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(57) ABSTRACT 
Systems and methods are provided for delivering solid pre 
cursors. In certain embodiments of the present application, a 
How monitor, pressure sensor, or temperature sensor is used 
to measure and regulate the How of vaporized solid precursor 
material from a vaporization chamber to a deposition cham 
ber. To avoid condensation of the solid precursor material in 
the delivery lines, a controller is placed in a feed back loop to 
make adjustments to the amount of vapor available. Addi 
tional embodiments are disclosed and claimed. 
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DELIVERY OF SOLID CHEMICAL PRECURSORS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application, US. patent application Ser. 
No. (M10 0085 N3/00-0767.03) is a continuation of 
US. patent application Ser. No. 11/026,721 (M10 0085 
N2/00-0767.03). 
[0002] The present application also ?nds itself in the fol 
lowing family of related applications claiming priority to US. 
patent application Ser. No. 09/976,176, now US. Pat. No. 
6,701,066 (M10 0085 PA/00-0767.00): US. patent applica 
tion Ser. No. 09/788,146, now US. Pat. No. 6,839,505 (M10 
0085 NA/00-0767.01); US. patent application Ser. No. 
10/787,692 (M10 0085 VA/00-0767.02); US. patent appli 
cation Ser. No. 11/026,721 (M10 0085 N2/00-0767.03); and 
US. patent application Ser. No. (M10 0085 N3/00 
0767.04). 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates in general to vapor 
delivery systems for deposition processes, and in particular to 
systems and methods for reliably delivering solid precursors 
to a deposition chamber. 

[0004] Chemical vapor deposition (CVD) is a common 
process used in the manufacturing of ?lms, coatings, and 
semiconductor devices. In a CVD process, a layer is formed 
on a substrate such as a semiconductor Wafer by the reaction 
of vapor phase chemicals on or near the surface of the sub 
strate. CVD processing is highly desirable in many applica 
tions due to it’s relatively fast processing times and ability to 
form highly conformal layers on irregular shaped surfaces 
including deep contact openings. 

[0005] CVD processes typically deliver one or more gas 
eous reactants to the surface of substrates positioned Within a 
deposition chamber under temperature and pressure condi 
tions favorable to the desired chemical reactions. As such, the 
types of layers that can be formed on a substrate using CVD 
techniques is limited by the types of reactants or precursors 
that can be delivered to the surface of the substrate. 

[0006] Liquid precursors are commonly used in CVD pro 
cesses due to the ease of their delivery to the deposition 
chamber. In typical liquid precursor systems, the liquid pre 
cursor is placed in a bubbler and heated suf?ciently to trans 
form the precursor to the vapor phase. A carrier gas typically 
either travels through the liquid precursor or passes over the 
bubbler at a controlled rate thus saturating the carrier gas With 
the precursor. The carrier gas then carries the liquid precursor 
to the surface of the substrate. Liquid precursors are com 
monly employed in CVD processes because the amount of 
liquid precursor can be precisely and consistently controlled. 

[0007] The techniques developed for the delivery of liquid 
precursors cannot be used to reliably deliver solid precursors 
hoWever. It is dif?cult to vaporize a solid precursor at a 
controlled rate such that reproducible ?oWs are achieved. As 
a solidprecursor sublimates, the shape and morphology of the 
remaining solid precursor changes. The changing volume of 
the solid precursor results in a continuously changing rate of 
vaporization. The changing rate of vaporization is notable 
particularly in thermally sensitive compounds. Additionally, 
an oversupply of vaporized solid precursor can result in con 
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densation of the vapor back into a solid thus clogging vapor 
delivery lines and other monitoring equipment. Further, the 
use of a carrier gas is substantially ineffective as a means to 
implement rapid changes to the How of the solid precursors. 

[0008] Despite the di?iculties in delivering solid precursors 
in CVD processes, there are many desirable precursor mate 
rials including for example, organometallic precursors, that 
are readily available in solid form. Further, many desirable 
precursor materials including organic and inorganic precur 
sor materials may not be readily available in gas or liquid 
form. Also, solid precursors are particularly useful in the 
deposition of metal-based ?lms, such as metal nitrides and 
metal silicides. 

[0009] Therefore, there is a need in the art for a vapor 
delivery system for delivering solid precursors in a CVD 
process at a controllable rate. 

SUMMARY OF THE INVENTION 

[0010] This need is met by the present invention Wherein 
systems and methods are provided for delivering solid pre 
cursors in deposition processes. A How monitor is used to 
measure the How of vaporized solid precursor material. The 
How monitor is capable of measuring vapor ?oW that is main 
tained at a high temperature and loW inlet and outlet pres sure 
to avoid condensation of the precursor. The vapor ?oW mea 
sured by the How monitor is fed back to a controller arranged 
to adjust the supply of vapor at the inlet of the How monitor. 

