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OF PHOTORESIST ON WAFERS
BACKGROUND OF THE INVENTION
This invention relates generally to processes for
fabricating integrated circuits, and more particularly
to a technique that can be used in such processes to
facilitate appiication of photoresist to a wafer

without mottling preparatorygﬁo a masking and
patterning procedure.

Conventional integrated circuit fabrication

. Pprocesses use one or more photolithographic steps to

define patterns on the surface of a silicon wafer or

These patterns are used in
subsequent steps to form a wide variety of features

which, together, form the active devices and

"ifiterconnecting circuitry of an integrated circuit.

As

shown in FIG. 1, the substrate is ordinarily a

semicircular wafer. A checkerboard pattern of square

or”rectangulai dice is formed by scribe lines, along
which the dice can be separated once the processing

steps that are performed on the wafer have been
completed.

Conventional photolithography comprises a number
First, the substrate is placed on

Then, the top substrate surface, upon

is cleaned
The solvent may include

. an appropriate bonding agent to assist in adhering a

layer of photoresist, to be applied subsequently, to

the substrate surface. Next, the turntable is operated

to spin the wafer as indicated by the arrow in FIG. 1.

This operation spins of £ the excess solvent and,

conventionally, is continued until the substrate

surface appears dry. Then the turntable is turned off.

After the wafer ceases spinning, a predetermined )
quantity of liquid photoresist solution is dispensed
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1
i~tnd&e 1 These patterns are used in subsequent steps to forma wi de variety
@of features which, together, formthe active devices -and i nt erconnecting
f-i:buigry_of an inte- grated circuit. As shown in FIG 1, the substrate is
t- narily a semicircular wafer. A checkerboard pattern of square or
-angul ar .dice is fornmed by scribe lines, along which the dice can be
arated once the process- ing steps thdt are performed on the wafer have
i ¢ conpl eted. Conventional photolithography conprises a nunber of
Ml - knovvn st epBtoFthet taphsuhiimats surfateacedm turntable is again

operated to spin the wafer and thereby spread the
liquid photores1st.over the substrate surface.

~Once
the photoresist layer is dried, it is selectively

exposed, using either a mask or direct writing
technique, to .pattern each die in accordance with the

desired configuration of one layer of the overall
integrated circuit design layout.

wm

Subsequent steps,
such as etching, doping, oxidation and various

deposition steps, are performed using this and
subsequently formed and patterned photoresist layers.
‘Many different factors can adversely affect the
quality, uniformity and reliability of photolitho-
graphic techniques as used in state-of-the-art
integrated circuit fabrication processes. These

10

15

factors include the materials, techniques and

conditions of application of the photoresist layer.
Ideally, the resultant photoresist layer will be of
such a gquality that will enable accurate photo-

20 reproduction of all of the microscopic details of the
mask, first, in the photoresist layer and, second, in

the physical circuit features that are to be formed
.using this layer.

All of the physical, chemical and environmental
factors need to be controlled carefully. Otherwise, a
patterning step can fail, as to a wafer or an entire

25

batch of wafers, or as to some proportion of the

individual dice, dependent on the stétistical effects

of the fault-causing factor. Sometimes, individual

factors alone may not be sufficient to cause problems
but, in combination, will adversely affect the
qualities of the photoresist layer and, ultimately, the
quality of the resultant circuit structures.

The particular problem addressed by the present
“invention is to avoid mottling.

30
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Mottling is a defect
in the distribution of a photoresist layer on a wafer
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bie. Then, the top substrate surface, upon which the circuit features

0 be:forned is cleaned by a vol- atile liquid solvent. The sol vent

“ncl ude an appropri- ate bonding agent to assist in adhering a |ayer of
‘oresist, to be appl i ed subsequently, to the substrate sur- face. i
t he turntable is operated to spn the wafer as indicated by the arrow 3
G 1. This operation spins of f the excess sol vent and, conventional Iy,

nti nued plRdilont BoriiHd Y S Wikerdtpcaisedly. afbefot "Soddeqiable |s
off. After er

ceases spl nni ng, predet er- m ned qFantlty of
phot @Feﬁlét: o3 tﬂq%r%ﬂ%detﬂ"@d‘éﬂshédcoated by photoresist.

factors that lead to mottling are not well understood.
Mottling seems to occur most commonly in photoresist

5 layers that are applied over steep or underdut
tOpographies,'sugh as over—etched circuit layers, and
on wafers in which the dies are rectangular rather than
square. The affinity of a photoresist material for the
exposed surface materials of the substrate is a factor.

- 10 Silicon is phobic to many photoresist compositions,

which is ‘why bondlng agents are used, although not with

sure success. Another factor is the structure of the

circuit itself. High density circuits, those having a

high density of structural features formed on the top

15 surface of the substrate, are more prone to problems

than low density circuits.

Some levels of a given fabrication process are

likely to be more sensitive than others. For example,

applicant has worked extensively with Hewlett Packard's

20 CMOSC process. Mottling problems have often occurred

at the lateral channel stop (LCS) level. At this
intermediate level, the surface structure includes
substantial bare silicon and an etched nitride layer
which presents an undercut lip to the-photoresist. The
25 occurrence of mottling was widely variable, and highly
sensitive to minor changes of conditions or

combinations of conditions. When all conditions were

apparently optimal, mottling would affect as few a 1%
of dice. When some conditions deteriorated, mottling
would increase and commonly affect 30% of the dice, and
on occasion entire lots of wafer have had to be
reworked.

Prior attempts to discern and control the source
of mottling have met with little success. One'approach
has been to simply flood the wafer surface with

photoresist, using two or more times the usual amount

3s
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bntto t.he top substrate surface. The turntable is again op- erated to spin

: he waf er and thereby spread the |iquid photoresist over the substrate

kgL face. Once the pho- toresist layer is dried, it is selectlvely exposed,

&% nNg ei- ther a mask or direct witing technique, to pattern each 2 die

ccordance with the desired configugation of one Iayer of the overal
grated circuit design |ayout. Sub-

of liquid photoresist. This met with little success

and is wasteful of photoresist. It is also susceptible

to problems, such as filter clogging, that affect the

accurate metering of higher vclumes of photoresist. It
5 is also poseible to allow the photoéresist to stand on

the substrate surface for an extended period of time

before spinning'off the excess, to giVe the photoresist

time to fully wet the substrate surface. ' This approach
can result in radially uneven distribution of the

10 photoresist layer. Radially uneven photoresist
distribution can interfere with close contact between
the mask and the photoresist surface over the entire
wafer, and uneven exposure of the photoresist layer,

&= resulting in blurring of exposed boundaries in many

& 15 dice. |

h Accordingly, a need remains for a technique for

7 more reliably applying photoresist to wafers without

:EV ) mottling. '

SUMMARY OF THE INVENTION

20 One object of the invention ie to improve the
application of photoresist to a top surface of a
substrate in the fabrication of integrated circuits.

A second object is to improve the yield and
consistency of yield of operative dice, particularly of

25

those containing high density circuitry, circuit
structures with substantial variations in topography,
or resist phobic exposed surface materials.
A particular object of the invention is to reduce,
and preferably eliminate, mottling in the application
of photoresist layers to substrates as aforesaid.
An additional object is to reduce the sensitivity
of successful photoresist application to minor changes
in conditions. ' _

The invention is an improvement in existing
techniques for applying photoresist to integrated
circuit wafer surfaces, which substantially reduces,

_—_—-._'—_’-’—_——.—‘__‘v—
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4ps such as etChing, dopi ng, oxidation and various deposition
‘perfornmed using this and subsequently formed and patterned

. layers. Many different factors can adversely affect the qual -
ity and reliability of photolithographic tech- niques as used
he-art integrated circuit fab- rication processes. These

ude the materials, technigues and conditions of application of

- sist layer. ldeally, the resultant photoresist |layer will be
'g@&l&%&t@* mi‘uaa@%e ﬁ&%&%@ RRACEALSREQL18UC birBReQE @l I Of
Ic detai he mask

steps and 1ntegrated clrcult deszgns where mottling
would otherwise occur. Briefly, the improved technique
calls for dispensing the liquid photoresist onto the
top surface of'the substrate while it is still wet with
cleaning solvent.”, Preférably, this is done while the
substrate is still spinning in connection with
distribution of the cleaning solvent. _ _

More particularly, in a preferred embodiment, the
method comprises positioning the wafér on a horizontal
turntable with the top surface facing upward;
discharging a liquid solvent onto a central area of the
top surface; spinning the wafer to distribute a film of
the-solvent to a substantially uniform thickness over
the entire top surface of the wafer; discharging a
liquid photoresist onto the central area of the top
surface of the wafer over the solvent film; and
spinning the wafer to distribute the photoresist over
the entire top surface of the wafer. The discharge of
photoresist is controlled so that the top surface of
the wafer remains entirely wetted by the solvent film
during discharge and distribution of the liquid
photoresist. The wafer may have an intermediate
electronic circuit pattern formed thereon, which
includes bare silicon surfaces, high density circuit'
features or undercut circuit features. The solvent
used should have a viscosity less than the viscosity of
the liquid photoresist and the solvent film should have
sufficient fluid thickness to cause the photoresist to
fully cover said bare silicon, high density or undercut
circuit features. The solvent film should have a
thickness of at least 100 Angstroms when application of
the photoresist is commenced, and preferably has a
thickness in a range of S00 to 10,000 Angstroms when
application of the photoresist is commenced.

The foregoing and other objects, features and
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¢ the photoresist layer and, second, in the physical cir- cuit features
«aat are to be fornmed using this layer. Al of the physical, chem cal and
: Vironnen;al fac- tors need to be controlled carefully. Gtherw se, a
te€rn- ing step can fail, as to a water or an._entire batch of wa- fers,
as to some proportion of the individual dice, de- pendent on the
stical effects of the fault-causin§ fac- tor. Sonetines, individual
ors alone may not be suf- ficient to cause problens but, in

nation, a@bvhntdgeseictelthedfiheen tioh guill thexsomd mdwe preddilysi st | ayer
ul ti mat el ¥ ab B8 e IY3ldel %er €15 ity (A a £l L& Uhds SELHELSH Shicn
proceeds with reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWING
5 ' FIG. 1 is a top plan view of a silicon wafer,
schematically showing dice inscribed in the substrate

surface and mottling in a layer of photoresist applied
over the substrate surface.

Pt

e

FIG. 2 is an enlarged cross-sectional view taken
10 along lines 2-2 in FIG. 1, showiﬁg an exposed silicon
surface, an undercut nitride layer, and a boundary
between the layer of photoresist and a mottled region.
FIGS. 3 and 4 are cross-sectional views similar to
FIG. 2, showing application of a film of liquid solvent
1s to wet the substrate surface followed by application of
a layer of liquid photoresist over the liquid solvent
£film in accordance with the invention.
FIG. S is a time-=based graph of the technique of
the present invention for discharging and spreading
20 liquid photoresist on the substrate surface while the
surface is still wet with solvent. |
DETAILED DESCRIPTION _
Referring to FIG. l, a typical form of substrate
is a silicon wafer 10, although the invention is
25 applicable to other substrate materials. The substrate
has scribe lines 12 which define square or rectangular
dice, such as die 14 and die 18. When photoresist is
applied in accordance with conventional procedures,
mottling of the photoresist layer may result, as
30 discussed above, leaving regions that are not
adequately covered by photcresist. Thése regions are
indicat=d in FIG. 1 by photoresist boundaries 16.
Absent mottling, die 14 will be adequately covered with
photoresist and can be appropriately patterned to make
3s an operative integrated circuit. Die 18, on the other
hand, has a portion that is not covered by photoresist

-
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sartlcular probl em addressed by the present in- vention is to avoid
Ny, Mttling is a defect in the distribution of a photoresist |ayer
af er in which por- tions of a substrate surface are not coated at
are inadequately coated by photoresist. The factors that lead to
:ng are not well understood. Mfttling seenms to occur nobst commonly in
‘esi st layers that are ap- plied over steep or undercut topographies,

OV @ineh! ARG (MG e PELOBriBECES Eoriitoieifie dies are
ul ar_ rat her t han square. |n|t¥ a photoresist material for
poseé%ﬁﬁ‘?‘ﬁ% thaterage sc:bzftlcal to making the device
operative. The mottling features tend to display
characteristics that a:é influenced by the spinning of
the wafer to spread photoresist, such as a radial
orientation, and'pharacteristics of the dice as laid
out on the wafer,- such as boundaries along scribed
lines, areas of bare silicon or high density circuit
features, which are typically rectilinear in shape.

