
DESCRIPTION 

MICROFLUIDIC DEVICE 

Technical Field 

[0001] 

The present invention relates to microfluidic devices, such 

as a minute reaction device (microreactor), an integrated DNA 

device, or a minute electrophoresis device. 

Background Art 

[0002] 

In recent years, microfluidic devices, such as a minute 

reaction device, an integrated DNA device, or a minute 

electrophoresis device, are manufactured by applying 

microfabrication techniques, and these microfluidic devices have 

been attracting attention. The microfluidic device includes a 

very narrow reaction flow path, in which a chemical reaction or 

the like occurs, and thus can very effectively analyze specimens 

at low cost. 

[0003] 

Patent Document 1 discloses use of the microfluidic device 

as a method for changing a temperature of a reacting fluid at high 

speed in a reaction device for providing a desired change in 

temperature of the reacting fluid. 

[0004] 
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In the method disclosed in Patent Document 1, a device 

substrate is separated into a multiple of regions each having 

different temperature. Meandering flow paths are formed in the 

separated temperature regions to pass therethrough. Thus, the 

reacting fluid that travels through the flow paths has its 

temperature changed to a corresponding temperature in each 

temperature region. With such an arrangement, the fluid can have 

the desired changes in temperature only by allowing the fluid to 

flow through the meandering flow paths, which can achieve the 

high-speed change in temperature of the fluid. 

[0005] 

Patent Document 1: JP 2005-192554 A 

Disclosure of the Invention 

Problems to be Solved by the Invention 

[0006] 

However, in the conventional method disclosed in Patent 

Document 1, as shown in Fig. 8, a microfluidic device 101 is heated 

by a large-sized external heater block 100 attached to the outside 

of the microfluidic device 101, which poses the following 

problems: 1) the size of an entire system is increased by the size 

of the external heater block 10; and 2) an adhesion means between 

the heater block 100 and the microfluidic device 101 is required 

to improve heat transfer between the heater block 100 and the 

microfluidic device 101, leading to a complicated structure of 
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the system. 

[0007] 

Further, the heater block 100 causes uneven heating, thus 

making it difficult to uniformly heat the fluid in the reaction 

flow path. 

[0008] 

The present invention has been made in view of the foregoing 

circumstances, and it is an object of the present invention to 

provide a miniaturized microfluidic device with a heater that has 

a simple structure and which can form uniform temperature regions . 

[Solution to Problem] 

[0009] 

In order to solve the foregoing problems, a microfluidic 

device according to the invention includes: a substrate; a 

reaction flow path formed on the substrate; and a temperature 

adjustment heater for heating the reaction flow path, 

in which a reaction flow path formation region including 

the reaction flow path formed therein and a temperature adjustment 

heater formation region including the temperature adjustment 

heater formed therein are alternately arranged on the substrate, 

the reaction flow path is formed to be bent at least one 

time in the reaction flow path formation region, and 

the temperature adjustment heater is formed to be bent at 

least one time in the temperature adjustment heater formation 

region. 
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[0010] 

The microfluidic device according to the invention further 

includes a first temperature region and a second temperature 

region, each having the reaction flow path formation region and 

the temperature adjustment heater formation region being 

alternately arranged in one direction therein, 

in which the first temperature region and the second 

temperature region are arranged side by side in a direction 

different from the one direction. 

[0011] 

In the microfluidic device according to the invention, a 

first reaction flow path formation region included in the first 

temperature region and a second reaction flow path formation 

region included in the second temperature region are arranged in 

a staggered manner, and 

the reaction flow paths respectively formed in the first 

reaction flow path formation region and in the second reaction 

flow path formation region being located close to each other are 

formed to communicate with each other. 

[0012] 

In the microfluidic device according to the invention, 

preferably, a first temperature adjustment heater formation 

region included in the first temperature region and a second 

temperature adjustment heater formation region included in the 

second temperature region are arranged in a staggered manner, and 
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the temperature adjustment heaters respectively formed in 

the first temperature adjustment heater formation region and in 

the second temperature adjustment heater formation region being 

located close to each other are continuously formed. 

[0013] 

Specifically, in the microfluidic device according to the 

invention, two or more temperature adjustment heaters each being 

bent to meander are preferably disposed in the one temperature 

adjustment heater formation region. 

[0014] 

Likewise, in the microfluidic device according to the 

invention, two or more reaction flow paths each being bent to 

meander and separated are preferably disposed in the one reaction 

flow path formation region. 

[0015] 

In the microfluidic device according to the invention, the 

number of bending the temperature adjustment heater in the one 

temperature adjustment heater formation region preferably ranges 

from 1 to 10. 

[0016] 

Likewise, in the microfluidic device according to the 

invention, the number of bending the reaction flow path in the 

one reaction flow path formation region preferably ranges from 

1 to 10. 

[0017] 
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The microfluidic device according to the invention 

preferably further includes a protective substrate over the 

substrate. The reaction flow path formed in the substrate to be 

opened outward, and the temperature adjustment heater disposed 

in the substrate are covered with the protective substrate. 

