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METHOD AND NON-TRANSITORY
COMPUTER READABLE MEDIUM
THEREOF FOR THERMAL ANALYSIS
MODELING

RELATED APPLICATIONS

[0001] This application claims priority to Taiwan Applica-
tion Serial Number 100120735, filed Jun. 14, 2011, which is
herein incorporated by reference.

BACKGROUND

[0002] 1. Technical Field

[0003] The present disclosure relates to a method to estab-
lish a model. More particularly, the present disclosure relates
to a method and a non-transitory computer readable medium
thereof for thermal analysis modeling.

[0004] 2. Description of Related Art

[0005] The next generation of computer chips will continue
the trend for more complexity than their predecessors by
containing more and more electronic elements in a single
chip. Hence, accurate thermal analysis modeling is crucial in
the semiconductor chip design process to make sure that the
chip will not be damaged during operation due to accumu-
lated heat.

[0006] 1In order to perform thermal analysis and modeling,
it is necessary to compute the temperature distribution in the
chip, which is related to the temperature of each of the ele-
ments and connection means within the chip. However, using
conventional analysis and modeling techniques, if a thorough
analysis is performed on all the elements and connection
means within the chip, the large number of computations and
the high complexity make the process extremely time-con-
suming and high in cost.

[0007] Accordingly, what is needed is a method and a non-
transitory computer readable medium thereof for thermal
analysis modeling to establish a thermal analysis model
quickly and efficiently. The present disclosure addresses such
aneed.

SUMMARY

[0008] An aspect of the present disclosure is to provide a
method for thermal analysis modeling. The method com-
prises the steps as outlined in the sentences that follow. An
electrothermal network 7t model is established on the basis of
a plurality of electronic modules of an electronic system to
define a heat source, at least one propagation path and a
common base of the electronic system. A plurality of obser-
vation points in the electronic system are defined, in which
each of the observation points is located at an isothermal
surface enclosing a volume surrounding a reference point,
and the reference point is the heat source or one of the obser-
vation points. A heat conduction temperature difference or a
heat convection temperature difference are calculated accord-
ing to a power density function of the reference point, a
thermal conductivity coefficient and a distance vector
between the reference point and each of the observation
points. A temperature distribution of the electronic system is
established according to the heat conduction and the heat
convection temperature differences and a defined tempera-
ture of the common base.

[0009] According to an embodiment of the present disclo-
sure, when the reference point is the heat source, the heat
conduction temperature difference is calculated according to
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the power density function, the thermal conductivity coeffi-
cient and the distance vector. The step of calculating the heat
conduction temperature difference further comprises per-
forming volume integration on the volume surrounding the
reference point and surface integration on the isothermal sur-
face enclosing the volume according to the power density
function, the thermal conductivity coefficient and the dis-
tance vector. The power density function comprises a volume
power density function qv and a surface power density func-
tion gs, the thermal conductivity coefficient comprises a vol-
ume thermal conductivity coefficient kv and a surface thermal
conductivity coefficient ks, the location of each of the obser-
vation points is 1, the location of the heat source is r', a unit
normal vector of the isothermal surface is 0, the surface is a,
and the heat conduction temperature difference is expressed
as:

AT=(SAm)*].{qvevl =1 dv'= (wn)*§ s(gslF=7-A/keslr-
v )da'

[0010] According to another embodiment of the present
disclosure, when the reference point is one of the observation
points, the heat convection temperature difference is calcu-
lated according to the power density function, the thermal
conductivity coefficient and the distance vector. The step of
calculating the heat convection temperature difference fur-
ther comprises performing surface integration on the isother-
mal surface enclosing the volume according to the power
density function, the thermal conductivity coefficient and the
distance vector. The power density function comprises a sur-
face power density function gs, the thermal conductivity coef-
ficient comprises a surface thermal conductivity coefficient
ks, the location of each of the observation points is r, the
location of the reference point is r', a unit normal vector of the
isothermal surface is 1, the surface is a, and the heat conduc-
tion temperature difference is expressed as:

AT:(%n*j; Sqs\i-7" Afkslr—ryda’

[0011] Accordingto yet another embodiment of the present
disclosure, the space between the reference point and each of
the observation points is a part of the propagation path, and at
least one of the electronic modules is located at the space, in
which the thermal conductivity coefficient is related to the
material of the electronic modules.