FIG. 2 shows the wafer 10 with-a substrate surface

22 and scribe line 12 inscribed in the bare silicon

surface 22 between dice 14, 18. For purposes of

illustration, a good die 14 is shown alongside a

defective die 18. Both dice have an earlier formed

circuit feature 24, which could be, for example, a
layer of nitride that has been patterned in a prior
processing step, such as the lateral channel stop (LCS)
level mentioned above. Layer'24 is shown with an
undercut perimeter 28. Following conventional
photoresist application procedures, a guantity of
liguid solvent containing a bonding agent has been
applied and spun off until apparently dry. In the
example mentioned above, the liquid composition was
ethylene glycol monoethyl ether acetate, also known as
cellusolve acetate or EGMEA (CH 3CO0CH,,CH,0C H ) as the

2
solvent, and 30% hexamethy1d1s11azane, or HMDS

(CSHISSizN)' as the bonding agent (and which is also a

solvent for photoresist). Spinoff leaves a thin
residual film 26 of bonding agent and solvent on the
exposed surfaces of the substrate and structures 24.
The surface visually appears dry, meaning that the film
26 has thickness less than S00 Angstroms. The solvent
and bonding agent are vclatile, but bond to some extent
with the substrate surface, so the resultant layer 26
may actually be as thin as a monolayer or a few
molecular layers, probably under 50 Angstroms and very

“ This Sheet Has Been IITlaced
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jJhe substrate is a factor. Silicon is phobic to many pho- toresi st
posi ti,ons, which is why bonding agents are used, although not with.sure
ess. Another factor is the structure of the circuit itself. High

ty circuits, those having a high density of structural features forned

e top surface of the substrate, aregnore prone to problens than | ow
ty circuits.

likely under 100 Angstroms thick.

The conventionally-applied photore51st layer is
-shown terminating in a boundary 16 which, for

illustrative purposes, is located at scribe line 12 on

5 the bare silicon surface. This boundary can occur at

locations othq; than scribe lines, for example, along
device feature§, such as undercut 28 in layer 24. The
photoresist boundary is shown with a bulbous shape in
FIG. 2 because liquid photoresist has a high viscosity
10 and surface tension. Although mottling may take a
number of different forms that vary from what is shown
in FIG. 2, this form and other forms are effectively
curtailed by the invention, as next described.

FIG. 3 shows a wafer having the same initial

15 conformation as that of FIG. 2, namely a substrate 10

surface 22 and deposited and
etched lavyer structures 24 in each die.

of the technigue of the

with scribe lines 12 in

The first step
invention is to apply a £ilm 30
of liquid solvent (such as EGMEA with HMDS) over the
entire substrate surface and to distribute the solvent:
approximately uniformly through a predetermined range
‘of thickness indicated by reference numeral 32, This

20

‘'range of thickness can vary but must be sufficient to

wet the substrate surface with liquid solvent.

25 FIG. 5 is a graph illustrating the technique of

the invention along a time line. The sequence

commences with the discharge of solvent onto the

surface of the substrate. The solvent accumulates on

the substrate to an initial thickness shown along the

vertical axis. Next, the turntable is operated to spin

off excess solvent. This procedure reduces the
thickness of the solvent, as indicated by the
descending portion of the curve in FIG. 5. If the
wafer were spun until the

solvent appeared completely
dried,

as in the prior art, the solvent thickness would
ultimate.yvy reduce to the thickness of the residual

I
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e | evels of a glven fabrication process are likely to be nore sensitive
n ofhers For exanple, applicant has worked extensively with Hew ett
kar d' s CMOSC process., Mottling problens have often occurred at the

eral channel stop (LCS) level. At this internediate lev- el, 3

t he surface
cture includes substantial bare silicon and an etched nltrlde | ayer

h presents an undercut lip to t heSphot or esi st. The occurrence of

and highly sensitive to m nor changes of z
iti ons bonddmy dsyemns auf doutdiatedsat ke £4fr chght din iREG. v&f e !

:rehtly %BE'HQ’sﬂgﬁﬁ'Aé“hé%&#‘bé”iﬁcﬁxé§ . This is not

allowed to happen in the present invention.

e s

Referring to FIG. 4, a predetermined qﬁantity of
5 liquid photoresist solution 36 is dispensed onto the
wafer, while it is still spinning from the step of FIG.
3, over the'liqu{d solvent film 30. The liquid
photoresist solution is immediately spread, as it is

being discharged, over the entire surface of the wafer.

10 As shown in FIG. 5, this is done at a time when the

1iquid.solvent still has a measurable fluid thickness,
well before it has dried down to just a residual
bonding layer of 100 Angstroms or less.

Discharging and spreading the liquid photoresist

15 while the substrate surface remains wet with a fluid

£ilm of solvent facilitates distribution of the

. photoresist over the entire surface of the wafer, over

bare silicon surface areas, scribe lines and etched
layers deposited on the substrate surface, including

. 20 those with undercut boundaries. Incidence of mottling,

even at heretofore highly sensitive levels of
fabrication, is reduced to nil. Sensitivity of

successful photoresist application to minor variations

in multiple conditions is greatly reduced.
While the precise mechanisms are not fully
understood, it is believed that the liquid solvent film

30. facilitates spreading the photoresist solution 36 in

several ways. First, the fluid solvent, apparently

more philic to silicon than liquid photoresist,

effectively pre-wets the substrate and device feature

surfaces. This enables the photoresist more readily to

come into intimate contact with sﬁch-surfaces. Second,
the photoresist solution already contains some
proportion of the solvent, and is readily miscible with
it. The solvent film 30 may locally dilute the

photoresist solution at the interface between the
—_—_——’__’_-’_——_‘__——-—.-—_‘ .
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% of dice. \Wen sone conditions deteriorated, nottling would

e.and comonly affect 30% of the dice, and on .occasion entire lots

¥ ‘have had to be reworked. Prior attenpts to discern and control the

eof nottling have nmet with little success. One approach has been to
ood the wafer surface with phobﬂfesist, using two or nore tines

anmount of |iquid pho- toresist:” This met with li'ttle success and

ful of photoresist. |t is also suscegtlble to problens such as
: ogglm&OQQRﬁ5%§$e%?lﬁFkP%C@®¢aE%en% guidgfiimp; fheredby

reducing the viscosity of the photoresist at such
interface. This dilution, and possibly an active
solution-type interaction, may also facilitate the
5 migration of photoresist into undercut areas. The
liquid solvent- £film may also reduce the overall surface
tension of thelliquid photoresist layer. _
Regardless of the precise mechanism or combination
of mechanisms, the technique of the present invention
10. reliably and uniformly coats substrates with
- photoresist, even in high density and high topography
circuit designs that are paréicularly prone to
- mottling. It does this without flooding the wafer
surface with liquid photoresist. Conventional

gquantities of photoresist can be used with virtually
100% reliability.

15

As mentioned above, a predetermined measurable
amount of liguid solvent must be left on the substrate
surface when the liquid photoresist is discharged.
Simply put, the substrate surface must be wet with

fluid solvent, not apparently dry, though an excess of
solvent is not desirable. A suitable amount, or

20

thickness, of solvent film may be determined a number

of different ways. One is empirically, by testing

25 different time intervals, If too much solution
remains, the photoresist may not consistently coat the
substrate surface, affecting repeatability. If too
little remains, mottling will begin to occur. Another
is visually: When first dispensed onto a stationary

30 wafer, the solvent appears colorless and transparent.
During spinoff. as the thickness of the liquid film
approaches the wavelength of light (beginning at about
15,000 Angstroms thickness), under visible light
(center wavelength about 5,500 Angstroms, bandwidth
about 2,000 Angstroms) interference colors will appear

{alternating between red and grecen shades). While

This Sheet ]rliiiIBeenllleﬂlaced
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4imes of photoresist. It is also possible to allow the photoresist to
d on.the substrate surface for an ex- tended period of tinme before
nlng of f the excess,
ate sur- face.
bn of the photoresist layer. Radidt
dbution can interfere with close contact between

to give the photoresist tine to fully wet the
ThIS approach can_result in radially uneven distri-
| y uneven phot ore- 4 si st
these colors are still apparent, the photoresist is
dispensed. If the photoresist were not dispensed

during this time interval and spinoff were continued in
conventional manner, the interference colors would
disappear (at about 500 Angstroms f£film thickness) and

the wafer surface would soon turn silver or grey,
proceeding from the perimeter toward the center of the
wafer. Experimentaily, mottling was found to begin to

~appear at this stage.

EXAMPLE

Following is an implementation of the invention
for applyiﬂg photoresist in the lateral channel stop
level of the Hewlett Packard CMOSC process. With
little or no chahge,_it'can be applied to any level in
any fabrication process on silicon, although it may
only be needed at one level. 1Its principles can be
readily extended to other materials, such as Gaas.
This implementation is preferably computer-controlled
for consistency, but has been successfully executed
manually. .

1. Position wafer on-—-axis in chuck (turntable).
Conventional solvent and photoresist dispensers are
positioned centrally over the chuck.

2. Turn on liquid solvent dispenser to discharge
solvent (EGMEA with 30% HMDS; viscosity: 0.5-5.0
centistokes). |

3. Wait ‘2 seconds, then turn off solvent,

discharging about 3.5 milliliters of soclvent onto wafer

top surface,

4. Wait 5 seconds.

S. Spiﬁ wafer at 4000 r.p.m. for 2.6 seconds,
which spins off the majority of the solvent.

6. Slow the chuck to 500 r.p.m. and wait 1
second. At'this'stage, the solvent film thickness
shows interference colors consistént'with a thickness
in the range of 1,000 to 5,000 Angstroms.

Sheet Has Been Replaced
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xmask and the photoresist surface over the entire wa- fer, and uneven
ure of the photoresi-st layer, result- ing in blfurring of exposed
ri‘tes in many dice. Patent Abstracts of Japan vol. 2. no. 68 (E-78)
14th May 1978 and JP- A-53033115 descri bes a photoresist coating
designed to |l essen the dif- ference in coating thickness between a
| portion and a circunference ponki on of a substrate. According to

thod, the diluent of a photoresist fluid is dropped on the surface of
bstrate pri t o (0

9. spQI(fécllf‘e dfst ShfdpMsd P URSLERL fge THE
t is centrlfugally relea
liquid photoresist (Shipley MICROPOSIT 1400-27,

containing. 62% EGMEA, 6% n-butyl acetate, 6% Xylene;

_ viscqsiﬁy: 17.5~17.9 centistokes) onto wafer atop the
5  liquid solvent £film,
- 8.

Wait "5 seconds while continuing to spin wafer
at 500 r.p.m. to spread photoresist over wafer surface.

9. Turn off photoresist dispenser. This
discharges about 3.5 milliliters of photoresist.
10 lo.

Spin wafer at 3400 r.p.m. for 12 seconds.

11. Turn off chuck. .This leaves a photoresist
layer of about 14,000 Angstroms thickness. ‘

12. The wafer is released from the chuck and
transferred to an oven for baking the photoresist layer
© 15 in conventional manner.

