
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
47

5 
69

6
B

1
*EP003475696B1*

(11) EP 3 475 696 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
08.04.2020 Bulletin 2020/15

(21) Application number: 17736894.1

(22) Date of filing: 26.06.2017

(51) Int Cl.:
C12Q 1/6869 (2018.01) G01N 33/487 (2006.01)

(86) International application number: 
PCT/EP2017/065626

(87) International publication number: 
WO 2018/001925 (04.01.2018 Gazette 2018/01)

(54) OSMOTIC IMBALANCE METHODS FOR BILAYER FORMATION

OSMOTISCHE UNGLEICHGEWICHTSVERFAHREN ZUR DOPPELSCHICHTBILDUNG

PROCÉDÉS DE DÉSÉQUILIBRE OSMOTIQUE POUR FORMATION DE BICOUCHE

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 27.06.2016 US 201662355140 P

(43) Date of publication of application: 
01.05.2019 Bulletin 2019/18

(73) Proprietors:  
• F. Hoffmann-La Roche AG

4070 Basel (CH)
Designated Contracting States: 
AL AT BE BG CH CY CZ DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL 
PT RO RS SE SI SK SM TR 

• Roche Diagnostics GmbH
68305 Mannheim (DE)
Designated Contracting States: 
DE 

(72) Inventors:  
• PARVARANDEH, Pirooz

Los Altos Hills
California 94022 (US)

• BARRALL, Geoffrey
San Diego
California 92129 (US)

• NIU, Licheng
San Jose
California 95129 (US)

(74) Representative: Burger, Alexander
Roche Diagnostics GmbH 
Patentabteilung 
Nonnenwald 2
82377 Penzberg (DE)

(56) References cited:  
WO-A1-2015/061510 WO-A2-2012/095660



EP 3 475 696 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

[0001] Nanopore sequencing systems generally use a protein pore in a planar lipid bilayer (PLB) suspended over a
well (e.g., a cylindrical well) containing an electrolyte solution, which is also present in a much larger exterior reservoir
(e.g., above the well). A working electrode and reference electrode are used to apply an electrical bias across the well
and the exterior reservoir. The PLB extends over the well to both electrically and physically seal the well and separates
the well from the larger exterior reservoir. When a lipid solvent mixture is first deposited into the cells to form the lipid
bilayers, lipid bilayers are spontaneously formed in some of the cells, but in other cells there is merely a thick lipid
membrane with multiple layers of lipid molecules combined with the solvent spanning across each of the wells of the
cells. In order to increase the yield of the nanopore based sequencing chip (i.e., the percentage of cells in the nanopore
based sequencing chip with properly formed lipid bilayers and nanopores), the nanopore based sequencing chip may
perform additional steps to facilitate the formation of lipid bilayers in additional cells. Therefore, improved techniques for
forming lipid bilayers in the cells of a nanopore based sequencing chip would be desirable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Various embodiments of the invention are disclosed in the following detailed description and the accompanying
drawings.

Figure 1 illustrates an embodiment of a cell 100 in a nanopore based sequencing chip.

Figure 2 illustrates an example not part of the present invention of a cell 200 performing nucleotide sequencing with
the Nano-SBS technique.

Figure 3 illustrates an example not part of the present invention of a cell about to perform nucleotide sequencing
with pre-loaded tags.

Figure 4 illustrates an example not part of the present invention of a process 400 for nucleic acid sequencing with
pre-loaded tags.

Figure 5 illustrates an embodiment of a cell 500 in a nanopore based sequencing chip.

Figure 6A illustrates an embodiment of a circuitry 600 in a cell of a nanopore based sequencing chip, wherein the
circuitry can be configured to detect whether a lipid bilayer is formed in the cell without causing an already formed
lipid bilayer to break down.

Figure 6B illustrates the same circuitry 600 in a cell of a nanopore based sequencing chip as that shown in Figure
6A. Comparing to Figure 6A, instead of showing a lipid membrane/bilayer between the working electrode and the
counter electrode, an electrical model representing the electrical properties of the working electrode and the lipid
membrane/bilayer is shown.

Figure 7 illustrates an electrical model 700 representing the electrical properties of a portion of circuitry 600 during
the lipid bilayer measurement phase of the system.

Figure 8A illustrates that a small observed 6ΔVADC in response to a 6ΔVliq detects that no lipid bilayer has been
formed in the cell.

Figure 8B illustrates that a large observed 6ΔVADC in response to a 6ΔVliq detects that a lipid bilayer has been
formed in a cell.

Figure 9A illustrates an exemplary plot of VADC versus time before and after a lipid bilayer is formed within a cell.

Figure 9B illustrates a zoomed-in view of the exemplary plot of VADC versus time (see Figure 9A) during the time
period t1 when a lipid bilayer has not been formed.

Figure 9C illustrates a zoomed-in view of the exemplary plot of VADC versus time (see Figure 9A) during the time
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period t2 when a lipid bilayer has been formed.

Figure 10 (including Figures 10A and 10B) illustrates an embodiment in which an osmotic imbalance is introduced
between the salt buffer solution above and below the lipid membrane, which causes the lipid solvent membrane to
bow upwards.

Figure 11 illustrates an embodiment of a process 1100 for an improved technique of forming lipid bilayers in the
cells of a nanopore based sequencing chip.

Figure 12 illustrates the top view of a nanopore based sequencing system 1200 with an improved flow chamber
enclosing a silicon chip that allows liquids and gases to pass over and contact sensors on the chip surface.

Figure 13 illustrates an embodiment of a process 1300 for applying a mechanical lipid bilayer initiating stimulus,
such as a vibration stimulus, during the lipid bilayer initiating stimulus phase at step 1108 of process 1100.

Figure 14 illustrates an embodiment of a process 1400 for applying an electrical lipid bilayer initiating stimulus during
the lipid bilayer initiating stimulus phase at step 1108 of process 1100.

Figure 15 illustrates an embodiment of a process 1500 for applying a physical lipid bilayer initiating stimulus during
the lipid bilayer initiating stimulus phase at step 1108 of process 1100.

Figure 16A is a histogram that illustrates that without the introduction of an osmotic imbalance between the salt
buffer solution above and below the lipid membrane, salt buffer solution needs to be flowed many times (93 times)
before the overall percentage of cells in the nanopore based sequencing chip with properly formed lipid bilayers
(i.e., the yield of the nanopore based sequencing chip) is increased to an acceptable threshold.

Figure 16B is a histogram that illustrates that with the introduction of an osmotic imbalance between the salt buffer
solution above and below the lipid membrane, 16 salt buffer solution flow cycles achieves a greater overall percentage
of cells in the nanopore based sequencing chip with properly formed lipid bilayers.

