
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/155531 A2
17 October 2013 (17.10.2013) P O P C T

(51) International Patent Classification: (72) Inventors: CAULEY III, Thomas, H.; 6260 Stoneridge
G01N 1/00 (2006.01) B32B 38/00 (2006.01) Mall Road A l l l , Pleasanton, CA 94588 (US). BOUSSE,

Luc; 1050 Rilma Lane, Los Alto, CA 94022 (US).
(21) International Application Number:

PETERSEN, Jon; 106 Danbury Lane, Redwood City, CA
PCT/US20 13/036649

94061 (US). NESS, Kevin, D.; 4894 Bernal Avenue #J,
(22) International Filing Date: Pleasanton, CA (US). ROMINE, Steven; 1007 Wild Sage

15 April 2013 (15.04.2013) Court, Vacaville, CA 95688 (US).

(25) Filing Language: English (74) Agent: ABNEY, James, R.; Kolisch Hartwell, P.C., 520
S.W. Yamhill Street, Suite 200, Portland, OR 97204 (US).

(26) Publication Language: English
(81) Designated States (unless otherwise indicated, for every

(30) Priority Data: kind of national protection available): AE, AG, AL, AM,
61/624,199 13 April 2012 (13.04.2012) US AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(71) Applicant: BIO-RAD LABORATORIES, INC. BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

[US/US]; 1000 Alfred Nobel Drive, Hercules, CA 94547 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(US). HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
ZM, ZW.

[Continued on nextpage]

(54) Title: SAMPLE HOLDER WITH A WELL HAVING A WICKING PROMOTER

(57) Abstract: Sample holding system,
including methods and apparatus, in
cluding a holder defining a well having

— i . a wicking promoter that encourages
flow of a sample to the bottom of the
well. Methods of making and using the
holder are also disclosed.

<
174 17

o

o



(84) Designated States (unless otherwise indicated, for every SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
kind of regional protection available): ARIPO (BW, GH, GW, ML, MR, NE, SN, TD, TG).
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

Published:UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, without international search report and to be republished
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, upon receipt of that report (Rule 48.2(g))
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,



SAMPLE HOLDER WITH A WELL HAVING A WICKING PROMOTER
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Introduction

Surface tension can hamper manipulation of small-volume liquid samples in

situations where gravitational forces play only a minor role. For example, an aqueous

sample dispensed into a well of a sample holder may not flow to the bottom of the

well if the well is shaped to have an abrupt change in surface contour forming an

edge intermediate the top and the bottom of the well. The sample may travel down to

the edge and then stop, with the sample being incapable of wicking past the edge

because the contact angle of the sample on the well surface is too large. The sample

thus may be pinned at an incorrectly loaded position, with air trapped between the

sample and the well bottom. If the well communicates with a channel near the

bottom of the well, the sample may fail to enter the channel, preventing any intended

sample processing in the channel or downstream thereof.

Whether a sample is pinned or reaches the bottom of a well can be affected

by variations in sample dispensing. For example, if a sample is dispensed manually

into a series of wells with a pipette, the position of the pipette tip and the ejection

velocity of the sample from the pipette may vary substantially from well to well, and

from user to user, thereby creating unreliability in sample loading. It would

advantageous for a sample holder to have a well design that encourages sample to

flow to a correctly loaded position, from various receiving locations in the well, and

with fewer limitations on the pipette used.



Problems with unintended sample pinning could be overcome, in some cases,

by increasing the well diameter to reduce the effect of surface tension relative to

gravity. However, since a larger well has a greater surface area, increases in well

size are generally undesirable due to the increased amount of residual sample that

remains on the surface of the well after the well is emptied of sample. Also,

increasing the footprint of the well can make a sample holder less compact by

reducing the number of wells that can fit on a holder of a given size.

Improved sample holders are needed to receive small volumes of sample with

less sample pinning in an incorrect loading configuration.

Summary

The present disclosure provides a sample holding system, including methods

and apparatus, including a holder defining a well having a wicking promoter that

encourages flow of a sample to the bottom of the well. Methods of making and using

the holder are also disclosed.

Brief Description of the Drawings

Figure 1 is a fragmentary sectional view of an exemplary sample holder

defining a well having a wicking impediment and containing an aqueous sample

pinned above the bottom of the well by the impediment, in accordance with aspects

of the present disclosure.

Figure 2 is a magnified view of the sample holder of Figure , taken generally

at the region indicated at "2" in Figure .

Figure 3 is a fragmentary isometric view of a mold for producing the well of

Figure 1 by injection molding, in accordance with aspects of the present disclosure.

Figure 4 is a sectional view of the mold of Figure 3, taken generally along line

4-4 of Figure 3 .

Figure 5 is a sectional view of the mold of Figure 4, taken generally along line

5-5 of Figure 4 .

Figure 6 is a fragmentary sectional view of an exemplary sample holder

defining a well having a wicking impediment and also having a wicking promoter

structured as a floor protrusion that encourages a sample to wet the well below the

wicking impediment, in accordance with aspects of the present disclosure.

Figure 7 is a magnified view of the sample holder of Figure 6, taken generally

at the region indicated at "7" in Figure 6 .



Figures 8-10 are magnified views of the sample holder of Figure 6, taken

generally as in Figure 7 at different stages of a sample filling progression that

illustrates how the floor protrusion may encourage a sample to load into a lower

region of the well below the wicking impediment, in accordance with aspects of the

present disclosure.

Figure 11 is a fragmentary sectional view of another exemplary sample holder

defining a well having a floor protrusion structured as a wicking promoter, with the

view taken generally as in Figure 7, in accordance with aspects of the present

disclosure.

Figure 12 is a fragmentary sectional view of an exemplary sample holder

defining a well having an off-center version of the floor protrusion of Figure 11, in

accordance with aspects of the present disclosure.

Figure 13 is a fragmentary sectional view of the sample holder of Figure 12,

taken generally along line 13-13 of Figure 12 .

Figure 14 is a fragmentary sectional view of still another exemplary sample

holder defining a well having a floor protrusion for encouraging a sample to wick to

the bottom of a well, with the view taken generally as in Figure 13, in accordance

with aspects of the present disclosure.

Figure 15 is a fragmentary sectional view of still yet another exemplary

sample holder defining a well having a floor protrusion for encouraging a sample to

wick to the bottom of a well, in accordance with aspects of the present disclosure.

Figure 16 is a fragmentary sectional view of the sample holder of Figure 15,

taken as in Figure 15 in the presence of a residual air bubble to illustrate how the

floor protrusion can trap the air bubble in a pocket formed by the protrusion, in

accordance with aspects of the present disclosure.

Figure 17 is a fragmentary sectional view of an exemplary sample holder

taken generally as in Figure 7 and defining a well having a floor protrusion formed

without an opposing dimple, in accordance with aspects of the present disclosure.

Figure 18 is a fragmentary sectional view of an exemplary sample holder

taken generally as in Figure 7 and defining a well having a floor protrusion formed as

a mass attached to or deposited on a sheet of a material, in accordance with aspects

of the present disclosure.



Figure 19 is a flow diagram illustrating selected aspects of an exemplary

method of constructing a sample holder defining a well having a floor protrusion, in

accordance with aspects of the present disclosure.

Figure 20 is a fragmentary sectional view of an exemplary sample holder

taken generally as in Figure 13 and defining a well having a wicking promoter

structured as a side wall protrusion, in accordance with aspects of the present

disclosure.

Figure 2 1 is a fragmentary sectional view of the sample holder of Figure 20,

taken generally along line 21-21 of Figure 20.

Figure 22 is another fragmentary sectional view of the sample holder of Figure

20, taken generally along line 22-22 of Figure 20.

Figure 23 is a magnified view of a portion of the sample holder of Figure 20,

taken generally at the region indicated at "23" in Figure 22 and illustrating an

exemplary wicking pathway for fluid travel to the bottom of the well, in accordance

with aspects of the present disclosure.

Figure 24 is a fragmentary isometric view of an exemplary die member for a

mold to produce an upper member of the sample holder of Figures 20-23, in

accordance with aspects the present disclosure.

Figure 25 is a fragmentary plan view of the die member of Figure 24.

