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(54) Title: PELTIER-ASSISTED MICROFABRICATED REACTION CHAMBERS FOR THERMAL CYCLING

(57) Abstract

A chemical reaction chamber system (10)
that combines devices such as doped polysilicon
for heating, bulk silicon for convective cooling,
and thermoelectric (TE) coolers (15, 16) to aug-
ment the heating and cooling rates of the reaction
chamber or chambers (12, 13, 14). In addition the
system includes non-silicon-based reaction cham-
bers (12, 13, 14) such as any high thermal conduc-
tivity material used in combination with a thermo-
electric cooling mechanism (15, 16) (i.e., Peltier
device). The heat contained in the thermally con-
ductive part of the system can be used/reused to 2
heat the device, thereby conserving energy and
expediting the heating/cooling rates. The sys-
tem combines a micromachined silicon reaction
chamber (12, 13, 14), for example, with an addi-
tional module/device (15, 16) for augmented heat-
ing/cooling using the Peltier effect. This additional
module is particularly useful in extreme environ-
ments (very hot or extremely cold) where aug-
mented heating/cooling would be useful to speed
up the thermal cycling rates. The chemical reac-
tion chamber system (10) has various applications
for synthesis or processing of organic, inorganic,
or biochemical reactions, including the polymerase
chain reaction (PCR) and/or other DNA reactions,
such as the ligase chain reaction.

O < s 16,26
W4
] "/ 5
o <
7
O %
o //’ .|7_ :
7 i I
2 11-) /'/
kel
§ .
2




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CcG
CH
CI
CM
CN
Cu
Cz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
Jp
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
T)
™
TR
TT
UA
uG
us
UZ
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




WO 98/50147 PCT/US98/09488

PELTIER-ASSISTED MICROFABRICATED REACTION CHAMBERS
FOR THERMAL CYCLING
The United States Government has rights in this invention
pursuant to Contract No. W-7405-ENG-48 between the United States
Department of Energy and the University of California for the operation

of Lawrence Livermore National Laboratory.
BACKGROUND OF THE INVENTION

The present invention relates to chemical reaction

chambers, particularly to a chemical reaction chamber combined with
means for augmenting heat/cooling using the Peltier effect, and more
particularly to a micromachined silicon or high thermal conductivity
reaction chamber in combination with devices such as doped polysilicon
for heating, bulk silicon for convective cooling, and thermoelectric
coolers to augment the heating and cooling rates of such chambers.

Instruments generally used for performing chemical
synthesis through thermal control and cycling are very large (table-top
size) and inefficient. They typically work by heating and cooling a large
thermal mass (e.g. an aluminum block) that has inserts for test tubes. -
Recently, efforts have been directed to miniaturize these instruments by
designing and constructing reaction chambers out of silicon and silicon-
based materials (e.g., silicon nitride, polycrystalline silicon) that have
integrated heaters and cooling via convection through the silicon.
Those miniaturization efforts are exemplified by copending U.S.
Applications Serial No. 07/938,106, filed August 31, 1992, entitled
"Microfabricated Reactor"; Serial No. 08/489,819, filed June 13, 1995,
entitled "Diode Laser Heated Micro-Reaction Chamber with Sample
Detection Means"; and Serial No. 08/492,678 filed June 20, 1995, entitled
"Silicon-Based Sleeve Devices for Chemical Reactions", each assigned to
the same assignee.
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The present invention is a chemical reaction chamber that
combines doped polysilicon for heating, bulk silicon for convective
cooling, and thermoelectric devices to augment the heating and cooling
rates of the chamber. The combination of the reaction chamber with the
thermoelectric device enables the heat contained in the thermally
conductive areas to be used/reused to heat the device, thereby
conserving energy and expediting the heating/cooling rates. The
chemical reaction chamber may be composed of micromachined silicon
or any high thermal conductivity material. The thermoelectric
mechanism comprises, for example, a Peltier device.

SUMMARY OF THE INVENTION
An object of the present invention is to provide reaction

chambers for thermal cycling.

A further object of the invention is to provide a Peltier-
assisted microfabricated reaction chamber for thermal cycling.

A further object of the invention is to combine a
microfabricated reaction chamber with an additional device for
augmented heating/cooling using the Peltier effect.

Another object of the invention is to provide a chemical
reaction chamber constructed of silicon-based or non-silicon-based
materials in combination with a thermoelectric cooling mechanism.

Another object of the invention is to combine a
microfabricated chemical reaction chamber with a Peltier type
heating/cooling mechanism.

Another object of the invention is to combine a sleeve-type
micromachined silicon reaction chamber with a Peltier effect device for
augmented heating/cooling, which enables use of the reaction chamber
in extreme high or low temperature environments.

