuqh sa.ici collimating lens, 

impinginq the collirnated elliptical bea.m of 1.:....:;;iL:.. 

upon an beam corr~ressing ca.1 element fc,.r 

reducing the size of said elliptical beam of light 

at the viewing zone whereby a width of said major 

axis 0£ said elliptical beam of light oriented 

perpend.i c.~u.l a r to the 
.. . , . 

ct.1 r:·ec~ L .1.011 sample 

.liquid passes through the viewing zone becomes Less 

eJ.er.neJ1t. 1 impinging the beam of 1 
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cylindrical focusing element positioned adjacent to 
the ,l:iew.Ln9 zone 1,,Li.th e.1.n ax.1.s of. sa.i.d cy.Li.ndr.i.ca.1 

focusing element being oriented perpendicular to the 

direction in which sa.rnple liq_uid pa.sses throuqh the 
viewing zone whereby: 

i. saict rninor axis of said b€'.am of li9ht becomes 
focused at the viewing zone; and 

ii. the size of said major axis of said elliptical 

beam of light at the viewing zone remains 

essentially unchanged. 

located within a channel naving a rectangularly-shaped 

cross-section that is located within a cuvette. 

67. The method of ciaim 65 wherein the viewing zone is 
lc:.c:a t.ect within a_ channel a 

cross-section that is located within a cuvette. 

68. The method of claim 65 wherein the vi0w~ng zone Lc 

located within a jet stream. 

establishing an optical contact between said cylindrical 

focusin9 element and an entrance face of said cuvette. 

70. The method of claim 66 further comprising a step of 
establishing a spacing between said cylindrical focusinq 

element and said cuvette. 

71. The method of claim 67 further comprising a step of 

establishing a spacing between said cylindrical focusino 
element and said cuvette. 

establishin9 a spacing between said cylindrical focusinq 

element and said jet stream. 
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co.lJ..1.mat.i.nq lens and the beam C'.Omp:r:essinc_l optical e~., .. ukLL 

whereby the collimated elliptical beam of light passes through 

74. A cornposit.e rntc:roscope ol)jective (60) .a,d.a.pteci .for 

irnaginq light scatte:i::.2,d from and f luor:E·sced by a particle 

present within a viewing zone comprising: 

light impinqes; 

b) an aberr:.3.tion corrector plat"? rnade of optically 

tra11spa.rer.;.t Y.Jht:rei11 sa.ict a.be r: rat ion 

i. a first zone of said aberration corrector plate 

outside a neutral zone ~h~renF where said 

aberration corrector plate: 
1) is thinnest; and 

2) has negative optical power; and 

liqht from. the composite microscope 

ol::jecti-.;,le (60) passing through sa1a aberration 

c,::)rr,2ctor plate, 

the viewing zone being 1nc~tPd between said concave 

mirror and said aberration corrector plate. 

The composite m1croscope objective 

included in a rectangularly-shaped cuvette made of opti 

transparent material. 
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ective (60) of claim 76 

wherein said concave mirror is a piano-concave back surface 

nd . .r.ror _·,.s opticaJ.l~/ cou.-_p1ed. t.o a .f.1 . .:_=1t. su:c.fa.c;e r.,Y said CU\let°.t.e~ 

79. The composite microscope objective (60} of claim 78 

wherein an (.>ptical a.dhesive ma.te.riaJ. accornplLshes tJ·1e ,:-_:,pt.ica.l 

coupling. 

wherein an index matching gel 

couplinq. 

81.. The composite microscope 

coupl:Lnq. 

couplinq. 

accomplishes ~he optical 

ective (60) of claim 78 

83. The composite microscope objective (60} of claim 78 

wherein the p.i.a.nc,-c::.)ncE,.ve back s u.r.-fac:e mi .cror f o.r.med . .i nteqra l 1 y 

with said cuvette means. 

wherein said aberration corrector ate is a piano-aspherical 

lens. 

85. The composite m1croscope objective (60) 0£ c~aim 84 

wherein a piano-surface of said aberration corrector plate is 

of said piano-concave back surface mirror. 
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ective (60) of claim 85 

\•-Jhere:i.n an1.ndPx rnatchi.ng gel ;v-c0 m;:-,·1 ·i 5,·,-es the opt.i.ca.1 

couplinq. 

cour>l ing. 

88. The ~omposite microscope objective {60} of ~1 aim 85 

wherein optical contact bonding accorr~lishes the optical 

coupling. 

wherein the piano-aspherical lens is formed integrally with 

The composite microscope ective (60) of claim 84 

wherein said aberration corrector plate is detached from said 

wherein the viewing zone is inside a jet stream. 

93. The composite microscope objective (60} of claim 75 

wherein the viewing zone is located on a surface of a flat, 

transparent substrate. 

ective (60) of claim 93 

wherein said concave mirror is a piano-concave back surface 

mirror made from an ica.1ly transparent material. 

95. The composite microscope objective (60) of ~1aim 94 

~-;;t1'::rein. a piano-surf·.:;1.c:e of· said 1:)iano-co11c-:a~Ie l::acl-: .s11rfa~:-e 

is optically coupled to said flatr trar1sparer1.t 

subst.raLe.. 
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96. The con~osite microscope ectLve (60) of claim 95 

97. The ~omposite microscope objective 
wherein an index matching gel accomplishes 

coupling. 
the optical 

98. The con~osite microscope 

C<)Uplin9. 

99. The composite microscope ELLive (60} of claim 95 

coupling. 

integrally with said flat, transparent substrate. 

101. The composite microscope 

Fla~, transparent subs~rate. 

a} A concave mirror; 

corrector plate is an ashperic lens with the zone of 

the ~hirkness of said plate means is thinnest, 

having negative optical power, and the zone inside 

the neutral zone having positive optical power 

mirror and said aberration corrector plate. 
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104. The method of claim 103 wherein the viewing zone is 

located within a flow channel contained in a rectangularly­

shaped cuvette means made of optically transparent material. 

105, The method of claim 104 wnerein said concave mirror 

is a piano-concave back surface mirror made from an optically 

106. The method of cla~m 105 wherein a piano-surface of 

coupled to a flat surface of said cuvette means. 

107. The method of claim 106 wnerein an optical adhesive 

108. Th.e met.hod o:f clairn 106 wherein an 1_t:d""v matchinq qel 

accomplishi?s t.he optical cou_pling. 

bonciinq ac:complishes t-.he c)pt:icaI cou.r)lLnq. 

111. The method of claim 106 wherein the piano-concave 

corrector plate is a plano-aspherical lens. 

113. The rnet.hod cf c.1ai:m 11? t"1herein a p:ianc,-surface of 

said aberration corrector plate is optically coupled to a flat 

surface of said cuvette means opposite of said concave mirror. 
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114. The method of claim 113 wherein an index matching gel 

115. The method of claim 113 wherein an index matching 

116. The method c,.f cJa.Ln1 113 where1n optica.1 cc.mt.act 

bonding acc<:>mplishes the optical ,~oup, ~"'CJ. 

117. The met.hod of cJ.a im 1.13 wbe.rei n the p.L=ino-a.spher.ica.l 

lens is formed integrally with said cuvette. 

corrector plate is detached from said cuvette. 

119. The method of claim 102 wherein the viewing zone is 

i.r1s-1_cle a jet_ stre.stn].,; 

is a front surface mirror. 

located on a surface of a flat, ~r~nsp~rent sub~~r~te. 

1s a piano-concave back surface mirror made from an optically 

transparent material. 

coupled to said flat, transparent substrate. 

material accomplishes the opt.5.ca.1. coupl.inc:r. 
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126. The method or ~laim 123 wherein an inaex matching 
fluid accomplishes the optical coupling. 

bonding accomplishes the optical ,~oup,, "'CJ. 

128. The me~hod of clabn 122 wherein said piano-concave 

transparent substrate. 

corrector plate is detached from said flat, transparent 

130. i-'>.. f luidic: su}::system {70) for supplyinq a liquid flow 

pulsation free to an outlet of the fluidic subsystem (70), the 

b) a T-coupling having at least one (1) inlet and two 

i. the inlet of said T-coupling receiving liquid 

inlet flowing via a first one of the outlets 

and 
111. a second fraction of the liquid received by the 

i~ inlet flowing via a second one of the outlets 
and v~a a particle filter to the outlet of the 

fluidic subsystem (70). 

131. The fluidic subsystem (70) of ciaim 130 wherein the 

particle .filter has in1et t.herer.o for rece.·l.\ri.ng l.iquid from the 

T-coupling, the inlet of the particle filter being disposed so 
that air b<2,com<2·s tr,:1pped. within the particle filtE,r at the 
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conduit. 

133. The f luidic subs:/t:tem (70) of claim 132 furthE·r 

comprising a small capsule disposed between the second one of 

storing air ejected from the particle filter when the liquid 

pump is turned off. 

comprising a length of tubing disposed between the se~und one 
of the outlets of said T-coupling and the particle filter for 
storing air ejected from the particle filter when the liquid 

pump is turned off. 

between the first one of the outlets of the T-coupling ana the 

reservoir for restricting liquid flow therebetween. 

136. The .LLuld.ic subsystern PO) o.f claim 13? .h.nther 

of the outlets of the T-coupling and the outlet of the fluidic 

137. The fluidic subsystem (70) of claim 132 wherein the 

throughput of the 1 iquid pump is ,:1dj us table. 

to an outlet of the fluidic subsystem (70), the method 

comprisinq: 

a.) a Li.<.Iuld. rnnnp .for supply.itHJ J.i.qu.i.d dra.wn f',.-,nrn a 

r eser \.-'O."L r; 

b) a T-coupling having at least one (1) inlet and two 

i. the inlet of said T-coupling receiving liquid 
fro:m sa.id Liqutd pump; 
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ll .. a first frac~~on of the liquid received 
in1et flC)\,,1-1.ng via a fi .r:st one of the out .1.ets 

and via a bypass conduit back to the reservoir; 

iii. a second fraction of the liquid received by the 

inlet flowing via a second one of the outlets 
and via a particle filter to the outlet of the 

fluidic subsystem (70). 

139. 'The rnethc:,d of , .. ,.cu.n, J3E where.in dur.inq no:crnal 

operation certain amoun.t of air is trapped. ""'-·.:d..c. the inlet. 

portion of said filter cartridge means. 

140. The method of claim 139 wherein said reserv~or means 

holds s,,ff-i c:i Pnt amount cf liquici such that when said pump 

means is turned off, portion of the tubing between said Tee 
means and said reservoir means is still filled with liquid, 

.1.s a c:a."f.JSll1e .. 

is a piece of tubing. 

143. The method of claim 140 wherein an adjust.able flow 

restrictor menas is placed in the bypass route. 

144. The method of claim 140 wherein an adjustable flow 

restrictor menas is placed in the sheath rcute. 

sheath purr~ is adjustable. 

146. l'>. 1x·rist.altic pump 80 cornprising: 
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( 2) 

·t-J·•e ro·i n that extencis bet·ween a purn_p i.n1et. and. a pump 

a plurality of rollers that are attached to a 10~0L, 

rollers, the rotor being rotatable together with the 

and 
c) a c::-).mJ;;-.ressi.ble tu.be s;_,ndw.i.ched bet.\.,reen saic1 rc).1.1.ers 

the arcuate curved track including: 

Lhrouqh the exit. secr..1.0.n, sa.id compressible 

tube adjacent to said roller progressively 

said exit section to fu11y open .s_t tl"ie pump 

outlet '-:lhere said roller breaks r.--,n1·a-·,t t,,,,ith 

ii. at lE,ast one pmn:r:-ing section alonq thE, arcuate 

pump outlet whereJ.n said compress.i.bJ.e tube .1.s 

at least c-:ne c,f 

pumping sections, the arcuate curved ~-ct~k further 

S purnpinq sect.ic1ns aJ.onq the ar.·c:uate curvecl. t.r.·ack, and wherein 

said compressible,.; ssc:t ion becornes 

when one (1) of said rollers rolls through said recess section. 

plurality of recess sections along said arcuate curved track 

upstream of the pump outlet, the angular spacing between the 
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substant:i.a.1. the sa:m.e as t.he angular spac:i.ng bet_ween each pair 

of immediately adjacent ro1lers. 

outlet has a shape complementing a shape of said exit sect.ion 

of said arcuate curved track to maintain the total fluid volume 

~n~ ~f said rollers progressively rolls off said exit section 

plurality of recess sections respectively interspersed between 

in1mer:lL:1.tely acij acent pairs of a plurality of purrtpin,J sections. 

151 .. 149 wherein both: 

b) angular spacing between said exit section of sa~d 

arcuate curved tract anr::l dn adj a cent recess section 

to said exit section 

of a plurality of recess sections of said arcuate curved track 

complement a shape of said exit section of said arcuate curved 
track to maintain in 

compressible tube at the plu.rali of recess sections and saia 

exit section substantially invariant when one of said rollers 

pro9ressiveJy rolls off saict extt sec:tion of the arcuate curved 

153. The peristaltic pump 30 of claim 146 wherein a speed 

of said rotor is progra.rnrna.bly controlled t{) vary substantially 

in inverse proportion to the fluid volume change rdte in said 
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section of said arcuate curved track. 

154. A method for delivering liquid using a peristaltic 

pump 80 comprising: 

a,) a pump housin(J with arcuate cunred tracl:; 

rotatable inside said pump nousing; 

c) :Said plurality of rollers spac;;:d a,t substa,ntially 

e) 

f) 

and the arcuate curved tracl: of said pump housing; 

tracl: of said pump housing 

including an exit section, wherein said corr~ressible 

tube being progressively decompressed to full 

f.:zpansion when one of said rollers rolls off the 

compressible tube at. the pump ou_tlet; 

curved track of said pump housing between ~h 0 purr~ 

inlet and pump outlet wherein said compr:"'~s~b,e tube 

_1-s compressed to fu11 closure 1_--.,_, one of ScLLO 

rollers. 

track of said pump housing includes at least two (2) pumping 

rolls through saia recess section. 

cu_rvecl t1:ack E_rpst,rearn of the }:)Ump rxutiet; The anqula.r., spa.cinrJ 

between the compression part of said recess sect.ion adjacent 

~~ t:o the pump outlet ,:lnd said E;Xi t se,:t ion of said arcuate curvEd 
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between each pair of immediately adjacent rollers. 

of said. recess section .:1djac<2·nt to the pump outlet h,?:ts a shape 

cc,mpl<2~mentin9 a shape of said. exit section •::>f said arcuate 

c-u.r.ved track to ma~L.ntai.n the tot.al flnic1 Ju;.ume inside ,:'1 

5 section of said compressible tube eztend.ing from said recess 

s 

section to the pump outlet substantially invariant when one of 

said rollers progressi rolls off said exit section of the 

arcuate curved track. 

158. The method of cia1m 155 having a plurality of recess 

pairs of a plun1li ty of pumpin,_:,t sections. 

angular spac 

b) angular spacing between said exit s 0 c~i~n of said 

arcuate curved track and an adjacent recess section 

to said exit section 

shape of said exit section of said arcuate curved track to 

maintain a fluid. volume in sections of said compressible tube 

substantially invariant when one of said rollers progressively 

rolls off said exit section of the arcuate curved track. 

161. The method of claim 154 wherein a speed of said rotor 

subs ta.nt i ,:;i.l in inverse proportion to the fluid volume change 

near the exit section of said arcuate curved track. 
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from an into muJ.tipJ.e coJ.orer.t bands, t.he WDM (90) c:om_p:r.·isin9: 

a) a collirnating optical element that rnaqnif ies ;an to 

produce an image of substantially the same size as 

the effective size of said collimating optical 

e 1 errte.r1 t ; 

collimating optical element and said image, wherein 

sa.id dich_r.-oic filter separa.tes the coJ.limat·.ed bea_m 

c) a focusing optical element located in one of s3•a 

branches, wherein the beam of light in said branch 

having a diameter of less than 

1. 0 mm b::l said focusirv::,r optical element; and 

image produced by said ~ollimating optical element 

:1n the other branch, wherein said :1ma.qe relay 

produces an. cf saicl 

co1J.i.nv:it.Lng opt.-J.r.:al element at sttbstantially un.it 

rnar,lni .Li.ca U.on T 

additional dichroic filter is located between said image relay 

optical element, wherein said dichroic filter produces two (2) 

branches of the beam of light having distinctive colors. 

optical element is located in one of said branches and focuses 

the beam of light in the branch into a spot having a diameter 

of Jess than 1. U mrL 

{90) of claim 164 wherein successive 

filter and focusing optical element are cascaded to produce 
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for multiple colored bands of said beam of light. 

166. The WDM (90} of claim 164 wherein the dichroic filter 

is assembled using a template that include two (2) optically 

wherein the dichroic filter is bonded to a filter holder using 

5 the template such that a coated filter surface of the dichroic 

10 

20 

filter is 1Y-.d.0.nt.~Ci .3.nd opticJ:ill~r parallt:;l t.() a rE~ff::rE~n~:-e 

surface of the filter holder. 

surface of the filter holder rests against an optically flat 
surface of an reference block included in the WDM (90) thereby 

d .. ichroic fi1 ter into the WDM ( 90} . 

16t3. A ·H· 1 L-.. d for separating beam c;f light emitted _f1cm1 

a) a collimating optical element that magnifies an to 

produce an Dnage of substantially the same size as 

b) at least one dichroic filter located between said 

sa.id dichro.ic; filter separa.tes the c(:,llirnat.ed l..':,eam 

c) a focusing opti~al element located in one of said 
branches, wherein the beam of light of sa.id branch 

is focused to a spot having a diameter of less than 

1. 0 mm by said focusin,::,r optical element; and 

d) an ~md-Je .. r:siay opt.ica.1 e.lement located near the 

.-i.n the c,ther bra.nch, ~vhere..i..n t~a..i..d 1.maqe :re.lay 

.::)ptic:al ele·me11t image saicl 
collimating optical E~lement .J.t substantially unit 

maqnification~ 
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169. The rnethod o.f cla-1.m 168 ,,-ihere:in at l.P?"-'t or.Le 

additional dichroic filter is located between said image relay 

{)pt i (;al t~l0.n1er1 t, ~i,!'1{? re in .. said cticf1roic f i l t€~r 1-;rod1J~:-es t.v10 {2) 

branches of beam of light having distinctive colors. 

optical element is located in one of said branches and focuses 

the be.:=un of .1.iqht tn the .branch .i.nto a. Sf.,ul. havinq a. diameter 

rnett.1()d of clairn 170 

filter and focusing optical element are cascaded to produce 

172. Th.e rw?:.11,:,c"' ot c1.a.Lm 170 whe.r·ein the d:i.ch-.co .. i.c .filter 

is assembled using a template that include two (2) optically 

wherein the dichroic filter is bonded to a filter holder us:ing 

::..--, the tE.:mplate such that a coa.ted filter surface of the dichroic 

filt,:::r is ind,:?nted and optically parz'lllel to a reff:_,rt:)DC,::: 

surface of the filter holder. 

of the filter holder rests against an optically flat surface 

of an r~fer~nce block included in the WDM (90) thereby 

di·::::hroic filter into the WDM (90}. 
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ABSTRACT 

The disclosed flmv cytometer {40; includes; 

1. a laser diode ( 11 LD") based optical subsystem {50) 

for impinging a beam of light upon particles passing 

through a viewing zone; 

2" a cc)n1posi te micr .. oscr)pe obj e·cti ,re ( 60) f'or gat.l1ering 

and imaging light scattered from or fluoresced by 

particles passing throu9h the viewing zone; 

3. a fluidic subsystem (70) for supplying a liquid 

sheath flow to the ~.dewing zone; 

4. a peristaltic pump (80) for injecting into the 

liquid sheath flow a liquid sample flow carr:,,ring 

particles that passes together with t:he liquid 

sheath flow through the viewing zone; 

5. a rm.i.ltimode optical fiber { 852) that :receives 

scattered and fluoresced light frorn the viewinq zone 

that the composite microscope objective (60) gathers 

and images; and 

6. a wavelength division multiplexer {90) for optically 

separating into color bands light received via the 

optical fiber {852). 
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using:- v,:·he-n.~ applii:~ib{~.., th-c ~-,:~~(:(:$:S <:od,:f~} 1nih~~n,:d h,:kn~, r)fthe ;;/l..:Z.rher· ~ipplic..::tion{s} is 1.-..'1h:.rf.i:..·lhi~:/ to if .. {rf:qn a ,digJtii.l J.-;},,va;:~:/)·. 

□ ::::1-~h_t':r~ ~ee 
Suppkmenial Box 

:::!::\~, ~l
1
~i~{!g;!:l;;;l~~i~::~,::;J~:/.;~\~tf,:,:~;(:; t'iicr: i,; r<'.qur:~kd !ii n:;;1(,rc th<-= rirhl "i' ,, "/,i::, ~~'./~2'\::f~,;;;;:_:Tt;.(:,;1!,,~,~;{~i/jt:'.;;t~: 

h~/i .. ">'f''"t!-afi.<.in 11111st lu;' pr<.o.:f-:.:le.:i ro S:~if?P<"-•r! a reqttes! to r._::·•.store tlu.t right r-?f~,..__}ri<:,.vi1:1c·) 

lnrm.1,m·atfon, hy i.·efenm.rn: ,>..·hs:n:, Ml s:,k,ns:nt of ,h(, in!crnai.ionai appl.K:a11mi. rd0rrcd ;o in Anidc l l ( l )ii1i}(d) {;,· (¢) ,>t a purl of 
rt1~ d~~.f~TipHnn. chB_u1s or dt:f~J.,-~ng~ r~::t>~rred to ~n. R:uk: 20.5(-.::} JS no~ ~~H-s~r,~~ise \.,.":f>tB:lfrK-:d 1B £his inh:::n1atl<>H:3l apph~~HHHJ. htn is 
cornpix.--tci_y ~~'.fJ:ntain,.;:d in au ,.;:ad~,:r appJi-.::ah_on_ ,~•hfJ:~t.: ·prif:-:irity is ch:in:t(;'d (Hl th<: dati: t)ii \$.:·hlch one fJ:r n]ort.· ch:.;.·;.n::ut~ rcf~:1Tcd. h:) iu 
/\xtt~k= l 1(1 ){i.5l) ¥\•·er~ :tSr~t n.::c~Sv-~d b~y ihc x:;.:~~iving (Hli-:,:'> -th~;t ~i:;.:n1,::n'E: or pan ~~. sut~~:;.:ct N:t couffrin::dSon ilnl .. k'T R.uh:: 20.f.i .. 
i:n_corpt.>r~h:d by rt+.;:rcnc-:. .... in this intx.:Tn<~tlonal apphcf~tinB h>r thx." fH-!J:p,)sc~ c~f Rnl~ 20,6. 

Ho~ No. 'VH lNTERNATlONA.L SE.ARCHING AlJTHORITY 

(_.}30-it":C of Iutt~r:nati{HlH} Scaa·t'i3ing :-\ufbotit·y (I.Si\) ({{nu .. h"~:· !htffi ,>rh} .hrf!:: ... rrt.t'?1if..•q;al /){:a;"'.::hing ./luthot"'i{/ i:~ C(>n~p<-..:f::.:1-;t to .cr~r1:,.~ ~)jn· thi:' 

hn<:.:rnf:.li(J.:1::.d .1c.::.-:1rr::h, in:.-"iifY:Ztt: n.,1{:: ..... •turhr~ri~J· c.,-i-;,_·):ft:>,·,,"?," the ;\n:)-letter c(n:.l.i..: ?n:.-;_v }:-te tlf:..ed.,i: 
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□ 

□ 

□ 

t:SE 0§? RE.StTfS OF EARLIER SE.,:\R.CH, REfli:RENCE. TO THAT SEARCH 

The JS_,:"\ indicaH.:d in Iinx No. '\/:{l is rcqtt-t";$t..;d to l~~kc int,;.:.,. ac~nunt ih'-: result:~ of the ::artier ~t'arc{i(:;~~} iuJu:aied h<-J,;.Y,).<' (si:\t,' als.o 
~·\.lt>t{? .. ;;,- to lio.:s.~ r?l,: ll.~-e ::~.f ,-~~salts ::~(;Hore flu>r~ {)ne earlie.1-· s~• ... uy·}1). 

st~½k:iucut {Ruk 4.l Z(ii)}: thi, intcrrmti,>n;;l ,·,ppli~,ati<.>n i-; th;: smn;:, -,r ·;ul:,5t;mti;ll!}' tb"' ,arnic', "" the app!i;;:;thun in '""'"P.;:d -:,f 
v/hich_ th_-.: {'i.trhcr ~"-~ar~h \\:a,._._ c:.uri.::.:d iJut .::.:xci.:pt~ v:.1ht:rc f1pph"~:.:hk~: th:1t lt i~ fit:-:d ii~ a d.iff(:'.g.:nt 1arsg11a~c. 

AvaHahiUtv nf donJmNit;c ,he fo:,lff\Vlni, dn<:utn.:,nl~ an, av.:,H,,bk !.t, iht: !S}, in a :frwm. a.nd rn.anner ,ic,.:cepuhk !o i! and i:h,·,n,fot<c' 
d,, ~ •. ,t "'-'<',-{ i,) ;,<: :st:hn,i'"!-:.'d. h" :h.' ap;:,Lic,1,Hi. h) !lK lSA tRuk~ l 2his. l(i)}: 

~

., .a ~;;1:,y ~r-;-h": l:~:,:_:li~~ (>f~i~,I· ;,Wb.:'r ;;,.;,irch, * 

□ :: :;<;;,~;l;;!i:)
1:\:t\'!~~~:!;~~~t:~~:;~~~~:Hinn in;o a l:rnguage which is a.:~q)h:d hy lh<: !SA 

~, u·an:;hithrn ;.) f th~ r~:;td tf; :i:):f Hti:.:.'" ..:.>~3::rlieE BC~tH .. ~h into a k::nguag;;:.~ \\·h1cb 1s ac~.:~ptl'.:d by tht": ;5._.1L: 

;3 .:..~(>py ofuny do .... ~un~~n~ ~lt~.J in the r~~BH5.: <..)fth~ t".::d3cr st:~t-rch. {!(kni·)-})~n, p-h::.ase i1-t.(.-l;...-~ ... ite lx.:1o:t·:..: .the..-!o.:..~-~.::ln{:rrf{~) {YV1..1.·iiahh:: 
!(,• :he l:(.•D: 

0 Tt'atssnfrt ~'<•PY nf l'~'su}b ,}:f t'M"iiN· '>,rn1'di and <•ther d•H·u:ment-s 6,·h,T,, ih,0 ea.vfio· search wu:;;- n,,t cw-ried ma hy ii:,,· lSA 
-f::rt._If.c-al<:~d t:tiH)"1-·e b-;.-tf ;by tfrF;' S<''.:.JFH·" .(t.:.: that -..-vhi.::l; is {..u:ihtg a.';;.- f}·::i:· ri·"(·ei•)h-:tg 1)/!/c.F;). thx" t·t~ci:iYin~ Offici~" is it';qU..;."":~k:d tf-1 

prx"p;.ltt': ;:ind fnin~n:dt t"':-t' the i:~/\ ] 2,1\i._;:, l fc}r. 

B :: :::::~: ~ :: ::::~ ::::•,;;;~ ;~i~t:~:;:::,::~1it :;.;:,H ch,* 

O a ('<:,py ,Jf ;my do<.::i,nH.,n, dr,;;,d in Ehe re,uih of the ea-dk.r ,,,~ardi 
'' \\'b,.;:r('. th~~ r('.s«ll:;; of;hc <:arli,a'r.-,~,m:~h,wc:n;;citiler H"v',nlahk frm:n a digirnIIibr,;ry mw ,rnnsmitkd byth~~rC('.t:ivingOHicc. th~,uppiicfmi 

is I(".quir~d to :-;nbn1h tht':rte to the n::e~i'{h1g {tific~ fRnle 12bi.s .. l (:.l)) (}Set:'" ih'-:-rn l .i {n 1l·u~ ci-;:r,}f·k-hs.I ar:,..-l :3i..•:;:J _:\fotes h..J" J:.io.x .!'./:,:J l'~llJ 

□ 

□ 

□ 

Stati-nwni (Ruk 4.l 2{ii)j. lfri;, int;Irn;,tion,;! ;,ppli:::,,l.i(H.l i:;; the""'*', or :;d:>,h:mially ,lw ;,,irnc, ;,s th"' applicalion in rc5p<td of 
\{:hich tht"": carlit.'r ~~carch ~:va~ carri(:'d ni~t cxct:pL \~dR:rt."' ~ippJicablc, that Et is fdt:d in a •Ji.ff~r~nt b.ngu~igt·. 

;t::~:!~~:!~:;1::1::•~i~i~~i~i~lt;,:i '~; ~i::,:~:;~~::ii~:t ::~l~~;!ti1~{ ~i\!~;~~ \l;r:.t;~'~":. tA in a form and m,mnc; acccpiabk to i; imd llwr;: fore 

DB :: ::!:~· ::; ~~: ::::~!:;; ~:!:~:::.:~;:)ll~:r ~earch. '' 

a irmisfall<m ,,f !h<: ,;earlier ,lpphrnnrni into a !mignag,;: v,hidi is accepted by foe ISA, 

B a trnn~h,ion ofth<.:' re~ull.,; of the ,'Rrli;;;,r ~;;;,rch info;; lmi;,mai,x ,vhid, i:o acc,'p,.,xl by ,lw IS/1,, 
~, 1,>t:,p)· of;~rry ,;:k1r:.:tH.r:t.t~Bt ,>ttx--d i-ri frn .. :: r\;~."i-Uh"-; (:tfthx-- c;:tdlf::"f ;~i;,;:a__r,.-Ji ({{i,;.,1{1..-. .. ·p_, f!hY<·S..f-: <.Jh-iic:.:;i.e l'H,~frti,. nJ{:· £ioct.Hn f:TH't-.;} ao.•Y.n.h.1hh:;~ 
to thi:.~- f).,{i 

Tnm.Mnit .:opJ <>f l°<.'.tm!t.s of ,,in·Hicr SNin:lk ~HBI ~ithN· !h>i.'IHnNih (whm·;, di,, ,·er!ier sean:h was nM Ct,rrh·d out by drn L";A 

;:;~:~;:::\!~:l;;~;:~;':::~;t :i~: '~~~;~\[{~1i~'\f;;i/tt,,;tcf, fa ading ,is :he -''scc,A·ing Olfke_;; lk ren'h'hH~ O:fl'kt' i~ r('.qucskd !<) 

D a ~,opy (lf !lK icsulJ,-; ofthc :::afli,_,r ;;1;;ar.::h .. ' ' 
0 a c,>py ,,f ,h,' ,;:ar!ier apph.::mion, 
D ~i c{-1.-py vf ~iny docun1(~nt ~:-h::;.;d in_ Hh: l\:~ults. t)f th{: carJi~;r ~ea-rch. 

~ ;:-';~:;::i:'.::3r;~:1:~;~,;;;i\l~~;:·\i:'.'i;:~~a;,~;i;:~~i,:~;i('.;;t~{'.:'(•~;~i:\i~'.;~ f t:ij~i:t!:r:~:!:;' 77 :;,a;;;::niiktl 

□ Box N,, VIH (D 

□ Box No Vm {ii) 

D Box No vrn {iii) 

f;8l Hl.)x N,i \tJ.n: (iv} 

bt~'a>"·k tfu: a[)_,Plic:·;f,le 
.!Jj-Jf:.' l.?f.tl:1.".c\".."/r}r{:!i()N.i: 

})~":'-:hlr;3tinn ~t}t !<> the ~~pplSi.:;~n.t~.'> e11titk:r-n.~nt;- ~i~ ai tbt.": .~ui¢r·nat1ona~ f~hng 
d~h=:- to apply fiJr tind b-:.: granied .a patent 

})~":'-:l~ir.:tii<.>-rs a'> to tht.: 3:ppli\.j;3n(s tnhth:~tnc:nL_ .:"'l.S ~i! t~H:.: lntc-rn;.:tti<..'>nal fdi_ng 
(fat::, to daim ;h('. prionty or th,: ,;:arfa:r ,ippli,;,Hwn 

G~~;::~;t~L~:-,/~::~::1,.";:t i(,niy for th, !Arrpa:,:o,:;; ,}f i.ht, ,k~igwi:ti<m ,;f lht' 

f)~\.~i:.:1-ra:tl'nn ~is. 1(} nr:J.<~prcjudj.t:l~il d-ist:.k1~tfre~ r:i:r t':&i.:~:pt-ion5i io lack t,ftH)Vt:::h.'l 

!·.Jn.n1h"'T \}~­
de\..·Jar;1ti~n1-s: 
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Bu No. VJ U {it-} UEO,ARATION: INVENTORSHJP (msly fur the purpose$ oftbe designatio11 ofdlec United Staie!! of Amem) 
The declaration ~·tconform tothe.folluwing sta,uuirdiz:.ed"wordingprovfr:kdfl1r in Section 214; see /\/'ates to Boxes !'>/as. VJJJ, nil {i) M M 
/ifi gener«I) and the specific Notes ta Bax No. VIJJ (iv). If this Bo;t is not used, this sheet should nol be induded m the request. 

Declaration of inventon-hip {Rule!' 4.l7(iv) and 5lbb~l(a)(h·)) 
for the purposes of the dteSignatfon oftbe United States of America: 

I hereby declare that 1 believe l am the original invernor or a.n original joint inventor of a claimed invention in the application. 

This dec!imnion is directed ta the intel'national application of which it forms a pan {ifn!ing declaration wii.h appHciuion). 

This dedaration is directed u) inkm<1l.ional app.li.cation N,'J. PCTi ................. , . . ....... (iffumishing declaration pursuMu 
to Rule WteP). 

l hereby declare that the ab<..we•identified iniernational application was made or authorized l:o be i:mwe by me. 

I hettby acknowledge that any willful false statement made in this dedaratiou is punishable under l8 U.S.C 1001 by fine or 
imprfaonmem of not more than five (5'> years. or both. 

Name: ...... Y~_n_g 91!~ 5=:t:~~- ...................................... _ . , . _ ..... _ .. _ .. __ ... _ ... _ . _ .. _ .. 

Residence; ... ~~-~ ~~~-~•. <?~li_f?:1:1~~ ........................................................... , ......... . 
(city and either US state, if applkabk, or cmmtry) 

Mailiflg Address: ~p~7. 9p_r1;q(1<'.! PPL!.!'! . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . ........................... . 
San Jose, California 95135 
.United.Stales.af.Amerlca ......................................................... ,. 

Nan1e: ........ , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . , .......... . 