DETAILED DESCRIPTION

[0003] 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 through the nanopore can be observed. The size of the
current is sensitive to the pore size.
[0004] A nanopore based sequencing chip may be used for nucleic acid (e.g., 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.
[0005] Figure 1 illustrates an embodiment of a cell 100 in a nanopore based sequencing chip. A membrane 102 is
formed over the surface of the cell. In the present invention, membrane 102 is a lipid bilayer. The bulk electrolyte 114
containing soluble protein nanopore transmembrane molecular complexes (PNTMC) and the analyte of interest is placed
directly onto the surface of the cell. In one embodiment, a single PNTMC 104 is inserted into membrane 102 by elec-
troporation. The individual membranes in the array are neither chemically nor electrically connected to each other. Thus,
each 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.
[0006] With continued reference to Figure 1, analog measurement circuitry 112 is connected to a metal electrode 110
covered by a volume of electrolyte 108. The volume of electrolyte 108 is isolated from the bulk electrolyte 114 by the
ion-impermeable membrane 102. PNTMC 104 crosses membrane 102 and provides the only path for ionic current to
flow from the bulk liquid to working electrode 110. The cell also includes a counter electrode (CE) 116, which is in
electrical contact with the bulk electrolyte 114. The cell may also include a reference electrode 117.
[0007] In some embodiments, a nanopore array enables parallel sequencing using the 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. The tag held in the barrel of nanopore 206 generates a unique ionic blockade
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signal 210, thereby electronically identifying the added base due to the tags’ distinct chemical structures.
[0008] Figure 3 illustrates an example not part of the present invention of a cell about to perform nucleotide sequencing
with pre-loaded tags. A nanopore 301 is formed in a membrane 302. An enzyme 303 (e.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 nucleic acid molecule 304 to be sequenced. In some examples not part of
the present invention, the nucleic acid molecule 304 is circular. In some cases, nucleic acid molecule 304 is linear. In
some examples not part of the present invention, 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.
[0009] Figure 4 illustrates an example not part of the present invention 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, e.g., 0.1 millisecond (ms) to 10,000 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%.
[0010] 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
an electric field generated by a voltage applied across the membrane and/or the nanopore.
[0011] Some of the associated tagged nucleotides are not base paired with the 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.
[0012] Before the polymerase is docked to the nanopore, the conductance of the nanopore is ∼300 picosiemens (300
pS). At stage C, the conductance of the nanopore is about 60 pS, 80 pS, 100 pS, or 120 pS, corresponding to one of
the four types of tagged nucleotides respectively. The polymerase undergoes an isomerization and a transphosphor-
ylation reaction to incorporate the nucleotide into the growing nucleic acid molecule and release the tag molecule. In
particular, as the tag is held in the nanopore, a unique conductance signal (e.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. At stage D, the released
tag passes through the nanopore.
[0013] 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).
[0014] Figure 5 illustrates an embodiment of a cell 500 in a nanopore based sequencing chip. Cell 500 includes a well
505 having two side walls and a bottom. In one embodiment, each side wall comprises a dielectric layer 504 and the
bottom comprises a working electrode 502. In one embodiment, the working electrode 502 has a top side and a bottom
side. In another embodiment, the top side of 502 makes up the bottom of the well 505 while the bottom side of 502 is
in contact with dielectric layer 501. In another embodiment, the dielectric layer 504 is above dielectric layer 501. Dielectric
layer 504 forms the walls surrounding a well 505 in which a working electrode 502 is located at the bottom. Suitable
dielectric materials for use in the present invention (e.g., dielectric layer 501 or 504) include, without limitation, porcelain
(ceramic), glass, mica, plastics, oxides, nitrides (e.g., silicon mononitride or SiN), silicon oxynitride, metal oxides, metal
nitrides, metal silicates, transition-metal oxides, transition-metal nitrides, transition metal-silicates, oxynitrides of metals,
metal aluminates, zirconium silicate, zirconium aluminate, hafnium oxide, insulating materials (e.g., polymers, epoxies,
photoresist, and the like), or combinations thereof. Those of ordinary skill in the art will appreciate other dielectric materials
that are suitable for use in the present invention.
[0015] In one aspect, cell 500 also includes one or more hydrophobic layers. As shown in Figure 5, each dielectric
layer 504 has a top surface. In one embodiment, the top surface of each dielectric layer 504 may comprise a hydrophobic
layer. In one embodiment, silanization forms a hydrophobic layer 520 above the top surface of dielectric layer 504. For
example, further silanization with silane molecules (i) containing 6 to 20 carbon-long chains (e.g., octadecyl-trichlorosi-
lane, octadecyl-trimethoxysilane, or octadecyl-triethoxysilane), (ii) dimethyloctylchlorosilane (DMOC), or (iii) organofunc-
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tional alkoxysilane molecules (e.g., dimethylchloro-octodecyl-silane, methyldichloro-octodecyl-silane, trichloro-octo-
decyl-silane, trimethyl-octodecyl-silane, or triethyl-octodecyl-silane) can be done on the top surface of dielectric layer
504. In one embodiment, the hydrophobic layer is a silanized layer or silane layer. In one embodiment, the silane layer
can be one molecule in thickness. In one aspect, dielectric layer 504 comprises a top surface suitable for adhesion of
a membrane (e.g., a lipid bilayer comprising a nanopore). In one embodiment, the top surface suitable for adhesion of
a membrane comprises a silane molecule as described herein. In some embodiments, hydrophobic layer 520 has a
thickness provided in a nanometer (nM) or micrometer (mm) scale. In other embodiments, the hydrophobic layer may
extend down along all or a part of the dielectric layer 504. (see also Davis et al. US 2014/0034497).
[0016] In another aspect, well 505 (formed by the dielectric layer walls 504) further includes a volume of salt solution
506 above working electrode 502. In general, the methods of the present invention comprise the use of a solution (e.g.,
a salt solution, salt buffer solution, electrolyte, electrolyte solution, or bulk electrolyte) that comprises osmolytes. As used
herein, the term "osmolyte" refers to any soluble compound that when dissolved into solution increases the osmolarity
of that solution. In the present invention, an osmolyte is a compound that is soluble in solution within the architecture of
a nanopore sequencing system, e.g., a well containing a salt solution or a bulk electrolyte as described herein. As such,
the osmolytes of the present invention affect osmosis, particularly osmosis across a lipid bilayer. Osmolytes for use in
the present invention include, without limitation, ionic salts such as lithium chloride (LiCl), sodium chloride (NaCl),
potassium chloride (KCl), lithium glutamate, sodium glutamate, potassium glutamate, lithium acetate, sodium acetate,
potassium acetate, calcium chloride (CaCl2), strontium chloride (SrCl2), manganese chloride (MnCl2), and magnesium
chloride (MgCl2); polyols and sugars such as glycerol, erythritol, arabitol, sorbitol, mannitol, xylitol, mannisidomannitol,
glycosyl glycerol, glucose, fructose, sucrose, trehalose, and isofluoroside; polymers such as dextrans, levans, and
polyethylene glycol; and some amino acids and derivatives thereof such as glycine, alanine, alpha-alanine, arginine,
proline, taurine, betaine, octopine, glutamate, sarcosine, y-aminobutyric acid, and trimethylamine N-oxide ("TMAO")
(see also e.g., Fisher et al. US 2011/0053795). In one embodiment, the present invention utilizes a solution comprising
an osmolyte, wherein the osmolyte is an ionic salt. Those of ordinary skill in the art will appreciate other compounds that
are suitable osmolytes for use in the present invention. In another aspect, the present invention provides solutions
comprising two or more different osmolytes.
[0017] The architecture of the nanopore based sequencing chip described herein comprises an array of wells (e.g.,
Figure 5) having various volume capacities, including nanoliter (nL), picoliter (pL), femtoliter (fL), attoliter (aL), zeptoliter
(zL) and yocoliter (yL) capacities. For example, the volume of electrolyte 108 (e.g., Figure 1) or salt solution 506 (e.g.,
Figure 5) is provided in a nL, pL, fL, aL, zL, or yL scale. In one embodiment of the present invention, the volume of the
electrolyte or salt solution formed by the wells (e.g., well 505 in Figure 5) of the present invention, or the volume of
electrolyte or salt solution used in methods described herein may be provided in a nanoliter (nL), picoliter (pL), femtoliter
(fL), attoliter (aL), zeptoliter (zL), or yocoliter (yL) scale. The wells may alternately be described by their volume in cubic
micrometers, or similar dimensions, rather than by volume. It will be within the ability of one skilled in the art to determine
the necessary conversion between units, for example from cubic micrometers to picoliters, femtoliters, or the like.
[0018] As shown in Figure 5, a membrane is formed on the top surfaces of dielectric layer 504 and spans across well
505. For example, the membrane includes a lipid monolayer 518 formed on top of hydrophobic layer 520. As the
membrane reaches the opening of well 505, the lipid monolayer transitions to a lipid bilayer 514 that spans across the
opening of the well. The lipid monolayer 518 may also extend along all or a part of the vertical surface (i.e., side wall)
of a dielectric layer 504. In one embodiment, the vertical surface 504 along which the monolayer 518 extends comprises
a hydrophobic layer. A bulk electrolyte 508 containing protein nanopore transmembrane molecular complexes (PNTMC)
and the analyte of interest is placed directly above the well. A single PNTMC/nanopore 516 is inserted into lipid bilayer
514. In one embodiment, insertion into the bilayer is by electroporation. Nanopore 516 crosses lipid bilayer 514 and
provides the only path for ionic flow from bulk electrolyte 508 to working electrode 502.
[0019] Cell 500 includes a counter electrode (CE) 510, which is in electrical contact with the bulk electrolyte 508. Cell
500 may optionally include a reference electrode 512. In some embodiments, counter electrode 510 is shared between
a plurality of cells, and is therefore also referred to as a common electrode. The common electrode can be configured
to apply a common potential to the bulk liquid in contact with the nanopores in the measurements cells. The common
potential and the common electrode are common to all of the measurement cells.
[0020] In some embodiments, working electrode 502 is a metal electrode. For non-faradaic conduction, working elec-
trode 502 may be made of metals that are resistant to corrosion and oxidation, e.g., platinum, gold, titanium nitride and
graphite. For example, working electrode 502 may be a platinum electrode with electroplated platinum. In another
