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APPLICATION FOR 
UNITED STATES LETTERS PATENT 

SPECIFICATION 

TO ALL WHOM IT MAY CONCERN: 
Be it known that we, Paul F. Baldasaro, a citizen of the 

United States of America, and resident of the State of New 
York, having a postal address of 21 Leonard0 Drive, Clifton 
Park, New York 12065; Edward J. Brown, a citizen of the 

IJnited States of America, and resident of the State of New 
York, having a postal address of 1 6  Granada Drive, Clifton 

Park, New York 12065; Greg W. Charache, a citizen of the 

United.States of America, and resident of the State of New 

York, having a postal address of 3 Dora1 Ct., Clifton Park, 
New York  12065; and David M. DePoy, a citizen of the United 

States of America, and resident of the State of New York, 

having a postal address of 8 Jonathon Drive, Clifton Park, 

New York 12065, have invented a new and useful vvLAPPED 

SUBSTRATE FOR ENHANCED BACKSURFACE REFLECTIVITY IN A 

THERMOPHOTOVOLTAIC ENERGY CONVERSION SYSTEMvv, of which the 

following forms the specification. 
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"LAPPED SUBSTRATE FOR ENHANCED BACKSURFACE REFLECTIVITY 

IN A THERMOPHOTOVOLTAIC ENERGY CONVERSION SYSTEM" 

The United States Government has rights in this 

invention pursuant to Contract No. DE-AC12-76-SN00052 awarded 

by the U.S. Department Energy. 
I Technical Field 

The present invention relates to the field of 

thermophotovoltaic (TPV) direct energy conversion in general, 

and in particular this invention embodies a novel method to 

improve conversion efficiency using back surface reflection 

as a spectral control technique. 

Background Art 

Thermophotovoltaic (TPV) devices convert thermal energy 

to electric power using the same principle of operation as 

solar cells. In particular, a heat source radiatively emits 

photons which are incident on a semiconductor TPV cell. 

Photons with an energy ,greater than the semiconductor 

bandgap (E,) excite electrons from the valence band to the . 
conduction band (interband transition) . The resultant 
electron-hole-pairs (ehp) are then collected by metal 

contacts and can power electrical loads. Photons with energy 

less than E, are parasitically absorbed as heat. In order to 
increase the efficiency of a TPV energy system some form of 

spectral control is employed to reflect the photons with 
energy below E, back to the emitter before they are 

parasitically absorbed. This invention proposes a TPV design 

con,cept that uniquely integrates the spectral control and 
cell into a single design. 

Previous researchers have attempted to improve TPV 

conversion efficiency through spectral control by three 
different methods. In the first method researchers modified 

the emission spectrum of the thermal radiator in an attempt 
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to suppress emission of below-bandgap energy. Several 

techniques have been tried including surface texturing and 
rare earth oxide coating., Nelson, U.S. Patent No. 4,764,104 

provides one example. 

In the second method, researchers position 'selective 

filters in front of the TPV cell. These filters t.ransmit 

most of the above-bandgap energy but reflect below-bandgap 

energy back to the radiator for ' "recycling". A publication 

by H. Kostlin and G. Frank; "Thin-film reflection Filters". 
Phillips Tech. Rev. 41 1983/84, No. 7/8 describes this 

technology. 

.J 

In the third method, a highly reflective coating is 

applied to the back of the TPV cell. Most of the above- 

bandgap energy is absorbed in the active region of the cell 
while most of the below-bandgap energy passes through the 

cell reaching the back surface. There it is reflected and 

returned to the radiator after passing through the cell a 

second time. Ahother, publication by R.M. Swanson; tlSilicon 
Photovoltaic Cells in TPV Conversion"; EPRI Project 790-2; 

Interim Report ER-1272, December 1979 provides an example of 

this technique. One critical issue associated with this 

approach is the amount of below-bandgap energy parasitically 
absorbed during transit through the cell. This invention 

addresses that issue. 

Disclosure of the Invention 
. For this TPV design a backside surface reflector is used 

for ,spectral control. However, in order to ̂ re'duce free 
carrier absorption of the below bandgap photons, the wafer 

substrate* is thinned using mechanical polishing techniques 
before the backside reflector is applied. 

