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(57) ABSTRACT 

This invention describes improved apparatus and methods 
for spin-on deposition of semiconductor thin ?lms. The 
improved apparatus provides for controlled temperature, 
pressure and gas compositions Within the deposition cham 
ber. The improved methods comprise dispensing of solu 
tions containing thin ?lm precursor via a moveable dispens 
ing device and the careful regulation of the pattern of 
deposition of the precursor solution onto the Wafer. The 
invention also comprises the careful regulation of deposition 
variables including dispensation time, Wafer rpm, stop time 
and rates of Wafer rotation. In one embodiment, the precur 
sor solution is dispensed from the outer edge of the Wafer 
toWard the center. In alternative embodiments, processors 
regulate the movement of the dispensing arm and the 
precursor pump to provide an evenly dispensed layer of 
precursor solution. The invention also describes improved 
methods for evaporating solvents and curing thin ?lms. The 
methods of this invention enable the production of spin-on 
thin ?lms, Which have more even ?lm thickness and uni 
formity. The semiconductor thin ?lms produced by the 
methods of this invention are useful for the manufacture of 
semiconductor devices comprising interlevel dielectric 
materials. 
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SOLUTION FLOW-IN FOR UNIFORM 
DEPOSITION OF SPIN-ON FILMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] US. patent application Ser. No. , entitled: 
“Closed Deposition Apparatus and Methods for Regulating 
Drying of Spin-On Films.” Inventors: Lu You, DaWn Hop 
per, Richard J. Huang. Filed: Nov. 12, 1998. 

[0002] US. patent application Ser. No. , entitled: 
“Apparatus and Methods for Uniform Scan Dispensing of 
Spin-On Films.” Inventors: Lu You, DaWn Hopper, Christof 
Streck, John Pellerin, Richard J. Huang. Filed: Nov. 12, 
1998. 

[0003] US. patent application Ser. No. , entitled: 
“Rapid Acceleration Methods for Global PlanariZation of 
Spin-On Films.” Inventors: Lu You, DaWn Hopper, Richard 
J. Huang. Filed: Nov. 12, 1998. 

[0004] US. patent application Ser. No. , entitled: 
“Methods of Manufacture of Uniform Spin-On Films.” 
Inventors: Lu You, DaWn Hopper, Richard J. Huang. Filed: 
Nov. 12, 1998. 

[0005] US. patent application Ser. No. , entitled: 
“Semiconductor Devices Having Spin-On Thin Films With 
Global and Local Planarity.” Inventors: Lu You, DaWn 
Hopper, Richard J. Huang. Filed: Nov. 12, 1998. 

[0006] US. patent application Ser. No. , entitled: 
“Cure Process for Manufacture of LoW Dielectric Constant 
Interlevel Dielectric Layers.” Inventors: Lu You, Simon 
Chan, John Iacoponi, Richard J. Huang, Robin Cheung. 
Filed: Nov. 12, 1998. 

[0007] Each of the above-identi?ed patent applications is 
herein incorporated fully by reference. 

BACKGROUND OF THE INVENTION 

[0008] 1. Field of the Invention 

[0009] The present invention relates to the ?eld of manu 
facturing thin ?lms using spin-on methods. Speci?cally, this 
invention relates to (1) the manufacture of loW dielectric 
constant layers for insulation of metal interconnects in 
semiconductor devices and (2) photoresist layers. More 
speci?cally, the invention relates to apparatus for and meth 
ods for improving the quality of spin-on thin ?lms, including 
the use of a processor to regulate the deposition of spin-on 
?lms. 

[0010] 2. Discussion of the Related Art 

[0011] Spin-on deposition methods are used for the manu 
facture of thin ?lms on semiconductor devices. Generally, a 
solution comprising a solvent and a precursor of the material 
to be deposited is placed in the center of a semiconductor 
Wafer and then the Wafer is rotated at a rate suf?cient to 
distribute the solution across the surface of the Wafer (a 
“rapid spin step”). The amount of solution, the solution 
viscosity, the solvent evaporation rate, the acceleration and 
the maXimum spinning speed determine, in general, the 
thickness of the spin-on coating. 

[0012] The deposition of loW dielectric constant materials 
such as glass and glass-like materials have also been depos 
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ited by spin-on methods. These spin-on-glass (SOG) meth 
ods generally involve the placement of a pool or puddle of 
a solution comprising a silicate or other precursor and an 
solvent such as an alcohol on the center of a semiconductor 

Wafer. Typically, for a Wafer With a diameter of 8 inches, 
about 4 ml of solution is used. The Wafer is then rotated to 
distribute the solution over the Wafer surface. During spin 
ning, as the solvents evaporate, residual material, including 
by Way of eXample only, an SiOZ-like layer, is deposited on 
the Wafer. Typically, spin-on processes have been carried out 
at atmospheric pressure under ambient conditions, such as in 
air. For certain precursor solutions containing solvents With 
high volatility, solvent can evaporate so rapidly as to cause 
the spin-on layer to solidify before all of the thinning and 
evening steps have been completed. For these materials, the 
resulting spin-on layers are not ideally suited for manufac 
ture of semiconductor devices. Layers deposited in this 
fashion can have non-uniformities of 20% or greater When 
deposited on patterned Wafers With metal interconnects. For 
future integrated circuit manufacture, hoWever, this non 
uniformity presents a signi?cant problem. This is true espe 
cially in the manufacture of multi-layered ?lms. Each layer 
contributes its oWn nonuniformity to the multilayered ?lm, 
and because the nonuniformity tends to be in the form of a 
thicker layer at the center of the Wafer, the overall nonuni 
formity increases With the number of layers. 

