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(57) ABSTRACT 

A ?uid dispensing system and method includes a pump to 
aspirate and expel sample ?uid, a ?uid dispensing tip, and a 
metering station. The ?uid dispensing tip includes a Working 
?uid and an air gap Where the air gap separates the Working 
?uid from the sample ?uid. The metering station receives a 
drop of sample ?uid that is at least tWice as large as the 
pre-determined volume to ultimately be dispensed. The ?uid 
dispensing tip then Withdraws the predetermined volume of 
?uid from the sample ?uid. Precise volumes are ascertained 
by prior knowledge of the geometry of the ?uid dispensing 
tip and by using an imaging device to monitor an interface 
of either the sample ?uid or Working ?uid With the air gap 
Within the ?uid dispensing tip. The system and method are 
capable of accurately dispensing very small volumes of 
sample ?uid on the order of 10 picoliters. In addition, the 
system and method do not require large volumes of sample 
?uid to prime a pump mechanism. 
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DISPENSING METHOD AND APPARATUS FOR 
DISPENSING VERY SMALL QUANTITIES OF 

FLUID 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention pertains to methods and dispensing 
apparatuses providing precise, very small quantities of ?u 
ids. 

[0003] 2. Description of the Prior Art 

[0004] It is important in a variety of industries, such as 
medical diagnostics, biotechnology, and scienti?c instru 
mentation, to accurately dispense very small drops of ?uids. 
Furthermore, it is desirable to be able to program the volume 
of the drops so that the amount delivered Will be precise and 
accurate While at the same time minimizing the amount of a 
sample required for the dispenser. Some eXamples of small 
volume dispensing devices are described in US. Pat. Nos. 
5,366,896; 5,919,706, 5,927,547; 5,958,342; 5,998,218; 
6,083,762; 6,090,348; and 6,100,094. Ink jet printer devices 
represent an eXample of a technology area Where systems 
and methods for dispensing small volumes of ?uid have 
been developed. HoWever, the ink jet printer devices suffer 
from the draWback that they often require several microliters 
of ?uid to prime the dispenser passage; even if only sub 
nanoliter siZed droplets are dispensed. In many technologies, 
it Would be advantageous to be able to aspirate a volume of 
about a nanoliter or less Without needing to pick up larger 
amounts. This problem is especially acute in forensic sci 
ences and in biotechnology Where only limited quantities of 
sample are available. 

[0005] One dif?culty With dispensing small volumes of 
?uid is the necessity of a tip With a small radius. The small 
radius results in large internal pressures that prevent the ?uid 
from ?oWing easily from the tip. To overcome this limita 
tion, other systems eXpel ?uids by forcibly ejecting the 
droplets at a high velocity. HoWever, these systems suffer 
from accuracy problems. It Would be desirable for a system 
to be able to aspirate and deliver small volumes Without 
being susceptible to clogging, While still maintaining a high 
level of accuracy. 

SUMMARY OF THE INVENTION 

[0006] It is an object of this invention to overcome the 
limitations of the prior art, and to provide a highly accurate 
dispensing device and method Which alloWs dispensing 
controllable droplets of sub nanoliter siZe Without requiring 
relatively large priming volumes. 

[0007] This invention contemplates the use of a pipette or 
probe that includes a Working ?uid, an air gap, and a sample 
?uid in the dispensing tip. 

[0008] The pipette or probe is used to ?rst retrieve a 
quantity of the sample ?uid at the tip. In the retrieval, the 
Working ?uid and air gap rise Within the pipette or probe, 
and the sample ?uid ?lls the end of the tip. Then, the 
invention contemplates dispensing a sessile drop onto a 
substrate. A small portion of the sample remains in the end 
of the tip, and the tip contacts the outer periphery of the 
sessile drop. A camera or other imaging device is used to 
measure the diameter and height of the ?uid. This informa 
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tion is then used to calculate the volume inside the tip While 
it is still in contact With the sessile drop. Then, precise 
amounts of ?uid in selectively variable quantities are draWn 
back up into the pipette tip from the sessile drop. The tip is 
then moved to a desired dispensing location, and the desired 
sample ?uid is expelled from that remaining in the tip. 

