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include silicon oxide |layers such as Si0", silicon nitride |ayers
such as Si3N4, or a conbination of silicon oxide and silicon nitride
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Summary of the Invention Met hods i ncl ude providing a doped

sem conductor wafer including a front side, a back side, and a pn
junction; selectively applying a resist conposition on top of the
front side of the sem conductor wafer, the resist conposition

i ncl udes one or nore hydrogenated rosin resins, the hydrogenated
rosin resins are solids at roomtenperature, one or nore hydrogenated
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constrained to add up to 100% Phot ovol tai cs and sol ar cells
may be conposed of nonocrystalline, polycrystalline or nono cast
silicon sem conductor wafers. Silicon wafers typically have a p-type
base dopi ng. The front side of the wafer nay optionally be
subjected to crystal-oriented texture etching in order to inpart to
the surface an inproved |ight incidence geonetry whi ch reduces
reflectio roduce .t he sem conduct ct| osphorus. .

T 1 oot g i i a8 e eaREbeion b iheRinghbe Shagt oF ineiden
waf er thmﬁl@llhl BbISIbEY KOMRE derhiRdndicton With th&@hofa0ehp Rﬁﬂiﬁin%%%e dfhGeNaf T
with a unction. The n++ doped front side increases t
conducﬁhfwho;ovehale deviemer solanedl. | Accophnglughere és anaqd fefqyaethed entt etel} igaist
The n t

anti - v S cbEBeRlly Pk Ao B Bk e BB RS i ¥ Bmaton of il
of t he traelfsem. setnicoadiditdri veafers land pertnits tief fosgdtionef lfiay Bne coayensedaoke. as a
passivation |ayer. Suitable anti-reflective |ayers include, wthout
limtation, silicon oxide |ay&umnsautgbfhsifiefdon silicon nitride |ayers
such as Si3N4, or a conbination of silicon oxide and silicon nitride
| ayers. | n Mbodoineigas pk@vfdﬁfgf’ﬁ.ﬂ(@ed sefnicSndub®r Wf@ﬁfchﬁﬁng@(ﬁ‘@ﬁ@ld& Obdk
typically is the inte silicon dioxide. Such

er 2, -
anti-r é‘FiFeaélfﬁa\Pé‘JP%f)?‘@PssegFﬁ?V%aR%ﬂB% A Eesipt BYMRPSHIPR9EBHORP! the BRRS sidred the
such ageM¥oNREioP %fe\‘ aRo Fesﬁ?&ﬁ%otsitfaﬂ i d20HRe orf fbre %§%Eérﬁtedqgﬁm&ﬁ'ls the
vapor deposition and physical vapor deposition. T here is no

t hi ck némirogmatedaommmsmﬁ ateh?ehés atireon tmmummesqr hnoc:@hydwgegnmé r¢say@sls
typi Cal hhﬁidr e 9&8r031 resin, estters eI uids at rog ?empea el tndlo § of fidke ttaﬁy
maybes Peit | P%/aeom e 0y k] &8 rlﬁ?nﬁ S61 G0l GPe SEPEE

pri nti agds; hhé aﬂi}ﬂj‘nngﬁh ttch nkmp@ﬁncnﬁs itled ﬁn’ﬁk‘foﬁdﬁcﬁdﬁﬁﬁ kichabhyy applsedstctions of
forman i e h may alLive to the current tracks or positive
to theq@mﬁ#e9$'§ER§nlcvﬁ% 5% (PR SYE N 2005/ 011079 di scl ose

met hods of screen, printi ng resists in the manufacture of phot ovol taic
devi ces. Ty(TeRgsitipns ingRidp gpe ﬂrem?re.fwérolgé%q@trgmar@ngsewwruwr by pERREd

to ant i4&f lGaliidR], Alﬂycﬁl'é%r HordQRE Q(r‘legntﬁé &le or L IZ)( i %eﬁgte ns are

printing or aerosol . More typical they are selec !veyapp
usi ng koelkdset ropmi tnmpcrgturewrl;ddbs pmq @sn@t hbfdiregmtedweﬂlm resinkgstsrs arehmsiﬂs at

durlnga |cat nt|n ernosol e fro
21" cporPlshERiRD B it Flio Bf b G b B RRR PR risRR iR o ©
melts afoee Wgeﬁﬁte@tosiu 1860 etkls @s2: oft040 cps to 12 cps. The