[0013] As a result of these problems, these processes are 
suitable for the manufacture of semiconductor devices With 
gap dimensions of greater than 0.5 pm. For purposes of this 
application, the term gap dimensions means the distance 
separating integrated circuit elements, for eXample, metal 
lines. Thus, ?lling the gaps betWeen semiconductor elements 
requires that the deposition process provide dielectric mate 
rial Which can penetrate into the recesses of the gap. 
Conventional spin-on methods are not suited for manufac 
turing devices With gap dimensions of less than 0.5 pm. 
First, dispensing of a puddle of solution onto the middle of 
the Wafer creates less complete coverage at the edges of the 
Wafer. To counteract this problem, the puddle typically 
includes substantially more solution than is necessary to 
provide an even layer of solution over the Wafer. During the 
rapid spinning step, more of the solution is spun off of the 
Wafer, resulting in substantial loss of expensive precursors 
and environmentally harmful solvents. NeXt, as gaps in the 
metal interconnect pattern become narroWer, it is more 
dif?cult to evenly ?ll the gaps, especially as the solution is 
distributed radially across the surface With a high velocity. 
Furthermore, as the solution is distributed radially, the 
solvent evaporates from the solution. This can lead to 
changes in the concentration of precursor in the solution 
and/or the viscosity of the solution as it is being distributed 
across the Wafer. 

[0014] These features of the prior art methods result in 
poor planarity of the surface, Which can reduce the accuracy 
of subsequent manufacturing steps. The resulting semicon 
ductor devices then can have loW reliability. These problems 
have limited the minimum siZe of features Which can be 
coated using spin-on methods. 

[0015] Conventional solutions to these problems included 
the use of greater amounts of spin-on solution or the use of 
longer spin times. HoWever, the use of more solution results 
in higher losses of chemicals, and longer spin times reduces 
the through-put in the Wafer manufacturing process. 
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[0016] Certain types of dielectric materials can be cross 
linked after deposition to increase the mechanical strength of 
the resulting thin ?lm. However, prior art methods usually 
involve rapid temperature increases, Which can result in 
thermomechanical stress being placed on the ?lm. Mechani 
cal stresses can Weaken the ?lm and can lead to increases in 
dielectric constant and decreased dielectric strength. These 
effects can result in decreased useful lifetimes of the thin 
?lms. 

SUMMARY OF THE INVENTION 

[0017] Therefore, one object of this invention is the manu 
facture of spin-on layers With improved planarity on metal 
interconnect patterned Wafers. 

[0018] Another object of the invention is the manufacture 
of spin-on layers With better gap ?lling properties. 

[0019] A further object of the invention is the manufacture 
of spin-on layers With more even deposition. 

[0020] Yet another object of the invention is the manu 
facture of thinner spin-on layers. 

[0021] An additional object of the invention is the manu 
facture of spin-on layers Which produce less chemical Waste. 

[0022] A yet additional object of the invention is the 
manufacture of spin-on layers Which are more rapidly manu 
factured. 

[0023] A further object of the invention is the manufacture 
of spin-on layers With loW dielectric constant, high dielectric 
strength, and high mechanical strength. 

[0024] In one embodiment, the instant invention provides 
methods for manufacturing more uniform spin-on layers by 
improving the dispensing of spin-on solutions to achieve 
even layers of solutions of precursors of semiconductor thin 
?lms. 

[0025] In one aspect of the invention, the improved meth 
ods for dispensing precursor solutions over the Wafer surface 
are carried out Wherein the precursor solution is pumped 
through a noZZle positioned over the Wafer Which is rotated 
at the same time as the noZZle is moved betWeen the edge of 
the Wafer and the Wafer center, thereby providing a continu 
ous layer of precursor solution on the Wafer prior to the rapid 
spin step. 

[0026] A further aspect of the invention is the deposition 
of precursor solutions from the outside edge of the Wafer 
toWard the center, thereby providing a more even layer of 
precursor solution prior to the rapid spinning step. 

[0027] Another aspect of the invention is the regulation of 
the precursor dispensation using a processor to indepen 
dently control the How rate of precursor solution, Wafer 
rotation velocity and/or dispensing noZZle velocity as the 
Wafer is rotated, to provide an even layer of precursor 
solution on the Wafer. 

[0028] An additional embodiment of the invention is the 
use of high rates of acceleration during the rapid spinning 
step, high maXimum rotation speed, high rates of decelera 
tion, and reduced spin durations to distribute and thin the 
precursor solution, thereby resulting in a more even, thinner 
spin-on layer. 
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[0029] A further embodiment of the invention is the use of 
a solution ?oW-in period, Wherein after the rapid spin step 
the Wafer rotation is sloWed to permit the precursor solution 
to spread evenly on the semiconductor Wafer, and to provide 
improved planarity of the surface of the resulting thin ?lm. 

[0030] Yet another embodiment of the invention is the use 
of a closed deposition system to regulate the rates of 
evaporation of solvents during the dispensing, rapid spin, 
solution ?oW-in, and evaporation steps. 

[0031] Another aspect of this invention is the regulation of 
solvent vapor pressure to control the rates of evaporation of 
solvent. 

[0032] A yet further aspect of the invention is the use of 
increased deposition chamber pressure to decrease the rate 
of solvent evaporation during dispensation, rapid spin, and 
?oW-in steps. 

[0033] A yet further aspect of the invention is the use of 
decreased deposition pressure to improve the ?lling of gaps 
and to decrease the time necessary for evaporation of 
solvents. 

[0034] An additional aspect of the invention is the use of 
reduced solvent pressure to increase the rate of evaporation 
during evaporation and curing steps. 

