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(57) ABSTRACT 

The invention provides related apparatus and methods of 
making an integrated electrospray tip by depositing ionic 
and/ or electronic conductor materials onto a planar substrate. 
The invention also features methods of forming an electro 
spray apparatus comprising coupling a ?rst planar substrate 
to the surface of a second planar substrate, Wherein a surface 
on at least one of the substrates includes one or more microf 
luidic channels and/ or reservoirs Which are at least partially or 
totally enclosed therebetWeen. The conductive regions of the 
apparatus do not intersect the micro?uidic channels Within 
other portions of the apparatus provided preferably. The 
invention further provides related apparatus and methods for 
manufacturing and using micro?uidic devices With integrated 
electrodes for electrospray ionization. The electrospray appa 
ratus in some embodiments may include an electronic con 
ductor electrode or an ionic conductor electrode formed from 
a micro?uidic channel containing a conductive material 

21, 2004. selected from a variety of solutions and gels. 
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ELECTROSPRAY APPARATUS WITH AN 
INTEGRATED ELECTRODE 

[0001] This application is a continuation of US. Non-Pro 
visional patent application Ser. No. 11/556,671, ?led on Nov. 
3, 2006 Which is a continuation of US. Non-Provisional 
patent application Ser. No. 11/031,963 ?led on Jan. 6, 2005, 
Which claims the bene?t of Provisional Patent Application 
Ser. No. 60/612,136 ?led on Sep. 21, 2004, Which are incor 
porated by reference herein in their entirety. 

BACKGROUND OF INVENTION 

[0002] Interest in analyzing small samples of biomolecules 
has increased the demand for micro?uidic systems providing 
sensitive through-put analysis. Electro spray tips have proven 
to be a useful component in certain micro?uidic analytical 
systems. For example, see Bousse et al., US. Pat. No. 6,803, 
568 (application Ser. No. 10/649,350), “Multi-channel 
Micro?uidic Chip for Electrospray IoniZation,” providing a 
high performance electrospray ioniZation device for mass 
spectrometry applications, and Stults et al., application Ser. 
No. 10/ 681,742, “Methods and Apparatus for Self-Optimiza 
tion of Electrospray IoniZation Devices,” Which are incorpo 
rated herein by reference. 
[0003] In light of the burgeoning ?elds of proteomics, 
genomics and pharmacogenetics, and their diagnostic appli 
cations, there is a need for micro?uidic analysis systems With 
durable, loW-cost, easily-manufacturable, and readily-repro 
ducible components, including electrospray tips. Thus, there 
remains a need for even more improved electrospray tips, 
along With improved methods of making them. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides a method of making 
an electrospray apparatus With a tip, by ?rst providing a ?rst 
planar substrate having a conductive contact, and then incor 
porating the ?rst planar substrate into the electrospray appa 
ratus as the tip. That is, the invention provides a method of 
making an electrospray apparatus With a tip by ?rst deposit 
ing a conductive contact onto a ?rst planar substrate, and then 
incorporating the ?rst planar substrate into the electrospray 
apparatus as the tip. 
[0005] The present invention also provides a method of 
making a conductive contact for an electrospray apparatus 
With a tip, by ?rst depositing a conductive material onto a ?rst 
planar substrate, and then using the ?rst planar substrate to 
make the tip of the electrospray apparatus. 
[0006] A further aspect of the invention provides an elec 
trospray tip including a ?rst planar substrate having a con 
ductive contact, Where the ?rst planar substrate attaches as the 
tip to a micro?uidic device. In certain embodiments, the 
invention provides a ?rst planar substrate having a conductive 
contact, Where the ?rst planar substrate incorporates into an 
electrospray apparatus as an electrospray tip. The present 
invention also features a layer or trace of conductive material 
deposited on a ?rst planar substrate, Where the ?rst planar 
substrate incorporates into an electrospray apparatus as an 
electrospray tip. In some of these embodiments, the layer of 
conductive material lies betWeen a ?rst planar substrate and a 
second planar substrate at the electrospray tip. 
[0007] The present invention also provides a method of 
making an electrospray tip including a ?rst planar substrate 
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having a conductive contact and an ionic conductor electrode. 
The ionic conductor acts like an electrode that is electrically 
connected to the conductive contact, preferably at a position 
removed from the electrospray tip. In certain embodiments, 
the invention provides a ?rst planar substrate having a con 
ductive contact and an ionic conductor electrode, Where the 
?rst planar substrate incorporates into an electrospray appa 
ratus as an electrospray tip. 