RHaving illustrated and described the principles of
the invention in a preferred embodiment, it should be
apparent to those skilled in the art that the invention
may be modified in arraﬁgement and detail without
departing from such principles. I/we claim all

modifications and variations coming within the scope
and spirit of the following claims.

o
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rotation of the substrate, and a proper anount of The diluent is left on
B¢ circunference.- Subsequently, the resist fluid is digpHre HasBihRepated ace
t he substrate, and an excess of this is released lik on
zcdilution | evel of the resist on the circunference |§DI[I§MI]UE hat
#.he centre, with the result that esi st |layer havi film

ckness is also fornmed on the circuiiterence. Patent Abstracts of Japan

10, no. 266 (P-496) (2322), 11t] Seﬁ)genber 1986 and JP- A-61091655 de-
bes a nmethod of coating photbre£' I ccording to the

1. In an integrated circuit fabrication process,
e a method for uniformly applying photoresist to a top.
"%; surface (22, 24) of a wafer (10), the method

5 . comprising: '

spreading a.ligquid solvent substantially uniformly
over the wafer surface to form a liquid solvent film
(30); |

applying a liquid photoresist to the wafer

10 surface; and ' :
spreading the photoresist over the solvent £ilm

while a thickness of liquid solvent remains on the

wafer surface sufficient to wet the wafer surface such

that the photoresist is distributed in a layer (36)

is over the entire surface of the wafer.

2. A -method according to claim 1 including
spinning the wafer to spread the ligquid solvent thereon
and continuing to spin the wafer during discharge of
the photoresist.

20 3. A method according to claim 2 in which the
liquid photoresist is applied while the liquid solvent
film has a thickness sufficient to display interference
colors under visible light.

4. A method according to claim 2 in which the

& 25 1iguid solvent is applied while the wafer is static and

- allowed to stand for a first time interval, the wafer

is next'spun at a first rate of rotation for a second

time interval and then spun at a reduced, second rate
of rotation for a third time interval, and the liquid
photoresist.discharge is commenced at the end of the
third time interval while the wafer continues to rotate
at said second rate of rotation.

5. A method according to claim 4 in which
discharge of the liquid photoresist is stopped after a
3 3s fourth time interval following commencement thereof anad

the wafer is spun at an increased, third rate of

* c L M s * .

o ppatre At RN
R O




2 ke sl 5T, S P R e AL IRERS S e

A 4 R T

EBSi St .

10

15

20

25

30

35

fhod, npst of the striation phenonena that acconpa*'wvﬁﬁﬁﬂiﬁﬁﬁ77;rzg the
.oresi st can be prevented by coating the substraI §¢htﬁys

hot or esi st, such as' acetone, and after that,

_ coa pho-
Patent Abstracts of Japan vol. 9, no. 127 (P ‘

985 and JP- A-60010248 descri bes a resist coating hat
t film having sta-

d conprises form ng an atnosphere of
5trate,

1st

forns a
ble resist sensiX4vity and unlforn1th|ckness. The

resi st solvent va- pour near the

anGrdthedi.swatbAdat PEFenibeinat enterval,

. 6. A method according to claim 5 in which the

first and second rates of rotation and the second and
third time intervals are arranged so that the top-
surface of the wafer remains entirely wetted by the

solvent film during discharge and spreading of the
liquid- photore51st.

7. A method accordlng to claim 1 in which the
solvent and photoresist are miscible.

8. A method according to ¢laim 7 in which the

liquid solvent and the 11qu1d photoresist both include
EGMEA.
9. A method according to claim 8 in which the

liquid solvent further includes HMDS.

10. A method according to claim 1 in which the

solvent has a viscosity less than a viscosity of the
photoresist.

1l. A method according to claim 1 in which the

solvent f£ilm has a thickness of 500 Angstroms or more
when application of the photoresist is commenced.

12. A method according to claim 1 in which the
solvent film has a thickness in a range of 1,000 to
5,000 Angstroms when application of the photoresist is
commenced.

13. A method for applying photoresist to a top
surface (22, 24) of a semiconductor wafer (1l0) for
defining an electronic circuit pattern thereon, the
method comprising: .

positioning the wafer (10) on a horizontal
turntable with the top surface (22) facing upward;

discharging a liquid solvent onto a central
area of the top surface;

spinning the wafer to distribute a film (30)

. of the solvent to a substantially uniform thickness

over the entire top surface of the wafer;

discharging a liquid photoresist onto the

e
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d‘mﬁth resist. The presence of solvent vapour hel ps to keep the sol ve tmh%
t*he” rGS|st filmuniform and extends the re- sist dryi nghi¢$
e

;, remains for a technique for nore reliably ap- 'plying phot \““\\“RM
¥ W theut nottling. Accordingly, one object of the |nvent|

3 he application of photore5|st to a top surface of a sub-

15

rs

central area of the top surface of the wafer over the
" solvent film; _ |
' spinning the wafer to distribute the

photoresist in a layer (36) over the entire top surface
5 of the wafer. ‘and

controlllng the discharge of photores1st so
that the top surface of the wafer remains entirely
wetted by the solvent film (30) during discharge and

distribution of the liquid photoresist.
10 14. !

A method according to claim 13 in which the
wafer has an intermediate electronic circuit pattern
formed thereon,'the intermediate circuit pattern
including at least one of bare silicon surfaces, high
density circuit features and undercut circuit features;
1S the solvent having a viscoéity less than the viscosity
of the liquid photoresist and the solvent film having
‘sufficient fluid thickness to cause the photoresist to

fully cover said bare silicon, high density and
undercut circuit features.

" e
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20 15. A method according to

claim 13 in which the
solvent film has a thickness of

at least 100 Angstroms
photoresist is

v, ]

. or more when application of the’
s
i commenced.

1l6. A method according to

claim 13 in which the
solvent £film has a thickness in

a range of 500 to

10,000 Angstroms when application of the photoresist is
commenced.

17. A method according to claim 13 in which the

wafer is spun at a first rate of rotation for a first

time interval to distribute the solvent film and then
spun at a reduced,

time interval,

30

second rate of rotation for a second
and the liquid photoresist discharge is
commenced at the end of the second time interval while

the wafer continues to rotate at said second rate of
rotation.

18, A method according to claim 17 in which
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rate in the fabrication of integrated circuits. A second object is to
prove the yield and consist- ency of yield of operative dice,
tlcularly of those con- taining high density circuitry, circuit
uctures wi th sub- stantial variations in topography, or resist phobic
- posed surface materials. A particular object of the inventionis to
fluce, and preferably elinminate, nottli}k§ in the application of pho-
fcsist |ayers to substrates as aforesaid. An additional object is to

fiuce the sendischatygeobfs theetiful dpphictasisiistafy istaipped agternar
nges in

third time interval followxng commencement thereof and

the wafer is spun at an increased, thlrd rate of
rotation for a fourth time 1nterva1.

5 19. A method accordlng to claim 17 in which the

first and secbnd rates of rotation and the first and
second time intervals are arranged so that the top
surface of the wafer remains entirely wetted by the.

solvent f£ilm during discharge and distribution of the
10 liquid photoresist.
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g tions. The invention is an inprovenent in existing tech- niques for

¥ vi ng sphotoresist to integrated circuit wafer surfaces, which

st gntially reduces, and usually elim inates~nottling in fabrication
ess steps and integrat- ed circuit designs where nottling would

per Wi se occur. Specifically, the present invention provides a neth- od of
& ormy applying photoresist to a top surface of -a wafer, the nethod
¥rising the steps of: discharging a liquid solvent onto a central area
ithe top surface of the wafer while the wafer is static; followed by

1
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. SPIN BONDING

AGENT-

SOLVENT THICKNESS

" This Sheet Has Been Reilaced




5 §;e wafer- at a first rate of rotation to spin off excess sol- vent,
o1 onved by spinning the wafer at a second rate of rotation, |ess than [

i3 r st rate of rotation to forma liquid solvent filmover the entire wafer

b r f ace; followed by dis- charging a liquid photoresist onto a central area _

] .'the wafer surface while the entire wafer surface is still wetted by the E

:qui'd solvent filmand conti nuing quF di scharge of |iquid photoresist
ile the wafer is spun at said-sec nd rate of rotation.

METHOD FOR IMPROVING DEPOSIT
OF PHOTORESIST ON WAFERS

_ ABSTRACT OF THE DISCLOSURE

A method for applying photoresist to a top surface
(22,_24) of a semiconductor wafer (10) for defining an
electrbnic circuit pattern. The wafer is placed on a
horizontal turntable and a liquid solvent is dispensed
onto the wafer's top surface. Spinning the wafer
10 distributes a film (30) of the solvent to a
substantially uniform thickness over the entire top
surface. Liquid photoresist is dispensed onto the top
surface of the wafer over the solvent film, preferably
while the wafer is spinning, to distribute the

photoresist in a layer (36) over the entire top surface
of the wafer.

15

Discharge of photoresist is controlled
so that the top surface of the wafer remains entirely

wetted by the solvent film during distribution of the

liguid photoresist. The solvent has a lower viscosity

than that of the liquid photoresist and the solvent
film thickness is sufficient to enable the photoresist
to fully cover any bare silicon, high density or
undercut circuit features, generally in a range of 500

to 10,000 Angstroms and preferably 1,000 to 5,000
25 Angstroms.

(Kg-1) | | '
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6 Sebstitute sheet - 29 June 1998 More particularly, in a preferred
‘ehbodi‘ment, the method conprises positioning the wafer on a horizont al

turntable with the top surface facing upwardy dischargin h U] ent
onto a central area of the top surface; spi nﬁ'i‘hﬁ“t”ﬁ%s\a/ﬁf’& itdob‘gglé'gtr?%gt%e a
filmof the solwvent to a substantially uniformthickness over the entire

top sur- face of the wafer, discharging a |liquid photoresist onto the

central area of the top surface of the wafer over the solvent film and
spinning the wafer to distribute the pho-

METHOD FOR IMPROVING DEPOSIT
OF PHOTORESIST ON WAFERS

BACKGROUND OF THE INVENTION
This invention relates generally to processes for
fabricating integrated circuits, and more particularly
to a technique that can be used in such processes to
facilitate application of photoresist to a wafer
without mottling preparatory to a masking and
‘patterning procedure. '

Conventional integrated circuit fabrication
processes use one or more photolithographic steps to
define patterns on the surface of a silicon wafer or
similar substrate. These patterné are used in

subsequent steps to form a wide variety of features
which, together, form the active devices and
interconnecting circuitry of an integrated circuit. As
shown in FIG. 1, the substrate is ordinarily a
-semiéircular wafer. A checkerboard pattern of square
or rectangular dice is formed by scribe lines, along
which the dice can be separated once the processing
steps that are performed on the wafer have been
completed.

Conventional photolithography comprises a number
of well-known steps. First, the substrate is'placed on
a turntable. Then, the top substrate surface, upon
which the circuit features are to be formed, is cleaned
by a volatile liquid'solvent. The solvent may include
an appropriate bonding agent to assist in adhering a
‘layer of photoresist, to be'applied subsequentlﬁ} to
the substrate surface. Next, the turntable is operated
to spin the wafer as indicatecd by the arrow in FIG. 1.
This operation spins off the excess solvent and,
conventidnally. is continued until the substrate
‘surface appéars dry. Then the turntable is turned off.
After the wafer ceases spinning, a predetermined
quantity of liquid pho:oggsist_solution is dispensed

' This i ment shee
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tpygsisj over the entire top surface of the wafer. The dis- charge of
phot oresi st i-s controlled so that the top surface of the wafer remains
entirely wetted by the solvent filmduring discharge and distribution of

the liquid photore- sist. The wafer nmay hav&ubstitutecsshesti-2Q Asigsst 188G
cir- cuit pattern formed thereon, which includes bare silicon surfaces,

hi gh density circuyit features or undercut circuit features. The sol vent
used shoul d have a viscosity |less than the viscosity of the liquid

phot oresi st and the solvent film sho@l d have sufficient fluid thickness to
cause the photoresist to fully cover said bare silicon, high density

onto the top substrate surface. The turntable is again

. operated to spin the wafer and thereby spread the

- liquid photoresist over the substrate surface. ©Once
the photoresist layer is dried, it is selectively
exposed, using either a mask or direct writing
technique, to .pattern each die in accordance with the
desired confighration of one layer of the overall
integrated circuit design layout. Subsequent steps,
such as etchiﬁg, doping, oxidation'and various
deposition steps, are performed using this and
éubsequently formed and patterned photoresist layers.