[0018] 

The microfluidic device according to the invention may 

further include an isolation trench formed at a boundary between 

the two or more temperature regions to be opened at a back surface 

of the substrate. 

[0019] 

The microfluidic device according to the invention may 

further include a through hole to penetrate the substrate from 

the back surface to a front surface thereof at the boundary. 

[0020] 

Further, in the microfluidic device according to the 

invention, preferably, a stepped portion may be formed between 

a surface with the temperature adjustment heater formed thereon 

and the front surface of the substrate, so that the temperature 

adjustment heater does not protrude from the front surface of the 

substrate. 

[0021] 

In the microfluidic device according to the invention, the 

temperature adjustment heater is preferably a metal thin film 

heater. 
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[0022] 

In the microfluidic device according to the invention, the 

temperatures of the two or more temperature adjustment heaters 

are preferably adjustable independently. 

[0023] 

The above-mentioned microfluidic device according to the 

invention can be used as a polymerase chain reaction device. 

Effects of the Invention 

[0024] 

According to the microfluidic device of the invention, 

since the reaction flow path formation region including the 

reaction flow path being formed to be bent at least one time, and 

the temperature adjustment heater formation region including the 

temperature adjustment heater being formed to be bent at least 

one time are alternately arranged over the substrate, the uniform 

temperature regions can be formed therein. In particular, when 

a protruding part formed by bending the reaction flow path one 

time in the reaction flow path formation region, and a protruding 

part formed by bending the temperature adjustment heater one time 

in the temperature adjustment heater formation region are 

arranged in a nested pattern, the reaction flow path can be more 

uniformly heated by the temperature adjustment heater. The 

temperature adjustment heater formation region is formed over the 

substrate, which does not need any adhesion means for improving 
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the heat transfer between a heater block and the microfluidic 

device, resulting in a simple structure of the microfluidic device 

Further, since the temperature adjustment heater can be formed 

over the substrate by printing, for example, a thin metal film 

over the substrate without needing any other heater block, the 

microfluidic device can be reduced in size. 

[0025] 

Accordingly, the present invention can provide a 

miniaturized microfluidic device with the heater that has a simple 

structure, and which can form uniform temperature regions. 

Brief Description of the Drawings 

[0026] 

Fig. 1 is a perspective view of a microfluidic device 

according to a first embodiment of the invention. 

Fig. 2 is a top view of a substrate included in the 

microfluidic device in the first embodiment of the invention. 

Fig. 3 is a top view of a substrate included in a microfluidic 

device according to a second embodiment of the invention. 

Figs . 4A to 4D are cross-sectional views of the microfluidic 

device with an isolation trench at a boundary between two or more 

temperature regions in the second embodiment of the invention. 

Fig. 5 is a top view of a microfluidic device according to 

another aspect of the second embodiment of the invention. 

Fig. 6 is a top view of a microfluidic device according to 
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a further aspect of the second embodiment of the invention. 

Fig. 7 is a top view of a microfluidic device according to 

a third embodiment of the invention. 

Fig. 8A is a top view of a conventional microfluidic device, 

and Fig. 8B is a cross-sectional view thereof. 

Mode for Carrying Out the Invention 

[0027] 

Preferred embodiments for carrying out the invention will 

be described in detail with reference to the accompanying drawings 

The embodiments mentioned below illustrate a microfluidic device 

to embody the technical idea of the invention, and are not intended 

to limit the scope of the invention. The dimension, material, 

shape, relative position, and the like of components mentioned 

in the embodiments are only illustrative rather than limiting the 

scope of the invention unless otherwise specified. In some 

drawings, the sizes and positional relationships of members may 

be emphasized to clarify the description below. 

[0028] 

(First Embodiment) 

Fig. 1 shows a perspective view of a microfluidic device 

1 according to a first embodiment of the invention. As shown in 

Fig. 1, the microfluidic device 1 in the first embodiment includes 

a substrate 2, reaction flow paths 3 formed on the substrate 2, 

and temperature adjustment heaters 4 formed in the vicinity of 
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the respective reaction flow paths 3 on the substrate 2 and adapted 

to heat the reaction flow paths 3. 

[0029] 

Fig. 2 shows a top view of the substrate 2 included in the 

microfluidic device 1 in the first embodiment of the invention. 

As shown in Fig. 2, reaction flow path formation regions 5 each 

having the reaction flow path 3 formed therein, and temperature 

adjustment heater formation regions 6 each having the temperature 

adjustment heater 4 formed therein are alternately arranged over 

the substrate 2 in one direction (in the longitudinal direction 

of the substrate in the first embodiment). Each temperature 

adjustment heater 4 is formed along and near the reaction flow 

path 3, so that the fluid or the like in the reaction flow path 

3 can be uniformly heated by the temperature adjustment heater 

4 . 

