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the low voltage circuitry is implemented with relatively thin gate oxide layers on the wafer substrate. Such thin

20 ~ gate oxide layers typically increase the speed of such circuit elements having relatively short gate lengths and

thin oxide layers typically provide increased operation speeds.
In addition, as process technologies evolve toward shorter and shorter gate lengths it is desirable to

reduce the thickness of the gate oxide layer even further in order to achieve greater operating speed. However,

some circuit elements contained on such integrated circuit devices may not be scalable.

25 Non-volatile memory devices, such as flash EEPROMs require the formation of flash memory cells

that include tunnel oxide layers on the wafer substrate. Such tunnel oxide layers may be thinner than high
voltage oxide layers on the wafer substrate. However, such tunnel oxide layers usually cannot be scaled down
In thickness in the same manner as low voliage oxide layers. Such flash memory cells, for example, typically

suffer from significant endurance and data retention problems if the tunnel oxide layers are too thin.

30 Therefore, non-volatile memory devices can usually benefit from the formation of differing oxide

35

~ thicknesses on the same wafer substrate. Transistors with rclatively thick select gate oxide layers can
accommodate high voltage program and erase operations while logic transistors with relatively thin gate oxide
layers can yield speed advantages as process technologies evolve toward smaller circuit element dimensions. In
addition, the thickness of tunnel oxide layers for flash memory cells can be scaled for reliability independent of
the gate dimensions and oxide thickness of the high and low voltage transistors.
One method of forming high quality multiple thickness oxide layers involves multiple masking and

oxide formation steps. For example, a first oxide layer. usually the thickest oxide layer, is initially grown on the
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DISCLOSURE OF INVENTION
30

A method of forming uniform oxide layers on a semiconductor substrate by reducing descum induced
defects is disclosed. The semiconductor substrate includes a wafer, an oxide layer on the wafer and a developed
photoresist mask on the oxide layer. In one embodiment, the semiconductor substrate is heated prior to
desc ine. . . . . . . .

umming. In an aiternative embodiment, the photoresist mask is cured prior 0 heating and descumming.

Other features and advantages of the present invention will be apparent from the detailed description of K
35 the invention.
BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

FIG. 1 is a photograph of the unwanted dark spots on a wafer substrate after ashing;

FIG. 2 is a partial cross-sectional view of an oxide layer formed on a wafer substrate:
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MODES FOR CARRYING OUT THE INVENTION

Referring to FIG. 2, first oxide layer 2, a select gate oxide layer, is formed to overlie the surface of

semiconductor substrate 4. Preferably, semiconductor substrate 4 is a single crystal silicon substrate.

Semiconductor substrate 4 has an upper surface 6 previously processed to remove debris and native oxides and a
25 bottom surface 7. Preferably, first oxide layer 2 is formed by thermally oxidizing surface 6 at an elevated
temperature in the presence of dry molecular oxygen. Preferably, the oxidation process is carried out at a
temperature of about 700 to about 1500°C. The oxidation process forms a silicon oxide layer prefcrably having
a thickness of about 50 to about 150 angstroms, and more preferably a thickness of about 100 angstroms. The
oxidation process can be carried out in a batch-type thermal oxidation furnace.
30 After forming the first oxide layer, the substrate is processed to remove any impurities, and a
photoresist layer 8 is formed 1o overlie the first oxide layer as illustrated in FIG. 3. Preferably, photoresist layer
8 is ultraviolet sensitive and is a positive resist. Selected portions of the photoresist layer 8 are then exposed
through a mask. The exposed photoresist is then developed and removed leaving a portion 10 of the oxide layer
exposed. The photoresist layer may be developed by methods generally known in the art including but not

35

limited to. immersion, spray and puddle techniques. FIG. 4 illustrates the exposed portion 10 of the oxide
layer 2. .

| After the photoresist is developed, the substrate is generally descummed using O, chemistries to
remove any undeveloped or residual photoresist. The wafer temperature during a conventional descum process
1s generally between 80-100°C. However, as previously discussed, dark spots or defects may occur on the oxide

40

layer 2 after the descum process. It.is believed that photo active compound left over from developing the
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ods that are well known in the art of sem:conductor fabrication can be used to

Q_

strip the remaining photoresist layer 8. Such methods include but are not limited to use of sulfuric acid and

oxidant solutions and conventional O, plasma stripping. A new oxide layer 14, a tunnel oxide layer, is then

grown over the first oxide laycr 2 and the wafer substrate 4 as shown in FIG. 7 to produce multiple thickness
30 oxide layers.

