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ABSTRACT 

A process of forming a nitride film on a Semiconductor 
Substrate including eXposing a Surface of the Substrate to a 
rapid thermal process to form the nitride film. 
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STRUCTURE AND METHOD FOR FORMATION 
OFA BPOLAR RESISTOR 

FIELD OF THE INVENTION 

0001. The present invention relates to a resistor structure 
for Semiconductor devices and a method of forming the 
resistor Structure. In particular, the present invention relates 
to a structure for formation of a blocked Silicide resistor and 
a method of forming the Structure. The present invention 
also relates to a Silicon nitride film. Additionally, the present 
invention concerns a bipolar transistor Structure and method 
of fabricating the bipolar transistor Structure. 

BACKGROUND OF THE INVENTION 

0002 Circuit components are part of every semiconduc 
tor device Structure. For example, resistors, capacitors, and 
other Such structures are typically formed on a Semiconduc 
tor Substrate. However, processes for formation of the circuit 
components are not always compatible with the Semicon 
ductor devices formed in and on the Semiconductor Sub 
Strate. Also, as new Semiconductor device Structures come 
into existence, existing Structures of circuit components and 
methods of forming the circuit components are not always 
compatible with the Structures of the Semiconductor devices. 
For example, methods for formation of circuit components 
on a Semiconductor Substrate may cause alterations to the 
materials and structures of Semiconductor devices previ 
ously created in and on a Semiconductor Substrate. 

SUMMARY OF THE INVENTION 

0003. The present invention concerns a process of form 
ing a nitride film on a Semiconductor Substrate including 
exposing a Surface of the Substrate to a rapid thermal proceSS 
to form the nitride film. 

0004 Additionally, the present invention relates to a 
method of forming a resistor. Silicide formation is Selec 
tively blocked over a doped polycrystalline Silicon region or 
doped Silicon region by forming a region of a Silicon nitride 
film utilizing a rapid thermal chemical vapor deposition 
(RTCVD) silicon nitride deposition process after formation 
of device Source/drain implants and completion of activation 
anneals. A contact is formed on either Side of the blocked 
region to form a current path through the blocked region. 
0005 Also, the present invention provides a blocked 
Silicide resistor Structure. A Silicide blocking region includ 
ing a Silicon nitride film is arranged over a region of 
polycrystalline Silicon or doped Silicon. The Silicon nitride 
film has been formed by a RTCVD nitride deposition 
process. A region of a Silicide is adjacent opposite sides of 
the silicon nitride film. A contact overlies each of the 
adjacent Silicide regions. The resistor overlies device Source/ 
drain implants. 
0006 Furthermore, the present invention also provides a 
bipolar transistor Structure that includes a nitride barrier 
layer formed by a RTCVD nitride deposition and a CMOS 
FET structure including a conformal nitride barrier film 
formed by a RTCVD silicon nitride deposition process. 
0007 Still other objects and advantages of the present 
invention will become readily apparent by those skilled in 
the art from the following detailed description, wherein it is 
shown and described only the preferred embodiments of the 
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invention, simply by way of illustration of the best mode 
contemplated of carrying out the invention. AS will be 
realized, the invention is capable of other and different 
embodiments, and its Several details are capable of modifi 
cations in various obvious respects, without departing from 
the invention. Accordingly, the drawings and description are 
to be regarded as illustrative in nature and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. The above-mentioned objects and advantages of 
the present invention will be more clearly understood when 
considered in conjunction with the accompanying drawings, 
in which: 

0009 FIG. 1 represents a cross-sectional view of a 
known Structure illustrating the effects of precleaning on the 
Structure, 

0010 FIG. 2 represents a cross-sectional view of an 
embodiment of a structure according to the present invention 
illustrating the effects of precleaning; 
0011 FIG. 3 represents an embodiment of a processing 
chamber that may be utilized to carry out a proceSS accord 
ing to the present invention; 
0012 FIGS. 4-6 represent cross-sectional views of an 
embodiment of a bipolar transistor Structure according to the 
present invention at various Stages of an embodiment of a 
process according to the present invention for forming the 
Structure, 

0013 FIG. 7 represents a cross-sectional view of an 
embodiment of a conformal nitride barrier layer according to 
the present invention; 
0014 FIG. 8 represents a photomicrograph that illus 
trates a nitride layer formed according to an embodiment of 
a known process, 
0015 FIG. 9 represents a photomicrograph that illus 
trates a nitride layer formed according to another embodi 
ment of a known process, 
0016 FIG. 10 represents a photomicrograph that illus 
trates a conformal nitride layer formed according to an 
embodiment of a proceSS according to the present invention; 
and 

0017 FIG. 11 represents a photomicrograph that illus 
trates a conformal nitride layer formed according to another 
embodiment of a proceSS according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0018. As discussed above, formation of circuit compo 
nents can alter the materials and/or the Structures of Semi 
conductor device Structures form in and on a Semiconductor 
Substrate. For example, high temperatures may alter previ 
ously carried out Source/drain implants. Additionally, Steps 
that might typically be carried out can alter the Structure of 
the circuit component or a Structure formed as part of a 
process of creating a circuit component. 
0019. According to one particular example, a blocked 
Silicide resistor Structure is formed by locally blocking 
Silicide formation. This can involve blocking any Silicide 
formation. Typically, the Silicide is a metal Silicide. 
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Examples of typical metal Silicides include titanium Silicide, 
cobalt Silicide, and platinum Silicide. The Silicide formation 
is blocked over a region of doped silicon or doped poly 
crystalline Silicon, typically referred to a poly or poly-Si. 
After blocking Silicide formation, creating a blocked Silicide 
resistor can include positioning a contact on either Side of 
the region with the blocked Silicide to form a current path 
through the resistor. 