[0011] In accordance With one embodiment of the present 
invention, a solid precursor material is sublimated in a vapor 
ization chamber by heating the solid precursor material With 
a fast response heater. As the vaporized solid precursor mate 
rial is fed from the vaporization chamber into a deposition 
chamber, a How monitor measures the vapor How. The vapor 
?oW measurements are input into a controller that communi 
cates With the fast response heater to effect rapid changes to 
the temperature applied to the solid precursor material. As 
such, the temperature changes affect the rate at Which the 
solid precursor sublimates, and thus the vapor How is con 
trolled. 

[0012] In accordance With another embodiment of the 
present invention, a solid precursor material is sublimated in 
a vaporization chamber and fed into a deposition chamber. As 
the vaporized solid precursor material is fed into the deposi 
tion chamber, a How monitor measures the vapor How. The 
vapor ?oW measurements are input into a controller that com 
municates With a valve positioned upstream of the How moni 
tor to adjust the amount of excess vapor siphoned by the 
valve, and thus the vapor How is controlled. 

[0013] In accordance With another embodiment of the 
present invention, a solid precursor material is sublimated in 
a vaporization chamber by heating the solid precursor mate 
rial With a fast response heater. As the vaporized solid pre 
cursor material is fed from the vaporization chamber into a 
deposition chamber, a How monitor measures the vapor How. 
The vapor ?oW measurements are input into a controller that 
communicates With the fast response heater to effect rapid 
changes to the temperature applied to the solid precursor 
material and/or the controller communicates With a valve 
positioned upstream of the How monitor to adjust the amount 
of excess vapor siphoned by the valve, and thus the vapor How 
is controlled. 
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[0014] Accordingly, it is an object of the present invention 
to provide systems and methods of delivering a solid precur 
sor to a deposition process. 

[0015] It is an object of the present invention to provide 
systems and methods to reliably measure the vapor How of a 
solid precursor. 

[0016] It is an object of the present invention to provide 
systems and methods to reliably and rapidly change the How 
of vapor supplied to a deposition process. 

[0017] Other objects of the present invention Will be appar 
ent in light of the description of the invention embodied 
herein. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0018] The folloWing detailed description of the preferred 
embodiments of the present invention can be best understood 
When read in conjunction With the folloWing draWings, Where 
like structure is indicated With like reference numerals, and in 
Which: 

[0019] FIG. 1 is a schematic illustration of a vapor delivery 
system for a deposition process according to one embodiment 
of the present invention; 

[0020] FIG. 2 is a How chart illustrating a simpli?ed con 
troller scheme; 

[0021] FIG. 3 is a schematic illustration of the vapor deliv 
ery system of FIG. 1, further illustrating multiple controller 
inputs and the use of a pressure regulator; 

[0022] FIG. 4 is a How chart illustrating a simpli?ed con 
troller scheme incorporating a check to determine Whether 
vapor is Within a pressure guard band; 

[0023] FIG. 5 is a schematic illustration of the vapor deliv 
ery system of FIG. 1, further illustrating an external pressure 
sensor positioned along the delivery line upstream of a How 
monitor; 
[0024] FIG. 6 is a schematic illustration of a vapor delivery 
system for deposition processing according to another 
embodiment of the present invention; 

[0025] FIG. 7 is a schematic illustration of the vapor deliv 
ery system of FIG. 4, further illustrating the use of a pressure 
regulator; and 

[0026] FIG. 8 is a schematic illustration of a vapor delivery 
system for deposition processing according to another 
embodiment of the present invention. 

DETAILED DESCRIPTION 

[0027] In the folloWing detailed description of the preferred 
embodiments, reference is made to the accompanying draW 
ings that form a part hereof, and in Which is shoWn by Way of 
illustration, and not by Way of limitation, speci?c preferred 
embodiments in Which the invention may be practiced. It is to 
be understood that other embodiments may be utiliZed and 
that logical, mechanical and electrical changes may be made 
Without departing from the spirit and scope of the present 
invention. 

[0028] Referring to FIG. 1, a vapor delivery system 100 for 
the controlled delivery of solid precursors is illustrated. A 
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vaporization chamber 102 includes a housing 104 and a ?rst 
surface 106 that is coupled to a heating device 108. The 
heating device 108 regulates the temperature of the ?rst sur 
face 106 and includes a variable temperature control 110 to 
adjust the temperature that the heating device 108 supplies to 
the ?rst surface 106. The temperature control 110 is arranged 
to vary the temperature of the heating device 108 over a range 
of temperatures as more fully explained herein. 

