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(57) ABSTRACT 

A photovoltaic device and method include a substrate 
coupled to an emitter side structure on a first side of the 
Substrate and a back side structure on a side opposite the first 
side of the substrate. The emitter side structure or the back 
side structure include layers alternating between wide band 
gap layers and narrow bandgap layers to provide a multilayer 
contact with an effectively increased band offset with the 
substrate and/or an effectively higher doping level over a 
single material contact. An emitter contact is coupled to the 
emitter side structure on a light collecting end portion of the 
device. A back contact is coupled to the back side structure 
opposite the light collecting end portion. 
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CONTACT FOR SILICON 
HETEROUNCTION SOLAR CELLS 

BACKGROUND 

0001 1. Technical Field 
0002 The present invention relates to photovoltaic 
devices, and more particularly to contact structures which 
improve performance of heterojunction cells. 
0003 2. Description of the Related Art 
0004 Heterojunction with intrinsic thin layer (HIT) solar 
cells have improved in efficiency (e.g., 23% efficiency in the 
laboratory and 21% efficiency in production). The HIT cells 
are comprised of intrinsic? doped hydrogenated amorphous 
silicon (a-Si:H) serving as front (emitter) and back contacts, 
on a crystalline silicon (c-Si) absorber with p-type or n-type 
doping. An advantage of HIT cells is the low deposition 
temperature of a-Si:H (-200°C.) which offers a lower ther 
mal budget as compared to conventional c-Si cell processes 
(~1000° C.). The low process temperature also permits the 
use of low-cost Si wafers by preserving carrier lifetime. 
0005 Referring to FIG. 1, an energy band diagram of a 
conventional HIT cell 10 on a p-type crystalline silicon (c-Si) 
substrate 12 is shown in equilibrium. The equilibrium Fermi 
level is denoted by E, and the conduction band and Valence 
band edges are denoted by E. and E, respectively. Open 
circuit voltage of the cell 10 is the difference of the quasi 
Fermi level for electrons at an emitter 14 (the equilibrium 
Fermi level inna-Si:Hlayer 16) and the quasi Fermi level for 
holes at a back contact 18 (the equilibrium Fermi level in p" 
a-Si:H layer 20). The emitter 14 includes a front contact 15. 
Intrinsic layer 22 is disposed between layer 16 and substrate 
12. 
0006. The band offsets and equilibrium Fermi level 
parameters are the fundamental material properties of a-Si:H 
and may only vary marginally by changing the growth con 
ditions. For high-quality a-Si:H, the measured values of AE 
and AE are in the range of 0.1-0.2 eV and 0.4-0.5 eV, respec 
tively. The equilibrium Fermi level cannot move closer to the 
conduction band than 0.15-0.2 eV in na-Si:H16, and cannot 
move closer than 0.4-0.45 eV to the valence band in pa-Si:H 
20 by increasing the doping concentration. This is because 
doping incorporation increases the defect density in a-Si:H 
and eventually pins the Fermi level position. 
0007 Replacing a-Si:H with other compounds results in 
creating larger band-offsets. Such band-offsets may improve 
the open circuit Voltage, but at the cost of reducing fill factor 
(FF). This is because the tunneling rate of majority carriers is 
lower through the larger band-offsets. In addition, the issue of 
low doping efficiency applies to these compounds as well. 