Other objects and advantages of the present invention will
become apparent from the following description and accompanying
drawing. The invention involves a silicon-based or non-silicon-based
microfabricated reactor with a thermoelectric (i.e. Peltier effect)
cooler /heater to augment the thermal cycling rates. The reaction
chamber may be constructed of silicon or silicon-based materials ( e.g.,
silicon nitride, polycrystalline silicon) or non-silicon-based, high thermal
conductivity materials (e.g., copper, aluminum, etc.). The Peltier effect
thermoelectric heater/coolers (heat pumps) are used to rapidly cycle the
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temperature of the micro reaction chamber. The reaction chamber
system may be constructed to include an array of individual chambers
located in a sleeve-type silicon-based reaction chamber arrangement.
The illustrated embodiment has been experimentally utilized as a
thermal cycling instrumentation for the polymerase chain reaction and
other chemical reactions. By these experiments the invention has been
shown to be superior to present commercial instruments on thermally-
driven chemical reactions.
BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawing, which is incorporated into and

forms a part of the disclosure, illustrates an embodiment of the
invention and, together with the description, serves to explain the
principles of the invention.
The single figure is a perspective view of an embodiment of
a Peltier-assisted microfabricated reaction chamber system made in
accordance with the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention involves Peltier-assisted

microfabricated reaction chambers for thermal cycling. The
microfabricated reactor may be constructed of silicon or silicon-based
materials, such as silicon nitride and polycrystalline silicon, or of non-
silicon-based, high thermal conductivity materials, such as copper,
aluminum, etc., used in combination with a thermo-electric (TE) cooling
mechanism, such as a Peltier device. The disclosed embodiment
involves silicon-based sleeve-type reaction chambers with a specific
arrangement of the TE device such that the TE device functions as a TE
heater /cooler wherein the heat contained in the thermally conductive
portion thereof can be used/reused to heat the reaction chambers,
thereby conserving energy and expediting the heating/cooling rates. The
disclosed embodiment of the invention combines a micromachined
silicon reaction chamber with an additional module (TE heater/cooler)
for augmented heating/cooling using the Peltier effect. This additional
module is particularly useful in extreme temperature environments
where augmented heating/cooling would speed up the thermal cycling
rates.

The silicon-based micro-reactor chambers may be

constructed as described in above-referenced copending application
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Serial No. 08/492,678 and the fabrication process thereof is incorporated
herein.

The Peltier effect has been well understood for many years
and in recent years Peltier heat pumps have become commercially
available. This invention uses off-the-shelf Peltier coolers (heat pumps)
to rapidly cycle the temperature of the silicon-based micro chamber array.

Peltier heat pumps are semiconductor devices typically with
two planner surfaces. When a direct current (dc) source is applied to the
heat pump, heat is moved from one surface to the other. If the polarity
is reversed the heat is pumped in the opposite direction.

The rapid thermal cycling is accomplished by shuttling the
heat from a thermal reservoir, such as a copper block, to the reaction
chamber(s) and then back to the thermal reservoir using one or more
Peltier heat pumps. The cycle starts by pumping the heat from the
reservoir into the test device (reaction chamber) to heat it to the desired
temperature. Using the heat from the reservoir to heat the device
lowers the temperature of the reservoir thereby increasing the AT
between the chamber and the reservoir. When the polarity of the heat
pump is reversed the heat is pumped from the device back to the
reservoir. Because the AT between the device and the reservoir has been
increased the thermal transfer occurs much faster.

The active thermal system can be insulated from the
ambient temperature and no external source of heat is required. The
system can be speeded up by thermally biasing the temperature of the
entire thermal system to be near the center of the range of the
temperature cycle. In the case of a planner type device such as a micro
PCR chamber array illustrated in the drawing, good temperature
uniformly can be accomplished by applying heat pumps and thermal
reservoirs to both planner surfaces of the test device (chamber array). A
more cube-like configured test device might require heat pumps on four
or five surfaces to achieve rapid cycling and good uniformity.

The single figure illustrates an embodiment of the system
of the invention using a planner type test device or reaction chamber
array with a Peltier type device and a thermal reservoir positioned on
opposite sides of the reaction chamber array. The system generally
indicated at 10 comprises a test device 11 which includes three reaction
chambers 12, 13, and 14 into which material to be tested is inserted as
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known in the art. By way of example the device 11 may have a length of
1.0cm, width of 1.0cm, and thickness of 2mm. Peltier heat pumps 15 and
16 are positioned adjacent opposite sides of the test device 11 with
electrical leads or contacts 17-18 and 19-20, respectively, extending
therefrom. By way of example heat pumps 15 and 16 may be constructed
of bismuth tellurium with a thickness of 2mm. Thermal reservoirs 21
and 22 are positioned adjacent the Peltier heat pumps. The Peltier heat
pumps 15 and 16 are secured to test device 11 and to thermal reservoirs
21 and 22 by bonding, pressure fit, or clamping, indicated at 23-24 and 25-
26, or other means using material which is highly thermally conductive,
such as thermal epoxy, so as to minimize heat loss during transfer from
the reservoirs to or from the test device. By way of example thermal
reservoirs may be constructed of copper, aluminum, silicon, or other
highly thermal conductive materials such as aluminum-based ceramics
or cermets with a thickness of Smm.