Residence: ..................................................... . 
( elty and either US state. if app!kabk, or <..-outnrJ} 

Mailing Address: ........................................ , .... • .. • . • • . • • , • • . • • . • • . • · · · · • · · · · • · 

hrventur· s Signature: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(The signature must be tluu ofttie inventor. not that ofth;: agent} 

Residence: . . . . ..................... . 
(dty and either US state, ifapj:llicable, or country) 

Mailing Address: ....... , . . . . . . . . . . . . , .. 

lnventor·s Signature: ......... , ...................... . 
(Ihc signature must be that oflhe in\'enl.m, not that of the agent) 

Date: ......................................... , .. 

Dme: ........................................... . 

0 This declaration is com.inued on the following shoot~ "0 .. )ntimmtion of Box No. vm (iv)" 

Form PCTiRO/Hll (declaration .sheet (iv}) (l6 September 2012} See Nmes to the ntquestft>rm 
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*RO/U 

Sheet No. . J, ... 

Box No. IX (~HECK LIST for PAPER flling5 -this sheei. is n11ly 10 be used when filing, an intemati.onal application on PAPER 

This international applic-ation 
contain!! the following: 

{a) request form 
PCTlRO/101 
(in~:Juding any 
declarations and 
supplemen!Ul 
sh.:ct!H ......... , .......... . 

(b) dCSL'Tiptk)ll 

(excludin,__i;; any 
sequem.~ listing 
part of the 
des,;:ription, 
see {t), below},, ....... , .... . 

{C} chrims ........... . 

{e) dmwings (iLmy} 

(0 sequence !Ming 
part of the 
desc.'Tiption {if atiy) .......... . 

Total numberohh~ets 

Figurtc oftbe drawinp which 
should accompany the abstract 

Number 
of sheets 

7 

48 

lbi.s international application is accompanied by the 
following itcm(s) (mark the applicable check~bo.ws be/q,.~, 
ana' indieaie in right column the number of each i'tt!m): 

*{ -S--t}e calcuhnion she..:t ........ , .................. . 

2. 18 original sep;;rnte pO\\'l!r of atlon.ey ............... . 

3. 0 originaJ general power ofw.torn~y ................ . 

4. D copy of general power of attorney; releren,,e 
number: . . . . . . . . . . . . ..................... . 

5. 0 priority· documem{s) identified in Bo:,, No. V! 
as item(s). . . . . . . . . . . . . . ........... , ........ • . 

6. 0 Translation of international appfo:atkm into 
('language}: ................................. • • 

30 7. D separate indications conceming deposited 
micromiimism or other biological -marerial .... , ..... 

23 

0 

109 

8. D copy in.:lectronfo: form {Annex CtST.25 text file)on 
~)hysical daui carrier(s} of the sequence listing, not fon-ning 
part ofthe inlemmional applkaiion, \vhich is fumished only 
fur the purposes of international H'1n·ch under Rule Bter 
(type and mmiber qf physical data can·iers} . ........ . 

9. D a statement confirming th:it "the intbrtnation 
recorded in electronic fonn submitted under­
Rule I 3ter is identical. to the sequence listing 
as c-0ntaine<l in the international application~ 
as filed on paper ........ , ................. . 

JO. D rnpy of results ofcarlier search{es)(Rul\! l2bis.1 (a)} .. 

l I. 0 other {spedjj,i; . ....... . 

! L.augnage t)f filing of th1c, 
! international application: 

English 

Box No. X SIGNATURE Of APPLICANT, AGENT OR COMMON REPRESENTA TfVE 

Number 
of items 

*[-1-- ] 

2 

·ng qnd tfu: m;.¥1City in which lire pcrsoo s1g,is f/fsuch capacity is not mwi=from remw"/g flie requeSI). 

Fnr receivmg mce u..,;e only 
L !)ate of actual receipt of the purportc<l 30MAY2013 

30-05-2013 international application: 2. Drawings: 

0 

3. Corrected date of actual receipt due to later but □ re...~ived: 

time Iv reeeived papers or drm•.iings completing 
the pi'irported international application: 

4. Date o(timely recelc· ,toftl~e r1:,ui_red D not received: 
ronectmn;; under P T Artie!.: 1(2): 

5. lntematicm31 Searching Authority ! 6. 
□ lr.3p-smhtal ofsearc.l'\ c.opy delayed 

(ifrwo or mm-e are .;:ompetent): ISA !US ! 1.mt1l sew-ch fee is pa1d i 
i 

For International Bureau use only -------------------.. 

[)ate ofre<'.'eipt of the Te<::~~rd copy 
by the lntemational Bureau: 

form PCTiRO/101 {last sheet - paper) (16 September 2012) 

Cytek Exhibit No. 1071 
Page 116



PATENT COOPER.-\TION TREATY 

1--'rom the INTERNATIONAL SEARCHING AUTHORITY 

To: PCT 
DONALD E. SCHREIBER 
POST OFFICE BOX 2926 
KINGS BEACH, CALIFORNIA 96143-2926 NOTIFICATION OF RECEIPT 

OF SEARCH COPY 

(PCT Rule 25.1) 

Date 
f • 07 Jun 2013 . ·' 

Applicant's or agent's file reference 
IMPORTANT NOTU'ICATION 

2294PCT 

International application No. 

I 
. t • ' j"' ' 'i , i I, ) 

I 
Priority date (davlmonrhlyear} 

PCT/US2013/043453 
!n erna!mna1

3
~1:::t~~ ~,;mont,,,year, 

30 May 2012 

Applicant 

CYTOJENE CORP. 

1. VI/here ibe International Searching Auihority and the receiving O.ffke are not the same Office: 

2. 

4. 

The applicant is hereby notified tbat tbe search copy of the international application was received by this lnternational Searching 
1\utho1ity on the date ind]cated below. 

Where the International Searching Authority and the receiving Office are the same Office: 

The applicant is hereby noiilied lhat the search copy of the international application was received on tbe date indicated below. 

07 Jun 2013 
(date (?f receipt) 

D The search copy was accompanied by a nucleotide and.for amino acid sequence listing in electronic form. 

D Tbe search copy contained a nucleotide and/or amino acid sequence listing in eleclronic fomi. 

Time limit for establishment ofiuternaiional search n•i;ort and writi.en opinion of the Inten1ational Searching Authority 

The applicant is informed that the time limit for establishing the international search report and the ,,Tit!en opinion of the 
Intcn1ational Sea.rd1ing Authoi'ity is three months from the date of rec~cipt indicated above or nine months from the priority date, 
whichever tirne limit expires later (Rule& 42.1 and ,J3bis .l (a)). 

J-\ copy of this Notification has been sent to the International Bm-eau and, where 1he first sentence of para.graph J applies. to the 
receiving Office. 

Name and mailing address oftbe [SA/ 

Mail Stop PCT, Commissioner for Patents 
P.O. Box 1450, Alexandria, VA 22313-1450 

Facsim.ile No. 571-273-3201 

Form PCTilSAi202 (July 2009) 

Authorized officer 

Nhu Thuy Tran 

Telephone No" (571)272-9063 
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PATENT COOPERc\TlON TREATY 

From the RECEIVING OFFICE 

To: 

DONALD E. SCHREIBER 
POST OFFICE BOX 2926 
KINGS BEACH, CALIFORNIA 96143-2926 

Applicant's or agent's me reference 

2294PCT 

PCT 
NOTIFICATION CONCERNING PA YTvIBNT 

OF PRESCRIBED FEES 

(PCT Rules 12his.l(c), 14, 15 and 16 
and Administrnlive Instructicms, 

Sections 102his(c), 304, 323(b) and 707) 

Date c;f mailing 
07 Jun 2013 (day/month/year) 

PAYMENT DUE 

see item 3 for time limits 

[ntemational application No. ! International filing date/Date of receipt Priority date (d:1ylmoml1/year) 

PCT/US2013/043453 I ( da yllnonthlyear) 
30 May 2013 30 May 2012 

Applicant 

CYTOJENE CORP. 

l. The applicant is hereby notified faat this receiving Office has received: 

the paym1cnt of all the prescribed fees, and □ an overpaymimt, which will be refunded in due course. 

no or insuffici1cnt payment of the prescribed foes and the applicant is hereby invited to pay the balance du1c, as 
summarized under item 2. within the time limit(s) indicated under item 3. 

2. Fee;, and paym<.."nt cakulatk,n: 

4,896.00 4,896.00 0.00 

Total fees payable Amount paid Balance 

D The details of the calculation are given in 1he Annex. 

3. Time limit(s) for payment and ammmt(s} payable (Rules 14.1, 15.3 and 16. l(f)): 

□ within ONE MONTH from the date of receipt of !he international application (for the transmittal. fee (if any\ the :-.earch 
fee and the international filing fee). The amount payable .for each fee is the amount applicable on the date of receipt of the 
international application. 

□ within 16 rv1O:r,rrHS from the priority date ( only for the foe for priority document). The applicant's attention is drawn to the 
fact that there.quest made by the applicant under Rule 17,l(b) will he considered not to have been made unless the foe is paid 
within that time limit. 

4, .Additional observation, (if' necessary): 

□ The search copy will not be transmitted to the International Searching ,\uthmity until the search tee is paid (therefore the 
slar1 oftbe international search \Vilt be delayed) (Rule 23.l(a) and (b)). 

Name and mailing address of the receiving Office 

Mail Stop PCT, Commissioner for Patents 
P.O. Box 1450, Alexandria, VA 22313-1450 

Facshnile No. 571-273-3201 

Form PCT/RO!! 02 (July 2010) 

Authorized officer 

Nhu Thuy Tran 

Telephone No, (571)272-9063 
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ANNEX TO FORM PCT/R0/102 
CALCULATION OF THE PRESCRHlED FEES 

r,-;;i_,,' L:.J Transmiti.al Fee 

Prescribed amount: 

Amount paid: 

Babnce:. 

[I] SearchFee 

Prescribed amount: 

Amount paid: 

Balance:. 

OJ Internati.ona! Filing Fee 

Fi.xed amount for first 30 sheels: 

79 

Numl•er of sheets 
in excess of 30 

( excluding pages referred 
to in Section 707(a-bis)J 

X 16.00 
Fee per sheet 

Reduction where the international application is filed 
(See PCTApplicant's Guide. lmernmional Pha5efor 
details on the availability of this reduction): 

on pa_per together with a co_py in electronic 
form. in character coded format, of lhe request 
and the abstract . . . . . 

or 

in electronic forn-i., 1he request not bejng in 
character coded format . 

or 

in electronic form, the request being in character 
coded fonnat . . . . . 

or 

in electronic form, the request, description, 
claims and abstract being in character coded 
format_ 

1,312.00 ITT] 

1,264.00 rm 

0.00 [1J 

0.00 [1J 

0.00 i r ! 

0.00GJ 

International application No. 

PCT/US2013/043453 

240.00 [I] 
240.00 

0.00 

2,080.00 [sJ 
2,080.00 

0.00 

~ correct an1ount 

D overpayment 

D balance due 

18:1 correct mnount 

D overpayrnent 

D balance due 

Suh-iota]: 2,576.00 flIGG:l 
i\pplicants j'ro1n certain .S~tates are entitled lo a ri:dz.1,ctiott !?{ 90("¼J oj· the 
internationalj,ling fee. '1Vhere the appli.-._~ant is (or all applicants are) so 
entiiled. the total to be entered at l is 1(Yfc t~f the sub-·total entered al 

(il+i2-r); (see f./otes to the Fee (-:alculath1n Sheet as annexed to the 
Request Forni, PCTIRO/101 . .f,,r detailsj: 

Amount paid: 

Balance:. 

[El Fee for Pdodty Document 

Prescribed amount: 

Amounl paid: 

Balance: . 

~ Fee for Earlier Search Documents 

Prescribed ainount: 

Amount _paid: 

B;ilance: . 

Form PCT/RO/102 (Annex) (July 2010) 

2,576.00 07 
2,576.00 

0.00 

0.00YJ 

0.00 

0.00 

0.00jEsj 

0.00 

0.00 

IE} correct a1nount 

D overpayrne.nl 

D balance due 

fE] correct amount 

D overpayment 
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PATENT COOPERATION TREATY 

From the RECEIVING OFFICE 

To: 

DONALD E. SCHREIBER 
POST OFFICE BOX 2926 
KINGS BEACH, CALIFORNIA 96143-2926 

Confirmation No: 1081 

Applicant's or agent's file reforence 

2294PCT 

PCT 

NOTIFICATION OF THE INTERNATIONAL 
APPLICATION NUMBER AND OF THE 

INTERNATIONAL FILING DATE 

Date of mailing 
(day/month/year) 

(PCT Rule 20.2(c)) 

07 Jun 2013 

IMPORTANT NOTIFICATION 

International application No. 

PCT/US2013/043453 I 
International filing date (day/month/year) 

30 May 2013 I 
Priority date (day/month/year) 

30 May 2012 

Applicant 

CYTOJENE CORP. 

Title of the invention 

FLOW CYTOMETER 

1. The applicant is hereby notified that the international application has been accorded the international application number and the 
international filing date indicated above. 

2. The applicant is further notified that the record copy of the international application: 

07 Jun 2013 
was transmitted to the International Bureau on 

has not yet been transmitted to the International Bureau for the reason indicated below and a copy of this notification 
has been sent to the International Bureau*: 

D because the necessary national security clearance has not yet been obtained. 

D because (reasonto be specified): 

* The International Bureau monitors the transmittal of the record copy by the receiving Office and will notify the applicant ( with 
Form PCT/IB/301) ofits receipt. Should the record copy not have been received by the expiration ofl 4 months from the priority 
date, the International Bureau will notify the applicant (Rule 22.1( c )). 

3. FOREIGN TRANSMITTAL LICENSE INFORMATION Completed by: _N_T _______ _ 

□ 
Additional license for foreign transmittal not required. This subject matter is covered by a license already granted or 
the equivalent U.S. national application. Refer to that license for information concerning its scope. 

□ 
License for foreign transmittal not required. 37 CFR. 5.1 l(e)(l) or 37 CFR 5.1 l(e)(2). However, a license may be 
required for additional subject matter. See 37 CFR 5.15(b ). 

~ Foreign transmittal license granted. 35 U.S.C. 184; 37 CFR 5.11 on 
06 Jun 2013 ___________ : 

□ 37 CFR5.15(a) 

Name and mailing address of the receiving Office 

Mail Stop PCT, Commissioner for Patents 
P.O. Box 1450, Alexandria, VA 22313-1450 

Facsimile No. 571-273-3201 

Form PCT/ROil05 (July 2008) 

IX) 37 CFR 5.15(b) 

Authorized officer 

Nhu Thuy Tran 

(date) 

Telephone No. (571 )272-9063 
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PATENT COOPERATION TREATY 

From the RECEIVING OFFICE 

To: 

DONALD E. SCHREIBER 
POST OFFICE BOX 2926 

PCT 

KINGS BEACH, CALIFORNIA 96143-2926 INVITATION TO CORRECT DEFECTS IN 
THE INTERNATIONAL APPLICATION 

(PCT Articles 3(4)(i) and 14(1) and Rule 26) 

Date of mailing 
07 Jun 2013 (day/month/year) 

Applicant's or agent's file reforence REPLY DUE 
within TWO MONTHS from the 

2294PCT above date of mailing 

International application No. International filing date 

PCT/US2013/043453 (day/month/year) 30 May 2013 

Applicant 
CYTOJENE CORP. 

1. @ The applicant is hereby invited, within the time limit indicated above, to cmrect, in the international application as filed, the 
defects specified on the attached: 

D AnnexA 

lEJ Annex Bl (text matter of the international application as filed) 

D Annex Cl (drawings of the international application as filed) 

2. D The applicant is hereby invited, within the time limit indicated above, to correct, in the translation of the international 
application furnished under Rule 12.3 or 12.4, the defects specified on the attached: 

D AnnexA 

D Annex B2 (text matter of the translation of the international application) 

D Annex C2 (drawings of the translation of the international application) 

Additional observations (if necessary): 

HOW TO CORRECT THE DEFECTS? 

Except where the defect is in the request, any correction must be submitted by filing a replacement sheet embodying the 
correction and a letter accompanying the replacernent sheet, which shall draw attention to the difference between the replaced 
sheet and the replacement sheet. For a detect in the request, a correction may simply be stated in a letter if it is of such a nature 
that the correction can be transferred clearly onto the request record copy (Rule 26.4). 

ATTENTION 

Failure to correct the defects will result in the international application being considered withdra\.vn by this receiving Office (see 
Rule 26.5 for further details). 

A copy of this Invitation and any attachments has been sent to the International Bureau 

IK:] and the International Searching Authority. 

Name and mailing address of the receiving Office 

Mail Stop PCT, Commissioner for Patents 
P.O. Box 1450, Alexandria, VA 22313-1450 

Facsimile No. 571-273-3201 

Form PCT/RO/106 (April 2007) 

Authorized officer 

Nhu Thuy Tran 

Telephone No. (571 )272-9063 
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International application No. 

ANNEX A TO FORM PCT/RO/106 PCT/US2013/043453 

The receiving Office has found the following defects in the international application as filed: 

1. As to signature of the international application (Rules 4.15, 26.2bis(a) and 90.4), the request: 

a.D 
b.0 

is not signed* by the applicant or, if there is more than one applicant, by at least one of them 

C. □ 

d.0 

is not accompanied by the statement referred to in the check list in Box No. IX of the request explaining the lack of the 
signature of an applicant for the designation of the United States of America 

is signed by what appears to be an agent/common representative but: 

D the international application is not accompanied by a power of attorney appointing him 

D the power of attorney accompanying the international application is not signed by all the applicants 

other (specify): 

Although Rule 4.15 requires that all applicants must sign the request ( e.g. including all inventors/applicants for the designation of 
the United States of America), for the purposes of Article 14(l)(a)(i), ifthere is more than one applicant, it shall be sufficient that 
the request be signed by one of them (Rule 26.2bis(a)). 

However, the applicant's attention is drawn to the fact that the national law applied by each designated Office may require, in 
com1ection with the processing of the international application in the national phase, that the applicant furnish the confirmation of 
the international application by the signature of any applicant for the designated State who has not signed the request 
(Rule 5lbis.l(a)(vi)). 

2. As to indications concerning the applicant* who is entitled, according to Rule 19.1, to file the international application with the 
receiving Office, the request (Rules 4.4, 4.5 and 26.2bis(b )): 

a. D does not properly indicate the applicant's name (specify): 

b. D does not indicate the applicant's address 

c. D does not properly indicate the applicant's address (specify): 

d. D does not indicate the applicant's nationality 

e. D does not indicate the applicant's residence 

D Further observations about indications concerning other applicants ( if applicable): 

Although Rules 4.4 and 4.5 require indications concerning the applicant, or ifthere are several applicants, of each of them, for the 
pmposes of Article 14(l)(a)(ii), if there is more than one applicant, it shall be sufficient that the indications required under 
Rule 4.5(a)(ii) and (iii) be provided in respect of one of them who is entitled according to Rule 19.1 to file the international 
application with the receiving Office (Rule 26.2bis(b)). 

However, the applicant's attention is drawn to the fact that the national law applied by each designated Office may require, in 
com1ection with the processing of the international application in the national phase, that the applicant furnish any missing 
indication required under Rule 4.5(a)(ii) and (iii) in respect of any applicant for the designated State (Rule 5 lbis.l(a)(vii)). 

3. As to the language of certain elements of the international application, other than the description and claims (Rules 12.l(c) 
and 26.3ter(a) and (c)): 

a. D the request is not in a language of publication accepted by this receiving Office; (the) language(s) accepted by this 
receiving Office is/are: 

b. D the text matter of the drawings is not in the language in which the international application is to be published, which is: 

c. D the abstract is not in the language in which the international application is to be published, which is: 

4. The title of the invention: 

a. D is not indicated in Box No. I of the request (Rule 4. l(a)) 

b. D is not indicated at the top of the first sheet of the description (Rule 5. l(a)) 

c. D as appearing in Box No. I of the request is not identical with the title heading the description (Rule 5.l(a)) 

5. As to the abstract (Rules 8 and 26.l(b)): 

D the international application does not contain an abstract 

Forn1 PCT/RO/106 (Annex A) (April 2007) 
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International application No. 

ANNEX Bl TO FORM PCT/RO/106 PCT/US2013/043453 

This receiving Office has fmmd that, with regard to the presentation of the text matter of the international application as filed, the 
physical requirements are not complied with to the extent that compliance therewith is necessaiy for: 

1. [RI reasonably uniform international publication (Rules 11 and 26.3(a)(i)) ( defects to be specified): 

Request Description Claims Abstract 

a. mJ the sheets do not admit of direct reproduction □ [fil [E] ~ 
b.0 the element does not commence on a new sheet □ □ □ □ 
c.D sheets are not free from creases, cracks, folds □ □ □ □ 
d.0 sheets are not used in the upright position □ □ □ □ 
e.D one side of the sheets is not left 1mused □ □ □ □ 
f. □ the paper of the sheets is not t1exible/strong/white/smooth/non-shiny/durable □ □ □ □ 
g. □ the sheets are not com1ected as prescribed (Rule 11. 4(b)) □ □ □ □ 
h.0 sheets are not A4 size (29.7cm x 21cm) □ □ □ □ 
i. □ the minimum margins on the sheets are not as prescribed □ □ □ 

(top: 2cm; left side: 2.5cm; right side: 2cm; bottom: 2cm) 

j. □ the file reforence number indicated on the sheets does not appear in the □ □ □ 
left-hand comer of the sheets, within 1.5 cm of the top of the sheets 

k.0 the file reference number exceeds the maximum of 12 characters □ □ □ □ 
1. □ the sheets of the description, claims and abstract are not numbered □ □ □ 

in consecutive Arabic numerals 

m.D the sheet numbers are not centered at the top or bottom of the sheets □ □ □ □ 
n.D the sheet numbers are in the margin ( see i. above for the size of the margins) □ □ □ 
o.D the text matter is not typed or printed □ □ □ □ 
p. □ the typing on the sheets is not l ½-spaced □ □ □ 
q. □ the characters in the text matter on the sheets are less than 0.28 cm high □ □ □ □ 

in capital letters 

r. [R] the text matter on the sheets is not in dark, indelible color □ [El [Kl [R] 
s.D the element contains drawings □ □ □ □ 
t.D the sheets contain alterations/overwritings/interlineations/too many erasures □ □ □ □ 
u.D the sheets contain photocopy marks □ □ □ □ 

2. □ satisfactory reproduction (Rules 11 and 26.3(b )(i)) 

Further observations (if necessary): 

ALL NEW SHEETS OF DESCRIPTION, CLAIM AND ABSTRACT ARE REQUIRED 

Fonn PCT/RO/106 (Annex Bl) (April 2007) 
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International application No. 

ANNEX Cl TO FORM PCT/RO/106 PCT/US2013/043453 

This receiving Office has found that, with regard to the presentation of the drawings of the international application as filed, the 
physical reqmrements are not complied with to the extent that compliance therewith is necessary for: 

1. D reasonably uniform international publication (Rules 11 and 26.3(a)(i)) ( defects to be specified): 

Sheets containing drawings: 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

h. 

i. 

j. 

k. 

1. 

m. 

11. 

0. 

p. 

□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 

□ 
□ 
□ 
□ 
□ 
□ 
□ 

the sheets do not admit of direct reproduction 

the sheets are not free from creases, cracks, folds 

one side of the sheets is not left unused 

the paper of the sheets is not flexible/strong/white/smooth/non-shiny/dmable 

the drawings do not commence on a new sheet 

the sheets are not connected as prescribed (Rule 11.4(b)) 

the sheets are not A4 size (29.7cm x 21cm) 

the minimum margins on the sheets are not as prescribed 
(top: 2.5cm; left side: 2.5cm; right side: 1.5cm; bottom: 1cm) 

the file reference number indicated on the sheets does not appear in the left-hand corner of the sheets, within 1.5 cm 
of the top of the sheets 

the file reference number exceeds the maximum of 12 characters 

the sheets are not free from frames around usable or used sm-faces 

the sheets are not numbered in consecutive Arabic numerals ( e.g. 1/3, 2/3, 3/3) 

the sheet nmnbers are not centered at the top or bottom of the sheets 

the sheet numbers are in the margin (see h. above for the size of the margins) 

the sheets contain alterations/overwritings/interlineations/too many erasmes 

the sheets contain photocopy marks 

Drawings (Rule 11.13): 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

h. 

i. 

j. 

k. 

1. 

□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

m. D 
n. □ 
0. □ 
p. □ 
q. □ 
r. □ 
s. □ 
t. □ 
u. □ 

do not admit of direct reproduction 

contain unnecessary text matter 

contain words so placed as to prevent translation without interference with lines thereof 

are not executed in dmable black color; the lines are not m1iformly thick and well-defined 

contain cross-sections not properly hatched 

would not be properly distinguishable in reduced reproduction 

contain scales not represented graphically 

contain numbers, letters and reference lines lacking simplicity and clarity 

contain lines drafted without the aid of drafting instruments 

contain disproportionate elements of a figme not necessary for clarity 

contain nmnbers and letters of height less than 0.32 cm 

contain letters not conforming to the Latin, and where customary, Greek alphabets 

contain figmes on two or more sheets which form a single complete figure but which are not able to be assembled 
without concealing parts thereof 

contain figmes which are not properly arranged and clearly separated 

contain different figures not numbered in consecutive Arabic numerals 

contain different figures not numbered independently of the numbering of the sheets 

are not restricted to reference signs mentioned in the description 

do not contain reference signs that are mentioned in the description 

contain the same featme denoted by difforent reference signs 

are not arranged in an upright position, clearly separated from one another 

are not presented sideways with the top of the figmes at the left side of the sheets 

2. D satisfactory reproduction (Rules 11 and 26.3(b )(i)) 

Further observations (if necessary): 

Form PCT/RO/106 (Annex Cl) (April 2007) 
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PA TENT COOPERATION TREATY 

From the RECEIVING OFFICE 

To: 

DONALD E. SCHREIBER 
POST OFFICE BOX 2926 
KINGS BEACH, CALIFORNIA 96143-2926 

Confirmation No: 1081 

Applicant's or agent's file reference 

2294PCT 

International application No. 

PCT/US2013/043453 

Applicant 

CYTOJENE CORP. 

PCT 

COMMUNICATION IN CASES FOR WHICH 
NO OTHER FORM IS APPLICABLE 

Date of mailing 
( daylnwnthlyear) 07 Jun 2013 

REPLY DUE 
See paragraph 1 below 

International filing date 
(day/month/year) 

30 May 2013 

1. D REPLY DUE within ___ months/days from the above date of mailing 

~ NO REPLY DUE, however, see below 

lzs:I IMPORTANTCOMMUNICATION 

□ INFORMATIONONLY 

2. COMMUNICATION: 

The attention of the applicant is directed to the indications in Box No. II and/or Ill of the request form in respect of 
the above indicated international application. In respect of" CYTOJENE CORP" in Box No. [II] of the request, the 
applicant has been indicated as "applicant for the purposes of all designated States except the United States of 
America" and in respect of" CHEN, YONG QIN" in Box No. [Ill] of the request, the applicant/inventor has been 
indicated as "applicant for the purposes of the United States of America only."The applicant is herewith informed 
that, due to a change in the national law of the United States of America, as from 16 September 2012, it is no longer 
necessary in all cases to indicate the inventor(s) as applicant(s) for the purposes of the designation of that State. If 
the applicant(s) indicated as "applicant for the purposes of all designated States except the United States of 
America" is qualified to be an applicant under U.S. law, the applicant may wish to consider submitting to the 
International Bureau within 30 months from the priority date a request under PCT Rule 92bis for the recording of a 
change, requesting that the applicant indicated in the request form as "applicant for the purposes of all designated 
States except the United States of America" be indicated as "applicant for the purposes of all designated States", 
and that the applicant/inventor indicated in the request form as "applicant for the purposes of the United States only" 
be indicated as "inventor only." 

Name and mailing address of the receiving Office 

Mail Stop PCT, Commissioner for Patents 
P.O. Box 1450, Alexandria, VA 22313-1450 

Facsimile No. 571-273-3201 

Form PCT/RO/132 (July 1992; reprint January 2004) 

Authorized officer 

Nhu Thuy Tran 

Telephone No. (571 )272-9063 
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PCT/US2013/043453 17.06.2013 

IAP03Rec'dPCT 11 JUN 200 

BEFORE THE UNITED STATES 
RECEIVING OFFICE 

• Applicant 

Serial No 

Filed 

For 

CYTOJENE CORP. 

PCT/US2013/043453 

May 30, 2013 

FLOW CYTOMETER 

Authorized Officer: Nhu Thuy Tran 

MAIL STOP PCT 
Commissioner for Patents 
Post Office Box 1450 
Alexandria, Virginia 22313-1450 

ATTN: RO/US 

Docket no. 2294PCT 

RESPONSE TO FORM PCT/RO/106 

This communication responds to an "Invitation to Correct 
Defects in the International Application," Form PCT/RO/106, dated 
the 07 Jun 2013, for the patent application identified above. 
A copy of the Form PCT/RO/106 dated 07 June 2013, accompanies 
this correspondence. 

REMARKS 
Form PCT/RO/106 

Annex Bl included in the Form PCT/RO/106 issued by the 
United States Receiving Office ("RO/US") on 07 Jun 2013, in box 
1.a. requires submission of replacement Description, Claims and 
Abstract for the patent application identified above because the 
identified portions of the patent application filed May 30, 2013, 
"do not admit of direct reproduction." 

Accompanying this correspondence are replacement copies of 
this patent application's Description, Claims and Abstract 
printed on A4 paper directly from the Adobe Acrobat PDF files 
that were transmitted electronically to the USPTO on May 30, 
2013. 

Ill 
Ill 
Ill 
Ill 
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PCT/US2013/043453 17.06.2013 

Because the accompanying replacement portions of this patent 
application were printed directly from the files transmitted to 
the USPTO on May 30th, surely the accompanying replacement pages 
surely introduce no new matter into this patent application. 

PCT/US2013/043453 
Docket no. 2294PCT 

D nald E. Schreib 
Reg . No . 2 9 , 4 3 5 

Dated: I'/ ~'Jpt!!-

Donald E. Schreiber 
Post Office Box 2926 

f 20:i.8 

Kings Beach, CA 96143-2926 

Telephone: (530) 546-6041 

Agent for Applicant(s) 

- 2 - June 13, 2013 

Cytek Exhibit No. 1071 
Page 127



PCT1US13/43453 17-06-2013 PCT/US2013/043453 17.06.2013 

DOCKET NO. 2294PCT 

Technical Field 

- 1 -

Replacement sheets for 
Int. App. No. PCT/US2013/043453 

FLOW CYTOMETER 

The present disclosures relate generally to the technical 

5 field of flow cytometry and, more particularly, to the 

structure and operation of an improved flow cytometer together 

with various individual subassernblies included therein. 

Background Art 

10 Flow cytometry is a biophysical technique employed in cell 

counting, sorting, biomarker· detection and protein engineering. 

In flow cytometry, cells suspended in a stream of liquid pass 

through an electronic detection apparatus. Flow cytometry 

allows simultaneous rnul tiparametric analysis of physical and/or 

15 chemical characteristics of up to thousands of cells per 

second. 

Flow cytometry has various applications including in the 

fields of molecular biology, pa tho logy, immunology, plant 

biology and marine biology. Flow cytometry also has broad 

20 application in medicine (especially in transplantation, 

hematology, tumor immunology and chemotherapy, prenatal 

diagnosis, genetics and sperm sorting for sex preselection). 

In marine biology, the autofluorescent properties of 

photosynthetic plankton can be exploited by flow cytometry in 

25 characterizing abundance and community composition. In protein 

engineering, flow cytometry is used in conjunction with yeast 

display and bacterial display to identify cell 

surface-displayed protein variants with desired properties. 

A common variation of flow cytometry is physically sorting 

30 particles based on their properties thereby purifying a 

population of interest. 

35 

An entire flow cytometer system includes the following 

main components. 

1. A flow cell through which a liquid stream, usually 

called a sheath flow, liquid or fluid, carries and 

hydrodynamically aligns cells or particles so that 

they pass single file through the flow cell. 

SUBSTITUTE SHEET (RULE 26) 
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DOCKET NO. 2294PCT Replacement sheets for 
Int. App. No. PCT/US2013/043453 

- 2 -

2. A measuring subsystem system coupled to the flow 

cell that detects cells or particles passing through 

the flow cell and is usually either: 

a. 

b. 

an impedance or conductivity measuring 

subsystem; or 

an optical illumination subsystem together with 

an optical sensing subsystem. 

3. A conversion subsystem for convertin·g the• output 

4. 

signal from the measuring subsystem into computer 

processable data. 

A computer for analyzing the data produced by the 

conversion subsystem. 

The optical illumination subsystems provides a collimated 

and then focused beam of light, usually laser light of a single 

15 wavelength, that impinges upon the hydrodynamically-focused 

stream of liquid passing through the flow cell. Accordingly, 

the flow cytometer system may have one or more light sources 

that may include: 

1. one or more lamps, e.g. mercury or xenon; 

20 2. one or more high-power water-cooled lasers, e.g. 

25 

argon, krypton or dye laser; 

3. one or more low-power air-cooled lasers, e.g. argon 

(488 nm), HeNe (red-633 nm), HeNe {green) and Heed 

(UV); and/or 

4. one or more diode lasers (blue, green, red and 

violet) . 

The optical sensing subsystem includes one or more 

detectors aimed where the focused liquid stream passes through 

the light beam. Such detectors may include: 

30 1. detectors in line with the light beam (Forward 

35 

Scatter or FSC); 

2. detectors perpendicular to it (Side Scatter or SSC); 

and 

3. fluorescence detectors. 

Each suspended particle passing through the beam scatters 

the light, and fluorescent material present in the particle or 

attached to the particle excited by the impinging light emit 

light at a longer wavelength than that of the impinging light. 

SUBSTITUTE SHEET (RULE 26) 
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- 3 -

PCT/US2013/043453 17.06.2013 

Replacement sheets for 
Int. App. No. PCT/US2013/043453 

Detecting and analyzing brightness changes in a combination of 

scattered and fluorescent light at each detector (one for each 

fluorescent emission peak} permits deriving various types of 

information about the physical and chemical structure of each 

5 individual particle. FSC correlates with cell volume. Due to 

light being scattered off of internal components within a cell, 

SSC depends on the inner complexity of the particle (i.e., 

shape of the nucleus, the amount and type of cytoplasmic 

granules or the membrane roughness) . Some flow cytometers omit 

10 a fluorescence detector and detect only scattered light. Other 

flow cytometers form images of each cell's fluorescence, 

scattered light, and transmitted light. 

The flow cytometer system's conversion subsystem, which 

may include one or more amplifiers which may be either linear 

15 or logarithmic, generally includes one or more 

Analogue-to-Digital Converters ( 11 ADCs 11
} for converting the 

measuring subsystem's output signal into data that is then 

processed by the computer. 