[0030] 

The shape in the top view of the reaction flow path 3 formed 

in the reaction flow path formation region 5 is not specifically 

limited to a substantially U-like shape shown in Fig. 2 or the 

like, but may be any other shape. Any of the reaction flow paths 

3 may differ from other reaction flow paths 3 in shape, or may 

have the same shape as other reaction flow paths 2 . However, these 

reaction flow paths preferably have the same shape in terms of 

uniform heat distribution. Thus, the fluid or the like passing 

through the reaction flow path 3 can be heated uniformly. 
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[0031] 

The reaction flow path 3 is preferably formed uniformly in 

the same reaction flow path formation region 5. The phrase "the 

reaction flow path 3 is preferably formed uniformly in the same 

reaction flow path formation region 5" as used herein means that 

the reaction flow path 3 is formed at an equal density within one 

of the reaction flow path formation regions 5. 

[0032] 

The same goes for the shape in the top view of and the uniform 

formation of the temperature adjustment heater 4. Likewise, the 

temperature adjustment heater 4 is uniformly formed in the same 

temperature adjustment heater formation region 6, which can 

uniformly heat the reaction flow path 3, thus obtaining the 

uniform heat distribution. 

[0033] 

The first embodiment will describe the case where the shapes 

in the top view of the reaction flow path 3 and the temperature 

adjustment heater 4 are protruding with bent parts thereof as a 

tip end (protruding part), by way of example. 

[0034] 

In the first embodiment of the invention, at the reaction 

flow path formation region 5, as shown in Fig. 2, the reaction 

flow path 3 is bent at least one time or more to form the protruding 

shape. In this way, a protruding part is formed. The phrase "the 

reaction flow path 3 is bent to form" as used herein means that 
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as shown in Fig. 2, the reaction flow path 3 linearly extends in 

one direction, turns back in one position in the direction 

opposite to the one direction (for example, in the direction at 

substantially 180° with respect to the one direction) , and then 

linearly extends in the opposite direction. As shown in Fig. 2, 

the bent part may be one that discontinuously turns back (such 

that the gradient of a tangent at the tip end changes 

discontinuously) (that is, for example, in a substantially 

horizontal U-like shape (in a quadrilateral shape with one side 

thereof opened)), or may be one that is continuously curved 

modestly (such that the gradient of a tangent at the tip end changes 

continuously) (that is, for example, in a substantially vertical 

U-like shape) . The number of bending the reaction flow path 3 

is not limited to one time, and may be twice or more (for example, 

about 2 to 50 times). 

[0035] 

Also in the temperature adjustment heater formation region 

6, the temperature adjustment heater 4 is bent at least one time 

to form a protruding shape . Likewise, the phrase "the temperature 

adjustment heater 4 is bent to form" as used herein means that 

as shown in Fig. 2, the temperature adjustment heater 4 linearly 

extends in one direction, turns back in one position in the 

direction opposite to the one direction (for example, in the 

direction at substantially 180° with respect to the one direction) , 

and then linearly extends in the opposite direction. The bent 
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part may be one that discontinuously turns back (such that the 

gradient of a tangent at the tip end changes discontinuously) 

(that is, for example, in a substantially horizontal U-like shape 

(in a quadrilateral shape with one side thereof opened) ) , or may 

be one that has its tip end continuously curved modestly (such 

that the gradient of a tangent at the tip end changes continuously) 

(that is, for example, in a substantially vertical U-like shape) 

as shown in Fig. 2. The number of bending the temperature 

adjustment heater 4 is not limited to one time, and may be twice 

or more (for example, about 2 to 50 times). 

[0036] 

When the temperature adjustment heater 4 includes two or 

more bent parts, and two or more protruding parts are formed, the 

protruding parts are connected together on the side opposite to 

the bent part to form the meandering temperature adjustment heater 

4 as shown in Fig. 2. 

[0037] 

As shown in Fig. 2 , the term "protruding part" as used herein 

means a part that extends only by a predetermined length as 

mentioned above (which is substantially the same as the width of 

the formation region (reaction flow path formation region 5, 

temperature adjustment heater formation region 6) in the 

longitudinal direction (for example, the direction Q of Fig. 3) ) 

in one direction (for example, the direction Q of Fig. 3) , then 

turns back and extends only by the same length in the direction 
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opposite to the one direction. The temperature adjustment heater 

4 is disposed to meander such that the respective protruding parts 

are arranged at equal intervals . Likewise, the reaction flow path 

3 is also disposed to meander such that the respective protruding 

parts are arranged at equal intervals. The protruding part of 

the reaction flow path 3 is disposed between the respective 

protruding parts of the temperature adjustment heater 4. That 

is, the reaction flow path 3 and the temperature adjustment heater 

4 are arranged in a nested pattern such that each protruding part 

of the reaction flow path 3 is put into between the two sequent 

protruding parts of the temperature adjustment heater 4, and each 

protruding part of the temperature adjustment heater 4 is put into 

between the two sequent protruding parts of the reaction flow path 

3. In this way, the temperature adjustment heater 4 can be 

disposed in the vicinity of the reaction flow path 3, so that the 

reaction flow path 3 can be uniformly and effectively heated by 

the temperature adjustment heater 4. The term "nested pattern" 

as used in the present invention means that each protruding part 

of the reaction flow path 3 is put into between the two sequent 

protruding parts of the temperature adjustment heater 4, and each 

protruding part of the temperature adjustment heater 4 is put into 

between the two sequent protruding parts of the reaction flow path 

3 . 