0020. As referred to above, formation of electric circuit 
elements can include processes incompatible with maintain 
ing the integrity of existing Semiconductor device Structures 
previously formed in and on a Semiconductor Substrate. 
Also, processes necessary for further processing of Struc 
tures on a Semiconductor Substrate may be incompatible 
with Structures formed as part of the circuit components. In 
the example of the blocked Silicide resistor, in Standard 
Silicon based or Silicon-germanium based Semiconductor 
technologies, the formation of the blocked Silicide resistor 
occurs late in the front end of line (FEOL) process, after 
completion of device Source/drain (S/D) implants and acti 
Vation anneals. This means that the blocked Silicide resistor 
proceSS must be accomplished with minimal thermal budget 
So as not to upset the existing devices. 
0021. This is particularly important because the blocked 
Silicide resistor is typically offered as an option for in 
particular device Structures. If a nitride deposition proceSS 
were utilized that caused shifts in FEOL implants, then a 
wafer processed with a blocked Silicide resistor processing 
typically would not have the same transistor characteristics 
as a wafer processed without the blocked Silicide resistor 
processing. This, then, would mean that the same technology 
models typically could not be used for wafers with and 
without the blocked Silicide resistor option, thus making 
Such a device impractical as a technology option. Therefore, 
the present invention provides an important efficiency with 
respect to marketing and manufacturing concerning the issue 
of not altering existing devices. 

0022 Silicon nitrides are good choices as a silicide 
blocking film because of their easy integration with the 
Salicide process. However, because the thermal budget is 
constrained by the prior carrying out of Source/drain 
implants and activation anneals, conventional low pressure 
chemical vapor deposition (LPCVD) nitride deposition is 
not acceptable. The current Solution has been to use Plasma 
Enhanced Chemical Vapor Deposition (PECVD) of the 
Silicon nitride. 

0023) However, PECVD nitride has other associated 
problems. For example, while PECVD nitride is formed at 
a suitably low temperature, PECVD nitride films are gen 
erally of lower density, and contain a significant amount of 
hydrogen. Consequently, HF based Salicide precleans are 
prone to remove large amounts of the PECVD nitride, 
undermining its effectiveness as a Silicide block. 
0024. Furthermore, technologies based on titanium sili 
cide are able to use heavily buffered HF solutions that have 
a lower etch rate of PECVD nitride. However, cobalt silicide 
technologies require lightly buffered or dilute HF pre-cleans 
that have an excessive PECVD nitride removal. 

0025) An additional disadvantage of the known PECVD 
silicide blocking process is that the PECVD film does not 
tend to be very conformal. Along these lines, Sidewall 
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depositions are typically about 60% to about 80% the 
thickness of horizontal Surface depositions. This means that 
when the silicide blocking PECVD nitride is etched to clear 
horizontal Surfaces, Spacer nitride films that are underneath 
the PECVD silicide blocking nitride on the sidewalls of 
gates will be etched by the silicide blocking nitride etch 
process. As a result, these nitride films will be pulled down, 
making the Spacer Structure less robust at forming a Salicide 
Structure. 

0026 Nitride films also find importance in bipolar tran 
Sistor Structures. Often, the nitride layers are utilized as 
barrier layers. As with context described above, formation of 
the nitride layer can also alter existing Structures in a 
Substrate. 

0027. As described above, processing associated semi 
conductor devices formation processes may also conflict 
with the formation of circuit components. Along these lines, 
an aggressive preclean process typically required for cobalt 
silicide etches the currently used PECVD nitride so much 
that the film can no longer be used to reliably block silicide 
formation. FIG. 1 illustrates this problem. 

0028. Along these lines, FIG. 1 illustrates where a region 
1 of PECVD nitride was formed prior to a preclean process. 
After the preclean process, the nitride was discontinuous as 
represented by nitride regions 3. As a result, formation of 
Silicide regions 5 occurred in the region their formation 
should have been blocked. Silicide regions 7 are arranged on 
opposite Sides of the region where Silicide formation is to be 
blocked. A contact 9 has been formed over each silicide 
region 7. 

0029. An alternative to PECVD processes includes con 
ventional furnace low pressure chemical vapor deposition 
(LPCVD) processes for nitride deposition. Although the 
films created with LPCVD may have better film quality and 
would therefore not be etched by the preclean, LPCVD 
requires a long process cycle time, on the order of about two 
to about three hours, at temperatures of about 720° C. or 
higher. For this reason blocked Silicide resistors cannot be 
made by this method without a major redesign of the device 
to allow for this extra thermal budget or without the silicide 
block resistor as an option in a technology. 

0030 Nitride films may be deposited in other applica 
tions. For example, LPCVD nitride films may be deposited 
processes for forming bipolar transistors. In Such cases, it is 
desirable to reduce the thermal cycle to reduce outdiffusion 
of the boron profile of the structure. 
0031 Nitride films are useful in general after carrying out 
the “front end of line” (FEOL) process steps, such as steps 
utilized to create thin film Structures that form transistors. 
Along these lines, it is typically required to deposit a 
capping nitride layer. This capping layer, often referred to as 
a “barrier nitride', acts as a diffusion barrier for “back end 
of line” (BEOL) and “middle of line” (MOL) metal mate 
rials and associated contaminants that are used for device 
contacting and contact formation processing. 

