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(57) ABSTRACT 

A system and method for selectively increasing the thermal 
effect of a radiant energy source to the surface of an object 

relative to the substrate is described in the context of rapid 

thermal processing of semiconductor Wafers, and apparatus 
produced therefrom. A radiation-absorptive atmosphere is 
introduced betWeen the radiant energy source and the object 
to increase conductive heat transfer to the surface of the 

object and reduce the available radiant heat transfer to the 
substrate, thereby increasing the thermal effect to the surface 
relative to the substrate. 



US 2003/0017721 A1 Jan. 23, 2003 Sheet 1 0f 4 

22 

Patent Application Publication 

8 ‘(2 

_. _ _ 

/////////_ 7////// ,//// 
/ / 

V / 

M / y W 

O 

/ 

% 

A7////// \\\ 
8 1(2 

20 

FIG. 1A 
(PRIOR ART) 

FIG. 1B 
(PRIOR ART) 



Patent Application Publication Jan. 23, 2003 Sheet 2 0f 4 US 2003/0017721 A1 

i HHHHH 

' WNW 

FIG. 2 
(PRIOR ART) 

INTENSITY n U 
DISTANCE i’ 

FIG. 3 
(PRIOR ART) 



Patent Application Publication Jan. 23, 2003 Sheet 3 0f 4 US 2003/0017721 A1 

1] HHHHH 

' HHH 

FIG. 4 
(PRIOR ART) 

INTENSITY 3L 
i DISTANCE i’ 

FIG. 5 
(PRIOR ART) 



Patent Application Publication Jan. 23, 2003 Sheet 4 0f 4 

70 
S 

52 @ 

... w 

80 
S 

‘i5 m m 
USER 
l/F 

US 2003/0017721 A1 

FIG. 6 

FIG. 7 

FIG. 8 



US 2003/0017721 A1 

SYSTEM AND METHOD FOR SELECTIVELY 
INCREASING SURFACE TEMPERATURE OF AN 

OBJECT 

[0001] This application is a Divisional of US. application 
Ser. No. 09/139,934, ?led Aug. 26, 1998, Which is incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to selectively increas 
ing surface layer temperature during radiant heating, and 
more speci?cally to the use of thermal radiation-absorptive 
gasses to selectively increase the surface temperature of a 
semiconductor Wafer in relation to the substrate during 
Rapid Thermal Processing. 

BACKGROUND OF THE INVENTION 

[0003] Integrated circuits are often fabricated With one or 
more devices, Which may include diodes, capacitors, and 
different varieties of transistors. These devices often have 
microscopic features that can only be manufactured With 
critical processing steps that require careful alignment of 
equipment used to build the devices. These microscopic 
features contain critical dimensions that Will often de?ne the 
performance of the device and its surrounding circuitry. 

[0004] Additionally, the functionality of these devices is 
de?ned by creating precisely controlled regions of dopants 
Within the various layers of a semiconductor Wafer. These 
dopants, hoWever, are susceptible to diffusion at elevated 
temperatures. 

[0005] Semiconductor fabrication continues to advance, 
requiring ?ner dimensional tolerances and control. Modem 
integrated circuit design has advanced to the point Where 
line Width may be 0.25 microns or less, With junction depths 
on the order of 1500-2000 Angstroms. Thus, thermal effect 
to a semiconductor Wafer must be reduced to limit the lateral 
diffusion of the dopants, and the associated broadening of 
line dimension. Thermal effect to a semiconductor Wafer 
must also be limited to reduce forWard diffusion of the 
dopants so junction depth does not shift. 

[0006] An additional potential adverse effect of thermal 
treatment is chemical change of the materials utiliZed in the 
fabrication of a semiconductor Wafer. As an example, refrac 
tory metal-silicide ?lms may be formed during the fabrica 
tion of very large scale integration (VLSI) circuits as a gate 
or interconnect ?lm. These refractory metal-silicides can be 
reduced to their elemental constituents under elevated ther 
mal conditions, thus destroying the functionality of the 
device. 

[0007] In an effort to reduce the magnitude of thermal 
requirements, and thus lessen the likelihood of adverse 
effects, differing processes have been developed. One such 
process is Rapid Thermal Processing (RTP). RTP is a 
short-duration, high-temperature, radiant-heating process. 
RTP may be found in a multitude of semiconductor fabri 
cation processes in a variety of forms, including rapid 
thermal annealing (RTA), rapid thermal cleaning (RTC), 
rapid thermal chemical vapor deposition (RTCVD), rapid 
thermal oxidation (RTO), and rapid thermal nitridation 
(RTN). 
[0008] RTP seeks to minimize the negative effects of 
necessary thermal treatments, and thus reduce the thermal 
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budget of a semiconductor Wafer, by subjecting the semi 
conductor Wafer to high temperatures (typically 420-1150° 
C.) only long enough to achieve the desired process effect. 
Systems are commercially available to perform RTP and 
generally utiliZe large-area incoherent energy sources such 
as radiant heat lamps operating in the Wavelengths of 0.5 to 
3 pm. RTP systems typically thermally isolate the semicon 
ductor Wafer being processed such that radiant heating is the 
dominant mode of transfer, seeking to minimiZe heat trans 
fer by conduction at the Wafer surface or convection around 
the Wafer surface. 

[0009] RTP Was started as a research technique some 25 
years ago using pulsed laser beams. As the semiconductor 
industry continues its trend into submicron devices, RTP is 
becoming a core technology step in the development and 
mass production of ultra-large system integration (ULSI) 
devices. Since their introduction more than a decade ago, 
RTP processors employing incoherent lamps are noW the 
mainstay. 
[0010] Despite these prior improvements to thermal pro 
cessing, dif?culties still eXist. To achieve desired semicon 
ductor device characteristics, temperatures and dopant 
implant depths must be adjusted Within small process Win 
doWs to achieve the desired process effect While compen 
sating for the inevitable diffusion. As device siZes are 
reduced, control of implant diffusion becomes more critical. 
Reducing thermal effect to the semiconductor substrate 
relaXes and Widens the available process WindoW for control 
of implant diffusion. 