inkjet printing nethod may be a continuous inkjet nmethod or a

dr op- on- denMBRdAEsdRaad cdiifostnk enibiihe fRirnagen bSa ﬁuﬁhl}rﬁﬂdﬂﬁexﬁt&iabmbn
where the direction of the ink resist is ust ed changi n

el ect r &raigeRduriors yiarkhaysirediced pt nadesersitle ?réllﬁ%cpﬁ@gtbﬁévem fiergsis st USI ng
a Pulpom j?&ﬁloﬂraﬁﬁ)’tmgﬁ' cRPdf iR s@mfé@ﬁ&]ﬂfbr%ﬂ*@&nfﬂeﬁ@&ﬂ%? et %?tﬁe nt side
resi st only when needed on an el ectronic signa emand may
be di vilihd s¢miconducior érzwbllcbdterrr:szstlcnklppsetlonmetapldcedmﬂérseanpble@smauabcursm
genera&_e%sg%/ usi ng. a ﬁl ezoel ect | at e caua Qﬁr n| [ change
by clfiksdd e ulom RBA RGN Fido b ubbk Ert LI R FE SR Bm 0RRT
gener afled say 1ﬁci’@s@b<dlaﬁ$da06utqfut buhihh@ﬁ P mafy cadetionaERiniconductor defrices
contrast .to.the inkj eﬁ] Htl nmet hod, the aerosol nethod first
forms HRIWHBEEHVERHo Ihﬁ lrcurﬁﬁé of adiarsst curenpiRciedue § t he

sem Coﬂﬁ&%rﬂi&tﬁ}ét{ﬁfnﬂt%&% 1¥fe%u@ed9fr%ﬁ§1‘ﬂ{a'te%leq“h@ %%ﬂdas whd ébnﬁﬁb%ni%ﬁ@é‘éﬂa%%d
nozzl e being nounted to a print head. The aerosol 1s mxed wt

f ocusi thy formtiandf twrent aa@cp@nﬂié‘metlmetdheemmsshm ingdasingzhé Blulahlt)aof current
Focused, form, INe U5e 00, [RAY ”S' bl fr.ntfo yipf oF St e 41

r educe YRS BESBEBPTIHS SF" d§Yt rl11 Bt OMEZI1 8S R éf‘cé%ﬁ% s?”teii.e
f or mat aferOfFuthagby ﬁddhmﬁg’&hetsﬁﬂaiﬁhe Anghegicks vakpiedle shatldwing hawedidet br

an inkj et appar at us.
eliminated, thus reducing shadowing and enabling an increase in the absorption of incident light

4



The hot nelt inkjet resists nay be applied adjacent the surface of
the antireflective |ayer or adjacent the surface of the doped emtter
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9 commercially available fluorescent white agents are UVI TEXTm FP
and UVI TEXTm OB by G ba Switzerl and and BLANKOP} | ORTM ER by Bayer
A.G, CGermany. Such optical brighteners may be included in the hot
melt inkjet resists in anbunts of 0.01wt%to 3wt % or such as from
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printing. The hot melt ink jet resists are selectively applied to form an image which may be
negative to the current tracks or positive to the current tracks. WO 2005/013323 and WO
2005/011979 disclose methods of screen printing resists in the manufacture of photovoltaic
devices. Typically, the hot melt ink resists are selectively applied to antireflective layers or
doped emitter layers using inkjet printing or aerosol. More typically, they are selectively applied
using inkjet printing. Viscosities of the hot melt inkjet resist during application by inkjet printing
or aerosol range from 7 cps to 21 cps, preferably from 9 cps to 15 cps. Most preferably the hot

melts are applied at viscosities of 10 ¢ps to 12 cps.

The inkjet printing method may be a continuous inkjet method or a drop-on-demand
method. The continuous method is a printing method where the direction of the ink resist is

adjusted by changing an electromagnetic field while continuously jetting the ink resist using a
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In addition to the inorganic acids and pol yols, amobni um conpounds
may al so be included in the etchant. Preferably, the etchant includes
one or nore ammoni um conpounds. AmmoDnNi um conpounds i ncl ude, but are
not limted to, amoni um fluori de and anmmoni um bi fl uori de. Preferably
t he ammoni um conpound i s amoni um fluoride. Typically the ammoni um
conpounds are provided as aqueous concentrates or as dilute

sol utions. Such ammoni um_conpounds may be included jn anounts of
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scope phj¢ tirn(?etir&‘fs‘?{'ﬁlgfﬂe eiﬁf&?ﬂwitﬁ% t& 1t current lines or negative to the current lines.
When the emitter layer is a selective emitter layer, preferably the resist is positive to the current
lines. There are no metal components on the semiconductor substrates at this stage. Although
there is no limitation on the thickness of current lines made with the methods, typically, the hot

melt inkjet resists are selectively applied to form current lines having widths of 100 yum or less,

or such as from 80 pm to 20 pm, or such as from 70 pm to 30 pum.



