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And ComPQlitions Theretor 

Technical Field 

5 The present invention relates generally to a method of developing a 

positive photoresist substrate and more particularly to the use of aqueous 

base developer compositions containing surfactants for pc>sitive photoresists. 

Developer compositions used in accordance with the present invention 

include an alkyl alkoxylate surfactant to enhance image formation especially 

10 when used in comedian with diazonaphthoquinone photosensitive 

compounds in suitable binder systems. 

Background ot lnventjon 

Photoresists are well known to those of skill in the art. Generally 

speaking, they must be sensitive to light so that pattems can be formed in 

15.. them and they must selectively resist su~ etching or ~19r processing 

so that the pattern can be transferred tQ the sut:>strate. The dominant 

·.· photoresist system employed in integratec:I Qircuit manufactl.IJ'ing today is the 

novalak/diazonaphthoquinone combination. Naphthoqtlinone of the class 

employed in positive photoresists 8re typically formed by way of the reaction 
. . .. ··: ·': ·. 

20 of a naphthoquinone diazide sulfQflYI chloride with a phenolic compound. 

Reaction products thus formed might inciude the naphthoquinone (1,2) 

diazide (5}-sulfuryl, naphthoqui~e (1,2) diazide (4) - sulfuryl, 

naphthoquinone (2, 1) diaZide (5) .. sulfuryl, ·or naphthoquinone (2, 1) diazide 

4-sulfuryl radicals. Of course, the sulfonate esters thus synthesized might 

25 include the residue of any suitable ptwmolic compound. These-diazides are 

fairly nonpol• organic molecules~-are soluble in organic solvents, but not 

very -soluble in water. 

., 
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production is a trial and error procedure. This is true whether development 

is by immersion or by puddle or by spray techniques. &ited States Patent 

No. 4,628,023 to Cawstgn et al disCtoses aid claims an aqueous metal ion­

frae developer composition including metal-free alkali and surfactants. The 

5 developer described reportedly results in a reduction in the energy 

necessary to expose the resist without a deleterious eff~ on image quality 

and resolution. In United States Patent No. 5,039,595 to Schwalm et al 

there is described another aqueous developer with a heterocyclic 

hydroxyalkyJ compound as the hydroxy source. It is noted in the '539 patent 

10 that the following surfactants .may be used: nonylphenoxyPOIY(ethyleneoxy)­

ethanol, octylphenoxypoly(ethyleneoxy)-ethanol or commercial fluorinated 
. . 

surfactants (col. 4, lines 45-51 ). Of course, commercial fluorinated 

surfactants could include a vast number of candidate surfactant compounds 

fo different types, tor example ionic or non-ionic. 

15 The use of surfactants, desirable in some respects, frequently makes 

the developing process difficult to control as is illustrated in United States 

Patent No. 4,710,449 to J. M. Lewis and A J. Blaken~y. In the '449 patent 

it is illustratedthat 1% (10,000 ppm) of a fluorinated alkyl alkoxylate in 

aqueous base developer is simply too aggressive, resulting in poor wall 
' 

20 angles, contrast and \l'lacceptable film loss. These problems may 

apparently be obviated by pre-treating the photoresist substrate with pre-dip 

of aqueous base develope~ solution containing a cationic surfactant. It is, 
' 

however, Ll'IClesirable from a materials and logistical perspective to increase 

the number of processing steps. 

25 Summarv of lnyention 
•" .. . 

A method of developing a positive photoreai-1 film subsequent to 
' . . 

exposure is discloSed · al'1c:I claimed. the method of 'the present invention 

consists essentially of applying an aqueous base developer including an 

... } 
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Upon e>cpOSLll'8 to light, ~i~inc>ne photoactive compounds 

form a polar, ba~~ •C>luble ••11b:acid in accorda~ \Yith the fallowing: 
.· .. ,· . , "':, I: .. ·. '., . 