[0011] Furthermore, in many semiconductor fabrication 
steps requiring heat input, the desired process effect relates 
only to the surface of the semiconductor Wafer. In these 
cases, there is no need or desire to provide heat input to the 
substrate. It should be noted that all references to the 
substrate Within this disclosure shall include all layers 
underlying the surface. 

[0012] One such use of RTP is for a process knoWn as 
contact re?oW folloWing anisotropic etching. Etching in 
semiconductor fabrication involves the removal of material 
from the Wafer surface. Anisotropic etching is typically used 
to describe etching occurring only in the direction perpen 
dicular to the Wafer surface. This vertical etching results in 
sharp edges on contact holes, making them dif?cult to ?ll. 
Where ?oWable glass, such as borophosphosilicate glass 
(BPSG), is used for isolation, passivation or surface pla 
nariZation, these sharp edges may be rounded through the 
process of contact re?oW. 

[0013] Contact re?oW involves the heating or annealing of 
the glass to cause re?oW and, therefore, rounding of surface 
features. With rounded surface features, coverage of contact 
holes by subsequent metal ?lm layers is improved. Because 
the process seeks only to round the surface features of the 
glass surface layer, heat input to the underlying layers is 
neither required nor desired. 

[0014] In light of the foregoing, it may be desirable to 
selectively increase the processing temperature of the sur 
face layer of a semiconductor Wafer While reducing the 
thermal effects to the substrate that Would normally occur in 
pre-eXisting rapid thermal processing. 

SUMMARY OF THE INVENTION 

[0015] The invention alloWs the user to increase the ther 
mal effect delivered to the surface layer of a semiconductor 
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Wafer in relation to the thermal effect delivered to the 
substrate. The desired effect is produced by introducing 
radiation-absorptive gas into the heating chamber of a 
radiant heating system. Thermal energy absorbed by the 
radiation-absorptive gas in contact With the semiconductor 
Wafer increases heat transfer to the Wafer surface through 
conduction While reducing radiant heat transfer available to 
the substrate. Radiation-absorptive gas may be combined 
With a gas that absorbs only minimal or negligible radiant 
energy to thus modify or regulate the level of absorptivity of 
the atmosphere Within the heating chamber. 

[0016] By increasing conductive heat transfer to the sur 
face While reducing radiant heat transfer to the substrate, the 
surface Will receive more heat input relative to the substrate. 
The result is that the surface temperature can be selectively 
increased in relation to the substrate, and the thermal budget 
of the Wafer is reduced. Consequently, semiconductor 
devices produced according to the invention Will have 
reduced thermal budgets. 

[0017] Using the system and technique of the invention, 
semiconductor fabrication steps may be accomplished With 
reduced thermal effects to the semiconductor Wafer sub 
strate. At a minimum, a system suitable to practice the 
invention need only a radiant energy source, or radiation 
source, and an atmosphere that absorbs some radiant energy 
given off by the radiation source. The atmosphere must 
occupy the path of radiation Which is emitted from the 
radiation source and directed to the surface of the object 
being heated. 

[0018] In one embodiment of the invention, the atmo 
sphere contains a single radiation-absorptive gas. 

[0019] In another embodiment of the invention, the atmo 
sphere contains a mixture of radiation-absorptive gases. 

[0020] In a further embodiment of the invention, the 
atmosphere contains a mixture of a radiation-absorptive gas 
and a transparent gas. 

[0021] In a still further embodiment of the invention, the 
atmosphere contains a mixture of a radiation-absorptive gas 
and tWo or more transparent gases. 

[0022] In yet another embodiment of the invention, the 
atmosphere contains a mixture of tWo or more radiation 
absorptive gases and a transparent gas. 

[0023] In a further embodiment of the invention, the 
atmosphere contains a mixture of tWo or more radiation 
absorptive gases and tWo or more transparent gases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] In the draWings, Where like numerals refer to like 
components throughout the several vieWs: 

[0025] FIG. 1A is a cross-section vieW of one type of a 
pre-existing rapid thermal processing (RTP) system. 

[0026] FIG. 1B is a plan vieW of the RTP system taken 
through line 1B-1B of FIG. 1A. 

[0027] FIG. 2 is a pictorial representation of the relative 
radiation loss through a transparent atmosphere. 

[0028] FIG. 3 is a graphical representation of the relative 
radiation loss through a transparent atmosphere. 
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[0029] FIG. 4 is a pictorial representation of the relative 
radiation loss through a radiation-absorptive atmosphere. 

[0030] FIG. 5 is a graphical representation of the relative 
radiation loss through a radiation-absorptive atmosphere. 

[0031] FIG. 6 is an elevation vieW of a semiconductor 
Wafer containing semiconductor dies according to one 
embodiment of the invention. 

[0032] FIG. 7 is a block diagram of a circuit module 
incorporating semiconductor dies according to one embodi 
ment of the invention. 

[0033] FIG. 8 is a block diagram of an electronic system 
incorporating circuit modules according to one embodiment 
of the invention. 

DESCRIPTION OF THE EMBODIMENTS 

[0034] In the folloWing detailed description, reference is 
made to the accompanying draWings Which form a part 
hereof, and in Which is shoWn by Way of illustration speci?c 
embodiments in Which the invention may be practiced. 
These embodiments are described in sufficient detail to 
enable those skilled in the art to practice the invention, and 
it is to be understood that other embodiments may be utiliZed 
and that structural, logical and compositional changes may 
be made Without departing from the spirit and scope of the 
invention. The folloWing detailed description is, therefore, 
not to be taken in a limiting sense, and the scope of the 
invention is de?ned by the appended claims. 