0032. The barrier layer may also provide integration 
advantages for formation of a first layer of contacts. The 
contact typically must come down and contact Structures of 
different heights. Such structures can include diffusion 
regions, poly-Silicon gates, and/or the different Structures of 
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a bipolar transistor, Such as reach-through contact, base 
contact, and emitter contact, all of which are also at different 
heights. 

0033 Since the fill material over the barrier nitride is 
typically a doped glass material, an etch that Stops on nitride 
can be used to etch down the structures that are of different 
heights. Then, a nitride etch can be used to etch through the 
nitride. In this case, the nitride typically has a consistent 
thickness everywhere. 
0034 State of the art thin film processing for barrier 
nitride creation typically utilizes plasma enhanced chemical 
vapor deposition (PECVD) processing. Two different pro 
ceSS regimes have been explored. According to one regime, 
the deposition of the process is carried out at about 480 C. 
The other regime involves a slightly improved proceSS 
where the deposition is carried out at 550 C. With both of 
these processes, however, conformality of the deposited film 
is non-ideal, with Significantly leSS deposition on vertical 
Structures than on horizontal Structures. 

0035 Conformality of the barrier nitride over shallow 
trench isolation (STI) regions is a major consideration in a 
properly designed diffusion contact. Poor conformality over 
the STI divot has been shown to contribute to high parasitic 
leakage current from contact plug to Substrate. Typically, 
this arises when a partially landed contact hole is etched, 
causing punch-thru into the isolation through the thin barrier 
nitride over the STI divot, the dip in the STI fill material that 
is found near the edge of the isolation trench. Subsequent 
contact fill results in a parasitic contact to the well or 
Substrate in place of the desired ohmic contact to diffusion. 
0.036 The present invention utilizes enhancements in 
rapid thermal processing technology, employing a rapid 
thermal chemical vapor deposition (RTCVD) process that 
takes place attemperatures Similar or the same as a Standard 
batch furnace. However, RTCVD processes according to the 
present invention include very short times at peak tempera 
ture. The process of the present invention may be utilized in 
any of the above applications or any other application. 
0037. In the case of silicon nitride, the present invention 
makes use of rapid thermal nitride deposition processes that 
can deposit films on the order of about 35 A to about 400 A 
with a total exposure to temperatures above 700° C. of 2 
minutes or less. Also, the film quality and hydrogen content 
of these RTCVD nitride film according to the present 
invention is significantly better than that of PECVD nitride 
films. The Short time at high temperature according to the 
processes of the present invention allows Such a process to 
be implemented without causing exceSS diffusion of device 
implants. 

0038. Unlike a PECVD deposited film, an rapid thermal 
chemical vapor deposition (RTCVD) film according to the 
present invention resists the preclean, having a low etch rate 
in lightly buffered hydrofluoric acid (HF). Also, unlike 
LPCVD, a film according to the present invention has a short 
time at the maximum temperature. Also, a film according to 
the present invention will allow for the construction of a 
blocked Silicide resistor on cobalt Silicide technologies with 
out any alteration of the device. 
0039. In terms of thermal budget, 
LPCVD>RTCVD>PECVD. In other words, LPCVD has the 
greatest thermal budget and PECVD the lowest. However, in 
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terms of HF etch rate, PECVD>RTCVD>LPCVD. So, the 
LPCVD film is the most dense and from a film quality 
Standpoint may potentially represent the best quality nitride. 
However, the device cannot withstand the thermal budget 
required by LPCVD, which has the greatest thermal budget 
as shown above. RTCVD may be thought of as basically in 
the middle of the two and providing an acceptable result for 
both items. In terms of conformality, LPCVD= 
RTCVD>PECVD. Therefore, with respect to conformality, 
RTCVD is not in the middle and far surpasses PECVD 
capabilities. 

0040. In other contexts, the present invention can pro 
duce other benefits. For example, using a RTCVD nitride 
barrier layer to replace a nitride barrier layer deposited by 
LPCVD reduces the exposure to elevated temperatures of a 
Substrate and Structures formed therein and thereon. Along 
these lines, RTCVD nitride films according to the present 
invention, typically deposited at temperatures described 
herein, have dry and wet etch rates comparable to LPCVD 
nitride films. However, the thermal cycle required to deposit 
a film having a specified thickneSS is greatly reduced with 
processes according to the present invention. 
0041 Future generations of SiGe hetero-junction bipolar 
transistors (HBTs), after the insitu boron doped SiGe base 
been deposited, the leSS exposure to elevated temperatures, 
or thermal cycling, the device experiences, the less outdif 
fusion of the boron profile the device will undergo. Gener 
ally, the lesser the outdiffusion, the faster a device will run. 
Also, for future scaling purposes, an RTCVD nitride film of 
about 100 A to about 150 A will be required with good 
thickness uniformity and density and which maintains good 
film integrity under high pressure oxidation, dry etch, and 
wet etch. Such a film will be valuable to protect the base and 
to control the emitter size. 

