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ABSTRACT
In the current study, a network-based resistor model has
been developed for thermal analysis of a complex optoelectronic package called SFP (Small Form-factor Pluggable
Device). This is done using the DELPHI (DEvelopment of
Libraries of PHysical models for an Integrated design)
Methodology. The SFP is an optical transceiver widely used in
telecommunication equipments such as switches and routers.
The package has a detailed construction, and typically has four
heat generating sources. The detailed model for the SFP is
constructed and validated using a natural convection
experiment.
The validated detailed model is used for
generating the Boundary-Condition-Independent (BCI)
Compact Thermal Model (CTM). Codes for solving the
network topology and interfacing with the optimization
subroutine were written using Matlab 7. The resulting CTM is
extensively validated with multiple boundary condition sets.
The CTM for the SFP shows maximum relative of errors less
than 10% for the junction temperature on all of its active
components and less than 20% for the heat flows through its
sides for extreme set of boundary conditions.
INTRODUCTION
In order to expedite the thermal design of a system, it is
important to conduct efficient computational analysis of the
heat transfer process within the system. For such system-level
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thermal analysis, complex electronic packages that require high
resolution to understand their thermal characteristics can be
bottlenecks. This is the case in the thermal design of industrial
routers and switches. Apart from other electronic components,
these systems use optical transceivers for transmitting and
receiving data over fiber-optic cables.
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Fig.1 Generic layout of an Optical Transceiver
A generic layout of an optical transceiver is shown in Fig.
1. Most of the optical transceivers have four major powerdissipating components: Laser Diode, Photo Diode, Transmitter
IC and Receiver IC. From a thermal analysis perspective, the
optical transceiver is always considered as a package with four
heat sources. There are many types of optical transceivers such
as Xenpaks, X2s and XFPs. One such popular optical
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transceiver is the Small Form Factor Pluggable Device (SFP),
shown in Fig. 2.

Fig.2 Small Form-factor Pluggable Optical Transceiver
The SFP is based on a popular industry format [1]
supported by most fiber optic component vendors. SFPs are
manufactured by multiple vendors (Avago, Finisar, NEC etc)
and they are used by Original Equipment Manufacturers (OEM)
of industrial routers and switches like CISCO Systems, Brocade
Inc, etc.
The SFP optical transceivers have lasers for transmitting
data. These lasers have highly desirable characteristics such as
low current threshold and high quantum efficiency. These
characteristics are strongly dependent on the ambient
temperature in which they operate. The thermal characteristics
of the packaging of these SFP optical transceivers play an
important role in the performance and longevity of the laser. To
meet thermal requirements in harsh environments and to
increase data transfer speeds, certain types of SFPs need
controlled thermal environments. To complicate matters, these
components are often used close to one another inside cages
that often lead to hot spots and inadequate cooling. Because of
these reasons, it is important to represent these components
accurately during computational thermal design and analysis.
However, accurately representing these components by detailed
CFD models is a huge computational load. Some systems
employ 80 of these SFPs. Detailed representation of these
transceivers is prohibitive due to mesh-count limits and
computing resources. This aspect motivated the current study.
Due to similar reasons and to provide better thermal
characterization of IC packages, European funded DELPHI
project [2]-[4] was started which introduced and popularized
the use of Boundary-Condition-Independent (BCI) Compact
Thermal Models (CTM). Many aspects of the DELPHI
Methodology have been researched in detail and a plethora of
literature is available on this technique [5]-[8].
The
methodology has been primarily used to represent single heat
source IC packages. The application of the methodology to
multiple sources is seen in the work of Assoud [9] to represent
transformers using the principle of superposition. It has been
noted by Lasance [8] that it is not possible to use the DELPHI
method for generation of CTM of multi-chip models and the
user needs to resort to matrix-based methods [10]-[15]. The