[0012] According to still another embodiment of the
present disclosure, the method further comprises establishing
an equivalent electrothermal circuit model on the basis of the
electronic modules and the electrothermal network  model,
in which the equivalent electrothermal circuit model com-
prises a plurality of heat resistances. The heat resistances are
calculated according to the power density function, the ther-
mal conductivity coefficient and the distance vector. The heat
source has the highest temperature in the electronic system
and the common base has the lowest temperature in the elec-
tronic system.

[0013] An aspect of the present disclosure is to provide a
non-transitory computer readable medium storing a computer
program having code to execute a method for thermal analy-
sis modeling, in which the method comprises establishing an
electrothermal network & model is established on the basis of
a plurality of electronic modules of an electronic system to
define a heat source, at least one propagation path and a
common base of the electronic system. A plurality of obser-
vation points in the electronic system are defined, in which
each of the observation points is located at an isothermal
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surface enclosing a volume surrounding a reference point,
where the reference point is the heat source or one of the
observation points. A heat conduction temperature difference
or a heat convection temperature difference are calculated
according to a power density function of the reference point,
a thermal conductivity coefficient and a distance vector
between the reference point and each of the observation
points. A temperature distribution of the electronic system is
established according to the heat conduction and the heat
convection temperature differences and a defined tempera-
ture of the common base.

[0014] According to an embodiment of the present disclo-
sure, when the reference point is the heat source, the heat
conduction temperature difference is calculated according to
the power density function, the thermal conductivity coeffi-
cient and the distance vector. The step of calculating the heat
conduction temperature difference further comprises per-
forming volume integration on the volume surrounding the
reference point and surface integration on the isothermal sur-
face enclosing the volume according to the power density
function, the thermal conductivity coefficient and the dis-
tance vector. The power density function comprises a volume
power density function qv and a surface power density func-
tion gs, the thermal conductivity coefficient comprises a vol-
ume thermal conductivity coefficientkv and a surface thermal
conductivity coefficient ks, the location of each of the obser-
vation points is r, the location of the heat source is ', a unit
normal vector of the isothermal surface is 0, the surface is a,
and the heat conduction temperature difference is expressed
as:

AT=(va) ] (qukvlr=rdv '-(1/4;:)*55 SgsP-Fi/ks 7=
r)da’

[0015] According to another embodiment of the present
disclosure, when the reference point is one of the observation
points, the heat convection temperature difference is calcu-
lated according to the power density function, the thermal
conductivity coefficient and the distance vector. The step of
calculating the heat convection temperature difference fur-
ther comprises performing surface integration on the isother-
mal surface enclosing the volume according to the power
density function, the thermal conductivity coefficient and the
distance vector. The power density function comprises a sur-
face power density function gs, the thermal conductivity coef-
ficient comprises a surface thermal conductivity coefficient
ks, the location of each of the observation points is r, the
location of the reference point is r', a unit normal vector of the
isothermal surface is 0, the surface is a, and the heat conduc-
tion temperature difference is expressed as:

AT:(l/m)*§ (gs\F—F#/kslr—da’

[0016] According to yet another embodiment of the present
disclosure, the space between the reference point and each of
the observation points is a part of the propagation path, and at
least one of the electronic modules is located at the space, in
which the thermal conductivity coefficient is related to the
material of the electronic modules.

[0017] According to still another embodiment of the
present disclosure, the method further comprises establishing
an equivalent electrothermal circuit model on the basis of the
electronic modules and the electrothermal network 7 model,
in which the equivalent electrothermal circuit model com-
prises a plurality of heat resistances. The heat resistances are
calculated according to the power density function, the ther-
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mal conductivity coefficient and the distance vector. The heat
source has the highest temperature in the electronic system
and the common base has the lowest temperature in the elec-
tronic system.