[0029] During deposition processing, a solid precursor 
material 112 is positioned on the ?rst surface 106 of the 
vaporization chamber 102, and the heating device 108 heats 
the ?rst surface 106 to a temperature suf?cient to transform 
the solid precursor material 112 to a vapor 114. As such, at 
least a portion of the temperatures Within the range of tem 
peratures controllable by the temperature control 110 are 
suf?cient to sublimate or otherWise transform the solid pre 
cursor material 112 to a vapor 114. 

[0030] The heating device 108 does not need to be in direct 
contact With the ?rst surface 1 06. Rather, it Will be understood 
that any coupling can be used to transfer the energy generated 
by the heating device 108 to heat the ?rst surface 106. The 
exact relationship betWeen the heating device 1 08 and the ?rst 
surface 106 Will depend upon such factors including the con 
struction of the vaporiZation chamber 1 02, the type of heating 
device 108 used, and the intended solid precursor material 
112. For example, the heating device 108 may comprise a fast 
response heater such as a thermoelectric heater that is based 
upon the thermoelectric (Peltier) effect. The temperature con 
trol 110 can be implemented as any device that adjusts the 
temperature output by the heating device 108. For example, 
the temperature control 110 may comprise an analog sWitch, 
circuit, a PID temperature controller or other digital circuit. 

[0031] As a solid precursor material 112 sublimates, the 
shape and morphology of the remaining solid precursor mate 
rial 112 changes. The changing volume of the solid precursor 
results in a continuously changing rate of vaporiZation. As 
such, the heating device 108 is preferably capable of regulat 
ing the temperature of the ?rst surface 106 over a Wide range 
of temperatures, room temperature to 400 degrees Celsius for 
example. Further, the heating device 108 should be capable of 
rapid temperature change. For example, a change of 20-30 
degrees Within milliseconds is preferable. The present inven 
tion is in no Way limited by the rate in Which the heating 
device 108 can change temperatures, hoWever, as explained 
more fully herein, results of controlling vapor How may vary 
depending upon the ability of the heating device 108 to 
change temperature. 

[0032] The vapor 114 travels out the vaporiZation chamber 
102 and into a delivery line 116. The delivery line 116 com 
prises any tubing or conduit suitable for routing the vapor 
114. A How monitor 118 is positioned along the delivery line 
116 in such a manner as to be able to measure the vapor ?oW 

therethrough. As illustrated, the How monitor 118 is posi 
tioned inline With the delivery line 116 such that a ?rst deliv 
ery line section 120 routes the vapor 114 from the vaporiza 
tion chamber 102 to the How monitor 118, and a second 
delivery line section 122 routes the vapor 114 from the How 
monitor 118 to a deposition chamber 124. 

[0033] The vapor 114 ?oWs through the deposition cham 
ber 124 and onto one or more substrates, Wafers, or other 
surfaces 126. Residual vapor is draWn from the deposition 
chamber 124 through the exhaust port 128 by the pump 130. 
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The deposition chamber 124 is also sometimes referred to as 
a process chamber, reactor chamber, or deposition reactor. It 
Will be appreciated that the vapor delivery system 100 of the 
present invention can be con?gured to supply vaporized solid 
precursors to any deposition chamber 124 for material depo 
sition performed using established CVD or any other depo 
sition processes as are knoWn in the art. 

[0034] The How monitor 118 comprises a device capable of 
accurately measuring the vapor ?oW therethrough. The How 
monitor 118 must be capable of generating accurate ?oW 
measurements at both high temperatures and loW inlet and 
outlet pres sures With minimal and preferably no restriction to 
the vapor How. The high temperatures and loW pressures are 
required to maintain the solid precursor material 112 in the 
vapor phase. As illustrated, the How monitor 118 comprises 
an inlet 132, an outlet 134, a How sensor 136, and associated 
electronics 140. The How monitor 118 may also optionally 
include therein, a How restrictor 138, a pressure sensor 142, a 
temperature sensor 144, or both. The electronics 140 provides 
the ability to output the measured How, and optional tempera 
ture and pressure measurements. The electronics 140 may 
also perform calculations or processes required by the How 
monitor 118. 

