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Description

Title of Invention: THERMAL BLOCK
Technical Field

The present disclosure relates to a thermal block for performing a plurality of

reactions.

Background Art

The most commonly used process in nucleic acid amplification, commonly known as
polynucleotide chain reaction (PCR), is based on repeated cycles of double-stranded
DNA denaturation, oligonucleotide primer annealing to DNA template strands, and
primer extension by a DNA polymerase (United States Patent Nos. 4,683,195,
4,683,202, and 4,800,159, Mullis et al.; and (1985) Science 230, 1350-1354, Saiki et
al.).

Clinical laboratory or the like, examining specimens collected from a number of
patients, perform simultaneous parallel nucleic acid amplification processes on a
plurality of samples using a reaction mixture having a fixed composition according to
fixed reaction conditions in order to detect the same target nucleic acid from the
plurality of samples. Thus, PCR instruments, used to detect target nucleic acids from
samples, are designed to be able to simultaneously amplify a plurality of samples. For
example, PCR instruments may include a thermal block able to accommodate a
plurality of reaction vessels (or tubes) therein. PCR instruments may also include an
apparatus and a control system able to rapidly change and uniformly maintain the tem-
peratures of thermal block wells (i.e. recesses formed therein for accommodating
reaction vessels). A program able to read and comprehensively report test results
performed in the plurality of wells may be provided. In addition, a reaction plate, in
which a plurality of reaction vessels usable in PCR instruments are connected together,
has been developed and used.

A thermal block, also referred to as a heating block, may include a plurality of wells
able to accommodate a plurality of reaction vessels therein, and is fabricated of a metal
suitable for rapid heat conduction. However, since metal has high specific gravity and
specific heat, a large amount of energy may need to be supplied or removed to adjust
the temperature of the thermal block, which is problematic.

In order to overcome such a problem, United States Patent Nos. 7,955,573,
7,632,464, and 8,557,196 disclose solutions of forming holes in side and top surfaces
of a thermal block. These solutions are intended to more rapidly change the tem-

perature of the thermal block by removing non-essential portions from the thermal
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block. However, there has been a problem in that users may place a reaction plate on
the holes formed in the top surface. In order to overcome this problem, there has been
developed a thermal block, in which a hole, located in the center of the thermal block,
from among the plurality of holes formed in the top surface, is removed.

However, such a configuration fails to solve the problem of erroneous mounting of a
reaction plate occupying a portion of the space of the thermal block, such as a single
PCR tube or a strip of eight (8)-PCR tubes. Furthermore, since the patterns of mass-
reducing holes provided in the thermal block are non-uniform, differences in tem-
perature may occur among the reaction plates or the plurality of reaction tubes ac-
commodated in the wells, which is also problematic.

PCR is a reaction of amplifying a target nucleic acid sequence by repeating steps of
hybridizing a specific primer to a target nucleic acid sequence, extending resultant
hybrids, and subsequently separating extended strands. The PCR reaction is a method
of maintaining the reaction mixture at designated temperatures for set periods of time.
Thus, in the PCR reaction, it is extremely important to maintain accurate temperatures
in respective steps. Reaction efficiencies in respective steps may vary depending on the
temperature.

In particular, in a case in which the same examination is being performed on a
plurality of samples using the PCR reaction, differences in temperature continuously
occurring among the wells may be reasons for which the plurality of samples subjected
to the amplification reaction in different wells have different efficiencies. Since the
PCR reaction repeats tens of cycles of nucleic acid amplification, and a DNA strand
generated in a cycle serves as a DNA template in the subsequent cycle, amplification
efficiency differences occurring in the respective cycles may have a significant effect
on the result of analysis.

In addition, United States Patent No. 7,081,600 discloses a thermal block in which
inverted conical sample wells connected to a bottom backing are arranged in a prede-
termined pattern. In the thermal block having such a structure, all of the top portions of
the sample wells are independently disconnected from each other. In this case, physical
durability may be deteriorated, while a mass reduction effect may be increased.

In order to preserve materials in the high-temperature tubes and prevent caps of the
reaction tubes from being opened during the PCR process, PCR instruments may
include hot lids (or high-temperature lids) that may be pressed against the top portions
of the reaction tubes so as not to be opened. The hot lids remain in close contact with
the top ends of the reaction tubes while being pressed against the reaction tubes.
Pressing force applied in this manner may be transferred to the thermal block through
the reaction vessels, thereby deforming the thermal block. The weaker the horizontal

connection between the sample wells is, the lower the durability of the sample wells
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may be. In particular, if the hot lid is closed with a plate or a reaction tube being er-

roneously fitted, the sample well of the thermal block may be deformed or fractured.
Accordingly, there has been demand for the development of a novel thermal block

having superior durability while being able to minimize differences in temperature in a
reaction plate or among a plurality of reaction tubes and prevent an accident in which a

reaction plate is erroneously fitted.

Disclosure of Invention

Technical Problem

Accordingly, the present disclosure has been made in consideration of the above-
described problems occurring in the related art, and the present disclosure proposes a
thermal block having superior durability while having a uniform pattern of non-sample

holes and being able to prevent the problem of erroneous fitting of a reaction plate.

Solution to Problem

According to an aspect of the present disclosure, provided is a thermal block for
performing a plurality of reactions.