[0035] In general, a typical RTP system contains three 
major parts (see FIG. 1A): (a) a high-poWer lamp system or 
radiation source 22 heating the Wafer 10; (b) a chamber 18 
in Which the Wafer 10 and an atmosphere (not depicted) are 
contained; and (c) a pyrometer 20 to measure the Wafer 
temperature. The lamp system can be either a set of tung 
sten-halogen lamps or a high-poWer arc lamp With a re?ec 
tor. The Wafer 10 has a backside 14 and a surface 15. The 
chamber 18 is generally a quartZ chamber. In all cases, the 
lamps are separated from the Wafer With a quartZ WindoW 
24. 

[0036] The pyrometer 20 measures the radiation that is 
emitted from the backside 14 of the Wafer and converts this 
into substrate, or Wafer, temperature. Other non-invasive 
temperature measurement techniques based on thermal 
expansion of the Wafer, laser interferometry, and acoustic 
interference are being developed to accurately measure the 
temperature. The temperature measurement technique cho 
sen, or Whether temperature is measured at all, in no Way 
limits the invention. As an alternative to or in addition to 
pyrometer 20, other sensors may be implemented to measure 
temperature, re?ectance, or other mechanical properties 
such as stress elasticity. 

[0037] Other features of this typical RTP system include 
the quartZ Wafer holder 26, the process gas conduits 28, and 
the re?ector 30. The Wafer 10 is placed or positioned on 
Wafer holder 26 such that radiation from the radiation source 
22 is directed at and impinges on the surface 15 of Wafer 10. 
Process gas conduits 28 act as an inlet for gas ?oW in the 
chamber 18. Depending on the gas ?oW rate through process 
gas conduits 28, it is possible to have both free and forced 
convection Within the RTP atmosphere. Re?ector 30 assists 
directing radiation from radiation source 22 to the surface 15 
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of Wafer 10. A complete RTP system Would contain addi 
tional components, such as robotic handling elements and 
staging elevators, but these are not of concern to the inven 
tion disclosed and claimed. 

[0038] In typical RTP processing, the Wafer 10 Would 
absorb radiation primarily through surface 15 in chamber 18 
from radiation source 22. While radiation from radiation 
source 22 is not limited to a direction perpendicular to the 
surface 15 of Wafer 10, such direction is a reasonable 
approximation of the transfer of radiant energy to Wafer 10. 
Time and temperature Within chamber 18 Would be directed 
by the desired process effect. 

[0039] The heating lamp system comes in four basic 
geometries: the line source, the square source, the hexagonal 
source, and the ring source. FIG. 1B is an example of the 
ring source lamp system, Where the lamp bank consists of an 
outer ring, middle ring, and an inner lamp or ring of lamps. 

[0040] RTP is generally carried out With chamber 18 
containing an inert atmosphere of Ar, N2 or a vacuum. 
Oxygen and NH3, hoWever, have previously been intro 
duced into the processing chamber of an RTP system When 
the desired process effect is to induce the groWth of SiO2 and 
Si3N4, respectively. The RTP atmospheres are generally 
transparent to the radiation source, thus alloWing the radiant 
energy to transfer to the Wafer 10 With only negligible 
absorption by the atmosphere surrounding the Wafer 10. 

[0041] The system and process of the invention Work 
equally Well at any pressure, from pressures above atmo 
spheric to those beloW atmospheric. In fact, increases or 
reductions in pressure can be used to selectively raise or 
loWer desired absorptivity of the radiation-absorptive atmo 
sphere. An increase in pressure Will increase the molecular 
density of the gaseous atmosphere, thus alloWing more 
absorptive gas per unit volume and increasing the absorp 
tivity. Likewise, a reduction in pressure Will decrease the 
molecular density of the gaseous atmosphere, thus reducing 
the absorptive gas per unit volume and decreasing the 
absorptivity. 
[0042] As stated previously, the gas or atmosphere Within 
chamber 18 of pre-existing RTP systems is generally inert 
and transparent to the radiant energy of radiation source 22. 
In other Words, the intensity of the radiant energy leaving 
radiation source 22 is virtually identical to the intensity of 
the radiant energy arriving at the surface 15 of Wafer 10. 
FIGS. 2 and 3 are a pictorial and graphical representation 
of the change in intensity of the radiant energy emitted by 
radiation source 22 as it travels from radiation source 22, 
point I, to surface 15, point I‘, in chamber 18 of pre-existing 
RTP systems. FIGS. 2 and 3 are intended to shoW that there 
is negligible reduction in intensity of radiant energy through 
the transparent atmosphere. There is no scale as these ?gures 
are offered for conceptual representation only. 

[0043] In one embodiment of the invention, a radiation 
absorptive gas replaces the transparent atmosphere in cham 
ber 18. The radiation-absorptive gas is chosen such that it 
has an increased index of absorption, in the Wavelength(s) of 
the radiant energy from radiation source 22, over the trans 
parent atmosphere generally utiliZed in an RTP system. 