‘Many different factors can adversely affect the

quality, uniformity and reliability of photolitho-
graphic techniques as used in state-of-the-art

. integrated circuit fabrication processes. These
factors include the materials, techniques and
conditions of application of the photoresist layer.
Ideally, the resultant photoresist layer will beée of
such a quality that will enable accurate photo¥
reproduction of all of the microscopic details of the
mask, first, in the photoresist layer and, second, in
the physical circuit features that are to be formed

. using this layer. |

All of.the physical; chemical and environmental

factors need to be controlled carefully. Otherwise, a
'patterning step can fail, as to a wafer or an entire .
batch of wafers, or as to some proportion of the

individual dice, dependent on the statistical effects

of the fault-causing factor. Sometimes, individual

factors alone may not be sufficient to cause problems
but, in combination, will adversely affect the
qualities of the photoresist layer and, ultimately, the
quality of the resultant circuit structures.

"The particular problem addressed by the present
invention is to avoid mottling. Mottling is a defect

in the distribution of a photoresis:t layer on a wafer

This is the replacement sheet
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or undercut circuit features. The solvent film should have a thickness of
at ‘| east 10 nm (100 Angstrons) when ap- plication of the photoresist is

commenced, and prefera- bly has a thickness in a range of 50 to 10g§%§n1
(500 to 10, 000 Angstrons) when applicati on Substiteteabeet e3PAugyste nced.
The foregoing and ot her objects, features and ad- vantages of the invention
W Il becone nore readily ap- parent fromthe follow ng detail ed description
whi ch pro- ceeds with reference to tge acconpanyi ng draw ngs. BRI EF

DESCRI PTI'ON OF THE DRAW NG
in which portions of a substrate surface are not coated
at all, or are inadequately coated by photoresist. The
factors that lead to mottling are not well understood.
Mottling seems to occur most commonly in photoresist
layers that are applied over steep or un&ercut
topographies, such as over-etched circuit layers, and
on wafers in which the dies are rectangular rather than
square. The affinity of a photoresist material .for the
exposed surface materials of the substrate is a factor.
Silicon is phobic to many photoresist compositions,
which is ‘why bonding agents are used, although not with
sure success. Another factor is the structure of the
circuit itself. High density circuits, those having a
high density of stxuctural features formed on the top
surface of the substrete, are more prone to problems
than low density circuits.

Some levels of a given fabrication process are
likely to be more ‘sensitive than others,' For example,
applicant has worked extensively with Hewlett Packard's
CMOSC process. Mottling problems have often occurred
at the lateral channel stop (LCS) level. At this
intermediate level, the surface structure includes
substantial bare silicon and an etched nitride layer
which presents an undercut lip to the photoresist. The
occurrence of mottling was widely variable, and highly
sensitive to minor changes of conditions or
combinations of conditions. When all conditions were
apparently optimal, mottling would affect as few a 1%
of dice. When some conditions deteriorated, mottling
would increase and commonly affect 30% of the dice, and
on occasion cntire lots of wafer have had to be
reworked.

Prior attempts to discern and control the source
of mottling have met with little success. One approach
has been to simply flood the wafer surface with

photoresisz, using two or more times the usual amount
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FLG. 1 is a top plan view of a silicon water, schenmat- ically show ng dice
inscribed in the substrate surface and nDttllng in a layer of photoresist
applied over the sub- strate surface. 7 - Substitute sheet - 29 June

1998 FIG 2 is an enlarged cross-sectional veystitatesheéngol Angsest21996n
FIG 1, show ng an exposed silicon sur- face, an undercuyt nitride |ayer,
and a boundary bet ween '

4

of liquid photoresist. This met with little success
and is wasteful of photoresist. It is also susceptible

- to problems, such as filter clogging, that affect the
accurate metering of higher volumes of photoresist. It
is also poésible to allow the photoresist to stand on
the substrate surface for an extended period of time
before spinning’off the excess, to give the photoresist
time to fully wet the substrate surface, This approach
can result in radially uneven distribution of the
photoresist layer. Radially uneven photoresist
distribution can interfere with close contact between
the mask and the photoresist surface over the entire
wafer, and uneven exposure of the photoresist layer,
resulting in blurring of exposed boundaries in many
dice.

Accordingly, a need remains for a technique for
more reliably applying photoresist to wafers without
mottling.

SUMMARY OF THE INVENTION

One object of the invention is to improve the
application of photoresist to a top surface of a
substrate in the fabrication of integrated circuits.

A second object is to improve the yiéld and
consistehcy of yield of operative dice, particularly of
those containing high density circuitry, circuit
structures with substantial variations in topography,
or resist phobic exposed surface materials. o

A particular object of the invention is to-reduce,
and preferably eliminate, mottling in the application
of photoresist layers to substrates as aforesaid.

An additional chject is to reduce the sensitivity

of successful photoresist application to minor changes

in conditions.

The invention is an improvement in existing
techniques for applying photoresist to integrated

circuit wafer surfaces, which substantially reduces,
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the layer of photoresist and a nottled region. FIGS. 3 and 4 are
cross-Sectional views simlar to FIG 2, showi ng application of a film of
liquid solvent to wet the substrate surface followed by application of a

| ay- er of liquid photoresist over the liquid solvent filmin ac- cordance
with the invention. FIG 5 is a time-based graph of the technique of the

present invention for discharging and spreading |iquid photoresist on the
substrate surface while the surface is still wet with solvent. DETAI LED
DESCRI PTI ON 5 -

. and usually eliminates, mottling in fabrication process

' steps and integrated circuit designs where mottling

. would otherwise occur. Briefly, the improved technique
calls for dispensing the liquid photoresist onto the
top surface of the substrate while it is still wet with
cleaning solvent.”. Preferably, this is done while the
substrate is still spinning in connection with
distribution of the cleaning solvent.

More particularly, in a preferred embodiment, the

method comprises positioning the wafer on a horizontal

' turntable with the top surface facing upward;
discharging a liquid solvent onto a central area of the
top surface; spinning the wafer to distribute a film of
the solvent to a substantially uniform thickness over
the entire top surface of the wafer; discharging a
liquid photoresist onto the central area of the top
surface of the wafer over the solvent £film; and
spinning the wafer to distribute the photoresist over
the entire top surface of the wafer. The discharge of
photoresist is controlled so that the top surface of
the wafer remains entirely wetted by the solvent film

- during discharge and distribution of the liquid
photoresist. The wafer may have an intermediate

- electronic circuit pattern formed thereon, which
includes bare silicon surfaces, high density circuit

features or undercut circuit features. The solvent

used should have a viscosity less than the viscosity of
the liquid photoresist and the solvent £ilm should have
sufficient £fluid thickness to cause the photoresist to
fully cover said bare siliéon, high density or undercut
<ircuit features. The solvent film should have a
thickness of at leazt 100 Angstroms when application of
the photoresist is commenced, and preferably has a
thickness in a rangelof S00 to 10,000 Angstroms when
application of the photoresist is commenced.

The foregoing ‘and other objects, features and
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Referrifng to FIG 1, a typical formof substrate is a silicon wafer 10,
al t hough the invention is applicable to other substrate materials. The
substrate has scribe lines 12 -which define square or rectangular dice, such

as die 14 and die 18. Wen photoresist is apphbstitutersheenr dardegustt h996
conventional procedures, nottling of the photoresist |ayer may result, as

di scussed above, |eaving regions that are not adequately covered by
phot oresi st. These regions are indicated.in FIG 1 by photoresi st
boundaries 16. Absent nottling, die 14 will be adequately covered with
phot oresi st and can be appropriately patterned to-

advantages of the invention will become more readily

apparent from the following detailed description which
" proceeds with reference to the accompanying drawings.

BRIEF DESCRIPTION OE THE DRAWING
FIG. 1l is a top plén view of a silicon wafer,

schematically showing dice inscribed in the substrate

surface and mottling in a layer of photoreSLSt applied

over the substrate surface.

FIG. 2 is an enlarged cross—sectional view taken

along lines 2-2 in FIG. 1, showing an exposed silicon

surface, an undercut nitride layer, and a boundary. -
between the layer of photoresist and a mottled region.

FIGS. 3 and 4 are cross-sectional views similar to
FIG. 2, showing application of a film of liquid solvent
to wet the substrate surface followed by épplication of
a layer of liquid photoresist over the liquid solvent
£ilm in accordance with the invention.

FIG. 5 is a time-based graph of the technique of
the present invention for discharging and spreading
liquid photoresist on the substrate surface while the
surface is still wet with solvent.

DETAILED DESCRIPTION

Referring to FIG. 1, a typical form of substrate

is a silicon wafer 10, although the invention is |

applicable to other substrate materials.
has scribe

The substrate
.lines 12 which define squére or rectangular:

dice, such as die 14 and die 18. When photoresist is

applied in accordance with conventional procedures,
mottling of the photoresist layer may result, as
discussed above, leaving regions that are not

adequately covered by photcresist. These regions are

indicated in FIG. 1 by photoresist boundaries 16.

Absent mottling, die 14'wil; be adequately covered with

photoresist and can be appropriately patterned to make

an operative integrated circuit. Die 18, on the other

hand, has a portion that is not covered by photoresist
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make an operative integrated circuit. Die 18, on the other hand, has a
portion that .is not covered by photoresist and, therefore, cannot be
patterned to formcircuit fea- tures that are critical to making the device

operative. The nmottling features tend to di Spbstjtute shaet e20sAvgyst 41896, e
i nfl uenced by the spinning of the wafer to spread pho- toresist, such as a
radi al .orientation, and characteristics of the dice.as l'aid out on the

waf er, such as boundaries along scribed.lines, areas of bare silicon or

hi gh density circuit features, which7are typically rectilinear in shape.

and, therefore, cannot be patterned to form circuit
features that are critical to making the device
operative. The mottling features tend to display
characteristics that are influenced by the spinnihg of
the wafer to spread photoresist, such as a radial.
orientation, and”pharacteristics of the dice as laid
out on the wafer, such as boundaries along scribed
lines, areas.of bare silicon or high density circuit
features, which are typically rectilinear in shape.
FIG. 2 shows the wafer 10 with a substrate surface

22 and scribe line 12 inscribed in the bare silicon

surface 22 between dice 14,'18. For purposes of

illustration, a good die 14 is shown alongside a

defective die 18. Both dice have an earlier formed

circuit feature 24, which could be, for example, a
layer of nitride that has been patternedlin a prior
processing step, such as the lateral channel stop (LCS)
level mentioned above. Layer 24 is shown with an
undercut perimeter 28. Following conventional
photoresist application procedures, a quantity of
liquid solvent containing a bonding agent has been
applied and spun off until apparently dry. In the
example mentioned above, the liquid composition was
ethylene glycol monoethyl ether acetate, also known as
cellusolve acetate or EGMEA (CHjCOOCH CH,OC,H.) as the

. ) , 277277275
solvent, and 30% hexamethyldisilazane, or HMDS

(CGHlSSizN), as the bonding agent (and which is also a

solvent for photoresist). Spinoff leaves a thin
residual film 26 of bonding agent and solvent on the
exposed surfaces of the substrate and structures 24.
The surface visually apgears dry, meaﬁing that the film
26 has ﬁhickness less than S00 Angstroms. The solvent
and bonding agent are vclatile, but bond to some extent
with the substrate surface, so the resultant layer 26
WAy actually be as thin as a monolayer or a few

molecular layers, probably under 50 Angstrcms and very
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8.. Supstitute sheet - 29 June 1998 FIG 2 shows the wafer 10 with a
substrate surface 22 and scribe line 12 inscribed in the bare silicon
surface 22 between dice 14, 18. For purposes of illustration, a good die 14

i's shown al ongside a defective die 18. Both Slibmithty sheet €20| Aegusdtor 926
circuit feature 24, which could be, for exanple, a layer of nitride that

has been patterned in a prior processing step, such as the lateral channel
stop (LCS) level nentioned above. Layer 24 is

8

likely under 100 Angstroms thick. _
The conventionally-applied photoresist layer is

- shown terminating in a boundary 16 which, for
illustrative purposes, is located at scribe line 12 on
the bare silicon surface. This boundary can occur at
locations other than scribe lines, for example, along
device features, such as undercut 28 in layer 24. The
photoresist boundary is shown with a bulbous shape in
FIG. 2 because liquid photoresist has a high viscosity
and surface tension. Although mottling may take a
number of different forms that vary from what is shown
in FIG. 2, this form and other forms are effectively
curtailed by the invention, as next described.

