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SOLID STATE THERMAL ENGINE 

RELATED APPLICATION 

[0001] This invention claims the bene?t of US. Provi 
sional Application Ser. No. 60/460,457 ?led Apr. 3, 2003, 
Which is hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to electrical poWer 
generation and, more speci?cally, to direct thermal-to-elec 
tric energy conversion poWer generating systems. 

BACKGROUND OF THE INVENTION 

[0003] Solid state thermal engines are devices that per 
form direct thermal-to-electric energy conversion Without 
any moving parts. The solid state thermal engine is driven by 
hot sources, such as engine bleed air, Wasted heat from 
operation of an electromechanical or thermal system, or 
some other heat source, such as the sun. 

[0004] Solid state thermal engine technology is based on 
thermionics. Thermionics originated nearly a century ago 
With a basic vacuum tube, a device that consisted of tWo 
parallel conductive plates (a high temperature cathode and a 
loW temperature anode) separated by a vacuum gap. During 
operation electrons boil off the cathode, traverse the gap and 
then are absorbed into the colder anode. The conversion of 
heat to electricity occurs as the electrons’ kinetic energy 
results in a net current betWeen the anode and cathode. These 
early vacuum gap designs have high manufacturing costs 
and high operating temperatures-above 1000° C., and 
require a very small gap for operation, on the order of 
hundreds of nanometers. 

[0005] FIG. 1 illustrates an eXample solid state thermal 
engine that includes a cold electrode (B) and a hot electrode 
(A) separated by a gap. According to theoretical models, an 
alternative to conventional thermoionics is a device that 
relies on the effect of quantum mechanical tunneling Which 
can occur betWeen tWo electrodes, When the gap is betWeen 
1-10 nanometers. HoWever, there are currently no devices 
that utiliZe a gap siZe in the one to ten nanometer range, for 
energy generation, even though there have been some claims 
in the literature to this effect. 

[0006] Cool ChipstTM 

[0007] Therefore, there eXists an unmet need in the art to 
cost-effectively produce a solid state thermal engine that 
operates at much loWer temperatures and at much higher 
ef?ciencies. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides a solid state thermal 
engine and a method for creating a solid state thermal engine 
that includes an effective gap betWeen hot and cold elec 
trodes that is on the order of a feW nanometers The 
solid state thermal engine converts thermal energy into 
electrical energy. 

[0009] The method includes etching a via through a ?rst 
side of ?rst and second substrates, and attaching metal 
electrodes to a second side of the ?rst and second substrates. 
The second sides are opposite the ?rst sides. The metal 
electrodes are mated by bonding the second side of the ?rst 
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substrate to the second side of the second substrate. A 
voltage or current greater than a threshold voltage or current 
value is applied across the mated electrodes for creating an 
effective gap betWeen the tWo electrodes. In one aspect of 
the invention, the metal electrodes include Au, Pt, Pd, Ag, Si, 
W, or Cr, Which may have a very thin layer of a metal, such 
as Cs, Na, or K, to loWer the Work function of their surfaces. 

[0010] In another aspect of the invention, the ?rst and 
second substrates include glass or SiO2 or a sacri?cial 
material, such as silicon, having a very poor thermally 
conductive layer on its outer surface. 

[0011] In yet another aspect of the invention, a plurality of 
mated metal electrode pairs are generated and Wells are 
generated betWeen each mated metal electrode pair. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The preferred and alternative embodiments of the 
present invention are described in detail beloW With refer 
ence to the folloWing draWings. 

[0013] FIG. 1 is a cross-sectional vieW of a solid state 
thermal engine according to the prior art; 

[0014] FIGS. 2 and 3 are side cross-sectional vieWs of a 
solid state thermal engine formed in accordance With one 
embodiment of the present invention; 

[0015] FIG. 4 is a How diagram of a process for making 
a solid state thermal engine according to the present inven 
tion; 
[0016] FIGS. 5-9 are side cross-sectional vieWs of a solid 
state thermal engine formed using the process shoWn in 
FIG. 4; 

[0017] FIG. 10A is a How diagram of an alternate process 
for making a solid state thermal engine according to the 
present invention; 

[0018] FIG. 10B illustrates side cross-sectional vieWs of a 
solid state thermal engine formed using the alternate process 
of FIG. 10A; 

[0019] FIGS. 11 and 12 are cross-sectional vieWs of a 
solid state thermal engine formed in accordance With 
another embodiment of the present invention; and 