0042. In accordance with the above, the present invention 
provides a process for forming a Silicon nitride film on a 
semiconductor substrate. The silicon nitride film provided a 
Silicide formation blocking film. In the context of the present 
invention, the Silicon nitride film is typically formed on a 
Surface of a polycrystalline Silicon region or doped Silicon 
region. The Silicon nitride film is formed by exposing a 
Surface of the polycrystalline Silicon region or doped Silicon 
region to a RTCVD nitride deposition process. 
0043. A film according to the present invention may be 
formed at a temperature of about 600° C. to about 850° C. 
According to one example, the temperature is about 700 C. 
According to another example, the temperature is about 
775 C. Factors that can affect the temperature that the 
process is carried out at include the thermal budget. Along 
these lines, typically, the lower the temperature that the 
process may be carried out at, the better, particularly with the 
Silicide blocking resistor, bipolar transistor barrier nitride 
and transistor barrier nitride discussed herein. 

0044) Typically, as the process temperature is lowered, 
Sacrifice deposition rate is Sacrificed. In other words, the 
reactions occur slower at lower temperature. Therefore, 
while a deposition process might be carried out for about a 
full 2 minutes at about 700 C., the same film thickness can 
be deposited in about 1.5 minutes at about 775 C. Unfor 
tunately, for the examples of device Structures described 
herein, Such devices typically cannot withstand processing 
at about 775 C. However, the interrelationship between 
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temperature and process speed is one reason why the 680 
C. process typically is currently utilized. It has been found 
that a temperature of about 700° C. process is the hottest 
process that the device Structures can withstand. Therefore, 
this represents the quickest possible process that can be 
carried out. 

0.045. In the future, tooling may be developed that can 
conduct the process at higher pressures. This could permit 
the process to be carried out at about 650 C. without 
Significant loSS of process Speed. As a result, Such a proceSS 
will probably become highly utilized for RTCVD. 
0046) The period of time that the process exposes a 
Substrate to the maximum temperature may vary. Typically, 
the proceSS is as the name implies, rapid. Along these lines, 
the period that the maximum temperature is Sustained may 
vary from about 30 seconds to about 5 minutes. Typically, 
the time is about 2 minutes or less. The period of time that 
the process is carried may depend upon the desired thickneSS 
of the film. 

0047. Sometimes, to improve the uniformity across a 
wafer of the deposition, thermal Stabilization Steps of about 
30 to about 60 seconds may be added to a process prior to 
reaction gases being flowed into the chamber. These thermal 
Stabilization Steps can allow the wafer to equilibrate to a 
more uniform temperature at all points. Then, when reaction 
gases are flowed, the reaction rate at all points will be 
correspondingly more uniform. Typically, if thermal Stabi 
lization steps are included in a process, the length of the 
StepS is minimized to help achieve good uniformity and 
maximum tool throughput. It is conceivable, though, that 
longer thermal Stabilization Steps may be added that may 
increase the required time at temperature. 
0.048. Other process parameters that may be important in 
a process according to the present invention include the 
preSSure that the proceSS is carried out at. Along these lines, 
a process according to the present invention may be carried 
out at in a processing chamber the pressure in which may be 
controlled. Along these lines, processes according to the 
present invention may be carried out at a pressure of about 
50 torr to about 250 torr. According to one particular 
example, the proceSS is carried out at a pressure of about 100 
tOrr. 

0049 Additionally, control of the conditions in the pro 
cessing chamber may include introducing gasses into the 
processing chamber while the proceSS is being carried out. 
Examples of the gasses include Silane (SiH), ammonia 
(NH), dichlorosilane (DCS), SiCl2.H., trichlorosilane 
(TCS) (SiClFI), and disilane (SiH). The amount of gas 
introduced into the processing chamber may vary. If Silane 
and ammonia gasses are introduced into the chamber they 
may be introduced at a ratio of about 40 Scom Silane to about 
4Slm ammonia, or about 0.04:4. The rate that the gasses may 
be introduced into the chamber may vary from about 1:50 to 
about 1:400. According to one particular example, a ratio of 
about 1:200, SiH:NH is utilized. 
0050 FIG. 3 illustrates an example of an apparatus that 
may be utilized to carry out the present invention. The 
chemical vapor deposition apparatus 100 illustrated in FIG. 
3 includes a processing chamber. The chamber may be lined 
with a quartz liner. 
0051 A Substrate 105 to be processed is arranged within 
the processing chamber. Typically, the Substrate is a Semi 
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conductor wafer. AS Stated above, typically, the processing 
of the wafer has progressed to the point where Source/drain 
implants and activation anneals have been carried out. 
According to the present invention a Single wafer or a 
plurality of waferS may be arranged within a processing 
chamber. 