Thus, using an aq.,Us t>tse ., · .. "8 developer, the exposed photoactive 

+ Hao -· _, .'!loliu ....... v ... _.. ~ + c;cr 
compound is relatively sol~ble,· while the unexpo8ed,photoactive compound 

5 is retat.ively insoluble; creating a· solubility diff..-ence Which forms the basis 

of image formation. 

It is not sufficient. however, to simply Change ·the solubility of the 

photoactive compound, rather, the entire photoresist mixture must change 
. . .. .. . 

its solubility. Thus, the interaction of ·th!' photoactiva compound with the 

10 binder resin is likewise an important considt:tration, as is its absorption 

spectrum. Accordingly, po~itive·p~t~resi~t a?m~sitions ger:-ally include 

a phenol.formaldehyde resin of ft. NoV11lak c1a9s or solY'!etimes a hydroxy­

styrene polymer s\KJl1 as ·poly(4-hyc1roxystynv\e). Other polymeric 
. ·:·· .· ,· . 

components, including styrene,·. ~~I styrene, Styrene-maleic anhydride 
15 components in combif1ation·with th• foragoingm&y also be employed. See, 

generally, Uni~ st&Jea .PatenJ N~J. ~. "732.~ and 4.863,827 to Hoecflst 
.·:. ·.. . ;·· . ! .. :: ·. • . ., . 

Celanese Como/at/Ql!. &om,rville. New Jersey for ~r irlrQrmation relating 

to positive photoresists. 

Of considerable i~ 10 the use Qf photoresists is the selection 
'· • . . •.. = ·. • . ·.=·· ··.···:• ·. ··. •, ·. "• . : . ··. 

20 of a developer comr>e>•it~or siri~ · ~evelopment is a key aspect of the 

integrated circui~ pf9duction process. Typically, optimizing the overall 
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ammonium hydroxide base and a fluotlnated a~kyl alkoxylate surfactant 

present in an amount of from 1 to 250 ppm followed by rinsing SN1ay the 

developer composition. The basic; and ne>Vel ·~ctertstics of the process 

are that low concentrations of surfactants se employed and that additional 

5 danical pre-treab1181t ~of the .e>epOSed Photoresist are unnecessary as 

has been reported with higher surfactant concentrations. Suitable 
. . -

surfactants may include tht following: 

1. CF3(CF2l-cH2~0-{C1i2CH20 )4H 

2. CF<CF2);-cO-N(~CH2CH20l;-cH3 

s. CF,(CF2rC02~c11a~o);-c.A 

~:z}l5 . . 

6. CF<CF2};-~02--N~ CH2CH2o}s-co-c14H29 

which se hereafter -referred to generally as fluorinated alkyl alkoxylates. A 

particularly preferred fl~~rinated alkoxylate is of the formula: 
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where R,, Rz and ff, are the same or different and are C1-C10 alkyl groups 

and m and n are independently integers trOm 2 to 2o. 
. . . . .. 

In another~ of the invention, prefen-ed cteveloper compositions 
are cflSClosad cornprisi~ aqueous ammonium hydroxide .base and from 10-

.30 ppm fluorinated alkyl alkoxylate s~actant 

Detailed Descriotion .. , 

The present invention is described in detail below with reference to 

numerous examples provided for purposes cl Illustration n not by way of 

limitation. Modifications to specific embodiments will be readily apparent to 

10 those cl skill in the art, which modifacations 111'8 within the spi~t and scope of 

the prasant invention as hereafter claimed. In general, from about 1 to about 

250 parts per million by weight (ppm) . of fluorinated alkyl alkoxylate 

SL.lfactant are useful in eonnection with the instant developing process, from 

about 2 to 95 ppm is typical with from about 5 to about 50 ppm or even more 

15 specifically from about 10 tO 30 ppm being pnterred. The surfactant is 

dispersed in aqueous base which includes an ammonium hydroxide 

component. Generally the base ii from about 0.15 to about 0.5 Normal in 

the hydroxide component, about 0.2 to about·0.35 Normal being more typical 

with about 0.261 Normal being preferred as an industry standard. 

