wo 2016/099672 A1 |1 NI N0F V0 0RO 0 00 0O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/099672 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

23 June 2016 (23.06.2016) WIPOIPCT
International Patent Classification: (81)
B01J 19/00 (2006.01)

International Application Number:
PCT/US2015/058532

International Filing Date:
1 November 2015 (01.11.2015)

Filing Language: English
Publication Language: English
Priority Data:

14/575,938 18 December 2014 (18.12.2014) US

Applicant: GENIA TECHNOLOGIES, INC. [US/US];
325 East Middlefield Road, Mountain View, CA 94043

(US).

Inventors: MANEY, Bill, 325 East Middlefield Road,
Mountain View, CA 94043 (US). ROBINSON, David,
Bruce; 325 East Middlefield Road, Mountain View, CA
94043 (US). WALLGREN, Markus; 325 East Middle-
field Road, Mountain View, CA 94043 (US). YUAN,
Robert, A.; 325 East Middlefield Road, Mountain View,
CA 94043 (US).

Agent: TONG, Grace, C.; Van Pelt, Yi & James LLP,
10050 N. Foothill Blvd., Suite 200, Cupertino, CA 95014

(US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(34

Title: PRINTED ELECTRODE

Conducting fluid flowing in
-

~

510
- Conducting fluid flowing

504

FIG.7

(57) Abstract: A nanopore based sequencing chip package is disclosed. The nanpore based sequencing chip package includes a
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PRINTED ELECTRODE

BACKGROUND OF THE INVENTION

[0001] Advances in micro-miniaturization within the semiconductor industry in
recent years have enabled biotechnologists to begin packing traditionally bulky sensing tools
into smaller and smaller form factors, onto so-called biochips. It would be desirable to

develop techniques for biochips that make them more robust, efficient, and cost-effective.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Various embodiments of the invention are disclosed in the following detailed

description and the accompanying drawings.

[0003] Figure 1 illustrates an embodiment of a cell 100 in a nanopore based

sequencing chip.

[0004] Figure 2 illustrates an embodiment of a cell 200 performing nucleotide

sequencing with the Nano-SBS technique.

[0005] Figure 3 illustrates an embodiment of a cell about to perform nucleotide

sequencing with pre-loaded tags.

[0006] Figure 4 illustrates an embodiment of a process 400 for nucleic acid

sequencing with pre-loaded tags.

[0007] Figure 5 illustrates an embodiment of a nanopore based sequencing chip
package 500.

[0008] Figure 6 illustrates another embodiment of a nanopore based sequencing chip
package 600.

[0009] Figure 7 illustrates an embodiment of a nanopore based sequencing chip

package 700 in which the counter electrode is positioned substantially equidistant from each

of the nanopore cells and their corresponding working electrodes.

[0010] Figure 8A illustrates the various components and layers of nanopore based

sequencing chip package 800.
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[0011] Figure 8B illustrates nanopore based sequencing chip package 800 when its

components and layers are integrated and laminated together.

[0012] Figure 9 illustrates that a counter electrode 902 may have a surface area and
shape that match the U-shaped channel formed by the fluid channel gasket such that counter
electrode 902 is substantially equidistant from each of the nanopore cells and their

corresponding working electrodes.
DETAILED DESCRIPTION

[0013] The invention can be implemented in numerous ways, including as a process;
an apparatus; a system; a composition of matter; a computer program product embodied on a
computer readable storage medium; and/or a processor, such as a processor configured to
execute instructions stored on and/or provided by a memory coupled to the processor. In this
specification, these implementations, or any other form that the invention may take, may be
referred to as techniques. In general, the order of the steps of disclosed processes may be
altered within the scope of the invention. Unless stated otherwise, a component such as a
processor or a memory described as being configured to perform a task may be implemented
as a general component that is temporarily configured to perform the task at a given time or a
specific component that is manufactured to perform the task. As used herein, the term
“processor’ refers to one or more devices, circuits, and/or processing cores configured to

process data, such as computer program instructions.