[0018] Itisto be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The disclosure can be more fully understood by
reading the following detailed description of the embodi-
ment, with reference made to the accompanying drawings as
follows:

[0020] FIG.11is a flow chart of a method for thermal analy-
sis modeling in an embodiment of the present disclosure;
[0021] FIG. 2A is a 3D (three-dimensional) diagram of an
electronic system of'an embodiment of the present disclosure;
[0022] FIG. 2B is a side view of a part of the electronic
system within a dotted-line section and along direction D in
FIG. 2A;

[0023] FIG. 3 is a diagram of an electrothermal network
model established on the basis of the electronic modules of
the electronic system depicted in FIG. 2A,;

[0024] FIG. 4 is a diagram of an equivalent electrothermal
circuit model established on the basis of the electronic mod-
ules of the electronic system depicted in FIG. 2A and the
electrothermal network © model depicted in FIG. 3;

[0025] FIG. 5is a diagram depicting the volume of interest
of an embodiment of the present disclosure;

[0026] FIG. 6is a diagram depicting the volume of interest
of another embodiment of the present disclosure;

[0027] FIG. 7 is a diagram of isothermal surfaces of the
electronic system while the lateral single laser is turned on;
[0028] FIG. 8A is a diagram of an EETCM with a single
operating channel after removing the air and SiOB in the
thermal conducting system; and

[0029] FIG. 8B is a diagram depicting the simulation
results of the electronic system.

DETAILED DESCRIPTION

[0030] Reference will now be made in detail to the present
embodiments of the disclosure, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer 1o the same or like parts.

[0031] FIG. 11is a flow chart of a method for thermal analy-
sis modeling in an embodiment of the present disclosure.
FIG. 2A is a 3D diagram of an electronic system 2 of an
embodiment of the present disclosure. The method depicted
in F1G. 1 can be used to establish a thermal analysis model of
the electronic system 2 depicted in FIG. 2A. In an embodi-
ment, the method can be executed by a non-transitory com-
puter readable medium storing a computer program. The
non-transitory computer readable medium can be a ROM
(read-only memory), a flash memory, a floppy disc, a hard
disc, an optical disc, a flash disc, a tape, a database accessible
from a network, or any storage medium with the same non-
transitory functionality that can be easily contemplated by
people skilled in the art to which this disclosure pertains.
[0032] Inthe present embodiment, the electronic system 2
comprises a vertical-cavity surface-emitting laser (VCSEL)
20. The number of channels of the VCSEL can be different in
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different embodiments. In the present embodiment, the
VCSEL comprises four channels. With the computing speed
of computers up to several GHz and above, the telecommu-
nications bandwidth through traditional copper wire will be
inadequate. Thus, incorporating optical light as a transmitting
media will substantially improve most current interconnect
technology due to its high transmission speed. A flip-chip
bonding process can be applied to the vertical-cavity surface-
emitting laser (VCSEL) 20 such that the VCSEL 20 is formed
on a silicon optical bench (SiOB) 22 as a Gbps optical trans-
mitter, where transmission lines are fabricated as electric
interconnects. The SiOB 22 is fabricated with a V-groove or
U-groove array (not shown) that can incorporate optical fibers
24 with itself. FIG. 2B is a side view of a part of the electronic
system 2 within a dotted-line section and along direction D in
FIG. 2A. As shown in FIG. 2B, a dielectric layer 26 is located
under the VCSEL 20. A plurality of thermal vias 26' are
formed on the dielectric layer 26 (the thermal vias under the
VCSEL 20 are not shown). The thermal vias 26' are further
connected to the contact pads 28 to dissipate heat to the
external part of the electronic system 2.

[0033] Additional reference will be made to FIG. 3. In step
101 of the method depicted in FIG. 1, an electrothermal
network t Frmodel 3 as shown in FIG. 3 is established on the
basis of the electronic modules of the electronic system 2. The
electronic modules include the VCSEL 20, the SiOB 22, the
optical fibers 24, the dielectric layer 26, the thermal vias 26/,
the contact pads 28 and other elements within the electronic
system 2. The electrothermal network x model 3 can define a
heat source 30, a propagation path 32 and a common base 34
of the electronic system 2. The dotted lines enclosing the
blocks in the electrothermal network w model 3 shown in FIG.
3 represent adiabatic surfaces. The impedance parameters 71,
where i represents 1, 2, 3 and 4, can be defined as the thermal
resistance of heating source itself, nature or forced air con-
vection, thermal capacitance and other specified boundary
conditions, etc. Boundaries A and B can be the common base
of the thermal flows, external boundaries or interconnections
between different systems. In general, the heat source 30 has
the highest temperature in the electronic system 2 and the
common base 34 has the lowest temperature in the electronic
system 2. In the present embodiment, the heat source 30 is the
VCSEL 20; the propagation path 32 includes the optical
fibers 24, the dielectric layer 26, the thermal vias 26', the
contact pads 28 and other elements; and the common base 34
is the SiOB 22.