Modern flow cytometers usually include up to four ( 4) 

20 lasers and numerous fluorescence detectors. Increasing the 

number of lasers and detectors permits labeling cells with 

several different antibodies, and can more precisely identify 

a target population by their phenotypic markers. Some 

instruments can even capture digital images of individual 

25 cells, allowing for the analysis of a fluorescent signal 

location within or on the surface of cells. 

Samp1e I11umination 

In most of the instruments, particles of interest, such 

30 as blood cells or microspheres, are carried by the sheath flow 

using hydrodynamic focusing into a viewing zone inside a 

cuvette or jet stream and illuminated there by a focused laser 

beam. The technique provides the means to accurately identify 

and count particles of interest without being overwhelmed by 

35 background noise occurring outside a registration time window 

(Practical Flow Cytometry, Howard M. Shapiro, Wiley (2003) ISBN 

0471411256). To increase detection sensitivity, the cross 

section of the focused laser beam is usually elliptical, with 

SUBSTITUTE SHEET (RULE 26) 

Cytek Exhibit No. 1071 
Page 130



PCT/USB/43453 17-06-2013 PCT/US2013/043453 17.06.2013 

DOCKET NO. 2294PCT Replacement sheets for 
Int. App. No. PCT/US2013/043453 

- 4 -

the minor axis along the direction of flow. In order to 

maintain the threshold integrity, the laser profile must have 

a smooth or bell shaped profile along the flow direction. One 

common method for producing such an beam is to elongate a 

5 nearly collimated circular Gaussian beam along the direction 

of flow with a beam expander made of either prism or 

cylindrical lens pair, then focus the beam down with a 

spherical lens. Since the shape of the beam at the focus is 

the spatial Fourier transform of the beam at far field, this 

10 produces a Gaussian shaped elliptical spot with. minor axis 

along the flow. 

Conventional lasers are expensive, bulky and power hungry. 

More recently, laser diodes ( "LD") have become available. 

Differing from conventional lasers, the new generation of LOs 

15 is cost effective, compact and power efficient, and shows great 

promise for new generation of compact biomedical instruments. 

A LD emits light having an elliptical cross-section with the 

ellipse's major axis, frequently called the fast axis, 

perpendicular to the LO's junction, and the ellipse's minor 

20 axis, frequently called the slow axis, parallel to the LO's 

junction. Unfortunately, the beam quality of a typical LD, 

particularly along its fast axis, leaves much to be desired, 

preventing its wide acceptance in flow cytometric applications. 

In principle, the quality of the LO beam can be 

25 significantly improved by spatial filtering. If a small 

pinhole or a single mode optical fiber is positioned at the 

focal point of a lens, such that it only accepts the lowest 

order spatial mode, the beam passing through the pinhole or 

single mode optical fiber will be of nearly perfect Gaussian 

30 shape. United States Patent no. 5,788,927 discloses that such 

a beam can then be collimated and expanded in the direction of 

flow through the cytometer, and finally focused down to an 

elliptical shaped Gaussian beam with minor axis along the flow 

direction. Unfortunately, the size of desktop instrumentation 

35 limits the diameter of a pinhole to less than 5 micron. The 

core size of a visible wavelength single mode optical fiber 

also has a similar dimension. The challenge to manufacture 

such a precision spatial filter and maintain its long-term 
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stability not only increases the cost of LO based laser system, 

but also reduces its reliability. 

More recently, in an effort to reduce the possible side 

lobes due to the edge effect of limited numerical aperture of 

5 collimating lens, United States Patent no. 6,713,019 ("the '019 

patent") discloses rotating the LO by ninety degrees (90°) such 

that its slow axis is parallel to the direction of flow. A 

beam diffusing section, such as a concave cylindrical lens, is 

then introduced to diffuse the collimated beam in the direction 

10 perpendicular to the flow, followed by a beam spot farming 

section, such as a spherical focusing lens, to form an 

elliptical spot within the cytometer's particle viewing zone. 

As described in detail in the '019 patent, the laser beam after 

the spot forming section is extremely astigmatic. In 

15 particular, the width of the beam at the viewing zone in the 

direction perpendicular to the flow is comparable or even wider 

than the width of the flow channel. This not only reduces the 

amount of laser energy impinging upon the particle and 

consequently the signal intensity, but also increases undesired 

20 background scattering from the liquid-flow cell interface. 

Instead of rotating the LD, United States Patent nos. 7,385,682 

and 7,561,267 disclose using a large numerical aperture 

aspheric lens for LO collimation. Such a design, however, 

cannot correct the fringe effect inherent in the LD' s beam 

25 profile. Consequently, there presently exists a need for a 

simple LD based optical system for use in flow cytometers that 

can reliably produce a focused elliptical beam with near 

Gaussian shape along its minor axis and a width along major 

axis. 

30 

Viewing Zone 
Microscope Objective 

Modern flow cytometers include a spatial filter, usually 

either a mechanical pinhole or a large core optical fiber, 

35 located at an image location of an objective lens to prevent 

undesired background light from entering the cytometer's 

detector { s) . Because particles remain in the cytometer' s 

viewing zone for a few microseconds, microscope objectives with 

large numerical aperture must be used to maximize light 
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collection efficiency. To support multiple spatially separated 

excitation laser beams in flow cytometers, as disclosed in 

United States Patent no.4,727,020, it is also desirable to use 

an objective with large field of view. In order to achieve 

5 these goals, United States Patent nos. 6,5100,07 and 7,110,192 

disclose an objective design using modified apochromat with a 

gel-coupled or epoxy bonded near hemisphere lens as the optical 

element closest to the sample that is followed by multiple 

meniscus lenses. While such microscope objectives provide both 

10 a satisfactory numerical aperture and field of view, they 

significantly sacrificed image quality thereby: 

1. limiting effective use of the spatial filter; and 

2. exhibiting poor background light discrimination. 

Further, such refractive microscope objectives are bulky, 

15 expensive to manufacture and often exhibit severe chromatic 

aberration. To overcome these limitations Published Patent 

Cooperation Treaty ("PCT") Patent Application no. WO 01/27590 

discloses an alternative objective design based on a spherical 

concave mirror. The design offers large numerical aperture and 

20 good image quality along the optical axis. However, due to its 

poor off-axis characteristics, such a design is unsuitable for 

flow cytometers having multiple, spatially separated laser 

beams. 

25 Sheath Liquid Supp1y 

The performance of a flow cytometer depends critically on 

a stable liquid sheath flow. In particular, flow cytometers 

that have multiple spatially separated excitation laser beams 

or perform droplet sorting rely on a constant velocity of the 

30 liquid sheath flow for timing synchronization. As disclosed 

in United States Patent no. 5,245,318, conventional flow 

cytometers provide a stable liquid sheath flow by using an air­

tight fluidic system that either: 

35 

1. applies constant air pressure in a sheath liquid 

reservoir to push the fluid through the flow cell; 

or 

2. by sucking the fluid from the sheath liquid 

reservoir through the flow cell using a vacuum pump. 
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These systems are bulky, expensive to manufacture and prone to 

failure. More recently, United States Patent no. 8,187,888 

discloses including a sheath liquid subsystem that pumps the 

liquid sheath flow from the sheath liquid reservoir into the 

5 viewing zone and a waste sheath liquid pump that pumps waste 

sheath liquid from the viewing zone into the waste tank. 

Although it appears that the disclosed sheath liquid subsystem 

has never been used in velocity critical flow cytometers, this 

patent reports that the disclosed sheath liquid subsystem 

10 overcomes most of the drawbacks of conventional sheath liquid 

flow stabilization by: 

15 

20 

1. damping pump pulsations by locating: 

a. one fluidic capacitor between the sheath liquid 

pump and the flow cell; and 

b. another fluidic capacitor between the flow cell 

and the waste pump; and 

2. a pump controller whose operation is responsive to 

a pressure sensor that 

differential between the 

flow cell. 

measures the pressure 

inlet and outlet of the 

The disclosed sheath liquid subsystem has other limitations. 

For example, the pressure sensor located near the outlet of the 

flow cell could be a potential source of contamination. 

25 Perista1tid Pump 
Samp1e Liquid Supp1y 

Peristaltic pumps are volumetric pumps in which a set of 

linearly or circularly moving rollers progressively compresses 

a compressible tube to propel the fluid through the tube. 

30 Peristaltic pumps are widely used particularly to pump 

clean/sterile or aggressive fluids to avoid cross contamination 

with exposed pump components. 

Conventional peristaltic pump exhibits a pulsation each 

time a roller rolls off the tube near the pump outlet, caused 

35 by the temporary increase of tube volume when the compressed 

tube expands back to its original shape. The pulsation is 

undesirable in applications that require smooth flow. Many 

attempts have been made in the past to reduce the pulsation. 

For example, United States Patent nos. 3,726,613 and 3,826,593 
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introduced a cam operated pusher which synchronously exerts an 

external pressure on the tube to compensate for the tube 

expansion. In United States Patent no. 4,834,630, a plurality 

of tubes mounted on segmented rollers are joined together at 

5 the pump inlet and outlet by T-shaped couplers such that 

pulsations from individual tubes would be reduced by averaging. 

United States Patent no. 7,645,127 proposed a pump tube with 

slightly larger inner diameter near the inlet so that the tube 

decompression near the pump outlet is compensated by the 

10 compression of a larger volume tube near the inlet. The 

various methods either significantly increased the complexity 

of the peristaltic pump or had limited success in reducing the 

pulsation effect. 

15 Mmu1tico1or F1uorescence Detection 

20 

25 

In many multicolor fluorescence detection 

instrumentations, such as flow cytometers, (Practical Flow 

Cytometry, Howard M. Shapiro, Wiley (2003) ISBN 0471411256), 

the fluorescence light emitted from the object of interest is: 

1. collected by a microscope objective; 

2. re imaged through a small pinhole or a mul timode 

optical fiber; 

3. then collimated and separated into multiple colored 

bands; and 

4. finally petected by photo detectors such as 

photomultiplier tube (PMT), 

avalanche photo~iode (APO). 

PIN photodiode or 

A PMT is essentially a special type of electron tube. This 

"pre-semiconductor age" device is bulky and expensive. In 

3 0 addition, it has poorer quantum efficiency and less 

reproducible spectral response than silicon based semiconductor 

detectors, particularly in the biologically important red to 

near infrared spectral region. Despite the disadvantages, PMT 

has excellent noise characteristics. For example, the dark 

35 current of a typical 13mm PMT (e.g., the R9305 from Hamamatsu 

Corporation of Japan) is only about lnA. In contrast, an APD's 

dark current would be 10 times greater even if its active area 

were reduced to 1/20th of that of the PMT. As a result, PMT 
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has been the de-facto low-level light detector in many 

commercial fluorescence detection flow cytometers. Only in 

certain scientific applications where event rate is low and 

dark current may be discriminated against by expensive photon-

s counting techniques that the PMT has been replaced by APO 

detectors. (c.f., High-Throughput Flow Cytometric DNA Fragment 

Sizing, A.V. Orden, R.A. Keller, and W. P.Ambrose, Anal. Chem., 

2000, 72 (1), p 37-41). More recently, a Geiger mode APD array 

was also promoted as PMT replacement. (For example, the multi-

10 pixel photon counter of Hamamatsu Photonics of Japan and the 

solid-state photomultiplier of SensL Inc. of Ireland.) These 

detectors, however, also have high dark current and are 

nonlinear at high event rate. 

The only industry where APD has found wide acceptance is 

15 in optical communication. It is known that if the APD's active 

area is reduced to less than lmm2
, the corresponding dark 

current will be reduced to the same level as a PMT. In optical 

communication, the light is a laser beam out of single mode 

optical fiber. Such a beam can be easily collimated then 

20 focused down to an area much smaller than lrnrn2
• It should be 

noted that the color separation devices used in the 

fluorescence light detection instruments, as described in 

United States Patent no. 6,683,314 and references therein, are 

almost identical in function and architecture to the wavelength 

25 division multiplexers {WDM) widely used in optical 

communication, as described in United States Patent nos. 

4,482,994, and 5,786,915. A fundamental reasons preventing the 

use of small area APO in fluorescence detection instrumentation 

is the well known theorem of etendue conservation: the 

30 fluorescence light coming through a pinhole or multimode 

optical fiber is an extended light source with an etendue 

hundreds of times greater than that of a laser beam out of a 

single mode optical fiber. Consequently, as illustrated in 

FIG. 26, it cannot be collimated over an extended distance 

35 unless the . diameter of the beam is significantly expanded. 

Unfortunately, the larger the beam diameter, the greater the 

technical challenge to focus it down to a small spot. Since 

efficient color separation can only be accomplished 

SUBSTITUTE SHEET (RULE 26) 

Cytek Exhibit No. 1071 
Page 136



PCT1US13/43453 17-06-2013 PCT/US2013/043453 17.06.2013 

DOCKET NO. 2294PCT 

- 10 -

Replacement sheets for 
. Int. App. No. PCT/US2013/043453 

economically with collimated light beam, small area APO has not 

been considered viable for multicolor fluorescence light 

detection applications. Clearly, a technology capable of 

collimating a large etendue light beam over an extended 

5 distance without significantly expanding the beam diameter 

would be highly desirable. Such a technology would enable a 

WDM like device for fluorescence light detection with 

10 

characteristics 

detectors. 

comparable to low 

Disc1.osure 

noise semiconductor 

The present disclosure provides an improved flow cytometer 

together with various improved components included therein. 

It is an object of the present disclosure to provide a 

15 simple and reliable diode laser based optical system capable 

of delivering a focused laser beam of elliptical cross section 

with a Gaussian like intensity distribution along its minor 

axis and a width along major axis optimized for flow cytometric 

applications. 

20 An object of the present disclosure is an imaging quality 

microscope objective that is easy to manufacture. has long 

working distance, large numerical aperture. large field of view 

and minimal chromatic aberration. 

An object of the present disclosure ia a simple fluidics 

25 system for flow cytometers that is not only reliable, compact 

and easy to manufacture, but also capable of supporting 

velocity critical applications such as in instruments with 

multiple spatitally separated excitation laser beams or in 

droplet sorters. 

30 A object of the present disclosure is simple design for 

a peristaltic pumb can provide a pulseless liquid flow is 

highly desirable. 

An object of the present disclosure to provide a 

peristaltic pump with minimal pulsation. 

35 A object of the present disclosure to provide a 

peristaltic pump that is simple to manufacture and operate. 

an object of the present disclosure to provide a device 

capable of collimating a light beam from an extended light 
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source over an extended distance without· significanly expanding 

the said beam diameter. It is also an object of the present 

disclosure to provide a WDM system using the said device to 

separate the said light beam into multiple colored bands. 

5 Further, it is an object of the present disclosure to provide 

such a WDM system that is compatible with low noise 

semiconductor detectors. In addition, due to the diversity of 

fluorescent probes, it is an object of the present disclosure 

to provide such a WDM system that is reconfigurable. 

10 

15 

20 

25 

Disclosed herein is a flow cytometer that includes: 

1. a LD based optical subsystem for impinging a beam of 

light upon particles passing through a viewing zone; 

2. a composite microscope objective for gathering and 

imaging light scattered from or fluoresced by 

particles passing through the viewing zone; 

3. a fluidic subsystem for supplying a liquid sheath 

flow to the viewing zone; 

4. a peristaltic pump for injecting into the liquid 

sheath flow a liquid sample flow carrying particles 

that passes together with the liquid sheath flow 

through the viewing zone; 

5. a multimode optical fiber that receives scattered 

and fluoresced light from the viewing zone that the 

composite microscope objective gathers and images; 

and 

6. a wavelength division multiplexer for optically 

separating into color bands light received via the 

optical fiber. 

The LO based optical subsystem in accordance with the 

30 present disclosure for illuminating particles passing through 

35 

the flow cytometer's viewing zone generally includes: 

1. a laser diode oriented with its slow axis parallel 

to the direction of flow; 

2. a collimating lens that converts the diverging beam 

from the LO into a collimated beam of elliptical 

shape with its major axis perpendicular to the flow; 
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3. a focusing lens system that reduces the laser beam 

at the viewing zone to an optimal width in the 

direction perpendicular to the flow; and 

4. finally a high power cylindrical focusing element 

placed in the proximity of the viewing zone with its 

axis perpendicular to the direction of flow. 

The high power cylindrical focusing element transposes the far 

field profile of the LD along its slow axis to its Fourier 

conjugate at the viewing zone along the direction of flow, 

10 while maintains the transverse beam profile, such that the 

laser beam profile at the viewing zone is optimal for flow 

cytometric applications. 

15 

The composite microscope objective in accordance with the 

present disclosure generally includes: 

1. a concave spherical mirror; 

2. a transparent aberration compensation plate 

with the flow cytometer's a viewing zone being located between 

the mirror and the plate. Scatter and fluorescence light 

emitted from particles in the viewing zone is collected by the 

20 mirror and reflected back toward the compensation plate. 

Optical aberrations originating from the mirror are 

significantly reduced after light passes through the 

compensation plate. In one embodiment of the present 

disclosure, the viewing zone is located inside a flow cell 

25 provided by rectangular glass cuvette with a small rectangular 

channel through which a particle carrying liquid flows. The 

concave mirror is made of an optically transparent material, 

such as glass or optical quality plastics, of piano-convex 

shape with a highly-reflective coating on the convex side for 

30 internal reflection. The piano-side of the mirror is either 

gel-coupled or bonded to one side surface of the cuvette. The 

plano-aspheric compensation plate is made of a transparent 

material, such as glass or optical quality plastics, with the 

piano side gel-coupled or bonded to the opposite side of the 

3 5 cu vet te. The piano-convex shaped mirror and the aspheric 

compensation plate may also be formed integrally with the 

cuvettte. In yet another embodiment of the present disclosure, 

the viewing zone is in a jet stream with both the concave 
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mirror and the compensation plate being free standing from the 

viewing zone, and the mirror is preferably a front surface 

concave mirror. 

The fluidic system in accordance with the present 

5 disclosure generally includes a sheath liquid reservoir from 

which a liquid pump draws sheath liquid. Sheath liquid then 

flows from the liquid pump to an inlet of a T-coupling. One 

outlet arm of the T-coupling connects to a· bypass that returns 

a fraction of the pumped sheath liquid back to the sheath 

10 liquid reservoir with the returned sheath liquid flowing into 

air within the sheath liquid reservoir. A second outlet arm 

of the T-coupling connects to a sheath route that includes a 

reservoir capsule followed by a particle filter and then the 

flow cell. The sheath liquid exiting the flow cell then goes 

15 to the waste tank. The fluidic resistance along the bypass is 

designed to be lower than the fluidic resistance along the 

sheath route. Consequently, only a small. fraction of the 

sheath liquid goes through the flow cell. Note that typical 

sheath flow rate in flow cytometric applications is a few tens 

20 of milliliter per minute. The bypass therefore permits using 

higher flow rate liquid pumps that not only are much less 

expensive and more reliable, but also operates at higher 

pulsation frequency which is much easier to attenuate. Since 

the exit of the bypass route connects to air, it also serves 

25 as a large fludic capacitor for significantly reducing 

pulsation in sheath liquid flowing along the sheath route. 

During operation, the inlet portion of the filter cartridge is 

filled with air. Therefore, the filter cartridge also serves 

as a fluidic capacitor, for further reducing pulsation in the 

30 sheath liquid at the flow cell to negligible level. Due to the 

large fluidic resistance at the flow cell, the air trapped near 

the inlet of the filter cartridge becomes compressed. If the 

liquid pump is turned off, the compressed air in filter 

cartridge being pushed back towards the sheath liquid reservoir 

35 becomes stored in the reservoir capsule whose size is chosen 

to prevent the trapped air from reaching the T-coupling. 

The peristaltic pump in accordance with the present 

disclosure generally includes a plurality of rollers located 
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at the periphery of a rotor that moves the rollers circularly 

inside a housing's arcuate curved track and a compressible tub 

that the rollers compress against the track. In one embodiment 

of the present disclosure, the track of the peristaltic pump's 

5 housing has one recess so the compressible tube is 

progressively decompressed to full expansion then compressed 

to full closure every time one of the rollers moves past the 

recess. The location and shape of the recess maintains the 

total volume of liquid within the compressible tube from the 

10 recess to the pump's outlet substantially invariant. The 

effect of tube expansion as a roller moves past the pump's 

outlet is compensated by the tube compression when a different 

other roller immediately upstream of the pump outlet moves into 

the recess' compressing section. In another embodiment of the 

15 present disclosure, the track of the pump housing may contain 

a plurality of recesses, providing for a plurality of roller 

upstream of the pump outlet to progressively modify the tube 

compression in multiple sections along the compressible tube. 

The locations and shapes of the plurality of recesses are 

20 designed such that the modification of tube compression at 

these sections substantially compensates the effect due to the 

tube expansion near the pump outlet. In yet another embodiment 

of the present disclosure, the compressible tube is kept fully 

closed underneath the roller except in the inlet and exit 

25 sections. A variable speed motor is used to drive the pump. 

When a roller reaches the exit section, the motor's rotation 

programmatically speeds up to compensate for the tube's 

expansion. 

The wavelength di vision multiplexer ( "WDM") in accordance 

30 with the present disclosure generally includes at least two 

optical elements. The first optical element collimate a beam 

of light received from an extended light source, such as the 

light from a pinhole or from a multimode optical fiber. The 

first optical element magnifies the extended light source, for 

35 example, as defined by the pinhole, or the core of the 

multimode optical fiber, to an image having a size similar to 

the effective cross section of the first optical element 

thereby creating a collimated light beam between the first 
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optical element and its image. A second optical element is 

positioned near the image, and relays the first optical element 

with unit magnification down the optical path. In this way the 

second optical element effectively doubles the collimated path 

5 length. Additional optical elements in the same 1: 1 image 

relay configuration may also be included in the present 

disclosure to further extend the collimated optical path. The 

cascaded unit-magnification image relay architecture of the 

present disclosure provides a greatly extend the collimated 

10 optical path length without large beam expansion. As a result, 

WDM techniques well-established in the optical communication 

industry can be readily adapted for fluorescence light 

detection. In particular, multiple colored bands present in 

the beam of light can be separated using dichroic filters, 

15 located along the optical path with the separated light being 

tightly focused into small spots compatible with low noise 

semiconductor photodetectors. 

In one embodiment of WDM, the first optical element is a 

lens and the second element is a concave mirror, although it 

20 is apparent to those skilled in the art that other types of 

refractive and/or reflective optical components may also be 

used to achieve the same design goal. Similar to its 

counterpart in optical communication, the optical path in the 

WDM of the present disclosure may be folded using dichroic 

25 filters. In one embodiment of the present disclosure, the 

light path is folded into a zig-zag configuration. Preferably, 

to facilitate the flow cytometer' s reliable reconfiguration 

each dichroic filter is bonded to a mechanical holder having 

a reference surface that is optically parallel to the filter's 

30 reflective surface. As a result, all of the WDM's filters can 

be accurately positioned along the optical path by referencing 

the filter's holder against a common optical flat. 

In another embodiment of the present disclosure, the 

collimated beam passing through the dichroic filter is further 

35 branched out into multiple colored bands using secondary 

dichroic filters. It is apparent to those skilled in the art 

that dichroic filters may be inserted anywhere along the long, 

narrow and collimated beam path afforded by the present 
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disclosure's relay imaging to thereby permit delivering a 

tightly focused beam to photo detectors using a variety of 

optical configurations, such as the star configuration 

discussed in United States Patent no. 6,683,314, the branched 

5 configuration discussed in United States Patent no. 4,727,020 

and other types of WDM optical configuration widely practiced 

in the optical communication industry. Instead of concave 

mirrors, the WDM may be replaced by curved dichroic filters to 

further increase the number of colored bands selected by the 

10 WDM. 

15 

20 

25 

30 

35 

These and other features, objects and advantages will be 

understood or apparent to those of ordinary skill in the art 

from the following detailed description of the preferred 

embodiment as illustrated in the various drawing figures. 

Brief Description of Drawings 

FIG. 1 is a diagram schematically illustrating a preferred 

embodiment of a flow cytometer in accordance with the present 

disclosure that includes: 

a) 

b) 

c) 

d) 

e) 

a LO based optical illumination subsystem; 

a composite microscope objective upon which light 

emitted from the LD based optical illumination 

subsystem 

objective 

impinges, 

having a 

the composite microscope 

fluid-passing channel formed 

therethrough with a particle illumination viewing 

zone located inside a cuvette thereof; 

a fluidic system for supplying a pulsation free flow 

of sheath liquid to the fluid-passing channel formed 

through the composite microscope objective; 

a peristaltic pump for introducing a pulsation free 

flow of sample liquid that carries cells or 

particles to be analyzed into the sheath flow of 

liquid supplied by the fluidic system; and 

a wavelength division multiplexer ("WDM") having a 

zig-zag configuration for separating a beam of light 

into several different colored bands, the WDM 

receiving via an optical fiber light that is 

scattered from cells or particles as they pass 
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through the composite microscope objective's fluid­

passing channel and are illuminated therein by light 

emitted from the LD based optical illumination 

subsystem. 

5 FIG. 2 is a schematic view depicting a typical high power 

edge emitting LD that illustrates the fast and slow axes of 

light emitted therefrom. 

FIG. 2A shows a typical far field profile for a laser beam 

emitted from the LD chip depicted in FIG. 2. 

10 FIG. 3A depicts a 3-dimensional view of a conventional, 

prior art LD based optical illumination subsystem for flow 

cytometric instruments together with the system's flow cell. 

FIG. 3B depicts a typical time dependent profile of light 

scattering from a cell or particle passing through the laser 

15 beam depicted in FIG. 3A at the focus thereof within the 

system's flow cell. 

FIG. 4A is an elevational view of an alternative prior art 

LO based optical illumination subsystem configuration across 

the liquid flowing through the fluid-passing channel that 

20 improves the beam profile at the focus thereof in the flow 

cytometer system's viewing zone. 

25 

FIG. 4B is a plan view along the liquid flowing through 

the fluid-passing channel of the alternative prior art LD based 

optical illumination subsystem depicted in FIG. 4A. 

FIG. SA is an elevational view across liquid flowing 

through the fluid-passing channel of the composite microscope 

objective depicted in FIG. 1 wherein the LO' s slow axis 

oriented transversely to the liquid flow. 

FIG. SB is a plan view along liquid flowing through the 

30 fluid-passing channel of the composite microscope objective 

depicted in FIG. 1 wherein the LD's slow axis oriented 

transversely to the liquid flow. 

FIG. SC depicts a typical time dependent profile of light 

scattering from a cell or particle passing through the fluid-

35 passi·ng channel of the composite microscope objective depicted 

in FIG. 1. 

FIG. 6 is a perspective view of an alternative embodiment 

of a LD based optical illumination subsystem in accordance with 
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the present disclosure adapted for use in a flow cytometer 

system in which a jet stream of liquid passes through the 

viewing zone. 

FIG. 6A is an enlarged perspective view of the alternative 

5 embodiment of a LD based optical illumination subsystem of 

depicting in greater detail the jet stream of liqu{d passes 

through the viewing zone. 

FIG. 7 is a perspective view of an alternative embodiment 

LO based optical illumination subsystem in accordance with the 

10 present disclosure adapted for use in a flow cytometer system 

which orients the LD's slow axis parallel to the direction of 

liquid flowing through the fluid-passing channel of the 

composite microscope objective depicted in FIG. 1. 

FIG. 8 is a perspective view of a composite microscope 

15 objective in accordance with the present disclosure adapted for 

use in the flow cytometer system depicted in FIG. 1, the 

composite microscope objective having a fluid-passing channel 

formed therethrough with the particle illumination viewing zone 

located inside a cuvette therein. 

20 FIG. 9A is a cross-sectional elevational view of the 

composite microscope objective taken along the line 9A-9A in 

FIG. 8 that includes ray traces from three ( 3) spatially 

separated locations in the viewing zone to an image plane for 

the objective illustrating scatter and fluorescence emission 

25 propagation. 

FIGs. 9B1-9B3 are spot diagrams near the image plane 

depicted in FIG. 9A for the three (3) spatially separated light 

emission locations depicted in FIG. 9A. 

FIG. 10 is a cross-sectional elevational view similar to 

30 that of FIG. 9A for an alternative embodiment composite 

microscope objective in accordance with the present disclosure 

that includes ray traces from three (3) spatially separated 

locations in a viewing zone therein to an image plane for the 

objective illustrating scatter and fluorescence emission 

35 propagation. 

FIG. 11 is a perspective view of yet another alternative 

embodiment a composite microscope objective in accordance with 

the present disclosure adapted for use in the flow cytometer 
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system depicted in FIG. 1, the alternative embodiment composite 

microscope objective having a fluid-passing channel formed 

therethrough with the particle illumination viewing zone 

located inside a cuvette therein. 

FIG. 12 is a perspective view of yet another alternative 

embodiment a composite microscope objective in accordance with 

the present disclosure adapted for use in the flow cytometer 

system depicted in FIG. 1, the alternative embodiment composite 

microscope objective being adapted for a viewing zone that is 

10 located inside the jet stream depicted in FIGs. 6 and 6A. 

FIG. 13 is a perspective view of yet another alternative 

embodiment a composite microscope objective in accordance with 

the present disclosure adapted for use wherein a viewing zone 

is located on the surface of a microscope slide. 

15 FIG. 14 is a schematic diagram depicting a fluidic 

20 

subsystem in accordance with the present disclosure for 

supplying stable liquid sheath flow to a flow cytometers flow 

cell that includes: 

1. a small capsule located between a sheath liquid pump 

and the flow cell; and 

2. a particle filter located between the small capsule 

and the flow cell, 

both the particle filter and the small capsule providing air 

reservoirs for dampening pump pulsations. 

25 FIG. 15 is a schematic diagram depicting an alternative 

embodiment fluidic subsystem similar to that illustrated in FIG 

14 that replaces the small capsule with a length of tubing for 

providing an air reservoir. 

FIGs. 16A and 16B are histograms that compare measured 

30 particle flight times at the flow cell when the inlet portion 

of the particle filter has air trapped therein (FIG. 16A), and 

when there is no air within the fluidic subsystem between 

sheath liquid pump the and the flow cell (FIG. 16B). 

FIG. 17 is a perspective view of a 3-roller peristaltic 

35 pump in accordance with the present disclosure depicting the 

pump's rollers, tube and surrounding pump housing. 
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FIGs. 18A through 18D depict simplified views for several 

states of the 3-roller peristaltic pump depicted in FIG. 17 

with the rollers in different iocations. 

FIGs. 19 is a detailed longitudinal cross-sectional view 

5 of the peristaltic pump's tube being partially compressed by 

the pump's roller. 

FIG. 19A and 19B are detailed cross-sectional views 

orthogonal to the peristaltic pump's tube's length taken along 

the lines 19A and 19B in FIG. 19 illustrating the tube's 

10 partial compression by the roller. 

FIGs. 20A and 20B are schematic diagrams illustrating the 

pump's rollers and tube viewed along the pump's 'circular 

coordinates to depicting the pulseless provided by the 

peristaltic pump. 

15 FIGs. 21 is graph depicting the functional relationship 

20 

with respect to the roller position when it rolls off the exit 

section of the compressible tube of: 

1. the total volume of liquid in the exit half of the 

pump; as well as 

2. the liquid volumes in the pump's: 

a. recess section; and 

b. exit section. 

FIGs. 22 is a simplified plan view of a 4-roller 

peristaltic pump in accordance with the present disclosure. 

25 FIGs. 23 is a simplified plan view of a 6-roller 

peristaltic pump in accordance with the present disclosure. 

FIG. 24A is a longitudinal cross-sectional illustration 

of rollers and a compressible tube for a pulsation minimizing 

3-roller peristaltic pump in accordance with the present 

30 disclosure having a rotor with programmable speed. 

FIG. 24B is simplified plan view illustrating the 

pulsation minimizing 3-roller peristaltic pump in accordance 

with the present disclosure having a rotor with programmable 

speed. 

35 FIG. 24C is a graph depicting for the pulsation minimizing 

peristaltic pump depicted in FIG. 24B having a programmable 

speed rotor: 
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1. negative volume change rate with resect to the 

roller position; 

2. rotor speed; and 

3. pump flow rate. 

5 FIG. 25 is a diagram illustrating optical ray tracing for 

an exemplary 6 port wavelength di vis ion multiplexer ( "WDM") 

using zig-zag configuration in accordance with the present 

disclosure. 

FIG. 26 is a diagram illustrating ray tracing of prior art 

10 collimating devices showing the device's limitation in 

collimating an extended light source. 

FIG. 27 is a perspective illustration of an embodiment of 

a 6 ports WDM using a combination of zig-zag and branched 

configurations in accordance with the present disclosure. 

15 FIG. 28 is a perspective illustration of another 

embodiment of a WDM having a concave dichroic filters in 

accordance with the present disclosure. 

FIGs. 29A and 29B are perspective illustrations depicting 

assembly process for constructing replaceable dichroic filter 

20 assembly for an reconfigurable WDM in accordance with the 

present disclosure. 

25 

30 

FIGs. 29C is a perspective illustration of a replaceable 

dichroic filter assembly build in accordance with the 

illustrations of FIGs. 29A and 29B. 

FIGs. 30A and 30B are perspective illustrations of a WDM 

in accordance with the present disclosure depicting installing 

into the WDM the replaceable dichroic filter assembly depicted 

in FIG. 29C and its removal therefrom. 

Best Mode for Carrying Out the Disc1osure 

F1ow Cytometer 

FIG. 1 depicts a flow cytometer in accordance with the 

present disclosure identified by the general reference number 

35 40. The flow cytometer 40 includes: 

1. a LD based optical subsystem 50; 

2. a composite microscope objective 60; 
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3. a fluidic subsystem 70 for supplying a liquid sheath 

flow; 

4. a peristaltic pump 80 for injecting a liquid sample 

flow that contains particles to be analyzed into the 

liquid sheath flow supplied by the fluidic subsystem 

70, the liquid sample flow becoming hydrodynamically 

focused by the liquid sheath flow passes through a 

viewing zone with the composite microscope objective 

60 gathering and imaging light scattered and/or 

fluoresced by particles in the viewing zone; 

5. 

6. 

an optical fiber 852 that receives light scattered 

and/or fluoresced by particles in the viewing zone 

that the composite microscope objective 60 gathers 

and images; and 

a wavelength division multiplexer 90 (" WDM 90") for 

optically processing scattered and/or fluoresced 

light received from the optical fiber 852. 

