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' NON-ACIDIC ISOTROPIC ETCH-BACK
FOR SILICON WAFER SOLAR CELLS

PRIORITY CLAIM

[0001] The pre‘séht application claims priority to US Patent Application  No.

61/644,730, filed 9 May, 2012.
FIELD OF THE INVENTION

[0002] The present invention generally relates to solar cell manufacturing, and more

particularly relates to methods and systems for etch-back for silicon Wafer solar cells.
BACKGROUND OF THE DISCLOSURE

[0003] Silicon wafer solar cells are one éf the dominant technologies for industrial
manufacturing of photovoltaic solar cells.. Current silicon wafer solar cell
ménufactun'ng techniques  utilize siliqon wafers and various fabrication techniques
incIuding etching of the silicon wafer solar cells. ‘For example, chemical etching can
be used dﬁring several process steps in the fabrication process of silicon wafer solar
cells, such as an emitter etch-back process step, a post PSG contamination removal
process step and a parasitic juhction removal process step.

[0004] Emitter etch-back is a process that partially removes the emitter layer on the

silicon wafer. This is typically done to optimize dopant surface concentration such as
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removing heavily doped surface layers,‘ known as “surface dead layers”, that occur in
inline or tube diffused emitters, or dopant depleted or rich regions that occur in boroﬁ
diffusion. Etch-back also allows the formatipn of high sheet resistance emitters from
a low sheet resistance precuréor emitter in, for example, the formation of either
homogenous or selective emitters. In the case of selective emitters, the etch-back is
typically masked to produge éelective etching to result in patterning of the sheet
resistance of the emitter.

[0005] Emitter etch-back solutions are typically acidic and based on hydrofluoric
acid-(HF), such as hydrofluoric:nitric acid (HF-HNO3‘) solutions. Howevér, these
solutions représent a signiﬁcént safety hazard and require complex waste disposal. In
a&dition, these solutions also remove dielectx’ics such as SiNy and SiO,, makiﬂg them
incompaﬁble for masked etching using dielectric masks.

[0006] Solar cell fabrication using inline diffused emitters (ILDE) is a low cost
industry method for emitter formation. | After the formation of an emitter by this
process and subsequent removal of the PSG in HF, tile er_nittér surface is covered with
difficult to remove contaminants. These surface contaminants reduce the electrical
performance of the solar cell. Convéntionai methods use extended and/or higher
concentration HF-based etching to remove these surface contaminants, which is not
always fully effective and suffers from the safety hazards and dielectric removal
drawbacks described above. )

[0007] During emitter or p-n junction formation on standard solar cells, dopants are
impregnated into a sunny-side surface of the silicon wafer by, for example, thermal
diffusion. However, typically dopants are Funintentiona‘lly impregnated into the
opjposite side and edges of the wafer bthereby forming a parasitic juncﬁon. The

parasitic junction causes a shunt which degrades the efficiency of the solar cell.
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[0008] One Way to remove the shunt is to chemically etch off the parasitic junction.
The standard approach is single-sjde etching using a cooled solution of HF:HNO;
5ased etchant to »femove the parasitic junction. Sulphuric acid (H>SOy) or acetic acid
may also be added to the solution. Because the HF-based solutions also etch
dielectrics (e.g. SiN,, SiOy), the pa’résitic junction removal mi;s’t necéssarily be done
before the SiN, passivaﬁon step of the pfocess |

[00091 Thus, whaf is needed vis a solar cell fabrication process that overcomes these
drawba'c‘ks' of conventional etching process steps, such as providing an etch-back
solution that is compatible with dielectrics and does not have the safety hazards
present in HF-based etching process steps. Furthermore, other desirable features and
characteristics will become apparent from the subsequent detailed description and the
appended claims, taken in conjunction\ with the accompanying drawingé and this -

background of the disclosure.
SUMMARY

[0010] According to the Detailed Description, a method for solar cell fabrication is
presented. The method includes etching a doped surface of a silicon wafer solar cell
using a solution including potassium hydroxide (KOH) and sodium hypochlorite
(NaOCl). Alternatively the solution could include sodium hydroxide (NaOH) and
NaOCl.

[0011] -~ In accordance with another aspect, another method for silicon wafer solar
cell fabrication is providéd. The method includes using a solutfon including

| potassium hydroxide (KOH) and sodium hypochlorite (NaOCl) to simultaneously
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etch-back an erhittqr layer of the silicon wafer solar cell while reﬁoving pcrous
silicon.

[0012] In accordance With a further aspect, yet another metl;od for silicon wafer
solar cell fabrication is provided. The method includes using a solution including
potassium hydroxide (KOH) and sodium Bypochlorite (NaOCl) ‘to vsimultaneously
etch-back an emitter layer of the silicon wafer solar cell while polishing a surface of

the emitter layer of the silicon wafer.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying figures, where like refereﬁce cumerals refer to idenﬁcal

or functionally similar elements throughoufthe separate views and which together
| with the detailed description below are incorporated in and form paﬁ of the

specification, serve to illustrate various ‘embodiments and to explain various

principles and advantages in accordance with a present invention.

[0014]} FIG. 1‘, comprising FIGs. 1A and 1B, ’illustlrates conventional diffusioc

techniques for silicon wafer solar cell fabrication, wherein FIG. 1A illustrates tube

diffusion and FIG. 1B illustrates in-line diffusion.