[0034] Through the establishment of the electrothermal
network 7 model 3, the corresponding thermal model of the
electronic system 2 can be established rapidly to lower the
complexity of the thermal analysis. Consequently, the ther-
mal behavior of the electronic system 2 can be determined by
evaluating the temperature distribution of the electronic sys-
tem 2 using mathematical techniques. It should be appreci-
ated that in other electronic systems, the electrothermal net-
work m model established can be varied as needed and is not
limited to the model shown in FIG. 3.

[0035] Referring to FIG. 4, in step 102 of the method
depicted inFIG. 1, an equivalent electrothermal circuit model
(EETCM) 4 is established on the basis of the electronic mod-
ules in the electronic system 2 depicted in FIG. 2A and the
electrothermal network 7t Fr model 3 depicted in FIG. 3. The
equivalent electrothermal circuit model 4 comprises a plural-
ity of heat resistances.
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[0036] The parameters Z1 and 72, 73, and 74 are thermal
resistances ofthe 3D stacked VCSEL (R 5y a0d R' g, I
FIG. 4), an infinite thermal resistance due to the negligence of
natural air convection, and the thermal capacitance of SiOB
(Cyz05), respectively. Additionally, the blocks of propagated
resistances are represented by a serial connection of gold
(Reorp) and BCB (R5) lavers, which are connected in
parallel with air (R ;). The resistance of the common base 34
is the SiOB (R ;o). Four switches depicted in F1G. 4 adopted
for the sources of thermal flow indicate that the channels of
the VCSEL 20 can be individually operated. However, the
thermal behavior within the heating source 30 is always more
complicated than the other components. By realizing the
requirement, the mathematical technique of the Green’s theo-
rem is adopted in the present disclosure to sufficiently and
qualitatively describe the thermal characteristics of the opti-
cal transmitter.

[0037] Green'’s theorem is a mathematical tool for dealing
with the problems of specified boundary conditions fixing the
field values at all points in a volume of interest. As long as
field sources within the volume and net field flux on the
surfaces enclosing the volume are known, the physical char-
acteristics of the field inside the volume can be uniquely
determined as well as the transfer properties on the surround-
ing surfaces. Starting from the second Green’s theorem:

LIoGV 2V 2p(rdv=

- SOCITYF)-p (V' ()] ke (1)
[0038] where (I)(;') and w(;') are two arbitrary scalar fields.

The parameters r', V', fi, a' and are the position of the field
source (the reference point), the volume of interest, the nor-
mal unit vector of the surrounding surface enclosing the vol-
ume, and the surrounding surface, respectively. In order to
describe the temperature distribution of the thermal charac-
teristics of the heating system by means of the Green’s theo-
rem, the two scalar fields should be artificially chosen:

O()=1lr-7l )
Y =1 3)

[0039] where T and r' are the temperature distribution and
the observed point, respectively. FIG. 5 is a diagram depicting
the volume of interest 5 of an embodiment of the present
disclosure. It is pointed out that in the present embodiment,
the volume of interest 5 is a sphere having a heat source at the
center. As shown in FIG. 5, the points labeled as O, T(r"), T(r)
and are the locations of the original point, the heat source (the
reference point) and the observation point, respectively.
Hence, the temperature at the observation point is affected by
the heat source through heat conduction.