example, working electrode 502 may be a titanium nitride (TiN) working electrode.
[0021] As shown in Figure 5, nanopore 516 is inserted into the planar lipid bilayer 514 suspended over well 505. An
electrolyte solution is present both inside well 505, i.e., trans side, (see salt solution 506) and in a much larger external
reservoir 522, i.e., cis side, (see bulk electrolyte 508). The bulk electrolyte 508 in external reservoir 522 is above multiple
wells of the nanopore based sequencing chip. Lipid bilayer 514 extends over well 505 and transitions to lipid monolayer
518 where the monolayer is attached to hydrophobic layer 520. This geometry both electrically and physically seals well
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505 and separates the well from the larger external reservoir. While neutral molecules, such as water and dissolved
gases, may pass through lipid bilayer 514, ions may not. Nanopore 516 in lipid bilayer 514 provides a single path for
ions to be conducted into and out of well 505.
[0022] For nucleic acid sequencing, a polymerase is attached to nanopore 516. A template of nucleic acid (e.g., DNA)
is held by the polymerase. For example, the polymerase synthesizes DNA by incorporating hexaphosphate mono-
nucleotides (HMN) from solution that are complementary to the template. A unique, polymeric tag is attached to each
HMN. During incorporation, the tag threads the nanopore aided by an electric field gradient produced by the voltage
between counter electrode 510 and working electrode 502. The tag partially blocks nanopore 516, procuring a measurable
change in the ionic current through nanopore 516. In some embodiments, an alternating current (AC) bias or direct
current (DC) voltage is applied between the electrodes.
[0023] The step of inserting a nanopore into a lipid bilayer is performed after it is determined that a lipid bilayer has
been properly formed within a cell of the nanopore based sequencing chip. In some techniques, the process of determining
whether a lipid bilayer has been properly formed in a cell may cause an already properly formed lipid bilayer to be
destroyed. For example, a stimulus voltage may be applied to cause a current to flow across the electrodes. Although
the measured response to the stimulus voltage may be used to distinguish between a cell with a properly formed lipid
bilayer (i.e., a lipid bilayer that is two layers of lipid molecules thick) from a cell without a properly formed lipid bilayer
(e.g., a cell with a thick lipid and solvent combined film that spans across the well of the cell), the stimulus voltage level
is high enough to cause an already properly formed lipid bilayer to break down in some instances. In other words, the
stimulus voltage for testing the lipid bilayer may be destructive to the lipid bilayer. In the event that an already properly
formed lipid bilayer is destroyed by the stimulus voltage, a very high current begins to flow across the electrodes as a
result of the short-circuit condition. In response, the system may try to reform a new lipid bilayer in the particular cell
again; however, this is both time-consuming and inefficient. In addition, a lipid bilayer may not reform in the particular
cell in a subsequent trial. As a result, the overall percentage of cells in the nanopore based sequencing chip with properly
formed lipid bilayers and nanopores (i.e., the yield of the nanopore based sequencing chip) is reduced.
[0024] A non-destructive technique to detect a lipid bilayer formed in a cell of a nanopore based sequencing chip is
disclosed. A non-destructive technique to detect a lipid bilayer has many advantages, including increasing the efficiency
and yield of the nanopore based sequencing chip.
[0025] Figure 6A illustrates an embodiment of a circuitry 600 in a cell of a nanopore based sequencing chip wherein
the circuitry can be configured to detect whether a lipid bilayer is formed in the cell without causing an already formed
lipid bilayer to break down.
[0026] Figure 6A shows a lipid membrane or lipid bilayer 612 situated between a cell working electrode 614 and a
counter electrode 616, such that a voltage is applied across lipid membrane/bilayer 612. A lipid bilayer is a thin membrane
made of two layers of lipid molecules. A lipid membrane is a membrane made of several layers (more than two) of lipid
molecules. Lipid membrane/bilayer 612 is also in contact with a bulk liquid/electrolyte 618. Note that working electrode
614, lipid membrane/bilayer 612, and counter electrode 616 are drawn upside down as compared to the working electrode,
lipid bilayer, and counter electrode in Figure 1. In some embodiments, the counter electrode is shared between a plurality
of cells, and is therefore also referred to as a common electrode. The common electrode can be configured to apply a
common potential to the bulk liquid in contact with the lipid membranes/bilayers in the measurements cells by connecting
the common electrode to a voltage source Vliq 620. The common potential and the common electrode are common to
all of the measurement cells. There is a working cell electrode within each measurement cell; in contrast to the common
electrode, working cell electrode 614 is configurable to apply a distinct potential that is independent from the working
cell electrodes in other measurement cells.
[0027] Figure 6B illustrates the same circuitry 600 in a cell of a nanopore based sequencing chip as that shown in
Figure 6A. Comparing to Figure 6A, instead of showing a lipid membrane/bilayer between the working electrode and
the counter electrode, an electrical model representing the electrical properties of the working electrode and the lipid
membrane/bilayer is shown.
[0028] Electrical model 622 includes a capacitor 624 representing the electrical properties of working electrode 614.
The capacitance associated with working electrode 614 is also referred to as a double layer capacitance (Cdouble layer).
Electrical model 622 further includes a capacitor 626 (Cbilayer) that models a capacitance associated with the lipid
membrane/bilayer and a resistor 628 (Rbilayer) that models a resistance associated with the lipid membrane/bilayer. The
resistance associated with the lipid membrane/bilayer is very high, and therefore Rbilayer may be replaced by an open
circuit, which reduces electrical model 622 to Cdouble layer in series with Cbilayer.
[0029] Voltage source Vliq 620 is an alternating current (AC) voltage source. Counter electrode 616 is immersed in
the bulk liquid 618, and an AC non-Faradaic mode is utilized to modulate a square wave voltage Vliq and apply it to the
bulk liquid in contact with the lipid membranes/bilayers in the measurement cells. In some embodiments, Vliq is a square
wave with a magnitude of 6200-250 mV and a frequency between 25 and 100 Hz.
[0030] Pass device 606 is a switch that can be used to connect or disconnect the lipid membrane/bilayer and the
electrodes from the measurement circuitry 600. The switch enables or disables a voltage stimulus that can be applied
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across the lipid membrane/bilayer in the cell. Before lipids are deposited to the cell to form a lipid bilayer, the impedance
between the two electrodes is very low because the well of the cell is not sealed, and therefore switch 606 is kept open
to avoid a short-circuit condition. Switch 606 may be closed once lipid solvent has been deposited to the cell that seals
the well of the cell.
[0031] Circuitry 600 further includes an on-chip fabricated integrating capacitor 608 (neap). Integrating capacitor 608
is pre-charged by using a reset signal 603 to close switch 601, such that integrating capacitor 608 is connected to a
voltage source Vpre 605. In some embodiments, voltage source Vpre 605 provides a constant positive voltage with a
magnitude of 900 mV. When switch 601 is closed, integrating capacitor 608 is pre-charged to the positive voltage level
of voltage source Vpre 605.
[0032] After integrating capacitor 608 is pre-charged, reset signal 603 is used to open switch 601 such that integrating
capacitor 608 is disconnected from voltage source Vpre 605. At this point, depending on the level of Vliq, the potential of
counter electrode 616 may be at a higher level than the potential of working electrode 614, or vice versa. For example,
during the positive phase of square wave Vliq (i.e., the dark period of the AC voltage source signal cycle), the potential
of counter electrode 616 is at a higher level than the potential of working electrode 614. Similarly, during the negative
phase of square wave Vliq (i.e., the bright period of the AC voltage source signal cycle), the potential of counter electrode
616 is at a lower level than the potential of working electrode 614. Due to this potential difference, integrating capacitor
608 may be charged during the dark period of the AC voltage source signal cycle and discharged during the bright period
of the AC voltage source signal cycle.
[0033] Depending on the sampling rate of an analog-to-digital converter (ADC) 610, integrating capacitor 608 charges
or discharges for a fixed period of time, and then the voltage stored in integrating capacitor 608 may be read out by ADC
610. After the sampling by ADC 610, integrating capacitor 608 is pre-charged again by using reset signal 603 to close
switch 601, such that integrating capacitor 608 is connected to voltage source Vpre 605 again. In some embodiments,
the sampling rate of ADC 610 is between 1500 to 2000 Hz. In some embodiments, the sampling rate of ADC 610 is up
to 5 kHz. For example, with a sampling rate of 1 kHz, integrating capacitor 608 charges or discharges for a period of
∼1ms, and then the voltage stored in integrating capacitor 608 is read out by ADC 610. After the sampling by ADC 610,
integrating capacitor 608 is pre-charged again by using reset signal 603 to close switch 601 such that integrating capacitor
608 is connected to voltage source Vpre 605 again. The steps of pre-charging the integrating capacitor 608, waiting a
fixed period of time for the integrating capacitor 608 to charge or discharge, and sampling the voltage stored in integrating
capacitor by ADC 610 are then repeated in cycles throughout a lipid bilayer measurement phase of the system.
[0034] Circuitry 600 may be used to detect whether a lipid bilayer is formed in the cell by monitoring a delta voltage
change, ΔVADC, at integrating capacitor 608 (ncap) in response to a delta voltage change (ΔVliq) applied to the bulk liquid
in contact with the lipid membrane/bilayer. As will be described in greater detail below, during the lipid bilayer measurement
phase, circuitry 600 may be modeled as a voltage divider with Cbilayer 626, Cdouble layer 624, and ncap 608 connected in
series, and a voltage change tapped at an intermediate point of the voltage divider can be read by ADC 610 for determining
whether a lipid bilayer has been formed.
[0035] Figure 7 illustrates an electrical model 700 representing the electrical properties of a portion of circuitry 600
during the lipid bilayer measurement phase of the system. As shown in Figure 7, Cdouble layer 624 is connected in series
with Cbilayer 626, but Rbilayer 628 (see Figure 6B) is eliminated from electrical model 700. Rbilayer 628 can be removed
from electrical model 700 because the resistance associated with the lipid membrane/bilayer is very high, and therefore
Rbilayer may be approximated as an open circuit. As shown in Figure 7, Cdouble layer 624 and Cbilayer 626 are further
connected in series with ncap 608.
[0036] When operating in an AC mode, the voltage read by the ADC (VADC) can be determined by:

where Z = 1/(jωC),

Z(ncap) is the AC impedance associated with ncap,

Z(double layer) is the AC impedance associated with the working electrode,

and Z(bilayer) is the AC impedance associated with the lipid membrane/bilayer.

[0037] The AC impedance of the double layer, Z(double layer), has a very low value compared to Z(bilayer) and
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Z(ncap) because Cdouble layer is much larger than Cbilayer or the capacitance of ncap. Therefore, substituting Z(ncap) =
1/(jωCncap), Z (bilayer) = 1/jωCbilayer, and Z(double layer) = 0, equation (1) can be simplified as: 

where C(ncap) is the capacitance associated with ncap,

and C(bilayer) is the capacitance associated with the lipid membrane/bilayer.

[0038] When lipids are first deposited into the cells to form the lipid bilayers, some of the cells have lipid bilayers
spontaneously formed, but some of the cells merely have a thick lipid membrane (with multiple layers of lipid molecules
and solvent combined together) spanning across each of the wells of the cells. The capacitance associated with a lipid
bilayer is larger than the capacitance associated with a lipid membrane that is more than two layers of lipid molecules
thick because the capacitance of the lipid membrane/bilayer is inversely proportional to its thickness. As a lipid membrane
thins out and transitions to become a lipid bilayer, the thickness decreases and its associated capacitance increases.
In Equation (2) above, as a lipid bilayer begins to form within a cell, C(bilayer) increases while C(ncap) remains constant,
such that on the whole VADC increases. An increase in VADC can therefore be used as an indicator that a lipid bilayer
has been formed within a cell.
[0039] In some embodiments, a delta voltage change ΔVADC at integrating capacitor 608 (ncap) in response to a delta
voltage change (ΔVliq) applied to the bulk liquid in contact with the lipid membrane/bilayer is monitored in order to detect
whether a lipid bilayer has been formed in a cell. For example, Equation (2) may be rewritten as: 

where ΔVADC is a voltage change at integrating capacitor 608 (ncap) read by the ADC,

ΔVliq is a voltage change applied to the bulk liquid,

C(ncap) is the capacitance associated with ncap,

and C(bilayer) is the capacitance associated with the lipid membrane/bilayer.