[0014] A detailed description of one or more embodiments of the invention is
provided below along with accompanying figures that illustrate the principles of the
invention. The invention is described in connection with such embodiments, but the
invention is not limited to any embodiment. The scope of the invention is limited only by the
claims and the invention encompasses numerous alternatives, modifications and equivalents.
Numerous specific details are set forth in the following description in order to provide a
thorough understanding of the invention. These details are provided for the purpose of
example and the invention may be practiced according to the claims without some or all of
these specific details. For the purpose of clarity, technical material that is known in the
technical fields related to the invention has not been described in detail so that the invention

is not unnecessarily obscured.
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[0015] Nanopore membrane devices having pore sizes on the order of one nanometer
in internal diameter have shown promise in rapid nucleotide sequencing. When a voltage
potential is applied across a nanopore immersed in a conducting fluid, a small ion current
attributed to the conduction of ions across the nanopore can be observed. The size of the

current is sensitive to the pore size.

[0016] A nanopore based sequencing chip may be used for DNA sequencing. A
nanopore based sequencing chip incorporates a large number of sensor cells configured as an
array. For example, an array of one million cells may include 1000 rows by 1000 columns of

cells.

[0017] Figure 1 illustrates an embodiment of a cell 100 in a nanopore based
sequencing chip. A lipid bilayer 102 is formed over the surface of the cell. The bulk
clectrolyte 114 containing soluble protein nanopore transmembrane molecular complexes
(PNTMC) and the analyte of interest is placed directly onto the surface of the cell. A single
PNTMC 104 is inserted into lipid bilayer 102 by electroporation. The individual lipid
bilayers in the array are not connected to each other either chemically or electrically. Thus,
cach cell in the array is an independent sequencing machine, producing data unique to the
single polymer molecule associated with the PNTMC. PNTMC 104 operates on the analytes

and modulates the ionic current through the otherwise impermeable bilayer.

[0018] With continued reference to Figure 1, analog measurement circuitry 112 is
connected to a metal electrode 110 covered by a thin film of electrolyte 108. Metal electrode
110 is also referred to as a working electrode (WE). The thin film of electrolyte 108 is
isolated from the bulk electrolyte 114 by the ion-impermeable lipid bilayer 102. PNTMC
104 crosses lipid bilayer 102 and provides the only path for ionic current to flow in the bulk
liquid between metal electrode 110 and a counter electrode 116 positioned on the other side
of PNTMC 104 when a voltage is applied across the electrodes. Counter electrode 116 1s a
common electrode that is shared by the cells in the nanopore array. Because the signal levels
are very small, extraneous noise from the fluid and other components in the system may have
an effect on the measurements. These extraneous signals may be reduced by including a third
reference electrode 118. The reference electrode is a common electrode that is shared by the

cells of the nanopore array.

[0019] In some embodiments, a nanopore array enables parallel sequencing using the
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single molecule nanopore-based sequencing by synthesis (Nano-SBS) technique. Figure 2
illustrates an embodiment of a cell 200 performing nucleotide sequencing with the Nano-SBS
technique. In the Nano-SBS technique, a template 202 to be sequenced and a primer are
introduced to cell 200. To this template-primer complex, four differently tagged nucleotides
208 are added to the bulk aqueous phase. As the correctly tagged nucleotide is complexed
with the polymerase 204, the tail of the tag is positioned in the barrel of nanopore 206. After
polymerase catalyzed incorporation of the correct nucleotide, the tag-attached polyphosphate
held in the barrel of nanopore 206 generates a unique ionic current blockade signal 210,
thereby identifying the added base (A, G, C, or T) electronically due to the tags’ distinct

chemical structures.

[0020] Figure 3 illustrates an embodiment of a cell about to perform nucleotide
sequencing with pre-loaded tags. A nanopore 301 is formed in a membrane 302. An enzyme
303 (c.g., a polymerase, such as a DNA polymerase) is associated with the nanopore. In
some cases, polymerase 303 is covalently attached to nanopore 301. Polymerase 303 is
associated with a single stranded nucleic acid molecule 304 to be sequenced. In some
embodiments, single or double stranded nucleic acid molecule 304 is circular. In some cases,
nucleic acid molecule 304 is linear. In some embodiments, a nucleic acid primer 305 is
hybridized to a portion of nucleic acid molecule 304. Polymerase 303 catalyzes the
incorporation of nucleotides 306 onto primer 305 using single stranded nucleic acid molecule

304 as a template. Nucleotides 306 comprise tag species (“tags”) 307.

