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WHAT IS CLAIMED IS:

i A device, comprising:

a middle well comprising a fhadic tunnel;

a cis well assoctated with a cis electrode, wherein a first nanoscale opening 18
disposed between the cis well and the maddle well;

a trans well associated with a trans electrode, wherein a second nanoscale
opening is disposed between the trans well and the middle well;, and

a field effect transistor {(FET) positioned between the first nanoscale opening
and the second nanoscale opening, the FET comprising:

a source, a drain, and a channel connecting the source to the drain,
wherein the channel comprises a gate oxide layer having an upper surface
fluidically exposed to the nuddle well,
wherein the middle well fluidically connects the cis well to the trans well, and

wherein the fluidic tunnel extends through the channel.

2. A device, comprising:

a middle well comprising a fluidic tunnel;

a cis well associated with a cis electrode, wherein a first nanoscale opening 13
disposed between the cis well and the middle well;

a trans well associated with a trans electrode, wherein a second nanoscale
opening 18 disposed between the trans well and the middle well; and

a field effect transistor (FET) positioned between the first nanoscale opening
and the second nanoscale opening, the FET comprising:

a source, a drain, and a channel connecting the source to the drain,

wherein the channel comprises a gate oxide layer having an upper surface and

a lower surface, the surfaces fluidically exposed to the middle well,

wherein the middle well fluidically connects the cis well to the trans well, and

wherein the flidic tunnel extends through the channel.

3. A device, coraprising:

a middle well comprising a fluidic tuonel;
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a cis well associated with a cis electrode, wherein a first nanoscale opening is
disposed between the cis well and the middle well;

a trans well associated with a trans electrode, wherein a porous siructure 1s
disposed between the trans well and the middie well; and

a field effect transistor (FET) positioned between the first nanoscale opening
and the porous structure, the FET comprising:

a source, a drain, and a channel connecting the source to the drain,
wherein the channel comprises a gate oxide layer having an upper surface
fluidically exposed to the middle well,
wherein the middle well fluidically connects the cis well to the trans well, and

wherein the fluidic tunnel extends through the channel

4, A device, comprising:

a middle well comprising a fluidic tunnel;

a cis well associated with a cis electrode, wherein a first nanoscale opening is
disposed between the cis well and the middle well;

a trans well associated with a trans electrode, wherein a second nanoscale
opening is disposed between the trans well and the nuddle well; and

a field effect transistor (FET) positioned between the first nanoscale opening
and the second nanoscale opening, the FET comprising:

a source, a drain, and a channel connecting the source to the dran,
wherein the chanonel comprises a gate oxide layer having an upper surface
fluidically exposed to the nuddle well,
wherein the middie well flmdically connects the cis well to the trans well, and

wherein the fluidic tunnel does not extend through the chanuel.

5. A device, comprising:

a middle well comprising a fluidic tunnel;

a ois well associated with a cis electrode, wherein a first nanoscale opening 18
disposed between the ¢is well and the muddle well;
a trans well associated with a trans elecirode, wherein a second nanoscale

opening 15 disposed between the trans well and the middle well; and
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a field effect transistor (FET) positioned between the first nanoscale opening
and the second nanoscale opening, the FET comprising:
a source, a drain, and a channel connecting the source to the drain,
wherein the channel comprises a gate oxide laver having an upper surface and
a lower surface, the surfaces fluidically exposed to the nuddle well,
wherein the middle well fluidically connects the cis well to the trans well, and

wherein the fluidic tunnel does not extend through the channel.

& A device, comprising:

a middle well comprising a fhudic tunnel;

a cis well associated with a cis electrode, wheretn a first nanoscale opening is
disposed between the cis well and the maddle well;

a trans well associated with a trans electrode, wherein a porous structure is
disposed between the trans well and the middle well; and

a field effect transistor (FET) positioned between the first nanoscale opening
and the porous structure, the FET comprising:

a source, a drain, and a channel connecting the source to the drain,
wherein the channel comprises a gate oxide layer having an upper surface
fluidically exposed to the nuddle well,
wherein the middle well flutdically connects the ¢is well 1o the trans well, and

wherein the fluidic tunnel does not extend through the channel

7. The device as defined in any of claims 1-6, wheremn the FET is a nanowire
fransistor.
8. The device as defined in claim 7, wherein the channel has a length along a

direction from the source to the drain, a height along a direction from the cis electrode to the
trans electrode, and a width along a direction at least substantially orthogonal to both the length

and the height, and wherein the length s at least about 10 times the width or the height.