reason stated was that the CTM cannot “accommodate the many
different heat fluxes/temperature profiles”. Although this is the
case when referred to packages such as MCM (Multi-chip
Modules) and SiP (system-in-a-package), it may not apply to
the multi-heat source opto-electronic packages such as the SFP.
This is primarily because the SFP has a highly conductive
package surface which results in a fairly uniform temperature
profile on all the sides. As seen from the results shown later,
the package does not exhibit any steep gradient in temperature
on its sides. The package exhibits similarity of temperature
profiles under different boundary conditions. This lends the
package to the DELPHI style of CTM generation.
The following sections describe the construction and
validation of the detailed SFP CFD model. They also describe
the validation of the codes written for generating the CTM
process and the method of CTM generation. Finally, the SFP
CTM is extensively validated for a range of boundary
conditions that can occur in different SFP applications.
CONSTRUCTION AND VALIDATION OF DETAILED
CFD MODEL OF THE SFP
The computational model of the SFP is constructed
and validated with experimental data obtained in a natural
convection environment. A similar setup has been previously
used to validate models of SFPs [16]. In the current work, the
experimental setup is constructed from parts that are
commercially available so that experimental characterization
can be performed for any SFP using this method. The SFP is
exercised by placing it in a SFP evaluation board [17]. The SFP
cage that comes by default with the SFP evaluation board is
removed as the final goal is to obtain compact model only for
the SFP. The entire setup is placed inside an open-top foam
core box to block influence of external air movement. This is
shown in Fig. 3. The figure also shows the placement of the
infrared camera (ThermaCAM S60) for measuring the thermal
profile of the SFP. Thermocouples are mounted on the Post
Amp IC and on locations surrounding the board to verify
readings from the infrared camera. The average temperature of
the thermocouple readings of the evaluation board surrounding
the SFP is used to set the boundary condition in the
computational model. Thermocouples are also fixed above the
evaluation board in order to read the ambient temperature inside
the open top box. The experiment is conducted in two stages.
In the first stage, the PCB inside the SFP is tested. In the
second test, the complete SFP is tested. In order to construct the
computational model, the board level thermal profile is
required. For this purpose, the SFP’s PCB is painted black so
that the emissivity of the surface can be fixed at 0.9. Then the
SFP is mounted onto the connector on the evaluation board. A
foam core material supports the loopback plug that is attached
to the lenses. Figure 4 shows a close-up of the setup that is
placed outside of the box. The PCB is connected only to the 20pin connector and does not have any other point of contact with
the evaluation board.
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Fig.3 Complete experimental setup

snapshot of the temperature profile of the PCB is taken using
the IR camera.
For the second test the entire SFP is connected to the 20pin connecter on the evaluation board. Since the cage on the
evaluation board is removed, there is a small gap of 0.6 mm that
is formed between the SFP housing and evaluation board. ShinEtsu Microsi thermal grease of known conductivity (7 W/m˚C)
is applied on the bottom end of the SFP housing that fills this
gap. The grease provides a well-defined conduction path from
the housing to the evaluation board. The SFP is press fitted onto
the surface of the Evaluation board. The SFP is also coated
with black paint of set emissivity (0.9). The readings from the
infrared camera of the complete SFP are verified by comparing
them with the readings from a thermocouple that has been
attached to the SFP’s top housing. The complete setup is shown
in Fig. 5 where the setup is placed inside of the open-top box.
In both tests, the SFP is exercised in a self-oscillation
mode, as shown in Fig. 5, where the data passes through the
SFP in a looped system. This is achieved by connecting the
transmitter and the receiver sides with RF-RCA cables and
loopbacks. During this type of operation, following are the
active components that dissipate power; laser diode (0.0132
W),post amp IC (0.274 W), trans-impedance amplifier (0.1155
W), and laser driver (0.138 W). Power dissipated in other
parts of the SFP is negligible and only these four active
components are considered for modeling purposes.

