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CLAIMS

1. A device for sensing local chemical or electrical perturbations in a fluid, the device com
one or more sensors configured to detect a change in one or more of impedance, charge, pH,
and temperature of a fluid proximal to a chemical or biological reaction on a reaction carrief, to thereby
generate a signal indicative of said biological or chemical reaction;
a supporting substrate comprising a fluidic channel configured to pass a fluid cdmprising
reaction substrates or biological materials over the reaction carrier,
at least two electrodes,
wherein the electrodes measuring a steady state change in the environphent proximate to a
reaction event, and optionally measuring at least one transient event,
wherein the shape and/or proximity of at least one sensor relative Xo the reaction carrier
substantially increases said change in impedance, charge, pH, and/or terdperature relative to said fluid.

2. The device of claim 1, wherein the steady state change is due 0 the modulation of the Debye layer
around the environment or the fluid proximal to the chemical or biological reaction.

3. The device of claim 1, wherein electrodes of at least gne sensor are within the Debye length of
the reaction carrier.

4. The device of claim 1 to 3, wherein the device j5 a substantially planar nanosensor array.

5. The device of claim 1 to 4, wherein the steddy state or transient change is due to a change in
ion concentration around the environment or the/fluid proximal to the chemical or biological reaction or
in proximity to the said electrodes.

6. The device of claim 5, wherein the
chemical reaction can be from the mobil

ange in ion concentration associated with the biological or
or fixed ions.

7. The device of any one of claims 1 to 6, wherein the reaction is a DNA sequencing reaction, and
the sensor measures impedance associated with incorporation of one or more nucleotides into a DNA
strand or a clonal population of DHA strands.

8. The device of any one/6f claims 1 to 6, wherein the reaction is an amplification of a
polynucleotide.

9. The device of any one of claims 1 to 8, wherein the chemical reaction involves target biological
material bound directly or indirectly to the reaction carrier.

10. The device6Of claim 9, wherein the reaction carrier is a bead.
11. The deyice of claim 10, wherein the bead is reversibly held proximate to the sensor.
12. The/device of claim 11, wherein the bead is held in a depression.

he device of claim 11 or 12, wherein the sensor electrodes form an arc substantially
ing to the edge of the depression and/or bead.
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14. The device of claim 11, wherein an electrode of at least one sensor positions the bead in a fix
location, and a second electrode of the sensor is in contact with the surface of the sensor undernea
the bead.

15. The device of claim 11, wherein two electrodes of at least one sensor are fabricated og'the
substrate underneath the bead, and form a slope substantially conforming to the shape of the bead.

16. The device of any one of claims 9 to 15, wherein the bead is magnetic.

17. The device of claim 16, wherein the bead is held by at least one of an electricl or magnetic
field.

18. The device of any one of claims 9 to 15, wherein the bead is held by a pHysical linker.

19. The device of any one of claims 1 to 18, wherein one or more electrgdes of the sensor are

shielded by a dielectric substrate.
20. The device of claim 19, wherein a portion of the electrodes is govered by a dielectric layer.

21. The device of claim 18, wherein a tip of one or more electrddes is coated with a thin dielectric
layer, or the tip of one or more electrodes remains uncovered by/a dielectric layer.

22. The device of any one of claims 1 to 21, wherein the Sensor operates in at least one of AC
" "mode, DC mode, or both.
23. The device of claim 22, wherein the supportingAubstrate comprises a ground layer.

24. The device of claim 22, wherein the groun
surrounded by a dielectric layer.

ayer is located above the electrodes and

25. The device of claim 23, wherein the
but not the receiving electrodes.

ound layer covers a portion of the transmitter electrodes

26. The device of any one of claims
associated with at least one electrode

to 25, further comprising at least one local capacitor

27. The device of any one of cldims 1 to 26, wherein the sensor is a nanobridge.
28. The device of claim 27 Avherein the nanobridge forms a ring structure around the bead.

