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Ten tips for streamlining
PCB thermal design

A high-level how-to guide

Executive summary

Many aspects of a printed circuit board’s (PCB) performance are determined

during detailed design, for example, making a trace a specific length for timing reasons.
Timing issues are also affected by temperature differences between components.
Thermal issues with the PCB design are largely locked in during the component

(i.e. chip package) selection and layout phases. After this point only remedial
actions are possible if components are found to run too hot. We advocate a
top-down approach starting at the system or enclosure level' in order to understand
the flow environment for the electronics, which is critical for air-cooled electronics.
Assumptions made about the uniformity of the airflow in early design that
subsequently to prove unachievable can have a disastrous impact on the
commercial viability of the product and meeting the market window.
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White Paper — Ten tips for predicting component temperatures

The golden rule is to start early and start simple. The
mechanical engineer responsible for the thermal
integrity of the product should aim to provide as much
useful feedback as possible to the electronic engineers
to guide the design about the thermal impact of their
choices, especially during early design.

From the mechanical engineer’s perspective, at the
PCB level this entails helping with package selection
and the best positioning of components to utilize
system air flow for cooling. Inevitably both layout and
package selection are driven primarily by a combina-
tion of electronic performance and cost consider-
ations, but the consequences of those choices on
thermal performance should be made as clear as
possible, as temperature and cooling also affect
performance and cost.

1: Start pre-placement/pre-layout

There is a lot of work that can be done well before
layout is completed within the electrical design flow.
Indeed, any influence thermal considerations have on
the design need to be factored in before this point. A
lot of work can be done with a simple representation
of the enclosure’ to provide information about the air
flow profile over the board.

You can start by simply smearing the total board
power over the total board surface. This will give you a
temperature map that will give an indication of any
hot regions that are caused by a maldistributed air
flow, and the enclosure-level air flow should be opti-
mized ahead of the PCB design. For this you can treat
the board as a block with an isotropic conductivity
of between 5Wm'K" and 10Wm'K". The results at
this stage will be quite insensitive to the value
chosen.

A word of caution — components inject heat locally
into the board, so the heat flux density into the board
below a component will be higher than the average
for the board. As a result, the local board temperature
will be higher than that predicted in the simulation, so
at this stage the board temperature should not be
used to try to estimate component temperatures. To
do that the model needs to be refined.
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| Optimizing the thermal layout

If the board temperature at any point is close to the
maximum component case temperature, then it is very
likely this limit will be exceeded once the component
heat sources are represented discretely. This may be
expected, for example, if one or more components are
known to require a heatsink.

2: Get component power (guesstimate)

For this reason it's very important to know a best
guessed estimate (guesstimate) of the individual power
budgets for the main heat dissipating components that
will be used in the design, and the approximate size of
these packages. This will allow you to describe these as
footprint heat sources in your simulation, smearing the
remainder of heat uniformly over the board surface.

Ahead of part research and selection, which happens at
the start of the schematic capture phase of the project,
the system architect will already have some idea of what
key components will be required, what will need to be
positioned close to what, the size of the components,
etc. For example, he may be anticipating using some
components that were selected for another product, or
retain components from the previous generation
product.

3: Use 3D component models before package
selection

It's important to try, despite the difficulty, to include
some form of 3D component model in the simulation
before the component selection is finalized. By feeding
the thermal results back before this milestone is
reached, it's more likely thermal performance will get
considered as part of the package selection criteria.
Some integrated circuits (ICs) are available in more than
one package style, and not all package styles perform
equally well from a thermal point of view. As a result,
the need for a heatsink later on may be eliminated by
appropriate package selection.

Component temperature, either in the form of a case
temperature or junction temperature depending on how
the manufacturer has specified the component, is the
key measure used to indicate whether the design is
acceptable from a thermal perspective. At this stage,
however, we can only get a rough estimate of compo-
nent temperature.
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In the absence of any other information, the simplest
3D component model that can be used is a conducting
block. Simcenter™ Flotherm™ software includes
material properties that are tailored to give a case
temperature prediction for different package styles.