When heating the substrate, it is important not to over heat the substrate as overheating will cause the
layer of photoresist to begin to melt which will in turn create problems during subsequent processing steps. To
prevent the flow of the photoresist during some processes, the substrate may be subjected to an ultraviolet (UV)
curing process prior to heating. The UV cure process hardens the photoresist prior to heating step to ensure that

35 the photoresist profile is maintained. Any UV cure methods well known in the art of semiconductor fabrication
may be used to cure the photoresist. In a preferred UV cure process, the substrate is placed in an enclosed
treatment chamber under a UV source and heated for between 40 to 50 seconds. In particular, the substrate is
placed beneath a UV lamp, which is set at "low power", 1800-2200W and 100-110 mW/cm?, for 10 seconds.
The power of the UV lamp is then increased to "high power", 4400-4800W and 275 mW/cm?, and the substrate

40 remains under the UV lamp for an additional 35 seconds. While the wafer is beneath the UV lamp, the wafer is
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Bsher hoinga tethpart it bEBOCWALESubdiSre W\%ure@%?% i reﬁefrfre;[,depricﬁgs? ges%#.g trate has been

descugi®ie sed region of 20 oxide Paye Cohegins pped as
i |lustrat e'é’&Pﬁd ‘Egl%%%s.““ﬂcﬁghg&?“a%mrﬂav%?onﬁﬁyvitbéw beateH etelzeliyr 3ceandenTliepnal  wet

or dr §° ER Ristfso tetahe sehsieatariehd lokgaowontant viilh@hehtdicd SR, GARAEHO hd sﬁé}?&&%t I on.
Dry etstummed bodisind ihab s&addis Bfe U ST tch the osed region of the oxide
| ayer R;t;ggioggfmg(lxasrm et chi ng, 1on éﬁ%glC?'hdgﬁonsagg']%%?ﬁw@e’r‘g?P"érf fing. et

et ch net hods i nclude usi ng hydrofluoric acid. Preferably, a buffered oxide

2§tch of hydrofluoric acid, amonium fluoride and water is used to etch the
xposed region of the oxide | ayeEXAMPLAf® er the exposed region of the oxide

| ayer is elhah@diosel Bl MR resist 8.is stripped as shown in FIG
6. Bpﬁabinw{em&pagm%(ggaﬁgt el the? %g‘%age T ?élr{’b"imw'\“&? 2eREOVE A Bealst steni conduct or
ol

fabricatfon can d e5ubsERs i5 BV epred bydbeairafirmad protest dosceibid abovk. Bt pind.  SUCh
met hotisloeied apdiée baubm surfecerndithe bibstiate@ein téhadSAn e nSitlafslbd 6 A st?’i‘EL epin?Xi dant
i ppi € i ayer 14, a

’ t88 :1 ﬁ;jrﬂg:;l ll:g:%ﬂ' IS(%% }fl@ H%g&{éﬁéenr?%gglina&)ggct S8 hE Reated étagé. Qu%\sfgql?e)r(llly, tehe substrate is
s esc y ashing for 10 seconds under the following conditions: RF=1100 W; Pressure=1400 mT;
0,=3550 sccm.