[0040] In Equation (3) above, because C(ncap) remains constant, while C(bilayer) increases as a lipid bilayer begins
to form within a cell, ΔVADC increases as well. ΔVADC is roughly proportional to the capacitance associated with the lipid
membrane/bilayer, C(bilayer). An increase in ΔVADC can therefore be used as an indicator that a lipid bilayer has been
formed within a cell.
[0041] In some embodiments, in order to maximize the observable ΔVADC for a more reliable detection of a lipid bilayer,
ΔVADC in response to a maximum voltage change applied to the bulk liquid in contact with the lipid membrane/bilayer
(max ΔVliq) is monitored in order to detect whether a lipid bilayer has been formed in a cell.
[0042] Figure 8A illustrates that a small observed positive/negative voltage change 6ΔVADC in response to a posi-
tive/negative voltage change 6 ΔVliq results in no lipid bilayer being detected to have been formed in the cell. Figure 8B
illustrates that a large observed positive/negative voltage change 6ΔVADC in response to a positive/negative voltage
change 6ΔVliq results in the detection of a lipid bilayer having been formed in a cell.
[0043] In Figure 8A, a maximum positive voltage change +ΔVliq occurs when the square wave Vliq changes from a
negative phase to a positive phase, while a maximum negative voltage change -ΔVliq occurs when the square wave Vliq
changes from a positive phase to a negative phase. In Figure 8A, at the instance when ΔVliq is at a positive maximum,
only a small +ΔVADC can be observed if a lipid bilayer has not been formed in the cell; at the instance when ΔVliq is at
a negative maximum, only a small -ΔVADC can be observed if a lipid bilayer has not been formed in the cell.
[0044] In Figure 8B, at the instance when ΔVliq is at a positive maximum, a large positive voltage change +ΔVADC can
be observed if a lipid bilayer has already been formed in the cell. And at the instance when ΔVliq is at a negative maximum,
a large negative voltage change -ΔVADC can be observed if a lipid bilayer has already been formed in the cell.
[0045] In some embodiments, the absolute value of ΔVADC (|ΔVADC|) observed when the absolute value of ΔVliq (|ΔVliq|)
is at a maximum is compared with a predetermined threshold. If (|ΔVADC| > predetermined threshold), then it is determined
that a lipid bilayer is detected. Conversely, if (|ΔVADC| < predetermined threshold), then it is determined that a lipid bilayer
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is not detected.
[0046] Figure 9A illustrates an exemplary plot of VADC versus time before and after a lipid bilayer is formed within a
cell. The plot in Figure 9A is based on real testing data. As shown in Figure 9A, the units of VADC on the y-axis are in
ADC counts. However, other units may be used as well. As shown in Figure 9A, during a time period t1 when a lipid
bilayer has not been formed, the recorded |ΔVADC| values are smaller than those recorded during a time period t2 after
a lipid bilayer has been formed in the cell.
[0047] Figure 9B illustrates a zoomed-in view of the exemplary plot of VADC versus time (see Figure 9A) during the
time period t1 when a lipid bilayer has not been formed. The results shown in Figure 9B are consistent with Figure 8A.
In Figure 9B, a maximum +ΔVliq occurs when the square wave Vliq changes from a negative phase to a positive phase,
while a maximum -ΔVliq occurs when the square wave Vliq changes from a positive phase to a negative phase. In Figure
9B, at the instance when ΔVliq is at a positive maximum, only a small +ΔVADC can be observed because a lipid bilayer
has not been formed in the cell; at the instance when ΔVliq is at a negative maximum, only a small -ΔVADC can be
observed because a lipid bilayer has not been formed in the cell.
[0048] Figure 9C illustrates a zoomed-in view of the exemplary plot of VADC versus time (see Figure 9A) during the
time period t2 when a lipid bilayer has been formed. The results shown in Figure 9C are consistent with Figure 8B. In
Figure 9C, at the instance when ΔVliq is at a positive maximum, a large +ΔVADC can be observed between two consecutive
sample points because a lipid bilayer has already been formed in the cell. At the instance when ΔVliq is at a negative
maximum, a large -ΔVADC can be observed because a lipid bilayer has already been formed in the cell. Note that shortly
after the square wave Vliq changes from one phase to another, Δ Vliq stays at zero, and VADC reduces to zero in response.
As shown in Figure 9C, when a lipid bilayer has already been formed in the cell, a positive or negative spike in VADC
can be observed. The positive or negative spikes are followed by much smaller VADC values.
[0049] When a lipid solvent mixture is first deposited into the cells to form the lipid bilayers, lipid bilayers are sponta-
neously formed in some of the cells, but in other cells there is merely a thick lipid membrane with multiple layers of lipid
molecules combined with the solvent spanning across each of the wells of the cells. In order to increase the yield of the
nanopore based sequencing chip (i.e., the percentage of cells in the nanopore based sequencing chip with properly
formed lipid bilayers and nanopores), the nanopore based sequencing chip may perform additional steps to facilitate
the formation of lipid bilayers in additional cells. Therefore, improved techniques for forming lipid bilayers in the cells of
a nanopore based sequencing chip would be desirable.
[0050] In the present application, improved techniques of forming lipid bilayers in the cells of a nanopore based
sequencing chip for analyzing molecules are disclosed. One of the improved techniques applies one or more lipid bilayer
initiating stimuli. Different types of lipid bilayer initiating stimuli may be applied, as will be described in greater detail
below. For example, mechanical, electrical, or physical stimuli may be applied. Those of ordinary skill in the art will
appreciate that other types of stimuli may be suitable for use with the present invention. One or more types of lipid bilayer
initiating stimuli may be applied simultaneously, or in different order. The one or more types of lipid bilayer initiating
stimuli may be applied in a process that repeats a plurality of time.
[0051] A lipid bilayer initiating stimulus facilitates the creation of a small lipid bilayer on a thick lipid membrane. Once
a small transient lipid bilayer on a thick lipid membrane is formed, the application of additional lipid bilayer initiating
stimuli acts as a positive feedback to continue to enlarge the surface area of the lipid bilayer. As a result, the time required
to form lipid bilayers in the cells of the nanopore based sequencing chip can be significantly reduced.
[0052] One type of lipid bilayer initiating stimulus is a mechanical stimulus, such as a vibration stimulus. Mechanical
vibrations of a thick lipid membrane will cause the lipid molecules to rearrange and move around each other, thereby
promoting the self-assembly of some lipid molecules into a two-layered sheet, with the tails pointing towards the center
of the sheet to form a small area of lipid bilayer. In some embodiments, vibration of the lipid membrane may be introduced
by generating waves in the bulk electrolyte (see bulk electrolyte 114 in Figure 1 and bulk electrolyte 508 in Figure 5)
contained in the external reservoir (see external reservoir 522 in Figure 5). For example, a wave generator, acoustic
pump, or fluidic pump may be coupled to the flow chamber to generate waves in the bulk electrolyte contained in the
external reservoir.
[0053] Another type of lipid bilayer initiating stimulus is an electrical stimulus. Applying an electrical lipid bilayer initiating
stimulus to the cells that have not had lipid bilayers formed therein yet can improve the efficiency of liquid flow above
the thick lipid membranes, thereby facilitating the removal of any excess lipid solvent such that the thick lipid membranes
can be thinned out and transitioned into lipid bilayers more efficiently. Applying the electrical lipid bilayer initiating stimulus
to the cells that have not had lipid bilayers formed therein yet will also create electrostatic forces that tend to squeeze
out the excess lipid solvent and thin out the thick lipid membranes into lipid bilayers. On the other hand, the cells that
have already had lipid bilayers properly formed therein should not be further exposed to the same electrical lipid bilayer
initiating stimulus, as the electrical stimulus may cause some of the thin lipid bilayers to break down. Therefore, it is
advantageous to use the non-destructive technique described in the present application to detect and separate the
portion of the cells in the nanopore based sequencing chip that have lipid bilayers formed therein from the portion of the
cells that do not have lipid bilayer properly formed therein yet. By dividing the cells into different groups, the cells in
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different groups can be processed differently, thereby achieving greater efficiency and increasing the overall yield of the
nanopore based sequencing chip.
[0054] Another type of lipid bilayer initiating stimulus is a physical stimulus. For example, flowing a salt/electrolyte
buffer solution through the cells of the nanopore based sequencing chip via a flow chamber facilitates the formation of
a lipid bilayer over each of the cells. The salt buffer solution flowed over the cells facilitates the removal of any excess
lipid solvent such that the thick lipid membranes can be thinned out and transitioned into lipid bilayers more efficiently,
as described in WO 2015/061510. In some embodiments, a salt buffer solution is flowed for a period of two seconds.
However, other predetermined period of time may be used as well. The buffer solution flowing cycle may be repeated
a number of times. However, it has been found that the number of buffer solution flowing cycles needed to obtain a
satisfactory yield of the nanopore based sequencing chip may be as high as tens or hundreds of cycles.
[0055] One of the improved techniques applies a salt/electrolyte buffer solution flow over the lipid membrane with a
lower osmolarity/osmotic concentration than the osmolarity of the salt buffer solution below the lipid membrane in order
to introduce an osmotic imbalance between the salt buffer solution above and below the lipid membrane, which causes
the lipid solvent membrane to bow upwards. With the lipid membrane pushed outward from the well, a greater contact
surface area of the lipid membrane is exposed to the flow of the salt buffer solution and, as a result, the flow of the salt
buffer solution can more effectively remove any excess lipid solvent, such that the thick lipid membrane can be thinned
out and transitioned into a lipid bilayer more efficiently. This technique has many advantages, including reducing the
time to form lipid bilayers and increasing the efficiency and yield of the nanopore based sequencing chip.
[0056] Figure 10 (including Figures 10A and 10B) illustrates an embodiment in which an osmotic imbalance is introduced
between the salt buffer solution above and below the lipid membrane, which causes the lipid solvent membrane to bow
upwards.
[0057] Figure 10A illustrates that initially at time t1, when a lipid solvent mixture is first deposited into a cell to form a
lipid bilayer, the cell merely has a thick lipid membrane 1004 with multiple layers of lipid molecules combined with the
solvent spanning across the well 1002 of the cell. The lipid membrane 1004 seals the well from a reservoir 1008 external
to the well. Initially at time t1, the osmolarity of the salt/electrolyte solution within the well, [Ew], is the same as the
osmolarity of the bulk electrolyte solution in the external reservoir, [ER]. Osmolarity, also known as osmotic concentration,
is a measure of solute concentration. Osmolarity measures the number of osmoles of solute particles per unit volume
of solution. An osmole is a measure of the number of moles of solute that contribute to the osmotic pressure of a solution.
Osmolarity allows the measurement of the osmotic pressure of a solution and the determination of how the solvent will
diffuse across a semipermeable membrane (osmosis) separating two solutions of different osmotic concentration.
[0058] Figure 10B illustrates that at later time t2, by flowing over a lipid membrane a lower concentration of electrolyte
solution than is initially present in the well while the lipid membrane is in place between the well and the external reservoir,
excess water is forced into the well, causing the lipid membrane to bow upwards.
[0059] Figure 11 illustrates an embodiment of a process 1100 for an improved technique of forming lipid bilayers in
the cells of a nanopore based sequencing chip. Process 1100 applies one or more different types of lipid bilayer initiating
stimuli. One or more types of lipid bilayer initiating stimuli may be applied simultaneously, or in different order. The one
or more types of lipid bilayer initiating stimuli may be applied in process 1100 that repeats a plurality of time. In some
embodiments, the nanopore based sequencing chip of Figure 11 includes a plurality of cells 100 of Figure 1. In some
embodiments, the nanopore based sequencing chip of Figure 11 includes a plurality of cells 500 of Figure 5. In some
embodiments, the nanopore based sequencing chip of Figure 11 includes circuitries 600 of Figures 6A and 6B.
[0060] Process 1100 includes steps in which different types of fluids (e.g., liquids or gases) are flowed through the
cells of the nanopore based sequencing chip via a flow chamber. Multiple fluids with significantly different properties
(e.g., compressibility, hydrophobicity, and viscosity) are flowed over an array of sensors on the surface of the nanopore
based sequencing chip. For improved efficiency, each of the sensors in the array should be exposed to the fluids in a
consistent manner. For example, each of the different types of fluids should be flowed over the nanopore based se-
quencing chip such that the fluid may be delivered to the chip, evenly coating and contacting each of the cells’ surfaces,
and then delivered out of the chip. As described above, a nanopore based sequencing chip incorporates a large number
of sensor cells configured as an array. As the nanopore based sequencing chip is scaled to include more and more
cells, achieving an even flow of the different types of fluids across the cells of the chip becomes more challenging.
[0061] In some embodiments, the nanopore based sequencing system that performs process 1100 of Figure 11
includes an improved flow chamber having a serpentine fluid flow channel that directs the fluids to traverse over different
sensors of the chip along the length of the channel. Figure 12 illustrates the top view of a nanopore based sequencing
system 1200 with an improved flow chamber enclosing a silicon chip that allows liquids and gases to pass over and
contact sensors on the chip surface. The flow chamber includes a serpentine or winding flow channel 1208 that directs
the fluids to flow directly above a single column (or a single row) of sensor banks 1206 (each bank including several
thousands of sensor cells) from one end of the chip to the opposite end and then directs the fluids to repeatedly loop
back and flow directly above other adjacent columns of sensor banks, until all of the sensor banks have been traversed
at least once. As shown in Figure 12, system 1200 includes an inlet 1202 and an outlet 1204.
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[0062] With reference to Figure 12, a fluid is directed into system 1200 through inlet 1202. Inlet 1202 may be a tube
or a needle. For example, the tube or needle may have a diameter of one millimeter. Instead of feeding the liquid or gas
directly into a wide flow chamber with a single continuous space, inlet 1202 feeds the liquid or gas into a serpentine flow
channel 1208 that directs the liquid or gas to flow directly above a single column of sensor banks 1206. The serpentine
channel 1208 may be formed by stacking together a top plate and a gasket with dividers 1210 that divide the chamber
into the serpentine channel to form a flow cell, and then mounting the flow cell on top of the chip. Once the liquid or gas