The thermal block may include:

a top surface and a bottom surface having a length and a width and being parallel to
each other;

a plurality of sample wells provided in the top surface to be open upwardly, the
plurality of sample wells being in a regular array; and

two or more non-sample holes provided in the top surface to be open upwardly, an
open area of each of the non-sample holes being smaller than an open area of each of
the sample wells,

wherein the two or more non-sample holes are provided in a unit area defined by
connecting central points of four adjacent sample wells among the plurality of sample

wells in the thermal block.

Advantageous Effects of Invention

The thermal block according to the present disclosure can prevent an error in which a
reaction vessel is erroneously fitted while minimizing the amount of thermal energy
necessary to change the temperature thereof, by removal of unnecessary portions
therefrom.

The thermal block according to the present disclosure can prevent an error in which a
reaction vessel is erroneously fitted, since the open area of each of the non-sample

holes, provided to reduce the unnecessary mass of the thermal block, is smaller than
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the open area of each of the sample wells.
In addition, the thermal block according to the present disclosure has the two or more

non-sample holes in the unit area, so that the reduction of the unnecessary mass thereof
can be maximized, while the non-sample holes smaller than the sample wells are used.

In addition, the two or more non-sample holes provided in the unit areas in the
thermal block have the same patterns, so that differences in temperature among the
sample wells can be reduced.

The non-sample holes in each unit area of four adjacent sample wells, by which the
unit area is defined, can be configured to provide the same thermal conductive effect to
the four adjacent sample wells. This configuration can improve the thermal uniformity
among the sample wells of the thermal block.

In addition, in a case in which each of the sample wells is physically connected in a
straight line to the surrounding sample wells, including the sample wells located on
diagonal lines passing therethrough, the connecting portions between the sample wells
can serve as support walls, so that the durability of the entire thermal block can be

increased.

Brief Description of Drawings

FIG. 1 is a perspective view illustrating a thermal block according to the present
disclosure;

FIG. 2 is a plan view of the thermal block according to the present disclosure;

FIG. 3 is a schematic view illustrating the array of the sample wells and the non-
sample holes provided in the thermal block according to the present disclosure;

FIG. 4 is a schematic view illustrating the array of the non-sample holes provided in
the thermal block according to the present disclosure, in which the non-sample holes in
the unit area, defined by four adjacent sample wells, are arranged to provide the same
thermal conductive effect to the four adjacent sample wells;

FIG. 5 is a cross-sectional view illustrating cross-sections of a sample well and a
non-sample hole, taken along line A-B in FIG. 2;

FIG. 6 is a cross-sectional view illustrating the thermal block according to the present
disclosure, taken along line C-D in FIG. 2, passing through the central points of the
sample wells arranged side by side in the longitudinal direction of the thermal block, in
which none of the non-sample holes are provided;

FIG. 7 is a cross-sectional view illustrating the thermal block according to the present
disclosure, taking along line E-F in FIG. 2, passing through the central points of the
sample wells arranged in a diagonal direction, in which none of the non-sample holes

are provided; and
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FIG. 8 is a graph comparing ramp rates of the thermal block according to the present

disclosure and the thermal block without non-sample holes of the control group.

Mode for the Invention

Hereinafter, the present disclosure will be described in detail with reference to the ac-
companying drawings.

In designating elements of the drawings by reference numerals, the same elements
will be designated by the same reference numerals although they are shown in different
drawings. Further, in the following description of the present disclosure, a detailed de-
scription of known functions and configurations incorporated herein will be omitted in
the situation in which the subject matter of the present disclosure may be rendered
rather unclear thereby.

In addition, terms, such as first, second, A, B, (a), (b) or the like may be used herein
when describing components of the present disclosure. Each of these terminologies is
not used to define an essence, order or sequence of a corresponding component but
used merely to distinguish the corresponding component from other component(s). In
the case that it is described that a certain structural element "is connected to", "is
coupled to", or "is in contact with" another structural element, it should be interpreted
that another structural element may "be connected to", "be coupled to", or "be in
contact with" the structural elements as well as that the certain structural element is

directly connected to or is in direct contact with another structural element.

Hereinafter, embodiments of the present disclosure will be described in detail with
reference to the accompanying illustrative drawings so that a person having ordinary
skill in the art to which the present disclosure relates could easily put the present
disclosure into practice.

FIG. 1 is a perspective view illustrating a thermal block according to an embodiment
of the present disclosure, FIG. 2 is a plan view of the thermal block according to the
embodiment of the present disclosure, and FIG. 6 is a cross-sectional view of the
thermal block according to the embodiment of the present disclosure.

Referring to FIGS. 1 and 6, a thermal block 100 according to the present disclosure
includes a top surface 101 and a bottom surface 102 respectively having a length and a
width. The top surface 101 and the bottom surface 102 are parallel to each other. The
thermal block 100 according to the present disclosure may have a hexahedral shape
having a predetermined height (or thickness), more particularly, a rectangular
hexahedral shape. The length and width of the top surface may be different from those

of the bottom surface. Front, rear, and side surfaces may be bent, depending on the
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shape of sample wells or non-sample holes or both.

