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(57) ABSTRACT 

Localized temperature control in a thermal cycler is 
achieved by thermoelectric modules that are protected from 
exposure to atmospheric moisture by a pair of loop-shaped 
gaskets that seal oif an enclosure formed by the sample 
block, the heat sink, and a support frame to Which the 
components are secured. The heat sink is a block With a 
plurality of ?ns and is secured to the thermoelectric modules 
by one or more clamping bars that ?t between the ?ns and 
are arranged to eliminate interference With the ?n geometry 
and With the functional surface area of the ?ns. Electric leads 
are embedded in a molded retainer element, each lead being 
in the shape of a “U” With tWo exposed legs joined by a bar 
at one end, one of the leads extending into the region sealed 
from the atmosphere and the other extending outside the 
region. 

11 48 

41 

44 26 

43 

46 

23 



Patent Application Publication May 18, 2006 Sheet 1 0f 3 US 2006/0101830 Al 

F [26 

16 



Patent Application Publication May 18, 2006 Sheet 2 0f 3 US 2006/0101830 A1 

48 44 25 

41 
12 .11 

31 

14 

43 

46 

22 23 

Fig. 2 



Patent Application Publication May 18, 2006 Sheet 3 0f 3 US 2006/0101830 A1 

13 12 11 26 

I D /s1 

\ ‘ //_43 
“‘ 52 

\ / 
;— 

C 
\ 

/23 

ZHQM 25 

Fig. 3 



US 2006/0101830 A1 

THERMAL CYCLER WITH PROTECTION FROM 
ATMOSPHERIC MOISTURE 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] This invention resides in the ?eld of laboratory 
apparatus for performing procedures that require simulta 
neous temperature control in a multitude of samples in a 
multi-receptacle sample block. In particular, this invention 
addresses concerns arising With the use of thermoelectric 
modules for temperature modulation and control. 

[0003] 2. Description of the Prior Art 

[0004] The polymerase chain reaction (PCR) is one of 
many examples of chemical processes that require precise 
temperature control of reaction mixtures With rapid tem 
perature changes betWeen different stages of the procedure. 
PCR is a process for amplifying DNA, i.e., producing 
multiple copies of a DNA sequence from a single copy. PCR 
is typically performed in instruments that provide reagent 
transfer, temperature control, and optical detection in a 
multitude of reaction vessels such as Wells, tubes, or capil 
laries. The process includes a sequence of stages that are 
temperature-sensitive, different stages being performed at 
different temperatures and the temperature being cycled 
through repeated temperature changes. In the typical PCR 
process, each sample is heated and cooled to three different 
target temperatures Where the sample is maintained for a 
designated period of time. The ?rst target temperature is 
about 95° C. Which is the temperature required to separate 
double strands. This is folloWed by cooling to a target 
temperature of 55° C. for hybridiZation of the separated 
strands, and then heating to a target temperature of 72° C. for 
reactions involving the polymerase enZyme. The cycle is 
then repeated to achieve multiples of the product DNA, and 
the time consumed by each cycle can vary from a fraction of 
a minute to tWo minutes, depending on the equipment, the 
scale of the reaction, and the degree of automation. This 
thermal cycling is critical to the successful performance of 
the process, and is an important feature of any process that 
requires close control of temperature and a succession of 
stages at different temperatures. Many of these processes 
involve the simultaneous processing of large numbers of 
samples, each of a relatively small siZe, often on the micro 
liter scale. In some cases, the procedure requires that certain 
samples maintained at one temperature While others are 
maintained at another. Laboratory equipment knoWn as 
thermal cyclers have been developed to alloW these proce 
dures to be performed in an automated manner. 

1. Field of the Invention 

[0005] One of the methods for achieving temperature 
control over a multitude of samples in a thermal cycler or in 
any planar array, and also for placing segregated groups of 
samples at different temperatures, is by the use of thermo 
electric modules. These modules are semi-conductor-based 
electronic components that function as small heat pumps 
through use of the Peltier effect, and can cause heat to How 
in either direction, depending on the direction of current 
through the component. The many uses of thermoelectric 
modules include small laser diode coolers, portable refrig 
erators, and liquid coolers. 