EXAMPLE 4

In an enclosed treatment chamber, the substrate is placed on pins, which are above a heated stage

having a temperature of 270°C. The substrate is UV cured by the preferred process described above, and then

30 heated by a halogen Jamp at 800 W for 24 seconds. Subsequently, the substrate is descummed by ashing for 10

seconds under the following conditions: RF=1100 W; Pressure=1400 mT; 0.=3550 sccm.
The process described above may be repeated (o create additional oxide layers with various

thicknesses. For example, after growing the tunnel oxide layer 14, a floating gate16 is formed over oxide layers

2 and 14 as shown in FIG. 8. A photoresist layer 18 is then formed to overlie oxide layers 2 and 14 and gate

structure 16. As shown in FIG. 9, the photoresist layer 18 is exposed through a mask, and the exposed

35

photoresist is then developed leaving a portion 15 of oxide layers 2 and 14 exposed. After the resist is

developed, the photoresist is UV cured and heated before the substrate is descummed. Then, the exposed

5




grown over the first oxide layer 2 and the wafer substrate 4 as SUGVGEP| 2804
FIG 7 tqwgoﬂggge mul tiple thickness 30 oxide |ayers. Wen heating the
subst r at 1783 nportant not to over heat the substrate BSR4t i ng

Wi | | caus@n 13 oxilialyyess 2@hd plhﬂét&k@ﬂ'@ bndleR rBRGiRE ;Ih&ox@@t fs sWﬁybe@ Bwafiab dhoddtint UM N
createlaﬁqglggﬁm%tahggwm_Rg §P§ lg{ogf i ng. st eps. grexent }he fl ow of
t he photoresis 5 Sadeawer 2G, fhe pdiphrey! Faéet‘é‘dﬁﬁ’y grvisg Adfigkoessd to an
ul t r avidiffezant than\gyide bmrqmd pfiogrews opthé wrfack of Wdabibagee 4The UV cure process

har dens tne 016t 61 dREILH inaBeolRL LS hiERbi FRAUES eblidlng ARuchlle

p t oresj st grofl e i s maintal ned Y cure n the
of “BEORROEARRERA? 2 ERserducien dsyice than {illpprovides ehe pdyariagescset fgh 3bpist Olthoughdhe | n a

pr ef er rimenddy hasbeed dpsciited sl illistled Skl Sdidrait €ro sfeci MGREkive BmBYAINRAG lh@r@&dt i not

treat ndE R RE v ; ; nd heat ed f e
seconggmgfn par??capgﬁ&lﬁﬁgM°ﬁ§§1@5 %'|%hmgpﬁ%88%$%§%%%ﬁ’g.fwm ﬁﬁﬁmnhhlch
i s set thet varipyops 396 wedificationg o-be madpAYithou depa@iag i@ Vpoin e the iprend. Becrte:  The -

p OV\B I’ GiterddRo IiMudeanBinitie idvaR1dn hln%@%ﬁfsﬁ Ad mBEiERGROWEal withOR: sé&g %ea nd 275
bstr te 40 remai ns under the WV lanp for an additional 35

CHSEAERET  thgropg.

secondsP & A %ﬂﬁa?” herepfeneath the UV lanp, the wafer is O 8 SEP 2004
WO 01/ 71793 PCT/ US01/ 08824 on heated stage or plate. For the first 20
seconds of the UV cure process, the heated stage is at a tenperature of
110C. Then, for the last 25 seconds of the UV cure process, the tenperature
of the heated stage is raised from 110C to 1300C at a rate of 0.8 C sec.

If the tenperature of the heated stage is increased too quickly, the

photoresist may winkle, swell or bubble which will destroy the desired
. photoresist profile. The processes di scussed above are described in nore
detail in the exanples below. It should be wunderstood that that the

present invention is not deened limted to these specific exanples. EXAMPLE
| In an enclosed treatnent chanber, the substrate is placed on pins, which
are above a heated stage having a tenperature of 200'C. The pins are

| owered, and the bottom surface of the substrate is in contact wwth 10 the
heat ed stage for 3 seconds. The pins are then raised so that the substrate
is no longer in contact with the heated stage. Subsequently, the substrate
i s descummed by ashing for 2 seconds under the foll ow ng conditions:

RF=100 W Pressure= 1 200ml;, 2/ N2 Rati 0=2000/200 sccm EXAMPLE 2 In an
encl osed treatnent chanber, the substrate is placed on pins, which are
above a heated stage 15 having a tenperature of 2500C. The substrate is W
cured by the preferred process described above. The pins are | owered, and
- the bottom surface of the substrate is in contact with the heated stage for
3 seconds. The pins are then raised so that the substrate is no longer in
contact with the heated stage. Subsequently, the substrate is




descummed by ashing for 10 seconds under the follow ng conditions: g¥5epleth
W Pressure= 1 200ml;, 02/ N2 Ratio0=2000/200 sccm 20 EXAMPLE 3 In an

encl osed treatnent chanber, the substrate is placed on pins, which are
above a heated stage having a tenperature of 270" C. The substrate is W
cured by the preferred process descri be?i above. The pins are |owered and
the bottom surface of the substrate is in contact with the heated stage for
3 seconds. The pins are then raised so that the substrate is no |onger in
cont act wit%eat ed stage. Subsequently, the substrate is descunmed by
ashing for nds under the follow ng conditions: RF=1100 W
Pressure=1400 ml; O2=3550 sccm EXAMPLE 4 In an encl osed treatnent chanber,
the substrate is placed on pins, which are above a heated stage having a
t enper at ur el.of 2&0methathéor falivicating @ sinsiconductor sigudtyretonea spbgifase eamaprisingt es s

descri bed apove, and the 0 .heated,by .a hal ogen lLanp at, 800 for 24
Sooonts: doolGe enbstdtE by igeind M Goite o SERe 15 B iRl Bfondc onas
under 5t he f20d°0wb RGOCORRifFdnPD %6 5 Kcondls, 5@ sMstRtcapaipi®mg1400 nml; 0, =3550

sccm The process described above nay be repeated to create additional
oxi de layers wit® var#vakr (dhi cknesses. For exanple, after growi ng the

tunnel oxide Iay&a 171%3.{ Q‘@gt&}@?gﬁg’éﬁ%%&?ﬁ formed over oxide |layers 2

and 14 as shown F ayer 18 is then forned to overlie

oxide layers 2 a@) 14a aetlapetl @hotoresist batlki(8) ok Gaid Asstoiilanayen; FI G 9, the
photoresi st |layer 18 is exposed through a nask, and the exposed
photoresist is t¢Bn d@\)%%ﬁé@l%l@&?ﬁﬁ%lanﬂ&)tmdheﬁEStQKld(@)l%XFéQMers 2 and 14

exposgd. Af ?Qﬁz i i V, esist is U/ cured and
heat gg bef oIri%E e %@EF?@?SIg&feﬁ e@?gsﬁaﬁkgﬁéﬁmﬁg exposed 5 0 8 SEP 2004
WO 01/71793 PCT/ US01/ 08824 portion 15 of oxide layers 2 and 14 is etched
away and the remai ning photoresist is stripped anay as shown in FIG 10.

As illustrated in, Figyr 1, a third, oxide |ayer 20,.the peripheral. gate
oxi de | ayer? hav?%mgﬂ‘f’ﬁicgl‘ﬁe]s et P e A% i%@ﬂp%ry}ényﬁrﬁe%ﬂm i's
grown on th&e%ﬂﬁJtﬁ@éa%rPf)inX"ﬁ{a?Extéh@t?fﬁ&fg%eanﬂ-abg‘gér-‘tﬁ]g Sb ﬁe?lo%?in@%‘ens_u@bt?&é osed

in accordance with the invention a process abricating nultiple 5

uni f or m oxi oo ltheymwriace o keasthrivederdanst lofting e substtataaboivalthesupfacsi des t he
advant ages set forth above. Al though the invention has been described and
il uiﬁrated with reference to specific illustrative enbodi nents thereof, it
isn intended that the invention be Iimted to those illustrative

enbodi ments. Those skilled in the art will recognize

3. The method of claim 1, wherein after heating the temperature of the substrate
is from 100°C to 140°C.

4. ©  The method of claim 1, wherein after heating the temperature of the substrate
20 is 130°C.

5. The method of claim 1, wherein the descummed substrate is prepared by an O,
0,/N3, Oo/N; — H; or O,/He/Ar ashing process.

