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Abstract 

The effect of a quartz plate (window) on the silicon wafer temperature is stu-
died in the conditions of the combined thermal transfer in a lamp-based 
chamber for the rapid thermal treatment (RTP) set up. The chamber for RTP 
is simulated by a radiative-closed thermal system including the influence of 
quartz window as a spectral filter of lamp emission and a source of emitted 
thermal radiation. Energy equations for thermal fluxes involved in the heat 
input and output from the working wafer and quartz window are solved in 
spectral approximation. The transfer characteristics that are defined by the 
temperature dependencies of the silicon wafer and the quartz window on the 
temperature of the heater are accounted. It is shown that temperature bista-
bility in the silicon wafer initiates an induced bistability into the quartz win-
dow that does not reveal bistable behavior because of the linear temperature 
dependence of its total optical characteristics. A possibility for simulation of 
the quartz window by spectral restriction of the heater radiation is confirmed. 
The availability of the weak bistable effect in the mode of zero effective heat 
exchange coefficient of a non-radiative component of the thermal flux re-
moved from the working wafer has been obtained. 
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1. Introduction 

The processes of thermal treatment are an integral part of the micro- and na-
noelectronics technology. A lamp-based chamber is one of the main units of the 
rapid treatment equipment that is widely used at present time for thermal 
processes including a post-implantation annealing [1] [2], diffuse doping [3] [4], 
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crystallization of amorphous films [5] [6], contact annealing [7] [8], oxidation 
[9] [10] and etc. Thermal treatment processes differ in duration and radiation 
power from parts per million of second and peak power until 100 MW on 
flesh-annealing [3] [4] to tens of seconds and radiation power ~0.1 kW on 
low-temperature annealing [11]. On thermal treatment of a semiconductor wa-
fer by high-powered radiation a temperature gradient along the depth of the wa-
fer reaches very high values [2] and the wafer is exposed by powerful incoherent 
radiation fluxes transmitted through it. As a result, the wafer is far from the 
thermal equilibrium and together with non-linear optical properties of semi-
conductors these result in complicated thermal behavior of the wafer. The inves-
tigation of the silicon wafer behavior during its thermal process carried out in 
non-isothermal conditions for a lamp-based chamber makes it possible to pre-
dict theoretically and detect experimentally the hypothesis about the bistable 
behavior of the wafer [12]. The bistable behavior of the wafer proposes that in its 
thermal treatment process there is an interval of a controlling parameter (a hea-
ter temperature, as a rule) in which the wafer temperature takes different values 
according to whether the controlling parameter increases or decreases. A ma-
nifestation of the temperature and optical bistability phenomenon in a silicon 
wafer is caused by the non-linear temperature dependencies of its total emissivi-
ty and transmissivity. A stepwise increase of the optical characteristics is ob-
served in the temperature interval from 600 to 800 K (see [12], for instance). As 
a consequence, the theoretical transfer characteristic of the working wafer (i.e., 
its temperature dependence on the temperature of the heater) has an S-like 
shape and is experimentally observed as a hysteresis loop [12]. Parameters of the 
hysteresis loop are determined by the optical properties of the thermal reactor 
elements, and the correspondence of theoretical and experimental transfer cha-
racteristics depends on the model of the reactor used in simulation. The thermal 
reactor in the system for the temperature-gradient heat treatment of semicon-
ductor wafers is used for the experimental detection of the temperature bistabil-
ity in the silicon wafer [12]. The detailed description of its construction has been 
presented in [12] [13]. The reactor includes a heating block and a working 
chamber. The working chamber is separated from the heating block by a quartz 
glass plate which is further referred to as “a quartz window”. The chamber is 
filled by gas, as a rule, by argon or nitrogen. A water-cooled pedestal is located 
inside the working chamber. The silicon wafer is mounted on the special pins 
positioned on the water-cooled pedestal. The distance between the working wa-
fer and the pedestal can be controlled by varying the height of the pins, then by 
controlling removal conductive flux from the wafer through a gas-filled gap to 
absorber. The model of the thermal chamber usually used in thermal simulation 
includes three plates: a heater plate, a working plate (wafer) and the absorber 
plate [14]. The quartz window influence, as a rule, is considered by restriction of 
the spectral interval for the heater emission in the spectral range from 0.4 to 4.0 
µm [1] [15]. However, functions of the quartz window in the thermal system 
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which models the lamp-based chamber extend further. The quartz plate is in-
volved in the compound thermal exchange process. On the one hand, it is a se-
mitransparent shield taking part in the exchange of thermal radiation between 
the heater and the working wafer, and on the other it is involved in convective 
energy transfer with the flow of air cooling the lamp block. Then, being part of 
the thermal system, the quartz influences the working wafer temperature. It ab-
sorbs, reflects, and reemits a radiative flux incident both to its face surface from 
the heater side and to its back from the working wafer side. 