9. The device as defined in claim 8, wherein an intersection between the fluidic

tunnel and the channel in a plane defined by the length and the width is disc shaped.

68



WO 2022/005780 PCT/US2021/038125

10. The device as defined in any of claims 1-6, wherein the FET is a nanosheet
transistor.
It The device as defined in claim 10, wherein the channel has a length along a

direction from the source to the drain, a height along a direction from the ¢is electrode to the
trans electrode, and a width along a direction at least partially orthogonal to both the length
and the height, wherein the length is at least about 5 times the height, and wherein the width is

at least about 5 times the height.

12. The device as defined in clatm 11, wherein an intersection between the fluidic

tunnel and the channel in a plane defined by the length and the width 1s oblong shaped.

13, The device as defined in any of claims 1-6, wherein the FET further comprises
a plurality of channels, wherem each of the plurality of channels comprises a gate oxade layer
having an upper surface and a lower surface fhudically exposed to the middle well, and whereimn

the fhudic tunnel extends through each of the plurality of channels.

14, The device as defined in claim 3 or claim 6, wherem the porous siructure

comprises a S{COH film.

s, The device as defined m any of claims 1-6, further comprising a membrane
positioned between the cis well and the muddle well, wherein the first nanoscale opening

extends through the membrane.

16 The device as defined n claim 15, wherein the membrane is selected from the

group consisting of a lipid and a biormimetic equivalent of a hpid.

17 The device as defined in claim 15, wherein the first nanoscale opening extends
through: a polynucleotide nanopore; a polypeptide nanopore; or a carbon nanotube, disposed

i the membrane.

£8 The device as defined in claim 15, wherein the membrane s a synthetic

membrane, and wherein the first nanoscale opening 1s a solid-state nanopore,
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19, The device as defined in any of claims 1-6, wherein the device comprises a

nanoepore sequencor.

20. The device as defined n any of claims 1-6, wherein the gate oxide layer has a

thickness between about 1 to about 10 am.

21 The device as defined n any of claims 1-6, wherein the gate oxide layer has a

thickness between about 2 and about 4 um.

22. The device as defined mn ¢laims 1, 2, or 3, wherein the gate oxide layer further

comprises a vertical surface fluidically exposed to the fluidic tunnel,

23. An array of a plurality of the vanopore sequencers as defined m claum 19,
wherein

each of the plurality of the nanopore sequencers shares a common cis electrode
and a common trans electrode; or

each of the plurality of the nanopore sequencers has a distinct ais electrode and
a distinet trans electrode; or

each of the plurality of the nanopore sequencers shares a common cis electrode
and has a distinet trans elecirode; or

each of the plurality of the nanopore sequencers has a distinct ¢is electrode and

shares a common frans elecirode.

24 A method of using the device as defined n any of claims 1-6, the method
comprising;

introducing an electrolyte into each of the cis well, the trans well, the muddle
well and the fluidic tunnel of the device;

applying a voltage bias between the cis electrode and the trans electrode,
wherein an electrical resistance of the first nanoscale opening varies in response to an
identity of bases m a polynucleotide at the first nanoscale opening, and wherein a
potential of the electrolyte in the fluidic tunnel varigs in response to the variation in

electrical resistance of the first nanoscale opening; and

70



WO 2022/005780 PCT/US2021/038125

measuring a response of the FET as a function of bases in the polynucleotide at

the first nanoscale opening, to identify the bases in the polynucleotide.

25.  The method as defined in claim 24, wherein measuring the response of the FET
comprises measuring.
a source-drain current; or
a potential at the source, the drain, or both the source and the drain; or
a resistance of the channel; or

any combinations thereof.

20. A device, comprising:

a muddle well;

a cis well associated with a cis electrode, wherein a first nanoscale opening is
disposed between the ¢is well and the middle well;

a trans well associated with a trans electrode, wherein a second nanoscale
opening s disposed between the trans well and the middie well; and

a field effect transistor (FET) positioned between the first nancscale opening
and the second nanoscale opening, the FET comprising:

a source, a drain, and a channel connecting the source to the drain,
wherein the source, drain and channel are vertically stacked, and wherein the
channel comprises a gate oxide layer having a vertical surface fluidically
exposed to the middle well,
wherein the middle well fluidically connecis the cis well to the trans well, and
wherein the vertical direction 1s a direction from the cis electrode to the trans

electrode.