[0015] FIG. 2 illustrates a conventional post-diffusion process flow for silicon wafer

solar cell fabrication. |

[0016] FIG. 3 illustrates a more detailed conventional post-diffusion process flow

for silicon wafer solar cell fabrication including emitter etch-back.

[0017] FIG. 4, comprising FIGs. 44, 4B, 4C and 4D, depicts illustrations of a post-

diffusion emitter etch-back process on a silicon wafer solar cell, wherein FIG. 4A is a

diagram which depicts the wafer before etch-back and FIG. 4B is a diagram that
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depicts the wafer after etch-back, and wherein FIG. 4C is a scanning electron
microscope (SEM); micrograph depicting the v;/afer after PSG removal and before
efch-back in accordance with the present embodiment aﬁd FIG. 4D is a SEM
micrograph depicting the Wafef éﬂer etch-back in accordance With the present
embodiment. |
[0018] FIG. 5 illustrates sidc-by-side comparison of the conventional process flow
of FIG. 3 as éompared to a process ﬂoW in acéordance with a preseht embodiment.
[0019] FIG. 6, comprising FIGs. 6A and 6B, illustrates SEM micrographs of a post-
diffusion emitter etch-back process on a multi-crystalline siliéén. Wafer solaf cell in
accordance with the present inventioﬁ, wherein FIG. 6A illustrates a SEMbmicrovgraph
of an in-line phosphorus diffused layer bief(-)re étch—back of a multi-crystalline silicon
wafer and FIG. 6B illustrates a SIEM. micrograph of the in-line phosphorus diffused
Jéyer after etch-back of the mﬁlti-’crystalline silicon wafer in accordance with the
present embodiment. | |
[0020] FIG. 7, comprising FIGs. 7A and 7B, illustrates SEM micrographs of a post-
diffusion emitter etch-back process on a silicon wafer solar cell in accordance with
the present invention, whérein FIG. 7A illustrates a SEM micrograiph of a tube boron
diffused layer before etch-back of a crystalline silicon wafer and FIG. 7B illustrates a
SEM micrograph of the tube boron diffused layer after etch-back of the crystalline
silicon wafer in accordance with the present embodiment.- | B
-[0021] FIG. 8 illustrates a bar graph depicting variations of weighted averages of
reﬂeptance (WAR) of a béron diffused layer before and after etch-back of different

durations in accordance with the present embodiment.
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[0022] FIG. 9 illustrates a bar graph depicting variations of weighted averages of
reﬂectance (WAR) of a phosphorous diffused layer before and afrer etch-t;ack lof
~ different durations in accordance with the present embodiment.

[0023] FIG. 10 illustrates side-r)y-side comparison of the conventional process flows -
of FIG. 5 as compared to process flows in accordance with a first variant of the
present embodiment which combines emitter etch-back process steps with the porous
silicon removal step of the standard parasitic-junction/PSG rernovai process.

[0024] FIG.K 11 illustrates a graph of differentiarl sheet resistance before and after
etch-back in accordance with the present embodiment for tube and inline-diffused
mono- and multi-crystalline wafers with a PSG layer on the emitter. |

[0025] And FIG. 12 illustrates‘si-de—by-sbide comparison of a process flow of FIG. 5
as compared to process flows in accordance with a second variant of the present
embodiment which- combines emitter etch-back process steps ‘with rear surface
polishing, \

[0026] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been depicted to scale. For example, -
the dimensions of some of the elements in the block diagrams may be exaggerated in

respect to other elements to help to improve understanding of the present

embodiments. —

DETAILED DESCRIPTION

[0027] The following detailed description is merely exemplary in pature and is not.
intended to limit the invention or the application and uses of the invention.
Furthermore, there is no intention to be bound by any theory presented in the

preceding background of the invention or the following detailed description. It is the

-6-
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intent to presentl methods for improved ‘etc}iing processes based on é combination of
i)otaésium hydroxide (KOH) and sodium hypochlorite (NaOCl) solutions or based on
a combinaﬁon of sodium hydroxide (NaOH) and NaOCI solutions and the use of such
etching processes in mono- and multi-cx;ystalline silicon wafer solér cell fabrication.
[0028] The etching process utilizing the combination of KOH (or NaOH) and NaOCl
in accordance with embodiments presented herein advantageously pfovides controlled,
slow, uniform and near-conformal etching of doped silicon surfaces that pr_eserves_the ‘
surfac:e texture of silicon wafers, making this process highly suitable for etch-back
technologies. In addition, the etch-back solution in accordance with the present
embodiment is largely non-reactive with silicon nitrides (SiNy) and silicon oxides
(Si0y) (as opposed to conventional acid-based etch back solutions (e.g., based on HF ),
thus alldwing SiN, or SiO4 to be.used’ as an etching mésk to enable single-side or
patterned etch-backs. Further, in accordance with the embodimeﬁts presented herei;l,
- the KOH/NaOH-NaOCl gtch—back solution  successfully | removes surface
contaminants left after phosphosilicate glass (PSG) removal on inline diffused
emitters.
[0029] Referring to FIGs. 1A and 1B, cpnventional fabrication techniques for
emittefs_ on silicon wafer solar cells typically comprise either boron or phosphorous
' diffusion. Batch-based tube diffusion depicted in an illustration 100 (FIG. 1A) using
a high-purity phosphbrus oxychloride (POCI;) liquid dopant source is the de-facto
standard for emitter formation in the photovoltaic industry. Inline-diffusion depicted
in an illustration 150 (FIG. 1B) is an alternate process for emitter formation, which
uses spray-on solutions of orthophosphoric acid (H;PO,) as the dopant source. The
illustrations IQO, 150 are industry standard process illustrations from PV-Tech.org.