In the thermal block 100 according to the present disclosure, a plurality of wells
provided therein may be used as reaction vessels, or containers of a reaction vessel, in
which samples to be reacted are directly contained, or may be used as receptacles ac-
commodating reaction vessels, or containers of a reaction vessel, fitting thereto re-
spectively. According to an embodiment of the present disclosure, the thermal block
100 may be fabricated using a material having superior thermal conductivity or the
like. The thermal block 100 may be made of a metal or a metal alloy (e.g. iron (Fe),
copper (Cu), aluminum (Al), gold (Au), silver (Ag), or alloys thereof). The thermal
block may be provided by machining a single solid metal piece or by connecting a
plurality of metal pieces.

The thermal block 100 according to the present disclosure is a thermal block
allowing a plurality of reactions to be performed therein. Each of the reactions means a
chemical, biochemical, or biological transformation in which at least one chemical or
biological matter (e.g. a solution, a solvent, or an enzyme) is involved. In the present
disclosure, the reaction may be a reaction started, stopped, promoted, or inhibited by a
thermal change of a reaction system. For example, the reaction may involve
degradation or binding of a biological or chemical matter depending on changes in
temperature, or promote or inhibit the activity of enzymes, producing or degrading a
chemical or biological matter depending on changes in temperature.

Specifically, the reaction may mean an amplification reaction. The amplification
reaction may be a reaction of increasing a target analyte (e.g. nucleic acid molecules)
itself, or a reaction of increasing or decreasing a signal generated in dependence of the
presence of the target analyte. The reaction of increasing or decreasing a signal
generated in dependence of the presence of the target analyte may or may not be ac-
companied with an increase in the target analyte. Specifically, the target analyte may
be nucleic acid molecules, and the reaction may be a polymerase chain reaction (PCR)
or areal-time PCR.

According to an embodiment of the present disclosure, the thickness of the thermal
block 100 according to the present disclosure may range from Smm to 20mm. If the
thickness of the thermal block 100 is less than Smm, sample wells 103 provided in the
thermal block 100 may not be sufficient to accommodate reaction vessels. If the
thickness of the thermal block 100 exceeds 20mm, an excessive amount of thermal
energy may be inefficiently required to change the temperature of the thermal block
100.

The length and width of the thermal block 100 may differ depending on the size and
number of the sample wells 103 formed in the thermal block 100. The length and width

of the thermal block 100 may independently be 10mm or more, 20mm or more, or
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30mm or more. Alternatively, the length and width of the thermal block 100 may inde-
pendently be, but are not limited to, 1,000mm or less, 900mm or less, 800mm or less,
700mm or less, 600mm or less, 500mm or less, 400mm or less, 300mm or less, or
200mm or less.

The thermal block 100 may include a recess in which a temperature sensor can be
fitted. The recess in which the temperature sensor can be fitted may be provided in the
top surface, the bottom surface, or a side surface, in particular, in the bottom surface.
The shape of the recess may vary depending on the shape of the temperature sensor.
For example, the recess may be configured such that a stylus-shaped temperature probe
or a button-type temperature probe may be fitted therein. According to an embodiment
of the present disclosure, the thermal block of the present disclosure may have a rod-
shaped recess in the bottom such that a stylus-shaped temperature probe can be fitted
therein. In addition, the thermal block 100 may further include a path along which at
least one of a device for supplying optical or electrical energy to reaction vessels or a
device able to detect an optical or electrical signal emitted from the reaction vessels
can contact the reaction vessels accommodated in the sample wells 103. For example,
the thermal block 100 may further include a receptacle in the bottom or a side portion
of the sample wells 130, in which a light source or a light detector is accommodated in
the receptacle. The receptacle may directly accommodate a light source, such as a
light-emitting diode (LED), or a light detector, such as a photodiode, or may ac-
commodate an optical fiber connected to a light source or a light detector.

According to an embodiment of the present disclosure, the bottom surface 102 of the
thermal block 100 may be provided as a planar surface allowing a thermoelectric
element, such as a Peltier element, to be in contact therewith.

The thermoelectric element can serve as a heating element to supply heat, as well as
a cooling element to absorb heat, when electrical energy is provided thereto. In
response to the heating and cooling of the thermoelectric device, the thermal block can
transfer heat to and absorb heat from the reaction vessels accommodated in the sample
wells.

The thermal block according to the present disclosure has the plurality of sample
wells 103 provided in the top surface 101 thereof so as to be upwardly open. The
sample wells 103 according to the present disclosure are provided in the top surface
101 of the thermal block to directly accommodate samples or accommodate reaction
vessels fitting thereto. The sizes and shapes of the sample wells 103 are determined
such that the sample wells 103 can be in thermal-conductive contact with the reaction
vessels.

The thermal block 100 according to the present disclosure is configured such that a

plurality of reactions can be simultaneously performed therein. The sample wells 103
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provided in the thermal block 100 are a plurality of sample wells. The thermal block
100 may include, for example, 4, 6, 8, 12, 16, 24, 32, 40, 48, or more sample wells
103. The thermal block 100 may include, for example, 96, 192, 288, 384, or less
sample wells 103. According to an embodiment of the present disclosure, the thermal
block 100 may include 4 to 384 upwardly-open sample wells 103.

The plurality of sample wells 103 may be regularly arranged.

The regular array means that the orientations and distances of a single sample well
130 with respect to the adjacent sample wells 103, among the plurality of sample wells
103, are determined by specific regulations. The array of the plurality of sample wells
103 is determined by the regulations.