[0038] 

As mentioned above, the first embodiment can provide the 
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miniaturized microfluidic device 1 that has a simple structure 

without needing adhesion means for improving the heat transfer 

between the heater block and the device, and which can form the 

uniform temperature regions. 

[0039] 

(Second Embodiment) 

Fig. 3 is a top view of a microfluidic device 1 according 

to a second embodiment of the invention in which temperature 

regions (first temperature region 10 and second temperature 

region 11) are arranged in two lines. 

[0040] 

As shown in Fig. 3, the first temperature region 10 and the 

second temperature region 11 are formed over the microfluidic 

device 1. Each of the first and second temperature regions 10 

and 11 is provided with the reaction flow path formation regions 

5 and the temperature adjustment heater formation regions 6 which 

are alternately arranged in one direction P. The first 

temperature region 10 and the second temperature region 11 are 

arranged side by side in the direction different from one 

direction P, for example, in the direction Q substantially 

perpendicular to the one direction. 

[0041] 

In the microfluidic device 1 of the second embodiment in 

the invention, as shown in Fig. 3, first reaction flow path 

formation regions 5a included in the first temperature region 10, 
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and second reaction flow path formation regions 5b included in 

the second temperature region 11 maybe alternately arranged. The 

reaction flow paths 3 formed in the first and second reaction flow 

path formation regions 5a and 5b which are disposed close to each 

other are preferably formed to communicate with each other. Thus, 

the protruding parts of the reaction flow path 3 can be alternately 

formed in the lateral direction with the line D-D' centered. That 

is, for example, odd-numbered protruding parts can be positioned 

on the left side, while even-numbered protruding parts can be 

positioned on the right side . In this way, each of the temperature 

adjustment heaters 4 can be formed to meander across the first 

temperature region 10 or the second temperature region 11. Since 

the first temperature region 10 and the second temperature region 

11 can be set to different temperatures, the one reaction flow 

path 3 can be partially heated at different temperatures. 

[0042] 

That is, the first temperature region 10 is formed by 

alternately arranging the first reaction flow path formation 

regions 5a and the first temperature adjustment heater formation 

regions 6a, whereas the second temperature region 11 is formed 

by alternately arranging the second reaction flow path formation 

regions 5b and the second temperature adjustment heater formation 

regions 6b. Thus, the first reaction flow path formation regions 

5a included in the first temperature region 10 and the second 

reaction flow path formation regions 5b included in the second 
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temperature region 11 are arranged in a staggered manner while 

being displaced from each other. The first reaction flow path 

formation regions 5a included in the first temperature region 10, 

and the second reaction flow path formation regions 5b included 

in the second temperature region 11, which are disposed close to 

each other, are arranged in a zig-zag manner. In more detail, 

as shown in Fig. 3, the first reaction flow path formation region 

5a (Al) included in the first temperature region 10 is disposed 

close to the second reaction flow path region 5b (Bl) included 

in the second temperature region 11, and the second reaction flow 

path formation region 5b (Bl) included in the second temperature 

region 11 is disposed close to another first reaction flow path 

formation region 5a (A2) included in the first temperature region 

10. Further, the first reaction flow path formation region 5a 

(A2) included in the first temperature region 10 is disposed close 

to the second reaction flow path formation region 5b (B2) included 

in the second temperature region 11, and the second reaction flow 

path formation region 5b (B2) included in the second temperature 

region 11 is disposed close to another first reaction flow path 

formation region 5a (A3) included in the first temperature region 

10. Furthermore, the first reaction flow path formation region 

5a (A3) included in the first temperature region 10 is disposed 

close to the second reaction flow path formation region 5b (B3) 

included in the second temperature region 11, and the second 

reaction flow path formation region 5b (B3 ) included in the second 
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temperature region 11 is disposed close to another first reaction 

flow path formation region 5a (A4) included in the first 

temperature region 10. Moreover, the first reaction flow path 

formation region 5a (A4) included in the first temperature region 

10 is disposed close to the second reaction flow path formation 

region 5b (B4) included in the second temperature region 11, and 

the second reaction flow path formation region 5b (B4) included 

in the second temperature region 11 is disposed close to another 

first reaction flow path formation region 5a (A5) included in the 

first temperature region 10. Still further, the first reaction 

flow path formation region 5a (A5) included in the first 

temperature region 10 is disposed close to the second reaction 

flow path formation region 5b (B5) included in the second 

temperature region 11, and the second reaction flow path formation 

region 5b (B5) included in the second temperature region 11 is 

disposed close to another first reaction flow path formation 

region 5a (A6) included in the first temperature region 10. 