Post Amp 61
IC (69)

Fig.4 Close-up of the first stage setup

Laser
Driver
(56)

59

53

52.3

Fig.6 Infrared thermal profile of the SFP PCB

Fig.5 Close-up of the second stage setup
The thermocouple that is mounted on the Post Amp IC
allows verification of the IR readings. The thermocouple
reading also identifies the time at which steady-state conditions
are reached on the SFP’s PCB. After steady-state is achieved, a

Figure 6 shows the processed infrared image captured
during execution of the SFP PCB in an oscillatory mode in the
first stage test setup. Temperatures at specific locations are
marked on the image. The ambient temperature is 30˚C. The
image shows the thermal profile of the SFP PCB with the
highest temperature of 69˚C on the Post Amp IC. This reading
was confirmed by the thermocouple that was mounted on the
case of the post amp IC. It can also be seen that there is only a
small amount of heat that is being conducted through the lens
and the SFP connector. Information gathered from this first
stage will be used to construct the SFP PCB of the
computational model.
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Fig.7 Infrared thermal profile of the complete SFP
Figure 7 shows the results obtained from the second stage
of the test setup, where the complete housing of the SFP is
present. In reality, this test is done first and the SFP is
dismantled to do the test with the SFP PCB. But the order of
presentation is reversed because of the way the computational
model is constructed. Figure 7 shows the case temperature of
the SFP to be fairly uniform. This is because of the highly
conductive material used for the casing. The figure also shows
that there is some amount of heat being conducted into the
evaluation board and negligible amount of heat conducted
through the loopback. The surrounding temperatures of the
evaluation board are captured by the three thermocouples
mounted on the board and are used in setting the environment
for the SFP in the simulations. The thermal profile captured by
the infrared camera and the data from the thermocouples serve
to validate the detailed SFP model.

A detailed CFD model has been constructed, validated and
analyzed using commercially available software, Flotherm 7.2
[18]. The starting point in creating detailed CFD models is to
have the geometry that represents the SFP’s physical
construction. An exploded view of the SFP is shown in Fig 8.
The detailed CAD model has many parts (Labels, Sleeves, and
Latches) and geometrical features (Filets, Steps etc) that are
thermally unimportant. Such features are not included in the
detailed model. All curved features are removed, and replaced
with sharp–edged features so that key-point meshing without
additional objects is possible in Flotherm. All areas of contact
points are preserved. Critical dimensions such as those of
heatsink on the top housing that rests over the Post Amp IC are
preserved. The simplification of the SFP is done using the FloMCAD software. After simplification of the geometry, it is
imported into the main CFD solver, Flotherm, where it is
processed further before the actual simulations.
The detailed model of the SFP is constructed in two stages,
similar to the way in which the experiments were conducted.
The experimental setup of the PCB-level is reproduced
geometrically in Flotherm. Figure 9 shows the modeling of the
SFP at the PCB–Level. The material properties are assigned to
each part of the SFP. The four power dissipating components
are modeled as 2-resistor network components. The junctionto-case (Rjc) and junction-to-board (Rjb) resistances are not
known for these components, and their values are adjusted so
the thermal profile on the SFP PCB matches the experimental
data of Fig. 6. Thus, the experimental results are used as a
guideline to construct the PCB-level model. All surface
temperatures from the experiment are matched with the model
with the least error possible. Radiation is also modeled in detail
at this level. Localized regions of higher grid density are placed
over the optical subassemblies, and also covering the IC chips
and board surface.

Fig.9 Computational setup for first stage modeling
Fig.8 Exploded CAD model of the complete SFP

Figure 6 showed the IR image and the temperatures at the
specific location were marked. The CFD model of the PCB is
built with the information from this image. The temperature
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profile obtained from the PCB-level model is shown in Fig. 10.
The temperatures on the locations corresponding to markings of
Fig. 6 are marked in Fig 10. As 2-resistor components were
used for modeling the active components on the PCB, they do
not show colored distribution of temperature on their case. But,
a look at the case temperature of those component shows that
the heat flow directed upward from the board is captured
accurately.