B Typical Lumped Packages
Typical Ceramic Package
Typical ChipArray
Typical Connector
Typical FC_CBGA
Typical FC_PBGA
Typical LQFP
Typical MQFP
Typical MicroBGA
Typical PLCC
Typical Plastic Package
Typical QFM
Typical 50IC_S0P_50
Typical S50P
Typical TBGA
Typical TQFP
Typical TSOP
Typical TSSOP

Figure 1: Lumped package materials in Simcenter Flotherm.

For plastic components a thermal conductivity of 5
watts-per-meter-Kelvin (Wm7K™) to 10Wm'K" is recom-
mended? and 15Wm K" for any ceramic components.
5WmTK* will clearly give a worst-case figure for case
temperature.

By representing the package body in three dimensions
the effect of the component on the local air flow, and
correspondingly any downstream components is taken
into account. Large components can shield smaller,
lower profile components from cooling air, and the
wake formed behind a component is a region in which
the same air gets recirculated, so any components in
that region are likely to be hot. One useful tip is to try
to align any rectangular components so their long side
is parallel to the primary flow direction. This both
reduces the overall pressure drop as the flow ‘sees’ less
of an obstruction and produces a smaller wake, mini-
mizing the effect on downstream components.

4: Feed back thermal results

At this stage you can start to feed information about
the PCB's performance back to the PCB design team.
Although the simulation is relatively coarse at this
stage, the principle simulation results, being the
airflow distribution over the board and the resulting
board temperature, are powerful tools you can use to
show what you have to work with in terms of available
cooling air and what that may mean in terms of
component temperature.
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It is worth emphasizing these nominal component case
temperature values are subject to change as they are
based on:

e An assumed layout

¢ Rough power estimates

¢ Uncertainty about package selection

e Unknown layer stackup and copper distribution within
the PCB, and

e A preliminary heatsink size and design (if already
known to be necessary)

It is nevertheless a useful start, providing both an under-
standing of the system performance and a model that can
be refined as the design is elaborated. This model
provides a useful platform for investigating the effect of
component placement on the temperature of a compo-
nent and its neighbors, so adjustments can be made
easily and the model re-run often in a matter of minutes,
not hours.

The results will give some indication as to which compo-
nents, if any, will be likely to need some form of heatsink,
which can be investigated next. These are also the
components that need to be refined in terms of model-
ling once more information is known about package
selection, so this exercise helps prioritize where to invest
effort in developing the thermal model.

5: Size heatsinks early

For any components that may be too hot, investigate how
effectively the use of a heatsink brings down the compo-
nent’s temperature. If the flow is mainly normal to one
side of the package, a plate (or extruded) fin heatsink is
likely to be most suitable. If not, then a pin fin heatsink
should be considered.

Simcenter Flotherm and Simcenter Flotherm XT have a
Heatsink SmartPart which can be used to parametrically
define heatsink geometry. Start by making the base of the
heatsink the same size as the package and investigate
different numbers of fins, fin height and fin thickness.
The aim is to see if the heatsink can simply be mounted
on top of the package, or if a larger heatsink might be
needed, which will require board real estate for the
mechanical attachment (see figure 2) as this information
needs to be fed back to the PCB design team as early as
possible. If so, it is essential to select an existing heatsink
that provides adequate cooling performance, or design a
custom heatsink before the board can be routed, as the
mechanical attachment for the heatsink may affect
component placement.
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Heatsinks are essentially area-extending devices,
which increase convective heat transfer to the air by
providing a larger surface area for the air to pass over.
Heatsinks are normally made of an aluminum alloy to
allow the heat to spread effectively across the base
and up the fins. The base acts as a heat spreader and
helps reduce the component temperature. Start by
using short, widely spaced fins to minimize the resis-
tance to the airflow and any wake caused by the
heatsink as this will impact the cooling of downstream
components.

retaining pins.

If this shows the component can be cooled by a
relatively small component-mounted heatsink, this
activity can stop at this point, but will need to be
revisited later.

When including a heatsink it is essential to include the
thermal resistance of the thermal interface material
(TIM) between the package and the heatsink. The
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ultimate choice will depend on many things, but a stan-
dard thermal pad having a thickness of around 0.2 milli-
meters (mm) and a thermal conductivity of around 1.0
Wm'K™ will be conservative for early design use.

6: Represent the component accurately

Having fed information back to the PCB design team to
help with component selection and placement, guidance
can also be given on the most relevant thermal metrics to
use to compare the thermal performance of candidate
components.