Inline diffusion benefits from shorter diffusion times, reduced automation
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requirements? simpler wafer loading and low cost dopant solutions. However, the
short diffusion times used for inline diffused emitters typically results in a surface
dead Iayerv (due to sﬁrface contamiﬁants and a high dopant concentration at the‘
surface), which tends to limit open circuit voltage (Vo) and efficiency of inline
diffused solar cells compared to tube-diffused. Effective reduction or removal of this
heavily doped dead layer and surface contaminants is essential f§r achieving higher
efﬁéiencies using‘ inline-diffusion. Various cleaning or etching. processes have been
develop_ed to remove this dead layer and surface contaminants incl_uding the so called
“emitter etch-back” process. One skilled in the art will recognize that tube diffused
emitters also have sufface dead-layers, albeit at a lower level, and therefore wiﬁ also
be;,neﬁt from “emitter etch-back” processes.

[0030] Referring to. FIG. 1A, the illustration 100 depicts conventional tube diffusion
- wherein an quartz tube‘ 102 inside a furnace of radiation heaters (108) is used for
batch based (i.e., bvertic‘al ér horizontal wafers 104) emitter formation on thé silicon
wafers 104 by providing phosphbrus oxychlc;ﬁde Y(POC13) vapour at an intake 105 by
passing a nitrogen carrier gas 106 through a bubbler 107 of POCI; liquid. An exhéust '
110 removes excess gas from the oven 102.

[0031] Referring to FIG. 1B, the illustration 150 depicfs conventional horizontal in-
line chemical diffusion where phosphoric acid (H3PO4) 152 is sprayed over one or
both surfaces of the silicon wafer 110 and then the silicon wafer 110 is driven on a
belt 154 under infrared lamps and/or resistive heaters 156 in several heating zones
(typically seven to ten heéting zones) to form emitters on the silicon wafers 110.
[00321 Referring to FIG. 2, a conventional post-diffusion process flow 200 starts
with texturing and diffusing the silicon wafer at step 202 for either acidic-isotropic

textured multi-cfystalline silicon or alkaline-anisotropic textured mono-crystalline
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silicon. Then, parasitic junction removal and PSG removal is performed at the
collécti‘on of steps marked 204. First, the parasitic junction is removed at step 206,
then the rear-side pbréus silicon is removed at step 208.  Finally, the nativé oxide is
removed and neutralized at step 210. After the native oxide removal at step 21'0‘, the
.emitter anti-reflective coating (ARC) is deposited and final metallization is performed
at step 212. Both of steps 206 and ’210 in conventional silicon wafer solar cell
fabrication disadvantageously require the use of hydréﬂuoric acid based solutions
| (e.g., HF-HNbg and HF-HCl).
[0033] Referring to FIG. 3, a further conventional post-diffusion process flow 300
includes parasitic junctidn and PSG removal as well as etch-back at the collection Qf
steps marked 302. After the parasitic junction is removed at the step 206, the emitter
PSG is removed with a hydrogen fluoride (HE) solution at étep 304. The emitter is
etched back with a HF-HNO; solution at step 306 and the porous silicon ié removed
with a potassium hydroxide (KOH) solution at step 308.
[0034] Emitter etch-back is illustrated in FIG. 4, including FIGs. 4A, 4B, 4C and 4D.
FIG. 4A depicts an illustration 400 of the sﬂicon wafer solar cell 402 after formatién
| of the emitfer by ciiffusion 404. As can be seen from the illustration 400, the emitter
404 surface (after PSG removal) is covered with difficult to remove surface
contaminaﬁts 406 left from the diffusion process. These surface contaminénts 406
reduce the eiectrical performance of the solar cell. Referring to FIG. 4B, steps 304
and 306 remove the surface contaminants and etch-back the emitter 404 to a new
- surface 422. However, removal of these surface céntaminants 406 at step 304 and
emitter 404 etch-back at step 306 with the conventional HF-based etching approach is
not always effective and suffer from associated safety hazards and dielectric removal

“drawbacks. In accordance with a present embodiment, a chemical etéhing process
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with a solution of hpt KOH:NaOCl solution ‘as a non-acidic, HF-free etch-back
solution is.proposed to overcome the safety and acidic-related issues present in
conventional poét-diffusion silicon wafer soar cell proceséing. -~ As described above,
another hydroXidés, such as sodium hydroxide (NabH), can be substituted for the
potassium hydroxide (KOH) in the etch solption. As can be seen from FIGs. 4C and
4D, removal of the surface contaminants and etch-back with the hot KOH:NaOCl
solution is quite effective and does not suffer from the drawbacks of the HF-based
etching approach. FIG. 4C depicts a scanning electron microscope (SEM)
rﬁicrograph 440 of the ,in-line—difﬁased mono-Si surface after PSG removal. A
considerable amount of surfacé contaminants is visible in. the nﬁcrograph 440 ‘on the
surface where thé white scaling in _thc micrograph 440 represents the visible imprints
of the surface contamination which will reduce the solar cell efficiency. The hot
 KOH:NaOCl etch solution, hoWever, effectively removes the foreign material, while
maintaining the conformity of the pyramids as shown in rhicrograph_460 of FIG. 4D.
Basically the hot KOH:NaOCl etch solution removes the deposited hard surface
contaminants arising from the in-line diffusion process and, as clearly shown in the
micrograph 460, after etch-back there is an absence of surface contaminants, and just
nanométcr-size pinholes remaining in the cléan silicon areas. |