25 6. The method of claim 1, further comprising etching the first oxide layer (2).




that variations and nodifications can be nade wi thout departing fregseheo
spirit of the invention. It is therefore intended to include within the
invention all such variations and nodifications that fall within the scope
of the 10 appended clains and equival ents thereof. 0 8 SEP 2004 7 CLAI M5
1. A nethod for fabricating a sem condugtor structure on a substrate
conprising: heating a substrate by placing the substrate on a surface
havi ng a tepper re fro 5 200C tg 270C for from?2 to econds, said
substrat e cgpnpr?iﬁwe%%n of, e, ppreiy fhe #lohing > S dled gert ¢ Z°%h the
wafer; (c) gmRusl eﬂgﬁgsmemhgﬁbﬁ hiﬁﬁ%'@t&hﬁ)g, RAcHR iOn bichit 2AY mg&ohaw ; (d)
at | east one exposed region (10) on the first oxide layer; an 10
descunmi ng adiébasepetcbibgr egi on (10) of the first oxide |ayer. 2. The nethod
claim1l1, wherein heating the substrate is further conprises placing the
substrate on pins that extend through and above the surface; |owering the
substrate onto the surface to heat the wafer; and lifting the substrate
above the surface. 15 3. The nmethod of claim1l, wherein after heating the
tenpegat ur eg.of tTi methsd bAtleim 6sfuttherach@isineGtrippe thé phdidgesiieindgd(pf claim
1, wherein after heating the tenperature of the substrate 20 is 130C 5.
The nmethod of claim1l, wherein the descummed substrate is prepared by an
02, 02/N2, 2/N2 - H2 or 02/ Hel/ Ar ashing process. 25 6. The nethod of
claim1l, further conprising etching the first oxide layer (2). 0 8 SEP 2004
8 7. The hod i i -chi I: Esddeski gr oup
consi st ngE%f pl g%n%%%?ﬁ?ﬁ?%%%%F?ﬁg}lgl?%%g)r%},ﬁgrﬁgsgct| v%ﬂelt%%%ltdgﬁ)l ng and
hydr of | uor i en thasilbbtistesed et chi ng.

10 10.  In amethod of fabricating a semiconductor structure, including growing a first
oxide layer (2) on a semiconductor substrate, depositing a layer of photoresist (8) over
the fist oxide layer (2), exposing and developing the photoresist layer (8), descumming
the substrate to remove any photoresist residue, etching the first oxide layer (2)
stripping the remaining photoresist and growing a second oxide layer (14) the

15 improvement comprising:

heating the substrate before descumming by placing the substrate on a heated

surface having a temperature from 200°C to 270°C for from 2 to 5 seconds.

11. A method of fabricating a semiconductor substrate comprising:
20 heating a substrate by placing the substrate on a surface having a temperature
from 200°C to 270°C for from 2 to 5 seconds, said substrate comprising:
(a) a wafer (4);
(b)  afirst patterned oxide layer on the wafer;
(©) a second oxide layer (14) on the first oxide layer (2);
25 (d) a developed photoresist mask (8) on said second oxide layer (14);
and
(e) at least one exposed region on the second oxide layer (14);
descumming the substrate;
etching said at least one exposed region of the second oxide layer;

30 stripping the photoresist; and




5 8. The nethod of claim®6, further conprising stripping the photorgsépt 2004
mask (8). 9. The nethod of claim@8, further conprising growing a second

oxi de layer (14) on the substrate. 10 10. In a nethod of fabricating a
sem conductor structure, including growing a first oxide layer (2) on a
sem conductor substrate, depositing a Iﬁyer of photoresist (8) over the
fist oxide |ayer (2), exposing and devefoping the photoresist |ayer (8),
descunm ng the substrate to renpve_any photoresist residue, etching the
first oxide | ayefoping atiirq lgenef expde Pl SHOMEBhot or esi st and growi ng a
second oxide layer (14) the 15 inprovenent conprising: heating the
substrate before descunm ng by placing the substrate on a heated surface
having a tefher aAuigthdd MBR€ng @ sénitondwstor substaZe domprisggeonds. 11. A

nmet hod of fabricating a sem conductor_ substrate conprising: 20 heating a
substrate by pl ak4aHBe ersubsiiasby nlasingrihe sehsirmigcn ma{;?a@g havipg gempeaiee  f r om
200C to 270 3 o S, j.d pLi.sing: (a) a