[0006] Thermoelectric modules are of particular interest in 
thermal cyclers in vieW of the localiZed temperature effect, 
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electronic control, and rapid response that the modules offer. 
The modules are typically arranged edge-to-edge in a planar 
array to provide heating or cooling of a multitude of samples 
over a Wide area, particularly When the samples are con 
tained in a sample block, Which is a unitary piece that has a 
?at undersurface and a number of Wells or receptacles 
formed in its upper surface in a standardiZed geometrical 
arrangement. In the typical arrangement, the modules are 
placed under the sample block, and a heat sink, typically 
?nned, is placed under the modules. 

[0007] While the modules are highly effective and versa 
tile, their ef?ciency can be compromised by a variety of 
factors in the construction of the cycler. The temperature 
changes can cause condensation on the module surfaces, for 
example, and the clamping apparatus that assures that the 
components are in full thermal contact can interfere With the 
heat sink ?ns. These and other concerns are addressed by the 
present invention. 

SUMMARY OF THE INVENTION 

[0008] In accordance With the present invention, the ther 
moelectric modules in a thermal cycler are placed inside an 
enclosure that is formed by the sample block, the heat sink 
and a support frame, and that is sealed against the intrusion 
of atmospheric moisture by gaskets, one of Which is com 
pressed betWeen the sample block and the support frame and 
the other betWeen the heat sink and the support frame. The 
gaskets alloW for rapid assembly of the components and do 
not require manual positioning or alignment. Sealing can be 
achieved by simply placing the sample block, modules, and 
heat sink in the frame and securing these parts together. 

[0009] This invention further resides in a construction for 
securement of a ?nned heat sink to the thermoelectric 
modules in a manner that does not compromise the ?ns of 
the heat sink in terms of the surface area of the ?ns or the 
access of the ?ns to air ?oWing past them. Securement is 
achieved by Way of one or more clamping bars that are 
sufficiently thin to ?t betWeen the ?ns and of substantially 
smaller depth than the ?ns so that the most of the surface of 
each adjacent ?n remains exposed. Preferably, the bars 
extend the full length of the adjacent ?ns, and most prefer 
ably, are in fact longer than the ?ns so that the ends of the 
bars Will protrude beyond the ?ns to be secured to the 
remaining components of the assembly. 
[0010] A still further innovation present by this invention 
is a novel con?guration of an electric lead in a molded part 
that serves as a partition dividing a region sealed against 
atmospheric exposure from a neighboring region. The elec 
tric lead has tWo legs joined at one end by a cross-bar to form 
a “U” shape. The cross-bar is embedded in the molded part 
and both legs are exposed and available for electrical 
connections, one leg extending into the sealed region and the 
other leg extending into the neighboring region. The “U” 
shape facilitates the molding of the part around the lead, and 
the part With the lead thus embedded is useful in any 
electronic device or instrument that contains electronic 
components that require an environment in Which they are 
protected from exposure to atmospheric moisture. One such 
instrument is a thermal cycler, Where one leg of the lead is 
electrically connected to the thermoelectric module inside 
the enclosure and the other leg is electrically connected to 
external electrical components such as a poWer supply, a 
controller, or any such component that feeds or regulates 
current to the module. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is an exploded perspective vieW of a ther 
mal cycler assembly in accordance With the present inven 
tion. 

[0012] FIG. 2 is a cross section of the thermal cycler 
assembly of FIG. 1 in the plane indicated by the line 2-2 of 
FIG. 1. 

[0013] FIG. 3 is a cross section of the thermal cycler 
assembly of FIG. 1 in the plane indicated by the line 3-3 of 
FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION AND PREFERRED 

EMBODIMENTS 

[0014] Each of the several di?ferent aspects of the present 
invention is susceptible to a Wide range of variation in terms 
of the con?gurations of each component, the arrangements 
of the components in the assembly, the particular instrument 
or apparatus in Which they are incorporated, and the function 
that the instrument is designed to perform. A detailed revieW 
of one particular embodiment hoWever Will provide an 
understanding of the function and operation of the invention 
in each of its many embodiments. The ?gures hereto depict 
a thermal cycler for a PCR instrument as one such embodi 
ment. 

