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METHOD FORSELECTIVE UNDER-ETCHING OF POROUS SHAICON

CROSS-REFERENCE TO RELATED APPLICATION
{08611 The present application clamss priovity under 35 ULS.CL § H%e) o LS Provisional
Patent Apphcation Serial Number 61137 195, filed on March 3, 2009, and dtfed "METHOD
FOR SELECTIVE UNDER-ETCHING QF POROUS SILICON” the entivety of which 18

hereby meorporated by reference.

FIELD OF THE INVENTION
166021 This mvention relates to ¢ method for making solar cells. More particularly, the
present invention relates to selective etching of a porous sthicon laver to under-cut and release

a silicon-based devics layer that ix then used for making solar cells.

BACKGROUND OF THE INVENTION
{08631 Solar cells are semiconductor devices that are uspally manutactured from stheon-
based material. Some solar cells are made from screen printed poly-cryvsialline stlicon. Single
crystaliine waters can be used to make very efficient solar cells. However, high
manufacturing costs for making single orvstalline materials makes the large scale production

of solar cells frony these materials impractical.
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106041 Poty-crvstalline silicon wafers used to manatacturs solar cells are made by cutting
180 to 350 micrometer thick wafers from block-cast silicon tngots. The waters are usnally
tHghtly p-type doped. To make a solar cell from the waler, a surface diffusion of n-type
dopants 13 performed on the front side of the water. This forms 8 p-n junction a few hundred
panometers below the surface. Solar cells usnally also nclode anti-reflective coatings, such
as siticon nitride or titamum doxide andior have extured surfaces increase efficiency of tight
absorption. This method is disadvantageous m that the crystal takes an exceptionally long

tme 1o grow on the silicon mgot.

10665} Metal contacts are formed on the back and front surfaces of poly-crystalling silicon
waters by screen~printing metal pastes, such ay silver paste or aluminum paste. After the
metal contacts are formed, the solarcells are assembled into panels and arg sandwiched
hetween glass and polyrer resing,

[OB06] As mentionad above, solar cells and solar panels that are formed from single crystal
sificon are preferred because of the efficiency of the solar cells and panels made from single

crystal sibcon,

SUMMARY OF THE INVENTION
[T The present invention is direct 10 a method of making a solar cell. In accordance with
the method of the present invention, a silicon-based device layer is formed on a base waler.
The base waler includes a single crystal silicon waler and @ saenficial porous sibicon layer
that is deposited thereon, The sacrificial porous sthicon laver is formed using thermal
deposition or any other suitabile coating or deposition techimgue. Freferably, the porous

sificon laver has a porpsity of 30 percent or more. The sacrificial porous sificon laver

)
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comprises, for example, carbon doped oxide, spin-on-glass {SOQG), flvoridated silicon glass
{(FSGYor a combination thereof, The thickness of the porous sthicon faver s preforably ina

range of several nanoneters 1o several nierons,

[O608] The silicon-hased device laver 15 praferably crvstalline or semi-crystalline, as opposed
o being amomphous, and is epttaxially grown on top of the sacrificial porous sificon layer.
The sibicon-based device laver s preferably a p-doped silicon-based device layer that has a
thickpess of severat microns to several hundred wicrons, The silicon-based device laver 1§
formed using any suitable growth or deposition techimque, such as chemical vapor deposition.
A working wafer that inchudes the single orystal silicon wafer, the silicon-based device laver

and the sacrificial porows sibicon faver sandwiched between the single erystal siticon water

and the silicon-based device fayer is referred to herein as a composited wafer,

{06689} In accordance with the embodimenis of the invention, after the composite waler is
formed the sacrificial faver i selectively etched thereby releasing the stheon-based device
fayer, or @ portion thereof and the single crystal wafer, or a portion thereof. The released
stheon-based device tayver, or the portion thereot, i3 then provided with the appropriate
electrical contacts and anti-reflective cortings and is coupled (o one or more subsirates {o
form a solar cell. The released single orvstal wader, or the portion thereof, is then used (o

miake additional composite wafers and additional solar cells, such as described above.