SUMMARY 

0008. A photovoltaic device and method include a sub 
strate coupled to an emitter side structure on a first side of the 
Substrate and a back side structure on a side opposite the first 
side of the substrate. The emitter side structure or the back 
side structure include layers alternating between wide band 
gap layers and narrow bandgap layers to provide a multilayer 
contact with an effectively increased band offset with the 
substrate and/or an effectively higher doping level over a 
single material contact. An emitter contact is coupled to the 
emitter side structure on a light collecting end portion of the 
device. A back contact is coupled to the back side structure 
opposite the light collecting portion. 
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0009. Another photovoltaic device includes a substrate 
coupled to an emitter side superlattice on a first side of the 
Substrate and a back side Superlattice on a side opposite the 
first side of the substrate. The emitter side superlattice and the 
back side superlattice both have a plurality of layers alter 
nately including wide band gap layers and narrow band gap 
layers to provide a multilayer contact with an effectively 
increased band offset with the substrate, and/or effectively 
increased doping level over a single material contact. An 
emitter contact is coupled to the emitter side Superlattice on a 
light collecting end portion of the device. A back contact is 
coupled to the back side Superlattice opposite the light col 
lecting portion. 
0010. A method for fabricating a photovoltaic device 
includes providing a Substrate; forming a plurality of layers 
including alternating wide band gap and narrow band gap 
layers to form a Superlattice to provide a multilayer with an 
effectively increased band offset with the substrate and/or 
effectively increased doping level over a single material con 
tact; forming a conductive contact on the Superlattice; and 
forming a contact structure on the Substrate on a side opposite 
the Superlattice. 
0011. These and other features and advantages will 
become apparent from the following detailed description of 
illustrative embodiments thereof, which is to be read in con 
nection with the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

(0012. The disclosure will provide details in the following 
description of preferred embodiments with reference to the 
following figures wherein: 
0013 FIG. 1 is an energy band diagram of a conventional 
heterojunction with intrinsic thin layer (HIT) cell on a p-type 
crystalline silicon (c-Si) substrate; 
0014 FIG. 2 is a cross-sectional view of a heterojunction 
Solar cell with Superlattices onfront and back contacts (sides) 
on a p-type c-Si Substrate in accordance with one embodi 
ment; 
0015 FIG. 3 is a cross-sectional view of a heterojunction 
Solar cell with Superlattices onfront and back contacts (sides) 
on an n-type c-Si Substrate in accordance with another 
embodiment; 
0016 FIG. 4 is an energy band diagram of a heterojunction 
solar cell on a p-type crystalline silicon (c-Si) substrate with 
a-SiC:H/a-SiGe:H front and a-SiN.H/a-SiGe:H 
back Superlattice contacts in accordance with one embodi 
ment; 
0017 FIG. 5 is a cross-sectional view of a solar cell device 
with a conventional heterojunction back contact and a con 
ventional diffused emitter (front) contact; 
0018 FIG. 6 is a cross-sectional view of a solar cell device 
with a Superlattice heterojunction back contact and a conven 
tional diffused emitter contact in accordance with one 
embodiment; and 
(0019 FIG. 7 is a block/flow diagram of a method for 
fabricating the heterojunction Solar cell device in accordance 
with the present principles. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0020. In accordance with the present principles, superlat 
tice contact structures and methods for forming the same are 
provided for heterojunction solar cells. The superlattice struc 
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ture improves open circuit Voltage of the cell without com 
promising fill factor (FF). The open-circuit voltage is 
improved due to a larger effective band-offset of the super 
lattice contact and/or modulation (transfer) doping of a low 
band gap material in the Superlattice without pinning the 
Fermi level. For example, n-type doping may be enhanced by 
the transfer of electrons from the wide bandgap material to the 
narrow band gap material or the transfer of holes from the 
narrow bandgap material to the wide bandgap material. Like 
wise, p-type doping may be enhanced by the transfer of holes 
from the wide bandgap material to the narrow band gap 
material or the transfer of electrons from the narrow bandgap 
material to the wide band gap material. The fill factor is not 
compromised by overall reduced thickness of wide band gap 
material and/or the creation of mini-bands due to quantum 
confinement in narrow band gap material. The narrow band 
gap material and the mini-band creation enhance the majority 
carrier tunneling through the Superlattice. 
0021. It is to be understood that the present invention will 
be described in terms of a given illustrative architecture hav 
ing a wafer or Substrate; however, other architectures, struc 
tures, Substrate materials and process features and steps may 
be varied within the scope of the present invention. 
0022. It will also be understood that when an element as a 
layer, region or substrate is referred to as being “on” or “over 
another element, it can be directly on the other element or 
intervening elements may also be present. In contrast, when 
an element is referred to as being “directly on' or “directly 
over another element, there are no intervening elements 
present. It will also be understood that when an element is 
referred to as being “connected' or “coupled to another 
element, it can be directly connected or coupled to the other 
element or intervening elements may be present. In contrast, 
when an element is referred to as being “directly connected 
or “directly coupled to another element, there are no inter 
vening elements present. 
0023 Methods as described herein may be used in the 
fabrication of photovoltaic cells and chips or modules includ 
ing the same. The resulting integrated chips or devices can be 
distributed by the fabricator in raw wafer form (that is, as a 
single wafer that has multiple unpackaged chips), as a bare 
die, or in a packaged form. In any case, the chip or device may 
be integrated with other chips, discrete circuit elements, and/ 
or other signal processing devices as part of either (a) an 
intermediate product, such as a motherboard, or (b) an end 
product. The end product can be any product that includes 
integrated circuit chips, ranging from toys and other low-end 
applications to advanced computer products having a display, 
a keyboard or other input device, and a central processor. 
0024. Referring now to the drawings in which like numer 
als represent the same or similar elements and initially to FIG. 
2, an illustrative structure of a photovoltaic device 100 with a 
p-type substrate 102 is shown. The substrate 102 preferably 
includes silicon and may be single-crystalline (c-Si) or micro 
crystalline (uc-Si). The substrate 102 includes an emitter or 
front contact and a back contact. The word “contact” is 
employed to refer to the structure connected to the substrate 
102, which may include an emitter/front contact or a back 
contact. Since these contacts also include conductive contacts 
as well, to prevent confusion, the contacts will be referred to 
as emitter side 110 and back side 130. 