[0035] Referring to FIG. 5, a side-by-side flow diagram 500 depicts the
conventional method 300 and an improved method 502 in accordance with the present
embodiment. The difference between these two methods 300, 502 lies in the parasitic
junction and PSG removal and etch-back steps 504. A rear-side porous silicon
removal step 506 is performed after the parasitic junction remO\}al step 206. Thén, an
emittér‘ PSG removal step 508 is performed followed by an emitter etch-back step 510

iﬁvolving etching an emitter surface 404 of the silicon wafer solar cell 402 using a

-10-
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solution including KOH and NaOCl in accordance with the preseﬁt embodiment. The
KOH:NaOCl solution provides controlled, uniform and near-conformal removal of
doped/un-doped silicon layers on the crystalline silicon wafer solar cells. The
controlled and uniform etching beﬁaviour enables removal of unwanted» heavily or
depleted doped layers on textured surfaces (both mono- and multi-crystalline) without
significant impact on the texture geometry, which would otherwise be‘detrimeﬁtal to
gilicoﬁ solar cell electrical performance. The preservation of sufface texturing, due to
the near—confdrmal etching behaviour, also allows much deeper etch-backs than
conventional methodologies. Deep etch-backs are of parﬁcular benefit fbr in-line
diffused emitters which require a post-diffusion etch-back tovincrease cell efﬁciency
by removal of heéVin dop.ed‘surface dead ‘layers. ther applicaﬁons of deep etch-
backs include removal of surfaée rich layers on boron eﬁitt¢rs and formation of
selective emitters by maskéd etch back. In addition to ‘dead iayer removal, the
KOH/NaOCl solution in accordance with the present embodiment is also very
effective at removal \éf surface contaminants 406 (and as seen in the micrograph 460).
[0036] As a non-acidic solution, the KOH:NaOCI solution in accordance with the
present embodiment is also compatible with SiNy and S’iOX layers. . This enables in-
line parasitic junction removal after SiNy deposition or batch-based parasitic junction
removal using the SiN,/SiOy stack as a mask layer. In addition, utilizing the
KOH:NaOCl solution in accordance with the present embodiment provides a new
method for edge isolation.

[0037] In addition, HF acid based etch-back solutions are ex&emely hazardous due
the high concentrations required. The HF-free property of the KOH:NaOC] solution

and the etch-back process in accordance with the present embodiment. consequently

-11-
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significantly lowers the risk of etch-back proc;esses and creates an alternate,
“environment-friendly option for etch-back processes.
[0038] In the KOH-NaOCl process, NaOCl is a strong oxidising agent. The

chemical reactions are summarized in chemical formulas (1) to (3):

NaOCI < Na* +0CI” | )
20CI" + H,0 <> HOCI+OCI" + OH" - @)
Si+20CI < Si0, +2CI° 3)

NaOCI ionizes in watef to give hypochlorous acid (HOCI) and hypochloritei ions.
(OCT). Thesilicon etching rate is very small due to the availability of hydroxyl (OH).
Further, sili;:on reacts with the hypochlorous ions to form silicon dioxide (SiO;). This
reaction of KOH with silicon is given in chemical formula (4):

KOH &> K" +0OH ", Si+40H‘<——>Si(OH)4 “
whereinvthe silicon reacts with hydroxyl ions to form silicon hydroxide complex;
Si(OH), . |
[0039] The KOH etch rate is high for some crystal orientations (i.e., <100>), and
very slow for others, i.e., along <111> orientation, leading to pyramid shaped surface
texturing. The SiO, layer produced due to the presence of NaOCI acts as a barrier to
fast silicon etching by KOH thereby creating a neaffconformal etching behaviour on
doped silicon surfaces. However, at much higher KOH concentration in the texturing
KOH:NaOCl solution SiO, barrier becomes ineffective with higher, non-uniform Si-
etching rates occurring and the formation of textured surfaces. -

[0040] In accordance with the present embodiment, a slow, controlled, uniform and
near-conformal etch-back process 510 is created using a totally different combination

of KOH and NaOCl. One skilled in' the art will realise that different concentrations’

-12-
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can be used to \tune the etching rate while keeping the solution in the near-conformal
range.
[0041] The etch-béck temperature range in accordaﬁce With the present embodiment
is 80°C to 82°C. Below 80°C, the etch rate by KOH bécofnes very slow and unable to
| etch through the SiO, layer formed by NaOCl. Above 82°C NaOCl decomposes iﬁto
oxygeﬁ and sodium chloride and, thus, NaOCl becomes unable to prbtect the SiO,
layer from severe etching by KOH leading to undésirab.le non-uniform surface etching.
Therefore, to maintain the uniformity of the etch-back solution, critical conditions
must be controlled throughout the KOH-NaQCl etch-back process including chemical
composition, bath temperature and process dﬁration. Through such control a very
uniform, isotropic and n»early conformal etch-back process can be achieved with a
controllabie etch rate in the range 10-300 ﬁm/min depending on the property of the
etched Si-surface. Because of the controllability of the etch rate, the total removal of
the doped regién is set by the total et;:h time, for a giveﬁ solution composition, to
reach the desired sheet resistance or surface concentrétion required for the solar cell
being fabricated.
[0042] FIG. 6A illustrates a scanning électron microscope (SEM) micrograph 600 of
an in-liné phosphorus diffused, textured multi-crystalline silicon wafer after PSG
removal and before etch-back usihg the KOH-NaOCI etch-back solution disclosed in
accordance with the présent embodiment. The texturing as seen in the micrograph
600 is essential‘ for solar cells to lower reflection losses at the surface of the soiar cell.
Typical applications of HF-based etch-back solutions affects the surface texture and
- degr;ides the surface reflection, especially when deeper etch-backs are used. However,
on applying the KOH-NaOCl etch-back in accordance with the present embodiment,

the surface texture is largely unaffected by the etch-back as clearly seen in FIG. 6B