Figure 26 is a fragmentary sectional view of an exemplary sample holder

taken generally as in Figure 20 and defining a well having a plurality of side wall

protrusions that act as wicking promoters, in accordance with aspects of the present

disclosure.

Figure 27 is a fragmentary sectional view of yet another exemplary sample

holder taken generally as in Figure 20 and defining a well having a plurality of side

wall protrusions that act as wicking promoters, in accordance with aspects of the

present disclosure.

Figure 28 is a fragmentary sectional view of an exemplary sample holder

taken generally as in Figure 2 1 and defining a well having a side wall protrusion that

acts as a wicking promoter and is spaced from the floor of the well, in accordance

with aspects of the present disclosure.

Figure 29 is a fragmentary isometric view of an exemplary die member that

may be used as part of a mold to form the well of Figure 28, in accordance with

aspects of the present disclosure.



Figure 30 is a fragmentary plan view of an exemplary die member that may be

used as part of a mold to form a well having a side wall protrusion that acts as a

wicking promoter structured as a transverse ridge spanning the well crosswise, in

accordance with aspects of the present disclosure.

Figure 3 1 is a fragmentary plan view of an exemplary die member that may be

used as part of a mold to form a well having a side wall protrusion that acts as

wicking promoter structured as series of intersecting ridges extending radially inward

from the perimeter of the well, in accordance with aspects of the present disclosure.

Figure 32 is a fragmentary plan view of an exemplary mold for molding an

upper member of a sample holder, with the mold viewed generally as in Figure 5 and

including a pin with a cavity formed in a distal end surface of the pin to mold an

elevated, cantilevered side wall protrusion in a well, in accordance with aspects of

the present disclosure.

Figure 33 is a fragmentary sectional view of the mold of Figure 32, taken

generally along line 33-33 of Figure 32.

Figure 34 is a fragmentary sectional view of an exemplary sample holder

formed using the mold of Figures 32 and 33, before the side wall protrusion has

been positioned in contact with the floor of the well, in accordance with aspects of

the present disclosure.

Figure 35 is a fragmentary sectional view of the sample holder of Figure 34

after the protrusion has been deformed into contact with the floor of the well, in

accordance with aspects of the present disclosure.

Figure 36 is a fragmentary sectional view of an exemplary sample holder

defining a well containing a bead that functions as a wicking promoter, in accordance

with aspects of the present disclosure.

Figure 37 is a fragmentary sectional view of an exemplary sample holder

defining a well containing a plurality of beads that function collectively as a wicking

promoter, in accordance with aspects of the present disclosure.

Figure 38 is a fragmentary sectional view of an exemplary sample holder

defining a well with a loading feature formed as ridge in an upper region of the well

above a wicking impediment, in accordance with aspects of the present disclosure.

Figure 39 is a fragmentary sectional view of the sample holder of Figure 38,

taken generally along line 39-39 of Figure 38 through the loading feature.



Figure 40 is a fragmentary sectional view of another exemplary sample

holder, with the view taken as in Figure 39 through another exemplary embodiment

of the loading feature of Figures 38 and 39, in accordance with aspects of the

present disclosure.

Figure 4 1 is a fragmentary sectional view of yet another exemplary sample

holder, with the view taken as in Figure 39 through yet another exemplary

embodiment of the loading feature of Figures 38 and 39, in accordance with aspects

of the present disclosure.

Figure 42 is a fragmentary sectional view of still another exemplary sample

holder, with the view taken as in Figure 39 through still another exemplary

embodiment of the loading feature of Figures 38 and 39, in accordance with aspects

of the present disclosure.

Figure 43 is a fragmentary sectional view of still yet another exemplary

sample holder, with the view taken as in Figure 39 through still yet another

exemplary embodiment of the loading feature of Figures 38 and 39, in accordance

with aspects of the present disclosure.

Figure 44 is an exploded view of an exemplary sample holder having a

plurality of emulsion formation units each having a plurality of wells and being

equipped with at least one wicking promoter in at least one of the wells, in

accordance with aspects of the present disclosure.

Figure 45 is a plan view of the sample holder of Figure 44, taken generally

along line 45-45 of Figure 44.

Figure 46 is a sectional view of the sample holder of Figure 44, taken

generally along line 46-46 of Figure 45.

Figure 47 is a somewhat schematic bottom view of a single emulsion

formation unit of the sample holder of Figure 44, in accordance with aspects of the

present disclosure.

Figure 48 is a bottom view of an upper member of the sample holder of Figure

44, taken generally along line 48-48 of Figure 44.

Figure 49 is a less schematic bottom view of the single emulsion formation

unit of Figure 47.



Detailed Description

The present disclosure provides a sample holding system, including methods

and apparatus, including a holder defining a well having a wicking promoter that

encourages flow of a sample to the bottom of the well. Methods of making and using

the holder are also disclosed.

A device for holding a sample of small volume is provided. The device may

comprise a holder including an upper member attached to a lower member to form a

well having a side wall and a floor. The side wall may be created by a wicking

impediment conceptually dividing the well into an upper region and a lower region.

The well may include a wicking promoter adapted to encourage a sample to wick

from the upper region to the lower region.

Another device for holding a sample of small volume is provided. The device

may comprise a holder including an upper member attached to a lower member to

form a well having a side wall and a floor. The side wall may create a distinct edge or

convex corner that extends about a central vertical axis of the well to conceptually

divide the well into an upper region and a lower region and capable of acting as an

impediment to wicking of a sample from the upper region to the lower region. The

well may include a protrusion defined by the upper member, the lower member, or

both the upper member and the lower member collectively, and adapted to promote

wicking of a sample into the lower region from the upper region.

A method of using a device for holding a sample of small volume is provided.

The method may comprise dispensing an aqueous sample into a well of the device.

A method of making a device for holding a sample is provided. In the method,

an upper member may be provided. The upper member may define at least one

through-hole having a surface forming a distinct edge or convex corner that extends

about a central axis of the through-hole and that conceptually divides the through-

hole into an upper region and a lower region. A well may be created. The well may

have a lower member attached to an underside of the upper member, with the

surface of the through-hole forming a side wall of the well and the lower member

forming a floor of the well. The upper member, the lower member, or both the upper

member and the lower member collectively, may define a protrusion adapted to

promote wicking of a fluid sample into the lower region from the upper region.

Further aspects of the present disclosure are presented in the following

sections: (I) overview of an exemplary sample holder with a wicking impediment, (II)



exemplary wicking promoters formed as floor protrusions, (III) exemplary

construction of a sample holder with a floor protrusion, (IV) exemplary wicking

promoters formed as side wall protrusions, and (V) examples.

I. Overview of an Exemplary Sample Holder with a Wicking Impediment

This section describes an exemplary sample holder defining a well (or

reservoir) having a wicking impediment that causes a liquid sample to be pinned in a

static configuration at the impediment, without reaching the bottom of the well, and

also describes mold structures that can create the wicking impediment through

injection molding; see Figures 1-5. Related, similar, or identical parts and features of

different sample holders and molds are labeled in this and the following sections with

the same identifying numbers.

Figures 1 and 2 show an exemplary sample holder or container 60 having at

least one well or reservoir 62 for receiving and containing a small volume of a liquid

sample, such as an aqueous sample 64. The fluid capacity of well 62 may be less

than about 1000, 250, 100, 50, 20, or 10 microliters, among others. Well 62 may be

bounded by a side surface or side wall 66 and a bottom surface or floor 68 that

collectively define a compartment for receiving fluid. The top of the well may be

open, particularly during sample loading, and/or may have a ceiling (e.g., provided

by a removable cover), particularly after sample loading.

The well may be in fluid communication with a channel 70 that permits sample

egress from the well. Channel 70 may taper in height and/or width (and/or diameter)

as it extends away from the well, such as tapering by a factor of at least about two in

height and/or width. In other embodiments, a plurality of channels 70 may

communicate separately with the well.

Well 62 may include a wicking impediment 80, which may be formed by side

wall 66. The wicking impediment may be any surface feature that inhibits or blocks

travel of a fluid along a surface by wicking. The present disclosure provides a

wicking promoter 82 (shown here in phantom) that encourages flow of fluid past the

wicking impediment to the bottom of the well. In exemplary embodiments, wicking

promoter 82 may include at least one protrusion defined by and/or projecting from

side wall 66 (i.e., a side wall protrusion) or floor 68 (i.e., a floor protrusion) (see

Sections ll-IV). In other exemplary embodiments (see Section V), wicking promoter

82 may be provided by one or more added wicking elements, such as one or more



beads or fibers contained by well 62, and/or may be created by a surface

modification of side wall 66.