[0008] A further aspect of the invention provides an elec 
trospray tip including a ?rst planar substrate having an elec 
trode formed With an ionic conductor but no conductive con 
tact. In certain embodiments, the invention provides a ?rst 
planar substrate having an ionic conductor electrode, Where 
the ?rst planar substrate incorporates into an electrospray 
apparatus as an electrospray tip. 
[0009] Other goals, advantages, and salient features of the 
invention Will become apparent from the folloWing detailed 
description and accompanying ?gures. While the folloWing 
description may contain speci?c details describing particular 
embodiments of the invention, these should not be construed 
as limitations on the scope of the invention in any Way. Rather, 
these serve to exemplify certain embodiments of the inven 
tion. For each aspect of the invention, many variations are 
possible as suggested herein and as knoWn to those of ordi 
nary skill in the art. Indeed, a variety of changes and modi? 
cations can be made Within the scope of the invention Without 
departing from the spirit of the present invention. 

BRIEF DESCRIPTION OF THE FIGURES 

[0010] FIG. 1 shoWs a simpli?ed top vieW of a table 
mounted electrospray ioniZation system for directing ioniZed 
spray into a neighboring mass spectrometer. 

[0011] FIG. 2 shoWs tWo perspectives of one embodiment 
of an electrospray apparatus having a tip With integrated 
electrodes (a-b). 
[0012] FIG. 3 shoWs tWo perspectives of another embodi 
ment of an electrospray apparatus having a tip With integrated 
electrodes (a-b). 
[0013] FIG. 4 shoWs tWo perspectives of another embodi 
ment of an electrospray apparatus having a tip With integrated 
electrodes (a-b). 
[0014] FIG. 5 shoWs a perspective draWing of an electro 
spray tip With an integrated electrode. 
[0015] FIG. 6 shoWs a number of patterns of conductive 
material deposited on a substrate as integrated electrodes for 
electrospray tips. 
[0016] FIG. 7 shoWs a schematic for making one embodi 
ment of a micro?uidic electrospray apparatus comprising a 
tip With an integrated electrode. 
[0017] FIG. 8 shoWs paths along Which substrates With 
patterned conductive material can be micro-machined. 

[0018] FIGS. 9a-d shoWs mass spectroscopy data from cap 
illary electrophoresis, using a micro?uidic electrospray appa 
ratus according to the present invention. 

[0019] FIG. 10 shoWs a micro?uidics device having inte 
grated electrodes including an ionic conductor electrode 
formed from conductive material contained Within one or 
more channels and/ or reservoirs. 

[0020] FIG. 11 shoWs a micro?uidics device containing 
one or more channels and/or reservoirs that form an ionic 
conductor electrode. 
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[0021] FIG. 12 illustrates a micro?uidic device With an 
electrospray tip that includes a tapered point formed from 
relatively thin ?lm laminate or planar substrate. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] The present invention provides an electrospray 
apparatus comprising integrated electrodes and improved 
methods of making the same. In one aspect, it features an 
electrospray apparatus comprising tWo planar substrates, 
Where at least one features a conductive region and at least 
one tapers to form a tip at the electrospray ori?ce. In some 
embodiments, the conductive region comprises a conductive 
material deposited onto a surface of the substrate, for example 
in a pattern. In some embodiments, the conductive region 
comprises a conductive component on a surface portion or all 
of the substrate. Some embodiments include a third planar 
substrate, Where the substrate featuring the conductive region 
is at least one substrate removed from the electrospray ori?ce. 
In another aspect, the invention features methods of making 
such electrospray apparatuses. 