At this stage, there is no tweaking of the model as was done in
the first stage. This stage serves to validate the complete CFD
model of the SFP. The validated complete detailed model of the
SFP is then used for generation of BCI reduced-order model by
the DELPHI Methodology.
Figure 12 shows the surface temperature profile obtained
from the second stage complete SFP-level model. This is
compared to Fig. 7 which showed the temperature profile on the
surface as measured by the IR camera. The ambient temperature
is 30˚C. The surface temperature profile from the model shows
that the case has a near uniform distribution of 36.6˚C whereas
the case temperature from the experiment shows 38.4˚C with a
degree in gradient. Thus, it can be seen that the error is
approximately 2˚C (less than 5%) between the experiment and
detailed model. This detailed SFP model is now used for the
purpose of developing a boundary-condition-independent
reduced-order model.

Fig.10 Simulated thermal profile of the first stage model
The second stage construction is relatively straight forward.
From the first stage, once the PCB-level result matches with the
experiment, the top and bottom housing are added to the PCB.
The contact areas with the components on the PCB are
modeled. Material properties are assigned to the housing along
with radiation properties. Radiation is assigned to only the large
surfaces such as walls of the housing. Thermal grease is
modeled between the bottom housing and the evaluation board.
The paper label on the top housing is also modeled. The
complete setup is shown in Fig 11.

Fig.11 Computational setup for second stage modeling

Fig.12 Simulated thermal profile of second stage model
CODE VALIDATION FOR CTM GENERATION
The codes necessary for generating CTMs by the DELPHI
method, namely a network solver and the interface to the
optimizer, are developed in MATLAB R7 [19]. This software
was selected because of its ability to handle complex matrix
operations and ease of integrating the optimization algorithm.
The network solver solves the conservation equations which are
of the form described in Aranyosi et al. [20]. The resistor values
obtained from solving the conservation equations are passed
onto the optimizer subroutine which changes them based on the
value of the cost function. The modified resistor values are then
fed back to the network solver, and the cycle continues until a
global minimum value of the cost function is found. The code
is written to accommodate network topologies with multiple
junctions and floating nodes so that it can be used for
generating the CTM for the SFP. The code also allows setting
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limits on resistor values and constraints on the accuracy of the
junction temperatures and heat flows.
In the current work, different Non-linear Programming
(NLP) optimization methods and other global search methods
such as hybrid GA algorithms were evaluated. TOMLAB’s
CONOPT [21] optimization algorithm developed by ARKI
consulting [22] was finally chosen. It is a feasible path solver
based on the proven GRG (Generalized Reduced Gradient)
method that allows for solving models with more than 10,000
constraints.
In order to validate the code used for generating the CTM,
the network model of a Plastic Quad Flat Pack (PQFP)
proposed by Aranyosi et al. [20] is used. The network topology
is shown in Fig. 13. Although benchmark geometries [23] are
available for validation of the DELPHI methodology, an
important reason for choosing this topology was the readily
available experimental data on temperature and heat flow. In
their work, a generating set of boundary conditions and a
verification set are used. The generating set of data is used with
the current code and the results are compared with the
verification set. It can be seen from Table 1 that the code is able
to predict with less than 5% error for the complete network
topology with the verification set of boundary conditions
similar to the results in Aranyosi et al. [20]. Only a part of the
validation study is presented here.

