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In support of an Application made by Biotrack, Inc., 1058 Huff 
Avenue, Mountain View, California 94043, United States of 
America, for a patent for an invention entitled:

DILUTION AND MIXING CARTRIDGE

I, TTf/7) 77. ______of Biotrack, Inc., 1058 Huff
Avenue, Mountain View, California 94043, United States of America 
do solemnly and sincerely declare as follows:
1. I am authorby the above-mentioned applicant for the 

patent to make this declaration on its behalf.
2. The name and address of each actual inventor of the invention 

is as follows: Don Besemer, Michael Gorin and Ian Gibbons, 
of 27170 Moody Court, Los Altos Hills, California 94022, 
United States of America; 707 Bryant Street, #205, Palo Alto, 
California 94301, United States of America; and 1003 Fremont 
Street, Menlo Park, California 94025, United States of 
America, respectively, and the facts upon which the applicant 
is entitled to make the application are as follows:
Assignment dated April 17, 1989 from the said inventors to the said Applicant.

3. The basic application as defined by Section 141 of the Act 
was made as follows:
Country: U.S.A. on April 13, 1989
in the name(s) Don Besemer, Michael Gorin and Ian Gibbons

4. The basic application referred to in the preceding paragraph 
was the first application made in s Convention country in 
respect of the invention the .-ubjeet of this application.

1990.
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1. A dilution and mixing cartridge for 
automatically measuring and diluting a liquid sample 
with a liquid diluent, comprising:

in a housing,
sample receiving means for receiving said

sample,
a flow directing chamber, comprising an 

internal chamber in said housing,
sample: flow means for delivering sample 

from said sample receiving means to said flow directing 
chamber,

diluent receiving means for receiving
said diluent,

diluent flow means for delivering diluent 
from said diluent receiving means to said flow 
directing chamber,

a receiving chamber, comprising a vented 
internal chamber in said housing having a first volume,

a measuring chamber, comprising an 
internal chamber in said housing having a second volume 
smaller than said first volume, wherein said measuring 
chamber connects said flow directing chamber to said
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receiving chamber and said measuring chamber is capable
of delivering sample and diluent from said flow
directing chamber to said receiving chamber solely by
capillary and gravitational forces,

a atop flow junction located at the end 
of said measuring chamber, wherein said stop flow 
junction is adapted to the surface tension 
characteristics of said sample so as to provide 
sufficient back pressure resulting from contact between 
said sample and wall means of said housing at said stop 
flow junction to prevent sample from flowing through 
said stop flow junction in absence of diluent but 
allowing flow through said stop flow junction when said
diluent receiving means receives diluent and 'iluent enters said flow 

directing chamber, and
waste means for emptying sai - flow directing chamber after 

sample has entered said flow directing chamber and said sample has filled 

said measuring chamber, wherein said waste means operates by capillary 

and gravitational forces,

whereby diluent added to said diluent rereiving means flows through 
said flow directing chamber and expels sample from said measuring chamber 
into said receiving chamber, thereby causing a fixed ratio of sample to 

diluent to be delivered to said receiving chamber.

21. A method for diluting a liquid sample with a 
liquid diluent, comprising:

sequentially supplying an unmeasured volume of
said sample and a measured or, unmeasured.volume of .s^ld Vc\. ts*. <3-e-v idiluent to a liquid flow directing chamber^, wherein (1) 
a first portion of said sample entering said flow 
directing chamber is diverted to a measuring cuamber 
having a first volume, flow of sample through said 
measuring chamber terminating when said sample reaches 
a stop flow junction, said stop flow junction being 
adapted to the surface tension characteristics of -jaid 
sample so as to provide sufficient back pressure 
resulting from contact between said sample and wall 
means of said housing at said stop flow junction to 
prevent sample from flowing through said stop flow

.../3
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junction, the remainder of said sample being diverted 
by said flow directing chamber to a waste chamber, and 
(2) a first portion of said diluent entering said flow 
directing chamber is diverted to said measuring 
chamber, wherein hydrostatic pressure from said diluent 
expels said sample in said measuring chamber into a 
receiving chamber along with said first portion of said 
diluent, whereby a fixed ratio of sample to diluent is 
delivered to said receiving chamber.
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5 ABSTRACT OF THE DISCLOSURE
A dilution and mixing cartridge is provided 

that allows single (or multiple) dilutions of a sample 
with a diluent in a disposable cartridge in which a 
measurement, such as optical density, is made.

10 Addition of sample to the device automatically measures 
the sample, and addition of diluent automatically 
causes a fixed ratio of sample and diluent to enter a 
receiving chamber, in which mixing and measurement can 
take place. A number of preferred embodiments are 
provided in which the diluent application site is 
located at a vertical height below the sample 
application site, flow directing chambers are provided 
to control flow of desired volumes of sample or diluted 
sample at the appropriate locations in the device and 

20 to direct excess sample and diluent to waste locations, 
or control means are provided at flow directing 
chambers and other internal locations to verify correct 
operation of the device.
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DILUTION AND MIXING CARTRIDGE
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5
INTRODUCTION

Technical Field
This invention relates to methods and appara

tuses used for diluting and mixing liquids, particular-
10 ly the automatic measuring and diluting of small vol

umes of liquids.
ο ο o «

’ ° Background
CO «

°0 There has been a recent period of explosive
15 growth in the field of clinical analyses intended to be 

, carried out by unskilled users. Numerous approachesο ϋ <?οσβ, have been developed which allow an unskilled user, such
as a diabetic patient, to determine the presence and/or 
amount of an analyte in a sample, such as glucose in

20 urine« The devices that carry out such analyses are 
generally intended to be "user friendly" in that they 
require little training and are essentially fool-proofI 9

”r in use. Typical of these devices are the so-called
"dip-sticks". These devices are plastic strips with a

25 reagent-containing matrix layered thereon. Sample is 
applied to the strip, and the presence or absance of an 
analyte is indicated by a color-forming reac ion.

While such devices have proven useful for the 
qualitative determination of numerous substances in

30 biological samples, not all analyses can be carried Out 
in this manner. For example, some techniques require 
dilution and/or mixing of small quantities of sample. 
Measurement oi! extremely small amounts (E.G., micro
liter amounts) of liquid and the dilution thereof typi-

35 cally require significant training or the use of expen
sive equipment to carry out the dilution. Neither of 
these alternatives is convenient or easy to carry out.
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Measuring and dilution of small samples of 
liquid is readily carried out in a number of automatic 
analyzers. However, these are not suitable for use in 
the home or in a doctor's office because of their size 
and expense. For example many devices are available in 
which a sample of liquid is drawn into a conduit which 
is in the form of a capillary tube that acts as a me
tering device. However, this metering device is part 
of a large apparatus containing pistons and numerous 
other moving parts, such as vacuum pumps, that are re
quired for movement of the sample and diluent. The 
precision with which such moving parts must be manufac
tured in order to retain liquid-tight seals signifi
cantly increase the cost of the device.

As an alternative to large automatic analyz
ers, small hand-held micropipets, such as the well 
known EppendorfR pipet, have been devised. These pi
pets utilize a precision piston to draw sample or dilu
ent into a small disposable tip. However, skill is re
quired in the use of the pipet, and a number of precise 
manual operations must be carried out to successfully 
measure sample and diluent. Skill is also required in 
mixing the resulting small-volume solution.

Another technique that has been developed for 
the home uses a capillary tube to measure a sample of 
fluid. The entire capillary tube is then placed into a 
large container which holds a measured quantity of dil
uent or to which a measured quantity of diluent is 
added. However, such devices are not generally satis
factory in the hands of an unskilled user, since capil
lary tubes are easily broken and since contamination of 
the outside of the capillary results in volume error.

Accordingly, there is a need for simple and 
accurate methods and devices for measuring, diluting, 
mixing, and analyzing small quantities of sample.35
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Relevant Literature
West German published patent application DE3328964C1, publication 

date February 14, 1985, describes a device for the automatic, 
discontinuous sampling of fluids using a capillary tube that acts as a

5 measuring device and which can be either dipped into a fluid being

sampled or aHernatively moved into a position from which the sample is 
transported with a diluent to an analyzer by a pump or suction. U.S. 
Patent No. 4,454,235 describes capillary tube holder for liquid 
transfer in immunoassays. U.S. Patent No. 4,233,029 describes a liquid

10 transport device formed by opposed surfaces spaced apart a distance
effective to provide capillary flow of liquid without providing any means 
to control the rate of capillary flow. U.S. Patent Nos. 4,618,476 and 
4,233,029 describe a similar capillary transport device having speed and 
meniscus control means. U.S. Patent No. 4,426,451 describes another

15 similar capillary transport device including means for stopping flow 

between two zones, flow being resumed by the apDlication of an 
externally-generated pressure. U.S, Patent Nos. 3,811,326; 3,992,150; 
4,537,747; and 4,596,780 describe various processes and devices in which 
a capillary tube is used to take up a predetermined volume of the test

20 solution and the charged capillary is then placed in a cuvette or other 
container of liquid that is used as reagent or diluent. U.S. Patent No. 
3,799,742 describes an apparatus in which a change in surface character 
from hydrophilic to hydrophobic is used to stop flow of a small sample, 
thereby metering the sample present. U.S, application serial number

25 117,792, filed November 5, 1987, and U.S. application serial number
090,026, filed August 27, 1987, both of which are assigned to the same 
assignee as the present application, described a number of dilution and 
mixing cartridges, U.S. applications 117,791 and 090,026 are basic 
documents of Australian patent application 21639/88, to which the reader

30 is referred wherever U.S. application 117,791 and/or 090,026 occur in 
this specification.

SUMMARY OF THE INVENTION
The present invention provides an improved self-contained dilution 

apparatus that does not require the use of externally generated force 
35 (except gravity) to move liquids between its various parts and provide 

for reproducible dilution of samples. The apparatus can provide for a 
ingle dilution or for serial d” utions; i.e., dilution of a sample with 

a first diluent followed by di utlon of the mixture with the same, a 

second, or a further diluent.

/1478d
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In one form the invention provides a dilution and mixing cartridge 
for automatically measuring and diluting a liquid sample with a liquid 
diluent, comprising:

in a housing,
sample receiving means for receiving said sample, 
a flow directing chamber, comprising an internal chamber in

said housing,

sample flow means for delivering sample from said sample 
receiving means to said flow directing chamber,

diluent receiving means for receiving said diluent, 

diluent flow means for delivering diluent from said diluent
receiving means to said flow directing chamber,

a receiving chamber, comprising a vented internal chamber in
said housing having a first volume,

a measuring chamber, comprising an internal chamber in said
housing having a second volume smaller than said first volume, wherein 

said measuring chamber connects said flow directing chamber to said 
receiving chamber and said measuring chamber is capable of delivering 
sample and diluent from said flow directing chamber to sa,d receiving 
chamber solely by capillary and gravitational forces,

a stop flow junction located at the end of said measuring 
chamber, wherein said stop flow junction is adapted to the surface 

tension characteristics of said sample so as to provide sufficient back 
pressure resulting from contact between said sample and wall means of 
said housing at said stop flow junction to prevent sample from flowing 
through said stop flow junction in absence of diluent but allowing flow 
through said stop flow junction when said diluent receiving means 
receives diluent and diluent enters said flow directing chamber, and

waste means for emptying said flow directing chamber after 
sample has entered said flow directing chamber and said sample has filled 
said measuring chamber, wherein said waste means operates by capillary 
and gravitational forces,

whereby diluent added to said diluent receiving means flows through 
said flow directing chamber and expels sample from said measuring chamber 
into said receiving chamber, thereby causing a fixed ratio of sample to 
diluent to be delivered to said receiving chamber.

