
1 METHOD FOR IMPROVING DEPOSIT OF PHOTORESIST ON WAFERS BACKGROUND OF THE
INVENTION This invention relates generally to processes for fab- ricating
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 pre- paratory to a masking and patterning 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- 



strate. These patterns are used in subsequent steps to form a wide variety
of features which, together, form the active devices and interconnecting
circuitry of an inte- grated circuit. As shown in FIG. 1, the substrate is
ordi- narily a semicircular wafer. A checkerboard pattern of square or
rectangular dice is formed by scribe lines, along which the dice can be
separated once the process- ing 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 vol- atile liquid solvent. The solvent
may include an appropri- ate bonding agent to assist in adhering a layer of
pho- toresist, to be applied subsequently, to the substrate sur- face.
Next, the turntable 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 turntable is
turned off. After the wafer ceases spinning, a predeter- mined quantity of
liquid photoresist solution is dispensed 



onto the top substrate surface. The turntable 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 writing technique, to pattern each    2 die
in accordance with the desired configuration of one 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 resultant 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 cir- 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
pattern- ing step can fail, as to a water 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
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 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 photoresist material for
the exposed surface materials of 



3 the substrate is a factor. Silicon is phobic to many pho- toresist
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 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 channel stop (LCS) level. At this intermediate lev- el, 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 con- ditions 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 of liquid pho- toresist: 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 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-    4 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-53033115 describes a photoresist 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 method, the diluent of a photoresist 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 1986 and JP-A-61091655 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, coating it with the pho-
toresist. Patent Abstracts of Japan vol. 9, no. 127 (P-360) (1850), 31st
May 1985 and JP-A-60010248 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.    5 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 phobic
ex- posed surface materials. A particular object 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 wafer at a second rate of rotation, less than said
first rate of rotation to form a liquid solvent film over the entire wafer
surface; followed by dis- charging a liquid photoresist onto a central area
of the wafer surface while the entire wafer surface is still wetted by the
liquid solvent film and continuing said discharge of liquid photoresist
while the wafer is spun at said sec- ond rate of rotation.   



6    Substitute sheet - 29 June 1998 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 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 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 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 water, schemat- ically showing dice
inscribed in the substrate surface and mottling in a layer of photoresist
applied over the sub- strate surface.    7    Substitute sheet - 29 June
1998 FIG. 2 is an enlarged cross-sectional view 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 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 application of a
lay- er of liquid photoresist over the liquid solvent film in ac- cordance
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. 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
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 patterned 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
patterned to form circuit fea- tures that are critical to making the device
operative. The mottling 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.  



8    Substitute 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
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 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 glycol monoethyl ether
acetate, also known as cellusolve acetate or EGMEA [err] as the solvent,
and 30% hexamethyidisilazane, or HMDS [err] 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 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, prob- 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-    9
Substitute sheet - 29 June 1998 though 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 confor- mation as that of FIG. 2,
namely a 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 a film 30 of liquid solvent (such as EGMEA
with HMDS) over the entire substrate surface and to distribute the solvent
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. 5 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 solvent. This pro- cedure 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 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 allowed to
happen in the present invention. Referring to FIG. 4, a predetermined
quantity of liq- uid 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 meas- urable fluid
thickness, well before it has dried down to just a residual bonding layer
of 10 nm (100 Angstroms)    10    Substitute sheet - 29 June 1998 or less.
Discharging and spreading the liquid photoresist 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- stood, 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 solvent film 30 may locally dilute the photoresist 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 without flooding the wafer
surface with liquid photoresist. Conventional quantities of photoresist can
be used with virtually 100% reliability. 



11    Substitute sheet- 29 June 1998 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
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 is vis- ually: 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 (alternating 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 (at about 50 nm (50
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, although it may only be needed at one level. Its
principles can be readily extended to other    12 materials, such as GaAs.
This implementation 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 to discharge sol- vent
(EGMEA  with  30% HMDS; viscosity: 0.5-5.0x[err] (0.5-5.0 centistokes)). 3.
Wait 2 seconds, then turn off solvent, discharging about 3.5 milliliters of
solvent onto wafertop surface. 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 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 500 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, 6% Xylene;
viscosity: [err] (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. 1 1. Turn 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. This is the replacement sheet 



13    Substitute sheet - 29 June 1998 4 Having illustrated 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.  



14    Substitute sheet - 29 June 1998 Claims 1. A method 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) while the wafer is static;
followed by spinning the wafer (10) at a first rate of rotation 



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 form a liquid
solvent film over 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 solvent 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.  



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. S. A method according to any
preceding claim in which the solvent and photoresist are miscible. 6. A
method 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 6 in which
the liquid solvent further includes hexamethyldisilazane (HMDS). 8. A
method according to any preceding claim in which the solvent has a
viscosity less than the viscosity of the photoresist 9. A method 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 9,
wherein the elec- tronic circuit pattern is an intermediate electronic cir-
cuit pattern including at least one of: bare silicon sur- faces, high
density circuit features and undercut cir- cuit features.    