29. The device of clai
noise ratio.

8, wherein the nanobridge ring size substantially increases the signal to

30. The device of/any one of claims 27 to 29, wherein the nancbridge comprises electrical
conductors that are/connected to heavily doped regions of said nanobridge.

31. The devite of any one of claims 1 to 26, wherein the nanosensor is a nanoneedle.

32. Thedevice of claim 31, wherein the nanoneedie forms a ring structure around the bead.

e device of any one of claims 1 to 32, further comprising a reference electrode.

The device of claim 33, further comprising a back gate.
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35. The device of claim 34, wherein the back gate is segmented.

36. The device of any one of claims 1 to 35, further comprising an integrator incorporated with
sensor. ,

37. The device of claim 36, wherein the integrator includes a capacitor associated with th¢/sensor.
38. The device of any one of claims 1 to 37, further comprising a plurality of readout ports,

optionally at one or more corners or sides of the supporting substrate.

39. The device of any one of claims 1 to 38, comprising at least one sensor selected from a Fin FET,
a nanoneedle, a nanobridge, an ISFET, a CHEMFET, a pH sensor, and a microcantil

40. The device of any one of claims 1 to 39, further comprising an enrichmgnt module to separate
reaction carriers comprising charged target molecules from reaction carriers Aot comprising charged
target molecules.

41. The device of claim 40, wherein the enrichment module comprises a microfluidic channel, a first
fluidic input configured for passing the reaction carriers, a second fluidic input configured for passing a
buffering solution, a first output port collecting reaction carriers wjth said charged target molecules, a
second output port collecting reaction carriers without said charged target molecules; and an electric
field generating component for directing the reaction carriers gomprising the charged target molecules
toward the first output port.

42, The device of claim 41, wherein there are a plur.
reaction carriers with said charged target molecules.

ity of output ports for the separation of

43, The device of claim any one of claims 41 to/42, wherein the electric field is generated
perpendicular to the flow path.

a4, The device of any one of claims 40 to43, wherein the charged target molecules are
polynucleoctides.

45. The device of any one of claimy/1 to 44, further comprising a plurality of electrodes associated
with each sensor, and configured to form a confinement cell by generation of an electric fieid.

46. The device of any one of glaims 1 to 45, further comprising a relaxation oscillator circuit
associated with said at least ong sensor.
47. A device for sensifg local chemical or electrical perturbations in a fluid, the device comprising:

one or more sepsors configured to detect a change in one or more of impedance, charge, pH,
and temperature of aAluid proximal to a chemical or biological reaction, to thereby generate a signal
indicative of said bjblogical or chemical reaction;

a supporfing substrate comprising a fluidic channel configured to pass a fluid comprising
reaction substrates or biological materials over the reaction carrier,

at least two electrodes,

erein the detection is through direct measurement of the impedance modulation between
electrodes, due to the modulation of the Debye layer or the change of mobile ion concentration
aroynd the biological molecules due to the said reaction in the solution between the said electrodes,
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wherein the shape and/or proximity of at least one sensor relative to the reaction carrier
substantially increases said change in impedance, charge, pH and/or temperature relative to said flujd.

48. A method for detecting a biological or chemical reaction, comprising: passing a bulk fluid
containing one or more reaction substrates or biological molecules in the device of any one of glaims 1
to 47, and measuring one or more of a change in pH, charge, impedance, and temperature.

49, The method of claim 48, wherein the reaction is a DNA sequencing reaction.

50. The method of claim 49, further comprising, adjusting voltage of the sensors ased on length of
the DNA on the reaction carriers.

51. The method of claim 50, wherein the sensor signals comprise steady stagfe impedance
measurements.

52. The method of claim 51, wherein buffer suitable for DNA synthesig'is supplied to the reaction for
nucleotide incorporation, followed by low ionic strength buffer for steady state impedance
measurements indicative of nucleotide incorporation.