For example, the plurality of sample wells 103 may be arranged in two or more
parallel rows extending in a first direction on the top surface 101. The sample wells 10,
arranged in each row, among the plurality of sample wells 103, may be spaced apart
from each other at equal distances.

According to an embodiment of the present disclosure, the regular array may be a
rectangular array. The rectangular array means an array of the plurality of sample wells
103 that are arranged in two or more parallel rows extending in the first direction while
being arranged in two or more columns parallel in a second direction perpendicular to
the first direction. Sample wells 103 arranged in each of the columns in the second
direction, among the plurality of sample wells 103, are arranged at equal distances.

According to an embodiment of the present disclosure, the regular array may be a
square array. The square array is a specific form of the rectangular array in which the
distances between the sample wells 103 arranged in the first direction and the distances
between the sample wells 103 arranged in the second direction are the same. In a case
in which the plurality of sample wells 103 are arranged in the square array, the
distances between the sample wells 103, arranged in rows and columns, are the same,
and thus, a reaction vessel including a plurality of containers (e.g. a strip of 8-PCR
tubes including eight containers connected in line) can be fitted in the thermal block
100 independently of the orientation thereof.

According to an embodiment of the present disclosure, the thermal block 100
according to the present disclosure may include, but is not limited to, 96 sample wells
103 arranged in the form of a matrix comprised of 12 columns and 8 rows, 16 sample
wells 103 arranged in the form of a matrix comprised of 4 columns and 4 rows, or 384
sample wells 103 arranged in the form of a matrix comprised of 24 columns and 16
rows.

According to an embodiment of the present disclosure, the sample wells 103
according to the present disclosure may be configured to accommodate a reaction

vessel therein. The reaction vessel may be a reaction tube including a single container,
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or may be a reaction strip or reaction plate including a plurality of containers. The
reaction strip refers to a reaction vessel comprised of a plurality of containers arranged
in arow at equal distances, while the reaction plate refers to a reaction vessel
comprised of a plurality of containers arranged in two or more rows at equal distances.
The container refers to a unit able to accommodate a reactant (e.g. a reaction solution
or reaction mixture). The reaction vessel may be referred to as a test tube, a PCR tube,
a strip tube, a multi-well PCR plate, etc., depending on the use and shape thereof.

The sample wells 103 according to the present disclosure may vary depending on the
shape of the containers of the reaction vessels fitted therein. For example, the sample
wells 103 according to the present disclosure may be configured to accommodate
typical conical tubes in use for nucleic acid amplification. In this case, each of the
sample wells 103 may be tapered such that an open area thereof, opened through the
top surface 101, is circular, and the diameter of the floor 105 thereof is smaller than the
diameter of the opening 104, opened upwardly. FIG. 5 illustrates an example cross-
section of the sample well. As illustrated in FIG. 5, each sample well 103 may be
tapered such that an outer surface of a reaction vessel is in close contact with an inner
wall (or inner surface) of the sample well.

According to an embodiment of the present disclosure, the sample wells 103 may be
configured to accommodate reaction vessels respectively having a container having a
volume in which a nucleic acid amplification reaction solution of, for example, 10 pl
or more, 20 wl or more, 30 wl or more, or 40 1l or more can be contained.

According to an embodiment of the present disclosure, the sample wells 103 may be
configured to accommodate reaction vessels respectively having a container having a
volume in which a nucleic acid amplification reaction solution of, for example, 700 ul
or less, 600 pl or less, 500 ul or less, 400 pl or less, 300 ul or less, 200 ul or less, 100
ul or less, or 50 pl or less can be contained.

The thermal block 100 includes two or more non-sample holes 106. The non-sample
holes 106 are provided in the top surface 101 of the thermal block so as to be open
through the top surface 101. The non-sample holes 106 may be different from the
sample wells 103, and no reaction vessels may be accommodated in the non-sample
holes 106. The non-sample holes 106 are provided to reduce energy for changing the
temperature of the sample wells 103.

Although the shape of the non-sample holes 106 is not specifically limited, the non-
sample holes 106 may be configured such that reaction vessels fitting to the sample
wells 103 are not accommodated therein. The reaction vessels fitting to the sample
wells 103 refer to reaction vessels configured such that the outer surface of each of the
reaction vessels is in close contact with the inner wall of the corresponding sample

well 103 when the reaction vessels are fitted into the sample wells 130. The shape of
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the non-sample holes 106 may include, but is not limited to, a circle, an ellipse, or a
polygon, such as a quadrangle or a triangle. According to an embodiment of the
present disclosure, the non-sample holes 106 may have a cylindrical structure, with the
top surface thereof being circular or elliptical.

The size of an opening 107 of each of the non-sample holes, provided in the top
surface of the thermal block 100, is smaller than the size of the opening 104 of each of
the sample wells. Since the size of the opening 107 of each of the non-sample holes is
smaller than the size of the opening 104 of each of the sample wells, a risk that a user
may erroneously fit a reaction vessel, to be fitted into a sample well 103, into a non-
sample hole 106 can be prevented. In a case in which a configuration preventing
erroneous-fitting is provided in a central portion of the thermal block as in the case of
United States Patent No 8,367,014, it is possible to prevent a reaction vessel covering
the entire area of the thermal block, such as the plate including 96 sample wells, from
being erroneously fitted to the thermal block. However, it is impossible to prevent a
reaction vessel, such as a single PCR tube or a strip of 8-PCR tubes, from being er-
roneously fitted. In contrast, in the thermal block 100 according to the present
disclosure, the size of the opening 107 of the non-sample hole is smaller than the size
of the opening 104 of the sample well. This can prevent reaction vessels from being er-
roneously fitted into the thermal block, irrespective of the type of reaction vessels or
the position in which reaction vessels are fitted.