GENERATION OF CTM FOR SFP
The Boundary-Condition-Independent Compact Thermal
Model for the SFP is generated using the DELPHI
Methodology. A major difference between the SFP and other
single heat source IC-like packages for which DELPHI
methodology is used for CTM generation is that the SFP has
multiple (four) heat generating sources; laser driver, laser diode,
trans-impedance amplifier and post amp IC. To generate the
CTM for the SFP, a generating boundary-condition set and
verification boundary-condition sets are defined. These
boundary conditions are imposed over the detailed model of the
SFP. The junction temperature of critical components and heat
flow through the sides are obtained from these simulations.
These values are then used with the defined network topology,
and minimization of the cost function provides the final set of
resistors that make up the CTM for the SFP. The CTM
obtained for the SFP is then extensively verified using the
boundary-conditions that were not part of the generating set.
Suggested by Aranyosi et al. [24], Taguchi’s Design of
Experiments approach [25] can be used to define the boundary
condition space. The Orthogonal Array method is used for
defining the number of experiments (i.e. the number of
simulations that need to be executed). An Orthogonal Array is
defined by factors and levels. Factors are defined by extreme
and intermediate boundary conditions that will be faced by SFP
in practical situations. The boundary conditions are defined in
the form of convective heat transfer coefficients on each side of
the SFP. The levels are the values of heat transfer coefficients.
The factors are the four major sides of the SFP. The front and
rear are kept insulated as there is negligible amount of heat
flowing through those sides. This assumption only leads to a
conservative CTM. For the SFP, L9(34) and L16(44)orthogonal
arrays are used for defining the experiments.

Case Temperature Rise over Ambient (°C)

250

Fig.13 Network topology used for code validation
Table.1 Results of code validation
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Fig.14 Thermal behavior of the SFP housing
An issue that rises in defining the boundary condition set
used for generating the CTM is the value of heat transfer
coefficients to be used. To address this issue, a careful analysis
of the results of the detailed model simulations of the SFP is
necessary. The results from the simulation showed that the SFP
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can be assumed to behave like a black box generating 0.54 W
with a highly conductive surface. If the SFP housing is cut on
one edge and the sides are opened up, the housing of the SFP is
synonymous to a flat plate generating 0.54 W. If this plate is
subjected to a convective environment, a first principle analysis
(q = hA(T-Tref)) shows the thermal behavior of the case
temperature as seen in Fig. 14. It shows a exponential behavior
in the increase in case temperature above ambient below a heat
transfer coefficient value of 10 W/m2K. This value of heat
transfer coefficient corresponds to moderate natural convection
for air as the fluid medium. This thermal behavior shows that
the DELPHI methodology can easily find a set of optimized
resistor values for heat transfer coefficients above 10 W/m2K.
This serves as a starting point to define the boundary conditions
used for generating the CTM for the SFP. The values of the
convective coefficient used for defining the boundary
conditions are 10, 500 and 1000 W/m2K. They are used in the
L9(34) Orthogonal Array as shown in Table 2. Therefore,
experiments of Table 2 form the generating boundary condition
set of the CTM.
Table.2 L9 Orthogonal Array of boundary conditions used
for generating CTM of the SFP

In order to collect data for generating the CTM and to
verify it, simulations are conducted on the detailed model by
imposing boundary conditions discussed earlier in the previous
section. Prior to conducting the simulations, the top housing of
the SFP is modified by flattening out protrusions. This is done
to make the SFP in the cuboid form for easy application of the
boundary conditions. The modification does not change the
thermal characteristics of the component. The SFP has a top and
bottom area of 7.333e-4 sq.m each. It has left and right side
areas of 4.542e-4 sq.m. The connector used for plugging the
SFP into the board is also modeled as a part of the SFP, as it
serves as a heat transfer path from the PCB of the SFP to the
evaluation board. It is for this detailed model of the SFP, the
CTM is generated. Flotherm 7.2 automatically creates grids
based on key points which are the intersections of object
corners and the grid. Over this basic grid, the grid is refined and
localized grids are added to capture the heat flow paths
accurately. Directional grid independence is checked using the
cases shown in Table 3. These cases are a modified version of
the double cold plate boundary conditions defined by Lasance
[23]. The final grid for the detailed model of the SFP has close
to 600,000 grid cells.
Table.3 Boundary conditions used for direction grid
independence study

Expt.
No.