[0035] The How monitor 118 may be implemented for 
example, as either an analog or digital mass ?oW controller. 
HoWever, a digital mass ?oW controller based upon either 
pulsed gate ?oW or sonic noZZle technologies are preferred 
due to the accuracy and control afforded by such devices. It 
Will be appreciated that the How monitor 118 may require 
additional hardWare depending upon its implementation. For 
example, a thermal mass ?oW controller gas stick may require 
additional components such as pressure transducers, ?lters, 
bypass valves, and in some cases, pressure regulators (not 
shoWn). Further, some mass ?oW controllers determine vapor 
?oW based upon a measured pressure. As such, one pressure 
sensor and the appropriate electronics can output both the 
vapor How and pressure. Accordingly, one physical sensor or 
device can embody one or more of the sensors schematically 
illustrated herein. 

[0036] The How monitor 118 is capable of controlling the 
How rate into the deposition chamber 124. By controlling the 
How rate into the deposition chamber 124, the deposition rate 
of the solid precursor material 112 onto the surface of the 
substrate 126 positioned Within the deposition chamber 124 is 
controlled. The How monitor 118 controls the How rate of the 
vapor 114 into the deposition chamber 124 by choking the 
How of vapor in the ?rst delivery line section 120 to let the 
desired amount of How through. This is accomplished for 
example, by closing the How restrictor 138 Within the How 
monitor 118. HoWever, as the How is choked off, the pressure 
upstream of the How restrictor 138 increases. Should the 
pressure rise too much, condensation Will occur as the vapor 
iZed solid precursor material 112 transforms back into the 
solid phase. If the solid precursor material 112 transforms 
from the vapor phase back to the solidphase, the How monitor 
118 and ?rst delivery line section 120 can clog, jam, or 
otherWise suffer performance degradation. 

[0037] To maintain the solid precursor material 112 in the 
vapor phase, a controller 146 is used to adjust the temperature 
of the heating device 108 to account for detected or expected 
changes in pressure. The controller 146 has a ?rst input 148 
coupled to the How monitor 118. The ?rst input 148 receives 
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as an input, the vapor ?oW measured by the How monitor 118. 
The controller 146 further includes a ?rst output 150 coupled 
to the temperature control 110 of the heating device 108. The 
?rst output 150 is arranged to adjust the temperature gener 
ated by the heating device 108 in such a manner to control the 
How of vapor 114 through the vapor delivery system 100. By 
reducing the How of vapor 114, the pressure in the ?rst deliv 
ery line section 120 is also reduced. 

[0038] It Will be appreciated that the controller 146 can be 
implemented in a number of Ways. For example, the control 
ler 146 may be implemented as dedicated hardWare, as a 
microprocessor based circuit, as a dedicated turnkey com 
puter system, or a general-purpose computer running the 
appropriate softWare to implement the present invention. 

[0039] Referring noW to FIG. 2, a controller scheme 200 is 
illustrated. The measured vapor How is read in block 202. The 
measured vapor How is then compared to a desired vapor How 
in block 204. In decision block 206, the measured vapor How 
is tested to determine Whether the measured vapor How is at 
too loW a rate for the given deposition process. If the mea 
sured ?oW rate is too loW, the How rate is increased in block 
208, and a neW measurement is taken by feeding back control 
to block 202. If the measured How is not too loW, the measured 
How is tested to determine Whether it is too high in block 210. 
If the measured How is too high, the How rate is reduced or 
choked in block 212 and a neW measurement is taken by 
feeding back control to block 202. OtherWise, the How rate is 
acceptable, and control is fed back to block 202 to take a neW 
measurement. It Will be understood that this How chart is only 
representative of the possible implementations of the inven 
tion more fully described herein. Further, the desired How 
may actually be represented as a range of acceptable ?oWs. 

[0040] Referring back to FIG. 1 With reference to FIG. 2, 
for a given solid precursor material 112, the controller 146 
(such as a general purpose computer) has preprogrammed 
therein, a desired ?oW rate or range of acceptable ?oW rates to 
achieve a desired deposition layer. When the deposition pro 
cess begins, the controller 146 reads the measured How and 
compares the measured How to the desired ?oW rate. If the 
measured vapor How is too loW, the controller 146 adjusts the 
temperature of the ?rst surface 106 of the vaporiZation cham 
ber 102 by sending a control signal to the temperature control 
110 of the heating device 108 to affect the necessary adjust 
ment, for example, to increase the temperature of the ?rst 
surface 106. If the measured ?oW exceeds the desired How, 
the output of the controller 146 signals the temperature con 
trol 110 to reduce the temperature applied to the ?rst surface 
106 of the vaporization chamber 102 thus loWering the quan 
tity of solid precursor material 112 that vaporiZes and thus 
reduces the vapor How. It Will be appreciated that the amount 
of a particular adjustment Will depend upon the type of solid 
precursor, the response time of the heating device 108 used, 
the reaction time of the How monitor 118 to determine the 
vapor ?oW rate, and other factors. Further, the desired ?oW 
rate may have different values during various portions of the 
deposition process. The system continues to monitor the 
vapor ?oW through the How monitor 118 and make adjust 
ments as necessary until the deposition process is complete. 