53. The method of any one of claims 48 to 52, further compriging using a differential measurement
to remove noise from an output signal that results from said measurements.

54. The method of claim 53, wherein the differential m
reaction carriers as references.

surement utilizes one or a plurality of null

55. The method of claim 53, wherein the differentfal measurement utilizes an area in said device
that does not have a biological or chemical reaction 4s a reference.

56. The method of claim 53, wherein the différential measurement utilizes a sensor without a
reaction carrier as a reference.

57. The method of any one of claims 52 to 56 wherein the reaction carrier is a magnetic bead.

58. The method of claim 53, whereln the differential measurement utilizes an adjacent sensor as a
reference.

59. The method of any one of claim 53 to 58, wherein the differential measurement utilizes a sensor

area in said device as a referenge.

60. The method of any6ne of claims 53 to 59, further comprising using a cross-talk deconvolution
function matrix to removg noise from said output signal.

61. The method ¢of any one of claims 53 to 60, wherein the differential measurement is utilized
based on the time péquired for a reagent slug to traverse a flow cell.

device by synghronizing the readout of the sensor electronics with the movement of the reagent slug

through the/flow cell. ‘
device comprising:

a microfluidic channel,
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a first fluidic input configured for passing carrier beads,

a second fluidic input configured for passing a buffering solution,

a first output port collecting carrier beads with a higher c‘harge density,

a second output port collecting carrier beads having a lower charge density; and

an electric field generating component for directing the carrier beads having th# higher charge
" density toward the first output port.

64. The device of claim 63, wherein the higher charge density is due to associdted polynucleotides.
65.  The device of claim 64 wherein the polynucleotides are cional populagions of polynucleotides.
66. The device of any one of claims 63.or 65, wherein the electric field/As generated perpendicular to

the flow path.

67. The device of any one of claims 63 to 66, wherein the microffiidic channel is configured to
reduce electroosmotic flow.

68. The device of any one of claims 63 to 67, wherein the hlffered solution is configured to reduce
electroosmotic flow.

69. The device of any one of claims 63 to 68, whereir/the device is functionally coupled to a
nanosensor array.

70. The device of claim 69, wherein the carrier feads are magnetic beads.

71. The device of claim 70, wherein the nangsensor array comprises an array of magnetic regions
each configured to hold one of said beads in proximity to at least one sensor.

72. The device of claim 71, wherein eag€h sensor has a plurality of associated electrodes configured
to produce an electric field confinement/Cell.

- 73. A method for separating caryier beads having a higher charge density from carrier beads that
have a lower charge density, compfising: passing the carrier beads and the buffered solution along the
microfluidic channel of any one of claims 63 to 72, and applying the electric field to direct carrier beads
with a higher charge density toward the first output port.

74. A device for confingment or concentration of charged materials in a fluid, comprising:

a plurality of magnetic structures on a substrate, the magnetic structures configured for
retention of magneti¢ carriers;

a plurality’of electrodes configured for confinement of the charged materials proximate to the
magnetic structdre by an electric field; :

a sotirce supplying an electric signal that is connected to said at least one electrode for the
generatiof of an electric field, wherein the electric signal has a waveform that does not substantially
interferg with a chemical or biological reaction proximal to the magnetic carrier.
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75. The device of claim 74, wherein the waveform is a modified sinusoidal waveform with voltage
removed near the top of the sinusoid.

- 76. The device of claim 74 or 75, wherein the signal is interrupted from one to a plurality of imes
during a cycle.

77. . Thedevice of any one of claims 74 to 76, wherein the electric signal is at least one 4f a DC signal,
an AC signal, or a mixed signal with both AC and DC components.

78.  The device of claim 77, comprising one or more inner electrodes and one or phore outer
electrodes.
79. The device of claim 78, wherein the one or more inner electrodes have glternating positive and

negative charges.
80. The device of claim 78, wherein the one or more outer electrodeyhave a negative charge.