[0035] A further aspect of the invention is the use of a 
processor to coordinate and regulate dispensation, deposi 
tion chamber conditions, ?oW-in, rapid spin, evaporation, 
and/or curing steps. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIGS. 1a and 1b are block diagrams tWo deposi 
tion chambers used for the manufacture of spin-on thin ?lms 
of this invention. 

[0037] FIG. 2 is a block diagram of the apparatus used to 
dispense the spin-on solutions of this invention. 

[0038] FIG. 3a is a graph of spin speed versus time for one 
embodiment of the invention. 

[0039] FIG. 3b is a graph of spin speed versus time for 
another embodiment of the invention. 

[0040] FIGS. 4a, 4b and 4c are plots shoWing the rela 
tionships betWeen ?lm thickness range, standard deviation 
and ?lm non-uniformity, respectively, and the dispense time 
of the precursor solution for thin ?lms deposited on metal 
patterned Wafers. 

[0041] FIGS. 5a, 5b and 5c are plots shoWing the rela 
tionships betWeen ?lm thickness range, standard deviation 
and ?lm non-uniformity, respectively, and the dispense spin 
speed for thin ?lms deposited on metal patterned Wafers. 

[0042] FIGS. 6a, 6b and 6c are plots shoWing the rela 
tionships betWeen ?lm thickness range, standard deviation 
and ?lm non-uniformity, respectively, and the spin time after 
dispensation for thin ?lms deposited on metal patterned 
Wafers. 

[0043] FIGS. 7a, 7b and 7c are plots shoWing the rela 
tionships betWeen ?lm thickness range, standard deviation 
and ?lm non-uniformity, respectively, and the stop time after 
dispensation for thin ?lms deposited on metal patterned 
Wafers. 
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[0044] FIG. 8a shows the thickness of a thin ?lm of this 
invention deposited plotted as a function of the distance 
from the center of a patterned Wafer. 

[0045] FIG. 8b depicts a spin-on layer deposited using a 
center-dispense method. 

[0046] FIG. 8c depicts a spin-on layer deposited using the 
edge-dispense method of this invention. 

[0047] FIG. 9a depicts a semiconductor Wafer With four 
areas selected for measuring the ?lm thickness. 

[0048] FIGS. 9b and 9c shoW photographs of the surfaces 
of Wafers containing semiconductor thin ?lms deposited 
using standard methods (FIG. 9b) and the edge-dispense 
methods of this invention (FIG. 9c), respectively. 

[0049] FIG. 10a depicts the local non-uniformity of thin 
?lms deposited using conventional spin-on methods. 

[0050] FIG. 10b depicts the local non-uniformity of thin 
?lms deposited using the spin-on methods of this invention. 

[0051] FIGS. 11a and 11b depict single level and multi 
level semiconductor devices, respectively, comprising thin 
?lms of this invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0052] This invention solves the problems in the prior art 
methods for spin-on-deposition by separately regulating the 
steps in the manufacturing process to provide an even, high 
quality thin ?lm on a substrate surface. The improved steps 
in the manufacture of spin-on ?lms include the use of: (1) a 
closed deposition chamber, Whereby the conditions of spin 
on deposition can be regulated; (2) the dispensing of pre 
cursor solutions in fashions to provide an even layer of 
precursor solution distributed over the entire Wafer surface 
prior to the rapid spinning step; (3) the use of rapid accel 
eration, high maXimum Wafer rotation speed and high rates 
of deceleration to even and thin the precursor solution; (4) 
a period of solution ?oW-in after the rapid spinning step to 
permit the precursor solution to distribute over the Wafer 
surface more evenly; and (5) control over the solvent 
evaporation and curing steps of the thin ?lm. Any type of 
?lm Which can normally be deposited in solution can be 
deposited advantageously using the apparatus and methods 
of this invention. Such layers include but are not limited to 
photoresist layers and loW dielectric constant ?lms. 

[0053] 
sition. 

I. Closed Deposition Chamber for Spin-On Depo 

[0054] The improved processes of this invention can be 
advantageously carried out in a closed deposition chamber 
containing the Wafer, the chuck, ports for introducing pre 
cursor solutions, environmental gases, and devices for regu 
lating pressure and temperature during the manufacturing 
processes. The deposition apparatus shoWn in FIG. 1a 
comprises a deposition chamber 100a comprising a bell 102 
sealed onto a support platform 106 With seals 110 capable of 
containing the gases in the chamber space 103 during the 
loW and high pressures that eXist during deposition of the 
spin-on materials. The bell 102 can be made of any conve 
nient material Which is inert to the chemicals used in spin-on 
deposition. Such materials can be, by Way of eXample only, 
quartZ, glass or stainless steel. The siZe of the bell should be 
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suf?cient to enclose the chuck, Wafer, and can also, if 
desired, accommodate the solution dispensing apparatus for 
scan dispensing spin-on solutions. A pump 120 is used to 
decrease the pressure in chamber space 103 if desired, and 
to eXhaust gases from the chamber. A cold trap 116 is used 
to prevent solvents and/or precursors from contaminating 
the pump 120 and to prevent environmental contamination. 