The object of the present investigation is analysis and comparison of different 
ways of simulating the lamp-based chamber and their impact on the shape of 
transfer characteristics that describe silicon wafer temperature dependence on 
the temperature of the heater modeling a lamp block of the thermal chamber. 
Particular attention has been given to the quartz window as a filter of radiation 
incident from the heater to the silicon wafer and as a source of emitted radia-
tion. 

2. The Thermal Model of the Lamp-Based Chamber 

The thermal model of the non-isothermal lamp-based chamber includes four in-
finite-sized parallel-plane plates (Figure 1(a)). An upper plate (1) that is referred 
to as “the heater” models the block of tungsten-halogen lamps. The bottom plate 
(2) that is referred to as “the absorber” is meant for the simulation of walls and 
the bottom of the working chamber. Two semitransparent plates are located be-
tween the plates of the heater and the absorber. They are the protective shield, 
which is the quartz glass plate (q), and the working wafer made from material 
possessing non-linear optical characteristics (silicon) (f). The semitransparent 
plates have subscripted indexes q and f, and their surfaces are marked by the 
second subscripted index. The surface turned to the heater and to the absorber 
are specified by the subscripts “1” and “2”, respectively. 
 

   
(a)                                    (b)                                   (c) 

Figure 1. (a) Schematic representation of the thermal system model for lamp-heated working chamber with a quartz 
window cooled by a flow of compressed air; (b) (c) Spectral optical properties of the quartz window (QI type and 5 mm 
thick): (b) emissivity, (c) transmissivity. 
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3. Basic Equations 

The energy equations for thermal transfer between gray surfaces in such a ther-
mal system are set up and solved in [16]. In [16] combined heat transfer is si-
mulated in the radiative-closed thermal system. Besides radiative heat transfer in 
which all plates of the system take part, an extra heat removal is considered. It is 
the extra heat removal from the working wafer to the absorber plate by conduc-
tivity though the gas-filled gap between the wafer and the bottom plate of the 
absorber: ( )1 1 2c eff fq H T T= −  and the forced convective heat removal from the 
quartz plate by flow of cooling air: ( )2 2c eff q gq H T T= − . Here, 1effH , 2effH  are 
effective heat exchange coefficients [12]. 1effH  defines a non-radiative compo-
nent of heat removal from the silicon wafer, and 2effH  is air-cooled degree of 
the quartz window. If the radiation fluxes between the heater and working wafer, 
the quartz plate and working wafer, the working wafer and absorber plate, the 
heater and quartz plate, and the quartz plate and absorber plate are denoted by 

1 fq − , q fq − , 2fq − , 1 qq − , and 2qq − , correspondingly, then the set of equations 
for the heat transfer in the thermal system modeling lamp-based chamber [16] 
can be rewritten as 

1 2 1

1 2 2

f q f f c

q q f q c

q q q q

q q q q
− − −

− − −

+ = +
 = + +

                    (1) 