[0044] The radiation-absorptive gas must absorb radiation 
in at least one of the Wavelengths of the radiation source, and 
all references to radiation-absorptive gases Will presume that 
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they absorb radiation in one or more of the relevant Wave 
lengths emitted by the provided radiation source. The rel 
evant Wavelengths of a radiation source are the dominant 
Wavelengths providing for heat transfer to the process 
object. Conversely, a gas is transparent if it does not absorb 
radiant energy of the relevant Wavelengths of the radiation 
source. Note that due to the Wide range of Wavelengths that 
may be given off by a radiation source due to factors such 
as type, degradation or contamination, and that are not a 
prominent source of heat transfer to the object, a transparent 
gas may absorb Wavelengths that are not relevant Wave 
lengths. 
[0045] The result of surrounding surface 15 With a radia 
tion-absorptive atmosphere is that the intensity of the radiant 
energy emitted by radiation source 22 is more signi?cantly 
reduced as it travels from radiation source 22 to surface 15. 
FIGS. 4 and 5 are a pictorial and graphical representation 
of the change in intensity of the radiant energy emitted by 
radiation source 22 as it travels from radiation source 22, 
point I, to surface 15, point I‘, utiliZing a radiation-absorptive 
gas in the atmosphere of chamber 18. By utiliZing the 
invention, there is noW a non-negligible reduction in inten 
sity of the radiant energy as it travels through the absorptive 
atmosphere. There is no scale as these ?gures are offered for 
conceptual representation only. 
[0046] By providing an atmosphere With a higher propen 
sity to absorb radiation in one or more Wavelengths of the 
spectrum radiated by radiation source 22, tWo phenomena 
occur: 1) temperature increases Within chamber 18; and 2) 
radiant energy impinging on surface 15 is reduced. 

[0047] The temperature Within chamber 18 increases as 
energy is absorbed by the absorptive atmosphere. The 
absorbed energy raises the internal energy of the absorptive 
atmosphere, thus increasing its temperature. There Will be 
some increase in convective heat transfer Within the atmo 
sphere of chamber 18 as the temperature change induces 
convection. More importantly, hoWever, With the tempera 
ture surrounding surface 15 increased, heat transfer by 
conduction of the absorbed energy from the atmosphere 
Within chamber 18 to surface 15 is increased. It is recog 
niZed that heat transfer by conduction from surface 15 to the 
substrate of Wafer 10 Would also increase to some degree. 

[0048] The energy absorbed by the absorptive atmosphere 
Within chamber 18 also results in decreased levels of radia 
tion available to impinge on surface 15. This results in a 
decreased level of radiant heat transfer to surface 15 and 
Wafer 10. It is believed that the decreased level of heat 
transfer by radiation to Wafer 10 Will generally exceed the 
increased level of conductive heat transfer to the substrate of 
Wafer 10. Combined, the energy transfer to surface 15 
exceeds the energy transfer to the substrate of Wafer 10, thus 
supporting the observed phenomena that equivalent process 
effects can be achieved at reduced substrate temperatures. 

[0049] In an alternative embodiment of the invention, the 
atmosphere of chamber 18 contains a mixture of more than 
one absorptive gas. Choosing absorptive gases that absorb 
radiation of different Wavelengths can increase the total 
energy absorbed over that of each individual gas. In addi 
tion, mixtures of gases can interact through bonding or 
reaction to generate additional absorption Wavelengths. Fur 
thermore, some individual gases Will have strong absorptiv 
ity While others Will be Weak absorbers. Accordingly, the 
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concentration of individual gases is guided by the desired 
level of absorption of one or more Wavelengths of radiant 
energy and is, therefore, Without practical limit. Simply put, 
the user is free to choose any number or combination of 
absorptive gases. The user can vary the individual concen 
trations, guided by the physical characteristics of the indi 
vidual gases, to achieve the desired level of absorption and, 
therefore, the desired process effect. 

[0050] In a further embodiment of the invention, one or 
more absorptive gases may be combined With one or more 
transparent gases. As With all other embodiments, concen 
tration of any individual gas is not limited. TWo phenomena 
may occur through the addition of transparent gases. Trans 
parent gas may act to reduce the overall level of absorbed 
radiation by displacing absorptive gases. Additionally, trans 
parent gas may aid removal of absorbed energy from an 
absorptive gas, thereby increasing the overall level of 
absorbed radiation by increasing the number of unexcited 
absorptive molecules. Regardless of Whether one or both 
phenomena occur, the user is provided With an additional 
tool to achieve the desired level of absorption and, therefore, 
the desired process effect. 

[0051] For radiation sources operating in the Wavelengths 
of 0.5 to 3 pm, the folloWing gases have been identi?ed for 
semiconductor processing incorporating the invention: H2O, 
Ar, H2, CO2, NH3, N2, N02, N203, N204, N205, NO, N20, 
He, 03, Kr, Ne, Xe, Rn and C12. Of these gases, H2O, CO2, 
NH3 and N20 are of particular interest due to their absorp 
tive properties in the relevant Wavelengths. Furthermore, N2 
and Ar are of particular interest due to their transparency in 
the relevant Wavelengths. 

[0052] Although NH3 has previously been used as a reac 
tant species, the invention utiliZes NH3 for purposes other 
than Where nitridation is the desired process effect. An 
example Would be glass re?oW applications Where nitrida 
tion inhibits glass re?oW. Accordingly, use of NH3 as an 
absorptive gas should occur at process conditions Which do 
not promote nitridation. It is believed that nitridation Will not 
occur at temperatures beloW about 700° C. 

[0053] Determination of Whether a gas is absorptive or 
transparent at a speci?c Wavelength does not require undue 
experimentation. Individual gases or mixtures of gas may be 
subjected to the science of spectroscopy to determine the 
absorption of light at various Wavelengths. Spectrophotom 
eters are commercially available to measure transmission or 

absorption of Wavelengths from the infrared (IR) and near 
infrared (NIR) spectra through the ultraviolet (UV) spec 
trum. 