Four hot nelt inkjet resists having the formul ae disclosed in the
tabl e bel ow were prepared. The fully hydrogenated rosin resin was a
solid and the nethyl ester of the filly hydrogenated rosin resin was
a liquid at roomtenperature. The m xture of the conponents forned a
solid hot nelt inkjet resist at roomtenperature. Table 1 Conponent
Exanple 1 Exanple 2 Exanple 3 Exanple 4 Fully hydrogenated rosin
resin' 25wt,f/ﬁ o . . . i :

¢ hot melt inkjet resists include one or more hydrogenated rosin resins which are solid
at room temperature and one or more hydrogenated rosin resin esters which are liquid at room
temperature. The weight ratio of the one or more hydrogenated rosin resins to the one or more
hydrogenated rosin resin esters is from 2:1 to 4:1, preferably from 2.3:1 to 3.8:1, more preferably
from 2.5:1 to 3.3 to 1. The specific amount of the hydrogenated rosin resin and the hydrogenated
rosin resin ester may not be critical as long as the amounts of the two components are within the
recited weight range ratios and are included in amounts such that the inkjet resist provides the

desired adhesion to the semiconductor substrate while inhibiting undercutting.

Rosin resins include fully hydrogenated or partially hydrogenated rosin acids or salts
thereof which are derived from rosin acids of the abietic and pimaric types with a general
formula C;sH9COOH with a phenanthrene nucleus. Isomers include, but are not limited to,
levopimaric acid, neoabietic acid, palustric acid, dehydroabietic acid, dihydroabietic acid (3
probable) and tetrahydroabietic acid. Preferably the rosin resins are fully hydrogenated. The
average weight molecular weight ranges from 300 to 308, or such as from 302 to 306. The acid
number is at least 150, or such as from 155 to 190, or such as from 160 to 180 (mg KOH/g).
Rosin is derived from pine trees (chiefly Pinus palustris and Pinus elliotii). Gum rosin is the
residue obtained after distillation of turpentine oil form the oleoresin tapped from living trees.
Wood rosin is obtained by extracting pine stumps with naphtha and distilling off the volatile
fraction. Tall oil is co-product of the fractionation of tall oil. Hydrogenated rosin resins may be
obtained commercially or extracted from their natural sources and refined according to methods
disclosed in the literature. An example of a commercially available partially hydrogenated rosin
resin is STAYBELITE® A hydrogenated rosin available from Pinova Incorporated. Another
commercially available partially hydrogenated rosin resin is STAYBELITE® Resin-E available
from Eastman Chemical Company. An example of a commercially available fully hydrogenated
rosin is FORAL™ AX-E available from Eastman Chemical Company. In general, hydrogenated
rosin resins may be included in the hot melt inkjet resists in amount of 15wt% to 35wt%, or such

as from 20wt% to 30wt%.

The rosin resins typically are those that are described above and they are reacted to form
esters with methyl alcohol, triethylene glycol or combinations thereof. In general, the weight

average molecular weight of methyl esters is 316-320 and the triethylene glycol esters range



25Wm % 25w % 25wt % Met hyl ester of fully hydrogenated rosin resin2
7.5Wm % | OM % 12. 5wt % O

from 718 to 726. In general, such rosin esters have low acid numbers of 4-16 mg KOH/g.
Methods of forming esters of rosin resins are well known in the art and disclosed in the literature.
Examples of commercially available hydrogenated rosin esters are ABALYN® methyl ester of
rosin, HERCOLYN® D methyl ester of hydrogenated rosin and HERCOLYN® DW methyl
ester of hydrogenated wood rosin and STAYBELITE™ Ester 3-E all available from Pinova, Inc.;
ABALYN™ D-E methyl ester of rosin, FORALYN™ 5020-F methyl ester of hydrogenated
rosin and METALYN™ 200 methyl ester all available from Eastman Chemical Company; and
SYLVATAC™ RE 12, 25 and 40 all available from Arizona Chemical. In general, the rosin

esters are included in amounts of 3wt% to 15wt% or such as from 7wi% to 12wt%.