20 The ammoniLm hydroxide com·ponent rnay be tetramethyfamrnonium 

hydroxide, trimethylethanol ammonium hydroxide (choline), tetra(2-
. . . . .. 

hydroxyethyl) ammonium hydro>dde, mbctutes thereof, or like compounds. 
' I ' : 

Tetramethylammonium hydroxide (TMAH) is particularly preferred, while 

other ammonium hydroxide compotl"lds may be employed if so desired. 

25 While any positive photoresist substrate may be suitable, the inventive 

process is typically practiced upon compositions including a phenol­

fonnaldehyde resin known as Novolak resins and a diazonaphthoquinone 

. , 

... '·:-=\ .. i 
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As used herein, fie terminology ''cc>nsists essentially of' refers to the 

fact that the developing process of the present Invention does not require 

aubstlnial steps otherhan applyil1g the develos*r m1d rinsing it away after 
. . I 

5 a suitable time interval. Thia is contrasted wi~ the process disclosed by 

Lewis et al. where chemical pre-treatment with a cationic surfactant and base 

was found to be required prior to conventional development. 

10 

Typically, the fluorinated alk)'I alkoxylate surfactants utilized in 

connection with the present invention include moieties 

and 

f-4 OT f-~ 
0 

; 

where m and n are the aame or different and are integers from 2 to 20. R 

being a methyl, ethyl, propyl, or butyl alkyl substituent. Most preferably, the 
. . . . i 

surfactant is of the formula: 
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where R,, ffi and Ri .. the same or dfff&rent and ·are C1 - C10 alkyl groups 

and n and m are integers from 2 to 20. 

Particularly preferred devel~ comp0slti~ .include from about 10 

to about 30 ppm fluarln8t.t ~kyl ~-late ..t'actant a lhOuld be apparent 
• • • • : •• • • "> •• • • 

5. from the examples that foHow. · 

. .. 

EXAMPLES 1 THROUGH 12 

This series of examples details the scnening of aqueous base 

compositions particularly ~ r8sJ)ect to concentration of surfactant 

employed. In general, it is important in the production of integrated circuits 

10 that additives such as~ don~ adversely affect process or product 

parameters such as depth of focus ("DOF") or achievable line width in the 

finished product, the light energy required to make the resist fully soluble 

under a given set of precess conditions ("E clear" hereafter), the light energy 

required to print a 0.5 micron line in connection with a given process ("E 

15 nominar• hereafter) and whether a 0.35 micron line can be reliably produced 

("clear 0.35" hereafter)· in the following examples; which is a measure of 

ultimate performance. In the examples which follow, E clear or radiation 

dose to clear and E nominal are expressed in millijoules per square 
. . ·.. . ·: 

centimeter. DOF, that is, how much the distance from th8 radiation source 

20 may vary before a 0.5 miaon wide-pattem will degrade is measured in 

microns. One of skill in the mt will readily understand that DOF is a measure 

of the sensitivity to topography changes, while E nominal varies inversely 

with photospeed. 

The solutions employed as developer in the following examples 

25 included• variety of surfactants added to aqueous base including ethylene 

glycol/propylene· glycol 1:2· copolyrtier commonly r8fen'ed generally to as 

oxirane \\tlich is available from a large number of sources. (Nonyfphenoxy) 

! '•·. 
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polyethylene oxide hereafter refemld to as "NPO"; (p-t-Octylphenoxy) 

pol~anol, .,_reafter referred to as "OPE"~ 88 well as butyl carbitol 

were also employed. 

' . 

In each of Examplee 1 through 12 a silicon wafer pre-treated with 

5 · · . hexamethyl diSlloxane vapor was sptn coated With a film of AZ.TM 7500 

positive photoreaist ~fable from Hoechst . Celanese Corporation, 

Somerville, New Jersey. This photoresist is of tt1• Novolak claas, the resin 

being synthesized from M-cresol, 3,5 xyleno1 •'¥1 fonnaldehyde. The 

photoadive component is made from naphth8'uinone diazide sutfonyl 

10 chloride and tris(hydroxyphenyl)ethane. 