The gray surfaces approximation used in [16] is crude enough to describe 
thermal radiation heat transfer in the lamp-based chamber with regard to quartz 
glass window influence. The restriction of the upper bound of the heater radia-
tion is exclusively spectral effect. So, we refine the gray approximation [16] by 
the spectral one: 

2 2 2
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2 2 2

1 1 1

1 2 1

1 2 2

d d d

d d d
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q q f q c

q q q q
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
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∫ ∫ ∫

∫ ∫ ∫
                 (2) 

Here, 
( ) ( ) ( )d , , , dA B A B b A b Bq T e T e Tλ λξ λ λ λ λ− −= ⋅ − ⋅              (3) 

where d A Bq −  is radiation flux between A and B plates in the spectral range of 
dλ ; ( ),be Tλ λ  is the hemispherical spectral emissive power for a surface of 
blackbody at temperature T [17]; ( ),A B Tξ λ−  are spectral radiative coefficients 
for the heat transfer between A and B surfaces in terms of spectral optical data of 
the relevant plates: emissivity ( ),Tε λ  and transmissivity ( ),Tτ λ . 

The following study is focused on the effect of the spectral characteristics of 
the silicon wafer and quartz glass plate on the heat transfer. Let us consider the 
problem in the first approximation when the heater and absorber plates possess 
optical properties of the blackbody (ABB) ( 1 2 1ε ε= = ; 1 2 0τ τ= = ). In this 
case, the relations between coefficients ( ),A B Tξ λ−  and coefficients ( ),Tε λ  
and ( ),Tτ λ  are given by the same formulas as well as for the corresponding 
total characteristics in [16] ( 1 2 1ε ε= = ; 1 2 0τ τ= = ):  
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 (4) 

4. Heat Transfer Simulation of the Thermal System  
Including the Quartz Window 

4.1. The Transfer Characteristics of the Silicon Wafer 

The spectral optical data are used for quartz plate of QI type and 5 mm thick 
[18] [19] [20] in Figure 1(b) and Figure 1(c) and for 400 µm thick working wa-
fer from the lightly doped by boron silicon (100) whose optical characteristics 
are simulated by the use of the Rad-Pro program [21]. Let us restrict the spectral 
scale of wavelengths by the range from 0 to 20 µm determined by the high inten-
sity of the ABB emission. Figure 2(a) shows the three families of the transfer 
characteristics ( )1fT T  at different values of Si wafer-cooling gas exchange coef-
ficients 1effH  (each selected by the oval): 0, 50 and 180 W/(m2K). 1effH  is re-
ferred to further as a conductive heat exchange coefficient. To each value 1effH  
correspond the following values of the quartz window gas exchange coefficient 

2effH : 0, 80, 200, 700 W/(m2K), which form a family and determine the quartz  
 

   
(a)                                       (b) 

Figure 2. (a) Families of the transfer characteristics for the silicon wafer represented in 
Figure 1(a) at the values of the conductive heat exchange coefficient ( 1effH ): 0, 50, 180 

W/(m2K). In each family the convective heat exchange coefficient 2effH  takes the val-

ues 0, 80, 200, 700 W/(m2K) (Cut off portions of the transfer curves at 2 0effH =  and 

the absent curve at 1 180effH =  W/(m2K) and 2 0effH =  are explained by the soften-

ing point of the quartz glass plate); (b) Families of the transfer characteristics for the 
quartz plate corresponding to curves from Figure 2(a) at 1 0effH =  and 1 180effH =  

W/(m2K). 
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window temperature on heating the working wafer. 2effH  is referred to further 
as a convective heat exchange coefficient. 1 0effH =  corresponds to the merely 
radiation heat transfer between the working wafer and the absorber plate. At 