Wicking is the flow of a fluid along a surface driven by surface tension, in

opposition to a flow-resistive force, such as surface tension, pressure, and/or gravity,

among others. The tendency of a fluid to wick along a surface can be characterized

by the relationship between (a) adhesive forces between the fluid and the surface

and (b) cohesive forces among molecules of the fluid, which results in a contact

angle of the fluid on the surface. The contact angle can be measured as the angle

formed by a small drop of the fluid in contact with the surface. If the contact angle is

above 90 degrees, the fluid resists spreading on the surface and generally does not

wick. If the contact angle is less than 90 degrees, the fluid generally wicks and does

so with an efficiency inversely related to the size of the contact angle.

Wicking impediment 80 may be formed by an abrupt change in surface

contour of side wall 66 that creates a convex corner 84 at a junction between

contiguous surface regions that are angled relative to each other (see Figure 2). The

corner, which also or alternatively may be described as a distinct edge or a surface

discontinuity, defines an obtuse angle 86. The angle is measured through fluid/air

between the angled surface regions and may, for example, be at least about 200,

225, 240, or 270 degrees, among others.

Corner 84 may extend about a central vertical axis 88 defined by the well (see

Figure 1) . In some cases, the corner may extend completely around axis 88 on a

looped path to form a continuous corner (interchangeably termed a continuous

wicking impediment). The looped path (and the corner) may be disposed in a plane.

The well may be undercut adjacent floor 68 to produce a stepped increase in

diameter near the floor that creates corner 84 and an overhang 90 adjacent the

corner (see Figure 2). The corner and/or the overhang conceptually divide the well

into an upper region 92 and a lower region 94. The upper region begins at the top of

the well and ends at corner 84. The lower region begins at corner 84 and/or

overhang 90 and ends at the bottom of the well. The upper region may form a

majority of the height and/or volume of the well, such as at least about 80%, 90%,

95%, or 98%, among others, of the height and/or volume.

The lower region may define an undercut portion 95 forming a perimeter,

optionally ring-shaped, volume of the lower region. The undercut region may be

bounded above by overhang 90 and below by a margin of floor 68, and bounded on



a radially outward side by side wall 66 below overhang 90. The undercut portion may

be open on a radially inward side, with a position defined by a vertical projection of

corner 84.

Impediment 80 may prevent sample 64 from wicking into lower region 94 of

the well, as shown in Figure 1. For example, corner 84 may form an obtuse angle

that is too large for the sample to wet any part of the lower region of the well past the

corner, due to the sample's relatively large contact angle on the surface of the side

wall (e.g., greater than about 60, 70, or 80 degrees among others). Surface tension

at a lower sample-air interface 96 may be dominant over gravity to hold the sample

at a static, elevated position at which the sample spans side wall 66 transversely and

is pinned above floor 68 with an air gap 98 separating static interface 96 and floor

68. The meniscus formed by the sample at interface 96 may be convex, planar, or

concave based, for example, on well geometry, wettability of the well surface, and

surface tension.

Sample pinning prevents or delays entry of the sample into channel 70,

thereby rendering the sample holder nonfunctional or at least unreliable for its

intended purpose. For surface tension to be dominant, the well may be designed to

receive a small volume of sample, with the well having a diameter (generally a

minimum diameter measured between diametrically opposed sites of corner 84) of

less than about 0, 8, 6, 4, or 2 millimeters, among others.

The propensity of a liquid sample to load correctly, without being pinned, into

a small reservoir or well (i.e., to "fill" the reservoir or well) is characterized by the

Bond number (B 0) (also termed the Eotvos number). The Bond number can be

calculated according to the following equation:

=
° σ

where p is the density of the sample, g is gravitational acceleration, L is a

characteristic dimension of the reservoir/well (e.g., the radius of the well at corner

84), and σ is the surface tension at the sample-air interface. The Bond number

represents a ratio of gravitational forces to surface tension forces. With a Bond

number of greater than one, gravity dominates surface tension, and below one, the

converse holds. Filling wells with liquid sample becomes more reliable as the Bond

number increases. Wells with very small Bond numbers (<0.01 ) generally fill only

rarely without assistance, and wells with Bond numbers in the range between 0.01



and 1 can appear to behave stochastically in their filling properties. Filling may be

encouraged with application of pressure or via a wicking force (derived from the

contact angle), among others. In any event, the Bond number instructs a user as to

whether or not wicking may need to be promoted to achieve proper filling. The

well/sample combinations of the present disclosure may be characterized by a Bond

number of less than about 1, 0.5, 0.2, or 0.1 , among others.

Sample holder 60 may be composed of an upper member 102 and a lower

member 104. The lower member may be attached to an underside or bottom surface

of the upper member.

The upper member may be formed by injection molding a polymer (e.g., a

thermoplastic or thermoset polymer, among others). The upper member, which

interchangeably may be described as a perforated member, may define one or more

through-holes each extending from the top side to the bottom side of the upper

member and each providing side wall 66 of a well. The upper member also may

define at least one groove 106 in a bottom surface of the upper member. The groove

may form a ceiling and side walls of one or more channels (such as channel 70) that

extend parallel to a plane defined by the upper member, the lower member, and/or

an interface (e.g., a planar interface) between the upper member and the lower

member. In other cases, the upper member may provide only a ceiling of one or

more channels formed collectively with the lower member, or the side walls of one or

more channels may be formed collectively by the upper and lower members.

The lower member may have any suitable structure. The lower member may

be a polymer sheet, which may or may not be molded. The sheet may be

substantially flat, with substantially planar top and bottom surfaces, which

respectively may define one or more protrusions and/or dimples (see below). The

sheet may be substantially thinner than the upper member, such as at least about 5-,

10-, or 20-fold thinner, among others, as measured parallel to central vertical axis

88. In some embodiments, the sheet may be a film having a thickness of less than

about 2, 1, or 0.5 millimeters, among others. In exemplary embodiments, the upper

member, the lower member, or both are formed of the different polymers or the same

polymer, such as both being formed of a cyclic olefin copolymer (COC).

Further aspects of the upper and lower members, and exemplary features

thereof, are described in Sections ll-V.



Figures 3-5 shows part of a mold 130 for producing upper member 102 of

sample holder 60 (Figure 1) by injection molding. The structure of the mold

generates corner 84 and overhang 90 (see Figure 2). Mold 130 may be composed of

a pair of engaged die members 132, 134 that collectively enclose a cavity defining

the shape of upper member 102 of the sample holder.

First die member 132 may include a body 136 and a projection 138 (which

may be described as a pin or core pin). The pin projects toward second die member

134 from body 136 in the assembled mold. Pin 138 fills the prospective upper region

92 of the well during the molding process and thus defines the shape and size of

side wall 66 in the upper region. Pin 138 may have any suitable cross-sectional

shape, such as circular, polygonal, oval, or the like. The pin may taper away from

body 136.

Second die member 134 may include a base 140 and an elevated feature 142

projecting from a surface 144 of the base toward first die member 132. Elevated

feature 142 may create a raised platform or pad 146 and a ridge 148 extending

along surface 144 of the base from the pad. The pad and ridge respectively fill the

prospective lower region 94 and channel 70 of the sample holder (see Figures 1 and

2) during the molding process. Accordingly, the pad and the ridge may determine the

size and shape of lower region 94 and channel 70.

The pad may be engaged with a tip or distal end surface 150 of pin 138 in the

assembled mold and thus may be described as a landing pad for pin 138. The pin

may be engaged tightly with the pad to prevent flash from being formed between the

pin and the pad when the upper member is injection molded. Pad 146 may be

substantially cylindrical and/or disk-shaped (e.g., except for a draft angle). The pad

may have a larger diameter than tip 150 of pin 138, such that a lateral margin 152 of

the top of the pad is not engaged with tip 150.

In exemplary embodiments, intended for illustration only, the diameter of pad

146 may be about 2.5 mm and the diameter at the tip of pin 138 may about 2.3 mm,

to provide a lateral margin 152 of about 0.1 mm. Also, the height (thickness) of pad

146 may be about 0.2 mm.