In a further form the invention provides a dilution and mixing 
cartridge for automatically diluting a liquid sample with a liquid 
diluent comprising, 1n a housing, a sample receiving site, a diluent

LMM/T478d
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receiving site, a sample measuring chamber, means for delivering sample 
and diluent to said sample measuring chamber from said sample receiving 
site and said diluent receiving site, respectively, a stop flow junction 

terminating said sample measuring chamber and adapted to the surface 
tension characteristics of the sample so as to provide sufficient back 

pressure resulting from contact between said sample and wall means of 
said housing at said stop flow junction to prevent sample from flowing 
through said stop f?ow junction in absence of diluent but allowing flow 
through said stop flow junction when said diluent receiving means 
receives diluent, a receiving chamber for receiving a mixture of sample 
and diluent from said measuring chamber, and means for delivering sample 
and diluent from said sample measuring chamber to said receiving chamber 
characterised by:

a flow directing chamber, comprising an internal chamber in said 
housing, wherein said means for delivering sample to said sample 
measuring chamber and said means for delivering diluent to said sample 
measuring chamber both enter said flow directing chamber and an exit in 
said flow directing chamber leads to said sample measuring chamber; and

waste means for emptying said flow directing chamber after sample 

has entered said flow directing chamber ard said sample has filled said 

measuring chamber, said waste means being located in said flow directing 

means and operating by capillary and gravitational forces.

In yet a further form the invention provides a dilution and mixing 

cartridge for automatically diluting a liquid sample with a liquid 

diluent comprising in a housing a sample receiving site, a diluent 

receiving ‘ite, a sample measuring chamber, means for delivering sample 

and diluent to said sample measuring chamber from said sample receiving 

site and said diluent receiving site, respectively, a stop flow junction 

terminating said sample measuring chamber and adapted to the surface 

tension characteristics of the sample so as to provide sufficient back 

pressure resulting from contact between said sample and wall means of 

said housing at said stop flow junction to prevent sample from flowing 

through said stop flow junction in absence of diluent but allowing flow 

through said stop flow junction when said diluent receiving means 

receives diluent, a receiving chamber for receiving a mixture of sample 

and diluent from said measuring chamber, and means for delivering sample 

and diluent from said sample measuring chamber to said receiving chamber, 

characterised by:

».·Ν 1
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5A
locating said diluent receiving means gravitationally below said 

sample receiving means and providing means for preventing hydrostatic 

pressure from developing between said sample receiving means and said 
stop flow junction in the absence of diluent.

5 In yet a further form the invention provides a method for diluting
a liquid sample with a liquid diluent, comprising:

sequentially supplying an unmeasured volume of said sample and a 

measured cr unmeasured volume of said diluent to a liquid flow directing 
chamber in a dilution and mixing device, wherein (i) a first portion of

10 said sample entering said flow directing chamber is diverted to a 
measuring chamber having a first volume, flow of sample through said 
measuring chamber terminating when said sample reaches a stop flow 
junction, said stop flow junction being adapted to the surface tension 
characteristics of said sample so as to provide sufficient back pressure

15 resulting from contact between said sample and wall means of said housing 
at said stop flow junction to prevent sample from flowing through said 
stop flow junction, the remainder of said sample being diverted by said 

flow directing chamber to a waste chamber, and (2) a first portion of 
said diluent entering said flow directing chamber is diverted to said

20 measuring chamber, wherein hydrostatic pressure from said diluent expels 
said sample in said measuring chamber into a receiving chamber along with 
said first portion of said diluent, ».„<?reby a fixed ratio of sample to 
diluent is delivered to said receiving chamber,

BRIEF DESCRIPTION OF THE DRAWINGS

25 The present invention will be better understood by reference to the
following detailed description of the invention when considered in 
conjunction with the attached drawings that form a part of the present 
specification, wherein:

Figure 1 ,1s a vertical cross-section of a first embodiment of the
30 Invention.

Figure 2 is a series of four vertical cross-sections of the 
embodiment of Figure 1 taken at locations A-A through D-D of Figure 1,

Figure 3 is a schematic diagram of a specific

LMM/1478d
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analysis scheme used in a device of the invention.
Figure 4 is an expanded perspective view of a

first flow directing chamber of the invention.
Figure 5 is an expanded perspective view of a

5 second flow directing chamber of the invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS 
The present invention provides an apparatus

and a method by which small samples can easily be mea-
10 sured and diluted. The apparatus is small, convenient 

to use, and requires no moving parts for the movement 
of fluid, gravity and capillary action 'eing sufficient

o . ‘ i, to provide all fluid motive forces required for the·' o
> sample measurement and dilution steps. The apparatus

15 of the present invention resembles dilution and mixing 
cartridges described in U.S. Application Serial No, 
117,791, filed November 5, 1987, and U.S, Application 
Serial No. ¢90,026, filed August 27, 1987', However, 
the apparatuses of the present invention provide a

20 number of improvements over the previously provided 
dilution and mixing apparatuses, particularly in ease 
and security of operation. Among the specific

' ; improvements of the present apparatus are flow
directing chambers that provide flow of desired volumeso

T"" 25 of sample (or diluted sample) at appropriate locations 
in the apparatus to a measuring chamber while directing 
excess sample to waste locations, provisions to allowS P

ί the dilution application site to be located at a
vertical height below the sample application site, and

30 various control devices provided in the monitor into 
which the cartridge is inserted to verify correct 
operation of the device.

As with the apparatuses described in U.S. 
Application Serial Nos. 090,026 and 117,791, the

35 cartridge of the present invention includes a sample 
application site, a diluent application site, a 
measuring chamber, a mixing (receiving) chamber,
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various channels to provide flow of liquid between 
parts,, and, in the case of serial dilutors, a mixture 
isolating and r~asuring chamber and at least one valve 
controlling pu&sage cf fluid from the mixing chamber to

5 the mixture isolating and measuring chamber. All of
these parts of the cartridge have been described in the 
indicated applications, which can be referred to for 
greater detail if desired.

One of the key aspects of the present device 
10 is a flow directing chamber, a non-capillary internal

chamber which receives both sample and diluent and 
directs a portion of the sample into a measuring

■υ/ζο chamber while directly the remainder of the sample into
/' “ a waste chamber. When diluent reaches the flow
... 15 directing chamber, sample contained in the measuringI

X chamber is expelled into the receiving chamber, which
·' '· then fills with a defined ratio of sample and
,. diluent. The flow directing chamber also allows

monitoring of proper operation of the dilutor to an 
20 extent not previously possible.

The apparatus of the invention can provide for 
a single dilution, as in the valveless dilutors

, described in U.S, application serial No. 090,026.
Serial dilutions can be provided for using a valve to©

25 control passage of a portion of the Initially obtained 
mixture into a mixture isolating and measuring 
chamber. This mixture isolating chamber can take any 
of the forms described in U.S, Applioation Serial No. 
117,791, However, in preferred embodiments as

30 described herein, the mixture isolating chamber
contains essentially the same chambers and passageways 
as the initial diluting pathway described above. All 
of these parts are described in greater detail below, 
The following detailed description of the various parts

35 of the apparatus is organized by following the course 
of action as a sample is applied to the apparatus and 
is diluted,
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The sample is a liquid and may be derived from 
any source, such as a physiological fluid; E.G., blood, 
saliva, ocular lens fluid, cerebral spinal fluid, pus, 
sweat, exudate, urine, milk, or the like. The liquid 
sample may be subjected to prior treatment, such as 
preparing serum or plasma from blood or dissolving or 
suspending a solid in, a liquid. Examples of sample 
treatments prior to application to the apparatus of the 
invention include concentration, filtration, distilla
tion, dialysis, inactivation of natural components, 
chromatography, and addition of reagents. In addition 
to physiological fluids, other liquid samples can be 
employed. Examples of other liquid samples include 
process streams, water, plant fluids, chemical reaction 
media,· biological growth media, and the like. For the 
most part, the liquid will be aqueous, although other 
liquids can be employed. Aqueous media may contain 
additional miscible liquids, particularly oxygenated 
organic solvents, such as lower alkanols, dimethyl 
formamide, dimethyl sulfoxide, acetone, and the like. 
Usually the solvents will be present in less than about 
40 vol%, more usually in less than about 20 vol%, in 
order to maintain the high surface tension that is 
present in aqueous solutions. However, the apparatus 
of the invention can be modified as described below for 
use with liquids exhibiting different surface tensions.·

The sample application site (also referred to 
as a sample receiving site) will generally be a cavity 
on a surface of the apparatus or may simply be an 
opening (optionally surrounded by a ring or tube) lead
ing to the interior of the apparatus. The sample 
application site can contain a filter, for example, to 
separate red blood cells from plasma (see U.S. Patent 
No. 4,753,776), or may represent a connection between 
the apparatus of the invention and some other apparatus 
uhat manipulates the sample prior to its enterim < ie 
present dilution apparatus. For example, the

35
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application site can be a recess into which a standard 
capillary tube will fit.

When the sample application site is a recess 
for insertion of a capillary tube, the capillary tube

5 can act either as a convenient means for transferring 
the sample or can act as a measuring chamber, either by 
completely filling the capillary or by filling the cap
illary to a particular mark. The sample application 
site in such embodiments acts as a point of transfer.

10 In other cases, the sample application site
will be an external chamber, such as a recess on an 
upper surface of the device into which sample is in

F ΰ serted. Such surface recesses are referred to herein
/ v as external chambers, to distinguish them from chambers

□ a -■

γ- 15 located in the interior of the housing that forms the 
o cartridge. The application site can be provided with a
' raised lip surrounded by a catch basin so that the

•-·οο application site can be filled to overflowing, with
excess sample overflowing into the catch basin. Means

20 for draining off a large excess of sample or sample 
u > inadvertently applied to the wr ,ng location are
° discussed in U.S. application serial numbers 090,026

and 117,791, discussed above.
When sample is applied to the sample applica-

’ ' 25 tion site, the liquid sample normally flows without the
application of external force (except unassisted grav
ity) through a fluid passageway into a flow directing

’ 1 chamber, comprising an internal chamber in the housing
■ that forms the apparatus. External force, E.G., from

30 compressed air, can be used to move the sample to the 
flow directing chamber but is not required and in fact 
is not preferred, The flow directing chamber acts to 
divert a portion of the sample that first enters the 
flow directing chamber into a sample measuring chamber,

35 which has a predetermined volume and which operates to 
measure and hold a portion of the sample for 
dilution. The remainder of the sample that enters the
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flow directing chamber is automatically diverted by the 
flow directing chamber into an exit rurt leading to a 
waste chamber or to some other means of disposing of 
excess sample beyond that required to fill the sample

5 measuring chamber.
The flow directing chamber is essentially a

small, non-capillary, internal chamber in the apparatus 
having entrances and exits for sample and diluent. By
non-capillary" is meant that flow of liquid through

10 the chamber requires gravitational assistance. In 
preferred ombodiments, one exit is the opening 
connecting the measuring chamber to the flow directing

0 * h

g ° chamber. The other exit provides a flow connection
/% § with the waste chamber,, The entrances for sample and

o o

oo 15 diluent are generally connections to capillary pathways 
\ ' leading to the sample application site and the diluent
0 L 0 application site. The exits are located at0000'”
co gravitationally low points in the flow directing

chamber with the entrances being located above the
20 exits so that liquid flows from the entrances to the 

exits under the influence of gravity.
The entrances and exits are located to insure

f aoo

0 y that the measuring chamber is filled with the available
o sample. Such filling can take place by locating the
25 sample entrance so that sample reaches the entrance to 

the measuring chamber before sample reaches the
it entrance to the waste chamber. For example, by
’ locating the entrance for sample flow abovu the
r ο o .

measuring chamber exit and closer to the measuring
JO chamber exit than to the waste flow exit, sample

initially entering the flow directing chamber can be 
directed to the measuring chamber. When the measuring 
chamber fills, as discussed below, excess sample flows 
past the measuring chamber entrance to the waste

35 chambe'· entrance. By providing appropriate geometry of 
a flow directing chamber and the waste exit (or other 
provision for removing waste sample), all excess sample



11

will be drained out of the flow directing chamber so 
that when diluent later enters the flow directing 
chamber, only sample in the measuring chamber will be 
expelled into the receiving chamber as described

5 below.
Since diluent entering the flow directing 

chamber will mix with any sample remaining in this 
chamber and be divided unpredictable/ between the 
receiving chamber and waste means, it is desirable to

10 reduce the amount of sample left in the flow directing 
means as much as possible. The amount of sample left 
in the flow directing chamber will be less than theono

' o° maximum allowed by the accuracy of the test being
employed. For example, if the test is accurate to 10%,

\ 15 the volume of sample left in the flow directing chamberl.; Ο O

c ro will be less than 10% of the volume of sample captured
oZo in the sample measuring chamber. Preferably, this
°° amount is less than 5%, more preferably less than 2%,

even more preferably less than 1% of the measured 
20 sample volume.