1 180effH =  W/(m2K) the temperature bistability effect into the silicon wafer 
was experimentally observed in [12]. 1 50effH =  W/(m2K) is an intermediate 
value between two formers. A family of the values of the convective gas exchange 
coefficient 2effH  allows us to estimate the quartz glass temperature effect on 
the transfer characteristics of the silicon wafer ( )1fT T  on its heating. Figure 
2(a) shows that the temperature of the quartz plate exerts the most effect on the 
transfer characteristics of the silicon wafer in the mode when the extra mechan-
ism of the heat removal from the silicon wafer is absent ( 1 0effH = ). In the case 
when the convective gas exchange coefficient is as large as possible 2 700effH =  
W/(m2K) there is a sharp wafer temperature jump from low to high-temperature 
branches, which characterizes the behavior of the silicon wafer as the bistable 
one. The effect of the quartz window on the silicon wafer temperature loses force 
as conductive coefficient 1effH  increases: at 1 180effH =  W/(m2K) the varying 
convective coefficient results in negligible differences in the high-temperature 
parts of the transfer curves only.  

4.2. Transfer Characteristics of the Quartz Window 

Figure 2(b) shows the transfer characteristics of the quartz window in depen-
dence on the heater temperature ( )1qT T  for two values of the conductive heat 
exchange coefficient 1effH : 0 and 180 W/(m2K). As this takes place, the values of 
the convective heat exchange coefficient 2effH  are varied as in Figure 2(a). 
Figure 2(b) shows the high-temperature fragments of the transfer characteristics 
in the heater temperature range more than 1000 K because the portions of the 
transfer characteristics of the quartz plate increase near-linearly in the range 
from 300 to 1000 K and ones are not of special interest. Figure 2(b) shows that 
at value of the conductive heat exchange coefficient equal to null ( 1 0effH = ) the 
transfer curves of the quartz window are monotonically increasing curves (dot-
ted lines) without any expressed singularities. Corresponding to them transfer 
curves of the silicon wafer ( )1fT T  shown in Figure 2(a) are represented by the 
first family of the curves. From 2 80effH =  W/(m2K) these curves have the por-
tions when the temperature of the silicon wafer fT  increases reasonably sharp-
ly as the heater temperature increases. Figure 2(a) shows that at 1 0effH =  there 
is one curve that has hysteresis loop with arbitrarily small width. It corresponds 
to 2 700effH =  W/(m2K). A completely different situation is observed for 
transfer curves with conductive efficient heat exchange coefficient equal to 

1 180effH =  W/(m2K). Each of them is defined as the well-marked hysteresis 
loop of S-like shape. Figure 2(b) shows that to transfer curves for silicon wafer 

( )1fT T  correspond the transfer curves for the quartz plate ( )1qT T  the shape of 
which is smoothly changed from loop-like at 2 0effH =  to S-like shape at 

2 700effH =  W/(m2K). The width and the location of these loops for the quartz 
plate precisely correspond to the width and localization of the relevant loops for 
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the silicon wafer Figure 2(a). As the optical properties of the quartz glass plate 
do not show non-linear properties [22], the hysteresis loops of ( )1qT T  have in-
duced nature. 

4.3. Discussion 

Analysis of Figure 2(a) and Figure 2(b) enables to explain behavior regularities 
of the transfer curves ( )1fT T  in the limits of each curve family at fixed conduc-
tive heat exchange coefficient 1effH  and at varying values of the convective heat 
exchange coefficient 2effH  (Figure 2(a)). Because the quartz plate transmits in 
the spectral range from 0 to 4 µm while it is practically opaque in the remainder 
part of the interesting for us spectrum range from 0 to 20 µm (for exception of 
the peak near 9 µm), it behaves as an opaque shield with the spectral window in 
the range 0 to 4 µm. The shield can be considered as a composed heater with re-
lation to working wafer: it emits as an ABB heater at the heater temperature 1T  
in the spectral range from 0 to 4 µm, and one does as the source of emitted radi-
ation at quartz plate temperature qT  in the spectral range from 4 to 20 µm. 
Figure 2(b) shows that at small values of convective heat exchange coefficient 