Opticai Subsystem SO 

20 The optical subsystem 50 includes a LO 501 that, as 

depicted in greater detail in FIG. 2, emits a diverging beam 

of light from an edge thereof. As more graphically depicted 

in FIGs 2 and 2A, the diverging beam of light has an 

elliptically shaped cross-sectional profile with both a major 

25 axis, a.k.a. the fast axis, and a minor axis, a.k.a. the slow 

axis. The diverging beam of light emitted from the LD 501 

impinges upon a collimating lens 502 which converts the 

diverging beam of light emitted by LO 501 into a collimated 

beam of light having an elliptical cross-section. Al though not 

30 essential, the optical subsystem 50 may also include an 

optional mirror 503 positioned to direct the collimated 

elliptical beam of light towards the composite microscope 

objective 60. A planoconvex lens 504, positioned near the 

composite microscope objective 60, reduces the major axis of 

35 the elliptically shaped beam of light that is oriented 

perpendicular to the direction in which the liquid sample and 

the surrounding liquid sheath flow through the viewing zone 
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within the composite microscope objective 60. At the viewing 

zone, the width of the elliptically shaped beam of light: 

1. perpendicular to the direction in which the liquid 

sample flow passes through the viewing zone is 

preferably slightly less than the width of the 

liquid sheath flow; while 

2. still sufficiently wide so particles in the sample 

flow pass through a nearly flat portion of the 

elliptically shaped beam of light at the beam's 

10 maximum intensity. 

In accordance with the present disclosure, it is apparent 

to those skilled in the art that the planoconvex lens 504 may 

be replaced by other types of optical elements such as an 

achromatic doublet lens or combination of spherical lenses, 

15 cylindrical lenses, and/or prism pairs. Alternatively, the 

mirror 503 and the lens 504 may also be replaced by a concaye 

mirror. For polarization sensitive applications of the flow 

cytometer 40, an optional polarization conditioning element, 

such as a half-wave plate, may also be placed in the collimated 

20 section of the beam of light extending from the collimating 

lens 502 to the lens 504. Finally, before passing through the 

viewing zone the beam of light passes through a high power 

cylindrical lens 505, positioned adjacent to the viewing zone. 

As depicted in FIG. 1, the axis of the cylindrical lens 505 is 

25 oriented perpendicular to the direction in which the liquid 

sample flow passes through the viewing zone, and the focal 

length of the cylindrical lens 505 produces a tight focusing 

of the beam of light's minor axis at the viewing zone. 

An advantage of the optical subsystem 50 in comparison 

30 with conventional LO based optical subsystem may be discerned 

more clearly in FIGs. 2 and 2A. Most commercially available 

laser diodes suitable for use in a flow cytometer emit a beam 

of light from an edge thereof. As depicted in FIG. 2, a gain 

section 509 of such a LD chip 510.is highly confined in the 

35 transverse direction indicated by an arrow 511. Consequently, 

to achieve high output power LO manufacturers often sacrifice 

beam quality, particularly along the transverse or fast axis 

direction that is oriented parallel to the arrow 511. FIG. 2A 
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shows this characteristic of light emitted from a LO wherein 

multiple fringes 512 due to gain confinement are clearly 

visible at the far field in the minor axis direction of the 

emitted beam of light. It should be noted that the fringes 512 

5 appearing in the illustration of FIG. 2A contain only a minute 

amount of total energy in the beam of light, and therefore have 

little impact on the conventional M-square characterization of 

the corresponding beam profile. However, as discussed in 

greater detail below, the fringes 512 do have a detrimental 

10 effect on the performance of conventional flow cytometers. 

Alternatively, gain confinement along the slow axis direction 

of an edge emitting LD that is oriented perpendicular to the 

arrow 511 is much more relaxed. Consequently, as shown in FIG. 

2A, the far field beam profile is much smoother along the slow 

15 axis of the LD's beam of light. 

FIG. 3A depicts a conventional LD based optical subsystem 

for a flow cytometer. Those elements depicted in FIG. 3A that 

are common to the optical subsystem 50 illustrated in FIG. 1 

carry the same reference numeral distinguished by a prime (') 

20 designation. As depicted in FIG. 3A, the conventional optical 

subsystem orients the fast axis of the LO 501 parallel to the 

direction in which the liquid sample flow passes through the 

viewing zone. In its most simplified configuration, the 

elliptical beam profile of the LD 501' is directly transposed 

25 by the spherical focusing lens 504' into the viewing zone. In 

an attempt to achieve optimal aspect ratio for the focused beam 

of light, various different conventional LD based optical 

subsystems have also included beam shaping optical elements in 

addition to those depicted in FIG. 3A 

30 

of 

The detrimental effect of fringes 512 along the fast axis 

the LD 501' for conventional optical subsystem 

configurations clearly appears in the light scattering time 

profile depicted in FIG. 3B. Since scattering or fluorescence 

intensity is directly proportional to the local laser power 

35 impinging upon a particle, any fine structure in the beam of 

light's profile along the direction in which the liquid sample 

flow passes through the viewing zone will appear in the time 

profile of the signal produced by the flow cytometer. Such 
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structures in the time profile are indistinguishable from 

signals generated by small particles, and will therefore cause 

the flow cytorneter to trigger falsely and misidentify 

particles. In addition, the fringes 512 will also lead to 

5 uncertainty in the measurement of other cytometric parameters, 

such as in the area and width of the pulse depicted in FIG. 3B. 

FIGs. 4A and 4B depict a yet another prior art optical 

subsystem for LO based flow cytometric applications disclosed 

in the '019 patent identified previously. Those elements 

10 depicted in FIGs. 4A and 4B that are common to the optical 

subsystem 50 illustrated either in FIG. 1 or 3A carry the same 

reference numeral distinguished by a double prime (") 

designation. As depicted in FIGs. 4A and 4B, by orienting the 

slow axis of the LD 501" parallel to the direction in which the 

15 liquid sample flow passes through the viewing zone the optical 

subsystem depicted in FIGs.4A & 4B effectively overcomes the 

problem caused by the fringes 512 as described above. 

Unfortunately, the beam-diffusing element 513" placed before 

the spherical focusing lens 504" in FIGs. 4A and 4B to diffuse 

20 the beam of light perpendicular to the direction in which the 

liquid sample flow passes through the viewing zone produces a 

highly astigmatic beam of light near the viewing zone. 

Specifically, focusing this astigmatic beam of light at the 

viewing zone in the direction in which the liquid sample flow 

25 passes through the viewing zone increases the width of the beam 

of light perpendicular to the direction in which the liquid 

sample flow passes through the viewing zone so the beam's width 

become similar to or even wider than the sheath flow. 

Consequently, the optical subsystem depicted in FIGs. 4A and 

30 4b not only diminished the amount of light energy impinging 

upon particles flowing through the viewing zone, the optical 

subsystem also increases undesirable scattering of light from 

the interface between the liquid sheath flow and adjacent parts 

of the composite microscope objective 60. 

35 FIG. 5 highlights the main differences between the optical 

subsystem disclosed in the '019 patent and the optical 

subsystem 50 depicted in FIG. 1. Instead of placing an out-of­

plane beam-diffusing element 513" before the spherical beam 
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focusing lens 504 as shown in FIG. 4, the high power 

cylindrical cylindrical lens 505, depicted in FIGs. SA and SB 

as a cylindrical plano-convex lens, is placed along the beam 

of light after the spherical beam focusing lens 504 and is 

5 preferably juxtaposed with the composite microscope objective 

60. As shown in FIGs. SA and SB, the cylindrical lens 505 

focuses the minor axis of the beam of light in the viewing zone 

while leaving the major axis of the beam of light essentially 

unchanged. Consequently, the optical subsystem 50 depicted in 

10 FIGs. 1, SA and SB establishes a beam of light profile at the 

viewing zone which is elliptical with: 

15 

1. a tightly focused minor axis that spans across the 

combined liquid sample and sheath flows; and 

2. a smooth minor axis profile in the direction of the 

combined liquid sample and sheath flows that is the 

Fourier conjugate of the far field beam profile 

along the slow axis of LO 501. 

Meanwhile, as shown in FIG. 5B, the out-of-plane beam width is 

unaffected by the cylindrical lens 505. FIG. SC shows a 

20 measured time profile of light scattered from a micro particle 

using the optical subsystem 50 depicted in FIGs. 1, SA and 5B. 

The LO 501 used in making the measurement presented in FIG. SC 

is the same as that used in generating the measured time 

profile of light scattered from a micro particle appearing in 

25 FIG. 3B. As shown in FIG. SC, the side lobes caused by the 

fringes 512 along the fast axis of the LD 501 no longer have 

any material effect on performance of the· flow cytometer 40. 

FIG. 6 depicts yet another alternative diode laser based 

optical subsystem in accordance with of the present disclosure 

30 adapted for use in a flow cytometer. Those elements depicted 

in FIGs. 6 and 6A that are common to the optical subsystem 50 

illustrated in FIGs. 1, SA and 5B carry the same reference 

numeral distinguished by a triple prime ('") designation. The 

optical subsystem 50'" depicted in FIGs. 6A and 6B is almost 

35 identical to that shown in FIGs. 1, SA and SB except that the 

viewing zone occurs without a composite microscope objective 

60 because it occurs in a free-flowing jet stream 519 that 

includes both the sample and sheath flows that is emitted from 
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a nozzle 518. Consequently, for the configuration of the 

optical subsystem 50'" depicted in FIGs. 6A and 6B the high 

power cylindrical lens 505 is detached from the viewing zone 

that is located within the jet stream 519. 

5 In the exemplary embodiments of the present disclosure 

depicted in FIGs. 1,. SA, 5B, 6A and 6B, the minor axis, i.e. 

the slow axis, of the LD 501 is oriented perpendicular to the 

direction in which the liquid sample flow passes through the 

viewing zone. However, it will be apparent to those skilled 

10 in the art that using an alternative optical configuration the 

major axis, i.e. the fast axis, of the LD 501 may be reoriented 

to be perpendicular to the direction in which the liquid sample 

flow passes through the viewing zone. FIG. 7 depicts one 

example of such an alternative configuration of optical 

15 elements. Those elements depicted in FIG.7 that are common to 

the optical subsystem 50 illustrated in FIGs. 1, 5A, SB, 6A and 

6B carry the same reference numeral distinguished by a 

quadruple prime ("") designation~ As shown, the slow axis of 

the LD 501"" is oriented in the z-direction. The beam of light 

20 emitted from the LO 501"" is then rotated to the in-plane 

y-direction by a pair of ninety degrees (90°) reflection 

mirrors 523a and 523b. In the illustration of FIG. 7, a normal 

to the first elliptically-shaped light beam reorienting mirror 

523a is oriented in the x-y plane at forty-five degrees (45°) 

25 to the x-axis, and a normal to the second elliptically-shaped 

light beam reorienting mirror 523b is oriented in the y-z plane 

at forty-five degrees (45°) to the z-axis. 

30 

Composite Microscope Objective 60 

FIG. 8 depicts one embodiment in accordance with the 

present disclosure for the composite microscope objective 60 

depicted in FIGs. 1, SA, SB and 7. As depicted in FIG. 8, the 

composite microscope objective 60 images a viewing zone that 

is located inside a prismatically-shaped glass cuvette 603 

35 within a small flow channel 604, that preferably has a 

rectangular cross-sectional shape, through which passes the 

particle carrying combined liquid sample and sheath flows. A 

piano-concave back-surf ace mirror 601 included in the composite 
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microscope objective 60 is made of an optically transparent 

material preferably having a refractive index similar to that 

of the glass cuvette 603, such as glass or optical quality 

plastics. To minimize optical loss, the back-surface mirror 

5 601 includes a flat front surface that is optically coupled to 

an abutting flat surface of the prismatically-shaped cuvette 

603. Optical coupling of the back-surface mirror 601 to the 

cuvette 603 may employ an index-matching gel, optical adhesive 

or direct optical bonding. Alternatively, the back-surface 

10 mirror 601 may also be formed integrally with the cuvette 603. 

The composite microscope objective 60 also includes a 

plano-ashperic corrector plate 602 that is also made of an 

optically transparent material preferably having a refractive 

index similar to that of the glass cuvette 603, such as glass 

15 or optical quality plastics. To reduce optical loss, a flat 

surface of the corrector plate 602 may be optically coupled to 

an abutting flat surface of the prismatically-shaped cuvette 

603 on a face thereof that is diametrically opposite to the 

back-surface mirror 601. Optical coupling of the corrector 

20 plate 602 to the cuvette 603 may employ an index-matching gel, 

optical adhesive or direct optical bonding. The aspheric 

surface of the corrector plate 602 furthest from the corrector 

plate 602 may carry an anti-reflective coating to reduce 

optical transmission loss, although such a coating is not a 

25 mandatory requirement for a composite microscope objective 60 

in accordance with the present disclosure. The shape of the 

aspheric surface of the corrector plate 602 is similar to that 

in a classical Schmidt camera, (Schmidt, B., Mitt. Hamburg 

Sternwart 7 (36) 1932). As known by those skilled in the art, 

30 the corrector plate of a Schmidt camera includes a circularly 

shaped neutral zone where the corrector plate does not deviate 

rays of light passing through the plate. For use in the 

composite microscope objective 60, outside of the neutral zone 

of the corrector plate 602, where the plate thickness is 

35 thinnest, the corrector plate 602 has negative optical power 

while inside the neutral zone the corrector plate 602 has 

positive optical power. The exact shape of the a spheric 

corrector plate 602 may be readily obtained using any 
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commercially available optical ray tracing tool by any person 

having ordinary skill in the art. Note that in the flow 

cytometer 40 the beam of light generated by the optical 

subsystem 50 depicted in FIGs. 1, SA, SB and 7 enters the 

5 cuvette 603 perpendicularly to the flow channel 604 through one 

(1) of the two (2) faces of the cuvette 603 that do not abut 

the back-surface mirror 601 or corrector plate 602. 

FIG. 9A depicts the result of ray tracing for the 

embodiment of composite microscope objective 60 illustrated in 

10 FIG. 8. As depicted in FIG. 9A, scatter and fluorescence 

emission from three (3) spatially separated locations in the 

flow channel 604 near the center of the cuvette 603: 

15 

20 

1. initially propagate toward back-surface mirror 601 

to be internally reflected by the back-surface 

mirror 601; 

2. then pass first through the cuvette 603; 

3. subsequently pass through the. aspheric corrector 

plate 602; and 

4. finally forms three (3) distinct images near an 

image plane 605. 

Note that rays traversing the composite microscope composite 

microscope objective 60 depicted in FIG. 9A are nearly 

optically-uniform and that light emitted near the center of the 

cuvette 603 traverses the corrector plate 602 at near normal 

25 incidence. Consequently, the composite microscope objective 

60 introduces very little chromatic dispersion in light emitted 

near the center of the cuvette 603. 

Further, it is well known in the astrophysics community 

that Schmidt camera offers the unparalleled combination of a 

30 fast focal ratio and a large field of view with near 

diffraction limited optical performance. The principal 

drawback in a conventional Schmidt camera is that the image 

surface lies inside the instrument. For the composite 

microscope objective 60, light near the center of the cuvette 

35 603 propagates opposite to that of a conventional Schmidt 

camera and therefore the image surface lies outside the 

composite microscope objective 60. Consequently, the present 

disclosure takes full advantage of the optical performance of 
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the Schmidt camera without experiencing its limitation. FIGs. 

9B1 through 9B3 depict spot diagrams near the image plane 605 

for three (3) emission locations in viewing zone within the 

flow channel 604 that are separated 150 micron from each other. 

5 The diameters of all images depicted in FIGs. 9B1 through 9B3 

are less than 35 microns. 

Light erni t ted from the viewing zone within the flow 

channel 604 of the composite microscope objective 60 depicted 

in FIGs. 8 and 9A that traverses the aspheric corrector plate 

10 602 suffers from a small amount of chromatic aberration. FIG. 

10 depicts an alternative embodiment for the composite 

microscope objective 60 depicted in FIGs. 1, SA, 5B and 7 in 

accordance with the present disclosure. Those elements 

depicted in FIG. 10 that are common to the composite microscope 

15 objective 60 illustrated in FIGs. 8 and 9A carry the same 

reference numeral distinguished by a prime (') designation. 

The shapes of the back-surface mirror 601' and the aberration 

corrector plate 602' depicted in FIG. 10 are modified slightly 

to produce collimated afocal images of the emission locations 

20 near the viewing zone within the flow channel 604'. In FIG. 

10 the composite microscope objective 60' also includes a 

chromatic compensating doublet lens 609 inserted between the 

corrector plate 602' and the image plane 605'. In addition to 

focusing the light emitted from the corrector plate 602' onto 

25 the image plane 605', the doublet lens 609 also serves to 

further reduce the residual chromatic aberration introduced by 

the aspheric corrector plate 602'. 

It is not essential that the flat surface of the corrector 

plate 602 to be optically coupled to the cuvette 603. FIG. 11 

30 depicts an alternative embodiment of the composite microscope 

objective 60 of the present disclosure. Those elements 

depicted in FIG. 11 that are common to the composite microscope 

objective 60 illustrated in FIGs. 8 and 9A carry the same 

reference numeral distinguished by a double prime ("} 

35 designation. FIG. 11 depicts the aberration corrector plate 

602" optically decoupled from the cuvette 603". Although not 

essential for operation of the composite microscope objective 

60", to improve the light transmission efficiency both surfaces 
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of the corrector plate 602" and the exposed flat surface of the 

cuvette 603" may carry an anti-reflectively coating. It is 

understood that the corrector plate 602" shown in FIG. 11 is 

held in fixed relationship to the combined back-surface mirror 

5 601 and cuvette 603 by a mechanical support not depicted in 

FIG. 11. Similar to the composite microscope objective 60 and 

60' depicted respectively in FIGs. 9A and 10, the composite 

microscope objective 60" with detached corrector plate 602" may 

be configured to provide either finite focal length image, or 

10 an afocal system which in turn is focused to a finite distance 

image plane by addition of the chromatic compensating doublet 

lens 609. 

FIG._ 12 depicts yet another alternative embodiment of the 

composite microscope objective 60. Those elements depicted in 

15 FIG. 12 that are common to the composite microscope objective 

60 illustrated in FIGs. 8, 9A and 11 carry the same reference 

numeral distinguished by a triple prime ('") designation. The 

composite microscope objective 60'" depicted in FIG. 12 is 

adapted for collecting scatter and fluorescence emission from 

20 cells or other microscopic particles carried in the jet stream 

519 emitted by the nozzle 518 .. The composite microscope 

objective 60'" consists of a concave, spherically shaped, front 

surface mirror 610 and an aberration corrector plate 612. The 

front surface mirror 610 may be made of glass or other types 

25 of hard material with a highly reflective coating on the 

concave surface 611. or made of metal with polished concave 

surface 611. Similar to the corrector plate 602, the piano­

aspheric corrector plate 612 is made of a thin piece of 

transparent material, such as glass or optical quality 

30 plastics. The aspheric surface may be formed on either side 

of the corrector plate 612. Preferably, both surfaces of the 

corrector plate 612 are coated with an anti-reflective coating 

to reduce optical transmission loss, although such a coating 

is not a mandatory requirement for a corrector plate 612 in 

35 accordance with the present disclosure. It is understood that 

the front surface mirror 610 and the corrector plate 612 are 

held in fixed relationship to each other by a mechanical 

support not depicted in FIG. 12. Scatter and fluorescence 
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light emitted from cells or other types of microscopic 

particles in the viewing zone inside the jet stream 519 is 

reflected by the concave surface 611 of the front surface 

mirror 610. The aberration due to reflection from the concave 

5 surface 611 is corrected by the corrector plate 612 after light 

traverses through the corrector plate 612. It is understood 

by those having skill in the art that the composite microscope 

objective 60'" may be configured to provide either a finite­

focused image similar to that depicted in FIG. 9A, or a 

10 collimated afocal image which is focused at finite distance 

from the composite microscope objective 60'" by a chromatic 

aberration correction doublet similar to the doublet lens 609 

depicted in FIG. 10. 

FIG. 13 depicts an adaptation of the composite microscope 

15 objective 60 for imaging specimens fixed to the surface of a 

transparent substrate such as a glass slide. Those elements 

depicted in FIG. 13 that are common to the composite microscope 

objective 60 illustrated in FIGs. 8, 9A and 11 carry the same 

reference numeral distinguished by a quadruple prime ( "") 

20 designation. The composite microscope objective 60'"' depicted 

in FIG. 13 includes two (2) optical elements, one a piano­

concave back surface mirror 617 made of a transparent material 

such as glass or optical quality plastics, and an aberration 

corrector plate 618. As depicted in FIG. 13, the specimen to 

25 be imaged is fixed to a front surface 615 of a transparent, 

usually glass slide 616. The slide 616 is optically coupled, 

preferably using a thin layer of index matching fluid, to the 

flat surface of the back surface mirror 61 7. Scatter and 

fluorescence light emitted by the specimen: 

30 1. initially propagates through the slide 616 and the 

35 

back surface mirror 617; 

2. is internally reflected by the back surface mirror 

617 back through the slide 616; 

3. then through the corrector plate 618; and 

4. finally forms an image at an image plane that is 

located beyond the corrector plate 618. 
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FIG. 15 depicts a fluidic subsystem 70 in accordance with 

the present disclosure that includes a sheath liquid reservoir 

702 and a liquid pump 701 that draws sheath liquid from the 

5 sheath liquid reservoir 702. The liquid pump 701 may be a 

diaphragm pump, or a peristaltic pump, or a piston pump or any 

types of continuous fluid pump. An outlet of the liquid pump 

701 connects to an inlet of a T-coupling 703 that receives 

sheath liquid from the liquid pump 701. The T-coupling 703 has 

10 two ( 2) outlets a first one of which connects to a bypass 

conduit 710 for returning a fraction of the sheath liquid 

received by the T-coupling 703 from the liquid pump 701 back 

to the sheath liquid reservoir 702. Returning a fraction of 

the sheath liquid received by the T-coupling 703 from the 

15 liquid pump 701 back to the sheath liquid reservoir 702 is 

advantageous for two (2) reasons. 

20 

25 

1. As depicted in FIG. 1, the bypass conduit 710 is 

left open to the surrounding atmosphere which 

effectively dampens pulsation to thereby 

2. 

significantly reducing the pulsation inherent in the 

operation of the liquid pump 701. 

Returning a fraction of the sheath liquid received 

by the T-coupling 703 from the liquid pump 701 back 

to the sheath liquid reservoir 702 also effectively 

reduces the throughput of the liquid pump 701 

thereby allowing the use .of comparatively high flow 

rate, low cost pumps in the flow cytometer 40. 

Denote the flow resistance of the bypass conduit 710 as "r" and 

the flow resistance of path from the T-coupling 703 to the flow 

30 channel 604 of the cuvette 603 as "R." The output resistance 

to the sheath pump is then 

R = rR 
P r+R 

{ 1} 

35 Since R >> r, the behavior of the liquid pump 701 is therefore 

dominated by the resistance of the bypass conduit 710 whose 

fluid dynamic properties are temperature insensitive. Thus, 

the configuration of the fluidic subsystem 70 depicted in FIG. 
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15 also provides a simple mechanism for achieving a temperature 

insensitive sheath liquid flow to the flow channel 604. 

As depicted in FIG. 15, a second outlet of the T-coupling 

703 connects to the to the flow channel 604 that extends 

5 through the cuvette 603 preferably first via a small reservoir 

capsule 704 and then via a filter cartridge 705. As depicted 

in FIG. 16, a piece of tubing 704' approximately 4 ft. long may 

be substituted for the small reservoir capsule 704. During 

initialization of the fluidic subsystem 70, some air becomes 

10 trapped in the filter cartridge 705 near its inlet which as 

depicted in FIG. 15 is located above an outlet of the filter 

cartridge 705. The air trapped in the filter cartridge 705 

acts as an additional fluidic capacitor effectively reducing 

to negligible level the pulsation in sheath liquid emitted into 

15 the flow channel 604. Due to the large fluidic resistance at 

the flow channel 604, the air trapped inside the filter 

cartridge 705 becomes compressed. When the liquid pump 701 is 

turned off, a trapped in the filter cartridge 705 is pushed 

back towards the T-coupling 703 analogous to a discharging 

20 capacitor. Without the small reservoir capsule 704, some air 

ejected from the filter cartridge 705 reaches the bypass 

conduit 710 due to its low fluidic resistance, and will be 

pushed out of the fluidic subsystem 70 once the liquid pump 701 

is turned on again. Without additional air supply, such a 

25 scenario will repeat until most of the air becomes purged from 

the fluidic subsystem 70 causing the filter cartridge 705 to 

lose its effectiveness as a pulsation damper. The purpose of 

the small reservoir capsule 704 or the piece of tubing 704' is 

therefore to provide a reservoir for isolating the filter 

30 cartridge 705 from the bypass conduit 710 ensuring that air 

trapped inside the filter cartridge 705 remains within the 

fluidic subsystem 70 despite repeated on-off operations of the 

liquid pump 701. 

The pulsation damping effect of the trapped air near the 

35 inlet of the filter cartridge 705 is clearly evident in the 

histograms depicted in FIG. 16A and 16B. FIG. 16A depicts 

measured particle flight times at the flow channel 604 when a 

pocket of air is trapped near the inlet of the filter cartridge 
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705. FIG. 16B depicts measured particle flight times at the 

flow channel 604 when the trapped air is purged from the 

fluidic subsystem 70. The result depicted in the histograms 

o~ FIGs. 16A and 16B is made using two (2) knife edge shaped 

5 laser beams focused near the center of the flow channel 604 

that are spaced approximately 200 micrometers apart. The 

horizontal axis of the FIGs. 16A and 16B is the flight time a 

particle takes from one laser beam to the other measured by 

recording the peak arrival time of light scattered from the 

10 particle at ninety degrees (90°) from the excitation beams. 

In both cases, the average flight time for particles to cross 

the two laser beams is the same. As shown in FIG. 16A, when 

the filter cartridge 705 retains some air, all particles take 

about the same amount of time to cross the two laser beams. 

15 If the filter cartridge 705 retains no air, as shown in FIG. 

16B, the distribution of flight times not only broadens, but 

also becomes bimodal. In other words, some particles take less 

time while others take longer than average amount of time to 

cross the two laser beams, a phenomenon that can be easily 

20 attributed to sheath liquid velocity pulsation at the flow 

channel 604. 

In the embodiments of the present disclosure discussed so 

far, the fluidic resistance along bypass conduit 710 as well 

as between the T-coupling 703 and the flow channel 604 is not 

·2s adjustable. As should be apparent to those ordinary skilled 

in the art, flow restrictors such a fixed restrictor or 

adjustable valves 711, 711' and 712, 712' may be advantageously 

inserted in the bypass conduit 710 and between the T-coupling 

703 and the flow channel 604 to permit adjusting the flow rate 

30 through the flow channel 604. Alternatively, the velocity of 

sheath liquid flowing through the flow channel 604 may also be 

adjusted using a liquid pump 701 that is driven by a variable 

speed brushless DC motor. 

35 Perista1tic Pump 80 

One embodiment of an peristaltic pump 80 in accordance 

with the present disclosure appears in FIG. 17. The pump 

includes a housing 809 with arcuate curved track 808, three 
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rollers 810, 811 and 812 attached to a rotor 816rotatable 

within the housing 809, and a compressible tube 807 sandwiched 

between the compressible tube 807 of the housing 809 and the 

rollers 810, 811 and 812. As depicted schematically in FIGs. 

5 18A through 18D, the rollers 810, 811 and 812 of the 

peristaltic pump 80 are spaced at substantially equal angular 

distances, separations or spacings from each other around the 

perimeter of the rotor 816. For simplicity, it is assumed in 

the following discussions that the rotor 816 rotates 

10 counterclockwise, al though it is to be understood that the 

discussions apply equally well to a peristaltic pump with 

clockwise rotating rotor. The compressible tube 807 of the 

housing 809 may be divided into several sections: 

15 

20 

25 

30 

1. an open section between point 801 and point 806 

2. 

3. 

where the experiences no compression; 

a pump inlet section between point 801 and point 802 

where the is progressively compressed until fully 

closed when a roller rolls over the section; 

two pumping sections between point 

803, as well as between point 804 

8 02 and point 

and point 805 

wherein the is fully closed by the roller; 

4. a recess section between point 803 and point 804 in 

which the progressively expands from fully closed 

to fully open as a roller rolls through the 

expansion part of the recess section from point 803 

to point 813; 

5. then the is progressively compressed to fully 

closed as a roller rolls through a compression part 

of the recess section from point 813 to point 804; 

and 

6. the exit section between point 805 and point 806 

where the progressively expands from fully closed 

to fully open as a roller rolls through the section. 

In other words, when a roller rolls anticlockwise over the 

35 from inlet point 801 to outlet point 806, the inner gap of the 
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1. progressively decreases from fully open at point 

801, to fully closed at point 802 and remain closed 

until point 803; 

2. then progressively expands back to fully open at 

point 813; 

3. then progressively decreases to fully closed at 

point 804, and remain closed until the roller 

reaches point 805; and 

4. finally progressively expands back to fully open at 

point 806. 

The size of the gap inside the is schematically illustrated 

in FIGs. 18A through 18D as the spacing between dashed circle 

and the solid compressible tube 807. As illustrated in FIGs. 

18A through 18D, in this embodiment of the peristaltic pump 80 

15 the angular distances, separations or spacings between points 

801 and 803, points 802 and 813, point 813 and 805, as well as 

between point 804 and 866 are identical to the angle between 

adjacent rollers. As a result, when the roller 810 rolls 

through the pumping section from point 804 to point 805, as 

20 depicted in FIGs. 18A through 18B, its interaction with the 

completely determines the fluid flow rate of the peristaltic 

pump 80. Once the roller 810 reaches the exit section between 

point 805 and 806, as shown in FIG. 18C, the underneath the 

roller 810 starts to progressively expand and a gap starts to 

25 grow. Meanwhile, the roller 811 arrives at the compression 

part of the recess section and starts to progressively compress 

the. In the peristaltic pump 80, the shape of the compression 

part of the recess section between point 813 and point 804 

along the compressible tube 807 is such that the volume of 

30 liquid pushed out by the compression of the underneath roller 

811 in the compression part of the recess section between point 

813 and point 804 substantially fills the volume created by the 

expansion underneath roller 810 in the exit section between 

point 5 and point 6. During this period, the compressible is 

35 partially open underneath both rollers 810 and 811 and 

completely closed underneath roller 12. Consequently, the 

pumping action in mainly delivered by roller 12. In 

particular, since by design the total volume of liquid in the 
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between point 13 and point 6 remains 

substantially constant during this period, the flow rate of the 

peristaltic pump 80 in the state shown in FIG. 18C remains 

substantially the same as that in the state shown in FIGs. 18A 

5 and 18B. Once the roller 810 passes point 806, roller 811 

reaches the pumping section between point 804 and point 805. 

Note there is no physical difference between the rollers 810, 

811 and 812, the flow rate of the peristaltic pump 80 therefore 

remains substantially constant throughout the entire process. 

10 The mechanism of the pulseless peristaltic pump of the 

present disclosure may be understood more clearly if it is 

viewed along a circular coordinate following the movement of 

the rollers. Referring to FIG. 19, denote as V the volume of 

the fluid inside a compressible tube 819 from the outlet to a 

15 nearest roller 820 that closes off the compressible tube 819, 

i.e., the amount of fluid represented by the hatched area 818 

hatched area 818 shown in FIG. 19. Clearly, V depends on the 

angular position, e, of the roller 20, as well as 6, the amount 

of tube compression exerted by all other downstream rollers. 

20 

25 

Consequently, the flow rate, F, of a peristaltic pump is 

related to the time derivative of Ve by: 

-F = dv ~ av R + L·· av dlij_ 
. dt. ae . ' ast dt 

(2) 

Here R is the rotational speed of the rotor and the subscripts 

are used to identify multiple downstream rollers. The first 

term on the right hand side of Eqn. ( 2) represents the 

contribution from the roller that closes off the tube. The 

30 partial derivative g~ is therefore independent of e. The 

summation term represents contributions from all other 

downstream rollers partially compressing the compressible tube 

819. Now let ns be the cross sectional area change due to the 

compression of the compressible tube 819 by the , and L the 

35 length of tube where its cross sectional shape is affected by 

the tube compression. Then, it is obvious to a person skilled 

in the art that Lis proportional to the tube compression o, 
and ~S proportional to its square, 02

• Consequently, ~V, the 
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volume of fluid lost due to the compression of the tube by the 

roller, follows Eqn. { 3) : 

AV oc L. L\S oc 6 3 = (D - G)3 (3) 

5 where Dis the inner diameter of the compressible tube and G 

the minimum gap indicated in FIGs. 19, 19A and 19B which is 

also represented in FIGs. 18A through 18D by the spacing 

between the dashed circle and the solid compressible tube 807 

of the housing 809. Now referring to FIGS. 20A AND 20B, in the 

10 circular coordinate system FIG. 20A corresponds to the state 

of pump shown in FIGs. 18A and 18B. During this period, there 

is no roller downstream of the roller 810' and the summation 

term in Eqn. (2) vanishes. FIG. 20B corresponds to the state 

of the pump shown in FIG. 18C. The is closed off by roller 

15 12' and partially compressed by the rollers 810' and 811'. 

However 1 volumetric changes introduced by the two rollers 810' 

and 811' substantially cancel each other. Consequently, the 

summation term is Eqn. (2) vanishes as well. As a result 1 the 

flow rate of the peristaltic pump 80 remains substantially 

20 constant regardless of roller positions. 

The shape of the compressible tube 807 satisfying the 

above requirement can be readily derived from Eqn. (3). 

Referring to FIG. 18C, if the gaps of the arcuate compressible 

tube 807 in the compression part of the recess section between 

25 point 813 and point 804, G13 ,.11 and in the exit section between 

point 805 and point 806, G5 , 6 , follow the equation 

(4) 

then the total fluid volume in the two sections remains 

30 substantially constant, as shown in FIG. 21. In the 

peristaltic pump 80, the shape of the pump housing 809 is 

symmetrical with respect to its center line, such that the 

entrance half of the pump housing 809 is the mirror image of 

the exit half of the housing 809, as shown in FIG. 17. The 

35 peristaltic pump 80 can therefore be operated both in 

counterclockwise and clockwise rotation very little pulsation, 

although it is understood that the symmetry is not required to 

realize a pulseless peristaltic pump in accordance with the 
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present disclosure. For example, as long as the gaps of the 

arcuate compressible tube 807 in the section between point 13 

and point 3, G13 , 3 , and in the section between point 2 and point 

1, G2 , 1 , follow Eqn. (5), 

(5) 

a peristaltic pump in accordance with the present disclosure 

will exhibit little pulsation when the rotor 816 rotates 

clockwise. 

FIG. 22 depicts an al terna ti ve embodiment of a peristaltic 

pump in accordance with the present disclosure. Those elements 

depicted in FIG. 22 that are common to the peristaltic pump 80 

illustrated in FIG. 17 carry the same reference numeral 

distinguished by a prime (') designation. The peristaltic pump 

15 80' includes a compressible tube 807' having two (2) recesses 

820 and 821, and four (4) rollers 822, 823, 824 and 825. In 

the embodiment depicted in FIG. 22, the fluid volume loss due 

to the tube expansion near the outlet of the pump is 

compensated by the combined effect of the compression of the 

20 compressible tube by rollers 822 and 823 near the two recesses 

820 and 821. 