[0020] FIG. 13 is a side cross-sectional vieW of a solid 
state thermal engine formed in accordance With still another 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] The present invention provides a solid state thermal 
engine and a method for creating a solid state thermal engine 
that includes an effective gap betWeen hot and cold elec 
trodes. The gap is preferably on the order of one or tWo 
nanometers 

[0022] FIGS. 2 and 3 illustrate an exemplary solid state 
thermal engine 20 formed in accordance With the present 
invention. The thermal engine 20 includes a cold portion 22 
and a hot portion 24. The cold and hot portions 22 and 24, 
respectively, are formed from glass and include etched vias 
26 and 28. Metal pads 30 and 32 that suitably include a 
metal, such as Without limitation Au, Pt, Pd, Ag, Si, W, or Cr, 
each of Which may have a very thin layer (submonolayer or 
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monolayer) of a loW Work function of a metal, such as Cs on 
their surface, are applied (that is, deposited or sputtered) on 
portions of Wafers 22 and 24, opposite respective etched vias 
26 and 28. As shoWn in FIG. 3, the tWo Wafers 22 and 24, 
respectively, are bonded according to knoWn bonding pro 
cesses. Because of the type of metal used for the metal pads 
30 and 32, the bonding process of the glass (used for the cold 
and hot portions 22 and 24, respectively) that occurs as loW 
a temperature as room temperature and typically betWeen 
250 to 450° C. does not homogeniZe the interface betWeen 
the metal pads 30 and 32. An incomplete but intimate bond 
betWeen the tWo layers of metal pads 30 and 32 is thereby 
created, most likely having very small voids on the order of 
a nanometer or smaller. Subsequent to this process, the 
intervening glass material is removed and a metal layer is 
applied on both opposing vias. Finally, a voltage or current 
is applied betWeen these tWo electrodes, such that When a 
threshold value is exceeded, a nanometer siZed gap (or an 
effective gap) is formed at the interface betWeen the tWo 
electrodes, due to Joule heating and electromigration effects. 

[0023] FIG. 4 illustrates one process 100 for forming a 
solid state thermal engine in accordance With one embodi 
ment of the present invention. First, at a block 102, one or 
more vias are etched into tWo Wafers, such as Without 
limitation glass, SiO2 or silicon Wafers With a high thermal 
resistance coating. A thin membrane of the Wafer material is 
left betWeen the etched via and a front surface of the Wafer 
or as in the case of the silicon Wafer Which is used as a 

sacri?cial material a thin membrane of the high thermal 
resistance coating. For example Without limitation, the siZe 
of the membrane is on the order of 25-30 micrometers. At a 
block 106, a metal pad of approximately 100 nanometers is 
deposited or sputtered on the front surface of each Wafer 
opposite the etched vias. The metal pads Will serve as 
electrodes. At a block 108, the front surfaces of the Wafer are 
treated according to knoWn methods in order to render the 
front surfaces hydrophilic. At a block 110, tWo Wafers 
formed according to the steps 102-108 are bonded, such that 
the metal pads mate. Bonding of the Wafers (such as SiO2 
Wafers, oxidiZed silicon Wafers) generally occurs at room 
temperature but typically is folloWed by a heating step at 
250-450° C. and is suitably performed in a vacuum oven in 
order to increase the bonding strength of the tWo Wafers. It 
Will be appreciated that Wafers can be bonded if the surfaces 
have either a hydrophilic or hydrophobic surface. It Will also 
be appreciated that other knoWn methods of bonding the tWo 
Wafers can also provide an acceptable bond betWeen the tWo 
Wafers. At a block 112, the Wafers are etched from both sides 
to remove the remaining Wafer material adjacent to the metal 
?lm pads Within the vias. In one embodiment, if the metal 
?lm pads are Au, a thickness of generally 100 nm and 1.0 
mm in diameter is used to provide enough mechanical 
integrity to Withstand the removal of the adjacent Wafer 
material. Next, at a block 114, a metal layer is deposited by 
an acceptable method such as evaporation, sputtering, or 
sputtering folloWed by plating on both sides of the metal 
electrodes Within the vias. The seed metal layer is suitably 
a Cu or Au ?lm that is on the order of approximately 200 nm 
thick. Preferably, the total thickness of the metal layer 
deposited is at least 10 micrometers thick. This is shoWn by 
example in FIG. 8. At a block 116, the etched, plated vias 
are ?lled With a conductive material if a higher conductivity 
is desired. In one embodiment, the conductive material is a 
soft solder type material. Other materials, such as high 