According to an embodiment of the present disclosure, the non-sample holes may
have different sizes of openings. It is not necessary for the non-sample holes according
to the present disclosure to have the same shape and size. For example, smaller non-
sample holes may be additionally provided in spaces between the non-sample holes
provided in unit areas.

The non-sample holes 106, provided in the thermal block 100, may have the same
pattern. The non-sample holes 106 having the same pattern means that, when a
plurality of diagrams having the same shape and area are drawn by connecting the
central points of the sample wells 103 in the thermal block 100, the number and dis-
tribution type of the non-sample holes 106 are the same in the plurality of diagrams
having the same shape and area.

Specifically, the non-sample holes 106 are configured to have the same pattern in the
unit areas 130 respectively defined by connecting the central points of four adjacent
sample wells 130 in the thermal block 100.

The four adjacent sample wells 103a to 103d are a combination of four sample wells,
located mostly adjacently to each other, among the sample wells provided in the top
surface 101 of the thermal block. Referring to FIGS. 3 and 4, the combination of four

most adjacent sample wells may be determined by determining one sample well 103a
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and another sample well 103b located most adjacently to the sample well 103a, and
then determining two sample wells 103c and 103d located most adjacently to the
sample wells 103a and 103b while not being placed side by side to the sample wells
103a and 103b. The sample wells 103c and 103d not being placed side by side to the
sample wells 103a and 103b means that the sample wells 103c and 103d are not
located on a line connecting the central points of the sample wells 103a and 103b.

According to an embodiment of the present disclosure, the four adjacent sample
wells 103a to 103d may be a combination of four sample wells located most adjacently
to each other while being arranged such that a quadrangle (e.g. a rectangle or square)
may be formed by connecting the central points thereof.

The unit areas 130 are areas defined to illustrate the patterns of the sample wells 103
and the non-sample holes 106 of the thermal block 100 according to the present
disclosure. Each of the unit areas 130 is an area defined by connecting the central
points of the four adjacent sample wells 103a to 103d.

A portion of the unit area, except for spaces occupied by the sample wells, is defined
as a mass region. The spaces occupied by the four adjacent sample wells are not
included in the mass region. Thus, the mass region is a region in which no reaction
vessels are located. Accordingly, the smaller the mass of the mass region, the smaller
the amount of thermal energy change necessary to change the temperature of reactants
within the reaction vessels to an intended temperature may be.

As illustrated in FIG. 3, according to an embodiment of the present disclosure, the
mass region may be a portion of the unit area defined by connecting the central points
of the four adjacent sample wells 103a to 103d, except for portions in which the
sample wells are provided. According to an embodiment of the present disclosure, the
mass region may be a portion of the unit area defined by connecting the central points
of the four adjacent sample wells 103a to 103d, except for portions occupied by the
sample wells.

The non-sample holes 106 of the thermal block 100 may be provided in the mass
regions. The provision of the non-sample holes 106 can reduce the mass of the mass
region, so that the amount of thermal energy change necessary to change the tem-
perature of reactants within the reaction vessels to an intended temperature can be
reduced.

According to an embodiment of the present disclosure, the non-sample holes 106,
provided in the unit areas 130, may have the same patterns. This means that the non-
sample holes 106, provided in the plurality of unit areas 130 respectively defined by
four adjacent sample wells, of the thermal block 100, are configured such that the dis-
tributions (relative positions), sizes, and shapes thereof are the same. Dotted areas in

FIG. 2 randomly illustrate unit areas 130 that can be set in the thermal block according
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to the present disclosure. As illustrated in FIG. 2, the non-sample holes 106 provided
in all of the unit areas 130, respectively defined by four adjacent sample wells, in the
thermal block 100 according to the present disclosure, have the same patterns.

Since the plurality of sample wells 103 are regularly arranged in the thermal block
100 according to the present disclosure, all of the unit areas 130 in the thermal block
100 have the same shapes and areas. Therefore, in a case in which the non-sample
holes 106 in the unit areas 130 are provided in the same patterns, the non-sample holes
106 can provide the same thermal conductive effect to all of the sample wells 103. This
can minimize differences in temperature among the sample wells that would otherwise
occur due to rapid heating and cooling of the thermal block. Although the unit areas
130 are generally set such that each of the entire non-sample holes 106 of the thermal
block is included in one of the unit areas 130, which can be defined in the thermal
block, some of the non-sample holes 106 may not be included in the unit areas 130,
depending on the setting of the unit areas 130. Such non-sample holes 106 may be
arranged in consideration of the arrangement of the patterns of the entire non-sample
holes 106 of the thermal block.