[0055] The gas composition Within chamber space 103 can 
be regulated by a bias gas in?oW source 124, Which typically 
uses an inert gas such as nitrogen, helium, argon or similar 
gas. Inert gases can minimiZe the oxidation of the dielectric 
material, thereby decreasing the dielectric constant of the 
resulting thin ?lm. To increase the solvent vapor pressure in 
chamber space 103, a solvent injector 130 is used. Solvent 
injector can be a bubbler to volatiliZe liquid solvents, or an 
injector to directly place solvent into the bias gas ?oWing 
into the deposition chamber. These types of solvent injection 
devices are knoWn in the art and Will not be described 
further. The temperature inside the deposition chamber can 
be increased by heaters 136 or can be decreased by coolers 
140. The heaters can be any conventional type, including 
resistive heaters or infrared lamps knoWn in the art. Coolers 
140 can be radiative coolers using cold air, cooling liquids 
such as, by Way of eXample only, freons or other refrigerants 
such as cold Water. A chuck 104 capable of rotation about its 
central aXis is shoWn. The spindle 105 is typically sealed 
using a gasket 112, Which can be made of any chemically 
inert material suitable for maintaining the pressure Within 
the chamber space 103. By Way of eXample only, the gasket 
112 can be made of stainless steel, silicone polymers, or 
other materials knoWn in the art. The evaporation of solvents 
from the Wafer can be sloWed by cooling the Wafer and 
chuck 104 by conventional means, by Way of eXample only, 
the reverse Peltier effect. Alternatively, the chuck 104 can be 
cooled using a cooling ?uid such as, by Way of eXample 
only, cold Water, freons and other refrigerants, or cold air. 
Alternatively, the chamber space 103 can be cooled adia 
batically by using the bias gas stored under pressure and 
released into the chamber at a pressure loWer than the 
storage pressure of the gas. Further adiabatic cooling can be 
accomplished by loWering the pressure in the chamber space 
103 using pump 120. Moreover, the temperature in the 
chamber space 103 can be decreased using a cooled bias gas 
126. 

[0056] The pump 120, bias gas in?oW apparatus 124, bias 
cooling gas 126, the solvent injector 130, the heaters 136 and 
coolers 140, and the chuck cooling devices can be separately 
controlled using a processor 144 Which can be attached to a 
memory device 148 Which can store a program to regulate 
the conditions Within the chamber space 103, the rotation, 
and the temperature of the chuck 104. In operation, the bell 
102 can be raised to permit the installation of a Wafer on 
chuck 104. The bell is then loWered onto platform 106 and 
the pressure is maintained by seals 110. Within the closed 
deposition chamber the physical and chemical conditions for 
the deposition are adjusted as desired. After deposition of a 
spin-on layer, the bell 102 is raised and the Wafer removed 
for subsequent processing. 

[0057] In an alternative embodiment, shoWn in FIG. 1b, 
the deposition chamber can be designed With the loWer 
portion of the device being made as a unit, With the base 106, 
sideWalls of the bell 102, the bias ?oW port and the pump 
port, the heaters 136 and coolers 140 being attached to the 
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base 106. In this embodiment, a removable top portion 111 
is provided to permit access to the interior of the deposition 
chamber. When a Wafer is placed on the chuck 104, the top 
111 is loWered onto sidewalls 102, and seals 109 maintain 
the pressure Within the chamber space 103. 

[0058] In operation, a Wafer can be placed on the chuck 
104, and can have an aliquot of precursor solution placed on 
the Wafer. The deposition chamber can be closed and the 
temperature, pressure, and gas composition can be set to 
desired conditions for the spin steps. The application of 
precursor solution can be by any method knoWn in the art, 
but a preferred method is to apply the precursor solution 
using a scan-dispense methods of this invention described 
beloW (for example, FIG. 2). 

[0059] One of the advantages of this closed deposition 
system is the ability to regulate the evaporation of solvents 
during dispensing, rapid spinning, solution ?oW-in and 
solvent evaporation (drying) steps. If the solvent evapora 
tion rates are too high, then the residual deposited material 
can crack, decreasing dielectric strength and mechanical 
strength. These changes result in shorter lifetimes for semi 
conductor devices. 

[0060] For certain solvents With high volatility such as 
naphtha, methylisobutylketone (MIBK), or n-methylisobu 
tylketone (NMIBK), the solvent can evaporate rapidly from 
the surface of the Wafer Where the solution Was dispensed 
?rst, leaving behind a more viscous solution containing a 
higher concentration of dielectric precursor. In contrast, in 
areas of the Wafer Where the solution is dispensed later in 
time, there is less time for the solvent to evaporate, and the 
solution is therefore less concentrated and less viscous. 
During the subsequent rapid spinning step, the less viscous 
solution can spread to a higher degree than the more viscous 
solution. The differences in spreading behavior of the solu 
tions With different viscosity can result in a build-up of 
materials in the middle of the Wafer producing non-unifor 
mity of the ?nal spin-on layer. This is especially true for 
solutions dispensed form the center of the Wafer to the outer 
edge. 

[0061] Therefore, to sloW the rate of evaporation, it is 
desirable to: 1) reduce the rotation speed of the Wafer during 
the dispensation of precursor solution, 2) increase the pres 
sure Within the deposition chamber, 3) increase the partial 
pressure of the solvent in the deposition chamber, and/or 4) 
reduce the temperature of either the deposition chamber or 
the Wafer. Reducing the rate of evaporation of solvent from 
the solution minimiZes the increase in precursor concentra 
tion and viscosity of the spin-on solution. As a result, the 
solution can be thinned and evened in a more controlled 
fashion. 

[0062] A. Regulation of Rotation Speed. 

[0063] One Way to reduce the rate of evaporation of 
solvents from a Wafer is to select a sloW rotation speed 
during the dispensing step. By using a sloW rotation speed, 
there can be less exchange of bulk chamber gas With the 
layers of gas near the Wafer’s surface. At loW rotation 
speeds, the concentration of solvent can increase in the 
layers near the Wafer surface, thus providing an increased 
rate of diffusion of solvent from the gas phase to the liquid 
phase on the Wafer. This decreases the net rate of solvent loss 
from the Wafer surface. Typically, during dispensation using 
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the present system, the Wafer rotation speed is in the range 
of about 100 rpm to about 500 rpm, in one example, about 
200 rpm. 