I. Electrospray IoniZation Systems 

[0023] Certain embodiments of the present invention pro 
vide electrospray apparatuses that assist in the formation of a 
relatively stable Taylor cone from an electrospray tip, provid 
ing electrospray ioniZation sources for forming spots, depos 
iting materials on surfaces, nanostructure fabrication (Craig 
head et al., Appl Phys Len, 83 (2): 371-373 Jul. 14, 2003, 
Craighead et al., J Vac Sci Technol B, 21 (6): 2994-2997 
November-December 2003) and for analytical applications, 
such as mass spectrometry. 

[0024] FIG. 1 illustrates the incorporation of an electro 
spray apparatus of the present invention into an electrospray 
ioniZation (ESI) system for mass spectrometry analysis. The 
electrospray apparatus comprises a micro?uidic device 101 
With an electrospray tip 1 02 that can be mounted as illustrated 
on a XY table or other adjustable platform 1 03 that is adjacent 
to the mass spectrometer (MS) such as an ABI Mariner time 
of-?ight (TOF) instrument. A variety of other mass analyZers 
can also be used, including but not limited to Quadrupole, 
Fourier Transform (FTMS), Ion Trap, or hybrid mass analyZ 
ers. The micro?uidic device 101 comprises a ?rst planar 
substrate 104 coupled to a second planar substrate 105. “Pla 
nar” as used herein does not require that the substrate be 
entirely ?at or even. In some embodiments, “a planar sub 
strate” refers to a substrate having at least one surface that is 
at least substantially ?at, rather than, e.g., curved, columnar, 
or spherical. 

[0025] At least one of the ?rst or second planar substrates 
tapers to form the electrospray tip 102. In the illustrated 
embodiment, both the ?rst planar substrate 104 and the sec 
ond planar substrate 105 taper to form the electrospray tip 
102, With the ?rst planar substrate tapering to a point and the 
second planar substrate tapering to form a blunter edge 105 
beyond Which the point extends. In other embodiments, both 
planar substrates can taper to a point. In still other embodi 
ments, the second planar substrate can taper to a point, for 
example a point extending beyond the edge of the ?rst planar 
substrate, Where the ?rst planar substrate either does not taper 
or tapers to form a blunter edge. “Point” as used herein does 
not require tapering to a sharp point or tip, but includes less 
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sharp edges as Will be obtained in practice. Preferably, the 
point is as sharp as needed to facilitate formation of an elec 
trospray at the tip. 
[0026] In some embodiments, the second planar substrate 
is in turn coupled to a third planar substrate, Where at least one 
of the second or third planar substrates tapers to form the 
electrospray tip 102. Such an embodiment may be referred to 
as a “three-substrate embodiment” indicating an embodiment 
comprising at least three planar substrates, as opposed to a 
“tWo-substrate” embodiment, Which describes the situation 
Where only at least tWo planar substrates are used. In some 
three-sub strate embodiments, the second planar substrate can 
taper to a point and the third planar substrate can taper to form 
a blunter edge 105 beyond Which the point extends. In other 
three-substrate embodiments, both the second and third pla 
nar substrates can taper to a point. In still other three-substrate 
embodiments, the third planar substrate can taper to a point, 
for example a point extending beyond the edge of the second 
planar substrate, Where the second planar substrate either 
does not taper or tapers to form a blunter edge. In some 
embodiments, the ?rst, second and third planar substrates can 
taper, helping to form the electrospray tip. 
[0027] The electrospray tip 102 of the table-mounted 
device 101 can be positioned to direct ioniZed spray into the 
MS. The ?rst planar substrate can feature a conductive region 
106 that can serve as an integrated electrode for electrospray 
formation. The conductive region can comprise a layer or 
trace of conductive material, e.g., deposited onto a surface of 
the ?rst planar substrate 104 or it can comprise a conductive 
component, e. g., added to a surface portion of the ?rst planar 
substrate. In some embodiments, the conductive region can 
extend over most or all of a surface of the ?rst planar sub 
strate, for example, Where conductive material has been 
deposited onto most or all of the surface, or conductive com 
ponent has been added to all of the ?rst planar substrate. In 
some embodiments, either one or more surfaces of the ?rst, 
second, third or other planar substrates may feature conduc 
tive regions. Further, some embodiments feature both depos 
ited conductive material and added conductive component as 
the conductive region. 
[0028] In preferred tWo-substrate embodiments, the con 
ductive region is in a pattern on a surface of the ?rst planar 
substrate. One embodiment features a conductive region on 
the second planar substrate. Other embodiments feature a 
single trace or more than tWo traces of conductive material on 
the ?rst or second planar substrates. In preferred three-sub 
strate embodiments, the conductive region is not in a pattern 
on the surface of the ?rst planar substrate, as described in 
more detail beloW. One embodiment features a conductive 
region on any of the ?rst, second, third or other planar sub 
strates. Other embodiments can feature a single trace or more 
than tWo traces of conductive material on the ?rst, second or 
third planar substrates. 
[0029] In either case, the conductive region may extend 
toWards the edge of the planar substrate, preferably to about 
l0-about 1,000 pm, more preferably to about 40-about 200 
um, and even more preferably to about 20-about 30 pm from 
the edge of the substrate. This distance from the edge helps 
reduce arcing that may result When a relatively high voltage is 
applied, for example, When a voltage is applied across the tip 
102 and a MS to create electrospray ioniZation at the tip. 