[0009] Physically, movement of ?uid into a very narroW 
channel pipette or probe tip is dif?cult to achieve. The 
technique utiliZed in this invention promotes the ability to 
siphon up sample ?uid by different mechanisms. First, 
creating a sessile drop physically provides a ?uid With a 
surface of curvature that Will promote siphoning. Laplace’s 
rule states that the pressure across an interface is propor 
tional to interfacial (surface) tension and inversely propor 
tional to radius of curvature. The small radii inside pipette 
tips, therefore, leads to large pressures. Second, the liquid 
surface does not move smoothly over the pipette inside 
surface because the surface is not energetically constant (i.e., 
even) and because of What is knoWn as contact angle 
hysteresis (advancing angles are not equivalent to receding 
angles). For these reasons, ?uid motion is not steady; rather 
it is stop and start, and may often be referred to as stick/slip. 
Combined With the high and variable pressures from 
LaPlace’s rule, it is extremely dif?cult to directly draW or 
dispense a speci?c amount from a continuum of liquid. This 
invention contemplates providing vibrations to the pipette or 
probe tip. This can be achieved by acoustic or mechanical 
means (e.g., a pieZo ceramic element may be driven to 
sequentially compress and de-compress the Working ?uid). 
The larger radius of the sessile drop used in this invention 
loWers the pressures, and the high frequency vibrations 
contemplated by this invention breaks loose the stick/slip 
motion. 

[0010] The method and apparatus of this invention are 
adaptable to robotic placement of very small ?uid samples 
at precise locations. This may have application in certain 
antibody and DNA detection chips, as Well as in a variety of 
other applications: For eXample, by having precise quanti 
ties of ?uid containing an antigen or antibody or single 
stranded DNA or any other molecular entity placed on a chip 
or other substrate, it Would be possible to optically assess 
Weight differentials Which are the result of selective bonding 
or hybridiZing reactions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The foregoing and other objects, aspects and 
advantages Will be better understood from the folloWing 
detailed description of the preferred embodiments of the 
invention With reference to the draWings, in Which: 

[0012] FIG. 1 is a schematic vieW of a ?uid dispensing 
system embodying the invention; 
[0013] FIG. 2 is a schematic vieW of the tip depositing a 
drop of sample ?uid onto the metering station; 

[0014] FIG. 3 is a schematic vieW of the tip and a camera 
embodying an imaging device; and 

[0015] FIG. 4 is a schematic vieW of the tip With a hanging 
drop of sample ?uid. 

DETAILED DESCRIPTION OF TILE 
PREFERRED EMBODIMENTS OF THE 

INVENTION 

[0016] As illustrated in FIG. 1, the main components of 
the system 10 include a pump 12, a ?uid dispensing tip 14, 
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a Working ?uid 16, and a metering station 18. The pump 12 
functions as a mechanical displacement pump for the pur 
pose of aspirating and dispensing ?uid through ?uid dis 
pensing tip 14. The resolution of the pump 12 can vary 
according to the desired siZe of dispensed droplets. Prefer 
ably, the pump 12 is adapted to aspirate volumes on the order 
of 100 nanoliters or one microliter, but can also aspirate 
volumes as small as on the order of 10 picoliters. Suitable 
pumps may include pieZo-electric driven diaphragm pumps, 
such as the FTA 4000 available from First Ten Angstroms of 
Portsmouth, Va. 