Oct. 7, 2004 

temperature solders can also be used to ?ll the vias. At a 
block 118, a constant voltage or constant current that 
exceeds a prede?ned value is applied through or across the 
electrodes in order to form a nano-gap betWeen the tWo thin 
metal ?lm electrodes. Examples of the prede?ned voltage 
and current values are a voltage of 2V or a current of several 
hundred milliamperes. When a voltage is applied across the 
electrodes, Joule heating and strong electromigration effects 
take place. Joule heating is the heat Which is evolved When 
current ?oWs through a medium having electrical resistance, 
as given by Joule’s laW. Electromigration drives atoms along 
grain boundries in polycrystals due to the presence of an 
electric ?eld. The result is a rearrangement of the polycrys 
talline structure. Electromigration effects are Well knoWn in 
semiconductor technology Where they often lead to the 
creation of voids in integrated circuit interconnects, thus 
causing them to fail. 

[0024] FIG. 5 illustrates a cross-sectional vieW of a Wafer 
140 after vias 142 have been etched at the block 102 (FIG. 
4). FIG. 6 illustrates the Wafer 140 after thin metal elec 
trodes 144 have been deposited opposite the etched vias 142 
at the block 106 (FIG. 4). A non-limiting example of the 
deposited thin metal pad can be made of 50 A of Cr and 1000 
A of Au. FIG. 7 illustrates tWo Wafers 140 and 150 With 
electrodes 144 located betWeen the vias 142 after the Wafers 
140 and 150 have been bonded at the block 110 (FIG. 4). 
FIG. 9 illustrates vias 142 that are ?lled With a conductive 
material at the block 116 (FIG. 4). 

[0025] FIG. 10A illustrates an alternate process 200 for 
forming a solid state thermal engine in accordance With the 
present invention. In block 210, a high thermal resistance 
layer is groWn or deposited on a silicon Wafer such as SiO2 
or a combination of materials such as SiO2 and A1203. Then 
in block 212, a metal pad is deposited on a ?rst edge of each 
Wafer. The metal pad suitably includes such as Without 
limitation Au, Pt, Pd, Ag, Si, W, or Cr, With a very thin layer 
of a loW Work function metal such as Cs on its surface (that 
is, deposited or sputtered). At a block 214, the Wafer surfaces 
having the metal pad deposited on them are activated using 
a short duration oxygen plasma or through a chemical 
treatment to render them Without limitation hydrophilic or 
hydrophobic. Subsequently, in block 216, the tWo Wafers as 
discussed above are bonded together at their ?rst edges. In 
block 218, a via is etched on each second surface of the 
bonded silicon Wafers, opposite to the ?rst surfaces bonded 
at block 216 that terminates at the metal pad layer deposited 
on block 212, such as Without limitation using chemical 
means or reactive ion etching. During the course of via 
etching in block 218 both silicon and the high thermal 
resistance layer at the bottom of the via adjacent to the metal 
pad is removed. The via suitably includes tWo Walls that 
slant inWard from a ?rst edge of the Silicon Wafer. At a block 
220, a metal, such as Without limitation Cr, Cu or Au, is 
sputtered Within the etched via, thereby forming a metal 
layer. The thickness of this metal layer can be further 
augmented through electroplating techniques to have at least 
a thickness of 10 micrometers. At a block 222, the silicon 
material Which exists betWeen the metal plated vias is 
removed. At this stage the metal plated vias are physically 
connected to each other through the remaining high thermal 
resistance layer. 

[0026] FIG. 10B illustrates a cross-sectional vieW of a 
pair of bonded Silicon Wafers 248. A via 304 is etched into 
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the Silicon Wafer 298 at the block 218 (FIG. 10A) that 
terminates at the metal pad layer 246 deposited including 
Without limitation Au, Pt, Pd, Ag, Si, W, or Cr, With a very 
thin layer of a loW Work function metal such as Cs on its 
surface (that is, deposited or sputtered). The via is etched 
using Without limitation chemical or reactive ion etching 
methods. The via 304 is plated Without limitation With Au or 
Cu, at the block 220 (FIG. 10A). The tWo Wafers formed as 
shoWn by the Wafer pair 248 are bonded together at their 
second edges 250 at the block 216 (FIG. 10A). Prior to 
bonding, the surfaces of each Wafer 298 are activated (such 
as Without limitation hydrophilic or hydrophobic) at block 
214 (FIG. 10A) in order to bond during the bonding process 
at the block 216 (FIG. 10A). Finally, the via 304 can be 
?lled With a solder-like material 306. A quantum tunneling 
device is then formed betWeen the second surface of each 
Wafer through the gap betWeen the tWo surfaces 246, created 
by Joule heating and electromigration, When a suitable 
current or voltage is applied betWeen surfaces 304. 