FIG. 23 depicts yet another alternative embodiment of a 

peristaltic pump in accordance with the present disclosure. 

Those elements depicted in FIG. 23 that are common to the 

25 peristaltic pump 80 illustrated in FIG. 17 and the peristaltic 

pump 80' illustrated in FIG. 22 carry the same reference 

numeral distinguished by a double prime (") designation. The 

peristaltic pump 80" includes six (6) rollers and an arcuate 

compressible tube 807" having two recesses 818" and 819". In 

30 the peristaltic pump 80", the fluid volume loss due to the tube 

expansion near the outlet of the pump is compensated by the 

action of the roller immediately upstream of the one recess 

818" or 819" near the pump outlet. 

Pulsation due to the expansion of a compressed 

35 compressible tube near the outlet of a peristaltic pump may 

also be overcome by a peristaltic pump having a programmable 

rotor speetj. FIGs. 24A through 24C illustrate pertinent 

aspects of an alternative embodiment mechanism for minimizing 
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peristaltic pump pulsation in accordance with the present 

disclosure for a 3-roller peristaltic pump. As depicted in 

FIG. 24B, the track 828 is substantially circular between the 

pump inlet and pump exit section. Consequently, as indicated 

5 by the spacing between the dashed circle 82 9 and the solid 

curve of the track 828 the compressible tube is completely 

closed by various ones of the pump's three (3) rollers 826, 827 

and 829 between the pump inlet and pump outlet. FIG. 24A 

illustrates schematically in a circular coordinate system the 

10 roller positions for the peristaltic pump depicted in FIG. 24B. 

15 

Since there is only one roller downstream of the one that 

closes off the tube, Eqn. (2) is much simplified: 

-F = R _£ +_£,_ 
_____ _. (av.. av. do) 
. . as · as d9 

(6) 

Here the tube compression i5 (0) is explicitly expressed as a 

function of roller position e. The terms inside the 

parentheses represent the change rate of fluid volume with 

respect to roller position. The first term is the contribution 

from the roller that closes off the tube, i.e., roller 827 in 

20 FIG. 24A, and the second term the contribution from the roller 

in the exit section. Note that by definition, the volume 

change rate is negative and the second term inside the 

parentheses vanishes when there is no roller in the exit 

section. The dotted curve in FIG. 24C is a representative plot 

25 of the negative volume change rate with respect to the position 

of the roller. The bump along the curve, due to the tube 

expansion when a roller rolls off the tube near the pump 

outlet, is the cause for pulsation in conventional peristaltic 

pumps having a constant rotor speed. However, for the 

30 peristaltic pump depicted in FIGs. 24A through 24C the rotor 

speed, R, shown as dashed curve in FIG. 24C, is set to vary in 

synchronism with the rotor position and inversely proportional 

to the change rate of the fluid volume. Consequently, the flow 

rate of the pump, which is the product of the rotor speed and 

35 the change rate of the fluid volume, remains constant, as 

indicated by the solid line at the top of FIG. 24C. Note the 

terms inside the parentheses of Eqn. (6) are uniquely 

determined by the mechanical structure of the pump. The rotor 

SUBSTITUTE SHEET (RULE 26) 

Cytek Exhibit No. 1071 
Page 168



PCT1US13/43453 17-06-2013 PCT/US2013/043453 17.06.2013 

5 

DOCKET NO. 2294PCT 

- 42 -

Replacement sheets for 
Int. App. No. PCT/US2013/043453 

speed profile can therefore be readily generated from the shape 

of the track 828 in accordance with Eqn. (3). To those skilled 

in the art, there are many ways to realize a programmable 

rotor, for example, with stepping motor or DC servo motor. 

WDM Device 90 

FIG. 25 shows the optical ray trace for an exemplary 6 

ports wavelength di vision multiplexer of the present disclosure 

using zig-zag configuration. As shown in FIG. 25, fluorescence 

10 light going through a pinhole or emitted from the facet of a 

multimode optical fiber, such as the optical fiber 852 depicted 

in FIG. 1, forms an extended object or light source at location 

901, i.e. the optical input of the WDM 90. The size of the 

object is defined by the diameter of the pinhole or the core 

15 diameter of the multimode optical fiber. Note that the 

practical size of the pinhole or the core diameter of the 

multimode optical fiber is measured in millimeters, in contrast 

to the diameter of single mode optical fibers that are measured 

in micrometers. Consequently, the etendue of the fluorescence 

20 light source, defined as the product of beam size and its 

divergence angle, is hundreds times greater than its 

counterpart in optical communication. According to the theorem 

of the conservation of etendue (Julio Chaves, Introduction to 

Nonimaging Optics, CRC Press, 2008 [ISBN 978-1420054293]), 

25 light from such an extended source, similar to that from a 

flash light, can only be kept collimated for a very limited 

distance, particularly when the diameter of the collimated 

portion needs to be small. 

As depicted in FIG. 25, a collimating optical element, in 

30 this case an achromatic doublet lens 902, captures the light 

from source 901, and projects a magnified image of the object 

near a final focusing lens 905. The size of the image near 905 

is kept approximately the same as the effective size of the 

collimating optical element 902. Consequently, beam of light 

35 propagating between lens 902 and the lens 905 is effectively 

collimated. As shown in FIG. 25, so long as the magnification 

factor is kept small, for example, less than around 10, using 

a simple singlet lens 905 the collimated beam of light can 
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readily focused down to a spot smaller than that of the beam 

of light received by the WDM 90 at location 901. The ability 

to focus the beam of light down to such a small size permits 

placing a small area semiconductor detector at a focal point 

5 906 of the focusing lens 905 for efficient photo detection. 

A dichroic filter 903, oriented at a slanted angle, is 

inserted into the optical path approximately midway between the 

collimating optical element 902 and the lens 905. The dichroic 

filter 903 passes the color band of interest and reflects the 

10 remaining colors in the beam of light for further processing 

within the WDM 90. An optional band pass filter 904 may be 

inserted following the dichroic filter 903 to further improve 

the color isolation capability of the WDM 90. 

Light reflected from the dichroic filter 903 impinges upon 

15 a second optical element 907, preferably a concave mirror. The 

concave mirror 907 has a radius of curvature approximately 

equal to the distance between the collimating optical element 

902 and the image near focusing lens 905. The concave mirror 

907 therefore creates a second image of the collimating lens 

20 902 near a second focusing lens 908. The light beam between 

the concave mirror 907 and the second image at the lens 908 has 

substantially the same diameter as the beam of light between 

the collimating lens 902 and the first image near the focusing 

lens 905. The relay imaging concave mirror 907 therefore 

25 effectively doubles the collimated beam path without expanding 

the beam's diameter. Again, the extended yet collimated beam 

can be easily focused down to a spot smaller than that of the 

light source at 901. A second dichroic • filter 909 is then 

inserted approximately midway between the relay imaging concave 

30 mirror 790 and the second image near focusing lens 908. The 

second dichroic filter 909 passes another band of color in the 

beam of light received by the WDM 90 at location 901 and 

reflects the remainder of the impinging beam of light for 

further processing. 

35 As shown in FIG. 25, additional relay collimating optical 

elements 910, 911, 912, 913 and dichroic filters 914, 915, 916, 

917 can be cascaded in the same way to produce multiple images 

near focusing lenses 918, 919, 920 and 921, each of these 
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images corresponding to a specific color band of light received 

by the WDM 90 at location 1. As shown in FIG. 25, due to the 

present disclosure's 1:1 imaging relay architecture, the spots 

of light produced by focusing lenses 906, 908, 918, 919, 920 

5 and 921 are all smaller than the source of the beam of light, 

and therefore can be easily captured by small area APD's. 

Although FIG 25 illustrates a 6-port wavelength division 

multiplexer for a beam of light from the extended light source, 

it is readily apparent to those skilled in the art that WDM's 

10 having different numbers of ports can be easily built in 

accordance with the present disclosure. It is also apparent 

to those skilled in the art that although the WDM 90 preferably 

uses achromatic doublets as the first collimating optical 

element, singlet lens can also be used since the images created 

15 before the focusing lenses 906, 908, 918, 919, 920 and 921 are 

all nearly monochromatic. Instead of using concave mirrors for 

relaying the beam of light reflected from the dichroic filters, 

one may also use refractive optics as relay element to extend 

the path of the collimated beam of light. A clear advantage 

20 of the zig-zag architecture used in the WDM 90, however, is the 

possibility for using array detectors, which would lead to a 

more compact WDM suitable for portable instrumentation. 

FIG. 26 illustrates an optical ray trace for a prior art 

collimating device. The technique depicted in FIG. 26 is 

25 extensively used in conventional multicolor fluorescence 

instruments, for example, in United States Patent no. 

6,683,314. As shown in FIG. 26, the beam of light diverges 

rapidly beyond the image 924 created by the collimating optical 

element 923. Consequently, the only option for constructing 

30 a multi-color device is to insert dichroic filters in between 

the collimating element 923 and its image 924. 

Due to the constraint of etendue conservation, the 

diameter of the collimated beam must be significantly expanded 

to accept multiple dichroic filters in the section. The 

35 expanded beam creates serious challenge to refocusing the 

collimated beam down to small spots suitable for small area 

semiconductor detectors. To overcome these difficulties, some 

instrument manufacturers have chosen to use Mt exclusively for 
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fluorescence detection such as in the main stream flow 

cytometers manufactured by Becton-Dickinson, Beeman Coulter and 

Partee 's and the MegaBACE series of DNA sequencers by GE 

Amersham. Other instruments, such as the Luminex multiplexed 

5 bead analyzers, have selected certain color bands with known 

bright fluorescence, and uses large area APO for detecting 

light in the selected color bands. 

FIG. 27 illustrates a perspective view of an alternative 

embodiment for a 6-port WDM 90 using a combination of zig-zag 

10 and branched configurations. The design is a modification of 

zig-zag configuration depicted in FIG. 25. In the alternative 

embodiment depicted in FIG. 27, band pass filter 904 of FIG. 

25 is replaced by a dichroic filter 904'. The filter 904' is 

positioned to let one color pass through and reflects other 

15 colors at ninety degrees (90°). The optical path length of the 

beam of light passing through the dichroic filter 904' and that 

being reflected from the 904' are substantially the same, such 

that one arm is focused by lenses 905 and the other by lens 

905' to small spots compatible with small area semiconductor 

20 detectors placed at focal location 906 and 906'. As shown in 

FIG. 25, the remaining color of the light reflected by dichroic 

filter 903 is relay imaged by a concave mirror 907 and the 

configuration including optical elements 903, 904', 905 and 

905' is cascaded two (2) more times to form a 6 port-WDM. 

25 FIG. 28 illustrates a perspective view of an alternative 

embodiment for a 8-port WDM 90. By replacing the concave relay 

imaging mirrors 907 and 910 in FIG. 27 with concave shaped 

dichroic filters 907' and 910', the WDM depicted in FIG. 28 

provides 2 more color bands in comparison with the WDMs 

30 depicted in FIGs. 25 and 27. 

Numerous fluorescence probes for use in flow cytometry 

have been developed over the years. More recently, multiple 

fluorescence proteins have also become an important tool in 

biomedical studies. To accommodate different types of 

35 fluorescence probe, various techniques have been developed to 

enable user selection of dichroic filters suitable for their 

particular needs. A significant challenge for replaceable 

dichroic filters is avoiding direct contact of the coated 
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filter surface with any hard flow cytometer reference frame. 

Repeated direct contact between the coated filter surface and 

any hard reference frame may damage a replaceable dichroic 

filter. Presently, most conventional solutions addressing this 

5 problem use precision-machined mechanical spacers for holding 

replaceable dichroic filters in place. One example of such a 

solution appears in United States Patent no. 6,683,314. 

However, such a solution becomes unreliable if the detector's 

active area is smaller than 1.0 rnm2 • 

10 FIGs. 29A and 29B depict fabricating a replaceable 

dichroic filter assembly 934 illustrated in FIG. 29C suitable 

for small area detectors. Assembly of the replaceable dichroic 

filter assembly 934 begins in FIG. 29A which depicts 

constructing a reference template for its fabrication. The 

15 reference template is a staircase made of two {2) optically 

parallel glass plates 925 and 926. Bonding the two (2) glass 

plates 925 and 926 together in optical contact ensures that a 

surface 929 of the glass plate 925 becomes optically parallel 

to a surface 930 of the glass plate 926. A front surface 932 

20 of a replaceable dichroic filter 927 is then pressed against 

the surface 929 of the template. A filter holder 928, which 

loosely fits the dichroic filter 927, includes a reference 

surface 931 and a filter slot 933. During assembly of the 

replaceable dichroic filter, the filter slot 933 is partially 

25 filled with epoxy adhesive and the reference surface 931 of the 

filter holder 928 is pressed against the surface 930 of the 

template while filter holder 928 slides toward the dichroic 

filter 927. While the epoxy adhesive sets, part of the 

dichroic filter 927 remains seated within the filter slot 933 

30 while pressure is applied against the dichroic filter 927 and 

filter holder 928. It should be apparent to those skilled in 

the art that the epoxy adhesive may be either UV or thermally 

curable, or made by blending together components of an A/B 

mixture. FIG. 29C depicts the E934~ fabricated as depicted in 

35 FIGs. 29A and 29B and described above. The assembly process 

depicted in FIGs. 29A and 29B and described above ensures that 

front surface 932 of the replaceable dichroic filter assembly 

934 will be optically parallel to the reference surface 931, 

SUBSTITUTE SHEET (RULE 26) 

Cytek Exhibit No. 1071 
Page 173



PCT1US13/43453 17-06-2013 PCT/US2013/043453 17.06.2013 

DOCKET NO. 2294PCT 

- 47 -

Replacement sheets for 
Int. App. No. PCT/US2013/043453 

and indented with respect to the latter at a spacing accurately 

determined by the thickness of the glass plate 925. 

FIGs. 30A and 30B depict an embodiment of the present 

disclosure where the fore-mentioned replaceable dichroic filter 

5 assembly 934 is used in the WDM 90 for optically processing a 

beam of light from an extended light source. A notable feature 

of the WDM 90 is a glass reference block 935 having an 

optically flat surface. As will be apparent to those skilled 

in the art, the glass reference block 935 may be made of other 

10 materials. As shown in FIG 30B, when installing a dichroic 

filter 927 the reference surface 931 of the replaceable 

dichroic filter assembly 934 slides against the flat surface 

of the glass reference block 935 and is kept in contact 

therewith by a spring loaded screw 936. Consequently, the 

15 coated front surface 932 of the replaceable dichroic filter 

assembly 934 remains optically parallel to the optical flat and 

accurately located. In the meantime, the indentation of front 

surface 932 with respect to the reference reference surface 931 

protects it from in physical contact with any object during 

20 filter replacement. 

It is apparent to those skilled in the art that many 

modifications and variations of the described embodiments of 

the replaceable dichroic filter assembly 934 are possible. For 

example, an alternative embodiment of the present disclosure 

25 is a pedestal assembled using a first and a second round 

optical flat. When assembling the replaceable dichroic filter 

assembly 934, the reference surface of a filter holder rests 

against a surface of the first optical flat and the coated 

surface of the dichroic filter rests against the flat surface 

30 of the second optical flat. Epoxy bonding then holds the 

coated surface of the dichroic filter optically parallel to the 

reference surface of a filter holder, yet indented at a 

distance accurately determined by the thickness of the second 

optical flat. 

35 

Industrial Applicability 

Although an embodiment of the present disclosure of an LD 

based optical system for flow cytometric application has been 
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described in some detail, and equally advantageous embodiments 

have also been described for a stream based flow cytometric 

instrument, it will be apparent to those of ordinary skill in 

the art that many modifications and variations of the described 

5 embodiment are possible in the light of the above teachings 

without departing from the principles and concepts of the 

disclosure as set forth in the claims. 

Al though an embodiment of the present disclosure of 

wavelength division multiplexing device for separating light 

10 beam from an extended light source into multiple color bands 

has been described in some detail, and several other equally 

advantageous embodiments have also been described, it will be 

apparent to those ordinary skilled in the art that many 

modifications and variations of the described embodiments are 

15 possible in the light of the above teachings without departing 

from the principles and concepts of the disclosure as set forth 

in the claims. 

Al though the present invention has been described in terms 

of the presently preferred embodiment, it is to be understood 

20 that such disclosure is purely illustrative and is not to be 

interpreted as limiting. Consequently, without departing from 

the spirit and scope of the disclosure, various alterations, 

modifications, and/or alternative applications of the 

disclosure will, no doubt, be suggested to those skilled in the 

25 art after having read the preceding disclosure. Accordingly, 

it is intended that the following claims be interpreted as 

encompassing all alterations, modifications, or alternative 

applications as fall within the true spirit and scope of the 

disclosure. 
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The Claims 

What is claimed is: 

1. A flow cytometer (40) comprising: 

a) a laser diode ("LO") based optical subsystem ( 50) 

for directing a beam of light into a viewing zone of 

said flow cytometer { 40) through which a sample 

liquid carrying particles flows, the sample liquid 

being hydrodynamically focused within the viewing 

zone by a liquid she~th flow that also flows through 

the viewing zone, the optical subsystem (50) 

including: 

i. a LO for emitting a diverging beam of light 

from an edge thereof, the di verging beam of 

light having an elliptically shaped cross­

sectional profile with both a major axis and a 

minor axis; 

ii. a collimating lens for converting the diverging 

beam of light erni tted from said LD into a 

collimated elliptical beam of light, wherein 

the minor axis of said collimated elliptical 

beam of light is oriented parallel to a 

20 direction in which particles pass through the 

25 

30 

viewing zone; 

iii. a beam compressing optical element for reducing 

the size of said elliptical beam of light at 

the viewing zone whereby a width of said major 

axis of said elliptical beam of light oriented 

perpendicular to the direction in which 

particles pass through the viewing zone is less 

than a width of said liquid sheath flow; and 

v. a cylindrical focusing element positioned 

adjacent to the viewing zone with an axis of 

said cylindrical focusing element being 

oriented perpendicular to the direction in 

which particles pass through the viewing zone 

whereby: 
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b) 

1) 

- 50 -

said minor axis of said beam of light 

becomes focused at the viewing zone; and 

2) the size of said major axis of said 

elliptical beam of light at the viewing 

zone remains essentially unchanged; 

a composite microscope objective (60) for imaging 

light scattered from and fluoresced by a particle 

present within the viewing zone, the composite 

microscope objective (60) including: 

i. a concave mirror upon which scattered and 

45 fluoresced light impinges; 

50 

55 

60 

65 

70 

ii. an aberration corrector plate made of optically 

transparent material wherein said aberration 

corrector plate is an ashperic lens that has: 

1) 

2) 

a first zone of said aberration corrector 

plate outside a neutral zone thereof where 

said aberration corrector plate: 

A. is thinnest; and 

B. has negative optical power; and 

a second zone of said aberration corrector 

plate inside the neutral zone has positive 

optical power 

light reflected from the composite microscope 

objective (60) passing through said aberration 

corrector plate, 

the viewing zone of said flow cytometer (40) being 

located between said concave mirror and said 

aberration corrector plate; 

c) a fluidic subsystem (70) for supplying the liquid 

sheath flow to the viewing zone, the liquid sheath 

flow lacking pulsations, the fluidic subsystem (70) 

including: 

1. a liquid pump for supplying liquid drawn from 

a reservoir; 

ii. a T-coupling having at least one (1) inlet and 

two (2) outlets, 

1) the inlet of said T-coupling receiving 

liquid from said liquid pump; 
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a first fraction of the liquid received by 

the inlet flowing via a first one of the 

outlets and via a bypass conduit back to 

the reservoir; and 

a second fraction of the liquid received 

by the inlet flowing via a second one of 

the outlets and via a particle filter to 

the viewing zone of said flow cytometer 

{ 40) ; 

d) a peristaltic pump 80 for supplying the sample 

liquid carrying the particles, the sample liquid 

being hydrodynamical;I..y focused within the viewing 

zone by the liquid sheath flow, the peristaltic pump 

80 comprising: 

i. a pump housing having a arcuate curved track 

formed therein that extends between a pump 

inlet and a pump outlet; 

ii. a plurality of rollers that are attached to a 

rotor, the rollers having a substantially equal 

angular spacing between each pair of 

immediately adjacent rollers, the rotor being 

rotatable together with the rollers attached 

thereto inside said pump housing; and 

ii a compressible tube sandwiched between said 

rollers and the arcuate curved track of said 

pump housing, 

including: 

the arcuate curved track 

1) an exit section wherein, as a roller rolls 

through the exit section, said 

compressible tube adjacent to said roller 

progressively expands from fully closed at 

a beginning of said exit section to fully 

open at the pump outlet where said roller 

breaks contact with said compressible 

tube; and 

2) at least one pumping section along the 

arcuate curved track between the pump 

inlet and the pump outlet wherein said 
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compressible tube is compressed to fully 

closed by at least one of said rollers; 

and 

e) a wavelength di vision multiplexer 90 { "WDM ( 90) ") 

for separating into multiple colored bands a beam of 

light emitted initially from the viewing zone and 

imaged by the composite microscope objective (60) 

into an optical fiber for transmission to the WDM 

(90), the WDM (90) comprising: 

i. a collimating optical element that magnifies an 

to produce an image of substantially the same 

size as the effective size of said collimating 

optical element; 

ii. at least one dichroic filter located between 

said collimating optical element and said 

image, wherein said dichroic filter separates 

the collimated beam of light into two (2) 

branches of distinctive colors; 

iii. a focusing optical element located in one of 

said branches, wherein the beam of light in 

said branch is focused to a spot having a 

diameter of less than 1.0 mm by said focusing 

optical element; and 

iv. an image relay optical element located near the 

135 image produced by said collimating optical 

element in the other branch, wherein said image 

relay optical element produces an image of said 

collimating optical element at substantially 

unit magnification. 

2. The flow cytorneter ( 4 0) of claim 1 wherein said 

cuvette has a rectangularly-shaped, and wherein the viewing 

zone of the flow cytometer (40) is located within a channel 

having a rectangularly-shaped cross-section that is located 

within said cuvette. 
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3. The flow cytometer ( 40) of claim 1 wherein said 

cuvette has a tubularly-shaped cross-section, and wherein the 

viewing zone of the flow cytometer (40) is located within a 

channel having a circularly-shaped cross-section that is 

located within said cuvette. 

4. The flow cytometer ( 4 0) of claim 1 wherein the sample 

liquid and the liquid sheath flow form a jet stream in which 

the viewing zone of the flow cytometer (40) is located. 

5. The flow cytometer ( 40) of claim 2 wherein said 

cylindrical focusing element is in optical contact with an 

entrance face of said rectangularly-shaped cuvette. 

6. The flow cytometer (40) of claim 2 wherein said 

cylindrical focusing element is separated from said 

rectangularly-shaped cuvette. 

7. The flow cytometer (40) of claim 3 wherein said 

cylindrical focusing element is separated from said tubularly­

shaped cuvette. 

8. The flow cytometer ( 40) of claim 4 wherein said 

cylindrical focusing element is separated from said jet stream. 

9. The flow cytometer ( 40) of claim 1 further comprising 

a polarization conditioning element through which said 

collimated elliptical beam of light passes. 

10. The flow cytometer (40) of claim 1 wherein an optical 

image of the viewing zone is formed outside the composite 

microscope objective (60). 

11. The flow cytometer ( 4 0) of claim 10 wherein the 

viewing zone is located within a flow channel included in a 

rectangularly-shapeed cuvette made of optically transparent 

material. 
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12. The flow cytometer ( 40) of claim 11 wherein said 

concave mirror is a piano-concave back surface mirror made from 

an optically transparent material. 

13. The flow cytometer { 40) of claim 12 wherein the 

piano-surf ace of said piano-concave back surface mirror is 

optically coupled to a flat surface of said cuvette. 

14. The flow cytometer (40) of claim 13 wherein an 

optical adhesive material accomplishes the optical coupling. 

15. The flow cytometer (40) of claim 13 wherein an index 

matching gel accomplishes the optical coupling. 

16. The flow cytometer (40) of claim 13 wherein an index 

matching fluid accomplishes the optical coupling. 

17. The flow cytometer {40) of claim 13 wherein optical 

contact bonding accomplishes the optical coupling. 

18. The flow cytorneter ( 40) of claim 13 wherein the 

piano-concave back surface mirror formed integrally with said 

cuvette means. 

19. The flow cytometer (40) of claim 11 wherein said 

aberration corrector plate is a piano-aspherical lens. 

20. The flow cytometer (40) of claim 19 wherein a 

piano-surface of said aberration corrector plate is optically 

coupled to a flat surface of said cuvette opposite of said 

piano-concave back surface mirror. 

21. The flow cytometer {40) of claim 20 wherein an index 

matching gel accomplishes the optical coupling. 

22. The flow cytometer (40) of claim 20 wherein an index 

matching fluid accomplishes the optical coupling. 
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23. The flow cytometer (40) of claim 20 wherein optical 

contact bonding accomplishes the optical coupling.· 

24. The flow cytometer (40) of claim 20 wherein the 

piano-aspherical lens is formed integrally with said cuvette. 

25. The flow cytometer ( 40) of claim 19 wherein said 

aberration corrector plate is detached from said cuvette. 

26. The flow cytometer (40) of claim 10 wherein the 

viewing zone is inside a jet stream. 

27. The flow cytometer ( 40 )- of· claim 25 wherein said 

concave mirror is a front surface mirror. 

28. The flow cytometer ( 40) of claim 10 wherein the 

viewing zone is located on a surface of a flat, transparent 

substrate. 

29. The flow cytometer ( 40) of claim 28 wherein said 

concave mirror is a piano-concave back surface mirror made from 

an optically transparent material. 

30. The flow cytometer ( 40) of claim 29 wherein the 

piano-surface of said piano-concave back surface mirror is 

optically coupled to said flat, transparent substrate. 

31. The flow cytometer { 40) of claim 30 wherein an 

optical adhesive material accomplishes the optical coupling. 

32. The flow cytometer (40) of claim 30 wherein an index 

matching gel accomplishes the optical coupling. 

33. The flow cytometer (40) of claim 30 wherein an index 

matching fluid accomplishes the optical coupling. 

34. The flow cytometer (40) of claim 30 wherein optical 

contact bonding accomplishes the optical coupling. 
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35. The flow cytometer (40) of claim 29 wherein said 

piano-concave back surface mirror is formed integrally with 

said flat, transparent substrate. 

36. The flow cytometer (40) of claim 28 wherein said 

aberration corrector plate is detached from said flat, 

transparent substrate. 

37. The flow cytometer ( 40) of claim 1 wherein the 

particle filter has inlet thereto for receiving liquid from the 

T-coupling, the inlet of the particle filter being disposed so 

that air becomes trapped within the particle filter at the 

inlet thereto. 

38. The flow cytometer (40} of claim 37 wherein when said 

liquid pump is turned off air cannot enter into the bypass 

conduit. 

39. The flow cytometer ( 40} of claim 38 further 

comprising a small capsule disposed between the second one of 

the outlets of said T-coupling and the particle filter for 

storing air ejected from the particle filter when the liquid. 

pump is turned off. 

40. The flow cytometer (40) of claim 38 further 

comprising a length of tubing disposed between the second one 

of the outlets of said T-coupling and the particle filter for 

storing air ejected from the particle filter when the liquid 

pump is turned off. 

41. The flow cytometer (40} of claim 38 further 

comprising an adjustable valve located in the bypass conduit 

between the first one of the outlets of the T-coupling and the 

reservoir for restricting liquid flow therebetween. 

42. The flow cytometer (40) of claim 38 further 

comprising an adjustable valve located between the second one 
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of the outlets of the T-coupling and the viewing zone for 

restricting liquid flow therebetween. 

43. The flow cytometer ( 40) of claim 38 wherein the 

throughput of the liquid pump is adjustable. 

44. The flow cytometer (40) of claim 1 wherein the 

arcuate curved track of said pump housing includes at least two 

(2) pumping sections, the arcuate curved track further 

including at least one recess section located between said 

5 pumping sections along the arcuate curved track, and wherein 

said compressible tube at said recess section becomes 

decompressed to full expansion then compressed to fully closed 

when one (1) of said rollers rolls through said recess section. 

45. The flow cytometer ( 4 0) of claim 44 includes a 

plurality of recess sections along said arcuate curved track 

upstream of the pump outlet, the angular spacing between the 

compression part of said recess section adjacent to the pump 

5 outlet and said exit section of said arcuate curved track being 

substantially the same as the angular spacing between each pair 

of immediately adjacent rollers. 

46. The flow cytometer (40) of claim 44 wherein said 

compression part of said recess section adjacent to the pump 

outlet has a shape complementing a shape of said exit section 

of said arcuate curved track to maintain the total fluid volume 

5 inside a section of said compressible tube extending from said 

recess section to the pump outlet substantially invariant when 

one of said rollers progressively rolls off said exit section 

of the arcuate curved track. 

47. The flow cytometer (40) of claim 44 having a 

plurality of recess sections respectively interspersed between 

immediately adjacent pairs of a plurality of pumping sections. 

48. The flow cytorneter (40) of claim 46 wherein both: 
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a) angular spacing between adjacent pairs of recess 

sections; and 

b) angular spacing between said exit section of said 

arcuate curved track and an adjacent recess section 

to said exit section 

are substantially the same as the angular spacing between each 

pair of immediately adjacent rollers. 

49. The flow cytometer (40) of claim 47 wherein shapes 

of a plurality of recess sections of said arcuate curved track 

complement a shape of said exit section of said arcuate curved 

track to maintain. a fluid volume in sections of said 

5 compressible tube at the plurality of recess sections and said 

exit section substantially invariant when one of said rollers 

progressively rolls off said exit section of the arcuate curved 

track. 

50. The flow cytometer (40) of claim 1 wherein a speed 

of said rotor is programmably controlled to vary substantially 

in inverse proportion to the fluid volume change rate in said 

compressible tube due to its changing compression near the exit 

section of said arcuate curved track. 

51. The flow cytometer (40) of claim 1 wherein at least 

one additional dichroic filter is located between said image 

relay optical element and the image produced by said image 

relay optical element, wherein said dichroic filter produces 

5 two (2) branches of the beam of light having distinctive 

colors. 

52. The flow cytometer (40) of claim 51 wherein another 

focusing optical element is located in one of said branches and 

focuses the beam of light in the branch into a spot having a 

diameter of less than 1.0 mm. 

53. The flow cytometer ( 40) of claim 52 wherein 

successive combinations of said image relay optical element, 

dichroic filter and focusing optical element are cascaded to 
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produce additional focused spots having a diameter of less than 

1.0 mm for multiple colored bands of said beam of light. 

54. The flow cytometer ( 40) of claim 52 wherein the 

dichroic filter is assembled using a template that include two 

(2) optically flat glass plates bonded together in optical 

contact, and wherein the dichroic filter is bonded to a filter 

5 holder using the template such that a coated filter surface of 

the dichroic filter is indented and optically parallel to a 

reference surface of the filter holder. 

55. The flow cytometer ( 4 0) of claim 54 wherein the 

reference surface of the filter holder rests against an 

optically flat surface of an reference block included in the 

WOM (90) thereby providing consistent optical alignment when 

installing the dichroic filter into the WDM (90). 

56. A LO based optical subsystem (50) for impinging a 

beam of light into a viewing zone in which a - particle is 

present, the optical subsystem (50) comprising: 

a) a LO for emitting a diverging beam of light from an 

5 edge thereof, the diverging beam of light having an 

elliptically shaped cross-sectional profile with 

both a major axis and a minor axis; 

b) 

10 

c) 

15 

20 

a collimating lens for converting the diverging beam 

of light erni tted from said LD into a collimated 

elliptical beam of light, wherein the minor axis of 

said collimated elliptical beam of light is oriented 

parallel to a direction in which particles pass 

through the viewing zone; 

a beam compressing optica_l element for reducing the 

size of said elliptical beam of light at the viewing 

zone whereby a width of said major axis of said 

elliptical beam of light oriented perpendicular to 

the direction in which particles pass through the 

viewing zone is less than a width of said liquid 

sheath flow; and 
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d) a cylindrical focusing element positioned adjacent 

to the viewing zone with an axis of said cylindrical 

focusing element being oriented perpendicular to the 

direction in which particles pass through the 

viewing zone whereby: 

i. said minor axis of said beam of light becomes 

focused at the viewing zone; and 

ii. the size of said major axis of said elliptical 

beam of light at the viewing zone remains 

essentially unchanged. 

57. The optical subsystem (50) of claim 56 further 

comprising a cuvette having a rectangularly-shaped 

cross-section, and wherein the viewing zone is located within 

a channel having a rectangularly-shaped cross-section that is 

located within said cuvette. 

58. The optical subsystem (50) of claim 56 further 

comprising a cuvette having a tubularly-shaped cross-section, 

and wherein the viewing zone is located within a channel having 

a circularly-shaped cross-section that is located within said 

cuvette. 

59. The optical subsystem (50) of claim 56 wherein the 

sample liquid and the liquid sheath flow form a jet stream in 

which the viewing zone is located. 

60. The optical subsystem (50) of claim 57 wherein said 

cylindrical focusing element is in optical contact with an 

entrance face of said rectangularly-shaped cuvette. 

61. The optical subsystem (50} of claim 57 wherein said 

cylindrical focusing element 

rectangularly-shaped cuvette. 

is separated from said 

62. The optical subsystem (50} of claim 58 wherein said 

cylindrical focusing element is separated from said tubularly­

shaped cuvette. 
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63. The optical subsystem (50) of claim 59 wherein said 

cylindrical focusing element is separated from said jet stream. 

64. The optical subsystem {50) of claim 56 further 

comprising a polarization conditioning element through which 

said collimated elliptical beam of light passes. 