Top

Bottom

Left

Right

1

10

10

10

10

2

10

500

500

500
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3

10

1000

1000

1000

1

10000

10000

1

1

4

500

10

500

1000

5

500

500

1000

10

2

10000

1

1

1

6

500

1000

10

500

3

1

10000

1

1

7
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10

1000

500

4

1

1

10000

1

1

1

1

10000

1.00E+10

1.00E+10

1.00E+10

1.00E+10

Convective coefficient h (W/m2K)

8

1000

500

10

1000

5

9

1000

1000

500

10
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In order to make sure that the CTM generated using the
boundary conditions of Table 2 satisfies boundary condition
independency, the CTM is verified using multiple boundary
condition sets.
Instead of selecting arbitrary boundary
conditions for verifications, Taguchi’s Design of Experiments
(DOE) approach is again employed. The CTM is validated for
a range of boundary conditions. Since the CTM is generated
only with boundary conditions corresponding to heat transfer
coefficients of 10 W/m2K and upward, it is verified with
boundary condition sets that contain values that were not part of
the generating set. Two sets of boundary-conditions are defined
using the Orthogonal Array (OA) method. In the first set, low
to intermediate values of heat transfer coefficients (5, 50, 250
and 750 W/m2K) are used to construct the L16 Orthogonal
Array. In the second set, a L16 Orthogonal Array is constructed
using extreme values of heat transfer coefficients ranging from
1 to 1000 W/m2K (1, 10, 100 and 1000 W/m2K).

In Flotherm 7.2, it is possible to define the heat transfer
coefficient on each side of the overall domain. Since the
overall domain coincides with each side of the SFP, the heat
transfer coefficients are directly imposed on the surfaces of the
SFP. This simplifies the simulations as only the energy
equations are solved and flow equations are not. The heat
transfer that occurs inside the SFP is primarily conduction and
radiation. Radiation to the external atmosphere is disabled.
Effect of external radiation from the SFP is included in the heat
transfer coefficients that are defined on the surface of the SFP.
Due to the presence of conduction and fine grids, the multi-grid
double precision solver is used for performing the simulations.
The junction temperature of all power dissipating components
inside the SFP and the heat flow through each of the sides are
collected for each of the cases in Table 2. This data is used for
generating the CTM. Once the data for the CTM-generating set
of boundary condition set is obtained, it is used along with the
selected network topology and cost function to generate the
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CTM. The same procedure is followed for collecting data for
boundary conditions used in the validating set. This data is used
for verification of the CTMs performance.
To define the network topology, the nodes of the network
are defined first. Each external surface of the SFP package is
represented by a separate node. Each of the four junctions of the
power dissipating components is represented by individual
nodes. In order to provide some freedom for re-distribution of
heat flow within the object, an internal floating node, as
suggested by Aranyosi et al. [20], is included. Thus a total of 9
nodes are used to represent the SFP. In generating the CTM for
SFP, the generic method of reducing resistances from a fully
connected network did not work. So, the network is constructed
with a bottom-up approach. According to this method a starshaped network is constructed and it is improved by adding
shunt (surface to surface) resistors. This is similar to the
construction of the validation chip model discussed in Lasance
[2]. Many network topologies were evaluated, but only the
final selected topology is presented here in Fig. 15.

The errors are normalized with junction temperatures and total
power that is obtained from the detailed model.
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A lower bound of 0.01 and an upper bound of 5000 were
used for the resistors. The initial guess for the resistors was 10.
The final set of resistor values was sensitive to both the bounds
and the initial guess. The values given here provide the best
performing CTM. The values of the resistances that are used in
the SFP CTM network topology is shown in Table 4. These
values are the final set of optimized values that predict the
junction temperature and heat flow through sides of the SFP for
almost all boundary conditions.
Table.4 Resistor Values of the SFP CTM Network
Topology shown in Fig. 15