81. The device of any one of claims 74 to 80, wherein some portigh of the electrodes are covered
with a dielectric material.

82. The device of claim 81, wherein the tips of the electrodeg proximate to the magnetic carriers are
covered with a thin dielectric layer.

83. The device of any one of claims 74 to 82, wherein the device comprises a microfluidic channel.

84. The device of claim 83, wherein the channel height is at least 3-5 times the height of the
magnetic carrier.

85. The device of claim 83, wherein the magpétic structure is ferromagnetic or paramagnetic.
86. The device of claim 85, wherein the magnetic structure is magnetized with an adhesion layer.
87. The device of claim 85, wherein thé magnetic structure has a sandwich layer composition,
88. The device of claim 85, wherejf the sandwich layer is comprised of alternating layers of non-

magnetic and magnetic materials.

89. The device of claim 85, wherein the non-magnetic and magnetic materials are chromium and
platinum respectively.

90. The device of claimy85, wherein the magnetic structure further comprise at least one base layer.
91. The device of cldim 85, wherein the magnetic structures further comprise at least one oxide
layer.

92. The devicg of any one of claims 85 to 91, wherein a plurality of magnetic structures have sharp
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95. The device of any one of claims 74 to 92, wherein there are one or more magnets associated
with the microfiuidic channel and located across from the electrodes and the magnets associated wit
the electrodes.

96. The device of claim 95, wherein the magnet associated with the microfiuidic channel is
magnetic layer.

97. The device of any one of claims 74 to 96, further comprising a trench for the delivefy or removal
of charged materials and/or reaction substrates.

98. The device of claim 97, wherein the trench is associated with the carrier, maximizing the surface
area of the carrier available to the charged materials.

99, The device of any one of claims 74 to 98, wherein magnets are in conta€t with and located
above the electrodes.

100. The device of any one of claims 74 to 98, wherein magnets are iry/contact with and located
beneath the electrodes.

101. The device of any one of claims 74 to 100, wherein the chapged material is DNA.

102. The device of any one of claims 74 to 101, wherein the g#ectric field is dielectrophoretic or
electrophoretic.

103.  The device of any one of claims 74 to 102, further/Comprising a magnetic carrier retained by a
plurality of the one or more magnetic structures.

104.  The device of claim 103, wherein the magnefic carrier is a magnetic bead.
105. The device of claim 104, wherein the charged material confined is at least one of DNA or dNTP.
106. The device of claim 105, where in a Jérget biological molecule is bound to the carrier by a linker.

107.  Asystem comprising the device gf any one of claims 74 to 106, and the device of one or more of
claims 1 to 47, and/or the device of oné or more of claims 63 te 72.

108. A method for measuring thé profile of incorporation of DNA bases by a DNA polymerase,
comprising:

providing a primer region of a template DNA in a microfluidic chamber;

adding to the migfofiuidic chamber a DNA polymerase and at least one nucleotide for
incorporation;

measuring # steady state change in the environment proximate to an incorporation event, and
optionally measuring at least one transient event.

109.  The method of claim 108, comprising, measuring a change in environment selected from an
increase in the byproducts of the incorporation reaction, impedance of the fluid environment, pH, or
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110.  The method of claim 108, wherein nucleotide incorporation occurs in a buffer solution
containing ionic components required for nucleotide incorporation, and the steady state change is
measured in a low ionic strength buffer.

111.  The method of claim 110, comprising:

performing a sequencing reaction to the full length possible, melting off the extendéd primer
strand, introducing new primers, and proceeding with the synthesis reaction.

112. A method for performing a plurality of sequencing reactions in close proximig, comprising:
contacting components of said sequencing reaction with DNA templates spaced on/ carrier so as to
reduce steric hindrance.

113.  The method of claim 112, wherein the DNA templates are spaced by gontacting the templates
with a binding moiety that forms a complex with double stranded or singie gtranded DNA and said
moiety is larger than a polymerase, and contacting the spaced DNA templates with said polymerase
under nucleotide incorporation conditions.