0052 A Substrate being processed in the chamber may be 
arranged on a susceptor 109. The susceptor 109 may be 
supported by Support 111. As indicated by arrow 113, the 
Support, Susceptor, and Substrate being treated may rotate. 
Rotation is typically carried out in processing to help ensure 
uniformity of processing. The Support, Susceptor, and Sub 
strate may rotate at a speed of about 0 RPM to about 60 
RPM. According to one particular example, the Substrate 
rotates at a Speed of about 35 rpm. However, the Support, 
Susceptor, and Substrate may rotate at any rate to help ensure 
uniformity of processing. 
0053. The interior of the processing chamber may be 
heated with at least one lamp. Along these lines, at least one 
lamp may be arranged above and/or below the processing 
chamber. The embodiment illustrated in FIG. 3 includes a 
plurality of upper lamps 115 arranged above the processing 
chamber as well as a plurality of lower lamps 117 arranged 
below the processing chamber. 
0054 Determining whether lamps should be provided 
above the processing chamber, below the processing cham 
ber or both may depend upon how it is desired the process 
ing be carried out. Typically, the number and arrangement of 
lamps is designed to help ensure uniform heating of a 
Substrate and processing chamber and also to reduce gas 
phase nucleation. According to one example, 20 lamps are 
arranged above the Susceptor and 20 lamps are arranged 
below the Susceptor. 
0055. The lamps both above and below the chamber may 
be arranged to further help ensure the desired processing 
characteristics. For example, in the embodiment described 
above, which includes 40 lamps, the lamps may be arranged 
in a circle having a diameter of about 200 mm. The lamps 
may be further controlled by adjusting the direction that they 
face. For example, Some lamps may be directed toward the 
center of the Susceptor and Some may be directed toward the 
periphery of the Susceptor. The lamps could also be directed 
anywhere between the center and the periphery. According 
to one particular example, one-half of the lamps are directed 
toward the center of the Susceptor and one-half toward the 
periphery. The thickness uniformity produced may be tuned 
by adjusting lamp numbers, arrangement, direction, among 
other parameters. 
0056. The same process could be deposited in a different 
chamber than described above. For example, an aluminum, 
cold wall chamber with a resistively heated Susceptor could 
be used to achieve the same results. Electrically heated 
systems could also be utilized to heat chamber walls or other 
walls to conductively heat the chamber. 
0057. A silicon nitride film formed according to the 
present invention may have any desired thickness. Typically, 
the film thickness is sufficient to provide the desired silicide 
blocking function. According to one example, the film has a 
thickness of about 100 A or less. The process conditions may 
be controlled to result in formation of Such a film. those of 
ordinary skill in the art, once aware of the present disclosure 
could control the process to result in a desired film without 
undue experimentation. 
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0.058 As discussed above, the present invention typically 
is carried out in the context of forming a blocked Silicide 
resistor, Such as a Silicide blocked resistor. Of course, the 
present invention may be utilized in any context. In the 
formation of a resistor, the RTCVD nitride deposition may 
be carried out. Then, a contact may be formed on either side 
of a Silicon nitride film. The contacts form a current path 
through the region where Silicide formation has been 
blocked. Also, the material through which the current path is 
driven typically is formed or doped with prior Steps to 
provide the desired resistance. 
0059) The film may be formed with the thickness 
described above. Along these lines, the process may be 
carried out with the parameters, Such as temperature, pres 
Sure, rotation, etc., described above. After formation of the 
Silicon nitride film, a preclean may be carried out. The 
preclean can include exposing the Silicon nitride film, as 
well as the entire upper Surface of the Semiconductor Struc 
ture as exists after formation of the film, to a Solution of 
hydrofluoric acid. The hydrofluoric acid may be lightly 
buffered or dilute. Those of ordinary skill in the art would 
know what Strength acid to utilized without undue experi 
mentation once aware of the disclosure contained herein. 

0060 Utilization of such HF solutions is contrary to 
known processes that require heavily buffered HF solutions 
to avoid damaging the Silicon nitride film. Along these lines, 
a RTCVD nitride film according to the present invention is 
a higher quality film as compared to films formed according 
to the prior art. The films according to the present invention 
resist preclean etching, and block all Silicide formation in the 
region of the resistor. 
0061 Making a PECVD film thicker to accommodate for 
the higher etch rate in precleans, which results in the 
degradation illustrated in FIG. 1, is not a favorable solution 
Since it tends to increase the Susceptibility to gate-to-Silicon 
leakage problems. Additionally, PECVD films have a lower 
wet etch rate. However, they also have a fast rate of 
deposition, which requires thicker films to maintain thick 
neSS control. The present invention does not Suffer from 
these shortcomings. 
0.062 For example, films formed according to the present 
invention have excellent wet etch characteristics. In other 
words, the films will not be easily removed by the wet etch 
steps. This permits formation of very thin films. 
0.063. According to one example, the present invention 
permits an silicide blocked resistor to be formed having a 
thickness of about 120 A in a cobalt silicide product. 
0064 FIG. 2 illustrates one embodiment of a film 
according to the present invention. In FIG. 2, the broken line 
represents the Surface of a silicon nitride layer 20 formed 
according to the present invention prior to carrying out a 
preclean process. At this point, the nitride layer typically has 
a thickness of about 100 A to about 200 A. After carrying out 
a preclean the nitride film 22 has been partially removed. AS 
compared to the prior art film shown in FIG. 1, the film 
shown in FIG. 2 has maintained its integrity to a much 
greater degree without any portions entirely removed. Pre 
cleaning typically results in the loSS of a certain amount of 
the thickness. According to one example, the loSS is about 10 
A to about 50 A. 
0065 FIG. 2 also shows silicide regions 24 and 26 on 
opposite sides of the nitride film 22. AS Stated above, Silicide 
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regions 24 and 26 may be metal Silicides including the 
Specific examples listed above or any other Silicide. Contacts 
28 and 30 extend up from the silicide regions 24 and 26. 
0066. In the context of a nitride barrier structure in a 
bipolar transistor, after in-Situ boron doped base deposition 
and a sacrificial oxide growth, an RTCVD barrier nitride 
film may be deposited according to the present invention in 
place of a LPCVD nitride as is currently carried out. 
Subsequently, a polycrystalline Silicon conversion layer, 
PECVD nitride region and tetraethyl ortho silicate (TEOS) 
oxide region may be deposited. Next, the emitter pedestal 
may be defined by Standard photolithography and dry etch 
process Steps. The extrinsic base Sidewall may then be 
defined. After the extrinsic base implant, the TEOS sidewall 
may be striped. FIG. 4 illustrates the inventor at this stage 
of the process. Along these lines, FIG. 4 illustrates oxide 
layer 32, RTCVD nitride layer 34, conversion oxide layer 
36, emitter pedestal space 38, filled with polycrystalline 
Silicon 40 and PECVD nitride 42. 