For components without a heatsink the most relevant
thermal metric to compare is the junction-to-board
resistance.> For components that are expected to have a
heatsink the junction-to-case resistance is the most
relevant, as the resistance is usually defined for the face
that is in contact with the heatsink.* For transistor outline
(TO) type packages this face is normally soldered to the
PCB. If both of these metrics are available, a Joint Electron
Device Engineering Council (JEDEC) standard two-resistor
model (see figure 3) can be created and the thermal
model re-run to get a first estimate of junction
temperature.®

The next level up in terms of predictive accuracy is a
DELPHI model.® DELPHI models are better for heatsink
selection than two-resistor models as the top surface is
subdivided into inner and outer regions that have
different temperatures, and can be used to initially inves-
tigate the effect of heatsink base thickness. However, for
thermally critical packages that require a heatsink the use
of a detailed model is recommended.

Top outer, Top outer
Side Leads
o~
Bot inner ®Bot outer

Detailed model

Explicit representation of
internal construction

Thermal Simple block model
resistance from
junction to . Good for
ambient metric typical” case
temperature
Good for prediction
comparative at best

purposes only,
NOT predictive

Two-resistor and DELPHI types
capable of Tj and Tc prediction
Generally DELPHI models are
better than two-resistor

Results as good as the derivation

of the characteristic thermal
resistances

geometry, materials,
die size, etc.
Capable of Tjand Tc
prediction

Most accurate model
type available

Increasing T, and T, predictive accuracy

Figure 3: Fidelity hierarchy of package thermal information for design.
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It is also well worth doing an internet search for the
components data sheet and to see if there are any
Simcenter Flotherm models available and if not to
request a Simcenter Flotherm model from your supplier.
Sometimes these are provided under a nondisclosure
agreement (NDA). As the most widely adopted elec-
tronics cooling computational fluid dynamics (CFD)
software many of the leading IC package vendors
provide thermal models for Simcenter Flotherm. This is
also where Simcenter Flotherm PACK really comes into
its own. Around 70 percent of all Simcenter Flotherm
PACK users are systems integrators that use Simcenter
Flotherm PACK JEDEC Package Wizard to generate a
representative thermal model just by knowing the
package style, body size and number of leads. Simcenter
Flotherm PACK also gives you full access to all the input
data, so you can update the model as soon as more
information about the package becomes available, and
generates two-resistor, DELPHI,® and detailed models so
the component thermal model can be easily refined as
the design is elaborated.

7: Don‘t ignore the board detail

The sensitivity of the results to the board thermal
conductivity is also something that can be investigated
once component footprint and heat source estimates
are available and components have been modeled as 3D
conducting blocks, so this activity can, and indeed
should, happen in parallel with refinements to the
component models.

In practice there is no single value for PCB thermal
conductivity. PCBs are made up of copper and dielectric
material, with the copper being about 1,000 times more
thermally conductive so the dielectric thermally insu-
lates the layers from one another and insulates indi-
vidual traces. In early design, well before the board has
been tracked, a simple isotropic conductivity value can
be used and varied say between 5Wm“K" to 15Wm~’K" to
see how big an impact the thermal performance of the
PCB has on the simulation results. This thermal represen-
tation of the board will need to be improved during
detailed design.

Once the placement has been broadly defined, the next
step for the PCB design team is schematic capture and
electrical simulation (for instance, timing). The most
useful information that can be obtained after the sche-
matic capture, but before the board is routed, is the layer
stackup of the board.
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It's important to get an estimate of how many signal,
power or ground layers the board will probably have.
Traces on the surface of the PCB locally spread heat away
from the package interconnect (leads or solder balls),
whereas buried power and ground planes increase the
in-plane thermal conductivity at the macroscopic scale.

From a thermal perspective, the contribution of these
copper-containing layers on the performance of the PCB is
influenced by their thickness. The most common thick-
nesses are 0.50 ounce (Oz) or 1.00z copper. Oz denotes
the weight in ounces of copper, spread evenly over a one
square foot area.” 10z is equal to 1.37mils (thousands of
an inch) or 0.0347mm.