[0021] Figure 4 illustrates an embodiment of a process 400 for nucleic acid
sequencing with pre-loaded tags. Stage A illustrates the components as described in Figure 3.
Stage C shows the tag loaded into the nanopore. A “loaded” tag may be one that is
positioned in and/or remains in or near the nanopore for an appreciable amount of time, ¢.g.,
0.1 millisecond (ms) to 1000 ms. In some cases, a tag that is pre-loaded is loaded in the
nanopore prior to being released from the nucleotide. In some instances, a tag is pre-loaded if
the probability of the tag passing through (and/or being detected by) the nanopore after being

released upon a nucleotide incorporation event is suitably high, e.g., 90% to 99%.

[0022] At stage A, a tagged nucleotide (one of four different types: A, T, G, or C) is
not associated with the polymerase. At stage B, a tagged nucleotide is associated with the
polymerase. At stage C, the polymerase is docked to the nanopore. The tag is pulled into the

nanopore during docking by an electrical force, such as a force generated in the presence of
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an clectric field generated by a voltage applied across the membrane and/or the nanopore.

[0023] Some of the associated tagged nucleotides are base paired with the single
stranded nucleic acid molecule (e.g., A with T and G with C). However, some of the
associated tagged nucleotides are not base paired with the single stranded nucleic acid
molecule. These non-paired nucleotides typically are rejected by the polymerase within a
time scale that is shorter than the time scale for which correctly paired nucleotides remain
associated with the polymerase. Since the non-paired nucleotides are only transiently
associated with the polymerase, process 400 as shown in Figure 4 typically does not proceed
beyond stage D. For example, a non-paired nucleotide is rejected by the polymerase at stage

B or shortly after the process enters stage C.

[0024] Before the polymerase is docked to the nanopore, the current passing through
the nanopore is ~30 picoamps (pA). At stage C, the current flowing through the nanopore is
about 6 pA, 8 pA, 10 pA, or 12 pA, each amperage corresponding to one of the four types of
tagged nucleotides. The polymerase undergoes an isomerization and a transphosphorylation
reaction to incorporate the nucleotide into the growing nucleic acid molecule and release the
tag molecule. At stage D, the released tag passes through the nanopore. The tag is detected
by the nanopore. In particular, as the tag is held in the nanopore, a unique ionic current
blockade signal (c.g., see signal 210 in Figure 2) is generated due to the tag’s distinct
chemical structures, thereby identifying the added base electronically. Repeating the cycle
(i.e., stage A through E or stage A through F) allows for the sequencing of the nucleic acid

molecule.

[0025] In some cases, tagged nucleotides that are not incorporated into the growing
nucleic acid molecule will also pass through the nanopore, as seen in stage F of Figure 4.

The unincorporated nucleotide can be detected by the nanopore in some instances, but the
method provides a means for distinguishing between an incorporated nucleotide and an
unincorporated nucleotide based at least in part on the time for which the nucleotide is
detected in the nanopore. Tags bound to unincorporated nucleotides pass through the
nanopore quickly and are detected for a short period of time (e.g., less than 10 ms), while tags
bound to incorporated nucleotides are loaded into the nanopore and detected for a long period

of time (e.g., at least 10 ms).

[0026] Figure 5 illustrates an embodiment of a nanopore based sequencing chip
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package 500. Nanopore based sequencing chip package 500 includes a nanopore based
sequencing chip 502. Nanopore based sequencing chip 502 incorporates a large number of
nanopore sensor cells configured as a nanopore array 504. For example, an array of one
million cells may include 1000 rows by 1000 columns of cells. Nanopore based sequencing
chip package 500 further includes a reservoir 506 that is mounted on top of nanopore based
sequencing chip 502 and encloses the nanopore cells. An ingress tube 508 directs conducting
fluid into reservoir 506, and an egress tube 510 directs the conducting fluid out of reservoir
506. In some embodiments, the counter electrode and the reference electrode are sintered
silver/silver-chloride (Ag-AgCl) pellets or wires. These electrodes may be inserted into the

tubes (egress tube 510 or ingress tube 508).

[0027] Figure 6 illustrates another embodiment of a nanopore based sequencing chip
package 600. Nanopore based sequencing chip package 600 includes a nanopore based
sequencing chip 602. Nanopore based sequencing chip 602 incorporates a large number of
nanopore sensor cells configured as a plurality of nanopore banks 603 (a and b). For
example, sixteens banks of 8K cells form a nanopore array that includes a total of 128K cells.
Nanopore based sequencing chip package 600 further includes a reservoir 606 that is
mounted on top of nanopore based sequencing chip 602 and encloses the nanopore cells. An
ingress tube 608 directs conducting fluid into reservoir 606 and an egress tube 610 directs the
conducting fluid out of reservoir 606. In some embodiments, the counter electrode and the
reference electrode are sintered silver/silver-chloride (Ag-AgCl) pellets or wires. A counter

clectrode 612 may be immersed in the conducting fluid within reservoir 606.