FIG. 3 shows a wafer having the same initial

conformation as that of FIG. 2, namely a substrate 10

surface 22 and deposited and
etched layer structures 24 in each die.

of the technigque of the

with scribe lines 12 in

The first step
invention is to apply a £ilm 30
of liguid solvent (such as EGMEA with HMDS) over the

entire substrate surface and to distribute the solvent
approximately uniformly throuéh a predetermined range
of thickness indicated by reference numeral 32. This
range of thickness can vary but must be sufficient to
wet the substrate surface with liquid solvent.

FIG. 5 is a graph illustrating the technique of

the invention along a time line. The sequence

commences with the discharge of solvent onto the

surface of the substrate. The solvent accumulates on

the substrate to an initial thickness shown along the

vertical axis.  Next, the turntable is operated to spin

off excess solvent. This procedure reduces the
thickness of the solvent, as indicated by the
descending nortion of the curve in FIG. 5. If the

wafer were spun until the solvent appeared completely

dried, as in the prior art, the solvent thickness would
Ultimately reduce to the thickness of the residual
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shown wi th an undercut perineter 28. Follow ng conven- tional photoresist
appli ¢ation procedures, a quantity of |iquid solvent containing a bonding
agent 'has been ap- plied and spun off unti'l .apparently dr

I | n t mpl e
ment i oned above, the |iquid conposition' vva§blhsl’|i‘}!l%§hﬁqty'c%? W&ﬁ] et her
acetate, also known as c¢ellusol ve acetate or EGVEA [err] as the solvent,

and 30% hexanet hyi di sil azane, or HVDS [err] as the bondi ng agent (and which

is also a solvent for photoresist). gpinoff leaves a thin residual film 26
of bondi ng agent and sol vent on the exposed surfaces

bonding layer, as indicated at the far'right in FIG. 5,
and as shown as layer 26 in FIG. 2. This is not
allowed to happen in the present invention.

Referring to FIG. 4, a predetermined quantity of
liquid photoresist solution 36 is dispensed onto the
wafer, while it is still spinning from the step of FIG.
3, over the liquid solvent film 30. The liquid
photoresist solution is immediately spread,'as it is
being discharged, over the entire surface of the wafer.
As shown in FIG. 5, this is done at a time when the
liquid'solvent still has a measurable fluid thickness,
well before it has dried down to just a residual
bonding layer of 100 Angsiroms or less.

Discharging and spreading the liquid photoresist
while the substrate surface remains wet with a fluid
£ilm of solvent facilitates distribution of the

. photoresist over the entire surface of the wafer, over
bare silicon surface areas, scribe lines and etched
layéns deposited on the substrate surface, inclﬁding
those with undercut boundaries. Incidence of mottling,
even at heretofore highly sensitive levels of
fabrication, is reduced to nil. Sensitivity of
successful photoresist application to minor variations
in multiple conditions is greatly reduced.

While the precise mechanisms are not fully
understood, it is believed that the liquid solvent film
30 facilitates spreading the photoresist solution 36 in
several ways. First, the fluid solvent, apparently
more philic to silicon than liquid photoresist,
effectively pre-wets the substrate and device feature
surfaces. This enables the photoresist more readily to
come into intimate contact with such surfaces. Second,
the photoresist solution already contains some
proportion of the solvent, and is readily miscible with
it. The solvent film 30 may lécally dilute the
photoresist sclution at =he interface between the

. L ] WP Do) raryl ¥ hest
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of, the Substrate and structures 24. The surface visually appears dry,-
meani ng that the film 26 has thickness |ess than 50 nm (500 Angstrons). The
sol vent and bondi ng agent are volatile, but bond to sone extent with the

sub- strafe surface, so the resultant |ayer Substitiiteagheet 1 0pduaest hB6as a

nonol ayer or a few nol ecul ar | ayers, prob- ably under 5 nm (50 Angstrons)
and very likely under 10 nm (100 Angstrons) thick. The

conventional |l y-applied photoresist |gyer -is shown termnating in a boundary

16 which, for illustrative purposes, “i's |ocated at scribe line 12 on the
bare silicon

photoresist solution and the liquid film, thereby
reducing the wviscosity of the photoresist at such

_interface. This dilution, and possibly an active:
solution-type interaction, may also facilitate the
migration of photoresist into undercut areas. The
liquid solvent- fllm may also reduce the overall surface
tension of the llquld photoresist layer.

Regardless of the precise mechanism or combination
of mechanisms, the technique of the present invention
reliably and uniformly coats substrates with
photoresist, even in high deqsity and high topography
dircuit designs that are particularly prone to
mottling. It does this without flooding the wafer
surface with liquid photoresist. Conventional
quantities of photoresist can be used with virtually
100% reliability. ) _

As mentioned above, a predetermined measurable
amount of liquid solvent must be left on the substrate
surface when the liquid photoresist is discharged.
Simply put, the substrate surface must be wet with
£luid solvent, not apparently dry, though an excess of
solvent is not desirable. A suitable amount, or

thickness, of solvent film may be determined a number

of different ways. One is empirically, by testing

different time intervals. If too much solution-
remains, the photoresist may not consistently coat the.
substrate surface, affecting repeatability. If too
-little remains, mottling will_begin'to occur. Another

i's visually: When first dispensed onto a stationary

wafer, the solvent appears colorless and transparent.

During spinoff, as the thickness of the liquid film

. approcaches the wavelength of light (begiﬁning at about
15,000 Angstrons thickness), uncder visible light

" {center wavelength about 5,500 Angstroms, bandwidth
about 2,000 Angstroms) interference colors will appear

(alternating between red and grcen shades). While
T
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surface,’ This boundary can occur at |ocations other than scribe lines, for
exaﬁple al ong device features, such as undercut 28 in |ayer 24. The
phot or esi st boundary is shown with a bul bous shape in FIG 2 because I|qU|d

phot oresi st has a high viscosity and surfaces_mm&quhéét- 20 ARugust 1996
Substitute sheet - 29 June 1998 though nottling may take a nunber of

different forns that vary fromwhat is shown in FIG 2, this form and ot her
11 - '

these colors are still apparent, the photoresist is
dispensed. If the photoresist were not dispensed
during this time interval and spinoff were continued in
conventional manner, the interference colors would
disappear (at abogt 500 Angstroms film thickness) and
the wafer surface would soon turn silver or grey,
proceeding from the perimeter toward the center of the
wafer. Experimentally, mottllng was found to begin to
appear at this stage.
EXAMPLE _

Following is an implementation of the invention’
for applying photoresist in the lateral channel stop
level of the Hewlett Packard CMOSC process. With
little or no change, it can be applied to any level in’

any fabrication process on silicon, although it may

only be needed at one level. Its principles can be

readily extended to other materials, such as Gaas.
This implementation is preferably computer-controlled
for consistency, but has been successfully executed
manually.

1. Position wafer on-axis in chuck (turntable).

Conventional solvent and photoresist dispensers are
positioned centrally over the chuck.

2. Turn on liquid solvent dispenser to discharge
solvent (EGMEA with 30% HMDS; viscosity: 0.5-5.0
centistokes).

3. Wait 2 seconds, then turn off solvent, 7
discharging about 3.5 milliliters of solvent onto wafer
top surface.

U 4. Wait 5 seconds.

5. Spin wafer at 4000 r.p.m. for 2.6 seconds,
which spins off the majority of the solvent.

6. Slow the chuck to S00 r.p.m. and wait 1

second. At this stage, the solvent film thickness

shows interference colors consistent with a thickness
in the range of 1,000 to 5,000 Angstroms.
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forns are effectively curtailed by the invention, as next described. FIG 3
shows @ wafer having the sane initial confor- mation as that of FIG 2,
nanely a substrate 10 with scribe lines 12 in surface 22 and d

e@g%ig and -
etched layer structures 24 in each die. TheSulistidutesshgetof 20 iy que

of the invention is to apply a film30 of liquid solvent (such as EGVEA
with HVDS) over the entire substrate surface and to distribute the sol vent

approximately uni- formy through a predeterm ned range of thickness |nd|
cated by reference nuneral 32. This range of thickness

12

7. Turn on photoresist dispenser to discharge
liquid photoresist (Shipley MICROPOSIT:1400~27,
containing 62% EGMEA; 6% n-butyl acetate, 6% Xylene;
viscosity: 17.5-17.9 centistokes) onto wafer atop the
liquid solvent film.

8. Wait “S seconds while continuing to spin wafer
at 500 r.p.m. to spread photoresist over wafer Surface.

9.' Turn off photoresist dispénser. This
discharges about 3.5 milliliters of photoresist.

10. Spin wafer at 3400 r.p.m. for 12 seconds.

1l. Turn off chuck. This leaves a photoresist
layer of about.l4,000 Angstroms thickness.

12. The wafer is released from the chuck and
transfefred to an oven for baking the photoresist layer
in conventional manner. '

Having illustrated and described the principles of
the invention in a preferred embodiment, it should be
apparent to those skilled in the art that the invention
may be modified in arrangement and detail without
departing from such principles. I/we claim all

modifications and variations coming within the scope
and spirit of the followzng claims.

Sheet Has Been\l‘eimed ' ‘Tnis is the replacement sheet
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can vary but nust be sufficient to wet the substrate sur- face with liquid
solvent. F-&—5

t+s—a—graptr 71l ustrating the technique of the in- vention
along a tine. lin SR g%gnce commences with the discharge of sol vent
onto the surty - strate. The solSubstitutecshagtat2@ Augustecl 996
Substrate to H Ill m I]i ckness shown al ong the vertical axis. Next, the
turntable is pi n. of f excess solvent. This pro- cedure reduces
t he thi ckness of the solvent, as indhggied by the descending portion of the
curve in FIG 5. If the wafer were spun until the solvent appeared
conpletely. CLAIMS o

1. In an integrated circuit fabrication process,

a method for uniformly applying photoresist to a top
surface (22, 24) of a wafer (10), the method
comprising: )
spreading a.liquid solvent substantially uniformly
over the wafer surface to form a liquid solvent film
(30); , |
applyihg a liquid photoresist to the wafer
surface; and o

'spreading-the photoresist over the solvent film
while a thickness of liquid solvent remains on the
wafer surface sufficient to wet the wafer surface such
that the photoresist is distributed in a layer (36)
over the entire surface of the wafer.

2. A method according to claim l.including
spinning the wafer to spfead the liquid solvent thereon
and continuing to spin the wafer during discharge of
the photoresist.

3. A method according to claim 2 in which the
liquid photoresist is applied while the liquid solvent
. £ilm has a thickness sufficient to display interference

colors under visible light. )

4. A method according to claim 2 in which the
liquid solvent is applied while the wafer is static and
allowed to stand for a first time interval, the wafer
is next spun at a first rate of rotation for a second

':time interval and then spun at a reduced, second rate
of rotation for a third time interval, and the liquid
photoresist discharge is commenced at the end of the
third time interval while the wafer continues to rotate
at said second rste of rotation. _ _

5. A method according to claim 4 in which
discharge of the liquid photoresist is stopped after a
fourth time interval foliowing commencement thereof and

the wafer is spun at an increased, third rate of

This is the replacement sheet
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dried,- as in the prior art, the solvent thickness would ul- timately reduce
to the thickness—of the residual bonding |layer, as indicated at the far

right in FIG 5, and as shown as layer 26.in FIG 2. This_ is not %Ilo dto
happen i n ThigShest en #t i on. Ref erri ng Subsktte shee -p?Q@ MBSt

quantity of {l lj_ resist solution 36 is dispensed onto the wafer,
|

while it is fromthe step of FIG 3. over the liquid sol vent

film30. The liquid photoresist solution is imediately spread, as it is
_bei ng di scharged, over the entire surfdce of the wafer. As shown in FIG 5,

this s rotation for a fifth time interval._

6. A method according to claim 5 in which the
first and second rates of rotation and the second and
‘third time intervals are arranged so that the top
surface of the wafer remains entirely wetted by the
solvent film guring discharge and spreading of the
liquia photoreéist.