A number of different geometries can be
Z’1' provided to achieve the desired result. For example,

S the flow directing chamber can be essentially in the
o shape of a truncated cube or wedge so as to provide a

(tOCOO

0 0 25 horizontal surface and vertical sides with a floor
sloping downward in the direction of one axis (the axes

, . being defined by the walls that intersect at right
angles). This is essentially the shape of the first 
control chamber shown in the apparatus of Figure 1,

30 which is discussed below in more detail. The sample 
measuring chamber exit and waste exits are located at 
the two bottom corners of the chamber, which are 
located at equal heights (in a gravitational field).
The sample enters the waste chamber at the corner

35 directly above the sample measuring chamber, and
diluent enters the chamber near the corner diagonally 
opposite the corner of the upper surface where the
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sample enters.
Alternatively, the flow directing chamber can 

be essentially a truncated cube as described above but 
with a floor sloping downward along two axis (i.e.,

5 diagonally) to provide a single low point at one corner 
of the "cube." This is essentially the shape of the 
second flow directing chamber of the apparatus of 
Figure 1. In the first type of chamber discussed 
above, the sample measuring exit and waste exit are

10 spaced apart. In this second embodiment, they are
located close together at the single low point in the 
chamber. In both cases, however, the waste exit is

u located at a gravitational low point in the chamber to0S ensure that all of the sample that is to be diluted
15 that enters the chamber is removed from the chambero

. before diluent reaches the chamber. When the two
o chamber exits are located close together so that sample

reaches them at essentially the same time, the sizes of 
the exits can be adjusted to insure that sample fills

20 the measuring chamber before sample is depleted. 
u Other geometries are also possible. For

example, it is possible to have sample reach the waste0° exit before reaching the sample measuring exit if the
« exits are properly sized to insure that sufficient
* 25 sample reaches the measuring chamber before sample in

depleted by the waste exit. Likewise, the waste exit 
need not be at the absolute lowest gravitational point 
in the chamber if other means are provided to insure 
that all excess sample is drained from the flow

30 directing chamber. For example, edge effects resulting 
from surface tension of the sample can be used to draw 
excess sample along an edge of a chamber from a low 
point in the chamber to a somewhat higher exit. It is 
also possible to use flow deflectors, usually

35 projections or grooves in the walls of the flow 
directing chamber, to direct flow to the correct 
locations.
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It is preferred to have the initial portion of 
the waste exit be of capillary dimensions to assist in 
drawing excess sample out of the flow directing 
chamber. It is also possible to use a porous material

5 to "wick" excess sample from the flow directing
chamber, as this is also a capillary action resulting 
from surface effects in the fine pores of the porous 
material. Example of porous materials include cotton, 
paper, cellulose fibers, glass fiber pads, and porous

10 ceramics. The porous materials are used in the form of 
a wicking element that can contact the excess sample at 
an appropriate location in the flow directing chamber

OO V ”
I ’ or that are present in waste chambers connected to the

0° flow directing chamber by a capillary. Techniques for
S° 15 wicking excess sample from the sample application site
ooo

Q o into a waste chamber are described in U.S. patent
O ’’

° ’J, application 117,791, described above, and can be
aoo° adapted for use in the present invention to wick excess

sample from the flow directing chamber. Those skilled
20 in the art will be able to adjust the geometry of the 

oe chamber and to provide absorbent materials (when used)
°'’00 as necessary, using the guidance provided herein, to
OOO

°·> S achieve the desired result of filling the measuring
„ chamber with sample and draining the flow directing

O CJ 0 © © 0
0 L 25 chamber of excess sample before diluent is added.

The measuring chamber can be a capillary
00 Ok channel or chamber, in which case capillary action will
° ° aid or in some cases provide all the force necessary
V J for filling the measuring chamber with sample from the

30 sample application site by way of the flow directing 
chamber. Capillary channels and chambers will 
generally have at least one dimension perpendicular to 
the flowpath in the range 0.01 to 2.0 mm, more general
ly 0.1 to 1.0 mm. Capillary spaces (of whatever type)

35 have at least one dimension at right angles to the 
direction of flow in the range required to support 
flow. Capillary channels have both dimensions at right
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angles to the direction of flow in the range required 
to support flow. Capillary chambers have one dimension 
at right angles to flow that would not support
capillary flow but provide for capillary flow by having

5 the second dimension at right angles to flow in the 
required range (similar to the space between two flat 
plates that are closely spaced). However, larger mea
suring chambers that are not capillary in any dimension 
are also possible. The sample measuring site is said

10 to be in "fluid receiving relationship" to the flow
directing chamber in order to indicate that unassisted 
flow occurs. In order for proper operation of the stop 
flow junction to occur, it is essential that theoS measuring chamber be filed solely by capillary and

15 gravitational forces, as will be apparent from the 
description of the stop flow junction below.

n The geometry of the measuring chamber is such
that when diluent is added to the apparatus at a later 
step, essentially all of the sample in the measuring

20 chamber will be expelled into the receiving chamber.
One means of accomplishing this is by providing for 
smooth flow of diluent through the measuring chamber,00 A straight or curved tube with an essentially constant
cross section open at both ends is thus a preferred

25 embodiment for this type of measuring chamber. This 
type of measuring chamber is seen in the first 
measuring chamber (140) of Figure 1. In preferred em
bodiments of this type, diluent enters the measuring 
chamber in a front across the entire cross-sectional

30 area of flow. This helps avoid mixing of diluent with 
sample and passage ot diluent through the measuring 
chamber without expelling essentially all of the 
sample, which can occur if a small stream of diluent 
enters into a broader cross-sectional area of the

35 measuring chamber.
However, measuring chambers that vary in cross

section are also possible, as demonstrated in the
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second measuring chamber (240) of Figure 1. In fact, 
it is desirable to have the initial portion of the 
measuring chamber be as small as practical, as this 
aids in reducing the amount of sample that may be lost

5 from the measuring chamber when diluent initially 
rushes into the flow directing chamber. Initial 
diameters of less than 0.5 mm are desirable, preferably 
less than 0.2 mm. If the entrance to the sample 
measuring chamber is large, sample is washed up into

10 the chamber when diluent first enters. An unmeasured
quantity of sample then flows into the waste chamber as 
diluent continues to fill the flow directing chamber

Ο ο Ο ί
0 o° and flows into both the measuring chamber and the waste

β"°ο o chamber. Although this problem cannot be completely
S‘'„ 15 eliminated, using a small opening to the sample
ο υ ο n

<■ measuring chamber will reduce sample losses to0 · '■
acceptable levels. A small opening is therefore 
preferred even when the remainder of the measuring 
chamber is large (E.G., of non-capillary dimensions).

20 Additionally, while most measuring chambers
„, , will be manufactured to have a fixed volume, it is·’ 0
"' ° possible to provide chambers (both measuring chambers

° o and other types of chambers and internal compartments)
, whose volume can be varied, for example by a closely

tttt

* 25 fitting plunger used to adjust the volume of the
chamber prior to use. The internal volume of such an 
adjustable chamber would be set to the desired value by 
the user, normally prior to addition of sample to the 
apparatus.

30 When sample flows Into a measuring chamber,
flow stops when sample reaches a stop flow junction, so 
called because it marks the junction between the early 
part of the fluid track in which sample flows freely 
and the later part of the fluid track into which sample

35 does not normally flow until initiation of the dilution 
process. Since the stop flow junction exists at the 
limit of the flowpath of the sample, it will be found
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at one end of the measuring chamber. This same loca
tion will normally be the beginning of the receiving 
chamber (i.e.., when the two chambers are directly 
connected). However, the stop flow junction can also 
be present in a fluid passageway connecting the 
measuring chamber to the receiving chamber.

It should be recognized that flow stop can oc
cur both stably and metastably. A metastable flow stop 
is one in which flow stops on the macroscopic level but 
may resume without apparent cause after a time interval 
of a few seconds to a few minutes. Gradual creep of 
liquids along container walls or through microscopic or 
submicroscopic channels resulting from imperfections in 
the manufacturing process is believed to be the mechan
ism by which flow starts again once it has stopped. 
Additionally, small, undetectable vibrations (such as 
might be caused by persons walking near the apparatus 
or starting and stopping of nearby equipment, such as 
air-conditioning units) may also be sufficient to start 
flow in a metastable situation. However, there is no 
requirement of absolute stability since the apparatus 
is designed for addition of a diluent and eventual 
starting of flow at the stop flow junction. According
ly, any flow stop which can be sustained for at least 
10 seconds, preferably at least one minute, and more 
preferably at least five minutes, is sufficient for the 
purposes of this invention.

A stop flow junction is not a traditional 
valve as it has no mov; g parts. Rather, this junction 
relies on backpressure from the surface tension of the 
liquid sample to stop flow. This backpressure can be 
created in a number of ways. For example, backpressure 
is created when the cross-sectional area of the flow- 
path increases in a region in which there is contact 
between the liquid and the container walls (E.G., when 
a small tube enters a larger chamber or when the cross· 
sectional area of a channel increases). Greater back-

35



1

17

pressure and more consistent operation is achieved when 
the increase in cross-sectional area of the flowpath is 
abrupt rather than gradual, particularly when there is a 
break in capillarity in the sample flowpath. Imperfec-

5 tions in the container walls during gradual widening of 
chambers may cause liquid to "creep" more on one side 
than another, thereby avoiding the creation of back
pressure. Liquid can also creep around corners when 
imperfections are present. Unbalanced forces will also

10 be present when the junction is not horizontal. A hor
izontal junction, for example, occurs when a vertical 
tube enters the top horizontal surface of a chamber.

° d 0° If a horizontal tube enters a vertical wall of a con-o o o% tainer, a vertical junction is present, and the pres-
Sru 15 sure at the bottom of the stop flow junction will be 
/ n greater than the pressure at the top of the junction,
uOO„ due to hydrostatic pressure caused by the different

00t,° heights of liquid. Nonetheless, non-horizontal stop
flow junctions can be created by reducing the diameter

20 of the smaller channel containing liquid as it enters 
oooo the larger area, thereby reducing the difference in
/β pressure between the upper and lower portions of the
90 ° junction.

o In many cases, the junction will be formedeocoeo'
25 when a small-diameter measuring tube (i.e., measuring 

chamber) enters a larger receiving chamber. A small
»» measuring chamber can enter the larger receiving cham-

°B ber at a right angle or at an angle other than a right
“ angle. The angle between the internal wall of the

30 small tube and the surface of the chamber in the latter 
case will be different at different locations around 
the circumference of the junction.

U.S. Patent No. 4,426,451, which is herein in
corporated by reference, describes a number of stop

35 flow junctions that it refers to as "meniscus control 
means" for use in a device in which there is capillary 
flow from one zone to another. The stop flow junctions
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described in that patent can be used in the apparatus 
of the present invention. However, the patent is not 
directed to stopping flow when the second zone is not a 
capillary zone. In contrast to the specific teachings

5 of the patent, which indicate that the walls of the 
capillary chamber must gradually narrow and gradually 
expand in order to provide for flow stop, an abrupt 
widening has been found to be more effective in the 
practice of the present invention when the second cham-

10 ber (here the receiving chamber) is not a capillary 
space. Although it is recognized that imperfections 
will exist on the molecular level, it is preferred that 
the junction be as sharp as possible from a macroscopic 
view point, approaching as closely as possible the

15 ideal junction formed by the intersection of the plane 
(which can be curved) forming the walls of the measur
ing chamber with the plane forming the wall of the re
ceiving chamber surface in which the stop flow junction 
is found. Maintaining a horizontal junction to avoid

20 pressure differentials, reducing the area of the junc
tion, changing the surface of the capillary so as to 
decrease the hydrophilic character (for aqueous solu
tions), providing smooth surfaces (rough surfaces en
courage creep of liquid along the surface), and pro-

25 viding an abrupt change in cross-sectional area (pre
ferably providing an angle between intersecting sur
faces of about 90° or lower) all operate to prevent 
creep of liquid from one chamber to the other.