To a first order approximation, the semiconductor TPV 

cell is transparent to photons with energies below E, because 
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it is energetically impossible for these photons to excite 

, electrons from the valence band to the conduction band. 
However, there is a second order effect in which electrons in 

the conduction band and holes in the valence band are excited 

to higher energy levels within their respective bands. This 

is referred to as free-carrier absorptions. This process is 

characterized by the free carrier absorption coefficient 
(a,). Generally, a, is proportional to the semiconductor 
doping level and the square of wavelength. A typical value 

of aF in GaSb (doped to 5~1O~~cm-~) is 3 cm-' (3 9pm. Thus, in 

order to decrease the free carrier absorption on a heavily 

doped substrate, a thin wafer is required. 

One technique that has been used to thin wafers 

extensively in compound semiconductor microwave device 

fabrication is wafer 1appi.ng. This process consists of 

mounting the wafer to a mechanically stable support and 

mechanically grinding away the backside of the wafer using 

sequentially finer size grits. Finally a chemical etch is 
used to remove residual damage and to form a highly specular 

surface. Using these chemical-mechanical polishing 
techniques, GaAs wafers are routinely thinned to 4 mils (100 

pm) 
Once the wafer substrate has been lapped to a 

sufficiently small thickness, the integration of a highly 
reflecting back electrical contact is required. This may 

consist of a highly reflective metal such as silver, gold, or 
copper. Unfortunately, the as-deposited metal/semiconductor 

interface may not form an adequate ohmic contact and a sinter 

step may degrade the reflectivity of the substrate. An 

alternative to an entirely reflecting back surface is the use 
of a combination dielectridmetal reflector as described 

herein. 
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Brief Description of the Drawings 
These and other attributes of the invention will become 

more clear upon a thorough study of the following description 
of the best mode for carrying out the invention, particularly 

when reviewed in conjunction with the drawings, wherein: 
Fig. 1 is a cross-sectional view of a typical 

semiconductor wafer employed in cpnjunction with the teaching 

of this invention; 
Fig. 2 is a cross-sectional view of the first and second 

phases, in the production of both the metal and 

dielectric/metal reflectors of this invention.; 

Fig. 3 is a cross-sectional view of the third phase in 

the production of a metal reflector; 

reflector mounted on a module substrate; 

Fig. 4 is a cross-sectional view of the finished metal 

Fig. 5 is a cross-sectional. view of the third phase in 

the production of a dielectric/metal reflector; and 

Fig. 6 is a cross-sectional view of the finished 

dielectridmetal reflector mounted on a module substrate. 

Best Mode for Carrying Out the Invention 
. The method that foirms the basis of the present invention 

involves using back surface reflection as a spectr'al control 

technique in thermophotovoltaic (TPV) energy systems wherein 

the spectral control and the cell are integrated into a 

single design. 

As shown in Figs. 1 and 2, the same preliminary steps 
are employed in the fabrication of both versions of the 
finished product of~this invention and those steps will now 

be described in seriatim fashion. 
The starting point in the fabrication 'process begins 

with a semiconductor wafer substrate (10) fabricated,from any 
n-type substrate material and having an initial thickness (A) 
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of approximately 20 mils. The next step in the fabrication 

is illustrated in Fig. 2 wherein the top surface of the wafer 

substrate is provided with a thermophotovoltaic device (11) 
a metallized grid (12) and optionally an antireflective (AR). 

overcoating (13) . 
Examples o f  some of the materials that may be used for@&\\qb 

the various components are as follows: TPV substrate GaSb, 

InP, Ids; TPV device InGaAsSb, InGaAs, InGaSb, InAsPSb;-@,~I"'l'k 

dielectric% materials silicon dioxide, silicon nitride, 

silicon monoxide, used in combination with metals gold, 

silver, copper, platinum; and metallized grid Au. It should 

also be noted that this list'of materials is for illustration 

purposes only and is not intended to represent either a 

comprehensive or an exclusive listing of suitable materials. 
At this juncture, the wafer substrate of the partially 