The hot melt inkjet resists also include one or more fatty acids or salts thereof having a
formula R'COO-M where R' is a linear, branched or cyclic alkyl or alkenyl group having 7 to 48
carbon atoms, preferably 12 to 24 carbon atoms and M is hydrogen or a counterion such as
sodium, potassium, calcium ammonium or NH,(CH>CH>OH), where y and z are integers from 0
to 4 and their sum is always 4. Such fatty acids include, but are not limited to, caprylic acid,
capric acid, lauric acid, linoleic acid, myristic acid, oleic acid, palmitic acid and stearic acid or
salts thereof. Typically, the fatty acids are chosen from lauric acid, linoleic acid, myristic acid,
palmitic acid, stearic acid and salts thereof. Preferably the fatty acids are chosen from myristic
acid, palmitic acid and salts thereof. Such fatty acids and salts thereof have acid numbers of 200
and greater, typically, from 215 to 250 mg KOH/g. Many of the fatty acids or salts thereof may
be derived from natural oils, such as marine, rapseed, tallow, tall oil, soy, cottonseed and
coconut, Such fatty acids, salts and mixtures are either commercially available or may be
manufactured by techniques known in the art. The fatty acids may be included in amounts to
make up the balance of the composition. In general, such fatty acids and salts thereof may be
included in the hot melt inkjet resists in amounts of at least 55wt%, or such as from 55wt% to

80wt%, or such as from 65wt% to 75wt%.

Optionally, the hot melt inkjet resists include one or more optical brighteners.
Conventional optical brighteners, such as fluorescent whitening agents, may be used. Such
optical brighteners include, but are not limited to, 4,4’-bis[2-(2-methoxyphenyl} ethenyl]-1,1"-
biphenyl; 1,4-bis(2-cyano styryl} benzene; 2,2’-(1,4-naphthalenediyl) bisbenzoxazole; 2,2°-(2,5-
thiophenediyl) bis[5-(1,1-dimethylethyl)]-benzoxazole; 2,5-thiophenediylbis(5-tert-butyl-1,3-
benzoxazole); and 2,2°-(1,2-ethenediyldi-4,1-phenylene) bisbenzoxazole. Examples of
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Pal mtic acid 67. 5w % 65wt % 62. 5Wm % 75wt % 2, 5- t hi ophenedi yl bi s(5-
tert-butyl-1,3- benzoxazol e)3 0.05wm %

commercially available fluorescent white agents are UVITEX™ FP and UVITEX™ OB by Ciba
Switzerland and BLANKOPHOR™ ER by Bayer A.G., Germany. Such optical brighteners may
be included in the hot melt inkjet resists in amounts of 0.01wt% to 3wt% or such as from

0.05wt% to 0.5wt%.

The hot melt inkjet resist components are mixed or blended together using conventional
methods to provide a hot melt inkjet resist which is substantially a solid at room temperature.

The softening points for the resists range from 35° C to 55° C, typically from 40° ¢ to 50° C.

The etchant may be applied to the semiconductor substrate with the selectively applied hot
melt inkjet resist by any suitable method known in the art. Such methods include immersion of
the semiconductor substrate in an etchant bath, selectively applying by inkjet printing, acrosol or
using conventional spray apparatus. The etchant is applied at mild temperatures in contrast to
many conventional etching processes. The mild temperatures reduce or prevent attack on the
resist, thus the inkjet resist maintains its integrity during etching and inhibits undercutting by the
etchant. Etch temperatures range from room temperature to 50° C or such as from 25° C to 40°

C.

The etchant may include one or more inorganic acids and one or more polyols with the
balance water. The etchant is applied for a period of 80 seconds or less, typically from 5 seconds

to 60 seconds, preferably from 20 seconds to 40 seconds.

Inorganic acids include, but are not limited to, hydrofluoric acid, hydrochloric acid,
sulfuric acid, nitric acid and phosphoric acid. Typically the inorganic acids are provided in
aqueous form as a concentrated or dilute aqueous solution. Preferably, the inorganic acid is
hydrofluoric acid. The inorganic acids may be included in amounts of 1wt% to 20wt% of the

etchant.