0067. At this stage, the poly layer 36 may be converted 
to oxide grown on Silicon at reduced temperature and 
elevated pressure to increase reaction rate (HIPOX). Then, 
the PECVD nitride 42 may be removed. The emitter may 
then be opened by etching away unconverted poly region 40 
and PECVD nitride 42 to result in the structure as shown in 
FIG 5. 

0068 Subsequently, the portion of the sacrificial oxide 
layer 32 in the emitter region 38 may be removed by a wet 
etch. Emitter polycrystalline Silicon 44 may then be depos 
ited to result in the structure shown in FIG. 6. With the 
RTCVD barrier nitride in place, the thermal cycle may be 
reduced to a few minutes at a temperature of about 750° C. 
or about 700 C., rather than the thermal cycle of about 30 
minutes at about 720° C. for an LPCVD barrier nitride. In 
Spite of this, the film maintains good integrity after high 
preSSure oxidation and dry and wet etches. Of course, any of 
the temperatures, processing times and/or other parameters 
described herein may be utilized in the deposition of the 
RTCVD nitride layer. 
0069. According to one particular embodiment, an 
RTCVD nitride layer was substituted for an LPCVD nitride 
layer in an NPN transistor. In this application, key NPN 
transistor electrical parameters that may change due to the 
RTCVD nitride are Summarized in Table 1. As can be seen, 
the base current and collector current or gain (Beta) of the 
transistor experience little or no change. The intrinsic (50x 
50) and extrinsic (51x700) base-emitter junction capaci 
tance showed very little variation as well. If, indeed, a delta 
exists, the RTCVD nitride thickness can be adjusted to yield 
the same capacitance as experienced with a LPCVD nitride. 
Also, as shown in Table 1, utilizing RTCVD increased the 
yield for the wafers with RTCVD nitride. 

TABLE 1. 

Key NPN Electrical Parameters for Wafers with and without 
RTCVD Barrier Nitride 

Parameter Target LPCVD RTCVD 

Emitter Delta-w (um) -0.02 O.O1 O.04 
4 x 5 um' Joe (pAlum) -1.75 -1.40 -1.46 

0.44 x 3 um? 
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TABLE 1-continued 

Key NPN Electrical Parameters for Wafers with and without 
RTCVD Barrier Nitride 

Parameter Target LPCVD RTCVD 

Base Current (uA) 2O 19.3 20.3 
0.44 x 3 um? 
Collector Current (mA) 2 2.47 2.67 
0.44 x 3 um Beta 1OO 126. 131.7 
SOX SO 

E-B Capacitance (fFlum) 5.65 5.55 
51 x 7OO 

E-B Capacitance (fFlum) O.75 778 
4K Overall Yield (%) 75 81.5 90.6 

0070. As can be seen from the above, utilizing RTCVD 
nitride in place of a 200 A LPCVD nitride in the emitter 
proceSS showed very good results. The yield was improved 
and the electrical parameters showed little shift as compared 
to the LPCVD. The small shifts experienced, if statistically 
valid, could be corrected by photolithography adjustments 
or thickness adjustments of the RTCVD nitride that are not 
detrimental to the process or NPN characteristics. 

0071. In the context of where a conformal nitride film is 
desired, the present invention may also be utilized. Along 
these lines, use of a rapid thermal chemical vapor deposition 
proceSS permits deposition at higher temperatures. AS a 
result, the present invention provides a more robust and 
conformal film without significant device diffusion impact 
that results from use of conventional furnace LPCVD pro 
cessing. Utilizing an RTCVD process according to the 
present invention can produce conformalities of greater than 
about 90%. In some cases, the conformality may be about 
95% to about 100%, when measured on both nested and 
isolated Structures. 

0.072 An RTCVD film according to the present invention 
is more conformal than LPCVD nitride films. This means 
that a film according to the present invention will fill divot 
structures more easily. Additionally, an RTCVD film accord 
ing to the present invention is also more robust than LPCVD 
films. This means that films according to the present inven 
tion are leSS apt to have pin-holes or other weak points where 
an etch might open up a leakage path between contact and 
Substrate. The robustness of films according to the present 
invention is evidenced by Significantly lower wet etch rates 
that RTCVD nitride wet etch rates experience as compared 
to PECVD nitride etch rates. 

0073) Any process for RTCVD of a nitride, but processes 
for forming a conformal nitride film in particular, may 
typically be carried out at a temperature of about 600 C. to 
about 800° C. Some processes according to the present 
invention may be carried out between about 700° C. and 
about 775 C. Other processes according to the present 
invention may be carried out at temperatures of about 600 
C. to about 700 C. Particular embodiments may be carried 
out attemperatures of about 680 C., about 700 C., or about 
700° C. to about 710° C. 