In general, for small (capillary-size) junc-
30 tions, the backpressure will be controlled by the smal

lest radius of curvature assumed by the meniscus. For 
examplei when a capillary tube with a circular cross
section enters a larger space so that liquid bulges out 
into the space under hydrostatic pressure, the meniscus

35 will be approximately spherical, and the backpressure 
(Δρ) is given by the Young-Laplace equation: Δρ - 
2y/R, where γ is the surface tension of the sample
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fluid and R is the radius of curvature. See, Miller 
and Neogi, "Interfacial Phenomena: Equilibrium and 
Dynamic Effects", Marcel Dekker, Inc., New York, 1985, 
and Davies and Riedeal "Interfacial Phenomena", 2nd 

5 Ed., Academic Press, New York, 1963. If the fluid 
meets the surface at an angle greater than 0°, this 
backpressure will be reduced by a geometric term. The 
radiusR, will change (become smaller) as the hydro
static pressure increases, so that the backpressure and 

10 hydrostatic pressure balance. As hydrostatic pressure 
increases, R reaches a minimum value (maximum curva
ture) determined by the geometry of the device and the 
contact angle. The corresponding backpressure defines

° the maximum hydrostatic pressure sustainable by the 
15 stop flow junction.

Backpressure is also created when the surface 
f that the liquid contacts changes to decrease adhesion 

between the liquid and the container wall (for example, 
when an aqueous sample moves from a hydrophilic to a 

20 hydrophobic surface). The surface properties of the 
various interior surfaces of the device of the inven
tion can and generally will be controlled by various 

° physical and/or chemical treatments. For a discussion 
, of controlling surface properties of similar devices, 
’25 see commonly assigned U.S.^App^Wa^4^n-fie«4 -̂l--N©-r’’

For example, plastic sur
faces can be treated to increase their hydrophilicity. 
Either the whole apparatus or specific parts can be 
treated. Alternatively, different parts qf the appara- 

30 tus can be made of different plastics. For capillary 
flow, contact angles of less than 90° are sufficient, 
preferably 10-85° arid most preferably 30-60°. In order 
to provide these contact angles for aqueous samples, 
the capillary surfaces will be hydrophilic (at least to 

35 some measurable extent). For non-aqueous liquids, a 
hydrophobic surface would be appropriate. By using a 
combination of container wall geometry and surface
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wetability, a backpressure range of from 0 (no change
in cross-sectional area or surface adhesion) to 20 cm
H2O and higher can easily be achieved with water as the
liquid. When the backpressure is 0, the location in

5 question is not a stop flow junction. A stop flow
junction occurs when there is sufficient backpressure 
to prevent the flow of sample past a particular point 
in the flowpath; E.G., from the measuring chamber vo 
the receiving chamber.

10 A number of diluent application (diluent
receiving) sites are disclosed in U.S, application 
serial Nos. 090,026 and 117,791, discussed above. Any

’ of these diluent application sites can be used in an 
apparatus of the present invention if desired. In the

15 most preferred embodiment, the diluent application site 
is an internal vented chamber in the housing that forms 
the apparatus. Located in the chamber is a rupturable 
container of diluent. Glass containers are
particularly preferred, although frangible plastic can

20 also be used. An access port is provided so that
externally applied pressure can be used to rupture the 
container. A passageway connects thii diluent chamber

1 to the flow directing chamber, so that diluent can flow 
from the ruptured container to the flow directing

25 chamber. Diluent fills the flow directing chamber so 
that the hydrostatic pressure at the stop flow junction 
is exceeded and the sample is expelled into receiving 
chamber along with a portion of the diluent. Excess 
diluent flows into the waste chamber or remains in the

30 diluent application chamber and/or flow directing 
chamber.

In the apparatus shown in Figure 1, the 
initial diluent chamber (175) is located at a 
particularly preferred location below the sample

35 application site. This low position for the diluent 
prevents backflow of diluent through the sample 
application site. It might appear that such an
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embodiment would not be capable of providing more
hydrostatic pressure at the stop flow junction when
diluent is released than was available when sample was
added to the sample application site, since the sample

5 application site is gravitationally higher. However, 
the needed hydrostatic pressure is in fact provided by 
the diluent and cannot be provided by the sample, 
because of the flow directing chamber. In the 
apparatus as described herein, no static column of

10 sample is developed between the sample application site 
and the stop flow junction when sample is added. The 
flow directing chamber, and the waste exit, provide a 
means for draining off sample without allowing that 
sample to exert pressure on the sample contained in the

15 sample measuring chamber. The effective height of the 
sample therefore never exceeds the height of the sample 
measuring chamber. However, the diluent is present in 
significantly larger quantity than the sample, so that 
the flow directing chamber is filled along with a

20 portion of the waste chamber and the passage way 
leading back to the sample application site.
Sufficient hydrostatic pressure is therefore developed 
to break the back pressure at the stop flow junction 
and expel the sample and diluent into the receiving

25 chamber.
Xf the diluent application site is above the 

sample applications site, diluent will flow toward the 
sample application site through the passageway 
connecting the diluent and sample application sites.

30 When flow resumes at the stop flow junction, this
diluent and any trapped sample in the passageway will 
flow back into the flow directing chamber. Since, at 
least in the case of capillary passageways, some amount 
of sample is likely to remain in the passageway joining

35 the sample application site to the flow directing 
chamber, there is some difficulty in designing a 
cartridge to provide a predetermined, reproducible
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ratio of sample and diluent reaching the receiving
chamber. Satisfactory results can be obtained for many
reactions by empirical measurement of dilution followed
by remanufacture of the cartridge to new specifications

5 and retesting. Design of a cartridge is much simpler, 
however, by using the lower diluent application site to 
avoid backflow, as described above.

There are no particular restraints on the geo
metry of the receiving (mixing) chamber other than that

10 smooth fluid flow be provided for in order to prevent
trapping of gas bubbles. Providing entry of sample and 
diluent into a lower portion of the receiving chamber 
and providing an upper surface of the receiving chamber 
that slopes upward toward a vent both aid in avoiding

15 trapped bubbles. It is desirable, however, to ensure 
that the exit for mixed diluent and sample (if present 
in the receiving chamber; see below) is located at a 
distance from the entrance for sample and diluent. If 
the exit and entrance are located too close to each

20 other, diluent flowing into the chamber while mixture 
is exiting can reach the exit too early and result in 
diluent rather than mixture reaching the second 
measuring 'Chamber. Other provisions can be made to 
ensure smooth flow of mixture through the exit, such as

25 locating the mixture exit at a low location and the 
diluent entrance at a high location for diluents that 
are lighter than the mixture of sample and diluent (and 
vice versa).

The vents used in the various chambers of the
30 device can merely be a small hole terminated by a stop 

/low junction in order to avoid exit of liquid from the 
device or can be a more sophisticated vent designed for 
gas exit without exit of liquid (E.G., a microporous, 
hydrophobic plug capable of passing air but not

35 hydrophilic liquids). Stop flow junctions can also be 
placed in the early portion of a long vent to prevent a 
relatively large quantity of liquid from entering the
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vent from the the vented chamber. A vent or other
means to allow exit of trapped air is provided at every
location in the apparatus in which the trapping of air
would interfere with the passage of liquids between the

5 various chambers and/or channels of the device.
Although there is no theoretical upper limit

on the size of samples that can be measured and diluted 
in this first step (or later steps) using an apparatus 
of the invention, the method and apparatus are particu-

10 larly suitable for measuring and diluting small quanti
ties of liquids. Accordingly, the sample measuring 
chamber will generally have a volume of from 0,, lpL to 
100pL, preferably ΙμΙ, to 30pL, and most preferably 3yL 
to lQyL, The receiving chamber, which acts to limit

15 diluent volume and f.4<. the ratio of sample to diluent, 
generally has a volume of from 2uL to lOOOvL, 
preferably 10pL to 300pL, and mc^t preferably 30uL to 
lOOyL, thereby providing dilution ratios of from 104:l 
to 3:1, preferably 103:l to 10:1, and most preferably

20 100:1 to 10:1. Channels through which capillary flow
will take place will usually have opposing walls spaced 
in the range of about 0.01mm to 2mm, more usually about 
0.1mm to 1mm. The capillary spaces can be tubular 
(which does not necessarily imply a circular cross-

25 section but can be square or other regular shapes) or 
can represent the space formed by flat plates and side 
walls with the side walls being spaced further apart 
than a capillary distance. A tubular chamber with at 
least one flat side (E.G., a square cross-sectional

30 area, a rectangle with adjacent sides differing in 
length by no more than a factor of 1:2 to 1:4, or a 
semicircular chamber) are preferred for ease of manu
facture in cases where, channels are being formed by the 
joining of two adjacent surfaces, one of which can be

35 flat.
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It should he recognized that statements in 
this specification indicating upper and lower limits of 
ranges are to be taken as individually designating a 
series of upper limits and a series of lower limits

5 which can be utilized in any combination. For example, 
a typical upper limit and a preferred lower limit may 
be used in combination to define a range of intermedi
ate preference.

The apparatus as described above provides for 
10 a single dilution of a sample with a diluent. Any

apparatus that carries out a dilution in the manner 
described is considered to fall within the scope of theο Ο η Π

S u / present invention, whether the dilution occurs by
itself or as part of additional operations that occur

15 in the device. For example, other operations can beo U ο n
carried out on ah original sample so as to provide a 

o"ao mixture. This mixture is then the "sample" that is
later diluted. Alternatively, provision can be made 
for other operations to take place on the mixture

20 formed in the manner described above.
In particular, the present inventorsoo ■

” contemplate providing serial dilution and mixing
0)0 · » .00 0 capabilities using a mixture measuring and isolating

chamber hydrostatically connected to the mixing chamber{ » ί I ;
25 and a valve controlling passage of fluids frum the

mixing chamber to the mixture isolating chamber. The 
first dilution takes place as indicated above during 
which time the indicated valve is closed to prevent 
escape of liquid from the mixing chamber, After the

30 first mixture is formed, the valve controlling flow to 
the mixture isolating and measuring chamber is opened, 
and fluid flows from the mixing chamber under the 
influence of hydrostatic pressure and/or capillary 
attraction. The portion of the mixture isolating

35 chamber into which the mixture flows is smaller in 
volume than the total volume of mixed sample and 
diluent. This volume is determined by the geometry of
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the chamber, the amount of hydrostatic pressure avail
able from liquid in the mixing chamber, and any capil
lary forces that are present. U.S. Patent Application 
Serial No. 117,791, described above, describes various

5 geometries that can be provided for a mixture isolating 
chamber depending on whether the intent is to carry out 
a second dilution in the original mixing chamber of to 
transport the isolated portion of the mixed sample and 
diluent to another location for further dilution and/or

10 analysis. Any apparatus that carries out a single
dilution as described above and a second dilution as 
described in the prior application will fall within the 
scope of the present invention.

“ However, a particularly preferred embodiment
U O G

oo 15 of the present invention, is directed to an apparatus in
o

u which serial dilutions are carried out, both of which
0 fall within the scope of the single-dilution invention

ot oo .

„»0 set forth above. In such embodiments, the mixture
isolating chamber will comprise the same types of

20 chambers and passage ways as described previously, with 
the exception that they will operate on the mixture as

ο > η P . ■ :
’■>>»» a sample rather than on an initially obtained sample.

Any type of valve that will control the pas
sage of liquids between chambers and/or channels can be 

°S‘!o0° 25 used in the apparatus of the present invention. Simple 
valves that can be actuated to move between an open and
a closed position by the application and release of a

oo ο υ
o c »" simple external force are preferred.

Examples of such valves include resilient
30 blocking members that are present in or adjacent to a 

liquid flowpath. For example, a resilient blocking 
member can be present in a converging or diverging 
pathway so that the narrow portion of the pathway is 
blocked by the resilient blocking member when the

35 blocking member is in its normal position, "-pplication 
of force in a direction generally away from ' re
stricted portion of the flowpath and toward the wider
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portion of the flowpath will open the valve by moving 
the blocking member away from the narrow walls of the

5

flowpath. Alternatively, a normally open valve can be 
provided which is blocked by movement of a resilient 
blocking member to a location that cuts off flow of

1G

liquid. Specific examples of such valves are set forth
in more detail below.