[0041] The vapor delivery system 100 optionally includes 
pressure regulation to assist in maintaining the solid precur 
sor material 112 in the vapor phase. There are a number of 
Ways to accomplish pressure regulation. According to one 
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embodiment of the present invention, an inert gas is fed into 
the delivery line 116 as illustrated in FIG. 3. The inert gas 152 
is provided by a gas source 154 and is fed into the vaporiza 
tion chamber 102 through a gas line 156. A How regulator 158 
is provided to control the amount of inert gas 152 that enters 
the vaporization chamber 102. The controller 146 optionally 
comprises a second output 160 that couples to the How regu 
lator to adjust the amount of inert gas 152 that is introduced 
during deposition processing. 
[0042] It Will be observed that any number of optional ?oW 
monitors 162 and valves 164 may be positioned inline With 
the gas line 156 before entering the inlet of the vaporization 
chamber 102. Further, While schematically, the second output 
160 of the controller 146 is illustrated as being coupled to the 
How regulator 158, it Will be understood that other control 
schemes may be implemented. For example, if an optional 
?oW monitor 162, such as a digitally controlled mass ?oW 
controller is positioned inline With the gas line, the second 
output 160 of the controller 146 may couple to the mass ?oW 
controller to regulate the amount of inert gas 152 that enters 
the vaporization chamber 102 and delivery line 116. 

[0043] Additionally, depending upon the selection of solid 
precursor material 112, an optional carrier gas 166 may be 
used to assist the vapor 114 in transmitting from the vapor 
ization chamber 102 to the deposition chamber 124. It Will be 
appreciated that the carrier gas 166 is supplied by the carrier 
gas source 167 and may utilize a second gas line 168, How 
regulator 170, How monitor 172, and other components as is 
knoWn in the art. The carrier gas 166 may be fed into the 
vaporization chamber 102 using a second inlet (not shoWn), 
or alternatively, the carrier gas 166 may tie into the inert gas 
line 156 doWnstream from the inert gas ?oW regulator 158. 

[0044] If the How monitor 118 includes the optional pres 
sure sensor 142 and is capable of generating an output signal 
representing the measured pressure, this signal may be fed 
into the controller 146 as a second input 174. Likewise, if the 
How monitor 118 includes the optional temperature sensor 
144 and is capable of generating an output signal representing 
the measured temperature, this signal may be fed into the 
controller 146 as a third input 176. 

[0045] The addition of measured pressure and temperature 
data alloWs for more sophisticated processing by the control 
ler 146. For example, the controller 146 contains predeter 
mined data that provides the temperature and pressure con 
ditions required to maintain a particular solid precursor in the 
vapor phase. This information may be stored for example, in 
the form of a formula or lookup table. Based upon given 
temperature conditions, a guard band, or range of acceptable 
pressures is determined. The guard band Will vary depending 
upon the type of solid precursor being sublimated for depo 
sition processing. The controller 146 can noW monitor both 
the How rate to ensure proper deposition processing, and 
make sure the pres sure is maintained Within the guard band to 
avoid condensation from forming in the How monitor 118 and 
delivery line 116. 

[0046] Referring noW to FIG. 4, a controller scheme 300 
including pressure guard band testing is illustrated. The mea 
sured vapor How is read in block 302. The measured vapor 
How is then compared to a desired vapor How in block 304. In 
decision block 306, the measured vapor How is tested to 
determine Whether the measured vapor How is at too loW a 
rate for the given deposition process. If the measured ?oW rate 
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is too loW, the How rate is increased in block 308, and a neW 
measurement is taken by feeding back control to block 302. If 
the measured How is not too loW, the measured How is tested 
to determine Whether it is too high in block 310. If the mea 
sured How is not too high, then control is fed back to block 
302 and a neW ?oW measurement is taken. If the measured 
How is too high, the How rate is reduced or choked in block 
312. The measured pressure is checked against the pressure 
guard band in block 3 14 if the measured pressure is Within the 
guard band, a neW ?oW measurement is taken by feeding back 
control to block 302. If the measured pressure is outside the 
guard band, the pressure is reduced in block 316. It Will be 
understood that this How chart is only representative of the 
possible implementations of the invention more fully 
described herein. Further, the desired How may actually be 
represented as a range of acceptable ?oWs. 