The electrical leads or contacts 17-20 are connected to an
appropriate power supply and switching arrangement schematically
illustrated at 27 and 28.

It has thus been shown that the present invention provides
a system including a reaction chamber having augmented
heating/cooling capabilities whereby the system can be utilized in
extreme (hot and cold) temperature environments, and the Peltier effect
heating/cooling arrangement provides rapid thermal cycling. The
system can be used for synthesis or processing or organic, inorganic, or
biochemical reactions. The additional power required for the TE
heater/cooler is not prohibitive, particularly for operation in more
extreme environments.

While a particular embodiment of the invention has been
illustrated and described, such is not intended to be limiting.
Modifications and changes may become apparent to those skilled in the
art, and it is intended that the invention be limited only by the scope of
the appended claims.
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CLAIMS

1. A reaction chamber system, comprising:

at least one reaction chamber,

at least one Peltier effect heat pump positioned adjacent said
reaction chamber, and

at least one thermal reservoir positioned adjacent said heat
pump,

whereby thermal cycling of heat from the thermal reservoir to
the at least one reaction chamber and from the at least one reaction
chamber to the thermal reservoir is carried out by the Peltier effect heat
pump.

2. The reaction chamber system of Claim 1, additionally
including a Peltier effect heat pump and a thermal reservoir positioned
adjacent a plurality of sides of said at least one reaction chamber.

3. The reaction chamber system of Claim 1, additionally
including a Peltier effect heat pump and a thermal reservoir positioned
adjacent opposite sides of said reaction chamber.

4. The reaction chamber system of Claim 1, wherein said at least
one reaction chamber is constructed of material selected from the group of
silicon-based and non-silicon-based materials.

5. The reaction chamber system of Claim 1, wherein said at least

one reaction chamber is constructed of silicon-based materials.



WO 98/50147 PCT/US98/09488

-7 -

6. The reaction chamber system of Claim 1, wherein said at least
one reaction chamber constitutes a sleeve-like construction having a
plurality of reaction chambers therein.

7. An improved sleeve-type reaction chamber system, the
improvement comprising:

at least one Peltier heat pump located adjacent a sleeve-type
reaction chamber device,

a thermal reservoir located adjacent said at least one Peltier heat
pump, and

means for reversibly activating said Peltier heat pump.

8. The improved system of Claim 7, wherein said sleeve-type
reaction chamber device includes a plurality of reaction chambers.

9. The improved system of Claim 7, wherein a Peltier heat
pump and a thermal reservoir is located on a plurality of sides of said
sleeve-type reaction chamber device.

10. The improved system of Claim 7, wherein a Peltier heat
pump and a thermal reservoir is located on opposite sides of said sleeve-
type reaction chamber device.

11. The improved system of Claim 7, wherein said sleeve-type
reaction chamber device is constructed of materials selected from the
group consisting of silicon-based and non-silicon based materials.

12. The improved system of Claim 11, wherein said sleeve-type
reaction chamber is constructed of silicon-based materials selected from
the group of silicon, silicon nitride, and polycrystalline silicon.

13. The improved system of Claim 11, wherein said sleeve-type

reaction chamber is constructed of a high thermal conductivity metal.
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14. The improved system of Claim 7, wherein said thermal
reservoir is constructed of material selected from the group consisting of
copper, aluminum, silicon, and aluminum-based ceramics.

15. The improved system of Claim 7, wherein said thermal
reservoir is secured to said Peltier heat pump by bonding, pressure fit, or
clamping; and wherein said Peltier heat pump is secured to said sleeve-
type reaction chamber device by bonding, clamping, or pressure fit.

16. In a microfabricated silicon-based reaction chamber device,
the improvement comprising:

means for thermal cycling heat to and from said reaction
chamber device,

said means including at least one Peltier effect heating/cooling
device.

17. The improvement of Claim 16, wherein said at least one
Peltier effect heating cooling device comprises a Peltier heat pump and a
thermal reservoir.

18. The improvement of Claim 17, wherein said thermal
reservoir is secured to said Peltier heat pump and said Peltier heat pump is
secured to said reaction chamber device.

19. The improvement of Claim 16, wherein said reaction
chamber device comprises a sleeve-type reaction device having at least

one reaction chamber therein.
20. The improvement of Claim 17, wherein a Peltier heat
pump and a thermal reservoir are positioned on opposite sides of said
sleeve-type reaction device.
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