[0028] However, the embodiments shown in Figure 5 and Figure 6 have a number of
drawbacks. The sintered electrodes that are commerically available off-the-shelf are
relatively expensive. In addition, installation of the electrodes into the reservoir requires

proper alignment and sealing steps that can be labor intensive and complex.

[0029] More importantly, since the size of the sintered counter electrode is small
compared to the nanopore array, the sintered counter electrode is closer to some cells (and
thus their corresponding working electrodes) but further away from others. For example, as
shown in Figure 6, nanopore banks 603a are closer to sinter counter electrode 612 than
nanopore banks 603b. As the nanopore based sequencing chip is scaled to include more and
more cells, the current flowing in the conducting fluid increases. As the current increases, the

voltage drop due to the conducting fluid resistance becomes larger as well. As a result, the
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voltage seen by a working electrode that is closer to the counter electrode is greater than that
seen by a working electrode that is further away from the counter electrode. The variations in

voltage among different cells impact the biological mechanisms.

[0030] Figure 7 illustrates an embodiment of a nanopore based sequencing chip
package 700 in which the counter electrode is positioned substantially equidistant from each
of the nanopore cells and their corresponding working electrodes. With the counter electrode
positioned substantially equidistant from cach of the nanopore cells, the voltage drop due to
the conducting fluid resistance becomes substantially identical for all cells and the variation

in voltage among different cells is therefore significantly reduced.

[0031] As shown in Figure 7, the nanopore based sequencing chip package 700
includes a counter electrode 707 that is directly above the nanopore cells and their
corresponding working electrodes. For example, counter electrode 707 has a surface arca and
shape that match the surface area and shape of nanopore array 504 below. In this particular
example, since nanopore array 504 has a rectangular shape, counter electrode 707 has a
rectangular shape that matches nanopore array 504. However, it is anticipated that the
counter electrode may have a shape other than a rectangular shape (e.g., a square or other

irregular shapes) to match with a nanopore array in a different shape as well.

[0032] In some embodiments, counter electrode 707 is a metal plate that is positioned
directly above the nanopore cell array. For example, the metal plate may be disposed on the
bottom surface of a roof of reservoir 506 such that the metal plate is in contact with the
conducting fluid when the fluid is flowing through the reservoir. In some embodiments, the
solid metal plate may be formed using silver-silver chloride (Ag-AgCl). However, other

types of metal plates may be used as well.

[0033] In some embodiments, counter electrode 707 is formed using a plating
process. For example, counter electrode 707 may be formed using an electroplating or ion
deposition process in which the material forming the counter electrode is plated onto a flat

substrate.

[0034] In some embodiments, counter electrode 707 is screen printed on a surface
that is positioned directly above the nanopore cell array. For example, Ag-AgCl ink may be
screen printed on a flexible printed circuit (FPC) to form a counter electrode and a reference

electrode. Each of the two electrodes may be clectrically coupled to a voltage source or other
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control units via the FPC. The FPC may be disposed on the bottom surface of the roof of
reservoir 506. The FPC may also be disposed directly below a plastic backing plate, with the
plastic backing plate forming the roof of reservoir 506. One of the advantages of screen

printing the counter electrode is low cost.

[0035] In some embodiments, counter electrode 707 is printed on a surface that is
positioned directly above the nanopore cell array. For example, using ink jet printing,
counter ¢lectrode 707 may be printed directly onto an injection molded flow cell that mounts

atop the chip.

[0036] Figures 8A and &B illustrate an embodiment of nanopore based sequencing
chip package 800. Figure 8A illustrates the various components and layers of nanopore
based sequencing chip package 800. Figure 8B illustrates nanopore based sequencing chip

package 800 when its components and layers are integrated and laminated together.

[0037] Referring to Figure 8A and Figure 8B, nanopore based sequencing chip
package 800 includes a nanopore based sequencing chip 804 mounted on a printed circuit
board 802. Nanopore based sequencing chip 804 incorporates a large number of nanopore
sensor cells configured as a plurality of nanopore banks 806. As shown in Figure 8A, sixteen
nanopore banks of 8K cells form a nanopore array that includes a total of 128K cells.
However, it is anticipated that nanopore based sequencing chip 804 may include a nanopore
array that has millions of cells arranged in a greater number of nanopore banks or arranged in

larger nanopore banks.