Other examples of such valves include sliding 
pins closely engaging a channel that laterally traver
ses a fluid flowpath. The pin has a segment capable of
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obstructing flow through the flowpath when the pin is 
in a first position and a segment capable of allowing 
flow through the flowpath when the pin is in a second 
position. Examples of such pins include rectangular 
pins having a flowpath channel between two opposite 
faces of the pin, the flowpath channel being out of 
register when the block is in a closed position and in 
register with the principal flowpath when the block 
valve is open. Pins with circular cross-sections can

20 be used by providing an obstructing segment of the pin
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that snugly engages the channel in which the pin fits 
and obstructs the flowpath when the pin is in a closed 
position. A smaller cross-sectional area (such as is 
present in the handle of a dumbbell) provides an annu

ooou.S 25 lar flowpath around tho smaller, central portion of the 
pin when the pin valve is in the open position.

A resilient member can be provided to bias the
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pin into either the closed or the open position. A 
force acting on the pin can then slide the pin to a 
second location so that the pin valve is in the alter

35

nate position.
In preferred embodiments, access for the ap

plication of an external force on the pin is provided 
so that the pin can be moved between its two positions. 
For example, a section of the pin that protrudes exter
nally from the apparatus can be provided so that u force 
acting parallel to the sliding axis of the pin can move
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the pin from its first biased position to a second po
sition by acting against the direction of the biasing 
force. Alternatively, an aperture leading from a face 
of the pin opposite the biasing force to the external

5 environment can be provided. Externally applied pres
sure, such as from compressed air or a finger of an ex
ternal apparatus that enters the aperture, can be used 
to slide the pin between its open and closed positions.
A resilient seal can be provided to prevent loss of

10 liquid through the aperture while allowing force to be 
applied to the pin. Such seals can also be provided 
for the resilient blocking members described above.

The valves that can be used as integral parts 
of a cartridge of the present invention are not limited

15 to those specifically exemplified here. Rather, any 
valve can be used that can control the flow of liquids 
through small flowpaths, such as flexible walls (E.G., 
latex) of a flowpath that can be compressed to restrict 
flow of liquid through the flowpath. Additionally, a

20 dissolvable barrier can be provided in instances where 
an initially closed valve will be opened once and then 
maintained in the open position.

It is also possible to provide an external 
valve. For example, a flowpath through which capillary

25 flow occurs can be blocked by closing an external vent. 
When the external vent is closed, liquid cannot enter 
the capillary pathway because of air or other gases in 
the capillary pathway. Opening the vent allows liquid 
to enter the capillary pathway. If the vent is closed

30 while liquid is contained in the capillary pathway, the
isolated liquid can later be used for other manipulations.

Valves consisting of external vent controls can 
be used in any situation where flow occurs through a 
capillary pathway (so that trapped air is effective to

35 control flow of liquids) and where no free liquid that 
might leak is stored in the cartridge prior to use. 
Encapsulated liquid (E.G., in glass ampules) can be
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present in devices using external vent controls. In 
many cases it is desirable to store premeasured 
diluents (which can contain reagents) in the cartridge 
when the cartridge is delivered to an end user.

5 Internal mechanical valves or ‘’upturable barriers are 
preferred for such uses in order to prevent accidental 
leakage.

By providing valves that can be operated by a 
simple externally applied force, a cartridge-like de-

10 vice can be provided in which the valves are opened and 
closed in a predetermined manner by an analytical de
vice into which the cartridge is inserted. This analy-

l'°, tical device can contain various optical and/or otherco
«ο o types of sensors for detecting the presence of liquids
F ’l5 or analytes in various mixing and/or measuring chambers0
J c,a of the cartridge in addition to providing means for
o opening and closing the valves and is therefore

nuF°U sometimes referred to in this specification as a 
monitor.

20 The apparatus of the present invention can be
designed for use with a particular assay or can be 
designed and prepared as an apparatus in which multiple

/ g assays can be carried out, depending on the order in 
which various valves are opened and closed and the

‘,”“<‘25 contents of the various diluents, which can contain 
reagents for the development of a detectable signal 
(E.G., a color reaction) that depends on the presence 
of an analyte in the sample.

Reagents can be provided at various locations 
30 in the device. Incubation times can be controlled by

either manual operation of valves or by a mechanical }.y 
or electronically stored program in the monitor into 
which the cartridge is inserted. The program would 
control the order and timing of opening and closing

35 valves. The programmed device would contain solenoids 
or other means for providing force to open and/or close 
valves or rupture containers containing diluent. In



4

29

embodiments in which flow through a capillary pathway 
is being controlled by the opening and closing of a 
vent, a movable sealing pad that is capable of closing 
the vent will form part of the external programmed

5 device into which the cartridge is inserted.
The monitor is also capable of detecting 

correct operation of the cartridge by providing sensors 
that detect the presence of liquids at various 
locations in the fluid pathways of the cartridge and

10 comparing the signals provided by the sensors with the 
signals that would be produced during proper operation 
of the cartridge. Automatic detection of proper

"h operation is desirable when the cartridge is in the0
o hands of an unskilled user, which is a desired end useυ O '
15 of the cartridge. For example, if the user must apply 

a drop of blood (as the sample) to the sample
/ application site, several problems can occur. Some

• J patients have trouble obtaining a drop of blood of
sufficient volume. For example, if proper operation of

20 the cartridge requires 25 μΐ of blood and only 20 μΐ is 
added to the sample application site, the sample

../ measuring site may not completely fill. If diluent is
Τ» then added automatically (such as after a preselected

time), the dilution will be greater than desired, and 
' ' 25 an incorrect result will be obtained.

The cartridge of the present invention 
provides suitable locations in the flow paths, 
particularly by providing flow directing chambers, to

, allow adequate monitoring of this and other potential
30 problems. A light source and detector can be provided

in the monitor so that they are located on opposite 
sides of the flow directing chamber when the cartridge 
is registered in the monitor. By detecting light that 
passes through the flow directing chamber at different

35 location, different aspects of sample (and diluent) 
flow can be detected.

For example, sample entering the flow
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directing chamber can be detected by detecting light at 
a location adjacent the sample entrance. This allows 
initiation of timing of later operations. For example, 
the sample can be incubated with a reagent located in

5 the sample measuring chamber for a specified amount of 
time without requiring any operation on the part of the 
us- r other than applying the sample.

By using a flow directing chamber with two 
spaced-apart exits leading to the sample measuring and

10 waste chambers, locating the sample entrance so that 
sample reaches the sample measuring chamber entrance 
before it reaches the waste chamber entrance, and

SV”o locating the light path for the sensor between the two
G O ;
r> ύ exits, two different measurements of system operation

or ’15 can be carried out with a single sensor. Since sample
° ; · fills the measuring chamber before reaching the waste
L t exit, detection of sample indicates that the sample

measuring chamber has filled. Continuing to monitor 
the same location allows detection of complete emptying

20 of the flow directing chamber, as sample flows out of 
the flow directing chamber and into the waste 
chamber. Dilution can then be properly timed to avoid

' , accidental addition of diluent while sample is still•GO . -
present in the flow directing chamber, which would lead

s .•J"" 25 to too low a dilution as extra sample was swept into 
the receiving chamber along with the diluent. Other 
problems that might lead to sample in the flow 
directing chamber, such as a clogged waste exit or too 
large a sample, could also be detected.

30 A series of Figures is provided to illustrate
a number of embodiments of the invention. The embodi
ments shown in the Figures are not intended to be com
prehensive, and numerous other embodiments within the 
scope of the appended claims will be apparent to those

35 of ordinary skill in the field of the invention.
Figure 1 is a plan view from the front of a

first embodiment of the invention in which lines A-A,
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B-B, C-C, and D-D show the location of the cross- 
sectional views shown in Figure 2. As shown in Figure 
2, housing 100 is prepared from three separate pieces, 
a central base member No. 102 and two cover plates 104

5 and 106. Chambers formed in the front face of base 
member 102 (the left side of the cross-sectional view 
shown in Figure 2) are show:, with solid 3ines in Figure
1. Passage ways formed in the back face of base member 
102 (the right side of the cross-sectional view shown

10 in Figure 2) are shown by dashed lines in Figure 1.
Through connections, which are generally holes passing 
from one face to the other, are shown by circles in

oo o, Figure 1. All such passageways would be visible in
0 0 0

u embodiments prepared from transparent plastic, as
“ ’’15 described in U.S. Patent No. 4,756,844. However it is

O ”

S \ , also possible to prepare the cartridge from an opaque
material if provisions are made for light paths at the 
appropriate locations.n □ .1 O

The apparatus shown in Figure 1 is capable of 
20 carrying out two dilutions serially. Parts of the

apparatus associated with the first dilution are 
o’ numbered from 110 to 190. Parts of the apparatus

« associated with the second dilution are numbered from
Ο Ο β

205 to 282. Where two parts perform the same function 
25 in the first and second dilutions, the last two digits

of the identifying number are the same. Parts of the 
apparatus associated with the housing are numbered from 
100-106, and parts of the monitor that interact with 
the cartridge shown in Figure 1 are numbered 300 and

30 above. The apparatus will be described by reference to 
the indicated numbers while following a sample through 
a series of two dilutions in the apparatus.

A sample is added initially to sample 
application site 110. The sample flows down passageway

35 120 to flow directing chamber 130, entering the chamber
at an entrance 136 in the upper left hand portion of 
the chamber as shown in Figure 1. Passageway 120 has
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capillary dimensions, while chamber 130 is sufficiently 
large so as not to support continued capillary flow. 
Sample flows by gravity down the left-front edge of 
chamber 130 and encounters entrance 132 to measuring

5 chamber 140. Sample continues to flow down measuring 
chamber 140, which is of capillary dimensions. Sample 
flow stops when the leading edge of the sample reaches 
stop flow junction 145 at the junction between sample 
measuring chamber 140 and receiving chamber 150. Vent

10 159, located in a upper portion of chamber 150, is
connected to common vent 101 to allow exit of gases 
from chamber 150, thereby allowing flow of sample into

..a capillary sample measuring chamber 140.
°0 Excess sample continues to flow down
"15 passageway 120 into flow directing chamber 130. Since

u. sample can no longer enter measuring chamber 140,
> sample accumulates at the bottom front edge of the

;;>J chamber since the floor of the chamber slopes downward
toward the front of the chamber (see Figure 2, part

20 A). When excess sample reaches waste exit 134, waste
channel 160, which is of capillary dimensions, draws

’« sample into waste chamber 190. Since waste exit 134 is
ou„ at a gravitational low point o# chamber 130, excess

sample continues to flow into waste chamber 190 until
25 all excess sample has been drained from chamber 130.

At this time, rupturable container 175, which
is located in diluent application chamber 170 is 
ruptured by a mechanical finger (302; shown in Figure 
2, part C) inserted through access port 177. Rupturing

30 of container of 175 is discussed in detail below.
Diluent flows through channel 180 along the front face 
of the apparatus, passes through channel 181 to the 
back face of the apparatus, and enters flow directing 
chamber 130 through entrance 138. Sufficient volume of

35 diluent is provided to fill flow directing chamber 130 
and at least a portion of waste chamber 190 while 
sufficient diluent remains in chamber 170 to provide a
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35

hydrostatic pressure at stop flow junction 145
sufficient to initiate flow, so that the sample trapped 
in measuring chamber 140 is expelled into receiving 
chamber 150, followed by diluent. Diluent fills 
chamber 150, thereby providing a fixed ratio of sample 
to diluent in the chamber.

10

Mixing in chamber 150 can be provided by a U,.e. described m^a=enumber of techniques, such as are

«Μωρέ» It is preferred to begin mixing
the sample and diluent as they enter the chamber so 
that any mixture entering the vent will have 
approximately the same composition as the mixture 
remaining in the chamber. However, the volume of the 
vent is sufficiently small so that negligible error 
results. Additionally, it is possible to include a 
separate stop flow junction in the vent to prevent 
excess exit of liquid, should higher accuracy bi 
desired. Such a stop flow junction and the vent to the 
mixing chamber is a part of the apparatus relating to 
the second dilution, as discussed below.

Exit 210 in receiving chamber 150 serves as 
the entrance for mixture into the second dilution 
portion of the apparatus. During this Initial first 
dilution, however, passage way 205 is blocked by a 
valve shown in detail in Figure 2, part B, below. When 
the valve is open, a portion of the mixture flows 
through exit 210 and channels 205 and 220 to a second 
flow directing chamber 230, referred to herein as the 
mixture flow directing chamber. The floor of chamber 
230 slopes downward from the left side of the chamber 
and from the back of the chamber to a small area at the 
right front corner of the floor of the chamber. At 
this point mixture measuring chamber 240 is connected 
to mixture flow directing chamber 230 at junction

Mixture measuring chamber 240 terminates at stop
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flow junction 245 where chamber 240 intersects with
mixture receiving chamber 250.