The polyols are water soluble at room temperature and are compatible with inorganic
acids such that there are no stability problems. Such polyols include, but are not limited to,
glycols, such as polyhydric alcohols, such as ethylene glycol, polyethylene glycol, propylene
glycol, polypropylene glycol, butylene glycol, polybutylene glycol, dipropylene glycol,
tripropylene glycol, and glycerin. Preferably, the polyol is chosen from ethylene glycol and
propylene glycol. Such polyols may be included in the etchant in amounts of 20% by volume to

80% by volume, or such as from 40% by volume to 70% by volume, or such as from 50% by
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0. 05wt % 0. 05Wm % 0. 05wt % FORALTM AX-E Ful y Hydrogenated Rosin:
tetrahydroabietic acid (avail able from East man Chem cal Conpany), CAS
65997-06- 0 2HERCOLYNO D Met hyl Ester of Hydrogenated Rosin:

hydr ogenat ed net hyl abietate (available from Pinova, Inc.), CAS
8050-15-5 3UVI TEX OBTM optical brightener, CAS 7128-64-5 Each hot
melt was placed in the reservoir of a DoD 300 inkjet printer

(obt ai na@l e fr Schm d GrbH, Freudenstadt, Germany). The

t enper &P F@tPrq "thé"foé‘?é?vmr was raised to 85 Cto nmelt the resists.
Each resi st was, selectively printed on the silicon nitrijde
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mul ti chyehiaah lid M8 cfhhdiC @[‘bf&ﬁ@lﬁl?,r fhe CRBEATRGH L bR 8 itnonium compounds.

Ammonium compounds include, but are not limited to, ammonium fluoride and ammonium
bifluoride. Preferably the ammonium compound is ammonium fluoride. Typically the
ammonium compounds are provided as aqueous concentrates or as dilute solutions. Such

ammonium compounds may be included in amounts of 10wt% to 40wt% of the etchant,

Typically when an ammonium compound is included in the etchant a volume ratio of
ammonium compound to inorganic acid varies from 10:1 to 4:1. A preferred etchant is aqueous
ammonium fluoride and aqueous hydrogen fluoride at a volume to volume ratio of 10:1 to 4:1
with one or more polyols in amounts of 40% to 60% by volume. The balance of the formulation

may be water.

The hot melt inkjet resist inhibits undercutting such that the current lines have
substantially uniform widths and substantially no tributary formation with adjacent current lines.
The hot melt inkjet resist inhibits capillary action at the interface of the hot melt inkjet resist and
doped surface of the emitter layer or the SiOy or silicon nitride, thus inhibiting undercutting and

providing current lines having regular dimensions and efficient current conduction.

When etching is complete, the semiconductor may be rinsed with water to remove any
etchant. The hot melt inkjet resist is then stripped from the semiconductor substrate. The acid
number for the entire hot melt inkjet resist ranges from at least 180, or such as from 180 to 230,
or such as from 185 to 215 mg KOH/g. The hot melt inkjet resist is stripped with a dilute
aqueous alkaline solution, such as potassium hydroxide or sodium hydroxide. The hydroxide
concentration may range from 0.1wt% to 5wt%. Such mild aqueous alkaline solutions are
applied at temperatures of from room temperature to 50° C. Stripping is rapid and may take
from one minute or less. Stripping of the resist is substantially complete. The resist dissolves
from the surface of the doped emitter layer, SiOy or silicon nitride layer as opposed to lifting or
floating as many conventional resists. Minor amounts of residue may be rinsed from the

semiconductor with water.

Alfter etching and stripping metallization of the substrate is then done. Prior to front side

metallization the back side of the semiconductor wafer is metalized, such as with aluminum, to
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The wafers were held at roomtenperature for 15 mnutes. The |ine

wi dth for each wafer was then nmeasured using a PAXcam digita

m croscope canera with bundl ed PAX-it inage anal ysis software from
MS, Inc. (Surgoinsville, TN, U S. A ). The line width was neasured
across the edges of the resist deposit. Each wafer was then

et ched usi ng an aqueous 20% hydrofluoric acid solution at 30 C for 90
seconds. The hydrofluoric acid etched gwa ecti.ons of _the silico

i (1 dBRGS HEFITERR I ke A oRTP R Asthod S ey TyRicH s cortepfic
waf er s rqptics, DB khewWR e chekf REkhRR, 6f 6B saRktidueidr 3afkr ahsathe Wdhh40\RIgRY
at roomtenperature to renove etchant and etching residue. The
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rosin resin and solid rosin resin m xture. Exanple 5 The
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i xt | .5 - i hot
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Pal m t hydregindted Sesisesin was a liquid at room temperature. The mixture of the components

formed a solid hot melt inkjet resist at room temperature.