{0818 In order o accomplish release of the sihcon-based device ayer, or the portion thereot,
the eteh rate of the porous stheon laver needs 1o be sigmificantly faster than the eich rates of
either the single crvstal water or of the silicon-based devics fayer. Selective eiching of the

sacrictal povous sihcon laver has been observed by treating the composite water to an

agueous eichant that i mamniained at tomporatures i a range of 0 10 10 degrees Celstus. The

3
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aqueons ctehant preferably includes one or more etchants such as potassium hydroxide,
sodiom hydroxide and hydrogen fluoride i a concentration of 3% or {ess by weight. In
further embodiments of the invention the agueous etchant includes an alcobol, such ag
tsoprepyl alcohol, in a concentration of 10% or less by weight. In still further embodimenis
of the invention the stchant inchudes a surfactant i a concentration of 9% or fess by weight.

Alse, to further control eteh rates during the selective etehung step, the composite waler and

the agueous etehant are treated with ultrasonic energy.

BRIEF DESCRIPTION OF THE DRAW

S
{0011} Fig 1A shows g composite waler used o make a sihicon-based device laver for solar

cells, m accordance with the embodiments of the invention.

{0612 Fig. 1B ilusirates releasing a sthicon-based device fayer from the composite water, in

accordance with the embodiments of the invention,

{06131 Fig 1O shows a released silicon-based device laver coupled o a substrate to form a

solar cell, in accordance with the embodimenis of the invention.

[0814] Fig. 2A shows a block-Hlow diagram cutlining steps for making a solay cell, i

accordance with the method of the invention.

[0S Frg 2B shows a block-flow diagram cutlining steps for making a composite wafer, in

gocordance with the method of the invention,

[oRi6] Fig. 2C shows a block-flow dizgram outhning steps for releasing a device laver from

the composte water, in accordance with the wethod of the mvention.

{08171 Fig. 3 shows g schematic representation of a solar panel with multiple solar cells on g
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common substrate, i asccordance with the embodiments of the invention.

{0018} Fig. 4 shows a schematic representation of a system that stilizes a solar cell or panel,

i accordsnes with the embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION
{0819 Fiz. 1 shows a composite water 186 used @ make a sileon-based device layer used in
solar cells, The composite wafer 100 includes g single erystal siicon waler 101 and a
sacrifictal porous silicon laver 103 that s deposited thereon, which 1s referred to herem as a
hase water. The composite water 100 alse includes a silicon-based device laver 108 that &
preforably crystalline or semi-crysialline and 15 epitaxially grown on top of the sacrificial

porous sificon layer 183,

{0020} As desortbed ahove, the sacrificial porous sitheon laver 103 preferably bays a porosity
of 30 porcent or more and is several nanometers © several microns thick. The sacnificial

porous sificon layer 103 is formed from any saitable porous silicon material including, but

not limited {o carhon doped oxide, spin-on-glass {80G), Huoridated sificon glass (FM ora
combination theveol.

{96211 The silicon-bhased deviee laver 105 is preferably a p-doped silicon-based device laver
that has a thickness of several microns o several hundred suerons. The sacnificial porous
stiicon laver 183 and the sibicon-based device layer 1858 are formed using any suitable

coating, growth andfor deposition techniques including, but not limited to, thermal deposition

and chemcal vapor deposition.

10622 Fig. 18 ihwsirates a schematic representation 120 of g released silicon-based device

R

L



WO 2010/102013 PCT/US2010/026065

fayer 108" and a released single orystal sthicon wafer 1017 which are formed by selectively
etching the sacrificial porous silicon layer 103, as indicated by the arrow 189, Selective

etching of the sacrificiad porous stticon laver 183 is preferably accomplished by steps

outhined and described below with reference to Figs 2A-C.