[0015] The components shoWn in the exploded perspec 
tive vieW of FIG. 1 include a sample block 11, thermoelec 
tric modules 12, and a ?nned heat sink 13. These three 
components are shaped to alloW them to be stacked in a 
con?guration that places the broad faces on the upper and 
loWer sides of the thermoelectric modules in thermal contact 
With the sample block and the heat sink, respectively. The 
terms “thermal contact” and “thermal interface” are used 
herein to indicate physical contact that alloWs free How of 
thermal energy betWeen tWo components along the entire 
area of contact of each component. The sample block 11 can 
be a unitary molded, cast, or machined component With a ?at 
undersurface 14 and sample Wells 15 on its upper side. The 
sample block shoWn has 48 sample Wells arranged in a 
regularly spaced tWo-dimensional array. The thermoelectric 
modules 12 are beneath the sample block and in thermal 
contact With the undersurface 14 of the sample block. Four 
thermoelectric modules are shoWn. As in various other 
features of this invention, neither the number of sample 
Wells nor the number of thermoelectric modules are critical, 
and each can vary Widely. The heat sink 15 is positioned 
beneath the thermoelectric modules and includes a roW of 
?ns 16 extending aWay from the thermoelectric modules. On 
the upper surface of the heat sink is a thin layer 17 of heat 
conductive material to provide an enhanced thermal inter 
face betWeen the heat sink and the thermoelectric modules. 
The heat sink 15 is also referred to herein as a “heat sink 
block” since it is typically a unitary (single-piece) compo 
nent. 

[0016] The remaining components shoWn in FIG. 1 serve 
to secure the sample block, thermoelectric modules, and heat 
sink together, and to provide electrical connections for 
controlling the thermoelectric modules. These components 
are as folloWs: 

[0017] a mounting skirt 21 that joins the entire assembly 
to the remainder of the thermal cycler instrument of 
Which the assembly itself is a component; 
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[0018] a pair of clamping bars 22, 23 that ?t betWeen 
the ?ns 16 of the heat sink 15 to press the heat sink 
against the underside of the thermoelectric modules to 
achieve full thermal contact; 

[0019] an inner circuit board 24 that provides electrical 
connections directly to the thermoelectric modules; 

[0020] an outer circuit board 25 that provides electrical 
connections to components of the thermal cycler that 
are external to the assembly; 

[0021] a retainer element 26 that serves as a mount or 
support frame for the other components shoWn in the 
Figure, and that aligns the components and provides 
threaded bosses and other fastener connections that 
hold the components together; 

[0022] a loop-shaped gasket 31 to encircle the sample 
block 11 and seal the sample block against an inWard 
facing surface of the retainer element; and 

[0023] a second loop-shaped gasket 32 to encircle the 
heat sink 15 and seal the heat sink against another 
inWard-facing surface of the retained element. 

[0024] Components that are not shoWn in FIG. 1 include 
common fastening elements such as screWs, Washers, and 
the like that hold the parts together. The screWs are received 
by threaded holes or bosses in the retainer element 26. 

[0025] The cross section of FIG. 2, Whose orientation is 
indicated in FIG. 1 by the line 2-2 shoWs each of the parts 
of FIG. 1. The assembled parts form an enclosure around the 
thermoelectric modules 12, With the sample block 11 and a 
portion of the retainer element 26 forming the roof of the 
enclosure, the heat sink block 13 forming the ?oor of the 
enclosure, and other portions of the retainer element 26 
forming the side Walls. The smaller of the tWo loop-shaped 
gaskets 31 is lodged betWeen the peripheral edge of the 
sample block 11 and a surface 41 along the interior opening 
of the retainer element 26, and the larger of the tWo 
loop-shaped gaskets 32 is lodged betWeen the peripheral 
edge of the heat sink block 13 and a di?ferent surface 42 
along the interior opening of the retainer element 26. In the 
embodiment shoW, the gaskets each reside in a groove along 
the peripheral edge of the sample block and the heat sink 
block, respectively, and When these parts are inside the 
retainer element 26, both gaskets contact ?at surfaces on the 
interior of the retainer element. The tWo gaskets seal the 
enclosure and protect the thermoelectric modules from 
exposure to regions outside (i.e., above, beloW, or lateral to) 
the retainer element 26, as Well as regions above the sample 
block 11 and regions beloW the heat sink block 13. As a 
Whole, the enclosure protects the thermoelectric modules 
from exposure to atmospheric moisture. 