Table 1
Component Example 1 Example 2 Example 3 Example 4
Fully hydrogenated 25wt% 25wt% 25wt% 25wt%
rosin resin’
Methyl ester of fully 1.5wt% 10wt% 12.5wt% 0
hydrogenated rosin
resin’
Palmitic acid 67.5wt% 65wt% 62.5wt% 75wt%
2,5- 0.05wt% 0.05wt% 0.05wt% 0.05wt%
thiophenediylbis(5-
tert-butyl-1,3-
benzoxazole)®

'FORAL™ AX-E Fully Hydrogenated Rosin: tetrahydroabietic acid (available from Eastman Chemical Company),
CAS 65997-06-0

*HERCOLYN® D Methyl Ester of Hydrogenated Rosin: hydrogenated methyl abietate (available from Pinova,
Inc.), CAS 8050-15-5

SUVITEX OB™: optical brightener, CAS 7128-64-5

Each hot melt was placed in the reservoir of a DoD 300 inkjet printer (obtainable from
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FOR ALTM AX-E fully hydrogenated rosin 25.5m % HERCOLYNO D net hyl
ester of partially hydrogenated rosin 9w4%
2, 5-thi ophenedi yl bi s(5-tert-butyl -1, 3-benzoxazol e) 0.5wm %

Schmid GmbH, Freudenstadt, Germany). The temperature in the reservoir was raised to 85° C to
melt the resists. Each resist was selectively printed on the silicon nitride antireflective layers of

textured and phosphorus n++ doped multicrystalline silicon wafers (obtained from Q-Cells).

The wafers were held at room temperature for 15 minutes. The line width for each wafer
was then measured using a PAXcam digital microscope camera with bundled PAX-it image
analysis software from MIS, Inc. (Surgoinsville, TN, U.S.A.). The line width was measured

across the edges of the resist deposit.

Each wafer was then etched using an aqueous 20% hydrofluoric acid solution at 30° C for
90 seconds. The hydrofluoric acid etched away sections of the silicon nitride antireflective layer
which was not covered by the resist. The wafers were then removed from the etch solution and

rinsed with water at room temperature to remove etchant and etching residue.

The line width of the wafers after stripping was determined using the PAXcam digital
microscope camera with bundled PAX-it image analysis software. The undercut per side was
determined by (line width before etching — line width after etching)/2. The undercut for
Example 1 was 17-20 pmy/side, Example 2 was 13-15 um/side, Example 3 was 7-10 pm/side and
Example 4 was 33-35 pm/side. Example 4 which did not include the liquid rosin resin showed
the largest undercut. In contrast, the resists which included the liquid rosin resin in combination
with the solid rosin resin had reduced or improved undercutting results than the resist which did

not include the liquid rosin resin and solid rosin resin mixture.
Example 5

The following hot melt inkjet resist was prepared. The fully hydrogenated rosin was a
solid at room temperature and the methyl ester of partially hydrogenated rosin was a liquid at
room temperature. The mixture of all of the components in Table 2 below formed a solid hot

melt inkjet resist at room temperature,

Table 2
COMPONENT AMOUNT
Palmitic acid 65wWt%
FORAL™ AX-E fully hydrogenated rosin 25.5wt%
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The hot nelt inkjet resist was placed in the reservoir of a DoD 300
inkjet printer (from Schm d GibH, Freudenstadt, Gernmany). The
tenperature in the reservoir was raised to 85 Cto nelt the resist.
The resist was selectively printed on the surface of a hydrophobi c,
textured, phosphorus n++ doped emtter |ayer of a nulticrystalline
silicon wafer (obtained fromQCells) to forma selective emtter

attero—on recist was nositive to the conductor
O T v o T O LB TUoOTIroOooroC OUT

p_on_the wafer. The resist was
t r ack$ HERCOLYNG Raneffdiesicrof paptglly lydrogeptliddy was hel d at P¥BM t enper at ur e
for 1% minutes. The Idsme width for thg wafer was then measured using
L gi 1 ith bundled PAX-it innage

anal ysi sZ-stopirasdybisCret-ibhdberwrrlchas done bef ore phbgphorus gl ass
(PSG) [renoval . This provided a dark cdlor contrast to provide

accurat e | i Fe hait dich infgetsesis mas picediinghd fesavair df hDvBS Ofwdse pedtcatiros s
the ed f t esi st deposit.. The line w dth neasurenents ran