2effH  the temperature of the quartz plate run to 800 - 900 K for the family of 
the transfer curves ( )1qT T  corresponding to zero conductive heat exchange 
coefficient ( 1 0effH = ) and to heater temperature increasing from 300 to 1000 K. 
Thus, the emission of the quartz plate differs weakly from the heater emission. 
Therefore, the behavior of the relevant transfer characteristics ( )1fT T  is only 
weakly distinguished from the behavior of the same characteristics simulated 
using the model in which the quartz glass plate is absent. As the values of con-
vective heat exchange coefficient ( 2effH ) increases, the temperature of the sili-
con wafer is reduced (Figure 2(b)), and with it, the efficiency of the quartz plate 
as the heater in the range from 4 to 20 µm is also reduced. This leads to progres-
sive formation of the obviously defined low-temperature branch on the transfer 
characteristics ( )1fT T  and increasingly slanting its tracing. As a result the 
low-temperature branch of the transfer curve at 2 700effH =  W/(m2K) is de-
layed followed by the temperature jump-up in the silicon wafer as large as 150 K 
at 1 ~ 1200 KT . The low-temperature branches of the transfer curves ( )1fT T  
at 1 50effH =  and 180 W/(m2K) are practically merged at all values of 2effH . 
This is due to the reasonably large efficiency of the non-radiative component 
from the working wafer to absorber. It levels the difference in heat input to wafer 
at varying 2effH . The high-temperature branches of the transfer curves ( )1fT T  
at all values of the conductive heat exchange coefficient 1effH  tend to have the 
same regularities: the larger 2effH  the further shifted the relevant branch to the 
right along the scale of the heater temperature. 

5. Comparison between the Silicon Wafer Transfer Curves  
Simulated by Different Models of the Quartz Window 

To understand the quartz window influence on the transfer curves of the ther-
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mal system we compare the transfer curves that are simulated by the model 
composed of three plates (Figure 3(a)) [12] (the heater, the working wafer and 
the absorber) and by the model which additionally include the quartz window 
(Figure 1(a)). Figure 3(b) shows the transfer characteristics calculated by use of 
the model including three plates [12] (solid lines) where the heater emits in the 
range of wavelengths from 0 to 20 µm; by the corrected model including three 
plates [12] (dash-and-dotted curves) where the heater emits in the spectral range 
from 0 to 4 µm [14] [15], and by the model with the quartz window (dashed 
curves) where the heater emits in the range 0 to 20 µm. Contrary to [12], where 
the spectral data are calculated by the approximating relations, here, the spectral 
characteristics are obtained by the use of the Rad-Pro program [21]. The quan-
tity of the convective heat exchange coefficient 2 700effH =  W/(m2K) that de-
fines heat removal from the quartz window by the flow of compressed air is 
chosen large enough so as to correspond to the experimental conditions exclud-
ing the overheating the quartz glass plate. As discussed above, the quartz win-
dow can be considered as the composed heater, which transmits radiation of the 
ABB heater in the range from 0 to 4 µm and gives emitted radiation from 0 to 20 
µm. As the efficiency of heat removal from the quartz plate by compressed air 
flow increases, i.e. as 2effH  increases, the temperature of the quartz window 
and its emitted radiation decreases. The model of the chamber composed of the 
three plates with different spectral ranges of the heater radiation can be consi-
dered as two limiting cases of the chamber model including the quartz window. 
In one limiting case, when emitted radiation of the quartz plate is equal to zero,  
 

  
(a)                                       (b) 