1668231 Fig, 10 shows the released silicon-hased device laver 18 coupled 1o s new substirate
101" o form a sofar cell 130, Prior to coupling the released silicon-based device layer 108
10 the new substrate 117, the released silicon-based device layver 188 anddor substrate 1017
are preferably provided with the appropriate electrical contacts and anti-reflecting coatings to
form & working solar cell 138, The released simgle orystal silicon water 181 s reused
preferably from 0-30 times, and more preferably from 20-30 times 1o make additional

composite waters and solar cells.

[0024} Fig 24 shows a block flow diagram 200 outhning steps for making & solav cell. In
the step 201 & composite water 108 i3 formed, such as desonbed with reference to Fig. 1AL
After the conmposite watar 160 1s formed in the step 201, in the step 203 the sacoficial porous
sihicon layer 103 s controllably or selectively eiched to form a released stheon-based device

faver 1057 and a released single crystal siicon water 101, such as shown in Fig, 183,

[0025} Referring to Fig. 28, the composite waler 100 s formed using any number of
techmgues of combination of technigues. For example, the saceificis] porous silicon laver
163 iz deposited 1 the step 202 by spin coating poly-silicon on the substrate 101, which s
preferably a single crystal silicon water. The polv-silicon 1s then dried or cured to remove
selvent and form the sacrificial porous silicon fayer 103, As described above, the saenficial

porous sthcon laver HI3 has a porosity of 30% or more, which 1s believed to increase the

6
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sefectivity of the etch rate for the sacrificial porous silicon layer 103,

10026] After the saorificial porous silicon layer 193 s formed in the step 202, in the step 204
the device fayer 108 18 formed over the sacrificial porous silicon layver 183, The device laver
105 is preferably formed osing any suttable technique, but is preferably formed by epitaxislly
growing 8 ervstathine or semt-crystatline stlicon device laver using vapor depostion
techniques, The device fayer 105 that is formed in the step 204 15 preferably a p-doped
devics layver. The device laver HIS ia formed, Tor example, by vapour depositing silicon-
based precursors that includes a p-dopant or p-dopamis, herein referred to as p-doped silicon-
based precursors, Suttable p-doped silicon-based precursors include trivalent atoms tvpically
from group 1A of the perfodic table, sach as boron or aluminum. Alternatively 1o using p-
doped siltcon-based precursors to form the device laver 108, the device taver 188 may be
doped after ws formation using on inplantation eehnigues. Inosome cases, it can be useful
to form the device laver 185 by using p~doped silicon-based precursors, such as deseribed
above, and further doping the device laver 185 with the same or different dopants using ion

inplantation techniques.

{0027} Now referring to Fig. 20, in step 203 the sgerificial porous sificon layer 103 15
coptrollably or selectively elched o form a released sthicon-based device layver 195" and a

released single crvstal siticon wafer 181, In acvordance with the cmbodiments of the

fd

5

tnvention, the sacrificial porous sthicen layer 183 15 controliably or selectively etched by first
patterning the device layer 108 with access groove or holes in the step 286, After the dev
fver 108 is patterned with aceess grooves or ioles in the step 206, the composite wafer 104
is treated with an eichant, such as described above and below. Patterning the device laver

165 with access grooves or holes prior o treating the composite wafer 100 with an stchant

i}
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can result in faster efch rates by allowing g greater surface area of the sgerificial poly-sihoon

faver 163 to be imtially exposed @ the etchant.

{0028} In accordance with the embodiments of the invention, the device laver 185 15
patterned with access groves or holes in the step 286 by using photo-resist masking and
ptehing wechmigues. I will be clear to one skilled in the art that while patterning the device
fayer 108 with access groves or holes, such as deseribed above, can be beneticial, i is not
necessary to implement the present invention, Regardless of whether the step 206 of
patterning the device layer 108 with access groves or holes is perfonmed, m the step 288 the
composite wafer 109 s reated with an etchant ©© form a released sificon-based device laver