13-
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which is a SEM micrograph 650 of the ih-line phosphorus diffused layer after etch- -
back of the multicrystalline silicon wafer in accordance with the present embodiment.
In ‘additioh to the texture-preserving etch-back, surface debris visible in the
rﬁicrograph 600 is removed by the KOH-NaOCl etching solution as evidenced by the
micrograph 650. |
[0043] Rcfeniﬁg to FIG. 7, the same phenomenon is observed on etch-back of tube-
diffused boron emitters én silicon wafer solar cells.- FIG. 7A illustrates a SEM
micrograph 700 of a tube boron diffused layer after BSG removal and before etch-
back of the crystalline silicon wafer and FIG. 7B illustrates a SEM micrograph 750 of
the tube boron diffused layer after et(;h-back of the crystalline silicén wafer in
accordance with the present embé’diment.

[0044] Referring to ‘F IG. 8, a bar graph 800 depicfs variations of weighted averages
of reﬂectance (WAR) of a boron diffused layer before and after etch;back of different
durations in accordance with the present embodiment. The results show a negligible
variation in WAR for different etch-back durations up to at least six hundred seconds.
The reﬂectance is weighted against 1 SUN solar intensity over AM1.5 spectrum. The |
near constancy of the WAR values of the textured wafers demonstrates the conformity
of the textured surfaces after différgnt durations of etch-back in accordance with the
present embodiment. The KOH-NaOCl etch-back solution sirhilarly presents |
negligible effect on textuﬁng or short circuit current density on inline phosphorus
diffused, textured mqno-crystalline wafers as seen in a bar graph 900 in FIG. 9.

[0045] The presei'vation of surface texturing, due to the near-conformal etching
behaviour in accordance with the present embodiment, allows much deeper etch-
backs than can otherwise be applied. This allows more effective removal of surface

~ dead layers thereby increasing solar cell efficiency, without the previous restriction of
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damage to surface texturing. Because the KOH-NaOCI solution is not HF-based, it
doés not etch dielectrics such as SiN, and SiO;. Thus, after SiN,; deposition, either
using horizontal in-line etch topling (FIGf 1B), or batch-based tooling (FIG. 1A),
parasitic junction removal in accordance nvith the present embodiment can be
- achieved nsing the SiN,/SiOx layer as a sacrificial or non-sacrificial mask to block the
etch-back on one side of the wafer. The net result is single side removal of the
parasitic junction. Even after eighteen minutes of silicon etc‘hing in the KOH-NaOCl
etch-back in accordance with the present embodiment the SiNj is found to be intact.

[0046] In accordance with a first variant of the present embodiment, a new method
for silicon wafer solar cell fabrication integrates parasitic-junction removal and
emitter etch-back into a shorter overall process. Conventional parasitic junction
isolation and emitter etch-back approaches use up to five different process steps, with
separated sequences for parasitic junction and emitter etch-back processes. This first
variant of the present embodiment reduces the process to four steps or less while
achiéving both parasitic junction isolation and emitter etch back. One of the
important features of the solution of the present embodiment is that the alkalinity of
the KOH-NaOC! solution also dissolves the porous-silicon layer generated on the
surface of the silicon wafer during a standard HF-HNOs;—based parasitic junction
removal process, thereby enabling the porous silicon removal and etch-back steps to
be nombinéd into a single process step. Using the KOH-NaOCl solution for etch-back
in accordance withd‘the present embodiment also has the capability of etching througn
the phosphosilicate glass (PSG) layer thereby enabling further streamlining of the
process sequence to three steps. The present embodiment has several positive impacts
on both mono- and multi-crystalline silicon wafer solar cell technologies, inciuding

reducing the number of process steps and potentially enhancing device performance.
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[0047]) As seen in the précess flow 300 (FIG. 3), the conventional wet-chemical
parasitic junction removal 206 uses single-side wet chemical etching, to remove the
parasitic j.unction. The parasitic junction removal process requires three sub-steps:
. single-side étéhing 206 using a HF-HNO3 based solution, which removes the parasitic
junction and also creates a porous silicoﬁ layer; immersion etching 308 in dilute alkali
solution (KOH or sodium hydroxide, NaOH)‘ to remove thé porous silicon; and an
immersion etéhing in a dilute HF-HCI solution to remove 304 the emitter PSG 1aye}
(i.e. front side), native oxides 210, and neutralise 210 any residual alkaline solution
from the porous silicon removal step.

[0048] In accordance with this first variant of the present embodiment, an improved,
low cost process is disclosed to enable integration of parasitic junction removal and
the emitter etch-back process steps to achieve an overall shorter process sequence,
with particular advantage for inline-diffused sﬂicon wafer solar cells technology. "
However, one skilled in the art will recognise that the invention can also be usefully
applied to tube-diffused emitters. |

[0049] Parasitic junction removal is necessary to remove parasitic shunt resistance,
between the ﬁont and rear surfaces of the wafer that is fornﬁed during the thermal
diffusion of the emitter. The current state of thé art uses a HF-HNO; based solutions
for single-side. etching to remove the parasitic junction, with subsequent alkaline
etching, to remove porous si_licon (Si) formed during the HF-HNO3 etching, and dilute
HF etching, to remove the front-side phosphosilicate glass (PSG) layer.