Second die member 134 may be formed by a body and at least one

replaceable insert attached to the body. The insert may be formed of a softer

material than the pin. High pressure used to tightly engage pin 138 with pad 146 may

cause creep (gradual deformation) of the pad through repetitive utilization of the



mold. Structuring the pad as oversized with respect to tip 150 may prolong the life of

the insert by distributing the pressure exerted by pin 138 over a larger area of the

pad, thereby reducing creep.

Pad 146 may determine the height and diameter of lower region 94 of the well

(see Figure 2). Corner 84 (see Figures 1 and 2) may be formed at the perimeter of

the junction between pin 138 and pad 146.

II. Exemplary Wicking Promoters Formed as Floor Protrusions

This section describes exemplary floor protrusions formed by lower member

104 in a well of a sample holder to promote sample loading; see Figures 6-1 8 . The

sample holders described in this section may have any combination of features

shown and/or described in Section I and/or elsewhere in the present disclosure.

Figure 6 shows a sample holder 170 having a wicking promoter 82 structured

as a floor protrusion 172. The protrusion is formed by lower member 104, and is

defined by a top surface 174 of the lower member. Protrusion 172 interchangeably

may be described as a bulge, a projection, a bump, or the like. The protrusion may

project upward from a planar surface region formed by top surface 174 around the

protrusion. The protrusion may have a height above the planar surface region, of at

least about 50, 100, or 200 micrometers, among others, and a height of less than

about 1, 2, or 5 millimeters, among others.

The floor protrusion may project upward in well 62 to an elevation sufficient for

contact with a dispensed sample. For example, the protrusion may project to an

elevation that is at least about or higher than, the elevation of wicking impediment 80

(e.g., corner 84). In some cases, the protrusion may achieve contact with the sample

even if the apex of the protrusion is positioned at an elevation lower than corner 84,

such as when the sample forms a convex meniscus at interface 96 (e.g., see Figure

1) . In some embodiments, the protrusion may project through lower region 94 and at

least about 25, 50, or 100 micrometers into upper region 92, and/or may project less

than about 0.5, 1, or 2 millimeters into the upper region.

Protrusion 172 may have any suitable shape. The protrusion may be rounded,

conical, spherical, polyhedral, or the like. Protrusion 172 may or may not include one

or more ridges.

An opposing bottom surface 176 of the lower member may define a dimple

178 (interchangeably termed an indentation) under the protrusion. The dimple may



be aligned with the protrusion, such as coaxial with the protrusion. Dimple 178 may

be complementary to protrusion 172.

Figures 7-10 depict sample holder 170 at different stages of an exemplary

filling progression for sample 64. Protrusion 172 prevents the sample from being

pinned above the bottom of well 62 at corner 84 (e.g., see Figure 1) .

Figures 7 and 8 show well 62 respectively before and after sample 64 has

been dispensed into the well. In Figure 8, sample 64 is in contact with protrusion 172

and sample interface 96 forms a ring around the protrusion. In other cases, the

sample may contact the protrusion asymmetrically at this stage of the filling

progression (e.g., contacting the protrusion on only one lateral side). In any event, in

the absence of protrusion 172, the filling progression may be stalled at this point,

with the sample pinned in the well.

Figure 9 shows sample 64 in the process of filling lower region 94 of the well.

The sample has wicked to near the base of protrusion 172 and is spreading radially

outward on the floor of the well. However, the corner may continue to block wicking

at the perimeter of lower interface 96.

Figure 10 shows well 62, and particularly the lower region thereof, filled with

sample 64. The sample has wicked past the wicking impediment and into channel

70. In some cases, one or more air bubbles still may be trapped in the lower region

of the well after the well has been correctly loaded and sample 64 has entered

channel 70.

Figures 11- 13 show exemplary sample holders 190, 2 10 having a conical floor

protrusion 172. The protrusion projects above corner 84 into frustoconical upper

region 92 of well 62. In sample holder 190, the protrusion is centered in the well, with

the protrusion arranged coaxial to the central vertical axis of the well. In sample

holder 210, the protrusion is positioned off-center and may contact corner 84,

indicated by an arrow at 2 12 . Positioning protrusion 172 closer to channel 70 may

permit the protrusion to act as a barrier that restricts the unwanted migration of any

residual, trapped air bubbles from the lower region of the well into the channel.

Accordingly, the shape and/or position of the protrusion may be configured to control

the formation, location, and/or size of any air bubble(s) remaining at the bottom of

the well. The protrusion thus may enable the well to retain less residual sample when

the well is emptied, thereby increasing the efficiency of processing the sample.



Figure 14 shows an exemplary sample holder 230 having a ribbed, cross-

shaped floor protrusion 172 formed in the bottom of a well. More generally, the

protrusion may have one ridge or a plurality of ridges (interchangeably termed ribs)

that intersect one another. The ridges may be arranged radially. Areas 232 flanked

by a pair of ridges and positioned remotely from the inlet of channel 70 may form

pockets that help create and/or trap residual air bubbles.

Figures 15 and 16 show an exemplary sample holder 250 having a furcated or

pocketed floor protrusion 172 formed in the bottom of a well. The floor protrusion

may be generally U-shaped (e.g., having a half-moon shape) to form a convex side

252 and a concave side 254. The concave side may create a pocket. The protrusion

may be oriented with the convex side proximal and the concave side distal to the

inlet of channel 70. Figure 16 shows how the concave side of the protrusion may trap

an air bubble 256 in the pocket, to increase sample processing efficiency and/or to

prevent the delayed entry of air into the channel.

Figure 17 shows an exemplary sample holder 270 having a floor protrusion

172 formed without an opposing dimple defined by bottom surface 176 of lower

member 104 (e.g., compare with Figure 7). Lower member 104 may, for example, be

molded to include protrusion 172. Accordingly, top surface 174 of the lower member

may be formed monolithically to provide protrusion 172 and planar surface regions

that surround the protrusion and abut upper member 102.

Figure 18 shows another exemplary sample holder 290 having floor protrusion

172 formed without an opposing dimple defined by bottom surface 176 of lower

member 104 (e.g., compare with Figure 7). Here, floor protrusion 172 is formed as a

mass 292 (interchangeably termed a protrusion member) attached to or deposited

on a sheet member 294 of lower member 104.

III. Exemplary Construction of a Sample Holder with a Floor Protrusion

This section describes exemplary methods of constructing a sample holder

having a floor protrusion; see Figure 19 . The method steps disclosed in this section

and elsewhere in the present disclosure may be performed in any suitable order and

combination, and may be modified as needed to form any of the sample holders

disclosed herein.

Figure 19 shows a flow diagram illustrating selected aspects of a method of

constructing sample holder 190 having floor protrusions 172 (see Figure 11) . Sample

holder 190 may be generated by (a) attaching upper member 102 to lower member



104 and (b) deforming the lower member to generate protrusions 172. In the present

illustration, attachment and deformation are performed at about the same time with

the aid of a tool 270, which may be described as a stamping tool.

Tool 270 may have a working face 272 configured to be pressed against

bottom surface 176 of lower member 104. The face may be contoured to define

projections 274 that protrude from a surrounding planar region 276 of face 272. Each

projection 274 may correspond to a dimple 174 (and overlying protrusion 172) to be

formed in the lower member.

Upper member 102 may be fabricated by injection molding (e.g., see Figures

3-5). The upper member may define one or more through-holes 280 bounded by

side wall 66. Each through-hole represents a prospective well 62.

Lower member 104 may be a sheet of material, such as a film, which may be

substantially featureless. The lower member may be placed against the upper

member, with a top surface 174 of the lower member abutted with an underside or

bottom surface 282 of the top member. Attachment may be promoted by application

of heat, a solvent, an adhesive material, electromagnetic radiation, pressure, or any

combination thereof, among others.

Tool 270 may be used to apply pressure and/or heat, among others, to the

lower member 104, to promote attachment of the lower member to the upper

member and to deform the lower member to generate protrusions 172.

In other embodiments, lower member 104 may be deformed to form

protrusions 172 before or after the lower member is attached to upper member 102.