7. .A method according to claim 1 in which the
solvent and photoresist are miscible.

8. A method according to claim 7 in which the
liguid solvent and the liquid photoresist both include
EGMEA.

S. A method according to claim .8 in which the
liquid solvent further includes HMDS.

10. A method according to claim 1 in which the
.solvent has a viscosity less than a viscosity of the
photofesist.

1l. A method according to claim 1 in which the
solvent £film has a thickness of 500 Angstroms or more
when application of the photoresist is commenced.

12. A method according to claim 1 in which the
solvent £ilm has a thickness in a range of 1,600 to
5,000 Angstroms when application of the photoresist is
commenced.

_ 13. A method for applying photoresist to a top
surface (22, 24) of a semiconductor wafer (10) for
defining an electronic circuit pattern thereon, the
method comprising: ]

positioning the wafer (10) on a horizontal
turntable with the top surface (22) facing upward;
discharging a liquid solvent onto a central
area of the top surface;
' spinning the wafer to distribute a film (30)
of the solvent to a substantially uniform thickness
over the entire top surface of the wafer;

discharging a liquid photoresist onto the

This is the replacement sheet
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done at a tine when the |iquid solvent still has a nmeas- urable fluid
t'hi ckriess, welT before it has dried down to just a residual bonding |ayer

of 10 nm (ﬁ,g(ghémgge laced 10 Substitute sheet - 29 June 1998 or | ess.
Di schar gi ng the li qui d phot orSubssitutenshestt-Ha0 Auaustal 296
surface ren‘Hm “m a fluid filmof solvent facilitates distribution
of the phot -

central area of the top surface of the wafer over the

solvent £ilm;

15

spinning the wafer to distribute the
photoresist in a layer (36) over the entire top surface
of the wafer; and

controlling the discharge of photoresist so
that the top surface of the wafer remains entirely
wetted by the solvent film (30) during discharge and
distribution of the liquid photoresist.

14. A method according to claim 13 in which the
wafer has an intermediate electronic circuit pattern
formed thereon, the intermediate'circuit'pattern
including at least one of bare silicon surfaces, high
density circuit features and undercut circuit features;
the solvent having a viscosity less than the viscosity
of the liquid photoresist and the solvent film having
sufficient fluid thickness to cause the photoresist to
fully cover said bare silicon, high density and
undercut circuit features. _

15. A method according to claim 13 in which the
solvent £ilm has a thickness of at least 100 Ahgstroms
or more when application of the photoresist is |
commenced. .
| 16. A method according to claim 13 in which the
solvent f£ilm has a thickness in a range of 500 to
10,000 Angstroms when application of the photoresist is °

" commenced. o .

17. A method according to claim 13 in which the
wafer is spun at a first rate of rotation for a first
time interval to distribute the solvent film and then
spun at a réduéed, second rate of rotation for a second
time interval, and the liquid photoresist discharge is
cemmenced at the.eﬁd of the second time interval while
the wafer continues to rotate at said second rate of

rotation.

18. A method according to claim 17 in which

(e
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the entire surface of the wafer, over bare silicon surface areas, scribe
Fines and etched | ayers deposited on the substrate surface, including those
wi t h undercut bound- aries. Incidence of nottling, even .at heretofore

highly sensitive levels of fabrication, is Sgsktitate sbeeti1 20%ugist {996ty of
successful photoresist application to mnor varia- tions in nmultiple
conditions is greatly reduced. Wiile the precise nmechanisns are not fully
under- stood, it is believed that the liquid solvent film30 facili- tates
spreadi ng the photoresist solution 36 in several ways. First, the fluid

sol vent, - apparently nore philic to

16

discharge of the ligquid photoresist is stopped after a
third time interval following commencement thereof and
the wafer is spun at an increased, third rate of
rotation for a fourth time interval.

19. A method according to claim 17 in which the
first and second rates of rotation and the first and
second time intervals are arranged so that the top
‘'surface of the wafer remains entirely wetted by the

solvent f£ilm during discharge and distribution of the
liquid photoresist.

This Sheet Has Been Rerlace
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silicon than liquid photoresist, effectively pre-wets the substrate and
device'feature surface. This enables the photoresist nore readily to cone
into intimate contact with such surfaces. Second, the photoresist é tion
al - ready contains sonme proportion of the s®ubstitute aheet s20AHaY$t ins i bl e
with it. The solvent film30 may locally dilute the photoresist solution at
the interface between the photoresi ABSIRAETon and the liquid film thereby
re- ducing the viscosity of the photoresist at such interface. This
dilution, and possibly an active solution-type inter- acti dfigwey) al so
facilitate the mgration of photoresist’

METHOD FOR IMPROVING DEPOSIT
OF PHOTORESIST ON WAFERS

A method for applying photoresist.to a top surface
(22, 24) of a semiconductor wafer (10) for defining an
electronic circuit pattern. The wafer is placed on a
horizontal turntable and a liquid solvent is dispensed
onto the wafer's top surface. Spinning the wafer
distributes a film (30) of the solvent to a
substantially uniform thickness over the entire top
surface. Liquid photoresist is dispensed onto the top
sufface of the wafer over the solvent film, preferably
while the wafer is spinning, to distribute the '
photoresist in a layer (36) over the entire top surface
of the wafer. Discharge of photoresist is controlled
so that the top surface of the wafer remains entirely
wetted by the solvent f£film during distribution of the
liquid photoresist. The solvent has a lower viscosity
than that of the liquid photoresist and the solvent
film thickness is sufficient to enable the photoresist
to fully cover any bare silicon, high density orx
undercut circuit features, generally in a range of 500

to 10,000 Angstroms and preferably 1,000 to 5,000
Angstroms.
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i ntq undercut areas. The liquid solvent filmmy also re- duce the overall
surface tension of the liquid photoresist |ayer. Regardl ess of the precise
mechani sm or conbi na- tion of mechani sns, the technique of the present

inven- tion reliably and uniformy coats substrates with photore- sist,

even in high-density and hi gh topography cir Substitite shegtis 20Augase 1996
particularly prone to nottling. It doeﬁlt/tlhi s without flooding the wafer
surface with liquid photoresist. Conventional quantities of photoresist can
be used with virtually 100% reliability. ‘
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11, . Substltute sheet- 29 June 1998 As nentioned above, a predeterm ned
_ measurabl e amount of liquid solvent nust be |left on the substrate sur- face
: when the | i qui d photoresist is di scharged. Sinply put, the substrate

surface nmust’ be wet with fluid sol vent, not aSubseititeyshitet,- 29 Jupe B998
excess of solvent is not desirable. A suitabl e anount, or thickness, of

sol vent fil m mePROL FORIMPROVING'DEPOSIT OF PHOTORESIST CNWAFERS
BACKGROUND OF THE INVENTION

This invention relates generally to processes for fab-
ricating integrated circuits, and maore particularly o a
technique thatcan be used in such processes to facilitate
application of photoresist to a wafer without mottling pre-
paratory to 2 masking and patteming procedure.

Conventional integrated circuit fabrication process-
es use one or more photolithographic steps to define pat-
terns on the surface of a silicon wafer or similar sub-

“REPLACEMENT SHEETS

witri 1} ] é strate. These patterns are used in subsequent steps to
28w 8Y =i| form awide varety of features which, together, form the
288 % active devices and interconnecting circuitry of an inte-
g828 Q) grated circuit. As shown in FIG. 1, the substrate is ordi-
‘i’i ﬁ 5 narily a semicircular wafer. A checkerboard pattern of
Ep%% & E square or rectangular dice is formed by scribe lines,
En ol 8|  alongwhichthedice can be separated ance the process-
% @%8 - ing steps that are perfcrmed on the wafer have been
§§§g ©|  completed.
R0 5% E Conventional photolmography comprises anumber
mgNo A of well-known steps. First, the substrate is placed on a

tumtable. Then, the top substrate surface, upon which

. the circuit features are to be formed, is cleaned by a vol- .
atile liquid solvent. The scivent may include an appropri-
o ate bonding agent to assist in achering a layer of pho-
- toresist, to be applied subsequently, to the substrate sur-
' tace. Next, the tumtable is operated to spin the wafer as

indicated by the arrow in FIG. 1. This operation spins off
- the excess solvent and, conventionally, is continued until
the substrate surface appears dry. Then the tumtable is
tumed off. After the wafer ceases spinning, a predeter-
mined quantity of liquid photoresist solution is dispensed
onto the top substrate surface. The tumtable is again op-
erated to spin the wafer and thereby spread the liquid
photoresist over the substrate surface. Once the pho-
toresist layer is dried, it is selectively exposed, using ei-

ther a mask or direct. wrmng technique, to pattem each
This is the replacement sheet
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enmpirically, by testing different tine intervals. If too nuch solution
remai ns, the.photoresist may not consistently coat the substrate surface,
affecting repeatability. If too little remins, mottling will begin to

occur. Another is vis- ually: Wen firstadi speslﬂﬁd.tgfggq@ets.tgg Juhw Y9uef er,
the solvent appears colorless and transparent.” Ddrrng sprnoff, as the

t hi ckness of the liquid fil mapproaches the wavel engt.h of 1i ght (begi nni ng
~at about 1500 nm (15,000 Angstrons) thickness), under visible light (center

wave: | ength aboyieSH0-RebIdaTRY AHF 18 Bkeirl UthlrahBH of Shdm (2 000
 layer of the overall integrated circuit design layout. Sub-
sequent steps; such as etching, doping, oxidation and
various deposition steps, are performed using this and
subsequently formed and patterned photoresist layers.

Many different factors can adversely affect the qual-
ity, uniformity and reliability of photolithographic tech-
niques as used in state-of-the-art integrated circuit fab-
rication processes. These factors include the materials,
techniques and conditions of application of the photore-
sist layer. Ideally, the resuitant photoresist layer will be
of such a quality that will enable accurate photorepro-
duction of all of the microscopic details of the mask, first,
in the photoresist layer and, second, in the physical ¢ir-
cuit features that are to be formed using this layer.

All of the physical, chemical and environmental fac-
tors need to be controlled carefully. Otherwise, a pattem-
ing step can fail, as to a wafer or an entire batch of wa-
fers, or as to some proportion of the individual dice, de-

pendent on the statistical effects of the fault-causing fac-

- tor. Sometimes, individual factors alone may not be suf-
- ficient to cause problems but, in combination, will ad-
versely affect the qualities of the photoresist layer and,
ultimately, the quality of the resultant circuit structures. -
The particular problem addressed by the present in-
vention is to avoid mottling. Mottling is a defect in the
distribution of a photoresist layer on a wafer in which por-
tions of a substrate surface are not coated at ail, or are
inadequately coated by photoresist. The factors that lead
to mottling are not well understood. Mottling seems to
occur most commonly in photoresist layers that are ap-
plied over steep or undercut topographies, such as
over-etched circuit layers, and on wafers in which the
dies are rectangular rather than square. The affinity of a

| photoresxst material for the exposed surface materials of
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appear (alternating between red and green shades). Wile these colors are
. still apparent, the photoresist is dispensed. |f the photoresist were not
di spensed during.. this.time interval and spinoff were continued in conven-

ti onal manner, the interference colors vwul d @gErRees skédt aR9Wurk01998( 50
Angst rons) f|In1th|ckness) and the wafer surface would soon turn SilIVer or

grey, proceeding fromthe perineter toward the center of the waf er. Exper -
imental ly, mot tthldlﬁuﬁré@@at&c%ﬁ' SillcoAnBShoblic 18 Mmary?pho-FAVPLE

: '~ toresist compositions, which is why bonding agents are

used, aithough'not with sure success. Another factor is

the structure of the circuit itself. High density circuits,

those having a high density of structural features formed

on the top surface of the substrate are more prone to

problems than low density circuits.