[0064] B. Regulation of Pressure Within the Deposition 
Chamber. 

[0065] Another Way of sloWing solvent evaporation is to 
select a pressure greater than atmospheric pressure Within 
the deposition chamber. Increasing the total pressure of gas 
reduces the concentration of solvent in the gas phase nec 
essary to reach a given vapor pressure. Thus, the diffusion of 
solvent gas back into the liquid phase on the Wafer surface 
is increased by increasing total pressure. Therefore, in one 
aspect of this invention for solvents With high volatility, it 
can be advantageous to increase the pressure in the chamber 
from about 760 Torr (1 atmosphere) to about 1520 Torr (2 
atmospheres), and in one example, in the range of about 
1140 Torr (1.5 atmospheres) to about 1520 Torr (2 atmo 
spheres), and in another example about 1520 Torr (2 atmo 
spheres). 
[0066] C. Regulation of Solvent Vapor Pressure. 

[0067] Alternatively, in another aspect of the invention for 
use With highly volatile solvents, it can be advantageous to 
add solvent into the deposition chamber to provide an 
increased solvent vapor partial pressure. This can be done 
using the solvent injector 130. It is advantageous to use 
solvent vapor pressures in the range of greater than about 0% 
of the ambient pressure to about 99% of the ambient 
pressure, in one example in the range of about 10% to about 
90%, in another example from about 40% to about 60%, and 
in yet another example from about 20% to about 30%. 
HoWever, it can be appreciated that solvents With loWer 
volatility do not require the vapor partial pressure to be as 
high as that for solvents With a higher volatility to achieve 
similarly reductions in the rates of solvent evaporation. 

[0068] D. Regulation of Chamber Temperature. 

[0069] Moreover, in another aspect of this invention, 
decreasing the temperature Within the chamber to beloW 
room temperature also can reduce the evaporation of sol 
vents Which are highly volatile at room temperature. In 
general, to decrease the evaporation rates of solvents com 
monly used for spin-on deposition, it is advantageous to 
carry out deposition steps at a temperature to beloW about 3A 
of the boiling point of the solvent in Kelvins. Thus, for a 
solvent such as methylisobutylketone, Whose boiling tem 
perature is about 423 Kelvins (150° C.), maintaining cham 
ber temperature in the range of about 253 Kelvins (—20° C.) 
to about 293 Kelvins (about 20° C.), and in a speci?c 
example, about 283 Kelvins (10° C) provides for an evapo 
ration rate suf?ciently loW to permit proper thinning during 
the rapid spin step. Moreover, for many precursor/solvent 
solutions, decreasing the temperature can increase the vis 
cosity of the solution. If the temperature is decreased too 
much, the viscosity of the solution can increase too much, 
and the handling the solutions, including the dispensing 
steps can become dif?cult. Conversely, for solvents Which 
are not as volatile as naphtha or methylisobutylketone, a 

higher temperature in the chamber can be advantageously 
used Without an undesirably high rate of evaporation. There 
fore, it is desirable to choose conditions of Wafer rotation 
speed, pressure, temperature and solvent vapor partial pres 
sure to optimiZe the dispensation and thinning of spin-on 
solutions. 
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[0070] 
[0071] A. Selection of Solutions. 

II. Dispensing Spin-On Solutions. 

[0072] Any material in solution form can be applied using 
the method of this invention. However, for application of 
loW dielectric constant dielectrics, the precursor hydrogen 
silsesquioxane (HSQ) is suitable. In addition to HSQ, other 
loW dielectric constant materials can be scan spin dispensed 
using the methods of this invention include, by Way of 
example only, benZylcyclobutene (BCB), per?uorocy 
clobutene (PFCB), poly(arylene)ethers, ?uorinated pol 
y(arylene)ethers, polyimides, ?uorinated polyimides, poly 
(tetra?uoroethylene), polyethylene, and hybrid 
silsesquioxanes. 
[0073] Any solvent knoWn in the art to dissolve a selected 
precursor can be used using these methods. In general, it is 
desirable to select a solvent Which is environmentally safe, 
can solubiliZe the precursor to achieve a solution of the 

desired precursor concentration, is commercially available, 
and can evaporate suf?ciently rapidly. The typical solvents 
used for dissolving spin-on glass, HSQ, BCB, poly(aryle 
ne)ethers, and ?uorinated poly(arylene)ethers include, by 
Way of example only, isopropanol, naphtha, MIBK, 
NMIBK, and mesitylene, among others. Additionally, any 
other solvent Which can suf?ciently dissolve the precursor, 
and can be removed from the surface by evaporation can 
also be used. 

[0074] The concentration of solute can be varied to suit the 
particular needs of the user. For example, solutions With 
loWer viscosity and higher Wetting properties can flow into 
gaps more easily than solutions With higher viscosity and 
loWer Wetting properties. Moreover, solutions With higher 
viscosity have a greater tendency to remain at the site of 
dispensation than solutions With loWer viscosity. Because 
during spinning, the acceleration is greater near the edge of 
the spinning Wafer than in the center of the Wafer, solution 
nearer the edge is subjected to higher acceleration, than the 
solution nearer the center. Thus, ?lms tend to be thinner near 
the edge of the Wafer and thicker near the center of the Wafer. 
Typical solutions include HSQ in MIBK in a concentration 
range of from about 1% to about 70%, alternatively from 
about 5% to about 50%, an another example from about 10% 
to about 20% and in yet another example, about 15%. 