114.  The method of claim 113, wherein the moieties are processwe polymerases.

115.  The method of any one of claims 108 to 114, wherein dNTPs are added one at a time, and
incorporation measured.

116. The rhethod of any one of claims 108 to 115, wherin parallel sequencing reactions proceed on
an array.

117.  The method of claim 116, wherein each reaction involves a sensor and a confinement cell, the
confinement cell formed by an electric field.

118.  The method of claim 116 or 117, whergin the sequencing reaction takes place on a bead array.

119.  The method of claim 118, wherein the beads are magnetic, and are held in proximity to the
sensors by magnetic structures.

120.  The method of claim 119, whérein sensor electrodes are within the Debye length of the bead.

121.  Asystem for polynucleotide sequencing, the system comprising a plurality of sensors adapted to
sense nucleotide incorporation Yo a plurality of polynucleotides, and a plurality of integrators, each of
the plurality of integrators codpled to one of the plurality of sensors and adapted to reduce noise in
each of the plurality of sensors.

122, The system of c)aim 121, wherein the system is adapted to measure accumulation of charge
instead of current.

123. A method/for reducing steric hindrance in DNA sequencing by sensing nucleotide incorporation
on DNA with a fjfst polymerase, the method comprising using a compound selected from a group of a
second polymérase which is larger than the first polymerase, and a protein or moiety that bounds to
DNA, such tHat the compound helps space out DNA and thereby reduce steric hindrance.

124. he method of claim 123, wherein the second polymerase is a processive polymerase.
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125. A method for reducing the effect of carbonic acid on pH measurement for sensing incorporati
of a nucleotide to a polynucleotide, the method comprising using two buffers to provide both suffici
buffering and low ionic strength at the same time.

126.  The method of claim 125, wherein the combined Tris and HEPES is used to contribute t
buffering.

127. A method for reducing charge from a polynucleotide carrier, the method comprisf
the amount of SO4 on the surface of the polynucleotide carrier.

128. A method for reducing charge from a polynucleotide carrier, the method ¢
amount of negative charge on the surface of the polynucleotide carrier.

129.  The method of claim 128, wherein the amount of negative charge is sifficient to reduce
polynucleotide or nucleotide binding to the surface of the polynucleotide cafrier, but not sufficient to
affect the dynamic range of a sensor coupled to the polynucleotide carrier.

130. A method for polynucleotide sequencing by sensing nucleotid# incorporation to a
polynucleotide, the method comprising providing four nucleotide oy/nucleotide analogs onto a
polynucleotide, wherein three of the four nucieotides or nucleotige analogs are unincorporable
nucleotide analogs.

131.  The method of claim 130 wherein the unincoprporaBle nucleotide or nuclectide analogues are
selected from a group of: PNA nucleotide, LNA nucleotide/adenine monophosphate, adenine

diphosphate, adenosine, deoxyadenosine, guanine mongphaosphate, guanine diphosphate, guanosine,
deoxyguanosine, thymine monephosphate, thymine diphosphate 5-Methluridine, thymidine, cytosine
diphosphate, uridine, and doexyuridin.

132.  The method of claim 130, wherein concgntration levels of nucleotides and nucleotide analogs is
matched to relative polymerase activity.

133.  The method of claim 130, whereiryconcentration level of unincorporable nucleotides or
nucieotide analogs is higher than conceptration level of equivalent polymerase binding efficiency for an
incorporable nucleotide.

134. A method for sensing nucléotide incorporation on a polynucleotide with a sensor, the method
comprising coupling to the sensgr a relaxation oscillator circuit to generate a clock signal with a
frequency proportional to the Aensor conductance.

135.  Amethod for using'reagents in polynucleotide sequencing, the method comprising using at least
two different reagents, wherein a first reagent is used at least for one of increasing polymerase accuracy
and reducing dephasing, and wherein a second reagent is used to increase accuracy of a sensing device.