[0027] FIG. 11 illustrates a top vieW of one side of a solid 
state thermal engine device 248 made of individual via pairs 
300 (also in FIG. 10B) similar to that shoWn in FIG. 9 
eXcept that most of the Wafer material 140, 150 located in 
betWeen each created thermal tunneling unit 300 (?lled vias 
and electrode pairs) is removed in order to increase the 
overall ef?ciency of the device 248 (FIG. 9) by minimiZing 
the thermal path betWeen a hot side 304 and a cold side 306 
of the device 248. In other Words, a large AT is maintained 
betWeen the front and back surfaces. By removing the Wafer 
material, Wells 302 are created. The Wells 302 reduce the 
amount of material present betWeen the front and back 
surfaces and effectively increase the thermal resistance of 
the device 248. The Wells 302 also minimiZe the heat ?oW 
betWeen the front and back surfaces of the device 298. The 
only pathWay betWeen the hot and cold side of the device in 
addition to quantum tunneling through the gap is through the 
high thermal resistance layer 250. 

[0028] FIG. 12 illustrates a packaging con?guration of the 
solid state thermal engine 248 that includes a plurality of 
solid state thermal tunneling (engine) units 300 separated 
from each other by etched Wells 302. The device has been 
inserted in a high thermal resistance material package, such 
as a ceramic material 320. Hot 380 and cold 390 electrodes 
on each side of the thermal engine provide electrodes for the 
electrical poWer output from this device. FIG. 13 illustrates 
an embodiment of the device Where a large number of 
thermal tunneling units 300 created thereon. This can 
increase the poWer output of the device While loWering its 
cost. The starting Wafer material of the device 248 is suitably 
Si. 

[0029] In an alternate embodiment, a gap betWeen the 
electrode on the hot side and the electrode on the cold side 
is created through volume shrinkage during a solid state 
reaction. Volume shrinkage occurs during the formation of 
silicides When silicon and different metals are combined. 
Larger volume shrinkage occurs during the formation of 
disilicides. In a non-limiting eXample, each electrode 
includes equal amounts of a metal and silicon ?lms, such as 
Without limitation Ni and Si. Prior to bonding of tWo Wafers 
(i.e., a hot side to a cold side), the electrodes are suitably 
annealed in a vacuum at generally 350° C. for 30 minutes. 
In the annealing process, the Ni and Si react to form NiSi. 
Before the tWo Wafers are bonded a thin layer of silicon is 
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applied to either or both Wafer surfaces on top of the NiSi 
layer, in sufficient quantity to form a NiSi2 ?lm. When the 
tWo Wafers are bonded in a manner described above at 
generally 450° C., the NiSi reacts With the Si in the Wafer to 
form a NiSi2. As a result, overall volume is reduced at the 
interface betWeen the Ni and Si, and a number of nano-voids 
are created at the interface therebetWeen. 

[0030] In an alternate embodiment, the annealing step is 
folloWed by Joule heating to perform electromigration. 
During Joule heating, the current concentrates in areas 
Where there is a ?lamentary connection betWeen the tWo 
metallic NiSi2 surfaces Si. The electromigration at the ?la 
mentary connections further heats the NiSi2 Which further 
promotes disilicide creation and thus a gap. The current or 
voltage applied is terminated When a desired siZe gap is 
formed, Which can be assessed by the resistance of the gap. 

[0031] The cooling ef?ciency of a solid state thermal 
engine device could in principle come very close to the 
Carnot limit, Which is a theoretical limit on the ef?ciency of 
an engine based on the How of heat betWeen tWo reservoirs. 
To get close to the Carnot limit, the active area of the device 
is as large as possible and the junction gap is on the order of 
1-5 nm, depending on the Work function of the electrode 
materials used. One of the Ways to increase the efficiency of 
this device is to introduce loW Work function materials at the 
nano-gap surfaces (i.e., electrodes). The Work function is the 
minimum energy needed to remove an electron from the 
Fermi level of a metal to in?nity and is usually expressed in 
electronvolts (eV). In one embodiment, a loWer Work func 
tion is suitably obtained by depositing alkalis onto metals 
having higher Work functions, such as Au. Alkali metals 
such as Cs in sub-monolayer coverage produce Work func 
tions that are loWer than the values of the alkali metals in 
bulk form. An alkali layer can be evaporated onto a thin 
metal ?lm or can be introduced as an impurity on the surface 
of the underlying metal in order to reduce the Work function 
of the electrodes. 