0074 Similarly, any process for RTCVD of a nitride, but 
processes for forming a conformal nitride film in particular, 
may typically be carried out for a period of time of about 1 
minute to about 4 minutes. One particular embodiment is 
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carried out for a time of about 95 seconds. The above times 
are the times that the process is at a temperature where 
deposition is occurring, or Substantially all of the deposition 
is occurring. Some deposition may take place at lower 
temperatures, but the time periods are for the time when 
Substantially all of the deposition is occurring. It is not 
necessary that the time at temperature be continuous. The 
temperature could be pulsed. 
0075 AS described above processes according to the 
present invention could be carried out in a chamber Such as 
that shown in FIG.3. The conditions within the chamber can 
be altered to control the process for depositing the film. 
Along these lines, pressure and contents of the atmosphere 
within the chamber may be varied. 
0076. The pressure within a processing chamber may be 
from about 100 torr to about standard pressure (760 torr). 
According to Some embodiments, the pressure is about 250 
torr or greater. Two particular embodiments employ pres 
Sures of 100 torr and 250 torr. Particular pressures may be 
utilized in combination with particular temperatures. Along 
these lines, in Some embodiments, pressures of 250 torr or 
greater may be utilized particularly in combination with 
processing at temperatures of about 600 C. to about 700 C. 
Similarly, in some embodiments, pressures of about 100 torr 
may be utilized in combination with processing tempera 
tures of above 680 C. and above. 

0077 Regarding the pressure, typically, the pressure in 
the processing chamber is about 70 torr to about 120 torr. 
More typically, the pressure is about 80 torr to about 110 
torr. Most typically, the pressure is about 100 torr. 
0078. In controlling the composition of the atmosphere 
within a processing chamber, various gasses may be intro 
duced into the chamber. Along these lines, at least one 
nitrogen-containing gas may be introduced into the chamber. 
At least one Silicon Source gas may also be introduced into 
the chamber. 

0079. One example of a nitrogen source gas that may be 
introduced into the chamber is ammonia (NH). According 
to one embodiment, about 4 liters per minute of NH gas is 
introduced into the processing chamber. Typically, about 3 
liters per minute to about 6 liters per minute of ammonia gas 
may be introduced into the processing chamber. More typi 
cally, about 3 liters per minute to about 5 liters per minute 
of ammonia gas may be introduced into the processing 
chamber. Still more typically, about 4 liters per minute to 
about 4 liters per minute of ammonia gas may be introduced 
into the processing chamber. Among other functions, ammo 
nia gas may be utilized to grow a nucleation layer for the 
nitride deposition. 
0080. Other gasses that may be introduced into the pro 
cessing chamber include Silane gas (SiN) and nitrogen 
(N). Typically, Silane gas may be introduced into the 
processing chamber at a rate of about 4 Scem to about 60 
Sccm. More typically, Silane gas may be introduced into the 
processing chamber at a rate of about 4 Scem to about 50 
Sccm. Still more typically, Silane gas may be introduced into 
the processing chamber at a rate of about 4 Scem to about 20 
Scam. According to one particular embodiment, Silane is 
introduced at a rate of about 40 ScCm. 

0081. Other gasses that may be utilized include dichlo 
rosilane (DCS) or any of the other gasses discussed above. 
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DCS gas may be utilized in place of SiH gas to try to 
minimize the effect of hydrogen enhanced boron diffusion 
during the deposition reaction. 
0082) Additionally, deuterated gases may be deposited in 
order to provide a deuterated nitride to improve hot-electron 
performance. Along these lines, a deuterated Silicon Source 
gas may be utilized, such as deuterated DCS or SiD. A 
deuterated nitrogen Source could be provided by deuterated 
ammonia (ND). Deuterated forms of both silicon and 
nitrogen Source gases may be used along with at least one 
deuterium carrier gas to maximize deuterium concentration 
in the deposited film. 
0.083. According to one particular embodiment, a pro 
cessing temperature of about 700° C. is utilized and a 
processing temperature of about 100 torr. About 41 pm of 
NH, and about 40 sccm of SiH, are introduced into the 
processing chamber. Nitrogen also introduced into the pro 
cessing chamber according to this embodiment. When nitro 
gen is introduced into the chamber, it may be introduced in 
more than one location. According to this particular embodi 
ment, nitrogen is introduced in a main flow and through a 
slit. The main nitrogen flow, or NMain, may be about 4 
liters per minute. The slit flow may be about 2 liters per 
minute. Controlling the two (or more) nitrogen flows rela 
tive to each other can help to improve the uniformity of the 
proceSS. 

0084. The substrate is rotated at about 40 rpm. The 
chamber may be heated such that the amount of heat directed 
to various regions may be controlled. Along these lines, if 
lamps are utilized to heat the processing chamber, the lamps 
may be arranged and controlled in Zones. For example, the 
lamps may be divided into inner, Outer, and lower Zones. 
Also, the lamp power may be controlled Such that it varies 
at different Stages in the process. Along these lines, the 
proceSS may have different values during a heat up Step, 
during a period of time that the proceSS according to the 
present invention is actually occurring, and during a purge 
Stage when gasses are purged from the processing chamber. 
0085 Typically, the percent power levels for the lower 
Zone/upper inner Zone/lower inner Zone during the heat up 
step are 40-70/30-60/30-60, during the process are 40-70/ 
25-45/25-45, and during the purge step 50/40/40. More 
typically, the percent power levels for the lower Zone/upper 
inner Zone/lower inner Zone during the heat up Step are 
50-60/40-50/40-50, during the process are 50-60/30-40/30 
40, and during the purge step 50/40/40. Most typically, the 
percent power levels for the lower Zone/upper inner Zone/ 
lower inner Zone during the heat up step are 55/45/45, during 
the process are 55/35/35 or 55/38/38, and during the purge 
step 50/40/40. The percentages represent percentages of the 
total lamp out power. 
0.086 The deposition rate for the most typically example 
is about 5 A/sec. The deposition time to produce a barrier 
nitride film having a thickness of about 500 A is about 95 
Seconds. 