[0040] By substituting (2) and (3) into (1), and using the
identity:

V2=V 2L r-r)=-40(r-7") )
the temperature distribution is then calculated as follows:

_T(jZ‘):—(%n)J_‘V(vQT(Z9@?-;'\)&'4(%::)§ SOVRTE
) dVT(r W' (1/lr—")]-fida’ )

[0041] Forsimplifying the prescribed boundary conditions,
the surrounding surface a' can be assumed to be an isothermal
surface. Thus, temperature distribution of the third term in (5)
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becomes a constant distribution, and the Green’s theorem for
the temperature distribution can be further modified as a
temperature difference:

T(F) - T(F) = AT (6)
= —(1/47r)f(V’2 TF)/|F-FdV’ +

<1/4n>56[<v ) /I - 7)-hdd

[0042] The difference of temperature distribution for a
heating system with prescribed boundary conditions may be
clarified in detail by treating the volume and surface integrals
in (6) carefully.

[0043] By analogy with the Poisson and electric field equa-
tions in a steady state, the thermal sources in the volume and
surface integral in (6) can be modified as follows:

V2T () =qv/kv 7
and
V'T(r=-(qs/ks) (- 7') (8)

where qv and gs are the volume power density in W/m®
generated within the volume of interest and the surface power
density in W/m® radiated from the surrounding surface,
respectively. Moreover, kv and ks are the thermal conductiv-
ity in W/m'K for volume and surface integrals, respectively.
As the physical meanings of the conduction, the power den-
sities mentioned in (7) and (8) represent the volume and
surface densities of the thermal sources at specified points,
respectively. By substituting (7) and (8) into (6), the differ-
ence of temperature distribution for the heat conduction can
be derived as follows:

AT=(Vam)f, (quikvir—r] )dV-1j%n)§ Sl(gs/klr—r")Ada' ©)

[0044] For constant power density and isotrope thermal
conductivity, (9) can be further simplified by setting the field
source on the original point:

AT=(qv/EV) r—r"P—(qs/Ks) = (&1 (10)

[0045] Physically and conceptually, (10) can be simply
treated as a one-dimensional problem by assuming 3 kv=ks=k
and realizing the vector difference It to be the thermal con-
ducting path AL, and it will become:

AT=(qv/K)AL>~(qs/K)AL(P-P")# (11)
Or
KAT/AL=(qv/K)AL-qs(F-#")-fi=qAL-q,, (12)

[0046] Equation (11) indicates that the subtraction of the
power density radiated from the surrounding surface from the
power density generated within the volume of interest will be
equal to the product of the temperature gradient and the
thermal conductivity in one-dimension for the case in a steady
state. In a source free volume, (12) becomes the so-called
Fourier’s law in heat conduction that also validates the cor-
rection of the equality assumption 3 kv=ks=k.
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[0047] Meanwhile, the thermal resistances specified in the
EETCM 4 as shown in FIG. 4 can be derived as follows:

R= ﬁqu(de/\;—;’\)—qj sldatfr-r))i[Ankq, Js(7-F):
Ada’ (13)
[0048] FIG. 6 is the volume of interest 6 of another embodi-
ment of the present disclosure. It pointed out that in the
present embodiment, the volume of interest 6 is a sphere
without a heat source. As shown in FIG. 6, the points labeled

as O, T(1"), and Too are the locations of the original point, the
reference point and the observation point, respectively.
Hence, the temperature at the observation point is affected by
the heat source through heat convection.

[0049] By recalling (6) and considering that there is no
power source in the mechanism of heat convection, the tem-
perature difference resulted by the convection, as shown in
FIG. 6, can be described as follows:

AT:(%n)§ SOV )y A'da (14)

[0050] The surface 60 ofheat convection mechanism could
be extended to the surrounding, where the surface tempera-
ture Too remains a constant and is not be influenced by the
internal heating systems. Thus, by substituting (8) into (14),
the temperature distribution resulted by the heat convection
can be obtained by the derived temperature difference. Using
similar approaches of (10) and (11), the temperature differ-
ence can be simplified as follows:

AT=—(qs/Ks)ALlr—+"fi'=qn/h (15)
or

qn=hAT=h[T(+)-Te0] (16)

where h is k/AL and called the convection heat transfer coef-
ficient in W/m?K. It is noted that there are three physical
mechanisms of heat transfer for the heating system, i.e., con-
duction, convection and radiation. Fortunately, the radiation
mechanism only can dominate at a very high temperature
region, and therefore, the mechanism can be disregarded in
cases concerning microelectronic systems.