Additionally, the first reaction flow path formation regions 5a 

(A6) included in the first temperature region 10 is disposed close 

to the second reaction flow path formation region 5b (B6) included 

in the second temperature region 11. 

[0043] 

In the first temperature region 10, the temperature 

adjustment heaters 4 formed in the first temperature adjustment 

heater formation regions 6a disposed on both sides of and adjacent 
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to the first reaction flow path formation region 5a in the one 

direction P are continuously formed, so that the one continuous 

temperature adjustment heater 4 and the one continuous reaction 

flow path 3 are formed in a nested pattern in the first temperature 

region 10. More specifically, as shown in Fig. 3, in the first 

temperature region 10, the temperature adjustment heater 

formation region 6a (CI) is formed between the reaction flow path 

formation regions 5a (Al) and 5a (A2), whereas the temperature 

adjustment heater formation region 6a (C2) is formed between the 

reaction flow path formation regions 5a (A2) and 5a (A3) . The 

temperature adjustment heater formation region 6a (C3) is formed 

between the reaction flow path formation regions 5a (A3) and 5a 

(A4) , whereas the temperature adjustment heater formation region 

6a (C4) is formed between the reaction flow path formation regions 

5a (A4) and 5a (A5) . Likewise, the temperature adjustment heater 

formation region 6a (C5) is formed between the reaction flow path 

formation regions 5a (A5) and 5a (A6), whereas the temperature 

adjustment heater formation region 6a (C6) is formed adjacent to 

the reaction flow path formation regions 5a (A6) (adjacent in the 

one direction P (that is, in the positive direction on the P axis) ) . 

Thus, the temperature adjustment heaters 4 formed in the first 

temperature adjustment heater formation regions 6a (CI to C6) are 

connected together to form the one continuous temperature 

adjustment heater 4 as shown in Fig. 3 . In the first temperature 

region 10, the protruding parts on the left side of the one 
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continuous temperature adjustment heater 4, and the protruding 

parts of the one continuous reaction flow path 3 are formed in 

a nested pattern. 

[0044] 

Likewise, in the second temperature region 11, the 

temperature adjustment heaters 4 formed in the second temperature 

adjustment heater formation regions 6b disposed on both sides of 

and adjacent to the second reaction flow path formation region 

5b in the one direction P are continuously formed, so that the 

one continuous temperature adjustment heater 4 is formed in the 

second temperature region 11. More specifically, as shown in Fig. 

3 , in the second temperature region 11, the temperature adjustment 

heater formation region 6b (Dl) is formed adjacent to the reaction 

flow path formation region 5b (Bl) (adjacent thereto in the 

direction opposite to the one direction P (negative direction on 

the P axis) , whereas the temperature adjustment heater formation 

region 6b (D2) is formed between the reaction flow path formation 

regions 5b (Bl) and 5b (B2) . The temperature adjustment heater 

formation region 6b (D3) is formed between the reaction flow path 

formation regions 5b (B2) and 5b (B3), whereas the temperature 

adjustment heater formation region 6b (D4) is formed between the 

reaction flow path formation regions 5b (B3) and 5b (B4). 

Likewise, the temperature adjustment heater formation region 6b 

(D5) is formed between the reaction flow path formation regions 

5b (B4) and 5b (B5), whereas the temperature adjustment heater 
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formation region 6b (D6) is formed between the reaction flow path 

formation regions 5b (B5) and 5b (B6) . Thus, as shown in Fig. 

3, the temperature adjustment heaters 4 formed in the second 

temperature adjustment heater formation regions 6b (Dl to D6) are 

connected together to form the one continuous temperature 

adjustment heater 4. In the second temperature region 11, the 

protruding parts on the right side of the one continuous 

temperature adjustment heater 4, and the protruding parts of the 

one continuous reaction flow path 3 are formed in a nested pattern. 

[0045] 

As shown in Fig. 3, in the first temperature region 10, the 

protruding parts of the reaction flow path 3 disposed meandering 

at equal intervals are arranged between the respective protruding 

parts of the temperature adjustment heater 4 disposed meandering 

at another equal interval, which can improve the uniform heat 

distribution. That is, the reaction flow path 3 and the 

temperature adjustment heater 4 are arranged in the nested pattern 

such that each protruding part of the reaction flow path 3 is put 

into the two sequent protruding parts of the temperature 

adjustment heater 4, and each protruding part of the temperature 

adjustment heater 4 is put into the two sequent protruding parts 

of the reaction flow path 3. Thus, the temperature adjustment 

heater 4 can be disposed in the vicinity of the reaction flow path 

3 , so that the reacting fluid can be effectively heated. The same 

goes for the second temperature region 11. 
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[0046] 

Alternatively, as shown in Fig. 5, two protruding parts of 

the reaction flow path 3 may be provided in each reaction flow 

path formation region 5 (first reaction flow path formation region 

5a, or second reaction flow path formation region 5b) . Further, 

alternatively, as shown in Fig. 6, seven protruding parts of the 

reaction flow path 3 may be provided in each reaction flow path 

formation region 5. This arrangement can heat the reacting fluid 

at higher temperature, thereby achieving quick heating. 