[0075] B. Scan Dispensing Solutions onto Wafers. 

[0076] Another embodiment of this invention is a novel 
process for dispensing the solution in a more controlled 
fashion than previous methods (the “scan dispensing” 
method). For certain precursors such as HSQ and solvents 
such as naphtha and methylisobutylketone Which are vola 
tile, evaporation begins immediately after a portion of 
solution is dispensed onto the Wafer. If the solution is 
dispensed beginning from the center of the Wafer, as is 
typical of prior art methods, the result is an area of partially 
dried precursor in the middle of the Wafer. As the Wafer is 
subsequently rapidly spun, the centrifugal forces are less at 
the center of the Wafer, and therefore, the layer of solution 
in the middle of the Wafer is thinned to a much lesser degree. 
This results in a spin-on ?lm that is thicker at the Wafer 
middle and therefore is not planar. 

[0077] To improve the planarity of the spin-on material, in 
this embodiment of the invention, the solution can be scan 
dispensed to substantially cover the Wafer prior to the rapid 
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spin step. FIG. 2 depicts apparatus used to dispense spin-on 
coatings of the invention. Chuck 204 can be cooled using 
methods knoWn in the art, such as the reverse Peltier effect 
or ?uid cooling, using, for example, freons, cooled Water, or 
other refrigerants knoWn in the art. Chuck 204 is adapted to 
hold Wafer 208 Which has an upper surface on Which the 
spin-on layer is to be deposited. The chuck and Wafer are 
depicted as rotating in the direction of the curved arroW. The 
chuck and Wafer are rotated by motor 207. Dispensing 
noZZle 212 provides the How of precursor solution to form 
a bead 214 on the Wafer. The dispensing noZZle 212 is part 
of a dispensing arm 213 Which is moved by a dispensing arm 
actuator 218 Which moves the dispensing arm and noZZle 
212 radially across Wafer 208 as shoWn by the linear arroW. 
The solution is provided by reservoir 226 and is fed into the 
dispensing arm 213 by a pump 222. The precursor solution 
?oWs through ?exible tube 215 and into the dispensing 
noZZle 212. 

[0078] The movement of dispensing noZZle 212 can be in 
either the centripital direction shoWn, from the edge of the 
Wafer to the center, or in a centrifugal direction, from the 
center of the Wafer to the edge. The movement of dispensing 
arm actuator 218 can be controlled by processor 230, for 
example, a microprocessor Which is capable of running a 
program stored in a memory device (not shoWn) to enable 
the desired movement of dispensing arm 212 over Wafer 208 
to dispense a bead 214 of the desired Width. The pump 222 
can also be controlled by processor 230 to provide the 
desired ?oW rate of precursor solution through dispensing 
arm 212 through a noZZle and onto Wafer 208 to dispense a 
bead 214 of the desired con?guration. Moreover, the rotation 
velocity and the temperature of the chuck 204 and Wafer 208 
can be controlled by processor 230 during the dispensing 
step to regulated the thickness of the bead of solution. 

[0079] Optionally, dispensing arm 212, pump 222, and/or 
chuck 204 can be regulated in a coordinated fashion to 
permit the simultaneous regulation of the movement of 
dispensing arm actuator 218, the How rate of pump 222, 
and/or chuck 204 to achieve the desired con?guration of 
bead 214. 

[0080] In one aspect of this embodiment, the solution is 
deposited ?rst near the edge of the Wafer, and the solution is 
progressively deposited toWard the center of the Wafer 
(“edge scan dispense” method; see Example 1). The solution 
can be advantageously dispensed onto the Wafer While the 
Wafer is rotating at a loW rate of speed. During dispensation, 
the dispensing noZZle 212 moves toWard the center of the 
Wafer, thus resulting in a spiral-shaped bead of solution 214 
covering the surface of the Wafer. 

[0081] For certain highly volatile solvents such as naphtha 
or methylisobutylketone, by depositing the solution ?rst at 
the outer edge, evaporation of solvent after dispensing can 
result in a more viscous layer of material at the outer edge 
of the Wafer. This is because as the dispensing arm moves 
progressively toWard the center of the Wafer, there is pro 
gressively less time available for solvent evaporation for the 
?rst-dispensed solution compared to the later-dispensed 
solution. This results in an uneven distribution of precursor 
concentration in the dispensed solution, With a parallel, 
uneven viscosity of the layer decreasing progressively 
toWard the center of the Wafer. Thereafter, during the rapid 
spinning step, Where the centrifugal forces are highest at the 
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periphery of the Wafer, the layer of solution is more viscous 
and more consolidated, and therefore does not thin as much 
as in prior art methods. In contrast, at the center of the Wafer, 
Where the centrifugal forces are smaller than at the outer 
edge, the solution is less viscous, and is thinned more easily. 
Thus, the differences in viscosity of the solution at the edge 
compared to the center of the Wafer at least partially com 
pensates for the differences in centrifugal forces to Which the 
solution is subjected, and as a result, the Within Wafer 
non-uniformity of the thickness of the thin ?lm is substan 
tially reduced, thereby improving the quality of the spin-on 
thin ?lm. 

[0082] For certain other solvents Which are not as volatile 
as methylisobutylketone, it can be desirable to dispense an 
even layer of solution on the Wafer prior to the rapid 
spinning step. Using the methods of this invention, the 
amount of solution dispensed on each portion of the Wafer 
can be carefully regulated, thereby resulting in a layer of 
solution of uniform thickness. 