flows through the serpentine channel 1208, the liquid or gas is directed up through outlet 1204 and out of system 1200.
[0063] System 1200 allows the fluids to flow more evenly on top of all the sensors on the chip surface. The channel
width is configured to be narrow enough such that capillary action has an effect. More particularly, the surface tension
(which is caused by cohesion within the fluid) and adhesive forces between the fluid and the enclosing surfaces act to
hold the fluid together, thereby preventing the fluid or the air bubbles from breaking up and creating dead zones. For
example, the channel may have a width of 1 millimeter or less. The narrow channel enables controlled flow of the fluids
and minimizes the amount of remnants from a previous flow of fluids or gases.
[0064] With reference to Figure 11, at 1102, a salt/electrolyte buffer solution is flowed through the cells of the nanopore
based sequencing chip via the flow chamber to substantially fill the wells in the cells with the salt buffer solution. As
further described herein, the salt buffer solution may include at least one of the following osmolytes: lithium chloride
(LiCl), sodelectium chloride (NaCl), potassium chloride (KCl), lithium glutamate, sodium glutamate, potassium glutamate,
lithium acetate, sodium acetate, potassium acetate, calcium chloride (CaCl2), strontium chloride (SrCl2), manganese
chloride (MnCl2), and magnesium chloride (MgCl2). The salt buffer solution may also include osmolytes (compounds
affecting osmosis) that are not simple ionic salts, including trimethylamine N-oxide (TMAO), proline, trehalose, and the
like. In some embodiments, the concentration of the salt buffer solution is 2 M (molar).
[0065] At 1104, a lipid and solvent mixture is flowed through the cells of the nanopore based sequencing chip via the
flow chamber. In some embodiments, the lipid and solvent mixture includes lipid molecules such as diphytanoylphos-
phatidylcholine or 1,2-diphytanoyl-sn-glycero-3-phosphocholine (DPhPC), and 1,2-di-O-phytanyl-sn-glycero-3-phos-
phocholine (DOPhPC). In some embodiments, the lipid and solvent mixture includes decane or tridecane. When the
lipid and solvent mixture is first deposited into the cells to form the lipid bilayers, some of the cells have lipid bilayers
spontaneously formed, but some of the cells merely have a thick lipid membrane (with multiple layers of lipid molecules
and solvent combined together) spanning across each of the wells of the cells.
[0066] At 1106, a salt/electrolyte buffer solution is flowed through the cells of the nanopore based sequencing chip
via the flow chamber to substantially fill the external reservoir with the salt buffer solution.
[0067] At 1108, in order to increase the yield of the nanopore based sequencing chip (i.e., the percentage of cells in
the nanopore based sequencing chip with properly formed lipid bilayers and nanopores), the nanopore based sequencing
chip may apply one or more types of lipid bilayer initiating stimuli to facilitate the formation of lipid bilayers in additional
cells. As described above, one or more types of lipid bilayer initiating stimuli may be applied simultaneously, or in different
orders, during a lipid bilayer initiating stimulus phase (step 1108), which may be repeated (determined by step 1110) a
plurality of times.
[0068] Figure 13 illustrates an embodiment of a process 1300 for applying a mechanical lipid bilayer initiating stimulus,
such as a vibration stimulus, during the lipid bilayer initiating stimulus phase at step 1108 of process 1100. At 1302, a
mechanical lipid bilayer initiating stimulus is applied. Mechanical vibrations of a thick lipid membrane will cause the lipid
molecules to rearrange and move around each other, thereby promoting the self-assembly of some lipid molecules into
a two-layered sheet, with the tails pointing towards the center of the sheet to form a small area of lipid bilayer. In some
embodiments, vibration of the lipid membrane may be introduced by generating waves in the bulk electrolyte (see bulk
electrolyte 114 in Figure 1 and bulk electrolyte 508 in Figure 5) contained in the external reservoir (see external reservoir
522 in Figure 5). For example, a wave generator, acoustic pump, or fluidic pump may be coupled to the flow chamber
to generate waves in the bulk electrolyte contained in the external reservoir.
[0069] At 1304, the non-destructive technique described in the present application is used to detect whether a lipid
bilayer is formed in a cell using circuitry 600 of Figure 6A and Figure 6B. The detection includes monitoring a voltage
change, ΔVADC, at integrating capacitor 608 (ncap) in response to a voltage change (ΔVliq) applied to the bulk liquid in
contact with the lipid membrane/bilayer. Cells that have lipid bilayers detected are separated into a different group from
the cells that do not have lipid bilayers detected.
[0070] At 1306, it is determined whether the mechanical stimulus phase should be repeated. Different criteria may be
used at this step. In some embodiments, the mechanical stimulus phase is performed a predetermined number of times.
In some embodiments, the mechanical stimulus phase is repeated until a target yield for the nanopore based sequencing
chip has been reached. In some embodiments, if the incremental number or percentage of cells that have just been
detected as having lipid bilayers formed during the last round of thinning by the stimulus is lower than a predetermined
threshold, then process 1300 is terminated.
[0071] Process 1300 proceeds to step 1308 if the mechanical stimulus phase is going to be repeated next. At step
1308, the next mechanical stimulus level to be applied is determined. In some embodiments, the mechanical stimulus
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level is increased by a fixed predetermined amount. In some embodiments, if the incremental number or percentage of
cells that have just been detected as having lipid bilayers formed during the last iteration is lower than a predetermined
threshold, then the mechanical stimulus level is increased by a fixed predetermined amount; otherwise, the previous
mechanical stimulus is found to be effective and thus the same mechanical stimulus level is used again. Process 1300
then proceeds to 1302 and the process is repeated.
[0072] Figure 14 illustrates an embodiment of a process 1400 for applying an electrical lipid bilayer initiating stimulus
during the lipid bilayer initiating stimulus phase at step 1108 of process 1100. At 1402, an electrical lipid bilayer initiating
stimulus is applied. Applying the electrical stimulus to the cells that have not had lipid bilayers formed therein yet can
improve the efficiency of liquid flow above the thick lipid membranes, thereby facilitating the removal of any excess lipid
solvent such that the thick lipid membranes can be thinned out and transitioned into lipid bilayers more efficiently. Applying
the electrical stimulus to the cells that have not had lipid bilayers formed therein yet will also create electrostatic forces
that tend to squeeze out the excess lipid solvent and thin out the thick lipid membranes into lipid bilayers. In some
embodiments, the same circuitry 600 of Figure 6A and Figure 6B may be used to apply the electrical stimulus. The only
difference in the setup of circuitry 600 between lipid bilayer detection and lipid thinning/lipid bilayer initiating is that the
absolute magnitude of Vliq is lower for lipid bilayer detection. For example, the absolute magnitude Vliq for lipid bilayer
detection may be between 100 mV to 250 mV, while the absolute magnitude Vliq for lipid thinning may be between 250
mV to 500 mV.
[0073] At 1404, the non-destructive technique described in the present application is used to detect whether a lipid
bilayer is formed in a cell using circuitry 600 of Figure 6A and Figure 6B. The detection includes monitoring a voltage
change, ΔVADC, at integrating capacitor 608 (ncap) in response to a voltage change (ΔVliq) applied to the bulk liquid in
contact with the lipid membrane/bilayer. Cells that have lipid bilayers detected are separated into a different group from
the cells that do not have lipid bilayers detected. Within each of the cells with lipid bilayers detected, pass device 606
is opened in order to disconnect the lipid bilayer and the electrodes from the measurement circuitry 600, such that any
electrical lipid bilayer initiating stimulus (if applied to the chip) is disabled from being applied to the cell.
[0074] At 1406, it is determined whether the electrical stimulus phase should be repeated. Different criteria may be
used at this step. In some embodiments, the electrical stimulus phase is performed a predetermined number of times.
In some embodiments, the electrical stimulus phase is repeated until a target yield for the nanopore based sequencing
chip has been reached. In some embodiments, if the incremental number or percentage of cells that have just been
detected as having lipid bilayers formed during the last round of thinning by the stimulus is lower than a predetermined
threshold, then process 1400 is terminated.
[0075] Process 1400 proceeds to step 1408 if the electrical stimulus phase is going to be repeated next. At step 1408,
the next electrical stimulus level to be applied is determined. In some embodiments, the electrical stimulus level is
increased by a fixed predetermined amount. In some embodiments, if the incremental number or percentage of cells
that have just been detected as having lipid bilayers formed during the last iteration is lower than a predetermined
threshold, then the electrical stimulus level is increased by a fixed predetermined amount; otherwise, the previous
electrical stimulus is found to be effective and thus the same electrical stimulus level is used again. Process 1400 then
proceeds to 1402 and the process is repeated.
[0076] Figure 15 illustrates an embodiment of a process 1500 for applying a physical lipid bilayer initiating stimulus
during the lipid bilayer initiating stimulus phase at step 1108 of process 1100. At 1502, a salt/electrolyte buffer solution
is flowed through the cells of the nanopore based sequencing chip via the flow chamber. The concentration or osmolarity
of the salt electrolyte buffer solution is determined by process 1500 so as to introduce an osmotic imbalance between
the electrolyte solution above and below the lipid membrane. By flowing over a lipid membrane a lower concentration
of electrolyte solution than is initially present in the well while the lipid membrane is in place between the well and the
external reservoir, excess water is forced into the well, causing the lipid membrane to bow upwards. With the lipid
membrane pushed outward from the well, a greater contact surface area of the lipid membrane is exposed to the flow
of the salt buffer solution and, as a result, the flow of the salt buffer solution can more effectively remove any excess
lipid solvent such that the thick lipid membrane can be thinned out and transitioned into a lipid bilayer more efficiently.
[0077] For example, the salt electrolyte buffer solution that is flowed through the cells of the nanopore based sequencing
chip via the flow chamber at step 1502 has a lower concentration (e.g., 500 mM) than the electrolyte solution that is
present in the well (e.g., 2 M), creating a osmolarity difference of 1.5 M. In response to the lower concentration electrolyte
solution flowing in the external reservoir (i.e., on the cis side of the lipid membrane), water diffuses across the lipid
membrane from the reservoir into the well in order to equalize the concentration on the cis and trans sides of the lipid
membrane. This equalization takes place almost instantaneously, since the water molecules readily flow through the
lipid membrane. The concentrations on both sides of the lipid membrane equalize to that of the cis side (e.g., 500 mM)
since the volume of the external reservoir is significantly greater than that of the trans side (the well). This effectively
increases the volume of water under the lipid membrane in the well, causing the lipid membrane to bow upwards, as
shown in Figure 10B.
[0078] As shown above, since water may diffuse across the lipid membranes and the salt electrolyte buffer solution
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that is flowed through the cells may introduce different osmolytes into the external reservoir over time, both the volume
and the osmolyte content of the liquid held in the external reservoir and the wells may change over time. It is recognized
that the external reservoir may be characterized by a first reservoir osmolarity, which is the osmolarity of the liquid
contained in the external reservoir at a specific time. A well in a cell may also be characterized by a second reservoir
osmolarity, which is the osmolarity of the liquid contained in the well and confined by the lipid bilayer at a specific time.
[0079] At 1504, the non-destructive technique described in the present application is used to detect whether a lipid
bilayer is formed in a cell using circuitry 600 of Figure 6A and Figure 6B. The detection includes monitoring a voltage
change, ΔVADC, at integrating capacitor 608 (ncap) in response to a voltage change (ΔVliq) applied to the bulk liquid in
contact with the lipid membrane/bilayer. Cells that have lipid bilayers detected are separated into a different group from
the cells that do not have lipid bilayers detected.
[0080] At 1506, it is determined whether the salt buffer solution flowing phase should be repeated. Different criteria
may be used at this step. In some embodiments, the salt buffer solution flowing phase is performed a predetermined
number of times. In some embodiments, the phase is repeated until a target yield for the nanopore based sequencing
chip has been reached. In some embodiments, if the incremental number or percentage of cells that have just been
detected as having lipid bilayers formed during the last round of thinning by the buffer solution flow is lower than a
predetermined threshold, then process 1500 is terminated.
[0081] Process 1500 proceeds to step 1508 if the salt buffer solution flowing phase of process 1500 is going to be
repeated next. At step 1508, the next salt buffer solution concentration to be applied is determined. For example, the
concentration of the salt buffer solution may be progressively increased from the concentration used in the last iteration
of step 1502. The concentration of the salt buffer solution is progressively increased because as the salt buffer solution
flowing phase is repeated a number of times, more and more lipid bilayers are formed and a smaller difference of
concentration between the electrolyte solution above and below the lipid membrane will ensure that the lipid bilayers
are not burst by the excess water forced into the wells. Process 1500 then proceeds to 1502 and the process is repeated.
[0082] Figure 16A is a histogram illustrating that without the introduction of an osmotic imbalance between the salt
buffer solution above and below the lipid membrane, salt buffer solution needs to be flowed many times (93 times) before
the overall percentage of cells in the nanopore based sequencing chip with properly formed lipid bilayers (i.e., the yield
of the nanopore based sequencing chip) is increased to an acceptable threshold. Figure 16B is a histogram illustrating
that with the introduction of an osmotic imbalance between the salt buffer solution above and below the lipid membrane,
16 salt buffer solution flow cycles achieves a greater overall percentage of cells in the nanopore based sequencing chip
with properly formed lipid bilayers.
[0083] For each of the figures, the x-axis is the voltage change at integrating capacitor 608 (ncap), ΔVADC, in response
to a voltage change (ΔVliq) applied to the bulk liquid in contact with the lipid membrane/bilayer, while the y-axis is the
number of cells with its ΔVADC value within certain ΔVADC bins. In this example, cells that have a ΔVADC value of 50 or
above are determined as having lipid bilayers formed therein. Comparing Figure 16A and Figure 16B, with the introduction
of an osmotic imbalance between the salt buffer solution above and below the lipid membrane, even with fewer salt
buffer solution flow cycles, a high majority of the cells in the nanopore based sequencing chip have lipid bilayers detected.