[0047] 

In the microfluidic device 1 of the second embodiment of 

the invention, the number of bending the temperature adjustment 

heater 4 in the one temperature adjustment heater formation region 

6 preferably ranges from 1 to 50, and more preferably from 1 to 

10. Setting of the number of bending the temperature adjustment 

heater 4 in such a range can achieve the uniform heating as well 

as the quick heating. 

[0048] 

The microfluidic device 1 of the second embodiment in the 

invention, as shown in Fig. 1, preferably further includes a 

protective substrate 20 over the substrate 2. The reaction flow 

paths 3 formed in the substrate 2 to be opened outward, and the 

temperature adjustment heaters 4 arranged at the substrate 2 are 

covered with the protective substrate 20. This arrangement can 

protect the temperature adjustment heater 4, while preventing the 
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leakage of the fluid inside the reaction flow path 3 from the 

reaction flow path 3. 

[0049] 

The protective substrate 2 0 may be made of any other material 

that can surely protect the temperature adjustment heater 4 and 

the reaction flow path 3 formed on the substrate 2. 

[0050] 

Figs . 4A to 4D are cross-sectional views of the microfluidic 

device 1 with an isolation trench at a boundary between two or 

more temperature regions in the second embodiment of the invention 

Fig. 4A is the cross-sectional view of the microfluidic device 

1 taken along the line A-A' of Fig. 3, and Fig. 4B is the 

cross-sectional view of the microfluidic device 1 taken along the 

line B-B' of Fig. 3. Fig. 4C is the cross-sectional view of the 

microfluidic device 1 taken along the line C-C' of Fig. 3, and 

Fig. 4D is the cross-sectional view of the microfluidic device 

I taken along the line D-D' of Fig. 3. 

[0051] 

As shown in Fig. 4B, an isolation trench 3 0 may be formed 

at the boundary between two or more temperature regions 10 and 

II to be opened toward the back surface of the substrate 2. The 

two temperature regions 10 and 11, as shown in Fig. 4B, may be 

connected together by a part other than the isolation trench 30. 

The isolation trench 3 0 is to improve thermal insulation between 

the temperature regions. Thus, the isolation trench 3 0 is formed 
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at the boundary between the two or more temperature regions as 

mentioned above, which can improve thermal insulation between the 

temperature regions 10 and 11. The isolation trench 30 may have 

any other sectional shape as long as the thermal insulation 

between the temperature regions 10 and 11 is improved. The 

sectional shape of the isolation trench 30 is preferably 

rectangular as the isolation trench 3 0 can be easily formed. The 

isolation trench 3 0 is to improve the thermal insulation between 

the temperature regions 10 and 11, and thus is not necessarily 

opened at the back surface of the substrate 2. Further, the 

isolation trench 3 0 may not be opened on both the front and back 

surfaces of the substrate 2 (in other words, a closed space may 

be formed between the temperature regions 10 and 11 of the 

substrate 2) . Even with both the front and back surfaces of the 

substrate 2 closed, the thermal insulation between the 

temperature regions 10 and 11 can be surely improved. 

[0052] 

In the microfluidic device 1 of the first embodiment in the 

invention, as shown in Figs. 4A and 4D, a through hole 31 may be 

further provided to penetrate the substrate 2 from the back 

surface to front surface thereof at the boundary between the two 

temperature regions 10 and 11. This arrangement can further 

improve the thermal insulation between the temperature regions 

10 and 11. 

[0053] 
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As shown in Figs. 4A, 4B, and 4C, in the microfluidic device 

1 of the first embodiment in the invention, preferably, a stepped 

portion is formed between the surface with the temperature 

adjustment heater 4 formed thereon and the uppermost surface of 

the substrate 2, which prevents the temperature adjustment heater 

4 from protruding from the uppermost surface of the substrate 2 . 

With this arrangement, the protective substrate 2 0 can be easily 

bonded to the substrate 2 to thereby improve the yield of the 

devices. 

[0054] 

In the microfluidic device 1 according to the first 

embodiment of the invention, the temperature adjustment heater 

4 is preferably a metal thin film heater. The temperature 

adjustment heater 4 made of the metal thin film heater can be easily 

integrated on the device. 

[0055] 

Suitable materials used for the metal thin film heater can 

include metals, for example, gold, platinum, copper, aluminum, 

and the like. These materials can be suitably used because of 

low resistance and good workability. 

[0056] 

Methods for forming the metal thin film heater can be the 

well-known methods, including sputtering, vapor deposition, and 

the like. 

[0057] 
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In the microfluidic device 1 according to the first 

embodiment of the invention, the temperatures of the two or 

more temperature adjustment heaters 4 can be preferably-

adjusted independently. The two or more temperature 

5 adjustment heaters 4 can have the temperature thereof 

adjusted independently, which can achieve the temperature 

control with high accuracy. 