[0051] Referring again to FIG. 1, in step 103, a plurality of
observation points in the electronic system 2 are defined, in
which each of the observation points is located at an isother-
mal surface enclosing the volume surrounding the reference
point, and the reference point is the heat source or one of the
observation points. Then in step 104, the heat conduction
temperature difference and the heat convection temperature
difference are calculated according to the power density func-
tion of the reference point, the thermal conductivity coeffi-
cient and the distance vector between the reference point and
each of the observation points, where the heat conduction
temperature difference can be calculated through (9) and the
heat convection temperature difference can be calculated
through (14). The space between the reference point and each
of the observation points is a part of the propagation path, and
at least one of the electronic modules including the optical
fibers 24, the dielectric layer 26, the thermal vias 26' and the
contact pad 28, etc., is located at the space. The thermal
conductivity coefficient is related to the material of the elec-
tronic modules.

[0052] Instep 105, a temperature distribution of the elec-
tronic system 2 is established according to the heat conduc-
tion and the heat convection temperature differences and a
defined temperature of the common base 34, i.e., the lowest
temperature of the electronic system 2. In an embodiment, the
common base 34 is the heat sink of the electronic system 2
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that is able to keep the temperature of the surface of the
common base 34 at a fixed value as the lowest temperature of
the electronic system 2. It is hard to determine the tempera-
ture of the heat source (VCSEL 20 in the present embodi-
ment) directly. However, it is easy to derive the temperature
distribution of the whole electronic system 2 from the known
temperature of the common base 34 and the calculation of the
heat conduction and the heat convection temperature differ-
ences.

[0053] In step 106, the heat resistances in FIG. 4 can be
calculated according to the power density function, the ther-
mal conductivity coefficient and the distance vector through
the use of (13). Hence, if the space of the electronic system 2
is segmented into a plurality of larger unit volumes, the tem-
perature distribution of the whole electronic system 2 can be
rapidly determined through the steps described above. By
segmenting the space of the electronic system 2 into smaller
volumes, amore precise temperature distribution can be com-
puted. However, the smaller the volumes are, the greater the
complexity of the calculations is required. The EETCM 4
depicted in FIG. 4 may not satisfy precision of the complex
calculation. Other algorithms can be used to perform the
complex calculations. However, the concept is still based on
the establishment of the electrothermal network «t model and
the computation of the heat conduction and convection.
Those skilled in the art can easily make various modifications
and variations without departing from the scope or spirit of
the disclosure. It is further pointed out that the shape of the
unit volume is not limited to the sphere described above.
Different shapes of volumes such as a square cube or a trap-
ezoid cube can be used as a unit volume to segment the space
of the electronic system 2.

[0054] In an embodiment, the four-channel VCSEL is
formed on a 625-um-thick SiOB, which is operated in air
without having artificial convection. The bottom of the SiOB
is an isothermal surface, where it is set at 75° C. to imitate the
operating environment of a typical optical transceiver system.
All other surfaces are adiabatic, where no heat flux is allowed,
as mentioned by the EETCM for the thermal analysis.
According to the presented EETCM, as shown in FIG. 4, the
contributions of thermal resistances of air within the propa-
gated resistances and that of SiOB within the common base
resistances can be ignored, since they have a large thermal
resistance value in the area of parallel connection and a small
resistance value in the area of serial connection. The materials
of air and SiOB may be reasonably removed in the calcula-
tion, and therefore, the requirements of CPU time and
memory operation can be reduced.

[0055] Thevalue of the volume power density in the source
can be obtained by means of the product of the input power of
the VCSEL per volume and its efficiency:

P=(PRy/Vim 17)

[0056] wherel,R,,V,, andn are the input current, electric
resistance of the heating source, volume of the heating source,
and the electricthermal energy transfer efficiency coefficient,
respectively. FIG. 7 is a diagram of isothermal surfaces of the
electronic system 2 while the lateral single laser is turned on.
As shown in FIG. 7, the configuration of the isothermal sur-
faces reveals the probable location of the hottest spot A,
where the heat source region is represented using the symbol
“+.” In the present embodiment, the input current is limited at
8 mA, and the electricthermal energy transfer efficiency is
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85.7% to meet the standard specification of the semiconduc-
tor-made VCSEL. The theoretical temperature at the hottest
spot is 78.4° C.