' 1he coated substrates were then son bakediat 11 o•c for 60 seconds, 
. ! 

the resulting resist films having a· thicknes• ~ 1.29 microns or so. The 

coated wafers were exposed an a Nikon 0~54 numarical aperture (resolution 
- . 

recticle having a··f<nown pattem) I-line stepperwhile the substrate wafer is 

15 displaced-in the X, Y and z·_directions. The water was then post exposure 

baked at 11o•c for 6f) seconds. ll•ing a Sil~n Valley.Group (SVG) 

development track, the dey~t protocol was to dispense developer 

onto the wafer through a fan spray {or 3 seconds1while the wafer coated as 

aforesaid was rotated at 300 revolutions per minute. Rotation Of the 

20 substrate was stopped and developer was continued to be sprayed for two 

seconds folJ~ by a hold for 47 seconds. The developed substrates were 

25 

· then rinsed with de-ioniz8d water using a fan spray for 15 seconds while 

turning the wafer at 300 revolutions per minute followed by drying for 15 

seconds at 400 revolutions ·per minute in·the same ·aj>paratus. 

This procedure~· fqllowed far examples 1-12 below, the materials 

and · procedures being· substantially · ide~ll except for the aqueous 

developer compositions which in all cases included 0.261 N (2.38 weight per 

· liiii1r11nr 

I 
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cent) TMAH electronic. grade pl.uity soll.ition ·With varying amounts of 
.. . : . . .. . . :. . .. . . . 

9Ul'fact8nt (on a parts per million Weight bBsis) as ind.tad in Table 1. For 

each example, E.., e .. ..., and DOF were d8termkied. The particular 

method for adding tl'l8 surfactant to the developer solution is not critical; it 

5 may simply be added to a ct1nta1ner of sui~I~ ~~ ·fC>11owed by stirring, 

10 

15 

20 

·-::. 

lhaklng or the like. 

TABLE I: SURFACTANT ~ERFORalAACE V.~ CONCENTRATION 
: : \ 

DOF,1n1 
', ' 

Col••*" ...... •' '' 

1 0 .· 1an Y•. 1.2 

2 NPO -- 107 2CIO No 1.2 

3 NPO ts- 1IO Y• t.2 

• NPO 
,,, 

180 
.....•.. y .. 

1.2 

5 NPO Uln.·. ••• 1.2 

•· OPE " 180 Y• 1.2 

7 OPE -- • 170 No C1.2 
" 

I ,_ 
102 1• No 1.2 

I OPE 14 1ea No 1.2 

10' OPE 1<40 ND 1.0 

11 OJdrmie. 
-- ·103 

·· ... 115.·.·, No 1.2 ,, ·-1'!.-..i 1nn- tan v- 1, 

As can be seen from the foregoing, processes wherein the step of 

developing the photoreslst utilized an aqueous base with a concentration 

less than 250 parts per million surfactant .,.. in most case• suitable, with 

less. than 150 ppm· surfactant being more preferred· espeeially where the 

25 developing.. process consiats essentially of·. applying the developing 

composition followed by rinsing and drying the substrate, that is, without 

significant prH'eatl'nen steps prior to appli~tion. of.the <1eveloping solution 

such as the pre-treatment with ms.. and surfactanl as described by Lewis et 

al. in United State• Patent No 4,710,449 . 

. · ·. i. 

" 

,,,;:.$;. 

·~~ •"!. ..... 
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It has further '*9n found ~t it is possible to utilize very small 

amounts of sulfQnYI. or amine. containing fluorinated alkyl alkoxylate 

surfactants as Is llluatrated below. 

Examplea 13·11 

Following generally the coating, acpoan and developing procedures 

of Examples 1·12 a_... of 4 ~rs were p~. For these wafers.the 

stepper was operatec;I in ~· ~-Y mqcte only with~ a patterned rectlcle or 
. . ... · . . .,· . ' ., 

mask aod the devel~ solution was in all cases 0.281 N TMAH with the 

amount of surfactant i~icated in T'ble 2. Thus~ the wafers were provided 

10 with an unpattemed uniform resist film, the thickness of which was measured 

prior to exposure and davetopment as well as subsequent thereto in five 

positions as shown in Table 2. 