[0054] In an exemplary embodiment of the invention, the 
atmosphere of an RTP system contains an absorptive mix 
ture of Ar, H2 and H20 at approximate molar concentrations 
of 10-80%, 10-40% and 10-50%, respectively. The RTP 
system utiliZes a radiation source operating in the relevant 
Wavelengths of 0.5 to 3 pm. A semiconductor Wafer of 
embedded DRAMs (Dynamic Random Access Memory) is 
introduced into the absorptive atmosphere under the heating 
element to affect re?oW of BPSG on the Wafer surface 
Without adversely affecting implant diffusion or the integrity 
of Ti-salicide, a self-aligned silicide. To achieve equivalent 
process results of a pre-existing RTP system operating at 
800° C., the system of the exemplary embodiment may 
operate at the reduced temperature of 750° C. 
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[0055] With reference to FIG. 6, in one embodiment, a die 
60 is produced from the Wafer 10 processed according to the 
invention. A die is an individual rectangular pattern on a 
semiconductor Wafer that contains circuitry to perform a 
speci?c function. A semiconductor Wafer Will typically 
contain a repeated pattern of such dies containing the same 
functionality. Die 60 may contain circuitry for a simple 
DRAM, as discussed above, or it may extend to such 
complex circuitry as a monolithic processor With multiple 
functionality. Die 60 is typically packaged in a protective 
casing (not shoWn) With leads extending therefrom (not 
shoWn) providing access to the circuitry of the die for 
unilateral or bilateral communication and control. 

[0056] As shoWn in FIG. 7, tWo or more dies 60 may be 
combined, With or Without protective casing, into a circuit 
module 70 to enhance or extend the functionality of an 
individual die 60. Circuit module 70 may be a combination 
of dies 60 representing a variety of functions, or a combi 
nation of dies 60 containing the same functionality. Some 
examples of a circuit module include memory modules, 
poWer modules, communication modules, processor mod 
ules and application-speci?c modules and may include mul 
tilayer, multichip modules. Circuit module 70 may be a 
subcomponent of a variety of electronic systems, such as a 
clock, a radio, a dishWasher, a television, a cell phone, a 
personal computer, an automobile, an automated teller 
machine, an industrial control system, an aircraft and others. 
Circuit module 70 Will have a variety of leads extending 
therefrom (not shoWn) providing unilateral or bilateral com 
munication and control. 

[0057] FIG. 8 shoWs one such electronic system 80 con 
taining one or more circuit modules 70. Electronic system 80 
generally contains a user interface 85. User interface 85 
provides a user of the electronic system 80 With some form 
of control or observation of the results of the electronic 
system 80. Some examples of user interface 85 include the 
keyboard, pointing device, CRT and printer of a personal 
computer; the tuning dial, display and speakers of a radio; 
the ignition sWitch and gas pedal of an automobile; and the 
card reader, keypad, display and currency dispenser of an 
automated teller machine. As Will be apparent from the lists 
of examples previously given, electronic system 80 Will 
often contain certain mechanical components (not shoWn) in 
addition to circuit modules 70 and user interface 85. 

[0058] To reiterate, an absorptive gas mixture may contain 
any combination of one or more absorptive gases. The 
absorptive gas mixture may be void of transparent gases or 
it may contain one or more transparent gases. Individual 
gases may exist in the absorptive gas mixture at any con 
centration. Concentration and choice of gases is guided by 
the desired process effect or level of absorption, and the 
relevant Wavelengths of the radiation source. Of course, the 
summation of all individual concentrations must equal 
100%. 

[0059] Furthermore, in all embodiments of the invention, 
the realities of industrial processing must be recogniZed. 
Where a reference is made to purity of the gaseous atmo 
sphere, the reader must remember that there Will alWays be 
some incident contamination, either at the percentage, ppm, 
ppb or atomic level. This contamination Will come from 
multiple sources, such as that inherently found in the gases 
from their source or re-use, or in their preparation; that 
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coming from outgassing or evaporation of the object being 
processed or the environment of the processing chamber; 
and that introduced through leaks or other openings in the 
processing chamber. Acceptable levels of contamination Will 
be dependent on the nature and needs of the process, the 
processing equipment and environment utiliZed, and the 
source and nature of the materials used. Thus, composition 
of the gaseous atmosphere describes the relevant composi 
tion and disregards incident contamination. 

[0060] Use of the invention provides semiconductor Wafer 
and device fabrication at reduced thermal budgets. Such 
semiconductor devices having reduced thermal budgets Will 
have improved performance characteristics due to reduced 
dopant diffusion 

[0061] Although speci?c embodiments have been illus 
trated and described herein, it Will be appreciated by those 
of ordinary skill in the art that any arrangement Which is 
calculated to achieve the same purpose may be substituted 
for the speci?c embodiments shoWn. For eXample, the 
present invention is not so limited to the exemplary embodi 
ment. Furthermore, more than one object may be processed 
simultaneously Without departing from the scope herein. 
Additionally, those skilled in the art Will recogniZe that 
processing may occur batchWise or in a continuous process. 
Therefore, this application is intended to cover any adapta 
tions or variations of the present invention and it is mani 
festly intended that this invention be limited only by the 
claims and the equivalents thereof. 

What is claimed is: 
1. A method of heating an object, comprising: 

emitting radiation of at least one Wavelength capable of 
heating the object thus producing at least one Wave 
length of emitted radiation; 

absorbing radiation of the at least one Wavelength of 
emitted radiation in a radiation-absorptive atmosphere; 
and 

transferring heat to the object through a combination of 
radiant heat transfer from the at least one Wavelength of 
emitted radiation and conductive heat transfer from the 
radiation-absorptive atmosphere. 

2. The method of claim 1 Wherein absorbing radiation 
occurs in a radiation-absorptive atmosphere comprising at 
least one radiation-absorptive gas. 

3. The method of claim 1 Wherein absorbing radiation 
occurs in a radiation-absorptive atmosphere comprising at 
least one radiation-absorptive gas and at least one transpar 
ent gas. 

4. The method of claim 1 Wherein absorbing radiation 
occurs in a radiation-absorptive atmosphere comprising at 
least one radiation-absorptive gas, further Wherein the at 
least one radiation-absorptive gas is a gas selected from the 
group consisting of H20, CO2, NH3 and N20. 