According to an embodiment of the present disclosure, a single non-sample hole 106
may be provided in a single unit area 130. In other words, each of the entire non-
sample holes 106 may be provided in the corresponding unit area 130, with none of the
non-sample holes 106 extending over two or more unit areas 130. In a case in which
the non-sample holes 106 are provided in this manner, none of the portions connecting
the sample wells 103 are disconnected by the non-sample holes 106, and thus, the
durability of the thermal block 100 can be improved. In addition, alternatively,
according to an embodiment of the present disclosure, a single non-sample hole 106
may extend over two or more adjacent unit areas 130. In a case in which the non-
sample holes 106 in the unit areas 130 have the same patterns, a single non-sample
hole 106 may extend over two or more adjacent unit areas 130.

According to an embodiment of the present disclosure, each of the unit areas 130
may be a minimal quadrangular (e.g. rectangular or square) area defined by connecting
four adjacent sample wells in the thermal block 100, and the non-sample holes 106
may be provided such that the non-sample holes 106 in the minimal quadrangular areas
have the same patterns.

The minimal quadrangle refers to a quadrangle, the area of which is a minimal area,
and in which a total of the lengths of four sides of the rectangle are minimal, among
the quadrangles definable by selecting four sample wells 103a to 103d from among the
plurality of sample wells 103 provided in the top surface 101 of the thermal block,
which are arranged such that a quadrangle can be defined by connecting the central

points thereof.
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In addition, the non-sample holes 106 are configured such that the opening 107 of
each of the non-sample holes is smaller than the opening 104 of each of the sample
wells. Thus, the thermal block 100 may be provided with more non-sample holes 106
than the sample wells 103 in order to reduce the mass of the thermal block 100.

According to an embodiment of the present disclosure, two or more non-sample
holes 106 are included in each of the unit areas 130, respectively defined by
connecting the central points of four adjacent sample wells in the thermal block 100.

According to an embodiment of the present disclosure, the number of the non-sample
holes 106 provided in the unit areas 130, respectively defined by connecting the central
points of four adjacent sample wells in the thermal block 100, may be a multiple of 2.
In a case in which the number of the non-sample holes 106 provided in the unit areas
130 is a multiple of 2, the non-sample holes 106 in each unit area 130 may be provided
the same or symmetrical with respect to the central point of each of the four sample
wells by which the unit area 130 is defined. The number of the non-sample holes 106,
provided in each of the unit areas 130, may be a multiple of 4.

According to an embodiment of the present disclosure, four or more non-sample
holes 106 may be provided in the unit areas 130 defined by connecting the central
points of four adjacent sample wells in the thermal block 100. Specifically, the number
of the non-sample holes 106 provided in the unit areas 130 may be, but is not limited
to, 4 to 100, 4 to 48, 4 to 24, or 4 to 16. According to an embodiment of the present
disclosure, the number of the non-sample holes 106 included in the unit areas may be,
but is not limited to, 2, 4, 6, 8, 10, 12, 14, or 16.

According to an embodiment of the present disclosure, the non-sample holes 106
may be provided such that the non-sample holes 106 in the unit area 130 provide the
same thermal conductive effect to the four adjacent sample wells.

In a case in which the non-sample holes 106 are provided in the unit area 130 to
provide the same thermal conductive effect to the four adjacent sample wells, by which
the unit area 130 is defined, the sample wells 103, provided within the thermal block
100, receive the same thermal conductive effect from the surrounding non-sample
holes 106. This can help thermal uniformity to be maintained among the sample wells.
The non-sample holes 106 being provided in the unit area 130 so as to provide the
same thermal conductive effect to the respective four adjacent sample wells may mean
that, for example, the non-sample holes 106 in the unit area, defined by connecting the
central points of four adjacent sample wells, in the thermal block, may be the same as
or symmetrical with respect to the central point of each of the sample wells.

According to an embodiment of the present disclosure, the non-sample holes 106 in
each unit area 130 may be provided to be the same or symmetrical with respect to the

central point of each of the four sample wells by which the unit area 130 is defined.
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This may indicate that the four adjacent sample wells have the same positional rela-
tionships with respect to the non-sample holes in the corresponding unit area 130. In
addition, a figure drawn by connecting one sample well among the four sample wells
and the non-sample holes in the unit area 130 may be the same as or symmetrical with
respect to a figure drawn by connecting another sample well among the four sample
wells and the non-sample holes in the unit area 130.

In other words, the non-sample holes 106 provided in each of the unit areas 130 may
be arranged in the same or symmetrical patterns, with respect to the four sample wells
by which the unit area 130 is defined. FIG. 3 illustrates four adjacent sample wells 103
(103a to 103d) in the thermal block, as well as a unit area 130 defined by the four
adjacent sample wells 103a to 103d and non-sample holes 106 provided in the unit area
130. FIG. 4 illustrates figures respectively drawn by connecting each of the four
sample wells 103a to 103d and all of the non-sample holes 106 in the unit area 130
defined by connecting the central points of four adjacent sample wells. As illustrated in
FIG. 4, a figure drawn by connecting one sample well among the four sample wells
103a to 103d and two or more non-sample holes 106 in the unit area 130 may be the
same as, or be mirror-symmetrical with respect to, while having the same size as, a
figure drawn by connecting another sample well among the four sample wells 103a to
103d and the two or more non-sample holes 106 in the unit area 130.

In a case in which the non-sample holes 106, included in each of the unit areas 130,
are provided in the same patterns or in patterns symmetrical with respect to each of the
four sample wells by which the unit area 130 is defined, a group of the non-sample
holes in the unit area 130 can provide the same thermal effect to the sample wells. Ac-
cordingly, the thermal block of the present disclosure can maintain thermal uniformity
among the sample wells.