185" and a release single crvstal stlicon wafer 101, such as shown in Fig. 1B

100291 Sull reforring 1o Fig. 20, n the step 208 the composite watfer 104 48 treated with an
agueous etchant comprising one or more of potassium hydroxide, sodium hydroxide and
hvdrogen uoride in concentrations of 3% or less by weight. Preferably, the aqueous efchant
ts maintained st lempergtures in a range of 0 to 10 degrees Celsius during the step 208, This
temperature range results i betier selectivity during the eiching process. In further
emtbodiments of the mvention the agqueous etchant includes an alcohol, such as isopropyl
aleohol, i a concentration of 10% or less by weisht. fn still Ruther embodiments of the
invention, the etchant inclodes a surfactant in g concentration of 1% or less by weight.
Suitable surfactants include, but are aot limited t

1Y Apiome Surfactants, such as, for example, Perfluorooctanoate (PFOA or PEQ),
Perfluorooctanesulfonate (PFOS), Sedinm dodecy] sulfate {SDS), ammoniom fauryl sulfte,
Sodiwm lagreth sulfate and Al benzene sulfonate;

23 Soap or faity acid salt surfactants;
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33 Cationic Surfactants, such as, for example, Cetyl trimethylammeonium bromade (CTAR),
alca. hexadeeyt rimethyl ammonium bromide, Cetylpyridinium chloride {CPC),
Polvethoxylated tallow amine (POEA), Bonralkonum chloride {BAC) and Benzethomuom
chioride (BAT)

4} Zwitteriome {amphoteric) Surfactants, such as, for example Dodecyt betaine,
Cocamidopropyl betaing, Coco sinpho glyeinate: and

331 Neonionic Surfactants, such as, for example Alkyl poly(ethylene oxide), Atkyiphenol
podv{ethviene oxidel Copobymers of poby(ethvlene oxade} and polv{propylens oxade), Octyl
glucoside, Decyl maltoside, Fatty aleohols, Cetyl alcohol, Oleyl alcohol, Cocamide MEA,
cocamide DEA, Polveorbates and Dodecyl diumathyilamine oxide.

106301 In stil] further embodiments of the ivention, during the selective etching step 208 the
composite water Hi and the aqueous etchant are treated with ultrasonic engrgy. Afler the
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stiicon-based device fayer 195 is attached 0 a suitable substrate 11" such as, for example,
& slass substrate, and provided with all the appropriate mier-conneets 0 form a solar cell.

-

186311 Referring now to Fig. 3, in further embodiments of the invention, a solar panel 308 is
formed by attaching multple solar cells 138, 1307 and 1387 such as the solar cell desenibed
ahuve, 0 a common substrate 361, The sodar celly 1368, 136" and 130" are provided with all
of the appropriate inter-connects 302, 302° and 302" 1o cach other andior the substrate 301 to
allow the solar panel 388 o collect solar energy and provide power to 8 device 461 such as

deseribed below,

{6632] With reforence to Fig. 4, a systen 408 inclodes a solar panel 386, such as described
ahove with reference to Fig 3. The solar pancl 300 s electrically coupled to a hattery or

&

9
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energy storags device 483 through an eleetrical connection 413, The solar pane! 380 and the
hatlery or energy stovage device 403 are electrically coupled to a device 401 through
electrical connections 411 and 415 respectively. The device 481 15 configured with the
appropriate circuitry, such that the solar panet 300 and the battery or energy storage device is
capable of powering the device 4881, The device 401 may be computer, a hand-held
comnmuication device or gy other electrome device now Rnown or later developed. In
accordance with the embodiments of the nvention, the solar pane! 308 and batlery energy
storage device 403 are buill info the device 407 and the device 48 ncludes a display wut,

sereen or user interface 408,

{8331 The present vention has been described in ferms of specific smbodiments
incorporating details o factitate the understanding of the principles of constraction and
operation of the invention. As such, references herein o specilic embodiments and detasis
thersot are not intended to himit the scope of the claims appended hereto. Iwill be apparent
1o those skifled o the art that modifications can be made in the embodiments chosen for

slustration withowt departing from the spint and scope of the invention,
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CLAIMS

What 13 claimed is:

3

L4

A method of making a solar cell, the method comprising:

a) formung a base water comprising 8 sacrificial porons silicon ayer deposited on
a single crystal siticon wafer;

b} forming a orystalline stlicon faver on the sacrificiad porous sibicon laver to
form g composite wafer;

) selectively etching the sacrificial porous silicon laver o form a released

crystaliine siheon laver; and

) attaching the released erystalline siticon layer to a substrate to form the solar
cell.