[0026] Also visible in FIG. 2 are the clamping bars 22, 23. 
The Width of each bar is smaller than the gap betWeen 
adjacent ?ns 16, thereby alloWing each bar to ?t easily 
betWeen the ?ns. The depth of each bar is likeWise less than 
the depth of each ?n, thereby producing minimal interfer 
ence With the exposure of the ?n surface to air or any ?oWing 
coolant medium that might be used to dissipate the heat from 
the ?ns. In preferred constructions, each bar has tWo raised 
sections on its upper edge at locations inWard from the ends 
of the bars. These raised sections contact the underside of the 
heat sink, thereby alloWing greater contact of the heat sink 
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With air, better control of the pressure exerted on the 
thermoelectric modules, and minimization of the stresses in 
the bars. 

[0027] The pro?le of the retainer element 26 has a section 
that is T-shaped With a vertical section 43 and a horizontal 
section 44 at one end of the vertical section. The vertical 
section 43 serves as a partition that separates the sealed 
enclosure from the external regions. The horiZontal section 
44 serves as a mounting surface for the fastening screWs 
referred to above (shoWn only in FIG. 3 and discussed 
below), With threaded holes and bosses (also shoWn in FIG. 
3). 
[0028] Also shoWn in FIG. 2 is an electrical lead 45 that 
joins the inner circuit board 24 With the outer circuit board 
25. The lead is U-shaped With tWo legs 46, 47 joined by a 
cross-bar 48. The tWo legs are connected to the inner and 
outer circuit boards, respectively, While the cross-bar is 
embedded in the retaining element. As noted above, the 
U-shaped lead has applications in instruments in general that 
require the sealing of internal components in an interior 
region of the instrument from the environment or from other 
portions of the instrument. In all such applications, the lead 
is partially embedded in the molded part, With the cross-bar 
section of the lead fully embedded and the tWo legs exposed 
to alloW them to be used for electrical connections. The lead 
can be embedded in any molded housing that serves as a 
partition betWeen sealed and unsealed regions. In the 
embodiment shoWn in FIG. 2, the enclosure referred to 
above is formed by a gap 49 betWeen the thermoelectric 
elements 12 and the retainer element Wall 43. The inner 
exposed leg of the electric lead extends into this gap. 

[0029] The orientation of the cross section of FIG. 3 is 
indicated in FIG. 1 by the line 3-3 and is transverse to the 
orientation of the cross section of FIG. 2. FIG. 3 shoWs each 
of the parts of FIG. 1 except the skirt 21 and the inner and 
outer circuit boards 24, 25. In addition to the parts that are 
also shoWn in FIG. 1, FIG. 3 shoWs the fastener compo 
nents that engaged the clamping bars 22, 23 and secure 
together the sample block 11, thermoelectric modules 14, 
and heat sink block 15. By virtue of the orientation of the 
cross section, FIG. 3 shoWs a broad surface of one ?n 16 and 
the broad surface of one clamping bar 23. The fastener is a 
spring-loaded fastener, and its components include a boss 51 
on the undersurface of the retainer element 26, a bolt 52, a 
?at Washer 24, and several spring Washers 25. The boss 51 
is internally threaded to mate With threads on the bolt. The 
bolt 52 ?ts betWeen the tWo clamping bars, and the ?at 
Washer 24 is Wide enough to contact both bars and press the 
bars against the heat sink block. Both bars are thus engaged 
by the single fastener. The spring Washers 25 are shoWn in 
a compressed condition, and their effect is to apply pressure 
to the clamping bars in a manner that is consistent and 
reproducible. 

[0030] While the Figure shoWs only the bolt, Washers, and 
threaded boss at one end of the clamping bars, an identical 
bolt, Washers and threaded boss exist at the other end in a 
symmetrical arrangement With those that are shoWn. 