[0058] 

As mentioned above, the second embodiment can provide 

10 the miniaturized microfluidic device 1 with the heater that 

has a simple structure without needing adhesion means for 

improving the heat transfer between the heater block and 

the device, and which can form the uniform temperature 

regions. The two or more temperature regions with 

15 different temperatures can be formed to thereby adjust the 

fluid in the reaction flow path 3 to various temperatures, 

which can provide the microfluidic device with good 

temperature controllability. 

[0059] 

20 (Third Embodiment) 

Fig. 7 is a top view of a microfluidic device 1 

according to a third embodiment of the invention in which 

temperature regions (first temperature region 10, second 

temperature region 11, and third temperature region 12) are 

25 arranged side by side in three lines. While in the second 

embodiment, the temperature regions are arranged side by 

side in two lines, in the third embodiment, the temperature 

regions are arranged side by side in three lines, which is 

the different point between the second and third 

26 



embodiments. This embodiment is the same as the first and 

second embodiments except for the above-mentioned point. 

[0060] 

As shown in Fig. 7, the first temperature region 10, 

5 the second temperature region 11, and the third temperature 

region 12 are formed at the microfluidic device 1. In each 

of the first, second, and third temperature regions 10, 11, 

and 12, the reaction flow path formation regions 5 and the 

temperature adjustment heater formation regions 6 are 

10 alternately arranged in the one direction P. The first 

temperature region 10, second temperature region 11, and 

third temperature region 12 are arranged side by side in 

the direction different from the one direction P, for 

example, in the direction Q substantially perpendicular to 

15 the one direction. 

[0061] 

In the microfluidic device 1 according to the third 

embodiment of the invention, first reaction flow path 

formation regions 5a included in the first temperature 

20 region 10, and second reaction flow path formation regions 

5b included in the second temperature region 11 are 

arranged in a staggered manner. The reaction flow paths 3 

formed in the first and second reaction flow path formation 

regions 5a and 5b which are disposed close to each other 

25 are preferably formed to communicate with each other to 

thereby form one continuous reaction flow path 3 over the 

first 
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and second temperature regions 10 and 11. 

[0062] 

Further, second temperature adjustment heater formation 

regions 6b included in the second temperature region 11, and third 

temperature adjustment heater formation regions 6c included in 

the third temperature region 12 are arranged in a staggered manner 

The temperature adjustment heaters 4 formed in the second and 

third temperature adjustment heater formation regions 6b and 6c 

which are disposed close to each other are continuously formed 

to thereby form one continuous temperature adjustment heater 4 

across the second and third temperature regions 11 and 12. 

[0063] 

In the first temperature region 10, the temperature 

adjustment heaters 4 formed in the first temperature adjustment 

heater formation regions 6a disposed on both sides of and adjacent 

to the first reaction flow path formation region 5a are 

continuously formed, so that the one continuous temperature 

adjustment heater 4 is formed in the first temperature region 10. 

[0064] 

Likewise, in the third temperature region 12, the reaction 

flow paths 3 formed in the third reaction flow path formation 

regions 5 disposed on both sides of and adjacent to the third 

temperature adjustment heater formation region 6 are formed to 

communicate with each other, so that the one continuous reaction 

flow path 3 is formed in the third temperature region 12. 
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[0065] 

In this way, the microfluidic device 1 with the 

temperature regions arranged side by side in three lines 

can be manufactured. The number of the reaction flow paths 

5 3 and/or temperature adjustment heaters 4 each continuously 

formed across the two temperature regions can be increased 

to form four or more lines of the temperature regions. 

[0066] 

Alternatively, in the microfluidic device 1 according 

10 to the third embodiment, the temperature adjustment heater 

4 formed in one temperature adjustment heater formation 

region 6 that is included in each of the first temperature 

region 10, the second temperature region 11, and the third 

temperature region 12 may be bent twice or more. This can 

15 enhance the reaction efficiency of the fluid (reactive 

material or the like) in the reaction flow path 3. 

[0067] 

Further, in the microfluidic device 1 according to the 

third embodiment, the reaction flow path 3 formed in one 

20 reaction flow path formation region 5 that is included in 

each of the first temperature region 10, the second 

temperature region 11, and the third temperature region 12 

may be bent twice or more. 

[0068] 

25 As mentioned above, the third embodiment can provide 

the miniaturized microfluidic device 1 with the heater that 

has a 
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simple structure without needing adhesion means for improving the 

heat transfer between the heater block and the device, and which 

can form the uniform temperature regions. The three or more 

temperature regions with different temperatures can be formed to 

thereby adjust the fluid in the reaction flow path 3 to various 

temperatures, which can provide the microfluidic device with good 

temperature controllability. 

[0069] 

The device of the invention can be applied to a polymerase 

chain reaction (PCR) device. The PCR method is a reaction for 

amplifying the number of deoxyribonucleic acid (DNA) molecules. 