Furthermore, the protrusions of the sample holder may be formed in parallel by the

same tool, as shown here, or may be formed serially. In further embodiments, an

upper member having a pre-formed side wall protrusion (e.g., see Section IV) may

be attached to the lower member as generally described above, optionally obviating

a need for the lower member to be deformed and/or define a floor protrusion.

IV. Exemplary Wicking Promoters Formed as Side Wall Protrusions

This section describes exemplary side wall protrusions formed by upper

member 102 in a well of a sample holder to promote sample loading into the bottom

of the well below a wicking impediment; see Figures 20-35. The sample holders

described in this section may have any combination of features shown and/or

described in Section I and/or elsewhere in the present disclosure.



Figures 20-23 shows an exemplary sample holder 3 10 having a side wall

protrusion 312 configured as a wicking promoter 82. Protrusion 3 12 may be

contiguous with corner 84, which acts as a wicking impediment, and may interrupt

corner 84 where the protrusion projects inward, at least generally toward a central

vertical axis of the well. The protrusion may be positioned at least substantially

exclusively or completely in lower region 94 of the well, that is, below corner 84.

Generally, the top of the protrusion may have the same elevation as corner 84.

Protrusion 3 12 may (or may not) abut floor 68 (i.e., a top surface region of lower

member 104). In any event, the side wall protrusion may project into the well from

undercut portion 95 of the well (Figure 23; also see Figure 2). The protrusion may

project out of undercut portion 95 to a position closer to the central vertical axis of

the well than the closest approach of corner 84 to the central axis.

Figure 23 shows a magnified view of sample holder 310 to illustrate an

exemplary wicking pathway 314 for fluid travel to the bottom of the well. Fluid may

flow past the wicking impediment created at corner 84 by wicking through a junction

3 16 (e.g., a concave corner) created where corner 84 meets side wall protrusion

3 12 .

Figures 24 and 25 show an exemplary die member 134 for a mold (e.g., see

Figures 3-5) to produce upper member 102 of sample holder 3 10 (see Figures 20-

23). Pad 146 may define a notch 330 that is complementary to side wall protrusion

3 12 . The notch may be open at the top and bounded at the bottom by base surface

144 of die member 134. Notch 330 may extend radially inward to a position closer to

the central axis of pad 146 than the adjacent perimeter of pin 138 (shown dashed in

Figure 25).

Figure 26 shows an exemplary sample holder 350 viewed generally as in

Figure 20 and structured similarly to sample holder 3 10 except for having a plurality

of the side wall protrusions 312 of holder 310. The protrusions may be arranged at

spaced positions around the perimeter of the undercut region of the well.

Figure 27 shows yet another exemplary sample holder 370 viewed generally

as in Figure 20 and having a plurality of side wall protrusions 3 12 that act as wicking

promoters. In sample holder 370, the side wall protrusions are larger than those of

sample holder 350 (e.g., wider and projecting farther inward toward the center of the

well). Also, the side wall protrusions may be positioned to opposingly flank the inlet



to channel 70, which may facilitate creating and/or retaining a residual air bubble at

the bottom of the well after the well is substantially emptied of sample.

Figure 28 shows an exemplary sample holder 390 viewed generally as in

Figure 2 1 and having an elevated side wall protrusion 3 12 that acts as a wicking

promoter. The side wall protrusion may be contiguous with corner 84 and spaced

from floor 68 of the well.

Figure 29 shows an exemplary die member 134 for a mold (e.g., see Figures

3-5) to produce upper member 104 of sample holder 390 (see Figure 28). Pad 146

may define a notch 330 that is complementary to side wall protrusion 3 12 of holder

390. The notch may be open at the top and elevated at the bottom above base

surface 144 of die member 134.

Figure 30 shows an exemplary die member 134 for a mold (e.g., see Figures

3-5) to produce an upper member 104 having a side wall protrusion formed as a

transverse ridge. The ridge is analogous to protrusion 3 12 of holder 3 10 (see Figures

20-23) except that the ridge may extend farther across the well, such as completely

across lower region 94 to span the well transversely between spaced positions of

side wall 66. Accordingly, pad 146 may define a slot 400 that extends across the pad

to spaced perimeter sites of the pad and/or to at least generally opposing sides of

the pad. The slot may be open at the top and bounded at the bottom by base surface

144 of die member 134. Alternatively, the slot may be elevated from surface 144, in

a manner analogous to side wall protrusion 3 12 and notch 330 of Figures 28 and 29.

Figure 3 1 shows an exemplary die member 134 for a mold (e.g., see Figures

3-5) to produce an upper member 102 having a side wall protrusion structured as

plurality of ridges, which may or may not intersect one another. Branched slot 400 of

pad 146 may be used to form the ridges, which are complementary to the slot.

Figures 32 and 33 show an exemplary mold 130 (also see Figures 3-5) for

molding an upper member 102 of a sample holder. Pin 138 of first die member 132

may define a cavity 4 10 formed in a distal end surface 4 12 of the pin. The cavity may

communicate with the perimeter of the distal end surface and may be

complementary to a corresponding side wall protrusion in a well.

Figure 34 shows an exemplary sample holder 430 formed using the mold of

Figures 32 and 33. Holder 430 is equipped with an elevated, cantilevered side wall

protrusion 432. The protrusion is structured as a finger with an enlarged end,

disposed in upper region 92 of well 62, and formed at a junction with corner 84.



Protrusion 432 may be positioned in contact with floor 68 of the well by deforming

the protrusion through application of force, indicated by an arrow at 434. The

protrusion may have a neck region and a head region. The head region may be

generally spherical and disposed at an end of the neck region, with the head region

spaced from the side wall of the well. The neck region may provide flexibility to the

protrusion, allowing it to be bent towards floor 68.

Figure 35 shows protrusion 432 after deformation, with the protrusion in

contact with floor 68. The protrusion, and particularly the head region thereof, may or

may not be attached to the floor of the well, such as by bonding, gluing, fusing,

mechanical restraint, or the like. In any event, the protrusion may provide a wicking

pathway having no substantial wicking impediment and extending from above corner

84 to floor 68, to encourage travel of sample to the bottom of the well.

V. Examples

This section describes selected aspects and embodiments of the present

disclosure related to exemplary sample holders having wells configured to promote

sample loading. These examples are intended for illustration only and should not

limit or define the entire scope of the present disclosure.

Example 1. Exemplary Wicking with Beads

This example describes exemplary sample holders 450, 470 having a well 62

containing a wicking additive, namely, one or more beads 472 to promote flow of a

sample past a wicking impediment to the bottom of the well; see Figures 36 and 37.

The beads may be disposed in the well before or after sample has been dispensed

into the well, or may be dispensed into the well along with the sample after being

placed into contact with the sample.

Figure 36 shows sample holder 450 having a single bead 472 disposed at the

bottom of well 62. The bead may have a diameter that is at least about the height of

corner 84 measured from the floor of the well. Accordingly, the top of the bead may

be disposed above corner 84, as shown here. The bead may have a hydrophilic

surface, namely, a surface that produces a contact angle with water of less than 90

degrees. The bead(s) may, for example, be formed of glass, a hydrophilic polymer,

or the like. Bead 472 may or may not be attached to the floor of the well. In some

embodiments, the bead may be sized to be pressed/snap-fitted into place for

retention by the well. In some embodiments, the bead may be attached with glue,

epoxy, or solvent bonding, among others.



Figure 37 shows sample holder 470 having a plurality of beads 472 stacked at

the bottom of well 62. The beads may function collectively as a wicking promoter,

with the stack of beads having a height that is at least about the height of corner 84

measured from the floor of the well.

The beads shown in Figures 36 and 37 are spherical. However, beads with

other shapes may be suitable.

In other embodiments, the bead(s) may be replaced with one or more fibers

that are attached to the floor of the well and extend upward, such as above a plane

defined by the wicking impediment. Each fiber may provide a wicking path for a

sample.

Example 2. Exemplary Surface Modification to Promote Wicking

This example describes exemplary sample holders having a well with a

modified surface to promote flow of a sample around a wicking impediment to the

bottom of the well, and also describes methods of making the sample holders.