[0032] While the preferred embodiment of the invention 
has been illustrated and described, as noted above, many 
changes can be made Without departing from the spirit and 
scope of the invention. For example, the steps performed in 
the processes described do not require eXact adherence to the 
order in Which the steps are listed. Accordingly, the scope of 
the invention is not limited by the disclosure of the preferred 
embodiment. Instead, the invention should be determined 
entirely by reference to the claims that folloW. 

What is claimed is: 
1. A solid state thermal engine device for converting 

thermal energy into an electric current, the device includes 
one or more thermal tunneling units, the one or more thermal 
tunneling units comprising: 

a ?rst metal electrode; and 

a second metal electrode mated to the ?rst metal elec 

trode, 
Wherein an effective gap is formed betWeen the ?rst and 

second metal electrodes on the order of one nanometer. 
2. The device of claim 1, Wherein at least one of the metal 

electrodes include a base metal and a metal deposited on the 
surface of the base metal, Wherein the deposited metal cause 
the metal electrode to have a Work function that is loWer than 
the Work function of the base metal. 



US 2004/0195934 A1 

3. The device of claim 2, wherein the base metal includes 
one or more of Au, Pt, Pd, Ag, Si, W, or Cr. 

4. The device of claim 3, Wherein the deposited metal 
includes at least one of Cs or CsO. 

5. The device of claim 1, Wherein the one or more thermal 
tunneling units are formed Within tWo bonded glass sub 
strates. 

6. The device of claim 1, Wherein the one or more thermal 
tunneling units are formed in tWo Si substrates With a 
removed inter-device silicon material. 

7. The device of claim 1, Wherein the effective gap is 
generated by applying a voltage greater than a threshold 
voltage across the mated electrodes. 

8. The device of claim 1, Wherein the effective gap is 
generated by applying a current greater than a threshold 
current across the mated electrodes. 

9. The device of claim 1, further comprising etched Wells 
located betWeen thermal tunneling units. 

10. The device of claim 1, further comprising metal 
plating located adjacent to each metal electrode. 

11. The device of claim 8, further comprising a conductive 
material located adjacent to the metal plating. 

12. The device of claim 1, Wherein the metal electrodes 
include an alkali. 

13. The device of claim 1, Wherein the effective gap is 
generated by annealing the metal electrodes thereby forming 
silicide. 

14. A solid state thermal engine device for converting 
thermal energy into an electric current, the device compris 
mg: 

a ?rst Wafer portion including: 

a ?rst surface; and 

a ?rst metal electrode attached to the ?rst surface; and 

a second Wafer portion including: 

a second surface; and 

a second metal electrode attached to the ?rst surface; 
the ?rst surface of the ?rst Wafer portion being 
bonded to the second surface of the second Wafer 
portion, and the ?rst metal electrode of the ?rst Wafer 
portion is mated to the second metal electrode of the 
second Wafer portion, such that an effective gap on 
the order of one nanometer is formed betWeen the 
metal electrodes. 

15. The device of claim 14, Wherein at least one of the 
metal electrodes include a base metal and a metal deposited 
on the surface of the base metal, Wherein the deposited metal 
cause the metal electrode to have a Work function that is 
loWer than the Work function of the base metal. 

16. The device of claim 15, Wherein the base metal 
includes one or more of Au, Pt, Pd, Ag, Si, W, or Cr. 

17. The device of claim 16, Wherein the deposited metal 
includes at least one of Cs or CsO. 

18. The device of claim 14, Wherein the effective gap is 
generated by applying a voltage greater than a threshold 
voltage across the mated electrodes. 

19. The device of claim 14, Wherein the effective gap is 
generated by applying a current greater than a threshold 
current across the mated electrodes. 

20. The device of claim 14, Wherein the ?rst and second 
Wafers include glass. 
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21. The device of claim 14, Wherein the ?rst and second 
Wafers include SiO2. 

22. The device of claim 14, Wherein the ?rst and second 
Wafers are made of Si. 

23. The device of claim 14, further comprising a plurality 
of mated ?rst and second metal electrode pairs. 

24. The device of claim 23, further comprising etched 
Wells located betWeen each mated ?rst and second metal 
electrode pair. 