[0047] Referring back to FIG. 3, it Will be appreciated that 
the temperature input can also come from the heating device 
108. For example, the heating device 108 may have a tem 
perature output that couples to the third input 176 of the 
controller 146. Under such an arrangement, the temperature 
sensor 144 in the How monitor 118 is not required. It Will be 
appreciated that numerous factors affect the decision to use a 
separate temperature sensor or Whether the heating device 
108 can generate su?icient temperature measurements 
including for example, the length of the ?rst delivery line 
section 120 and the type of outputs available on the heating 
device 108. 

[0048] The optional temperature and pressure sensors 142, 
144 need not physically reside Within the How monitor 118. 
Referring to FIG. 5, the How monitor 118 does not include a 
built in pressure sensor. Rather, a pressure sensor 178 is 
provided in line With the delivery line 116. It is preferable to 
locate the pressure sensor 178 proximate to, and upstream 
from the How monitor 118, hoWever, the pressure sensor 178 
may also be positioned doWnstream of the How monitor 118. 
Further, the pressure sensor 178 may be positioned in any 
desired position along the delivery line 116. It Will be appre 
ciated that a temperature sensor may also be positioned along 
the delivery line 116 (not shoWn) in a similar fashion as that 
described for the pressure sensor 178. 

[0049] Referring to FIG. 6, a vapor delivery system accord 
ing to another embodiment of the present invention is illus 
trated. As pointed out above, the How monitor 118 controls 
the How rate of the vapor 114 into the deposition chamber 124 
through the second delivery line section 122 by choking the 
How of vapor in the ?rst delivery line section 120 to let the 
desired amount of How through. HoWever, as the vapor How is 
choked off, pressure upstream of the How monitor 118 
increases. Whereas an embodiment of the present invention 
discussed above With reference to FIGS. 1-5 offsets the 
increased pressure during choked off periods by adjusting the 
temperature of the heating device 108, the embodiment illus 
trated in FIG. 6 offsets the increased pressure by bleeding off 
excess vapor 114. 

[0050] The delivery line 116 further includes a third deliv 
ery line section 180 that couples to the ?rst delivery line 
section 120 upstream of the How monitor 118. A valve 182 is 
positioned inline With the third delivery line section 180, and 
a pump 184 is provided to draW vapor 114 in the direction of 
the third delivery line section 180. The valve 182 can be any 
implemented With any number of valve arrangements, includ 
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ing a mass ?oW controller. For example, the valve 182 may 
comprise a pulsed gate ?oW or sonic nozzle mass ?oW con 
troller 146. Digital valves and pulsed gate ?oW devices are 
preferred over analog counterparts due to the fast response 
time and control typically afforded by such devices. 

[0051] The controller 186 includes a ?rst output 188 
coupled to the valve 182, and the logic in the controller 186 is 
con?gured to adjust the valve 182 to selectively bleed off 
vapor 114 in the ?rst delivery line section 120 by siphoning 
excess vapor 114 through the third delivery line section 180. 
That is, the measured vapor How is compared to a predeter 
mined vapor ?oW. If the measured vapor ?oW exceeds the 
desired vapor ?oW, any excess vapor is bled of by opening the 
valve 182 to draW a portion of the vapor 114 into the third 
delivery line section 180 and aWay from the How monitor 118. 
The controller 186 inputs and variations thereof are similar to 
those described more fully herein With reference to FIGS. 
1-5. 

[0052] The heating device 108 is schematically illustrated 
as having a variable temperature control 110 because the 
temperature applied to the ?rst surface 106 may require 
adjustment When sWitching from one solid precursor material 
112 to the next. HoWever, in this embodiment, it is not 
required that the heating device 108 be a fast response heater. 

[0053] FIG. 7 illustrates the embodiment as illustrated in 
FIG. 6 With the addition of optional pressure regulation to 
assist in maintaining the solid precursor material 112 in the 
vapor phase. Similar to the pressure system discussed With 
reference to FIG. 3, the inert gas 152 is provided by the gas 
source 154 and is fed into the vaporization chamber 102 
through the gas line 156. A How regulator 158 is provided to 
control the amount of inert gas 152 that enters the vaporiza 
tion chamber 102. The controller 186 optionally comprises a 
second output 190 that couples to the How regulator 158 to 
adjust the amount of inert gas 152 that is introduced during 
deposition processing. Further, depending upon the selection 
of solid precursor material 112, an optional carrier gas 166 
may be used to assist the vapor 114 in transmitting from the 
vaporization chamber 102 to the deposition chamber 124. 
The carrier gas 166 is provided by a carrier gas source 167, 
and is fed into the vaporization chamber 102 using a second 
gas line 168, How regulator 170, and other components sepa 
rate from the inert gas source 154. FIG. 7 also illustrates the 
use ?rst, second and third controller inputs 148, 174, and 176 
from the How sensor 136, pressure sensor 142, and tempera 
ture sensor 144 respectively. As previously described herein, 
the pressure and temperature sensors 142, 144 are optional. 