65. A method for delivering an elliptically shaped beam 

of light using a LO based optical subsystem (50), the beam of 

light having a smooth profile at a focus of a minor axis 

thereof that is located at a viewing zone through which a 

5 sample liquid.flows, the sample liquid being hydrodynamically 

focused within the viewing zone by a liquid sheath flow that 

also flows through the viewing zone, the method comprising the 

steps of: 

a) 

10 

b) 

15 

20 c) 

25 

d) 

30 

providing a LO that emits a diverging beam of light 

from an edge thereof, the diverging beam of light 

having an elliptically shaped cross-sectional 

profile with both a major axis and a minor axis; 

impinging the diverging beam of light emitted by the 

LD upon a collimating lens for converting the 

diverging beam of light emitted therefrom into a 

collimated elliptical beam of light wherein the 

minor axis of said collimated elliptical beam of 

light is oriented parallel to a direction in which 

sample liquid passes through the viewing zone; 

after passing through said collimating lens, 

impinging the collimated elliptical beam of light 

upon an beam compressing optical element for 

reducing the size of said elliptical beam of light 

at the viewing zone whereby a width of said major 

axis of said elliptical beam of light oriented 

perpendicular to the direction in which sample 

liquid passes through the viewing zone becomes less 

than a width of said liquid sheath flow; and 

after passing through said beam compressing optical 

element, impinging the beam of light upon a 
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cylindrical focusing element positioned adjacent to 

the viewing zone with an axis of said cylindrical 

focusing element being oriented perpendicular to the 

direction in which sample liquid passes through the 

viewing zone whereby: 

i. said minor axis of said beam of light becomes 

focused at the viewing zone; and 

ii. the size of said major axis of said elliptical 

beam of light at the viewing zone remains 

essentially unchanged. 

66. The method of claim 65 wherein the viewing zone is 

located within a channel having a rectangularly-shaped 

cross-section that is located within a cuvette. 

67. The method of claim 65 wherein the viewing zone is 

located within a channel having a circularly-shaped 

cross-section that is located within a cuvette. 

68. The method of claim 65 wherein the viewing zone is 

located within a jet stream. 

69. The method of claim 66 further comprising a step of 

establishing an optical contact between said cylindrical 

focusing element and an entrance face of said cuvette. 

70. The method of claim 66 further comprising a step of 

establishing a spacing between said cylindrical focusing 

element and said cuvette. 

71. The method of claim 67 further comprising a step of 

establishing a spacing between said cylindrical focusing 

element and said cuvette. 

72. The method of claim 68 further comprising a step of 

establishing a spacing between said cylindrical focusing 

element and said jet stream. 
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73. The method of claim 65 further comprising a step of 

inserting a polarization conditioning element between the 

collimating lens and the beam compressing optical element 

whereby the collimated elliptical beam of light passes through 

5 the polarization conditioning element. 

5 

10 

15 

20 

7 4. A composite microscope objective ( 60) adapted for 

imaging light scattered from and fluoresced by a particle 

present within a viewing zone comprising: 

a) a concave mirror upon which scattered and fluoresced 

light impinges; 

b) an aberration corrector plate made of optically 

transparent material wherein said aberration 

corrector plate is an ashperic lens that has: 

i. a first zone of said aberration corrector plate 

outside a neutral zone thereof where said 

aberration corrector plate: 

1) is thinnest; and 

2) has negative optical power; and 

ii. a second zone of said aberration corrector 

plate inside the neutral zone has positive 

optical power, 

light reflected from 

objective (60) passing 

corrector plate, 

the composite 

through said 

microscope 

aberration 

the viewing zone being located between said concave 

mirror and said aberration corrector plate. 

75. The composite microscope objective (60) of claim 74 

wherein an optical image of the viewing zone is formed outside 

the composite microscope objective (60). 

76. The composite microscope objective (60) of claim 75 

wherein the viewing zone is located within a flow channel 

included in a rectangularly-shaped cuvette made of optically 

transparent material. 

SUBSTITUTE SHEET (RULE 26) 

Cytek Exhibit No. 1071 
Page 190



PCT1US13/43453 17-06-2013 

DOCKET NO. 2294PCT 

- 64 -

PCT/US2013/043453 17.06.2013 

Replacement sheets for 
Int. App. No. PCT/US2013/043453 

77. The composite microscope objective (60) of claim 76 

wherein said concave mirror is a piano-concave back surface 

mirror made from an optically transparent material. 

78. The composite microscope objective (60) of claim 77 

wherein a piano-surface of said piano-concave back surface 

mirror is optically coupled to a flat surface of said cuvette. 

79. The composite microscope objective (60) of claim 78 

wherein an optical adhesive material accomplishes the optical 

coupling. 

80. The composite microscope objective (60) of claim 78 

wherein an index matching gel accomplishes the optical 

coupling. 

81. The composite microscope objective (60) of claim 78 
~ 

wherein an index matching fluid accomplishes the optical 

coupling. 

82. The composite microscope objective (60) of claim 78 

wherein optical contact bonding accomplishes the optical 

coupling. 

83. The composite microscope objective (60) of claim 78 

wherein the piano-concave back surface mirror formed integrally 

with said cuvette means. 

84. The composite microscope objective (60) of claim 76 

wherein said aberration corrector plate is a piano-aspherical 

lens. 

85. The composit~ microscope objective (60) of claim 84 

wherein a piano-surface of said aberration corrector plate is 

optically coupled to a flat surface of said cuvette opposite 

of said piano-concave back surface mirror. 
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86. The composite microscope objective (60) of claim 85 

wherein an index matching gel accomplishes the optical 

coupling. 

87. The composite microscope objective (60) of claim 85 

wherein an index matching fluid accomplishes the optical 

coupling. 

88. The composite microscope objective (60) of claim 85 

wherein optical contact bonding accomplishes the optical 

coupling. 

89. The composite microscope objective (60) of claim 85 

wherein the piano-aspherical lens is formed integrally with 

said cuvette. 

90. The composite microscope objective (60) of claim 84 

wherein said aberration corrector plate is detached from said 

cuvette. 

91. The composite microscope objective (60) of claim 75 

wherein the viewing zone is inside a jet stream. 

92. The composite microscope objective (60) of claim 90 

wherein said concave mirror is a front surface mirror. 

93. The composite microscope objective (60) of claim 75 

wherein the viewing zone is located on a surface of a flat, 

transparent substrate. 

94. The composite microscope objective (60) of claim 93 

wherein said concave mirror is a piano-concave back surface 

mirror made from an optically transparent material. 

95. The composite microscope objective (60) of claim 94 

wherein a piano-surface of said piano-concave back surface 

mirror is optically coupled to said flat, transparent 

substrate. 
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96. The composite microscope objective (60) of claim 95 

wherein an optical adhesive material accomplishes the optical 

coupling. 

97. The composite microscope objective (60) of claim 95 

wherein an index matching gel accomplishes the optical 

coupling. 

98. The composite microscope objective (60) of claim 95 

wherein an index matching fluid accomplishes the optical 

coupling. 

99. The composite microscope objective (60) of claim 95 

wherein optical contact bonding accomplishes the optical 

coupling. 
I_ 

100. The composite microscope objective (60) of claim 94 

wherein said piano-concave back surface mirror is formed 

integrally with said flat, transparent substrate. 

101. The composite microscope objective (60) of claim 93 

wherein said aberration corrector plate is detached from said 

flat, transparent substrate. 

102. A method for characterizing microscopic species using 

a microscope objective device comprising: 

a) A concave mirror; 

b) An aberration corrector plate made of optically 

c) 

transparent material wherein said aberration 

corrector plate is an ashperic lens with the zone of 

said plate means outside of the neutral zone wherein 

the thickness of said plate means is thinnest, 

having negative optical power, and the zone inside 

the neutral zone having positive optical power 

A viewing zone located in between said concave 

mirror and said aberration corrector plate. 
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103. The method of claim 102 wherein an optical image of 

the viewing zone is formed outside the device. 

104. The method of claim 103 wherein the viewing zone is 

located within a flow channel contained in a rectangularly­

shaped cuvette means made of optically transparent material. 

105. The method of claim 104 wherein said concave mirror 

is a piano-concave back surface mirror made from an optically 

transparent material. 

106. The method of claim 105 wherein a piano-surface of 

said piano-concave back surface mirror means is optically 

coupled to a flat surface of said cuvette means. 

107. The method of claim 106 wherein an optical adhesive 

material accomplishes the optical coupling. 

108. The method of claim 106 wherein an index matching gel 

accomplishes the optical coupling. 

109. The method of claim 106 wherein an index matching 

fluid accomplishes the optical coupling. 

110. The method of claim 106 wherein optical contact 

bonding accomplishes the optical coupling. 

111. The method of claim 106 wherein the piano-concave 

back surface mirror is formed integrally with said cuvette. 

112. The method of claim 104 wherein said aberration 

corrector plate is a plano-aspherical lens. 

113. The ·method of claim 112 wherein a piano-surface of 

said aberration corrector plate is optically coupled to a flat 

surface of said cuvette means opposite of said concave mirror. 
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114. The method of claim 113 wherein an index matching gel 

accomplishes the optical coupling. 

115. The method of claim 113 wherein an index matching 

fluid accomplishes the optical coupling. 

116. The method of claim 113 wherein optical contact 

bonding accomplishes the optical coupling. 

117. The method of claim 113 wherein the piano-aspherical 

lens is formed integrally with said cuvette. 

118. The method of claim 112 wherein said aberration 

corrector plate is detached from said cuvette. 

119. The method of claim 102 wherein the viewing zone is 

inside a jet stream. 

120. The method of claim 119 wherein said concave mirror 

is a front surface mirror. 

121. The method of claim 102 wherein the viewing zone is 

located on a surface of a flat, transparent substrate. 

122. The method of claim 121 wherein said concave mirror 

is a piano-concave back surface mirror made from an optically 

transparent material. 

123. The method of claim 122 wherein a piano-surface of 

said piano-concave back surface mirror means is optically 

coupled to said flat, transparent substrate. 

124. The method of claim 123 wherein an optical adhesive 

material accomplishes the optical coupling. 

125. The method of claim 123 wherein an index matching gel 

accomplishes the optical coupling. 
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126. The method of claim 123 wherein an index matching 

fluid accomplishes the optical coupling. 

127. The method of claim 123 wherein optical contact 

bonding accomplishes the optical coupling. 

128. The method of claim 122 wherein said piano-concave 

back surface mirror is formed integrally with said flat, 

transparent substrate. 

129. The method of claim 128 wherein said aberration 

corrector plate is detached from said flat, transparent 

substrate. 

130. A fluidic subsystem (70} for supplying a liquid flow 

pulsation free to an outlet of the fluidic subsystem (70), the 

fluidic subsystem (70) comprising: 

a) a liquid pump for supplying liquid drawn from a 

reservoir; 

b) a T-coupling having at least one (1) inlet and two 

(2) outlets, 

i. the inlet of said T-coupling receiving liquid 

from said liquid pump; 

ii. a first fraction of the liquid received by the 

inlet flowing via a first one of -the outlets 

and via a bypass conduit back to the reservoir; 

and 

iii. a second fraction of the liquid received by the 

15 inlet flowing via a second one of the outlets 

and via a particle filter to the outlet of the 

fluidic subsystem (70). 

131. The fluidic subsystem (70) of claim 130 wherein the 

particle filter has inlet thereto for receiving liquid from the 

T-coupling, the inlet of the particle filter being disposed so 

that air becomes trapped within the particle filter at the 

inlet thereto. 
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132. The fluidic subsystem (70) of claim 131 wherein when 

said liquid pump is turned off air cannot enter into the bypass 

conduit. 

133. The fluidic subsystem (70} of claim 132 further 

comprising a small capsule disposed between the second one of 

the outlets of said T-coupling and the particle filter for 

storing air ejected from the particle filter when the liquid 

pump is turned off. 

134. The fluidic subsystem (70) of claim 132 further 

comprising a length of tubing disposed between the second one 

of the outlets of said T-coupling and the particle filter for 

storing air ejected from the particle filter when the liquid 

pump is turned off. 

135. The f luidic subsystem ( 70) of claim 132 further 

comprising an adjustable valve located in the bypass conduit 

between the first one of the outlets of the T-coupling and the 

reservoir for restricting liquid flow therebetween. 

136. The fluidic subsystem (70) of claim 132 further 

comprising an adjustable valve located between the second one 

of the outlets of the T-coupling and the outlet of the fluidic 

subsystem (70} for restricting liquid flow therebetween. 

137. The fluidic subsystem (70} of claim 132 wherein the 

throughput of the liquid pump is adjustable. 

138. A method for supplying a liquid flow pulsation free 

to an outlet of the fluidic subsystem (70), the method 

comprising: 

a) a liquid pump for supplying liquid drawn from a 

reservoir; 

b} a T-coupling having at least one (1) inlet and two 

(2) outlets, 

i. the inlet of said T-coupling receiving liquid 

from said liquid pump; 
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ii. a first fraction of the liquid received by the 

inlet flowing via a first one of the outlets 

and via a bypass conduit back to the reservoir; 

and 

iii. a second fraction of the liquid received by the 

inlet flowing via a second one of the outlets 

and via a particle filter to the outlet of the 

fluidic subsystem (70). 

139. 'The method of claim 138 wherein during normal 

operation certain amount of air is trapped near the inlet 

portion of said filter cartridge means. 

140. The method of claim 139 wherein said reservior means 

holds sufficient amount of liquid such that when said pump 

means is turned off, portion of the tubing between said Tee 

means and said reservoir means is still filled with liquid, 

5 preventing said trapped air from leaking into said bypass 

means. 

141. The method of claim 140 wherein said reservior means 

is a capsule. 

142. The method of claim 140 wherein said reservior means 

is a piece of tubing. 

143. The method of claim 140 wherein an adjustable flow 

restrictor menas is placed in the bypass route. 

144. The method of claim 140 wherein an adjustable flow 

restrictor menas is placed in the sheath route. 

145. The method of claim 140 wherein the throughput of the 

sheath pump is adjustable. 

146. A peristaltic pump 80 comprising: 

SUBSTITUTE SHEET (RULE 26) 

Cytek Exhibit No. 1071 
Page 198



PCT1US13/43453 17-06-2013 PCT/US2013/043453 17.06.2013 

5 

10 

15 

20 

DOCKET NO. 2294PCT Replacement sheets for 
Int. App. No. PCT/US2013/043453 

- 72 -

a) a pump housing having a arcuate curved track formed 

therein that extends between a pump inlet and a pump 

outlet; 

b) 

c) 

a plurality of rollers that are attached to a rotor, 

the rollers having a substantially equal angular 

spacing between each pair of immediately adjacent 

rollers, the rotor being rotatable together with the 

rollers attached thereto inside said pump housing; 

and 

a compressible tube sandwiched between said rollers 

and the arcuate curved track of said pump housing, 

the arcuate curved track including: 

i. 

ii. 

an exit section wherein, as a roller rolls 

through the exit section, said compressible 

tube adjacent to said roller progressively 

expands from fully closed at a beginning of 

said exit section to fully open at the pump 

outlet where said roller breaks contact with 

said compressible tube; and 

at least one pumping section along the arcuate 

curved track between the pump inlet and the 

pump outlet wherein said compressible tube is 

compressed to fully closed by at least one of 

said rollers. 

147. The peristaltic pump 80 of claim 146 wherein the 

arcuate curved track of said pump housing includes at least two 

(2) pumping sections, the arcuate curved track further 

including at least one recess section located between said 

5 pumping sections along the arcuate curved track, and wherein 

said compressible tube at said recess section becomes 

decompressed to full expansion then compressed to fully closed 

when one (1) of said rollers rolls through said recess section. 

148. The peristaltic pump 80 of claim 147 includes a 

plurality of recess sections along said arcuate curved track 

upstream of the pump outlet, the angular spacing between the 

compression part of said recess section adjacent to the pump 
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5 outlet and said exit section of said arcuate curved track being 

substantially the same as the angular spacing between each pair 

of immediately adjacent rollers. 

149. The peristaltic pump 80 of claim 147 wherein said 

compression part of said recess section adjacent to the pump 

outlet has a shape complementing a shape of said exit section 

of said arcuate curved track to maintain the total fluid volume 

5 inside a section of said compressible tube extending from said 

recess section to the pump outlet substantially invariant when 

one of said rollers progressively rolls off said exit section 

of the arcuate curved track. 

5 

150. The peristaltic pump 80 of claim 14 7 having a 

plurality of recess sections respectively interspersed between 

immediately adjacent pairs of a plurality of pumping sections. 

151. The peristaltic pump 80 of claim 149 wherein both: 

a) angular spacing between adjacent pairs of recess 

sections; and 

b) angular spacing between said exit section of said 

arcuate curved track and an adjacent recess section 

to said exit section 

are substantially the same as the angular spacing between each 

pair of immediately adjacent rollers. 

152. The peristaltic pump 80 of claim 150 wherein shapes 

of a plurality of recess sections of said arcuate curved track 

complement a shape of said exit section of said arcuate curved 

track to maintain a fluid volume in sections of said 

5 compressible tube at the plurality of recess sections and said 

exit section substantially invariant when one of said rollers 

progressively rolls off said exit section of the arcuate curved 

track. 

153. The peristaltic pump 80 of claim 146 wherein a speed 

of said rotor is programmably controlled to vary substantially 

in inverse proportion to the fluid volume change rate in said 
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compressible tube due to its changing compression near the exit 

section of said arcuate curved track. 

pump 

154. A method for delivering liquid using a peristaltic 

80 

a) 

b) 

c) 

d} 

e) 

f) 

comprising: 

a pump housing with arcuate curved track; 

A plurality of rollers attached to a rotor means 

rotatable inside said pump housing; 

Said plurality of rollers spaced at substantially 

equal angular spacing from each other; 

A compressible tube sandwiched between said rollers 

and the arcuate curv~d track of said pump housing; 

Said arcuate curved track of said pump housing 

including an exit section, wherein said compressible 

tube being progressively decompressed to full 

expansion when one of said rollers rolls off the 

compressible tube at the pump outlet; 

At least one pumping section along the arcuate 

curved track of said pump housing between the pump 

inlet and pump outlet wherein said compressible tube 

is compressed to full closure by one of said 

rollers. 

155. The method of ~laim 154 wherein the arcuate curved 

track of said pump housing includes at least two (2) pumping 

sections, the arcuate curved track further including at least 

one recess section located between said pumping sections along 

5 the arcuate curved track, and wherein said compressible tube 

at said recess section becomes decompressed to full expansion 

then compressed to fully closed when one (1) of said rollers 

rolls through said recess section. 

156. The method of claim 155 wherein the peristaltic pump 

80 includes a plurality of recess sections along said arcuate 

curved track upstream of the pump outlet; The angular spacing 

between the compression part of said recess section adjacent 

5 to the pump outlet and said exit section of said arcuate curved 
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track being substantially the same as the angular spacing 

between each pair of immediately adjacent rollers. 

157. The method of claim 155 wherein said compression part 

of said recess section adjacent to the pump outlet has a shape 

complementing a shape of said exit section of said arcuate 

curved track to maintain the total fluid volume inside a 

5 section of said compressible tube extending from said recess 

section to the pump outlet substantially invariant when one of 

said rollers progressively rolls off said exit section of the 

arcuate curved track. 

5 

158. The method of claim 155 having a plurality of recess 

sections respectively interspersed between immediately adjacent 

pairs of a plurality of pumping sections. 

159. The method of claim 157 wherein both: 

a) angular spacing between adjacent pairs of recess 

sections; and 

b) angular spacing between said exit section of said 

arcuate curved track and an adjacent recess section 

to said exit section 

are substantially the same as the angular spacing between each 

pair of immediately adjacent rollers. 

160. The method of claim 158 wherein shapes of a plurality 

of recess sections of said arcuate curved track complement a 

shape of said exit section of said arcuate curved track to 

maintain a fluid volume in sections of said compressible tube 

5 at the plurality of recess sections and said exit section 

substantially invariant when one of said rollers progressively 

rolls off said exit section of the arcuate curved track. 

161. The method of claim 154 wherein a speed of said rotor 

of the peristaltic pump 80 is programmably controlled to vary 

substantially in inverse proportion to the fluid volume change 

rate in said compressible tube due to its changing compression 

near the exit section of said arcuate curved track. 
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162. A WDM (90) for separating a beam of light emitted 

from an into multiple colored bands, the WDM (90) comprising: 

a) a collimating optical element that magnifies an to 

produce an image of substantially the same size as 

the effective size of said collimating optical 

element; 

b) at least one dichroic filter located between said 

collimating optical element and said image, wherein 

said dichroic filter separates the collimated beam 

of light into two (2) branches of distinctive 

colors; 

c) a focusing optical element located in one of said 

branches, wherein the beam of light in said branch 

is focused to a spot having a diameter of less than 

1.0 mm by said focusing optical element; and 

d) an image relay optical element located near the 

image produced by said collimating optical element 

in the other branch, wherein said image relay 

optical element produces an image of said 

collimating optical element at substantially unit 

magnification. 

163. The WDM ( 90) of claim 162 wherein at least one 

additional dichroic filter is located between said image relay 

optical element and the image produced by said image relay 

optical element, wherein said dichroic filter produces two (2) 

branches of the beam of light having distinctive colors. 

164. The WDM (90) of claim 163 wherein another focusing 

optical element is located in one of said branches and focuses 

the beam of light in the branch into a spot having a diameter 

of less than 1.0 mm. 

165. The WDM (90) of claim 164 wherein successive 

combinations of said image relay optical element, dichroic 

filter and focusing optical element are cascaded to produce 
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additional focused spots having a diameter of less than 1.0 mm 

for multiple colored bands of said beam of light. 

166. The WDM (90) of claim 164 wherein the dichroic filter 

is assembled using a template that include two (2) optically 

flat glass plates bonded together in optical contact, and 

wherein the dichroic filter is bonded to a filter holder using 

5 the template such that a coated filter surface of the dichroic 

filter is indented and optically parallel to a reference 

surface of the filter holder. 

5 

10 

15 

20 

167. The WDM { 90) of claim 166 wherein the reference 

surface of the filter holder rests against an optically flat 

surface of an reference block included in the WDM (90) thereby 

providing consistent optical alignment when installing the 

dichroic filter into the WDM (90). 

168. A method for separating beam of light emitted from 

an into colored bands using a WDM (90) comprising 

a) a collimating optical element that magnifies an to 

produce an image of substantially the same size as 

the effective size of said collimating optical 

element; 

b) at least one dichroic filter located between said 

collimating optical element and said image, wherein 

said dichroic filter separates the collimated beam 

of light into two (2) branches of distinctive 

colors; 

c} a focusing optical element located in one of said 

branches, wherein the beam of light of said branch 

is focused to a spot having a diameter of less than 

1.0 mm by said focusing optical element; and 

d} an image relay optical element located near the 

image produced by said collimating optical element 

in the other branch, wherein said image relay 

optical element produces an image of said 

collimating optical element at substantially unit 

magnification. 
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169. The method of claim 168 wherein at least one 

additional dichroic filter is located between said image relay 

optical element and the image produced by said image relay 

optical element, wherein said dichroic filter produces two (2) 

branches of beam of light having distinctive colors. 

170. The method of claim 169 wherein another focusing 

optical element is located in one of said branches and focuses 

the beam of light in the branch into a spot having a diameter 

of less than 1.0 mm. 

·171. The method of claim 170 wherein successive 

combinations of said image relay optical element, dichroic 

filter and focusing optical element are cascaded to produce 

additional focused spots having a diameter of less than 1.0 mm 

for multiple colored bands of said beam of light. 

172. The method of claim 170 wherein the dichroic filter 

is assembled using a template that include two (2) optically 

flat glass plates bonded together in optical contact, and 

wherein the dichroic filter is bonded to a filter holder using 

5 the template such that a coated filter surface of the dichroic 

filter is indented and optically parallel to a reference 

surface of the filter holder. 

173. The method of claim 172 wherein the reference surface 

of the filter holder rests against an optically flat surface 

of an reference block included in the WDM ( 90) thereby 

providing consistent optical alignment when installing the 

dichroic filter into the WDM (90). 
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The disclosed flow cytometer (40) includes: 

1. a laser diode ("LD") based optical subsystem (SO) 

for impinging a beam of light upon particles passing 

through a viewing zone; 

2. a composite microscope objective (60) for gathering 

and imaging light scattered from or fluoresced by 

particles passing through the viewing zone; 

3. a fluidic subsystem (70) for supplying a liquid 

sheath flow to the viewing zone; 

4. a peristaltic pump ( 8 O) for injecting into the 

liquid sheath flow a liquid sample flow carrying 

particles that passes together with the liquid 

sheath flow through the viewing zone; 

5. a multimode optical fiber (852) that receives 

scattered and fluoresced light from the viewing zone 

that the composite microscope objective (60) gathers 

and images; and 

6. a wavelength division multiplexer (90) for optically 

separating into color bands light received_via the 

optical fiber (852). 
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MICRO FLOW CYTOMETER WITH MULTIANGULAR WAVEGUIDE 

DETECTORS HAVING SPECTRAL CAPABILITIES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. provisional application 

5 Serial No. 60/498,453 filed August 28, 2003., herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention pertains to micro flow cytometers having 

spectral capabilities. 

2. Background Art 

Micro flow cytometers are known, for example as described in 

PCT/US02/22903, incorporated herein by reference. Such flow cytometers are 

distinguished from conventional cytometers by their small size and inexpensive 

construction. The small channel sizes of such devices encourage laminar fluid flow, 

15 and their small volume requires correspondingly small amounts of analyte and 

focusing fluids, when the latter are used. In PCT/US02/22903, a unique detection 

system employing PIN diodes as detectors has been described. By modulating the 

incident light and amplifying the detector signal synchronously with the frequency 

of modulation, a detector output having lower noise than conventional 

20 photomultiplier tubes is achieved. PCT/US02/22903 also describes the use of 

multiple wavelengths of light with suitably filtered detectors, so as to detect 

fluorescence from more than one species. 

-1-
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In PCT published application WO 85/05680 is disclosed a 

conventional flow cytometer of macroscopic size in which the interrogation channel 

is interrupted by an orifice plate transverse to the axis of the interrogation channel. 

The orifice plate contains a plurality of optical waveguides which are perpendicular 

5 to the channel. However, WO 85/05680 does not disclose any variation of spectral 

response at the different waveguides, which rather are for the purpose of gathering 

a plurality of differing kinds of information based on interaction of particles in the 

channel with an exciting light source which flows through one of the waveguides. 

It would be desirable to provide new modes of detection in micro 

10 flow cytometers, particularly enhanced ability to gather wavelength-dependent 

spectral data. Gathering such data may provide means to further increase detection 

characteristics such as signal to noise ratio, and to provide information on particles 

being detected which is not currently available. 

SUMMARY OF THE INVENTION 

15 It has now been surprisingly discovered that interrogation waveguides 

having different angular relationships with the interrogation channel of a micro flow 

cytometer can provide increased signal to noise ratio in particle detection, as well 

as allowing for investigating spectral response characteristics. In such devices, a 

plurality of detectors for a single color, color band, etc. may be used, but at 

20 different angles to the flow channel. The detector response exhibits an angular 

dependence on wavelength. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 illustrates one embodiment of a micro flow cytometer 

having microgrooves adapted to receive optical waveguides. 

FIGURE 2 illustrates a test setup used to investigate detector response 

in a micro flow cytometer employing red and blue light sources. 

-2-
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FIGURE 3 illustrates a block diagram for detection and signal 

amplification of fluorescence emitted by a particle in an interrogation zone of a 

MFC. 

FIGURES 4a and 4b represent typical traces from a MFC using a 

5 PMT detector and PIN detector with lock-in, respectively. 

10 

FIGURE 5 illustrates one relationship between signal to noise ration 

(SIN) at various detector angles for various colored microspheres. 

FIGURE 6 illustrates the dependency of SIN ratio on wavelength at 

various detector angles. 

FIGURE 7 illustrates actual and theoretical SIN variation with 

different sample column widths. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The micro flow cytometers ("MFC") of the subject invention contain 

at least one optical waveguide which supplies incident light to an interrogation zone 

15 of a MFC, and a plurality of collecting optical waveguides to gather light from the 

interrogation zone, the collecting optical waveguides positioned at different included 

angles with respect to the axis of the interrogation zone, and in the plane of the axis 

of the interrogation zone. The incident and collecting optical waveguides are 

preferably optical fibers. 

20 The flow cytometer itself may be made of any convenient material, 

including but not limited to rnicromachined glass, quartz, silicon, stainless steel, 

ceramic, etc., injection molded plastics, and the like. However, the material of 

construction is preferably a cast silicone elastomer, preferably a transparent 

elastomer. Such MFCs can be readily cast from a micromachined master. They 

25 may also be fabricated as multiple layer structures which are subsequently bonded 

together. One embodiment of such a device is shown in Figure 1, where a three 

-3-
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layer construction is used. In leftmost layer 1, the inner face contains gas channels 

2a which communicate with leftmost portion of focusing zone 3a. A middle layer 

4 contains the bulk of the focusing zone 3 and a sample fluid passage 5 in 

communication therewith. The focusing zone communicates with the interrogation 

5 zone or "channel" 6 which communicates with the outlet reservoir 7 and outlet 

passage 8. The rightmost layer 9 is, in this case, a mirror image of leftmost layer 

1, and contains gas passages 2b and, rightmost focusing zone portion 3b. 

The terminations of the various channels external to the device are 

advantageously adapted to be single plug-in connectors as are common for supply 

10 of fluids, or in the case of the connectors for the light supply and detector 

passageways, simple snap fittings which allow suitable coupling to external light 

emitters (lasers, laser diodes, etc.) and detectors (photomultiplier tubes, PIN diodes, 

etc). In preferred devices, these latter companies may be incorporated into the body 

of the cell, such that only electrical connections (electrical contacts, jacks, coaxial 

15 cable), etc., may be required. The central layer 4 is also configured to contain 

microgrooves for receiving minimally one incident waveguide and two collector 

waveguides. The device shown contains microgrooves for two incident waveguides 

10, 11 and two collector waveguides, 12 and 13. 

As indica,ted previously, the micro flow cytometer ('MFC") devices 

20 may be constructed of various materials. For example, the entire device may be 

constructed of a hydrophobic polymer such as polydimethylsiloxane (PDMS), or 

may be constructed of alternative materials, including conventional thermosetting 

polymers, thermoplastics, glass, ceramic, metal, and the like, provided that the 

portions of the internal passageways of the device preceding and including the 

25 interrogation zone where both liquid and optionally gas are simultaneously present 

are transparent to the wavelengths of interest in an area between the light source and 

the detector within the interrogation zone, so that light scattered by particles passing 

through the interrogation zone can be analyzed appropriately as in conventio_nal flow 

cytometers. The walls of the internal passages are preferably of hydrophobic 

30 material, or are coated or otherwise treated to render them hydrophobic. 
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A convenient method • of constructing the focusing chamber, 

interrogation zone, and further channels and reservoirs is the use of soft lithography 

as disclosed by Y. N. Xia et al., SCIENCE, V. 273 p. 34 7 ff ( 1996). The use of this 

technique also allows a simple lens or even a grating to be fabricated in the device. 

5 Y.N. Xia et al., "SOF"I' LITHOGRAPHY" Annu. Rev. Matter SCl V. 28, pp 153 -

184, (1998). The lens and grating may form part of the wall of the interrogation 

zone, for example, for light focusing and/or collimation or spectral dispersion. 

The devices may be unfocused, i.e. configured such that the only 

fluid flowing through the interrogation zone of the device is the fluid being 

10 analyzed. This type of configuration is particularly useful at low flow rates in 

channels of very small dimension. However, in general, it is preferable that the 

devices be focused, either by means of a surrounding sheath of liquid, or of gas. 

As is well known, focused devices maintain the fluid being analyzed in a narrower 

and more well defined flow through the interrogation channel. 

15 The optical waveguides used are preferably optical fibers of glass, 

and may be cast in place in the device or positioned by any other suitable means. 

Most preferably, MFC devices are constructed of layers of materials, with one or 

more layers, preferably a layer also containing the interrogation channel or a portion 

thereof, containing grooves or channels sized to receive and emplace the optical 

20 waveguides. Providing of such channels simplifies the construction process and 

renders the devices uniform from device to device. Since the MFCs are preferably 

designed to be low cost and disposable, uniformity is particularly desirable. 

Traditional large scale flow cytometers are both expensive as well as specifically 

designed for multiple use. The concepts expressed herein can be used with 

25 conventional flow cytometers as well. 

The geometry of the focusing chamber, interrogation zone, etc., is 

such that the sample stream is focused, either two dimensionally or multiply 

dimensionally, without substantial breakup of the sample stream when used as a 

flow cytometer. Numerous geometries are possible, and the various channel 

30 chambers and zones may take numerous cross-sections. A suitable geometry is 
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provided in Figure 7 of PCT/US02/22903, which should not be construed as 

limiting. Dimensions are in mm. Focusing of the sample fluid is illustrated in 

Figure 8 of PCT/US02/22903, wherein sample fluid stream 41 enters focusing 

chamber 42 together with air sheaths or "focusing streams" 43a and 43b. As the 

5 focusing chamber narrows, the sample stream is altered in shape and constricted 44 

to a narrow and coherent stream 45 within the interrogation zone. The geometry 

may be determined by standard commercially available fluid dynamics software. 

In a typical device, the diameter of the liquid sample channel may be 

from 1 - 1000 µm, preferably 10-300 µm, and most preferably about 20 µmat the 

10 downstream end where it communicates with the focusing chamber. The gas 

channels at this point are preferably somewhat larger in dimension, for example 

200-600 µm, preferably 250-500 µm, and more preferably 300-400 µm, and 

converge with the fluid sample channel at an acute included angle, preferably from 

15-45 °, more preferably 20-40°, and most preferably ca. 30°. The walls of the 

15 focusing chamber are defined by the outer walls of the gas inlet channels at its 

"upper" end, for example 1000 µm to 2000 µm, preferably about 1500 µm, and at 

the "lower" end, by the diameter of the interrogation zone into which the focusing 

chamber transitions, i.e. from 100 µm to 500 µm, preferably 200 µm to 400 µm, 

and most preferably about 300 µm. The transition of the upper end of the focusing 

20 chamber to the lower end, the beginning of the interrogation zone, is roughly V­

shaped in plan, and the side walls may be slightly concave, as described in the 

figures, the actual geometry being straight, circular, elliptical, hyperbolic, 

parabolic, or other shape which suitably minimizes breakup of the sample stream. 

The liquid sample and focusing gas flow rates (when used) are 

25 selected so as to form a focused but coherent liquid sample stream within the 

interrogation zone of the desired diameter. It should be noted that when gas 

focusing is used, the fluid sample is not necessarily completely enveloped by gas, 

although complete envelopment is preferred. The diameter of the sample stream in 

the interrogation zone will be a function of the gas flow rate, the liquid sample flow 

30 rate, and the vacuum (if any) applied at the outlet. Liquid focusing in the same 

manner may also be used. The lower end of the interrogation zone, for example the 
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outlet reservoir, is preferably maintained at less than atmospheric pressure, for 

example from 10 mm Hg to 700 mm Hg. A pressure of 45 mm Hg has been found 

quite suitable. Alternatively, the inlet reservoirs could be maintained at positive 

pressure without requiring application of vacuum at the outlet. The physical 

5 geometry of the device may also affect sample stream diameter. 