136. Asystem
device adapted
second electr

r polynucleotide sequencing, the system comprising a substrate and a nano-needle
sense nucleotide incorporation to a polynucleotide, the nano-needle having first and
es, the first electrode being attached directly to the substrate, the second electrode

devide adapted to sense nucleotide incorporation to a polynucleotide, the nanc-needle having first and
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second electrodes, the first electrode being attached directly to the substrate or an adhesion layer, th
second electrode being situated above a dielectric layer, which dielectric layer covers the first electrdde.

capacitor to reduce at least one of an influence of a DC bias level from a driver circuit and a |éakage
from a chip sensor.

139.  Asystem for polynucleotide sequencing, the system comprising a nano-bridge gensor adapted
to sense nucleotide incorporation to a polynucleotide, the nano-bridge sensor having/an active area, the
active area partially encircling and being in immediate proximity of a polynucleotidé carrier.

140.  The system of claim 139, wherein the polynucleotide carrier is a bead.
141.  The system of claim 140, wherein the bead is a magnetic.

142.  The system of claim 139, wherein an inner portion of the active/area is within the Debye length
of the polynucleotide carrier.

143.  The system of claim 139, wherein the active area is smallef than a diameter of the
polynucleotide carrier

144.  Asystem for polynucleotide sequencing, the system/fomprising a nano-bridge sensor adapted
to sense nucleotide incorporation to a polynucleoctide, thefano-bridge sensor having an active area, the
active area being heavily doped to provide better electri¢al connection.

145.  Asystem for polynuclectide sequencing comfrising a plurality of nanosensors adapted to detect
one or more of charge, pH, and impedance change/caused by nucleotide incorporation to a
polynucleotide, the plurality of nanosensors haviig an additional reference electrode to provide high
dynamic range and high sensitivity.

146.  The system of claim 145, wherein 7 variable voltage may be impressed between the reference
electrode and an active area of plurality #f nanosensors.

147. _ The system of claim 145 whefein the plurality of sensors is one of a ChemFET and a non-bridge.

148. A method for polynuclegtide sequencing, the method comprising measuring nucleotide
incorporation to a polynucleotjde by measuring byproducts of the nucleotide incorporation.

149.  The method of claigh 148, wherein the byproducts include at least one of PPi and hydronium ion.

150.  The method of glaim 148, wherein a measurement of byproducts is performed significantly
during the nuclectidedncorporation.
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CLAIMS

1. A method for sequencing a nucleic acid sample, comprising:

a. providing a plurality of particles adjacent to a sensor array, wherein an individual
particle of said plurality of particles is positioned adjacent to an individual sensor of
said sensor array and is coupled to a nucleic acid molecule generated from said
nucleic acid sample;

b. hybridizing a primer to said nucleic acid molecule;

c. performing a primer extension reaction by contacting said nucleic acid molecule and
said primer with nucleotides in the presence of a polymerase; and

d. sequencing said nucleic acid sample by detecting steady state signals indicative of
individual incorporation events associated with said nucleotides.

2. The method of Claim 1, wherein said steady state signals are detected subsequent to each
of said individual incorporation events.

3. The method of Claim 1, wherein said steady signals are detected at a time period selected
such that each of said individual incorporation events has reached completion.

4, The method of Claim 1, further comprising performing said individual incorporation events in
the presence of a reaction buffer that is suitable for the completion of said individual incorporation
events, and performing said detecting in the presence of a measurement buffer that is suitable for
detecting said steady state signals.

5. The method of Claim 4, wherein said reaction buffer and said measurement buffer are
different buffers.

6. The method of Claim 4, wherein the conductivity of said measurement buffer is iower than
the conductivity of said reaction buffer.

7. The method of Claim 1, wherein said nucleic acid molecule is contacted with each of said
individual nucleotides one at a time.