[0038] Nanopore based sequencing chip package 800 further includes a reservoir that
encloses the nanopore cells and the conducting fluid that flows through the reservoir.. The
reservoir further includes a roof or a top cover. In this example, the roof of the reservoir is a
plastic backing plate 818. After plastic backing plate 818 is laminated with a plurality of top
cover layers 820 that are attached to printed circuit board 802, the plastic backing plate 818
and the gasket 810 form a sealed reservoir that encloses the nanopore cells and the
conducting fluid that flows through the reservoir. The top-most top cover layer 820 includes
an ingress 824 and an egress 822. Ingress 824 directs conducting fluid into the reservoir, and

egress 822 directs the conducting fluid out of the reservoir.

[0039] Nanopore based sequencing chip package 800 further includes a fluid channel
gasket 810. Fluid channel gasket 810 allows an even flow of the conducting fluid through the
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reservoir. Fluid channel gasket 810 includes dividing walls 811 that divide the space within
the reservoir into serpentine channels. The serpentine channels may be U-shaped channels,
S-shaped channels, and the like. By reducing the width of the channels, more even flow of

the conducting fluid through the reservoir can be achieved.

[0040] Nanopore based sequencing chip package 800 further includes a counter
electrode 814 and a reference electrode 816 that are screen printed on a surface that is
positioned directly above the nanopore cell array. In this example, Ag-AgCl ink is screen
printed on a flexible printed circuit (FPC) 812 to form counter electrode 814 and reference
electrode 816. Each of the two electrodes is electrically coupled to a voltage source or other
control units via FPC 812. The portion of FPC 812 that includes counter electrode 814 is
disposed on the bottom side of plastic backing plate 818, which forms the roof of the
reservoir. As shown in Figures 8A and 8B, counter electrode 814 is positioned substantially
equidistant from cach of the nanopore cells and their corresponding working electrodes.
Counter electrode 814 has a surface area and shape that match the nanopore array below. For
example, for any particular nanopore cell and its corresponding working electrode, there is a
portion of counter clectrode 814 that is disposed on a plane that is substantially parallel to the
top surface of the nanopore cell and substantially directly above the nanopore cell and its
corresponding working electrode such that the portions of the counter electrode are
substantially equidistant from their corresponding nanopore sensor cell. In this particular
example, since the nanopore array has a rectangular shape, counter electrode 814 has a

rectangular shape that matches the nanopore array

[0041] As shown in Figures 8A and 8B, reference electrode 816 is positioned
adjacent to counter electrode 814. However, reference electrode 816 may be positioned in
other locations. For example, reference electrode 816 may be inserted into the ingress/egress
tubes. Reference electrode 816 may also be disposed longitudinally on the bottom side of the
roof of the reservoir. For example, Figure 9 illustrates that a counter electrode 902 may have
a surface arca and shape that match the U-shaped channel formed by the fluid channel gasket
such that counter electrode 902 is substantially equidistant from each of the nanopore cells
and their corresponding working electrodes. A reference electrode 904 is disposed

longitudinally in the gap between the U-shape.
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[0042] Although the foregoing embodiments have been described in some detail for
purposes of clarity of understanding, the invention is not limited to the details provided.

There are many alternative ways of implementing the invention. The disclosed embodiments

are illustrative and not restrictive.

10
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CLAIMS

1. A nanopore based sequencing chip package, comprising:

a reservoir defined by a plurality of surfaces;

a nanopore cell array comprising a plurality of nanopore sensor cells enclosed by the
reservoir, cach nanopore sensor cell having a working electrode;

wherein at least one surface of the reservoir is configured to be in contact with a
conducting fluid when the conducting fluid is flowing through the reservoir; and

a counter clectrode disposed on the at least one surface of the reservoir.

2. The nanopore based sequencing chip package of claim 1, wherein the counter

clectrode is positioned substantially equidistant from each of the nanopore sensor cells.

3. The nanopore based sequencing chip package of claim 1, wherein the counter
electrode has a surface arca and a shape that match a surface area and a shape of the nanopore

cell array.