0025. In accordance with the present principles, an emitter 
side 110 of the substrate 102 includes a superlattice stack of 
layers 120. The stack 120 of layers includes alternating wide 
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band gap (high band gap or wide gap) layers 122 (e.g., doped 
layers) and narrow band gap (low band gap or narrow gap) 
layers 124 (e.g., intrinsic layers). The number of layers n is 
greater than 2. Wide gap layers 122 include a wide band gap 
semiconductor, which is a semiconductor material with an 
electronic bandgap larger than one or two electronvolts (eV). 
The narrow gap layers 124 include semiconducting materials 
with a band gap that is comparatively small compared to 
silicon. Each wide-gap layer and narrow-gap layer may 
include a doped layer (n+ dopants) or an undoped layer, oran 
intrinsic layer (i-layer). An optional intrinsic layer 126 may 
be interposed between the stack 120 and the substrate 102. In 
one embodiment, the superlattices 120, 132 include alternat 
ing doped and intrinsic layers. 
0026 Semiconducting material(s) forming passivation 
intrinsic layers or i-layer(s) may include a-Si:H, a-Ge:H. 
a-SiGe:H. a-SiN.H. a-SiO.H. a-SiC, H, or combinations 
of these materials. The semiconducting material(s) forming 
doped/undoped layer(s) may include amorphous, nanocrys 
talline, microcrystalline or polycrystalline films(s) of Si, Ge. 
SiGe SiC., SiO, SiN., or combinations of these materials 
and may or may not contain hydrogen. The films forming the 
doped or undoped layers may or may not contain fluorine or 
deuterium. The doped layers may include appropriate n-type 
or p-type dopant materials. Examples of the high-bandgap/ 
low-bandgap material combinations for the superlattice 120 
include a-SiC:H/a-SiGe:H. a-SiN.:H/a-SiGe.H. 
a-SiO,:H/a-SiGe:H, where 0sx<1 and 0sys1. The 
thickness of the layers 122, 124 is preferably less than 20 nm 
and more preferably in the range of 1 nm-20 nm with the 
overall thickness of the emitter side 110 preferably being 
below ~15 nm (to reduce light absorption). 
0027. It should be understood that the present embodi 
ments preferably employ doping techniques that inflict mini 
mal damage to the doped layers. Doping of semiconductors is 
the process of locally manipulating their charge carrier den 
sity and conductivity. Conventional doping is usually 
achieved via the bombardment of semiconductors with 
dopants followed by thermal annealing (ion implantation). 
Bombardment of materials with energetic ions can create 
severe crystal damage, in particular, for nanoscale layers, 
thereby degrading the device performance. 
0028. In accordance with the present principles, a nonde 
structive doping method is preferably employed to dope the 
materials of the superlattice(s) 120 and 132. This employs 
charge exchange between two materials (e.g., a semiconduc 
tor material and a selected dopant material or doped material 
and an intrinsic material, etc.) at their interface, and is referred 
to as modulated or transfer doping. The process employs 
misalignment of the Fermi levels on each side to utilize the 
interfacial charge transfer as an effective doping scheme to 
control the conductivity of nano-structured materials. By 
selecting the Stacking materials in the Superlattice structures 
120 and 132, transfer doping is employed to increase effective 
doping and conductivity (e.g., over conventional a-Si doped 
layers) since lattice damage is avoided. 
0029. The back side 130 of the substrate 102 includes a 
superlattice stack of layers 132. The stack of layers 132 
includes alternating wide gap (high band gap) layers 142 and 
narrow gap (low band gap) layers 144. The number of layers 
m is greater than 2. Each wide gap layer and narrow gap layer 
may include a doped layer (p" dopants) or an undoped layer, 
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or an intrinsic layer (i-layer). An optional intrinsic layer 146 
may be interposed between the stack 132 and the substrate 
102. 
0030 Semiconducting material(s) forming passivation 
intrinsic layers or i-layer(s) may include a-Si:H, a-Ge:H. 
a-SiGe:H. a-SiN.H. a-SiO:H, a-SiC:H, or combinations 
of these materials. The semiconducting material(s) forming 
doped/undoped layer(s) may include amorphous, nanocrys 
talline, microcrystalline or polycrystalline films(s) of Si, Ge. 
SiGe SiC., SiO, SiN. or combinations of these materials 
and may or may not contain hydrogen. The films forming the 
doped or undoped layers may or may not contain fluorine or 
deuterium. The doped layers may include appropriate n-type 
or p-type materials. Examples of the high band gap/low band 
gap material combinations for the superlattice 132 include 
a-SiC:H/a-SiGe:H, a-SiN.H/a-SiGe:H. 
a-SiO,:H/a-SiGe:H, where 0sx<1 and 0sys1. The 
thickness of the layers 142,144 is preferably less about 20 nm 
and more preferably in the range of 1 nm-20 nm with the 
overall thickness of the back side 130 being below ~50 nm. 
0031. An emitter top portion 150 may include a conduc 
tive layer 152 and an optional contact layer (n) 154. The 
contact layer 154 may connect with the emitter side 110 stack 
120. The contact layer 154 may include amorphous, nanoc 
rystalline, microcrystalline or polycrystalline films(s) of Si, 
Ge. SiGe SiC., SiO, SiN, or combinations of these mate 
rials and may or may not contain hydrogen and may or may 