[0054] FIG. 8 illustrates another embodiment of the present 
invention. The vapor delivery system is similar to that 
described With reference to FIGS. 6-7, and further includes a 
third output 192 that feeds back control from the controller 
186 to the temperature control 110 of the heating device 108. 
This structure alloWs a high degree of ?exibility in the imple 
mentation of the controller 186. For example, according to 
one embodiment of the present invention, the controller 186 is 
con?gured to adjust the temperature of the ?rst surface 106 
When coarse adjustments are required to the vapor How. The 
controller 186 is con?gured to regulate the valve 182 When 
?ne adjustments are required. It Will be appreciated that 
depending upon such factors as the ability of the pump 184 to 
create a vacuum and the length of the third delivery line 

Jul. 10, 2008 

section 180, the opening and closing the valve 182 can result 
in faster response times than regulating the heating device 
108. 

[0055] According to another embodiment of the present 
invention, the controller 186 is arranged to regulate the valve 
182 and adjust the temperature applied to the ?rst surface 106 
by adjusting the temperature control 110 generally at the 
same time. Alternatively, the controller 186 adjusts vapor 
?oW by adjusting the third output 192 to change the tempera 
ture of the heating device 108, and thus affecting vapor How, 
and adjusting the ?rst and second outputs 188, 190 to adjust 
for measured pressure. 

[0056] While illustrated having a pressure sensor 178 and a 
How sensor 118 that includes a built in temperature sensor 
144, it Will be appreciated that the inputs to the controller 186 
can include any of the con?gurations discussed above With 
reference to FIGS. 1-7. 

[0057] Although the invention described above With refer 
ence to FIGS. 1-8 are illustrated With a single vaporization 
chamber 102 and a single solid precursor material 112, it Will 
be appreciated that any number of vaporization chambers 1 02 
may feed into a single deposition chamber 124 using the 
techniques, methods, and system described herein. 

[0058] Further, any number of additional features of con 
ventional vapor delivery systems may be used With the 
present invention as is knoWn in the art. For example, optional 
delivery line heaters may be used to maintain the solid pre 
cursor in the vapor phase. The use of delivery line heaters may 
be advantageous under conditions Where excessive line 
length is required to deliver the solid precursor. 

[0059] Having described the invention in detail and by ref 
erence to preferred embodiments thereof, it Will be apparent 
that modi?cations and variations are possible Without depart 
ing from the scope of the invention de?ned in the appended 
claims. 

What is claimed is: 
1. A device comprising a vapor delivery system, said vapor 

delivery system comprising: 

a vaporization chamber; 

a ?rst surface Within said vaporization chamber; 

a solid precursor material supported by said ?rst surface 
Within said chamber; 

a heating device con?gured to heat said ?rst surface to a 
temperature suf?cient to transform said solid precursor 
material to a vapor; 

a How monitor arranged to measure the How of said vapor 
from said vaporization chamber; and 

a controller con?gured to control the temperature of said 
heating device as a function of said measured How of 
vapor. 

2. A device as claimed in claim 1, Wherein said heating 
device is con?gured to vary the temperature of said ?rst 
surface to a temperature suf?cient to sublimate said solid 
precursor material. 

3. A device as claimed in claim 1 Wherein: 

said device further comprises a deposition chamber and a 
vapor delivery; and 
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said vapor delivery line is arranged to couple said vapor 
ization chamber to said deposition chamber. 

4. A device comprising a vapor delivery system, said vapor 
delivery system comprising: 

a vaporization chamber; 

a ?rst surface Within said vaporization chamber; 

a solid precursor material supported by said ?rst surface 
Within said chamber; 

a heating device con?gured to heat said ?rst surface to a 
temperature su?icient to transform said solid precursor 
material to a vapor; 

a How monitor arranged to measure the How of said vapor 
from said vaporization chamber; 

a pressure sensor arranged to measure the pres sure of vapor 
?oWing from said vaporization chamber; 

a gas source coupled to said vaporization chamber; and 

a controller con?gured to control the temperature of said 
heating device as a function of said measured How of 
vapor from said vaporization chamber and control the 
supply of inert gas to saidvapor ?oWing from saidvapor 
ization chamber as a function of pressure measured by 
said pressure sensor. 

5. A device as claimed in claim 4 Wherein said device 
further comprises a deposition chamber coupled to said 
vaporization chamber. 