In addition to the control (no surfactant) and oxirane containing 

developing solutions of the previous examples1 water·No. 3 was developed 

15 with a surfactant termed Flourad™FC 143 available from 3M Corporation, 

Minneapolis, Minnesota which is ammonium pentadecafluorooctanoate 

("AO") and the surfactant Fluorad™FC 171 (also available from 3M) was 

utilized in connection with wafer No. 4. FC 171 is sulfonyl and amino 

containing fluorinated alkyl alkoxylate surfactant of the general formula: 

20 where n is an integer believed to be of from about 5 to about 15, probably 

about 10. 
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It can b~ seen tram the above that FC-171 is mote specif1C8lly a 

sulfOnyt, amino and fluoroalkYI corit&inlng ethoxytate llbbreviated SAE in 
Table II. For purposes of convenience, thlS 'c0mpgWKf may' be named 

Poly(oxy-1, 24haiediyl)-a-(2-{elhyl( (haptadecafluorooctyl) sulfonyl] amino] 
s ethyl)-8-methox for purposes of cataloging. 

It should be noted from Table II that only h •. fluoril18ted alkyl 

alkoxyl&te gave superior resuHs, that is uniformity superior to developer 
containing no surfaCtant In au C:..s. from a quatlt*Uve f:>erspective, 
surfactant containing ·.developer exhibited •uperioi' waling· properties. 

.•, ,,(,. .. ·. 



TABLED 

· DEVELOPER COMPOSmONS WITH LOW PPM SURFACTANT LEVELS 

, Surfactant. Wafer# Pos ·1 Pos2 Pos3 Pos4 Pos5. Mean StdDev 
·. -;·; ... 

None 1 . Before 1.2831 -1.2809 1.2792 1.2806 1.2799 1.28074 0.001318 

After 0.7814 0.7697" 0.7457 0.7546 . 0~1657. 0.76342 0.012328 

. : Difference . 0~5017 0.5112 . 0.5335 0.538 0~5142 0~61732 0~01121 
; 

25ppm 

·Oxirane 2 Before . 1.2885 1.2873 1.2844 ·1.2866 1.2816 . 1.28638 . G.001528. 
.. . -. . -

After 0.766 0.7877 0.767 0.7471 ·o.&022 . 0~774 • 0.018076. 
.•. 

Difference .. 0.619 0.4998 . 0.5174 0.5395 0.4'864 0~51238 0:018128 
-

20ppm. •.• 

AO 3 · Before 1.2885 1.288 1.2889 1.2908 1 .. 2878 .1.2888 0.001071 

After - 0.8803 0.9604 0~8844-::· 0.85~7 o~ase 0.8887& .. -0.038927 .. 
... 

Difference 0.4082 0.3276 0.-4045 . 0.4381 0.4318 0.40204 0.039424 
.. 

20ppm 

SAE 4 Before 1.2908 1.2878 1.2905 1.2898 1.2844 1.28942 0.001129 

After 0.883 0.8584 0.8646 0.8645 0.8715 0.8684 0.008395 

Difference 0.4076 0.4294 0.4259 0~4253 0.4169 0.42102 0.007867 

Eclear 

103 

107 

106 

104 

... 

~-
0 · 

1· 
!. 

> 

' i 

! 

1') ~ J 

I 
~ 

·. 
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CLAIMS: 

· 1. A method. of developing• a· substrate of positive photoresist film 

consJsting essentially Of 8- step8 of applying tO said film an aqueous 

baee developer -osition including an ~tl90Us ·. ammonium 

· hydroxide base •nd a flt.rorinated alkyl ap(oxytate surractant wherein 
. . . • • • . I 

.said surfactant is present In an amount of from about ·1 ~ about 250 

ppm foltowed by rinsing said developer composition from said film. 