[0031] The components used in the practice of this inven 
tion can be components that Were in existence at the time of 
?ling of this application, including those that are readily 
available from suppliers. The thermoelectric modules, 
Which are also knoWn as Peltier devices, are units Widely 
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used as components in laboratory instrumentation and 
equipment, Well knoWn among those familiar With such 
equipment, and readily available from commercial suppliers 
of electrical components. Thermoelectric modules are small 
solid-state devices that function as heat pumps, operating 
under the theory that When electric current ?oWs through 
tWo dissimilar conductors, the junction of the tWo conduc 
tors Will either absorb or release heat depending on the 
direction of current How. The typical thermoelectric module 
consists of tWo ceramic or metallic plates separated by a 
semiconductor material, of Which a common example is 
bismuth telluride. In addition to the electric current, the 
direction of heat transport can further be determined by the 
nature of the charge carrier in the semiconductor (i.e., 
N-type vs. P-type). Thermoelectric modules can thus be 
arranged and/or electrically connected in the apparatus of 
the present invention to heat or to cool the sample block or 
portions of the sample block. A single thermoelectric mod 
ule can be as thin as a feW millimeters With surface dimen 
sions of a feW centimeters square, although both smaller and 
larger thermoelectric modules exist and can be used. A 
single thermoelectric module can be used, or tWo or more 
thermoelectric modules can be grouped together to control 
the temperature of a region of the sample block Whose lateral 
dimensions exceed those of a single module. Adjacent 
thermoelectric modules can also be controlled to produce 
different rates or directions of heat ?oW, thereby placing 
different samples or groups of samples at different tempera 
tures. 

[0032] Further variations are also Within the scope of the 
invention. The loop-shaped gaskets, for example, are shoWn 
as different siZes but the shapes of the components can be 
adjusted or varied to permit the use of gaskets of the same 
siZe. The construction shoWn in the Figures contains tWo 
clamping bars, but effective securement can also be achieved 
With a single clamping bar or With three or more clamping 
bars. As shoWn, the clamping bars are greater in length than 
the ?ns, and extend beyond the ?ns in both directions, 
leaving the ends of the bars accessible for securement to the 
retainer element. Alternatively, the bars can be equal to or 
less than the length of each ?n, or secured to the retainer 
element at only one end rather than at both ends. A further 
alternative is the use of pairs of bars that extend to less than 
half the distance toWard the ?n centers, With one bar of each 
pair entering the ?n area from one end of the ?n array and 
the other from the other end. A still further alternative is the 
use of a pair of bars that are joined at both ends to form a 
loop to encircle a ?n or tWo or more ?ns. The spacing 
betWeen the clamping bars can also vary. In the embodiment 
shoWn, the bars are spaced such that only one ?n passes 
betWeen them. Alternatively, the spacing can be increased to 
alloW tWo or more ?ns pass betWeen the bars. The heat sink 
shoWn in the Figures contains ?fteen ?ns, but this number 
can vary Widely, from as feW as three or four to as many as 
?fty or more. A preferred range is six to tWenty. Further 
more, alternatives to the threaded bolts, such as clips or 
cams, can also be used and Will be readily apparent to those 
skilled in the art. 

[0033] The materials of construction Will preferably be 
selected to alloW each component to serve its function in an 
optimal manner. Components that are in contact With the 
samples, for example, Will be fabricated from inert materi 
als, such as polycarbonate or other plastics, and sample 
blocks and heat sinks that respond rapidly to changes in the 
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heat transfer rate induced by the thermoelectric modules can 
be obtained by the use of thin materials or materials that 
conduct heat readily. Still further variations Will be readily 
apparent to those skilled in the art of laboratory equipment 
design, construction, and use. 