4. The nanopore based sequencing chip package of claim 1, wherein each nanopore
sensor cell corresponds to one of a plurality of portions of the counter electrode, and wherein
cach portion of the counter electrode is disposed on a plane that is substantially parallel to a
surface of the nanopore sensor cell and substantially directly above the nanopore sensor cell
such that the portions of the counter electrode are substantially equidistant from their

corresponding nanopore sensor cell.

5. The nanopore based sequencing chip package of claim 1, further comprising an
ingress and an egress, wherein the ingress directs the conducting fluid into the reservoir and

the egress directs the conducting fluid out of the reservoir.

6. The nanopore based sequencing chip package of claim 1, wherein the counter
clectrode is screen printed on a flexible printed circuit, and wherein the flexible printed

circuit is positioned substantially equidistant from each of the nanopore sensor cells.

7. The nanopore based sequencing chip package of claim 6, further comprising a
reference electrode, and wherein the reference electrode is screen printed on the flexible

printed circuit.

8. The nanopore based sequencing chip package of claim 6, wherein the counter

electrode is screen printed using silver-silver chloride (Ag-AgCl) ink.

11
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9. The nanopore based sequencing chip package of claim 1, wherein the counter
electrode is printed on the at least one surface of the reservoir, and wherein the at least one
surface of the reservoir is positioned substantially equidistant from each of the nanopore

sensor cells.

10.  The nanopore based sequencing chip package of claim 1, wherein the counter
electrode comprises a metal plate that is positioned substantially equidistant from each of the

nanopore sensor cells.

11.  The nanopore based sequencing chip package of claim 1, wherein the counter
electrode is formed using a plating process, and wherein a material forming the counter

electrode is plated onto a substrate.

12.  The nanopore based sequencing chip package of claim 1, further comprising a fluid
channel gasket, the fluid channel gasket including a plurality of dividing walls that divide the

space within the reservoir into channels.

13. A method of constructing a nanopore based sequencing chip package, comprising:

enclosing a nanopore cell array with a reservoir, wherein the reservoir is defined by a
plurality of surfaces, and wherein the nanopore cell array comprises a plurality of nanopore
sensor cells, wherein each nanopore sensor cell comprises a working electrode, and wherein
at least one surface of the reservoir is configured to be in contact with a conducting fluid
when the conducting fluid is flowing through the reservoir; and

disposing a counter electrode on the at least one surface of the reservoir.

14.  The method of claim 13, wherein disposing the counter electrode on the at least one
surface of the reservoir further comprises positioning the counter electrode substantially

equidistant from cach of the nanopore sensor cells.

15.  The method of claim 13, wherein the counter electrode has a surface area and a shape

that match a surface areca and a shape of the nanopore cell array.

16.  The method of claim 13, wherein each nanopore sensor cell corresponds to one of a
plurality of portions of the counter electrode, and wherein each portion of the counter
clectrode is disposed on a plane that is substantially parallel to a surface of the nanopore
sensor cell and substantially directly above the nanopore sensor cell such that the portions of
the counter electrode are substantially equidistant from their corresponding nanopore sensor

cell.

12
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17.  The method of claim 13, wherein the reservoir includes an ingress and an egress,
wherein the ingress directs the conducting fluid into the reservoir and the egress directs the

conducting fluid out of the reservoir.

18. The method of claim 13, wherein disposing the counter electrode on the at least one
surface of the reservoir further comprises screen printing the counter electrode on a flexible
printed circuit, and positioning the flexible printed circuit substantially equidistant from each

of the nanopore sensor cells.

19.  The method of claim 18, further comprising screen printing a reference electrode on

the flexible printed circuit.
20.  The method of claim 18, wherein screen printing the counter electrode comprises
screen printing using silver-silver chloride (Ag-AgCl) ink.

21.  The method of claim 13, wherein disposing the counter electrode on the at least one
surface of the reservoir further comprises printing on the at least one surface of the reservoir

that is positioned substantially equidistant from each of the nanopore sensor cells.

22.  The method of claim 13, wherein the counter electrode comprises a metal plate that is

positioned substantially equidistant from each of the nanopore sensor cells.

23.  The method of claim 13, wherein the counter electrode is formed using a plating

process, and wherein a material forming the counter electrode is plated onto a substrate.

24.  The method of claim 13, further comprising integrating a fluid channel gasket into the
nanopore based sequencing chip package, the fluid channel gasket including a plurality of

dividing walls that divide the space within the reservoir into channels.

13
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