Figure 3. (a) Schematic representation of the thermal system model for the lamp-based 
working chamber composed of the three plates [12] (without quartz plate): the ABB hea-
ter plate (spectral interval of the heater emission can be varied), the working silicon wafer 
(a thin plate) and ABB absorber plate; (b) The silicon wafer transfer curves simulated for 
thermal system model with the quartz window at 1effH  = 0, 2 700effH =  (thick dotted 

line), at 1 180effH =  W/(m2K) and 2 700effH =  (thin dotted line), the silicon wafer 

transfer curves for thermal system model without the quartz window in the spectral range 
from 0 to 20 µm at 1 0effH =  (thick solid line) and at 1 180effH =  W/(m2K) (thin solid 

line); ones for the restriction of the heater emission spectral interval in the range 0 to 4 
µm at 1 0effH =  (thick dot-and-dash line); at 1 180effH =  W/(m2K) (thin dotted line) 

and for the restriction of the heater emission spectral interval in the range 0 to 3 µm at 

1 0effH =  (spotted line). 

https://doi.org/10.4236/msce.2020.81006


V. P. Prigara et al. 
 

 

DOI: 10.4236/msce.2020.81006 62 Journal of Materials Science and Chemical Engineering 

 

we obtain the chamber model composed of three plates with the heater that ra-
diates in the range 0 to 4 µm. In the other limiting case, the emitted radiation of 
the quartz plate can be considered as the ABB heater radiation in the range 4 to 
20 µm. Such an approach provides insight into reciprocal location and singular-
ity of the transfer curves ( )1fT T  represented in Figure 3(b). As is indicated in 
the figure, the low-temperature branches of the transfer curves of the silicon wa-
fer at low values of 1effH  are especially strongly dependent on the restriction of 
the spectral interval of the emission of ABB heater from 0 to 4 µm in the model 
composed of three plates and via the quartz window in the model composed of 
four plates. The high-temperature branches of the transfer characteristics that 
account for 2 0effH =  и 2 700effH =  W/(m2K) are shifted in approximately the 
same distances with respect to each other, whereas their low-temperature 
branches vary widely. The sharp stepwise jump of the silicon wafer at the heater 
temperature ~ 1200 K brings the behavior of the silicon wafer at 1 0effH =  и 

2 700effH =  W/(m2K) closer to bistable behavior, whereas the transfer curves 
( )1fT T  at 1 2 0eff effH H= =  rises from linear law practically as the heater tem-

perature 1T  increases. The non-linear increase of ( )1fT T  is vividly revealed in 
the case when the lamp chamber is modeled by three plates and emission of its 
heater is restricted by the range of 0 - 4 µm. The low-temperature branch of this 
silicon wafer transfer curve is terminated at the heater temperature ~1070 K by 
the stepwise change of the wafer temperature near on 300 K. The jump is given 
rise by low-temperature branch tightening caused by underheated of the wafer 
because of the absolute exclusion of the heater emission in the range of 4 - 20 
µm. It should be mentioned that within the limits of interpretation of quartz 
glass as a composed heater the discrepancy occurs. The relevant transfer charac-
teristic ( )1fT T  described by the model of three plates with the restriction of the 
spectral interval of the heater emission is to be positioned to the right of the 
transfer characteristics obtained by the use of the model of four plates at the dif-
ferent values of 2effH . Such a discrepancy between the locations of these curves 
is correlated to the wider spectral interval by which the bandwidth for heater 
emission transmitted though the quartz window is modeled. Figure 1(c) shows 
the family of curves in the spectral range from 0 to 20 µm. They are the spectral 
transmissivity of the quartz plate of QI type and 5 mm thick at the indicated 
temperatures. Referring to the figure, the quartz plate bandwidth lies in the 
range 0.4 to 3 µm and at the level of 0.92. In the spectral range from 3 to 4 µm 
the transmission of the quartz window falls to zero. For checking this hypothesis 
the transfer characteristic ( )1fT T  is plotted using the chamber model of three 
plates and heater emission in the range from 0 to 3 µm at 1 0effH =  (Figure 
3(b)). As expected, it is disposed to the right of the relevant transfer characteris-
tics plotted by model including four plates. A similar result should be expected 
for transfer characteristics at 1 180effH =  W/(m2K).  