1 om aSema PR, PR RACE Ty WBE EhBfe MRl TG MR Bhee e C o
m Xt ur gneBfthél@sidd Wielresiit fa0kdlb@ivelsy paited canbe 28RS0 Bydrophobic] ©x@eddd
solution at 6-15 C for 60-80 seconds, The_aqueous acid m xture etched

away s&bespherss B+ dpredemitierdpca obminuitistystaiinersiliogr Madr keptosed i hCaly
not coygfed 3%1&:@& nERrTatterh HOH&fer, WARe el ds Ylt@gtoftBQEBntdn@toPt&}P(s.

solution and rinsed wth water at roomtenperature to renove etchant

and etchin egue; : ' ' f ter i .
was deter mgl;ll{ée?flusi nléhtt éesgAygg}rﬁlg ?gﬁﬂéﬁ%‘%@'&%@%@?g@@g@é%a T\?’\nﬁtlﬁg b or
bundl etheR#ofer wasi thegeeanal wsing tlsaf A Meane digifhleniciaseppeicainbramma dshime hed MASK-it

ranged,from 470-5 m e decrease in wdt s due tq t t chant
indor CUPTHPRGFHS 1B e B PESHLEIerNES SNEE Bi Pt Gr R o oBe:
5-10 gmhBipi®ded a dark dd16r doRtr8H N HGVIAE QEREUIE Bnd\REIE Rle@dttbnUS | TR Tiee
sane type of textured and doped nul ti cr%;t alli ne waf er except the hot

mel t i gtBivap gepsired gegosy theredges of thcregisideppsdt Theding widihmegsurpaents fangeds
obtain f 4@ spyp, Chemical . The line width range prior to etching was
rreasurggmto be Ltl?%m 460- 520 pun. After etching the line width range

f

was measur -4 . f e
osulte showsaifiayd el thed thind BE NG Sl e3R8 WOMdohbAIRY o8

t he m 25880 gL rithie asidIsbhitiamdt 6-i SUC dorr@s3Osec@sls.NnThhapheoedualadixiune etchert
in conparison to_ the control resjst.. a ) The procedure .

tosor i Baty o lemshr it S ekt pofa Bty ing FERE BT aphicthwes ot o BSEBEMG Grvist
NONO CERE wafer APHe rdiiRd Whemhs etcl REMBH SidSrinked ith akdiaEfbodNtEmpPadture to
phosphorus n++ doped emtter layers on their front side. The wafer

sur f acegnayg ciehpfapd ptshineeesidst ore etching the line widths of the
waf er which included the resist having the fornulation in Table 2
above rangddieflingyiidtbof 850vaden adistictelas ven determinedsysing thaBAKcHe digigh hs

from 460- i t. i B - . i.th.

resi st %g?g%gg%ér%ﬁgb ibgltrllcﬁfpdnpg%{bl Pgn 69 g?ll égg¥§%a%é'4%ﬁ% lg%ﬁ%la%%e%?ﬁ%
Wi dt hsrdnged frive 4604580 in. Tht decredse i wglth aagde th tlemntehat-uhdercining THechot melt
undercut . f thg: resi st of the for ation in Table 2 was 10-15

ond si dEFSishd e HESeE vAs fetpRiped ot EhARSEr cut of 20.30 gni si de. The
results shqﬁwe&i that the cé:gSiSt whi ch i.ncl uded a m'%<ture of HOt t he
solid and I'hﬁ PIGEQIBE PIOCFBNS Fas KReAteLRRREC ARt Pt ieruredipd deved: o t he

cont r olyyfiR$¥sBliline Wit extSpt BheM IRt iSkjet resist was a stearic acid resist. This control
resist was obtained from Sun Chemical. The line width range prior to etching was measured to
be from 460-520 um. After etching the line width range was measured to be 440-490 um. The
undercut ranged from 10-15 pm. The results showed that the formulation in Table 2 above
which included the mixture of the solid and liquid rosin resins had reduced undercut in

comparison to the control resist.
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1. A nethod conprising: a) providing a doped sem conduct or

waf er conprising a front side, a back side, and a pn junction;