finished compound semiconductor microwave . device is first 
subjecthd to a lapping operation which may involve a 

mechanical grinding process using sequentially finer grits to 

lap away a predetermined thickness (a) from the wafer 

substrate (10) until the.wafer substrate (10) has a desired 

thickness (p)  in the range of 3-5 mils. Then the lapped 

wafer substrate (10) is subjected to a chemical etching step 
to remove residual damage to the bottom of the lapped wafer 

substrate (10) and to form a highly specu1,ar bottom surface 

(10') . 
I The next step is to integrate a highly reflective back 

electrical contact on the bottom surface (10') of the-lapped 

wafer substrate (lo), and at this point the two methods of 
fabrkcation diverge. In the first method of fabrication 

illustrated in Figs. 1 through 4, a highly reflective metal 

such as silver, gold, copper or platinum may be vapor 

deposited on the bottom surface (10') of the wafer substrate 

to form a backside ohmic contact that serves as a below 
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bandgap metal reflector (14) which is then mounted on a 

module substrate (15) to produce the finished device. 

Under some circumstances, the as-deposited metal/ 

semiconductor interface as at (16) may not form an adequate 

ohmic contact and a sinter step may degrade the reflectivity 
of the wafer substrate. As a consequence, an alternative 
backside reflector (17) has been developed that may also be 

alloyed to form a lower resistance ohmic contact while still 

maintaining a high reflectivity. 

In this second method of fabrication illustrated in 

Figs, 1, 2, 5 and 6, a combination dielectric/metal reflector 

(17) may be formed on the bottom surface (10') .of the lapped 
and etched wafer substrate (10). The combined dielectric/ 

metal reflector may be fo.rmed by chemical vapor deposition of 
the dielectric (18) on the bottom surface of the lapped and 

etched wafer substrate (lo), followed by photolithography to 

pattern a photoresist film on the dielectric layer (18). 

This is followed by chemical etching of the dielectric, then 

vapor deposition of the metal contact/reflector (19), and an 

ohmic contact sinter and anneal step, followed by mounting 

the dielectrichnetal reflector to a module substrate (15) to 

produce the alternate version of the preferred device. 

An alternate lapping operation envisioned by this 
'invention would involve achemica1 etching process wherein a 

given thickness (a) of the wafer substrate (10) would be 
chemically removed to produce a wafer substrate having the 

desired thickness (p)  preferably 3-5 mils. One example of 
a chemical etching solution is an HCL:H3P04 1:l solution that 

is used to etch InP. 
By now it should be appreciated that the related methods 

and finished products produced by this invention offer 

significant advantages over the conventional compound 
semiconductor TPV cell by combining the spectral control.and 
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the TPV cell into a unified structure. It improves the 

overall efficiency of the TPV cell due to high reflection of 

below-bandgap photons and reflects low energy photons over a 

broader range of energies than the state of the art interface 

or plasma filters. 
Furthermore,-it represents a more readily manufacturable 

technology over other ultra-thin cell approaches. It is 

applicable to all TPV material systems and potentially 

provides a "photon-recycling" mechanism that could lead to 

decreased dark current, higher effective minority carrier 

lifetimes; quantum efficiency and open circuit voltages. 

Having thereby described the subject matter of the 

present invention, it should be apparent that many 

substitutions, modifications and variations of the invention 
are possible in light of the above teachings. It is 

therefore to be understood that the invention as taught and 
described herein is only to be limited to the extent of the 
breadth and scope of the appended claims. 
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Abstract of the Disclosure 
A method for fabricating a thermophotovoltaic- energy 

conversion cell including a thin semiconductor wafer 

substrate (10) having a thickness ( p )  calculated to decrease 
the free carrier absorption on a heavily doped substrate; 

wherein the top surface of the semiconductor wafer substrate 

is provided with a thermophotovoltaic device (ll), a 

metallized grid (12) and optionally an antireflective (AR) 

overcoating; and, the bottom surface (10’) of the 

semiconductor wafer substtate (10) is provided with a highly 

reflecting *coating which may comprise a metal coating (14) or 

a combined dielectric/metal coating (17). 
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