[0017] The ?uid dispensing tip 14 is used to dispense 
speci?ed volumes of ?uid. Preferably, the tip 14 is adapted 
to dispense droplets on the order of 10 picoliters. The inner 
diameter of the base 19 of the tip 14 can range from about 
100 pm to 1000 pm, but it is preferably 400 pm. Preferably 
the tip 14 is conical in shape and is narroWer at the end 20 
With an inner diameter ranging from about 2 pm to 20 pm. 
One advantage of having a tip 14 With a Wider base 19 is the 
improved ability of the pump 12 to adjust the level of the 
?uids Within the tip 14. The conical shape minimiZes vis 
cosity induced pressures because most of the tube is rela 
tively large, it also accommodates a large range of volumes 
Within the ?eld of vieW of the camera (imaging device 40) 
used in the practice of this invention. The tip 14 is preferably 
transparent for inspection purposes. Inspection may be per 
formed by an imaging device 40 such as a video recorder or 
visually by an operator or by automatic computer analysis. 
The tip 14 may be made of any material that is not adversely 
affected by the ?uid to be dispensed. Preferred materials 
include plastic and glass. Some examples of preferred 
embodiments include a draWn glass capillary or a fused 
silica ?ne bore tube. 

[0018] A Working ?uid 16 is contained in the base 19 of 
the ?uid dispensing tip 14. The Working ?uid 16 may be any 
?uid that Will neither damage the pump 12 nor affect the 
measurement of the ?uid to be dispensed. The Working ?uid 
16 may be the same as the ?uid that is to be dispensed. 

[0019] Preferably the Working ?uid is Water. An air gap 
Will alWays separate the Working ?uid from the sample. 

[0020] The metering station 18 is an inert surface that is 
adapted to receive a drop of the dispensed ?uid. The inert 
surface is de?ned to be a material that Will neither absorb nor 
signi?cantly react physically or chemically With the ?uid to 
be dispensed. Preferably, the metering station 18 is made of 
a material that Will cause the dispensed ?uid to bead on the 
surface of the metering station 18 (e.g., the metering station 
18 may be hydrophobic if the ?uid to be dispensed is 
Water-based). The preferred eXample of a metering station 
18 is a polytetra?uoroethylene (PTFE commonly referred to 
as Te?on®). The siZe of the metering station 18 may vary as 
long as the metering station 18 is large enough to receive a 
drop of the ?uid to be dispensed. 

[0021] The pump 12 controls the level of the Working ?uid 
16 in the ?uid dispensing tip 14. The portion of the tip 14 
that is not ?lled With Working ?uid 16 is left ?lled With air, 
When the system 10 retrieves sample ?uid 32 from a supply 
and aspirates it into the tip, this air becomes an air gap 30 
betWeen the Working ?uid 16 and the sample ?uid 32 as 
shoWn in FIG. 2. The function of the air gap 30 is to clearly 
shoWn the interface 34 betWeen the Working ?uid 16 and the 
air gap 30 and/or the interface 36 betWeen the sample ?uid 
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32 and the air gap 30. The air gap may be any volume but 
preferably ranges from 100 picoliters to 10 nanoliters. With 
some sample ?uids, it may be desirable to use inert atmo 
spheres such as nitrogen; therefore, Within the practice of 
this invention it should be understood that the air gap 30 can 
include air, nitrogen, or any other gas. 

[0022] The amount of sample ?uid aspirated is controlled 
by the pump 12. Preferably, the pump 12 aspirates an initial 
quantity of sample ?uid 32 from Which the ?nal amount 
dispensed Will be taken. The ?uid dispensing tip 14 is then 
placed close to the surface of the metering station 18. 
Preferably, the end 20 of the tip 14 is Within a feW microns 
of the metering station 18. Aportion of the sample ?uid 32 
is dispensed as a sessile drop 38 onto the metering station 18. 
Preferably, as the sessile drop 38 is formed, it comes into 
contact With both the metering station 18 and the ?uid 
dispensing tip 14. The sessile drop 38 may have a volume 
ranging from 10 picoliters to 10 nanoliters. Preferably the 
sessile drop 38 has a volume of at least tWice the ultimately 
desired dispense volume. Larger volumes loWer pressure 
because of their larger radii of curvature. Preferably the 
sessile drop 38 is larger than the inner diameter of the end 
20 of the tip 14 so that the internal pressure is loWered. 
Preferably, the sessile drop 38 has a radius of curvature of 
equal to or greater than 100 pm. 