8. The method of Claim 1, wherein said signals are indicative of impedance changes, charge
changes, ion concentration changes or conductivity changes accompanying said primer extension
reaction.

9. The method of Claim 1, wherein said individual sensor measures an impedance, charge, or

conductivity change within the Debye length of said individual particie or said nucleic acid molecule.
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10.  The method of Claim 1, wherein said individual sensor comprises at least two electrodes
that are electrically coupled to the Debye length of said individual particle or said nucleic acid
molecule.

11. The method of Claim 1, wherein said sequencing further comprises determining a sequence
of incorporation of said nucleotides into a strand that is complementary to said nucleic acid
molecule by said polymerase.

12. The method of Claim 1, wherein said particles are magnetically immobilized to said sensor
array.

13. The method of Claim 1, further comprising processing said steady state signals with signals
from differential measurement,

14.  The method of Claim 13, wherein said differential measurement utilizes (i) at least one
particle that does not comprise a nucleic acid as a reference, (ii) a sensor that is not positioned
adjacent to a particle as a reference, (iii} another individual sensor of said sensor array that is not
subject to a nucleotide incorporation event as a reference, (v) another nucleic acid molecule of
known sequence that is coupled to said nucleic acid molecule as a reference, or (vi) a cross-talk
deconvolution function matrix.

15.  The method of Claim 1, wherein said detecting does not include detecting a transient pH
signal accompanying said individual incorporation events.

16. A nucleic acid sequencing system, comprising:

an array of sensors, wherein an individual sensor of said array is disposed adjacent to a
particle comprising a nucleic acid molecule coupled thereto;

a fluid flow channel in communication with said array of sensors, wherein said fluid flow
channel delivers reagents for performing a primer extension reaction with said nucleic acid
molecule; and

a computer coupled to said array of sensors, wherein said computer detects steady-state
signals that are indicative of individual nucleotide incorporation into é strand that is complementary
to said nucleic acid molecule during said primer extension reaction.

17. The system of Claim 16, wherein said steady state signals are detected when said individual
sensor is coupled to a.Debye length of said particle or said nucleic acid molecule.

18. The system of Claim 16, wherein said individual sensor comprises at least two electrodes.
19.  The system of Claim 18, wherein each electrode is electrically coupled to said Debye length

associated with said particle.
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20. The system of Claim 18, wherein said at least two electrodes comprises a first electrode and
a second electrode that are separated by a dielectric layer. |

21. The system of Claim 18, further comprising another electrode that is for performing
concentration or confinement of a chemical species, a biological species, or a combination thereof
at said individual sensor.

22, The system of Claim 16, wherein said individual sensor is configured to measure an
impedance, charge, ion concentration or conductivity change associated with said particle or said
nucleic acid molecule.

23. The system of Claim 16, further comprising a reaction buffer that is suitable for the
completion of said individual incorporation events, and a measurement buffer that is suitable for
detecting said steady state signals.

24. The system of Claim 23, wherein said reaction buffer and said measurement buffer are
different buffers.

25. The system of Claim 23, wherein the conductivity of said measurement buffer is lower than
the conductivity of said reaction buffer. ’

26. The system of Claim 16, wherein said particle is magnetic.

27. The system of Claim 16, wherein said individual sensor is configured to apply a magnetic
field to magnetically immobilize said particle.

28. The system of Claim 16, wherein said array of sensors comprises a substantially flat
surface. ’

29, The system of Claim 16, wherein said individual sensor is configured {o generate a electric
field, a magnetic field, or a combination thereof to provide a confinement cell that isolates said
individual sensor from other sensors of said array of sensors.

30. The system of Claim 16, wherein said nucleic acid molecule is coupled to said particle such
that said nucleic molecule is not sterically hindered by another nucleic acid molecule coupled to
said particle.

31. The system of Claim 16, wherein said individual sensor comprises a well.

32. The system of Claim 31, wherein said particle is held in said well.
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