[0030] The table 103 may be positioned and adjusted as 
needed to direct the electrospray tip 102 and electrospray 
emissions into the capillary portion or receiving ori?ce 107 of 



US 2008/0235948 Al 

the MS. In addition, the device 101 may include one or more 
reservoirs and/or channels that can hold various ?uids to be 
analyZed or run through the MS. For example, the device 101 
may include a plurality of sample reservoirs 108 and/ or other 
reservoirs 113, 114, and/or channels 109, 112. Micro?uidic 
herein means that the surface features of the substrate, such as 
channels and/or reservoirs have at least one dimension less 
than about 1 mm, preferably in the range of about 0.5 to about 
500 microns. 

[0031] At least one of the planar substrates of the microf 
luidic device 101 may contain one or more such channels 

and/or reservoirs. Each of the reservoirs may be ?uidly and 
separately connected to a channel 109, 112. One or more 
channels that extend toWards the electrospray tip can form the 
spraying channel 112. A ?uid pump may also be selected to 
impart ?oW of ?uids Within the netWork of channels Within 
the micro?uidic device 101. Possible pumping methods 
include, for example, pressure-driven by an external pneu 
matic or hydraulic pressure source, electroosmotically gen 
erated pressure, electroosmotic ?oW, volumetric pumping, 
gas generation in a micro?uidic device, and the like. 

[0032] An electrode 110 connected to a poWer source may 
be contacted With the conductive region 106 at one or more 
contact points 111, so that a voltage is applied betWeen the tip 
102 and the MS. Depending on the selected embodiment, an 
opening canbe made on the substrate surface opposite the one 
on Which the conductive region 106 is located in order to 
enable access by the electrode 110. The contact points 111 
may be broader than the rest of the conductive region, for 
example, the rest of the trace of deposited conductive mate 
rial, to facilitate contact With the external electrode 110. In 
preferred tWo-substrate embodiments, the conductive region 
106 of the ?rst planar substrate 104 is in a pattern, more 
preferably a pattern that avoids one or more of the micro?u 
idic channels and/or reservoirs of the micro?uidic device 101. 
In three substrate-embodiments, the conductive region need 
not be in a pattern as contact With a micro?uidic channel 
and/ or reservoir can be avoided by use of an additional sub 
strate. That is, the ?rst planar substrate can feature the con 
ductive region While at least one of the second or third planar 
substrates can feature one or more micro?uidic channels and/ 
or reservoirs that are sealed and/or enclosed by the other of 
the second or third planar substrates. 