As described above, the regular array of the plurality of sample wells 103 may be a
rectangular array.

According to an embodiment of the present disclosure, a regular array of the plurality
of sample wells 103 may be a rectangular array, and none of diagonal lines of each unit
area 130 may contact or intersect at least one non-sample hole among the non-sample
holes 106 in the unit area 130. The term "contacting" used herein means that a single
straight line contacts a point of a single non-sample hole, in which the contact point
may be referred to as a tangent point. The term "intersecting” used herein means that a
single straight line contacts two points of a single non-sample holes, in which the
contact points may be referred to as intersections or points of intersection. The
diagonal lines of each unit area 130 are defined by connecting diagonally the central
points of four adjucent sample wells by which the each unit area is defined.

According to an embodiment of the present disclosure, the regular array of the
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plurality of sample wells 103 may be a rectangular array, and none of diagonal lines of
each unit area 130 may contact or intersect any of the non-sample holes 106 in the unit
area 130. In other words, the non-sample holes 106 in each unit area 130, defined by
connecting the central points of four adjacent sample wells, may be configured such
that none of diagonal lines of the unit area 130 are included in the non-sample holes
106. The non-sample holes 106, provided in the thermal block 100 according to the
present disclosure, may be configured such that none of the diagonal lines of each unit
area 130, defined by connecting the sample wells 103, contact or intersect the non-
sample holes 106. Accordingly, in this case, as illustrated in FIG. 7, none of the non-
sample holes 106 appear in the cross-section of the thermal block 100 according to the
present disclosure, taken along a diagonal line (i.e. taken along line E-F in FIG. 2).

In a case in which none of the non-sample holes 103 contact or intersect the diagonal
lines connecting the sample wells 103 as described above, each of the sample wells
103 in the thermal block 100 is physically connected to sample wells, diagonally
adjacent thereto, among the remaining sample wells, along straight lines.

In a conventional sample block or thermal block, a mass reduction hole having a sig-
nificant size is provided in a central portion of a mass region of each of the unit areas
130. In the thermal block having this configuration, each of the sample wells is not
physically connected to diagonally-adjacent sample wells along straight lines while
being physically connected to four adjacent sample wells along straight lines.
According to another configuration known in the art, inverted conical sample wells are
only connected via a bottom backing, and all of the top portions of the sample wells
are independently disconnected from each other. In addition, in a case in which the
inverted conical sample wells are independently provided as in the latter case, the
sample wells are physically disconnected from adjacent sample wells, except for the
bottom backing. Accordingly, the sample wells provided in such a configuration have
lower physical durability, which is problematic.

In contrast, in the thermal block 100 according to the present disclosure, each of
sample wells 103 is physically connected to eight (8) surrounding sample wells along
straight lines. Accordingly, the thermal block 100 according to the present disclosure
can reduce the amount of thermal energy change necessary to change the temperature
of a reactant within a reaction vessel to an intended temperature by reducing the mass
of the mass region, and can provide superior durability over the conventional thermal
block.

According to an embodiment of the present disclosure, the thermal block 100
according to the present disclosure may be configured such that none of the entire
straight lines connecting the central points of the four adjacent sample wells, by which

the unit area 130 is defined, may contact or intersect the non-sample holes 106 in the



16

WO 2020/004999 PCT/KR2019/007858

[99]
[100]

[101]
[102]
[103]

[104]

[105]

[106]

[107]

unit area 130. In other words, none of the non-sample holes 106 may be provided on
any of straight lines connecting the central points of the four sample wells by which
the unit area 130 is defined. As illustrated in FIGS. 6 and 7, the thermal block 100
according to the present disclosure may be configured such that none of the non-
sample holes 106 appear in the cross-sections taken along lines (e.g. lines C-D and E-F
in FIG. 2) connecting the central points of the sample wells 103. The entirety of
straight lines connecting the central points of the four sample wells include four sides
and two diagonal lines of the quadrangle defined by connecting the central points of

the four sample wells.

Hereinafter, embodiments of the present disclosure will be described in more detail.
The following embodiments shall be interpreted as being illustrative for a better under-
standing of the present disclosure. It will be apparent to a person having ordinary skill
in the art that the scope of the present disclosure is not limited to the following em-

bodiments.

Example 1: Fabrication of Thermal Block

The thermal block according to the present disclosure can be freely fabricated such
that wells thereof conform to mXn standards. The thermal blocks according to the
present example were fabricated to have 96 wells (12X8) and 16 wells (4X4) by way
of example. The thermal blocks were fabricated by grinding, cutting, and chemically-
etching aluminum (Al) blocks, so that a total of four non-sample holes are provided in
each unit area, as illustrated in FIG. 2.

A thermal block having the same size was fabricated as a control group, such that
only sample wells were provided and no non-sample holes were provided. The masses
of the thermal blocks of the control group were measured, so as to investigate the ef-
ficiency of mass reduction due to the fabrication of non-sample holes.

As aresult, as represented in Table 1, a 96-well thermal block of the control group,
including only the sample wells without the non-sample holes, was measured to be
180g, while the 96-well thermal block according to the present example was measured
to be 90g.