waf ers(4) ; %%%%)Ofdli?({s?’?opg? P Ig];rc?fglgﬂg%is 8§ asysea?djgo{%rs{r%é&\)/\lg?{eﬂrﬁ?é'( c) a second

oxi de layer (14)(adn tdheafek (9} oxide layer (2); 25 (d) a devel oped
phot or esi st mask 88) on said second oxide |layer (14); and (e) at |east one
exposed regi on of®)t helissbeddellagsi @eon thesvafer4) :  descunmi ng t he substrate;

ctripping the prSdor cbHEr ARGHE lrERRG Rl M B RF T s R T ver
oxi de on the substrat@%;&@. A nmet hod of fabricating a sem conduct or

substrate conpri sing: eat i ng a substrate by placing the substrate on a

surfd@e having aldenpadeastiore exposedragdaodf the oxikedayesr from 2 to 5 seconds,

Sa1 0 SUDSt 1 g1 £, SOREESE B vl lBhSlr ddbiial el 151 01 01 aver (2 on

13.  The method of claim 12, wherein the photoresist mask (8) is cured by placing
the substrate on a heated stage under a UV lamp for from 40-50 seconds.

15
14, The method of claim 12, wherein after heating the temperature of the substrate
is from 100°C to 140°C.
15..  The method of claim 12, wherein after heating the temperature of the substrate
20 is 130°C.

16.  The method of claim 12, wherein the descummed substrate is prepared by an
02, 02/N3, O2/N; — H, or O,/He/Ar ashing process.

25 17.  The method of claim 12, further comprising etching the oxide layer.



(c) a devel oped and cured photoresist mask (8) on said first oxide ggysge 2004
(2); and 10 (d) at |east one exposed region of the oxide layer; and
descunm ng the exposed region of the oxide |layer. 13. The nethod of claim
12, wherein the photoresist nmask (8) is cured by placing the substrate on
a heated stage under a WV lanp for from 40-50 seconds. 15 14. The net hod of
claim12, wherein after heating the tegyerature of the substrate is from
100C to 14OC 15. The nmethod of claim 12, wherein after heating the

t enper at ur eldf  t hbe sumbed af @131121017,3‘7\’11!@@@ thesetcling igeselestedofrom) Giergropn

wherein the / H2 or
@/ Hel Ar ashi n%ﬁgm gl aﬁﬂgg%ﬁi%% Hprjgte%gh%g%?y elog%gzm%}aﬁ? %gyrgr%crl si ng
et chi ng t head& bakedleahtig. 0 8 S E P 2004 10 18. The nethod of claim 17,
wherein the etching is selected fromthe group consisting of plasm
etching, ion milling etching, reactive ion etching and hydrofluoric acid
based etching. 19. The nethod of claim 17, further conprising stripping the
photoresi st mask (8). 20. The method of clai m 19, further conpri si ng

growi g a segond ) n the substr.at.e of
Pobr | 8t fng n et Berp ot Y Saim 12 reniB: b e iRo Rl e e S B9
structure by the nethod conprising: steps for heating a substrate, said

"substrate conprising: (a) a wafer (4); (b) a first oxide layer (2) on the
wafer; 15 (c) a devel oped and cured photoresist mask (8) on said first

oxi de | ayer, |, eas xposed region (10) on the firs
| ayer: and 2Q:Iesc mna@oﬁ %ﬂé}ﬂd? FERPIESIE ngWQ%SqCPP‘%PXIGSZi"dSI%léQ/er
and for m ngohe@LiBGiafoNi ¢ device conprising said sem conductor structure.

10 21. A method of fabricating an electronic device comprising:
making a semiconductor structure by the method comprising:
steps for heating a substrate, said substrate comprising:
(a) a wafer (4);
(b) a 'ﬁrst oxide layer (2) on the wafer;
15 (¢)  adeveloped and cured photoresist mask (8) on said first oxide layer;
(d)  atleast one exposed region (10) on the first oxide layer; and
descumming the exposed region (10) of the first oxide layer; and

forming an electronic device comprising said semiconductor structure.