[0033] An electrospray interface generally alloWs analytes 
in solution to be ioniZed before they are presented for mass 
spectrometry detection. Electrospray ioniZation generates 
ions for mass-spectroscopic analysis of various materials, 
including chemical or biological specimens. The ESI process 
typically involves forcing a solution of analytes through a 
channel, and applying a potential difference betWeen the 
solution at the tip of the spraying channel and an external 
counter electrode. The value of the electric potential typically 
ranges from about 1 to about 7 kV. The high electric ?eld 
thereby generated induces charges on the surface of the solu 
tion in the area of the spraying tip. When this ?eld is high 
enough, the liquid at the tip takes on the shape of a cone, often 
referred to as a Taylor cone. Spraying generally occurs When 
the Coulombic forces are great enough to overcome the sur 
face tension forces in the solution, and the spray emits as a 
thin jet at the tip of the Taylor cone. This jet breaks up into 
?nely-dispersed, charged droplets, Which then evaporate to 
produce ions representative of the analyte species contained 
in the solution. 
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[0034] To carry out electrospray ioniZation mass spectrom 
etry using the system of FIG. 1, the micro?uidic device 101 is 
often positioned so that its electrospray tip 102 is spaced a feW 
millimeters from the MS, for example, from about 1 to about 
20 mm, preferably about 1 to about 5 mm, and aligned With a 
receiving ori?ce 107 of the MS. A sample is introduced into a 
sample introduction reservoir 108 using a suitable sampling 
device such as a micropipette or syringe. Furthermore, to 
carry out the electrospray ioniZation process, a relatively high 
voltage and loW current poWer supply can be selected to apply 
the electrospray voltage, e.g., about 3 to about 5 kV, With one 
or more external Wires 110 that can contact the conductive 
region 106 of the electrospray tip 102 at one or more contact 
points 111. MeanWhile, voltages can be applied across the 
various channels 109, 112 to direct ?oW in the netWork, 
effecting ?uidic manipulations, including capillary electro 
phoresis, isoelectric focusing, capillary electrochromatogra 
phy, and other separations With photometric, ?uorometric, 
electrochemical, and mass spectrometric detection methods. 
The voltages can also drive the sample through the spraying 
channel 112 toWards the electrospray tip 102, to undergo 
electrospray ioniZation. The spray formed can enter the 
receiving ori?ce or capillary portion 107 of the MS, Where it 
can be analyZed. It shall be understood that other knoWn 
voltage driving mechanisms may be selected to effect ?uid 
transport and separation throughout the micro?uidic devices 
herein such as selectively applying voltages to electroosmotic 
pumps that can in turn drive liquids by application of pres 
sure, Which enables other separation methods, such as liquid 
chromatography. 

II. Electrospray Apparatuses 

[0035] Certain embodiments of the present invention fea 
ture a micro?uidic electrospray apparatus comprising a tip 
With integrated electrodes. FIGS. 2a-b illustrate tWo perspec 
tives of tWo-substrate embodiment of an electrospray appa 
ratus With patterned integrated electrodes. The electrospray 
apparatus comprises a micro?uidic device 101 With an elec 
trospray tip 102. The micro?uidic device 101 comprises a ?rst 
planar substrate 104 coupled to a second planar substrate 105. 
The ?rst planar substrate 104 features a conductive region 
106 that can form the integrated electrode, comprising for 
example conductive material deposited onto its surface, a 
conductive component added to a surface portion of the ?rst 
planar substrate, or a combination thereof. 
[0036] In some embodiments, the ?rst planar substrate is 
less thick than the second planar substrate. FIG. 2b illustrates 
this situation in the embodiment depicted therein. In other 
embodiments, the ?rst planar substrate is (approximately) as 
thick as the second planar substrate, for example, each about 
1 mm thick. In still other embodiments, the ?rst planar sub 
strate is thicker than the second planar substrate. 
[0037] At least one of the ?rst or second planar substrates 
tapers to form the electrospray tip 102. FIG. 2 illustrates hoW 
both the ?rst planar substrate 104 and the second planar 
substrate 105 can taper to help form the electrospray tip. The 
perspective of FIG. 2b illustrates hoW the ?rst planar substrate 
104 tapers to form a pointed tip 102, While the second planar 
substrate tapers to form a blunter edge 201. The pointed tip 
102 of the ?rst planar substrate 104 extends beyond the 
blunter edge 201 of the second planar substrate 105 to form a 
substantially-triangular tip 102 of the electrospray. In other 
embodiments, both planar substrates can taper to a point. In 
still other embodiments, the second planar substrate can taper 