27. A device, comprising:

a middle well;

a ¢is well associated with a cis electrode, wherein a first nanoscale opening is
disposed between the cis well and the middle well;

a trans well associated with a trans electrode, wherein a porous structure is

disposed between the trans well and the maddle well; and
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a field effect transistor (FET) positioned between the first nanoscale opening
and the porous structure, the FET comprising:

a source, a drain, and a channel connecting the source to the drain,
wherein the source, drain and channel are vertically stacked, and wherein the
channel comprises a gate oxide layer having a vertical surface fluidically
exposed to the middle well,
wherein the middle well fluidically connects the cis well to the trans well, and

wherein the vertical direction is a direction from the cis electrode to the trans

electrode.

28.  The device as defined in any of claims 26 or 27, wherein the FET is a nanowire
transistor.

29. The device as defined i any of claims 26 or 27, wherein the FET is a nanosheet
fransistor.

30. device as defined 1 any of claims 26 or 27, wherein the FET further comprises

a plurality of channels, wherein each of the plurality of channels comprises a gate oxade layer

having two additional vertical surfaces fluidically exposed to the middle well.

31 The device as defined n claim 27, wherein the porous structure comprises a
SiCOH film.
32, The device as defined in any of clanms 26 or 27, further comprising a membrane

positioned between the cis well and the muddle well, wherein the first nanoscale opening

extends through the membrane.

33 The device as defined in claim 32, wherein the membrane 18 selecied from the

group consisting of a lipid and a biomumetic equivalent of a lipid.

34, The device as defined i claim 32, wheremn the first nanoscale opening extends
through: a polynucleotide nanopore; a polypeptide nanopore; or a carbon nanotube, disposed

n the membrane.
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35 The device as defined in claim 32, wherein the membrane 18 a synthetic

3

membrane, and wherein the first nanoscale opening is a solid-state nanopore.

36, The device as defined in any of claims 26 or 27, wherein the gate oxide layer

has a thickness between about 1 to about 10 nm.

37. The device as defined in any of claims 26 or 27, wheren the gate oxide layer

has a thickness between about 2 and about 4 nm.

38 The device as defined in any of clatms 26 or 27, wherein the device comprises

4 BanOPpOre sequencey.

39 An array of a plurality of the vanopore sequencers as defined n clann 38,
wherein:

each of the plurality of the nanopore sequencers shares a common cis electrode
and a common trans electrode; or

each of the plurality of the nanopore sequencers has a distinct ¢is electrode and
a distinet trans electrode; or

each of the plurality of the nanopore sequencers shares a common cis electrode
and has a distinct trans elecirode; or

each of the plurality of the nanopore sequencers has a distinct ais electrode and

shares a common frans electrode.

40, A method of using the device as defined m any of claims 26 or 27, the method
comprising:

introducing an electrolyte into each of the cis well, the trans well, and the
middle well of the device;

applying a voltage bias between the ¢is electrode and the frans electrode,
wherein an electrical resistance of the first nanoscale opening varies in response to an
identity of bases m a polvnucleotide at the first nanoscale opening, and wherein a
potential of the electrolyte in the middie well varies in response to the vanation in

electrical resistance of the first nanoscale opening; and
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measuring a response of the FET as a function of bases in the polynucleotide at

the first nanoscale opening, to identify the bases in the polynucleotide.

41, The method as defined in claim 40, wherein measuring the response of the FET
comprises measuring.
a source-drain current; or
a potential at the source, the drain, or both the source and the drain; or
a resistance of the channel; or

any combinations thereof.

42, A device, comprising:

a muddle well;

a cis well associated with a cis electrode, wherein a first nanoscale opening is
disposed between the ¢is well and the middle well;

a trans well associated with a trans electrode, wherein a second nanoscale
opening s disposed between the trans well and the middie well; and

a field effect transistor (FET) positioned between the first nancscale opening
and the second nanoscale opening, the FET comprising:

a source, a drain, and a channel connecting the source to the drain,
wherein the channel comprises a gate oxide layer operably connected to a metal
structure,
wherein the middle well fluidically connects the cis well to the trans well, and
wherein the metal structure has at least one surface fluidically exposed to the

middie well.

43 A device, comprising:

a middle well;

a cis well associated with a cis electrode, wherein a first nanoscale opening 13
disposed between the ¢is well and the middle well;

a trans well associated with a trans electrode, wherein a porous structure is

disposed between the trans well and the muddle well; and
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a field effect transistor (FET) positioned between the first nanoscale opening
and the porous structure, the FET comprising:

a source, a drain, and a channel connecting the source to the drain,
wherein the channel comprises a gate oxide layer operably connected to a metal
structure,
wherein the middle well fluidically connects the cis well to the trans well, and
wherein the metal structure has at least one surface fhudically exposed to the

middle well.