Claims

1. A method of forming a plurality of lipid bilayers over an array of cells in a nanopore based sequencing chip, each
of the cells comprising a well, the method comprising:

Flowing (1102) a first salt buffer solution with a first osmolarity over a cell in the nanopore based sequencing
chip to substantially fill a well in the cell with the first salt buffer solution;
Flowing (1104) a lipid and solvent mixture over the cell to deposit a lipid membrane over the well that encloses
the first salt buffer solution in the well;
characterized in that it further comprises:
flowing (1106) a second salt buffer solution with a second osmolarity above the well to reduce the thickness of
the lipid membrane, wherein the second osmolarity is a lower osmolarity than the first osmolarity such that an
osmotic imbalance is created between a first volume inside the well and a second volume outside the well.

2. The method of claim 1, wherein the osmotic imbalance causes water to diffuse through the lipid membrane into the
well and causes the lipid membrane to bow upwards.

3. The method of claim 1, further comprising applying (1108) a lipid bilayer initiating stimulus to facilitate creation of a
small lipid bilayer on the lipid membrane.
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4. The method of claim 3, wherein the step of applying (1108) the lipid bilayer initiating stimulus is performed in a
number of cycles over time, and wherein the lipid bilayer initiating stimulus level is adaptable in the number of cycles.

5. The method of claim 3, wherein the lipid bilayer initiating stimulus comprises a vibration stimulus.

6. The method of claim 5, wherein applying the vibration stimulus comprises generating waves in the second volume
outside the well.

7. The method of claim 3, wherein the lipid bilayer initiating stimulus comprises an electrical stimulus.

8. The method of claim 1, wherein the step of flowing (1106) the second salt buffer solution with the second osmolarity
above the well is performed in a number of cycles over time, and wherein the second osmolarity is progressively
increased in the number of cycles.

9. An apparatus for forming a plurality of lipid bilayers over an array of cells in a nanopore based sequencing chip, the
system comprising:

a nanopore based sequencing chip comprising an array of cells, each of the cells comprising a well;
a flow chamber coupled to the nanopore based sequencing chip; and
a processor or a circuitry configured to cause the apparatus to execute the steps of:

flow (1102) a first salt buffer solution with a first osmolarity over a cell in the nanopore based sequencing
chip to substantially fill a well in the cell with the first salt buffer solution;
flow (1104) a lipid and solvent mixture over the cell to deposit a lipid membrane over the well that encloses
the first salt buffer solution in the well; and

characterized in that it is further configured to:
flow (1106) a second salt buffer solution with a second osmolarity above the well to reduce the thickness of the
lipid membrane, wherein the second osmolarity is a lower osmolarity than the first osmolarity such that an
osmotic imbalance is created between a first volume inside the well and a second volume outside the well.

10. The apparatus of claim 9, wherein the osmotic imbalance causes water to diffuse through the lipid membrane into
the well and causes the lipid membrane to bow upwards.

11. The apparatus of claim 9, wherein the processor or the circuitry is further configured to cause the apparatus to
execute the step of apply (1108) a lipid bilayer initiating stimulus to facilitate creation of a small lipid bilayer on the
lipid membrane.

12. The apparatus of claim 11, wherein the processor or circuitry is further configured to cause the apparatus to execute
the step of applying (1108) the lipid bilayer initiating stimulus in a number of cycles over time, and wherein the
processor or circuitry is further configured to cause the apparatus to adapt the lipid bilayer initiating stimulus level
in the number of cycles.

13. The apparatus of claim 11, wherein the lipid bilayer initiating stimulus comprises a vibration stimulus.

14. The apparatus of claim 11, wherein the lipid bilayer initiating stimulus comprises an electrical stimulus.

15. The system of claim 9, wherein the processor or circuitry is further configured to cause the apparatus to execute
the step of flowing the second salt buffer solution with the second osmolarity above the well in a number of cycles
over time, and wherein the processor or circuitry is further configured to cause the apparatus to progressively
increase the second osmolarity in the number of cycles.

Patentansprüche

1. Verfahren zum Bilden einer Vielzahl von Lipid-Doppelschichten über einer Anordnung von Zellen in einem Nano-
poren-basierten Sequenzierungschip, wobei jede der Zellen eine Vertiefung umfasst, wobei das Verfahren Folgen-
des umfasst:
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Fließenlassen (1102) einer ersten Salzpufferlösung mit einer ersten Osmolarität über eine Zelle in dem Nano-
poren-basierten Sequenzierungschip, um eine Vertiefung in der Zelle mit der ersten Salzpufferlösung im We-
sentlichen zu füllen;
Fließenlassen (1104) eines Lipid- und Lösungsmittel-Gemisches über die Zelle, um eine Lipidmembran über
der Vertiefung abzulagern, die die erste Salzpufferlösung in der Vertiefung einschließt;
dadurch gekennzeichnet, dass es ferner Folgendes umfasst:
Fließenlassen (1106) einer zweiten Salzpufferlösung mit einer zweiten Osmolarität über die Vertiefung, um die
Dicke der Lipidmembran zu verringern, wobei die zweite Osmolarität eine geringere Osmolarität ist als die erste
Osmolarität, so dass ein osmotisches Ungleichgewicht zwischen einem ersten Volumen in der Vertiefung und
einem zweiten Volumen außerhalb der Vertiefung erzeugt wird.

2. Verfahren nach Anspruch 1, wobei das osmotische Ungleichgewicht verursacht, dass Wasser durch die Lipidmem-
bran in die Vertiefung diffundiert und sich die Lipidmembran nach oben wölbt.

3. Verfahren nach Anspruch 1, ferner umfassend das Ausüben (1108) eines eine Lipid-Doppelschicht initiierenden
Stimulus, um die Erzeugung einer kleinen Lipid-Doppelschicht auf der Lipidmembran zu erleichtern.

4. Verfahren nach Anspruch 3, wobei der Schritt des Ausübens (1108) des die Lipid-Doppelschicht initiierenden Sti-
mulus in mehreren Zyklen über die Zeit erfolgt, und wobei die Stärke des die Lipid-Doppelschicht initiierenden
Stimulus in den mehreren Zyklen angepasst werden kann.

5. Verfahren nach Anspruch 3, wobei der die Lipid-Doppelschicht initiierende Stimulus einen Vibrationsstimulus um-
fasst.

6. Verfahren nach Anspruch 5, wobei das Ausüben des Vibrationsstimulus das Erzeugen von Wellen in dem zweiten
Volumen außerhalb der Vertiefung umfasst.

7. Verfahren nach Anspruch 3, wobei der die Lipid-Doppelschicht initiierende Stimulus einen elektrischen Stimulus
umfasst.