[0057] After determining the hottest spot within or on the
surface of the heating source, the temperature distribution
may then be determined using (9) and (14). The thermal
resistance of each component can also be derived using (13).
FIG. 8A is a diagram of an EETCM 8 with a single operating
channel after removing the air and SiOB in the thermal con-
ducting system. Since the VCSEL has a thermal conductivity
that is lower than that of the thermal vias, and the thickness of
the space between the operating VCSEL and the VCSEL
adjacent thereto can be greater than that of the thermal vias by
two orders of magnitude, the thermal vias would become the
main path of the thermal flow.

[0058] FIG. 8B is a diagram depicting the simulation
results of the electronic system. The lateral VSCEL is oper-
ated with 8 mA input current and 2V bias voltage. The tem-
peratures at node points P1, P2 and P3 are 78.9, 76.8 and 75°
C., respectively. The hottest temperature at node P1 is close to
the result that on the isothermal surfaces calculated by the
EETCM, as shown in FIG. 7. The results reveal that the
hottest temperature occurs at node P1 and the main path of
thermal flow is from node P1 to P3. Therefore, the EETCM
derived based on the electrothermal network m model can
indeed provide a quick and accurate way to establish the
model and analyze the thermal behavior of the electronic
system.

[0059] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present disclosure without departing from the
scope or spirit of the disclosure. In view of the foregoing, itis
intended that the present disclosure cover modifications and
variations of this disclosure provided they fall within the
scope of the following claims.

What is claimed is:
1. A method for thermal analysis modeling comprising:
establishing an electrothermal network m model on the
basis of a plurality of electronic modules of an electronic
system to define a heat source, at least one propagation
path and a common base of the electronic system;

defining a plurality of observation points in the electronic
system, wherein each ofthe observation points is located
atanisothermal surface enclosing a volume surrounding
a reference point, where the reference point is the heat
source or one of the observation points;

calculating a heat conduction temperature difference or a

heat convection temperature difference according to a
power density function of the reference point, a thermal
conductivity coefficient and a distance vector between
the reference point and each of the observation points;
and

establishing a temperature distribution of the electronic

system according to the heat conduction and the heat
convection temperature differences and a defined tem-
perature of the common base.

2. The method of claim 1, wherein when the reference point
is the heat source, the heat conduction temperature difference
is calculated according to the power density function, the
thermal conductivity coefficient and the distance vector.

3. The method of claim 2, wherein the step of calculating
the heat conduction temperature difference further comprises
performing volume integration on the volume surrounding
the reference point and surface integration on the isothermal
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surface enclosing the volume according to the power density
function, the thermal conductivity coefficient and the dis-
tance vector.

4. The method of claim 3, wherein the power density func-
tion comprises a volume power density function qv and a
surface power density function gs, the thermal conductivity
coefficient comprises a volume thermal conductivity coeffi-
cient kv and a surface thermal conductivity coefficient ks, the
location of each of the observation points is r, the location of
the heat source is r', a unit normal vector of the isothermal
surface is 0, the surface is a, and the heat conduction tempera-
ture difference is expressed as:

AT-(Yimy*], (quivir=e Ndv'- (Vi) § SgslF=F#/kslr-
r)da’

5. The method of claim 1, wherein when the reference point
is one of the observation points, the heat convection tempera-
ture difference is calculated according to the power density
function, the thermal conductivity coefficient and the dis-
tance vector.

6. The method of claim 5, wherein the step of calculating
the heat convection temperature difference further comprises
performing surface integration on the isothermal surface
enclosing the volume according to the power density func-
tion, the thermal conductivity coefficient and the distance
vector.

7. The method of claim 6, wherein the power density func-
tion comprises a surface power density function gs, the ther-
mal conductivity coefficient comprises a surface thermal con-
ductivity coefficient ks, the location of each of the
observation points is r, the location of the reference pointis ',
a unit normal vector of the isothermal surface is 1, the surface
is a, and the heat conduction temperature difference is
expressed as:

AT:(‘/m}*i SgslF-F1/kslr-")da’

8. The method of claim 1, wherein the space between the
reference point and each of the observation points is a part of
the propagation path, and at least one of the electronic mod-
ules 1s located at the space, wherein the thermal conductivity
coefficient is related to the material of the electronic modules.