2. The method according to claim 1, wherein said sUrtactant is present 

from about 2 to about 95 ppm. 

3. The method acCording to claim 1, wherein said surfactant is present 

from aboUt 5 to about 50 ppm. 

4. ihe method according to claim 1, wherein said surfactant is present 

from about 1 o to about 30 ppm. 

5. The method according to claim 1, wherein lhe concentration of said 

ammonium hydroxida base in said developer composition is from 

about 0.15 to about 0.5 Normal. 

6. The method according to claim 1, wherein the concentration of said 

ammoniwn hydroxide base i~ said developer .composition is from 

. about 0.2 to about 3.5 Normal. 

7. The method according to claim 1, wherein the concentration of said 

ammonium hydroXide base in said. developer composition is about 

0.261 Normal. 
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a The method according to daim 1, wherein said ammonium hydroxide 

base is selected from the group consisting of tetramethylammonium 

hydroxide, trim~ylethanolarnmonium hydroxide, tetra(2-

hydroxyethyt) •mmonium hydroxide and mbduree thereof. 

9. The methQd accan:ling to claim·&, wherein said ammonium hydroxide 

base is tetramethylammonium hydroxide. 

10. The method according~ claim 1, wherein said substrate includes a . .. . ' . . "• . . 

phenol-formaldehyde ,..sin and a dlazonaphthoquinone photoactlve 

compound. 

11. The method according to claim 1, wherein said fluorinated alkyl 

alkoxylate includes the moieties· 1, II and Ill wherein 

I is 

II is -{ar2CHP); 

and 11111 f-4 or t-i1-
and wherein n and m are the same or different and are integers from 

2 to 20, and R is hydrogen or a methyl, ethyl or propyl, or butyl alkyl 

group. 

12. The method. according. t9 claim 1, YIM.rein said fluorinated alkyl 

alkoxylate is of the Structural formula: 
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Wtaa·fft, Rt 8rid Rs are the .-8rne C>r d~ and n C1 - C10 alkyl 

groups and n and m .... integera frOm 2 to 20. 

13. · The method· according to daim ·· 12, wherein said fluorinated alkyl 

alko>Cyfate is of the formula: 

wherein n is an integerfrom.8bout 5 to about 15, preferably about 10. 

14. An aqueous base developer composition for use with positive 

phatoreslst comprising in coinbination aqueous ammonium hydroxide 

and a fluorinated alkyl alkoxylate surfactmit wherein said surfactant 

is present in an amount of from about 10 to about 30 ppm. 

15. The composition according to claim 14, wherein the concentration of 

said ammonium hydroxide base in said developer composition is from 

about 0.15 to about 0.5 Normal. 

16. The composition according to claim 15, wherein th• concentration of 

said ammonium hydroxide base in said developer composition is from 

about 0.2 to about 3.S Normal. 
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17. T1i8 oOmposition aceording to claim 16, wherein the concentration: "of . 

said ammonium hydroxide base in said developer composition is 

· about o.261 Normal. 

18. · : , The rriethoc:factacling ta claim 14; Wherein said ammonium hydroxide 

bale is seleded tram the group consisting af tetramethytammonium 

· hydroxide, . trimethylethanolammonium hydroxide, tetra(2-

.. hydroxyethyf) ammonium.hydroxide and mixtures ther.eof.· .. 
. .. ·. .: ·. . 

. . 

19. The method according to claim 18, Wherein said ammonium hydroxide 

base is tetramethyiammonium hydroxide. . 
' . 

20. The composition accon:iing to claim 14, whereitfsaid fluorinated alkyl 

alkoxylate includes the moieties I, n and_ Ill wherein 

. . . . . ' . . 

I is 

II is 

. ll 

and 111 is ·. ·· f-4 
··.. ··-::. 

i .... 

0 

··t-M 1· 
or 

11
--r 

.•• 0 

· .and'Wt:lerein n and m are the same or different and are integers from 

.2 lo .. 20~.:~ntf~ i!~ hydrogen or a methyl, ~thyl or propyl, or butyl alkyl 

gro~p. 