A sample holder, or a component thereof, may be treated with a surface

modifying agent, to increase the hydrophilicity of a surface thereof. Exemplary

surface modifying agents include a plasma (e.g., an oxygen plasma), an atomic

vapor, ultraviolet radiation, or a fluid reactant that covalently modifies the surface,

among others. The sample holder may be exposed to the agent before or after upper

member 02 is attached to lower member 104.

Example 3. Exemplary Loading Features for an Upper Region of a Well

This example describes an exemplary sample holder having a well 62 with a

well-filling aid or loading feature formed above a wicking impediment, to promote

downward flow of fluid in the well; see Figures 38-43. In other embodiments, the

loading feature may be incorporated into a well having a wicking impediment and a

wicking promoter to overcome the wicking impediment, or a well having neither the

impediment nor the promoter.

The reliability and robustness of properly loading a sample into a well may be

dictated by two stages of filling. First, if the sample is introduced high in the well it

may need to travel down the well into the bottom section. Second, the sample may

need to travel past a wicking impediment formed where upper and lower regions of

the well meet. This example describes well-filling aids for the first stage of filling, to

enable sample to wick to the bottom section of the well quickly, reliably, and robustly.



Figures 38 and 39 show a sample holder 490 with a loading feature 492

formed by the side wall of the well and extending axially from the top of the well to

corner 84. The loading feature may be a ridge 494 that projects inward from the well

side wall. Here, the ridge has a triangular cross section, although other shapes may

be suitable. For example, Figure 40 shows another exemplary structure for loading

feature 492, namely, a ridge 496 having a generally rectangular cross-section. As

shown, the ridge may form at least one convex corner and at least one concave

corner.

Figures 4 1 and 42 show sample holder 490 with loading feature 492 formed

by a groove 498 or 500 in the side wall of the well. The groove may be triangular,

generally rectangular, or the like. The sample holder may have one or more loading

features 492, which may be any combination of ridges and/or grooves. The loading

features may be suitable for a well having a circular cross-section, such as a well

with an at least generally frustoconical upper region 94.

Figure 43 shows an exemplary sample holder 5 10 having a loading feature

492 formed as an axial, concave corner 512 in a well having a polygonal cross-

sectional shape. The well may have a side wall 514 that abruptly changes in

orientation as the wall extends around the central vertical axis of the well to form a

plurality of concave corners. For example, in the depicted embodiment, side wall 514

forms a four-sided well having four wall portions that meet pairwise to generate

corners 512.

Example 4. Exemplary Wicking Promotion with a Sample Loader

A sample loader may have a wicking promoter feature. For example, a pipet

tip may contact the well bottom as sample is loaded, if the diameter of the pipet tip is

sufficiently small to penetrate the narrowest part of the well. Alternatively, the pipet

tip could have a small-diameter feature that extends to the well bottom and acts as a

wicking promoter.

Example 5. Exemplary Sample Holder for Emulsion Production

This example describes an exemplary sample holder or chip 540 for emulsion

production and including a floor protrusion in sample wells to promote sample

loading; see Figures 44-49. The floor protrusion shown in this example may be

replaced and/or augmented by any of the wicking promoters and/or loading features

disclosed herein.



The term "chip" in the present disclosure describes any device for holding and

manipulating fluids, such as prospective and actual emulsion phases. The device

may not (or may) include electrical and/or electronic structure. The terms

"microfluidic chip" and "microfluidic device" are interchangeable. The term

"microfluidic" means that the chip/device defines at least one channel with a

characteristic dimension (e.g., diameter, width, and/or depth) of less than one

millimeter. A microfluidic chip is not limited otherwise in size, shape, or functionality,

except when expressly specified.

Figure 44 shows an exploded view of sample holder 540. The sample holder

may be used for emulsion formation only once (i.e., a disposable chip) or may be

used more than once (i.e., a reusable chip). The sample holder may be composed of

upper member 102 and lower member 104. The upper and lower members may be

substantially irreversibly attached to each other, such as by bonding and/or with an

adhesive, among other words. In other words, the sample holder (and/or upper

member 102 and/or lower member 104) may have a unitary (one-piece) structure,

meaning that the holder (and/or member 102/1 04) cannot be separated into two or

more pieces without damaging the holder/member, such as by cutting, breaking,

tearing, melting, dissolving, etc. Upper member 102 may form a bottom region or

base 542 and a plurality of tubular projections 544 projecting upward from the base.

Each tubular projection may form at least an upper part of side wall 66 of one of

wells 546-550. Lower member 104, which may or may not be a substantially

featureless sheet of material or film, may seal a bottom surface 282 of upper

member 102 (also see Figure 19).

Figures 45 and 46 show respective plan and sectional views of holder 540.

The holder may provide a plurality of wells for holding emulsion phases. A subset of

the wells, such as input wells 546, 548 (also termed inlet wells), may provide input

reservoirs to receive and hold prospective emulsion phases, and to supply the

continuous phase to one or more droplet generators 549 of the chip. Another subset

of the wells, such as output wells 550 (also termed outlet wells), may provide output

containers to receive and collect one or more emulsions from droplet generators

549.

Holder 540 may provide one or a plurality of emulsion formation units 562

each including a droplet generator 549. Units 562 may be substantial copies of one

another. The emulsion formation units may be in fluid isolation from each other, such



that there is no sharing or mixing of emulsion phases among the units, or may share

an input reservoir (such as for a continuous phase). In any event, the units may be

used to form a corresponding plurality of separate emulsions collected in the output

containers (e.g., wells 550).

Wells 546-550 may have any suitable arrangement. The wells may be

arranged in rows and columns. In some cases, each column (or row) may be part of

a different emulsion formation unit 562. The wells may be spaced in correspondence

with a standard well-to-well spacing of a microplate, as published by the American

National Standards Institute (ANSI) on behalf of the Society for Biomolecular

Screening. For example, the wells within each row may have a center-to-center

spacing of about 18, 9 , 4.5, 2.25, or 1. 1 25 millimeters, among others. The wells of

the same emulsion formation unit (e.g., the wells of a column) may or may not have

a spacing that corresponds to a standard microplate well spacing.

Wells 546-550 may have any suitable size and shape. For example, each of

the wells in a row may be substantial copies of one another, having the same size,

shape, and volume. Wells of different rows and/or within the same column may have

different sizes, shapes, and/or volumes. The wells may be configured to form a seal

when juxtaposed with a suitably formed gasket. In particular, the top surface of each

well may be substantially planar. The top surfaces of wells may be coplanar to

enable forming a seal with a single substantially planar gasket. In the depicted

embodiment, wells 550 are largest, wells 546 are intermediate in size, and wells 548

are smallest. The wells of a row and/or all of the wells may have the same height, to

form a planar top surface of the holder.

Wells 548, among others, may include a wicking promoter 82, such as floor

protrusion 172, among others.

Figure 47 shows a somewhat schematic bottom view of a single emulsion

formation unit 562 of holder 540. Wells 546, 548 may hold and supply prospective

emulsion phases, such as an oil phase 564 and an aqueous sample 64. Collection

well 550) may receive and collect an emulsion 566 formed by droplet generator 549

from oil phase 564 and sample 64. Input wells 546, 548 and collection well 550 may

be fluidically interconnected via channels 570-576 that intersect at droplet generator

549. The channels may include one or a pair of oil inlet channels 570, 572, a sample

inlet channel 574, and an emulsion outlet channel 576. In some embodiments, each

of oil inlet channels 570, 572 may extend from a different input well. In some



embodiments, the emulsion formation unit may include only one oil inlet channel.

Exemplary emulsion phases and other exemplary configurations for droplet

generators, channels, input reservoirs, and collection containers, among others, that

may be suitable for holder 540 are described in the patent documents listed above

under Cross-References, which are incorporated herein by reference, particularly

U.S. Patent Application Publication No. 201 0/0173394 A 1, published July 8, 201 0;

and U.S. Patent Application Serial No. 13/287,1 20, filed November 1, 201 1.

Figures 48 and 49 show less schematic, bottom views of emulsion formation

units 562 (Figure 48) or one of the units (Figure 49) of holder 540 in the absence of

lower member 104. Channels 570-576 and droplet generator 549 of each unit 562

may be formed predominantly in bottom surface 282 of upper member 102, with only

a floor of each channel and droplet generator formed by lower member 104. In other

embodiments, at least a portion of one or more of the channels and/or the droplet

generator of each unit 562 may be formed in the top surface of lower member 104.