44, The device as defined in any of claims 42 or 43, wherem the gate oxide layer 1s

not fluidically exposed.

45, The method as defined in any of claims 42 or 43, wherein the at least one

fluidically exposed surface of the metal stracture 1s formed of a corrosion-resistant material.

46, device as defined i any of claims 42 or 43, wherein the metal structure has at
least one partially vertical surface, least two partially vertical surfaces, at least one partally
horizonial surface, at least two partially horizontal surfaces, or any combination thereof,
fluidically exposed to the muddle well, wherein the vertical direction is a direction from the cis
electrode to the trans electrode, and wherein the horizontal direction is orthogonal o the

vertical direction.

47 device as defined in any of claims 42 or 43, wherein the metal structure has at

least one cup-shaped substructure fluidically exposed to the middle well

48.  device as defined m any of claims 42 or 43, wherein the portion of the metal

structure fluidically exposed to the middle well comprises at least one hole or opening.

49, device as defined i any of claims 42 or 43, wherein the portion of the metal

structure fluidically exposed to the middie well comprises at least two holes or openings.

50. The device as defined 1n any of claims 42 or 43, wherem the FET 15 a nanowire

fransistor.
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51 The device as defined in claim 50, wherein the channel has a length along a
direction from the source to the drain, a height along a direction at least partially orthogonal to
the length, and a width along a direction at least partially orthogonal fo both the length and the

height, wherein the length s at least about 10 times the width or the height.

52, Thedeviceas defined in any of claims 42 or 43, wherein the FET s a nanosheet
transistor.
53. The device as defined in claim 52, wherein the channel has a length along a

direction from the source to the drain, a height along a direction at least substantially
orthogonal to the length, and a width along a direction at least partially orthogonal to both the
length and the height, wherein the length s at least about 5 times the height, and wherein the

width s at feast about 5 times the height.

54 The device as defined 1n claim 43, wherein the porous structure comprises a
S:COH film,
55, The device as defined in any of ¢laims 42 or 43, further comprising a membrane

positioned between the cis well and the middle well, wherein the first nanoscale opening

extends through the membrane.

56. The device as defined n claim 55, wherein the membrane is selected from the

group consisting of a lipid and a biormimetic equivalent of a hipid.

57. The device as defined in claim 55, wheremn the {irst nanoscale opening extends
through: a polynucleotide nanopore; a polypeptide nanopore; or a carbon nanotube, disposed

i the membrane.

58, The device as defined in claim 35, wherein the membrane 15 a synthstic

membrane, and wheremn the first nanoscale opening 1s a sohd-state nanopore,

3G The device as defined i any of claims 42 or 43, wherein the gate oxide layer

has a thickness between about 1 to about 10 nm.

76



WO 2022/005780 PCT/US2021/038125

60. The device as defined in any of claims 42 or 43, wherein the gate oxide layer

has a thickness between about 2 and about 4 nm.

61, The device as defined in any of claims 42 or 43, wherein the device comprises

4 BNANOPOre sequencey.

62. Aun array of a plurality of the nanopore sequencers as defined in claim 61,
wherein

each of the plurality of the nanopore sequencers shares a common cis electrode
and a common trans electrode; or

each of the plurality of the nanopore sequencers has a distinet ais electrode and
a distinct trans electrode; or

each of the plurality of the nanopore sequencers shares a common cis electrode
and has a distinct trans elecirode; or

each of the plurality of the nanopore sequencers has a distinct ¢is electrode and

shares a common frans elecirode.

63. A method of using the device as defined in any of claims 42 or 43, the method
comprising:

itroducing an electrolyte into each of the cis well, the trans well, and the
middle well of the device;

applying a voltage bias between the c¢is electrode and the trans electrode,
wherein an electrical resistance of the first nanoscale opening varies in response to an
wdentity of bases in a polynucleotide at the first nanoscale opening, and wherein a
potential of the electrolyte n the middle well varies in response to the variation in
electrical resistance of the first nanoscale opening; and

measuring a response of the FET as a function of bases 1n the polynucleotide at

the first nanoscale opening, to identify the bases in the polynucleotide.

64, The method as defined in claim 63, wherein measuring the response of the FET
COMPrises measuring:
a source-drain current; or

a potential at the source, the drain, or both the source and the drain; or
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a resistance of the channel; or

any combinations thereof.

65. The method as defined in claim 63, wherein no electrochemical reaction occurs

at the at least one fhidically exposed surface of the metal structure.

78