not contain fluorine or deuterium. The conductive layer 152 
may include a metal such as Aluminum, Silver, Tungsten, etc. 
and/or conductive layer 152 may include a transparent con 
ductive oxide, such as indium tin oxide, Zinc oxide, etc. Other 
structures may also be included Such as conductive fingers 
155, anti-reflection coatings, protective coatings, etc. 
0032. A back portion 160 may include a conductive layer 
162 and an optional contact layer (p) 164. The contact layer 
164 may connect with the back side 130 stack 132. The 
contact layer 164 may include amorphous, nanocrystalline, 
microcrystalline or polycrystalline films(s) of Si, Ge. SiGe. 
SiC., SiO, SiN., or combinations of these materials and may 
or may not contain hydrogen and may or may not contain 
fluorine or deuterium. The conductive layer 162 may include 
a metal Such as Aluminum, Silver, Tungsten, etc., and/or 
conductive layer 162 may include a transparent conductive 
oxide, such as Indium Tin Oxide, Zinc Oxide, etc. Other 
structures may be included as well. For example, antireflec 
tion coatings may be formed or conductive fingers 155, 170 
may be employed. 
0033. At least one of layers 152 and 162 is composed of a 
transparent conductive material to permit light to enter the 
absorption layer 102. If both layers 152 and 162 are com 
posed of transparent conductive materials, the light can enter 
from both sides of the cell, and the cell is referred to as a 
bifacial cell. If layer 152 (or 162) is composed of a transparent 
conductive material, metal fingers 155 (or 170) are needed to 
allow for low electrical contact resistance, while if layer 152 
(or 162) is composed of a metal, the electrical conductivity of 
the contact is sufficient and the metal fingers 155 (or 170) are 
not needed. The metal used for layer 152 or 162 may have 
reflective properties. 
0034 Referring to FIG. 3, an illustrative structure of 
another photovoltaic device 200 with an n-type substrate 202 
is shown. The substrate 202 preferably includes silicon and 
may be single-crystalline (c-Si) or microcrystalline (uc-Si). 
In accordance with the present principles, an emitter side 210 
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of the substrate 202 includes a superlattice stack 220 of lay 
ers. The stack 220 of layers includes alternating wide gap 
(high band gap) layers 222 and narrow gap (low band gap) 
layers 224. The number of layers n>2. Wide-gap layers 222 
include a wide band gap semiconductor, which is a semicon 
ductor material with an electronic band gap larger than one or 
two electronvolts (eV). The narrow gap layers 224 include 
semiconducting materials with a band gap that is compara 
tively small compared to silicon. Each wide gap layer and 
narrow gap layer may include a doped layer (p" dopants), an 
undoped layer or an intrinsic layer (i-layer). An optional 
intrinsic layer 226 may be interposed between the stack 220 
and the substrate 202. In one embodiment, the superlattices 
220, 232 include alternating doped and intrinsic layers. 
0035) Semiconducting material(s) forming passivation 
intrinsic layers or i-layer(s) may include a-Si:H, a-Ge:H. 
a-SiGe:H. a-SiO:H. a-SiC:H, or combinations of these 
materials. The semiconducting material(s) forming doped/ 
undoped layer(s) may include amorphous, nanocrystalline, 
microcrystalline or polycrystalline films(s) of Si, Ge. SiGe. 
SiC., SiO, SiN., or combinations of these materials and may 
or may not contain hydrogen. The films forming the doped or 
undoped layers may or may not contain fluorine ordeuterium. 
Examples of the high band gap/low band gap material com 
binations for the Superlattice include a-SiC:H/a-SiGe. 
H. a-SiO, H/a-SiGe:H, where 0sx<1 and 0sys1. 
The thickness of the layers 222, 224 is preferably less than 20 
nm and more preferably in the range of 1 nm-20 nm with the 
overall thickness of the emitter side 210 preferably being 
below ~15 nm (to reduce light absorption in the contact). 
Doping is preferably performed using a non-destructive tech 
nique (e.g., doping during layer growth, modulated or transfer 
doping, etc.). 
0036. The back side 230 of the substrate 202 includes a 
superlattice stack 232 of layers. The stack of layers 232 
includes alternating wide gap (high band gap) layers 242 and 
narrow gap (low band gap) layers 244. The number of layers 
m2. Each wide gap layer and narrow gap layer may include 
a doped layer (n dopants) or an undoped layer, oran intrinsic 
layer (i-layer). An optional intrinsic layer 246 may be inter 
posed between the stack 232 and the substrate 202. 
0037 Semiconducting material(s) forming passivation 
intrinsic layers or i-layer(s) may include a-Si:H, a-Ge:H. 
a-SiGe:H. a-SiN.H. a-SiO:H, a-SiC:H, or combinations 
of these materials. The semiconducting material(s) forming 
doped/undoped layer(s) may include amorphous, nanocrys 
talline, microcrystalline or polycrystalline films(s) of Si, Ge. 
SiGe SiC., SiO, SiN., or combinations of these materials 
and may or may not contain hydrogen. The films forming the 
doped or undoped layers may or may not contain fluorine or 
deuterium. Examples of the high band gap/low band gap 
material combinations for the Superlattice include a-SiC: 
H/a-SiGe:H. a-SiN.H/a-SiGe:H. a-SiO,:H/a- 
SiGe:H, where 0sx<1 and 0sys1. The thickness of the 
layers 242, 244 is preferably in the range of 1 nm-20 nm with 
the overall thickness of the back side 230 being below ~50 