The methad of claim 1, wherein seloctively giching the sacrificial porous silicon layer

to form a released orystathoe silicon laver comprises {reating the composite wafer to

an agqueons etchant maintained gt a tenperature in a range of 0 1o 10 degrees Celsius,

The method of claim 2, wherein the aqueous etchant comprises one or more of

potasstum hydroxide, sodiumn hydroxide and hydrogen fluoride.

The method of claim 3, wherein the aqueous etchant further comprises g surfactant,

The method of ¢laim 3, wherein the agueous etchant further comprises an aleohol.
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6. The method of elaim 5, wheretn the aleohol s isopropyl alcohol.

9.

i

i

The method of clainy 2, further comprising treating the composie wafer and the

aqueous etehant with ultrasonic epergy.

The method of claim 1, whevemn forming a crystalline sificon layer comprises

epitaxially growing the crystalline silicon laver using chemical vapor deposition.

The method of claim 1, wheresn the sacrificial porous silicon layer comprises a

material selected from the group consisting of a carbon doped oxade, a spin-on-glass

{800 and fuondated sitlicon glass (FSG).

The methad of claim 1, wherein the crystalline silicon laver 18 @ p-doped crystalline

sihicon laver.

A method of making a solar cell comprising:

a} forming a sacrificial porous siheon layer on a crystalline water;
b} growing a sthicon-based device layer on the sacrificial porons siheon layer;
¢} efching the saenificial porous stlicon layer to releass at least a portion of the

silicon device-based laver; and
d} attaching the released portion of the silivon-based device layer to form the

solar cell



WO 2010/102013 PCT/US2010/026065

14

L&

16,

17,

9.

The method of elaim 11, wherein etehing the sacrifictal porous stlicon {aver to release
the portion of the silicon-based device layer comprises treating the sacrificial porous
silicon fayer to an aqueous etehant at g temperature in a range of (1o 10 degrees

Celsiug,

The method of claim 12, wherein the aquepus etchant comprises one of more of

potassiam hydroside, sodium bydroxide and hydrogen fluornide.

The method of clatm 13, whevein the agqueous elchant further comprises a sarfactant,

The method of claym 14, wherein the agueous etchant further comprises an alcohol.

The methad of claim 13, whereln the sleohol is isopropy! sleohol,

The method of claim 12, further comprising treating the composite wafer and the

agueous etchant (o ultrasonic engrgy.

The method of clatm 11, wherein growing the sibicon-based device layer on the

sacrificial porous sthicen layer comprises epitaxially growing the silicon device laver

using chonucal vapor deposition.

The method of claim 11, wherein the sacrificial porous silicon layer comprises a

"
PP
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material selected from the group consisting of a carbon doped oxade, a spin-on-glass

{800 and fuordated silicon glass (FSQ).

26,0 The method of ¢laimy 1, wherein the silicon-hased device laver i3 3 p-doped

erystaliine silicon laver,

210 A method of making a solar cell comprising:
forming a composite water comprising;
a) a orystafiine stlicon wafter;
by a ervsialline silicon device faver; and
¢ & sacrifiein] porous stlicon fayer sandwiched between the orystalhine silicon
wafer and the silicon device laver; and
etehing the sacrificial poroas silicon Fayer with an agueous etchant to release the
eryvstaltine sthicon device fayer, wherein the aquecuys etchant is maintained gt fonpersiures in

arange of 0 and 10 degress Celsius,
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a sacrificial poraus silicon layer -
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on & single crystal silicon wafer
o form a sacrificial layer
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r

Epitaxialy growing a crystalline
or sgmi-crystalline device layer
over the sacrificial layer to
form the composite fayey
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release the device layer
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