US 2008/0235948 A1 

to a point, for example a point extending beyond the edge of 
the ?rst planar substrate, Where the ?rst planar substrate either 
does not taper or tapers to form a blunter edge. 
[0038] At least one of the ?rst and/or second planar sub 
strates can contain one or more micro?uidic reservoirs and/or 

channels, With at least one dimension less than about 1 mm, 
preferably in the range of about 0.5 to about 500 microns. 
Coupling of the ?rst planar substrate to the second planar 
substrate can enclose or seal the channels and/or reservoirs. 
FIGS. 2a-b illustrate an embodiment Where a surface of the 
second planar substrate 105 features micro?uidic reservoirs 
108, 113, and 114 and channels 109 and 112. Coupling ofthe 
?rst planar substrate to this surface encloses and seals the 
channels and reservoirs. 
[0039] The substrate(s) may feature a variety of reservoir 
and/ or channel patterns and con?gurations. FIG. 2, for 
example, illustrates tWo intersecting channels 109 and 112 
that form an intersection or cross With three reservoirs 108, 
113, 114. One channel 109 runs from a sample reservoir 108 
to a Waste reservoir 114 on the other side of the intersection or 
cross. The second channel 112 extends from a third reservoir 
113, the buffer reservoir, to the electrospray tip 102. Other 
embodiments may feature other channel and/ or reservoir con 
?gurations, including con?gurations formed from the ?rst 
and second planar substrates each bearing one or more chan 
nels and/or reservoirs, as Well as con?gurations Where more 
than one channel 112 extend to the electrospray tip 102. 
[0040] A channel in at least one of the ?rst or second planar 
substrates can extend toWards the electro spray tip to form the 
spraying channel 112. FIGS. 2a-b illustrate a channel 112 in 
the second planar substrate 105 extending to the blunter edge 
201 that forms the spraying channel. In this embodiment, the 
spraying channel exits the apparatus as an aperture in the 
blunter edge 201 that forms the spraying outlet or electro 
spray ori?ce 202. In some embodiments, more than one chan 
nel may extend toWards the electrospray tip to form more than 
one spraying channel. Different ?uids may emit from the one 
or more spraying channels for spotting or for analysis by a 
mass spectrometer or other analytical apparatus. 

[0041] In some embodiments, the conductive region 106 at 
least partly lies betWeen the ?rst planar substrate 104 and the 
second planar substrate 105 at or near the electrospray tip 
102. For example, the conductive region may be on a surface 
of the ?rst planar substrate that couples to a surface of the 
second planar substrate; or the conductive region may be on 
both the ?rst and second planar substrate surfaces that couple 
to each other. In such designs, the conductive region 106 is at 
least partly “sandwiched” betWeen tWo substrates, protecting 
it from the environment While alloWing its placement close to 
the outlet 202 of the spraying channel 112. 