- [0050] Referring to FIG. 10, a side-by-side comparison 1000 between the standard
approaciles for combined parasitic junction and PSG removal, and the etch-back
process in accordance with the présent embodiment, including this first variant of the

present embodiment. The dashed boxes show the. additional steps required for
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integrating the emitter etch-back broceés with the parasitic junction removal process.
For simplicity, water rinse steps are not shown.

[0051] In accordance with this'ﬁrst variant to the present embodiment, the ovérall
parasitic-junction-removal/emitter-etch-back proceéses can be stream-lined to fbur
sfeps or less by exploiting the specific properties of the KOH-NaOCl etch-back
solution as seen in process flows 1002, 1004. The’ﬁse of KOH-NaOCI solution for
etching negates the need for a separate porous silicon removal step by simultaneously
performing the etch-back function and removing the porous sﬂicon generated during
the parasitic junction remofzal step (see the process flow 1002). In addition, the
presence of large amount of chlorine in the KOH-NaOCI solution minimises the need
_.for high HCl concentratioﬁs in the neutralization step. Optionally, the KOH-NaOCl
} solution can be applied in accordance with this first variant of the present embodiment
to simultaneously remové the emitter-sidé PSG,._thereby negating the need for a
separate PSG removal step to further streamline the overall process (see the process
ﬂow 1004).

[0052] Convenﬁonal technologieé to integrate the parasitic junction/PSG removal
with emitter etch-back use two approaches: acidic etch-back solutions or non-acidic
etch-back solutions. The process flow 400 is an examﬁle of such conventional
technologies. In both acidic and non-acidic etch-back solutions the first step is the
parasitic junction removal 206 in HF-HN 03, which creates a porous silicon layer on
the rear and leaves the PSG layer intact on the front-side emitter.

[0053] - In the acidic approach, the PSG is removed from the emitter 304,> and then
the HF-HNOj3 based etch-back 306 is applied, which results in porous-Si generation.
The porous silicon is éubsequently dissolved on Both sides of the wafer in dilute KOH

(or NaOH) solution at step 308. Lastly, a dilute,HF-HCl'etch} is applied 210 to
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neutralise any residual alkaline solution from the porous silicon removal step and
remove any native oxides. A total /c‘>f five process steps 206, 304, 306, 308, 210 are
reqﬁired | |

[0054] Similarly, a non-acidic approach (process 502) requires PSG removal 508
from the diffused emitter before emi;cter etch-back 510 using, for example, the KOH-
NaOCl solution in accordance with vthe ﬁresent embodiment. | However, during etch-
back, no porous-Si layer is grown, so no subsequent porous silicon removal ste;; is
required. Lastly, a dilute HF-HCI .etc‘h is applied 210 to neutralise any residual
alkaline solution from the porous silicon removal step and remove any native oxides.
A total of five process steps 206, 506, 508, 510, 210 are required

[6055] In accordance with this first variant of the present embodiménf, the acidic
etch-‘.back, step is removed and only the non-acidic KOH-NaOCI solutioﬁ only etch-
‘back step is perfo\rmed (see the process flow 1002). After parasitic junctioﬁ removal
1010 by HF-HNO; based solution, the emitter PSG layer is been removed 1012 in
_diluté HF. At this point, the front-side emitter is exposed but the porous silicon
remains intact on the rear-side. The KOHV-N.aOCI solution is then applied 1014,
which provideé an emitter etch-bzick on the front side of the water while
simultaneously rem;)ving the porous silicon on the rear-side. No separate porous
silicon removal step is required. Lastly, a dilute HF-HCI etch is applied 1016 to
neutralise any residual alkaline solution and remove any native oxides. As shown in
FIG. 10, only four process steps are required for process 1002, compared to five
process steps for the standard app;foach 400 and the approach 502.

[0056] A further reduction in process steps can be achieved by using the KOH-

NaOCl solution to simultaneously dissolve the front-side PSG layer during the etch-
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back step (see process flow 1004 which combinesv steps 1012, 1014 of process flow
- 1002 into a single step 1020).

: [0057] Referring to FIG. 11, a graph 1100 shows differential sheet re;sistance before
‘and after etch-back using KOH-NaOCl solutioﬁ in accordance with this first variant of
the present embodiment for tube and inline-diffused mono- and multi-crystalline
wafers with a PSG layer on the emitter. All wafers had a starting emitter having sheet
resistance Ryq, approximately eﬁuﬁl to 45 Q/sq and are etched in the KOH-NaOCl
solution for a one-minute to a five-minute duration. The grabh 1100 shows that while
during the first minute, the change in Ry of the emitters is small (<4 Q/sq), that this
chanée in Ryq increases exponentially for further etching. This indicates that emitter
etch-back can be pfedi;:tably achieved without prior removal of the front-side PSG
layer. Hence after the parasitic junction removal step 1010, the KOH-NaOCI solution
1020 can be applied directly. As shown m FIG. 10, this approach 1004 only requires
three process steps, compared to five for the standard approach 400 and for the
approach 502.