Since the mixture in receiving chamber 150 is
under hydrostatic pressure from diluent located in the

5 various pathways leading to chamber 150, mixture and 
eventually unmixed diluent can continue to flow into 
mixture flow directing chamber 230 until the 
hydrostatic pressure is equalized. A mirture waste 
chamber and mixture waste pathway exiting chamber 230

10 could be provided in a manner similar to waste chamber 
190 and passage way 160 in the first dilution 
pathway. However, in the embodiment shown in Figure 1,

, an alternative method is provided for controlling
3 flow. Since the purpose of the apparatus is to mix
"15 small samples with diluents that can contain reactants

, and measure the resulting reaction in the receiving
chambers, the apparatus shown in Figure 1 will normally

• be inserted into an apparatus in which such
measurements can made. Optical measurements are common

20 and are the preferred type of measurement for an 
apparatus shown in Figure 1. A light source and a

, detector are located in the monitor so that the light
- impinges on the desired location in the receiving
' chamber, passes through the receiving chamber and the
, 25 material enclosed therein, and impinges on the detector

located at the other side of the cartridge. This is 
accomplished by inserting the cartridge into a chamber 
on the surface of the monitor so that all of the parts 
are placed into proper registration with each other.

30 The present invention requires nothing new in the way 
of light sources, detectors, and registration means, 
since all spectrophotometers that engage cuvettes and 
carry out light measurements there through provide the 
necessary detection and registration systems.

35 However, the monitor can be easily modified by
providing additional light sources and detectors to 
detect the presence of the fluid at various points in
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the fluid pathways throughout the cartridge, as was
discussed above. In this specification such components
are called system control components since they
represent a means by which the monitor can. verify

5 whether sample, the diluted mixture, or the like have 
reached the proper points in the fluid pathway in the 
proper sequence and at the proper time. For example, 
light sources and detectors can be placed at opposite 
sides of the cartridge so that the detector measures

10 light passing through the mixture measuring chamber 240 
near stop flow junction 245. As shown in Figure 1, 
this portion of the measuring chamber can be made small 
relative to other portions of the measuring chamber in 
order to minimize error. When the detector indicates

115 that liquid has reached the end of measuring chamber 
240 adjacent stop flow junction 245, the valve that 
allows mixture to enter through access port 210 can be 
closed. Flow through the mixture measuring chamber 
will then stop when the meniscus of the mixture reaches

20 stop flow junction 245. Excess mixture remaining in 
mixture flow directing chamber 230 can then be drained 
off into mixture waste exist 260, which as shown in 
Figure 1 is a capillary channel.

Providing system controls to close the valve
25 located in passageway 205 and providing a capillary 

waste channel 260 obviates the need to have a large, 
gravity-fed waste chamber located below the level of 
mixture flow directing chamber. This is desirable in 
the device shown in Figure 1 since a preferred

30 technique of mixing using a magnetically driven mixing 
member in the two receiving chambers. Eliminating a 
relatively large waste container at the bottom Of the 
cartridge allows the receiving chambers to be located 
closer to the bottom of the cartridge, thereby reducing

35 the distance between the mixing member and the
receiving chambers and the driving magnets. Capillary 
waste chamber 260 will draw off excess mixture until
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all excess mixture has been removed from \ t ■’?, a flow
directing chamber 230.

At this time, a second diluent in rupturable
dil; cnt container 275 contained in diluent chamber 270

5 is broken in the same manner as diluent container 
175. Diluent therefore becomes available at diluent 
application site 270, flows through channels 280, 281, 
and 282, and enters mixture flow directing chamber 230 
at entrance 238. As with the first dilution, the

10 hydrostatic pressure provided by the diluent as it 
fills chamber 230, waste channel 260, and vent 239, 
overcomes the back pressure at stop flow junction 
245. Diluent is then expelled from mixing measuring 
chamber 240 into mixture receiving chamber 250,

15 Diluent also flows through mixture measuring chamber 
240 into mixture receiver chamber 250, expelling 
trapped air through vent 259. Since vent 259 would 
normally vent to the external atmosphere at the top of 
housing 100, a stop flow junction is provided in

20 chamber 255 to minimize the amount of mixture and/or 
second diluent entering vent 259. Mixing takes place 
in receiving chamber 250 in the same manner as in 
receiving chamber 150,

Figure 2 shows a series of cross-sectional
25 views at different locations shown in Figure 1. The 

cross-sectional view shown in part A of Figure 2 
intersects a number of channels, chambers, and vents 
associated with the first dilution. As mentioned 
previously, the apparatus is assembled by attaching

30 cover plates 104 and 106 to central body member 102 in 
which the various chambers and passage ways are 
formed. In all parts of Figure 2, the left sides of 
the figure represents the front face of the embodiment 
shown In Figure 1 and the right side represents the

35 back face.
Starting at the top of part A of Figure 2 and 

moving down, one sees passageway 173 leading from the
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front face to the back face of body member 102.
Because the various fluid and venting passageways shown 
in Figure 1 must cross over each without intersecting, 
through passages such as 173 allow fluid pathways to be

5 switched from one side of the other to avoid
interference. An example of this can be seen in Figure 
1 in the fluid pathway which delivers the second 
diluent from diluent receiving site 270 to mixture flow 
directing chamber 230 . This flow pathway must cross

10 over both waste chamber 190, which occupies the front
face of the apparatus, and vent 103, which occupies the 
back face. This is accomplished by providing an 
initial channel 280 along the front face o. body member 
102 until the passage way crosses over vent 103- At

>13 this point through passageway 281 switches the fluid 
pathway to the back face of body member 102. There 
channel 282 passes behind waste chamber 190 until it 
reaches an appropriate location behind mixture flow 
directing chamber 230 . Passageway 238 then leads to

20 the flow directing chamber which is located on the
front face of the apparatus. The manner that this is 
accomplished is seen near the top of part A of >l;ure 2 
where vent 172 connects chamber 170 to cross ve.“f 
passage way 173, which transfers the vent path to the

25 back face of the apparatus. At this point a connection 
is made to common vent passageway 101, which is visible 
in Figure 1 but not in part A of Figure 2.

Also visible in part A is passageway 138,
Which provides access for first diluent to mixing

30 chamber 130 and enters chamber 130 from the back face 
of the device. Exit 134, by which excess sample enters 
waste channel J60, can be seen at the bottom corner of 
chamber 130.

The high location of vent 159 at an upper
35 corner of mixing chamber 150 is evident near the bottom 

of part A Figure 2. Access port 210 leading into 
channel 201 that forma the first portion of the channel
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by which mixture is transported to the second dilution 
system can also be seen in chamber 150.

'■ art B of Figure 2 shows a number of minor 
features in the upper portion of the Figure, such as

3 common vent 101, container 175 located in chamber 170, 
through passageway 181, and waste channel 160.

A particular valve embodiment is seen in the 
lower right hand portion of this Figure. Channel 205 
is a mixture flow channel that connects mixing chamber

10 150 to mixture flew directing chamber 230. A thin
flexible membrane 206 is held in place by jack plate 
106 at aperture 208 located directly behind channel 
205. A plunger 301 located in the monitoring device

° ° °° into which the cartridge is inserted is adjacent
·’> τ O\> ",415 aperture 208 when the cartridge is registered in the

monitor. This plunger is under the control of various
\ sensors in the monitor and is moved to the left in the

,,,,,, direction of the arrow when the monitor receives the
ou" signal from the monitor, Such a signal might be given,

20 for example, uy insertion of the cartridge into the 
monitor. The end of plunger 301 is shaped to fit

o>... >·η channel 205 so that when plunger 301 is urged to the
’ left, flexible membrane 206 is forced to fit tightly

©c o“■ 0 into channel 205, thereby blocking the channel.
. ,25 Release of he leftward-acting force on plunger 301

‘ ' after mixing has been accomplished in receiving chamber
150 then allows mixture to flow through channel 205 
into th& remainder of the apparatus.

Part C of Figure 2 shows a vertical cross 
30 section through the embodiment of Figure 1 at line Ο

Ο. Second diluent container 275 can be seen located in 
diluent chamber 270. This view intersects chamber 170 
at the location of aperture 177· This aperture, which 
leads to the back face of the cartridge, is covered by

35 flexible seal 178. Plunger 302, located in the
monitor, can be urged leftward in the diraction of the 
arrow at an appropriate time under control of the
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monitor. Sealiuq member 178 is sufficiently flexible 
to allow force to be applied by plunger 302 on 
container 175, thereby rupturing container 175 and 
releasing diluent into diluent chamber 170. Release of

5 the biasing force on plunger 302 moves plunger 302 back 
to its original position (as shown) without rupturing 
seal 178.

In the lower portion of part C of Figure 2 can 
be seen waste chamber 190 and a number of chambers and

10 passages associated with the second dilution. Through 
channel 281 and channel 282 along the back face of body 
member 102 provide access for the second diluent to 
mixture flow directing chamber 230, through whichDUG0 0 diluent enters at passage way 238. Through passagewayO()0

ϊ, "Y 15 234 leading to capillary waste channel 260 is also
> visible .O J o o

ΥΎ Part D of Figure 2 shows a vertical cross
section taken at line D-D of Figure 1. Second diluent

°u“c container 275 and diluent chamber 270 are again visible
20 as is waste chamber 190. Channel 280, which is part of 

the pathway leading from the second diluent chamber to
Υ'·", mixture flow directing chamber, is also visible, as are
Λ, , sections of capillary waste chamber 260 and mixture

0 measuring chamber 240.
25 Figure 3 is a schematic diagram showing rea-

6 t gents that would be used with a cartridge of the type 
as shown in Figures 1 and 2 to carry out a specific 
diagnosis. Hemoglobin Ale, a minor hemoglobin 
component, is present in normal persons but increases

30 in the presence of hypoglycemia. Hemoglobin Ale mea
surement therefore provides an assessment of long-term 
insulin control in diabetics. An analysis requires an 
initial mixing of whole blood with a first set of rea
gents to determine total hemoglobin cont'nt followed by

35 determination of hemoglobin Ale content on an aliquot 
of the first mixture. The process steps are shown 
schematically in Figure 3 and are described below as
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they would occur in the apparatus of Figure 1.
A sample from an unmeasured blood drop will be

applied to sample application site 110. Sample will 
flow into measuring chamber 140 through sample flow

5 directing chamber 130. Flow of blood stops at the
junction chamber 140 mixing/reading chamber 150. When 
container 175 is broken, thiocyanate solution will flow 
through measuring chamber 140 into mixing chamber 150, 
pushing the blood sample ahead of itself. The mixture

10 of blood and thiocyanate solution will fill mixing 
chamber 150. Homogeneous mixing of blood and 
thiocyanate will now occur, driven by a reciprocating 
mixing plate, and the ferricyanide and agglutinator

>· ents coated on the walls of mixing chamber 150 (at
15 differ* t locations) will dissolve. After about 1 

minute, the blood will be lysed and the hemoglobin 
denatured. At this time, the total hemoglobin will be

„ measured by reading absorbance at 540 nm and 800 nm
using a light source and detector that are present in

20 the monitor into which the cartridge has been 
inserted.

The valve in channel 205 will then be opened 
to allow a portion of the mixture to flow into the

0 measurement (mixture isolation) chamber system. When 
. 25 mixture reaches the end of mixture measuring chamber

240, the vent is closed to prevent excess mixture from 
filling flow directing chamber 230 and expelling 
mixture from the mixing chamber by hydrostatic 
pressure. Once the mixture flow control 230 chamber

30 has been drained by capillary drain 260, diluent
container 275 is broken, allowing Ale diluent to flow 
into the dry antibody-latex reagent chamber 250, 
resuspending the reagent (which is coated on the 
chamber walls of chamber 250), after displacing the

35 sample of denatured blood (i.e., the isolated mixture) 
from mixture measurement chamber 240 into the 
mixing/reaction chamber 250. The denatured



41

blood/reagent mixture will then be mixed and assayed 
for hemoglobin Ale by measurement of the change in tur
bidity over about 30 seconds. Turbidity increases as a 
result of agglutination of antibody-coated latex parti-

5 cles, the antibody being specific for hemoglobin Ale.
The entire apparatus shewn in Figures 1 and 2

would be approximately 10 cm high and less than 15 cm 
wide with body member 102 being about 1 cm in 
thickness. The cartridge can readily be prepared in

10 other sizes to carry out other analytical measurements. 
Expanded perspective views of two flow

directing chambers of the invention are shown in 
Figures 4 and 5, in which edges that would be visibleοn ύ .