b) selectively applying a resist conposition on top of the front side
of the sem conductor wafer, the resist conposition conprises one or
nore hydrogenated rosin resins, the hydrogenated rosin resins are
solids at roomtenperature, one or nore hydrogenated rosin resin
esters, the hydrogenated rosin resin esters are liquids at room
tenperature, and one or nore fatty acids; and c) applying an
etch conposition to the sem conductor to etch away exposed sections
of the front side of the senicondud®8mP¥d form current tracks. 2. The
met hod of claim1, wherein the front side of the sem conductor
further conpkdeecdars deparibed in BramnleS way egpeated expgpt thetithb walsrs uspdivaiel

wh ) . A i ;
ot mar 1 i POEhARNA RO AR, el SRk fre Bl ] EARERIEL BT Bed
rosi n emsiten [gstsamn thar fremti swed The ovafabudides waei i daphflicmBefare aichidg tHe. line
Th th | ai ., JWh i i ght t] th

nydr ogetiiest pEuART b ded et Kt B bmlarce B Sl bos¥F reneed
est er s fioth 4015300u8 add He -codthR® r88Rd: RAEief widhiRi fond 460MEY @i AR BBhihk @le line

| ayer of the front side of the sem conductor wafer is n++ do

The metwdhs of the maforwith thawssiet of theoraselaiierbindiablect ranegdefom §7&onn. Fst

waf er, LD RfLY B melcbﬂt?olvﬁfexeétclﬂﬁg ?anQQd ff&{m)@b-@llﬁb I],LHle mfu%'aercut for the resist of
the formulation in Table 2 was 10-15 umy/side and the control resist had an undercut of 20-30
um/side. The results showed that the resist which included a mixture of both the solid and liquid

rosin resins had reduced undercut in contrast to the control resist.
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8. A conposition conprising one or nore hydrogenated rosin resins,
one or nore hydrogenated rosin resin esters, and one or nore fatty
acids, the one or nore hydrogenated rosin resins are solids at room
tenperature and the one or nore hydrogenated rosin resin esters are
| iquids at roomtenperature, the weight ratio of the one or nore
hydrogenated rosin resins to the one or nore hydrogenated rosin
resin esters is 2:1to 4:1. 9. The conposition of claim8, wherein
the weight ratio of the one or nore hydrogenated rosin resins to the

one or re q.dr enated rosin resin esters is 2.3:1 to 3.8:1. 10.
The coégggﬁﬁiéﬁgg%iclain19, wherein the weight ratio of the one or
nore hydrogenated rQsin resins to the one or nore hydrogenated rosin
resin dstelgthpd comprsing:y 3 3.1,

a) providing a doped semiconductor wafer comprising a front side, a back side, and a

pn junction;

b) selectively applying a resist composition on top of the front side of the
semiconductor wafer, the resist composition comprises one or more hydrogenated rosin resins,
the hydrogenated rosin resins are solids at room temperature, one or more hydrogenated rosin
resin esters, the hydrogenated rosin resin esters are liquids at room temperature, and one or more

fatty acids; and

c) applying an etch composition to the semiconductor to etch away exposed sections of

the front side of the semiconductor to form current tracks.

2. The method of claim 1, wherein the front side of the semiconductor further comprises an

antireflective layer.

3. The method of claim 1, wherein the hydrogenated rosin resin is derived from abietic acid or

pimaric acid.

4. The method of claim 1, wherein the hydrogenated rosin resin ester is derived from abietic

acid or pimaric acid.

5. The method of claim 1, wherein a weight ratio of the one or more hydrogenated rosin resins

to the one or more hydrogenated rosin resin esters is 2:1 to 4:1.

6. The method of claim 1, wherein an emitter layer of the front side of the semiconductor wafer

is n++ doped.

7. The method of claim 1, wherein the semiconductor wafer is a mono cast wafer,

monocrystalline wafer or a polycrystalline wafer.

8. A composition comprising one or more hydrogenated rosin resins, one or more hydrogenated
rosin resin esters, and one or more fatty acids, the one or more hydrogenated rosin resins are
solids at room temperature and the one or more hydrogenated rosin resin esters are liquids at

room temperature, the weight ratio of the one or more hydrogenated rosin resins to the one or
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more hydrogenated rosin resin esters is 2:1 to 4:1.

9. The composition of claim 8, wherein the weight ratio of the one or more hydrogenated rosin

resins to the one or more hydrogenated rosin resin esters is 2.3:1 to 3.8:1.

10. The composition of claim 9, wherein the weight ratio of the one or more hydrogenated rosin

resins to the one or more hydrogenated rosin resin esters is 2.5:1 to 3.3:1.
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