[0058] During the etch—Back steps 1014, 1020, the alkalinity of this etch-back
solution dissolves the ;‘ear—side porous-Si layer and performed emitter etch-back
simultaneously. One skilled in the art will recognise that other soh;tions using a
mixture of alkaline chemicals (including NaOH, KOH, etc.) and oxidiser chemicals
(NaOCl, H,0,, KMnOy, etc.) could also be used to achieve the combined porous-Si
removal and etch-back process.

[0059] As shown in Table 1, the new methbd also reduces the number of overall

process steps required.
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Parasitic junction and PSG removal + emitter etch-back
: Standard approaches Proposed approaches
Process steps
HF-HNO; | SERIS etch | SERIS etch | SERIS etch
based based etch- based based etch-
etch-back back etch-back back with
' ’ without PSG layer
PSG layer
Parasitic junction removal v v v v
in HF-HNO; based solution ' '
Rear-side porous-Si | v % x %
removal
Emitter PSG removal v v v x
Emitter etch-back v v v v
Porous-Si removal . v «® % %
- Native oxide removal and v v
neutralization
TABLE 1

[0060] In the current state-of-the-art, parasitic junction/ PSG removal and emitter

etch-back processes are largely separated processes. The present embodiment enables

integration of the‘processes to achieve an overall shorter process sequence. In

addition, present stat;-of-the—an approaches for parasitic junction/PSG removal and -
etch-back processes use five major process steps (using both acidip and non-acidic

etch-back solutions). The present inve;ition advantageously uses only a rnaxfmum of
four stepé, with the option to further reduce.to three steps by elimination of the PSG

removal step a\s seen in FIG. 10.

[0061] Emitter etch-back and rear-side polishing are important processes for

improving solar cell efficiency. Typically these are separate processes due to

inherently different process goals. In particular, an etch-back needs to be conformal

to maintain surface texturing, whereas a polish etch is non-conformal to planarize the

surface. In accordance with a second variant of the present embodiment, a method
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using a single etch solution, KOH-NaOCl, is déscribéd which is conformal (i.e. an.
etch-back) on doped su_rfaces, but non-conformal (i.e. a polish) on undoped surfaces.
Single side etching is typically applied to silicon wafer solar cells to remove the
parasitic junction, which leaves one side of the wafer doped whereas the opposite is
undoped due to removal of the parasitic junction. By immersing the wafer in a heated
KOH-NaOCl solution after removal of the parasitic junction; etch-back occurs on one
side of the wafers (the doped side) while polishing occurs on the opposition. sidé of
the wafer (the undoped side). Thus, etch-back and.polishing is achieved in a single
process soluﬁon.
[0062] This second variant of the present embodiment discloses the use of a
chemical etching process with a special recipe of hot KQH‘-NaOCl solution as a
' cofnbined etch-back/polishing vS(b)vlution, which is also low concentration and non-
acidic (hydrofluoric acid (HF)-free). On doped surfaces, the KOH-NaOCI acts aé an
etch-back, | which provides a controlled, uniform and near-conformal etching
behaviour that enables removal of unWanted heavily or deplete;i doped layers on
textured surfaces (both mono- and multi-crystalline) without significant impact on the
texture geométry that would otherwise be detrimentél the silicon solar cel} efficiency.
Conversely, on unfioped surfaces the KOH-NaOClI solution acts as a non-conform_al
polishing solution, which smooths the undoped surface. Conseéuer;tly, etch—béck and
- polishing can be simultaneously  achieved by applying the KOH-NaOCIl etching
solution to a wafer where one surface is .doped while thé other side is undoped. Such
doping asymmetry is commonly produced by the single side etching of silicon wafer
solar cells used to remove the rear parasitic junction, thereby providing scope for
integrating the combined etch-back/polishing progeSs aftér the parasitic junction

removal process.
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[0063] Typically etch-back and polishing require separate process steps due to the
inherently different process goals, hamely conformal vs. non-conformal etching.
Therefore this second \;aljiant of the present embodiment offers potential cost
reduction for solar cell fabrication sequences' that require etch-back gnd polishing
steps. In addition, this second variant of the present embodiment can be applied in
conjunction with other pqlishing methods to provide an additional stage of polishing
during the etch-back process. Lastly, HF acid-based etch-back solutions are
extremely. hazardous due to the high concentrations required; therefore, the HF-free
nature and the low concentration required of the KOH-NaOCI significantly lowers the
risks and hazards of etch-back processes.
[0064] Referring to FIG.' 12, a comparison 1200 of a prdcess 1202 for etch-back and
pohshing is compared to a process 1220 in accordance with the second variant of the
" present embochment which uses a combined etch-back/polish approach. A third
- process 1250 shows the additional process strearhlining that could be achieved by
applying the first variant of the present embodiment described in FIG. 10, whereby
KOH-NaOClI can also be applied to remove the porous silicon produced during the
preceding HF-HNOj etching.
[0065] Reah-side polishing (or plahaﬁzation) is commonly applied during silicon
Wafer solar cell fabrication to achieve single side texturing of the silicon wafers, by
etching off the textured surface on the rear side of the wafer. Typically this is
achieved in HF-HNO; based solutions using a single side polishing-etch process,
which is often combined with the removal of the rear parasitic junction 1204. Also,
* those skiiled in the art will realize that pohshihg is typically a .longer process than
junction removal alone as a much deeper etching is required in order to planarize the

rear surface. Planarization of solar cell surfaces is important for rear-passivated solar
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cells, such as aluminium local back surface field (Al-LBSF) solar cells, which require
a polished rear surface to incregse solar cell efficiency