5. The method of claim 1 Wherein absorbing radiation 
occurs in a radiation-absorptive atmosphere comprising at 
least one radiation-absorptive gas and at least one transpar 
ent gas, further Wherein the at least one radiation-absorptive 
gas is a gas selected from the group consisting of H20, CO2, 
NH3 and N20, still further Wherein the at least one trans 
parent gas is a gas selected from the group consisting of Ar 
and N2. 
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6. The method of claim 1 Wherein absorbing radiation 
occurs in a radiation-absorptive atmosphere comprising: 

substantially 10-80 mol % Ar; 

substantially 10-40 mol % H2; and 

substantially 10-50 mol % H20. 
7. The method of claim 1 Wherein emitting radiation of at 

least one relevant Wavelength capable of heating the object 
further comprises emitting at least one Wavelength in the 
range of 0.5 to 3.0 pm. 

8. The method of claim 1 further comprising maintaining 
the pressure of the radiation-absorptive atmosphere beloW 
atmospheric. 

9. The method of claim 1 further comprising maintaining 
the pressure of the radiation-absorptive atmosphere at or 
above atmospheric. 

10. A radiant heating system for heating an object, com 
prising: 

a radiation source for directing radiation toWard the 
object; and 

a radiation-absorptive atmosphere positioned betWeen the 
radiation source and the object. 

11. The radiant heating system of claim 10 Wherein the 
radiation-absorptive atmosphere comprises at least one 
radiation-absorptive gas. 

12. The radiant heating system of claim 10 Wherein the 
radiation-absorptive atmosphere comprises at least one 
radiation-absorptive gas and at least one transparent gas. 

13. The radiant heating system of claim 10 Wherein the 
radiation-absorptive atmosphere comprises at least one 
radiation-absorptive gas, further Wherein the at least one 
radiation-absorptive gas is a gas selected from the group 
consisting of H20, CO2, NH3 and N20. 

14. The radiant heating system of claim 10 Wherein the 
radiation-absorptive atmosphere comprises at least one 
radiation-absorptive gas and at least one transparent gas, 
further Wherein the at least one radiation-absorptive gas is a 
gas selected from the group consisting of H20, CO2, NH3 
and N20, still further Wherein the at least one transparent gas 
is a gas selected from the group consisting of Ar and N2. 

15. The radiant heating system of claim 10 Wherein the 
radiation-absorptive atmosphere comprises: 

substantially 10-80 mol % Ar; 

substantially 10-40 mol % H2; and 

substantially 10-50 mol % H20. 
16. The radiant heating system of claim 10 Wherein the 

radiation source emits radiation comprising at least one 
Wavelength in the range of 0.5 to 3.0 pm. 

17. A method of processing a semiconductor Wafer, com 
prising: 

emitting radiation of at least one Wavelength capable of 
heating the semiconductor Wafer thus producing at least 
one Wavelength of emitted radiation; 

absorbing radiation of the at least one Wavelength of 
emitted radiation in a radiation-absorptive atmosphere; 
and 

transferring heat to the semiconductor Wafer through a 
combination of radiant heat transfer from the at least 
one Wavelength of emitted radiation and conductive 
heat transfer from the radiation-absorptive atmosphere. 
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18. The method of claim 17 wherein absorbing radiation 
occurs in a radiation-absorptive atmosphere comprising at 
least one radiation-absorptive gas. 

19. The method of claim 17 Wherein absorbing radiation 
occurs in a radiation-absorptive atmosphere comprising at 
least one radiation-absorptive gas and at least one transpar 
ent gas. 

20. The method of claim 17 Wherein absorbing radiation 
occurs in a radiation-absorptive atmosphere comprising at 
least one radiation-absorptive gas, further Wherein the at 
least one radiation-absorptive gas is a gas selected from the 
group consisting of H20, CO2, NH3 and N20. 

21. The method of claim 17 Wherein absorbing radiation 
occurs in a radiation-absorptive atmosphere comprising at 
least one radiation-absorptive gas and at least one transpar 
ent gas, further Wherein the at least one radiation-absorptive 
gas is a gas selected from the group consisting of H20, CO2, 
NH3 and N20, still further Wherein the at least one trans 
parent gas is a gas selected from the group consisting of Ar 
and N2. 

22. The method of claim 17 Wherein absorbing radiation 
occurs in a radiation-absorptive atmosphere comprising: 

substantially 10-80 mol % Ar; 

substantially 10-40 mol % H2; and 

substantially 10-50 mol % H20. 
23. The method of claim 17 Wherein emitting radiation of 

at least one relevant Wavelength capable of heating the 
semiconductor Wafer further comprises emitting at least one 
Wavelength in the range of 0.5 to 3.0 pm. 

24. The method of claim 17 further comprising maintain 
ing the pressure of the radiation-absorptive atmosphere 
beloW atmospheric. 

25. The method of claim 17 further comprising maintain 
ing the pressure of the radiation-absorptive atmosphere at or 
above atmospheric. 

26. An apparatus, comprising: 

a semiconductor die having a reduced thermal budget, 
Wherein the semiconductor die is eXposed to emitted 
radiation of at least one Wavelength capable of heating 
the semiconductor die and a radiation-absorptive atmo 
sphere capable of absorbing radiation of the at least one 
Wavelength of emitted radiation, further Wherein the 
semiconductor die absorbed heat through a combina 
tion of radiant heat transfer from the at least one 
Wavelength of emitted radiation and conductive heat 
transfer from the radiation-absorptive atmosphere. 

27. The apparatus of claim 26, Wherein the at least one 
Wavelength of emitted radiation comprises at least one 
Wavelength in the range of 0.5 to 3.0 pm. 

28. The apparatus of claim 26, Wherein the radiation 
absorptive atmosphere comprises at least one radiation 
absorptive gas and at least one transparent gas, further 
Wherein the at least one radiation-absorptive gas is a gas 
selected from the group consisting of H20, CO2, NH3 and 
N20, still further Wherein the at least one transparent gas is 
a gas selected from the group consisting of Ar and N2. 