0038 An emitter top portion 250 may include a conduc 
tive layer 252 and an optional doped contact layer (p) 254. 
The contact layer 254 may connect with the emitter side 210 
stack 220. The contact layer 254 may include amorphous, 
nanocrystalline, microcrystalline or polycrystalline films(s) 
of Si, Ge. SiGe SiC., SiO, SiN., or combinations of these 
materials and may or may not contain hydrogen and may or 
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may not contain fluorine or deuterium. The conductive layer 
252 may include a metal such as Aluminum, Silver, Tungsten, 
etc., and/or conductive layer 252 may include a transparent 
conductive oxide, such as Indium Tin Oxide, Zinc Oxide, etc. 
0039. A back portion 260 may include a conductive layer 
262 and an optional contact layer (n) 264. The contact layer 
264 may connect with the back side 230 stack 232. The 
contact layer 264 may include amorphous, nanocrystalline, 
microcrystalline or polycrystalline films(s) of Si, Ge. SiGe. 
SiC., SiO, SiN. or combinations of these materials and may 
or may not contain hydrogen and may or may not contain 
fluorine or deuterium. The conductive layer 262 may include 
a metal Such as Aluminum, Silver, Tungsten, etc., and/or 
conductive layer 162 may include a transparent conductive 
oxide, such as Indium Tin Oxide, Zinc Oxide, etc. Other 
structures may be included as well. For example, antireflec 
tion coatings may be formed or conductive fingers 270 may 
be employed. At least one of the layers 252 and 262 is com 
posed of a transparent conductive material to allow the light to 
enter the absorption layer 202. If both layers 252 and 262 are 
composed of transparent conductive materials, the light can 
enter from both sides of the cell (a bifacial cell). If layer 252 
(or 262) is composed of a transparent conductive material, 
metal fingers 270 are needed on that respective side to allow 
for low electrical contact resistance, while if layer 252 (or 
262) is composed of a metal, the electrical conductivity of the 
contact is sufficient and the metal fingers 255 (or 270) are not 
needed. The metal type used for layer 252 or 262 is preferably 
reflective. 