[0083] The speed With Which the noZZle moves betWeen 
the center and edge of the Wafer and the rotation velocity of 
the Wafer determines the distance betWeen successive lines 
of the spiral bead of solution. For a given noZZle velocity, as 
the speed of Wafer rotation increases, the distance betWeen 
the successive beads of solution decreases. Moreover, for a 
given Wafer rotation speed, increasing the velocity of noZZle 
movement increases the distance betWeen beads. Further, as 
the How rate of solution from the noZZle increases, the Width 
of the solution bead increases. By increasing bead Width, the 
distance betWeen successively applied beads of precursor 
solution can be increased Without resulting in the formation 
of spaces of precursor-free Wafer betWeen the successively 
applied beads. In general, it is desirable to provide an even, 
complete layer of solution prior to the high speed spin step. 
Thus, during the solution dispensing step, the rotation speed, 
solution ?oW rate and noZZle speed are controlled so that the 
edges of the bead of solution overlap the edges of adjacent 
beads. By completely covering the Wafer, the solution has 
opportunity to penetrate into the gaps in the features to 
provide better coverage and adherence of ?nal ?lm to the 
Wafer. 

[0084] The control over the thickness and evenness of the 
dispensed solution can be regulated by controlling: 1) pre 
cursor solution ?oW rate, 2) movement of the dispensing 
noZZle over the Wafer, 3) Wafer rotation speed, and 4) the 
rate of evaporation of solvent from the surface of the liquid 
?lm. By using these methods, it is possible to achieve global 
non-uniformity of a patterned Wafer of less than about 20%. 
In fact, in some cases, the global non-uniformity can be 5% 
or less. In contrast, using methods of the prior art, global 
non-uniformity is much greater, being about 20% or higher. 
Thus, using the methods of this invention, global planarity 
can be improved by about 4 times or even greater. 

[0085] 1. Control of Dispensing FloW Rate. 

[0086] The precursor solution can be dispensed onto the 
Wafer using any convenient feed device, including, but not 
limited to conventional liquid pumps or gas-pressuriZed 
dispensing devices. Which type of feed device advanta 
geously used can depend on the physical properties of the 
solution. For solutions Which have a viscosity in the range 
beloW about 10 centipoise (cp), the preferred feed device 
comprises a pressuriZed solution reservoir With an inert feed 
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gas, such as helium or nitrogen, to provide the pressure 
necessary to initiate and maintain solution ?oW onto the 
Wafer. In this type of feed device, the solution ?oW rate is 
controlled by regulating the pressure of the feed gas Within 
the reservoir. By Way of eXample only, a typical loW 
viscosity solution comprising about 10% to about 20% HSQ 
in methylisobutylketone has a viscosity in the range of about 
5 to 7 cp. In contrast, for solutions Which have a viscosity in 
the range of above about 10 to 15 cp and higher, a feed 
device using a conventional liquid pump 222 and reservoir 
226 is advantageously used (FIG. 2). By Way of eXample, a 
typical high viscosity solution can comprise about 20% to 
about 40% BCB in 1,3,5-trimethylbenZene. In a preferred 
embodiment using a gas-pressuriZed device, a reservoir of 
solution in a pressure-sealed chamber is overlayed With an 
inert gas such as helium, and the pressure in the dispensing 
chamber is increased by use of a pump or other pressure 
source. The How rate of the solution out of the dispensing 
device is regulated by the gas pressure Within the device. 
Increasing the pressure of the gas Within the device increases 
the How of solution out of the device. Additionally, a How 
regulator can be used to provide further control over solution 
?oW rate. 

[0087] The pressure necessary to dispense the solution 
varies, With solutions of higher viscosity requiring higher 
pressures to generate the same ?oW rate as solutions With 
loWer viscosity. Typically, dispensation pressures are in the 
range of from about 0.1 pounds per square inch (psi) to about 
20 psi, alternatively from about 1 psi to about 10 psi, and in 
another eXample, from about 3 psi to about 4 psi. When the 
noZZle reaches the center of the Wafer, How of solution 
ceases and the noZZle is removed from the Wafer. 

[0088] The How rate of solution onto the Wafer can vary, 
depending on the surface tension of the liquid and the 
Wetting behavior of the solution on the Wafer surface. With 
solutions With loWer surface tension and/or better Wetting 
behavior, less solution is required to achieve a desired bead 
Width. Conversely, for solutions With higher surface tension 
and/or poorer Wetting behavior, more solution Will be 
needed to achieve a desired bead thickness. Typically, the 
desired solution ?oW rates are in the range of about 0.1 
ml/min to about 20 ml/min, alternatively from about 1 
ml/min to about 10 ml/min, and in another eXample, from 
about 3 ml/min to about 4 ml/min. for solutions of about 
10% to about 20% HSQ in MIBK. 