6

Resistor
Number

Resistor
Connections

Resistor
Value

1

1 to 2

4999.400

2

1 to 3

349.800

3

1 to 5

0.108

4

2 to 4

1178.700

5

2 to 5

5000.000

6

3 to 4

1668.700

7

3 to 5

12.061

Node Name

8

4 to 5

23.951

9

5 to 6

5000.000

2

Laser Diode
Trans-impedance
Amplifier

10

5 to 7

18.573

3

Post Amp IC

11

5 to 8

8.544

4

Laser Driver

12

5 to 9

5.592

5

Floating Node

13

6 to 8

1.033

6

Top Side

14

6 to 9

0.890

7

Bottom Side

15

7 to 8

3.657

8

Left Side

16

7 to 9

2.450

9

Right Side

3

4
5

8

9
2

1

7
Node No.
1

Fig.15 Network topology for the SFP CTM
The cost function for generation of CTM of single-heatsource packages has been extensively studied and a modified
version of the cost function suggested in Lasance [8] is
employed. This cost function is modified to accommodate the
four heat sources and also provides equal weights on junction
temperatures and heat flows. The cost function essentially
calculates the errors between the junction temperatures of the
compact (denoted by subscript ‘C’) and detailed (denoted by
subscript ‘D’) models and also the heat flows between the same.

The CTM is now validated with the generating set of
boundary conditions, and verified with the sets of additional
intermediate and extreme boundary conditions. The results for
validation of the CTM are shown in Tables A1 and A2 of
Appendix A. These tables show that the junction temperatures
are predicted within less than 10% error and the heat flow
through the sides are predicted with a maximum error of 12%.
Table 5 shows a summary of results comparing the
performance of the CTM with respect to the detailed model in
predicting the junction temperatures and heat flow from the
sides. Four largest relative error percentages are shown from the
complete set of 16 experiments and the corresponding
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experiment number is also provided. Table 6 shows similar
results for the L16 extreme set of boundary conditions.
Table.5 Relative Error from L16 OA of intermediate boundary
conditions used for validating CTM of the SFP
Expt.
No.

Junction Temperature Error %
Laser
Laser
Post
TIA
Diode
Driver
Amp

1

-7.1

-2.3

-6.5

-5.3

2

-7.3

-0.4

-4.2

-1.0

11

-7.2

-0.1

-1.0

2.2

16

-3.9

0.1

2.7

4.1

Expt.
No.

Top

1

-0.5

11.8

-7.1

-7.1

2

-1.3

12.5

-7.9

-7.8

5

5.3

14.3

-2.1

-1.5

10

5.9

13.2

-3.8

-1.9

Heat Flow Error %
Bttm
Left

Right

Table.6 Relative Error from L16 OA of extreme boundary
conditions used for validating CTM of the SFP
Expt.
No.

Junction Temperature Error %
Laser
Laser
Post
TIA
Diode
Driver
Amp

1

-6.6

-4.7

-6.5

-6.2

2

-7.5

-1.9

-6.6

-5.0

4

-2.4

0.1

4.6

4.7

11

-9.9

-0.4

-4.9

-0.6

Expt.
No.

Top

1
3
7
10

0.1
-1.2
19.8
9.9

Heat Flow Error %
Bttm
Left

12.3
12.6
-3.3
15.2

-6.6
-7.8
-1.2
-2.0

Right

-6.6
-7.7
19.8
0.7

During verification with an intermediate set of boundary
conditions, Table 5 shows that the maximum error in junction
temperatures is less than 10% and 14.5 % on the heat flow.
During verification with the L16 set of extreme boundary
conditions, Table 6 shows that the maximum error on the
junction temperature is 10.7 % and 19.7 % for the heat flow. It
has to be noted that applications with extreme natural
convection environment such as one with h = 1 W/m2K do not
occur in practical situations. Although this is the case, the CTM
that is developed for the SFP predicts junction temperatures
with errors less than 10.7 % and heat flow through the sides
with errors less than 19.7 %. It is possible that these results can
improve with the usage of DOTCOMP [26], a commercial code