2 u “ from the point of view shown are indicated by solid 
1 |15 lines and edges that are seen through the chamber are

2 „ indicated by dotted lines. Figure 4 resembles chamber
u 130 of Figure 1 and is numbered accordingly. Chamber

130 is essentially a truncated cube or wedge with all
fl

opposed faces parallel except the top and bottom
20 faces. Height X of the back is smaller than height Y 

of the front face. In the bottom front corners of 
chamber 130 can be seen exits 132 leading to the

77 measuring chamber and 134 leading to the waste
” chamber. In the corner directly above exit 132 (the

25 sample measuring chamber entrance) is entrance 136 for 
sample, a passageway leading from the sample 
application site. Vent 139 and diluent entry 138 are 
visible in the upper back corners of the chamber. 
Passage of fluids through the chamber is indicated by

30 arrows and Roman numerals. Arrow I shows initial flow 
of sample after arriving in chamber 130 through 
entrance 136 and flowing down the left front corner of 
the chamber to sample measuring chamber entrance 132 
under the influence of gravity. When the sample

35 measuring chamber is filled, flow continues across the 
bottom x.ront face of chamber 130 to waste exit 134 as 
shown by arrow II. Since exit 134 is at a
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gravitationally low point of chamber 130, excess sample 
will continue to be drawn out of chamber 130 until all 
sample exits the chamber, except for any small amount 
retained by surface tension resulting from contact with

5 the sample in the measuring chamber at measuring
chamber entrance 132. However, any such amount will be 
small and relatively reproducible, since the apparatus 
of the invention is designed for use with samples of a 
particular type that will have relatively similar if

10 not identical surface tension characteristics.
Location A shown at the front lower face of

chamber 130 between exits 132 and 134 is a preferred 
location for measuring transit of sample, as previouslyO ' n .·>

o “ o' indicated. If a detector is located in the monitor so
c'," | 15 that light passing through the back face A1 of chamber
° 130 is detected as it passes through region A on the
}- · front face, sample passing along path II will be

u„’,detected. Thus, initial appearance of sample at
o

“'location A will indicate that sample has filled the
20 measuring chamber and has started flowing across path

II. When sample disappears from location A, the 
,. , dilution process can be initiated. In the rare caseO r Ο
l’ c where a slightly large sample is used, so that the

° sample fills the sample measuring chamber and overflows
25 exit 132 slightly into chamber 130 but not sufficiently 

so that sample reaches exit 134, the detector at 
location A will prevent automatic dilution of this 
incorrect sample size. When the correct signal is 
received to indicate proper measurement of sample,

30 diluent enters through entrance 138 and flows along the 
path shown by arrow III, thereby compLiting the 
dilution process as previously described.

As is apparent from the operation as described 
for Figure 4, it is desirable that waste exit 134 be of

35 capillary dimensions at least in the initial section of 
the passageway to aid in wicking sample from the 
chamber as soon as sample reaches exit 134.
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It can be seen from Figure 4 that location A 
intersects the bottom edge of the chamber. Such a 
location is desirable because slight differences in 
registration may occur when the cartridge containing

5 the chamber is inserted into a monitor, due to the very 
small sizes of chambers, as previously described. If 
the location is selected so as to intersect the bottom 
edge of the chamber, cartridges that fit slightly 
higher or slightly lower in the registration means of

10 the monitor will still have the light path intersect 
the bottom edge, thereby insuring that sample will 
intersect the light path as sample travels along the 
bottom edge of the chamber. If desired, back face A of 
the chamber can be molded during the chamber-forming

15 process so as to form a lens that aids in directing 
light to the correct location.

Figure 5 shows a second embodiment of a 
control flow chamber similar to the second flow 
directing chamber shown in Figure 1. The chamber again

20 resembles a truncated cube, but the bottom face slopes 
toward one corner with three equal corner heights 
indicated by X and one longer corner indicated by Y.
The top face is horizontal and the bottom face of the 
chamber slopes downward to the Y corner. The various

25 entrances and exits from the chamber are numbered in 
accordance with the designation set forth in Figure 1 
for chamber 230. Accordingly, sample enters through 
entrance 236 and flows along path I to the lower right 
corner of chamber 230. In contrast to the embodiment

30 shown in Figure 4, path I encounters waste exit 234
before encountering exit 232 leading to the measuring 
chamber. However, exit 234 is sized in comparison to 
entrance 236 and exit 232 so as not to be able to pull 
all of the sample (here normally the mixture) along

35 path Ila to the waste chamber. ufficient sample is
therefore available to enter the measuring chamber
through port 232 along path lib. When the measuring
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chamber is filled, excess sample continues along path 
Ila until the chamber is emptied. Diluent then enters 
through entrance 238 and flows along path III to 
complete the dilution process as previously
described.

A light source and detector can be provided in 
the monitor so that the light path passes through 
location A in a manner similar to that described above 
for Figure 4. However, in Figure 5 location A is 
between the sample entrance and the two exit ports in 
comparison to Figure 4, where it was lor 1 •’d between 
the two exit ports. However, this loca m can still 
be used to detect entry of sample into the chamber and, 
when combined with a timing circuit, can be used to 
determine whether sample has filled the sample 
measuring chamber, since the apparatus is designed for 
use with a particular type of sample (E.G., whole 
blood), and the time required to fill the measuring 
chamber will therefore be relatively constant.
Depletion of sample from the chamber can also be 
detected, as previously described.

The cartridges of the invention are typically 
prepared from molded plastic as described in U.S.
Patent No. 4,756,844, the only principal differences 
between the production methods described in the patent 
and the production required for the present apparatus 
being in the mold used to form the various chambers.
As indicated in the patent, plasma etching can be used 
to improve flow characteristics through the various 
capillary pathways, since most molding plastics are 
hydrophobic and need to be rendered hydrophilic for 
reproducible capillary flow to occur.

It is now been discovered that superior
results are obtained by masking part of the capillary
tracks and chambers so that not all of the interior
surfaces are etched. For example, the first stop flow
junction 136 of the embodiment shown in Figure 1 and

35
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Figure 2 occurs at a corner of chamber 130 formed by 
face plate 104 and body member 102 (also see Figure 
4). The sudden widening of the fluid passageway as it 
enters chamber 130 acts to create a stop flow

5 junction. However, a continuous face and therefore
continuous flow path is present along face plate 104 as 
passageway 120 enters chamber 130. Plasma etching of 
pathway 120 is important to maintain capillary flow 
through the pathway. However, if the intersection of

10 pathway 120 and chamber 130 is masked during the
etching procesis, the region of face plate 104 at the 
stop flow junction will be hydrophobic, thereby

□o improving the operating characteristics of the stop
°0 flow junction. Similar masking of surfaces in other

o c

" 6015 locations where capillary flow or entrapment is notO Q .
S <,«<, desirable, such as other stop flow junction or corners
°° and edges of chambers that tend to retain liquids in

undesired locations, also can be used to provide
0 J 0 o

improved operating characteristics.
20 In a similar manner, selective plasma etching

of chambers can be used to prevent reagent spread 
during application of reagents to surfaces in the

,''so,\ chambers. Reagents are typically added to a cartridgecoo of the invention in the form of a solution which is 
oooooS 25 then dried to provide a stable reagent composition.

When liquids are added to etched surfaces, they tend to 
spread out in thin films and occupy a relatively large 
area of the surface. This can lead to intc-rmingling

goi\ » and premature reaction of reagents if two reagents needV . J ■30 to be applied in a small area, such as a mixing
chamber. If a section of a surface is not plasma 
etched, however, reagent applied in liquid form will 
tend to remain in droplets in the applied location 
rather than spreading out. Smaller chambers can used

35 because of less spreading of reagents by selectively
masking the surfaces to which reagents will be applied
before plasma etching.
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All publications and patent applications men
tioned in this specification are herein incorporated by 
reference to the same extent as if each individual 
publication or patent application was specifically and

5 individually indicated to be incorporated by reference.
The invention now being fully described, it 

will be apparent to one of ordinary skill in the art 
that many changes and modifications can be made thereto 
without departing from the spirit or scope of the ap-

10 pendeid claims.
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The claims defining the Invention are as ioilc’.vs:
MAT-IS G-LA-IMBB—FS-:

1. A dilution and mixing cartridge for 
automatically measuring and diluting a liquid sample

5 with a liquid diluent, comprising: 
in a housing,

sample receiving means for receiving said
sample,

a flow directing chamber, comprising an
10 internal chamber in said housing,

sample flow means for delivering sample
from said sample receiving means to said flow directing 

. l0 chamber,U 0

0 diluent receiving means for receiving
■ *15 said diluent,

, diluent flow means for delivering diluent
from said diluent receiving means to said flow 
directing chamber,

a receiving chamber, comprising a vented 
2C internal chamber in said housing having a first volume,

a measuring chamber, comprising an 
internal chamber in said housing having a second volume 
smaller than said first volume, wherein said measuring

' chamber connects said flow directing chamber to said 
25 receiving chamber and said measuring chamber is capable

of delivering sample and diluent from said flow 
directing chamber to said receiving chamber solely by 
capillary and gravitational forces,

a stop flow junction located at the end 
30 of said measuring chamber, wherein said stop flow

junction is adapted to the surface tension 
characteristics of said sample so as to provide 
sufficient back pressure resulting from contact between 
said sample and wall means of said housing at said stop

35 flow junction to prevent sample from flowing through
said stop flow junction in absence of diluent but
allowing flow through said stop flow junction when said
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diluent receiving means receives diluent and diluent enters said flow 

directing chamber, and

waste means for emptying said flow directing chamber after 

sample has entered said flow directing chamber and said sample has filled

5 said measuring chamber, wherein said waste means operates by capillary 

and gravitational forces,

whereby diluent added to said diluent receiving means flows through 

said flow directing chamber and expels sample from said measuring chamber 

into said receiving chamber, thereby causing a fixed ratio of sample to

10 diluent to be delivered to said receiving chamber.

2. The cartridge of Claim 1, wherein said flow directing chamber 

comprises;

(1) exits to said measuring chamber and to said waste means at 

gravitationally low points in said flow directing chamber, and

15 (2) entrances for said sample and diluent flow means

gravitationally above said exit and said waste means.

3. The cartridge of Claim 2, wherein said entrance for said 

sample flow means is located above said measuring chamber exit and 

positioned so that flow of sample into said flow directing chamber

20 reaches said measuring chamber exit before reaching said waste means.

4. The cartridge of Claim 2, wherein said flow directing chamber 

comprises a floor sloping downward to said exit and said waste means.

5. The cartridge of Claim 2, wherein said waste means comprises 

an exit in said flow directing means having a cross section smaller than

25 the cross section

LMM/1478d
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of said exit leading to said measuring chamber.

6. The cartridge of Claim 2, wherein said flow 
directing chamber further comprises a vent at a

5 gravitationally high location in said chamber.

7. The cartridge of Claim 1, wherein said waste 
means comprises:

(1) a waste chamber, comprising an
10 internal vented chamber in said housing, and

(2) waste flow means for delivering 
sample and diluent from said flow directing chamber to 
said waste chamber by capillary and gravitational 
forces.

15
8. The cartridge of Claim 1, wherein said waste 

means comprises a wicking element.

9. The cartridge of Claim 1, wherein said sample 
20 receiving means is an external chamber on a surface of

said housing, said diluent receiving means is (1) an 
external chamber on a surface of said housing or (2) a 
vented internal chamber in said housing, and said 
diluent receiving means is located at a height below

25 the sample receiving means.