For example, when gas is used for focusing, the gas flow rate may 

range from 40 mL/hr to 15,000 mL/hr, preferably ca. 800 mL/hr. At these gas 

flow rates, with a 45 mm Hg vacuum, and in a channel with a 100 µm height, the 

diameter of the focused liquid sample stream in the interrogation zone may be varied 

10 from as little as 15 µm at a liquid sample flow rate of 6 mL/hr to about 100 µm at 

a flow rate of 20 mL/hr. Calculations based on fluid dynamics indicate that in a 

device with a 300 µm wide interrogation zone, a gas flow rate of about 700-900 mL, 

and a vacuum at the outlet of 45 mm Hg, the maximum focused liquid stream flow 

rate is approximately 50 mL/hr, at which point the liquid will contact the walls of 

15 the interrogation chamber. These same calculations indicate a minimum sample 

flow rate of 6. 6 mL/hr without losing stream coherency. A stable 6 mL/hr stream 

has been observed. However, lowering the flow rate to 5 mL/hr caused the stream 

to be discontinuous. The geometry and dimensions of the channel can be tailored 

to achieve stability at different flow rates. For further discussion of the necessary 

20 calculations, reference may be made to Huh, et al., "Use of Air-Liquid Two-Phase 

Flow in Hydrophobic Microfluidic Channels for Disposable Flow Cytometers," 

BIOMEDICAL MICRODEVICES, .1 (2), 141-49 (2002), based on the work of the present 

inventors. 

The light source and light impingement system may comprise a 

25 conventional laser, numerous types of which are commercially available. With such 

lasers, optical systems are generally necessary to properly direct the laser beam 

through the interrogation zone. In this type of light supply, conventional auxiliary 

components can be used. "Auxiliary" components include conventional optics 

including but not limited to lenses, lens systems, filters, gratings, polarizers, quarter 

30 wave plates, beam splitters, etc. These auxiliary components comprise the light 

impingement system when standard light sources are used. The light source may 

Cytek Exhibit No. 1071 
Page 217



PCT/US2013/043453 10.10.2013 

WO 2005/033654 PCT/US20U4/028175 

emit a range of light, may be monochromatic, or may be multichromatic. In one 

embodiment, a plurality of light sources of different spectral characteristics are 

employed. These, for example, may emit light in the UV, visible, or IR portions 

of the spectrum. The wavelengths are often chosen such that they maximize 

5 fluorescing modes of particles to be detected. For purposes of detection, it is also 

desirable that the light sources be of a wavelength other than that to be detected. 

Similarly, conventional light collection systems and light detection 

systems can be used. These include, generally, a photomultiplier tube or equivalent 

device as part of the detector system, generally also associated with auxiliary 

10 components such as lenses or lens systems, beam splitters, filters, gratings, etc., 

which also comprise the light collection system. The output of the photomultiplier 

and of photodiodes, when used, are generally connected to standard data acquisition 

devices and processed using analog or digital circuitry to maximize the signal to 

noise ratio. These techniques are easily implemented by those skilled in the art 

15 based on the concepts presented herein. For example, a noise baseline may be 

established, and only peaks projecting above this baseline may be reported. 

When lenses or lens systems are employed, these may be external to 

the flow cell, or may be cast or inserted into the flow cell to minimize the number 

of external auxiliary components. The impingement and collection pathways 

20 tenninate internally such that light impinges upon the collection zone, and is 

detectable following passage through the collection zone by the detector. The 

pathways for conventional impingement and collection pathways generally terminate 

"proximate" to the interrogation zone. For transparent devices, for example of 

acrylic resin or polyorganosiloxane, the path termini may be at an outside wall of 

25 the device, or may be located in close proximity to the interrogation zone, with an 

optically transparent passage, for example a hole, transparent rod or window, etc., 

whose innermost closed end is close to the interrogation zone. The actual 

construction of the impingement and collection zones is not critical so long as their 

function is achieved. It should be noted that the material of construction, if optically 

30 transparent at the desired wavelengths, may be structured in the form of a lens 

element or grating. While light transmission from the interrogation zone will be 
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conveyed by optical waveguides, and while it is preferably that the impinging light 
also be so conveyed, the lenses, gratings, etc. heretofore described may precede or 
follow the optical waveguides per se. Most preferably, the optical waveguides 
communicate directly with the interrogation channel or an optically transparent wall 

5 thereof, as described more fully below. 

To reduce size and cost, it is particularly preferred that the 
conventional light source be supplanted by one or more solid state "laser" diodes, 
which are preferably located within or on the flow cell or a housing thereof. Use 
of such devices is made practical by a light impingement system which employs 

10 optical waveguides, preferably fiber optics. In this embodiment, the light from a 
laser diode light source is transmitted to the proximity of the interrogation zone by 
fiber optics. The optical fiber(s) terminate as close as possible to the interrogation 
zone to minimize scattering effects, for example terminating from 10 to 100 µm, 
preferably 30-80 µm from the interrogation zone. Due to the nature of the signal 

15 carrying capabilities of the optical fibers, lens systems which are commonly used in 
conventional systems may be eliminated, thus providing significant savings in size 
and cost, to the degree that in a preferred embodiment, the laser diode light 
source(s) may be incorporated within the body of the flow cell itself or intimately 
associated therewith, for example in a compact case, such that the entire device is 

20 portable, handholdable, and/or disposable. In addition to focusing fluid and sample 
fluid connections, only standard electrical connections need be provided, which can 
constitute metal contacts, jacks, etc. 

The light impingement system can also be used with a remotely 
located light source, either of the conventional laser type or a laser diode type. In 

25 such cases, the optical fibers embedded within the body of the flow cell are 
preferably terminated at the exterior of the cell body, for example by conventional 
fiber optics coupling devices. 

In like manner, the light collection system preferably comprises fiber 
optics as well, and preferably does so for purposes of miniaturization and 

30 disposability. As in the case of the light impingement sy'stems, the optical fibers 
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may be connected to an external detector, for example a photomultiplier tube and 

auxiliary components desired to maximize the signal to noise ratio. However, the 

fiber optics may also be connected to a detector system "on board," which allows 

for an integrated transportable and even handheld device. The waveguide 

5 configuration is also self-locating and fixtured, which minimizes the potential for 

interfering vibrations during measurements with a miniaturized device. 

The detector system of the present invention is used in conjunction 

with an optical waveguide or fiber optic collection system, and preferably comprises 

a semiconductor detector, preferably a PIN diode. Such diodes are commercially 

10 available, are capable of being biased by relatively low voltages, and are of 

relatively small size and cost. The PIN diode preferably includes one or more filters 

grown directly on the PIN structure or attached thereto. Such a filter is useful for 

filtering out extraneous light. For example, the filter may allow light of a 

fluorescence wavelength to pass while filtering out the wavelength used to excite the 

15 fluorescent species, for example a dye marker. Alternatively, an optional filter may 

be contained in the collection pathway as a component of a collimating lens system. 

The PDMS observation channel illustrated in Figure 1 was designed 

to have a cross-sectional are of 100x300µm2 and three fluid entry compartments. 

Design parameters for the channel such as lengths, angles, and volumes were 

20 determined by developing a microfluidic model within the computational fluid 

dynamics (CFD) software Fluent 5.5 (Fluent Inc., NH). A three-dimensional 

computational model was utilized to simulate the hydrodynamic focusing behavior 

of the sample at the interrogation point of the laser under different scenarios. 

Specifically, models which could predict the sample focusing effectiveness of sheath 

25 fluid injected at different impingement angles (20° - 60°) were constructed to find 

an optimal configuration for the impingement angle of the sheath fluid channels on 

the sample channel. Similarly, various ratios of sample flow rate to sheath fluid 

flow rate (1: 1-1: 10) were simulated to observe the effectiveness of sample fluid 

focusing. The final dimensions and operating parameters for the channel were 

30 selected such that the sample fluid is well focused with a constant velocity in the 

center of the channel well before the interrogation point. The design was also set 
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such that the sample ~uid in entire thickness direction ( 1 OOµm) would be uniformly 

illuminated as necessary to minimize device performance variation. 

The optical sub-system of the micro flow cytometry system must 

serve 1) to deliver light, preferably laser light, to a well-defined observation zone, 

5 and 2) to collect fluorescent light from the observation zone and deliver it to an 

optical filter for separation from scattered laser light prior to electronic detection. 

In contrast to conventional flow cytometers, the present invention uses integrated 

optical fibers. The fiberoptic system has a more compact volume, yet is still capable 

of transmitting excitation and fluorescence light with high efficiency. In addition, 

10 by embossing groves that serve as fiber receptacles directly into the PDMS 

observation cell as shown in Figure 1, the optical fibers can be fit tightly in the 

system without separate alignment steps necessary during assembly. Figure 1 also 

illustrates that multiple light impingement and collection angles are also easily 

possible (45' and 90' shown), which is not the case in conventional flow cytometers. 

15 The detection system can therefore be configured to collect information from any 

or all angles simultaneously as desired in a given application. 

In addition to the consideration of microfluidics and materials of 

construction, much effort has been directed to develop micro-optical components 

that could potentially be utilized within a flow cytometer microsystem. In a flow 

20 cytometer, the optical system usually consists of a laser, photodetectors, and optical 

components such as lenses, mirrors, and filters. In conventional flow cytometers 

photomultiple-tubes (PMTs), and occasionally avalanche photodiodes (APDs), are 

used for fluorescence detection in the wavelength range of 400 to 1000nm. These 

detectors are utilized in flow cytometry and other applications due to their high 

25 sensitivity, high internal gain(> 106
), and fast response 00·1-10·9s). However, 

PMTs are bulky, fragile, consume large amounts of power, and are generally 

sensitive to environmental conditions. APDs are also somewhat bulky and require 

high-power, resulting from their need for active thermal management to maintain 

high SIN. Although both PMT and APD photodetectors yield a large SIN due to 

30 their internal gain, optical systems incorporating these devices into flow cytometers 

are costly and difficult to miniaturize. For this reason, PIN-based photodetectors 
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which are 1) low-cost, 2) low power, and 3) tightly integratable with other optical 
components are preferably used. 

Since the fluorescent signals generated from the detection of 

biological cells only generate a few nA of current in PIN photodiodes, a lock-in 
5 amplification technique is applied to increase the SIN of the micro flow cytometer. 

While common in other technical applications, the lock-in amplification approach, 

which is also described in PCT /US02/22903, has not been previously discussed in 

the literature for flow cytometry. The lock-in technique is effective because it acts 
as a narrow band-pass filter which removes much of the unwanted noise while 

10 allowing the signal which is to be measured to pass through. To achieve this, the 

laser excitation is modulated at a reference frequency which induces fluorescence 

emission from the interrogated sample at the same frequency. The modulated 

signals detected at the photodiode are then monitored with high sensitivity using the 

lock-in circuit. For reliable performance, the modulation frequency is set to be two 
15 orders of magnitude higher than the bandwidth required for detecting the 

fluorescence emission from moving sample particles. The lock-in circuit parameters 
such as the time constant and sensitivity are selected to maximize SIN at the given 

modulation frequency. 

The spectral characteristics can best be understood by consideration 
20 of an MFC having two monochromatic light sources of different peak wavelengths, 

for example blue and red. The term "monochromatic" is used in its ordinary sense, 
and is meant to include light sources which emit the majority of their energy over 

a relatively narrow wavelength band. Examples of such monochromatic light 

sources include, but are not limited to, LEDs, lasers, etc. Spectral emission lamps 
25 such as mercury vapor lamps, which typically emit a line spectrum, may also be 

used, preferably with a filter to isolate one or more wavelengths of interest. 

The two light sources of the present illustration may be applied to the 
interrogation channel through a single optical waveguide, for example through a 
combining prism, rotating mirror, etc, or may be applied through two different 

30 optical waveguides. When two or more optical waveguides are used for the incident 
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light, the waveguides are preferably positioned with their ends which are proximate 
the interrogation channel as close as possible to each other, and may be angled 
slightly with respect to each other to try to obtain a condition where a single particle 
is illuminated by both incident wavelengths in the same position in the channel, as 

5 shown in Figure 1. Otherwise, the output signals will be staggered from each other 
in time. 

At least two output optical waveguides are employed in this 
illustration, one, for example, at an included angle of 90° to the axis of the 
interrogation channel, and one at an included angle of 45° to the axis of the 

10 interrogation channel. Typically, the two output optical waveguides will not receive 
the same light energy at any given wavelength. Rather, due to refractive, 
diffractive, and reflective effects, the signal strengths will differ. Moreover, the 
difference in signal strength will be wavelength dependent. Therefore, by 
measuring the difference in signal strengths at a first wavelength and the difference 

15 in signal strengths at a second wavelength, by comparing the relative differences of 
these "comparison" signals at the two different wavelengths, a plot of wavelength 
versus difference in comparison signal can be made. By measuring a difference in 
comparison signal strength during operation, each difference will correspond to a 
different wavelength. Thus, the wavelength emitted by a fluorescing particle may 

20 be measured by comparing the difference in output signal strength between two 
output waveguides at different included angles to the interrogation channel. 

For example, once the output signal and wavelength relationship has 
been established, signals may be selected with regard to their comparison output to 
distinguish between multiple particles having different spectral signatures, i.e., 

25 different fluorescent wavelengths. Thus, in a sample fluid containing two different 
microorganisms, each receiving a stain which will cause fluorescence at a different 
wavelength, the detectors, for example one or more photodiodes or PMTs may be 
filtered to remove the incident light, and the outputs sampled at two different angles 
with the interrogation channel. The signal strength at any given output waveguide 

30 will not yield any information which can distinguish between the different 
microorganisms. Rather, a signal merely indicates that a particle is pressing through 
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the interrogation zone. However, if at this instant, the difference between the two 
differently angled output waveguides is measured, the difference will indicate which 
type of particle is traversing the zone. Thus, a low difference in signal strength will 
correspond to one wavelength of fluorescence, attributable to one type of particle, 

5 while a higher difference will correspond to a second wavelength and hence a 
second type of particle. By synchronizing particle detection with output signal 
strength difference between the two output waveguides, a count of each type of 
particle can be made. In a like manner, the SIN ratio may be used in lieu of a 
difference or "comparison" signal. As indicated in the Example and as illustrated 

10 in Figure 6, the SIN ratio is also wavelength dependent when expressed as a ratio 
between variously angled detectors. 

The means for measuring signal strength, amplifying signals, 
measuring signal strength differences, etc., are all accomplished by means well 
known in the electronic arts. For example, signal strengths may be amplified by 

15 conventional operational amplifiers which are readily available, or amplifiers 
constructed of discrete components. Differences in signal strength may be made by 
means of comparators or differential amplifiers. The signals may be exclusively 
analog, or may be digitized by analog-to-digital converters. Once digitized, the 
signals, their difference (comparison signals), etc., may be processed by suitable 

20 software. An output may be presented as a trace on a CRT as shown in Figures 4a, 
4b, or in tabular form, etc. 

The micro flow cytometers must have an inlet for supplying test fluid, 
and an outlet. However, these need not be made in such a fashion that fluid 
necessarily needs to enter or exit the device during measurement. For example, the 

25 inlet may comprise a well or reservoir holding fluid until fluid flow is desired to be 
established. In like fashion, the outlet may continually remove fluid from the 
device, or again may comprise a well or reservoir to receive fluid from the 
interrogation channel. In disposable MFCs, outlet wells or reservoirs may be highly 
desirable, to avoid the necessity of disposing of microorganism containing fluids. 
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In preferred devices, photodiodes are employed as the detector, for 

reasons advanced earlier. Due to the lack of internal amplification and noise 

associated with such devices, it is preferable also as earlier indicated, to modulate 

the incident light and to amplify detected output light synchronously. For example, 

5 a function generator may be used to modulate the incident light source such as an 

LED, and also to provide a signal to the amplifier for synchronous amplification. 

The function generator may produce any type of output, for example sinusoidal, 

square wave, sawtooth waves, etc. When two or more incident wavelengths are 

desired to be used, they are most preferably driven substantially out-of-phase with 

10 respect to each other. For two sources, for example, they may be 180° out-of­

phase. Some overlap of the light intensities at multiple wavelengths may be 

tolerated. However, the greater the overlap, the less will be the signal-to-noise 

ratio. A function generator may be easily arranged to provide signals which would 

produce no overlap. The term "substantially out-of-phase" implies that the peak 

15 intensities of the various wavelengths can be distinguished from each other with 

respect to time. 

Figure 3 illustrates a schematic of a synchronous ("lock in") detection 

system which can be assembled with conventional components. A 1 MHZ oscillator 

20 is chosen to provide signal to both the laser driver 21 and synchronous detector 

20 22. The laser driver provides a suitable driving signal for laser diode or LED 23, 

causing it to emit pulses of light a the 1 MHZ signal rate. The laser light, upon 

contacting a particle 24 in the interrogation zone causes a fluorescent output which 

is detected by PIN photodiode 25. The resulting electrical signal is amplified by a 

low noise differential amplifier 26, and optionally further amplified by additional 

25 amplifier(s) 27. The amplified signal is routed to a high Q (e.g. Q"' 100) bandpass 

filter 28, which may, for example, limit the output signal to the range of 995 KHz 

to 1.005 MHZ, only a 10 KHz bandwidth. This output signal from the bandpass 

filter is routed to the synchronous detector 22, the output of which may be digitized 

by analog to digital (A/D) converter 29, and the data subsequently processed and/or 

30 collected by microcontroller or microcomputer 30. 
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The term "emanating" is used to describe light from a particle having 

been illuminated by incident light. Light emanating from such a particle may have 

the same wavelength as the incident light, for example by the incident light having 

been reflected from or scattered by the particle. In most cases, however, the 

5 particles will fluoresce, i.e., emit one or more wavelengths different from the 

incident light wavelength. Fluorescence at a different wavelength provides the 

opportunity to eliminate the rather strong incident light from the output, resulting 

in a significant increase in the signal-to-noise (SIN) ratio which may be obtained. 

The term "comparator" means a device or plurality of devices which are able to 

10 compare relative signal strengths. A comparator need not be a discrete device, but 

may, for example, include detectors, amplifiers, analog to digital converters, and 

a microprocessor. The output of the comparator may be processed further to 

provide any desired type of signal. 

Thus, in one aspect, the subject invention pertains to a spectral micro 

15 flow cytometer device with a micro flow cytorneter having an inlet, an outlet, and 

an interrogation channel in fluid communication with the inlet and outlet, the 

interrogation channel defining an interrogation plane in which the channel is 

positioned; minimally three optical waveguides terminating proximate to the channel 

and in the interrogation plane, each optical waveguide directed toward the channel 

20 at a different angle with respect to the axis of the channel, the inlet direction of the 

channel being o·; minimally one incident light source coupled to an optical 

waveguide and illuminating the channel; and a comparator which compares a light 

intensity or a signal to noise ratio at one optical waveguide positioned at a first 

included angle, with a light intensity or a signal to noise ratio at a further optical 

25 waveguide positioned at another included angle, the difference in intensity or in 

signal to noise ratio being proportional to the wavelength of light emanating from 

a particle passing through the channel. 

In another aspect, the micro flow cytometer contains a modulated, 

first monochromatic light source which directs light into an incident optical 

30 waveguide such that modulated monochromatic light impinges upon particles within 

an interrogation channel; optionally, a modulated, second monochromatic light 
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source of a different color whose modulation is substantially out-of-phase with the 

modulation of the first monochromatic light source, and which directs light to the 

interrogation channel through a second incident light optical waveguide, which may 

be the same as or different from the first incident light waveguide; a first photodiode 
5 detector sensitive to light from tbe first monochromatic light source, the second 

monochromatic light source, or both, or sensitive to a fluorescent wavelength 

emitted by a particle in the channel as a result of the particle being illuminated by 

one or more light sources, the photodiode detector communicating with the channel 

through a first output waveguide in a plane with the first incident waveguide and the 
10 channel, and positioned at a first included angle with respect to the channel; a 

second photodiode detector communicating with the channel through a second output 

waveguide in a plane with the interrogation channel and the first incident waveguide, 

but at a different included angle to. the channel than the first output optical 

waveguide; at least one amplifier which amplifies an output from the photodiode 

15 detector(s); a means for selectively sampling an amplified output from the amplifier 

synchronously with a respective modulation frequency of the first or second 

monochromatic light sources to provide an output proportional to incident light 

fluorescent light impinging on the detector, and a second output proportional to light 

of a different incident color or fluorescent color; a means for comparing the signal 
20 strength obtained from the first detector with the second detector at at least two 

different wavelengths to obtain an angularly dependent comparison signal or signal 

to noise ratio for each wavelength; and a means for comparing the angularly 

dependent comparison signals or signal to noise ratios to each other to provide 

spectral differentiation of light collected by the respective output waveguides. 

25 A yet further aspect of the invention pertains to a method for 

providing spectral information for particles in an interrogation channel of a micro 

flow cytometer, by illuminating the particles with incident light directed to the 

channel through an incident optical waveguide; transmitting reflected, scattered, or 

fluorescent light from a particle in the channel through separate output optical 
30 waveguides positioned in a plane which includes the interrogation channel, the 

output optical waveguides positioned at different included angles with respect to the 

axis of the channel; measuring light intensity or signal to noise ratio from each 
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output optical waveguide at two different wavelengths, and providing comparison 

output signals proportional to the difference between the intensity of each respective 

wavelength from the output optical waveguides, thus providing a comparison output 

signal for a first wavelength and a second comparison output signal for a second 

5 wavelength; and comparing the comparison output signals or signal to noise ratios, 

by means of which spectral information relating to the particles being observed can 

be collected, and if desired, further processed. 

Example 

The PDMS observation cell with a microfluidic channel and optical 
10 fiber microgrooves is fabricated using replica molding. The process begins with the 

patterning of a negative tone SU-8 photoresist (SU-8 2050, Microchem Co., MA) 

mold on a silicon wafer using lithography. This is followed by silanization of the 

wafer surface using 3-(trimetboxysilyl)propyl methacrylate (Sigma-Aldrich Co., 

MO), which facilitates the parting of a PDMS layer during the next process step. 

15 A PDMS precursor liquid is then well mixed with a curing agent (Sylgard 184 

Silicone Elastomer Base, Dow Corning Co., MI) and poured onto the SU-8 

rnicromold on the silicon wafer. After curing for 24 hours at room temperature, the 

PDMS slab with embossed observation channel features is peeled off. The final size 
of the fabricated flow cell is 4x2cm2. The microfluidic channel has a length of 1 cm 

20 and cross-sectional area of 100 x 300µm2
. 

The flow profile of the hydrodynamically-focused sample liquid is 
observed using optical and confocal microscopy. These methods permit 

characterization of the hydrodynamic focusing performance of the PDMS 
microfluidic channel and provide cross-sectional images of the sample fluid. For 

25 the confocal microscopy study, sample water containing tluorescein (Sigma-Aldrich, 
MO) is utilized as the characterized fluid. The sample fluid is excited by a blue 
laser contained within the confocal microscope (LSM-510, Zeiss, Germany). 

Figure 2 illustrates the experimental testbed used to evaluate the 
performance of the microfluidic and optical design of the PDMS micro flow 
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cytometer previously described. FluoSpheres® polystyrene rnicrospheres (Molecular 

Probes, OR) are used as a reference sample to illustrate the performance of the 

micro flow cytometer, using scarlet fluorescent (F-8843) microspheres with 15.5µm 

average diameter, and green fluorescent (F-21010) rnicrospheres with 15 µm 

5 average diameter, as listed in Table 1. Significant variation in the absorption and 

emission wavelengths and intensities is observed experimentally. 

15 

TABLE 1 

Sample Maximum Absorption Maximum Fluorescence 
Wavelength (run) Emission Wavelength (nm) 

FluoSpheres® polystyrene 
microspheres, F-21010 645 680 
(green fluorescen~, 15.0 µm) 

FluoSpheres® polystyrene 
microspheres, F-8843 450 480 
(scarlet fluorescent, 15.5 µm) 

The semiconductor laser diodes used to excite the reference 

fluorescent microspheres include 1) a 6mW red iode laser (SCFC2-0635-0006-T-25, 

Optical Fiber System Inc., MA) with a peak wavelength of approximately 635nm, 

and 2) a 5mW blue diode laser (NDHB500APAE1 Engineering Sample, Nichia Co., 

Japan) with a peak wavelength of approximately 440nm. The blue and red laser 

20 excitations are modulated at 100 kHz with differing phase angles (e.g., signals 180 

degrees apart in phase). Multimode optical fibers (F-MCB-T, Newport Co., CA) 

with lO0µrn core diameter and 1 lOµm cladding diameter are utilized to transmit 

energy to and from the interrogation zone as shown in Figure 2. The optical filters 

are selected according to the transmission spectral characteristics listed in Table 2 

25 in order to separate the high-intensity excitation light from the relatively weak 

fluorescent light emitted by the above-described microspheres. The photocurrent 

generated at the PIN photodiode (S7329-01, Hamamatsu Photonics Co., NJ) is 

amplified using an OP-amplifier-based circuit (104X, OPA655, Texas Instruments 

Inc., TX). The circuit converts the photocurrent signal to an amplified voltage 

30 signal. The voltage signal is processed using a lock-in amplifier (SR-840, Stanford 
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Research, Inc., CA) and extracted from the background noise. A block diagram is 

illustrated in Figure 3. 

TABLE 2 

Sample Optical Filter 

645/680 Polystyrene Bead 695 Band Pass (FWHM: 11. 5 run) 

450/480 Polystyrene Bead 480 Long Pass (50% transmission at 480 nm) 

Two independent experiments are conducted to fully validate the 

performance of the PIN-based signal detection process. First, fluorescence detection 

with and without the lock-in amplifier was performed. To achieve this, the signal 

10 detected at the PIN photodiode is guided to a pre-amplifier circuit and then 

identically divided into two cables. One of the divided signals is directly monitored 

and the other was processed by the lock-in amplifier prior to monitoring. The 

signals are then compared with each other. 

Second, signals simultaneously obtained from a PMT (P30CWAD5-

15 01, Electron Tubes Inc., NJ) and PIN photodiode are compared with each other to 

validate the performance of the signal detection system using the PIN photodiode 

and the lock-in amplifier. The PMT was selected as a reference detector, as it is 

widely used in cytometry and known to perform well in this application. The PMT 

is powered by a 900-1200V voltage source to obtain maximum SIN. For this 

20 experiment, one excitation and two detection optical fibers are embedded into the 

observation cell at the same angle. The detection fibers, one of which is connected 

to the PIN photodiode and the other connected to the PMT, simultaneously capture 

the fluorescent signals and send them to the photodetectors. The signals from the 

PIN photodiode with lock-in amplifier and the PMT (without signal processing) are 

25 then compared. 

To better understand the influence of experimental conditions on the 

PDMS micro flow cytometer, scarlet/green inorganic and biological particles are 
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tested under variable sample/sheath flow rate ratios, and multiple optical detection 

angles. Three major parameters are investigated: 1) S/N, 2) SIN variation, and 3) 

recovery rate. The recovery rate is estimated by injecting a sample fluid with 

polystyrene microspheres of known concentration (106/30 beads/ml) into the 

5 microchannel. The fmal microsphere concentration is achieved by a 1 :30 dilution 

in buffer solution (Tris Buffered Saline with bovine serum albumin (BSA), T6789, 

Sigma-Aldrich Co., MO). 

To demonstrate two-color excitation and detection using the 

developed micro flow cytometer, two pairs of optical fibers are arranged at an angle 

10 of 135° between the excitation and detection fibers as shown in Figure 2. A mixed 

sample consisting of scarlet and green microspheres (each diluted 1 :30 with buffer 

solution) was injected into the microfluid channel and hydrodynamically focused. 

The sample was excited at a single interrogation point using two lasers with 440nm 

and 635nm wavelengths. In.order to prevent the coupling of the two excitation light 

15 sources, the red and blue laser diodes were driven 180° out-of-phase (lO0kHz). 

To demonstrate the feasibility of using the micro flow cytometer to 

detect fluorescent labeled biological samples, an experiment with the fungus 

Saccharomyces cerevisiae is performed.· To prepare the fungus sample, a powder 

sample of dried cells is mixed into warm water and maintained at 38°C for about 20 

20 minutes to revive the culture. After full activation of the cells, a 2µ1 yeast solution 

is stained using Syto® 62 (or Syto® 44) (Molecular Probes, OR) and incubated for 

20 minutes at room temperature. The yeast cells, with fluorescently labeled nucleic 

acid, are injected into the flow cell at a sample flow rate of 5ml/hr with total flow 

rate of 15ml/hr and excited using the 635nm red (or 440nm blue) laser diode. The 

25 optical signals are separated from the excitation radiation using the 695nm band-pass 

(or 480 long-pass) filter. 

When examined by optical and confocal microscopy, the sample fluid 

is well confined in the center of the channel in the horizontal direction. It is found, 

as predicted, that the width of the focused sample fluid can be controlled by 

30 changing the ratio of sample/sheath flow rate. It is observed that by tuning the ratio 
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of flow rates between the sample fluid and the sheath fluid (maintaining fixed total 

flow rate of 15ml/hr), experimental results conferred with CFD simulation results 

to within 10% error. 

Figure 4a demonstrates the simultaneous detection by the PMT 

5 (without advanced signal processing) and the PIN photodiode detection (4b) with 

lock-in technique. It is observed that all particles detected with PMT are observed 

with the PIN photodiode with equal or higher SIN. 

The micro flow cytometer performance was evaluated for the case of 

fluorescent microsphere detection. Three parameters were used as performance 

10 metrics: SIN, SIN variation, and recovery rate. These performance parameters are 

discussed in the following paragraphs. 

SIN: Figure 5 shows the average SIN corresponding to various angles 

between the excitation and detection fibers. The SIN values obtained from the 

experiments show that the device can successfully detect the fluorescence emission 

15 in different angles for 15µm polystyrene microspheres. The detection angle 

resulting in maximum SIN ( ~ 9 .5) is 180°. For the scarlet polystyrene 

microspheres, the SIN is slightly reduced when measuring at 45° and 135" off the 

excitation direction. In contrast, the SIN at 45° and 135° for green polystyrene 
microspheres measurement is reduced to about 35 % of that in 180°. These results 

20 have useful and significant ramifications for estimating fluorescence color that will 

be discussed later. 

The SIN variation ( expressed as the coefficient of variation 

percentage) varies at different angles for numerous ratios of sample/sheath flow 
rates. The minimum variation occurs at 180° detection and at the lowest ratio of 

25 sample/sheath flow rate. The SIN variation for the 180° detection is observed to be 

approximately 25 % and 35 % for the scarlet and green polystyrene microspheres 

respectively over most of the flow rate ratios investigated. The variation over this 

range is believed to be in part due to the variation in the dimensions and intensity 

of the microspheres, and in part due to the variation in the vertical position of the 
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microspheres in the microfluidic channel. Furthermore, the SIN variation is 
observed to increase as the ratio of sample/sheath flow rate became higher. This 
variation increase is more obvious at 45° and 135' detection than it was at 180'. As 
will be discussed later, this is likely due to the wider column of sample fluid at 

5 higher at higher sample/sheath flow rate ratios, and the increased possibility of • 
multiple particles in the interrogation zone at the same time under this condition. 

The recovery rate also varies for different angles at different ratios 
of sample/sheath flow rate. The maximum recovery rate (75 % ) is obtained at 180° 
detection. Higher recovery rates generally are observed with increasing 

10 sample/sheath flow rate ratio. Deviations from 100% recovery are discussed later. 

Experiments with simultaneous two-color excitation/detection 
demonstrates the feasibility of the compact optical arrangement as shown in Figure 
2. The high SIN ratio (6.4 and 2.1 for scarlet and green microspheres, respectively) 
of the detected signal shows that the system is capable of simultaneous two-color 

15 excitation/detection with a single interrogation zone. Moreover, the recovery rates 
of the two-color excitation/detection system are observed to be only slightly lower 
than those of the single-color results. The differences are approximately 10-20%, 
which may be due to experimental variation, or correctable interference between the 
detection systems of the two colors. 

20 

25 

In observing the electronic signal corresponding to the detection of 
Saccharomyces cerevisiae labeled with Syto 62®, the concentration of the yeast cells 
calculated from the experimental results is about 1.90xl04 cells/ml, with a S/N of 
approximately 2.8. The results show that the micro flow cytometer is effective in 
detecting yeast cells, with high potential for application to other biological cells. 

S/N: The data in Figure 5 indicate that the average SIN is almost 
invariant regardless of the detection angles for the scarlet fluorescent microspheres, 
whereas it is highly influenced by angle for the green fluorescent microspheres. 
Moreover, it is observed that the signal intensity is reduced at the 45· and 135° 
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angles compared to that at the 180° angle. The reduced off-angle signal intensities 

are likely due to numerous opportunities for scattering losses at the off angles. For 

instance, when the detection optical fiber is not aligned normal to the channel, the 

optical path can be significantly bent due to the difference in index of refraction at 

5 the interfaces between the PDMS channel wall and the fluid, and between the PDMS 

flow cell and the air gap in front of the optical fiber. In addition to optical path 

bending, the distance between the end of the detector fiber and the center of the 

interrogation zone, de, highly influences the magnitude of the detected light 

intensity. In the current flow cell design, the 180° detection arrangement has a 

10 shorter distance between these two points (de~ 200 µm) than the 45° and 135° 

detection arrangements (de~ 330µm). The longer distance leads to weaker detected 

signals at the 45° and 135° angles, as would be predicted if the sample particles were 

assumed to be point light sources positioned at the center of the interrogation zone. 

In this case, the intensity of the light collected by the optical fiber is proportional to 

15 d/, and it would be predicted that the signal intensity at the 45' and 135° angles 

should be about 37% as that at 180'. From the experimental results, the average 

signal intensities at 45° and 135° were 36-42 % of that at 180°, which is in 

reasonable agreement with the prediction. 

Moreover, experimental results show that the relative SIN between 

20 various detection angles varies for sample particles with different spectra. 

Consequently, by taking advantage of simultaneous multiple-angle detection, a micro 

flow cytometer with spectrometer characteristics is possible. To test this hypothesis, 

both scarlet and green fluorescent microspheres (F-2101 and F-8843) and 

Saccharomyces cerevisiae labeled by Syto® 62 and Syto® 44 are examined, and the 

25 ratio of average SIN at 180° and 45• detection is calculated for both green ·and 

scarlet particle/cell detection. As shown in Figure 6, both microsphere and 

biological detection yield a distinct ratio of 180° to 45° SIN depending on the 

fluorescent color of the interrogation target. The difference of the ratio is consistent 

with color. Thus, spectral flow cytometers for specialized biological assays targeted 

30 at simultaneous multi-species detection are possible with the devices of the subject 

invention. 
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To determine whether particles smaller than 15 µm can be detected 

using this micro flow cytometer design, scarlet fluorescent polystyrene microspheres 

with 6 µm average diameter are also tested in the micro flow cytometer using the 

180° optical fiber arrangement. The SIN ( ~ 1.5) is low but detectable, suggesting 

5 that the signal will be prohibitively weak if the particle size becomes smaller than 

6 µm. Ideally, the intensity of fluorescence emission is proportional to the surface 

area of the fluorescence particles, and therefore the fluorescence intensity of the 

15 µm microspheres is expected to be about 6.25 times larger than that of the 6 µm 

microspheres. The experimentally observed results are in close agreement with this 

10 prediction, showing a SIN difference of 6.3 (9.5/1.5). 