Channels 570-576 may have different cross-sectional sizes (i.e.,

diameters/widths and/or depths) and/or lengths and/or may vary in size along each

channel. The cross-sectional size(s) and the lengths may be selected to provide a

desired resistance to flow and thus a desired ratio of emulsion phases flowing

through droplet generator 549, to form droplets of the desired size, to enhance

droplet stabilization after droplet formation, to form at least one air trap 578 in an

inlet channel (e.g., sample inlet channel 574), or any combination thereof, among

others.

In exemplary embodiments, channels 570-576 form a channel network that

interconnects the wells of an emulsion formation unit. The channel network may

have a narrower/shallower region 580 for greater flow resistance, and a

wider/deeper region 582 downstream of region 580 for droplet formation and

stabilization. In other words, the cross-sectional size of the channel network may

increase toward the collection container of the unit. Region 582 may begin upstream

of droplet generator 549 for each of the inlet channels and may extend from the

droplet generator via outlet channel 576. Each channel may taper in a direction

parallel to the depth axis of the channel. For example, each channel may taper

toward the top (or the bottom) of the holder. In some cases, each channel may have

a trapezoidal cross-sectional shape and/or may have a depth and a width that are

about the same. In exemplary embodiments, intended only for illustration, channel



portions of region 580 may have a depth and a width of about 50-1 00, or 60-80

micrometers, among others, channel portions of region 582 may have a width and a

depth of about 80-1 50 or 90-120 micrometers, among others, and the droplets

generated may have a volume of about 0.1 - 10 nanoliters, among others. Further

aspects of channel shapes and sizes that may be suitable for the holder are

described in the patent documents listed above under Cross-References, which are

incorporated herein by reference.

Example 6. Selected Embodiments

This example presents selected embodiments of the present disclosure

related to a sample holder defining a well having a wicking promoter and methods of

making and using the sample holder. The selected embodiments are presented as a

set of numbered paragraphs.

1. A device for holding a sample of small volume, comprising: a holder

including an upper member attached to a lower member to form a well having a side

wall and a floor, the side wall creating a wicking impediment conceptually dividing

the well into an upper region and a lower region, the well including a wicking

promoter adapted to encourage a sample to wick from the upper region to the lower

region.

2 . A device for holding a sample of small volume, comprising: a holder

including an upper member attached to a lower member to form a well having a side

wall and a floor, the side wall creating a convex corner that extends about a central

vertical axis of the well to conceptually divide the well into an upper region and a

lower region and capable of acting as an impediment to wicking of a sample from the

upper region to the lower region, the well including a protrusion defined by the upper

member, the lower member, or both the upper member and the lower member

collectively, and adapted to promote wicking of the sample into the lower region from

the upper region.

3 . The device of paragraph 2, wherein the protrusion is a floor protrusion

defined by the lower member.

4 . The device of paragraph 3, wherein the lower member defines a dimple

under the floor protrusion.

5 . The device of paragraph 3 or 4, wherein the lower member is a sheet

member having a top surface and a bottom surface, and wherein the sheet member



is deformed such that the top surface defines the floor protrusion and the bottom

surface defines the dimple.

6 . The device of paragraph 3, wherein a bottom surface of the lower

member under the floor protrusion is flat.

7 . The device of paragraph 3 or 4, wherein the lower member includes a

sheet member and a projecting member attached to a top surface of the sheet

member and forming the floor protrusion.

8 . The device of paragraph 7, wherein the projecting member is attached

to the sheet member by solvent bonding, thermal bonding, glue bonding, ultrasonic

bonding, a mechanical connection, or a combination thereof.

9 . The device of any of paragraphs 3 to 8, wherein the floor protrusion is

at least generally conical.

10 . The device of any of paragraphs 3 to 9, wherein the protrusion has a

rounded tip.

11. The device of any of paragraphs 3 to 10, wherein the protrusion forms

at least one ridge.

12 . The device of paragraph 11, wherein a crest of the at least one ridge

projected onto a plane orthogonal to the central vertical axis of the well follows a

nonlinear path.

13 . The device of paragraph 11 or 12, wherein the ridge has a concave

side and a convex side arranged laterally to each other.

14. The device of paragraph 13, wherein the well communicates with a

channel inlet, and wherein the convex side is closer than the concave side to the

channel inlet.

5 . The device of any of paragraphs to 14, wherein the at least one

ridge includes a plurality of ridges.

16 . The device of paragraph 15, wherein the plurality of ridges are

arranged radially.

17 . The device of any of paragraphs 2 to 16, wherein the protrusion

projects from the lower region into the upper region of the well, and/or projects above

a plane defined by the convex corner.

18 . The device of paragraph 2, wherein the protrusion is a side wall

protrusion defined by the upper member.



19 . The device of paragraph 18, wherein a top of the side wall protrusion is

disposed at a same elevation as the convex corner.

20. The device of paragraph 18 or 19, wherein the side wall protrusion

abuts the lower member.

2 1 . The device of paragraph 18 or 19, wherein the side wall protrusion is

spaced from the lower member to form a gap between the protrusion and the lower

member.

22. The device of any of paragraphs 18 to 2 1 , wherein the side wall

protrusion projects at least generally toward the central vertical axis from the side

wall.

23. The device of any of paragraphs 18 to 22, wherein the side wall

protrusion is disposed at a junction of the side wall and the floor.

24. The device of any of paragraphs 18 to 23, wherein a minimum distance

of the side wall protrusion from the central vertical axis is less than a minimum

distance of the convex corner from the central vertical axis.

25. The device of any of paragraphs 18 to 24, wherein the side wall

protrusion is contiguous with the convex corner.

26. The device of any of paragraphs 18 to 25, wherein the side wall

protrusion projects from the side wall at only a single site.

27. The device of any of paragraphs 18 to 26, further comprising one or

more additional side wall protrusions disposed in the well and adapted to promote

wicking of the sample into the lower region from the upper region.

28. The device of any of paragraphs 18 to 27, wherein the side wall

protrusion includes a ridge that extends completely across the well.

29. The device of any of paragraphs 1 to 28, wherein the well has a

minimum inner diameter of less than 10 millimeters.

30. The device of any of paragraphs 1 to 29, wherein the side wall is

undercut adjacent the convex corner.

3 1 . The device of any of paragraphs 1 to 30, wherein the lower member

includes a film.

32. The device of any of paragraphs 1 to 3 1, wherein the well widens

below the convex corner.

33. The device of any of paragraphs 1 to 32, wherein the upper region has

a minimum diameter that is less than a diameter of the lower region.



34. The device of any of paragraphs 1 to 33, wherein the upper region

tapers toward the convex corner.

35. The device of any of paragraphs 1 to 34, wherein the well is stepped.

36. The device of any of paragraphs 1 to 35, wherein the holder defines a

channel that communicates with the lower region of the well.

37. The device of paragraph 36, wherein the channel tapers away from the

lower region of the well.

38. The device of paragraph 36 or 37, wherein the holder defines a plane,

and wherein the channel extends parallel to the plane.

39. The device of any of paragraphs 36 to 38, wherein the channel has a

diameter of less than one millimeter.

40. The device of any of paragraphs 2 to 39, wherein the holder includes a

channel junction that forms a droplet generator, and wherein the well communicates

with the channel junction.

4 . The device of any of paragraphs 2 to 40, wherein the holder defines a

second well interconnected with the first well via one or more channels.

42. The device of any of paragraphs 2 to 4 1, wherein the holder includes a

plurality of wells each having a protrusion that promotes wicking.

43. The device of paragraph 42, wherein the holder provides a plurality of

emulsion production units each including at least one of the plurality of wells.

44. The device of any of paragraphs 1 to 4 1, wherein the well has a fluid

capacity of less than about 100 microliters.

45. A method of using the device of any of paragraphs 1 to 44, comprising:

dispensing an aqueous sample into the well.

46. The method of paragraph 45, wherein the aqueous sample has a

contact angle with the side wall of greater than about 70 degrees.

47. The method of paragraph 45 or 46, wherein the Bond number for the

aqueous sample in the well is <0.5 or <0.1 .

48. The method of any of paragraphs 45 to 47, wherein less than about 50

microliters of the aqueous sample is dispensed into the well.