6. A device comprising a vapor delivery system, said vapor 
delivery system comprising: 

a vaporization chamber; 

a ?rst surface Within said vaporization chamber; 

a solid precursor material supported by said ?rst surface 
Within said chamber; 

a heating device con?gured to heat said ?rst surface to a 
temperature su?icient to transform said solid precursor 
material to a vapor; 

a How monitor arranged to measure the How of said vapor 
from said vaporization chamber; 

a pressure sensor arranged to measure the pres sure of vapor 
?oWing from said vaporization chamber; 

a temperature sensor arranged to measure the temperature 
of vapor ?oWing from said vaporization chamber; 

a gas source con?gured to supply an inert gas to vapor 
?oWing from said vaporization chamber; 

a How regulator coupled to said gas source; and 

a controller con?gured to control the temperature of said 
heating device as a function of said measured How of 
vapor, and adjust the How of said inert gas through said 
How regulator as a function of said measured pressure 
and temperature of said vapor. 

7. A device as claimed in claim 6 Wherein said device 
further comprises a deposition chamber coupled to said 
vaporization chamber. 

8. A device comprising a vapor delivery system, said vapor 
delivery system comprising: 

a vaporization chamber; 

a ?rst surface Within said vaporization chamber; 
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a solid precursor material supported by said ?rst surface 
Within said chamber; 

a heating device con?gured to heat said ?rst surface to a 
temperature suf?cient to transform said solid precursor 
material to a vapor; 

a How monitor arranged to measure the How of said vapor 
from said vaporization chamber; 

a pump arranged to siphon excess vapor from said vapor 
ization chamber; and 

a controller con?gured to bleed off excess amounts of said 
vapor as a function of the measured How of said vapor 
from said vaporization chamber by utilizing said pump 
to siphon excess vapor from said vaporization chamber. 

9. A device as claimed in claim 8, further comprising a 
pressure sensor arranged to measure the pressure of said 
vapor ?oWing from said vaporization chamber, Wherein said 
controller is further con?gured to control said siphoning of 
said excess vapor as a function of said measured pressure of 
said vapor. 

10. A device as claimed in claim 9, Wherein said controller 
is arranged to compare said measured pressure against a 
guard band range of pressures, and said controller is con?g 
ured to adjust said siphoning if said measured pressure is 
outside of said guard band range of pressures. 

11. A device as claimed in claim 8, further comprising a 
temperature sensor arranged to measure the temperature of 
said vapor flowing from said vaporization chamber, Wherein 
said controller is further con?gured to control said siphoning 
of said excess vapor as a function of said measured tempera 
ture of said vapor Within said vapor delivery line. 

12. A device comprising a vapor delivery system, said 
vapor delivery system comprising: 

a vaporization chamber; 

a ?rst surface Within said vaporization chamber; 

a solid precursor material supported by said ?rst surface 
Within said chamber; 

a heating device con?gured to heat said ?rst surface to a 
temperature suf?cient to transform said solid precursor 
material to a vapor; 

a pressure sensor arranged to measure the pressure of said 
vapor ?oWing from said vaporization chamber; 

a pump arranged to siphon excess vapor from said vapor 
ization chamber; and 

a controller con?gured to bleed off excess amounts of said 
vapor as a function of the measured pressure of said 
vapor from said vaporization chamber by utilizing said 
pump to siphon excess vapor from said vaporization 
chamber. 

13 . A device as claimed in claim 12, Wherein said controller 
is arranged to compare said measured pressure against a 
guard band range of pressures, and said controller is con?g 
ured to adjust said siphoning if said measured pressure is 
outside of said guard band range of pressures. 

14. A device as claimed in claim 12, further comprising a 
temperature sensor arranged to measure the temperature of 
said vapor ?oWing from said vaporization chamber, Wherein 
said controller is further con?gured to control said siphoning 
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of said excess vapor as a function of said measured tempera 
ture of said vapor Within said vapor delivery line. 

15. A device comprising a vapor delivery system, said 
vapor delivery system comprising: 

a vaporization chamber; 

a ?rst surface Within said vaporization chamber; 

a solid precursor material supported by said ?rst surface 
Within said chamber; 

a heating device con?gured to heat said ?rst surface to a 
temperature su?icient to transform said solid precursor 
material to a vapor; 
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a temperature sensor arranged to measure the temperature 

of said vapor ?oWing from said vaporization chamber; 

a pump arranged to siphon excess vapor from said vapor 

ization chamber; and 

a controller con?gured to bleed off excess amounts of said 
vapor as a function of the measured temperature of said 
vapor from said vaporization chamber by utilizing said 
pump to siphon excess vapor from said vaporization 
chamber. 