[0066] When comparing the p.rocess 1202 with the process 1220 (a process in
accordance with the second Vaﬁant of thé present embodirherit), it Caﬁ be seen that the
process 1220 is shorter. Step 1225 combines etch-back and poliéh into a single step.
The process 1250 shows the addiﬁonal process streamlining tha’; could be achieved by
_ using the KOH-NaOCl solution to remove_the porous silicon produCed during the .
preceding HF-HNO; etching in a single step 1255 with the etch-back and the polish.
[0067] Thus, it can be seen that a solar cell fabriéation process that overcdmes the
drawbacks of conventional etching process steps, such as providing an etch-back
solution that is c'ombatible with dielectrics, has been provided. Further, a solar cell
fabrication process has been provided that doés not have the safety risks and hazards
presen;c in HF-based etching process steps. In »addition, we have disclosed fabrication
process flows which can redﬁce cost by reducing the steps ;equired. While exerﬁplary
embodiments have been presented' in the foregoing detailed description of the
invention, it should be appreciated that a vast number of variations exist.

[0068] = It should further be apprepiated that the-exemplary embodiments are only
examples, and are not intended to limit the scope, applicability, operation, or
configuration of the invention in any way. Rather, the foregoing detailed description
‘will provide those skilled in the art with a convenient road map for implemenﬁng an
exemplary embodiment of the inveﬂtion, it being understood that various changes
may be made in the function and anangement of process steps. described in the .
exemplary émbodiment without departing from the scope Qf the invention as set forth

in the appended claims.
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- CLAIMS

What is claimed is:

1. A method for silicon wafer solar cell fabrication comprising:
etching a doped surface of the silicon wafer solar cell using a solution
including sodium hypochlorite (NaOCl) and a hydroxide selected from the group

comprising sodium hydroxide (NaOH) and potassium hydroxide (KOH).

2. The method in accordance with Claim 1 further comprising removing
surface contaminants including residual phosphosilicate glass (PSG), wherein the

etching step comprises etching the surface of the silicon wafer after removing the

PSG.

3. The method in accordance with Claim 1 further comprising removing

porous silicon before the etching step.

4, The method in accordance with any of Claims 1 to 3 wherein the

etching step comprises etching-back an emitter layer of the silicon wafer solar cell.
5. The method in accordance with Claim 1 wherein the etching step
comprises simultaneously removing porous silicon and etching-back an emitter layer

of the silicon wafer solar cell.

6.  The method in accordance with Claim 5 wherein the etching step

further includes simultaneously removing PSG.
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7. The method in accordance with Claim 1 wherein the etching step
~ comprises simultaneously etching-back an emitter layer of the silicon wafer solar cell

and polishing a surface of the emitter layer of the silicon wafer.

8. The method in accordance with Claim 7 wherein the etching step
further comprises simultaneously removing porous silicon from the surface of the

silicon wafer.

9. The method in accordance with Claim 8 wherein the etching step

further includes simultaneously removing PSG from the surface of the silicon wafer.

10. | The method in accordance with any of Claimé 1 to 9 further
comprising after the efching step: |

removing native oxide and neutralization thereof;

dépositing an anti-reflective cbating (ARC) on an outer surface of the emitter;
and

performing final metallization.
11.  The method in accordance with Claim 10 wherein the step of native
oxide removal and neutralization comprises removing native oxide and neutralization |

thereof using a diluted hydrofluoric-hydrochloric acid (HF-HCL) solution

12.  The method in accordance with any of Claims 1 to 11 further

comprising before the etching step, the step of removing a parasitic junction.
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13.  The method in accordance with Claim 12 wherein the step of removing
the parasitic junction comprises removing the parasitic junction using a hydrofluoric -

nitric acid (HF-HNOs) based solution.

14.  The method in accordance with Claim 12 wherein the step of removing
the parasitic junction comprises removing the parasitic junction using reactive ion

etching.

~ 15, A method for silicon wafer solar cell fabrication comprising:
using a solution including sodium hypochlorite (NaOCl) and either potassium
hydroxide (KOH) or sodium ‘hydroxide .(NaOH) to siinultaneo'usly etch-back an

emitter layer of the silicon wafer solar cell while removing porous silicon.

16.  The method in accordance with Claim 15 wherein the step further

includes simultaneouslly using the solution to remove phosphosilicate glass (PSG).

17. The method in accordénce with either Claims 15 or Claim 16 further
comprising:
removing native oxide and neutralization thereof;
| depositing an anti-reflective coating (ARC) on an outer surface of the emitter;
and

performing final metallization.
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18.  The method in accordance with Claim 17 wherein the step of native
oxide removal and neutralization comprises removing native oxide and neutralization ~

thereof using a diluted hydrofluoric-hydrochloric acid (HF-HCI).

19. A method for silicon wafer solar cell fabrication comprising:

using a solution including sodium hypochlorite (NaOCIl) and either potassiurﬁ
hydroxide (KOH) or sodium hydroxide (NaOH) to simultaneously etch-back an
emitter layer of the silicon wafer solar cell while polishing a surfaceﬂ of the emitter

layer of the silicon wafer.

20.  The method in accordance with Claim 19 wherein the step further
includes simultaneously using the solution to remove phosphosilicate glass (PSG)

from the surface of the silicon wafer.
21.  The method in accordance with either Claim 19 or Claim 20 wherein

the step further comprises simultaneously using the solution to remove porous silicon

from the surface of the silicon wafer.
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