Some levels of a given fabrication process are likely
to be more sensitive than others. For example, applicant
has worked extensively with Hewlett Packard's CMOSC
process. Mottling problems have often occurred at the
lateral channei stop (LCS) level. At this intermediate lev-
el, the surface structure includes substantiai bare silicon:
and an etched nitride layer which presents an undercut
lip to the photoresist. The occurrence of mottling was
widely variable, and highly sensitive to minor changes of
conditions or combinations of conditions. When all con-
ditions were apparently optimal, mottling would affect as
few a2 1% of dice. When some conditions deteriorated,
mottling would increase and commonly affect 30% of the
dice, and on occasion entire lots of wafer have had to be
reworked. :

Prior attempts to discern and control the sdurce of
mottling have met with little success. One appraach has
been to simply flood the wafer surface with photoresist,
using two or more times the usual amount of liquid pho-
toresist: This met with little success and is wasteful of
photoresist. It is also susceptible to problems, such as
fiiter clogging, that affect the accurate metering of higher
volumes of photoresist. It is also possible to allow the
photoresist to stand on the substrate surface for an ex-
tended period of time before spinning off the excess, to
give the photoresist time to fully wet the substrate sur-
face. This approach can result in radially uneven distri-
bution of the photoresist layer. Radially uneven photore-

This is the replacement sheet

Date: 7 § JUN 1996



Follow ng is an inplenmentation of the invention for applying photoresist in
“the lateral channel stop |evel of the Hew ett Packard CMOSC process. Wth
little or no change, it can be applied to any level in any fabrication

proeess on silicon, although it may onlygbe neggpstifite ¥hRet €28 Juhé 91998
principles can be readily extended to other TZ materials, such as

This inplenentation is prefer-
sist distribution can interfere with close contact between

the mask and the photoresist surface over the entire wa-
fer, and uneven exposure of the photoresist layer, result-
ing in blurring of exposed boundaries in many dice.

Patent Abstracts of Japan vol. 2. no. 68 (E-78)
(2368), 14th May 1978 and JP-A-§3033115 describes a
photorasist coating method designed to lessen the dif-
ference in coating thickness between a central portion
and a circumference portion-of a substrate. According to
the methad, the diluent of a photorasist fluid is dropped
on the surface of the substrate prior to coating of the're-
sist on the substrate. The diluent is centrifugally released
by rotation of the substrate, and a proper amount of the
diluent is left on the circumference. Subsequently, the
resist fluid is dropped on the surface of the substrate,
and an excess of this is released likewise by rotation.

' The dilution level of the resist on the circumference is
higher than that on the centre, with the result that a resist
layer having the desired film thickness is also formed on
the circumference.

Patent Abstracts of Japan vol. 10, no. 266 (P-496)
(2322), 11th September 19€6 and JP-A-61091855 de-
scribes a method of coating photoresist. According to the
method, most of the striation phenomena that accompa-
ny evaporation of the photoresist can be prevented by

‘coating the substrate with the solvent of the photoresist,
such as acetone, and after that, coatmg it with the pho-
toresist.

Patent Abstracts of Japan vol. 8, no. 127 (P-360)
(1850), 31st May 1985 and JP-A-80010248 describes a
resist coating method that forms a resist film having sta-
ble resist sensitivity and uniform thickness. The method
comprises forming an atmosphere of resist solvent va-
pour near the substrate, and then coating the substrate
with resist. The presence of solvent vapour helps to keep

the solvent in the resist film uniform, and extends the re-
sist drying time.
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ably conputer controlled for con5|stency but has been successfully
exécuted manual ly. 1. Position wafer on-axis in chuck (turntable). Con-

~ ventional solvent and photoresist dispensers are positioned centrally over
the chuck. 2. Turn on liquid solvent di spenserSubstitutesheete- 20| Juneeh998 _
(EGVEA with: 30% HVDS; viscosity: 0.5-5.0x[erT] (0.5-5.0 centistokes)). 3.
Wait 2 seconds, then turn off solvent, discharging about 3.5 mlliliters of
sol vent onto.wafertop surface. 4. Wait 5 seconds.

A need remains for a technique for more reliably ap-
plying photoresist to wafers without mottling.

Accordingly, one object of the invention is to improve
the application of photoresist to a top surface of a sub-
strate in the fabrication of integrated circuits.

A second object is to improve the yield and consist-
ency of yield of operative dice, particularly of those con-
‘taining high density circuitry, circuit structures with sub-
stantial variations in topography, or resist phoblc ex-
posed surface materials.

A particular cbject of the invention is to reduce, and
preferably eliminate, mottling in the application of pho-
toresist layers to substrates as aforesaid.

An additional object is to reduce the sensitivity of
successful photoresist application to minor changes in
conditions.

The invention is an improvement in existing tech-
‘niques for applying photoresist to integrated circuit wafer
surfaces, which substantially reduces, and usually elim-
inates mottling in fabrication process steps and integrat-
ed circuit designs where mottling would otherwise occur.

Specifically, the present invention provides a meth--
od of uniformly applying photoresist to a top surface of
a wafer, the method comprising the steps of: discharging
a liquid solvent onto a central area of the top surface of
the wafer while the wafer is static; followed by spinning

- the wafer at a first rate of rotation to spin off excess sol-
vent; followed by spinning the wafar at a second rate of
rotation, less than said first rate of rotation to form a liquid
solvent film over the entire wafer surtace; followed by dis-
charging a liquid photoresist onto a central area of the
waler surface while the entire wafer surface is still wetted
by the liquid scivent film and continuing said discharge
of liquid photoresist while the wafer is spun at said sec-
ond rate of rotation.

This is the réplacement sheet

h ) Jb{\ 1‘3‘3‘)
Date:



5. Spin wafer at 4000 r.p.m for 2.6 seconds, which spins off the mpjority
of the solvent. 6. Slow the chuck to 500 r.p.m and wait 1 second. At this
stage, the solvent filmthickness shows inter- ference col ors consi stent

with a thickness in the range of 100 to 590 nmgubfiRGtd Qhéeto'0§9Aﬂg§, _rlgEg: :
7. Turn on photoresist dispenser to discharge ITqui
M CROPCSI T 1400-27, con- tainjng 62% EGVEA 6% n-butyl acetate, 6% Xyl ene;
viscosity: [err] (17AViorer pagdisvladyoiasa)peeterrag 8!"%9@#’1@@. itheui d
solvent film. mathod comprises pasitioning the wafer on a horizontal -
~ turntable with the top surtace facing upward; discharging
a liquid solvent onto a central area of the top surface;
spinning the wafer to distribute a film of the soiventto a :
substantially uniform thickness over the entire top sur- -
face of the wafer; discharging a liquid photoresist onto -
the central area of the top surface of the wafer over the
solvent film; and spinning the wafer to distribute the pho-
toresist over the entire top surface of the wafer. The dis-
charge of photoresist is controlled so that the top surface
of the wafer remains entirely wetted by the solvent film
during discharge and distribution of the liquid photore-
sist. The wafer may have an intermediate electronic cir-
cuit pattemn formed thereon, which inciudes bare silicon
surfaces, high density circuit features or undercut circuit
features. The solvent used should have a viscosity less
than the viscosity of the liquid photoresist and the soivent
film should have sufficient fluid thickness to cause the -
photoresist to fully cover said bare silicon, high density
or undercut circuit features. The solvent film should have
a thickness of at least 10 nm (100 Angstroms) when ap-
plication of the photoresist is commenced, and prefera-
bly has a thickness in a range of 50 to 1000 nm {500 to
10,000 Angstroms) when application of the photoresist
is commenced.

The foregoing and other objects, features and ad- -
vantages of the invention will become more readily ap-
parent from the following detailed description which pro-
ceeds with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a top plan view of a silicon wafer, schemat-
ically showing dice inscribed in the substrate surface and

mottling in a layer of photoresist applied over the sub-
strate surface.
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8. -Wait.5 seconds while continuing to spin wafer at 500 r.p.m to spread
phot oresi st over wafer surface. 9. Turn off photoresist dispenser. This
- discharges about 3.5 milliliters of photoresist. 10. Spin wafer at 3400

~r.p.m for 12 seconds. 1 1..Turn off chugk ThigulstRMESsRedtORI RitieS]obBYEr
+ of about 1400 nm (14, 000 Angstromns) thickness.”IZ The waier 1s refeased

fromthe chuck and trans- ferred to an oven for baking the photoresist
layer in conventional pyangris Hy %rilérb&@i' cPB58C58EHbNaNSAbw taken
| along lines 2-2 in FIG. 1, showing an exposed silicon sur-
face, an undercut nitride layer, and a boundary between
the layer of photoresist and a motltled region.

FIGS. 3 and 4 are cross-sectional views similar to
FIG. 2, showmg application of a film of liquid solvent to
wet the substrate surface followed by application of a lay-
er of liquid photoresist over the liquid soivent film in ac-
cordance with the invention.

FIG. S is a time-based graph of the technlque of the
present invention for discharging and spreading liquid
photoresist on the substrate surface while the surface is
still wet with solvent.

DETAILED DESCRIPTION

Referring to FIG. 1, a typical form of substrate is a
silicon wafer 10, although the invention is applicable to
other substrate materials. The substrate has scribe lines
12 which define square or rectangular dice, such as die
14 and die 18. When photoresist is applied in accordance
with conventional procedures, mottting of the photoresist
layer may result, as discussed above, leaving regions
that are not adequately covered by photoresist. These
regions are indicated in FIG. 1 by photoresist boundaries
16. Absent mottling, die 14 will be adequately covered
with photoresist and can be appropriately pattemed to
make an operative integrated circuit. Die 18, on the other
hand, has a portion that is not covered by photoresist
and, therefore, cannot be pattemed to form circuit fea-
tures that are critical to making the device operative. The
maottling features tend to display characteristics that are
influenced by the spinning of the wafer to spread pho-
toresist, such as a radial orientation, and characteristics
of the dice as laid out on the wafer, such as boundaries
along scribed lines, areas of bare silicon or high density
circuit features, which are typically rectilinear in shape.
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13 Substitute sheet - 29 June 1998 4 Having illustrated and descri bed
the principles of the invention in a preferred enbodinent, it should be
appar- ent to those skilled in the art that the invention may be nodified

i n-arrangenent and detail within the scg8pe of Substituté lsheetg 28 dims.1998

FIG. 2 shows the wafer 10 with a substrate surface
22 and scribe line 12 inscribed in the bare silicon surface
22 between dice 14, 18. For purposes of illustration, a
good die 14 is shown alongside a defective die 18. Both
dice have an earlier formed circuit feature 24, which
could be, for example, a layer of nitride that has been
pattemed in a prior processing step, such as the lateral
chanriel stop (LCS) level mentioned above. Layer 24 is
shown with an undercut perimeter 28. Following conven-
tional photoresist application procedures, a quantity of
liquid solvent containing a bonding agent has been ap-
plied and spun off until apparently dry. In the example
mentioned above, the liquid composition was ethylene
giycol monoethy! ether acetate, also known as cellusoive
acetate or EGMEA (CH;COOCH,CH,0C,Hg) as the
solvent, and 30% hexamethyidisilazane, or HMDS
(CgH44SiaN), as the bonding agent (and which is also a2
solvent for photorasist). Spinoff leaves a thin residual film
26 of bonding agent and solvent on the exposed surfaces
of the substrate and structures 24. The surface visually
appears dry, meaning that the film 26 has thickness less
than 50 nm (500 Angstroms). The solvent and bonding
agent are volatile, but bond to some extent with the sub-
strate surface, so the resultant layer 26 may actually be
as thin as a monolayer or a few molecular layers, prcb-
ably under 5 nm (50 Angstroms) and very likely under
10 nm (100 Angstroms) thick. '

The conventionally-applied photoresist layer is
shown terminating in a boundary 16 which, for illustrative
purposes, is located at scribe line 12 on the bare silicon
surface. This boundary can occur at locations other than
scribe lines, for example, along device features, such as
undercut 28 in layer 24. The photoresist boundary is
shown with a bulbous shape in FIG. 2 because liquid
photoresist has a high viscosity and surface tension. Al-
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14,

Substitute sheet - 29 June 1998 Clains 1. A nethod of uniformy

~applying photoresist to a top surface (22.24) of a wafer (10), the nethod

conpris- ing the steps of:

di scharging a liquid solvent onto a t
of ithe top surface (22,24) of the wafer ¢10) musﬁtuteasheéte-rZQSchg'tnaatrlgég

fol |l oned by spi nning the wafer (10) at a first rate of rotation

though mattling may take anumber ot ditferantforms that
vary from what is shown in FIG. 2. this form and other
forms are effectively curtailed by the invention, as next
described. |

FIG. 3 shows a wafer having the same initial confor-

mation as that of FIG. 2, namely & substrate 10 with
scribe lines 12 in surface 22 and deposited and etched
layer structures 24 in each die. The first step of the tech-
nique of the invention is to apply @ film 30 of liquid solvent
(such as EGMEA with HMDS) over the entire substrate
surface and to distribute the soivent approximately uni-
formly through a predetermined range of thickness indi-
cated by reference numeral 32. This range of thickness
can vary but must be sufficient to wet the substrate sur-
face with liquid solvent.