[0042] In other embodiments, the conductive region is at 
least partly on an outside surface, rather than on a surface of 
the ?rst or second planar substrate that couples to the other 
planar substrate. For example, the conductive region may be 
on a surface of the ?rst planar substrate that faces aWay from 
the second planar substrate; the conductive region may be on 
a surface of the second planar substrate that faces aWay from 
the ?rst planar substrate, or the conductive region may be on 
both outside surfaces of the ?rst and second planar substrates. 
In such designs, all or most of conductive region 106 may be 
exposed on one or both sides of the micro?uidic device 101. 
Still other embodiments feature conductive material both 
betWeen the ?rst and second planar substrates and on an 
outside surface or outside surfaces. 
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[0043] The conductive region may be in a pattern on the 
surface of the ?rst and/or second planar substrates. In the 
embodiment illustrated in FIGS. 2a-b, the conductive region 
forms a V-shaped pattern on the ?rst planar substrate that 
folloWs the perimeter of the tapered tip 102. The conductive 
region 106 extends beyond the blunt edge 201 of the second 
planar substrate, Which can serve as an integrated electrode 
for the electrospray tip 102 of the apparatus. In preferred 
embodiments, the conductive region does not extend to the 
very edge of the planar substrate(s). For example, the con 
ductive region preferably extends to about lO-about 1,000 
pm, more preferably to about 40-about 200 um, and even 
more preferably to about 20-about 30 pm from the edge of the 
substrate. As discussed above, this distance form the edge can 
help reduce arcing in some applications using the electro 
spray apparatus. 
[0044] Additionally, in preferred tWo-substrate embodi 
ments, the conductive region 106 is in a pattern, more pref 
erably a pattern that avoids one or more of the micro?uidic 
channels and/or reservoirs of the micro?uidic device 101. 
FIGS. 211-1), for example, illustrates a V-shaped pattern of the 
conductive region 106 on the ?rst planar substrate that avoids 
the micro?uidic reservoirs 108, 113, 114 and channels 109, 
112 contained in the second planar substrate. The spraying 
channel 112, for example, runs betWeen the tWo arms of the 
V-shaped pattern, and ends at the spraying outlet 202 before 
the tWo arms meet at the point of the “V.” 
[0045] The conductive region 106 can be formed as an 
integrated electrode featuring one or more contact points 111 
for contacting an external voltage. In this Way, contact With 
the external voltage need not be made near or at the electro 
spray tip of the electrospray apparatus. The contact points 111 
may be broader than the rest of the conductive region, for 
example, the rest of the trace of deposited conductive mate 
rial, to facilitate contact With an external electrode. The con 
tacts points of tWo-substrate embodiments also preferably 
avoid one or more of the micro?uidic channels and/or reser 
voirs of the micro?uidic device 101. 
[0046] FIGS. 3a-b illustrate tWo perspectives of another 
tWo-substrate embodiment of an electrospray apparatus With 
integrated electrodes. The electrospray apparatus again com 
prises a micro?uidic device 101 With a ?rst planar substrate 
104 coupled to a second planar substrate 105, Where the ?rst 
planar substrate 104 features a conductive region 106 that can 
form the integrated electrode for an electrospray tip 102. 
[0047] In the embodiment depicted in FIG. 3, hoWever, the 
?rst planar substrate is thicker than the second planar sub 
strate and features a surface containing micro?uidic reser 
voirs 108, 113, and 114 and channels 109 and 112. Coupling 
of this surface to the second planar substrate 105 encloses and 
seals the channels and reservoirs. Further, in this embodi 
ment, the ?rst planar substrate 104 tapers to form a pointed tip 
102, While the second planar substrate tapers slightly to form 
a blunter edge 201. The pointed tip 102 of the ?rst planar 
substrate 104 extends beyond the blunter edge 201 of the 
second planar substrate 105 to form a substantially-triangular 
tip 102 of the electrospray. FIGS. 311-!) also illustrate a chan 
nel 112 in the ?rst planar substrate 104 extending to the 
electrospray tip 102, that forms the spraying channel and the 
spraying outlet 202. 
[0048] The conductive region in FIG. 3 forms a simple 
pattern on the surface of the ?rst planar substrate, comprising 
a line or trace, for example, of conductive material deposited 
on the surface and/or a conductive component added to a 
