What is claimed is: 
1. Apparatus for controlling temperature in a plurality of 

samples, said apparatus comprising: 

a multi-receptacle sample block, a thermoelectric module, 
and a heat sink block, all shaped to be capable of 
arrangement in a stacked con?guration in Which said 
sample block is in thermal contact With said thermo 
electric module and said thermoelectric module is in 
thermal contact With said heat sink block, 

a support frame siZed to receive said sample block, said 
thermoelectric module, and said heat sink block in said 
stacked con?guration, 

a ?rst loop-shaped gasket siZed to encircle said sample 
block along a peripheral surface thereof and thereby 
form a seal betWeen said sample block and said support 
frame, and 

a second loop-shaped gasket siZed to encircle said heat 
sink block along a peripheral surface thereof and 
thereby form a seal betWeen said heat sink block and 
said support frame, 

said sample block, said heat sink block, said support 
frame, and said loop-shaped gaskets thereby together 
forming a sealed enclosure surrounding said thermo 
electric module and protecting said thermoelectric 
module from atmospheric moisture. 

2. The apparatus of claim 1 further comprising a ?rst 
groove in said peripheral surface of said sample block to 
receive said ?rst loop-shaped gasket and a second groove in 
said peripheral surface of said heat sink block to receive said 
second loop-shaped gasket, and Wherein said support frame 
has ?at surfaces Where said support frame contacts said ?rst 
and second loop-shaped gaskets. 

3. The apparatus of claim 1 comprising a plurality of 
thermoelectric modules arranged edge to edge in a planar 
array, and Wherein in said stacked con?guration said sample 
block is in thermal contact With said planar array, and said 
planar array is in thermal contact With said heat sink block. 

4. The apparatus of claim 1 Wherein said sealed enclosure 
de?nes a gap betWeen edges of said thermoelectric module 
and said support frame. 

5. The apparatus of claim 1 Wherein said support frame is 
a unitary molded piece With electric leads partially embed 
ded therein. 

6. The apparatus of claim 5 Wherein said sealed enclosure 
de?nes a gap betWeen edges of said thermoelectric module 
and said support frame and said electric leads have exposed 
ends extending into said gap. 
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7. The apparatus of claim 5 Wherein each electric lead 
consists of ?rst and second legs joined by a cross-bar in a 
U-shape, said cross-bar embedded in said molded piece and 
said ?rst and second legs exposed, said ?rst leg extending 
inside said sealed enclosure and said second leg extending 
outside said sealed enclosure. 

8. A molded housing for an electronic instrument, said 
housing comprising a sealed enclosure comprising: 

a molded partition separating an interior from atmo 
spheric exposure, and 

a U-shaped electric lead de?ned by ?rst and second legs 
joined by an end cross-bar, said end cross-bar embed 
ded in said partition With said ?rst leg extending to one 
side of said partition and said second leg extending to 
another side of said partition. 

9. Apparatus for controlling temperature in a plurality of 
samples, said apparatus comprising: 

a multi-receptacle sample block, a thermoelectric module, 
and a ?nned heat sink block, all shaped to be capable 
of arrangement in a stacked con?guration in Which said 
sample block is in thermal contact With said thermo 
electric module and said thermoelectric module is in 
thermal contact With said heat sink block, 

a support frame siZed to receive said sample block, said 
thermoelectric module, and said ?nned heat sink block 
in said stacked con?guration, and 

a bar greater in length than said ?ns of said ?nned heat 
sink block and siZed to ?t betWeen adjacent ?ns of said 
?nned heat sink block, and spring-loaded fasteners 
a?ixing said bar to said support frame to secure said 
?nned heat sink block against said thermoelectric mod 
ule When in said stacked con?guration, one such fas 
tener at each end of said bar. 

10. (canceled) 
11. (canceled) 
12. Apparatus for controlling temperature in a plurality of 

samples, said apparatus comprising: 

a multi-receptacle sample block, a thermoelectric module, 
and a ?nned heat sink block, all shaped to be capable 
of arrangement in a stacked con?guration in Which said 
sample block is in thermal contact With said thermo 
electric module and said thermoelectric module is in 
thermal contact With said heat sink block, 

a support frame siZed to receive said sample block, said 
thermoelectric module, and said ?nned heat sink block 
in said stacked con?guration, and 

exactly tWo bars siZed to ?t betWeen adjacent ?ns of said 
?nned heat sink block, and a pair of spring-loaded 
fasteners positioned on opposing ends of said ?ns, each 
said fastener engaging both bars. 

* * * * * 