9. The method of claim 1, further comprising:

establishing an equivalent electrothermal circuit model on

the basis of the electronic modules and the electrother-
mal network m model, wherein the equivalent electro-
thermal circuit model comprises a plurality of heat resis-
tances; and

calculating the heat resistances according to the power

density function, the thermal conductivity coefficient
and the distance vector.

10. The method of ¢laim 1, wherein the heat source has the
highest temperature in the electronic system and the common
base has the lowest temperature in the electronic system.

11. A non-transitory computer readable medium storing a
computer program having code to execute a method for ther-
mal analysis modeling, wherein the method comprises:

establishing an electrothermal network m model on the

basis ofa plurality of electronic modules ofan electronic
system to define a heat source, at least one propagation
path and a common base of the electronic system;
defining a plurality of observation points in the electronic
system, wherein each of the observation points is located
atan isothermal surface enclosing a volume surrounding

Dec. 20, 2012

a reference point, where the reference point is the heat
source or one of the observation points;

calculating a heat conduction temperature difference and a
heat convection temperature difference according to a
power density function of the reference point, a thermal
conductivity coefficient and a distance vector between
the reference point and each of the observation points;
and

establishing a temperature distribution of the electronic
system according to the heat conduction and the heat
convection temperature differences and a defined tem-
perature of the common base.

12. The non-transitory computer readable medium of claim
11, wherein when the reference point is the heat source, the
heat conduction temperature difference is calculated accord-
ing to the power density function, the thermal conductivity
coefficient and the distance vector.

13. The non-transitory computer readable medium of claim
12, wherein the step of calculating the heat conduction tem-
perature difference further comprises performing volume
integration on the volume surrounding the reference point and
surface integration on the isothermal surface enclosing the
volume according to the power density function, the thermal
conductivity coefficient and the distance vector.

14. The non-transitory computer readable medium of claim
13, wherein the power density function comprises a volume
power density function qv and a surface power density func-
tion gs, the thermal conductivity coefficient comprises a vol-
ume thermal conductivity coefficient kv and a surface thermal
conductivity coefficient ks, the location of each of the obser-
vation points is r, the location of the heat source is r', a unit
normal vector of the isothermal surface is i, the surface is a,
and the heat conduction temperature difference is expressed
as:

AT=(4m)*f (gv/kvir-r)dv '-(%n)*§ S(qs|P-# A /keslr-
¥'hda’

15. The non-transitory computer readable medium of claim
11, wherein when the reference point is one of the observation
points, the heat convection temperature difference is calcu-
lated according to the power density function, the thermal
conductivity coefficient and the distance vector.

16. The non-transitory computer readable medium of claim
15, wherein the step of calculating the heat convection tem-
perature difference further comprises performing surface
integration on the isothermal surface enclosing the volume
according to the power density function, the thermal conduc-
tivity coefficient and the distance vector.

17. The non-transitory computer readable medium of claim
16, wherein the power density function comprises a surface
power density function gs, the thermal conductivity coeffi-
cient comprises a surface thermal conductivity coefficient ks,
the location of each of the observation points is r, the location
of the reference point is r', a unit normal vector of the isother-
mal surface is 0, the surface is a, and the heat conduction
temperature difference is expressed as:

AT:(IAn)*§ (qs|P=P-Aikslr—r")da’

18. The non-transitory computer readable medium of claim
11, wherein the space between the reference point and each of
the observation points is a part of the propagation path, and at
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least one of the electronic modules is located at the space,
wherein the thermal conductivity coefficient is related to the
material of the electronic modules.
19. The non-transitory computer readable medium of
claim, wherein the method further comprises:
establishing an equivalent electrothermal circuit model on
the basis of the electronic modules and the electrother-
mal network z model, wherein the equivalent electro-
thermal circuit model comprises a plurality of heat resis-
tances; and
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calculating the heat resistances according to the power
density function, the thermal conductivity coefficient
and the distance vector.

20. The non-transitory computer readable medium of claim
11, wherein the heat source has the highest temperature in the
electronic system and the common base has the lowest tem-
perature in the electronic system.
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