Once you have an estimate of the number of each type
(signal, or power/ground) of layer in the PCB the model of
the PCB can be upgraded to include each of these layers
individually. Before routing an estimate needs to be made
for the thickness and percentage copper coverage of each
non-dielectric layer. 10z should be used for power and
ground planes and 0.50z for trace layers, with an
assumed copper coverage of 80 percent and 20 percent
respectively. As the dielectric contributes little to the
area-averaged conductivity, both in-plane and through-
plane, the conductivities of these layers can therefore be
taken to be 80 percent and 20 percent of the thermal
conductivity of copper respectively.

The minimum thickness of the dielectric layers depends
on the thickness of copper either side to allow for the
difference in the coefficient for thermal expansion,®
which then gives the total thickness of the board.

For small, high-power, low pincount packages the length
scale of traces on the board are a similar order of magni-
tude to the package, so it is important to model these
features in a similar level of geometric detail to the
package before this information is available from the
electronic design automation (EDA) system. For example,
representing the copper pad that a TO package is soldered
to, and traces local to the package, when the package is
modeled in detail. Similar comments apply to modeling
any thermal vias below the pad used to conduct heat
down to a buried ground plane.

8: Import data from the EDA system

Simcenter Flotherm and Simcenter Flotherm XT have
comprehensive EDA interfacing capabilities that allow
import from all the leading EDA systems: SPADS™ soft-
ware, Boardstation™ software, Xpedition™ software,
Cadence Allegro, and Zuken CR5000.
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Importing component placement data from the EDA
system ensures that placement within the thermal tool
is correct, and should be reimported whenever the
layout is changed. The Simcenter Flotherm XT FIoOEDA
Bridge software allows updates to the PCB design data
to be reimported with the touch of a button, retaining
all existing settings about how this data has been
filtered by the user.

Detailed PCB modeling involves importing the stackup,
routing trace layers from the EDA system and distrib-
uting vias as well as the copper shapes on power and
ground planes.

9: Move PCB thermal design up the design flow

In the spirit of continuous improvement, aim to move
thermal design considerations up the design flow for the
next project.

In part this entails paralleling up the thermal design
from a mechanical perspective with the thermal design
from an electrical perspective. Done well, the two
approaches complement one another and can lead to
the thermal design closing faster, far more reliably and
with a better outcome than if thermal design is under-
taken in only one flow. Key to this is a shared
understanding of what work can and should be done in
each flow, which is what this document is intended to
help facilitate.

10: Undertake co-design with the EDA flow

The ultimate goal then is thermal co-design with the
EDA flow. Current densities in PCB traces and
through neck-downs between different regions on
power planes have increased in recent years, making
Joule (or ohmic) heating more of an issue in PCB
design, affecting both the electrical and thermal
performance of the board. To help electronic
designers address this issue, sophisticated analysis
tools such as Siemens Digital Industries Software’s
HyperLynx™ Thermal software and HyperLynx PI
software (for power integrity) complement layout
and routing toolsets.

Joule heating results in additional heat sources within
the PCB, adding to the heat dissipated by the active
components. Simcenter Flotherm can be used to import
a detailed heat source map on a layer-by-layer basis to
superimpose onto a detailed model of a PCB to correctly
account for this.

CFD software such as Simcenter Flotherm provides the
most accurate representation of the convective cooling
of the PCB, plus radiative exchange with any
surrounding objects. Importing heat sources resulting
from Joule heating within the PCB from HyperLynx Pl
into Simcenter Flotherm or Simcenter Flotherm XT is
recommended before the thermal design for the entire
system is closed.

Figure 4: Comparison of CFD result during design with actual PCB measured with an IR camera.
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| Conclusion

This white paper provides an overview of the key
considerations in PCB thermal design. It is by no
means exhaustive. If you are responsible for PCB-level
thermal design and want to know how Siemens Digital
Industries Software’s thermal design software can
help, and what is the right product for your applica-
tion, then please contact us.

Simcenter offers the possibility to connect to
Xcelerator Share, an engineering-centric cloud-based
solution for ad hoc collaboration, which will allow
teams of all sizes to collaborate securely with key
stakeholders, including designers, managers, test
engineers, suppliers, and customers with appropriate
access control. This enables scalable, project-based
workspaces that deliver greater flexibility in product
development. Project members can view and markup
designs, share simulation templates, and review
simulation results at any time, using any device.
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