0040. Referring to FIG. 4, a schematic energy band dia 
gram of a p-type cell 300 with superlattice contacts (304,312) 
coupled to a p-type silicon (c-Si) substrate 301 is illustratively 
shown. An emitter or front contact 302 is a conductive mate 
rial. An emitter side stack 304 includes a plurality of alternat 
ing layers 306,308 as described with respect to FIG. 2. In this 
example, the layers 306 include a-SiC:H, and layers 308 
include a-SiGe:H. A back contact 310 includes a conduc 
tive material. A back side stack 312 includes a plurality of 
alternating layers 314, 316 as described with respect to FIG. 
2. In this example, the layers 314 include a-SiN.H, and 
layers 316 include a-SiGe H. Optional intrinsic layers 318 
are included in this example. 
0041 As a result of the Superlattice stacks 304 and 312, 
open circuit Voltage is increased, without compromising the 
fill factor. To increase the open circuit Voltage, the conduction 
band offset (AE) is increased in the emitter 304 and/or the 
valence bandoffset (AE) is increased in the back 312, and/or 
the doping efficiency of the stacked layers 306/308 and 314/ 
316 is effectively increased to raise the quasi Fermi level 
position at the emitter 304 and/or increase the doping effi 
ciency to lower the quasi Fermi level position in the back 312. 
0042. At least one of the band offsets is preferably 
increased. For example, the conduction band offset (AE) is 
increased on the emitter side stack 304, and/or the valence 
band offset (AE) is increased on the back side stack 312. This 
increases the separation of the quasi-Fermi levels for elec 
trons and holes, and as a result, improves the open circuit 
Voltage. The enhanced tunneling through the Superlattice 
contacts permits a high fill factor which could otherwise be 
compromised if the increased band-offset were created by a 
single semiconductor contact material. The enhanced tunnel 
ing is due to the creation of mini-bands as a result of quantum 
confinement in the Superlattice, and/or due to the enhanced 
electric field resulting from the improved doping of the nar 
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row gap material by transfer (modulation) doping of the nar 
row gap material. The improved doping also further improves 
the open-circuit voltage of the cell by improving the electric 
field at the front and/or back junctions further increasing the 
separation of the quasi-Fermi levels. 
0043. Unlike conventional substitutional doping which 
requires the incorporation of impurity atoms in the lattice of 
an amorphous material resulting in the creation of extra 
defects and the degradation of doping efficiency, transfer 
(modulation) doping in accordance with the present prin 
ciples does not involve the incorporation of impurity atoms, 
and as a result, the issue of Fermi level pinning is Substantially 
suppressed. The equilibrium Fermi level canthus move closer 
to the conduction band on then contact side and closer to the 
Valence band on the p" contact side. 
0044) Referring to FIG. 5, a solar cell device 400 with a 
conventional diffused emitter (front) contact, and a conven 
tional heterojunction back contact is shown. The cell 400 
includes a metal back contact 402 and a p" a-Si:H (15 nm) 
back side doped layer 404. An intrinsic layer (5 nm) 406 is 
disposed between layer 404 and a p-type substrate 405 (e.g., 
c-Si). An emitter side includes an in diffusion layer 408 and 
conductive fingers 410. An antireflection coating (ARC) 412 
is also employed. In operation, this structure 400 provided an 
open circuit voltage (V) of about 640 mV and a fill factor of 
about 72%. Switching the layer 404 to p" a-Ge:H of the same 
thickness reduced the V to about 580 mV and provided a fill 
factor (FF) of about 76%. 
0045 Referring to FIG. 6, a heterojunction cell 500 is 
shown in accordance with the present principles. The cell 500 
includes back contact 402 but includes an alternating stack 
504 for the back side. The stack 504 includes p"a-Si:H (5 nm) 
layers 510 which sandwich a layer 512 of a-Ge:H (5 nm). In 
operation, this structure 500 provides a V of about 665 mV 
and a fill factor (FF) of about 80%. Other improvements of 
V and FF may also be obtained by material selection and 
structures in accordance with the present principles. 
0046. The layers of stack 504 provide a combination of 
lower tunneling barrier and higher doping efficiency, which 
results in higher V and fill factor. It should be understood 
that the Superlattice structures in accordance with the present 
principles may be provided for both front and back contacts. 
However, the devices using one Superlattice on one side of the 
Substrate and a conventional contact structure on the other 
side are also within the scope of the present principles (see, 