[0023] The pump 12 causes a portion of the sample ?uid 
32 in the sessile drop 38 to be re-aspirated into the tip 14. 
The volume of the sample ?uid 32 in the tip 14 can be 
adjusted until it is the desired amount to be dispensed. 
Because of the practical nature of moving liquid surfaces 
very small distances Within the pipette, it is often necessary 
to repetitively move back and forth and iterate to the desired 
volume in the tip. Preferably, the system can be used to 
dispense volumes of sample ?uid 32 on the order of 1-100 
picoliters, e.g., 10-25 picolitors, 25-75 picolitors, 50-100 
picoliters, etc. The volume of sample ?uid dispensed may be 
as small as 1 picoliter and as large as 10 nanoliters. The 
volume of the sample ?uid is veri?ed by visual inspection. 
As illustrated in FIG. 3, an imaging device 40 may be used 
to visually observe the interface 34 betWeen the air gap and 
the Working ?uid 16 or alternatively the interface 36 
betWeen the air gap 30 and the sample ?uid 32. The function 
of the imaging device 40, and associated computer softWare 
(not shoWn), is to assess the quantity of the sample ?uid 32 
being draWn into the tip 14 and ultimately being dispensed 
from the tip 14. Many conventional imaging devices and 
softWare analysis tools are available, e.g., charge coupled 
display (CCD) cameras, etc. 

[0024] Once the correct volume of sample ?uid 32 is 
contained in or at the tip 14, the tip 14 is WithdraWn from the 
sessile drop 38. The tip 14 is then moved to a location Where 
the sample ?uid 32 is to be dispensed. The sample ?uid 32 
is then eXpelled at this location. For very small volumes of 
?uid, there are evaporation problems if the ?uid is hanging 
from the tip end. For eXample, picoliters of Water can 
evaporate in seconds. Thus, for these very small volumes (on 
the order of 10 picoliters) this invention takes advantage of 
knoWing the geometry of the tip inside ahead of time (a 
priori). This alloWs relating the height of the sample in the 
tip ultimately to the dispensed volume. By adjusting the 
liquid at the metering station, a correct volume is obtained 
(this may take 10 or more up and doWn cycles). Then all of 
the sample left in the tip is dispensed. This can be achieved 
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by pumping action. Vibratory stimulation can also be used in 
conjunction With pumping for the same stick/slip reasons 
discussed above for aspiration. This allows a precise volume 
to be dispensed since sample ?uid does not evaporate While 
inside the tip. 

[0025] For larger volumes, e.g., nanoliter quantities, a 
hanging drop methodology can be used Where the imaging 
device 40 (or a second imaging device not shoWn) can be 
used to analyZe the siZe of the drop formed on the tip end 20. 
This can be done by assessing the height and diameter of the 
drop. The hanging drop 44 is then touched on the surface of 
the dispensing location, at Which point the hanging drop 44 
detaches from the end 20 onto the desired location. 

[0026] While the invention has been described in terms of 
its preferred embodiments. Those skilled in the art Will 
recogniZe that the invention can be practiced With modi? 
cation Within the spirit and scope of the appended claims. 

I claim: 
1. An apparatus for dispensing speci?ed volumes of ?uid, 

the apparatus comprising: 

a ?uid dispensing tip, said ?uid dispensing tip being 
con?gured to contain 1 picoliter to 10 nanoliters of a 
sample ?uid at an end, an air gap positioned above the 
sample ?uid, and a Working ?uid positioned above said 
air gap; 

a pump adapted to maintain said Working ?uid in said 
?uid-dispensing tip and adapted to aspirate a ?rst 
volume of said sample ?uid into said ?uid dispensing 
tip and eXpel said ?rst volume of said sample ?uid from 
said ?uid dispensing tip, 

a metering station having an inert surface positioned to 
receive a drop of said sample ?uid from said ?uid 
dispensing tip; and 

means for selectively retrieving a second volume of said 
sample ?uid from said drop on said metering station 
Which is smaller than said ?rst volume and dispensing 
said second volume of said sample ?uid at a desired 
location. 