8. Verfahren nach Anspruch 1, wobei der Schritt des Fließenlassens (1106) der zweiten Salzpufferlösung mit der
zweiten Osmolarität über die Vertiefung in mehreren Zyklen über die Zeit erfolgt, und wobei die zweite Osmolarität
progressiv in den mehreren Zyklen erhöht wird.

9. Apparat zum Bilden einer Vielzahl von Lipid-Doppelschichten über einer Anordnung von Zellen in einem Nanoporen-
basierten Sequenzierungschip, wobei das System Folgendes umfasst:

einen Nanoporen-basierten Sequenzierungschip, umfassend eine Anordnung von Zellen, wobei jede der Zellen
eine Vertiefung umfasst;
eine an den Nanoporen-basierten Sequenzierungschip gekoppelte Fließkammer; und
einen Prozessor oder eine Schaltung, der/die ausgebildet ist, den Apparat zu veranlassen, die folgenden Schritte
auszuführen:

Fließenlassen (1102) einer ersten Salzpufferlösung mit einer ersten Osmolarität über eine Zelle in dem
Nanoporen-basierten Sequenzierungschip, um eine Vertiefung in der Zelle mit der ersten Salzpufferlösung
im Wesentlichen zu füllen;
Fließenlassen (1104) eines Lipid- und Lösungsmittel-Gemisches über die Zelle, um eine Lipidmembran
über der Vertiefung abzulagern, die die erste Salzpufferlösung in der Vertiefung einschließt; und

dadurch gekennzeichnet, dass es ferner konfiguriert ist:
eine zweite Salzpufferlösung mit einer zweiten Osmolarität über die Vertiefung fließen zu lassen (1106), um
die Dicke der Lipidmembran zu verringern, wobei die zweite Osmolarität eine geringere Osmolarität ist als die
erste Osmolarität, so dass ein osmotisches Ungleichgewicht zwischen einem ersten Volumen in der Vertiefung
und einem zweiten Volumen außerhalb der Vertiefung erzeugt wird.

10. Apparat nach Anspruch 9, wobei das osmotische Ungleichgewicht verursacht, dass Wasser durch die Lipidmembran
in die Vertiefung diffundiert und dass sich die Lipidmembran nach oben wölbt.
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11. Apparat nach Anspruch 9, wobei der Prozessor oder die Schaltung ferner konfiguriert ist, den Apparat zu veranlassen,
den Schritt des Ausübens (1108) eines eine Lipid-Doppelschicht initiierenden Stimulus auszuführen, um die Erzeu-
gung einer kleinen Lipid-Doppelschicht auf der Lipidmembran zu erleichtern.

12. Apparat nach Anspruch 11, wobei der Prozessor oder die Schaltung ferner konfiguriert ist, den Apparat zu veran-
lassen, den Schritt des Ausübens (1108) des die Lipid-Doppelschicht initiierenden Stimulus in mehreren Zyklen
über die Zeit auszuführen, und wobei der Prozessor oder die Schaltung ferner konfiguriert ist, den Apparat zu
veranlassen, die Stärke des die Lipid-Doppelschicht initiierenden Stimulus in den mehreren Zyklen anzupassen.

13. Apparat nach Anspruch 11, wobei der die Lipid-Doppelschicht initiierende Stimulus einen Vibrationsstimulus umfasst.

14. Apparat nach Anspruch 11, wobei der die Lipid-Doppelschicht initiierende Stimulus einen elektrischen Stimulus
umfasst.

15. System nach Anspruch 9, wobei der Prozessor oder die Schaltung ferner konfiguriert ist, den Apparat zu veranlassen,
den Schritt des Fließenlassens der zweiten Salzpufferlösung mit der zweiten Osmolarität über die Vertiefung in
mehreren Zyklen über die Zeit auszuführen, und wobei der Prozessor oder die Schaltung ferner konfiguriert ist, den
Apparat zu veranlassen, die zweite Osmolarität in den mehreren Zyklen progressiv zu erhöhen.

Revendications

1. Procédé de formation d’une pluralité de bicouches lipidiques par-dessus un réseau de cellules dans une puce de
séquençage à base de nanopores, chacune des cellules comprenant un puits, le procédé comprenant :

la circulation (1102) d’une première solution tampon saline avec une première osmolarité par-dessus une cellule
dans la puce de séquençage à base de nanopores pour remplir substantiellement un puits de la cellule avec
la première solution tampon saline ;
la circulation (1104) d’un mélange de lipide et de solvant par-dessus la cellule pour déposer une membrane
lipidique par-dessus le puits qui renferme la première solution tampon saline dans le puits ;
caractérisé en ce qu’il comprend en outre :
la circulation (1106) d’une seconde solution tampon saline avec une seconde osmolarité au-dessus du puits
pour réduire l’épaisseur de la membrane lipidique, dans laquelle la seconde osmolarité est une osmolarité
inférieure à la première osmolarité de sorte qu’un déséquilibre osmotique est créé entre un premier volume à
l’intérieur du puits et un second volume à l’extérieur du puits.

2. Procédé selon la revendication 1, dans lequel le déséquilibre osmotique provoque la diffusion d’eau à travers la
membrane lipidique dans le puits et provoque la courbure de la membrane lipidique vers le haut.

3. Procédé selon la revendication 1, comprenant en outre l’application (1108) d’un stimulus initiant la bicouche lipidique
pour faciliter la création d’une petite bicouche lipidique sur la membrane lipidique.

4. Procédé selon la revendication 3, dans lequel l’étape d’application (1108) du stimulus initiant la bicouche lipidique
est mise en œuvre en un certain nombre de cycles temporels, et dans lequel le niveau du stimulus initiant la bicouche
lipidique peut être adapté au cours du certain nombre de cycles.

5. Procédé selon la revendication 3, dans lequel le stimulus initiant la bicouche lipidique comprend un stimulus de
vibration.

6. Procédé selon la revendication 5, dans lequel l’application du stimulus de vibration comprend la génération d’ondes
dans le second volume à l’extérieur du puits.

7. Procédé selon la revendication 3, dans lequel le stimulus initiant la bicouche lipidique comprend un stimulus élec-
trique.

8. Procédé selon la revendication 1, dans lequel l’étape de circulation (1106) de la seconde solution tampon saline
avec la seconde osmolarité au-dessus du puits est mise en œuvre en un certain nombre de cycles temporels, et
dans lequel la seconde osmolarité est progressivement augmentée au cours du certain nombre de cycles.
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9. Appareil de formation d’une pluralité de bicouches lipidiques par-dessus un réseau de cellules dans une puce de
séquençage à base de nanopores, le système comprenant :

une puce de séquençage à base de nanopores comprenant un réseau de cellules, chacune des cellules com-
prenant un puits ;
une chambre de circulation couplée à la puce de séquençage à base de nanopores ; et
un processeur ou un circuit configuré pour provoquer l’exécution par l’appareil des étapes de :

circulation (1102) d’une première solution tampon saline avec une première osmolarité par-dessus une
cellule dans la puce de séquençage à base de nanopores pour remplir substantiellement un puits de la
cellule avec la première solution tampon saline ;
circulation (1104) d’un mélange de lipide et de solvant par-dessus la cellule pour déposer une membrane
lipidique par-dessus le puits qui renferme la première solution tampon saline dans le puits ; et

caractérisé en ce qu’il est en outre configuré pour :
la circulation (1106) d’une seconde solution tampon saline avec une seconde osmolarité au-dessus du puits
pour réduire l’épaisseur de la membrane lipidique, dans laquelle la seconde osmolarité est une osmolarité
inférieure à la première osmolarité de sorte qu’un déséquilibre osmotique est créé entre un premier volume à
l’intérieur du puits et un second volume à l’extérieur du puits.

10. Appareil selon la revendication 9, dans lequel le déséquilibre osmotique provoque la diffusion d’eau à travers la
membrane lipidique dans le puits et provoque la courbure de la membrane lipidique vers le haut.

11. Appareil selon la revendication 9, dans lequel le processeur ou le circuit est en outre configuré pour provoquer
l’exécution par l’appareil de l’étape d’application (1108) d’un stimulus initiant la bicouche lipidique pour faciliter la
création d’une petite bicouche lipidique sur la membrane lipidique.

12. Appareil selon la revendication 11, dans lequel le processeur ou le circuit est en outre configuré pour provoquer
l’exécution par l’appareil de l’étape d’application (1108) du stimulus initiant la bicouche lipidique en un certain nombre
de cycles temporels, et dans lequel le processeur ou le circuit est en outre configuré pour provoquer l’adaptation
par l’appareil du niveau du stimulus initiant la bicouche lipidique au cours du certain nombre de cycles.

13. Appareil selon la revendication 11, dans lequel le stimulus initiant la bicouche lipidique comprend un stimulus de
vibration.

14. Appareil selon la revendication 11, dans lequel le stimulus initiant la bicouche lipidique comprend un stimulus
électrique.

15. Système selon la revendication 9, dans lequel le processeur ou le circuit est en outre configuré pour provoquer
l’exécution par l’appareil de l’étape de circulation de la seconde solution tampon saline avec la seconde osmolarité
au-dessus du puits en un certain nombre de cycles temporels, et dans lequel le processeur ou le circuit est en outre
configuré pour provoquer l’augmentation progressive de la seconde osmolarité au cours du certain nombre de cycles.
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