S/N Variation: The variation of the SIN at a given detection angle can 

be correlated with the shape and area of the interrogation zone, Q;, that is defined 

by the intersection of the sample fluid column, the optical excitation zone, and the 

optical detection zone as shown in Figure 12. To account for the SIN variation 

15 observed experimentally, it is assumed that: 

• 

• 
20 

• 

• 

• 

• 

The positional variation of the particle passing through Q; is 

negligible in the vertical direction. 

The particle can pass through any point in Q1 at the same velocity, 

with the same probability. 

The optical excitation in Q; is spatially uniform . 

The detected particle is a point light source . 

The optical path bending can be ignored at any interfaces . 

The optical attenuation loss in the optical fiber is negligible . 

25 Based on these assumptions, the intensity of the fluorescence signal / detected from 

the sample particle at an arbitrary point r = (x,y) in Q1 is given by. 
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(1) 

where 10 is the original total intensity of the excited fluorescent microsphere, and rd 

5 represents the position of the end of the detection optical fiber in the x-y coordinate 

system in Figure 12. The maximum and minimum signal intensities are given by 

the maximum and minimum of the maximum intensity calculated at each x position 

within the interrogation zone, Qi, which can be expressed as 

10 

/1 (x) 
X 

+-­
cos0 cos0 

12 (x) = cos0 cos0 

(2) 

(3) 

(4) 

15 where d1 is the excitation and detection optical fiber diameter, we is the width of 

sample fluid column, and 0 is the angle between excitation and detection direction. 

In this case, the SIN variation .1S/N is estimated as 

!),.SIN 

(5) 

where (I) is the averaged signal intensity given by 
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(6) 

Figure 7 shows the calculated SIN variations at varying sample column width and 
detection angle. Due to the geometrical symmetry, the calculations for 45' and 135' 

5 detection angles yield the same predictions. 

As can be seen from Figure 7, the estimated SIN variation of 180' 
detection is close to the observed experimental result obtained from green 
fluorescence detection, with the difference within 10 % . In contrast, the predicted 
SIN variation of 45' or 135' detection is much lower than that observed 

10 experimentally. This contradiction is a likely result of ignoring optical path bending 
in the model, which makes 180° detection less sensitive to the position of the sample 
particles in the microfluidic channel when compared with 45' and 135° detection. 

Recovery Rate: At a low sample flow rate relative to the sheath flow 
rate ( ~ 3: 12), the sample stream becomes unstable due to the large pressure 

15 difference between the sample and sheath flows near the channel inlets, resulting in 
discontinuous fluid motion. The discontinuous sample flow causes particles to 
become trapped in the inlet reservoir, which is one of the major reasons for the low 
detection recovery rate at a low sample flow rate (10-30%). As the sample flow rate 
increases to nearly 50 % of the sheath flow rate, the sample stream can establish a 

20 stable liquid column by overcoming the pressure difference at the channel inlets. 

25 

The stable liquid column is more effective at centering the sample particles in the 
center of the interrogation zone in a consistent manner. The stable flow of the 
sample particles leads to a higher recovery rate (55-75 % ) at the higher 
sample/sheath flow rate ratio. 

On the other hand, larger liquid column width resulting from a higher 
sample flow rate is likely to prohibit a single-file sample flow, allowing multiple 
particles to simultaneously enter into the interrogation zone. Fluorescence signal 
intensities detected from the scarlet polystyrene microspheres at sample/sheath flow 
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rate ratio of 6:9 and 7:8, respectively (total flow rate of 15ml/hr) show that the 
signal intensity distribution is approximately divided into two subgroups at a flow 
rate ratio increases to 7: 8. The middle intensity of each subgroup relates to the 
others in a whole number ratio. For instance, the middle intensities in Figure 14(b) 

5 are approximately in the ratio of 1:2:3 (0.45:0.90: 1.35). Assuming that the signal 
intensity is proportional to the number of the simultaneously detected beads, these 
results appear to indicate that multiple fluorescent particles are detected in the 
interrogation zone at the same time. To test this hypothesis, the detection algorithm 
is modified to account for the possibility of multiple beads passing through the 

10 interrogation zone. With this modification to the detection algorithm, the recovery 
rate increases by about 25-30% (for flow rate ratio 6:9 and 7:8), leading to about 
95 % recovery for the fluorescence detection in the micro flow cytometer. 

Even with the intensity correction, 100% recovery is not observed 
due to some loss of microspheres in the microfluidic interconnects. To minimize 

15 such losses, a buffer fluid containing BSA is utilized. BSA is found to be effective 
in coating the PDMS channel wall surface to prevent particle adhesion. The BSA 
buffer doubles recovery rates relative to experiments with other buffers such as PBS 
(phosphate buffered saline) or de-ionized water, both of which have little effect on 
changing the surface chemistry of the channel wall. 

20 Lower recovery rates are also observed at the 45" and 135" detection 
angles. This suggests that the fluorescence signal may become weak enough to be 
indistinguishable from the background noise when the sample particles take a fluidic 
path far away from the detection optical fiber. The observation is likely due to the 
fact that optical path bending can shift the detection zone from the center of 

25 excitation zone defined by the laser diodes. This shifting can generate a partial or 
total blind spot for the 45" or 135° detector fibers, resulting in a low recovery rate. 
This is readily correctable by modifying the optical pathways in the system through 
the use of micro optical components in a next generation design of the system. 

Single-Color vs. Two-Color Excitation/Detection: For two-color 
30 excitation/detection setup, the SIN ratios are about 16% (for A=635nm) and 50% 
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(for A-440nrn) lower than that observed for the single-color excitation/detection 

setup. For the most part, this is because the background noise level in the two-color 

system is approximately 30% and 100% larger for scarlet and green fluorescence 

detection respectively. The background noise increase for the 2-color system is 

5 likely caused by the excitation light of one color leaking into the detection optical 

fiber. The leakage of excitation light and imperfect filtering can be solved by use 

of customized optical filters based upon the specific wavelength spectra of the 

excitation and detection targets. This will yield a two-color excitation/detection 

microcytometer possessing nearly the same SIN as the single-color system discussed 

10 previously. 

While the inventive microsystem is highly successful to demonstrate 

the feasibility of producing a two-color micro-flow cytometer with PIN photodiodes 

and color differentiation ability, a number of design modifications would be 

achieved by designing the flow cell to have a channel width more comparable to the 

15 sample particle diameter. This channel design would result in a larger ratio of the 

sample flow rate to the sheath flow rate at a fixed combined total flow rate. In this 

case, a stable sample liquid column could be established while keeping its width 

narrow enough to confine the particle in the center of the interrogation zone with 

high precision. The modified sample liquid column width would improve the 

20 recovery rate and reduce the SIN variation, and promote a single-file flow in the 

microfluidic channel. 

With respect to the optics design, micro optical components such as 

micro lenses and apertures could be integrated into the flow cell to prevent the 

optical bending and reduce background noise. This would also help increase the 

25 amount of collected light and better define the shape of the excitation area, leading 

to a higher SIN. These optical components would be designed to allow optical 

excitation to be more spatially uniform within a smaller area in the channel, which 

would reduce the SIN variation. Moreover, the blind spot that appears for the off­

angle detection can be eliminated with a new optics design, which will naturally lead 

30 to an improved recovery rate at the off-angles. In addition, a new optics system 

could incorporate a larger number of detection optical fibers embedded into the 
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observation cell. These optical fibers can simultaneously collect the fluorescence 

emission from a single particle within the interrogation zone. The signals collected 

at each optical fiber can be combined to amplify the signal and to cancel the random 

components of the background noise. It appears that practical and affordable 

5 particle detection below 6 microns will be readily achievable with this design 

approach. 

While embodiments of the invention have been illustrated and 

described, it is not intended that these embodiments illustrate and describe all 

possible forms of the invention. Rather, the words used in the specification are 

10 words of description rather than limitation, and it is understood that various changes 

may be made without departing from the spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 

1. A spectral micro flow cytometer device, comprising: 

a) a micro flow cytometer having an inlet, an outlet, and an 

interrogation channel in fluid communication with said inlet 

and said outlet, said interrogation channel defining an 

interrogation plane in which said interrogation channel is 

positioned; 

b) 

c) 

a plurality of minimally three optical waveguides terminating 

proximate said interrogation channel and positioned in said 

interrogation plane, each optical waveguide of said plurality 

of waveguides directed toward said interrogation channel at 

a different angle with respect to the direction of said 

interrogation channel, with the inlet direction of said 

interrogation channel being o·; 

minimally one incident light source coupled to one of said 

optical waveguides and illuminating said interrogation 

channel; 

d) a comparator which compares a light intensity or a signal to 

2. 

noise ratio at one optical waveguide at a first included angle, 

with a light intensity or a signal to noise ratio at a further 

optical waveguide at a further included angle, the difference 

in intensity or in signal to noise ratio being proportional to 

the wavelength of light emanating from a particle passing 

through said interrogation channel. 

The device of claim 1, wherein a first included angle of a first 

optical waveguide with the interrogation channel and a further included angle of a 

further optical waveguide with the interrogation channel are such that the change in 

intensity of a fust wavelength of light measured at said first optical waveguide and 

said further optical waveguide is different from the change in relative intensity of 

30 a second wavelength of light measured at said first optical waveguide and said 

further optical waveguide. 
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3. The device of claim 1, wherein said optical waveguides 

comprise optical fibers. 

4. The device of claim 1, wherein two or more incident light 

sources of differing spectral characteristics are employed. 

5 5. The device of claim 4, wherein at least two incident light 

sources are supplied to two different optical waveguides. 

6. The device of claim 1, wherein at least one incident light 

source is monochromatic. 

7. The device of claim 1, wherein at least two monochromatic 

10 incident light sources are employed. 

8. The device of claim 7, wherein said two incident 

monochromatic light sources are pulsed light sources out-of-phase with respect to 

each other. 

9. The device of claim 1, comprising first and second output 

15 optical waveguides positioned at different included angles with respect to the axis 

of the interrogation zone, and means for calculating the signal to noise ratio of the 

electrical signal from photodetectors receiving light from the respective output 

optical waveguides. 

10. The micro flow cytometer of claim 1, comprising: 

20 a modulated, first monochromatic light source having a first peak 
wavelength directing light into a first incident optical waveguide such that Illodulated 

monochromatic light impinges upon particles within said interrogation channel; 

optionally, a modulated, second monochromatic light source having 

a second peak wavelength different from· said first peak wavelength, whose 
25 modulation is substantially out-of-phase with the modulation of said fust 

monochromatic light source, said second monochromatic light source directing light 
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to said interrogation channel through a second incident light optical waveguide, said 

first and second incident waveguides being the same or different; 

a first photodiode detector sensitive to light from said first 

monochromatic light source, said second monochromatic light source, or both said 

5 first and said second monochromatic light sources or to a wavelength corresponding 

to a fluorescence emitted by a particle in said interrogation channel as a result of 

said particle being illuminated by one or more of said first and second light sources, 

said at least one photodiode detector communicating with said interrogation channel 

through a first output optical waveguide in a plane with said first incident waveguide 

10 and said interrogation channel, and having a first included angle with said 

interrogation channel; 
I 

at least a second photodiode. detector communicating with said 

interrogation channel through a second output optical waveguide in a plane with said 

interrogation channel and said first incident waveguide, but at a different included 

15 angle to said interrogation channel than said first output optical waveguide; 

at least one amplifier which amplifies an output from said photodiode 

detector(s); 

means for selectively sampling an amplified output from said at least 

one amplifier synchronously with a respective modulation frequency of said first and 

20 said second monochromatic light sources to provide a first output proportional to 

light of an incident wavelength or a fluorescent wavelength impinging on said 

detector, and a second output proportional to light of a different incident wavelength 

or a different fluorescent wavelength; 

means for comparing the signal strength obtained from said first 

25 photodiode detector with said second photodiode detector at at least two different 

wavelengths to obtain an angularly dependent comparison signal for each 

wavelength, and/or means for calculating a signal to noise ratio from said first 

photodiode detector and said second photodiode detector; 

means for comparing the angularly dependent comparison signals or 

30 the signal to noise ratios to each other to provide spectral differentiation of light 

collected by said first output waveguide and said second output waveguide. 
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11. A method for providing spectral information for particles in 

an interrogation channel of a micro flow cytometer of claim 1, comprising: 

illuminating said particles with incident light from at least one 

incident optical waveguide; 

transmitting reflected, scattered, or fluorescent light from a particle 

in said interrogation channel through at least first and second output optical 

waveguides, all of said optical waveguides in a plane including said interrogation 

channel, said first and second output optical waveguides at different included angles 

with respect to the axis of said interrogation channel; 

10 measuring light intensity or signal to noise ratio from each output 

optical waveguide at each of at least two different wavelengths and providing 

comparison output signals proportional to the difference between the intensity of 

each respective wavelength from the first and second output optical waveguides, 

thus providing a first comparison output signal for a first wavelength and a second 

15 comparison output signal for a second wavelength; 

comparing said first and said second comparison output signals or 

signal to noise ratios, a difference being spectrally dependent. 

12. The process of claim 11, wherein an output signal is amplified 

by a photomultiplier tube. 

20 13. The process of claim 11, wherein incident light is modulated, 

and output signals are amplified in phase with modulated incident light. 

14. The process of claim 11, wherein said incident light comprises 

two or more modulated, monochromatic light sources of different peak wavelengths, 

each of said monochromatic light sources modulated out-of-phase with all other 
25 monochromatic light sources. 

15. A method for spectrally distinguishing output signals from a 

device of claim 1, comprising 
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illuminating particles in said interrogation channel with an incident 

light wavelength which causes said particles to fluoresce with a fluorescent 

wavelength different from the incident light wavelength; 

measuring the signal to noise ratio of a photodetector signal from a 
5 first output optical waveguide and a photodetector signal from a second output 

optical waveguide, said first and second output optical waveguides positioned at 

different angles with respect to said interrogation channel; 

identifying the fluorescent wavelength emitted by a particle by the 
ratio of signal to noise ratio at one photodetector to the signal to noise ratio at the 

10 other photodetector. 
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(PCT Rule 44.1) 
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Applicant's or agent's file reference 

2294PCT 
FOR FURTHER ACTION See paragraphs I and 4 below 
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i. IZI The applicant is hereby notified that the_ international search report and the written opinion of the International Searching 
Authority have been established and are transmitted herewith. 

- Filing of amendments and statement under Article 19: 
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46): 

When? The time limit for filing such amendments is normally two months from the date of transmittal of the 
international search report. 

Where? Directly to the International Bureau of WIPO, 34 chemin des.Colombettes 
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 338 82 70 

For more detailed instructions, see PCT Applicant's Guide, International Phase, paragraphs 9.004 - 9.0 I l. 

2. □- The applicant is hereby notified that no international search report will be established and that the declaration under 
Article l 7(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith. 

3. D With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

D the protest together with the decision thereon has been transmitted to the International Bureau togethe~ with any 
request to forward the texts of both the protest and the decision thereon to the designated Offices. 

D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 

4. Reminders 
The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the 
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an 
international preliminary examination report has been or is to be established. Following the expiration of 30 months from the 
priority date, these comments will also be made available to the public. 
Shortly after the expiration of 18 months from the priority date, the international application will be published by the 
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international 
application, or of the priority claim, must reach the International Bureau before the completion of the technical preparations for 
international publication (Rules 90bis.1 and 90bis.3). 
Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary 
examination must be filed if the applicant wishes to postpone-the entry into the national phase until.JO months from the priority 
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed 
acts for entry into the national phase before those designated Offices. 
In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed wirhin 19 
months. 
For details about the applicable time limits, Office by Office, see www.wipo.int/pct/en/texts/time_limits.html· and the 
PCT Applicant's Guide, National Chapters. 

Name and mailing address of the ISN 
Mail Stop PCT, Attn: ISA/US 
Commissioner for Patents 
P.O. Box 1450. Alexandria. VirQinia 22313-1450 

Facsimile No. 571-273-3201 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44). 

Applicant's or agent's file reference FOR FURTHER see Form PCT/ISA/220 
2294PCT ACTION as well as, where applicable, item S below. 

International application No. International filing date (day/month/year) 

I 
(Earliest) Priority Date (day/month/year) 

PCT/US2013/043453 30 May2013 30 May2012 

~B~ECORP. 

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of 6 sheets. 

D It is also accompanied by a copy of each prior art document cited in this report. 

1. Basis of the report 

2. 

3. 

a. With regard to the language, the international search was carried out on the basis of: 

IX! the international application in the language in which it was filed. 

D a translati~n of the international application into ______________ which is the language of 
a translation furnished for the purposes of international se~ch (Rules 12.J(a) and 23. l(b)). 

b. D This international search report has been established taking into account the rectification of an obvious mistake 
authorized by or notified to this Auth_ority under Rule 91 (Rule 43.6bis(a)). 

C. □ With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

D · Certain.claims were found unsearchable (see Box No. II). 

!XI Unity of invention is lacking (see Box No. III). 

4. With regard to the title, 

IX! the text is approved as submitted by the applicant. 

D the text has been established by this Authority to read as follows: 

S. With regard to the abstract, 

D the text is approved as·submitted by the applicant. 

!XI the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. With re~ard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No . ...:..._ ____ _ 

IZJ as suggested by the applicant. 

D as selected by this Authority, because the applicant failed to suggest a figure. 

D as selected by this Authority, because this figure better characterizes the invehtion. 

b. D none of the figures is to be published with the abstract. 

Form PCT/ISA/2 IO (first sheet) (July 2009) 
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INTERNATIONAL SEARCH REPORT International application No. 

PCT/US2013/043453 

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article I 7(2)(a) for the following reasons: 

I. D Claims Nos.: 
because they relate to subject matter not required to be searched by this Authority, namely: 

2. D Claims Nos.: 
because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no_meaningful international search can be carried out, specifically:· 

3. D Claims Nos.: 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box No. III Observations where unity of invention is lacking (Contin·uation of item 3 oflirst sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

See extra sheet. 

l. D As all required additional search fees were timely paid by the applicant, this international search report cover§ all searchable 
claims. 

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of 
additional fees. 

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 

4. ~ No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

1-73 

Remark on Protest □ 
□ 

The additional search fees were accompanied by the applicant's protest and, where applicable, the 

□ 

payment of a protest fee. • 

The additional search fees were accompanied by the applicant's protest but the applicable protest 
fee was not paid within the time limit specified in the invitation. 

No protest accompanied the payment of additional search fees. 

Form PCT/ISA/210 ( continuation of first sheet (2)) (July 2009) 
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Box No. IV Text of the abstract (Continuation of item S of the first sheet) 

A flow cytometer including a laser diode based optical subsyste~ for impinging a beam of light upon particles passing through a viewing 
zone; a composite microscope objective for gathering and imaging light scattered from or fluoresced by particles pa_ssing through the 
viewing zone; a fluidic subsystem for supplying a liquid sheath flow to the viewing zone; a peristaltic pump for injecting into the liquid 
sheath flow a liquid sample flow carrying particles that passes together with the liquid sheath flow through the viewing zone; a 
multimode optical fiber that receives scattered and fluoresced light from the viewing zone that the composite microscope objective 
gathers and images; and a wavelength division multiplexer for optically separating into color bands light received via the optical fiber. 

Form PCT/JSA/210 (continuation of first sheet (3)) {July 2009) 
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INTERNATIONAL SEARCH REPORT International application No. 

PCT/US2013/043453 

A. CLASSIFICATION OF SUBJECT MA TIER -
IPC(S)- G01 N 15/14 (2013.01) 
USPC- 356/337 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
IPC(8)- G01N 15/08, 10, 14, 21/01, 03, 05, 47, 53, 62, 64 (2013.01) 
USPC-356/311, 317,318,337; 435/288.7; 436/164, 171,172 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
CPC - G01N 15/08, 10, 14, 1434, 21/01, 03, 05, 47, 53, 62, 64 (2013.01) 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

PatBase, Google Patents, Google Scholar 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

y US 2009/0091746 A1 {FUKUDA et al) 09 April 2009 {09.04.2009) entire document 56-73 

y WO 2001/40764 A2 (DUBELAAR) 07 June 2001 (07.06.2001) entire document 56-73 

y US 4,515,274 A (HOLLINGER et al) 07 May 1985 (07.05.1985) entire document 59,63,68, 72 

y US 2006/0221325 A 1 {WELLS) 05 October 2006 {05.10.2006) entire document 64, 73 

A US 2002/0141902 A1 (OZASA etal) 03 October 2002 {03.10.2002) entire document 1-73 

A US 2008/0024758 A1 {TABATA) 31 January 2008 (31.01.2008) entire document 1-73 

A WO 2005/033654 A2 {TUNG et al) 14 April 2005 (14.04.2005) page 18, lines 21-29; page 19, 1-73 
line 1, 15-16 

□ Further documents are listed in the continuation of Box C. □ 
* Special categories of cited documents: "T' later document published after the international filing date o~riority 
"A" document defining the general state of the art which is not considered date and not in conflict with the ap~lication but cited 10 un erstand 

to be of particular relevance the principle or theory underlying t e invention 
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be 

filing date considered novel or cannot be considered to involve an inventive 
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone 

cited to establish the J?Ublication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be special reason (as specified) considered to involve an inventive step when· the document is 
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination 

means being obvious to a person skilled in the art 
"P" document published prior to the international filing date but later than "&" document member of the same patent family the priority date claimed 

Date of the actual completion of the international search Date of mailing of the international search report 

04 December 2013 2 OOEC 2013 
Name and mailing address of the ISA/US Authorized officer: 

Mail Stop PCT, Attn: ISA/US, Commissio11er for Patents Blaine R. Copenheaver 
P.O. Box 1450, Alexandria, Virginia 22313-1450 

PCT Helpdesk: 571-272-4300 
Facsimile No. 571-273-3201 PCT OSP: 571-272-7774 

Fonn PCT/ISA/210 (second sheet) (July 2009) 
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Continuation of Box Ill. 

This a·pplication contains claims directed to more than one species of the generic invention. These species are deemed to lack unity of 
invention because they are not so linked as to form a single general inventive concept under PCT Rule 13.1. In order for more than one 
species to be examined, the appropriate additional examination fees must be paid. The species are as follows: 

Species I) a laser diode based optical subsystem, figures 2, 2A, 3A, 38, 4A, 48 

Species II) a composite microscope objective, figures SA, 58, SC, 8, 9A 

Species Ill) a fluidic subsystem, figures 14-15 

Species IV) a peristaltic pump, figures 17-24 

Species V) a wavelength division multiplexer, figures 25-30B 

The claims are deemed to correspond to the species listed above in the following manner: 

Species I) figures 2, 2A, 3A, 36, 4A, 46; claims 56-73 

Species II) figures SA, 5B, SC, 8, 9A; claims 74-129 

Species Ill) figures 14-15; claims 130-145 

Species IV) figures 17-24; claims 146-161 

Species V) figures 25-306; claims 162-173 

The following claims are generic: claims 1-55. 

The species listed above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule 13.2, the 
species lack the same or corresponding special technical features for the following reasons: • 

Species I) figures 2, 2A, 3A, 36, 4A, 48; have the special technical feature of a laser diode based optical subsystem. This special 
technical feature.is not present in species 11, 111, IV or V. 

Species ll) figures SA, 58, SC, 8, 9A; have the special technical feature of a composite microscope objective. This special technical 
feature is not present in species I, 111, IV or V. 

Species Ill) figures 14-15; have the special technical feature of a fluidic subsystem. This special technical feature is not present in 
species I, 11, IV or V. • 

Species IV) figures 17-24; have the special technical feature of a peristaltic pump. This special technical feature is not present in 
species I, 11, Ill or V. 

Species V) figures 25-308; have the special technical feature of a wavelength division multiplexer. This special technical feature is ncit 
present in species I, 11, Ill or IV. 

Species I, 11, Ill, IV and V lack unity of invention because even though the inventions of these species require the technical feature of an 
optical system having liquid flow, directing light, and having a microscope, this technical feature is not a special technical feature as it 
does not make a contribution over the prior art in view of WO 2005/033654 A2 (TUNG et al) 14 April 2005 (14.04.2005) page 18, lines 
21-29; page 19, line 1, 15-16. 

Since none of the special technical features of the Species I, II, Ill, IV and V inventions is found in more than one of the inventions, unity 
of invention is lacking. • 

Form PCTnSA/210 {extra sheet) (July 2009) 
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Date of Search: 04 December 2013 

Search History: 

Limited Classification Search 

The Patent Analyst performed a limited classification search within the following US, IPC, ECLA, 
or F-Term classification areas: • 

U.S. Class/Subclass(es): 
356/311,317,318,337 
435/288.7 
436/164, 171,172 

IPC (8) Class/Subclass(es): 
G01N 15/08, 10, 14, 21/01,_03, 05, 47, 53, 62, 64 (2013.01) 

CPC Class Subclass(es): 
G01N 15/08, 10, 14, 1434, 21/01, 03, 05, 47, 53, 62, 64 (2013.01) 

See Global Search Results. 

Global Patent Literature Text Search 

The Patent Analyst performed the following global text search, which was not limited by 
classification but may or may not have been limited by other criteria: 

PATBASE 

1) pd<20120530 (100000) 

2) PA=(cytojene) (0) 

3) INV=(chen yong qin) (12) 

4) PN=(WO05033654 OR US5504337 OR US201_0035235 OR US8159670 OR US5360739 OR 

US8400632 OR US8432541) (6) 

5) UC=356/311 (271) 

6) UC=356/317 (784) 

7) UC=356/318 (1087) 

~) UC=356/337 (494) 

9) UC=435/288. 7 (2035) 

10) UC=436/164 (3185) 

11) UC=436/171 (564) 

12) UC=436/172 (2777) 

13) ic=g01n15/08 (6095) 

14) ic=g01n15/10 (2235) 
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15) ic=g01n15/14 (5584) 

16) ic~g01 n21/01 (8932) 

17) ic=g01n21/03 (6199) 

18) ic=g01 n21/05 (2858) 

19) ic=g01 n21/47 (11615) 

20) ic=g01 n21/53 (4373) 

21) ic=g0 1 n21/62 (2941) 

22) ic=g01 n21/64 (22270) 

23) cpc=g0 1 n 15/08 ( 462) 

24) cpc=g01n15/10 (153) 

25) cpc=g01 n 15/14 (404) 

26) cpc=g01 n 15/1434 (338) 

27) cpc=g01 n21 /01 (356) 

28) cpc=g01 n21/03 (949) 

29) cpc=g01n21/05 (1410) 

30) cpc=g01 n21/47 (742) 

31) cpc=g0 1 n21 /53 (959) 

32) cpc=g01 n21/62 (109) 

33) cpc=g01 n21/64 (1468) 

34) 5 or 6 or 7 or 8 or 9 or 1 0 or 11 or 12 (8979) 

35) 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 (61142) 

36) 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 (6935) 

37) flow cytometk (44427) 

38) laser diode# (84760) 

39) (ellip* w3 (shape# or beam# or spot#)) (100000) 

40) (major w3 axis) and (minor w3 axis) (26738) 

41) sheath# (100000) 

42) 37 and 38 (716) 

43) 39 and 40 (7353) 

44) 41 and 42 (173) 

45) 43 and 44 (5) 

46) PN=(US5788927 OR US6713019 OR US7385682 OR US7561267) (4) 

47) 43 and 42 (E?) 
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48) 38 and (39 or 40) (3644) 

49) 48 and 34 (60) 

50) 48 and 35 (243) 

51) 48 and 36 (85) 

52) (49 or 50 or 51) and 1 (250) 

53) 52 and 41 (26) 

54) pn=us20090091746 (1) 

55) 41 and (39 or 40) and 1 (5275) 

56) 55 and 37 (164) 

57) 55 and (34 or 35 or 36) (164) 

58) 56 and 57 (113) 

59) jet (100000) 

60) cuvette (57326) 

61) 41 and 59 and 60 (208) 

62) 61 and 37 and 1 (67) 

63) (composite#) w3 (microscop* or objective#) (22710) 

64) concave# (100000) 

65) aberration# w3 (correct# or fix# or mitigate#) (23551) 

66) t-coupling# (1551) 

67) peristaltic# (27652) 

68) rollers (100000) 

69) rotor# (100000) 

70) (wavelength division multiplexer) or (wdm) (21363) 

71) 37 and 63 (60) 

72) 71 and 38 (1) 

73) 63 and 64 and 65 (70) 

74) 73 and 66 (0) 

75) 73 and 67 (0) 

76) 37 and 66 (1) 

77) 37 and 67 (967) 

78) 70 and 77 (0) 

79) 77 and 38 (91) 

80) 79 and (39 or 40) (5) 
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81) 68 and 69 ai:,d 37 (21) 

82) 81 and 1 (21) 

83) 37 and 70 (23) 

84) 83 and (39 or 40) (2) 

85) 83 and 64 (0) 

atent search 
No. of Hits Text Strin 
1240 tical beam 
0 ical beam" 
47 ical beam c 
19 ical beam minor ma·or axis 
26 
7300 
44 
54 optical subsystem laser diode flow cell major minor axis composite 

microsco e 
4270 
9 

34 

3 
54 
18 
1010 
23 
6200 
12 
13 
35 

optical subsystem laser diode flow cell major minor axis cylindrical lens 
microsco e 
optical subsystem laser diode flow cell major minor axis aberration 
correction 

flow 

Computer Accessed Text Databases Searched 

The Patent Analyst searched the following computer accessed text databases: 

Database: Goo le Scholar 

4890 
298 
65 
8600 

1810 
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1380 "flow cvtometer" wavelength division multiplexer 
20 "flow cytometer" wavelength division multiplexer collimating focusing image 

relay optical 
11 "flow cytometer" wavelength division multiplexer collimating focusing image 

relav optical dichroic filter 

Date search was completed: 04 December 2013 
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PCT/US2013/043453 09.10.2014 
Copy for (RO-US) 37 

PATENT COOPERATION TREATY 
PCT /US2013/043453 

ADVANCE E-MAIL 

PCT 
NOTIFICATION OF THE RECORDING 

OF A CHANGE 

(PCT Rule 92bis.1 and 
Administrative Instructions, Section 422) 

Date of mailing (day/month/year) 
09 October 2014 (09.10.2014) 

Applicant's or agent's file reference 
12US00.40-WO 

International application No. 
PCT /US2013/043453 

1. The following indications appeared on record concerning: 

D the applicant □ the inventor 

Name and Address 

SCHREIBER, Donald, E. 
Post Office Box 2926 
Kings Beach, CA 96143-2926 
United States of America 

From the INTERNATIONAL BUREAU 

To: 

WONG, Charles, C. 
Beckman Coulter, Inc. 
250 S. Kraemer Blvd, El.SE.02 
Brea, CA 92821 
ETATS-UNIS D'AMERIQUE 

IMPORTANT NOTIFICATION 

International filing date (day/month/year) 
30 May 2013 (30.05.2013) 

jg! the agent D the common representative 

State of Nationality 

I 
Stale of Residence 

Telephone No. 

(530) 546-6041 

Facsimile No. 

(530) 546-2341 

E-mail address 

donaldschreiberO@gmail.com 

2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 

jg! the person D the name D the address □ the nationality □ the residence 

Name and Address 

WONG, Charles, C. 
Beckman Coulter, Inc. 
250 S. Kraemer Blvd, El.SE.02 
Brea, CA 92821 
United States of America 

3. 

4. 

Further observations, if necessary: 
The new agent's file reference is: 12USOO 40-WO. 

A copy of this notification has been sent to: 

jg! 
□ 
□ 

the receiving Office 
the International Searching Authority 
the Authority(ies) specified for supplementary search 

The International Bureau of WIPO 
34, chemin des Colornbettes 

1211 Geneva 20, Switzerland 

Facsimile No. +41 22 338 90 90 

Form PCT/IB/306 (January 2009) 

State of Nationality I State of Residence 

Telephone No. 

Facsimile No. 

E-mail address 
D Notifications by e-mail authorized 

□ the International Preliminary Examining Authority 

□ the designated Offices concerned 

jg! the elected Offices concerned 

jg! other: SCHREIBER, Donald, E. 

Authorized officer 

Sason Elisabeth 
e-mail pt07.pct@wipo.int 
Telephone No. +41 22 338 74 07 

1 
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Copy for (RO-US) 37 

PATENT COOPERATION TREATY 
PCT /US2013/043453 

PCT 
NOTIFICATION OF THE RECORDING 

OF A CHANGE 

(PCT Rule 92bis.l and 
Administrative Instructions, Section 422) 

Dille of mailing (daylmomhlyear) 

09 October 2014 (09.10.2014) 

Applicant's or agent's file reference 
12US00.40-WO 

International application No. 
PCT /US2013/043453 

1. The following indications appeared on record concerning: 

IXI the applicant □ the inventor 

Name and Address 

CYTOJENE CORP. 
4087 Cartona Court 
San Jose, California 95135 
United States of America 

□ 

From the INTERNATIONAL BUREAU 

To: 

WONG, Charles, C. 
Beckman Coulter, Inc. 
250 S. Kraemer Blvd, El.SE.02 
Brea, CA 92821 
ETATS-UNIS D'AMERIQUE 

IMPORTANT NOTIFICATION 

International filing date (day/month/year) 
30 May 2013 (30.05.2013) 

the agent □ the common representative 

State of Nationality 

I 
State of Residence 

us us 
Telephone No. 

Facsimile No. 

E-mail address 

2. The fnternational Bureau hereby notifies the applicant that the following change has been recorded concerning: 

!XI the person □ the name □ the address □ the nationality □ the residence 

Name and Address State of Nationality I State of Residence 

IRIS INTERNATIONAL, INC. us us 
9172 Eton Avenue Telephone No. 
Chatsworth, California 91311 
United States of America 

Facsimile No. 

E-mail address 
D Notifications by e-mail authorized 

3. Further observations, if necessary: 

4. A copy of this notification has been sent to: □ the International Preliminary Examining Authority 

!XI the receiving Office □ the designated Offices concerned 

□ the International Searching Authority !XI the elected Offices concerned 

□ the Authority(ies) specified for supplementary search □ other: 

The International Bureau of WIPO Authorized officer 
34, chemin des Colombettes 

Sason Elisabeth 1211 Geneva 20, Switzerland 
e-mail pt07.pct@wipo.int 

Facsimile No. +41 22 338 90 90 Telephone No. +41 22 338 74 07 

Form PCT/IB/306 (January 2009) 1 
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