29. An apparatus, comprising: 

a semiconductor die having a reduced thermal budget, 
Wherein the semiconductor die is eXposed to emitted 
radiation of at least one Wavelength capable of heating 
the semiconductor die and a radiation-absorptive atmo 
sphere capable of absorbing radiation of the at least one 
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Wavelength of emitted radiation, further Wherein the 
radiation-absorptive atmosphere comprises at least one 
radiation-absorptive gas selected from the group con 
sisting of H20, CO2, NH3 and N20, still further 
Wherein the semiconductor die absorbed heat through a 
combination of radiant heat transfer from the at least 
one Wavelength of emitted radiation and conductive 
heat transfer from the radiation-absorptive atmosphere. 

30. An apparatus, comprising: 

a semiconductor die having a reduced thermal budget, 
Wherein the semiconductor die is eXposed to emitted 
radiation of at least one Wavelength capable of heating 
the semiconductor die and a radiation-absorptive atmo 
sphere capable of absorbing radiation of the at least one 
Wavelength of emitted radiation, further Wherein the 
radiation-absorptive atmosphere comprises substan 
tially 10-80 mol % Ar, substantially 10-40 mol % H2, 
and substantially 10-50 mol % H2O, still further 
Wherein the semiconductor die absorbed heat through a 
combination of radiant heat transfer from the at least 
one Wavelength of emitted radiation and conductive 
heat transfer from the radiation-absorptive atmosphere. 

31. A radiant heating system for heating an object, com 
prising: 

a radiant heating means for emitting radiation of at least 
one relevant Wavelength capable of heating the object; 
and 

a radiation-absorbing means for absorbing at least one 
relevant Wavelength from the radiant heating means 
and conducting absorbed energy to the object. 

32. Amethod of processing a semiconductor Wafer having 
a surface and a substrate, comprising: 

surrounding the semiconductor Wafer surface With a 
radiation-absorptive atmosphere; 

emitting radiation capable of heating the semiconductor 
Wafer and the radiation-absorptive atmosphere thus 
producing emitted radiation; 

absorbing at least some of the emitted radiation in the 
radiation-absorptive atmosphere; 

absorbing at least some of the emitted radiation in the 
semiconductor Wafer; and 

conducting heat to the semiconductor Wafer from the 
absorbed energy in the radiation-absorptive atmosphere 
such that the combined energy transfer to the surface of 
the semiconductor Wafer eXceeds the energy transfer to 
the substrate. 

33. Amethod of processing a semiconductor Wafer having 
a surface and a substrate, comprising: 

emitting radiation of at least one Wavelength capable of 
heating the semiconductor Wafer thus producing at least 
one Wavelength of emitted radiation; 

absorbing radiation of the at least one Wavelength of 
emitted radiation in a radiation-absorptive atmosphere, 
Wherein the radiation-absorptive atmosphere comprises 
at least one gas selected from the group consisting of 

H20, Ar, H2, CO2, NH3, N2, N02, N203, N204, N205, 
NO, N20, He, 03, Kr, Ne, Xe, Rn and C12; and 

transferring heat to the semiconductor Wafer through a 
combination of radiant heat transfer from the at least 
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one Wavelength of emitted radiation and conductive 
heat transfer from the radiation-absorptive atmosphere. 

34. A circuit module, comprising: 

at least tWo semiconductor dies With at least one semi 
conductor die having a reduced thermal budget, 
Wherein the at least one semiconductor die having a 
reduced thermal budget is exposed to emitted radiation 
of at least one Wavelength capable of heating the at 
least one semiconductor die having a reduced thermal 
budget and a radiation-absorptive atmosphere capable 
of absorbing radiation of the at least one Wavelength of 
emitted radiation, further Wherein the at least one 
semiconductor die having a reduced thermal budget 
absorbed heat through a combination of radiant heat 
transfer from the at least one Wavelength of emitted 
radiation and conductive heat transfer from the radia 
tion-absorptive atmosphere. 

35. The circuit module of claim 34, Wherein the at least 
tWo semiconductor dies comprise at least tWo semiconductor 
dies having differing functionality. 

36. The circuit module of claim 34, Wherein the at least 
tWo semiconductor dies comprise a semiconductor die in a 
protective casing. 

37. The circuit module of claim 34, Wherein the at least 
one Wavelength of emitted radiation comprises at least one 
Wavelength in the range of 0.5 to 3.0 pm. 

38. The circuit module of claim 34, Wherein the radiation 
absorptive atmosphere comprises at least one radiation 
absorptive gas and at least one transparent gas, further 
Wherein the at least one radiation-absorptive gas is a gas 
selected from the group consisting of H20, CO2, NH3 and 
N20, still further Wherein the at least one transparent gas is 
a gas selected from the group consisting of Ar and N2. 

39. A circuit module, comprising: 

at least tWo semiconductor dies With at least one semi 
conductor die having a reduced thermal budget, 
Wherein the at least one semiconductor die having a 
reduced thermal budget is eXposed to emitted radiation 
of at least one Wavelength capable of heating the at 
least one semiconductor die having a reduced thermal 
budget and a radiation-absorptive atmosphere capable 
of absorbing radiation of the at least one Wavelength of 
emitted radiation, further Wherein the radiation-absorp 
tive atmosphere comprises at least one radiation-ab 
sorptive gas selected from, the group consisting of 
H20, CO2, NH3 and N20, still further Wherein the at 
least one semiconductor die having a reduced thermal 
budget absorbed heat through a combination of radiant 
heat transfer from the at least one Wavelength of 
emitted radiation and conductive heat transfer from the 
radiation-absorptive atmosphere. 