[0089] At a given ?oW rate, the duration of the dispense 
step can be varied to achieve the desired coverage of the 
Wafer. In general, the duration of dispersing can vary, 
typically in the range of from about 100 psec to about 30 sec, 
alternatively from about 100 psec to about 10 sec, and in 
another eXample, about 2 seconds for HSQ/MIBK. By Way 
of eXample only, Example 4, FIGS. 4a, 4b and 4c shoW the 
results of experiments to determine the optimum time for 
dispensing HSQ/MIBK solution. The range of ?lm thickness 
(FIG. 4a), the standard deviation of the range (FIG. 4b) and 
the Wafer non-uniformity (FIG. 4c) are minimiZed by using 
a dispense time of about 1.2 seconds. Using similar testing 
methods, it is routine to determine the optimum dispense 
time for any desired solution of solvent and precursor. Using 
similar test strategies, it is possible to determine the opti 
mum dispensing time for any particular combination of 
solvent, precursor, and Wafer siZe. 
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[0090] Within these ranges, to achieve an even thickness 
of solution on a Wafer, it is necessary to have higher ?oW 
rates of solution applied to portions of the Wafer near the 
edges. This is because the Width of a bead of solution is 
smaller as the linear velocity of the Wafer is higher near the 
Wafer’s edge. To achieve a consistent bead Width and an 
even layer of solution, it can be advantageous for the ratio 
of solution ?oW rate to linear velocity of the Wafer under the 
noZZle be held approximately constant. This can be accom 
plished by progressively decreasing the How rate as the 
noZZle moves toWard the center of the Wafer. If a thinner 
layer of solution at the Wafer center is desired, this can be 
accomplished by decreasing the How rate even more, so that 
the ratio of How rate to linear velocity of the Wafer decreases 
as the noZZle moves to the center of the Wafer. Alternatively, 
in those situations Where the solution is dispensed beginning 
at the center of the Wafer, the How rate of solution can be 
progressively increased as the noZZle is moved more 
toWards the Wafer edge. 

[0091] In alternative embodiments of the invention, the 
How rate of the solution onto the Wafer and/or the movement 
of the dispensing noZZle over the Wafer surface during the 
step of dispensing can be controlled using a processor to 
control the dispensation of precursor solution to provide a 
desired thickness of solution on the Wafer. The processor is 
attached to the dispensing arm actuator, a solution pump 
system, or both. In those embodiments in Which the proces 
sor controls the dispensing pump, at the beginning of the 
dispensation step at the outer edge of the Wafer, the How rate 
of solution is adjusted to be suf?ciently high to provide a 
desired bead thickness over the surface of the Wafer at that 
location, Which has a higher linear velocity relative to the 
linear velocity at sites more toWard the center of the Wafer. 
As the dispensation arm moves centripetally toWard the 
Wafer center, the linear velocity of the Wafer under the 
dispensation arm decreases. Therefore, in one method of this 
invention, one can decrease the amount of solution to be 
pumped onto the Wafer to maintain a desired bead thickness. 
When the dispensing arm reaches the center of the Wafer, the 
How rate of solution is decreased to about Zero. Alterna 
tively, if the solution is applied beginning at the middle of 
the Wafer, the processor can be directed to increase the How 
rate of solution as the dispensing arm is moved progres 
sively more centrifugally toWard the Wafer edge. 

[0092] The processor can use Algorithm 1 to provide 
output to the control elements of the apparatus. 

R - m) 

I 
Vam : Algorithm 2 

[0093] and Where: 

[0094] D(t) is the dispense function Wherein at the 
time of t=0, With the dispensing arm at the edge of 
the Wafer, and Where at the time of t=T, the dispense 
arm is at the center of the Wafer. The variables in the 
dispense function are as folloWs: 

[0095] A is a constant depending on the total volume 
of ?uid dispensed onto the Wafer; 

[0096] t is the time in seconds; 
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[0097] T is the total time in seconds for dispensing 
the slurry; 

[0098] R is the Wafer diameter in meters; and 

[0099] Va is the linear speed (in meters/sec) of the 
dispensing arm. 

[0100] 2. Regulation of Dispensing Arm Motion by Pro 
cessor. 

[0101] In an alternative embodiment in Which the rate of 
movement of the dispensation arm is controlled by a pro 
cessor, at the periphery of the Wafer, the dispensation arm 
moves centripetally or centrifugally, and the speed of its 
movement is regulated to compensate for the different linear 
velocity of the Wafer surface under the noZZle. At a given 
solution ?oW rate, because the linear velocity of the Wafer 
under the dispensing arm is higher at the edge of the Wafer, 
the bead of dispensed solution Will be relatively narroW 
compared to a bead dispensed onto a portion of the Wafer 
Which moves more sloWly. Thus, in an embodiment in Which 
the solution is applied ?rst near the edge (“edge-scan 
dispense” method), to maintain overlapping beads on suc 
cessive rotations of the Wafer, While near the edge of the 
Wafer the dispensing arm should be moved only sloWly 
toWard the center of the Wafer. HoWever, as the dispensing 
arm moves progressively centripetally, the linear velocity of 
the Wafer under the arm decreases, so that at the same given 
?oW rate of solution, the Width of the bead Will increase. 
Thus, the movement of the dispensation arm can be con 
trolled to provide an increasing distance betWeen successive 
bead centers, Which results in overlapping bead edges. 
Alternatively, if the solution is applied ?rst near the center 
of the Wafer, the rate of arm movement can be loWer near the 
center than the rate of movement as the arm nears the Wafer 
edge. R and Va are de?ned as above. Typically, the total time 
T (in seconds) for dispensing slurry, and the Wafer rotation 
speed U (in rotations per minute), are related by the folloW 
ing formulas: 

AT ‘ 
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Where 

R 

Va 

[0102] Where r is the distance of the arm from the center 
of the Wafer. 

[0103] It can also be advantageous to regulate both the 
solution ?oW rate and the dispensing arm motion simulta 
neously. Moreover, When the dispensation of precursor 
solution is controlled as described above, the dispensation 
arm can be moved either centripetally, from the edge toWard 
the center, or centrifugally, from the center of the Wafer to 
the periphery, and still maintain the desired thickness of the 
precursor solution on the Wafer. 

[0104] 3. Control of Wafer Rotation Speed during Dis 
pensing Step. 
[0105] Typically, in the preferred edge scan dispense 
method, the rate of rotation during the dispensing step is 


