e.g., FIG. 6). 
0047 Referring to FIG. 7, a method for fabricating a pho 
tovoltaic device is illustratively shown. The flowchart/block 
diagram of FIG. 7 illustrates the architecture, functionality, 
and operation of possible implementations according to vari 
ous embodiments of the present invention. In this regard, the 
functions noted in the block diagram may occur out of the 
order noted in the figure. For example, two blocks shown in 
Succession may, in fact, be executed Substantially concur 
rently, or the blocks may sometimes be executed in the reverse 
order, depending upon the functionality involved. 
0048. In block 602, a substrate or wafer is provided. The 
Substrate may include a p-type or n-type substrate. A p-type 
Substrate may include n-type doped layers on an emitter side 
and/or p-type doped layers on a back side. An n-type substrate 
may include p-type doped layers on an emitter side and/or 
n-type doped layers on a back side. The substrate preferably 
includes a single crystal or crystalline silicon (c-Si), although 
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other substrate materials may be employed. In block 604, an 
optional intrinsic layer may beformed on one or both sides of 
the substrate. 
0049. In block 606, a superlattice is formed on at least one 
side of the substrate (or on an intrinsic layer if present). The 
Superlattice includes a plurality of layers alternating between 
wide band gap and narrow band gap materials. The electrical 
effect of the superlattice is equivalent to that of a single layer 
semiconductor material with a higher conduction or Valence 
band offset with the substrate as compared to between a-Si:H 
and the Substrate, and/or is equivalent to a higher doping 
efficiency compared to that of a-Si:H. For example, on the 
emitter side, a conduction band offset may be effectively 
increased, and on the back side a valence band offset may be 
effectively increased. The superlattice layers may be formed 
using different techniques that depend on the type of materi 
als and the desired properties. In useful embodiments, chemi 
cal vapor deposition (CVD), plasma enhanced CVD 
(PECVD) or other methods may be employed. The layers 
preferably include a thickness of less than about 20 nm to 
increase doping efficiency for those layers that include 
dopants. Higher tunneling current is achieved in this way due 
to quantum confinement by forming mini-bands (Sub-bands), 
and/or due to electric field enhancement at the junctions 
resulting from improved doping efficiency with the plurality 
of layers of the Superlattice. 
0050. In one example, for a crystalline silicon substrate, 
the wide band gap layers may include one of amorphous 
silicon carbide and amorphous silicon nitride and the narrow 
band gap layers may include one of amorphous silicon ger 
manium and nano- or micro crystalline silicon. Higher con 
ductivity is achieved by leveraging transfer doping between 
adjacent layers in the plurality of layers of the Superlattice. 
0051. In block 608, a doped contact layer may optionally 
beformed between the superlattice and conductive contact. In 
block 610, a conductive contact is formed on the superlattice 
(or optional doped contact layer). The conductive contact 
may include a metal or transparent conductive material Such 
as a transparent conductive oxide. 
0.052. In block 612, a contact structure is formed on the 
Substrate on a side opposite the Superlattice. This may include 
a conventional contact structure or another Superlattice. The 
superlattice formed includes the same structure as described 
above with respect to block 606 except any doped layer would 
include an opposite polarity with respect to the Superlattice on 
the opposite side of the Substrate. A conductive contact is also 
formed on the end of the Superlattice. Also, an optional intrin 
sic layer and doped contact layer may optionally be formed. 
In block 614, continued processing occurs. This may include 
the formation of antireflection coatings, conductive fingers, 
protective layers, etc. 
0053. Having described preferred embodiments for 
improved contact for silicon heterojunction Solar cells (which 
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are intended to be illustrative and not limiting), it is noted that 
modifications and variations can be made by persons skilled 
in the art in light of the above teachings. It is therefore to be 
understood that changes may be made in the particular 
embodiments disclosed which are within the scope of the 
invention as outlined by the appended claims. Having thus 
described aspects of the invention, with the details and par 
ticularity required by the patent laws, what is claimed and 
desired protected by Letters Patent is set forth in the appended 
claims. 