40. A circuit module, comprising: 

at least tWo semiconductor dies With at least one semi 
conductor die having a reduced thermal budget, 
Wherein the at least one semiconductor die having a 
reduced thermal budget is eXposed to emitted radiation 
of at least one Wavelength capable of heating the at 
least one semiconductor die having a reduced thermal 
budget and a radiation-absorptive atmosphere capable 
of absorbing radiation of the at least one Wavelength of 
emitted radiation, further Wherein the radiation-absorp 
tive atmosphere comprises substantially 10-80 mol % 
Ar, substantially 10-40 mol % H2, and substantially 
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10-50 mol % H2O, still further Wherein the at least one 
semiconductor die having a reduced thermal budget 
absorbed heat through a combination of radiant heat 
transfer from the at least one Wavelength of emitted 
radiation and conductive heat transfer from the radia 
tion-absorptive atmosphere. 

41. An electronic system, comprising: 

at least one circuit module, Wherein the at least one circuit 
module comprises at least tWo semiconductor dies With 
at least one semiconductor die having a reduced ther 
mal budget, Wherein the at least one semiconductor die 
having a reduced thermal budget is eXposed to emitted 
radiation of at least one Wavelength capable of heating 
the at least one semiconductor die having a reduced 
thermal budget and a radiation-absorptive atmosphere 
capable of absorbing radiation of the at least one 
Wavelength of emitted radiation, further Wherein the at 
least one semiconductor die having a reduced thermal 
budget absorbed heat through a combination of radiant 
heat transfer from the at least one Wavelength of 
emitted radiation and conductive heat transfer from the 
radiation-absorptive atmosphere. 

42. The electronic system of claim 41, further comprising 
a user interface. 

43. The electronic system of claim 41, further comprising 
mechanical components. 

44. An electronic system, comprising: 

at least one circuit module, Wherein the at least one circuit 
module comprises at least tWo semiconductor dies With 
at least one semiconductor die having a reduced ther 
mal budget, Wherein the at least one semiconductor die 
having a reduced thermal budget is eXposed to emitted 
radiation of at least one Wavelength capable of heating 
the at least one semiconductor die having a reduced 
thermal budget and a radiation-absorptive atmosphere 
capable of absorbing radiation of the at least one 
Wavelength of emitted radiation, further Wherein the 
radiation-absorptive atmosphere comprises at least one 
radiation-absorptive gas selected from the group con 
sisting of H20, CO2, NH3 and N20, still further 
Wherein the at least one semiconductor die having a 
reduced thermal budget absorbed heat through a com 
bination of radiant heat transfer from the at least one 
Wavelength of emitted radiation and conductive heat 
transfer from the radiation-absorptive atmosphere. 

45. A circuit module, comprising: 

at least tWo semiconductor dies With at least one semi 
conductor die having a reduced thermal budget, 
Wherein the at least one semiconductor die having a 
reduced thermal budget is eXposed to emitted radiation 
of at least one Wavelength capable of heating the at 
least one semiconductor die having a reduced thermal 
budget and a radiation-absorptive atmosphere capable 
of absorbing radiation of the at least one Wavelength of 
emitted radiation, further Wherein the radiation-absorp 
tive atmosphere comprises substantially 10-80 mol % 
Ar, substantially 10-40 mol % H2, and substantially 
10-50 mol % H2O, still further Wherein the at least one 
semiconductor die having a reduced thermal budget 
absorbed heat through a combination of radiant heat 
transfer from the at least one Wavelength of emitted 
radiation and conductive heat transfer from the radia 
tion-absorptive atmosphere. 
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46. Amethod of processing a semiconductor Wafer having 
a surface and a substrate, comprising: 

emitting radiation of at least one Wavelength in the range 
of 0.5 to 3.0 pm; 

absorbing radiation of the at least one Wavelength in the 
range of 0.5 to 3.0 pm in a radiation-absorptive atmo 
sphere, Wherein the radiation-absorptive atmosphere 
comprises substantially 10-80 mol % Ar, substantially 
10-40 mol % H2, and substantially 10-50 mol % H2O; 

transferring heat to the semiconductor Wafer through 
radiant heat transfer from the at least one Wavelength in 
the range of 0.5 to 3.0 pm; and 

transferring heat to the surface of the semiconductor 
Wafer through conductive heat transfer from the radia 
tion-absorptive atmosphere. 

47. A method of annealing glass on a surface of a 
semiconductor Wafer having a substrate, comprising: 

emitting radiation of at least one Wavelength capable of 
heating the semiconductor Wafer thus producing at least 
one Wavelength of emitted radiation; 

absorbing radiation of the at least one Wavelength of 
emitted radiation in a radiation-absorptive atmosphere, 
Wherein the radiation-absorptive atmosphere comprises 
at least one gas selected from the group consisting of 
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H2O, Ara H2’ CO2’ NH3> N2’ N02’ N203, N204, N205, 
NO, N20, He, 03, Kr, Ne, Xe, Rn and C12; 

transferring heat to the semiconductor Wafer through 
radiant heat transfer from the at least one Wavelength of 
emitted radiation; and 

transferring heat to the surface of the semiconductor 
Wafer through conductive heat transfer from the radia 
tion-absorptive atmosphere. 

48. A method of annealing glass on a surface of a 
semiconductor Wafer having a substrate, comprising: 

emitting radiation of at least one Wavelength in the range 
of 0.5 to 3.0 pm; 

absorbing radiation of the at least one Wavelength in the 
range of 0.5 to 3.0 pm in a radiation-absorptive atmo 
sphere, Wherein the radiation-absorptive atmosphere 
comprises substantially 10-80 mol % Ar, substantially 
10-40 mol % H2, and substantially 10-50 mol % H2O; 

transferring heat to the semiconductor Wafer through 
radiant heat transfer from the at least one Wavelength in 
the range of 0.5 to 3.0 pm; and 

transferring heat to the glass through conductive heat 
transfer from the radiation-absorptive atmosphere. 

* * * * * 