which was developed specifically for the generation of CTMs.
But nevertheless, the current study shows that a CTM,
represented by 9 nodes and 16 resistor values, is able to predict
the solution with the above mentioned accuracies when
compared to fully blown models that require hundreds of
thousand of grid points to resolve the heat transfer process.
CONCLUSION
Boundary-Condition-Independent
Compact
Thermal
Models for the SFP opto-electronic package has been generated
using the DELPHI Methodology. CTMs generated for SFPs
using the DELPHI methodology can be readily implemented for
thermal design and analysis of systems that use these
components. Results from the current study have shown that
CTMs can be generated for SFPs and SFP-like packages which
have multiple heat sources using the DELPHI methodology.
Also, the methodology allows for better thermal
characterization of the SFP package by identifying junction
temperatures as an important thermal specification (as opposed
to specifying case temperatures of SFPs, which is the thermal
specification method currently followed in the industry). The
DELPHI-type CTM for the SFP allows representation of the
component using nine nodes instead of hundreds of thousands
of grid cells, greatly reducing CFD-based computational time.
This type of reduction also allows accurate analysis of systemlevel models that employ a large number of SFPs. Also, the
CTM generated by this method is highly portable; CTMs can be
distributed in the form of library models in CFD-based thermal
analysis software.
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ANNEX A
ERRORS ON THE JUNCTION TEMPERATURE AND HEAT FLOWS PREDICTED BY SFP CTM
Table.A1 Comparison of junction temperatures for generating boundary condition set
Detailed Model

SFP CTM

TIA

Laser
Driver

Post
Amp

Laser
Diode

26.3

124.2

27.7

34.1

2.3

100.3

3.8

2.0

100.0

2.2

Error %

TIA

Laser
Driver

Post
Amp

Laser
Diode

TIA

Laser
Driver

Post
Amp

24.4

122.5

26.0

32.7

-7.2

-1.4

-6.1

-4.1

10.1

2.3

100.4

3.9

10.5

-3.7

0.1

2.7

3.9

3.4

9.8

1.9

100.1

3.6

10.2

-2.5

0.1

4.6

4.7

100.2

3.7

10.0

2.1

100.3

3.8

10.4

-4.2

0.1

2.1

4.3

2.1

100.2

3.6

10.0

2.1

100.2

3.7

10.4

-2.4

0.1

3.3

4.0

2.1

100.1

3.6

9.9

2.1

100.2

3.7

10.4

-3.2

0.1

3.4

4.4

2.1

100.1

3.6

9.9

2.0

100.2

3.7

10.3

-2.7

0.1

2.6

4.3

2.1

100.0

3.5

9.8

2.0

100.1

3.6

10.2

-5.0

0.1

2.7

4.4

2.0

100.0

3.5

9.8

2.0

100.1

3.6

10.3

-2.3

0.1

3.8

4.4

Laser
Diode

Table.A2 Comparison of heat flow through the sides for generating boundary condition set
Detailed Model
Bottom
Left

Right

Top

0.1679

0.1489

0.1117

0.1119

0.1668

0.1666

0.0051

0.1933

0.1667

0.1755

0.0053

0.2058

0.0026

0.1858

0.1683

0.1839

0.0029

0.1607

0.0045

0.1289

0.2465

0.1668

0.1556

0.2153

0.0029

0.1651

0.2534

0.0025

0.2346

0.0040

0.2287

0.1278

0.2339

0.2169

Top

SFP CTM
Bottom
Left

Error %
Bottom
Left

Right

Top

0.1036

0.1038

-0.7

11.9

-7.2

-7.2

0.1602

0.1694

3.4

6.4

-3.9

-3.4

0.1850

0.1678

0.1851

8.3

-0.4

-0.3

0.7

0.1687

0.0048

0.1244

0.2428

5.0

4.7

-3.5

-1.5

0.1701

0.1635

0.2043

0.0029

2.0

5.0

-5.1

-3.2

0.1196

0.1733

0.2435

0.0026

0.1214

4.9

-3.9

5.0

1.5

0.1876

0.1144

0.2445

0.0041

0.1788

0.1133

4.2

3.3

-4.7

-1.0

0.0021

0.1821

0.2305

0.1303

0.0021

0.1779

0.8

1.9

0.5

-2.3

0.0876

0.0022

0.2421

0.2066

0.0898

0.0022

3.5

-4.8

2.5

1.9

11

Right
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