49. The method of any of paragraphs 45 to 48, wherein the holder defines

a channel that communicates with the lower region of the well, and wherein at least a

portion of the aqueous sample wicks into the channel from the well via the

protrusion.



50. The method of any of paragraphs 45 to 49, further comprising a step of

applying positive pressure and/or negative pressure to the aqueous sample after the

step of dispensing, to drive the aqueous sample through a channel that

communicates with the lower region of the well.

5 1 . A method of making a device for holding a sample, the method

comprising: (A) providing an upper member defining at least one through-hole having

a surface forming a convex corner that extends about a central axis of the through-

hole and that conceptually divides the through-hole into an upper region and a lower

region; and (B) creating a well having a lower member attached to an underside of

the upper member, with the surface of the through-hole forming a side wall of the

well and the lower member forming a floor of the well, wherein the upper member,

the lower member, or both the upper member and the lower member collectively,

define a protrusion adapted to promote wicking of a fluid sample into the lower

region from the upper region.

52. The method of paragraph 5 1 , wherein the step of providing includes a

step of molding the upper member.

53. The method of paragraph 5 1 or 52, wherein the convex corner extends

completely around the central axis.

54. The method of any of paragraphs 5 1 to 53, wherein the step of creating

a well includes a step of attaching the lower member to the upper member.

55. The method of paragraph 54, further comprising a step of deforming

the lower member before, during, and/or after the step of attaching to define the

protrusion.

56. The method of paragraph 55, wherein the step of deforming creates a

dimple in a bottom surface of the lower member.

57. The method of paragraph 55 or 56, wherein the step of deforming

creates a plurality of dimples in parallel, with each dimple being aligned with a

different well.

58. The method of any of paragraphs 55 to 57, wherein the step of

deforming includes a step of heating the lower member and a step of applying

pressure to the lower member.

59. The method of paragraph 58, wherein the step of heating and the step

of applying pressure are performed with a same tool.



60. The method of paragraph 54, wherein the protrusion is defined by the

lower member before the step of attaching.

6 1 . The method of paragraph 5 1 , wherein the protrusion is integral to the

upper member.

62. The method of any of paragraphs 5 1 to 6 1 , wherein the step of

providing includes a step of molding the upper member with a mold including a first

die member having a pin and a second die member having a pad, and wherein the

pin and the pad are engaged with each other in the mold and collectively create the

through-hole.

63. The method of paragraph 62, wherein the pin has a tip diameter, and

wherein a diameter of the pad is greater than the tip diameter such that the convex

corner is formed at a junction of the pin and the pad.

64. The method of paragraph 62 or 63, wherein the pad defines a recess

that generates the protrusion when the upper member is produced.

65. The method of any of paragraphs 5 1 to 64, further comprising a step of

attaching the upper and lower members to each other, wherein the step of attaching

creates a channel that is collectively bounded by the upper member and the lower

member and that communicates with the lower region of the well.

66. The method of any of paragraphs 5 1 to 65, wherein the step of

providing includes a step of injection molding an upper member that includes the

protrusion.

67. The method of any of paragraphs 5 1 to 66, wherein the upper member

has a plurality of through-holes, and wherein the upper member attached to the

lower member creates a well from each through-hole.

68. The method of any of paragraphs 5 1 to 67, wherein each of the upper

and lower members is composed of a polymer.

69. The method of paragraph 5 1 , wherein the lower member includes a

sheet member and a protrusion member, further comprising a step of attaching the

protrusion member to, or forming the protrusion member on, a top surface of the

sheet member.

70. The method of paragraph 69, wherein the protrusion member is

attached to the sheet member by solvent bonding, thermal bonding, glue bonding, a

mechanical connection, or a combination thereof.



The disclosure set forth above may encompass multiple distinct inventions

with independent utility. Although each of these inventions has been disclosed in its

preferred form(s), the specific embodiments thereof as disclosed and illustrated

herein are not to be considered in a limiting sense, because numerous variations are

possible. The subject matter of the inventions includes all novel and nonobvious

combinations and subcombinations of the various elements, features, functions,

and/or properties disclosed herein. The following claims particularly point out certain

combinations and subcombinations regarded as novel and nonobvious. Inventions

embodied in other combinations and subcombinations of features, functions,

elements, and/or properties may be claimed in applications claiming priority from this

or a related application. Such claims, whether directed to a different invention or to

the same invention, and whether broader, narrower, equal, or different in scope to

the original claims, also are regarded as included within the subject matter of the

inventions of the present disclosure. Further, ordinal indicators, such as first, second,

or third, for identified elements are used to distinguish between the elements, and do

not indicate a particular position or order of such elements, unless otherwise

specifically stated.



WE CLAIM:

1. A device for holding a sample, comprising:

a holder including an upper member attached to a lower member to form a

well having a side wall region and a floor, the side wall region extending from a top

border to the floor and widening toward the floor at a position intermediate the top

border and the floor to create a distinct edge that conceptually divides the well into

an upper portion and a lower portion, the well including a protrusion defined by the

upper member, the lower member, or both the upper member and the lower member

collectively, and adapted to promote wicking of an aqueous sample into the lower

portion from the upper portion, the holder defining a channel communicating with the

lower portion of the well and with a channel junction that provides a droplet

generator.

2 . The device of claim 1, wherein the protrusion is a floor protrusion

defined by the lower member and projecting upwardly in the well.

3 . The device of claim 1, wherein the protrusion is a side wall protrusion

defined by the upper member.

4 . The device of claim 3, wherein a top of the side wall protrusion is

disposed at a same elevation as the edge.

5 . The device of claim 3, wherein the side wall protrusion abuts the lower

member.

6 . The device of claim 3, wherein the side wall protrusion is spaced from

the lower member to form a gap between the protrusion and the lower member.

7 . The device of claim 3, wherein the side wall protrusion projects at least

generally toward a central vertical axis of the well from the side wall region.

8 . The device of claim 3, wherein the side wall protrusion is contiguous

with the edge.



9 . The device of claim 1, wherein the holder includes a plurality of wells

each having a protrusion that promotes wicking, and wherein the holder provides a

plurality of emulsion production units each including at least one of the plurality of

wells.

10 . A device for holding a sample, comprising:

a holder including an upper member attached to a lower member to form a

well having a side wall region and a floor, the side wall region extending from a top

border to the floor and widening toward the floor at a position intermediate the top

border and the floor to create a distinct edge that conceptually divides the well into

an upper portion and a lower portion, the floor defining a protrusion projecting

upwardly in the well, the holder defining a channel communicating with the lower

portion of the well.

11. The device of claim 10, wherein the lower member defines a recess

under the protrusion.

12 . The device of claim 11, wherein the lower member is a sheet member

having a top surface and a bottom surface, and wherein the sheet member is

deformed such that the top surface defines the protrusion and the bottom surface

defines the recess.

13 . The device of claim 10, wherein a bottom surface region of the lower

member under the protrusion is flat.

14. The device of claim 10, wherein the protrusion projects into the upper

portion of the well.

15 . The device of claim 10, wherein the channel communicates with at

least one other well of the holder.



16 . A method of making a device for holding a sample, the method

comprising:

providing an upper member defining at least one through-hole bounded by a

side wall region, the side wall region extending from a top border to a bottom border

and widening toward the bottom border at a position intermediate the top border and

the bottom border to create a distinct edge that conceptually divides the through-hole

into an upper portion and a lower portion; and

attaching a lower member to an underside of the upper member to create a

well bounded laterally by the side wall region and having a floor formed by the lower

member,

wherein the upper member, the lower member, or both the upper member and

the lower member collectively define a protrusion adapted to promote wicking of an

aqueous sample into the lower portion from the upper portion.

17 . The method of claim 16, further comprising a step of deforming the

lower member to define the protrusion.

18 . The method of claim 17, wherein the step of attaching creates a

plurality of wells, and wherein the step of deforming creates a plurality of recesses in

a bottom surface of the lower member, with each recess being aligned with a

different well.

19 . The method of claim 17, wherein the step of deforming includes a step

of heating the lower member and a step of applying pressure to the lower member,

and wherein the step of heating and the step of applying pressure are performed

with a same tool.

20. The method of claim 16, wherein the protrusion is integral to the upper

member.
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