FIG. S is a graph illustrating the technique of the in-
vention along a time line. The sequence commences
with the discharge of solvent onto the surface of the sub-
strate. The solvent accumulates on the substrate to an
initial thickness shown along the vertical axis. Next, the

turntable is operated to spin off excess soivent. This pro- -

cedure reduces the thickness of the solvent, as indicated
by the descending portion of the curve in FIG. 5. lf the
wafer were spun until the solvent appeared completely
dried, as in the prior art, the solvent thickness would ul-
timately reduce to the thickness of the residual bonding
layer, as indicated at the far rightin FIG. 5, and as shown

as layer 26 in FIG. 2. This is not allowed to happen in the

present invention. _

Referring to FIG. 4, 2 predetermined quantity of lig-
uid photoresist solution 36 is dispensed onto the wafer,
while it is still spinning from the step of FIG. 3, over the
liquid soivent film 30. The liquid photoresist solution is
immediately spread, as it is being discharged, over the
entire: surface of the wafer. As shown in FIG. 5, this is
done at a time when the liquid solvent still has a2 meas-

urable fluid thickness, well before it has dried down to

just a residual bonding layer of 10 nm (100 Angstroms)

ar ea
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to spin off excess solvent; followed by spinning the wafer (10) at a second
rate of rota- tion, less than said first rate of rotation to forma liquid
solvent filmover the entire wafer surface (22,24); followed by discharging

a liquid photoresist onto a central area 1@ thesmagmrutélghgaf:e2(9235!3&)1%' l e
the entire wafer surface is still wetted by the™TTqui :
continuing said déf)ﬁ ge of liquid pho- toresist while the wafer (10) is
spun at said sec- ate of rotation.

Discharging and spreading the liquid pkotaresist
while the substrate surface remains wet with a fluid film
of solvent facilitates distribution of the photoresist over
the entire surface of the wafer, over bare silicon surface .
areas, scribe lines and etched layers deposited on the
substrate surface, including those with undercut bound-
aries. Incidence of mottling, even at heretofore highly
sensitive levels of fabrication, is reduced to nil. Sensitiv-
ity of successful photoresist application to minor varia-
tions in multiple conditions is greatly reduced. |

While the precise mechanisms are not fully under-
stoad, it is believed that the liquid solvent film 30 facili-
tates spreading the photoresist solution 36 in several
ways. First, the fluid solvent, apparently more philic to
silicon than liquid photoresist, effectively pre-wets the
substrate and device feature surface. This enables the
photoresist more readily to come into intimate contact
with such surfaces. Second, the photoresist solution al-
ready contains some proportion of the solvent, and is
readily miscible with it. The scivent film 30 may locally
. dilute the photorasist solution at the interface between

the photoresist solution and the liquid film, thereby re-
ducing the viscosity of the photoresist at such interface.
This dilution, and possibly an active solution-type inter-
action, may also facilitate the migration of photoresist
into undercut areas. The liquid solvent film may also re-
duce the overall surface tension of the liquid photoresist
layer.

Regardless of the precise mechanism or combina-
tion of mechanisms, the technique of the present inven-
tion reliably and uniformly coats substrates with photore-

. sist, even in high density and high topography circuit de-
signs that are particularly prone to mottling. It does this
withéut flooding the wafer surface with liquid photoresist.

Conventicnal quantities of photoresist can be used with
virtually 100% reliability. -
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2., A method according to claim1l in which the liquid solvent filmhas a
t ht ckness of 50 nm (500- Ang- strons) or more when application of the
photoresist is commenced. 3. A nethod according to claim1 or 2, wherein

said step of spinning the wafer (10) atih secSubstitite shiet 028 June tl998r m a
liquid solvent filmover the entire wafer surface (22,24) continues for a

period of time until a thickness in the range of 100 to 500 nmof |iquid
sol vent remains on the surface of the wafer.

As mentioned above, a predetermined measurable
amount of liquid solvent must be left on the substrate sur-
face when the liquid photoresist is discharged. Simply
put, the substrate surface must be wet with fluid solvent,
not apparently dry, though an excess of solvent is not
desirable. A suitable amount, or thickness, of soivent film
may be determined a number of different ways. One is
empirically, by testing different time intervals. If too much
solution remains, the photoresist may not consistently
coat the substrate surface, affecting repeatability. If too
litle remains, mottling will begin to occur. Another is vis-
vally: When first dispensed onto a stationary wafer, the
solvent appears colorless and transparent. During
spinoff, as the thickness of the liquid film approaches the
wavelength of light (beginning at about 1500 nm (15,000
Angstroms) thickness), under visible light (center wave-
length about 550 nm (5,500 Angstroms), bandwidth .

- about 200 nm (2,000 Angstroms)) interference colors will
appear (altemating between red and green shades).
While these colors are still apparent, the photoresist is
dispensed. if the photoresist were not dispensed during.
this time interval and spinoff were continued in conven-
tional manner, the interference colors would disappear
(atabout 50 nm (500 Angstroms) film thickness) and the
wafer surface would soon turn silver or grey, proceeding
from the perimeter toward the center of the wafer. Exper-

imentally, mottling was found to begin to appear at this
“stage.

EXAMPLE

Following is an implementation of the invention for
applying photoresist in the lateral channel stop level of
the Hewlett Packard CMOSC process. With little or no
change, it can be applied to any level in any fabrication
process on silicon, aithough it may only be needed at

one level. Its principles can be readily extended to other
This is the replacemant sheet
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15, Substitute sheet - 29 June 1998 4. A nethod according to claim1, 2
or *3 whérein: fol - | owi ng discharge of the |iquid photoresist onto the
waf er surface (22,24), the wafer is spun at a third rate of rotation
greater than said second rate of rota- figon. Sutkti‘tﬁtdﬁgldeaccﬁgd.luntp 1998ny
preceding claimin which the solvent and photoresist are mscible. 6. A
met hod according to any preceding claimin which

materials, such as GaAs. This mplementatlon is prefer-
ably computer-controlled for consistency, but has been
successfully executed manually.

1. Position wafer on-axis in chuck (turntable). Con-
ventional solvent and photoresist dispensers are
positioned centrally over the chuck.

2. Turn on liquid solvent dispenser-todischarge sol-
vent (EGMEA with 30% HMODS; viscosity:
0.5-5.0x10-% m2s~1 (0.5-5.0 centistokes)). |

3. Wait 2 seconds, then tumn off solvent, discharging
about 3.5 milliliters of solvent onto wafer top surface.
4. Wait § seconds.

5. Spin wafer at 4000 r.p.m. for 2.6 seconds, which
spins off the majority of the soivent.

6. Slow the chuck to 500 r.p.m. and wait 1 second.
At this stage, the solvent film thickness shows inter-
ference colors consistent with a thickness in the
range of 100 to SO0 nm (1,000 to 5,000 Angstroms).
7. Turn on photoresist dispenser to discharge liquid
photoresist (Shipley MICROPOSIT 1400-27, con-
taining 62% EGMEA 6% n-butyl acetate, €%
Xylene; viscosity: 1.75-1.79x10-5m2s™1 (17.5-17.9
centistokes)) onto wafer atop the liquid solvent film.
8. Wait 5 seconds while continuing to spin wafer at
500 r.p.m. to spread photoresist over wafer surface.
‘9. Turn off photoresist dispenser. This discharges
about 3.5 milliliters of photoresist.

10. Spin wafer at 3400 r.p.m. for 12 seconds.

11. Tumn off chuck. This leaves a photoresist layer of
about 1400 nm (14,000 Angstroms) thickness.

12. The wafer is released from the chuck and trans-
ferred to an oven for baking the photoresist layer in
conventional manner.
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the liquid solvent and the |iquid photoresist both include ethylene glycol
norfoet hyl ether acetate (EGQVEA). 7. A nethod according to claim®6 in which
the liquid solvent further includes hexamnethyl disilazane (HVDS). 8. A
met:hod according to any preceding cl ai mjign wWhigilbstitatessheetnt 28akure 1998
viscosity less than the viscosity of the photoresist 9. A nethod according

to any preceding claimwherein the wafer is a sem conductor wafer having an
el ec- '

Havingillustrated and described the principles of the

_ invention in a preferred embodiment, it should be appar-

. ent to those skilled in the art that the invention may be

' modified in arrangement and detail within the scope of
the following claims. '
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tropic:circuit pattern defined thereon. 10. A nmethod according to claim?9,
wherein the elec- tronic circuit pattern is an internediate electronic cir-
cuit pattern including at |east one of: bare silicon sur- faces, high

density circuit features and undercut ciT4 cui BubStituteé®heet - 29 June 1998

Claims

1. Amethod of uniformly applying photoresist to a top ..
| surface (22,24) of a wafer (10), the method compris-
ing the steps of:

discharging a liquid solvent onto a central area’
of the top surface (22,24) of the wafer (10) whale
the wafer is static; followed by
spinning the wafer (10) at a first rate of rotation
- o spin off excess solvent; followed by
spinning the wafer (10) at a second rate of rota-
tion, less than said first rate of rotation to form
a liquid solvent film cver the entire wafer surface
(22,24); followed by
discharging a liquid photoresist onto a central
area of the wafer surface (22,24) while the entire
- wafer surface is still wetted by the liquid soivent
film and continuing said discharge of liquid pho-
toresist while the wafer (10) is spun at said sec-
ond rate of rotation. |

2. A method according to claim 1 in which the'liquid
solvent film has a thickness of 50 nm (500 -Ang-
stroms) or more when application of the photoresist

- is commenced.

3. A method according to claim 1 or 2, wherein said
step of spinning the wafer (10) at a second rate of
rotation to form a liquid solvent film over the entire
wafer surface (22,24) continues for a period of time
until a thickness in the range of 100 to 500 nm of
liquid solvent remains on the surface of the wafer.

e

Date: 29 JUN 1998



o~

15 Substitute sheet - 29 June 1998

4. A method according to claim 1, 2 or 3 wherein, fol-
| lowing discharge of the liquid photoresist onto the
wafer surface (22,24), the wafer is spun at a third

rate of rotation greater than said second rate of rota-
tion. |

5. Amethod according to any preceding claim in which.
the solvent and photoresist are miscible.

6. Amethod according to any preceding claim in which
| the liquid solvent and the liquid photoresist both

include ethylene glycol monoethyl ether acetate
(EGMEA). ' '

7. A method according to claim 8 in which the liquid

solvent further includes hexamethyldisilazane
(HMDS).

8. Amethod accarding to any preceding claim in which
the solvent has a viscosity less than the viscosity of
the photoresist

9. Amethod according to any preceding claim wherein
the wafer is a semiconductor wafer having an elec-
tronic circuit pattern defined thereon.

10. A method according to claim 8, wherain the elec-
' tronic circuit pattermris an intermediate electronic cir-
cuit pattem including at least one of: bare silicon sur-

faces, high density circuit features and undercut cir-
cuit features.
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