0.087 According to this embodiment, the process recipe 
may be formatted as a high throughput recipe. According to 
this embodiment, the wafer is arranged on a hot Susceptor 
having a temperature of about 700° C. to about 710° C. NH 
may then be used to grow a nucleation layer for the nitride 
deposition. The SiH mass flow controller (MFC) may then 
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be stabilized. Next, with SiH and NH flowing, the depo 
Sition occurs. After deposition, SiH flow may be stopped. 
0088. However, NH. flow may continue for approxi 
mately 10 Seconds to Scavenge any available SiH before the 
chamber is purged with N and the wafer is extracted. 
0089 FIG. 7 represents a cross-sectional view of an 
embodiment of a nitride film formed according to the 
present invention that illustrates the position of the barrier 
nitride film in standard CMOSFET construction. In FIG. 7, 
the conformal barrier film 48 is arranged over all of the 
Structures on a Substrate, including Silicide regions 50 and 
diffusion regions 52. In bipolar transistor construction, as is 
typically used in SiGe processing, the barrier nitride is 
Similarly formed as the last Step to conformally cap the 
transistor. 

0090 FIG. 8 represents a photomicrograph of a cross 
section of a PECVD film deposited at about 480° C. FIG. 8 
shows the poor coverage of a divot area with Significant 
thinning in the divot area after an HF decoration of about 25 
seconds. Similarly, FIG. 9 represents a photomicrograph of 
a cross-section of a PECVD film deposited at about 550 C. 
and illustrates the poor coverage of a divot area with 
Significant but slightly reduced thinning in the divot area 
after an HF decoration of about 25 seconds. 

0091 FIG. 10 represents a photomicrograph of a cross 
section of a RTCVD film according to the present invention 
deposited at about 700° C. FIG. 10 illustrates the full 
coverage of a divot area with no thinning in the divot area 
after an HF decoration of about 25 seconds that may be 
achieved according to the present invention. Along these 
lines, FIG. 11 represents a photomicrograph of a croSS 
section of a RTCVD film deposited at about 775 C. 
according to the present invention. FIG. 11 demonstrates the 
full coverage of a divot area with no thinning in the divot 
area after an HF decoration of about 25 seconds that may be 
achieved according to the present invention. 
0092. In the context of a conformal layer, the present 
invention can provide a barrier nitride Structure formed with 
a RTCVD process. A structure formed according to the 
present invention can conformally cover an STI divot, at 
least more conformally than PECVD. A nitride film structure 
formed according to the present invention can resist etching 
more effectively than a PECVD deposited film. While a 
similar structure may be formed using LPCVD, the LPCVD 
method does not integrate with CMOS or bipolar processing 
because of thermal budget as does the process of the present 
invention. 

0093. The structure that the processes of the present 
invention may deposit a nitride layer on can include poly 
crystalline or Silicon Structures. The polycrystalline or sili 
constructures may have a thin oxide on them. However, the 
process will still work. Because the RTCVD process accord 
ing to the present invention is a deposition process that 
utilizes a gaseous Source of nitrogen as the nitrogen Source 
for the nitride, it can deposit nitride on any exposed Surface. 
Along these lines, the present invention can deposit nitride 
on Surface of poly, oxide, Single crystal Silicon, or even 
metal. 

0094. The foregoing description of the invention illus 
trates and describes the present invention. Additionally, the 
disclosure shows and describes only the preferred embodi 
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ments of the invention, but as aforementioned, it is to be 
understood that the invention is capable of use in various 
other combinations, modifications, and environments and is 
capable of changes or modifications within the Scope of the 
inventive concept as expressed herein, commensurate with 
the above teachings, and/or the skill or knowledge of the 
relevant art. The embodiments described hereinabove are 
further intended to explain best modes known of practicing 
the invention and to enable others skilled in the art to utilize 
the invention in Such, or other, embodiments and with the 
various modifications required by the particular applications 
or uses of the invention. Accordingly, the description is not 
intended to limit the invention to the form disclosed herein. 
Also, it is intended that the appended claims be construed to 
include alternative embodiments. 

1-34. (canceled) 
35. A bipolar transistor Structure, comprising: 
a Silicon nitride barrier layer, wherein the Silicon nitride 

barrier layer has a conformality of greater than about 
90%, and is formed by a rapid thermal nitride deposi 
tion process at a temperature from about 600 C. to 
about 775 C. 

36. (canceled) 
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37. The transistor of claim 35, further comprising an insitu 
boron doped SiGe base. 

38. The transistor of claim 35, wherein the silicon nitride 
barrier layer is disposed on an oxide. 

39. The transistor of claim 35, wherein the silicon nitride 
barrier layer has a thickness from about 100 A to about 150 
A. 

40. The transistor of claim 35, further comprising a 
polycrystalline Silicon layer adjacent to the Silicon nitride 
barrier layer. 

41. The transistor of claim 40, wherein the polycrystalline 
Silicon layer is capped with a nitride film. 

42. The transistor of claim 35, wherein the rapid thermal 
nitride deposition process is performed at a temperature 
from about 600 C. to about 700° C. 

43. The transistor of claim 35, wherein the rapid thermal 
nitride deposition process is performed at a temperature 
from about 700° C. to about 775 C. 

44. The transistor of claim 35, wherein the rapid thermal 
nitride deposition process is performed at a temperature 
from about 680 C. to about 710 C. 