25. The device of claim 14, further comprising metal 
plating located adjacent to each ?rst and second metal 
electrode. 

26. The device of claim 25, further comprising a conduc 
tive material located adjacent to the metal plating. 

27. The device of claim 14, Wherein the ?rst and second 
metal electrodes include an alkali. 

28. The device of claim 14, Wherein the ?rst and second 
Wafers include a combination of Si and a metal as the metal 
electrodes and the effective gap is generated by annealing 
the ?rst and second metal electrodes. 

29. A method of making a solid state thermal engine 
device for converting thermal energy into an electric current, 
the method comprising: 

etching a via through ?rst sides of ?rst and second 
substrates; 

attaching metal electrodes to second sides of the ?rst and 
second substrates, Wherein the second sides are oppo 
site the ?rst sides; and 

mating the metal electrodes by bonding the second side of 
the ?rst substrate to the second side of the second 
substrate to form a solid state thermal engine device, 
Wherein an effective gap is formed betWeen the tWo 
electrodes on the order of one nanometer. 

30. The method of claim 29, Wherein at least one of the 
metal electrodes include a base metal and a metal deposited 
on the surface of the base metal, Wherein the deposited metal 
cause the metal electrode to have a Work function that is 
loWer than the Work function of the base metal. 

31. The method of claim 30, Wherein the base metal 
includes one or more of Au, Pt, Pd, Ag, Si, W, or Cr. 

32. The method of claim 31, Wherein the deposited metal 
includes at least one of Cs or CsO. 

33. The method of claim 29, further comprising applying 
a voltage greater than a threshold voltage across the mated 
electrodes. 

34. The method of claim 29, further comprising applying 
a current greater than a threshold current across the mated 
electrodes. 

35. The method of claim 29, Wherein the ?rst and second 
substrates include glass. 

36. The method of claim 29, Wherein the ?rst and second 
substrates include SiO2. 

37. The method of claim 29, Wherein the ?rst and second 
substrates include Si. 

38. The method of claim 29, further comprising generat 
ing a plurality of mated metal electrode pairs. 

39. The method of claim 38, further comprising generat 
ing Wells betWeen each mated metal electrode pair. 

40. The method of claim 29, further comprising: 

removing substrate that is adjacent to the metal electrode 
Within the via. 
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41. The method of claim 40, wherein the metal plating 
includes one of Cr, Cu, or Au. 

42. The method of claim 40, further comprising applying 
a metal protective layer over the applied metal plating. 

43. The method of claim 42, Wherein the metal protective 
layer includes one of Cr or Au. 

44. The method of claim 42, further comprising applying 
a conductive material adjacent to the metal protective layer 
Within the via. 

45. The method of claim 29, Wherein the metal electrodes 
include an alkali. 

46. The method of claim 29, Wherein the ?rst and second 
electrodes include Si and a metal and further comprising 
annealing the metal electrodes. 

47. The method of claim 29, further comprising attaching 
tWo or more solid state thermal engine devices together. 

48. The method of claim 47, Wherein attaching includes 
attaching in one of a parallel or serial connection. 

49. A method for cooling and converting thermal energy 
into an electric current, the method comprising: 

etching a via through ?rst sides of ?rst and second 
substrates; 

attaching metal electrodes to second sides of the ?rst and 
second substrates, Wherein the second sides are oppo 
site the ?rst sides; 

mating the metal electrodes by bonding the second side of 
the ?rst substrate to the second side of the second 
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substrate to form a solid state thermal engine device, 
Wherein an effective gap is formed betWeen the tWo 
electrodes on the order of one nanometer; and 

connecting one of the metal electrodes to a ?rst surface 
and the other metal electrode to a second surface, 

Wherein the ?rst surface has larger thermal energy than 
the second surface, and the connection With the elec 
trodes causes a reduction in the thermal energy of the 
?rst surface. 

50. A method of making a solid state thermal engine 
device for converting thermal energy into an electric current, 
the method comprising: 

etching a via through ?rst sides of ?rst and second 
substrates; 

attaching metal electrodes to second sides of the ?rst and 
second substrates, Wherein the second sides are oppo 
site the ?rst sides; and 

mating the metal electrodes by bonding the second side of 
the ?rst substrate to the second side of the second 
substrate to form a solid state thermal engine device, 
Wherein an effective gap is formed betWeen the tWo 
electrodes. 