Specifically, the PCR involves causing a reactive solution 

containing DNA segments to be amplified, polymerase enzyme, and 

primers to undergo about 3 0 to 5 0 repeated cycles of temperature 

changes, including a denaturation temperature (about 95°C), an 

anneal temperature (about 60°C), and an extension temperature 

(from about 60°C to about 75°C) , thereby exponentially amplifying 

the DNA template. 

[0070] 

The high-temperature region (for example, from 95°C to 

98°C) for carrying out the degeneration reaction, and the 

low-temperature regions (for example, from 50°C to 75°C) for 

carrying out the anneal and extension reactions are formed by the 

heater. Here, the anneal reaction and the extension reaction are 

carried out at the same temperature in the description. However, 
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these reactions may be performed at different temperatures with 

different temperature regions formed independently. The time 

during which the DNA stays in each temperature region is 

controlling by adjusting the velocity of the reacting fluid. 

According to the present invention, the temperatures of the 

temperature regions can be uniformly controlled, so that each 

reaction can be repeatedly carried out at the same corresponding 

temperature in all PCR cycles, which can achieve very effective 

and excellent amplification of the DNA. 

Description of Reference Numerals 

[0071] 

1 Microfluidic device 

2 Substrate 

3 Reaction flow path 

4 Temperature adjustment heater 

5 Reaction flow path formation region 

5a First reaction flow path formation region 

5b Second reaction flow path formation region 

6 Temperature adjustment heater formation region 

6a First temperature adjustment heater formation region 

6b Second temperature adjustment heater formation region 

10 First temperature region 

11 Second temperature region 

12 Third temperature region 
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MCSLLP 

CLAIMS 

1. A microfluidic device, comprising: 

a substrate; 

a reaction flow path formed on the substrate; and 

a temperature adjustment heater for heating the reaction 

flow path, 

wherein a reaction flow path formation region including the 

reaction flow path formed therein and a temperature adjustment 

heater formation region including the temperature adjustment 

heater formed therein are alternately arranged on the substrate, 

the reaction flow path is formed to be bent at least one 

time in the reaction flow path formation region, and 

the temperature adjustment heater is formed to be bent at 

least one time in the temperature adjustment heater formation 

region. 

2. The microfluidic device according to claim 1, further 

comprising a first temperature region and a second temperature 

region, each having the reaction flow path formation region and 

the temperature adjustment heater formation region being 

alternately arranged in one direction therein, 

wherein the first temperature region and the second 

temperature region are arranged side by side in a direction 

different from the one direction. 
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MCSLLP 

3. The microfluidic device according to claim 2, wherein a 

first reaction flow path formation region included in the first 

temperature region and a second reaction flow path formation 

region included in the second temperature region are arranged in 

a staggered manner, and 

the reaction flow paths respectively formed in the first 

reaction flow path formation region and in the second reaction 

flow path formation region being located close to each other are 

formed to communicate with each other. 

4. The microfluidic device according to claim 2, wherein a 

first temperature adjustment heater formation region included in 

the first temperature region and a second temperature adjustment 

heater formation region included in the second temperature region 

are arranged in a staggered manner, and 

the temperature adjustment heaters respectively formed in 

the first temperature adjustment heater formation region and in 

the second temperature adjustment heater formation region being 

located close to each other are continuously formed. 

5. The microfluidic device according to any one of claims 1 

to 4, wherein two or more temperature adjustment heaters each 

being bent to meander are disposed in the one temperature 

adjustment heater formation region. 
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MCSLLP 

6. The microfluidic device according to any one of claims 1 

to 5, wherein two or more reaction flow paths each being bent to 

meander and separated are disposed in the one reaction flow path 

formation region. 

7. The microfluidic device according to any one of claims 1 

to 6, wherein the number of bending the temperature adjustment 

heater in the one temperature adjustment heater formation region 

ranges from 1 to 10. 

8. The microfluidic device according to any one of claims 1 

to 7, wherein the number of bending the reaction flow path in the 

one reaction flow path formation region ranges from 1 to 10. 

9. The microfluidic device according to any one of claims 1 

to 8, further comprising a protective substrate over the 

substrate, 

wherein the reaction flow path formed in the substrate to 

be opened outward, and the temperature adjustment heater disposed 

in the substrate are covered with the protective substrate. 

10. The microfluidic device according to claim 2, further 

comprising an isolation trench formed at a boundary between the 

two or more temperature regions. 
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11. The microfluidic device according to claim 10, further 

comprising a through hole to penetrate the substrate from the back 

surface to a front surface thereof at the boundary. 

12. The microfluidic device according to any one of claims 1 

to 11, wherein a stepped portion is formed between a surface with 

the temperature adjustment heater formed thereon and the front 

surface of the substrate, so that the temperature adjustment 

heater does not protrude from the front surface of the substrate. 

13. The microfluidic device according to any one of claims 1 

to 12, wherein the temperature adjustment heater is a metal thin 

film heater. 

14. The microfluidic device according to claim 5, wherein the 

temperatures of the two or more temperature adjustment heaters 

are adjustable independently. 

15. A polymerase chain reaction device comprising the 

microfluidic device according to any one of claims 1 to 14. 
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