10. The cartridge of Claim 9, wherein said diluent 
receiving means comprises said internal chamber 
containing a diluent in a sealed container,

30
11. The cartridge of Claim 10, wherein said 

diluent receiving means chamber has an upper surface, 
said sample application site comprises a chamber open 
to the external environment and having an upper lip,

35 said upper surface of said dUuent receiving m^nns
chamber being lower than said upper lip of said ρ;®φί,β 
application site.
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12. The cartridge of Claim 1, wherein said housing 
further comprises a mixture isolating chamber 
hydrostatically connected to the receiving chamber,

5 whereby a representative sample of a mixture of sample 
and diluent in said receiving chamber can be if \ted 
in said mixture isolation chamber.

13. The cartridge of Claim 12, further comprising 
10 valve means selectively preventing flow from the

receiving chamber to the mixture isolating chamber.
ooo·'
0 0 4

0 0 14. The cartridge of Claim 1?, wherein said
°° “e° mixture isolation chamber comprises:
Q >'S 15 a valve controlling exit of said mixture from
/ ”π said receiving chamber,ό ti --
ο-1 a mixture flow directing chamber, comprising

an internal chamber in said housing,
mixture flow means for delivering mixture from 

20 said valve to said mixture flow directing chamber,
second diluent receiving means for receiving a 

second diluent,
O O C' T

second diluent flow means for delivering -said 
second diluent from said second diluent receiving means

e

25 to said mixture flow directing chamber,
a mixture receiving chamber, comprising a

' vented internal chamber in said housing having a third
volume,

a mixture measuring chamber, comprising an
30 internal chamber in said housing having a fourth volume 

smaller than said second volume or said third volume, 
wherein said mixture measuring chamber connects said 
mixture flow directing chamber to said mixture 
receiving chamber and said mixture measuring chamber is

35 capable of delivering mixture and second diluent from 
said mixture flow directing chamber to said mixture 
receiving chamber solely by capillary and gravitational
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forces,
a second stop flow junction located at the 

intersection of said mixture measuring chamber and said 
mixture receiving chamber, wherein said seicond stop

5 flow junction is adapted to the surface tension 
characteristics of said mixture so as to provide 
sufficient back pressure resulting from contact between 
said mixture and wall means of said housing at said 
second stop flow junction to prevent mixture from

10 flowing through said second stop flow junction in
absence of second diluent but allowing flow through

0„ „,4 said stop flow junction when said second diluentOOO
0 ° receiving means receives second diluent and second

η η o

% ’4 diluent enters said mixture flow directing chamber, and
« \ , 15 mixture waste means for emptying said second
</ ‘ flow directing chamber after mixture has entered said

oo.’- mixture flow directing chamber and said mixture has
filled said mixture measuring chamber, wherein said 
waste means operates by capillary and gravitational

20 forces,
, 0,,n whereby second diluent added to said second

,,,, diluent receiving means after mixture has filled said
’ mixture measuring chamber flows through said mixture

“ flow directing chamber and expels mixture from said
0 o

25 mixture measuring chamber into said mixture receiving 
chamber, thereby causing a fixed ratio of n . (ture to

(· · second diluent to be delivered to said mixture
receiving chamber.

30 15. The cartridge of Claim 13, wherein said valve
comprises a resilient blocking member capable of 
obstructing said mixture flow means,

16. The cartridge of Claim 15, wherein said block-
35 ing member is biased co allow flow through said mixture 

flow means in the absence of externally applied forces 
on seid blocking member.



17. The cartridge of Claim 15, wherein said valve 
further comprises an access port sealed with a resili
ent seal through which an external force can be applied

5 to said blocking member to impart motion to said 
blocking member.

18. In a dilution and mixing cartridge for 
automatically diluting a liquid sample with a liquid

10 diluent comprising, in a housing, a sample receiving 
site, a diluent receiving site, a sample measuring 
chamber, means for delivering sample and diluent to 
said sample measuring chamber from said sample 
receiving site and said diluent receiving site,

15 respectively, a stop flow junction terminating s„ id 
sample measuring chamber and adapted to the surface 
tension character ' sties of the sample so as to provide 
sufficient back pressure resulting from contact between 
said sample and wall means of said housing at said step

20 flow junction to prevent sample from flowing through 
said stop flow junction in absence of diluent but 
allowing flow through said stop flow junction when said 
diluent receiving means receives diluent, a receiving 
chamber for receiving a mixture of sample and diluent

25 from said measuring chamber, and means for delivering 
sample and diluent from said sample measuring chamber 
to said receiving chamber, the improvement which 
comprises:

a flow directing chamber, comprising an
30 internal chamber in said housing, wherein said means 

for delivering sample to said sample measuring chamber 
and said means for delivering diluent to s@id sample 
measuring chamber both enter said flow directing 
chamber and an exit in said flow directing chamber

35 leads to said sample measuring chamber; and
waste means for emptying said flow directing

chamber after sample has entered said flow directing
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chamber and said sample has filled said measuring 
chamber, said waste means being located in said flow 
directing means and operating by capillary and 
gravitational forces.

5
19. In a dilution and mixing cartridge for

automatically diluting ,a liquid sample with a liquid 
\’r\ Ck ^ouS't’AO.

diluent comprising^ sample receiving site, a diluent 
receiving site, a sample measuring chamber, means for

10 delivering sample and diluent to said sample measuring 
chamber from said sample receiving site and said

, diluent receiving site, respectively, a stop flow
°o junction terminating said sample measuring chamber and
-° adapted to the surface tension characteristics of the
o. 15 sample so as to provide sufficient back pressure

resulting from contact between said sample and wall 
means of said housing at said stop flow junction to 
prevent sample from flowing through said stop flow 
junction in absence of diluent but allowing flow

20 through said stop flow junction when said diluent
receiving means receives diluent, a receiving chamber 
for receiving a mixture of sample and diluent from said 
measuring chamber, and means for delivering sample and

.: diluent from said sample measuring chamber to said
25 receiving chamber, the improvement which comprises:

locating said diluent receiving means
gravitationally below said sample receiving means and 
providing means for preventing hydrostatic pressure 
from developing between said sample receiving means and

30 said stop flow junction in the absence of diluent.

20. The cartridge of Claim IS, Wherein said means 
for preventing hydrostatic pressure is a vented, non
capillary chamber located between said sample receiving

35 means and said stop flow junction.

21. A method for diluting a liquid sample with a
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liquid diluent, comprising:
sequentially supplying an unmeasured volume of

said sample and a measured or, unmeasured . v.olume of .said kw ο. ο.ό.0. <ν\\λ\Λσ) o-e-y \c-e-
diluent to a liquid flow directing chamber^ wherein (1) 

5 a first portion of said sample entering said flow
directing chamber is diverted to a measuring chamber 
having a first volume, flow of sample through said 
measuring chamber terminating when said sample reaches 
a stop flow junction, said stop flow junction being 

1C adapted to the surface tension characteristics of said 
sample so as to provide sufficient back pressure 
resulting from contact between said sample and wall 
means of said housing at said stop flow junction to 
prevent sample from flowing through said stop flow 

,15 junction, the remainder of said sample being diverted 
by said flow directing chamber to a waste chamber, and 
(2) a first portion of said diluent entering said flow 
directing chamber is diverted to said measuring 
chamber, wherein hydrostatic pressure from said diluent 

20 expels said sample in said measuring chamber into a
receiving chamber along with said first portion of said 
diluent, whereby a fixed ratio of sample to diluent is 
delivered to said receiving charter.

25 22. The method of Claim 21, further comprising the
step of opening first valve means selectively control
ling passage of said mixture from said receiving cham
ber to a hydrostatically connected mixture isolating 
chamber, wherein a hydrostatically determined portion

30 of said first mixture enters said mixture isolating 
chamber.

23. The method of Claim 22, wherein said device 
further comprises a second receiving chamber in fluid

35 receivin'); relationship to said mixture isol ation 
chamber.
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24. The method of Claim 23, wherein a second 
diluent is added to said device, wherein said second 
diluent expels a portion of said mixture in said 
mixture isolation chamber into said second receiving

5 chamber along with a portion of said diluent, whereby a 
fixed ratio of said mixture and said second diluent are 
delivered by capillary and gravitational forces to said 
second receiving chamber.

10 25. A sample dilution and mixing system,
comprising:

„ the cartridge of Claim 1, ando
°o a monitor comprising:
»’ means for detecting a reaction in the

15 receiving chamber of said cartridge, and
% registration means for holding said

cartridge in registration with said detecting means.

26. The system of Claim 25, wherein said detecting 
20 means comprises a light source and a light detector

arranged to detect light passing through said receiving 
= chamber.o

J 27. The system of Claim 26, wherein said flow
25 directing chamber comprises:

exits for said measuring chamber and said 
waste means at gravitationally low points in said flow 
directing chamber, and

entrances for said sample and diluent flow 
30 means gravitationally above said exit and said waste

means.

28. The system of Ci-im 27, wherein said monitor
further comprises system control means adjacent said

35 flow directing chamber when said cartridge is present
in said registration means to verify presence of liquid
at said flow directing chamber.
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29. The system of Claim 28, wherein said system 
control means comprises a light source and a detector 
located on opposite sides of said cartridge when said

5 cartridge is present in said registration means, 
wherein light emitted by said light source passes 
through said flow directing chamber at a light path 
location and is detected by said detector.

10 30. The system of Claim 29, wherein said light
path is located between said measuring chamber exit and

0„ said waste means.
Ο ϋ o
0 o

nop

u»° 31. The system of Claim 30, wherein said light
onS 15 path is located to intersect a bottom surface of said 
<Λ ' ° flow directing chamber.

OOn o

0 O C ci 32. A sample dilution and mixing system, 
comprising:

20 the cartridge of Claim 14, and
o0,’,JJn a monitor comprising:

u means for detecting a reaction in the
J ° mixture receiving chamber of said cartridge, and

o00oe; registration means for holding said
25 cartridge in registration with said detecting means.

33. The sy tern of Claim 32, wherein said monitor 
comprises second system control means adjacent said 
mixture flow directing chamber when said cartridge is

30 present in said registration means to verify presence 
of liquid at said second flow directing chamber.

34. The system of Claim 33, wherein said second 
system control means comprises a light source and a

35 detector located on opposite sides of said cartridge
when said cartiidge is present in said registration
means, wherein light emitted by said light source
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passes through said second flow directing chamber at a
light path location and is detected by said detector.

35. The system of Claim 34, wherein said light
5 path is located between said mixture measuring chamber 

exit and said waste means.

36. The system of Claim 35, wherein said light 
path is located to intersect a bottom surface of said

10 second flow directing chamber.

37. The system of Claim 32, wherein said monitor 
comprises third system control means adjacent said 
mixture measuring chamber when said cartridge is

15 present in said registration means for verifying
presence of liquid in said mixture measuring chamber.

38. The system of Claim 37, wherein said third 
system control means comprises a light source and a

20 detector located on opposite sides of said cartridge 
when said cartridge is present in said registration 
means, wherein light emitted by said light source 
passes through said mixture measuring chamber at a 
light path location and is detected by said detector.

25
39. The system of Claim 38, wherein said light 

path is located adjacent said second stop flow 
junction.

30 40. The system of Claim 32, wherein said monitor
selects a program by which to operate said valve means 
by detecting a signal from said cartridge when said 
cartridge is inserted into said monitor.

35 41. The system of Claim 40, wherein said signal is
a bar code.
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42. The system of Claim 25, wherein said diluent receiving means 

in said cartridge comprises a diluent chamber containing said diluent 
enclosed in a rupturable container and said diluent chamber comprises an 

access port sealed with a flexible sealing member.

5 43. The system of Claim 42, wherein said monitor comprises
programmed diluent control means and said container is ruptured under 
control of said diluent control means.

44. The system of Claim 42, wherein said diluent control means 
comprises a rupturing pin, said pin being capable of motion into said

10 diluent chamber through said access port under control of said programmed 
diluent control mean1,; without rupturing said flexible sealing member, 

whereby motion of said pin into said diluent chamber ruptures said 
container and allows said diluent to enter said diluent flow means.

45. A dilution and mixing cartridge as herein described with
15 reference to the drawings.

46. A method for diluting a liquid sample with a liquid diluent as 
herein described with reference to the drawings.

47. A sample dilution and mixing system as herein described with 
reference to the drawings.

DATED this NINETEENTH day of DECEMBER 1991 
Biotrack, Inc.

Patent Attorneys for the Applicant 
SPRUSON & FERGUSON
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