Accordingly, it will be appreciated that the mass of the thermal block according to
the present example was reduced by 50%, as compared to the thermal block of the
control group. Such a reduction in mass can reduce the thermal capacity of the thermal
block according to the present example, thereby advantageously realizing a rapid ramp

rate.
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[108] [Table 1]

Item Thermal Block of Thermal Block of Control Group
Example (No Non-sample holes)
Weight of Thermal Block Ng 180 g
(96 well)

[109]

[110] Example 2: Measurement of Thermal Uniformity

[111] Thermal uniformity was investigated by simultaneously measuring temperatures at a
plurality of points of the thermal block and determining differences between the tem-
peratures.

[112] T-checkers for measuring temperatures were uniformly provided in uppermost, lower
most, and middle rows of the thermal block. The temperatures were measured by
raising the temperature of the thermal block from 27°C to 60°C. At ten seconds after
arrival at 60°C, temperatures at respective points were recorded. The difference
between the highest temperature and the lowest temperature among the temperatures at
the respective points was calculated. The result was obtained by repeating the test by a
total of ten times or more.

[113] As aresult of the measurement, as represented in Table 2, it will be appreciated that
the thermal uniformity of the thermal block according to the present example was
+0.2°C. Considering that the thermal uniformity of the thermal block of another con-
ventional PCR device is #0.4°C, it can be appreciated that the thermal block according
to the present example has superior thermal uniformity.

[114]

[115] [Table 2]

Item Thermal Block of Reference
Example
Thermal Accuracy +0.2°C +0.2°C
Thermal Block Uniformity +0.2°C +0.4°C

[116]

[117] Example 3: Measurement of Ramp Rate

[118] A reduction in mass can increase thermal conduction efficiency due to reduced

thermal capacity, so that a rate at which the temperature rises or falls can be improved
when the same current is supplied. To evaluate such characteristics, the temperature
rise rates of a 16-well thermal block having the structure according to the present

disclosure and a 16-well thermal block without the mass reduction structure were
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compared by supplying the same current thereto.

The test was performed by measuring the time taken to reach certain temperatures.
More specifically, the test was performed by measuring (1) periods of time taken to
increase the temperature to 60°C from room temperature and (2) periods of time taken
to increase the temperature to 95°C from room temperature.

As aresult of the measurement, as represented in Table 3 and illustrated in FIG. 8, it
can be appreciated that the thermal block having the mass reduction structure
according to the present disclosure had improvements in the ramp rate. More
specifically, the ramp rate improvement in the experimental group was about 16%
when the temperature was raised to 95°C, while being about 34% when the temperature
was raised to 60°C. The foregoing test result supports that the temperature growth rate
is improved by the mass reduction structure of the thermal block according to the

present disclosure.

[Table 3]
Test Condition | Ramp Rate of Control Group Ramp Rate of Ramp Rate Im-
(Block Without Non-sample | Thermal Block of provement
holes) Example

Room Temp. - 1.3°C/sec 1.8°C/sec 34%
> 60°C

Room Temp. - 1.3°C/sec 1.5°C/sec 16%
>90°C

The features, structures, configurations, and effects described in the present
disclosure are included in at least one embodiment but are not necessarily limited to a
particular embodiment. A person skilled in the art can apply the features, structures,
configurations, and effects illustrated in the particular embodiment embodiments to
another one or more additional embodiment embodiments by combining or modifying
such features, structures, configurations, and effects. It should be understood that all
such combinations and modifications are included within the scope of the present
disclosure. Although the exemplary embodiments have been described for illustrative
purposes, a person skilled in the art will appreciate that various modifications and ap-
plications are possible without departing from the essential characteristics of the
present disclosure. For example, the specific components of the exemplary em-
bodiments may be variously modified. The scope of protection of the present
disclosure should be construed based on the following claims, and all technical ideas

within the scope of equivalents thereof should be construed as being included within
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the scope of the present disclosure.

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority from Korean Patent Application No.
10-2018-0074957, filed on June 28, 2018, which is hereby incorporated by reference
for all purposes as if fully set forth herein.
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Claims

A thermal block for performing a plurality of reactions, comprising:

a top surface and a bottom surface having a length and a width and
being parallel to each other;

a plurality of sample wells provided in the top surface to be open
upwardly, the plurality of sample wells being in a regular array; and
two or more non-sample holes provided in the top surface to be open
upwardly, an open area of each of the non-sample holes being smaller
than an open area of each of the sample wells,

wherein the two or more non-sample holes are provided in a unit area
defined by connecting central points of four adjacent sample wells
among the plurality of sample wells in the thermal block.

The thermal block according to claim 1, wherein the sample wells are
configured to accommodate reaction vessels.

The thermal block according to claim 1, wherein the four or more non-
sample holes are provided in the unit area defined by connecting the
central points of the four adjacent sample wells in the thermal block.
The thermal block according to claim 1, wherein the regular array of
the purality of sample wells comprises a rectangular array and none of
diagonal lines of the unit area contact or intersect at least one non-
sample hole among the two or more non-sample holes in the unit area.
The thermal block according to claim 1, wherein the non-sample holes
are configured such that the non-sample holes in the unit area provide
same thermal conductive effect to the four adjacent sample wells.

The thermal block according to claim 4, wherein none of straight lines
connecting the central points of the four adjacent sample wells, by
which the unit area is defined, contact or intersect the non-sample holes

in the unit area.
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