2. The apparatus of claim 1 Wherein said means for 
selectively retrieving includes an imaging device focused on 
at least one of an interface betWeen said sample ?uid and 
said air gap and said interface betWeen said air gap and said 
Working ?uid. 

3. The apparatus of claim 1 Wherein said second volume 
ranges from 1 picoliter to 10 nanoliters. 

4. The apparatus of claim 1 Wherein said second volume 
is on the order of 10 picoliters. 

5. The apparatus of claim 1 Wherein said ?uid dispensing 
tip is transparent 

6. The apparatus of claim 1 Wherein said metering station 
has a drop receiving surface constructed from polytetra?uo 
roethylene. 

7. The apparatus of claim 1 Wherein said ?uid dispensing 
tip has a relatively larger volume area for containing said 
Working ?uid compared to said end Which receives said ?rst 
volume of said sample ?uid. 

8. An apparatus for dispensing speci?ed volumes of ?uid, 
comprising: 

a transparent ?uid dispensing tip adapted to contain a 
Working ?uid, 
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a pump adapted to maintain said Working ?uid in said 
transparent ?uid dispensing tip and adapted to aspirate 
a volume of ?uid into said transparent ?uid dispensing 
tip such that a bottom surface of said Working ?uid, a 
top surface of an aspirated ?uid, and an air gap betWeen 
said bottom surface of said Working ?uid and said top 
surface of an aspirated ?uid are positioned in said 
transparent ?uid dispensing tip, and 

an imaging device for providing an image of at least one 
of an interface betWeen said air gap and said Working 
?uid and said air gap and said aspirated ?uid. 

9. A method for dispensing speci?ed volumes of ?uid, 
comprising the steps of: 

aspirating a sample ?uid into a ?uid dispensing tip Which 
contains a Working ?uid, said aspirating step being 
performed such that said Working ?uid and said sample 
?uid are separated by an air gap, 

dispensing a ?rst volume of said sample ?uid onto a 
metering station surface to form a drop on said meter 
ing station surface; 

aspirating a portion of said drop from said metering 
station surface into said ?uid dispensing tip, said por 
tion constituting a second volume of said sample ?uid 
Which is smaller than said ?rst volume; and 

dispensing said portion from said ?uid dispensing tip. 
10. The method of claim 9 Wherein said ?rst volume of 

said sample ?uid dispensed in said ?rst dispensing step is at 
least tWice as large as the second volume of said sample ?uid 
aspirated in said second aspirating step. 

11. The method of claim 9 further comprising the step of 
applying vibrations to said ?uid dispensing step during at 
least one of said tWo aspirating steps and said tWo dispensing 
steps. 

12. The method of claim 9 Wherein said second aspirating 
step includes iteratively applying suction and expelling ?uid 
from said ?uid dispensing tip until a desired second volume 
of sample ?uid is positioned Within said ?uid dispensing tip. 

13. The method of claim 9 Wherein said second volume of 
sample ?uid ranges from 1 picoliter to 10 nanoliters. 

14. The method of claim 13 Wherein said second volume 
of sample ?uid is on the order of 10 picoliters. 

15. The method of claim 9 further comprising the step of 
imaging an interface betWeen said air gap and said Working 
?uid. 

16. The method of claim 9 further comprising the step of 
imaging an interface betWeen said air gap and said sample 
?uid. 

17. A method for dispensing a predetermined volume of 
a ?uid, comprising the steps of 

aspirating a ?uid into a transparent ?uid dispensing tip, 
said ?uid dispensing tip housing a Working ?uid and an 
air gap, said air gap being positioned betWeen said 
Working ?uid and said ?uid aspirated in said aspirating 
step, 

adjusting a ?uid in said ?uid dispensing tip to a prede 
termined volume by visually monitoring a position of 
said air gap; and 

dispensing said predetermined volume of said ?uid aspi 
rated in said aspirating step. 

* * * * * 