1.-16. (canceled) 
17. A method for fabricating a photovoltaic device, com 

prising: 
providing a Substrate; 
forming a plurality of layers including alternating wide 
band gap and narrow band gap layers to form a Super 
lattice to provide a multilayer with an effectively 
increased band offset with the substrate and/or effec 
tively increased doping level over a single material con 
tact; 

forming a conductive contact on the Superlattice; and 
forming a contact structure on the Substrate on a side oppo 

site the Superlattice. 
18. The method as recited in claim 17, whereinforming a 

plurality of layers includes forming a plurality of doped lay 
ers and intrinsic layers. 

19. The method as recited in claim 17, whereinforming a 
plurality of layers includes forming a plurality of wide band 
gap doped layers, and narrow band gap intrinsic layers. 

20. The method as recited in claim 17, whereinforming a 
contact structure includes forming another Superlattice and 
conductive contact. 

21. The method as recited in claim 17, further comprising 
forming an intrinsic layer between the Substrate and the 
Superlattice. 

22. The method as recited in claim 17, further comprising 
forming a doped contact layer between the Superlattice and 
conductive contact. 

23. The method as recited in claim 17, whereinforming a 
plurality of layers includes forming the layers with a thick 
ness of less than about 20 nm. 

24. The method as recited in claim 17, wherein the sub 
strate includes crystalline silicon and the wide band gap lay 
ers include one of amorphous silicon, amorphous silicon 
carbide and amorphous silicon nitride. 

25. The method as recited in claim 17, wherein the sub 
strate includes crystalline silicon and the narrow band gap 
layers include one of amorphous silicon, amorphous germa 
nium, amorphous silicon germanium and nano- or micro 
crystalline silicon. 