A comparison between the transfer characteristics shown in Figure 3(b) at 

1 0effH =  and the experimental transfer curves obtained in [12] at low values 

1effH  shows that the sharp jump of the silicon wafer temperature in the dotted, 
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dash-and-dotted and spotted curves is caused by the optical properties of the 
blackbody heater and filtering its radiation in the range of wavelengths over 4 
µm. The sharp increasing radiation flux incident on the silicon wafer from the 
side of the blackbody heater on being heated to the temperatures above 1000 K is 
related to advancing maximum of the energy that is emitted by the blackbody 
heater in the ‘allowed’ range of wavelength from 0 to 4 µm ( max 3 mλ = µ  at 

1 1000 KT = ). In this case, the efficiency of the radiative heat removal from the 
silicon wafer in the low-temperature state is insufficient that the wafer is main-
tained in the stationary state. Besides, the carried out calculations show that fil-
tering radiation of the heaters that possess the optical properties which are close 
to the optical properties of the blackbody (silicon carbide, for example) can in-
itiate complicated behavior in semiconductor structures when they interact with 
such a radiation under ordinary conditions without extra forced heat removal. 
As a result, the wafer is step-wise switched to the high-temperature state. 

6. Conclusion 

Thus, the numerical solutions of equations were received for the description of 
the combined heat transfer in the radiative-closed thermal system composed of 
four plates, two interior of them are semitransparent for thermal radiation and 
outer ones possess the optical properties of blackbody. These equations are 
spectral modification of the equations that are received in [16] for the total ap-
proximation of gray bodies. The transfer characteristics of the silicon wafer and 
quartz window are simulated in the thermal system modeling the lamp-based 
chamber for the different values of the heat exchange coefficients defining 
non-radiative components of thermal fluxes removed from the silicon wafer and 
quartz plate. It is shown that the quartz window that separates the work zone of 
the chamber from the heating block can be considered as the composed heater, 
whose emission is determined by ABB heater in the spectral range from 0 to 4 
µm and by emitted radiation of the quartz plate in the spectral range from 4 to 
20 µm. The efficiency of the emitted radiation of the quartz plate decreases as the 
cooling air flow (that is characterized by the convective heat exchange coefficient 

2effH ) and, therefore, radiation heat flux removed from the quartz plate in-
crease. The shape of the silicon wafer transfer curves ( )1fT T  is strongly de-
pendent on the value of 2effH  when the nonradiative component of the heat 
flux that is transferred from the silicon wafer to the absorber is absent. At the 
large values of convective heat exchange coefficient 2effH  the behavior of the 
silicon wafer is near to a bistable one even at 1 0effH = . The transfer curves of 
the quarts plate ( )1qT T  depend on the configuration of the transfer curves of 
the silicon wafer. In the case when the hysteresis loop appears on the transfer 
characteristics of the silicon wafer ( )1fT T  the hysteresis loop of the same width 
and at the same controlling parameters arises on the transfer curves of the quartz 
window ( )1qT T . The width and the locations of the loops are exactly in accor-
dance with the same parameters for the silicon wafer transfer characteristics. 
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This result allows to interpret of such a phenomenon as induced bistability effect 
in the quartz plate material which does not have the relevant non-linear optical 
properties for the revealing the bistability effect. The obtained results can be a 
basis for simulating the quartz plate effect on the silicon wafer temperature in 
the lamp-based chambers of RTA set-up in conditions of real spectral characte-
ristics of thermal radiation for the heater and absorber. Besides, the carried out 
calculations show that filtering the radiation of the heaters that possess optical 
properties which are close to the ones of the blackbody (a heater made from sil-
icon carbide, for instance) can initiate a complicated behavior in semiconductor 
structures at their interaction with such a radiation under ordinary conditions 
without extra forced cooling.  
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